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Preface
The transfer of knowledge, skills, and attitudes that will ensure excellence in oncology nursing care delivery and patient outcomes is the basis of the third edition of the Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook. The editor, Mary Magee Gullatte, PhD, RN, ANP-BC,
AOCN®, FAAN, an expert oncology nurse leader, and a highly diverse and
talented group of authors lead the readers through the full array of critical
information, perspectives, and contextual considerations for ensuring that
patients and families are safely, efficiently, effectively, and compassionately
cared for in a way that acknowledges their unique needs and that promotes
self-care and education across the continuum of care.
The book has been carefully crafted to ensure these principles form the
basis of each chapter so that the reader is provided with the technical, analytical, interpersonal, and holistic approaches to chemotherapy administration and the related aspects of the treatment plan such as symptom
management, psychosocial care, palliative care, care coordination, and survivorship. The emphasis of the content is on both process and outcomes
and highlights the importance of quality monitoring and outcome management.
In addition, the handbook provides the reader with critical information
about related nursing profession and healthcare industry factors. Technology, risk management, evidence-based innovations, and cost and reimbursement are just a few examples of the breadth and depth of the content
provided to the reader.
Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook serves
both novice and expert nurses, student nurses, and other clinicians who
care for and support the care of patients with cancer and their families. It
serves as an up-to-date reference for experienced nurses and as a primer
for excellence in nursing care delivery for the newly licensed nurse caring
for patients with cancer in the inpatient, ambulatory, and home settings.
I trust that readers, the patients and families they serve, and the colleagues they deliver care with will fully benefit from the new edition of this
classic handbook in the field. Thank you to editor Mary Gullatte and the
plethora of expert oncology providers who authored chapters in this edi-
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Preface

tion for making the commitment to share their expertise, knowledge, perspective, and values with cancer care professionals worldwide.
Patricia Reid Ponte, RN, DNSc, NEA-BC, FAAN
Senior Vice President, Patient Care Services, and Chief Nursing Officer
Dana-Farber Cancer Institute
Executive Director, Oncology Nursing and Clinical Services
Brigham and Women’s Hospital
Boston, Massachusetts

		

Foreword
All of us are busy on a day-to-day basis and face numerous encounters
where we need to have very important information quickly. This book is a
handy reference for all those details that we need for the practice of oncology. Nurses are especially important in the relationship with patients because
they spend the most time at the patient’s side during treatment. The compassion and nurturing that nurses provide is essential for the best quality of
life for patients experiencing a cancer diagnosis. Nurses know what the side
effects are by hearing about them directly from patients. This book will educate nurses and other healthcare professionals as to which drugs are causing which effects and how to either avoid them in the future or ameliorate
them. Treatment with chemotherapy or targeted therapy for cancer makes
people very vulnerable. Patients are frightened, unsure of what to expect,
and don’t know what the future brings. Having trust that caretakers have the
most up-to-date information is absolutely imperative. Mary Gullatte has obviously painstakingly edited this book and has chosen outstanding and authoritative authors to achieve this goal.
In this edition of the Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook, every aspect of the patient’s experience with cancer is considered. The tremendous amount of work and attention to detail in these chapters is evident. Seven new chapter topics include patient navigation, patient
and family support, managing late effects of chemotherapy, stem cell transplantation science and practice, strategies to improve adherence to oral chemotherapy agents, genetics and cancer, and last but not least, cancer survivorship. These chapters round out the information needed to provide
exceptional care for our patients’ cancer journeys.
The full spectrum of cancer care is now covered with the addition of the
important topics of family support, patient navigation, and survivorship.
Support systems are critically important for patients to be able to cope with
a devastating illness. Navigation has been shown to improve patients’ experiences. There is less fragmentation and better coordination of care and, as
a result, less anxiety and uncertainty. There are now more than 13.7 million
cancer survivors in the United States, almost half of whom were diagnosed
with breast or prostate cancer. In 2022, it is expected that there will be 18 mil-
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lion survivors. So one can see the enormous need for education and followup of patients and their transition to primary care.
This is an important book for all of us to use to take care of our patients
with an interdisciplinary approach. We all learn from each other as healthcare providers. I know for myself that I also learn from each and every patient I see, whether it be about the specific disease or life itself! It is an honor to be a professional in oncology.
Sandra M. Swain, MD, FACP
Medical Director, Washington Cancer Institute
MedStar Washington Hospital Center
Professor, Department of Medicine
Georgetown University
Washington, DC
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CHAPTER 1

Cellular Mechanisms of
Chemotherapy
Delcina L. Brown, RN, MN, APRN

Introduction
Cancers are a growth of abnormal cells, arising mostly from genetic alterations that lead to unregulated cell growth, invasion, and metastasis. According to the American Cancer Society’s (2014) Cancer Facts and Figures, more
than 1.6 million new diagnoses of invasive cancer and more than 580,000
deaths were estimated to occur in 2014. The encouraging news is the continued decline in cancer deaths for all sites among men and women and nearly all racial and ethnic groups (Jemal, Ward, & Thun, 2010). This improvement is a result of tobacco prevention and control efforts, screening and
early detection, and significant improvements in treatment for many types
of cancers (Eheman et al., 2012). A consortium of six U.S. research groups
conducted a study that showed approximately 795,851 deaths were averted
by tobacco control efforts (Moolgavkar et al., n.d.). Although many people
will never receive a cancer diagnosis, many others will require treatment for
this stealthy and clandestine disease. These treatments may include surgery,
radiation, chemotherapy, and immunotherapy.
Chemotherapy continues to play a key role in the treatment plan for most
patients with cancer. The goals of chemotherapy include cure, control, and
palliation. Effective cancer chemotherapy works by inhibiting cancer cell
proliferation and growth with limited toxicity to the host patient (Moolgavkar et al., 2012; Skeel, 2011). An understanding of the biology of cancer, the mechanisms of action, and the purpose of chemotherapy helps the
nurse in developing a personalized plan of care for each patient. This chapThe author would like to acknowledge Annette Humble, MN, RN, CS, AOCN ®, for her contribution
to the parts of this chapter that remain unchanged from the previous edition of this book.
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ter provides an overview of cancer in terms of normal and malignant cell
growth, the role of the immune system, the effect of chemotherapy on malignant cells, and treatment response criteria, as well as the therapeutic goals
of treatment.

Normal and Malignant Cell Growth
Carcinogenesis is a multistep process arising from cells that involves the
disruption of apoptosis (programmed cell death), self-sufficiency in growth
signaling, insensitivity to antigrowth signals, tissue invasion, metastasis, and
a limitless potential for replication and sustained angiogenesis (Hanahan
& Weinberg, 2000). Cells in the human body may replicate 40–60 times before they reach the Hayflick limit (when cell division stops) and enter the senescence phase, leading to cell death. The parent stem cells provide a pool
of dividing cells to replace those that have died (Hayflick, 1965; Hayflick &
Stanbridge, 1967). Normal cell division is a process that must be completed with consistent conformity through distinct phases. These steps include
gap 0 (G0 resting phase, also known as quiescence), gap 1 (G1), synthesis
(S phase), gap 2 (G2), and mitosis (M) (Weinberg, 1995). The progression
through this process is strictly controlled by several checkpoints and regulated by cyclin-dependent kinases (CDKs), which are activated by proteins
known as cyclins (Schwartz, 2008) (see Figure 1-1).

The Cell Cycle
Prior to initiation of the cell cycle, there is an interphase where cells
take in nutrients in preparation for cell division. The first phase, G1, takes
place from the end of mitosis to the beginning of DNA synthesis. This
phase is marked by the synthesis of 20 amino acids that form millions of
proteins and enzymes required for S phase DNA replication. Tumor suppressors and transcription factors that direct the genes to replicate, or in
some cases repress replication, tightly regulate the process from G1 to synthesis. Also in this phase, the G1 checkpoint acts as a control mechanism to
ensure readiness for DNA synthesis. The S phase starts with the identical
replication of chromosomes to create two daughter chromatids. A chromatid is one-half of two normally identical copies of a replicated chromosome
(King, 2006; Wagner, Berliner, & Benz, 2008). In S phase, DNA is doubled
and the cell is very sensitive to external stress, including chemotherapy. G2
is the biosynthesis of microtubules, the structural components of the cell
that have specific polarity required for mitosis. RNA and protein synthesis
occur in preparation for mitosis. The G2 checkpoint control mechanism
ensures readiness before entering mitosis, and inhibition of the G2 phase

Chapter 1. Cellular Mechanisms of Chemotherapy

●

3

Figure 1-1. The Cell Cycle

Schematic representation of the cell cycle. Cytokinesis forms rapidly in the process of the cell cycle.
G—gap; M—mitosis; S—synthesis
Note. By Richard Wheeler (Zephyris), 2006, via Wikimedia Commons. Retrieved from http://en.wikipedia
.org/wiki/File:Cell_Cycle_2-2.svg.

prevents mitosis. The G2 checkpoint control mechanism is also known as
the G2 restriction point. When DNA becomes damaged, it triggers a cellular response known as the post-replication checkpoint where post-replication repair can occur before the damage is passed to daughter cells (Callegari & Kelly, 2006). If metabolic or oncogenic stress is detected, it induces
TP53 function, which can express genes to induce apoptosis, cell growth
arrest, and angiogenesis (Song, Samulski, & Van Dyke, 2008). Mitosis is a
fundamental process of life. Mitosis includes prophase, metaphase, anaphase, and telophase (see Figures 1-1 and 1-2).
• Prophase: Material to make chromosomes, known as chromatin, begins to
condense in the nucleus. Tiny cylinders that create spindle fibers, known
as centrioles, move to opposite ends of the cell and fibers extending become the mitotic spindle.
• Metaphase: Spindle fibers align the chromosomes along the middle of the
cell nucleus to create a metaphase plate.
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Figure 1-2. Major Events in Mitosis

Note. From “A Science Primer,” by the National Center for Biotechnology Information. Retrieved from
http://www.ncbi.nlm.nih.gov/About/primer/genetics_cell.html.

• Anaphase: The paired chromosomes move to the opposite sides of the cell.
• Telophase: The daughter chromatids with one-half of the chromosome
DNA arrive at the opposite poles of the cell and new membranes form
around the daughter nuclei (Karp, 2013; Reed, 2011).
The process of mitosis duplicates all nuclei contents, including chromosomes, and splits daughter nuclei into two identical daughter cells. This nuclear division, also known as karyokinesis, allows for the separation of chromosomes in the cell nucleus into two identical nuclei. Following mitosis,
the division of the nuclei, cytoplasm, organelle, and cell membrane into
two cells is known as cytokinesis. Cytokinesis results in genetically identical
daughter cells with 23 pairs of chromosomes (Cooper & Hausman, 2006;
Song et al., 2008).
Regulation of the cell cycle occurs through CDKs, which are present
throughout cellular division. Proto-oncogenes and tumor suppressor genes
(TSGs) are two major gene types that exert their effects on growth through
the control of cell division and apoptosis. Proto-oncogenes code for proteins
that will signal cell growth and differentiation. When mutated, they become
oncogenes that cause a loss of cell regulation and allow abnormal gene duplication (Longo, 2012). The normal function of TSGs is to restrain cell
growth. Based on the initial theory of the Knudson two-hit hypothesis, both
copies of chromosomes of the TSG need to be inactivated for cancer to occur (Knudson, 1971). More recent research by Berger, Knudson, and Pandolfi (2011) shows that even partial inactivation of tumor suppressors can
significantly contribute to malignant cell development.
Cancer arises when a single clonal cell obtains advantage over normal
cells through 5–10 accumulated genetic mutations that allow progression
to a fully malignant phenotype (Morin, Trent, Collins, & Vogelstein, 2012).
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These mutagenic cells evade the immune system and are able to alter the
microenvironment to create growth factors and blood supply that promotes
malignant growth.

Immunology: Host Defense
The immune system is a remarkable defense mechanism that responds
rapidly to potential pathogens. The immune system is divided into an innate immune system and an acquired or adaptive immune system that consists of both humoral and cellular components (Janeway, Travers, Walport,
& Shlomchik, 2005). The mechanisms of immunity respond to a vast array of clinical conditions including recovery from infectious diseases, allergies, transplantation of tissue, and rejection of malignant cells (Place, Huh,
& Polyak, 2011). For this to occur, it is essential that the immune system determines self from nonself. The sophisticated system also has immunologic
memory after an initial response to a pathogen by adapting or acquiring an
enhanced response to subsequent exposures (see Table 1-1).

Innate Immunity
The first defense to outside insult, the skin, provides a physical barrier
and produces microbial factors. This innate response is activated by pattern
recognition receptors (Kurt-Jones et al., 2000). Pathogens that enter the epithelium are met with microbial sensors and large white blood cells. The
response is immediate, nonspecific, and does not have long-lasting memory. Once in the body, pathogens are met with inflammation that increases
blood flow, bringing in the complement system cascade to attack the membrane surface with antibodies in a rapid killing response. Leukocytes (white
blood cells), macrophages, and dendritic cells combine in phagocytosis to
engulf and digest the pathogens. Macrophages also act as both scavengers
and antigen-presenting cells that activate the adaptive immune system (Alberts et al., 2002). The adaptive or acquired immune system is a second tier
of defense.

Adaptive and Acquired Immunity
The immune system consists of lymphocytes with specific roles in defense.
These cells reside in the spleen, lymph nodes, intestines, and tonsils. Lymphocytes circulate in the blood and lymph to deliver immunocompetent
cells directly to the site where needed. Activated lymphocytes can enter tissue, where they eradicate local infections. Memory lymphocytes patrol and
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Table 1-1. Immune System Cells and Their Function
Cell Type

Function

Innate Immunity
Neutrophils

Known as granulocytes. The most abundant phagocyte. Presents
phagocytosis in acute infection by joining with macrophages and
dendritic cells to engulf and digest pathogens.

Basophils

Known as granulocytes. Release histamine at local infection and
highly toxic proteins to kill bacteria and parasites. Responsible for
tissue damage during allergic reactions.

Eosinophils

Known as granulocytes. Present in allergic reaction.

Monocytes

Phagocytosis present in chronic infection.

Natural killer cells

Provide immunity through destruction of compromised host cells,
virus-infected cells, and tumor cells.

Phagocytes

Immune cells that engulf and digest pathogens, dying cells, and
particles. Includes macrophages, neutrophils, and dendritic cells.

Dendritic cells

Phagocytic cells present in tissue that is in contact with the external environment in the nose, lungs, stomach, and intestines. Serve
as a link between innate and adaptive immune systems as well as
antigen presentation.

Mast cells

Reside in connective tissue and mucous membrane. Key defense
against pathogens and often associated with allergy and anaphylaxis.

Adaptive Immunity
B lymphocytes

Derived from lymphoid progenitor cells. Bind to antigen via membrane-bound immunoglobulin. Differentiate into antibody-secreting
cells or memory cells. B lymphocytes are able to differentiate self
from nonself.

Plasma cells

Produce immunoglobulin; most mature form of B cell

Memory cells

Maintain memory effect

T lymphocytes

Bind to antigen via membrane-bound receptors

Helper T cells

Initiate immune response; assist in production of antibody

Cytotoxic T cells

Kill cells via lysis

Suppressor T cells

Decrease immune response to T and B cells

Memory T cells

Maintain memory effect

Note. Based on information from Alberts et al., 2002; Janeway et al., 2005; Paul, 2013; Štvrtinová et
al., 1995.
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scan tissue for specific antigens. The two classes of lymphocytes include B
lymphocytes and T lymphocytes. B lymphocytes, which mature in the bone
marrow, are involved in the humoral immune response to make antibodies that bind to antigens by membrane-bound receptors known as immunoglobulins (Radoja, Frey, & Vukmanovic, 2006). The B lymphocytes do not
need antigen processing because they have an antibody on their surface.
Immunoglobulins activate the complement system, which is responsible for
allergic inflammation and as membrane receptors for antigens (Radoja et
al., 2006). Coordination of these responses and communication takes place
through a soluble network of mediators known as cytokines. Cytokines are
secreted by immune cells and promote the proliferation of T cells.
T lymphocytes, via the thymus, are involved in cell-mediated immune response by expressing important helper function and aid in production of
antibodies by B cells. T lymphocytes learn recognition of self from nonself in
the thymus (Workman, Szymczak-Workman, Pillai, & Vignalim, 2009). The
two major subtypes are killer T cells and helper T cells. These cells recognize molecules and mediate the function of antigen-presenting cells. Killer
T cells are activated when they bind to specific antigens, then travel through
the body in search of cells that bear the same antigen (Andersen, Schrama,
Straten, & Becker, 2006). They then release cytotoxins into the surface, essentially imploding them, causing death. Helper T cells regulate both the
innate and adaptive immune response. They have no cytotoxic ability but
direct other immune responses to perform this function for them (Radoja
et al., 2006). They play an important role in tumor cell cytotoxicity. Transformed cells of tumors have antigens that are not recognized as self. Examples of these foreign antigens are viruses such as human papillomavirus,
tyrosinase expressed from mutant skin cells in melanoma, and growth signal proteins expressed as oncogenes (Andersen et al., 2006; Renkvist, Castelli, Robbins, & Parmiani, 2001). These antigens are shed and detected in
the body by patrolling immune cells. This process is initiated by the macrophage presenting a malignant cell to the T lymphocyte. After the T lymphocyte is exposed to the malignant cell antigen, it produces T lymphocytes and
B cells that are specific to the antigen. The B cells connect to the cancerous
cell in a lock-and-key function, flagging the cell for destruction (Renkvist et
al., 2001). Activated T cells bind to the antigen receptor on the malignant
cell surface to allow destruction by killer T cells.

Cellular Transformation to Malignancy
When the immune system fails to remove malignant cells, they are allowed to proliferate. The transformation of a cell from normal to malignant
has distinct phenotypic characteristics that arise predominantly from genetic mutations. These genetic abnormalities allow for uncontrolled cell repli-
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cation, tissue invasion, and metastasis. Malignancy originates from genetic
instability of a single cell or clonal origin that becomes abnormal (Cooper &
Hausman, 2013; King, 2006). Epigenetic changes are critical for cancers to
arise. Deregulation of cell proliferation may be caused by a loss of response
to growth regulators or an increased response to growth proliferators. This
leads to loss of normal checkpoint responses (Cooper & Hausman, 2013).
Arrest of the cell before complete differentiation allows the cell to maintain stem cell properties permitting it to use chromosomal instability and
translocations in developing malignant cell programming (Geigl, Obenauf, Schwarzbraun, & Speicher, 2008). This can lead to loss of apoptotic pathways that gives malignant cells a survival advantage and allows for clonal
expansion within the tumor. Malignant cells may no longer respond, have
normal apoptosis, or cell death pathways. Research shows that cells have a
process known as autophagy, second death, which rids the body of undesired cells (Danial & Korsmeyer, 2004). In cancer, autophagy may allow the
malignant cells to digest organelles as a survival mechanism in response to
nutrient starvation (Danial & Korsmeyer, 2004). It is easy to imagine this being a factor in rapidly growing tumors that become necrotic at the center
when they grow too fast for nutrients to reach all cells. Genetic instability is
another characteristic that allows for DNA mutations and chromosomal instability (Geigl et al., 2008). Several examples of this are TP53 or BRCA1/2
mutations, mismatch repair genes, and loss of spindle checkpoints. Loss of
replicative senescence means malignant cells may not stop dividing or have
a resting, G0, phase. An example of this is the TP53 protein that regulates
BRCA1 transcription allowing for BRCA1-associated breast cancer. Approximately 5%–10% of breast cancers are hereditary and associated with this
mutation (Lakhani et al., 2002; National Cancer Institute [NCI], 2009).

Cancer Physiology
Normal cells are limited in their rate of growth because of cell-to-cell
transduction signaling that keeps them oriented to the appropriate size,
function, and location (Place et al., 2011). The lack of oxygen and nutrients
limits excessive growth. Malignant cells acquire functional capabilities that
allow self-sufficiency in growth signals and become insensitive to antigrowth
signaling (Kees & Egeblad, 2011). They also evade apoptosis, have limitless
potential for replication, have sustained angiogenesis, and invade tissue to
metastasize (Place et al., 2011). Tumor cells’ expression of pro-angiogenic
genes causes increased angiogenesis, which can occur at many stages of the
tumor progression pathway. Tumors that acquire angiogenic ability or an angiogenic switch gain access to the host blood supply by invading the endothelial basement membrane and allowing capillary sprout (Bergers & Benjamin, 2003; Holmgren, O’Reilly, & Folkman, 1995).
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Cell-to-cell signaling occurs through a gap junction or nexus that allows
electrical and metabolic communication between cells (Laird, Castillo, &
Kasprzak, 1995). The connection and communication between cardiac cells
and neuronal synapses is one example of this process working effectively.
Intravasation through the walls of nearby lymph and blood vessels is an example of the system failing. Dysplastic cells become malignant through loss
of gap junction adhesion allowing extravasation and motility of cancer cells
(Christofori & Semb, 1999). Invasion refers to direct migration and penetration by cancer cells into the local extracellular matrix and surrounding tissue (Chambers, Groom, & MacDonald, 2002). The malignant tumor cell is
then only limited by its ability to survive in a foreign environment. Metastasis refers to the ability of cancer cells to penetrate into lymphatic and blood
vessels, circulate through the bloodstream, and colonize distant metastatic
sites (Song et al., 2008).
Cells send signals from extracellular and intracellular receptors and direct cell-to-cell communication through signal transduction. Signal transduction is a cascade of chemical messaging that allows regulation of cell
differentiation, division, and cell death, or apoptosis (Karp, 2013). Transduction begins with a signaling molecule making contact with the cell’s surface receptor on the extracellular matrix in a process called receptor activation. These signals can originate remotely or from the cell itself through
autocrine signaling (Ertel, Verghes, Byers, Ochs, & Tozeren, 2006).
Growth factor signaling is mediated by cell surface growth factor receptors possessing tyrosine kinase activity. The cell’s plasma transmembrane
spans the surface of the cell. Ligands (stimulating proteins) binding outside
the cell stimulate a series of events inside the cell’s cytoplasm. Receptor tyrosine kinases (RTKs) are transmembrane proteins that have both an extracellular receptor that is capable of binding to ligands outside the cell surface and an internal kinase domain that signals into the cell nucleus. RTKs
are responsible for most major signal transduction pathways (Drasin, Robin, & Ford, 2011). To perform signal transduction, phosphorylation of tyrosine allows a downstream cascade into the cytoplasm to facilitate cell differentiation and metabolism. Phosphorylation is the addition of a phosphate
group to a molecule or protein, which provides energy to turn protein enzymes on and off (Haura et al., 2010). Two examples of key signal transduction pathways are Janus kinases 1 and 2 (JAK1/2) and transforming growth
factor-beta (TGF-β).
JAK2 is a tyrosine kinase receptor that is essential for cytokine signaling
and phosphorylation and directly regulates gene transcription (Wallace &
Sayeski, 2006). JAK-deficient progenitors fail to respond to erythropoietin, thrombopoietin, and granulocyte macrophage–colony-stimulating factor, leading to an absence of hematopoiesis. Hematopoiesis is the production,
multiplication, and specialization of blood cell development in the bone
marrow. Alterations in this function are found in polycythemia vera, es-
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sential thrombocytopenia, myelofibrosis, and myeloproliferative disorders
(Kralovics et al., 2005). The discovery of JAK1/2 mutations and the development of targeted therapies could improve treatment of myeloproliferative
and myelofibrotic disorders of the marrow.
TGF-β is involved in adult and embryo development through cell growth,
cell differentiation, and apoptosis (Biswas et al., 2004). Downstream transduction signals cell cycle checkpoints that arrest cell growth. Without this
process functioning correctly, the tumor suppressor function allows carcinogenic replication (Berger et al., 2011). The result of this error allows TGF-β
to switch from a tumor suppressor to a tumor promoter. Mutations in type
II TGF-β are present in 80% of patients with colorectal cancer (Biswas et al.,
2004; Saif & Chu, 2010). For additional information on signaling pathways,
see Table 1-2.

Histology of Cancer
Defining the origin of cancer involves establishing the histology, the study
of tissues and cells under a microscope, in order to determine the precise
classification of a tumor. At the inception of an embryo, three germ layers
give rise to cells, tissues, and organs. The first layer, ectoderm, differentiates
into the skin and nervous system. The second layer, the mesoderm, differentiates into connective tissue and bone, blood and lymph, and cartilage, fat,
and muscle. The third layer, the endoderm, becomes the digestive and respiratory tracts (Andreeff, Goodrich, & Koeffler, 2010). Tumors from a specific histologic tissue often have microscopic features similar to that tissue. For
example, a carcinoma would arise from the epithelium, whereas a sarcoma
is derived from connective tissue. The nomenclature used refers to differentiation of the tissue from which the tumor derived. The prefix gives further
delineation to the type of tissue the tumor arose from. For example, adenomeans glandular epithelium, osteo- means bone, and lipo- means fat. Suffixes
may provide additional information; -oma means tumor, and -sarcoma means
connective tissue malignancy. When the histologic examination shows very
poor differentiation, it is known as anaplastic because it does not resemble
any normal tissue (Andreeff et al., 2010; Krafts, 2009).
The Human Genome Project, an international collaboration, has identified every chemical base, approximately 25,000 genes, in the human genome. This research has driven efforts to create the Cancer Gene Census,
which is an ongoing effort to catalog genes that cause mutations and have a
clinical association with cancer. These maps are redesigning the tumor taxonomy by moving it from a histologic base to a genetic-based level. This information is creating an environment of personalized cancer medicine by
using tumor genotyping to help decide the best treatment for each patient
(Samuels, Bardelli, & López-Otín, 2011).
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The next wave of personalized treatment will be based on epigenetics.
The study of epigenetics is focused on understanding inheritable changes

Table 1-2. Examples of Cancer Signaling Pathways
Pathway

Type of Genetic Alteration

Type of Conferred Capabilities

Akt signaling
(also known as
protein kinase B)

Point mutation

Affects Janus-family tyrosine kinase (JAK), Ras (Rat sarcoma), phosphoinositide 3 kinase
(PI3K), and receptor tyrosine kinase (RTK) to evade apoptosis and cause self-sufficiency in
growth signals

Integrin

Deletion

Self-sufficiency in growth signals

Ras signaling

Point mutation
Oncogene/tumor suppressor

Self-sufficiency in growth signals

Receptor tyrosine
kinase

Point mutation
Amplification
Translocation
Increased expression

Evasion of apoptosis
Self-sufficiency in growth signals
Tissue invasion and metastasis
Sustained angiogenesis

G protein–coupled
receptor (GPCR)
signaling

Point mutation

Self-sufficiency in growth signals

Wnt signaling

Point mutation

Self-sufficiency in growth signals
Increased expression

E-cadherin

Point mutation

Self-sufficiency in growth signaling
Tissue invasion and metastasis
Insensitivity to antigrowth signaling

Transforming
growth factorbeta (TGF-β)

Point mutation

Insensitivity to antigrowth signals

Hedgehog signaling

Point mutation

Evasion of apoptosis
Self-sufficiency in growth signals

Notch signaling

Translocation

Evasion of apoptosis

Death receptor

Amplification
Point mutation
Increased expression

Evasion of apoptosis

Note. Based on information from Cell Signaling Technology, Inc., n.d.
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in cells caused by mechanisms other than permanent changes in the DNA.
Epigenetics is proving that cancerous changes can be passed from cell to cell
without altering the permanent genetic makeup, and these changes contribute to progression of disease and resistance to therapy (Kumari et al., 2013;
Minucci & Pelicci, 2006).

Goals of Chemotherapy
The goals of chemotherapy include prevention, cure, control, and palliation. Cancer prevention is action taken to reduce the chance of getting cancer. This includes changes in diet and lifestyle, early identification of precancerous conditions, and chemoprevention. An excellent example of this
is the 6.7% age-adjusted reduction in breast cancer in 2003 following the
national decline in the use of hormone replacement therapy (Ravdin et al.,
2007). Chemoprevention refers to medicines that treat a precancerous condition to delay or prevent cancer occurrence. Tamoxifen, the first chemoprevention drug approved by the U.S. Food and Drug Administration, reduces the occurrence of breast cancer in high-risk women by half (Ravdin et
al., 2007). A person is considered high risk when he or she has a family history of cancer, an inherited genetic mutation, or a previous diagnosis of precancerous cellular changes. Age, ethnicity, obesity, and smoking are also factors that increase the risk for developing cancer (NCI, 2006).
The goals of treatment (cure, control, and palliation) are based on the biologic behavior and extent of the malignancy, the efficacy of available therapies, the mortality or morbidity associated with the therapy, and the patient’s performance status and preferences (Simon, Watson, Drake, Fenton,
& McLoughlin, 2008). Providing treatment with a curative intent implies
there is a reasonable expectation based on clinical studies that treatment
will likely eliminate the cancer and it will not return. Both adjuvant and neoadjuvant chemotherapy is given with the goal of cure and control of risk for
recurrence. Adjuvant chemotherapy is given after the surgical removal of a
cancer to eradicate any residual cancer cells that may be left. Neoadjuvant
chemotherapy is given before surgery to reduce the size of the tumor so that
it is easier to remove with surgery. Chemotherapy is given to control cancer
with the expectation that the cancer may not completely go away but will be
controlled to allow the patient to have improved quality of life and potentially a longer survival living with cancer as a chronic disease. The word palliate comes from the Latin word palliare, meaning “to cloak” (“Palliate,” n.d.).
When chemotherapy is given as palliation, the goal is to relieve symptoms
and improve quality of life. The World Health Organization (2012) defines
palliative care as
An approach that improves the quality of life of patients and
their families facing the problem associated with life-threatening
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illness, through the prevention and relief of suffering by means
of early identification and impeccable assessment and treatment
of pain and other problems, physical, psychosocial and spiritual. (para. 1)
These treatment goals may be achieved with the use of chemotherapy
alone or with the addition of molecularly targeted agents, surgery, or radiation.

Evaluation of Response to Treatment
It is essential that patients understand and agree with their treatment
plan and goals. If the disease is limited, a patient may benefit from local, adjuvant systemic therapy or neoadjuvant therapy. A simple example of this is
a woman with a small breast cancer. Radiation to the breast is an example
of local therapy when the goal is to eradicate or locally control the disease.
After the initial intervention, some patients can achieve cure through adjuvant systemic therapy intended to destroy any remaining subclinical cells
that may have spread to other areas. Adjuvant treatment is given in addition
to the main treatment. If surgery is the main treatment to remove any evidence of a tumor, then radiation or chemotherapy would be the definitive
adjunct therapy to ensure occult cells are eradicated. Neoadjuvant therapy is an option for some women who want breast-conserving surgery. When
chemotherapy is given first, before surgery, it may shrink or pathologically
remove any sign of the cancer. After neoadjuvant chemotherapy, having no
pathologic evidence of malignancy is considered a pathologic complete response (pCR). Having a pCR may result in both superior disease-free survival and improved aesthetic outcome following reconstructive surgery (von
Minckwitz et al., 2012).
Systemic therapy given to treat cancer can be evaluated in several ways.
Two common methods are clinical benefit response and Response Evaluation Criteria in Solid Tumors (RECIST). In some cases, patients may see
benefit from reduced pain, improvement in their activity tolerance, and
overall well-being even if no measurable change is seen radiographically in
the disease. This is known as clinical benefit response. Although very subjective, even when treatment may not have a significant impact on disease, patients may experience an improvement in symptoms, performance status,
and quality of life (Eisenhauer et al., 2009).
RECIST, presented by the American Cancer Society in 1999, are the result of a task force with the European Organization for Research and Treatment of Cancer and the National Cancer Institute of Canada Clinical Trials
Group. The main objective was to create a set of criteria that could be used
to evaluate treatment response in solid tumors (Eisenhauer et al., 2009).
Evaluating tumor response may affect treatment in three ways. First, it is
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used to evaluate objective tumor response as a prospective endpoint in clinical trials when determining if a new therapy has the efficacy to continue
in study. Second, it is used to evaluate specific subsets of patients that are
randomized and compared to current treatments. In this setting, time to
progression, disease response rates, disease-free survival, and overall survival can be studied. Third, and possibly the most critical for individual patients, it guides clinicians and patients in decisions about continuation of
current therapy (Therasse et al., 2000). In simple terms, RECIST defines
complete remission (CR) as confirmed disappearance of disease, partial remission (PR) as a 30% decrease in disease, stable disease (SD) as neither PR
nor progressive disease (PD), and PD as 20% increase with no CR, PR, or
SD documented before increased disease (Eisenhauer et al., 2009). In some
instances, other grading criteria may be used in clinical trials based on the
type and extent of disease studied, the ability to reliably measure the disease,
location of target lesions, and internal review board or clinical investigator
preference (Perceptive Informatics, n.d.).
Another tool for determining the presence of disease and response to
therapy is the tumor marker. Tumor markers are substances found in the
body when cancer is present. For tumor markers to be valuable, they must
have high sensitivity and specificity. They may be used for screening, to
subjectively determine if a patient is deriving benefit from a treatment,
and to detect early evidence of recurrence. Examples of tumor markers
are prostate-specific antigen, cancer carbohydrate antigen 125 used as a
biomarker for ovarian cancer, alpha-fetoprotein in diagnosing hepatocellular cancer, and carcinoembryonic antigen for colon cancer (Harris et al.,
2007). Not every patient has elevated tumor markers at diagnosis or when
the tumor burden increases; therefore, clinicians also must rely on physical examination, radiologic evidence, and pathologic evaluation of suspicious findings.

Cell Cycle Specificity
Chemotherapeutic drugs can be placed into two main categories that relate to cell cycle: cycle nonspecific and cycle specific (see Table 1-3). Cyclenonspecific drugs have a linear response curve meaning that the more
drug that is given, the greater the cell kill (Howland & Mycek, 2006).
Cycle-nonspecific drugs, such as alkylating agents, antitumor antibiotics,
hormonal therapies, and nitrosoureas, exert their effect in all phases of
the cell cycle, including the G0 resting phase. They are effective for both
high and low growth fraction malignancies. Cell cycle–specific drugs, such
as antimetabolites and plant alkaloids, exert their effect within a specific
phase of the cell cycle. They can cause cell injury only if present during
a specific phase in the cell cycle. A typical malignant cell spends approx-
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imately 40% of the time in G1 for synthesis of cellular components needed for DNA synthesis (may vary greatly depending on tumor type), 39%
of the time in synthesis replicating the DNA genome, 19% of the time in
G2 synthesizing cellular components for mitosis, and only 2% of the time
in mitosis leading to differentiation or cycle rest (Chu & Sartorelli, 2012).
Because of this restriction, these drugs may have limited ability despite inTable 1-3. Examples of Cell Cycle–Specific and Cell Cycle–Nonspecific
Anticancer Drugs
Drug

Efficacy

Examples

Effective for high
growth fraction malignancies, such as hematologic cancers

Gap1 phase
• Asparaginase
• Corticosteroids
G1/S junction
• Antimetabolites
• Cladribine
DNA synthesis (S) phase
• Antimetabolites
• 5-Fluorouracil
• 6-Mercaptopurine
• Cladribine
• Clofarabine
• Cytarabine
• Gemcitabine
• Hydroxyurea
• Leucovorin
• Methotrexate
• Pemetrexed
• Pentostatin
• Thioguanine
• Topoisomerase inhibitors
Gap2 phase
• Bleomycin
• Etoposide
• Paclitaxel
• Teniposide
M phase (mitotic inhibitors)
• Antimicrotubule agents
• Docetaxel
• Paclitaxel and proteinbound paclitaxel
• Vinca alkaloids
• Vincristine
• Vinblastine
• Vinorelbine

Cell Cycle–Specific Drugs
Antimetabolites
Bleomycin peptide antibiotics
Vinca alkaloids
Etoposide

(Continued on next page)
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Table 1-3. Examples of Cell Cycle–Specific and Cell Cycle–Nonspecific
Anticancer Drugs (Continued)
Drug

Efficacy

Examples

Effective for both low
growth fraction malignancies, such as solid tumors, as well as
high growth fraction
malignancies

Alkylating agents (includes
nitrogen mustards, nitrosoureas, alkyl sulfonates, triazines, ethylenimines)
• Busulfan
• Carmustine
• Chlorambucil
• Cyclophosphamide
• Dacarbazine
• Estramustine
• Ifosfamide
• Lomustine
• Mechlorethamine
• Melphalan
• Procarbazine
• Streptozocin
• Temozolomide
• Thiotepa
Platinum complexes
• Carboplatin
• Cisplatin
• Oxaliplatin
Antitumor antibiotics
• Anthracyclines
–– Daunorubicin
–– Doxorubicin
–– Epirubicin
–– Idarubicin
• Other antitumor antibiotics
–– Actinomycin D
–– Bleomycin
–– Mitomycin C
–– Mitoxantrone (also a
topoisomerase II inhibitor)

Cell Cycle–Nonspecific Drugs
Alkylating agents
Antibiotics
Cisplatin
Nitrosoureas

Miscellaneous drugs: L-asparaginase, which is an enzyme, and bortezomib, which is a proteasome
inhibitor, do not fit well into any area. Targeted therapies, differentiating agents, and hormonal therapies are not included in this list.
Note. Based on information from American Cancer Society, 2011; Howland & Mycek, 2006; U.S. Food
and Drug Administration, 2012.

creased dose. An example is fluorouracil, which is cell cycle S-phase specific. However, if the drug is administered over a period of time and the concentration is maintained, the cell kill may be greater (Howland & Mycek,
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2006). Table 1-3 lists common cell cycle–specific and cell cycle–nonspecific chemotherapeutic agents used in cancer treatments, which are covered
in more detail in later chapters.

Factors Affecting Chemotherapy Response
The goal of cancer therapy is to prevent the disease from overtaking
the host. “The goal in selecting an effective drug, therefore, is to find an
agent that has marked growth-inhibitory or controlling effect on the cancer cell and minimal toxic effect on the host” (Skeel, 2011, p. 1). Halting
the process of multiplication, invasion, and metastasis can occur in several ways, including inhibition of macromolecular synthesis and function,
cytoplasmic organization, and cell membrane function (Workman et al.,
2009). Interference with macromolecular synthesis and function refers to
interference of the synthesis of DNA or RNA in the nucleus to trigger cell
death. In a cell, the cytoplasm surrounds the nucleus and consists of a fluid
called cytosol; organelles are suspended in it. The majority of cellular metabolism takes place within the cytosol, which includes the production of
energy and the biosynthesis of nutrients (Workman et al., 2009). The cell
membrane is a flexible layer that selectively controls the passage of chemicals and cell surface receptors into and out of the cell, thus maintaining
homeostasis. Tumor burden, growth fraction, the use of single-agent or
combination therapy, dose, and development of resistance of the disease
to the drugs will affect cells’ responsiveness to chemotherapy (Chabner et
al., 2006).
Optimal cancer therapy would eradicate all cancer cells without harming
the normal cells of the host. Chemotherapy regimens provide patients with
single agents or combinations of drugs, differing frequencies and dosage
intensities, and therapeutic agents used to rescue the patient from toxicity.
Combination chemotherapies are widely used in both solid and hematologic malignancies to optimize tumor cell kill. Reasons for using combination
therapy include the prevention of resistant clones, increased cytotoxicity to
resting and dividing cells, and enhancement of drug activity (synergism).
Combination regimens allow chemotherapy to access tumor cell sanctuaries in the body by changing drug solubility or tissue affinity (Chu & Sartorelli, 2012).
Dosage and timing of drug delivery can be modified to affect chemotherapy response rates. Delivery of cell cycle–specific chemotherapeutic
agents in intermittent doses to cells that have a shorter duration in the
cell cycle may yield a lower number of cells killed. But if a cell cycle–specific agent is given via continuous infusion, it may result in a greater number of cells killed. A clear connection exists between the amount of chemotherapeutic agent and the cell death rate—the higher the dose, the
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greater the number of cells killed (Howland & Mycek, 2006). Dose is determined in phase I clinical trials with the goal of high tumor cell death
and limited host toxicity. Toxicity is the dose-limiting factor because it may
lead to increased morbidity and mortality. Dose intensity is the total prescribed amount of chemotherapy delivered in a specific amount of time.
Inadequate dosing can compromise the therapeutic benefit of the chemotherapy. Dose-dense therapy refers to a condensed schedule of treatment.
For example, instead of patients receiving a prescribed regimen every
three weeks, they would receive it every two weeks. Dose reductions and
decreased dose rates are associated with compromised patient outcomes,
whereas patients maintained in compliant regimens respond better (Howland & Mycek, 2006).
The tumor burden, or number of tumor cells present in a tumor, affects
response to chemotherapy. Tumors have a growth rate, known as growth
fraction, which results from the number of cells actively dividing in a specific period of time. Growth fraction and tumor size are inversely proportional to the chemotherapeutic response (Chu & Sartorelli, 2012). When the
tumor is small, the growth fraction is fast. This allows for increased cell kill
because an increased number of cells take up the drug. Under Gompertzian kinetics, the growth fraction of the tumor is not constant and peaks
when the tumor is about one-third of its maximum size (Molski & Konarski, 2008). As the tumor grows, the growth fraction slows, and the response
to chemotherapy is lessened. Greater tumor burden and slower growth
fraction yield a greater potential for chemotherapy resistance (Chu & Sartorelli, 2012).
Chemotherapy resistance is a significant barrier to response. Malignant
melanomas and renal cell cancers typically show a lack of response to conventional chemotherapy agents even with initial treatment. This is known as
primary or inherent resistance. Acquired resistance occurs when a cancer
cell is able to amplify a specific gene or when a receptor allows cells to evade
the cytotoxic effects of therapy. Tumor heterogeneity, or genetic differences
among individual cells, occurs because of mutations during the cell life cycle. These differences result in different growth rates, invasiveness and metastatic potential, hormone responsiveness, and susceptibility to chemotherapeutic agents. The mutations may result in resistance to chemotherapeutic
agents (Chu & Sartorelli, 2012).
Overcoming drug resistance with the use of multidrug regimens optimizes cancer cell kill in different phases of the cell cycle. Another method of
overcoming drug resistance is the use of chemosensitizers. Calcium channel
blockers, such as verapamil, B vitamins (e.g., leucovorin), and warfarin, have
been used to sensitize or modulate chemotherapy responses. A nonpharmacologic method of chemosensitization is radiation therapy because the cancer cells become very sensitive to destruction with radiation (Chu & Sartorelli, 2012; Howland & Mycek, 2006).
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Summary
In his book The Emperor of All Maladies: A Biography of Cancer, Siddhartha
Mukherjee (2010) described cancer as an incredible disease that is stitched
into our genome. “Oncogenes arise from mutations in essential genes that
regulate the growth of cells. Mutations accumulate in these genes when DNA
is damaged by carcinogens, but also by seemingly random errors in copying
genes when they divide” (Mukherjee, 2010, p. 462). The ability to understand cancer on a genomic level and effectively individualize treatment to a
specific patient’s disease is a reality for some cancers, while researchers diligently continue their efforts to reach this breakthrough in treatment for
others. Treatment planning for patients with cancer should involve interdisciplinary decision making with the patient at the core of the effort. This
process should be based on an understanding of the immune system, which
safeguards the body, and the origination, growth patterns, and communication cascades of malignant cells, along with cure and response rates (Bradley
et al., 2002). Understanding treatment modalities and the many pathways by
which cancers develop and proliferate improves nurses’ ability to communicate effectively with patients and the medical team. The ability to articulate intuitive nuances of critical thinking into descriptive interpretation of
information is essential to patient outcomes. In the past decade, many new
agents transformed the efficacy and tolerability of treatment. Research will
continue to focus on the development of tools to identify those at risk, prevention of genetic abnormalities, and the development of molecular testing
to identify those who will respond to treatment. The future holds the legacy
of a multimechanistic approach to these problems.
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CHAPTER 2

Pharmacologic Principles
of Chemotherapy
Janese S. Gaddis, RN, MSN, OCN®, and
Mary Magee Gullatte, PhD, RN, ANP-BC, AOCN®, FAAN

Introduction
Cancer continues to be second only to heart disease as the primary cause of
death from disease. However, cancer mortality has reportedly decreased over
the most recent five years for which there are data (2006–2010) in both men
(–1.8% per year) and women (–1.4% per year) (Siegel, Ma, Zou, & Jemal,
2014). The American Cancer Society estimated the diagnosis of more than 1.6
million new cancer cases in the United States in 2014, excluding carcinoma in
situ and basal and squamous cell skin cancers (Siegel et al., 2014).
Cancer treatment options are continually improving through bench-tobedside research; yet, enrollment in clinical trials remains a long-standing
challenge (Banda, St. Germain, McCaskill-Stevens, Ford, & Swain, 2012).
Translational research has shifted drug development to molecularly targeted drugs designed to promote greater efficacy and fewer side effects (de
Bono & Ashworth, 2010).
Chemotherapy is being administered with new combination regimens
of targeted therapies, as well as scheduling and dose modifications (Lyman, 2009). The goal of chemotherapy treatment is to optimize malignant cell kill while minimizing destruction of normal tissues (Shanker
et al., 2011). The cytotoxic effect of chemotherapy is triggered by interfering with the reproductive cycle of cells. Such disruption can lead to
growth arrest and augmented DNA repair mechanisms, as well as induced
cell death. Which outcome predominates is partly dependent on the efficiency of repair pathways (Carey, 2010). An effective chemotherapy regimen requires a comprehensive understanding of the principles of pharmacodynamics and tumor biology, knowledge of the natural history of the
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specific cancer type, treatment goals, and patient and family expectations
(Capouch, 2011).
Some chemotherapy agents have cytotoxic effects on cancer cells
through interference with DNA, RNA, or protein synthesis. Drug action
initially requires adequate drug delivery to the target site; to produce cell
kill, the cell has to absorb the chemotherapeutic agent (Cukierman &
Khan, 2010). Studies to date have focused on the role of drug-metabolizing enzymes as the key determinants of drug disposition. However, it is becoming apparent that carrier-mediated processes, or transporters, have a
significant impact on the overall drug disposition process. Their targeted expression occurs in organs such as the intestines, kidneys, and liver.
A number of the transporters appear to facilitate or prevent drug passage
through membrane barriers (Sissung et al., 2010). Drug delivery depends
on blood flow to the tumor, dose absorption, administration route, renal
function, rate of delivery, schedule, and drug diffusion characteristics. Delivery also may be influenced by the extent of plasma protein binding, under normal and abnormal states, absorption, and first-pass metabolism in
the liver (Cho, Wang, Nie, Chen, & Shin, 2008; Cukierman & Khan, 2010).
Patient safety is a key concern in medication administration. Of specific concern for efficacy are drug-drug interactions. There should be
heightened diligence in prescribing and administering of antineoplastic agents to minimize or prevent drug interactions. The mechanism involved in drug interaction is either pharmacodynamic or pharmacokinetic. Vaddady, Lee, and Meibohm (2010) defined pharmacokinetics as
the timed course of concentration of an agent occurring after administration of a dosage regimen, thereby accounting for the absorption, distribution, metabolism, and excretion in the body. They further defined
pharmacodynamics as the intensity of drug effect correlated to its concentration.
Clinicians continuously attempt to improve therapeutic treatment response. Strategies include high-dose chemotherapy, prolonged or continuous infusion regimens, oral agents that impair or reverse multidrug resistance, and biochemical modulation. Knowledge of both drug metabolism
and mechanism of chemotherapeutic resistance is required to develop appropriate strategies (Cho et al., 2008; Du, Du, Mao, & Wang, 2011). Cancer
treatment choices constantly are expanding. Treatment may include chemotherapy, surgery, radiation therapy, biologic response modifiers, and immunotherapy (Polovich, Olsen, & LeFebvre, 2014). Regimens may feature a single treatment or combination therapy.
The process of bringing new drugs or drug combinations to market is
a laborious one. From research and development to human trial can take
more than a decade (see Chapter 9). The National Institutes of Health announced in 2011 the development of the National Center for Advancing
Translational Sciences to enable faster drug development. The mission of
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this new center is “leveraging science by bringing new ideas to the attention
of industry in order to speed therapies from bench to bedside” (Eastman,
2011, p. 28).
Some therapies of the past are making a comeback in the treatment of
cancers. Two of these are noteworthy: immunotherapy and photodynamic therapy. Immunotherapy is either passive or active and includes monoclonal antibodies and therapeutic vaccines. These agents are designed
to use the immune system’s specificity, memory, and natural surveillance
characteristics to kill tumor cells and protect normal cells (Bunn, Herbst,
Heymach, & Lynch, 2011).
Photodynamic therapy is the use of a photosensitizing agent in conjunction with a select targeted wavelength of irradiation in the presence of oxygen that effects the desired tumor cell death (Agostinis et al., 2011). The
resurgence of these modalities reaffirms that research, development, and
translational research are needed to increase the drug armamentarium in
the fight against cancer.
It is important to understand the pharmacologic principles behind chemotherapy’s effectiveness. The following sections examine goals of treatment, the role of drug resistance, how chemotherapy affects the cell cycle,
and how antineoplastic agents are classified.

Treatment Goals
The goals of cancer therapy include cure, control, and palliation. The potential for cure correlates with the tumor size, location, histology, and cytology. Primary treatment options may include surgery, radiation therapy, chemotherapy, immunotherapy, biologic response modifiers, or multimodality
therapy. For purposes of this book, the focus will be on chemotherapy. Control and palliation encompass remission or disease-free interval and survival
time, prevention of recurrence, and relief of signs and symptoms of the cancer (Polovich et al., 2014). With the advent of supportive therapies, palliative therapy can better achieve delays in disease progression, prolong overall
survival, minimize disease complications and treatment toxicities, and maximize quality of life (Bruera & Hui, 2010).
Chemotherapy may be administered as neoadjuvant, adjuvant, or primary treatment. Adjuvant therapies aid primary therapy, are used to improve
therapeutic outcomes and prognosis, and often follow primary interventions. Adjuvant therapy is initiated for patients at high risk for recurrence.
In high-risk subsets, systemic adjuvant therapy significantly lowers tumor recurrence through the early elimination of metastatic microscopic foci of disease (Polovich et al., 2014). Neoadjuvant therapy involves administration of
chemotherapy to reduce tumor load prior to surgery or radiation therapy.
This therapy often improves the probability of total surgical resection, re-
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duces the morbidity of surgery or radiation, and eradicates micrometastatic
disease (Polovich et al., 2014).

Drug Resistance
A major barrier to curative chemotherapy treatment is clinical drug resistance. Logical attempts to eliminate clinical drug resistance should be based
on an understanding of the mechanisms involved and considerable research
(Baguley, 2010). Mechanisms that may lead to chemotherapy resistance include glutathione transferase and DNA repair. Chemosensitizers have been
used to reverse the process of resistance. Intrinsic and acquired resistance
involves multiple cellular pathways of damage recognition, repair, and apoptosis (Gillet & Gottesman, 2010).
Michor, Nowak, and Iwasa (2006) described drug resistance as a result of
drug exclusion, drug metabolism, and alteration of the drug target by mutation or overexpression. With that focus, they developed a theory that shows
how to estimate the probability of success for any treatment regimen. Apoptosis, defined as programmed cell death, is a common property of all multicellular organisms and is known to be triggered by a number of factors,
including ultraviolet or gamma irradiation, growth factor withdrawal, chemotherapeutic drugs, or signaling by death receptors. According to Call,
Eckhardt, and Camidge (2008), recent studies showed that members of the
inhibitor of apoptosis protein (IAP) family are highly expressed in several
classes of cancer. IAP participates in oncogenesis by enabling the malignant
cell to avoid apoptosis. This concept has promoted research groups to devise
strategies to develop novel antineoplastic drugs.
In an effort to combat drug resistance and increase therapeutic effect, combination chemotherapy regimens can be used. These regimens include drugs
with different mechanisms of action and different toxicities given at full dose.
Some drug combinations can produce antagonistic effects. By administering
these agents in sequence or cycles, toxicities may be minimized while delaying
drug resistance. Combination regimens should include drugs that are effective singularly against the specific cancer, do not pose the same type of toxicities, do not have the same time of onset of the same toxicity, and with synchronization, singularly potentiate the effects of the other drugs in the regimen.
Another strategy to reduce or delay toxicity and decrease drug resistance is
the use of intermittent therapy. This may be more effective, less immunosuppressive, and less toxic than a low-dose continuous regimen. Because normal
cells are better able to self-repair than most cancer cells, normal cells may recover during the drug-free period. This approach is used to produce maximum tumor cell kill while allowing regeneration of faster-growing normal
tissue. Dose intensification may be used, which involves using a chemotherapeutic agent over a specific period of time for maximal cell kill (Polovich et
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al., 2014; Wilkes, 2009). Logarithmic changes in the tumor cell burden can be
expected during the course of antineoplastic therapy.

Cell Cycle Response of Chemotherapy
The sequence of normal and malignant cell growth is reflected in the cell
cycle, which aids in identifying potential therapeutic agents that act on cells
during certain cycles of mitosis. Cell growth and replication involves the following phases (Sa & Das, 2008).
• G0 resting phase: Cells can remain in this phase for various lengths of
time; this phase does not include replication.
• G1: RNA and protein synthesis takes place to prepare for DNA synthesis.
• S: DNA synthesis, genetic code for information regarding growth, repair,
and cell reproduction. Cells differ in time period spent here.
• G2: The second growth period, in which further protein and RNA synthesis
occurs and the cell prepares for mitosis. Chromosomes prepare for division.
• M: Actual cell division occurs. Involves prophase, metaphase, anaphase,
and telophase.
An in-depth review of the cellular response to chemotherapy can be
found in Chapter 1. The pharmacologic influence of antineoplastic agents
is seen in enzyme systems or substrates that are acted upon during their
DNA, RNA, and protein synthesis. Additionally, antineoplastic agents interfere with cellular function leading to a cytostatic or cytocidal effect, thus
causing the toxicities in rapidly proliferating tissues, such as the bone marrow, gastrointestinal epithelium, skin, hair follicles, gonads, and embryonic
structures. Fortunately, the body’s normal cells can repair themselves faster
than malignant cells (Wilkes, 2009).

Classification of Antineoplastic Agents
Antineoplastic agents usually are grouped into numerous classes based
on cellular activity and pharmacologic properties of the drugs specific to the
neoplasm being treated. These agents may be classified according to the basis of their mechanism of action, derivation, and chemical structure: alkylating agents, heavy metals, antimetabolites, antibiotics, plant alkaloids, hormones, miscellaneous agents, and investigational agents (Gullatte & Gaddis,
2004; Polovich et al., 2014). Although agents may be assigned to a specific
group, their properties may overlap with other classes. Antineoplastic drugs
also may be classified based on their relationship to cell cycle activity (see
Table 2-1). This classification is not absolute because some agents have multiple mechanisms and the precise mechanism is unknown in others (Bhosle
& Hall, 2009).
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Table 2-1. Antineoplastic Drug Classification
Class/
Subclass

Mechanism of
Action

Toxicity Profile

Alkylating
agents
(cell cycle nonspecific)

Produce break in
DNA molecule and
cross-linking of
strands; interfere with
DNA replication and
transcription; exert
activity on hematopoietic stem cells

Delayed and prolonged myelosuppression, amenorrhea, oligospermia, or
azoospermia; in men,
permanent infertility; second malignant
neoplasm

Bischloroethylamines (nitrogen mustards)

Produce highly reactive carbonium ions
that react with the
electron-rich areas
of susceptible molecules

Myelosuppression,
alopecia, nausea and
vomiting, diarrhea,
mucositis

Chlorambucil, ifosfamide, cyclophosphamide, melphalan, estramustine,
mechlorethamine

Ethylenimines

Capable of the same
kinds of reactions as
nitrogen mustard

Myelosuppression,
alopecia, dermatitis,
nausea and vomiting,
anorexia

Thiotepa

Alkyl sulfonates

Interact more with
thiol groups than with
nucleic acid

Pancytopenia, bone
marrow hypoplasia,
nausea and vomiting,
diarrhea, anorexia,
hepatotoxicity

Busulfan

Triazines

Act as an alkylator
after 5-aminoimidazole carboxamide is
cleaved from active
diazomethane

Leukopenia, thrombocytopenia, nausea
and vomiting, diarrhea, anorexia, hepatotoxicity, rash

Dacarbazine

Nitrosoureas

Undergo rapid spontaneous activation in
aqueous solutions to
form alkylation and
carbamylation products; no cross-resistance with other alkylating agents; highly lipid soluble

Prolonged and delayed myelosuppression

Carmustine,
lomustine, streptozocin

Examples

(Continued on next page)
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Table 2-1. Antineoplastic Drug Classification (Continued)
Class/
Subclass

Mechanism of
Action

Toxicity Profile

Examples
Cisplatin, carbopla
tin, oxaliplatin

Heavy metals

Inhibit DNA synthesis through formation
of intrastrand crosslinks in DNA; react
with DNA by chelation or by binding to
the cell

Renal toxicity, ototoxicity, myelosuppression, neurotoxicity

Antimetabolites
(cell cycle
specific)

S phase; interfere
with DNA and RNA
function; structurally similar to intracellular substances because of cell incorporation into essential sites of cellular
metabolism and inability to divide; most
active in tumors with
high growth fraction
and rapidly cycling
cell population

Myelosuppression,
stomatitis, diarrhea,
other gastrointestinal
(GI) sequelae

Folic acid
analogs

Antifolate; inhibit dihydrofolate reductase, thereby inhibiting DNA synthesis

Myelosuppression,
headache, paresthesia, alopecia, nausea and vomiting, diarrhea, constipation,
stomach pain, stomatitis

Methotrexate,
trimetrexate

Pyrimidine
analogs

Inhibit DNA polymerase, thus DNA
synthesis; interfere
with RNA function

Diarrhea, mucositis,
rash, hyperpigmentation, hand-foot syndrome

Azacitidine, cytarabine, floxuridine,
fluorouracil

Purine analogs

Inhibit purine synthesis, thereby inhibiting
DNA and RNA synthesis

Myelosuppression,
anorexia, nausea and
vomiting, hepatotoxicity, peripheral neuropathy, neurotoxicity

Mercaptopurine,
thioguanine, pentostatin, fludarabine

(Continued on next page)
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Table 2-1. Antineoplastic Drug Classification (Continued)
Class/
Subclass

Mechanism of
Action

Toxicity Profile

Examples

Antitumor
antibiotics
(cell cycle specific)

Bind with DNA,
thereby inhibiting
DNA and RNA synthesis

Pulmonary toxicity, fever, chills, pain at the
administration site,
myelosuppression,
skin and GI toxicities, mucositis, hepatic and renal dysfunction, blood clotting disorders

Anthracyclines

Intercalation of DNA,
topoisomerase II,
DNA inhibition

Myelosuppression,
cardiotoxicity (cumulative cardiac toxicity), alopecia, vesicant—severe tissue
necrosis if extravasation occurs

Daunorubicin,
doxorubicin, idarubicin, epirubicin,
valrubicin

Chromomycins

Cell cycle specific and phase nonspecific

Allergic reactions,
nausea and vomiting,
diarrhea, cumulative
myelosuppression, alopecia, hepatotoxicity, vesicant

Dactinomycin, plicamycin

Miscellaneous

Inhibition of DNA

Pulmonary toxicity,
cutaneous hyperkeratosis

Mitomycin, bleomycin

Plant alkaloids
(cell cycle specific)

Mitotic inhibitors; prevent cell division

Myelosuppression,
neurotoxicity, GI toxicity, allergic reactions,
peripheral neuropathy

Vinca alkaloids

Bind to microtubule
proteins, arrest mitosis during metaphase; active in S
and M phases

Neurotoxicity, constipation, urinary retention, jaw pain, syndrome of inappropriate antidiuretic hormone, tissue necrosis
if extravasation occurs

Vincristine, vinblastine, vindesine, vinorelbine

Taxanes

Enhance microtubule assembly; inhibit tubulin depolymerization

Peripheral neuropathy, myalgia, myelosuppression, anaphylaxis, alopecia, arthralgia

Paclitaxel,
docetaxel

(Continued on next page)
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Table 2-1. Antineoplastic Drug Classification (Continued)
Class/
Subclass

Mechanism of
Action

Toxicity Profile

Examples

Podophyllotoxins

Inhibit DNA synthesis in S and G phases to prevent mitosis;
cause single breaks
in DNA; manipulate
hormonally active tissue, thus inhibiting
cell growth

Hypotension, mucositis, myelosuppression, nausea and
vomiting, alopecia, fever, hypersensitivity reaction, bronchospasms

Etoposide, teniposide

Glucocorticoids

Lysis of lymphoid
cells; may recruit malignant cells out of G0
phase, making them
vulnerable to damage caused by the
cell cycle–specific
agent

Electrolyte imbalance, GI disorders,
osteoporosis, changes in secondary sex
characteristics, increased susceptibility to infection, mood
swings, increased appetite, fluid retention

Cortisone, hydrocortisone, dexamethasone, prednisone, methylprednisolone

Androgens

Estrogen antagonists; suppress pituitary function

Fluid and sodium retention, obstructive jaundice,
voice change, libido change, emotional
change

Testosterone propionate, fluoxymesterone, testolactone, methyltestosterone, testosterone enanthate

Estrogens

Suppress testosterone through hypothalamus in males
and alter breast cancer cell response to
prolactin in females

Thrombophlebitis, gynecomastia, fluid retention, bloating

Diethylstilbestrol,
ethinyl estradiol,
estramustine, chlorotrianisene, conjugated estrogens

Progestins

Inhibit pituitary gonadotropin secretion

Weight changes, hot
flashes, thrombophlebitis, menstrual problems

Progestin, megestrol acetate, medroxyprogesterone
acetate

Antiestrogens

Nonsteroidal; bind
to estrogen receptors, form an abnormal complex that migrates to the cell nucleus and inhibits
DNA synthesis

Increased risk for gynecologic malignancy, hot flashes, nausea and vomiting,
menstrual abnormalities, bone pain,
thrombotic disorders

Tamoxifen, toremifene, raloxifene

(Continued on next page)
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Table 2-1. Antineoplastic Drug Classification (Continued)
Class/
Subclass

Mechanism of
Action

Toxicity Profile

Examples

Gonadotropinreleasing hormone (GnRH)
agonists

Prevent the pulsed
release of endogenous GnRH from the
hypothalamus, stimulating the release
of follicle-stimulating
hormone and luteinizing hormone

Headache, insomnia,
impotence, hot flashes, thrombophlebitis,
vaginal dryness, decreased libido, nausea and vomiting,
bone pain, myalgia,
injection site irritation,
cardiac arrhythmias,
peripheral edema

Goserelin, niluta
mide, flutamide

Antiandrogens

Inhibit androgen uptake or inhibit nuclear binding of androgen in target tissues;
inhibit pituitary gonadotropin, achieving a chemical orchiectomy

Hot flashes, impotency and decreased libido, tumor flare,
nausea and vomiting

Bicalutamide, nilutamide, flutamide

Topoisomerase I inhibitors

Cause an irreversible
double-strand DNA
break that arrests
cell division and results in cell death

Myelosuppression,
headache, paresthesia, alopecia, nausea and vomiting, diarrhea, constipation,
stomach pain, stomatitis

Topotecan, irinotecan

Biologic
response
modifiers

Stimulate division
and differentiation of
hematopoietic stem
cells in the bone
marrow

Fatigue, headache,
pyrexia, urticaria,
polycythemia

Epoetin alfa, filgrastim, sargramo
stim, oprelvekin,
interferon alfa,
aldesleukin, rituximab, levamisole,
tumor necrosis
factor

Note. Based on information from Bhosle & Hall, 2009; English, 2009; Gullatte & Gaddis, 2004; Kariyll,
2011; Polovich et al., 2014; Wilkes, 2009.

Alkylating Agents
Alkylating agents originated in military efforts to launch a chemical and
biologic offensive during World Wars I and II and are some of the oldest
cytotoxic agents. Alkylating agents work by producing DNA cross-linkages,
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which inhibit DNA and cellular replication. Other similarly acting agents
work through DNA methylation, resulting in DNA inhibition replication of
the cell. Although these drugs are nonspecific and act on cancerous and
normal cells, cancer cells are more sensitive because they divide more rapidly (Wesolowski, Rajdev, & Mukherji, 2010). These molecular reactions produce abnormalities in DNA, RNA, and proteins by interfering with replication, transcription, and disruption of nucleic acid, thereby preventing
normal cell function (Wesolowski et al., 2010).
Alkylating agents do not rely on the cell cycle to be effective; hence, they
are classed as cell cycle nonspecific. However, these agents inhibit overall
protein synthesis as well as RNA and DNA function. Another classic characteristic of alkylating agents is their ability to produce DNA cross-links (Helleday, Petermann, Lundin, Hodgson, & Sharma, 2008). Alkylating agents are
divided into six classes based on their chemical structure and covalent bonding mechanisms: nitrogen mustards, aziridines, alkyl sulfonates, epoxides,
nitrosoureas, and triazines (Gate & Tew, 2011). Although cisplatin and carboplatin often are categorized as alkylating agents because they form adducts with proteins, DNA, and RNA, there is not an actual alkylating portion
to the active molecule. They bind DNA, thus forming intra- and inter-strand
cross-links that inhibit DNA synthesis and transcription. Tumor cell resistance to alkylating agents is likely mediated by tripeptide glutathione conjugation or DNA repair processes within the target cell (Schneider & Shoup,
2011).

Antimetabolites
Antimetabolites have been used in cancer treatment since the late 1940s.
These agents are analogs that structurally resemble naturally occurring metabolites in the human body (Lind, 2011). Antimetabolites are cell cycle dependent, affecting DNA, RNA, and protein synthesis during the S phase of
the cell cycle. They are most effective against cancer cells that have a high
growth fraction (i.e., are rapidly dividing). Another mechanism of action is
the ability to inhibit purine and pyrimidine nucleotide synthesis, thereby exerting an effect on enzymes needed for DNA and RNA synthesis, resulting in
apoptosis. Antimetabolites incorporate into DNA and RNA, causing strand
breaks or premature chain termination. Often their action is schedule rather than dose dependent, and usually antimetabolites are given continuously
as an IV infusion (Lind, 2011).
Biochemical modulation is designed to enhance the cytotoxic effectiveness of antimetabolites and overcome cellular resistance to them. An example of this effective strategy is the combination of fluorouracil and leucovorin calcium in the treatment of colorectal cancers (Miura et al., 2010;
Parker, 2009). Several antimetabolites have the potency to act with a certain
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degree of specificity on cancer cells. Examples include methotrexate, which
blocks folic reductase, and 5-fluorouracil, which blocks thymidylate synthase
and in turn inhibits methylation of deoxyuridylic acid to thymidylic acid. Cytarabine inhibits the reduction of cytidylic acid to deoxycytidylic acid and
also inhibits DNA polymerase. Methotrexate, 6-mercaptopurine, and 6-thioinosinic acid block purine ring biosynthesis. These compounds are used in
applications in the treatment of several human cancers (Saha, Maity, Jana,
& Mandal, 2011).

Antitumor Antibiotics
Antitumor antibiotics are a heterogeneous group of antineoplastic agents
isolated from microorganisms. They are both antimicrobial and cytotoxic
and cell cycle nonspecific with different mechanisms, enabling them to produce cytotoxic effects. Many of these agents are topoisomerase II inhibitors
that regulate the topologic, or twisting and winding, state of a DNA doublestrand molecule around scaffolding proteins to form a coiled condensed
structure, chromatin. Topoisomerase enzymes are effective through manipulation of DNA accessibility, such as knots, tangles, and catenanes that remain after replication and transcription (Bailly, 2012; Sausville & Longo,
2012).
Antitumor antibiotic agents are clinically valuable because of their activity across a broad spectrum of cancers. Anthracyclines, among the most widely used cytotoxic anticancer drugs, are derived from bacterial cultures. Other anthracycline analogs in clinical practice include idarubicin, epirubicin,
and mitoxantrone. The four major mechanisms for the cytotoxic action of
anthracyclines are (a) inhibition of topoisomerase II; (b) DNA high-affinity
binding via intercalation leading to the blockade of DNA and RNA synthesis and strand scission (dividing); (c) generation of semiquinone free radicals and oxygen free radicals through an iron-dependent, enzyme-mediated
reductive process; and (d) cellular membrane binding altering fluidity and
ion transport (Chu & Sartorelli, 2012).

Plants
The use of plants in medicinal therapy has long served as a source of
drugs in various diseases. Antitumor usage from the plant kingdom began
with the discovery of vincristine and vinblastine from Catharanthus roseus
around 1960. Vindesine, a semisynthetic derivative, was developed later. Vinca alkaloids are from the periwinkle plant Vinca rosea. Cancer research has
led to products belonging to classes of chemical compounds such as diterpenes, lignans, quassinoids, ansa macrolides, and alkaloids. Common sub-
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classes from these groups include vinca alkaloids, epipodophyllotoxin, and
paclitaxel derivatives (Saha et al., 2011).
Vinca alkaloids disrupt the mitotic spindle assembly through interaction with tubulin, which leads to killing dividing cells by inhibiting progression through mitosis (Nobili et al., 2009). Two semisynthetic derivatives of epipodophyllotoxin are etoposide and teniposide, derived from
Podophyllum spp. (Varma, Padh, & Shrivastava, 2011). These agents act by
interfering with topoisomerase-mediated formation of double-stranded
DNA breaks. This leads to an accumulation of DNA damage and potent
induction of caspase-dependent apoptosis (Lucas, Still, Pérez, Grever, &
Kinghorn, 2010).
Taxanes are extracted from the yew tree. This class includes paclitaxel and docetaxel. They act against microtubules by inducing a sustained
block in mitosis (Sridhar & Symonds, 2008). Paclitaxel was initially approved for use in advanced ovarian cancer in 1992 and later as treatment
of metastatic breast cancer in 1994. Having been isolated from a limited
natural source, it is now derived semisynthetically from the inactive taxane
precursor, 10-deacetylbaccatin III from the needles of the yew tree, Taxus
baccata. Paclitaxel, a highly hydrophobic compound, is administered in a
solution with alcohol and purified Kolliphor® EL (formerly Cremophor®
EL) (polyoxyethylated castor oil), which can cause hypersensitivity. Later development of ABI-007, an albumin-bound paclitaxel particle, lessens
this risk of hypersensitivity. A second-generation taxane, docetaxel, also is
derived semisynthetically by the esterification of a side chain to 10-deacetyl-baccatin III. Although differences exist between paclitaxel and docetaxel pharmacokinetics and pharmacology, both taxanes offer an improved
disease-free survival and overall survival in patients with breast cancer (McGrogan, Gilmartin, Carney, & McCann, 2008).

Molecular-Targeted Therapies
Advances in cancer biology and genomics have identified key pathways
involved in the repair of DNA damaged by cytotoxic agents and other cancer treatment modalities. Because molecular-targeted agents modulate specific deviant cancer cell pathways yet spare normal tissue, toxicity, efficacy,
and dose may not have the interdependence as for cytotoxic agents (Arrondeau, Gan, Razak, Paoletti, & Le Tourneau, 2010). Efficient DNA repair in
the cancer cell is an important mechanism for therapeutic resistance. Multiple genes have been identified that are associated with human DNA repair,
with several of these proteins emerging as predictive and prognostic factors
in malignant neoplasms. Overexpression of genes can result in enhanced tumorigenic and metastatic capability and also decreases the efficacy of chemotherapy and radiation therapy (Calcagno & Ambudkar, 2010). Examples
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include trastuzumab and HER2 in breast cancer and Bcr-Abl in chronic myeloid leukemia (Kelloff & Sigman, 2011).
The phrase targeted therapy in oncology practice refers to the ability to deliver drugs directly to tumors. Nanoparticles, small particles that act as a
whole, such as liposomes, can be used as a vehicle to deliver cytotoxic agents
directly to cancer cells. Certain nanoparticles have already been optimized
for prolonged circulation and redirection of drugs, which can yield superior
accumulation in tumors via a process referred to as the “enhanced permeability and retention” effect (Wang, Langer, & Farokhzad, 2012). Immunoliposomes, in which monoclonal antibody (mAb) fragments are conjugated
to liposomes, are the next generation of molecularly targeted drug delivery
systems. Familiar immunoliposomes include anti–epidermal growth factor
receptor and anti-HER2. Targeted therapies interfere with the growth factor signaling cascade involved in the initiation and progression of specific
cancers (Mimeault & Batra, 2006). An in-depth review of targeted therapy is
covered in Chapter 4.
Monoclonal antibodies are immunoglobulin molecules secreted from
a population of cloned cells, now established as targeted therapies. They
function via multiple mechanisms, blocking interaction with a ligand when
the Fab part of it binds to the antigen. Signaling occurs when the antibody
binding to a receptor delivers an agonist signal (Hansel, Kropshofer, Singer, Mitchell, & George, 2010). One such mAb is rituximab, a human/mouse
chimeric anti-CD20 antibody, which has become part of standard therapy in
the treatment of patients with CD20-expressing B-cell lymphoma. The mAb
depletes normal CD20-expressing B cells in the peripheral blood (Robak,
Robak, & Smolewski, 2012). Another example of a mAb is alemtuzumab,
a recombinant DNA-derived humanized mAb. Alemtuzumab, also known
as Campath-1H®, is a fully humanized immunoglobulin G1 mAb directed
against CD52, a glycosylphosphatidylinositol-anchored cell surface glycoprotein expressed on human B and T cells. Target cells are killed by complement- and antibody-dependent cellular cytotoxicity, capable of promoting
direct apoptosis through caspase-dependent and independent mechanisms
(Schweighofer & Wendtner, 2010).

Hormones
In 1941, Charles Huggins developed a successful hormone therapy for
prostate cancer using diethylstilbestrol (a synthetic estrogen) with estradiol dipropionate and was awarded a Nobel Prize (Sriprasad, Feneley, &
Thompson, 2009). The early success with hormone therapy has led to the
synthesis of new steroids with fewer side effects (Saha et al., 2011). Hormone agonists and antagonists are employed in the treatment of hormonederived or hormone-sensitive tumors. These include cancers arising in or-
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gans or tissues that rely on hormones for growth and development such
as breast, ovary, endometrium, and prostate. To maintain the growth of
breast and prostate tumors, a supply of estrogen and androgen, respectively, is needed. The therapeutic strategy is to reduce or block the source of
the hormone or the receptor site where the hormone is active. For example, an alternative approach to gonadectomy or estrogen therapy in treating prostate cancer is to use the luteinizing hormone-releasing hormone
superagonists to desensitize the pituitary gland and prevent release of gonadotropins (Djavan, Eckersberger, & Sadri, 2010). Likewise, an antiestrogen, such as tamoxifen, is used to treat postmenopausal women with
breast cancer. In women, estrogen is key to preventing osteoporosis and
maintaining a healthy coronary system. An advantage to the use of tamoxifen is its estrogen-like effect on the bones and heart. This is important in
postmenopausal women who are prescribed antiestrogens at a time when
the naturally occurring circulating estrogen levels are diminishing or nearly absent (Jordan, 2009). A current agent, anastrozole, has shown to be of
equal efficacy as the standard of care in metastatic postmenopausal women (Bergh et al., 2012).
Other hormonal agents include aminoglutethimide, fluoxymesterone
(synthetic androgen), flutamide, goserelin acetate, leuprolide acetate,
megestrol acetate, toremifene, raloxifene, fadrozole, and letrozole. These
hormonal agents are administered orally or as a depot intramuscular injection. Drug distribution, absorption, half-life, and elimination are reviewed
in Chapter 5 under each specific agent.
Aromatase inhibitors (AIs) are widely used today as adjuvant therapy in
women with early-stage endocrine-positive breast cancer. They may be prescribed as initial hormonal therapy, sequentially after two to three years of
tamoxifen, or as extended adjuvant therapy. Certain side effects may result
in poor adherence to the treatment plan. These side effects may include arthralgia, other musculoskeletal symptoms, and gynecologic effects. There is
insufficient data linking AIs to cardiovascular therapy; the recommendation
is continued vigilance, especially in patients with preexisting cardiovascular
disease (Dent, Gaspo, Kissner, & Pritchard, 2011).
Androgen deprivation therapy (ADT), although effective in controlling metastatic or recurrent prostate cancer, is associated with multiple adverse side effects. These include changes in body composition, increased
risk for fracture, development of insulin resistance, and an unfavorable
lipid profile. Data report a high incidence of sexual dysfunction, such as
loss of libido or erectile dysfunction. Other toxicities of hormonal agents
include changes in weight, mood, skin, and heart, as well as nausea, vomiting, anorexia, hirsutism, and male-pattern baldness. In cases where hormonal therapy is of definite benefit, providers should weigh the risks and
benefits and discuss with the patient, as well as incorporating risk-reducing strategies in the treatment plan (Kim & Freedland, 2010).
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Antineoplastic Drug Toxicities
Antineoplastic drug therapy affects normal cells as well as malignant cells.
The pattern of toxicity will vary with the different drugs. Some common side
effects are bone marrow suppression, nausea and vomiting, renal toxicity,
cardiotoxicity, alopecia, neurotoxicity, and reproductive dysfunction (Sridhar & Symonds, 2008).
A major target of alkylating agents’ toxicities is the hematopoietic system, primarily causing leukopenia and thrombocytopenia. Hematologic toxicity often is dose dependent and cumulative. Hematologic nadirs
for oral alkylating agents may occur in three to six weeks, whereas toxicities from agents administered intravenously may appear within one to
two weeks and linger for one to two weeks after treatment, depending on
the dose and schedule (Polovich et al., 2014). The severity of gastrointestinal toxicities, such as nausea, vomiting, diarrhea, mucositis, and stomatitis, also is dose and drug dependent. Symptom management and treatment of hematologic and gastrointestinal side effects of alkylating agents
are outlined in Chapter 13. Some alkylating agents possess vesicant properties and should be administered with extreme caution when given intravenously. Extravasation into the soft tissues may cause severe local tissue
damage (e.g., burning at the injection site, sloughing, necrosis). Other
toxicities may include ototoxicity; nephrotoxicity; peripheral and central
neuropathy; hemorrhagic cystitis; alopecia; hyperuricemia; hepatotoxicity; pulmonary, cardiac, and gonadal toxicities; and second malignant neoplasms (Gupta et al., 2012; Marosi, 2012).
Treatment with antimetabolites results in suppression of cell growth in
mitotically active tissues (e.g., gastrointestinal mucosa, hematopoietic system). Purines are abundant in the normal bone marrow and are essential
to marrow growth and function. Therefore, a purine antimetabolite such as
thioguanine is toxic to the normal bone marrow yet quite effective in treating hematologic malignancies (Prendergast & Jaffee, 2007). Another antitumor antibiotic is mitomycin C, also classed as a bioreductive alkylator. For
many antitumor antibiotic agents, the dose-limiting factor is the effect on
the hematopoietic system (myelosuppression). Gastrointestinal toxicities
are manifested by nausea, vomiting, and stomatitis. Dermatologic effects include alopecia, extravasation, tissue necrosis, and radiation recall phenomenon (Mazumdar, 2011; Mihlon, Ray, & Messersmith, 2010).
Antitumor antibiotic agent toxicities can be life threatening. Because
of the iron-binding effect of these agents, which results in oxidative cell
damage, cardiac tissue is most vulnerable to their effects. The recommendation for the total lifetime cumulative dose of doxorubicin is 400 mg/m2
(Raschi et al., 2009). It is important to establish exclusion criteria for patients considered for treatment with anthracyclines, a subclass of antitumor antibiotics. A cardioprotective agent may be used prior to the admin-
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istration of anthracyclines and should be considered for patients who have
received doses greater than 300 mg/m2 and may benefit from continued
anthracycline therapy (Sawyer, Peng, Chen, Pentassuglia, & Lim, 2010).
The debilitating and devastating morbidity and mortality effect that antineoplastic agents have on the heart has generated a new focus in cardiovascular medicine. The effectiveness of the various classes of agents has
increased cancer survivorship. However, in many cases the late cardiac injury is problematic. Hundley (2011) suggested a new specialty of cardiooncology to launch collaborative research initiatives to address the growing concern of cardiac injury secondary to antineoplastic agent use in the
treatment of cancers. Not all agents cause cardiac injury. Cardiac effects include congestive heart failure and cardiac ischemia resulting in stroke and
myocardial infarction.

Plants
The search for anticancer agents began in earnest around the 1950s following the discovery and development of the vinca alkaloids and podophyllotoxins. In the 1960s, the National Cancer Institute developed a program that
led to many chemotypes including the taxanes and camptothecins (Cragg
& Newman, 2005). This group of plant anticancer toxicities includes myelosuppression, neurotoxicity, constipation, diarrhea (acute and delayed), hypersensitivity reaction, neuropathy, stomatitis, nausea, and vomiting (Nobili et al., 2009).

Biologic Agents
Biologic agents (biotherapy) are used to stimulate the immune system, promote hematopoiesis, increase disease-free survival or overall response, control disease growth, and enhance quality of life (Polovich et
al., 2014). The use of biologic response modifiers (BRMs) dates back to
the early years of treating leukemia with the immunomodulator agent bacillus Calmette-Guérin (Gao et al., 2011). Science and technology have
progressed well beyond these early agents and primitive knowledge of the
value of cell-mediated immunity in the treatment of disease. Continued research has enhanced the benefit of the BRMs and immune modulators in
disease management with the development of cytokines, monoclonal antibodies, and vaccines. The oncology team now has access to hematopoietic growth factors for granulocytes, erythrocytes, and platelets. BRM action can be broadly divided into three categories: (a) direct action as mAbs
with cytotoxic action directly on the tumor cells; (b) indirect action as interferons and interleukins, which restore, augment, or modulate the im-
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mune system to facilitate tumor cell destruction; and (c) miscellaneous
agents, such as colony-stimulating factors, which promote cell differentiation by helping to replace the damaged cells in the body (Bisht, Bist, &
Dhasmana, 2010; Sekhon, 2010).
Advances in research on how cytokines and colony-stimulating factors
(e.g., filgrastim, sargramostim, erythropoietin, oprelvekin) control hematopoiesis have resulted in treatment regimens that reverse or shorten the
myelosuppressive dose-limiting toxicities of many antineoplastic agents. In
many cases, cytokines or colony-stimulating factors have allowed patients
to continue their treatment cycle without interruption and with a better
quality of life. Hematopoietic growth factors agents include epoetin alfa,
darbepoetin alfa, oprelvekin, pegfilgrastim, recombinant granulocyte colony-stimulating factor filgrastim, and recombinant granulocyte macrophage–colony-stimulating factor sargramostim (Andrès, Maloisel, & Zimmer, 2010). Specific mechanisms of action and indications for use of these
and other antineoplastic agents can be found in Chapter 5.
Some drug-, dose-, and duration-dependent toxicities associated with biologic agents include nausea, vomiting, diarrhea, fever, chills, myalgia, arthralgia, exacerbation of hypertension, skin reactions, hair loss, dysuria,
mental status changes, and myelosuppression (Puhalla, Bhattacharya, & Davidson, 2012; Small, 2008). Detailed and specific toxicities and management
are addressed in Chapters 5 and 13.

Summary
The treatment goals of cancer therapy include cure, control, and palliation. Antineoplastic therapy is the best option for systemic treatment of most
cancers. Knowledge and understanding of the pharmacokinetic principles
of antineoplastic agents are essential to safe patient administration and management.
Cancer therapy continues to improve at a rapid pace through the development of complex biotechnology, which provides a better understanding
of the dynamics of cancer cell growth. With this knowledge, scientists developed new antineoplastic agents with lessened toxicities facilitating shorter
treatment intervals with the use of growth factors, thus improving patient
quality of life and treatment outcomes. Through the application of pharmacologic principles of chemotherapy, scientists have been able to apply
cancer biology and genomics to developmental strategies of cancer therapy. This understanding has led to the development of agents that successfully manipulate DNA and RNA synthesis, providing additional treatment
strategies.
Future drug development will continue to evolve through the understanding of cancer cell growth, manipulation of cancer cell replication,
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and identification of agents that can interfere with either of these processes. The future for new therapies requires an improved understanding of
pharmacodynamics and pharmacokinetics. This understanding will lead
to improved treatment and toxicity management, equating to better patient outcomes.
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CHAPTER 3

Principles and Standards
of Chemotherapy
Administration
Martha Polovich, PhD, RN, AOCN®, and
Mary Magee Gullatte, PhD, RN, ANP-BC, AOCN®, FAAN

Introduction
Administration of chemotherapy requires specialized knowledge, skill,
and expertise beyond basic nursing education (Oncology Nursing Society
[ONS], 2011). It is imperative that professional RNs responsible for administering hazardous drugs (HDs) not only understand the principles
of medication administration and IV therapy but also have a base knowledge of the standards related to antineoplastic drug therapy. Appropriate
prescribing, accurate preparation, safe administration to patients, and the
prevention of occupational exposure for healthcare professionals are all
key factors in administration. This chapter will address several aspects of
chemotherapy preparation and administration, including safe handling,
medication error prevention, administration by various routes, vesicant extravasation prevention and management, and patient and family education.

Safe Handling of Cytotoxic Agents
Antineoplastic and cytotoxic drugs (CDs) are hazardous chemicals, and
thus are classified as HDs. Drugs are considered hazardous when they possess one or more of the following characteristics: (a) carcinogenicity, (b) teratogenicity or developmental toxicity, (c) reproductive toxicity, (d) organ
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toxicity at low doses, (e) mutagenicity, or (f) structure or toxicity similar to
drugs with any of the preceding characteristics (American Society of HealthSystem Pharmacists [ASHP], 2006; National Institute for Occupational Safety and Health [NIOSH], 2010). HDs have the potential to harm healthcare
workers who are occupationally exposed to them. Exposure may occur via
several routes: absorption, injection, ingestion, and inhalation. Workers can
be exposed by the dermal route when they unknowingly touch contaminated equipment or work surfaces with unprotected hands. Employing safe
handling precautions with cytotoxic agents and HDs used for non-oncology
indications will reduce healthcare workers’ exposure and the resulting adverse health effects.
Studies as far back as 30 years ago raised concern about adverse health
outcomes in workers who handle HDs. Recent studies continue to demonstrate that chronic exposure to HDs can result in genotoxicity, carcinogenic, teratogenicity/fertility impairment, and organ manifestations (Occupational Safety and Health Administration [OSHA], 1999). El-Ebiary,
Abuelfadl, and Sarhan (2011) identified genetic damage in a small cohort of nurses and pharmacists, which increased with age and duration
of exposure to antineoplastic drugs without proper personal protective
equipment (PPE). Investigators at the University of Maryland found increased damage in chromosomes 5, 7, and 11 in exposed healthcare workers (McDiarmid, Oliver, Roth, Rogers, & Escalante, 2010). HD-exposed
nurses are more likely to report a cancer diagnosis than unexposed oncology nurses (Martin, 2005), and occupational antineoplastic drug exposure is associated with a twofold increase in spontaneous abortions (Lawson et al., 2012).
With the increased use of oral cytotoxic agents in recent years, there is
a need to provide a different level of safe handling education with patients
and families. Oral therapy precautions and patient compliance will be reviewed in Chapter 18. For purposes of this chapter, the discussion of HDs is
limited to CDs.
OSHA first published work practice guidelines for the management of
CDs in 1986, which were updated in 1999. OSHA’s recommendations borrowed heavily from those published by the American Society of Hospital
Pharmacists (now ASHP) in its Technical Assistance Bulletin on Handling Cytotoxic Drugs that was published the previous year in 1985. The current recommended guidelines regarding the safe handling of CDs are outlined in
recent publications of ASHP (2006), NIOSH (2010), and ONS (Polovich,
Olsen, & LeFebvre, 2014). These documents describe the equipment, garments, and work practices that reduce healthcare worker exposure to CDs
and HDs. Safe handling precautions are recommended for all aspects of
CD handling, including preparation, administration, disposal, and handling
CD-contaminated body fluids. Figure 3-1 summarizes the current safe handling recommendations and guidelines.
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Figure 3-1. Cytotoxic Drug Safe Handling Guidelines
Cytotoxic Drug Preparation
• Use a class II or III biologic safety cabinet (BSC) or compounding aseptic containment
isolator (CACI) to mix and prepare cytotoxic drugs (CDs).
• Consider using a closed-system drug transfer device.
• Wash hands.
• Perform all hazardous drug preparation wearing personal protective equipment (PPE).
–– Gloves
** Wear double gloves meeting the American Society for Testing and Materials
standard for chemotherapy gloves (latex, nitrile, or neoprene and powder-free).
** Inspect gloves for visible defects.
** Change outer gloves after 30 minutes of wear or immediately if damaged or
contaminated.
** Remove outer gloves after wiping down prepared product and before labeling and
removing from preparation area.
** Dispose of gloves as chemotherapy waste.
–– Gowns
** Wear chemical protective, disposable gowns that have been tested with chemo
therapy and have cuffs and back closure.
** Discard gowns after handling activities or immediately if knowingly contaminated.
** Do not reuse gowns.
• Gather necessary supplies for preparation, but avoid placing unnecessary items in the
BSC or CACI.
• Spike IV bags and prime IV tubing before adding cytotoxic drugs.
• Use techniques that minimize aerosol generation.
• Have a spill kit available.
• Label all cytotoxic drugs with a warning label (e.g., Caution: Chemotherapy) and transport in a sealed, leakproof, impervious container.
• Dispose of all items used in drug preparation in a cytotoxic waste container.
• Wash hands with soap and water.
Cytotoxic Drug Administration
• Gather equipment, including PPE.
• Wash hands.
• Don chemotherapy-designated gloves and gown.
• Don face shield, as needed, to protect against splashing.
• Obtain hazardous drug from transport bag, checking first for signs of damage to container or leaking.
• Use needleless systems.
• Use only Luer-Lok® connections.
• Place an absorbent pad under the administration site.
• Apply sterile gauze at injection ports to prevent leaking when connecting and disconnecting.
• Avoid spiking and priming IV tubing at the site of administration; prime IV line with nonCD-containing fluid or a backflow closed system.
• Monitor tubing and IV sites for leaks.
• Use the transport bag to hold contaminated items before they are discarded.
• Remove IV containers with administration sets intact.
(Continued on next page)
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Figure 3-1. Cytotoxic Drug Safe Handling Guidelines (Continued)
• Discard all items used in drug administration in a cytotoxic waste container that is
large enough to hold all items, including PPE.
• Wash hands with soap and water.
Spills
• Assess the spill. Consider outside assistance for large spills.
• Restrict access to the area until spill cleanup is completed.
• Use items in spill kit (commercially available or on-site assembly) and respirator.
–– Absorbent plastic-backed pads or spill-control pillows
–– Sealable plastic bags with warning label
–– Face shield
–– Two pairs of chemotherapy gloves and heavy utility gloves (for cleaning sharps)
–– Long-sleeved, cuffed disposable gown with shoe covers or coveralls
–– Scoop for glass fragments
–– Sharps container
–– Cytotoxic waste container
• Don PPE.
• Contain the spill with absorbent plastic-backed pads or spill-control pillows.
• Use heavy utility gloves when cleaning up spills involving broken glass.
• Clean spill from area of lesser to greater contamination.
• Rinse the area with water, and then wash with detergent and bleach solution, followed
by a neutralizer (sodium thiosulfate).
• Dispose of spill cleanup paraphernalia in cytotoxic waste container.
• Wash hands with soap and water.
Disposal
• Wear PPE for handling contaminated items.
• Have specially marked cytotoxic waste container with lid.
• Place needles and glass in sharps container; do not cut, grind, or recap needles.
• Dispose of IV containers and administration sets intact.
• Wear face shield, respirator, gloves, and gown for equipment cleanup.
• Wash reusable items, pumps, and IV poles with detergent, and rinse with water.
• Discard PPE in cytotoxic waste container.
• Secure lid and dispose when three-fourths full.
Note. Based on information from American Society of Health-System Pharmacists, 2006; National Institute for Occupational Safety and Health, 2004, 2010; Occupational Safety and Health Administration, 1999; Polovich et al., 2014.

Safe Handling and Chemotherapy Preparation
Chemotherapy preparation refers to reconstituting, mixing, and transferring drugs from vials or ampoules to syringes or other delivery devices. Preparation of CDs is an opportunity for exposure. Worker exposure and environmental contamination may occur during (a) withdrawal of needles from
vials, (b) drug transfer using syringes and needles or filter straws, (c) the
breaking open of ampoules, and (d) the expulsion of air from a drug-filled
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syringe (ASHP, 2006; Polovich, 2011). When performed using traditional
needle and syringe techniques, these activities cause splashing and spraying
and generate aerosols.

Engineering Controls for Cytotoxic Drug Preparation
All CD preparation, including reconstitution of powdered drugs, drawing
up of liquid drugs, and splitting of tablets, should take place in a primary
engineering control (PEC) such as a biologic safety cabinet (BSC) or compounding aseptic containment isolator (CACI) (ASHP, 2006). These PECs
provide worker protection by containing drug aerosols and directing them
away from the preparer.
The most commonly used PEC is a class II BSC with an open front. The
effectiveness of a BSC relies on airflow to take contaminants away from the
worker. Workers must be trained to use proper technique to avoid disturbing the airflow, which can result in aerosolized CDs escaping from the BSC
through the opening. Class III BSCs and CACIs are enclosed cabinets, and
workers perform drug compounding using gloved sleeves. All types of PECs
exhaust contaminated air through a high-efficiency particulate air (HEPA)
filter (ASHP, 2006).
BSCs and CACIs do not prevent contamination. Droplets or aerosols deposited on surfaces or gloves may be transferred to the outside of prepared
syringes or IV containers, making them a source of exposure. Several studies have reported CD contamination on the outside of vials when delivered
from the drug manufacturer (Connor et al., 2005; Favier, Gilles, Ardiet, &
Latour, 2003), adding another potential source of contamination.
The protection provided by a PEC may be supplemented by a closed-system drug transfer device, which is a secondary engineering control. These
devices reduce or eliminate the release of drug during transfer from one
container to another (NIOSH, 2004, 2010). Several studies have demonstrated the effectiveness of such devices in reducing environmental contamination with CDs (Harrison, Peters, & Bing, 2006; Sessink, Connor, Jorgenson, & Tyler, 2011; Siderov, Kirsa, & McLauchlan, 2010; Spivey & Connor,
2003; Wick, Slawson, Jorgenson, & Tyler, 2003; Yoshida et al., 2009).

Personal Protective Equipment
The use of PPE provides primary barrier protection from CDs during
handling. PPE must be worn for all CD handling activities, including preparation, administration by any route, disposal, and handling of contaminated
body fluids from patients receiving CDs (ASHP, 2006; NIOSH, 2004; OSHA,
1999; Polovich, 2011). The recommended PPE includes (a) chemotherapy-
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designated gloves that are powder-free and made of latex, nitrile, or neoprene; (b) gowns that are chemical protective, disposable, single-use, with
cuffs and back closure; (c) face and eye protection (laboratory-grade splash
goggles or safety glasses) when splashing is possible; and (d) respirator/
masks when aerosols may be present and for spill cleanup (NIOSH, 2004).
Gloves
The American Society for Testing and Materials (ASTM, 2005) has developed a testing standard (D6987-05) for gloves designated as chemotherapy
gloves. To meet this standard, gloves must resist permeation to at least nine
CDs. Specific drugs used in testing are listed on the glove box, or that information is available from the manufacturer. Glove wearing time should be
limited, given that permeation increases over time (Wallemacq et al., 2006).
Gloves should be removed or changed at the end of handling activities or after 30 minutes of wear and immediately if knowingly damaged or contaminated (ASHP, 2006; NIOSH, 2004; Polovich, 2011).
Powder-free double gloves are recommended for all CD handling activities (ASHP, 2006; NIOSH, 2004; Polovich et al., 2014). This recommendation is not based on permeation but on the likelihood of transferring CD residue from gloves to hands during glove removal. Studies demonstrate that
gloves are contaminated during chemotherapy handling activities (Fransman, Vermeulen, & Kromhout, 2005; Minoia et al., 1998; Sessink, Wittenhorst, Anzion, & Bos, 1997). To minimize the transfer of contamination,
remove PPE in the following order: outer gloves, gown, and inner gloves.
When removing gloves, it is important to turn them inside-out to prevent
contaminated surfaces from touching uncontaminated surfaces (NIOSH,
2008, 2010). All individuals handling CDs should wash their hands with soap
and water immediately after removing and discarding PPE.
Latex Sensitivity
Allergy to the proteins in latex is a preventable source of occupational exposure for healthcare workers (Ahmed, Sobczak, & Yunginger, 2003).
Some individuals are allergic to the naturally occurring proteins found in latex. These proteins can be inhaled and absorbed through the skin and mucous membranes. The clinical symptoms may manifest as one of four levels—type I hypersensitivity to type IV. Most commonly seen are symptoms of
asthma, rhinoconjunctivitis, urticaria, rhinitis, generalized pruritus, and dyspnea progressing to type IV hypersensitivity expressed as anaphylaxis (Gawchik, 2011; Gonzalo-Garijo et al., 2012; Ranta & Ownby, 2012). Latex sensitivity has gained increased attention over the past 10 years. The use of latex
by sensitive individuals causes contact dermatitis and hypersensitivity. Several researchers have demonstrated the effectiveness of synthetic, nonlatex
alternatives such as nitrile, neoprene, and polyurethane for handling CDs
(Connor, 1999; Gross & Groce, 1998; Klein, Lambov, Samev, & Carstens,
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2003; Wallemacq et al., 2006). Although hypersensitivity reactions have been
rarely reported with nitrile, a study by Gonzalo-Garijo and colleagues (2012)
revealed that hypersensitivity reactions have occurred in individuals wearing
nitrile gloves. In their findings, the reactions were a result of natural rubber proteins used in the manufacture of the gloves, which resulted in immunoglobulin E–mediated hypersensitivity. The clinical symptoms reported by
their subjects were rhinitis, dyspnea, pruritus, and urticaria. The translational practice implications are that healthcare workers should be aware that allergic reactions can occur when wearing nitrile gloves, which may contain
natural rubber in the manufacturing process.
Gowns
Gowns prevent the contamination of healthcare workers’ clothing during CD handling. Neither cloth gowns nor isolation gowns are appropriate
for use with CDs. Although there is no standard for chemotherapy gowns,
gowns made of polyethylene-coated material with cuffs provide the best protection (Harrison & Kloos, 1999). Gowns should be removed and discarded
at the end of handling activities and immediately if knowingly contaminated
(ASHP, 2006; Polovich, 2011). The practice of hanging up a used gown and
reapplying it later may result in transfer of drug residue to the environment
and practitioners’ clothing, and should be avoided.
Eye, Face, and Respiratory Protection
Face and eye protection should be worn to protect against splashing of
CDs (NIOSH, 2004). Splashing is possible when chemotherapy is administered using equipment that does not have locking connections. Face shields
provide more complete coverage than goggles or safety glasses alone.
NIOSH (2004) recommends that respiratory protection be worn whenever CD aerosols are likely to be present. Activities requiring a respirator
include administering drugs by inhalation or cleaning up spilled CDs. The
type of respirator required depends on the agent involved and is described
in the material safety data sheet (MSDS) for the specific drug. An N-95 respirator is a nonpowered, air-purifying, particulate-filter respirator and is appropriate for drugs that are powder in their natural state (NIOSH, 2005). A
surgical mask provides no respiratory protection from CDs.
Work Practices
Specific work practices may limit healthcare workers’ exposure to CDs.
Removing PPE carefully will avoid contaminating hands and clothing. Discarding PPE immediately after handling activities reduces the chance of environmental contamination. Using Luer-Lok connections for tubing and
syringes reduces the chance of accidental separation and leaking. Needleless and safe-needle devices reduce needlestick injuries. Some other recommended procedures include avoiding spiking, unspiking, and priming IV
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sets containing CDs. Each of these activities can cause leaking and contamination of the environment (Polovich, 2011). A safer alternative is to have
the tubing connected to the IV bag and primed in pharmacy before adding
chemotherapy and discard the used IV bag with the tubing still connected,
or to use a closed-system device (Wick et al., 2003).

Hazardous Cytotoxic Drug Spills
Practitioners should take care to avoid spills of CDs and the resulting exposure. Workplace policies and procedures should be in place for the safe cleaning of CD spills. Spill kits must be available in all areas where CDs are prepared and administered (NIOSH, 2004). Only properly trained and protected
personnel should be involved in the cleanup. Individuals at risk for exposure
from the spill should be moved to safety. If broken glass is involved, reduce the
chance of injury by using a scoop to pick up glass and discarding it in a sharps
container. The guidelines for cleanup of CD spills are outlined in Figure 3-1.

Accidental Exposure
If skin comes in contact with a cytotoxic agent, remove contaminated
clothing and PPE. Wash the affected area thoroughly with soap and water.
For eye exposure, flush eyes with water or isotonic eye wash for 15 minutes
and seek treatment in an emergency department (ASHP, 2006). Following
inhalation or ingestion, go to an employee healthcare professional or emergency department, based on the severity of symptoms. For all types of accidental exposure, consult the MSDS for drug-specific instructions and interventions. Have equipment needed for emergency treatment of CD exposure
(e.g., eye wash) available in any area where the drugs are handled. Followup after acute exposure should include (a) visiting an employee healthcare
professional, (b) completing a report of employee injury or exposure, and
(c) following the organizational policy related to reporting requirements for
workers’ compensation (Polovich, 2011).

Storage and Transport of Hazardous Cytotoxic Drugs
The U.S. Pharmacopeial Convention (USP, 2008), in the hazardous drugs
section of Chapter 797, requires that all HDs be stored separately from other
drugs to minimize worker exposure. Access to storage areas for CDs should
be limited to authorized and trained personnel, with clearly posted signs
restricting entry (ASHP, 2006; USP, 2008). CDs should be prominently labeled, stored away from food and drink, and positioned securely to pre-
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vent breakage. Because studies have shown contamination on the outside
of CD vials from the manufacturer (Connor et al., 2005; Favier et al., 2003;
Nygren, Gustavsson, Ström, & Friberg, 2002), personnel should wear gowns
and gloves when unpacking, stocking, checking inventory, or accessing drug
containers for preparation.
For transport, CDs should be securely capped or sealed and placed in
clear, sealed plastic bags that are labeled as to their hazardous contents
(NIOSH, 2004). CDs should be transported in unbreakable, impervious
containers. All staff responsible for transporting CDs should be knowledgeable about personal protection and spill cleanup and wear PPE.

Disposal
All CD administration sets, IV bags, and syringes should be disposed of
in a leakproof container. All sharps must be discarded in a puncture-resistant container. Chemotherapy waste containers are commercially available
and are clearly labeled as “chemotherapy waste” or “cytotoxic waste.” CD
waste must be designated for incineration (NIOSH, 2004). It must be handled separately from biohazardous waste, which refers to waste contaminated with potentially infectious materials (i.e., blood, body fluids) that
are discarded differently. In some facilities, so-called red-bag waste may be
treated by microwaving or autoclaving, which is not appropriate for chemical waste.
CDs are excreted in the patient’s urine, feces, emesis, and sweat after receiving the drugs. Safe handling precautions should be followed when handling body excreta of patients who have received CDs in the previous 48
hours (Polovich, 2011; Polovich et al., 2014). PPE should be worn when
measuring output, cleaning up bodily waste, or handling linens contaminated with excreta. Materials contaminated with traces of both CDs and biohazardous waste (e.g., underpads soiled with urine) should be discarded as contaminated waste and incinerated.

Safe Handling Policies
Organizational policies should address all aspects of CD handling. Information and training based on the specific handling activities required by the
job (e.g., pharmacist, nurse) are essential in reducing healthcare worker exposure. The Federal Hazard Communication Standard requires that workers be informed of the specific chemical hazards in the workplace, the risks
of exposure, and the methods to protect themselves from exposure (OSHA,
1999). It requires workers to have access to MSDSs for the chemicals in order to have information on how to prevent and treat exposure.
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Policies should describe the engineering controls, PPE, and work practices that are required for safe handling of CDs. Eating, drinking, and applying cosmetics or lotions in CD preparation, administration, or disposal areas should be prohibited. Because reproductive risks are associated with CD
exposure, workers who are actively trying to conceive (men or women), are
pregnant, or are breast-feeding should be offered alternative duties upon
request (ASHP, 2006; Infusion Nurses Society [INS], 2011; OSHA, 1999;
Polovich et al., 2014). Finally, policies should describe the medical surveillance program in place for monitoring the health status of healthcare workers who handle CDs and the procedures for managing acute exposures. All
institutional policies and procedures should be reevaluated annually and
amended as new guidelines are published.

Chemotherapy Preparation and Administration
Preventing Chemotherapy Errors
A medication error is defined as
any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in
the control of the healthcare professional, patient, or consumer. Such events may be related to professional practice, healthcare products, procedures, and systems, including prescribing;
order communication; product labeling, packaging, and nomenclature; compounding; dispensing; distribution; administration;
education; monitoring; and use. (National Coordinating Council on Medication Error Reporting and Prevention, n.d., para 2)
Medication errors with CDs may cause serious harm to patients. Because
of the toxicity of these agents at prescribed doses, any dosing error can result in adverse events (AEs). Preventing errors with CDs involves reviewing
the written order to determine the appropriateness of the therapy, verifying the accuracy of the prescribed doses, determining the eligibility of the
patient to receive the therapy, and delivering the medication using the Five
Rights of medication administration: right patient, right drug, right dose,
right route, and right time (Temple & Poniatowski, 2005).
The primary responsibility for appropriate therapy lies with the prescriber; however, organizations where therapy is delivered share that responsibility. Each practice setting where patients receive chemotherapy should have
a process for reviewing orders and comparing them to standard protocols.
Preprinted and computerized orders help to ensure that patients receive appropriate therapy for frequently used treatments (ASHP, 2002; Shamliyan,
Duval, Du, & Kane, 2008). Regardless of whether preprinted forms are used,
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chemotherapy orders must contain complete information to indicate the intended therapy (see Figure 3-2).
Gaguski and Karcheski (2011) reported that the safety profile for a high
index of error related to chemotherapy results because the therapeutic index is small, and toxicity and AE profile are high. Dose miscalculation is
another step in the administration process that needs to be error-proof.
Therefore, it is imperative that a double-check system is in place for dose
calculation. A global concern is that an increase in orally administered antineoplastic agents in the ambulatory setting and at home by patients presents
a new safety risk (Markert, Thierry, Kleber, Behrens, & Engelhardt, 2008;
Schwappach & Wernli, 2010). Error prevention is a major safety concern because patients and their family are frequently responsible for self-administration of oral agents.
Off-label use of chemotherapy, although common in the treatment of
cancer, should be provided only when documentation supports the atypical use of the drug, dose, or schedule (Jacobson et al., 2012). For example,
when patients receive investigational therapy, the protocol must be available

Figure 3-2. Guidelines for Chemotherapy Orders*
Chemotherapy orders should contain all of the following:
• Patient’s name and second unique identifier
• Date of order
• Time, date, and schedule of intended therapy
• Patient-specific information on which the order is based (e.g., height, weight, body surface area, laboratory values)
• Drug name, using generic name, without abbreviation
• Dose (including the standard dosage and the patient-specific calculated dose) expressed in standard dosage units
• Dose per m2 or dose per kg when a chemotherapy calculation dose is required
• Route of administration
• Rate of administration
• IV fluids and adjunctive medications to be administered
• Prescriber’s signature
When preparing chemotherapy orders, remember the following:
• Do not use unapproved abbreviations for drugs.
• Do not use dose ranges.
• Best practice suggests that chemotherapy orders should be preprinted or computerized.
• Avoid preprinted orders prepared or sponsored by pharmaceutical companies.
• Use “tall man” lettering (writing part of the name in uppercase letters) for look-alike
drug names.
* Always follow the guidelines and policies of your organization for orders.
Note. Based on information from American Society of Health-System Pharmacists, 2012; Gerrett
et al., 2009; Institute for Safe Medication Practices, 2010; Jacobson et al., 2012; Joint Commission,
2012.
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to all involved caregivers. For other nonstandard use, the prescriber should
provide a reference that clearly describes the regimen before the drugs are
dispensed. Such safeguards protect the patient from potential prescribing
errors.
Chemotherapy doses most often are based on the patient’s body surface
area (BSA). The BSA is derived from a calculation using the patient’s height
and weight and is expressed in square meters (m2). It is vital to use actual
measurements rather than accepting patients’ stated height and weight (Polovich et al., 2014) because chemotherapy doses will be derived from this information. In case of conditions that skew the body weight, such as obesity, ascites, or edema, the ordering clinician may elect to use the ideal body
weight of the patient. The BSA is multiplied by a standard dose to arrive at
the patient-specific dose.
Another method of determining dose is by using the area under the pharmacokinetic curve (AUC). AUC refers to the use of preclinical pharmacology to guide dose escalation during the conduct of phase I clinical trials
(Khleif & Curt, 2000). The AUC is determined by calculating the plasma
concentration of a drug over time and measuring the area beneath the plotted curve. AUC is expressed in drug concentration/time units (Solimando,
2007). Renal function affects plasma drug concentration over time; therefore, serum creatinine and calculated creatinine clearance are used to compute the patient’s dose.
Two chemotherapy-competent individuals should independently perform
all calculations used to determine a patient’s dose before preparing the product (Jacobson et al., 2012). Another independent double-check should take
place immediately before drug administration. Next, the practitioner should
evaluate the patient’s eligibility to receive the prescribed treatment. Bone
marrow suppression following chemotherapy can be a dose-limiting side effect. A complete blood count should be drawn. The absolute neutrophil
count should be computed from the total white blood cell count and differential prior to preparing the dose for administration. In nonhematopoietic
malignancies, severe neutropenia or thrombocytopenia may require a delay
in treatment. Other laboratory values may be evaluated prior to each cycle of
chemotherapy based on the known toxicity of the CDs.
Careful assessment of the patient for AEs of chemotherapy is necessary
prior to further treatment. Nonhematologic AEs that may result in dose reductions or treatment delays include neurotoxicity, altered renal function,
altered hepatic function, severe diarrhea, signs of pulmonary or cardiac toxicity, and hand-foot syndrome (Polovich et al., 2014).
Finally, verifying the Five Rights of medication administration will ensure
that patients receive the prescribed therapy. Because two patient identifiers
are recommended (ASHP, 2002; INS, 2011; Joint Commission, 2012; Polo
vich et al., 2014), practitioners should establish a reliable method of identifying patients, especially in settings where ID bracelets may not be used. The
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delivered product should be compared to the written order by two chemotherapy-competent individuals immediately before administration. The verification should include the patient’s name, drug, dose, route, schedule, and,
where applicable, rate of administration.

Computerized Order Entry
Evidence suggests that a computerized provider order entry system reduces medication errors by as much as 66% (Shamliyan et al., 2008). In a
study examining the effect of electronic prescribing, the results were a significant reduction in both prescribing errors and pharmacists’ clinical intervention errors by 73% (Donyai, O’Grady, Jacklin, Barber, & Franklin, 2008).
Safe administration of CDs must be a practice imperative for all prescribers and administrators of chemotherapy to protect patients from harm by
the very medications that are meant to help them.

Chemotherapy Preparation
Depending upon the setting, a chemotherapy-competent pharmacist,
pharmacy technician, or nurse may prepare chemotherapy. For the prevention of exposure to CDs, all chemotherapy that requires reconstitution or
transfer from one container to another should be prepared in a designated
location using the recommended PEC, as described in the safe handling section. Additionally, aseptic technique is required for the preparation of sterile products (USP, 2008).
Drug preparation should not commence until it has been verified that
the patient will be receiving the therapy to reduce the waste of costly drugs.
In some organizations, a pharmacist reviews patients’ laboratory results before preparing chemotherapy as a second check of their eligibility for treatment.
Information about drug reconstitution is available in the package inserts
for injectable CDs. The practitioner preparing the drug should carefully
measure diluents to ensure accurate concentrations. Doses should be independently calculated by two chemotherapy-competent individuals. Doses for
infusions should be drawn up in a syringe and the volume verified as correct
before its addition to the IV container (ASHP, 2002).
Drug containers must be labeled with complete information, including
the date, time, patient’s name and a second identifier, drug name, dose,
route, and schedule. For IV chemotherapy, the diluent, volume, rate of infusion, and expiration date and time (if not for immediate use) should also
be listed on the label (Jacobson et al., 2012). Multiple containers should be
numbered sequentially (e.g., 1 of 4).
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Chemotherapy Administration
Some CDs can be effectively and safely administered through various
routes. The optimal route of administration is determined by the type and
site of the cancer, the drug’s bioavailability, and the overall treatment goal.
Although most CDs are administered by the IV and oral routes, other routes
include intramuscular, subcutaneous, intrathecal, and intracavitary. Prior to
administration, the nurse must have the medication administration record
at the bedside or chairside (paper or electronic, depending on the organization method) and use two identifiers for patient safety (Institute for Safe
Medication Practices, 2010).
Oral Route
A number of CDs are available in oral forms. When selecting the oral
route, special considerations include indication for use, drug availability,
solubility, absorption, metabolism, and elimination. Advantages to the oral
route include ease and portability and an increase in patient independence.
Some disadvantages include potential loss of drug in the event of emesis; the
potential for drug, herb, or food interactions; possible problems with adherence; and reimbursement issues (Birner, 2003). Chapter 7 will review select
botanicals and interactions with oncologic therapy.
Oral agents may be given alone or in combination with agents administered by other routes based on the treatment protocol. Patients receiving
oral agents should be given clear instructions on how to take the drugs and
should be told to document their intake of the medication to avoid underor overdosing. Hartigan (2003) suggested creating a calendar to help patients adhere to the prescribed oral CD therapy. A more generative review
of oral chemotherapy agents and patient compliance can be found in Chapter 18.
Intravenous Route
The most common route of administration for antineoplastic agents is IV.
Vascular access is a key factor when IV administration is planned. Chapter 12
addresses the assessment, selection, and maintenance of various vascular access devices (VADs) used to administer antineoplastic therapy.
For patients without VADs, a peripheral IV may be used for most CDs. Venipuncture sites should be selected carefully. Avoid areas of flexion, an extremity with impaired sensation, impaired venous return, or impaired lymphatic drainage (INS, 2011). Existing peripheral IV access may be used for
non-vesicants if the site is free of signs of infiltration and inflammation (INS,
2011). The nurse should assess venous integrity before, during, and after
drug administration. Both centrally placed and peripheral IV catheters carry an inherent risk of infiltration. The regimen and planned duration of administration determine the type of IV infusion. It may include one or more
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of the following: IV injection directly into the IV site with a syringe; sidearm injection given through a free-flowing IV line with compatible IV fluid; short-term infusion via a mini-bag; or long-term or continuous infusion
(Polovich et al., 2014).
Intrathecal and Intraventricular Routes
The location of some tumors may require regional drug delivery. The
blood-brain barrier is the inherent protection of the brain and spinal
column from harm and prevents most systemically administered agents
from reaching the central nervous system (CNS). Chemotherapy may be
delivered directly into the cerebrospinal fluid when patients are at risk
for or experiencing CNS metastases. This can be accomplished by administration through a spinal needle during lumbar puncture. An alternative method is to use a surgically implanted intraventricular reservoir,
such as an Ommaya® reservoir. Both methods require strict adherence to
aseptic technique, the use of preservative-free drugs, and careful attention to dose (Camp-Sorrell, 2011). A physician, advanced practice nurse,
or physician assistant may administer intrathecal chemotherapy, depending on the setting.
Only two CDs, methotrexate and cytarabine, are commonly administered intrathecally. Special precautions should be taken to prevent the
erroneous intrathecal administration of neurotoxic agents. Vincristine
has been inadvertently administered intrathecally at least 20 times between 1968 and 2004, and in all but two cases, coma or death was the result (Schulmeister, 2004). Measures aimed at preventing this error include never bringing any drugs intended for IV use into the room where
intrathecal administration will occur; using vincristine overwrap provided by the manufacturer (FATAL IF GIVEN INTRATHECALLY—FOR IV
USE ONLY); providing vincristine in an infusion bag rather than a syringe; and performing a “time out” or “call to order” before intrathecal drug administration (Joint Commission, 2005; Smith, 2009b; World
Health Organization, 2007). Clinicians must take extra precautions prior to intrathecal administration of CDs including using special labeling
and a double-check and verification process by two providers using two
identifiers.
Intra-Arterial Route
The arterial route is another method of regional delivery for chemotherapy. Injecting chemotherapy into an artery results in higher concentration
of the CDs in a tumor than may be achieved by systemic drug administration (Seidel, Locklin, & Muehlbauer, 2006). The intra-arterial route also reduces systemic AEs that the patient may experience from the chemotherapeutic agent. This type of therapy usually involves infusion of chemotherapy
into the hepatic artery as a treatment for hepatic tumors. A catheter may be
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placed percutaneously through the groin. When the intra-arterial catheter
is in place, circulation and sensation of the extremity should be monitored
frequently. Patients should not receive anticoagulant therapy or plateletinterfering drugs prior to intra-arterial therapy. From the time the intra-arterial catheter is placed, the site should be monitored for bleeding. A pressure
dressing and sandbag should be used to maintain pressure on the arterial
exit site until danger of bleeding has passed. Alternative methods of delivering intra-arterial chemotherapy are the use of a surgically implanted catheter attached to an infusion pump or direct infusion during surgery.
Intracavitary Route
Chemotherapy can be instilled into a body cavity for local treatment of
tumors. Two common sites include the urinary bladder and the peritoneal cavity. Chemotherapy is administered into the bladder through a Foley
catheter. Drugs may be instilled into the peritoneal cavity using a Tenckhoff
catheter or a peritoneal port. Such instillations generally involve a specified
dwell time followed by drainage of the cytotoxic solution. Proper use of PPE
and careful disposal are critical to decrease exposure risk.

Vesicant Drug Administration
IV drugs that have the potential to cause tissue damage when they leak out
of the vein into subcutaneous tissue are called vesicants (Sauerland, Engelking, Wickham, & Corbi, 2006). Extravasation refers to the infiltration of a vesicant drug (INS, 2011). The extent of tissue damage depends upon the vesicant potential of the drug, drug concentration, volume of drug extravasated,
site of extravasation, and possibly post-extravasation interventions (Sauerland et al., 2006; Wickham, Engelking, Sauerland, & Corbi, 2006).
Some strategies may prevent or minimize extravasation injury. Appropriate vein selection, as described previously, is essential for peripheral vesicant
administration. Patients must be informed of the possibility of extravasation
and should be instructed to report burning, stinging, or discomfort, which
may be symptoms of extravasation (Smith, 2009a). Swelling, leaking around
the IV catheter, change in flow rate, or loss of blood return are signs of extravasation.
For IV bolus or short-infusion of vesicant drugs, a peripheral IV is acceptable; for vesicant infusions longer than 30–60 minutes, a central line is recommended (INS, 2011; Polovich et al., 2014). The nurse must continuously assess the IV site during peripheral vesicant administration. For centrally
administered vesicants, the site should be assessed before and periodically
throughout the infusion.
At the first sign of extravasation, the nurse should immediately stop the
vesicant and the IV fluids (Schulmeister, 2011). Leaving the IV device in
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place, the nurse should attempt to aspirate residual drug using a syringe.
The institution’s extravasation management protocol/antidote should be
initiated (see Figure 3-3). The IV should be restarted at another site, preferably in the opposite extremity (INS, 2011). The physician or practitioner
should be notified immediately to determine the next appropriate intervention.

Chemotherapy Protective Agents
The AEs of antineoplastic agents on cancer cells pose a risk to normal cells.
Within the past two decades, several agents have been introduced to selectively protect normal cells and tissues from specific AEs of several CDs (see Table 3-1). These agents are referred to as chemoprotective agents. Currently, only
a select number of agents (e.g., amifostine, dexrazoxane, mesna) are recommended for use as chemoprotectants by the American Society of Clinical Oncology (Hensley et al., 2009; Lipshultz et al., 2010).

Patient and Significant Other Education
and Support
Focusing on the whole patient during treatment is key to an overall positive patient experience. As members of the treatment and care team, oncology professionals must integrate the patient and family in the treatment
planning from the first appointment and throughout the trajectory of cancer care. The cancer diagnosis causes fear and a sense of impending doom
in patients and their family and friends. Patients may experience the stages of grief, as espoused by Kübler-Ross (1969), when a diagnosis of cancer
is confirmed.
Oncology professionals must remember that the impact of a cancer diagnosis is similar to dropping a pebble into a pond; there is a ripple effect.
Everyone who cares for and is close to the patient feels the emotional chill,
fear, psychological distress, and anxiety. With this in mind, it is important to
identify the patient’s primary caregiver and support person and to include
not only the patient but also the significant others in the education, treatment plan, and support.
Providing early and ongoing education to patients can allay fears and
anxieties. All patients need to be screened for psychosocial distress at their
initial visit and care planning as well as at subsequent visits (National Comprehensive Cancer Network, 2012). High levels of distress have been reported from 40%–50% in patients receiving outpatient treatment (Tucci, 2012).
Oncology nurses are in a unique position to provide assessment of distress
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Figure 3-3. Extravasation Management
EXTRAVASATION MANAGEMENT GUIDELINES
1. Stop infusion immediately.
2. Leaving the needle in place, withdraw/aspirate as much of the drug as possible.
3. While continuing to aspirate drug/blood, remove the IV from the site.
VESICANTS

IRRITANTS

Doxorubicin
Daunorubicin
Epirubicin
Idarubicin

Etoposide
Vincristine
Vinblastine
Vinorelbine

Cisplatin (0.5 mg/
ml concentration or > 20 ml)
Mechlorethamine

Dactinomycin
Melphalan
Mitomycin-C*
Oxaliplatin**
Paclitaxel
Paclitaxel (albumin-bound)
All other vesicants

Apply cold compresses and alert
the pharmacist
that dexrazoxane
is needed. Remove cold compress 15 minutes
before administering dexrazoxane
and avoid cold
compress after
administration in
order to allow sufficient blood flow
to the area of extravasation.

Administer hyaluronidase 150
units/ml solution.
Cleanse area with
povidone-iodine.
Inject locally SC or
intradermally using
25-gauge needle
or smaller.

Apply cold compresses for 15
minutes every
6 hours for 48
hours.

The dose is 150
units (1 ml) given as 5 injections
(0.2 ml each).
Change needle
after each injection. May repeat
injections every
2–3 hours x 3.

Administer sodium thiosulfate
SC into extravasation site. Mix 4
ml 10% solution
with 6 ml sterile
water to prepare
a 0.017 mol/L solution.
Give as follows:
(Max vol 5 ml)
• Cisplatin: Use
2 ml for each
100 mg extravasated.
• Mechlorethamine: Use 2 ml
for each 1 mg
extravasated.

Apply warm compresses for 15
minutes every
6 hours for 48
hours.

Apply cold compresses for 15
minutes every
6 hours for 48
hours.

Administer dexrazoxane* 1,000
mg/m2 intravenous infusion via
a different site
over 1–2 hours,
as soon as possible within the first
6 hours after extravasation. Give
1,000 mg/m2 on
day 2 and 500
mg/m2 on day 3.
MAX BSA = 2 m2
•
•
•
•
•
•

*Mitomycin: Apply 50% DMSO
saturated gauze
pad. Paint on area
twice the size of
the extravasation. Air dry. Repeat every 6
hours for 7 days.
Do not cover with
dressing.
**Warm compress
therapy may be
more comfortable
for oxaliplatin patients.

Arsenic trioxide
Bendamustine
Bleomycin
Carboplatin (≥ 10 mg/ml)
Carmustine
Cisplatin (< 0.5 mg/ml
or < 20 ml)
Cladribine
Cytarabine
Cytarabine (Liposomal)
Dacarbazine
Daunorubicin (Liposomal)
Dexrazoxane
Docetaxel
Dolasetron
Doxorubicin (Liposomal)**
Floxuridine
Fluorouracil
Gemcitabine
Ifosfamide
Irinotecan
Ixabepilone
Mitoxantrone
Pamidronate
Plicamycin
Streptozocin
Temsirolimus
Teniposide
Thiotepa
Topotecan

Apply cold compresses for 15 minutes every 6
hours for 48 hours. **Conc
and/or vol extravasated
may warrant use of dexrazoxane.**

Delineate the infiltrated area on the patient’s skin with a felt marker.
If possible, photograph the site.
Elevate the area for 48 hours to minimize swelling.
Avoid pressure or friction. Do not rub area.
Observe for signs of increased erythema, pain, or skin necrosis and report findings to physician.
After 48 hours, encourage the patient to use the extremity normally to promote full range of motion.

BSA—body surface area; conc—concentration; DMSO—dimethyl sulfoxide; SC—subcutaneous;
vol—volume
Note. Based on information from Amphastar Pharmaceuticals, Inc., 2005; Ener et al., 2004; Polovich et al.,
2014; Schrijvers, 2003; Schulmeister, 2011; TopoTarget USA, Inc., 2007; University of Kentucky, 2007.
Figure courtesy of Duke University Health System. Copyright 2012. Used with permission.
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Table 3-1. Chemoprotectant Agents
Protective
Agent
Amifostine

Chemotherapy Agent

Toxicity Modulated Effect

Cisplatin

Reduces nephrotoxicity and neurotoxicity

Cyclophosphamide

Reduces incidence of xerostomia in patients undergoing radiation therapy

Paclitaxel (off-label)

Protects lung fibroblasts from toxicity

Dexrazoxane

Doxorubicin, other anthracyclines

Reduces cardiotoxicity

Mesna

Ifosfamide, cyclophosphamide

Prevents hemorrhagic cystitis

Leucovorin

High-dose methotrexate

Reduces incidence of myelosuppression and mucositis

Adenosine

Myelosuppressive chemotherapy agents (administer after chemotherapy)

Restores leukocytes and neutrophils

Palifermin

Myelotoxic therapy requiring hematopoietic stem cell support

Reduces severe mucositis

Note. Based on information from Chemocare.com, n.d.; Fishman et al., 2000; Hensley et al., 2009;
Lam & Ignoffo, 2001.

in patients and their families and should make time to perform such assessment and make appropriate referrals at each encounter.
As patients’ physical, psychological, and social needs are assessed, their
level of understanding, readiness to learn, and cultural perspectives must
also be taken into consideration. A complete baseline health assessment, including tumor markers, radiography, serum chemistry, hematologic studies, nutrition status, and psychosocial assessment, should be performed and
documented prior to initiation of chemotherapy. With each subsequent
treatment, the clinician should update the patient’s physical, psychosocial,
and emotional assessment. The patient’s and family’s health beliefs, self-care
practices, and decision making are influenced by cultural, psychological, religious, and spiritual factors; therefore, these components should be included in patient care assessment and management.
An initial assessment of the patient’s readiness to learn should be performed prior to treatment. Multiple teaching approaches should be used.
The patient should be given materials written at an appropriate literacy level. To reach 75% of the adult population, a sixth-grade reading level is recommended (Kutner, Greenberg, Jin, & Paulsen, 2006).
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Computer programs that convert text into the appropriate literacy level are available. Video, audio, and computer technology can be used once
it has been established that the patient has access to the equipment needed to use the resources. Teaching strategies, while multifaceted, also must
be appropriate for the patient’s age, culture, and language. Teaching and
learning needs should be addressed and reinforced throughout the cancer trajectory. Verbal reinforcement and return demonstrations are useful
when teaching psychomotor skills, such as self-injection and VAD site dressing changes. The most effective teaching strategies use both the cognitive
and psychomotor domains.
Although patients differ in their desire for information about their treatment, a knowledgeable patient is better equipped to make informed decisions about cancer care and symptom management. In order to cooperate
with treatment, patients benefit from information regarding (a) treatment
dates and times, (b) the schedule for laboratory testing, (c) expected AEs,
(d) AE management strategies, and (e) serious symptoms that require reporting to their healthcare provider (Adler & Page, 2008).
Patients are most likely to experience AEs from their chemotherapy after leaving the healthcare setting. Nurses have the primary responsibility for
preparing patients to manage these AEs at home. Patients may receive information about expected AEs and conclude that they do not need to report
them, even if severe. Providing information about what AEs are likely, appropriate interventions, and the importance of reporting serious complications
is essential. AEs that signal excess toxicity may require treatment modifications such as dose reduction (Thompson, 2012). Clear instructions for how
to handle toxicities should be documented. Important information should
be reinforced to patients and families at each visit.
Oncology professionals should encourage patients to maintain a treatment journal of questions, answers, appointments, the treatment schedule, pertinent laboratory values, subjective symptoms, and the effectiveness
of management techniques. Support groups and survivor resources also
should be provided to patients and caregivers. Patient and family support
during antineoplastic therapy is addressed in detail in Chapter 15.

Summary
Chemotherapy drug administration requires a knowledgeable, skilled,
and competent oncology professional. For the RN, educational programs
should include information about the principles of chemotherapy and biotherapy; chemotherapy classifications, pharmacology, and indications; the
use of chemotherapy protectants; principles of safe handling; and administration procedures, monitoring of patients receiving chemotherapy, and patient education (ONS, 2011).

Chapter 3. Principles and Standards of Chemotherapy Administration

●

67

Because of the teratogenic and carcinogenic effects of CDs, safe handling
and protection of workers, patients, and environment from unintentional
exposure should be a priority. Institutional policies and procedures should
be in place and reviewed annually to minimize CD exposure risk.
Organizations should develop CD guidelines to prevent errors related
to dose calculations, preparation, and administration. Accurate and timely
chemotherapy administration and documentation of the patient’s responses are essential elements of patient safety. Education regarding treatment
goals and patient participation are essential during treatment. ONS’s Chemotherapy and Biotherapy Guidelines and Recommendations for Practice (Polovich et
al., 2014) is considered the accepted standard of practice related to chemotherapy administration.
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CHAPTER 4

Targeted Therapy: Agents
and Targets
Peg Esper, DNP, MSN, MSA, ANP-BC, AOCN®

Introduction
We are in the midst of incredible progress for treatment developments in
oncology. Therapeutic strategies for patients with cancer focusing on cytotoxic agents attacking rapidly proliferating cells have taken a backseat to the
more sophisticated class of agents being referred to as targeted therapy. Targeted therapy is the result of advances based on an increased understanding of cancer at the molecular level. An increasing number of patients with
cancer are being treated with therapies that are designed not just for cancer,
not just for a particular type of cancer, but for the individual’s specific cancer phenotype (Longo, 2012).
Merriam-Webster defines target as “something or someone fired at or
marked for attack” and expands this to include something on target as being
“precisely correct or valid especially in interpreting or addressing a problem
or vital issue” (“Target,” n.d.). The National Cancer Institute defines targeted
therapy as “a type of treatment that uses drugs or other substances to identify
and attack specific types of cancer cells” (“Targeted Therapy,” n.d.).
For decades, the treatment of malignancies has involved therapy that
damaged normal cells while attempting to rid the host of unwanted cancer
cells. The advent of targeted therapies is transforming the management of
selected malignancies. This advancement in cancer care has created a greater requirement for oncology nurses to understand not only the biology of
cancer but also the nuances between normal and cancer cells that lead to
the development of new agents within a classification. Nurses must understand the requirements for cancer cell development as well as survival. This
chapter addresses a variety of approved and investigational strategies that
encompass the targeted therapy designation.
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History and Evolution of Targeted Therapies
The tri-gold standard of cancer treatment includes surgery, radiation
therapy, and chemotherapy. Yet, clinicians have been faced with the nagging
reality that outside of surgery, it is unlikely that other modalities will cure
most nonhematologic malignancies. Even placing cancer in remission can
be a daunting task and not one without significant patient morbidity. This
has led to efforts focused on finding therapies more specific to the abnormal
uncontrolled proliferating cells or those evading apoptosis (programmed
cell death) that are the hallmark of cancer. The differences between normal
healthy cells and abnormal malignant cells were believed for many years to
represent the key to finding effective therapies for curing cancer (Hanahan & Weinberg, 2011). Over the past decade, in particular, the ability to use
technology to identify specific genes that are no longer functioning properly has led to a new evolution in developmental therapeutics in oncology.
The argument may be made that the earliest of targeted therapies, as
the term is currently used, began with the identification of receptors within
breast cancer cells that when activated by estrogen promote increased cellular proliferation. By removing the source of estrogen either by oophorectomy or by using an antiestrogen, such as tamoxifen (first approved by the
U.S. Food and Drug Administration [FDA] in December 1977), the proliferation of these cancer cells was found to decrease (Colleoni et al., 2011; Johnson & Brown, 2010). During the past 10 years, however, a major move has occurred toward the development of targeted therapy.
In 1997, the FDA reviewed study data for a monoclonal antibody (mAb) specific for the cell surface antigen CD20. This protein was noted to be present on
more than 90% of B-cell non-Hodgkin lymphomas (Hauptrock & Hess, 2008).
Although present on the majority of mature B cells, it was not present on stem
cells or plasma cells. This made the development of an antibody against CD20
(rituximab) ideal for patients with B-cell non-Hodgkin lymphoma (Hauptrock
& Hess, 2008). Since 1997 and the approval of rituximab, new drug development using increasingly more refined knowledge of cancer molecular biology
has progressed at a rate faster than previously seen in oncology.

Molecular Targets
Amid the discovery of literally hundreds of potential therapeutic targets
for cancer, researchers must ask the question, what makes an ideal target?
The hallmark of targeted therapy as it is understood today is the ability of
these agents to uniquely identify and promote the destruction of malignant
cells while sparing normal functioning cells. A number of other critical elements in target identification are outlined in Figure 4-1. In the sections that
follow, a number of potential target categories will be reviewed.
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Signal Transduction Pathways
Signals are transmitted to the nucleus from the extracellular or intracellular environment. Signals also are transmitted between cells (Hanahan &
Weinberg, 2011). Signaling messengers may include proteins, lipids, or amino acids, among others. The attachment of a binding substance (ligand)
to cell surface receptors is typically the initiating event of the signaling cascade. The newest molecular-based targets have been developed by using the
increased understanding of signal transduction pathways responsible for tumorigenesis, survival, and metastasis. Mechanisms of targeted therapy include blocking various points along those signaling pathways, increasing
the activation of tumor suppressor genes, and blocking mutated or overexpressed genes.
There continues to be a greater understanding of the number and complexity of signaling pathways that play a role in cancer. The scope of this
chapter does not allow for all of the pathways to be addressed. Focus will be
kept on those pathways where the most progress in drug design and development has been made to date (see Figure 4-2).

Figure 4-1. The Ideal Target

IDEAL TARGET

Identified target is
needed for tumor
survival
Normal cells have little
or no expression of
identified target
Blocking the target
results in tumor
response
Minimal expression of
the target results in
minimal or no response
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Figure 4-2. Simplified Signal Transduction Pathways

AKT—serine/threonine kinase, also known as protein kinase B; EGFR—epidermal growth factor receptor; Erk—extracellular signal-regulated kinases; JAK2—Janus kinase 2; Mek—mitogen-activated
extracellular signal–regulated kinase; mTOR—mammalian target of rapamycin; PARP—poly(ADP-ribose) polymerase; PI3K—phosphoinositide 3 kinase; Raf—mitogen-activated protein kinase 3; Ras—
rat sarcoma; VEGF—vascular endothelial growth factor

Targeting Cell Surface Receptors
Receptor tyrosine kinases are involved in transferring signals from the
extracellular domain to the cytoplasm and are critical in the process of cell
signaling. Their activation can lead to increased cellular proliferation, inhibition of apoptosis, and promotion of angiogenesis. The nonreceptor tyrosine kinases are involved in the relay of intracellular signals (Barros Costa,
2009). More than 100 protein tyrosine kinases have been identified, including the epidermal growth factor receptor (EGFR), vascular endothelial
growth factor receptor (VEGFR), and platelet-derived growth factor receptor (PDGFR) (Barros Costa, 2009; Christoffersen et al., 2009). Mutations involving tyrosine kinases frequently are implicated in tumorigenesis. VEGFR
is involved in the tumor microenvironment, which has become another very
important area for cancer research.
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It is no longer a matter of viewing the cancer cell as an entity unto itself
that charts a path and irresponsibly creates havoc along the way. Tumor cells
have strategic relationships with their microenvironment (Mbeunkui & Johann, 2009). Cells that are part of the microenvironment include pericytes
(connective tissue cells involved in microvessel support), immune inflammatory cells, cancer stem cells, and endothelial cells. VEGFR is critical in tumor recruitment of endothelial cells and will be discussed later in this chapter as part of the discussion related to angiogenesis as a target for treatment.
ErbB Receptor Family
The ErbB group of receptors is one of the most extensively studied in cancer.
The group consists of four specific receptors: ErbB1 (EGFR), ErbB2 (HER2/
neu), ErbB3 (HER3), and ErbB4 (HER4). Each receptor consists of an extracellular ligand-binding region, a transmembrane domain, and an intracellular
tyrosine kinase domain (Christoffersen et al., 2009; Pecorino, 2008). Each of
the receptors has a specific ligand associated with it, except for ErbB2. Dysregulation of EGFR has been associated with a number of malignancies, including
breast, lung, and colorectal cancers, as well as pediatric gliomas.
The overexpression of epidermal growth factor has been associated with
more aggressive disease, poor response to therapy, and decreased survival (Ciardiello & Tortora, 2008; Gold et al., 2011). HER2 overexpression is
seen in 20%–25% of invasive breast cancers (Okines, Cunningham, & Chau,
2011; Park, Neve, Szollosi, & Benz, 2008; Prat & Baselga, 2008). The prevalence of dysregulation of ErbB receptors in cancer has made it a very attractive target for designing anticancer therapies.
The binding of a ligand to the ErbB receptor results in a process called dimerization. Dimerization may occur between two different receptors within the
ErbB family (heterodimerization) or between two identical receptors (homodimerization). Heterodimerization results in amplified signaling and a more effective response (Park et al., 2008). Once dimerization occurs, it activates the
intracellular signaling of the associated tyrosine kinase. Ultimately, this leads to
further messaging through the signal transduction pathway, eventually reaching the cell nucleus where directives for cellular proliferation and other cellular regulatory processes are initiated (Park et al., 2008; Pecorino, 2008).
Research has shown that agents that block receptor binding and subsequent dimerization can have a significant impact on cancer progression (Gerber, 2008). It also has been demonstrated that the administration of agents
that block cell surface receptor binding in the absence of documented overexpression is of little or no benefit to the patient. These findings led to FDA
(n.d.) indications for trastuzumab (in 2003) and cetuximab (in 2004) to include language related to determining this overexpression via molecular evaluation prior to administering these therapies. This is not necessarily the case for
those agents that target the intracellular tyrosine kinase domain of the receptor. Figure 4-3 includes currently approved epidermal growth factor inhibitors.

78 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Figure 4-3. Agents and Targets
Monoclonal Antibodies
• Alemtuzumab—CD52
• Bevacizumab—VEGF ligand
• Cetuximab—ERB1
• Ibritumomab—CD20
• Ofatumumab—CD20
• Panitumumab—EGFR
• Rituximab—CD20
• Tositumomab—CD20
• Trastuzumab—HER2
Tyrosine Kinase Inhibitors
• Axitinib—VEGFR1, 2, and VEGF3
• Crizotinib—ALK
• Dasatinib—BCR-ABL
• Erlotinib—EGFR
• Imatinib—BCR-ABL
• Lapatinib—EGFR, HER2
• Nilotinib—BCR-ABL, PDGFR, c-Kit
• Pazopanib—VEGFR1, 2, 3; PDGFR, c-Kit+
• Ruxolitinib—JAK1, JAK2
• Sorafenib—VEGFR2, 3; c-Kit; FLT3, PDGFR
• Sunitinib—VEGFR1, 2, 3; c-Kit; FLT3, PDGFR+
mTOR Inhibitors
• Everolimus
• Temsirolimus
BRAF Inhibitors
• Vemurafenib
ALK—anaplastic lymphoma kinase; BCR-ABL—breakpoint cluster region-abelson; BRAF—V-raf murine sarcoma viral oncogene homolog B1; CD—cluster of differentiation; EGFR—epidermal growth
factor receptor; ERB—eukaryotic ribosome biogenesis protein; HER—human epidermal growth factor
receptor; JAK—Janus kinase; mTOR—mammalian target of rapamycin; PDGFR—platelet-derived
growth factor receptor; VEGF—vascular endothelial growth factor; VEGFR—vascular endothelial
growth factor receptor

Platelet-Derived Growth Factor
This family of growth factors consists of PDGF-A, PDGF-B, PDGF-C, and
PDGF-D. Their receptors also form dimers with resultant signaling to their
respective tyrosine kinases. The PDGF family appears to be primarily responsible for the proliferation and differentiation of cells within the nervous system. Alterations within this receptor class have been associated with
medulloblastoma, glioma, and ependymoma (Blom et al., 2010). Several
FDA-approved tyrosine kinase inhibitors are known to block PDGFR (see
Figure 4-3).
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Novel Targeting Agents
Monoclonal Antibodies
The secretion of antibodies by plasma cells is part of the body’s normal
immune response to a foreign antigen. Scientists developed a method to engineer antibodies as a method of targeting cancer cells. The mAbs are substances developed in the laboratory that can seek out and bind to specifically selected proteins wherever they may be in the body. The discovery of
hybridoma technology in the 1970s allowed for the manufacture of large volumes of antibodies that could be designed for very specific clones of cells
(Majidi, Barar, Baradaran, Abdolalizadeh, & Omidi, 2009). These mAbs are
developed using hybridoma and recombinant DNA technology. The identification of a specific cell-surface tumor antigen unique to the malignant
phenotype determines what the mAb will be sensitized to.
The mAbs are structured by the binding of two heavy and two light polypeptide chains by a disulfide bond. The resultant “Y” formation, as seen in
Figure 4-4, includes the variable or “Fab” region, which varies according to
the antigen being bound to it, and the “Fc” or constant region of the antibody, which is responsible for linking the antibody with cells involved in
the immune response (Buss, Henderson, McFarlane, Shenton, & de Haan,
2012).

Figure 4-4. Monoclonal Antibody Structure
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The initial development of mAbs involved the use of mouse (murine)
proteins. This became one of the early limitations of this type of therapy, as
antigenic responses by patients to the mouse protein led to decreased effectiveness of the mAb. With ongoing exposure to the mAb, the patient had an
increased risk of developing a human anti-mouse antibody reaction, which
resulted in greater clearance from the body and additional side effects (Gerber, 2008).
Subsequently, scientists developed techniques that allowed for increasing humanization of mAbs. The mAbs were named to represent the predominant type of protein used in its development. Those ending in ‑momab
are made from murine/mouse protein; ‑ximab or chimeric mAbs are made
from predominantly murine but include human protein; and ‑zumab or humanized mAbs are predominantly human protein with a small fragment of
murine protein on the ends of the variable regions. More recently, fully humanized mAbs have been designed and end with the suffix ‑umab. The less
murine protein used to manufacture the mAb, the less chance of the patient
developing an antibody reaction (Lenz, 2007).
When a cell-surface receptor is identified that is unique to a particular
type of cancer but is generally absent on normal cells, a mAb can be used to
specifically target this antigen and ultimately destroy the malignant cells that
express it. Rituximab is one example of how a mAb was engineered to specifically target an abnormal cancer protein with limited impact on normal cells
(Oldham & Dillman, 2008).
When mAbs are used alone, they are described as being “unconjugated” or
“naked” antibodies. However, in many cases, a mAb may be “conjugated” to
another substance such as a radioactive isotope, antitumor antibiotic, immunologic agents, or a chemotherapeutic agent. Once another agent has been
combined with the mAb, its adverse-effect profile may be significantly altered.
Unconjugated mAbs have the advantage of targeting primarily cancer cells
with little or no effect on normal cells. On the other hand, conjugated mAbs,
such as radiolabeled mAbs, provide a crossfire effect that promotes increased
cell destruction and have the potential to reach low antigen-expressing tumor
cells in the vicinity (Pasquetto, Vecchia, Covini, Digilio, & Scotti, 2011).
The mechanism of action by which mAbs destroy cancer cells is not well
understood. A number of different mechanisms of action have been identified and include the following (Scott, Wolchok, & Old, 2012).
• Antibody-dependent cell-mediated cytotoxicity—Effector cells are recruited by the Fc portion of the antibody to release cytokines, which lead to destruction of the target cell.
• Complement-dependent cytotoxicity—The antibody binding with antigen
activates complement proteins to kill the target cells.
• Neutralization—The normal biologic processes by which the cancer cells
would proliferate and function are disrupted via interference with signal
transduction pathways.
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• Direct promotion of cell death—Binding of the mAb may result in signal
transmission that forces the target cell into apoptosis.
The mAbs currently used in cancer therapy were designed to bind with
cell-surface receptors or to bind with those proteins (ligands) that would
otherwise bind with cell-surface receptors to initiate events that lead to malignant transformation.
Small Molecule Inhibitors
Specific metabolic pathways within cancer cells are the target of small molecule inhibitors. These are agents that work within the cellular cytoplasm.
The FDA has approved use of a growing number of small molecule inhibitors, and numerous others are in clinical trials. Pathways such as BCR-ABL
involved in chronic myeloid leukemia (CML) and a number of additional
protein kinases play an active role in malignant transformation and proliferation when they are subject to genetic alterations and mutations. These protein kinases are enzymes that participate in the phosphorylation of serine,
threonine, or tyrosine residues of proteins within cells (Barros Costa, 2009;
Gerber, 2008; Johnson & Brown, 2010; Zhang, Yang, & Gray, 2009). Small
molecule inhibitors are easily identified by their suffix -nib (e.g., imatinib).
Tyrosine Kinase Inhibitors
A genetic transformation of the Philadelphia chromosome is seen in
90%–95% of patients with CML and results in the formation of the BCRABL oncogenic tyrosine kinase (McCormack & Keam, 2011). The development of one of the first tyrosine kinase inhibitors, imatinib mesylate, had a
profound effect on the science using this type of targeted therapy to control
cancer. Imatinib competitively inhibits the binding of adenosine triphosphate and subsequent phosphorylation of the BCR-ABL tyrosine kinase. This
blocks the signal transduction of the aberrant message from getting to the
cell nucleus. The surprisingly high response rates observed as this agent was
used in clinical trials led to the FDA’s (n.d.) rapid approval in May 2001.
Since that time, scores of tyrosine kinase inhibitors have been introduced
into clinical trials.

Mammalian Target of Rapamycin Inhibitors
Another class of inhibitors includes those that target the mammalian target of rapamycin (mTOR) signaling. The mTOR is a serine/threonine kinase that is probably best known for its role in the regulation of translation
initiation (Chan, Grossman, & Bukowski, 2010; Christoffersen et al., 2009).
Cell growth, division, and angiogenesis are all components controlled by
this signal transduction pathway. Temsirolimus and everolimus are the currently FDA-approved mTOR inhibitors. As derivatives of rapamycin, these

82 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

agents are known to have immunosuppressive properties, which contribute
to their adverse-effect profile. In addition, downstream signal blockade by
mTOR, as part of its role in glucose metabolism, has led to adverse effects
such as hyperglycemia and hypertriglyceridemia with mTOR agents. While
still being investigated in the treatment of a variety of malignancies, mTOR
inhibitors were first approved for use in the treatment of advanced renal cell
carcinoma.
Hedgehog Inhibitors
Hedgehog (Hh) proteins are involved in intracellular signaling and serve
as ligands. The Hh protein researched most in oncology has been named
Sonic and began with work being done using fruit flies. Hh binds to a transmembrane protein called Patched and halts the blocking of another transmembrane protein called Smoothened (Gupta, Takebe, & LoRusso, 2010;
Pecorino, 2008; Takebe, Harris, Warren, & Ivy, 2011). What does this have
to do with cancer? As it turns out, Hh is responsible for tissue homeostasis
and repair as well as involvement in stem cell maintenance. Mutations in Hh
have been associated with basal cell carcinoma, medulloblastoma, and others. It has become an area of increasing interest for researchers, and various inhibitors continue to be evaluated in clinical trials. In January 2012, the
FDA approved the first Hh inhibitor, vismodegib, for locally advanced basal
cell carcinoma. Hh inhibitors are also being evaluated in a number of other malignancies.
Janus Kinase Inhibitors
Mutations found in the JAK2 gene have led to research into the role of the
Janus kinase (JAK). The kinase has a dual domain (one active and one inactive) believed to be involved in regulating blood and immunologic functioning (Santos & Verstovsek, 2011). Mutations in JAK have been associated with
Philadelphia-negative (expressed as Ph–) myeloproliferative neoplasms.
Clinical trials with ruxolitinib demonstrated decreases in spleen size and
overall improvement in myelofibrosis symptoms. The FDA (n.d.) approved
ruxolitinib in November 2011 for treatment of patients with intermediateor high-risk myelofibrosis, including primary myelofibrosis, post-polycythemia vera myelofibrosis, and post-essential thrombocythemia myelofibrosis.
Proteasome Inhibitors
The ubiquitin proteasome pathway is another novel target for developing antitumor therapy. For cells to survive, they must be able to rid themselves of accumulated proteins that are misfolded, damaged, or no longer
required for cell function. These proteins are tagged by a protein called
ubiquitin and identified by the proteasome for degradation (Christoffersen
et al., 2010). The 26S proteasome is responsible for the majority of cellular
protein degradation. If the 26S proteasome function is inhibited, it creates
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increased intracellular stress and prevents the release of NFκB (nuclear factor kappa-light-chain-enhancer of activated B cells, an antiapoptotic protein
complex), ultimately resulting in cell death. Normal cells process proteins
in a slower fashion than cancer cells and are able to recover from agents that
have a reversible inhibitory mechanism of action.
Bortezomib is the first proteasome inhibitor to be approved by the FDA
and is indicated for multiple myeloma treatment in patients who have received at least two prior therapies and progressed following the second treatment. Additional agents that act as proteasome inhibitors are in clinical trials and include MLN9708 (an oral agent) and NPI-0052 (ClinicalTrials.gov,
n.d.).

Targets Within the Nucleus: Histone Deacetylase Inhibitors
The regulation of gene expression involves acetylation. Proteins that
are responsible for acetylation and deacetylation processes are known as
histones. DNA generally exists in a supercoiled state wrapped around histones. The balance between DNA being transcriptionally active and inactive has a large part to do with the acetylation of histones. The enzymes
responsible for reversible acetylation/deacetylation processes are histone
acetyltransferases (HATs) and histone deacetylases (HDACs). Altered
HDAC activity is seen in many cancers and is associated with incorrect
gene expression. It is believed that by using HDAC inhibitors, a hyperacetylated state will exist, and this will ultimately lead to growth inhibition, differentiation, and apoptosis (Khan & La Thangue, 2012). The HDAC inhibitor vorinostat was approved by the FDA in 2006. Vorinostat is used to
treat cutaneous T-cell lymphoma in individuals whose disease has not improved, has gotten worse, or has come back after taking other medications
(FDA, n.d.). Additional HDAC inhibitors are currently in clinical trials and
include JNJ-2641585, 4SC-202, and panobinostat (ClinicalTrials.gov, n.d.;
U.S. FDA, n.d.).

Angiogenesis as a Target
Angiogenesis is the process by which new blood vessels are formed. The
process of angiogenesis is a normal physiologic function that is required
by the body for activities such as wound healing, menstruation, and embryonic development. In order for tumors to exist beyond the size of 1–2 mm,
they must undergo neovascularization, defined as new blood vessel development. When tumors are smaller than 2 mm, they are still within the size
limitations for the diffusion of oxygen and nutrients from existing blood
vessels.
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The time frame during which a given tumor can remain within the 2 mm
size limitation is unclear. At some point, however, tumor cells develop an angiogenic phenotype (Ebos & Kerbel, 2011; Sakurai & Kudo, 2011; Weis &
Cheresh, 2011). The process of angiogenesis involves multiple, interdependent steps from endothelial cell recruitment and activation, degradation of
the basement membrane, and extracellular matrix invasion to endothelial
cell proliferation and capillary lumen development. Numerous differences
exist between normal and tumor vasculature. Tumor blood vessels are disorganized and tend to be “leaky” as opposed to the organized structure of normal vessels. These differences help to promote angiogenesis in malignancy
(Gerber, 2008).
Stimulators and inhibitors of angiogenesis maintain homeostasis under normal circumstances. In malignancy, tumor cells are able to turn on the “angiogenic switch,” which gives rise either to increases in angiogenic activating factors
or decreases in inhibitory factors (Ebos & Kerbel, 2011; Hanahan & Weinberg,
2011; Weis & Cheresh, 2011). Proangiogenic factors include vascular endothelial growth factor (VEGF), basic fibroblast growth factor, PDGF, epidermal
growth factor (EGF), insulin-like growth factor, and transforming growth factoralpha and -beta. In fact, VEGF has been identified as one of the most potent growth factors involved in the angiogenic process (Hanahan & Weinberg,
2011; Linkous & Yazlovitskaya, 2012).
VEGF includes a family of proteins, as described earlier, and platelet
growth factor that binds to different VEGF receptors on the surface of endothelial cells. A signaling cascade is started once VEGF binds to its receptor,
causing dimerization and subsequent phosphorylation of the receptor tyrosine kinase. This signaling leads to the proliferation of endothelial cells, an
increased production of antiapoptotic proteins such as Bcl-2, and the inhibition of dendritic cell maturation. Degradation of the extracellular matrix
and cytoskeletal changes associated with motility is result of downstream signaling (Ebos & Kerbel, 2011; Sakurai & Kudo, 2011; Weis & Cheresh, 2011).
The upregulation of VEGF noted in many tumor types has made it an important target in the development of angiogenesis inhibitors.
Once degradation of the basement membrane occurs within the tumor’s
existing vasculature, endothelial cells migrate through the leaky vessels and
move toward the angiogenic stimulus. The endothelial cells eventually set
up the milieu for a new group of blood vessels and the accompanying oxygen and nutrient supply for the tumor, sometimes called sprouting angiogenesis (Weiss & Cheresh, 2011). The earliest agents tested in this classification did not fare extremely well; however, clinical trials with a vast number
of agents followed. The first agent to be approved by the FDA as an antiangiogenic therapy for cancer was bevacizumab in 2003. This mAb binds to
VEGF ligands and prevents their binding to cell-surface receptors (Ebos &
Kerbel, 2011). Bevacizumab was first approved for the treatment of metastatic colorectal cancer and has since been approved in several other malignan-
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cies including nonsquamous non-small cell lung cancer, glioblastoma, and
renal cell carcinoma.
More recently, additional research is focusing on resistance to VEGF inhibition or perhaps an unwanted effect that VEGF may have on the stimulation of cancer stem cells (Conley et al., 2012; Ebos & Kerbel, 2011; Janne,
Gray, & Settleman, 2009). The hypothesis states that the intratumoral hypoxia resulting from antiangiogenic agents actually drives stem cell population increases. This is an area where further research is imperative.

Additional Signal Transduction Inhibitors
The scope of this chapter only reveals the tip of the iceberg relative to the
abundance of signal transduction inhibitory molecules currently approved
or being investigated in clinical trials. Although no approved agents are in
the following categories, a limited selection will be discussed.
MEK Inhibitors
Mitogen-activated extracellular signal-regulated kinase kinases (MEKs)
are involved in the phosphorylation of both serine/threonine and tyrosine
kinases. They are specifically involved in the activation of ERK, which has
known involvement in activating genes that control carcinogenesis and proliferation. The MEK inhibitors prevent the Ras-Raf dependent activation
of mitogen-activated protein (MAP) kinase. The role of MEK inhibitors in
combination with BRAF inhibitors is also being investigated (Ribas & Flaherty, 2011).
PARP Inhibitors
PARP, or poly(ADP-ribose) polymerase, is an enzyme that repairs damaged DNA, effectively blocking programmed cell death (apoptosis). PARPs
function as base-excision repair enzymes, cutting out DNA mistakes and replacing them with the correct bases (Underhill, Toulmonde, & Bonnefoi,
2011). Double-stranded DNA breaks resulting from exposure to chemotherapy may be repaired by tumor suppressor genes BRCA1 and BRCA2.
The PARP enzymes may take over this function when BRCA1 or BRCA2 is
not functioning. The inability of cells to repair when both of these pathways are impaired is called synthetic lethality (Anders et al., 2010; Irshad,
Ashworth, & Tutt, 2011; Sessa, 2011). Overexpression of PARP1 is found
in many cancers and is believed to have a role in chemotherapy resistance.
The use of PARP inhibitor therapy has been studied most in the breast cancer patient population. Those patients with triple-negative breast cancer
(estrogen receptor, progesterone receptor, and HER2 negative) have fewer treatment options, and investigational PARP inhibitor therapy is considered to be an interesting area of research for these patients (Anders et al.,
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2010). Investigational PARP inhibitors include olaparib, veliparib, iniparib, and BMN-673.
Notch Inhibitors
The Notch signaling pathway is believed to have many important functions. One of its primary roles lies in the cell-to-cell communication that
takes place during embryogenesis (and thus a likely role in angiogenesis).
It is also believed to maintain stem cells and regulate functions including
cellular proliferation, differentiation, and apoptosis (Carter, Jaskula-Sztul,
Chen, & Mazeh, 2012; Takebe et al., 2011). Notch ligand activation ultimately results in Notch target gene activation including Myc, HES family,
and p21. Several Notch inhibitors are currently in clinical trials and include
MK0752, BMS-906024, and LBH589.

Targeting Mutations: Increasing Personalization of Therapy
An ultimate goal of cancer therapy is to target the individual patient’s genome or kinome in such a way that therapy becomes exquisitely patient specific. Although the science is not quite there yet, progress is moving more
rapidly than ever.
Two recently approved drugs are based on this treatment goal. Vemurafenib is a select BRAF inhibitor. BRAF is a serine-threonine protein kinase, which is an upstream component of the growth-promoting MAP kinase pathway, an important pathway in the growth of melanoma cells.
More than 50% of patients with melanoma have tumor that carries an
activating mutation in the BRAF protein. Early clinical trials with vemurafenib demonstrated responses in over 80% of patients whose tumor had
the BRAF mutation, although those patients whose tumor did not contain
the mutation had essentially no benefit whatsoever from therapy (Ribas &
Flaherty, 2011; Smalley & Sondak, 2010). The FDA approved vemurafenib
in 2011 for the treatment of patients with unresectable or advanced melanoma with BRAF (V600E) mutation that has been detected by an FDAapproved test.
More recently, researchers found that a fusion gene (an artificially created gene product used to regulate transcription or to create a new protein or gene product [EverythingBio, 2007]) called EMLA4-ALK (echinoderm microtubule-associated protein-like 4/anaplastic lymphoma kinase)
present in a small percentage of patients with non-small cell lung cancer of
predominantly adenocarcinoma histology could serve as an important target for therapy. In a study by Kwak and colleagues (2010), a 57% overall response rate was noted with the use of crizotinib. The FDA (n.d.) approved
crizotinib in August 2011 as a kinase inhibitor indicated for the treatment of
patients with locally advanced or metastatic non-small cell lung cancer that
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is anaplastic lymphoma kinase (ALK)-positive. The ongoing research related to specific gene mutations in cancer will likely result in additional agents
with this level of sophistication in targeting cancer (Eaby-Sandy, 2012; La
Thangue & Kerr, 2011).

Adverse-Effect Management
The new targeted therapies have adverse-effect profiles that can be quite
different than what has been seen in the past with traditional chemotherapy.
Individual agents and their associated adverse effects are covered in Chapter
5. The following are some of the general adverse effects based on classification (Chan et al., 2010; Esper, Gale, & Muehlbauer, 2007; Keefe & Bateman,
2012; Lynch et al., 2007; Ribas & Flaherty, 2011; Sun, 2012).
• mAbs (general)
–– Antibody reactions based on the percentage of mouse protein included
in the antibody (i.e., human antichimeric antibody) reactions
–– Myelosuppression when antibodies are conjugated to other substances
such as ionizing radiation or antitumor antibiotics
• Tyrosine kinase inhibitors (general)
–– Rash
–– Fluid retention
–– Nausea, vomiting, diarrhea
–– Fatigue
• EGF inhibitors
–– Acne-like rash
–– Diarrhea
–– Nausea, vomiting
• Antiangiogenesis inhibitors (VEGF inhibitors)
–– Asthenia
–– Diarrhea
–– Hypertension
–– Rash
–– Hand-foot syndrome
–– Delayed wound healing
• mTOR inhibitors
–– Mucositis
–– Rash
–– Nausea, vomiting, diarrhea
–– Hypertriglyceridemia
–– Hyperlipidemia
–– Fatigue
• BRAF inhibitors
–– Rash
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–– Fatigue
–– Squamous cell carcinoma (keratoacanthoma)
• Proteasome inhibitors
–– Peripheral neuropathy
–– Gastrointestinal symptoms (nausea, vomiting, diarrhea, constipation)
–– Asthenia
–– Thrombocytopenia/anemia
–– Pyrexia

Role of the Oncology Nurse in Targeted Therapy
The oncology nurse is crucial in monitoring patients for the extensive
adverse effects associated with chemotherapy administration. Patients are
monitored for myelosuppression, mucositis, nausea, vomiting, and anorexia, among a variety of additional toxicities. An understanding of the cell cycle in relation to the mechanism of action of chemotherapeutic agents has
been an essential component of chemotherapy training courses. The advent
of targeted therapies in treating cancer means that nurses now must develop a greater understanding of cell biology and signal transduction pathways
to help patients understand them. This knowledge is also important in developing strategies to predict the adverse effects that patients receiving these
agents might experience. For example, an EGFR (note the “epidermal” in
the name) inhibitor is expected to have adverse effects that involve the skin
and mucous membranes.
The rapidity with which new targeted agents are being approved is both
a blessing and a curse. Those in oncology for many years are ecstatic to have
the plethora of new treatment options available to patients. The learning
curve, however, has become very steep and is requiring oncology nurses to
put in greater effort to keep one step ahead of patients.
The large number of agents recently approved also has limited the
amount of available experience related to both adverse effects and management. As more patients are being treated with the new therapies, new
adverse effects occur that may not have been apparent during clinical trials. Patients being treated with the newer targeted agents need to be monitored for both known and unknown adverse effects. They must be given a
way to reach members of the healthcare team on a 24-hour basis to report
problems.
A large number of the novel agents being approved are oral. This typically is welcomed by most patients but presents a number of issues that have
not been dealt with on a regular basis in oncology other than in the area of
supportive care. Oral agents, however, present new challenges for patients
and their family, who may not have a prescription plan as part of their insurance coverage for medication because of the high out-of-pocket cost. Safety
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issues related to whether patients are taking their medications as prescribed
can exist when oral agents are in use. Patients sometimes believe that “if one
is good, two must be better.” This can create safety-related concerns for the
healthcare team. The full scope of patient management concerns including adherence issues, financial constraints, education, communication, and
provider access is discussed in Chapter 18.
The emergence of targeted therapies can be both unsettling as well as
invigorating for oncology nurses. New adverse effects mean new management strategies. This makes for a vast number of opportunities for nursing
research in areas such as adverse-effect management, patient compliance,
quality of life, and survivorship issues.

Patient and Family Education
A number of patients and their family members still think of cancer treatment as being “chemotherapy” and expect to have all the historical adverse
effects reported by individuals they have known who have undergone cancer treatment. A key role of the oncology nurse is to ensure that patients and
their families understand the differences between the agents they are receiving and classic chemotherapy. In addition, patients must be instructed to report any adverse effects they are experiencing and to report changes that
may not have been specifically identified as known adverse effects of treatment. Worth noting again is that education must include a way for patients
to reach the healthcare team on a 24-hour basis.
Patients also must be provided education regarding the expected outcomes
of the treatment they are receiving. In the case of many targeted agents, the
goal of therapy is frequently stable disease versus complete remission.
Other issues exist in determining length of therapy for some patients.
This has been identified for many patients being treated with targeted
agents such as trastuzumab and imatinib. Honest discussion needs to take
place between patients and providers regarding the paucity of evidence that
exists when making some of these decisions.

Summary
A number of new targeted strategies for treating cancer have been presented in this chapter. Other novel approaches currently in use or being
evaluated include the combination of chemotherapy or radiation therapy
with targeted therapies, combining multiple targeted agents, and the development of agents with multiple targets. Each of these scenarios creates
another opportunity in the type of challenges that nurses encounter when
managing their patients.

90 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Oncology nurses continue to be in the midst of a knowledge explosion related to novel methods of treating malignancy. Nurses remain in a position
to create advances in the areas of patient education, adverse-effect management, and quality-of-life issues. With that comes a responsibility to further
enhance personal knowledge of normal cell biology and the molecular biology of cancer. Now, more than ever before in oncology, cancer is being treated as a chronic illness such as diabetes or hypertension rather than the formidable disease that has shortened far too many lives.
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Introduction
The pharmacologic approach to management of cancer and its diseaseand treatment-related complications in individuals with cancer includes
numerous medications and medication strategies. Chemotherapy has historically been the backbone of the pharmacologic approach for cancer
treatment and remains the foundation of treatment for some malignancies.
The term chemotherapy has been used to group those medications that target rapidly dividing cancer cells and is now the term often used by patients
and practitioners to refer to an even greater variety of medications used in a
drug regimen, such as alkylating agents and antimetabolites.
In the past decade, pharmacologic strategies for cancer treatment have
evolved. In addition to classic cytotoxic chemotherapy, drugs now exist that are
targeted to a variety of processes that influence the growth, development, and
metastasis of cancer cells. As the understanding of cancer biology improves, the
development of more effective and less toxic drug therapies for cancer treatment is possible. Understanding the differences in biology for each individual
with cancer allows for the selection of the most appropriate drugs for the individual. As the science of oncology evolves, the information in this chapter will
continue to grow and, in all likelihood, change. Following the reference list is
a list of resources for additional information about the medications discussed.

Antineoplastic Agents (A–Z)
This chapter provides the reader with a concise and clinically pertinent resource for the drugs used in the treatment and management
of individuals with cancer. This drug information should serve as a re-
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source but is not meant to take the place of sound clinical judgment. For
example, the individual monographs provide some information about
drug-drug interactions but cannot completely address all drug interactions. A complete drug interaction evaluation should be routinely assessed for every patient, including over-the-counter, newly marketed,
and complementary and alternative medications. This resource is not
all-inclusive, and the reader is referred to further resources for additional information.
The drug monographs are divided into three sections: chemotherapeutic agents, hormonal therapies, and biotherapeutics. The chemotherapy
section includes chemotherapy and chemotherapy protective agents (e.g.,
leucovorin). The hormonal therapy section provides drug reviews for endocrine therapy used in the management of certain cancers. The biotherapeutics section includes drug monographs on biotherapy, monoclonal
antibodies, mammalian target of rapamycin (mTOR) inhibitors, and the
small molecule kinase inhibitors currently used in the treatment of cancer.
Each drug monograph is divided into 19 sections. The “Other Names”
section includes commonly used abbreviations (e.g., MTX for methotrexate) and brand names that have been used with the initial marketing of the
agent discussed. Note that as a patient safety standard, the use of abbreviations when writing orders should be avoided. In clinical practice, the use
of the generic name for writing of chemotherapy or drug therapy orders is
recommended. Some of the brand names listed are no longer available but
were historically used when referring to the agent and are listed as information for the clinician.
The “Classification” section of the monograph provides a broad attempt
to describe how each agent is classified. Agents used in cancer chemotherapy are commonly categorized by their mechanism of action (e.g., alkylating agents) or source (e.g., vinca alkaloids). Within a specific class of
agents, individual medications differ significantly in pharmacology, anticancer activity, toxicities, and clinical applications. The toxicity of an agent
may be dependent on the medication dose, schedule, route, and mode
of administration, combination, and individual patient factors. Categories
that are used in this chapter for subdividing chemotherapy agents include
alkylating agents (nitrogen mustard derivatives, nitrosoureas, nonclassical
alkylating agents, and a miscellaneous group), antimetabolites (fluorinated pyrimidines, purine analogs, cytidine analogs, and folate antagonists),
anthracene derivatives (anthracyclines and anthracenediones), antitumor
antibiotics, and antimicrotubule agents. Drugs that do not easily fit into
any group are simply called miscellaneous agents. Hormonal therapy, or
endocrine therapy, includes corticosteroids (e.g., prednisone in the treatment of lymphoma), antiestrogens (e.g., estrogen receptor antagonists,
aromatase inhibitors), gonadotropin-releasing hormone analogs, and antiandrogens.
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The “Mechanism of Action” section of the monograph provides an overview of the currently understood mechanism of how the agent exerts an
anticancer effect. Unfortunately, the mechanism of antineoplastic action
is not known for all agents. As understanding of cancer biology increases,
the effects of drugs on cancer cell growth, proliferation, and death will improve. The mechanism of anticancer effect for an agent may depend on
the cancer.
The sections “How Supplied,” “Storage and Stability,” “Preparation
and Mixture,” and “Administration” provide guidance for the clinician
on many of the considerations for using the agent in practice. The assessment of drug compatibility requires the assessment of drug-drug compatibility, dosage, concentration, and, often, duration the drugs will be
in contact (Trissel, 2008). Some information for compatibility is provided but is not comprehensive for each agent. Readers are referred to resources on drug compatibilities for complete information. It is strongly
recommended that safe handling and storage practices be followed by
all practitioners who work with these agents. These guidelines have been
published by a variety of professional organizations and governmental
agencies. Safe handling and disposal should be considered for all parenteral, topical, and oral anticancer agents, and both formal and informal counseling for appropriate patient, caregiver, and family handling
and storage issues should be included with patient education. For example, oral chemotherapy should be kept out of the reach of children.
Procedures for handling and disposal of anticancer agents should be
followed.
Areas that are most likely to evolve include the sections that address
the clinical aspects of drug therapy. The information provided for each
agent regarding indications, dosage, dose adjustments, pharmacokinetics, contraindications, drug interactions, toxicities/adverse events (AEs),
special considerations, and monitoring parameters reflect published literature and current understanding of the medication’s pharmacology
and clinical use. Each monograph includes the pregnancy risk factor using the categories established by the U.S. Food and Drug Administration (see Table 5-1). Clinical judgment is essential when using this information for patient care. Fortunately, the longer these drugs are used to
treat individuals with cancer, the more information we can gather about
the drug.
As results from clinical trials are published, the potential treatment indications, disease applications, and dose regimens will expand. With clinical use,
AEs not seen (or perhaps not recognized) in clinical trials may be identified
in subsequent reports. AE reporting generally follows the current version of
National Cancer Institute Cancer Therapy Evaluation Program’s Common Terminology Criteria for Adverse Events. The current version may be found online
at http://ctep.cancer.gov/protocolDevelopment/electronic_applications
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Table 5-1. U.S. Food and Drug Administration Classification for
Teratogenic Drugs
Pregnancy
Category

Description

A

Controlled studies in pregnant women failed to demonstrate a risk
to the fetus in the first trimester with no evidence of risk in later trimesters.

B

Animal reproduction studies have not demonstrated a fetal risk,
but there are no published controlled studies in pregnant women.
Animal reproduction studies have shown adverse effects that were
not confirmed in controlled studies in women in the first trimester,
and there is no evidence of risk in later trimesters.

C

Studies in animals have revealed adverse effects on the fetus, and
there are no controlled studies in women.
Studies in women and animals are not available.

D

Positive evidence exists of human fetal risk, but the benefits from use
in pregnant women may be acceptable despite the risk.

X

Studies in animals or humans have demonstrated fetal abnormalities.
There is evidence of fetal risk based on human experience.

/ctc.htm. It is important for practicing clinicians to consider clinical
changes in a patient on a medication as potentially related to treatment,
even when the AE is not described in the literature. This chapter focuses
on individual agents; the drug toxicities, dose regimens, and monitoring
parameters may be different when individual agents are used in combination therapy (e.g., combination chemotherapy, combination chemoradiation).
Similarly, the potential for drug interactions that have not been described in the literature is an important consideration for patient care.
The “Drug Interactions” section provides information on known and potential drug interactions for the medications reviewed. The listed agents
are not inclusive of all drugs that may potentially affect the pharmacokinetic and pharmacodynamic effects of the antineoplastic agent. Excellent indexing tools to assess drug interactions are available to help practitioners evaluate patients for potential and known drug interactions, and
the clinician should routinely conduct a complete review of potential
drug interactions for each patient at the initiation of any new medication, with any change in medication regimen, and with discontinuation
of medications.
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Safe Medication Practices
Readers are encouraged to utilize resources and guidelines available from
the Institute of Medicine (IOM), the Institute for Safe Medication Practices
(ISMP), and the Joint Commission (TJC) in the national quest to support safe
medication practices in prescribing, reconciliation, monitoring, and administration. The focus on medication safety has increased in recent years, including the use of antineoplastic agents in both adults and children (Watts & Parsons, 2013). ISMP is a nonprofit organization devoted entirely to medication
error prevention and safe medication use by educating the healthcare community and consumers about safe medication practices (www.ismp.org).
Two of TJC’s (2013, 2014) National Patient Safety Goals (NPSGs) are focused on medication safety. One of these NPSGs aims to ensure safety of the
use of medications in healthcare systems. A strategy to accomplish this goal
includes practices such as correct and complete labeling of all medications
used within healthcare systems. All medications should be labeled, including medication containers and other solutions on and off the sterile field in
perioperative and other procedural settings. Medication containers include
individual syringes, medicine cups, and basins. The rationale for this goal is
that medications in unlabeled containers are unidentifiable. Errors, sometimes tragic, have resulted from medications and other solutions removed
from their original containers and placed into unlabeled containers. Using unlabeled medications is an unsafe practice that neglects basic principles of safe medication management, yet it is routine in many organizations
and treatment settings. The complete labeling of all medications, medication containers, and other solutions is a risk-reduction activity consistent
with safe medication management. This practice addresses a recognized risk
point in the administration of medications in perioperative and other procedural settings (TJC, 2013).
Another of the NPSGs is to ensure reconciliation of medications across
the care continuum. Patients are at high risk for harm from adverse drug
events when communication about medications, medication modifications,
and additions is not clear to the patient, caregiver, and entire healthcare
team. The chance for communication errors increases whenever individuals
involved in a patient’s care change. Practices include communicating about
the medication list, making sure it is accurate, and reconciling any discrepancies whenever new medications are ordered or current medications are
adjusted (TJC, 2013).
These NPSGs are especially applicable to the hazardous antineoplastic agents that are prescribed in cancer treatment. Every oncology provider must adhere to a goal of medication safety. This includes safety in drug
dosing and safe medication practices around the Five Rights of medication administration: right patient, right drug, right dose, right time, and
right route. Incorporating these Five Rights in your daily practice of pre-
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scribing and administration is a key tactic that will promote safe medication practices.

Chemotherapy Dosing for Obese Patients
Optimal dosing of antineoplastic agents is derived in clinical trials. However, with the growing population of Americans who are overweight, there
has been growing concern that obese patients are likely underdosed. This underdosing can result in less than desired outcomes for patient response. Researchers reported that up to 40% of overweight patients with cancer have
been found to be underdosed in their chemotherapy regimens (Griggs & Sabel, 2008; Griggs, Sorbero, & Lyman, 2005; Lyman, 2009). The American Society of Clinical Oncology (ASCO) released new guidelines in 2012 for dosing of obese patients. The new guidelines recommend the use of the patient’s
actual weight when calculating chemotherapy dose rather than defaulting to
an adjusted or ideal body weight (Cavallo, 2012). More information on the
ASCO guidelines can be found at www.asco.org/guidelines/wbd.

Safe Handling of Antineoplastic Agents
Most antineoplastic agents are classified as hazardous drugs by the National
Institute for Occupational Safety and Health. In 2013, the Oncology Nursing
Society (ONS) and ASCO updated the joint ASCO/ONS Chemotherapy Administration Safety Standards. A copy of the standards can be found on the ONS website
(www.ons.org/practice-resources/clinical-practice/ascoons-chemotherapy
-administration-safety-standards). Providers should wear personal protective
equipment when handling and administering antineoplastic agents.

Summary
Scientific advances in antineoplastic therapy continue to be made in the
approach to the treatment of patients with cancer. Efforts toward discovery of new cancer therapeutics remain critically important to achieving outcomes of care for patients diagnosed with cancer. Understanding of the
genomics of cancer has increased considerably in recent years as several
critical pathways involved in the initiation and progression of cancer have
been identified. As such, new therapeutic approaches continue to be rigorously investigated to include novel drug delivery platforms. One such platform is the use of nanoparticles to deliver therapy directly to the tumor site
(Chakraborty, Pal, Doss, Wen, & Lin, 2013). The increased use of oral agents
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and innovative chemotherapy administration schedules (e.g., dose dense)
are changing the landscape of chemotherapy delivery. Advances in pharmacotherapies have improved the management of symptoms associated with
cancer and cancer therapies.
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Abbreviations Used in Chapter 5
ABCB1—adenosine triphosphate–binding cassette, sub-family B (MDR/TAP),
member 1
ABW—adjusted body weight
ACE—angiotensin-converting enzyme
AE—adverse event
AHFS—USP-DI, American Hospital Formulary System
aHUS—acquired hemolytic uremic syndrome
AIDS—acquired immunodeficiency syndrome
ALK—anaplastic lymphoma kinase
ALL—acute lymphoid leukemia
ALT—alanine aminotransferase
AML—acute myeloid leukemia
ANC—absolute neutrophil count
ANLL—acute nonlymphocytic leukemia
APL—acute promyelocytic leukemia
ARDS—adult respiratory distress syndrome
AST—aspartate aminotransferase
ATE—arterial thromboembolic event
AUC—area under the curve
AV—atrioventricular
AXL—protein similar to other receptor tyrosine kinases
B6—pyridoxine
BCG—bacillus Calmette-Guérin
BCRP—breast cancer resistance protein
BID—twice a day
bpm—beats per minute
Brk—breast tumor kinase
BSA—body surface area
BUN—blood urea nitrogen
BWFI—bacteriostatic water for injection
CAM—complementary and alternative
medicine
CAPD—continuous ambulatory peritoneal dialysis
CBC/diff—complete blood count with differential (includes Hgb, Hct, and PLT counts)
CD—cluster of differentiation
CHF—congestive heart failure
CIV—continuous IV
c-Kit—stem cell factor receptor
CLL—chronic lymphoid leukemia
Cmax—maximum concentration
CML—chronic myeloid leukemia
CNS—central nervous system

CrCl—creatinine clearance
CSF—cerebrospinal fluid
CTCAE—Common Terminology Criteria for
Adverse Events
DEET—N, N-diethyl-m-toluamide (insect
repellant)
DEHP—di-(2-ethylhexyl) phthalate (general
purpose plasticizer)
D5W—5% dextrose in water
DHFR—dihydrofolate reductase
DIC—disseminated intravascular coagulation
DLCO—diffusing capacity of the lung for
carbon monoxide
DMSO—dimethyl sulfoxide
DNA—deoxyribonucleic acid
DOE—dyspnea on exertion
DPD—dihydropyrimidine dehydrogenase
ECG—electrocardiogram
EGFR—epidermal growth factor receptor
Eph—ephrin
ESA—erythropoiesis-stimulating agent
ESRD—end-stage renal disease
FDA—U.S. Food and Drug Administration
FFP—fresh frozen plasma
FH4—tetrahydrofolate (non-reduced folate)
5′-DFCR—5′-deoxy-5-fluorocytidine
5′-DFUR—5′-deoxy-5-fluorouridine
5-FU—5-fluorouracil
5-HT3—5-hydroxytryptamine type 3
FLT3—FMS-like tyrosine kinase 3
FSH—follicle-stimulating hormone
FVC—forced vital capacity
G-CSF—granulocyte–colony-stimulating
factor
GFR—glomerular filtration rate
GI—gastrointestinal
GIST—gastrointestinal stromal cell tumor
GM-CSF—granulocyte macrophage–colonystimulating factor
GnRH—gonadotropin-releasing hormone
GVHD—graft-versus-host disease
HAI—hepatic artery infusion
HCl—hydrochloride
Hct—hematocrit
HD—high dose
HDAC—histone deacetylase
HER2—human epidermal growth factor receptor 2 protein
Hgb—hemoglobin
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HIF—hypoxia inducible factors
HIV—human immunodeficiency virus
HL—Hodgkin lymphoma
hrs—hours
HSCT—hematopoietic stem cell transplantation
HSV—herpes simplex virus
IBW—ideal body weight
IL—interleukin
ILD—interstitial lung disease
IM—intramuscular
INR—international normalized ratio
IP—intraperitoneal
IT—intrathecal
IU—international units
IV—intravenous
IVP—IV push
IVPB—IV piggyback
KS—Kaposi sarcoma
LDH—lactate dehydrogenase
LFT—liver function test
LH—luteinizing hormone
LHRH—luteinizing hormone-releasing hormone
LLN—lower limit of normal
LR—lactated Ringer’s solution
LVEF—left ventricular ejection fraction
MAO—monoamine oxidase
MDS—myelodysplastic syndrome
MEK—mitogen-activated extracellular signal–regulated kinase
MET—MNNG/HOS transforming gene
(membrane receptor)
MI—myocardial infarction
min—minute
MM—multiple myeloma
MMAE—monomethylauristatin E
MPD—myeloproliferative disease
MRI—magnetic resonance imaging
MTIC—monomethyl 5-triazeno imidazole
carboxamide
mTOR—mammalian target of rapamycin
MTX—methotrexate
MUGA—multigated acquisition
NHL—non-Hodgkin lymphoma
NK—natural killer
NS—normal saline (0.9% sodium chloride)
NSAID—nonsteroidal anti-inflammatory
drug
NSCLC—non-small cell lung cancer
OTC—over the counter
PAP—prostatic acid phosphatase
PCP—Pneumocystis pneumonia

PDGF—platelet-derived growth factor
PDGFR—platelet-derived growth factor receptor
PEG—polyethylene glycol
PGP—P-glycoprotein
Ph+—Philadelphia chromosome positive
PLT—platelet
PML—progressive multifocal leukoencephalopathy
PML-RARα—promyelocytic leukemia–retinoic acid receptor-alpha
PNET—pancreatic neuroendocrine tumor
PNH—paroxysmal nocturnal hemoglobinuria
PO—by mouth (oral)
PPE—palmar-plantar erythrodysesthesia
(hand-foot syndrome)
PT—prothrombin time
PTT—partial thromboplastin time
PVC—polyvinyl chloride
QID—four times a day
RBC—red blood cell
REMS—risk evaluation and mitigation strategy
RET—rearranged during transfection
(transmembrane tyrosine kinase)
RNA—ribonucleic acid
RPLS—reversible posterior leukoencephalopathy syndrome
RT—radiation therapy
SBP—systolic blood pressure
SBWFI—sterile bacteriostatic water for injection
SC—subcutaneous
SCLC—small cell lung cancer
SCr—serum creatinine
SGOT—serum glutamic oxaloacetic transaminase
SGPT—serum glutamic pyruvic transaminase
SIADH—syndrome of inappropriate antidiuretic hormone
SIRS—systemic inflammatory response
syndrome
SOB—shortness of breath
SOS—sinusoidal obstruction syndrome
SPF—sun protection factor
Src—sarcoma
SWFI—sterile water for injection
TBI—total body irradiation
T. Bili—total bilirubin
TEPA—triethylenephosphoramide
TID—three times a day
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TIE2—endothelium-specific receptor
tyrosine kinase
TKI—tyrosine kinase inhibitor
TLS—tumor lysis syndrome
TMA—thrombotic microangiopathy
TNF—tumor necrosis factor
TPMT—thiopurine methyltransferase
TRKB—tropomyosin receptor kinase B
TSH—thyroid-stimulating hormone
ULN—upper limit of normal
UGT—uridine diphosphate-glucuronosyltransferase
URI—upper respiratory infection
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USP—injectable solution contains a preservative
UTI—urinary tract infection
VEGF—vascular endothelial growth factor
VEGFR—vascular endothelial growth factor receptor
VHL—von Hippel-Lindau
VIPoma—Verner-Morrison syndrome
VTE—venous thromboembolic event
WBC—white blood cell
w/v—weight to volume
w/w—weight to weight
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Drug name: The generic, chemical, or nonproprietary
name of the drug
Other names

Names, including the U.S. brands, by which the drug may be
commonly referred to

Classification

The classification of the drug based on mechanism of action or
origin of derivation

Mechanism of action

The mechanism of action of the drug

Vesicant information

Whether the drug is an irritant or vesicant and any antidote information

Preparation and
mixture

General guidelines for reconstitution and dilution

Administration

General administration guidelines for commonly used regimens

Storage and stability

The manufacturer’s recommendations for storage and stability
as discussed in the product package insert or information from
reputable sources

How supplied

The commercial availability of the drug

Dosage

Commonly used dosages and dosing regimens; refer to other
sources or the manufacturer for more detailed information.

Compatibility
information

Known admixture information; refer to other sources or the
manufacturer if specific admixture information is unknown or
not listed.

Contraindications/
precautions

Circumstances indicating inappropriateness or caution warranted for treatment or use

Drug interactions

Clinically pertinent drug interactions; not necessarily inclusive;
refer to other sources or the manufacturer for more detailed information.

Toxicity/adverse
events

Drug-induced toxicity or AEs classified as acute and/or potentially life threatening, serious, and other

Special
considerations

Any unusual or unique circumstances relating to the drug

Monitoring
parameters

Parameters, including signs, symptoms, laboratory tests, clinical examinations, and frequency, to monitor during treatment

Indications

Uses of the drug as indicated by the FDA, commonly used drug
compendia (USP-DI, AHFS, or drug evaluations), or the literature

Dosage adjustment
recommendations

Guidelines to drug-specific dosage adjustments (e.g., adjustments for renal and hepatic impairment, drug toxicity)

Pharmacokinetics

Clinically pertinent drug information, including drug absorption,
distribution, metabolism, and exertion

Manufacturer

Drug maker

Chapter 5. Antineoplastic Agents

●

105

Chemotherapeutic Agents
Alitretinoin
Other names

Panretin , 9-cis-retinoic acid, cis-retinoic acid

Classification

Retinoid, vitamin A derivative

Mechanism of
action

A naturally occurring endogenous retinoid that binds and activates
all known retinoid receptor subtypes, modifying the retinoid responses in cells. Retinoids mediate cell differentiation and proliferation, apoptosis, and cell death. Alitretinoin inhibits the growth of KS
cells in vitro.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Topical gel—no admixture necessary

Administration

Using safe handling procedures, apply a generous coating of gel to
lesions, and allow to dry for 3–5 min before covering with a cloth.
DO NOT rub gel into the lesion. DO NOT shower, swim, or bathe
for at least 3 hrs after application. Occlusive dressings should not
be used with alitretinoin gel.
Avoid contact with unaffected skin and mucosal surfaces.

Storage and
stability

Store gel at 77°F (25°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Panretin is supplied as a 0.1% alitretinoin gel in tubes (60 g).

Dosage

Alitretinoin should be applied sufficiently to cover lesions with a
generous coating BID. The frequency of application is then increased to 3–4 times a day as tolerated. If application-site toxicity occurs, frequency can be reduced or drug can be held. Responses to gel may occur as soon as 2 weeks after initiation of
therapy, with further benefit attained with continued application.
Therapy should be continued as long as benefits are seen. Maximum dosage limit is 4 applications topically per lesion per day
in adults.

Compatibility
information

Occlusive dressings should not be used with alitretinoin gel.
Insect repellents containing DEET should be avoided.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to retinoid
or any of the ingredients in the product. Alitretinoin therapy may
cause fetal harm if significant absorption were to occur in a pregnant woman. FDA pregnancy risk factor D. It is not known if alitretinoin or metabolites are excreted in breast milk. Safety and efficacy
of alitretinoin gel in children or individuals > 65 years old have not
been established. Potential risk of photosensitivity; patients should
be counseled concerning the use of sunlamps, tanning beds, and
prolonged periods of exposure to sunlight.

®

(Continued on next page)
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Drug interactions

Agent
DEET

Effect
Animal toxicology studies showed increased DEET
toxicity; DEET is a common component of insect repellent products.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

AEs occur at the application site and may be severe in up to 10%
of patients.
Skin irritation is the most common AE and may limit treatment.
Toxicity usually begins with treatment-site erythema; continued application may lead to increased erythema and edema.
Acute and/or potentially life-threatening: None reported.
Serious: Site erythema, edema, and vesiculation may be treatment
limiting.
Other:
• Dermatologic: Rash, pruritus, edema, and exfoliative dermatitis,
including flaking, peeling, desquamation, and exfoliation. Other
skin disorders include excoriation, cracking, scabbing, crusting,
drainage, eschar, fissure, and oozing.
• Neurologic: Paresthesia manifested by burning, stinging, and tingling.
• Pulmonary: Edema.

Special
considerations

Should severe irritation occur, therapy may be temporarily discontinued until symptoms subside. Because of potential dermal toxicity, avoid application to normal skin surrounding lesions. In addition,
DO NOT apply gel on or near mucosal surfaces of the body. Occlusive dressings should not be used. Patients should be advised to
minimize exposure of treated areas to sunlight and sunlamps during therapy. In addition, patients should not concurrently use products that contain DEET, a common component of insect repellents.

Monitoring
parameters

Monitor for signs and symptoms of skin toxicity.

Indications

Alitretinoin is indicated in the topical treatment of cutaneous lesions in patients with AIDS-related KS. It is not indicated when systemic therapy is required (e.g., more than 10 new lesions in the prior month, symptomatic lymphedema, symptomatic pulmonary disease, or symptomatic visceral involvement).

Dosage
adjustment
recommendations

Alitretinoin initially is applied BID and gradually is increased to TID
or QID based on lesion tolerance. If application-site toxicity occurs,
the frequency of application may be reduced. In the event of severe
dermal toxicity, therapy can be temporarily discontinued until symptoms subside.

Pharmacokinetics

Indirect evidence suggests there is no extensive absorption of topical alitretinoin.

Manufacturer

Contract Pharmaceuticals Limited Niagara, Buffalo, NY, for Eisai
Inc., Woodcliff Lake, NJ
(Continued on next page)
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Altretamine
Other names

Hexalen , hexamethylmelamine

Classification

Alkylating agent; nonclassic alkylator

Mechanism of
action

Metabolized to an active metabolite that covalently binds to microsomal proteins and DNA; further breakdown to formaldehyde may
mediate some of the cytotoxicity of this agent.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Available commercially as an oral product. Dose should be taken
after meals and at bedtime.

Storage and
stability

Store in tightly sealed bottles at controlled room temperature of
59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Commercially available in 50 mg clear capsules in bottles of 100.
The capsules are imprinted with “USB 001.”

Dosage

Doses are calculated based on BSA. Several dosing schedules
have been used. The approved dose for single-agent therapy of advanced ovarian cancer is 260 mg/m2/day administered in 4 divided
daily doses for 14–21 days of a 28-day treatment cycle.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the product. Risk versus benefit should be considered in patients with preexisting severe bone marrow depression or severe neurologic toxicity.

®

(Continued on next page)
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Drug interactions

Agent

Effect

MAO inhibitors (e.g., phenelzine, selegiline, tranylcypromine, procarbazine)

Concomitant use may cause severe
orthostatic hypotension.

Phenobarbital

Concomitant use decreases metabolism of altretamine (potential to increase toxicity of altretamine).

Pyridoxine

Concomitant use may decrease effectiveness of altretamine.

Cimetidine

Concomitant use increases metabolism of altretamine (potential to decrease effectiveness of altretamine).

Tricyclic antidepressants

Concomitant administration may enhance orthostatic hypotensive AE of
tricyclic antidepressants.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted.
Serious: Progressive peripheral and central neurotoxicity (e.g.,
paresthesia, hyperesthesia, hyperreflexia, decreased sensory and
proprioceptive sensations, hallucinations, confusion) reversible
upon discontinuation of the drug. Progressive peripheral and central neurotoxicity may be ameliorated by B6, but tumor response
may be compromised.
Other:
• GI: Nausea and vomiting in up to one-third of patients, usually
mild but can be dose limiting. Diarrhea, anorexia, and abdominal
cramping less frequently reported.
• Hematologic: Mild to moderate myelosuppression (e.g., anemia,
thrombocytopenia, leukopenia) in > 10% of patients. Nadir occurs usually 3–4 weeks after initiation of therapy, with recovery
2–3 weeks thereafter.

Special
considerations

Should only be given under the supervision of a physician experienced in the use of antineoplastic agents. Patients should take after meals to reduce stomach upset. Moderately emetogenic (30%–
60%); consider serotonin antagonist in combination with dexamethasone. Patients should take missed dose as soon as possible unless almost time for next dose; DO NOT double-dose.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent cycle, and
at periodic intervals during therapy.
• Neurologic examinations should be performed regularly.

(Continued on next page)
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Indications

Altretamine is indicated for use as a single agent in the palliative
treatment of patients with persistent or recurrent epithelial ovarian
cancer. Other uses include cancers of the breast, colon, cervix, endometrium, and lung, and NHL.

Dosage
adjustment
recommendations

Altretamine should be temporarily discontinued (for 14 days or longer) if any of the following occur:
1. GI intolerance unresponsive to antiemetic regimens
2. WBCs < 2,000/mm3 or granulocytes < 1,000/mm3
3. PLTs < 75,000/mm3
4. Progressive neurotoxicity
Therapy may be reinitiated at a reduced dose of 200 mg/m2/day. If
neurotoxicity continues after dosage reduction, altretamine should
be discontinued.

Pharmacokinetics

Well absorbed PO. Undergoes rapid and extensive metabolism in
the liver. Elimination half-life is 2–10 hrs. Time to peak (plasma) is
0.5–3 hrs, and it is eliminated in the urine (< 1% unchanged).

Manufacturer

AAI Pharma Inc., Wilmington, NC

Other names

Ethyol , 2-[(3-aminopropyl) amino] ethanethiol dihydrogen phosphate, WR-2721

Classification

Miscellaneous; chemoprotectant

Mechanism of
action

Amifostine is a prodrug that is dephosphorylated by alkaline phosphatase in tissues to a pharmacologically active free thiol metabolite. It is preferentially taken up by normal cells because of higher capillary alkaline phosphatase activity, higher pH, and better vascularity of normal tissues relative to tumor. The protectant effects
appear to be mediated by scavenging of free radicals, competition
with oxygen, promotion of repair of damaged macromolecules, and
formation of mixed disulfides to protect normal tissue.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

IV infusion: Reconstitute with 9.7 ml of sterile NS and dilute in NS
for final concentration of 5–40 mg/ml.
SC administration: Reconstitute with 2.5 ml NS or SWFI.

Administration

IV infusion, SC administration (See Dosage section for specific infusion durations.)

Storage and
stability

The lyophilized powder should be stored at controlled room temperature of 68°F–77°F (20°C–25°C). The reconstituted solution (500
mg amifostine/10 ml) is chemically stable for up to 5 hrs at room
temperature or up to 24 hrs under refrigeration. The solution may
be stored in PVC bags.

How supplied

Supplied as a sterile lyophilized powder containing 500 mg of amifostine in 10 ml single-use vials. Packaged as 1 or 3 vials per carton.

Amifostine
®
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110 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Dosage

Reduction of cumulative renal toxicity with chemotherapy: 910 mg/
m2 IV daily as a 15-min infusion starting 30 min before chemotherapy administration. Patients should be adequately hydrated before
receiving amifostine and kept in a supine position during infusion.
Reduction of moderate to severe xerostomia from RT:
• IV: 200 mg/m2 administered daily as a 3-min infusion starting 15–
30 min before RT
• SC: 500 mg daily before RT

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known sensitivity to amifostine,
aminothiol compounds, or mannitol. Risk versus benefit should be
assessed because of potential reduced antitumor efficacy, reduced
effectiveness of definitive RT, profound hypotension, and severe
nausea and vomiting. The safety of amifostine has not been established in patients with preexisting cardiovascular or cerebrovascular conditions. Hypotension can occur during or quickly after IV infusion is complete. Patients who are hypotensive, dehydrated, or cannot have antihypertensive medications stopped for 24 hrs preceding therapy should not receive amifostine. Serious cutaneous reactions have been reported with amifostine use. This may require permanent discontinuation of therapy and dermatologic consultation. A
cutaneous evaluation is recommended before amifostine administration. Data for preservation of antitumor efficacy are limited when
amifostine is administered before cisplatin in malignancies other
than advanced ovarian cancer.

Drug interactions

Special caution should be taken in patients receiving antihypertensives or other medications that could cause or potentiate hypotension.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Transient and profound
hypotension may occur during or shortly after amifostine administration. Patients should be adequately hydrated before administration and kept in a supine position during administration. Blood
pressure should be monitored every 5 min during infusion and as
clinically indicated. If hypotension occurs, place patient in Trendelenburg position, administer IV infusion of NS, and consider interrupting amifostine administration. (See guidelines under Dosage Adjustment Recommendations.) Short-term reversible loss
of consciousness rarely has been reported. Nausea and vomiting
may occur and are generally mild to moderate in severity; they often subside within 30 min. Pretreatment with an antiemetic (serotonin antagonist in combination with dexamethasone) is warranted. Other events that may occur acutely during or immediately following infusion are flushing/feeling of warmth, fever, dizziness,
somnolence, chills, hiccups, and sneezing. Rarely, anaphylactoid
reactions have been reported, including hypoxia, laryngeal edema, chest tightness, and possible cardiac arrest.
(Continued on next page)
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Serious: Skin reactions including erythema multiforme, exfoliative
dermatitis, or Stevens-Johnson syndrome have occurred. Rare
anaphylactoid reactions, cardiac arrest, and seizures have occurred.
Other:
• Miscellaneous: Hypocalcemia, hypomagnesemia
Special
considerations

Patients should be adequately hydrated before amifostine therapy
and kept in a supine position during administration. Blood pressure
should be monitored before, during (at 5-min intervals), and immediately after administration and thereafter as clinically indicated. Patients should be instructed to drink plenty of fluids (the amount recommended should be determined on patient-specific factors) during the 24 hrs before administration. Premedication with an antiemetic (serotonin antagonist in combination with dexamethasone)
is warranted.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood pressure should be monitored before, during (at 5-min intervals), and immediately after administration and thereafter as
clinically indicated.
• Serum calcium levels should be monitored in patients who are at
risk for hypocalcemia.

Indications

Indicated to reduce the cumulative renal toxicity associated with repeated administration of cisplatin in patients with advanced ovarian
cancer. Amifostine also is indicated to reduce the incidence of moderate to severe xerostomia in patients with head and neck cancer
who are undergoing postoperative RT in which the radiation field includes a substantial portion of the parotid glands. Other unlabeled
uses include reducing neutropenia and thrombocytopenia as well as
preventing cisplatin-induced neurotoxicity and ototoxicity, paclitaxelinduced neurotoxicity, mucositis, and proctitis associated with RT.

Dosage
adjustment
recommendations

Interrupt the infusion of amifostine if SBP drops according to the
chart below or if the patient is symptomatic.
Baseline SBP
(mm Hg)
< 100
100−119
120−139
140−179
≥ 180

Drop in SBP
20
25
30
40
50

If the blood pressure returns to normal within 5 min of discontinuing amifostine and the patient is asymptomatic, the infusion may
be restarted, and the full dose of amifostine may be subsequently administered. If the full dose cannot be administered, subsequent
doses of amifostine should be reduced to 740 mg/m2.
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Pharmacokinetics

Following IV infusion, drug is rapidly dephosphorylated in tissues
to active free thiol metabolite. The elimination half-life is 9 min. Only
small amounts of amifostine and its metabolites are excreted in the
urine.

Manufacturer

Sun Pharmaceutical Industries Ltd., Gujarat, India

Other names

Trisenox®, As2O3

Classification

Miscellaneous agent

Mechanism of
action

The mechanism of action as an anticancer agent is not completely
understood. Arsenic trioxide produces DNA fragmentation resulting
in apoptosis. Arsenic trioxide causes degradation of the fusion protein PML-RARα, thus allowing myeloid differentiation and apoptosis to occur in APL. Additional suggested mechanisms of action include downregulation of Bcl-2, modification of the glutathione redox
system, caspase activation, modulation of mitochondrial permeability transition pore, and inhibition of angiogenesis.

Vesicant
information

Irritant

Preparation and
mixture

Dilute preparations DO NOT contain preservatives; therefore,
should be used within 24–48 hrs when refrigerated after withdrawing from ampoule in 100–250 ml D5W or NS. Ampoules are for single use only. Ampoules DO NOT contain a preservative.

Administration

IV infusion over 1–2 hrs.
Infusions may be extended up to 4 hrs if acute vasomotor reactions
occur.
Central IV catheter is not required for administration.

Storage and
stability

Diluted solutions are chemically and physically stable for 24 hrs at
room temperature and for 48 hrs under refrigeration. DO NOT freeze.

How supplied

Supplied as a clear, colorless solution in 10 ml single-use glass
ampoules. Ampoule concentration is 1 mg/ml (total 10 mg per ampoule) in packages of 10 ampoules.

Dosage

APL:
• Induction regimen is 0.15 mg/kg IV daily until bone marrow remission. Total number of doses for induction remission should
not exceed 60.
• Consolidation treatment should begin 3–6 weeks following induction therapy. Consolidation regimen is 0.15 mg/kg/day IV for 25
doses over a period of up to 5 weeks.
Combination regimens of arsenic trioxide have been studied in APL.
Safety and efficacy have not been established in children < 5 years
old.

Compatibility
information

Arsenic trioxide should not be mixed with other medications.

Arsenic trioxide
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Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to arsenic trioxide.
Patients at risk for QTc prolongation: Risk versus benefit should be considered in patients with history of preexisting cardiac arrhythmias including torsades de pointes, CHF, and abnormalities as ECG abnormalities, including QT prolongation and complete AV block.
Use caution in patients with conditions or concurrent drug therapy
that may decrease magnesium and/or potassium, as this may increase risk for QT prolongation. Arsenic trioxide is considered teratogenic and may cause fetal harm if administered to a pregnant
woman. FDA pregnancy risk category D. Arsenic trioxide is excreted in breast milk; therefore, breast-feeding is not recommended during arsenic trioxide therapy.

Drug interactions

Caution is advised when administering arsenic trioxide with other
agents, particularly those that can prolong the QT interval or lead
to electrolyte abnormalities.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Most patients experience drug-related toxicity, most commonly leukocytosis, GI abnormalities, fatigue, edema, hyperglycemia, headache, dizziness, skin manifestations (rash, itching), and respiratory events (cough, dyspnea). Although common, they are reversible and usually do not require interruption of therapy.
Acute and/or potentially life-threatening: Reports of patients
with APL developing a retinoic acid APL-like syndrome or APL
differentiation syndrome have occurred. This syndrome, which
may be fatal, is characterized by fever, weight gain, dyspnea, and
pulmonary and/or pleural infiltrates with or without leukocytosis
(WBC > 10,000 cells/mm3). Treatment with HD IV corticosteroids
(e.g., dexamethasone 10 mg IV BID) should be initiated immediately upon first sign of syndrome and continued for 3 days or longer until symptoms have subsided.
Serious: Cardiac abnormalities including QT prolongation, atrial
dysrhythmias, and AV block. Neurologic AEs may be of concern
in patients who have received several courses of therapy. Symptoms of acute arsenic toxicity include confusion, muscle weakness, and seizures; if these occur, therapy should be stopped and
further evaluation should occur. Options of treatment include chelation therapy with dimercaprol followed by penicillamine.
Other:
• Cardiovascular: Tachycardia, palpitations and other ECG abnormalities, hypotension, hypertension
• Dermatologic: Dermatitis, injection-site pain, pruritus, petechiae,
nonspecific erythema, dry skin, flushing, hyperpigmentation, pallor, urticaria
• GI: Nausea/vomiting, diarrhea, abdominal pain, constipation, anorexia, dyspepsia, sore throat, GI hemorrhage, fecal incontinence
• Hematologic: Leukocytosis, anemia, thrombocytopenia, neutropenia, DIC
(Continued on next page)
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• Hepatic: Elevated hepatic enzymes, hyperglycemia
• Miscellaneous: Hypersensitivity, dry mouth, hypo- or hyperkalemia, hypomagnesemia, hypocalcemia, hyperglycemia, increase
in hepatic transaminases, infections, eye irritation, renal impairment/failure, earache
• Musculoskeletal: Arthralgia, fatigue, rigors, myalgia, bone pain,
neck and back pain
• Neurologic: Dizziness, headache, insomnia, tremor, weakness,
anxiety, depression, agitation, paresthesias, blurred vision, somnolence, convulsions, coma
• Respiratory: Cough, wheezing, rales, dyspnea

Special
considerations

May cause fetal harm when administered to pregnant women.
Women of childbearing age should be advised of potential risk to
unborn child if they become pregnant while on arsenic trioxide therapy. Notify physician immediately if symptoms of retinoid-APL syndrome develop.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, twice weekly during induction therapy, and weekly during consolidation therapy
unless otherwise specified.
• CBC/diff: Monitor more frequently if clinically unstable.
• Electrolytes: Monitor more frequently if clinically unstable.
• Coagulation tests: PT and INR; Monitor more frequently if clinically unstable.
• ECG: Monitor weekly during induction and consolidation therapy;
monitor more frequently if clinically unstable.
• LFTs: AST and ALT; monitor at baseline and periodically during
therapy.
• Pregnancy testing: Obtain before initiating therapy and periodically thereafter as clinically indicated.
• Vital signs should be obtained before each dose; a heart rate of
< 60 bpm should be clinically evaluated.

Indications

Indicated for the induction of remission and consolidation in patients with APL who are refractory to or have relapsed from retinoid and anthracycline chemotherapy and whose APL is characterized by the presence of the t(15;17) translocation or PML-RARα
gene expression. Other clinical applications may include treatment
of MDS, MM, CML, and AML.

Dosage
adjustment
recommendations

Hepatic impairment: Systemic exposure to arsenic trioxide metabolites did not increase with decreasing liver function in a small
study.
Renal impairment: Arsenic concentrations may be increased in patients with renal impairment. Caution should be used in patients
with renal failure.
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Pharmacokinetics

Arsenic is distributed throughout body tissues. The drug is stored in
the liver, kidney, heart, lung, nails, and hair.
Metabolism: Arsenic trioxide is immediately metabolized through
hydrolysis to the active form, arsenious acid. Further hepatic metabolism occurs to less active metabolites.
Excretion: Metabolites and drug (15%) are excreted in the urine.

Manufacturer

Cephalon, Frazer, PA

Asparaginase (Erwinia chrysanthemi)
Other names

Erwinaze®, asparaginase Erwinia chrysanthemi, Erwinia asparaginase

Classification

Miscellaneous; enzyme

Mechanism of
action

Asparaginase Erwinia chrysanthemi contains the enzyme L-asparaginase that catalyzes asparagine to aspartic acid and ammonia,
thereby depriving tumor cells of the amino acid L-asparagine needed for protein synthesis. L-asparagine is expressed in many tissues but not in certain malignancies. Ultimately, there is a decrease
of DNA and RNA synthesis due to lack of L-asparagine resulting in
apoptosis. Asparaginase is available from two different purified microbiologic sources, E. coli and Erwinia. Asparaginase E. coli is discussed in a separate monograph.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Visually inspect the powder for foreign particulate matter and/or discoloration before reconstitution; DO NOT use if present.
Reconstitute each vial by slowly injecting 1 or 2 ml of preservativefree sterile NS against the inner vial wall. Dissolve by gentle mixing. DO NOT shake. Reconstituted drug should be clear, colorless
solution. Withdraw dose from vial in a polypropylene syringe within 15 min of reconstitution.
DO NOT freeze or refrigerate reconstituted solution.
Administer dose within 4 hrs of preparation.
If reconstituted with 1 ml, resultant concentration is 10,000 IU/ml.
If reconstituted with 2 ml, resultant concentration is 5,000 IU/ml.

Administration

IM injection should be limited to 2 ml. If reconstituted dose is > 2
ml, multiple injections are required.

Storage and
stability

Store unused or unopened vials at 36°F–46°F (2°C–8°C).
Protect from light.
DO NOT freeze.

How supplied

Asparaginase Erwinia chrysanthemi is a white lyophilized powder
supplied in a clear 3 ml glass vial. Each single vial contains 10,000
IU asparaginase Erwinia chrysanthemi.
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Dosage

Asparaginase Erwinia chrysanthemi may be substituted for either
PEG-asparaginase or asparaginase E. coli; the dose regimen is
dependent on the drug replaced.
When substituted for PEG-asparaginase in the treatment of ALL,
each dose of PEG-asparaginase is replaced by asparaginase Erwinia chrysanthemi 25,000 IU/m2 IM 3 times weekly for 6 doses.
When substituted for asparaginase E. coli in the treatment of ALL,
each dose of asparaginase E. coli is replaced by asparaginase
Erwinia chrysanthemi 25,000 IU/m2 IM.
Safety and efficacy have not been established for children < 2
years old.

Compatibility
information

Prepared with NS for IM injection

Contraindications/
precautions

Contraindications:
• Asparaginase is a protein and is associated with hypersensitivity
reactions. Contraindications include patients with a history of serious hypersensitivity reactions to asparaginase Erwinia chrysanthemi including anaphylaxis.
• Asparaginase Erwinia chrysanthemi is contraindicated in patients with history of serious pancreatitis, serious thrombosis, or
serious bleeding with prior L-asparaginase therapy.
Precautions:
• Caution is recommended in patients with hepatic disease or diabetes mellitus.
• FDA pregnancy risk category C. Secretion into human milk is unknown.
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Effect

Anticoagulants (including drugs with anticoagulation properties
such as salicylates)

Increased risk of bleeding and coagulopathy during L-asparaginase therapy.

MTX

Asparaginase can diminish or abolish
MTX antineoplastic activity when used
concomitantly. Recommended to give at
least 10 days before MTX or after MTX
administration.

Corticosteroids

Concomitant therapy increases likelihood of hyperglycemia.

Vincristine

Asparaginase administered before vincristine can increase neurotoxic effects
of vincristine. Vincristine should be given
12–24 hrs before asparaginase.

Drugs metabolized by
the liver

Asparaginase may affect liver function,
thus increasing toxicity of other drugs
metabolized by the liver.

Cyclophosphamide

Concomitant therapy decreases asparaginase metabolism.

Mercaptopurine

Concomitant therapy may increase hepatotoxicity.

A complete review of potential drug interactions should be evaluated for each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity, anaphylaxis (e.g., respiratory distress, hypotension, laryngeal constriction, diaphoresis, bronchospasm, loss of consciousness,
death) can occur. Coagulation defects (e.g., DIC; prolongation
of factors V, VII, VIII, IX; prothrombin; fibrinogen) may lead to fatal bleeding. Fulminant and/or fatal pancreatitis, although uncommon, may develop. Hemorrhagic pancreatitis may occur despite
normal amylase and lipase concentrations.
Serious:
• Hepatotoxicity (e.g., SGOT, SGPT, alkaline phosphatase, bilirubin)
• Hyperglycemia with glycosuria and polyuria, diabetic ketoacidosis
• Neurotoxicity (e.g., depression, fatigue, coma, confusion, agitation, hallucinations, Parkinson-like syndrome) (more common in
adults than children)
• Adrenal insufficiency
Other:
• Dermatologic: Skin rash, urticaria
• GI: Mild nausea and vomiting
• Hematologic: Myelosuppression (uncommon and usually mild)
• Miscellaneous: Fever, chills
• Musculoskeletal: Arthralgia
(Continued on next page)
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Special
considerations

Vaccination during therapy should be avoided because the antibody
response is suboptimal.

Monitoring
parameters

During administration:
• Vital signs
• Signs of hypersensitivity
Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose, and
at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Serum amylase
• PT
• Fibrinogen (if < 100 mg/dl, contact provider before administration)
• Uric acid
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Blood glucose (increased monitoring in patients on hypoglycemic therapy)

Indications

Asparaginase Erwinia chrysanthemi is indicated for the treatment
of ALL in patients who have developed hypersensitivity to E. coliderived asparaginase.

Dosage
adjustment
recommendations

Specific recommendations for dosage adjustment for hepatic or renal impairment are not available.

Pharmacokinetics

Pharmacokinetics have not been characterized.

Manufacturer

EUSA Pharma, Inc., Langhorne, PA

Asparaginase (Escherichia coli)
Other names

Elspar®, L-asparaginase Escherichia coli, E. coli asparaginase

Classification

Miscellaneous; enzyme

Mechanism of
action

Enzyme that hydrolyzes L-asparagine to aspartic acid and ammonia, thereby depriving tumor cells of the amino acid L-asparagine
needed for protein synthesis. L-asparagine is expressed in many
tissues but not certain malignancies. Ultimately, there is a decrease
of DNA and RNA synthesis due to lack of L-asparagine resulting in
apoptosis. Asparaginase is available from 2 different purified microbiologic sources, E. coli and Erwinia. Asparaginase Erwinia chrysanthemi is discussed in a separate monograph.

Vesicant
information

Non-vesicant/non-irritant
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Preparation and
mixture

IV administration: Lyophilized powder should be reconstituted with
5 ml of SWFI or NS without preservative; shake to dissolve (vigorous shaking may cause excessive foaming); only clear, colorless
solutions should be used. May be used for direct IV administration
over no less than 30 min into side port of a running IV or further
diluted into 50–250 ml NS or D5W for IV infusion. If gelatinous fiber-like particles develop, a 5 micron in-line filter is recommended. Use of a 0.2 micron filter may result in loss of potency.
IM administration: Reconstitute 10,000 IU vial with 2 ml of NS.
Elspar should be a clear and colorless solution once reconstituted.
Discard solutions that are or become cloudy.

Administration

May be administered IM or IV. IV administration appears to increase the risk of allergic reactions and should be given over a
period of at least 30 min through a side arm of an already running infusion of NS or D5W. IV infusions can be given over a period of 1–2 hrs into the tubing of a freely running IV solution.
IM route is administered into a large muscle. The volume of injection should not exceed 2 ml. If more than 2 ml is needed per
dose, two injection sites should be used.
Test dose: An intradermal test dose is recommended before the
initial administration of the drug and when a week or more has
elapsed between doses, although the usefulness of skin testing
in practice is controversial. The test dose should be observed
for at least 1 hr for wheal or erythema. A negative skin test does
not ensure that the patient will not have an allergic reaction to a
dose.

Storage and
stability

Vials should be refrigerated. Reconstituted solutions, whether further diluted or not, are stable for 8 hrs at room temperature; discard
solutions that become cloudy.

How supplied

Asparaginase (E. coli) lyophilisate for injection is supplied as a
white lyophilized powder in 10 ml vials containing 10,000 IU of asparaginase.

Dosage

The dose of L-asparaginase (E. coli) may vary by treatment regimen and phase.
Doses commonly used in combination chemotherapy regimens are
1,000–6,000 IU/m2 given in various dosing schedules (e.g., every 3 days, every other day, daily). Higher dosages given less frequently also have been used.

Compatibility
information

Compatible with D5W, NS, or SWFI
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Contraindications/
precautions

Contraindications:
• Asparaginase is a protein and is associated with hypersensitivity
reactions. Contraindications include patients with a known E. coli
protein hypersensitivity and/or L-asparaginase hypersensitivity.
• Asparaginase can cause impaired protein synthesis leading to
decreased production of albumin, clotting factors, and endogenous anticoagulants such as protein C and S.
• Patients with bleeding, thromboembolic events, or history of a
serious hemorrhagic event due to previous L-asparaginase: Use
with caution in patients with bleeding risk because of concurrent
conditions or drug therapy (e.g., anticoagulation).
• Pancreatitis or history of pancreatitis due to L-asparaginase therapy: Acute hemorrhagic pancreatitis has been fatal in some patients following L-asparaginase therapy.
Precautions:
• Patients with history of thromboembolic disease, coagulopathy,
or anticoagulation therapy.
• Patients with diabetes mellitus secondary to effect of asparaginase on protein production (e.g., insulin, glucagon).
• Patients may experience TLS, so caution is required when initiating therapy in patients with large tumor burden.

Drug interactions

Agent

Effect

Anticoagulants (including drugs with anticoagulation properties
such as salicylates)

Increased risk of bleeding and coagulopathy during L-asparaginase therapy.

MTX

Asparaginase can diminish or abolish
MTX antineoplastic activity when used
concomitantly. Recommended to give at
least 10 days before MTX or after MTX
administration.

Corticosteroids

Concomitant therapy increases likelihood of hyperglycemia.

Vincristine

Asparaginase administered before vincristine can increase neurotoxic effects
of vincristine. Vincristine should be given
12–24 hrs before asparaginase.

Drugs metabolized by
the liver

Asparaginase may affect liver function,
thus increasing toxicity of other drugs
metabolized by the liver.

Cyclophosphamide

Concomitant therapy decreases asparaginase metabolism.

Mercaptopurine

Concomitant therapy may increase hepatotoxicity.

A complete review of potential drug interactions should be evaluated for each patient.
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening:
• Hypersensitivity, anaphylaxis (e.g., respiratory distress, hypotension, laryngeal constriction, diaphoresis, bronchospasm, loss
of consciousness, death) can occur; more common with singleagent therapy and IV administration. An intradermal test dose is
recommended with initial administration of the drug and when
a week or more has elapsed between doses (see Special Considerations), although a negative skin test does not preclude the
possibility of an allergic reaction. If anaphylaxis occurs, consider
changing to Erwinia preparation.
• Coagulation defects (e.g., DIC; prolongation of factors V, VII, VIII,
IX; prothrombin; fibrinogen) may lead to fatal bleeding. Fulminant and/or fatal pancreatitis, although uncommon, may develop. Hemorrhagic pancreatitis may occur despite normal amylase
and lipase concentrations.
• Fatal hyperthermia (rare).
Serious:
• Hepatotoxicity (e.g., SGOT, SGPT, alkaline phosphatase, bilirubin)
• Hyperglycemia with glycosuria and polyuria, diabetic ketoacidosis
• Neurotoxicity (e.g., depression, fatigue, coma, confusion, agitation, hallucinations, Parkinson-like syndrome) (more common in
adults than children)
• Adrenal insufficiency
Other:
• Dermatologic: Skin rash, urticaria
• GI: Mild nausea and vomiting
• Hematologic: Myelosuppression (uncommon and usually mild)
• Miscellaneous: Fever, chills
• Musculoskeletal: Arthralgia

Special
considerations

Intradermal test dose: Reconstitute 10,000 IU vial with 5 ml of diluent (SWFI, USP, or NS; final concentration 2,000 IU/ml); withdraw
0.1 ml and inject into another vial containing 9.9 ml of diluent (final concentration 20 IU/ml); use 0.1 ml or 2 IU of this solution for
the intradermal test dose. Skin test area should be observed for 1
hr for erythema and wheal reaction. A negative skin test does not
preclude the possibility of an allergic reaction on administration of
full-dose therapy. Be prepared to treat anaphylaxis (with antihistamine, corticosteroid, epinephrine, oxygen) at each administration.
Desensitization should be considered for patients with a positive reaction to the intradermal skin test; refer to product package insert for further details and desensitization protocol. For moderately low emetogenic potential, premedication antiemetic should be
adequate. Monitor fibrinogen; if < 100 mg/dl, contact physician for
possible administration of coagulation factors (i.e., FFP).
Vaccination during therapy should be avoided because antibody response is suboptimal.

Monitoring
parameters

During administration:
• Vital signs
• Signs of hypersensitivity
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Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Serum amylase
• PT
• Fibrinogen (if < 100 mg/dl, contact provider before administration)
• Uric acid
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Blood glucose (increased monitoring in patients on antihyperglycemic therapy)

Indications

Asparaginase is indicated for the treatment of ALL, although it has been
used in the treatment of CML, lymphoma, and soft tissue sarcoma.

Dosage
adjustment
recommendations

Desensitization should be considered in patients with a previous mild hypersensitivity reaction when continuation of therapy is
deemed necessary. Some clinicians recommend desensitization in
patients with a positive skin test for asparaginase.

Pharmacokinetics

Absorption: IM administration produces peak blood levels of about
50% that of IV administration.
Distribution: Drug is distributed in intravascular space with minimal blood-brain barrier penetration. CSF levels are < 1% of corresponding plasma levels.
Metabolism: Systemically degraded, metabolism unknown
Elimination: Half-life dependent on route of administration. IV: 8–30
hrs, IM: 39–49 hrs.

Manufacturer

Lundbeck Inc., Deerfield, IL; generic manufacturers

Other names

Vidaza

Classification

Antimetabolite

Mechanism of
action

Hypomethylation of DNA and direct cytotoxicity on abnormal hematopoietic cells in the bone marrow

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

SC administration: Reconstitute the lyophilized powder aseptically
with 4 ml SWFI; inject diluent slowly into vial and shake vigorously
or roll until a uniform suspension is achieved. The suspension will
be cloudy, containing 25 mg/ml azacitidine. Product must be administered within 1 hr of reconstitution. Reconstituted product can
be refrigerated at 36°F–46°F (2°C–8°C) up to 8 hrs for delayed
administration. After removal from refrigerator, allow the suspension to equilibrate to room temperature for up to 30 min before
administration.

Azacitidine
®
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IV administration: Reconstitute vial with 10 ml SWFI to form a 10
mg/ml solution; shake vigorously until solution is dissolved and
clear. Mix in 50–100 ml of NS or LR for infusion.
Administration

SC administration: Resuspend the contents in the syringe by inverting and rotating in palms for 30 seconds immediately before administration. Doses greater than 4 ml should be divided equally into 2 syringes and injected in 2 separate sites. SC injections
should be at least 1 inch apart. DO NOT inject in a tender, red,
bruised, or hard site.
IV administration: Infuse over 10–40 min within 1 hr of reconstitution. Must be used within 1 hour after reconstitution.

Storage and
stability

Store unreconstituted vials at 77°F (25°C); excursions permitted
within 59°F–86°F (15°C–30°C). See Preparation and Mixture section for storage and stability of reconstituted product.

How supplied

Supplied as a lyophilized powder containing 100 mg of azacitidine
in single-use vials

Dosage

The recommended starting dose for the first treatment cycle, regardless of baseline hematology laboratory values, is 75 mg/m2 SC
daily for 7 days. Cycles should be repeated every 4 weeks. If no
benefit or toxicities (excluding nausea and vomiting) after 2 cycles,
the dose can be increased to 100 mg/m2. Patients should be treated for at least 4 cycles. Treatment may continue as long as patient
continues to benefit. Other dosing regimens that have been used to
accommodate clinic schedules include
• 75 mg/m2/day for 5 days (Mon–Fri) followed by 2 days off, then
75 mg/m2/day for 2 days (repeat cycle every 28 days)
• 50 mg/m2/day for 5 days followed by 2 days off, then 50 mg/m2/
day for 5 days (repeat cycle every 28 days)
• 75 mg/m2/day for 5 days (repeat cycle every 28 days).

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Azacitidine should not be used in patients who have demonstrated
hypersensitivity to this agent or to mannitol. Azacitidine should not
be used in patients with advanced malignant hepatic tumors. Women of childbearing age should avoid becoming pregnant while being treated with azacitidine. Men should use contraception while being treated. Hazardous agent: Use appropriate precautions for handling and disposal.

Drug interactions

Because of the high incidence of thrombocytopenia, concomitant
use of anticoagulants, NSAIDs, and PLT inhibitors may increase
risk of bleeding.
A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylactic shock,
CHF
Serious: Hypotension, chest pain, peripheral edema, pyrexia, fatigue, headache, dizziness, alopecia, bruising, nausea, vomiting, mucositis, diarrhea, constipation, anemia, thrombocytopenia, leukopenia, neutropenia, febrile neutropenia, increased hepatic enzymes, weakness, rigors, arthralgia, limb pain, cough,
dyspnea, pharyngitis, elevated SCr, renal tubular acidosis, and
epistaxis
Other:
• Dermatologic: Petechiae, erythema, injection-site reaction, contusion
• GI: Anorexia, weight loss, abdominal pain
• Musculoskeletal: Myalgia
• Neurologic: Anxiety, depression
• Respiratory: URI

Special
considerations

Premedicate patients for nausea and vomiting.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
cycle, and at periodic intervals during therapy unless otherwise
specified.
• CBC/diff: Before initiation of therapy and periodically as needed
to monitor response and toxicity
• Renal function tests: CrCl, actual or calculated, SCr, and BUN
recommended before initiation of therapy, before each cycle,
and periodically as needed to monitor response and toxicity
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH recommended before initiation of therapy, before each cycle, and periodically as needed to monitor response and toxicity

Indications

Azacitidine is FDA approved for the treatment of the following MDS
subtypes: refractory anemia or refractory anemia with ringed sideroblasts (if accompanied by neutropenia and thrombocytopenia or
requiring transfusion), refractory anemia with excess blasts, refractory anemia with excess blasts in transformation, and chronic myelomonocytic leukemia. Other uses include AML.

Dosage
adjustment
recommendations

Monitor hematology counts and renal function.
For patients with baseline WBC ≥ 3,000/mm3, ANC ≥ 1,500/mm3, or
PLTs ≥ 75,000/mm3, adjust the dose based on the nadir counts for
any cycle as follows.
Nadir Counts
ANC (/mm )
3

< 500
500–1,500
> 1,500

PLTs (/mm3)

% Dose in the Next
Course

< 25,000
25,000–50,000
> 50,000

50
67
100
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For patients with baseline WBC count < 3,000/mm3, ANC < 1,500/
mm3, or PLTs < 75,000/mm3, adjust dose based on nadir counts
and bone marrow biopsy cellularity at the time of the nadir as noted
in the following chart.
Bone Marrow Biopsy
Cellularity at Time of Nadir (%)
WBC or PLT
Nadir % Decrease in
Counts From Baseline

30–60

15–30

< 15

% Dose in the Next Course

50–75

100

50

33

> 75

75

50

33

If a nadir as defined in the table above has occurred, the next
course of treatment should be given 28 days after the start of the
preceding course, provided that both the WBC and PLT counts
are > 25% above the nadir and rising. If > 25% increase above
the nadir is not seen by day 28, counts should be reassessed every 7 days. If 25% increase is not seen by day 42, then the patient
should be treated with 50% of the scheduled dose.
Renal function impairments and electrolyte imbalances: If unexplained reductions in serum bicarbonate levels < 20 mEq/L occur,
reduce the dose by 50% on the next course. If unexplained elevations in BUN or SCr occur, hold the next dose until values return
to normal or baseline. When restarting treatment, reduce dose by
50%.
Pharmacokinetics

Azacitidine is rapidly absorbed after SC administration. Peak plasma concentration time is 30 min. Bioavailability is approximately 89%.
Azacitidine is metabolized in the liver; a majority is excreted in
urine; minor fecal excretion.
Elimination half-life is 4 hrs.

Manufacturer

Ben Venue Laboratories, Inc., Bedford, OH

Other names

Treanda

Classification

Alkylating agent

Mechanism of
action

Bendamustine is a bifunctional mechlorethamine derivative containing a purine-like benzimidazole ring. Mechlorethamine and its derivatives form electrophilic alkyl groups. These groups form covalent
bonds with electron-rich nucleophilic moieties, resulting in interstrand DNA cross-links. The bifunctional covalent linkage can lead
to cell death.

Vesicant
information

May cause irritation

Bendamustine
®
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Preparation and
mixture

Reconstitute 25 mg vial with 5 ml and 100 mg vial with 20 ml of
SWFI to a concentration of 5 mg/ml; further dilute appropriate dose
in 500 ml NS (or D2.5W, ½NS) to a final concentration of 0.2–0.6
mg/ml.

Administration

Administer over 30 min for the treatment of CLL and over 60 min
for NHL.

Storage and
stability

Store up to 77°F (25°C) with excursions permitted up to 86°F
(30°C). Keep in original package until time of use to protect from
light.

How supplied

Vials of 25 mg and 100 mg

Dosage

CLL: 100 mg/m2 IV days 1 and 2 (28-day cycle), up to 6 cycles
NHL: 120 mg/m2 IV days 1 and 2 (21-day cycle), up to 8 cycles
Bendamustine has been studied using 90 mg/m2 daily for days 1
and 2.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Patients with skin reactions should be monitored closely. Rash, toxic skin reactions, and bullous exanthema have been reported.

Drug interactions

No formal clinical assessments of pharmacokinetic drug-drug interactions between bendamustine and other drugs have been conducted.
Bendamustine’s active metabolites are formed via cytochrome
P450 CYP1A2. Inhibitors of CYP1A2 have the potential to increase plasma concentrations of bendamustine and decrease
plasma concentrations of active metabolites. Inducers of CYP1A2
have the potential to decrease plasma concentrations of bendamustine and increase plasma concentrations of its active metabolites.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported.
Serious: Infusion reactions (chills, fever, pruritus, and rash). Anaphylactic and anaphylactoid reactions have rarely occurred. Secondary malignancies have been reported.
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Skin rash, hives, pruritus, diaphoresis, facial flushing, Stevens-Johnson syndrome, toxic epidermal necrolysis
• GI: Nausea, vomiting, diarrhea
• Hematologic: Thrombocytopenia, leukopenia, anemia

Special
considerations

TLS may occur in high-risk patients.

(Continued on next page)

Chapter 5. Antineoplastic Agents

●

127

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, at each subsequent cycle,
and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
cycle, and at periodic intervals during therapy

Indications

Bendamustine is indicated for the treatment of patients with CLL
and for the treatment of patients with indolent B-cell NHL that has
progressed during or within 6 months of treatment with rituximab or
a rituximab-containing regimen. It may be used to treat other types
of lymphoma and relapsed MM.

Dosage
adjustment
recommendations

Bendamustine should not be used in patients with CrCl < 40 ml/min.
No formal studies assessing the impact of hepatic impairment
on the pharmacokinetics of bendamustine have been conducted.
Bendamustine should be used with caution in patients with mild hepatic impairment. Bendamustine should not be used in patients with
moderate (AST or ALT 2.5–10 × ULN and T. Bili 1.5–3 × ULN) or
severe (T. Bili > 3 × ULN) hepatic impairment.

Pharmacokinetics

Bendamustine is highly protein bound (94%–96%) and undergoes
hepatic metabolism.

Manufacturer

Cephalon, Inc., Frazer, PA

Other names

Targretin

Classification

Miscellaneous; retinoid

Mechanism of
action

Selectively binds and activates retinoid X receptor subtypes. These
receptors, once activated, function as transcription factors that regulate gene expression important in cellular differentiation and proliferation in both normal and neoplastic cells. The exact mechanism
in the treatment of cutaneous T-cell lymphoma is unknown.

Vesicant
information

Oral/topical agent—not classified as a vesicant or an irritant

Preparation and
mixture

No preparation or admixture necessary

Administration

Bexarotene is available commercially as an oral and a topical product.
Oral: Take as a single daily dose with food.
Topical: Bexarotene gel should be applied, using safe handling
techniques, in sufficient quantity to cover the lesion with a generous coating. Allow the gel to dry before covering with clothing.
Avoid contact with normal healthy skin. DO NOT apply gel in areas near mucosal surfaces. Occlusive dressing should not be
used. Bexarotene gel is intended for topical use only. Patients on
bexarotene topical therapy should not concurrently use products
that contain DEET, a common component of insect repellents.

Bexarotene
®
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Storage and
stability

Store capsules at 36°F–77°F (2°C–25°C). Store the gel at room
temperature. Avoid exposure of capsules and gel to high temperatures and humidity, and protect from light.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Bexarotene capsules are supplied as 75 mg soft gelatin capsules.
The gel contains 1% bexarotene and is supplied as a 60 g tube.

Dosage

Cutaneous T-cell lymphoma: 300 mg/m2/day PO taken as a single
daily dose (see the following table). The dose should be taken with
or immediately following a meal. Continue therapy as long as the
patient is deriving clinical benefit. The daily dosage based on initial
dose of 300 mg/m2/day is illustrated in the following table.

BSA (m2)

Total Daily Dose
(mg/day)

Number of 75 mg
Capsules

0.88–1.12
1.13–1.37
1.38–1.62
1.63–1.87
1.88–2.12
2.13–2.37
2.38–2.62

300
375
450
525
600
675
750

4
5
6
7
8
9
10

Topical: The initial dose of bexarotene gel is applied once every
other day for the first week. The frequency of the application is increased at weekly intervals to once daily, then BID, then TID, and
QID, based on individual lesion tolerance. Most patients tolerate application 2–4 times per day. Most responses were seen in clinical
trials at dosing frequencies of BID or more.
Compatibility
information

No information is available on the compatibility of bexarotene gel
physically combined with other topical products.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to bexarotene or any components of the product. May cause fetal harm; must
not be given to a pregnant woman or a woman who intends to get
pregnant. FDA pregnancy risk category X. Contraindicated in patients with cutaneous T-cell lymphoma with risk factors for pancreatitis (e.g., uncontrolled hyperlipidemia, excessive alcohol intake, biliary tract disease, uncontrolled diabetes, prior pancreatitis, and/or on
medications known to increase triglyceride levels or associated with
pancreatic toxicity). Consider risk versus benefit in patients with hepatic insufficiency; diabetic patients using insulin, agents enhancing
insulin secretion, or insulin sensitizers (e.g., troglitazone); or patients
with hypothyroidism. Cataracts were seen in preclinical animal studies. Because bexarotene is a retinoid, limit vitamin A supplementation to avoid additive toxicity. Bexarotene can potentially reduce plasma concentrations of hormonal contraception. Therefore, it is recommended that 2 reliable forms of contraception be used.
(Continued on next page)
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Drug interactions

Concomitant administration of gemfibrozil and bexarotene resulted in substantial increases in bexarotene plasma concentrations. Concomitant therapy with these agents is not recommended.

Toxicity/adverse
events

Capsules:
Acute and/or potentially life-threatening: Fatal events in clinical
studies were rare and included acute pancreatitis, subdural hematoma, and liver failure.
Serious: Moderately severe and severe AEs occur most frequently in patients receiving > 300 mg/m2 and include asthenia, headache, hyperlipidemia, hypercholesterolemia, leukopenia, and GI symptoms (e.g., anorexia, diarrhea, vomiting, pancreatitis).
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Rash, dry skin, pruritus, alopecia, exfoliative dermatitis
• Endocrine: Hypothyroidism
• GI: Increased LDH
• Hematologic: Leukopenia, anemia
• Miscellaneous: Chills, fever, flu-like syndrome, infection
• Musculoskeletal: Back pain
• Neurologic: Insomnia
Gel: The most common reported AEs were application-site toxicity,
including rash, pain, pruritus, exfoliative dermatitis (e.g., flaking,
peeling, desquamation, exfoliation), skin disorder (e.g., excoriation, cracking, scabbing, crusting, drainage, eschar, fissure, oozing), paresthesia, and edema.

Special
considerations

Women of childbearing potential should be advised not to become pregnant during bexarotene therapy. A negative pregnancy
test should be obtained 1 week before initiation of therapy and
monthly thereafter. Effective contraception must be used 1 month
before treatment initiation and throughout bexarotene therapy. Male patients with sexual partners who are pregnant, possibly pregnant, or who could become pregnant must use condoms
during sexual intercourse. Because the retinoids have been associated with photosensitivity reactions, advise patients to minimize exposure to sunlight and artificial ultraviolet light while receiving bexarotene therapy. CA 125 assay values may be increased in patients with ovarian cancer while on bexarotene
therapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Capsules:
–– CBC/diff
–– LFTs: At baseline and after 1, 2, and 4 weeks of treatment; if
stable, periodically thereafter
–– Thyroid function tests
(Continued on next page)
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–– Lipid studies: At baseline and weekly for 2–4 weeks until the
lipid response to bexarotene has been established, then at
8-week intervals (fasting triglycerides should be normal or
normalized with appropriate intervention before initiation of
bexarotene therapy)
–– Monthly pregnancy test
• Gel: Monitor for signs and symptoms of dermal toxicity.

Indications

Indicated for the treatment of cutaneous manifestations of cutaneous T-cell lymphoma in patients who are refractory to at least 1 prior systemic therapy. Bexarotene gel is indicated in the topical treatment of cutaneous lesions in patients with stage IA or IB cutaneous T-cell lymphoma who have refractory or persistent disease after
other therapies or who have not tolerated other therapies.

Dosage
adjustment
recommendations

Dosage reduction to 200 mg/m2/day, then to 100 mg/m2/day or temporary discontinuation if necessitated by the development of toxicity. Doses may be carefully titrated up to 300 mg/m2/day once toxicity is manageable. If no tumor response is seen after 8 weeks of
therapy at the 300 mg/m2/day dose level and the patient is tolerating therapy, the dose may be escalated to 400 mg/m2/day with
careful monitoring. If application-site toxicity occurs with the use of
the gel, application may be reduced in frequency or temporarily discontinued until symptoms subside.

Pharmacokinetics

After oral administration, maximum plasma concentrations are
reached at about 2 hrs, and half-life is approximately 7 hrs. Administration with or immediately following a fat-containing meal increases plasma AUC concentrations and maximum concentrations by 35% and 48%, respectively. After topical therapy, generally low plasma concentrations are detected in patients receiving low- to moderate-intensity therapy. Quantifiable plasma concentrations increase with increasing percent of body area treated
and with increasing intensity of therapy. Bexarotene is highly plasma protein-bound (> 99%), although it is unclear as to which proteins it binds. Pharmacokinetics may be altered in patients with
renal insufficiency.

Manufacturer

Generic manufacturers

Other names

Blenoxane

Classification

Antitumor antibiotic

Mechanism of
action

Exact mechanism unknown; thought to bind to DNA, leading to single- and double-strand breaks, thereby inhibiting DNA synthesis.
Thought to inhibit RNA and protein synthesis to a lesser degree.

Vesicant
information

Irritant. IV administration should be given slowly over 10 min; may
cause pain at injection site for SC or IM administration.

Bleomycin
®
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Preparation and
mixture

IM or SC administration: Reconstitute 15 unit vial with 1–5 ml and
30 unit vial with 2–10 ml of SWFI, NS, or BWFI.
IV administration: Reconstitute 15 unit vial or 30 unit vial with 5 ml
or 10 ml, respectively, of NS.
Intrapleural administration: 60 units (most common dose) of bleomycin is dissolved in 50–100 ml NS.
Bleomycin should not be reconstituted or diluted with D5W or other
dextrose-containing solution due to potential loss of potency.

Administration

SC, IM, IV (slow IVP not to exceed 1 unit/min; IV infusion in 50–100
ml NS over 15 min or longer), or intrapleural (via a thoracostomy
tube). In investigational trials, bleomycin has been administered intralesionally, topically, by bladder instillation, and intraarterially. Patients with lymphoma should be treated with a test
dose of 1–2 units for the first 2 doses, usually given IV in 50 ml NS
over 15 min; monitor vital signs every 15 min, and wait a minimum
of 1 hr. If no reaction occurs, then the regular dosing regimen may
be followed. Test doses may not be predictive of reactions.

Storage and
stability

Store vials under refrigeration at 36°F–46°F (2°C–8°C). Reconstituted solutions are stable for 24 hrs at room temperature and 14
days under refrigeration.

How supplied

Commercially available as a white or yellowish lyophilized powder
in 15 units and 30 units of sterile bleomycin sulfate per vial

Dosage

Standard dose of bleomycin as a single agent is 10–20 units/m2 IV,
SC, or IM given once or twice per week. Not to exceed 30 units per
dose. Maximum lifetime dose is 400 units. The most common intrapleural dose is 60 units diluted in 100 ml NS and instilled into the
pleural cavity via a thoracostomy tube.

Compatibility
information

Common admixture compatibilities include cyclophosphamide, vincristine, vinblastine, doxorubicin, and mesna. Bleomycin is incompatible with solutions containing divalent and trivalent cations because of chelation and incompatible in dextrose-containing solutions because of a loss of potency. Bleomycin is inactivated by
MTX, hydrogen peroxide, mitomycin, and ascorbic acid.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity or idiosyncratic reaction to the drug. Risk versus benefit should be considered in patients with hepatic impairment (lower dosages recommended), pulmonary function impairment, peripheral vascular disease, or severe renal impairment (lower dosages recommended).
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Drug interactions

Agent

Effect

Brentuximab
vedotin

May increase risk of pulmonary toxicity of bleomycin

Cisplatin

May result in delayed bleomycin elimination and
increased toxicity of bleomycin

Filgrastim

May increase risk of pulmonary toxicity of bleomycin

Digoxin

May decrease plasma levels and renal excretion
of digoxin

Phenytoin

May cause decreased phenytoin levels

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
effects

Acute and/or potentially life-threatening: Pulmonary toxicity, interstitial pneumonitis that can progress to fibrosis and cause
death from hypoxia, can be related to single doses or cumulative
doses. Doses > 400 units, advanced age, preexisting pulmonary
disease, previous chest irradiation, and exposure to high oxygen concentrations all increase risk. One hallmark finding recommended for halting therapy is end-inspiratory crackles. Hypersensitivity reactions or idiosyncratic reactions, although uncommon
(1%), manifest as hypotension, mental confusion, fever, chills,
and wheezing. Treatment is symptomatic and includes volume expansion, pressor agents, antihistamines, and corticosteroids.
Serious: See previous.
Other:
• Dermatologic: Bleomycin concentrates in the skin and causes
hyperpigmentation, thickening of the nail beds, alopecia, and a
syndrome of skin erythema, rash, and edema.
• GI: Nausea and vomiting (rare), stomatitis, anorexia, weight loss
common (may persist long after discontinuation of drug).
• Hematologic: Not myelosuppressive.
• Miscellaneous: Fever (most often occurs 4–10 hrs after administration, lasts for 4–12 hrs, and decreases in incidence with subsequent administration) and chills, pain at tumor site, phlebitis.

Special
considerations

Monitor for signs and symptoms of pulmonary toxicity (e.g., SOB,
DOE, crackles). Bleomycin is given mid-cycle in many regimens;
it is important to check CBC/diff before initiation of therapy, before
each subsequent dose, and at periodic intervals during therapy, as
it may be difficult to determine if fever on day of bleomycin administration is strictly a drug fever or if patient may be experiencing an
episode of febrile neutropenia. Acetaminophen 650 mg every 4–6
hrs for 4 doses may be used to prevent or treat bleomycin-induced
fever.
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Monitoring
parameters

Minimal emetogenic potential; no prophylactic antiemetics needed;
however, may use a phenothiazine or 5-HT3 if needed.
Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Pulmonary function tests (e.g., DLCO): Perform at initiation of
bleomycin and every 1–2 months thereafter. A 30%–35% decrease from pretreatment value indicates need for cessation of
drug.
• Chest x-ray: Monitor at regular intervals (every 1–2 weeks), particularly if not monitoring pulmonary function by DLCO.
• Renal function tests: CrCl, actual or calculated, and/or SCr are
recommended before initiation of therapy, before each subsequent dose, and at periodic intervals during therapy.

Indications

HL and NHL, testicular cancer, and squamous cell cancers of the
head, neck, and uterine cervix. It is widely used for intracavitary instillations in the management of malignant effusions.

Dosage
adjustment
recommendations

Adjustments for renal impairment are necessary.
CrCl (ml/min)

% Dose Reduction

≥ 50

–

40–49

30

30–39

40

20–29

48

10–19

54

It is not recommended to give bleomycin if the patient’s CrCl is < 10
ml/min.
Pharmacokinetics

Absorption from intrapleural and IM routes of administration approximates 30% of serum levels produced from IV administration. The
SC route produces serum concentrations equal to those of IV.
Half-life depends on renal function: 3–5 hrs for patients with normal renal function and up to 30 hrs in those with severe renal impairment.
Bleomycin concentrates in the skin, kidneys, lungs, and heart, and
50%–70% of the drug is excreted in the urine as active drug that
cannot be removed by hemodialysis.

Manufacturer

Generic manufacturers

Other names

Busulfex , Myleran®

Classification

Alkylating agent; nitrogen mustard derivative

Mechanism of
action

Interferes with the normal function of DNA by alkylation and crosslinking the strands of DNA; marked effect on myeloid cells

Vesicant
information

IV busulfan may cause irritation.

Busulfan
®
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Preparation and
mixture

IV busulfan is diluted with NS or D5W. The diluent quantity should
be 10 times the volume of busulfan, ensuring the final concentration is approximately 0.5 mg/ml. Once the calculated volume of diluent is known, place diluent in syringe or IV bag, add the busulfan to
the diluent, and mix thoroughly by inverting solution several times.
DO NOT put the busulfan into an IV bag or large-volume syringe
that does not contain NS or D5W. Always add the busulfan to the diluent, not the diluent to the busulfan. Mix thoroughly by inverting
several times. DO NOT USE POLYCARBONATE SYRINGES OR
POLYCARBONATE FILTER NEEDLES WITH BUSULFAN IV.

Administration

IV and PO. IV solutions should be administered via a central catheter over 2 hrs. Flush line before and after each infusion with 5 ml
D5W or NS. DO NOT use polycarbonate syringes or filters for preparation or administration.

Storage and
stability

Unopened vials of injectable busulfan are stable until date indicated
on the package when stored under refrigeration. Busulfan diluted
in NS or D5W is stable at room temperature (77°F [25°C]) for up
to 8 hrs, but the infusion must be completed within that time (8 hrs
from admixture). Busulfan diluted in NS is stable at refrigerated
conditions (36°F–46°F [2°C–8°C]) for up to 12 hrs, but the infusion must be completed within that time (12 hrs from admixture).
Store tablets at room temperature (59°F–77°F [15°C–25°C]) and in
a dry place.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Busulfex is supplied as a sterile solution in 10 ml single-use, clear
glass ampoules, with each containing 60 mg busulfan at a concentration of 6 mg/ml for IV use.
Myleran is supplied as white, film-coated, round, biconvex tablets
containing 2 mg busulfan in amber glass bottles with child-resistant closures. One side is imprinted with “GX EF3” and the other
side is imprinted with an “M.”

Dosage

Busulfex is dosed at 0.8 mg/kg of IBW or actual body weight,
whichever is less, every 6 hrs for 4 consecutive days (total of 16
doses). Obese or severely obese patients should be dosed according to ABW: ABW = IBW + [(actual weight – IBW) × 0.25]. It is
administered via a central venous catheter over 2 hrs. Reducedintensity conditioning regimen (unlabeled dosing): 0.8 mg/kg/day
for 4 days starting 5 days before transplant (in combinations with
fludarabine).
The usual adult dose of Myleran for CML remission induction is
4–8 mg daily until WBC count falls below 15,000/mm3. Dosing based on weight is the same for both pediatric patients and
adults, approximately 60 mcg/kg of body weight or 1.8 mg/m2 of
body surface, daily. During remission, the patient is examined at
monthly intervals and treatment is resumed with the induction
dosage when the total leukocyte count reaches approximately
50,000/mm3. When remission is shorter than 3 months, maintenance therapy of 1–3 mg daily may be advisable in order to keep
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the hematologic status under control and prevent rapid relapse.
Dosing for HSCT preparative regimens ranges from 8–16 mg/kg
(common regimen: 1 mg/kg/dose [IBW] every 6 hrs for 16 doses).
Compatibility
information

Busulfex IV is compatible with NS and D5W only. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to busulfan or any of its components, patients who failed to respond
to previous courses, or patients who are pregnant or lactating.
Risk versus benefit should be considered in patients with significant bone marrow depression, active infection, gout or a history
of gout, or history of uric acid nephropathy, and in patients with a
previous head trauma or seizure disorder who are receiving high
doses of busulfan.

Drug interactions

Agent

Effect

Acetaminophen

Use before or concurrently with busulfan
may result in reduced busulfan clearance.

Antifungal agents
(azole derivatives),
metronidazole

Concomitant use may decrease metabolism
of busulfan.

Fosphenytoin, phenytoin

Concomitant use increases clearance of busulfan.

Thioguanine

Long-term continuous concomitant therapy may cause esophageal varices and hepatotoxicity.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Bronchopulmonary dysplasia progressing to pulmonary fibrosis (busulfan lung) and pneumonitis may begin 1–10 years following therapy (average 4 years);
cumulative toxicity is greatest if dose exceeds 500 mg. Corticosteroids may be helpful; however, cases usually are fatal within 6
months of onset, related to rapid, diffuse fibrosis. With HD regimens (e.g., HSCT), begin anticonvulsant prophylactic therapy before the administration of busulfan. Caution should be exercised
when administering Busulfex in recommended doses to patients
with a history of seizure disorder or head trauma or who are receiving other potentially epileptogenic drugs. HD regimen (e.g.,
HSCT) may be associated with hepatic veno-occlusive disease in
the setting of high AUC values (> 1,500 mcM∙min); may be fatal.
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Serious: Severe bone marrow suppression, which may lead to
bone marrow fibrosis or aplasia; myeloablative in high doses
Other:
• Dermatologic: Skin hyperpigmentation, urticaria, erythema, alopecia
• Endocrine: Ovarian suppression, amenorrhea, sterility
• GI: Nausea and vomiting, diarrhea, loss of appetite
• Miscellaneous: Elevated liver enzymes (bilirubin, SGOT/SGPT),
hyperuricemia, uric acid nephropathy (associated with initial
treatment of leukemia)
• Musculoskeletal: Weakness, fatigue
• Neurologic: Confusion, blurred vision

Special
considerations

Dosage of oral busulfan for the treatment of leukemia needs to be
adjusted based on clinical response and degree of bone marrow
suppression. Instruct patients to not take more than prescribed, to
take each dose at the same time each day, to drink plenty of fluids (the amount to be determined by the patient-specific factors),
and to not take missed doses or double up on doses. Antiemetics
may be needed to ensure patient compliance with oral busulfan. HD
HSCT regimens need qualified individuals for monitoring of busulfan exposure (AUC), prophylactic phenytoin, and close monitoring
of hepatic function. Premedication with an antiemetic (serotonin antagonist in combination with dexamethasone) is warranted during
HD busulfan therapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH daily for
at least 28 days post-transplantation
• CBC/diff
• Pulmonary function tests: Often done to determine baseline before transplant; recommended if pulmonary toxicity is suspected
• Renal function tests: CrCl, actual or calculated, and/or SCr

Indications

Busulfex is indicated for use in combination with cyclophosphamide as a conditioning regimen before allogeneic HSCT for CML
but is also used for other hematologic malignancies in the transplant setting.
Myleran is indicated in the palliative treatment of CML.

Dosage
adjustment
recommendations

Dosage of oral busulfan for the treatment of leukemia needs to be
adjusted based on clinical response and degree of bone marrow
suppression. When the total leukocyte count has declined to approximately 15,000/mm3, the drug should be withheld. As the leukocyte count may continue to fall for 1 month after drug discontinuation, it is important that busulfan be discontinued prior to the total leukocyte count falling into the normal range. HD HSCT regimens require monitoring for busulfan exposure by AUC measurements with dosage adjustments usually necessary for an AUC value > 1,500 mcM∙min or as dictated by specific protocol.

(Continued on next page)

Chapter 5. Antineoplastic Agents

●

137

Pharmacokinetics

Myleran (oral busulfan) is well absorbed by mouth. The bioavailability is 80% ± 20%.
The drug is extensively metabolized into several metabolites, which
are excreted in the urine.
Peak plasma concentrations occur in approximately 1 hr for oral formulations and within 5 min for IV formulations. It has a half-life of
approximately 2 hrs.

Manufacturer

Myleran, Heumann Pharma GmbH, Feucht, Germany, for Glaxo
SmithKline; Busulfex, Ben Venue Labs, Inc., Bedford, OH

Other names

Jevtana®

Classification

Antimicrotubule agent, taxane derivative

Mechanism of
action

Cabazitaxel binds to tubulin and promotes the assembly and, simultaneously, the disassembly of microtubules. This, in turn, stabilizes the microtubules, thereby inhibiting cell division and tumor
proliferation.

Vesicant
information

Information currently unavailable

Preparation and
mixture

Solutions must be prepared in a glass bottle, polypropylene container, or polyolefin plastic bag to prevent leaching of plasticizers.
Non-PVC tubing should be used.
Preparation requires a 2-step dilution:
1. Add the entire contents of the supplied diluent to the cabazitaxel 60 mg/1.5 ml vial; concentration will be 10 mg/ml. DO NOT
shake. However, invert vial for 45 seconds to mix contents. Allow foam to dissipate, then proceed to step 2. After first dilution,
vial must be used within 30 min.
2. Calculate the appropriate dose and add to a non-PVC container with NS or D5W (typically 250 ml). Final concentration
should be 0.1–0.26 mg/ml. After second dilution, infusion must
be completed within 8 hrs at room temperature or 24 hrs if refrigerated.

Administration

Premedicate with an antihistamine (e.g., diphenhydramine 25 mg
IV), H2 antagonist (e.g., ranitidine 50 mg IV), and corticosteroid
(e.g., dexamethasone 8 mg IV) 30 min before administration to
prevent infusion-related reactions.
Administer over 60 min using a 0.22 micron in-line filter.

Storage and
stability

Store undiluted vials at 77°F (25°C); excursions permitted between
59°F–86°F (15°C–30°C). DO NOT refrigerate.
After first dilution, vial must be used within 30 min.
After second dilution, infusion must be completed within 8 hrs at
room temperature or 24 hrs if refrigerated.

How supplied

Supplied as a kit consisting of a 60 mg/1.5 ml single-dose vial of
cabazitaxel with one 5.7 ml vial of 13% (w/w) ethanol in water for
injection diluent.

Cabazitaxel

(Continued on next page)

138 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Dosage

Hormone-refractory metastatic prostate cancer: 25 mg/m2 IV every
3 weeks (in combination with prednisone 10 mg daily throughout
treatment with cabazitaxel)

Compatibility
information

Cabazitaxel is compatible in NS and D5W. Compatibility information
of the reconstituted drug with other solutions/drugs is not available;
therefore, it should not be mixed or administered with other infusion
products. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a previous hypersensitivity to cabazitaxel or to other drugs formulated with polysorbate 80.
• Bone marrow suppression has been observed. DO NOT administer in patients with an ANC ≤ 1,500/mm3. Consider dose reduction and/or growth factor support in patients with or at risk for
prolonged neutropenia.
• Severe cases of diarrhea have occurred and may result in dehydration or electrolyte imbalance. Consider use of antiemetics, antidiarrheals, and fluid/electrolyte replacement.
• Use with caution in patients with renal impairment (CrCl < 30
ml/min) and ESRD.
• Because of extensive hepatic metabolism, it is not recommended
in patients with hepatic impairment (T. Bili ≥ ULN or AST/ALT ≥ 1.5
× ULN).

Drug interactions

Agent

Effect

Anthracyclines

May increase AEs and formation of toxic metabolites to anthracyclines

Grapefruit/grapefruit juice

May increase concentration of cabazitaxel
(combination should be avoided)

CYP3A4 inhibitors/inducers

Strong inducers and strong inhibitors of
CYP3A4 may decrease or increase serum
concentration of cabazitaxel.

Trastuzumab

May increase risk of neutropenia

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, life-threatening hypersensitivity; electrolyte imbalance, renal failure, sepsis, septic shock
Serious: Infections, neutropenia (nadir: 12 days), AST/ALT/T. Bili
elevation, dehydration
Other:
• Cardiovascular: Peripheral edema, hypotension
• Dermatologic: Alopecia
• GI: Nausea, diarrhea, vomiting, constipation, decreased appetite,
abdominal pain, taste alteration, mucosal inflammation
• Hepatic: AST/ALT elevation
• Hematologic: Thrombocytopenia, leukopenia, anemia
• Neurologic: Fatigue, fever, peripheral neuropathy, back pain,
weakness, headache
• Renal: Hematuria
• Respiratory: Cough, dyspnea
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Special
considerations

Premedicate with an antihistamine (e.g., diphenhydramine 25 mg
IV), H2 antagonist (e.g., ranitidine 50 mg IV), and corticosteroid
(e.g., dexamethasone 8 mg IV) 30 min before each dose to prevent infusion-related reactions. DO NOT rechallenge after severe
hypersensitivity reaction.
Premedicate with an IV or PO antiemetic.
Bone marrow suppression has been observed. DO NOT administer
in patients with ANC ≤ 1,500/mm3. Consider dose reduction and/
or growth factor support in patients with or at risk for prolonged
neutropenia.
Severe cases of diarrhea have occurred and may result in dehydration or electrolyte imbalance. Consider use of antiemetics, antidiarrheals, and fluid/electrolyte replacement.
Renal failure was generally associated with dehydration, sepsis, or
obstructive uropathy. Use with caution in patients with renal impairment (CrCl < 30 ml/min) and ESRD.
Because of extensive hepatic metabolism, it is not recommended in
patients with hepatic impairment (T. Bili ≥ ULN or AST/ALT ≥ 1.5
× ULN).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor closely for infusion-related reactions, especially with first
2 doses.
• CBC/diff.
• Hepatic and renal function tests.
• Drug interactions: Assess all prescription, OTC, and supplemental medications in each patient.

Indications

Hormone-refractory metastatic prostate cancer previously treated
with docetaxel-containing regimens

Dosage
adjustment
recommendations

Hematologic toxicity:
• Neutropenic fever: Hold dose until resolved and ANC > 1,500/mm3,
then reduce dose to 20 mg/m2 with continued growth factor support.
• Neutropenia ≥ grade 3 (CTCAE) for > 1 week (with growth factor
support): Hold dose until ANC > 1,500/mm3, then reduce dose to
20 mg/m2 with continued growth factor support.
Nonhematologic toxicity:
• Severe hypersensitivity reaction: Discontinue treatment immediately.
• Diarrhea ≥ grade 3 (CTCAE) or persistent despite appropriate
medication, fluids, and electrolyte replacement: Hold treatment
until improvement or resolution, then reduce dose to 20 mg/m2.
• Persistent diarrhea (despite dose reduction): Discontinue treatment.
• CrCl < 30 ml/min or ESRD: Use with caution.
• T. Bili > ULN or AST/ALT ≥ 1.5 × ULN: Use is not recommended.
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Pharmacokinetics

Distribution: 89%–92% protein bound (serum albumin and lipoproteins).
Metabolism: Extensively metabolized (> 95%) via hepatic CYP3A4/5
(CYP2C8–minor); multiple metabolites formed (active and inactive); terminal elimination half-life is about 95 hrs.
Excretion: About 80% of dose is eliminated within 2 weeks primarily by the feces (76% metabolites) and urine (3.7% mainly unchanged).

Manufacturer

sanofi-aventis, Bridgewater, NJ

Other names

Xeloda®

Classification

Antimetabolite

Mechanism of
action

Prodrug of 5′-DFUR, which is enzymatically converted to 5-FU in
vivo. Specific to the S phase of the cell cycle, 5-FU inhibits the formation of the DNA-specific nucleoside base thymidine, which is essential for DNA synthesis.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

PO

Storage and
stability

Store in tightly sealed bottles at controlled room temperature
(59°F–86°F [15°C–30°C]).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Commercially available as biconvex, oblong, film-coated tablets
packaged as follows: 150 mg, light-peach colored tablets in bottles
of 60 (imprinted with “Xeloda” on one side and “150” on the other);
500 mg, peach-colored tablets in bottles of 120 (imprinted with “Xeloda” on one side, “500” on the other).

Dosage

2,000–2,500 mg/m2/day in 2 divided doses (12 hrs apart) at the end
of a meal. This dose is given for 2 weeks (14 days) followed by a
1-week (7-day) rest period and repeated as 3-week cycles.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to 5-FU,
DPD deficiency, or severe renal impairment (CrCl < 30 ml/min).
Risk versus benefit should be considered in patients with a history of coronary artery disease or hepatic function impairment (lower
dosages recommended).

Capecitabine
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Effect

Antacids

Potential increase in capecitabine and 5′DFCR blood concentrations.

CYP2C9 substrates

Strong inhibitors of CYP2CP may decrease
metabolism of CYP2C9 substrates.

Leucovorin

Concurrent use may increase the therapeutic and toxic effects of 5-FU.

Fosphenytoin and
phenytoin

Concurrent use may increase phenytoin
levels. Monitor phenytoin levels closely.

Anticoagulants

Concomitant use with anticoagulants increases PT and INR. Monitor anticoagulant
response (INR or PT) frequently in order to
adjust the anticoagulant dose as needed.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe diarrhea and necrotizing enterocolitis (rare); if this occurs, replete fluids and electrolytes;
immediately discontinue therapy for CTCAE grade 2 or greater diarrhea until resolution or decrease in intensity to grade 1. (See Dosage
Adjustment Recommendations and Special Considerations.)
Serious: Stomatitis (painful erythema, edema, and ulcers of
mouth, lips, or tongue) and PPE (includes painful erythema, blistering, desquamation, and numbness or tingling and swelling of
the palms of hands or bottoms of feet); patients experiencing CTCAE grade 2 or greater of either should be instructed to stop taking capecitabine immediately. (See Dosage Adjustment Recommendations and Special Considerations.)
Other:
• Cardiovascular (rare): Angina, cardiomyopathy, hypotension and/
or hypertension, edema (9%)
• Dermatologic: Skin rash or itching, changes in fingernails or toenails, photosensitivity, radiation recall syndrome
• GI: Nausea (53%), vomiting, anorexia, constipation, abdominal pain
• Hematologic: Neutropenia (26%), thrombocytopenia (24%), anemia (72%)
• Miscellaneous: Hyperbilirubinemia (22%), hepatitis
• Musculoskeletal: Fatigue (41%), myalgia
• Neurologic: Headache (9%), dizziness, insomnia

Special
considerations

Patients should take within 30 min after a meal and swallow tablets with water. Patients should NOT take missed doses or double
up doses. Consider symptomatic treatment for the development of
nausea and vomiting (antiemetics [prochlorperazine]), diarrhea (antidiarrheals [loperamide]), and stomatitis (topical anesthetics). Withdrawal of capecitabine is recommended for the development of CTCAE grade 2 or higher toxicity; dosage adjustment may be necessary if treatment is reinstituted. (See Dosage Adjustment Recommendations.)
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function: SCr
• CBC/diff
• Monitor PT and INR frequently for necessary dose adjustments.

Indications

Capecitabine is indicated for first-line treatment of metastatic colorectal cancer when treatment with fluoropyrimidine therapy alone is preferred. It is also indicated as a single agent
for adjuvant treatment in patients with Dukes C colon cancer
who have undergone complete resection of the primary tumor
when treatment with fluoropyrimidine therapy alone is preferred.
Capecitabine is indicated in combination with docetaxel for the
treatment of patients with metastatic breast cancer after failure of
prior anthracycline-containing chemotherapy. Capecitabine is also
indicated for the treatment of patients with metastatic breast cancer resistant to both paclitaxel and an anthracycline-containing
chemotherapy regimen or who are resistant to paclitaxel and for
whom further anthracycline therapy is not indicated (e.g., patients
who have received cumulative doses of 400 mg/m2 of doxorubicin
or doxorubicin equivalent). Other uses include treatment of gastric
cancer, pancreatic cancer, esophageal cancer, ovarian cancer,
metastatic renal cell cancer, neuroendocrine tumors, and metastatic CNS lesions.

Dosage
adjustment
recommendations

Patients should be monitored carefully for toxicity. Toxicity may be
managed with symptomatic treatment, temporary interruptions in
dosing, or dosage adjustments. Once the dose of capecitabine has
been reduced, it should not be increased at a later time. Guidelines
for dosage adjustments are as follows (based on CTCAE).
• Grade 1 toxicity: No interruption or modification necessary.
• Grade 2 toxicity: Therapy should be interrupted until the AE has
resolved or improved to the level of grade 0–1. Use the following as guidelines if therapy is to be resumed: After a first occurrence, treatment may be reinstituted at 100% of starting dose;
after second occurrence, treatment may be reinstituted at 75%
of starting dose; after third occurrence, treatment may be reinstituted at 50% of starting dose; and after fourth occurrence,
treatment should not be reinstituted.
• Grade 3 toxicity: Therapy should be interrupted until the AE has
resolved or improved to the level of grade 0–1. Use the following
as guidelines if therapy is to be resumed: After a first occurrence,
treatment may be reinstituted at 75% of starting dose; after second occurrence, treatment may be reinstituted at 50% of starting dose; and after third occurrence, treatment should not be reinstituted.
• Grade 4 toxicity: Based on clinical judgment, treatment may be
discontinued permanently or, after the AE has resolved or improved to grade 0–1, treatment may be reinstituted at 50% of
starting dose.
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Hepatic impairment: Use with caution and monitor patients carefully; patients with severe hepatic dysfunction have not been studied.
Renal impairment: No adjustment to the starting dose is recommended in patients with mild renal impairment (CrCl = 51–80
ml/min [Cockcroft & Gault, 1976]). In patients with moderate renal
impairment (baseline CrCl = 30–50 ml/min), a dose reduction to
75% of the capecitabine starting dose when used as monotherapy or in combination with docetaxel (from 1,250 mg/m2 to 950
mg/m2 BID) is recommended.
Geriatrics: Older adults are more sensitive to the toxic AEs of 5-FU;
monitor patients carefully.
A dose adjustment is warranted if the patient is taking an anticoagulant and there is an increase in PT and INR.
Pharmacokinetics

Capecitabine is biotransformed in the liver and tissues into 5-FU in
vivo. 5-FU is further metabolized in normal and tumor cells to active metabolites 5-fluoro-2-deoxyuridine monophosphate and 5-fluorouridine triphosphate. Capecitabine and 5-FU have a half-life of
approximately 45 min, and most of the dose of capecitabine as a
drug-related species is recovered in the urine.

Manufacturer

Genentech, Inc., South San Francisco, CA

Other names

Paraplatin

Classification

Heavy metal compound; platinum analog; alkylating agent

Mechanism of
action

Cell cycle nonspecific; inhibits RNA, DNA, and protein synthesis
through cross-linking of DNA strands

Vesicant
information

Irritant

Preparation and
mixture

Reconstitute powder with SWFI, NS, or D5W to 10 mg/ml; powder
for reconstitution or solution for injection can be further diluted for
infusion with NS or D5W.

Administration

IV; DO NOT use aluminum needles for mixing or administration. Usual infusion time is 15–60 min. Carboplatin may be given as 24-hr infusion. To limit myelosuppression and increase efficacy, taxane derivatives should be given before platinum derivatives.

Storage and
stability

Vials are light-sensitive; protect unopened vials from light. Store unopened vials at room temperature (59°F–86°F [15°C–30°C]).

How supplied

Aqueous solution for injection available in multidose vials (10 mg/ml).
Powder for reconstitution: 50 mg, 150 mg, and 450 mg vials

Carboplatin
®
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Dosage

Dose is often calculated by the target AUC using the Calvert formula: Total dose (mg) = Target AUC × (GFR + 25). If using estimated
GFR instead of measured GFR, FDA recommends that clinicians
consider capping estimated GFR at a maximum of 125 ml/min to
avoid potential toxicity. Renal excretion is the major route of elimination for carboplatin injection. The use of Calvert formula (Calvert
et al., 1989), as compared to dosing using BSA, allows compensation for patient variations in pretreatment renal function that might
otherwise result in underdosing (in patients with above-average
renal function) or overdosing (in patients with impaired renal function). Common dosing regimens include target AUC 4–6 every 3
weeks or target AUC 2 weekly for a various number of doses per
cycle. As a single agent, dose is 350–400 mg/m2 IV and repeated
every 4 weeks.

Compatibility

Incompatible with aluminum. For further clarification, refer to compatibility references.

Contraindications/
precautions

Concurrent sorafenib with carboplatin and paclitaxel in patients with
squamous cell lung cancer is contraindicated. Also contraindicated in patients with hypersensitivity to carboplatin, mannitol, or other
platinum-containing compounds; or bone marrow suppression, lactation, and bleeding tendency.

Drug interactions

Agent

Toxicity/adverse
events

Effect

Aluminum-containing products

Causes loss of drug potency and forms a precipitate.

Bexarotene

Concurrent use may increase serum concentrations of bexarotene.

Phenytoin

Concurrent use may decrease phenytoin serum levels and decrease effectiveness.

Sorafenib

Concurrent use may increase the AEs of carboplatin. Concurrent sorafenib with carboplatin
and paclitaxel in patients with squamous cell
lung cancer is contraindicated. Use in other
settings is not specifically contraindicated but
should be approached with caution.

Aminoglycosides

Use with caution if given with aminoglycosides
because of potential nephrotoxicity.

Acute and/or potentially life-threatening: Anaphylactic-type reactions have been reported. Embolism, stroke, and heart failure
have occurred.
Serious: Hematologic toxicity may be severe and prolonged with
HD carboplatin. Thrombocytopenia with nadir occurs on days 14–
21 with recovery on day 28. Leukocyte nadir occurs on day 21
with recovery in 5–6 weeks.
Other:
• Dermatologic: Alopecia (mild), skin rash, urticaria, pruritus
• GI: Nausea, vomiting, anorexia, diarrhea, constipation, weight loss
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• Hematologic: Anemia
• Miscellaneous: Elevated SGOT/SGPT, electrolyte abnormalities,
hematuria, renal dysfunction
• Neurologic: Mild paresthesias, peripheral neuropathy
• Respiratory: Bronchospasms
Special
considerations

DO NOT use aluminum needles; causes formation of a black precipitate and decreases drug potency. Monitor hydration, emetic control (premedication with a serotonin antagonist in combination with
dexamethasone), thrombocytopenia, cardiac status, and neuropathies in patients previously treated with cisplatin.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr

Indications

FDA approved for advanced ovarian cancer. Also used for many
other types of cancer. Some off-label uses include endometrial cancer, NSCLC and SCLC, head and neck cancer, testicular cancer,
cervical cancer, metastatic breast cancer, HL, NHL, conditioning
regimen before HSCT, and relapsed and refractory acute leukemia.

Dosage
adjustment
recommendations

The manufacturer recommends adjusting the dose accordingly:
PLTs > 100,000/mm3, dose at 125%; < 50,000/mm3, reduce dose
to 75%. May vary by provider.
Renal dosing:
• Baseline CrCl 41–59 ml/min: Start at 250 mg/m2 and adjust future doses if needed.
• Baseline CrCl 16–40 ml/min: Start at 200 mg/m2 and adjust future doses if needed.
• Baseline CrCl ≤ 15 ml/min: No guidelines are available.

Pharmacokinetics

Terminal half-life is about 2.5–6 hrs; initial half-life is 1–2 hrs.
Distributes into the liver, kidneys, and large and small bowel. 90%
is bound in plasma protein; 70% is excreted renally as unchanged
drug.

Manufacturer

Generic manufacturers

Other names

BiCNU , BCNU, bischloronitrosourea

Classification

Alkylating agent; nitrosourea

Mechanism of
action

Carmustine and/or its metabolites alkylate and interfere with the
function of DNA and RNA and are capable of cross-linking DNA.

Vesicant
information

Irritant (alcohol-based diluent). Dilution of drug reduces pain and
burning on administration and local injection-site reactions.

Carmustine
®
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Preparation and
mixture

Reconstitute with 3 ml of sterile diluent (dehydrated alcohol solution) supplied by manufacturer to dissolve lyophilized powder. Dilute with 27 ml SWFI to produce a clear, colorless solution containing 3.3 mg carmustine per ml. Reconstituted solutions may be further diluted with NS or D5W. Must use glass or other manufacturerapproved containers for administration due to significant absorption
into PVC containers. Protect from light.

Administration

IV; longer infusion times are recommended (2 hrs) to alleviate venous pain and irritation. It has been given over less than 2 hrs in
some studies. Also administered intra-arterially, topically, and intratumorally.

Storage and
stability

Intact vials should be stored under refrigeration. Vials are stable at
room temperature for 7 days. If exposed to heat, the powder may
become oily and should be discarded. Reconstituted solutions are
stable for 8 hrs at room temperature (77°F [25°C]) and 24 hrs under
refrigeration (36°F–46°F [2°C–8°C]). Solutions further diluted with
NS or D5W are stable for 8 hrs at room temperature and 48 hrs under refrigeration in glass or other manufacturer-approved containers and protected from light.

How supplied

Each package contains a vial of 100 mg carmustine as a sterile,
white, lyophilized powder and a vial containing 3 ml sterile diluent.

Dosage

The usual dose is 150–200 mg/m2 as a single dose or divided over
2 days every 6–8 weeks. Subsequent dosing depends on hematologic response to previous dose (see Dosage Adjustment Recommendations). As part of a preparative regimen before HSCT, doses
up to 300–900 mg/m2 have been used; these doses are fatal without peripheral blood stem cell or marrow support.

Compatibility
information

Incompatibilities include PVC infusion bags and sodium bicarbonate. Solutions of carmustine (1.5 mg/ml) and cisplatin (0.86 mg/ml)
are compatible for 4 hrs at room temperature in a glass container.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to carmustine; risk versus benefit should be considered in patients with severe hepatic or renal function impairment (lower dosages recommended), active infection, existing or history of pulmonary function
impairment, or significant bone marrow depression.
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Effect

Cimetidine

Concomitant use may increase toxicity of carmustine.

Amphotericin

Concomitant use may enhance cellular uptake of
carmustine.

Digoxin

Concomitant use may decrease digoxin serum
levels. Monitor levels closely.

Etoposide

Concomitant use has been reported to cause severe hepatic dysfunction with hyperbilirubinemia,
ascites, and thrombocytopenia.

Phenytoin

Concomitant use may decrease phenytoin serum
levels. Monitor levels closely.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary toxicity of
BCNU can be dose limiting and life threatening and is reported to
occur 9 days to years after treatment. Patients present with SOB,
tachypnea, and nonproductive cough. Usually characterized as interstitial pneumonia and fibrosis, which may be progressive and
fatal. Patients who received a cumulative dose > 1,400 mg/m2 are
at higher risk, although other factors (e.g., past history of lung disease, smoking, prior mediastinal irradiation, concurrent administration of other agents associated with pulmonary toxicity) may
play a role. It is recommended that a cumulative dose of 1,400
mg/m2 not be exceeded. Pulmonary function tests should be obtained at baseline and repeated during treatment. Patients with
a baseline below 70% of predicted FVC or DLCO are particularly at risk.
Serious: Renal toxicity and failure, although rare, usually are associated with high cumulative doses and prolonged therapy.
Other:
• Cardiovascular: Hypotension
• Dermatologic: Facial flushing if infused too rapidly, hyperpigmentation, alopecia
• GI: Nausea and vomiting (occurs within 2–4 hrs of administration
and is dose related), diarrhea
• Hematologic: Delayed, dose-related, and cumulative myelosuppression; occurs 4–6 weeks after administration and may be prolonged, lasting for 1–2 weeks
• Miscellaneous: Pain (phlebitis) along the vein during infusion
(can be lessened by application of ice), possible second malignancy, and reversible elevation of liver enzymes; severe retinal
toxicity associated with intracarotid use; reversible hepatic toxicity (increased transaminase, alkaline phosphatase, and bilirubin levels)
• Neurologic: Dizziness, ataxia, seizures, blindness, alcohol intoxication with high doses
(Continued on next page)
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Special
considerations

A cumulative dose of 1,400 mg/m2 should not be exceeded because of pulmonary toxicity. Pulmonary function tests should be obtained at baseline and repeated during treatment. Moderately high
to highly emetogenic depending on dose; prophylactic antiemetics, a serotonin antagonist in combination with dexamethasone, are
necessary. Must protect reconstituted/diluted solutions from light.
Application of ice may lessen pain/burning on administration. Repeat doses should not be administered sooner than every 6 weeks
because of prolonged and delayed myelosuppression.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent cycle, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Pulmonary function tests: Recommended before therapy and at
frequent intervals thereafter
• Blood pressure: During administration

Indications

Carmustine is FDA approved as a single agent or in combination
for the treatment of brain tumors, NHL and HL, and MM. It also is
used in the treatment of melanoma, Ewing sarcoma, and cancers
of the breast, colon, rectum, liver, and stomach.

Dosage
adjustment
recommendations

Doses subsequent to the initial dose should be adjusted according
to the patient's hematologic response to the preceding dose. The
following schedule is suggested by the manufacturer as a guide to
dosage adjustment.
Nadir After Prior Dose
Leukocytes (/mm3)
> 4,000
3,000–3,999
2,000–2,999
< 2,000

PLTs (/mm3)

% Dose to Be Given

> 100,000
75,000–99,999
25,000–74,999
< 25,000

100
100
70
50

Hepatic impairment: Dosage adjustments may be necessary; however, no specific guidelines are available.
Renal impairment guidelines used by some clinicians:
• CrCl 46–60 ml/min: Administer 80% of dose.
• CrCl 31–45 ml/min: Administer 75% of dose.
• CrCl ≤ 30 ml/min: Consider use of alternative drug.
Pharmacokinetics

Highly lipid soluble; rapidly distributes into the tissues and readily
crosses the blood-brain barrier.
Carmustine is metabolized by the liver and has a short half-life (active metabolites may persist for days).
Approximately 70% of the drug and its metabolites are eliminated
by the kidneys.

Manufacturer

Ben Venue Laboratories, Inc., Bedford, OH
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Chlorambucil
Other names

Leukeran

Classification

Alkylating agent; nitrogen mustard derivative

Mechanism of
action

Interferes with and prevents DNA, RNA, and protein synthesis by
causing strand breaks and cross-links in DNA

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Chlorambucil is available commercially as an oral product. Use appropriate precautions for handling and disposal.

Storage and
stability

Store at room temperature (59°F–77°F [15°C–25°C]) and in a dry
place.

How supplied

Brown, round, film-coated tablet containing 2 mg chlorambucil in
bottles of 50 and imprinted with “GX EG3” on one side and “L” on
the other side

Dosage

The usual dose is 0.1–0.2 mg/kg body weight daily for 3–6 weeks
as required. Average dose is 4–10 mg/day. The dosage is carefully adjusted to the patient's response and must be reduced as soon
as there is an abrupt fall in WBC count. Alternative dosing schedules employing intermittent, biweekly, or once-monthly pulse dosing
have been used in a number of clinical scenarios (e.g., CLL). Intermittent schedules of chlorambucil begin with an initial single dose
of 0.4 mg/kg. Doses are generally increased by 0.1 mg/kg until control of lymphocytosis or toxicity is observed. Subsequent doses are
modified to produce mild hematologic toxicity.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Chlorambucil should not be used in patients who have demonstrated hypersensitivity or previous disease resistance to the agent.
Cross-hypersensitivity (skin rash) between chlorambucil and other
alkylating agents may occur. Risk versus benefit should be considered in patients with significant bone marrow depression, active infection, history of head trauma or seizure disorder, gout or a history
of gout, or history of uric acid nephropathy.

Drug interactions

Drugs such as the tricyclic antidepressants, MAO inhibitors, and
phenothiazines, which lower the seizure threshold, may increase
the risk of chlorambucil-induced seizures. A complete review of
drug interactions should be evaluated for each patient.

®
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Focal and/or generalized seizures (rare); pulmonary fibrosis, although rare, may develop with long-term use.
Serious: Skin rash, which may progress to erythema multiforme;
epidermal necrolysis, Stevens-Johnson syndrome
Other:
• GI: Nausea, vomiting, anorexia, diarrhea, hepatotoxicity (relatively uncommon)
• Hematologic: Dose-related leukopenia, lymphopenia, and thrombocytopenia; may be cumulative and dose limiting
• Miscellaneous: Hyperuricemia (possible uric acid nephropathy),
neurotoxicity (e.g., confusion, agitation, weakness), diplopia, sterility, immunosuppression, increased risk for infection as well as
second malignant neoplasm
• Neurologic: Myoclonia, hallucinations

Special
considerations

DO NOT give in full doses before 4 weeks after a full course of RT
or chemotherapy because of potential for profound bone marrow
toxicity. If patients miss a dose on once-daily schedule, they should
take the scheduled dose as soon as possible if remembered on the
same day; if not remembered until next day, they should skip the
missed dose and take the next regularly scheduled dose at specified time. If patients miss a dose on multiple-dosing-per-day regimen, they should take it as soon as remembered; however, if almost time for next dose, they should skip the missed dose and take
the next regularly scheduled dose at specified time. Patients should
NOT double up on doses. Low probabilities of emetogenicity; however, consider prescribing an as-needed antiemetic.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• Uric acid
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH

Indications

FDA approved in the treatment of CLL and malignant lymphomas,
including lymphosarcoma, giant follicular lymphoma, and HL. Offlabel uses include breast, testicular, and ovarian carcinomas, choriocarcinoma, MM, and meningoencephalitis associated with
Behçet disease. Has been used to treat rheumatoid arthritis with
mixed results.

Dosage
adjustment
recommendations

Dosage must be adjusted to meet the individual requirements of
the patient based on clinical response and degree of bone marrow
depression.

Pharmacokinetics

Well absorbed PO with peak plasma concentrations within 1 hr of
administration. Food may decrease oral bioavailability by approximately 10%. Chlorambucil is extensively bound to plasma proteins
and is almost entirely hepatically metabolized.

Manufacturer

Heumann Pharma GmbH, Feucht, Germany
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Cisplatin
Other names

Platinol , Platinol AQ®, CDDP

Classification

Heavy metal compound, alkylating agent, platinum analog

Mechanism of
action

Cell cycle nonspecific; prevents protein, DNA, and RNA synthesis
by the formation of DNA cross-links, denaturing of the double helix,
and binding to DNA base pairs and other proteins

Vesicant
information

Vesicant (> 0.5 mg/ml); irritant (< 0.5 mg/ml)

Preparation and
mixture

Reconstitute 10 mg vial to a concentration of 1 mg/ml. DO NOT use
aluminum needles. Use stainless steel needles.

Administration

IV (IVP, short-term, or CIV). Many acceptable infusion rates exist,
including 15 min, 60 min, 120 min, 6–8 hrs, 24 hrs, or per protocol. Cisplatin can also be infused at a rate of 1 mg/min.
IP: Dose in 2 L warmed NS infused over 10–15 min, and dwell for 4
hrs. To limit myelosuppression and increase efficacy, taxane derivatives should be given before platinum derivatives.

Storage and
stability

Store at room temperature (59°F–77°F [15°C–25°C]); DO NOT refrigerate. Protect vials from light.

How supplied

Available in powder vial or as an aqueous solution (1 mg/ml)

Dosage

Varies based on disease regimen. Standard dose is 20–120 mg/m2
every 3–4 weeks; may be dosed 10–20 mg/m2 daily for 5 days; smaller doses can be given weekly. IP is 60–270 mg/m2 as single dose.

Compatibility
information

Compatible with NS solutions for infusion. Incompatible with aluminum; use stainless steel. For further clarification, refer to compatibility references.

Contraindications/
precautions

Renal impairment, hearing loss, neuropathy, allergy or hypersensitivity to cisplatin, lactation, and myelosuppression

Drug interactions

Aluminum and cisplatin form a precipitate with loss of efficacy of
cisplatin. Use caution with drugs that cause renal function impairment. Cisplatin may decrease serum concentrations of fosphenytoin and phenytoin. A complete review of drug interactions should be
evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Cisplatin is one of the
most severe emetogens. Severe nausea and vomiting, manifesting
in 1–4 hrs, occurs in up to 90% of patients receiving cisplatin doses > 75 mg. Premedication with a serotonin antagonist in combination with dexamethasone (and possibly other agents) is warranted. Delayed nausea and vomiting may occur days (up to 96 hrs) after therapy. Home medications should include a regimen to prevent
delayed emesis. Acute renal failure may occur because of renal tubular damage. Vigorous hydration prior to, during, and sometimes
after therapy is necessary. Forced diuresis may be warranted in
some situations. Avoid concomitant use of other nephrotoxic medications (e.g., aminoglycosides, amphotericin B). Anaphylactic-like
reactions have occurred within minutes of administration.
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Serious: Peripheral neuropathy (motor and sensory) is dose and
duration dependent; progressive with continued therapy. Ototoxicity, which occurs in 10%–30% of patients, is manifested by highfrequency hearing loss and tinnitus.
Other:
• Cardiovascular: Postural hypotension, hypertension, bradycardia,
ST-T wave changes, bundle branch block, atrial fibrillation
• GI: Anorexia, constipation, diarrhea
• Hematologic: Mild leukopenia (nadir 18–23 days) and thrombocytopenia; chronic and often significant anemia
• Miscellaneous: Electrolyte abnormalities (e.g., hypomagnesemia,
hypokalemia, hypophosphatemia, hypocalcemia)
• Neurologic: Papilledema, tonic-clonic seizures, sensory loss
(e.g., taste, speech)
• Respiratory: Pulmonary fibrosis

Special
considerations

DO NOT use IV sets and needles containing aluminum parts. Hearing loss and peripheral neuropathies occur with prolonged and HD
therapy. Highly emetogenic; premedication with a serotonin antagonist in combination with dexamethasone (and possibly other agents) is warranted. Pre- and post-cisplatin IV hydration is necessary. Home medications should include a regimen to prevent delayed emesis. Mannitol may be used in conjunction with cisplatin therapy. Encourage fluid intake during therapy and for a few days
after therapy. Magnesium and potassium supplementation may be
necessary because of electrolyte abnormalities.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH recommended before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Serum chemistry profile (particularly magnesium and potassium)
• Neurologic examination
• Auditory testing
• Intake and output

Indications

Cisplatin is FDA approved for cancers of the bladder, testes, and
ovaries. It is also used to treat many other types of cancer including
endometrial cancer, NSCLC and SCLC, and squamous cell cancer
of the head and neck.

Dosage
adjustment
recommendations

Renal dosing: The following guidelines have been used by some clinicians.
• CrCl 10–50 ml/min: Administer 75% of dose.
• CrCl < 10 ml/min: Administer 50% of dose.

Pharmacokinetics

50%–100% is absorbed systemically; 90% is protein-bound. Eliminated unchanged in the urine. Triphasic half-life; terminal half-life of
73–290 hrs.

Manufacturer

Generic manufacturers
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Cladribine
Other names

Leustatin , 2-CDA, 2-chlorodeoxyadenosine

Classification

Antimetabolite; purine nucleoside analog

Mechanism of
action

Phosphorylated to a 5′-triphosphate derivative that is incorporated
into susceptible cells and into DNA, resulting in strand breaks and
shutdown of DNA synthesis

Vesicant
information

Non-vesicant/non-irritant

Administration

CIV, but also may be administered over 30 min, 2 hrs, or given SC

Preparation and
mixture

Cladribine injection must be diluted before administration. Aseptic
technique and environmental precautions are necessary because
of the lack of preservative or bacteriostatic agent in the product. For
admixture of a single 24-hr infusion, add the calculated daily dose
(0.09–0.1 mg/kg) to an infusion bag containing 500 ml NS. For a
7-day continuous infusion, add the calculated 7-day dose to the infusion reservoir through a sterile 0.22-micron disposable hydrophilic syringe filter (to minimize the risk for microbial contamination).
Then, add the appropriate amount of bacteriostatic NS through the
filter to bring the total volume of the solution to 100 ml.

Storage and
stability

Store intact vials under refrigeration at 36°F–46°F (2°C–8°C) and
protected from light. The 24-hr infusion solution (24-hr dose/500
ml NS) is stable for 24 hrs at room temperature. The solution may
be refrigerated up to 8 hrs before use. The 7-day infusion solution
is stable for 7 days at room temperature. Once diluted, solutions
should be administered promptly or stored in the refrigerator for no
more than 8 hrs before the start of the infusion.

How supplied

Clear, colorless, sterile, preservative-free, isotonic solution available in single-use vials containing 10 mg (1 mg/ml) of cladribine

Dosage

Patients with hairy cell leukemia receive a single 7-day course of
cladribine dosed at 0.09–0.1 mg/kg/day. Regimens for other malignancies have used doses of 0.1–0.3 mg/kg/day for 7 days. It may
also be dosed at 5 mg/m2 daily for 5 days.

Compatibility
information

Incompatible with D5W because of increased degradation of the
product. Because compatibility testing has not been performed,
solutions containing cladribine should not be mixed with other IV
drugs or additives or infused simultaneously via a common IV line.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a hypersensitivity to cladribine or
any of its components. Risk versus benefit should be considered in
patients with gout or a history of gout, active infection, significant
bone marrow depression, or uric acid nephropathy.

Drug interactions

No known drug interactions. Caution should be used when cladri
bine is administered before, after, or in conjunction with other drugs
or treatments known to cause immunosuppression or myelosuppression, including RT. A complete review of drug interactions
should be evaluated for each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Myelosuppression and
immunosuppression. Patients, particularly those with baseline hematologic impairment, are at increased risk for infection because
of the neutropenic and immunosuppressive AEs of cladribine.
Mean neutrophil count recovery is reported to be 5 weeks. Depressed CD4 counts up to 1 year after treatment have been reported. Bacterial, viral, protozoal, or fungal infections, which may
occur in the absence of neutropenia, can be life threatening.
Serious: Severe anemia in up to 37% of patients requiring increased blood transfusion during the first month of therapy. Nephrotoxicity has occurred with higher doses.
Other:
• Cardiovascular: Tachycardia
• Dermatologic: Rash, pruritus, erythema, pain or redness at the
injection site
• GI: Nausea and vomiting (usually mild and not requiring prophylactic antiemetics), abdominal pain, constipation
• Miscellaneous: Fever (temperature above 100°F [38°C] usually
begins between the fifth and seventh days of treatment and lasts
for a few days)
• Musculoskeletal: Myalgia, arthralgia, fatigue (weakness, tiredness)
• Neurologic: Headache, insomnia, and dizziness; irreversible
paraparesis and quadriparesis possible with high doses
• Respiratory: SOB

Special
considerations

If fever occurs, the patient should be evaluated for possible infection.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent cycle, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• Uric acid: Before initiation of therapy and at periodic intervals
during therapy unless otherwise specified
• CD4 and CD8 counts: Before initiation of therapy and at periodic
intervals during and after therapy

Indications

Cladribine is FDA approved for the treatment of hairy cell leukemia.
It may be used in the treatment of AML, NHL, CLL, and Waldenström macroglobulinemia.

Dosage
adjustment
recommendations

Specific risk factors predisposing patients to increased toxicity have
not been defined. It is prudent to proceed carefully in patients with
known or suspected renal insufficiency or severe bone marrow impairment of any etiology. Consider delaying or discontinuing the
drug if neurotoxicity or renal toxicity occurs. Dosage reduction may
be required when 2 or more bone marrow depressants, including
RT, are used concurrently or consecutively.

Pharmacokinetics

Rapidly distributed after IV administration with an elimination half-life
of 7 hrs. Cladribine can cross the blood-brain barrier and achieve detectable CSF concentrations. Median time to achieve response in patients with hairy cell leukemia is approximately 4 months.

Manufacturer

Generic manufacturers
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Clofarabine
Other names

Clolar

Classification

Purine nucleoside antimetabolite

Mechanism of
action

Inhibits DNA synthesis by decreasing cellular deoxynucleotide triphosphate pools through the inhibition of ribonucleotide reductase;
results in the termination of DNA chain elongation as well as inhibition of DNA repair

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

The solution should be filtered through a sterile 0.2 mcm syringe filter and then further diluted with D5W or NS to a final concentration
of 0.15–0.4 mg/ml before IV infusion.

Administration

IV infusion over 2 hrs

Storage and
stability

Vials containing undiluted clofarabine should be stored at 77°F
(25°C); excursions permitted to 59°F–86°F (15°C–30°C). Diluted solutions may be stored at room temperature but must be used
within 24 hrs of preparation.

How supplied

Supplied in 20 ml flint vials containing 20 mg of clear, practically
colorless, preservative-free solution

Dosage

The recommended pediatric dose and schedule is 52 mg/m2 administered by IV infusion over 2 hrs daily for 5 consecutive days.
Treatment cycles are repeated following recovery or return to
baseline organ function, approximately every 2–6 weeks.
Non-FDA-approved dosing for adults includes
• Induction for AML: 30 mg/m2/day for 5 days; may repeat once after day 28 (if needed) with 20 mg/m2/day for 5 days; consolidation: 20 mg/m2/day for 5 days for up to a maximum total of 6 cycles, including induction cycles.
• Dosing when combined with cytarabine: (induction) 30 mg/m2/
day for 5 days; may repeat 1 time if needed; (consolidation) 30
mg/m2/day for 3 days every 4–7 weeks for up to a total of 12 consolidation cycles.

Compatibility
information

No other IV medications should be administered through the same
IV line because compatibility studies have yet to be conducted. For
further clarification, refer to compatibility references.

Contraindications/
precautions

Package insert states no contraindications. However, clofarabine
should be used with extreme caution in patients with underlying
significant hepatic or renal dysfunction. Women of childbearing potential should be advised to avoid becoming pregnant while receiving treatment with clofarabine. Female patients should be advised
to avoid breast-feeding during treatment with clofarabine.

Drug interactions

No known drug interactions; no formal drug interaction studies have
been conducted.
A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Capillary leak syndrome or SIRS (signs and symptoms of cytokine release: tachypnea, tachycardia, hypotension, pulmonary edema) has been reported and characterized by a rapid onset of respiratory distress,
hypotension, capillary leak (pleural and pericardial effusions), and
multiorgan failure.
Serious: Severe bone marrow suppression, including neutropenia,
anemia, and thrombocytopenia. Administration of clofarabine results in a rapid reduction of peripheral leukemia cells; monitor for
signs and symptoms of TLS.
Other:
• Cardiovascular: Tachycardia, pericardial effusion, edema, hypotension, hypertension
• Dermatologic: Dermatitis, dry skin, erythema, flushing, PPE
• GI: Nausea and vomiting (usually mild to moderate)
• Hematologic: Reversible and dose dependent; includes anemia,
leukopenia, thrombocytopenia, neutropenia, febrile neutropenia,
and infection
• Musculoskeletal: Fatigue
• Neurologic: Headache, dizziness

Special
considerations

Administration of clofarabine results in a rapid reduction of peripheral leukemia cells; monitor for signs and symptoms of TLS. Physicians are encouraged to give continuous IV fluids throughout the 5
days of clofarabine administration to reduce the effects of tumor lysis and other AEs. Allopurinol should be administered if hyperuricemia is expected. Clofarabine administration should be stopped if the
patient becomes hypotensive at any time during the 5 days of administration; if transient, treatment may be reinstituted. Consider the
use of prophylactic steroids to prevent signs or symptoms of SIRS
or capillary leak (e.g., hypotension, tachycardia, tachypnea, pulmonary edema).

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH recommended before initiation of therapy, each subsequent dose, and
monitored frequently during 5 days of therapy.
• Renal function tests: Recommended before initiation of therapy,
before each subsequent dose, and monitored frequently during 5
days of therapy.
• Respiratory and blood pressure should be monitored closely during therapy.
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Indications

Indicated for the treatment of pediatric patients 1–21 years old with
relapsed or refractory ALL after at least 2 prior regimens. Treatment
of AML is a non-indicated use.

Dosage
adjustment
recommendations

No known dosage adjustment recommendations exist; however,
use only with great caution and with frequent monitoring in patients
with underlying impaired renal or hepatic function. Some sources
DO NOT recommend use in adults with CrCl < 60 ml/min.

Pharmacokinetics

Clofarabine exhibits noncompartmental pharmacokinetics, with a
systemic clearance and volume of distribution at steady state estimated to be 28.8 L/hr/m2 and 172 L/m2, respectively. The elimination half-life is 5–7 hrs. The drug is approximately 47% bound to
plasma proteins, predominantly to albumin. Approximately 49%–
60% of the drug is excreted in the urine unchanged.

Manufacturer

AAIPharma Services, Charleston, SC

Cyclophosphamide
Other names

Cytoxan®, Neosar®, Endoxan®

Classification

Alkylating agent; nitrogen mustard derivative

Mechanism of
action

Cell cycle nonspecific. Interferes with DNA replication by cross-linking DNA strands and interferes with RNA transcription. Both methods result in disruption of nucleic acid, causing cell death.

Vesicant
information

May cause irritation in some cases. Extravasation may cause mild
and transient skin discomfort.

Preparation and
mixture

Reconstitute with SWFI or bacteriostatic water, D5W, or NS to 20
mg/ml. Further dilute doses in excess of 600 mg in 50 ml D5W or
NS to infuse over 30 min to 3 hrs.

Administration

IV, PO, IP. Infuse slow IVP through side arm of fast-flowing IV of
D5W. Administer IV doses over 30 min to 3 hrs. IP administration
can be warmed before infusion. Oral dose should be taken with
food to decrease nausea.

Storage and
stability

Store vials and tablets below 77°F (25°C). Reconstituted solution is
stable for 24 hrs at room temperature or 6 days when refrigerated.

How supplied

Oral and parenteral; tablets: 25 mg and 50 mg; IV: 500 mg, 1 g, and
2 g vials of powder

Dosage

Regimens vary based on disease entity. PO: 50–100 mg/m2/day
or 1–5 mg/kg/day as continuous therapy; IV: 400–1,800 mg/m2 per
treatment course (1–5 days); transplant doses: 60 mg/kg/day for 2
days or 50 mg/kg/day for 4 days; IP: 200–500 mg dose.

Compatibility
information

Compatible with D5W and NS for infusion. For further clarification,
refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to cyclophosphamide and patients with severe marrow depression. Use with caution in patients with impaired renal or hepatic function or who are
lactating.
(Continued on next page)
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Drug interactions

Agent

Effect

Corticosteroids

May increase the effect of corticosteroids

Sulfinpyrazone

Increases the amount of uric acid in the blood

Barbiturates and
phenytoin

Increase cyclophosphamide metabolism and
toxicity

Doxorubicin

Potentiates effects of doxorubicin, increasing
cardiotoxic effect

Pentostatin

May enhance the cardiotoxic effect of cyclophosphamide

Anticoagulants

Increased effect of anticoagulants

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Highly emetogenic with
high doses (> 1 g); onset within 6–8 hrs lasting for up to 24 hrs.
Acute hemorrhagic cystitis because of chemical irritation of the
bladder by the metabolite acrolein; can be severe and even fatal. Encourage aggressive hydration with frequent voiding. Mesna and continuous bladder irrigation may be necessary. HD cyclophosphamide can cause cardiac dysfunction manifested by CHF
or cardiac necrosis that is rare but fatal.
Serious: SIADH, renal tubular necrosis, secondary malignancies
Other:
• Dermatologic: Alopecia, skin rash, hives, pruritus, diaphoresis, facial flushing, Stevens-Johnson syndrome, toxic epidermal
necrolysis
• GI: Nausea (severity is dose dependent), vomiting, diarrhea
• Hematologic: Thrombocytopenia, leukopenia, anemia
• Miscellaneous: Myxedema, nasal congestion
• Neurologic: Headache, dizziness
• Pulmonary: Pulmonary fibrosis, pneumonitis

Special
considerations

Use caution with concomitant succinylcholine. Provide IV hydration
pre- and post-cyclophosphamide infusion to prevent or minimize
hemorrhagic cystitis. Force oral fluids to 2 L/day with oral doses. In
the HD cyclophosphamide setting, mesna may be administered to
prevent hemorrhagic cystitis. Oral cyclophosphamide should be taken with food. Advise patient regarding bleeding precautions.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals thereafter
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Serum chemistry profile: Before initiation of therapy and at periodic intervals thereafter
• Urinalysis
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Chapter 5. Antineoplastic Agents

●

159

Indications

Cyclophosphamide is FDA approved for AML, ALL, CML, CLL, HL
and NHL, breast and ovarian carcinoma, myeloma, neuroblastoma,
mycosis fungoides, and retinoblastoma

Dosage
adjustment
recommendations

Dose is reduced for myelosuppression based on treatment protocol or regimen.
Renal dosing: CrCl < 10 ml/min: Administer 75% of normal dose.

Pharmacokinetics

Well distributed; 50% bound in plasma proteins. Crosses the
blood-brain barrier. Metabolized by the liver; primarily eliminated in the urine. Half-life is 4–6.5 hrs; 75%–90% is absorbed in the
GI tract.

Manufacturer

Generic manufacturers

Other names

Cytosar-U , ARA-C, cytosine arabinoside

Classification

Antimetabolite; pyrimidine analog

Mechanism of
action

Exhibits cell cycle specificity, primarily killing cells undergoing
DNA synthesis (S phase). Although mechanism is not clearly understood, it appears to act through inhibition of DNA polymerase.

Vesicant
information

Non-vesicant/non-irritant; however, thrombophlebitis has occurred
at the site of drug injection or infusion in some patients. Rarely, pain
and inflammation have been noted with SC injections.

Preparation and
mixture

Diluents containing benzyl alcohol should be avoided in preparation of experimental HD therapy. For IV use, reconstitute with
BWFI, USP (with benzyl alcohol 0.945% w/v added as preservative). Add 5 ml to 100 mg vial for a final concentration of 20 mg/ml;
add 10 ml to the 500 mg vial for a final concentration of 50 mg/ml;
add 10 ml and 20 ml to the 1 g and 2 g vials, respectively, for a final concentration of 100 mg/ml. May be further diluted with SWFI,
D5W, or NS. Standard dilution for IVP is 100 mg/ml in no larger
than a 30 ml syringe that is < 75% full; for IVPB, dose per 100–
250 ml D5W or NS; for CIV, dose per 250–1,000 ml D5W or NS.
For SC use, reconstitute with sterile water or saline to a concentration of 50–100 mg/ml. DO NOT use BWFI, USP, or solutions
containing benzyl alcohol for reconstitution for IT use. May reconstitute IT doses with preservative-free NS or LR. Must use prepared IT doses immediately. The volume administered should correspond to an equal volume of CSF removed. Standard dilution
for IT administration is done in 3–5 ml LR or preservative-free NS.
IT doses may have MTX (12 mg) and hydrocortisone (15–50 mg)
added. IT doses, once prepared, should be store separately and
clearly marked as “IT use only.”

Administration

IV infusion (over 1–24 hrs) or bolus injection, SC, or IT

Cytarabine
®
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Storage and
stability

Vials should be stored at room temperature (68°F–77°F [20°C–
25°C]). Reconstituted solutions with BWFI, USP, with benzyl alcohol 0.945% w/v are stable at room temperature for 48 hrs and for 7
days under refrigeration. Diluted solutions containing up to 0.5 mg/
ml are stable at room temperature for 7 days. Solutions that develop a slight haze should be discarded. Solutions for IT use should
be used immediately after preparation.

How supplied

Sterile, lyophilized powder in multidose vials containing 100 mg,
500 mg, 1 g, and 2 g of cytarabine
Solution for injection: 20 mg/ml, 100 mg/ml
Solution for injection (preservative-free): 20 mg/ml, 100 mg/ml

Dosage

Induction remission for ANLL: 100 mg/m2/day CIV days 1–7 or 200
mg/m2/day CIV (as 100 mg/m2 over 12 hrs, every 12 hrs) for 7 days.
HD therapies include 1–3 g/m2/day IV over 1–3 hrs every 12 hrs for
2–6 days. Other common regimens include 60–200 mg/m2/day CIV
for 5–10 days; 100 mg/m2 IV or SC BID for 5 consecutive days every 28 days; 10 mg/m2 SC every 12 hrs for 15–21 days. IT doses
usually in range of 10–30 mg/m2, although doses up to 75 mg/m2
up to 3 times per week have been used. IT CNS prophylaxis doses
can range 50–100 mg.

Compatibility
information

IT cytarabine is compatible with MTX and hydrocortisone in LR or
NS for 24 hrs at room temperature. For further clarification, refer to
compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to cytarabine or any of its components. Risk versus benefit should be considered in patients with significant hepatic or renal function impairment (lower dosages recommended), significant bone marrow depression, active infection, gout or a history of gout, or history of uric
acid nephropathy.

Drug interactions

Agent

Effect

Gentamicin

Concomitant use may cause possible decreased
therapeutic effect against strains of Klebsiella pneumoniae.

Flucytosine

Concomitant use may cause possible decreased flucytosine efficacy.

Digoxin

Reversible decrease in digoxin steady-state plasma
concentrations; monitor digoxin levels.

MTX

Possible synergistic cytotoxic effect.

Cyclophosphamide

Concurrent use with HD cytarabine in transplant setting has been reported to increase cardiac toxicity.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, usually reversible but at times fatal CNS toxicity (e.g., reversible corneal toxicity,
hemorrhagic conjunctivitis, cerebral and cerebellar toxicity, including coma), GI toxicity (e.g., severe GI ulceration, peritonitis, bowel necrosis, necrotizing colitis), or pulmonary toxicity (e.g., sudden respiratory distress, pulmonary edema) has been reported in
experimental HD regimens. Nausea/vomiting may be severe with
high doses, with an acute onset 1–3 hrs after administration. Antiemetic prophylaxis (e.g., serotonin antagonist in combination with
dexamethasone) is needed.
Serious:
• Capillary leak syndrome may occur 2–21 days after treatment;
more common with CIV and higher doses; characterized by sudden onset of respiratory distress. Toxicities seen with HD regimens (> 200 mg/m2) include fever, flu-like syndrome, or conjunctivitis (tearing, photophobia, pain, and blurred vision—ophthalmic
corticosteroid prophylaxis warranted). In addition, CNS toxicity
(16%–40%) manifested mainly by cerebellar toxicity is dose limiting. Onset is approximately 6–8 days after dose and is characterized by slurred speech, ataxia, confusion, and nystagmus. Risk
factors include cumulative dose (48 g/m2), gender (men more
than women), poor renal function (CrCl < 60 ml/min), hepatic
dysfunction, infusion rate (1 hr > 3 hr), and age (> 50 years old).
• Hypersensitivity (cytarabine syndrome): Flu-like syndrome of fevers, arthralgia, rash on palms of hands, soles of feet, neck, and
chest (especially with concomitant use of allopurinol). Rash on
palms and soles may have bullae formation and desquamation.
Syndrome usually occurs 6–12 hrs following drug administration.
Corticosteroids have been shown to be beneficial in treating or
preventing this syndrome.
Other:
• Dermatologic: Skin rash, oral/anal inflammation, skin freckling,
cellulitis at injection site, alopecia.
• GI: Anorexia, diarrhea, metallic taste, stomatitis.
• Hematologic: Myelosuppression (dose limiting). Biphasic leukocyte
nadir occurs at day 7–9 and a deeper fall at day 15–24. Thrombocytopenia nadir occurs at day 12–15; anemia is common.
• Miscellaneous: Conjunctivitis (usually occurs on day 1–3), keratitis, photophobia, transient elevation in liver enzymes, urinary retention.
• Neurologic: Dizziness, headache, somnolence, confusion.
• After IT administration, the most common AEs include headache, nausea, vomiting, and fever. Rarely, meningism, paresthesia, paraplegia, seizures, blindness, and necrotizing encephalopathy occur.

Special
considerations

IV doses > 200 mg/m2 may produce conjunctivitis that can be ameliorated with prophylactic use of a corticosteroid eye drop (e.g.,
dexamethasone 0.1% 1–2 drops each eye every 6 hrs for 2–7 days
after cytarabine). Administer antiemetic prophylaxis with a serotonin
antagonist in combination with dexamethasone for doses > 250 mg.
(Continued on next page)
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Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• Renal function tests: CrCl, actual or calculated, and/or SCr
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Uric acid: Before initiation of therapy and at periodic intervals
during therapy

Indications

Cytarabine is FDA approved in combination with other agents for
remission induction of AML. It also has been used in the treatment
of ALL and CML in blast phase. IT administration is indicated for
prophylaxis and treatment of meningeal leukemia. Off-label uses include AML, NHL, MDS, and carcinomatous meningitis.

Dosage
adjustment
recommendations

Adjustment is necessary in patients receiving HD cytarabine therapy who have renal impairment. An increased risk of neurotoxicity
is associated with CrCl < 60 ml/min.
It is not recommended to give HD cytarabine if the patient’s CrCl is
≤ 30 ml/min. Dosage adjustment is recommended in the setting of
hepatic impairment, although no guidelines are available.

Manufacturer

Generic manufacturers

Other names

DepoCyt®

Classification

Antimetabolite; pyrimidine analog

Mechanism of
action

DepoCyt is a formulation of cytarabine with sustained-release properties. Once absorbed inside the cell, cytarabine is converted to
cytarabine-5′-triphosphate, which interferes with cell division during the S phase.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

After warming vials to room temperature, the solution should be
gently agitated to resuspend DepoCyt. DepoCyt should be withdrawn from the vial and administered without further dilution. IT
doses, once prepared, should be stored separately and clearly
marked as “IT use only.”

Administration

DepoCyt is administered through an intraventricular reservoir or by
direct injection into the lumbar sac over 1–5 min. Patients should
receive concurrent oral dexamethasone (4 mg daily PO or IV for 5
days starting on the day of DepoCyt injection) with each treatment.
In-line filters must NOT be used.

Storage and
stability

Unopened vials should be stored under refrigeration. After withdrawal from vial, doses should be administered within 4 hrs. Protect
from freezing and aggressive agitation.

How supplied

Commercially available as white to off-white suspension in 5 ml
single-use vials

Cytarabine liposome
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Dosage

All patients should be given prophylaxis for arachnoiditis with dexamethasone 4 mg PO BID for 5 days beginning on the day of
DepoCyt administration.
For induction: 50 mg is administered IT once every 14 days for 2
doses (weeks 1 and 3). For consolidation: 50 mg is administered
IT every 14 days for 3 doses (weeks 5, 7, and 9) followed by 1 additional dose at week 13. For maintenance: 50 mg is administered
IT every 28 days for 4 doses (weeks 17, 21, 25, and 29).

Compatibility
information

Further dilution of DepoCyt or admixture with other solutions is not
recommended. For further clarification, refer to compatibility references.

Contraindications/
precautions

DepoCyt should not be administered to patients who demonstrate
hypersensitivity to cytarabine or have active CNS infections.

Drug interactions

No formal studies of DepoCyt and other medications have been
conducted. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Chemical arachnoiditis (nausea, vomiting, headache, fever) was observed in 100% of
treatments without dexamethasone prophylaxis but in only 33% of
treatments with prophylaxis.
Serious: Infectious meningitis may be associated with IT administration.
Other:
• GI: Nausea, vomiting
• Miscellaneous: Fever, back pain
• Neurologic: Confusion, somnolence, abnormal gait, headache

Special
considerations

All patients should be given prophylaxis for arachnoiditis with dexamethasone 4 mg PO BID for 5 days beginning on the day of Depo
Cyt administration. After administration, CSF will appear slightly
cloudy to milky white on future samplings. DepoCyt particles may
be misread as WBCs on some automated cell counters but can
easily be differentiated from cells by microscopic examination.

Monitoring
parameters

Evaluations of CSF to monitor disease response should be performed; monitor for signs of neurotoxicity.

Indications

DepoCyt is indicated for the IT treatment of lymphomatous meningitis.

Dosage
adjustment
recommendations

Reduce dose to 25 mg if neurotoxicity occurs. Discontinue if neurotoxicity persists.

Pharmacokinetics

Following IT administration of DepoCyt 50 mg during the induction
phase, peak levels of free CSF cytarabine were observed within 1
hr of dosing. The terminal half-life for free CSF cytarabine was 5.9–
82.4 hrs. Systemic exposure to cytarabine was negligible following
IT administration of DepoCyt 50 mg.

Manufacturer

Pacira Pharmaceuticals, Inc., San Diego, CA
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Dacarbazine
Other names

DTIC-Dome®, DTIC, dimethyl-triazeno-imidazole-carboxamide

Classification

Alkylating agent; miscellaneous (tetrazine)

Mechanism of
action

Exact mechanism is unknown, although hypothesized to inhibit DNA synthesis through alkylation causing cross-linking and
strand breaks in DNA, as well as through interaction with sulfhydryl groups.

Vesicant
information

Irritant; capable of causing tissue necrosis if extravasated. Aspirate any extravasated drug in surrounding tissue, and place ice on
area for 20–30 min every few hrs for 48 hrs. Elevate limb as often
as possible during first 48 hrs, and protect exposed tissue from light
following extravasation. Protecting the solution from light usually reduces the venous irritation and discomfort during administration.

Preparation and
mixture

Reconstitute with SWFI, NS, or D5W to a final concentration of 10
mg/ml using 9.9 ml with the 100 mg vial and 19.7 ml with the 200
mg vial. Further dilute with 250–1,000 ml NS or D5W and infuse
over 15–60 min.

Administration

IVP (over 1–2 min into freely running IV) or CIV (over 15–60 min)

Storage and
stability

Store intact vials under refrigeration at 36°F–46°F (2°C–8°C), and
protect from light. Reconstituted solutions are stable for 24 hrs at
room temperature and 96 hrs under refrigeration. Solutions that
have been further diluted are stable for 24 hrs at room temperature or under refrigeration if protected from light. Protect reconstituted and/or diluted solutions from light. Dacarbazine rapidly deactivates (50% at 4 hrs) if not protected from light. Decomposed drug
turns pink.

How supplied

Sterile, colorless to an ivory-colored, light-sensitive powder in vials
of 100 mg and 200 mg

Dosage

Common regimens include 375 mg/m2 on days 1 and 15 of a 28day cycle (HL); 150–250 mg/m2/day for 5 days repeated every 3–4
weeks (melanoma); 2–4.5 mg/kg/day for 10 days repeated every 28
days (melanoma); 250 mg/m2/day CIV for 4 days every 3 weeks (total of 1,000 mg/m2/cycle) or 300 mg/m2/day CIV for 3 days (total of
900 mg/m2/cycle) (sarcoma)

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a history of hypersensitivity. Risk
versus benefit should be considered in patients with renal and hepatic function impairment (lower dosages recommended), active infection, or significant bone marrow depression.
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Effect
Concomitant use may enhance metabolism
of dacarbazine by induction of microsomal enzymes; dosage adjustment may be necessary.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylaxis and hepatic toxicity (rare), including hepatic vein thrombosis and acute
hepatic necrosis.
Serious: Severe nausea and vomiting. Onset is within 1–3 hrs up
to 12 hrs, with severity and intensity decreasing with each subsequent dose. Antiemetic prophylaxis with a serotonin antagonist in
combination with dexamethasone (and possibly other agents) is
warranted.
Other:
• Dermatologic: Alopecia, rash, photosensitivity, facial flushing,
pain and burning at injection site.
• GI: Anorexia, metallic taste, stomatitis, diarrhea.
• Hematologic: Mild to moderate myelosuppression is common
and dose related. Leukopenia and thrombocytopenia may be delayed with an onset within 7 days, a nadir in 21–25 days, and recovery by day 21–28. Anemia may develop.
• Miscellaneous: Nasal congestion, paresthesia, flu-like syndrome
(e.g., fever, malaise, headache, sinus congestion, myalgia that
lasts up to several days after administration), hypocalcemia (associated with HD therapy).
• Musculoskeletal: Weakness.
• Neurologic: Headache, blurred vision.

Special
considerations

Protect dacarbazine solutions from light to decrease likelihood of
drug decomposition, as well as to decrease local pain and irritation at
injection site. Care should be taken to avoid extravasation of drug because of the risk of severe pain and tissue necrosis. In addition, diluting the drug in 100–1,000 ml D5W or NS, slowing the infusion rate,
and applying ice to the injection site may reduce the pain and discomfort associated with dacarbazine administration. Because of the
emetogenic potential of this agent, antiemetic prophylaxis with a serotonin antagonist in combination with dexamethasone (and possibly
other agents) is warranted. Patients should be instructed to wear sunscreen (SPF 15) to minimize potential for photosensitivity reaction.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent cycle, and
at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
(Continued on next page)
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Indications

Indicated in the treatment of metastatic melanoma and in secondline treatment of HL. Off-label uses include islet cell carcinoma, soft
tissue sarcoma, pheochromocytoma, and neuroblastoma.

Dosage
adjustment
recommendations

The dose of dacarbazine should be adjusted in the setting of renal
impairment. The following guidelines have been used:
• CrCl 46–60 ml/min: Administer 80% of dose.
• CrCl 31–45 ml/min: Administer 75% of dose.
• CrCl ≤ 30 ml/min: Administer 70% of dose.
Proceed with caution in patients with hepatic impairment.

Pharmacokinetics

Dacarbazine is extensively metabolized in the liver, where it is activated by hepatic microsomal enzymes to cytotoxic metabolites.
Biphasic half-life with an initial half-life of 20–40 min and terminal
half-life of 5 hrs. Elimination occurs through the hepatobiliary route,
as well as unchanged in the urine (30%–50%).

Manufacturer

Generic manufacturers

Dactinomycin
Other names

Cosmegen®, actinomycin D

Classification

Antitumor antibiotic

Mechanism of
action

A product of Streptomyces parvulus, for which the mechanism may
involve binding to DNA by intercalation between base pairs and inhibition of DNA-dependent RNA synthesis

Vesicant
information

Vesicant: If extravasated, aspirate any drug in surrounding tissue,
and place ice on area for 15 min 4 times daily for 72 hrs. Elevate
limb as often as possible during first 48 hrs following extravasation.

Preparation and
mixture

Reconstitute with 1.1 ml SWFI (without preservative) to yield a clear,
gold-colored solution with a final concentration of 500 mcg/ml. DO
NOT reconstitute with preservative-containing diluent, NS, or D5W
as precipitation may occur. May further dilute with D5W or NS or administer into the tubing of a running IV infusion. If further diluted,
concentrations are recommended to be > 10 mcg/ml to maintain
stability at room temperature and it should be used within 4 hrs of
initial reconstitution because it does not contain preservatives. DO
NOT use cellulose ester membrane in-line filters, as partial removal of dactinomycin from the IV solution has been reported. Discard
any unused remaining solution in the vial or bag.

Administration

May be given as a slow IVP or infused over 10–15 min. DO NOT
administer IM or SC.

Storage and
stability

Store intact vials at room temperature, and protect from light, humidity, and excessive heat. Reconstituted and/or diluted solutions >
10 mg/ml are stable at room temperature for up to 10 hrs.

How supplied

Cosmegen for injection is supplied as a yellow-orange lyophilized
powder in sterile vials containing 500 mcg of dactinomycin.
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Dosage

It is important to note that doses and regimens may list the dose as
mcg, mg, or mg/m2; therefore, conversions may be needed.
Common dosing regimens: 10–15 mcg/kg/day (or 0.1–0.15 mg/kg/
day), 400 mcg/m2/day for a maximum of 5 days every 3–6 weeks,
or 0.4–2.5 mg/m2 as a single dose given at intervals of 1–4 weeks.
Usual adult dose is 500 mcg IV daily for 5 days.

Compatibility
information

Compatible in D5W, NS, and SWFI. Use of water-containing preservatives (e.g., benzyl alcohol, parabens) or NS to reconstitute dactinomycin may result in the formation of a precipitate. For further
clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to dactinomycin or any of its components and in children younger than
6 months old. In addition, if dactinomycin is given at or about the
same time of infection with chicken pox or herpes zoster, a severe
generalized disease that may result in death may occur. Risk versus benefit should be considered in patients with hepatic function
impairment (lower dosages recommended), active infection, gout
or a history of gout, history of uric acid nephropathy, or significant
bone marrow depression. Concomitant use of RT may increase incidence of second malignant hematologic neoplasm and toxicity.

Drug interactions

Agent

Effect

Doxorubicin

Concurrent or sequential use with dactinomycin may
increase cardiotoxicity; recommend not exceeding
450 mg/m2 total dose of doxorubicin in this setting.

RT

Dactinomycin may potentiate the effects of RT, causing increased skin erythema, which may be severe,
increased GI toxicity, and myelosuppression.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylactoid reaction.
Serious: Dactinomycin is extremely corrosive. If extravasation occurs, severe damage to soft tissues will result.
Other:
• Dermatologic: Alopecia, skin eruptions (e.g., acneform), increased pigmentation, radiation recall (i.e., skin irritation that
may lead to necrosis in previously irradiated areas).
• GI: Severe nausea and vomiting with onset within 2–5 hrs lasting up to 24 hrs, stomatitis, anorexia, abdominal pain, esophagitis,
and diarrhea. GI ulceration and hepatic toxicity, including ascites,
hepatomegaly, hepatitis, and LFT abnormalities, are less common.
• Hematologic: Myelosuppression may be dose limiting and severe. Onset within 7 days, nadir at 14–21 days, with recovery by
21–28 days. Anemia, aplastic anemia, agranulocytosis, and pancytopenia may occur.
• Miscellaneous: Hypocalcemia, hyperuricemia, fever.
• Musculoskeletal: Fatigue, malaise.
• Neurologic: Depression.
(Continued on next page)
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Special
considerations

Dactinomycin is highly emetogenic; therefore, antiemetic prophylaxis with a serotonin antagonist in combination with dexamethasone
is warranted. Care should be taken to avoid extravasation. DO NOT
administer IM or SC.

Monitoring
parameters

Monitoring is recommended at initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Uric acid: Before initiation of therapy and at periodic intervals
during therapy

Indications

Indicated in the treatment of Ewing sarcoma, sarcoma botryoides, trophoblastic tumors, testicular carcinoma, Wilms tumor, and
rhabdomyosarcoma
Unlabeled: KS, osteosarcoma, melanoma, and cancers of the endometrium and ovary

Dosage
adjustment
recommendations

If marked leukopenia, thrombocytopenia, diarrhea, or stomatitis occurs, therapy should be withheld until counts return to satisfactory
levels and the patient has recovered.

Pharmacokinetics

Poorly absorbed after PO administration. Widely distributed in the
body after IV administration, although only negligible amounts are
detected in the CSF. Dactinomycin has a half-life of approximately
36 hrs and is minimally metabolized. Elimination occurs either unchanged in the urine and feces (about 30%).

Manufacturer

Baxter Oncology GmbH, Halle/Westfalen, Germany (manufacturer);
Lundbeck, Deerfield, IL (labeler); generic manufacturers

Daunorubicin
Other names

Cerubidine®, Daunorubicin HCl

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Anthracyclines, isolated from a Streptomyces species, have several mechanisms:
• Bind to nucleic acids of DNA by intercalation, which interferes
with DNA and RNA synthesis.
• Inhibit topoisomerase II, causing double-strand DNA breaks.
• Reduction of anthracyclines causes the molecule to bind with
iron, causing the formation of free radicals, which is thought to
be the mechanism of cardiotoxicity.
Daunorubicin is cell cycle nonspecific.
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Vesicant
information

Vesicant: Care should be taken to avoid extravasation.
If extravasated:
1. Apply ice immediately (20 min 4 times daily for 1–2 days); stop
cooling about 15 min before and during dexrazoxane administration.
2. Elevate limb.
3. Neutralize vesicant by one of the following:
• Dexrazoxane: On days 1 and 2, administer 1,000 mg/m2
(max 2,000 mg); on day 3, 500 mg/m2 (max 1,000 mg). Administer via IV infusion over 1–2 hrs. Must be administered
no later than 6 hrs following extravasation and at the same
time each day (± 3 hrs).
• DMSO: Apply 99% solution topically every 8 hrs for 1 week.
Allow to air dry, then cover with nonocclusive dressing within
10–25 min of application.
DO NOT administer dexrazoxane to patients treated with DMSO.

Preparation and
mixture

Reconstitute daunorubicin with 4 ml sterile water to 20 mg vial to
yield a 5 mg/ml dose. Further dilute with D5W or NS and administer
as IVP or infusion. The ready-to-use solution may be immediately
used in an IV infusion without the possibility of reconstitution error.
Further dilute daunorubicin 10–15 ml of NS.

Administration

Administer as a slow IVP (1–5 min) or IV infusion (15–30 min)
through a fast-flowing side arm of IV of D5W or NS. Check blood return before, during, and after infusion. DO NOT extravasate. DO
NOT administer IM or SC.

Storage and
stability

Store unopened vials under refrigeration. Reconstituted solution is
stable at room temperature for 24 hrs and refrigerated for 48 hrs.
Protect from light.

How supplied

20 mg vial of powder; ready-to-use solution of 5 mg/ml containing 4
ml per vial (total of 20 mg)

Dosage

30–60 mg/m2 daily for 3–5 days every 3–4 weeks

Compatibility
information

Stable in D5W, LR, NS, and SWFI. Incompatible with dexamethasone, fluorouracil, heparin, heparin-containing solutions, and sodium bicarbonate. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to daunorubicin.
Maximum cumulative lifetime dose of anthracyclines is 450–550
mg/m2 (doxorubicin equivalent). Not recommended in patients with
an ejection fraction ≤ 45%.
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Drug interactions

Agent

Effect

Anthracyclines

Use of daunorubicin in patients who have
previously received daunorubicin may increase risk of cardiotoxicity. Should not be
used in patients who have received complete cumulative doses of anthracycline.

Azoles

May inhibit metabolism of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic effects.

Cyclophosphamide
or mediastinal RT

Concurrent use may result in increased risk
of cardiotoxicity.

Hepatotoxic drugs

Concurrent use may increase risk of hepatotoxicity.

PGP/ABCB1 inhibitors/inducers

May alter serum concentration of PGP/
ABCB1 substrates.

Trastuzumab

Concomitant use with anthracyclines may
increase incidence and severity of cardiac
dysfunction.

Taxanes

May increase serum concentration of anthracyclines.

Anthracyclines can be radiosensitizing and radiomimetic; therefore,
daunorubicin can cause reactivation of soft tissue reactions in areas previously irradiated (also referred to as radiation recall).
A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiotoxicity, specifically CHF with a subsequent decrease in LVEF, can occur with
cumulative doses > 550 mg/m2 (doxorubicin equivalent). Cardiac
function should be monitored regularly. Incidence may increase
with prior anthracycline use, preexisting cardiac disease, concomitant cyclophosphamide, or mediastinal RT and cumulative dose.
Can occur months to years following therapy. Long-term monitoring and periodic assessment of cardiac function are essential.
Serious: Severe local tissue inflammation, ulceration, and necrosis
upon extravasation. Apply ice immediately, and elevate limb.
Other:
• Cardiovascular: Pericarditis, myocarditis
• Dermatologic: Alopecia, skin rash, urticaria, pigmentation of nail
beds, and pruritus; radiation recall (redness, warmth, erythema,
and dermatitis in radiation port; occurs 5–7 days after daunorubicin administration; topical corticosteroids and topical cooling indicated)
• GI: Nausea and vomiting, usually moderate; however, highly
emetogenic when given with cyclophosphamide; occurring in 1–3
hrs and lasting for 4–24 hrs; diarrhea, esophagitis, anorexia, necrosis of the colon, stomatitis
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• Hematologic: Myelosuppression (dose limiting); leukopenia (nadir of 10–14 days, recovery by day 21) common in about 75% of
patients
• Miscellaneous: Elevations in serum bilirubin, AST, and alkaline
phosphatase; red discoloration of urine
Special
considerations

Check for blood return before, during, and after infusion. Avoid extravasation. Urine may be red in color 1–2 days after administration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose, and
at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• Cardiac function tests: MUGA scan or LVEF recommended at
baseline in patients with risk factors and at periodic intervals
throughout therapy, as well as long-term follow-up evaluations.
(Recommend LVEF > 45% to begin therapy with anthracyclines.)
• Site: Monitor for stinging and burning during peripheral line or implanted port infusion.

Indications

ANLL in adults (e.g., myeloid, monocytic, erythroid), ALL in children
in combination with other agents

Dosage
adjustment
recommendations

Lifetime maximum dose of 450–550 mg/m2 (doxorubicin equivalent) in individuals who have received anthracyclines or RT to the
chest.
Dose reduction for renal dysfunction:
• SCr > 3 mg/dl: 50% dose reduction.
Dose reduction for hepatic dysfunction:
• T. Bili 1.2–3 mg/dl: 25% dose reduction.
• T. Bili 3–5 mg/dl: 50% dose reduction.
• T. Bili > 5 mg/dl: Avoid use.

Pharmacokinetics

Rapid distribution to major organs. Has an initial half-life of 45 min
and terminal half-life of 18.5 hrs. Metabolized by the liver to daunorubicinol (active metabolite), which has a half-life of 26.7 hrs. Daunorubicin is excreted in the bile (40%) and urine (25%).

Manufacturer

Generic manufacturers

Daunorubicin liposomal
Other names

DaunoXome®, daunorubicin citrate

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Anthracyclines, isolated from a Streptomyces species, have several mechanisms:
• Bind to nucleic acids of DNA by intercalation, which interferes
with DNA and RNA synthesis.
• Inhibit topoisomerase II, causing double-strand DNA breaks.
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• Reduction of anthracyclines causes the molecule to bind with
iron, causing the formation of free radicals, which is thought to
be the mechanism of cardiotoxicity.
• Liposomal formulation helps to protect the entrapped daunorubicin from chemical and enzymatic degradation, minimizes protein
binding, and decreases uptake by normal tissues. Once in the tumor microenvironment, daunorubicin is released over time.
Daunorubicin liposomal is cell cycle nonspecific.

Vesicant
information

Irritant: Although grade 3 and 4 (CTCAE) local injection-site inflammation has been reported, no instances of local tissue necrosis
have been reported. Take appropriate precautions to avoid extravasation.

Preparation and
mixture

Supplied as a solution containing 2 mg/ml of daunorubicin. Dilute
1:1 with D5W by transferring calculated volume from a vial into a
sterile infusion bag containing an equal volume of D5W. DO NOT
use an in-line filter for IV infusion.

Administration

Administer as an IV infusion over 60 min.

Storage and
stability

Store intact vials of liposomal daunorubicin under refrigeration at
36°F–46°F (2°C–8°C). DO NOT freeze. Protect from light. Diluted liposomal daunorubicin should be administered immediately. If not
used immediately, diluted liposomal daunorubicin should be stored
under refrigeration for a maximum of 6 hrs.

How supplied

Supplied as a translucent, red, liposomal dispersion in single-use
vials, each containing 50 mg daunorubicin base at a concentration
of 2 mg/ml

Dosage

Usual adult dose is 40 mg/m2 IV over 60 min every 2 weeks.

Compatibility
information

Liposomal daunorubicin should be diluted only with D5W. Not compatible with other medications, other diluents, or bacteriostatic solutions.

Contraindications/
precautions

Contraindicated in patients who have experienced a serious hypersensitivity reaction to liposomal daunorubicin or any of its constituents. Risk versus benefit should be considered in patients with preexisting cardiac disease (may increase risk of cardiac toxicity; monitor cardiac function), renal or hepatic function impairment (excretion may be delayed; dosage reduction recommended), existing or
recent chicken pox or herpes zoster infection, or significant bone
marrow depression (treatment should be withheld if granulocyte
count is < 750/mm3). Use with caution in patients with total cumulative dose of 320 mg/m2.
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Effect

Anthracyclines

Use of daunorubicin in patients who have
previously received daunorubicin may increase risk of cardiotoxicity. Should not be
used in patients who have received complete cumulative doses of anthracycline.

Azoles

May inhibit excretion of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic effects.

Cyclophosphamide
or mediastinal RT

Concurrent use may result in increased risk
of cardiotoxicity.

Hepatotoxic drugs

Concurrent use may increase risk of hepatotoxicity.

Quinolone antibiotics

Concurrent use may decrease the oral absorption of quinolone antibiotics.

PGP/ABCB1 inhibitors/inducers

May alter serum concentration of PGP/
ABCB1 substrates.

Trastuzumab

Concomitant use with anthracyclines may
increase incidence and severity of cardiac
dysfunction.

Taxanes

May increase serum concentration of anthracyclines.

Acute and/or potentially life-threatening: Cardiotoxicity, specifically CHF with a subsequent decrease in the LVEF, can occur
with cumulative doses > 320 mg/m2. Monitor cardiac function regularly (every 160 mg/m2). Incidence increases with prior anthracycline use, preexisting cardiac disease, concomitant cyclophosphamide or mediastinal RT, and cumulative dose.
Serious: Infusion-related reaction, manifested as back pain, chest
tightness, or flushing, may occur during the first 5 min of infusion
and is most likely related to the liposomal component of the preparation.
Other:
• Cardiovascular: Chest pain, palpitations, hypertension, edema,
syncope, tachycardia
• Dermatologic: Alopecia, pruritus
• GI: Nausea and vomiting (usually mild to moderate), abdominal
pain, diarrhea, dry mouth, dysphagia, constipation, stomatitis
• Hematologic: Myelosuppression, predominantly neutropenia
(dose limiting)
• Musculoskeletal: Arthralgia, myalgia, fatigue
• Neurologic: Neuropathy, headache, depression, dizziness, insomnia
• Respiratory: Dyspnea
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Special
considerations

Liposomal daunorubicin is NOT interchangeable with free daunorubicin. Cardiac function should be monitored regularly in patients receiving liposomal daunorubicin because of the potential risk for cardiotoxicity and CHF. Although local tissue necrosis has not been reported following extravasation, caution should be used when administering this agent. An infusion-related reaction may occur during the first 5 min of the infusion; symptomatic therapies (e.g., diphenhydramine, corticosteroids) should be available. Liposomal
daunorubicin is considered to be a mild to moderate emetogen;
consider an as-needed antiemetic (e.g., prochlorperazine) for nausea and/or vomiting, which may occur.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose, and
at periodic intervals during therapy.
• Cardiac function tests: MUGA or LVEF before initiation of therapy,
every 160 mg/m2, and at total cumulative doses of 320 mg/m2.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before start of therapy, before each subsequent dose, and at periodic intervals during therapy.
• Observation for evidence of opportunistic infection.

Indications

Liposomal daunorubicin is indicated in the treatment of advanced
HIV-associated KS. Liposomal daunorubicin is being investigated in
other diseases in which daunorubicin has been established as efficacious (e.g., lymphoma, sarcomas, leukemias).

Dosage
adjustment
recommendations

Dose reduction is recommended in the setting of renal and hepatic function impairment. In addition, blood counts should be obtained before each dose and therapy withheld if absolute granulocyte count is < 750/mm3.
Dose reduction for hepatic and renal impairment:
• T. Bili/SCr 1.2–3 mg/dl: 25% dose reduction.
• T. Bili/SCr 3–5 mg/dl: 50% dose reduction.
Dose reduction for neutropenia:
• ANC < 750/mm3: Hold treatment.

Pharmacokinetics

The plasma pharmacokinetics of liposomal daunorubicin differ significantly from conventional daunorubicin. The small volume of distribution (confined to the vascular fluid volume) and clearance for
the liposomal product appear to result in a higher daunorubicin exposure. Half-life is approximately 4.4 hrs, which likely represents a
distribution half-life. Animal studies suggest that liposomal daunorubicin crosses the blood-brain barrier.

Manufacturer

Gilead Sciences, Inc., San Dimas, CA (manufacturer); Galen US
Inc., Souderton, PA
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Decitabine
Other names

Dacogen , deoxy azacytidine

Classification

Antimetabolite, DNA methylation inhibitor

Mechanism of
action

Decitabine is thought to exert its antineoplastic effect after phosphorylation and incorporation into DNA and inhibition of DNA methyltransferase. Inhibition of DNA methyltransferase inhibits the methylation of DNA, and this is thought to work by correcting DNA methylation in cancer cells where hypermethylation blocks the activity of
tumor suppressor genes. Other possible mechanisms of activity include incorporation into DNA similar to other antimetabolites, methylation-independent induction of gene expression, and degradation
of DNA methyltransferase.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute each 50 mg vial with 10 ml SWFI (5 mg/ml), then immediately further dilute in 50–250 ml NS, D5W, or LR to final concentration of 0.1–1 mg/ml. The reconstituted solution should be
used within 15 min of reconstitution, or the diluted solution must
be prepared using cold 36°F–46°F (2°C–8°C) infusion solution and
stored at 2°C–8°C for up to a maximum of 7 hrs until administration.

Administration

Infuse IV over 1–3 hrs.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).

How supplied

Dacogen 50 mg is supplied as a lyophilized powder in a singledose vial.

Dosage

MDS: 15 mg/m2/dose IV over 3 hrs every 8 hrs for 3 days, repeat
every 6 weeks; or 20 mg/m2/dose IV over 1 hr daily for 5 days, repeat every 4 weeks.

Compatibility
information

Decitabine may be prepared in NS, LR, or D5W. It should not be
mixed with any other medications or solutions.

Contraindications/
precautions

The dose-limiting AE is bone marrow suppression, and worsening
neutropenia may occur in patients with MDS that does not correlate
with underlying disease. Decitabine should be used with caution
in women who are pregnant or have the potential to become pregnant. FDA pregnancy risk category D.

Drug interactions

Agent

®

Vaccines/toxoids

Effect
Immune response may be decreased or suboptimal.

A complete review of drug interactions should be evaluated for
each patient.

(Continued on next page)

176 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Toxicity/adverse
events

Acute and/or potentially life-threatening: Bone marrow suppression
Serious: None reported
Other:
• Cardiovascular: Peripheral edema, edema, hypotension
• Dermatologic: Rash, erythema, pruritus
• Endocrine/metabolic: Hyperglycemia, hypoalbuminemia, hypomagnesemia, hypokalemia
• GI: Nausea and vomiting, abdominal pain, diarrhea, constipation,
stomatitis, anorexia
• Hematologic: Myelosuppression (dose limiting)
• Hepatic: Hyperbilirubinemia, increased alkaline phosphatase
• Miscellaneous: Fever
• Musculoskeletal: Rigors, arthralgia, myalgia, fatigue
• Respiratory: Cough, dyspnea

Special
considerations

Response to therapy in MDS may take longer than 4 cycles.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• SCr
• LFTs

Indications

MDS (de novo and secondary)

Dosage
adjustment
recommendations

Recommended based on the regimen used:
For decitabine 15 mg/m2 IV every 8 hrs for 3 days:
• If hematologic recovery (ANC ≥ 1,000/mm3 and PLTs ≥ 50,000/
mm3) from previous treatment requires > 6 weeks, then the next
cycle should be delayed and dosing temporarily reduced based
on duration of recovery. If recovery occurs between 6 and 8
weeks, the dose of decitabine should be reduced to 11 mg/m2/
dose every 8 hrs for 3 days upon restarting therapy. If recovery
occurs between 8 and 10 weeks, the patient should be evaluated
for disease progression, and only in the absence of disease progression should therapy continue following a delay for up to 2 additional weeks and started at the reduced dose of 11 mg/m2 every 8 hrs for 3 days.
For decitabine 20 mg/m2 IV daily for 5 days:
• If myelosuppression occurs, subsequent cycles should be delayed until hematologic recovery occurs (ANC ≥ 1,000/mm3 and
PLTs ≥ 50,000/mm3).
Following the first cycle of decitabine, if any of the following occur,
treatment should be held and not restarted until the toxicity has resolved:
• SCr ≥ 2 mg/dl
• SGPT and T. Bili ≥ 2 × ULN
• Active or uncontrolled infection

Pharmacokinetics

Decitabine is thought to be metabolized via deamination by cytidine
deaminase and does not appear to undergo metabolism by the
CYP450 system. It is not protein bound (< 1%). Elimination half-life
of the parent drug is 30–35 min.
(Continued on next page)
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Manufacturer

Pharmachemie B.V., Haarlem, Netherlands, for Eisai Inc., Woodcliff Lake, NJ

Other names

Zinecard , Totect®, ICRF-187

Classification

Miscellaneous; cardioprotective agent; chelating agent

Mechanism of
action

Appears to be converted intracellularly to a ring-opened chelating
agent that interferes with iron-mediated free radical generation

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Generic dexrazoxane: Add 25 or 50 ml of 0.167 molar (M/6) sodium
lactate injection (provided by the manufacturer) to the 250 or 500
mg vial, respectively, to produce a solution containing 10 mg/ml.
Reconstituted solutions may be further diluted with 50–100 ml of
either NS or D5W to a final concentration of 1.3–5 mg/ml.
Totect: Mix with 50 ml of the enclosed diluent. The resultant solution
contains 10 mg/ml. Further dilute into 1,000 ml 0.9% NS.
Zinecard: Reconstitute with SWFI to a concentration of 10 mg/ml.
Further dilute in LR for a concentration of 1.3–3 mg/ml.

Administration

For the prevention of doxorubicin cardiotoxicity: Give by slow IV injection (5–15 min) or rapid IV drip over 15–30 min. Dexrazoxane
is administered before the administration of doxorubicin. Doxorubicin must be administered within 30 min from the beginning of
the dexrazoxane infusion. Doxorubicin should not be administered
before dexrazoxane.
For the treatment of anthracycline extravasation: Give IV over 1–2
hrs. Infusion should start within 6 hrs of extravasation. Cooling procedures should be held for at least 15 min before and after dexrazoxane administration. Doses for days 2 and 3 should be
given at the same time (± 3 hrs) as the dose given on day 1.

Storage and
stability

Store intact vials at controlled room temperature between 59°F–
86°F (15°C–30°C). Stability is product specific. Refer to package insert for details.

How supplied

Dexrazoxane for injection is a sterile, pyrogen-free lyophilized powder available in vials containing 250 mg or 500 mg.

Dosage

For the prevention of doxorubicin cardiotoxicity: The recommended
dosage ratio of dexrazoxane to doxorubicin is 10:1 (e.g., 500 mg/
m2 dexrazoxane for every 50 mg/m2 doxorubicin) repeated with
each treatment of doxorubicin. Dexrazoxane is administered before the administration of doxorubicin. Doxorubicin must be administered within 30 min from the beginning of the dexrazoxane
infusion.
For the treatment of anthracycline extravasation: Days 1 and 2,
1,000 mg/m2 IV (maximum dose is 2,000 mg); day 3, 500 mg/m2
(maximum dose is 1,000 mg). First dose should be given as soon
as possible but within 6 hrs of extravasation.

Dexrazoxane
®
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Compatibility
information

Dexrazoxane may be further diluted after reconstitution with NS or
D5W. For further clarification, refer to compatibility references.

Contraindications/
precautions

Zinecard: Should not be used with chemotherapy regimens that DO
NOT contain an anthracycline

Drug interactions

No significant change occurs in the pharmacokinetics of doxorubicin or its predominant metabolite, doxorubicinol, in the presence
of dexrazoxane. Concurrent use of topical DMSO may decrease
the effectiveness of Totect.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted.
Serious: Severity of myelosuppression may be greater with the addition of dexrazoxane to the chemotherapy regimen.
Other:
• Dermatologic: Pain at the injection site, phlebitis

Special
considerations

Dexrazoxane should be given before doxorubicin. Doxorubicin should
be given within 30 min after the beginning of the dexrazoxane infusion. Dexrazoxane is indicated in patients who have received a cumulative doxorubicin dose of 300 mg/m2; some data suggest reduced
efficacy of fluorouracil, cyclophosphamide, and doxorubicin chemotherapy for metastatic breast cancer when dexrazoxane was administered starting with the initiation of chemotherapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose, and
at periodic intervals during therapy
• Cardiac function tests: Recommended at periodic intervals because dexrazoxane reduces but does not eliminate the risk of
anthracycline-induced cardiotoxicity
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy and before each subsequent dose
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH

Indications

Indicated for reducing the incidence and severity of cardiomyopathy
associated with doxorubicin administration in women with metastatic breast cancer who have received a cumulative doxorubicin dose of 300 mg/m2. Used off-label to reduce the incidence and
severity of cardiomyopathy associated with the anthracyclines in a
variety of settings (e.g., lymphoma, sarcoma).
Totect is indicated for the treatment of extravasation from IV administration of anthracycline chemotherapy.

Dosage
adjustment
recommendations

Patients with compromised renal function will have a greater exposure to the drug. The dexrazoxane dose should be reduced by 50%
in patients with CrCl < 40 ml/min.

Pharmacokinetics

Rapidly distributed throughout the body after IV administration, the
drug is not bound to plasma proteins and is metabolized in the liver.
Approximately 42% of the drug is excreted unchanged in the urine.
Elimination half-life is approximately 2–3 hrs.
(Continued on next page)
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Manufacturer

Totect: Ben Venue Laboratories, Inc., Bedford, OH; Zinecard: Pfizer Inc., New York, NY; dexrazoxane also available by generic manufacturers

Other names

Taxotere®

Classification

Antimicrotubule agent

Mechanism of
action

Promotes the assembly and blocks the disassembly of microtubules, which prevents cancer cell division, causing cell death

Vesicant
information

Irritant: Management for docetaxel extravasation is controversial.
There have been reports of use of either ice or warm compresses/soaks for 15–20 min at least 4 times daily for 1–2 days. Elevate
area of extravasation.

Preparation and
mixture

One-vial formulation (20 mg/ml) and two-vial formulation (10 mg/
ml) should NOT be compounded together due to different concentrations. Solutions must be prepared in a glass bottle, polypropylene container, or polyolefin plastic bag to prevent leaching of
plasticizers. Non-PVC tubing should be used. Infuse within 4 hrs
of preparation.
• One-vial formulation: Allow docetaxel vial to sit at room temperature for 5 min. Withdraw calculated amount of premix docetaxel solution (20 mg/ml), and add to an infusion bag or bottle containing NS or D5W to produce a final concentration of 0.3–0.74
mg/ml. Thoroughly mix the infusion by manual rotation.
• Two-vial formulation: Remove vials of docetaxel and diluent
(13% w/w ethanol in water) from refrigerator, and let stand at
room temperature for 5 min. Add entire contents of diluent to
docetaxel, which ensures a final concentration of 10 mg/ml.
Gently rotate contents for 45 seconds. DO NOT shake. Premix
solution should be clear yellow to brownish-yellow; however,
some foam may form at top of contents because of the polysorbate 80. Discard premix solution if not clear or contains a precipitate. Allow premix solution to stand for a few minutes to allow most of the foam to dissipate. Withdraw calculated amount
of premix docetaxel solution (10 mg/ml), and add to an infusion
bag or bottle containing NS or D5W to produce a final concentration of 0.3–0.74 mg/ml. Thoroughly mix the infusion by manual rotation.

Administration

Docetaxel is administered as an IV infusion over 1 hr. Patients
should be premedicated with corticosteroids beginning the evening
before docetaxel infusion through 1 day following infusion to prevent hypersensitivity reactions and fluid retention. If patients have
not taken evening dose of corticosteroids before infusion, administer 10–20 mg of IV dexamethasone 30 min before infusion.

Docetaxel
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Storage and
stability

Intact vials should be stored under refrigeration and protected from
light. Vials should be stored at room temperature for 5 min before
using. Premix and initial diluted solutions are stable for 8 hrs at either room temperature or under refrigeration. Final diluted (fully
prepared) solutions are stable for 4 hrs and should be used within 4
hrs (including the 1 hr infusion time).

How supplied

Docetaxel is available in 20 mg, 80 mg, and 160 mg vials as a solution or lyophilized white or almost-white powder prepackaged with
the 13% (w/w) ethanol in water diluent and formulated in polysorbate 80.

Dosage

Usual FDA-approved adult dose is 60–100 mg/m2 IV administered
as a 1-hr infusion every 3 weeks. Doses of 35–40 mg/m2 (unlabeled) given weekly have also been used.

Compatibility
information

Compatible with NS and D5W. Solutions must be prepared in a
glass bottle, polypropylene container, or polyolefin plastic bag to
prevent leaching of plasticizers. Non-PVC tubing should be used.

Contraindications/
precautions

Contraindicated in patients with a previous hypersensitivity
to docetaxel or to other drugs formulated with polysorbate 80.
Docetaxel should not be used in patients with neutrophil counts <
1,500/mm3. Risk versus benefit should be considered in patients
with preexisting pleural effusion, active infection, a history of alcohol abuse, or significant bone marrow depression.

Drug interactions

Docetaxel is a substrate of CYP3A4.
Agent

Toxicity/adverse
events

Effect

Anthracyclines

Docetaxel may increase AEs and formation of toxic metabolites of anthracyclines.

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of
taxane derivatives.

Platinum antineoplastics

May increase AEs of taxane derivatives.

Potent CYP3A4 inhibitors (e.g., ketoconazole)

May increase exposure of taxane derivatives.

Protease inhibitors
(especially ritonavir)

May increase exposure of taxane derivatives.

Trastuzumab

May increase risk of neutropenia.

Acute and/or potentially life-threatening: Treatment-related
mortality increased in patients with abnormal liver function and
patients with NSCLC who have a history of receiving platinumbased regimens. Severe hypersensitivity reactions characterized
by hypotension and/or bronchospasm or generalized rash/erythema may occur. Discontinuation of infusion and symptomatic
treatment may be necessary. Corticosteroid prophylaxis is warranted.
(Continued on next page)
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Serious: Severe fluid retention characterized by poorly tolerated peripheral edema, generalized edema, pleural effusion requiring urgent drainage, cardiac tamponade, or pronounced abdominal distention may occur in up to 6.5% of patients, despite corticosteroid
prophylaxis. Grade 4 (CTCAE) neutropenia (< 500/mm3) occurs in
85% of patients given 100 mg/m2 of docetaxel and 75% of patients
given 60 mg/m2 of docetaxel; therefore, it should not be administered in patients with ANC < 1,500/mm3. Frequent monitoring of
blood counts is essential so that the dose can be adjusted.
Other:
• Cardiovascular (rare): Hypotension, sinus tachycardia, heart failure, atrial flutter, unstable angina, fluid retention with associated
weight gain, dysrhythmia
• Dermatologic: Rash, erythema, alopecia, nail changes, mild hyperpigmentation, possible desquamation
• GI: Mild nausea and vomiting, stomatitis, diarrhea, increased bilirubin, ALT, AST, and alkaline phosphatase
• Hematologic: Myelosuppression (dose limiting); neutropenia (nadir within 8 days and median duration of 7 days), thrombocytopenia, anemia
• Miscellaneous: Fever, infusion-site reactions (e.g., hyperpigmentation, inflammation, phlebitis, swelling of vein)
• Musculoskeletal: Myalgia, arthralgia
• Neurologic: Asthenia (severe in 14.9% of cases), paresthesia
• Ophthalmologic: Conjunctivitis, lacrimation, lacrimal duct obstruction
• Respiratory: Dyspnea, pulmonary edema
Special
considerations

To reduce the incidence and severity of fluid retention and hypersensitivity reactions, all patients should be premedicated with oral
corticosteroids (e.g., dexamethasone 8 mg BID for 3–5 days) beginning 1 day before initiation of docetaxel. If patients do not receive corticosteroids the day before administering, administer corticosteroid IV (e.g., dexamethasone 10–20 mg IV) as premedication.
Close monitoring of patients for hypersensitivity and fluid retention
is warranted. Docetaxel is mildly emetogenic; consider prescribing
an as-needed antiemetic (e.g., prochlorperazine).

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy.
• Vital signs: During and after infusion; monitor for signs/symptoms
of hypersensitivity.

Indications

Docetaxel is FDA indicated for the following.
• Breast cancer
–– Treatment of patients with locally advanced or metastatic
breast cancer after failure of prior chemotherapy
–– Combination with doxorubicin and cyclophosphamide for the
adjuvant treatment of patients with operable node-positive
breast cancer
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• Gastric cancer
–– Combination with cisplatin and 5-FU for patients with advanced gastric adenocarcinoma, including adenocarcinoma
of the gastroesophageal junction, who have not received prior
chemotherapy for advanced disease
• Head and neck cancer
–– Combination with cisplatin and 5-FU for patients with locally
advanced squamous cell carcinoma of the head and neck
• NSCLC
–– Treatment of patients with locally advanced or metastatic
NSCLC after failure of prior platinum-based chemotherapy
–– Combination with cisplatin for chemotherapy-naïve patients
with unresectable, locally advanced or metastatic NSCLC
• Prostate cancer
–– Combination with prednisone for patients with hormonerefractory metastatic prostate cancer
Unlabeled uses: Metastatic bladder cancer, ovarian cancer, relapsed cervical cancer, esophageal cancer, relapsed SCLC, soft
tissue sarcoma, Ewing sarcoma, osteosarcoma, and unknownprimary adenocarcinoma

Dosage
adjustment
recommendations

Docetaxel is not recommended for patients with hepatic impairment, especially if impairment is moderate to severe, because of
the increased risk of severe toxicity. If bilirubin > ULN, or ALT/AST
> 1.5 × ULN concomitant with alkaline phosphatase > 2.5 × ULN,
docetaxel should not be administered. If docetaxel is considered
essential for a patient with hepatic impairment, significant dose
reduction is necessary.
Docetaxel administration should be delayed if the neutrophil count
< 1,500/mm3 and/or PLTs < 100,000/mm3. In addition, a reduction in each subsequent dose is recommended for patients with
severe neutropenia (< 500/mm3) for > 7 days, febrile neutropenia, severe infection, severe peripheral neuropathy, or severe or
cumulative cutaneous reactions. For patients originally receiving
100 mg/m2, a dose reduction to 75 mg/m2 is appropriate. If complications persist or recur, dosage should be further reduced to
55 mg/m2. Patients who originally received 60 mg/m2 and who
did NOT develop the above may tolerate higher doses. Patients
receiving docetaxel in combination with doxorubicin and cyclophosphamide who experience febrile neutropenia should receive
G-CSF in all subsequent cycles. Patients who continue to experience this reaction should remain on G-CSF and have their
docetaxel dose reduced to 60 mg/m2. Consult the package insert
for additional dose adjustments.

Pharmacokinetics

Exhibits a triphasic decline in plasma concentrations and is highly
bound to plasma proteins. Undergoes oxidative metabolism by the
liver with isoenzymes of the CYP450 3A4 system involved. Following metabolism, docetaxel is eliminated in the urine (6%) and the
feces (75%), with most of the drug eliminated within the first 48 hrs.

Manufacturer

sanofi-aventis, Bridgewater, NJ; generic manufacturers
(Continued on next page)
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Doxorubicin HCl
Other names

Adriamycin®

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Anthracyclines, isolated from a Streptomyces species, have several mechanisms:
• Bind to nucleic acids of DNA by intercalation, which interferes
with DNA and RNA synthesis.
• Inhibit topoisomerase II, causing double-strand DNA breaks.
• Reduction of anthracyclines causes the molecule to bind with
iron, causing the formation of free radicals, which is thought to
be the mechanism of cardiotoxicity.
Doxorubicin is cell cycle nonspecific.

Vesicant
information

Vesicant: Care should be taken to avoid extravasation.
If extravasated:
1. Apply ice immediately (20 min QID for 1–2 days); stop cooling
about 15 min before and during dexrazoxane administration.
2. Elevate limb.
3. Neutralize vesicant by one of the following.
• Dexrazoxane: On days 1 and 2, administer 1,000 mg/m2
(max 2,000 mg); on day 3, 500 mg/m2 (max 1,000 mg). Administer via IV infusion over 1–2 hrs. Must be administered
no later than 6 hrs following extravasation and at the same
time each day (± 3 hrs).
• DMSO: Apply 99% solution topically every 8 hrs for 1 week.
Allow to air dry, then cover with nonocclusive dressing within
10–25 min of application. DO NOT administer dexrazoxane
to patients treated with DMSO.

Preparation and
mixture

Available in powder formulation and solution. Powder formulation
is typically reconstituted with SWFI or NS to a concentration of 2
mg/ml. It may be further diluted in NS, D5W, or LR.

Administration

Administered as slow IVP, short IV infusion, or CIV infusion. DO
NOT infuse doxorubicin HCI near previous venipuncture site.
• Slow IVP: Administer over 1–5 min checking for blood return before, during, and after administration to minimize serious extravasation. Flush line with 5–10 ml of IV solution before and after administration.
• Infusion: Infuse over 15–30 min through a fast-flowing side
arm of IV of D5W or NS. All prolonged infusions must be given
through a tunneled central venous catheter or port on a volumetric infusion pump. Flush line with 5–10 ml of IV solution before
and after administration.
Should NOT be given IM or SC.

Storage and
stability

Powder formulation: Store at room temperature and away from direct light; manufacturers generally report at least 2-year stability.
Once reconstituted, stable for 7 days at room temperature and for
15 days under refrigeration.
Solution formulation: Store under refrigeration. Protect from light.
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How supplied

IV use only. Available in powder formulation and solution. Vial sizes vary
depending on manufacturer: 10, 20, 50, 100, 150, and 200 mg vials.

Dosage

Numerous drug administration schedules have been reported for
doxorubicin HCI. As a single agent, doses of 60–75 mg/m2 have been
used, repeated no more than every 3 weeks. For patients with normal
cardiac function, maximum cumulative lifetime dose of anthracyclines
is 450–550 mg/m2 (doxorubicin equivalent) to minimize risk of cardiac
toxicity. In patients with risk factors (e.g., older age, mediastinal RT,
preexisting heart disease, concurrent cyclophosphamide use), it is
recommended not to exceed a cumulative lifetime dose of 400
mg/m2 (doxorubicin equivalent). The doses of any other anthracyclines or DNA-intercalating compounds the patient has received in
the past also must be considered when calculating the total dose.

Compatibility
information

Multiple compatible and incompatible agents have been documented. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to doxorubicin HCl.
Maximum cumulative lifetime dose of anthracyclines is 450–550
mg/m2. Not recommended in patients with LVEF ≤ 45%. Dose adjustment may be need for low ANC and hepatic impairment. Secondary AML or MDS has been reported with regimens containing
anthracyclines (increased risk in patients with previous HD cyclophosphamide regimens, RT, or age > 50).

Drug interactions

Agent

Effect

Anthracyclines

Should not be used in patients who have received complete cumulative doses of anthracyclines because of increased risk of
cardiotoxicity.

Azoles

May inhibit metabolism of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic effects.

Cyclophosphamide
or mediastinal RT

Concurrent use may result in increased risk
of cardiotoxicity.

Cyclosporine

May increase concentration of doxorubicin.

Hepatotoxic drugs

Concurrent use may increase risk of hepatotoxicity.

CYP3A4 or
CYP2D6 inhibitors/
inducers

May increase or decrease metabolism of
doxorubicin.

Trastuzumab

Concomitant use with anthracyclines may
increase incidence and severity of cardiac
dysfunction.

Taxanes

Increase risk of cardiotoxicity when administered concurrently.

Anthracyclines can be radiosensitizing and radiomimetic; therefore,
doxorubicin can cause reactivation of soft tissue reactions in areas
previously irradiated (also referred to as radiation recall).
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiotoxicity, specifically CHF with a subsequent decrease in the LVEF, can occur
with cumulative doses > 450–550 mg/m2 (doxorubicin equivalent).
Cardiac function should be monitored regularly. Incidence may increase with prior anthracycline use, preexisting cardiac disease,
concomitant cyclophosphamide or mediastinal RT, and cumulative dose. Can occur months to years following therapy. Long-term
monitoring and periodic assessment of cardiac function are essential.
Serious: Severe local tissue inflammation, ulceration, and necrosis
upon extravasation. Apply ice immediately, and elevate limb.
Other:
• Cardiovascular: Pericarditis, myocarditis
• Dermatologic: Alopecia, skin rash, urticaria, pigmentation of nail
beds, and pruritus; radiation recall (redness, warmth, erythema,
and dermatitis in radiation port; occurs 5–7 days after doxorubicin administration; topical corticosteroids and topical cooling indicated)
• GI: Nausea and vomiting, usually moderate; however, highly
emetogenic when given with cyclophosphamide; occurring in 1–3
hrs and lasting for 4–24 hrs; diarrhea, esophagitis, anorexia, necrosis of the colon, stomatitis
• Hematologic: Myelosuppression (dose limiting); leukopenia (nadir of 10–14 days, recovery by day 21) common in about 75% of
patients
• Miscellaneous: Elevations in serum bilirubin, AST, and alkaline
phosphatase; red discoloration of urine

Special
considerations

Impaired immune system and myelosuppression are possible.
Avoid inhalation when mixing drug. Limit lifetime cumulative dose to
450–550 mg/m2 (doxorubicin equivalent). Urine will be discolored
for about 1–2 days following administration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy.
• Cardiac function tests: MUGA scan or LVEF recommended at
baseline in patients with risk factors and at periodic intervals
throughout therapy, as well as long-term follow-up evaluations.
(LVEF > 45% is recommended before beginning therapy with anthracyclines.)
• Site: Monitor for stinging and burning during peripheral line or implanted port infusion.

Indications

FDA approved for a wide spectrum of solid tumors and hematologic
cancers. Has also been used off label for several malignancies.

(Continued on next page)

186 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Dosage
adjustment
recommendations

Lifetime maximum dose is 450–550 mg/m2 in patients who have
been treated previously with anthracyclines or RT to the chest.
Consider addition of dexrazoxane if used in patients with cardiac
dysfunction.
Dose reduction for renal function: No dose adjustment necessary;
no supplemental dose needed following dialysis.
Dose reduction for hepatic dysfunction:
• T. Bili 1.2–3 mg/dl: 50% dose reduction.
• T. Bili 3–5 mg/dl: 75% dose reduction.
• T. Bili > 5 mg/dl: Avoid use.

Pharmacokinetics

The drug is rapidly distributed in body tissues, with 75% bound to
plasma proteins, especially albumin. Organs and tissues with HD
concentrations include liver, lymph nodes, muscles, bone marrow,
fat, and skin. A significant amount of doxorubicin is distributed into
human breast milk. Primarily metabolized by the liver to active then
inactive metabolites. Terminal elimination half-life of 17–48 hrs and
an incomplete (50%) total recovery of drug in urine, bile, and feces.
The conjugated metabolites are excreted in the bile and feces.

Manufacturer

Generic manufacturers

Other names

Doxil®

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Anthracyclines, isolated from a Streptomyces species, have several mechanisms:
• Bind to nucleic acids of DNA by intercalation, which interferes
with DNA and RNA synthesis.
• Inhibit topoisomerase II, causing double-strand DNA breaks.
• Reduction of anthracyclines causes the molecule to bind with
iron, causing the formation of free radicals, which is thought to
be the mechanism of cardiotoxicity.
• Pegylated formulation is doxorubicin HCl encapsulated in liposomes, which increases circulation time and enhance penetration into tumors.
• Doxorubicin liposomal is cell cycle nonspecific.

Vesicant
information

Irritant. If extravasated, apply ice for 30 min.

Preparation and
mixture

Only stable in D5W. Doses up to 90 mg should be diluted in 250 ml
D5W, and doses > 90 mg should be diluted in 500 ml D5W. DO NOT
use in-line filter.

Administration

Administered as IVPB starting at a rate of 1 mg/min to decrease
risk of infusion-related reactions. If no reactions occur, increase infusion rate to a rate that completes infusion over 60 min. DO NOT
administer undiluted, as bolus injection, IM, or SC.

Storage and
stability

Refrigerate unopened vials (avoid freezing because this may adversely affect the liposomes). Administer within 24 hrs of dilution.

Doxorubicin liposomal
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How supplied

Available in 20 mg and 50 mg vials in solution (concentration = 2
mg/ml)

Dosage

AIDS-related KS: 20 mg/m2 every 3 weeks
MM: 30 mg/m2 on day 4 (in combination with bortezomib) every 3
weeks (FDA approved); 40 mg/m2 on day 4 (in combination with
dexamethasone and vincristine) every 3 weeks (unlabeled)
Ovarian cancer: 50 mg/m2 every 4 weeks
Breast cancer (unlabeled): 50 mg/m2 every 4 weeks
Uterine cancer (unlabeled): 50 mg/m2 every 4 weeks

Compatibility
information

Stable ONLY in D5W. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to doxorubicin HCl,
components of liposomal products, or nursing mothers. Risk versus benefit should be considered in patients with existing bone
marrow depression, history of cardiovascular disease, or hepatic
function impairment. Although the risk seems less significant (cumulatively) dose-for-dose with liposomal doxorubicin, special attention must be given to the potential myocardial damage that
may occur in patients approaching a cumulative dose of 450–550
mg/m2 (doxorubicin equivalent). Prior use of anthracyclines or anthracenediones should be included in calculations of total cumulative dosage. Cardiac toxicity may occur at lower cumulative doses in patients with prior mediastinal RT or those who are receiving concurrent cyclophosphamide therapy. Not recommended in
patients with LVEF ≤ 45%.
Secondary AML or MDS has been reported in patients treated
with regimens containing anthracyclines (increased risk in patients with previous HD cyclophosphamide regimens, RT, or
age > 50).
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Drug interactions

Agent

Effect

Anthracyclines

Use of liposomal doxorubicin in patients who
have previously received doxorubicin may increase risk of cardiotoxicity. Should not be
used in patients who have received complete cumulative doses of anthracycline.

Azoles

May inhibit metabolism of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic AEs.

Cyclophosphamide
or mediastinal RT

Concurrent use may result in increased risk
of cardiotoxicity.

Cyclosporine

May increase concentration of doxorubicin.

Hepatotoxic drugs

Concurrent use may increase risk of hepatotoxicity.

CYP3A4, CYP2D6,
or CYP2B6 inhibitors/inducers

May increase or decrease metabolism of
doxorubicin.

Trastuzumab

Concomitant use with anthracyclines may
increase incidence and severity of cardiac
dysfunction.

Taxanes

Increase risk of cardiotoxicity when administered concurrently.

Anthracyclines can be radiosensitizing and radiomimetic; therefore,
doxorubicin can cause reactivation of soft tissue reactions in areas
previously irradiated (radiation recall).
Toxicity/adverse
events

Acute and/or potentially life-threatening: An acute infusion-related
reaction consisting of SOB, chest pain, back pain, fever, tachycardia, tightness in the chest or throat, chills, facial swelling, and low
blood pressure may occur during the initial few minutes of the first
infusion and usually resolves with cessation of the infusion. Serious and sometimes life-threatening or fatal allergic/anaphylactic reactions have been reported. Cardiotoxicity, specifically CHF
with a subsequent decrease in LVEF, can occur with cumulative
doses > 450–550 mg/m2 (doxorubicin equivalent). Cardiac function should be monitored regularly. Incidence may increase with
prior anthracycline use, preexisting cardiac disease, concomitant
cyclophosphamide or mediastinal RT, and cumulative dose. Can
occur months to years following therapy. Long-term monitoring
and assessment of cardiac function are essential.
Serious: PPE, characterized by ulceration, erythema, and desquamation of the hands and feet with pain and inflammation, may occur. Most commonly occurs after 6–8 weeks of therapy, with a reported incidence of approximately 50%, 24% being of grade 3 or
4 (CTCAE) severity. In severe cases, management consists of
holding treatment until resolution and resuming therapy with longer intervals between doses.
(Continued on next page)
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Other:
• Dermatologic: Alopecia, skin rash, pigmentation of nail beds, and
pruritus; radiation recall (redness, warmth, erythema, and dermatitis in radiation port; occurs 5–7 days after doxorubicin administration; topical corticosteroids and topical cooling indicated)
• GI: Nausea and vomiting, usually moderate, occurring in 1–3 hrs
and lasting for 4–24 hrs; constipation, diarrhea, esophagitis, anorexia, intestinal obstruction, stomatitis
• Hematologic: Myelosuppression (dose limiting), leukopenia (nadir of 10–14 days, recovery by day 21–28)
• Miscellaneous: Back pain, dyspnea, infections, weakness
Special
considerations

Liposomal doxorubicin is NOT interchangeable with conventional doxorubicin. An infusion-related reaction may occur during the
first 5 min of the infusion and, therefore, the initial infusion should
be administered at a rate of 1 mg/min; symptomatic therapies
should be available (e.g., diphenhydramine, corticosteroids). Limit lifetime cumulative dose to 450–550 mg/m2 (doxorubicin equivalent). Urine will be discolored for about 1–2 days following administration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose, and
at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• Cardiac function tests: MUGA scan or LVEF recommended at
baseline in patients with risk factors and at periodic intervals
throughout therapy, as well as long-term follow-up evaluations
(LVEF > 45% is recommended before beginning therapy with anthracyclines.)

Indications

AIDS-related KS, MM, and ovarian cancer

Dosage
adjustment
recommendations

Lifetime maximum dose of 450–550 mg/m2 in patients who have
been treated previously with anthracyclines or RT to the chest.
Consider addition of dexrazoxane if used in patients with cardiac
dysfunction.
Dose reduction for renal function: No information available.
Dose reduction for hepatic dysfunction:
• T. Bili 1.2–3 mg/dl: 50% dose reduction.
• T. Bili > 3 mg/dl: 75% dose reduction.
Dose adjustment for PPE and stomatitis: Recommendations are
based on grade of toxicity. Refer to package insert for specific recommendations.
Dose adjustment for hematologic toxicity:
• ANC > 1,500/mm3, PLTs > 75,000/mm3: No dose reduction needed.
• ANC 500–1,500/mm3, PLTs 25,000–75,000/mm3: Hold dose until
ANC ≥ 1,500/mm3, PLTs ≥ 75,000/mm3 (no dose reduction).
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• ANC < 500/mm3, PLTs < 25,000/mm3: Hold dose until ANC ≥
1,500/mm3, PLTs ≥ 75,000/mm3 (dose reduction of 25% or administer full dose with cytokine support).
• For patients with MM:
–– Fever ≥ 100.4°F (38°C) and ANC < 1,000/mm3: If before day 4
dose, DO NOT administer; if after dose, 25% dose reduction
for subsequent cycles.
–– ANC < 500/mm3, PLTs < 25,000/mm3, Hgb < 8: If before day 4
dose, DO NOT administer; if after dose, 25% dose reduction
for subsequent cycles if bortezomib is dose reduced for hematologic toxicity.
–– Grade 3 or 4 (CTCAE) nonhematologic toxicity: Delay dose
until resolved to < grade 2 and 25% dose reduction for subsequent cycles.

Pharmacokinetics

The drug is rapidly distributed in body tissues, with 75% bound to
plasma proteins, especially albumin. Organs and tissues with HD
concentrations include liver, lymph nodes, muscles, bone marrow,
fat, and skin. A significant amount of doxorubicin is distributed
into human breast milk. Primarily metabolized by the liver to active then inactive metabolites. Terminal elimination half-life of 17–
48 hrs and an incomplete (50%) total recovery of drug in urine,
bile, and feces. The conjugated metabolites are excreted in the
bile and feces.

Manufacturer

Ben Venue Laboratories, Inc., Bedford, OH, for Janssen Products,
LP

Other names

Ellence®

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Epirubicin intercalates DNA, which triggers DNA cleavage by topoisomerase II. It also inhibits DNA helicase activity, ultimately interfering with replication and transcription.

Vesicant
information

Vesicant: Care should be taken to avoid extravasation.
If extravasated:
1. Apply ice immediately (20 min QID for 1–2 days); stop cooling
about 15 min before and during dexrazoxane administration.
2. Elevate limb.
3. Neutralize vesicant by one of the following:
• Dexrazoxane: On days 1 and 2, administer 1,000 mg/m2
(max 2,000 mg); on day 3, 500 mg/m2 (max 1,000 mg). Administer via IV infusion over 1–2 hrs. Must be administered
no later than 6 hrs following extravasation and at the same
time each day (± 3 hrs).
• DMSO: Apply 99% solution topically every 8 hrs for 1 week.
Allow to air dry, then cover with nonocclusive dressing within
10–25 min of application. DO NOT administer dexrazoxane
to patients treated with DMSO.

Epirubicin
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Preparation and
mixture

Epirubicin is provided as a preservative-free, ready-to-use solution
and as powder for reconstitution. It should be administered over
15–20 min through a freely flowing IV infusion using NS or D5W.
• Powder for reconstitution
–– Reconstitute 50 mg vial with 25 ml of SWFI and 200 mg vial
with 100 ml SWFI to yield a concentration of 2 mg/ml.
–– Vigorously shake vial to completely dissolve powder (may
take up to 4 min).
–– Use within 24 hrs of puncturing rubber stopper.
• Ready-to-use solution
–– Use within 24 hrs once removed from refrigeration.

Administration

Administered as a slow IVP. Should be administered into the tubing
of a freely flowing IV infusion (NS or D5W) over 15–20 min (smaller
doses may be given faster but no less than 3 min). This technique
is intended to minimize the risk of thrombosis or perivenous extravasation, which could lead to severe cellulitis, vesication, or tissue
necrosis. A direct push injection is not recommended because of
the risk of extravasation, which may occur even in the presence of
adequate blood return on needle aspiration.
Do NOT give via IM or SC administration.

Storage and
stability

Vials should be stored under refrigeration between 36°F–46°F
(2°C–8°C) and protected from light. DO NOT freeze. Epirubicin
should be used within 24 hrs of the first penetration of the rubber
stopper (powder) and within 24 hrs once removed from refrigeration (solution).
Stable in NS, D5W, and LR. Not stable with solutions with an alkaline pH.

How supplied

Solution: Available as 50 mg/25 ml and 200 mg/100 ml preservative-free, single-use vials (concentration 2 mg/ml)
Powder for reconstitution: 50 mg and 200 mg vials

Dosage

Numerous drug administration schedules have been reported for
epirubicin. Dose ranges from 50–120 mg/m2 given every 7–21
days as part of combination chemotherapy. For patients with normal cardiac function, maximum cumulative lifetime dose of anthracyclines is 450–550 mg/m2 (doxorubicin equivalent) to minimize
risk of cardiac toxicity. In patients with risk factors (e.g., older age,
mediastinal RT, preexisting heart disease, concurrent cyclophosphamide use), it is recommended not to exceed a cumulative lifetime dose of 400 mg/m2 (doxorubicin equivalent). The doses of
any other anthracyclines or DNA-intercalating compounds the patient has received in the past must be considered when calculating the total dose.

Compatibility
information

Stable in NS, D5W, and LR. Not stable with solutions with an alkaline pH.
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Contraindications/
precautions

Patients with a baseline neutrophil count < 1,500/mm3; severe myocardial insufficiency or recent MI; previous treatment with anthracyclines at maximum cumulative doses; hypersensitivity to epirubicin, other anthracyclines, or anthracenediones; or severe hepatic dysfunction should NOT receive epirubicin.
Maximum cumulative lifetime dose of anthracyclines is 450–550
mg/m2 (doxorubicin equivalent). Not recommended in patients
with LVEF ≤ 45%. Secondary AML or MDS has been reported
in patients treated with regimens containing anthracyclines (increased risk in patients with previous HD cyclophosphamide regimens, RT, or age > 50).

Drug interactions

Concomitant use of epirubicin with other agents that can cause
heart failure (e.g., calcium channel blockers) requires close monitoring of cardiac function throughout treatment. Because epirubicin
is extensively metabolized by the liver, changes in hepatic function
induced by concomitant therapies may affect epirubicin metabolism, pharmacokinetics, therapeutic efficacy, and/or toxicity. Cimetidine increases the AUC of epirubicin by 50%.
Agent

Effect

Anthracyclines

Should not be used in patients who have
received complete cumulative doses of anthracyclines because of increased risk of
cardiotoxicity.

Azoles

May inhibit metabolism of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic effects.

Cimetidine

May increase serum concentration of epirubicin.

Cyclophosphamide
or mediastinal RT

Concurrent use may increase risk of cardiotoxicity.

Hepatotoxic drugs

Concurrent use may increase risk of hepatotoxicity.

CYP3A4 or
CYP2D6 inhibitors/
inducers

May increase or decrease metabolism of
epirubicin.

Trastuzumab

Concomitant use with anthracyclines may
increase incidence and severity of cardiac
dysfunction.

Taxanes

Increased risk of cardiotoxicity when administered concurrently.

Anthracyclines can be radiosensitizing and radiomimetic; therefore,
epirubicin can cause radiation recall, the reactivation of soft tissue
reactions in areas previously irradiated.
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Acute and/or potentially life-threatening: Life-threatening CHF,
the most severe form of anthracycline-induced cardiomyopathy,
is dependent on the cumulative dose of epirubicin. The risk of developing CHF increases rapidly with increasing total cumulative
doses of epirubicin in excess of 900 mg/m2; this cumulative dose
should only be exceeded with extreme caution. Delayed cardiotoxicity usually develops late in the course of therapy or within
2–3 months after completion of treatment.
Serious:
• Early cardiac toxicity related to epirubicin consists mainly of sinus tachycardia and/or ECG abnormalities, such as nonspecific ST-T wave changes, but tachyarrhythmia, including premature
ventricular contractions and ventricular tachycardia, bradycardia,
and AV and bundle branch block, have been reported. Delayed
cardiac toxicity results from a characteristic cardiomyopathy that
is manifested by reduced LVEF and/or signs and symptoms of
CHF (e.g., tachycardia, dyspnea, pulmonary edema, dependent
edema, hepatomegaly, ascites, pleural effusion, gallop rhythm).
• Dose-dependent, reversible leukopenia and neutropenia are the
most common acute dose-limiting toxicities. WBC nadir usually is reached 10–14 days from initiation of treatment. WBC and
neutrophil counts generally return to normal values by day 21 after drug administration. Severe thrombocytopenia and anemia
may occur.
• Hyperuricemia and other metabolic abnormalities may occur. Although not generally a problem in patients with breast cancer,
TLS may occur.
• Secondary AML has been reported in patients treated with anthracyclines and is more common when such drugs are given in
combination with DNA-damaging antineoplastic agents, when
patients have been heavily pretreated with cytotoxic drugs, or
when doses of anthracyclines have been escalated. The cumulative risk of secondary AML or MDS with epirubicin is approximately 0.3% at 3 years, 0.5% at 5 years, and 0.6% at 8 years.
Other:
• Dermatologic: Reversible alopecia occurs frequently, with hair regrowth occurring within 2–3 months after treatment discontinuation. Flushes, skin and nail hyperpigmentation, photosensitivity,
and hypersensitivity of irradiated skin (i.e., radiation-recall reaction) may occur. Urticaria and anaphylaxis have been reported in
patients treated with epirubicin; signs and symptoms of these reactions may vary from skin rash and pruritus to fever, chills, and
shock.
• GI: Mucositis may occur and is characterized by pain or a
burning sensation, erythema, erosions, ulcerations, bleeding,
or infection. Mucositis generally appears early after drug administration and, if severe, may progress over a few days to
mucosal ulcerations; most patients recover from this AE by
the third week of therapy. Hyperpigmentation of the oral mucosa may occur. Nausea, vomiting, diarrhea, and abdominal
pain can occur.
(Continued on next page)
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Special
considerations

Avoid epirubicin administration in veins over joints or in extremities with compromised venous or lymphatic drainage. A burning
or stinging sensation may be indicative of perivenous infiltration
(which may occur without causing pain); immediately terminate the
infusion and restart in another vein. Facial flushing, as well as local erythematous streaking along the vein, may be indicative of excessively rapid administration and may precede local phlebitis or
thrombophlebitis. Administration of epirubicin after previous RT may
induce an inflammatory recall reaction at the site of the irradiation.
DO NOT administer epirubicin by SC or IM route. Patients should
be warned that their urine may appear red for 1–2 days after administration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff.
• LFTs: ALT, AST, alkaline phosphatase, and T. Bili before initiation
of therapy and at periodic intervals during therapy.
• Cardiac function tests: MUGA or LVEF before initiation of therapy
and at periodic intervals during therapy.
• Renal function tests: CrCl, actual or calculated, and/or SCr.
• Serum uric acid, potassium, calcium, and phosphorus: Monitor
immediately after initial chemotherapy administration in patients
potentially susceptible to TLS.

Indications

Epirubicin is indicated as a component of adjuvant therapy in patients with evidence of axillary node tumor involvement following
resection of primary breast cancer.
Unlabeled: Esophageal cancer, gastric cancer, soft tissue sarcoma,
and uterine sarcoma.

Dosage
adjustment
recommendations

Renal impairment: Not recommended in patients with SCr > 5 mg/dl.
Hepatic impairment:
• AST 150–250 IU/L: 25% dose reduction.
• T. Bili 1.2–3 mg/dl or AST 250–500 IU/L: 50% dose reduction.
• T. Bili > 3 mg/dl or AST > 500 IU/L: 75% dose reduction.
Hematologic toxicity:
• If nadir PLTs < 50,000/mm3, ANC < 250/mm3, or neutropenic fever with previous cycle: Delay treatment until ANC > 1,500/mm3
and PLTs > 100,000/mm3, then decrease day 1 dose by 25%
with subsequent cycles.
• For regimens with divided-dose epirubicin:
–– If PLTs 75,000–100,000/mm3 and ANC 1,000–1,500/mm3: Decrease day 8 dose by 25% with subsequent cycles.
–– If on day 8, PLTs < 75,000/mm3 or ANC < 1,000/mm3: Omit
day 8 dose.
Nonhematologic toxicity:
• If grade 3 or 4 nonhematologic toxicity (CTCAE) with previous
cycle: Delay treatment until toxicity resolves to grade 1, then decrease day 1 dose by 25% with subsequent cycles.
• If on day 8, presence of grade 3 or 4 nonhematologic toxicity:
Omit day 8 dose.
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Pharmacokinetics

The plasma concentration of epirubicin declines in a triphasic manner, with mean half-lives for the alpha, beta, and gamma phases
of about 3 min, 2.5 hrs, and 33 hrs, respectively. Following IV administration, epirubicin is rapidly and widely distributed into the tissues. Binding of epirubicin to plasma proteins, predominantly albumin, is approximately 77% and is not affected by drug concentration. Epirubicin appears to concentrate in RBCs; whole blood concentrations are approximately twice those of plasma. Epirubicin is
extensively and rapidly metabolized by the liver and is metabolized
by other organs and cells, including RBCs. Epirubicin and its major
metabolites are eliminated through biliary excretion and, to a lesser
extent, by urinary excretion.

Manufacturer

Pfizer Ireland Pharmaceuticals, Ireland; Actavis, Italy; generic manufacturers

Other names

Halaven

Classification

Antimicrotubule agent, non-taxane

Mechanism of
action

Eribulin inhibits the formation of mitotic spindles leading to mitotic
blockage, cell cycle arrest in the G2/M phase, and finally apoptosis.
It is a synthetic analog of halichondrin B (isolated from Halichondria
okadai, a marine sponge).

Vesicant
information

Information currently unavailable

Preparation and
mixture

May administer undiluted or diluted in 100 ml of NS

Administration

Infusion over 2–5 min undiluted or diluted in NS

Storage and
stability

May be stored for up to 4 hrs at room temperature or refrigerated
for up to 24 hrs undiluted in a syringe or as a diluted solution

How supplied

Available as 1 mg/2 ml single-dose vial

Dosage

Metastatic breast cancer: 1.4 mg/m2 IV on days 1 and 8 every 21
days

Compatibility
information

NOT compatible in D5W. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindications: Currently, no information on contraindications is
available.
Precautions:
• Hepatic impairment may require dose reduction.
• Renal impairment may require dose reduction.
• Hematologic toxicity may require dose delay, reduction, or omission. Higher incidence of neutropenia/neutropenic fever observed
in patients with hepatic impairment.
• Peripheral neuropathy may require dose reduction and may be
prolonged (> 1 year).
• Avoid use in patients with congenital QTc prolongation.

Eribulin
®
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Drug interactions

Limited information is available.
Agent
Antiarrhythmic
agents

Effect
Eribulin may enhance the QTc-prolonging effect
of antiarrhythmic agents.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Neutropenia (nadir 13
days); QT prolongation
Serious: Febrile neutropenia
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Alopecia, rash
• GI: Nausea, diarrhea, vomiting, constipation, stomatitis, mucosal
inflammation, taste alteration
• Hepatic: ALT elevation
• Hematologic: Anemia, thrombocytopenia
• Neurologic: Fatigue, fever, headache, peripheral neuropathy
• Renal: UTI
• Respiratory: Cough, dyspnea

Special
considerations

Hepatic and renal impairment may require dose reduction.
Hematologic toxicity may require dose delay, reduction, or omission. Higher incidence of neutropenia/neutropenic fever was observed in patients with hepatic impairment.
Peripheral neuropathy may require dose reduction and may be prolonged (> 1 year).
Avoid use in patients with congenital QTc prolongation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for QT prolongation.
• CBC/diff
• Hepatic and renal function tests
• Serum electrolytes
• Assess for peripheral neuropathy before each dose.

Indications

Eribulin is indicated for patients with metastatic breast cancer who
have received at least 2 prior chemotherapy regimens.

Dosage
adjustment
recommendations

Renal impairment:
• CrCl > 50 ml/min: No dose adjustment is needed.
• CrCl 30–50 ml/min: Decrease dose to 1.1 mg/m2.
• CrCl < 30 ml/min: Not studied in this patient population.
Hepatic impairment:
• Child-Pugh class A (mild): Decrease dose to 1.1 mg/m2.
• Child-Pugh class B (moderate): Decrease dose to 0.7 mg/m2.
• Child-Pugh class C (severe): Not studied in this patient population.
Hold dose for the following on days 1 or 8:
• ANC < 1,000/mm3
(Continued on next page)
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• PLTs < 75,000/mm3
• Grade 3–4 (CTCAE) nonhematologic toxicity
• May delay day 8 dose up to 7 days
–– If toxicity resolves to ≤ grade 2 by day 15, administer at reduced dose and start next cycle no sooner than 14 days later.
–– If toxicity does NOT resolve to ≤ grade 2 by day 15, omit dose.
Permanent dose reduction: First episode, decrease to 1.1 mg/m2;
second episode, decrease to 0.7 mg/m2; third episode, discontinue treatment.
• ANC < 500/mm3 for > 7 days
• ANC < 1,000/mm3 with fever or infection
• PLTs < 25,000/mm3
• PLTs < 55,000/mm3 requiring transfusion
• Grade 3–4 nonhematologic toxicity
• Omitted dose/delay on day 8 of prior cycle
Pharmacokinetics

Distribution: Accumulation is not observed with weekly administration.
Metabolism: No major metabolites are eliminated unchanged; terminal elimination half-life is about 40 hrs.
Excretion: Primarily excreted in the feces unchanged (82%).

Manufacturer

Eisai Inc., Woodcliff Lake, NJ
Estramustine–see Hormonal Therapies table

Etoposide
Other names

VePesid , VP-16

Classification

Antimicrotubule agent; plant alkaloid; podophyllotoxin derivative

Mechanism of
action

Cell cycle–specific alkaloid that inhibits DNA synthesis in the S and
G2 phases. Inhibition of DNA synthesis is promoted by inhibiting the
action of topoisomerase II. This enzyme is responsible for the unbinding and resealing of chromosomes during the mitotic phase. This process causes the DNA strands to be dysfunctional and break, thus not
allowing the cells to enter the mitotic phase, resulting in cell death.

Vesicant
information

Irritant. If extravasated:
1. Apply warm compresses (20 min QID for 1–2 days).
2. Elevate limb.
3. Neutralize vesicant with hyaluronidase: Inject 150–900 IU diluted in 1 ml sterile water SC or intradermally into the area of extravasation.

Preparation and
mixture

Must be diluted before use with either D5W or NS to a final concentration of 0.2–0.4 mg/ml. Precipitation may occur if concentration of
solution is above 0.4 mg/ml. Keep etoposide capsules refrigerated.
Because etoposide solution contains Kolliphor® EL (formerly Cremophor® EL), which can leach DEHP from PVC containers and tubing,
administer solutions using containers and tubing made of polyolefin,
polypropylene, or glass.

Administration

Administer as IV infusion over 30–60 min. DO NOT infuse as an
IVP or rapid infusion.

®
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Storage and
stability

Store vials at room temperature and capsules at 36°F–46°F (2°C–
8°C). Capsules are stable for 24 months under refrigeration. Etoposide solutions of 0.2 mg/ml are stable for 96 hrs, and solutions
of 0.4 mg/ml are stable for 24 hrs at room temperature. DO NOT
freeze.

How supplied

Available in multidose vials of 100 mg/5 ml, 150 mg/7.5 ml, 500
mg/25 ml, and 1,000 g/50 ml. Oral formulation available in 50 mg
capsules.

Dosage

Dosage is in combination regimen. In testicular cancer, dose range
is 50–100 mg/m2/day on days 1–5 or 100 mg/m2/day on days 1, 3,
and 5 every 21–28 days. In SCLC, dose is 35 mg/m2/day for 4 days
or 50 mg/m2/day for 5 days. Other dosing regimens are used. Oral
dose is twice the IV dose rounded to the nearest 50 mg.

Compatibility
information

Compatible in D5W, NS, and LR. Not compatible with infusion bags/
tubing containing PVC. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity or previous anaphylactic reaction to etoposide.
• Hold treatment if ANC < 500/mm3 or PLTs < 50,000/mm3.
• Etoposide should not be infused as a rapid infusion because of
risk of hypotension. If hypotension occurs, stop infusion and give
IV fluids and supportive care. Infusion rate should be decreased
upon restarting infusion.
• Secondary malignancies (leukemia) have been associated with
etoposide.
• Advise women to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effect

Calcium antagonists

Increase cytotoxicity of etoposide in vitro

Carmustine

Increased incidence of hepatotoxicity with
concomitant use

Cyclosporine

Increases cytotoxicity of etoposide

Immunosuppressive agents

May increase risk of neutropenia

CYP3A4 or
CYP2D6 inhibitors/
inducers

May increase or decrease metabolism of etoposide

MTX

Increased intracellular accumulation of MTX

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of etoposide

Warfarin

May elevate PT with concomitant use

A complete review of drug interactions should be evaluated for
each patient.
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylactic-like reaction manifested by chills, fever, tachycardia, bronchospasm, dyspnea, and hypotension. Treatment is symptomatic; stop infusion,
and, at the discretion of the physician, administer pressor agents,
corticosteroids, antihistamines, and/or volume expanders.
Serious: Hepatic toxicity, although uncommon, has been reported
with the use of HD etoposide.
Other:
• Cardiovascular: Hypotension related to infusion time—give over
30–60 min; tachycardia
• Dermatologic: Alopecia
• GI: Nausea, vomiting, anorexia, diarrhea, stomatitis, abdominal
pain
• Hematologic: Anemia, leukopenia, and thrombocytopenia (dose
limiting); WBC nadir on day 5–15 with recovery by day 24–28
• Neurologic: Peripheral neuropathy exacerbated by prior course
of vincristine
• Respiratory: Bronchospasms resulting in wheezing

Special
considerations

Hypotension following rapid IV administration has been reported;
hence, it is recommended that the solution be administered over a
30–60-min period. A longer duration of administration may be used
if the volume of fluid to be infused is a concern; it should not be given by rapid IV injection. Administer antihistamine and corticosteroids for wheezing. Monitor for anaphylactic reaction. Oral dose
is twice the IV dose because of bioavailability. Administer the oral
dose as a once-daily dose if the total daily dose is < 400 mg or in
divided doses if the total daily dose is > 400 mg. Postmarketing experience suggests that older adults may be more sensitive to some
AEs, including myelosuppression, GI disturbances, infectious complications, and alopecia.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• Monitor for hypersensitivity reactions and hypotension during infusion.
• CBC/diff.
• LFTs: ALT, AST, alkaline phosphatase, and T. Bili before initiation
of therapy and at periodic intervals during therapy.
• PT: If on concurrent warfarin therapy, monitor frequently.

Indications

FDA approved in the treatment of testicular and small cell lung carcinoma. Also used (unlabeled) in the treatment of leukemia, lymphoma, bladder cancer, sarcoma, Wilms tumor, Ewing sarcoma,
prostate cancer, and KS.

Dosage
adjustment
recommendations

Renal impairment:
• CrCl 15–50 ml/min: 25% dose reduction.
• CrCl < 15 ml/min: Insufficient data to determine if dose adjustment necessary in this patient population.
• No supplemental dose needed following hemodialysis. Continuous renal replacement therapy: 25% dose reduction.
(Continued on next page)
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Hepatic impairment:
• T. Bili 1.5–3 mg/dl: 50% dose reduction.
• T. Bili > 3 mg/dl: Consider reducing dose or omitting etoposide.

Pharmacokinetics

Absorption: 50% bioavailability with oral formulation
Metabolism: Hepatic via CYP3A4/3A5 to metabolites, O-demethylation, and glutathione conjugation; half-life is 1.5 hrs, with a terminal half-life range of 4–11 hrs.
Excretion: Primarily via urine, although biliary excretion of unchanged
drug and/or metabolites is an important route of elimination.

Manufacturer

Teva Parenteral Medicines, Irvine, CA; generic manufacturers

Etoposide phosphate
Other names

Etopophos®

Classification

Antimicrotubule; plant alkaloid; podophyllotoxin derivative

Mechanism of
action

Rapidly and completely converted in vivo by dephosphorylation to
active moiety, etoposide. Mechanism of action believed to be the
same as for etoposide.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute vial with SWFI, D5W, NS, SBWFI with benzyl alcohol,
or bacteriostatic sodium chloride injection with benzyl alcohol to a
concentration equivalent to 20 mg/ml or 10 mg/ml etoposide (22.7
mg/ml or 11.4 mg/ml etoposide phosphate, respectively). The quantity of diluent for reconstitution is listed in the following table.
Vial
100 mg

Volume of Diluent

Final Concentration

5 ml
10 ml

20 mg/ml
10 mg/ml

Following reconstitution, etoposide phosphate may be administered
without further dilution or may be diluted to a concentration as low
as 0.1 mg/ml etoposide with D5W or NS.
Administration

IV infusion over 5–210 min

Storage and
stability

Store intact vials under refrigeration at 36°F–46°F (2°C–8°C), and
protect from light. Reconstituted solutions are stable in glass or
plastic containers under refrigeration for 7 days or at room temperature for 24 hrs if reconstituted with SWFI, NS, or D5W or for
48 hrs if reconstituted with SBWFI with benzyl alcohol or bacteriostatic sodium chloride for injection with benzyl alcohol. Diluted solutions are stable at room temperature or under refrigeration for
up to 24 hrs.

How supplied

Supplied as a sterile lyophilized powder in a single-dose vial containing etoposide phosphate equivalent to 100 mg etoposide

Dosage

Dosed in terms of etoposide equivalent (113.5 mg etoposide phosphate = 100 mg etoposide equivalent)
(Continued on next page)
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Compatibility
information

Stable in NS, D5W, and SWFI. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to etoposide, etoposide phosphate, or any component. Consider risk versus
benefit in patients with hepatic or renal function impairment (lower dosages recommended), significant bone marrow depression, or
active infection.

Drug interactions

Agent

Effect

Calcium antagonists

Increase cytotoxicity of etoposide in vitro

Carmustine

Increased incidence of hepatotoxicity
with concomitant use

Cyclosporine

Increases cytotoxicity of etoposide

Immunosuppressive
agents

May increase risk of neutropenia

CYP3A4 or CYP2D6
inhibitors/inducers

May increase or decrease metabolism of
etoposide

MTX

Increased intracellular accumulation of
MTX

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of
etoposide

Warfarin

May elevate PT with concomitant use

Exercise caution when administering etoposide phosphate with
drugs that are known to inhibit phosphatase activity.
A complete review of drug interactions should be evaluated for
each patient
Toxicity/Adverse
Effects

See etoposide.

Special
considerations

The advantages of etoposide phosphate are rate of infusion and
less fluid necessary for preparation and dilution.

Indications

See etoposide.

Dosage
adjustment
recommendations

Renal impairment:
• CrCl 15–50 ml/min: 25% dose reduction
• CrCl < 15 ml/min and dialysis: Insufficient data to determine if
dose adjustment necessary in these patient populations
Hepatic impairment: Insufficient data to determine if dose adjustment necessary in this patient population

Pharmacokinetics

Rapidly and completely converted to etoposide in plasma by dephosphorylation. See etoposide for further pharmacokinetic information.

Manufacturer

Baxter Healthcare Corp., Deerfield, IL
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Floxuridine
Other names

FUDR , 5-FUDR, 5-fluoro-2′-deoxyuridine

Classification

Antimetabolite agent; pyrimidine analog

Mechanism of
action

Rapidly catabolized to fluorouracil. The primary effect of fluorouracil
is to interfere with DNA synthesis through inhibition of thymidylate
synthetase.

Vesicant
information

May cause irritation

Preparation and
mixture

Reconstitute with 5 ml SWFI, USP, to yield a solution containing
100 mg/ml. The calculated daily dose then is diluted with D5W or
NS to the volume appropriate for the infusion apparatus used. For
IV infusion: Further dilute in 500–1,000 ml D5W or NS.

Administration

IV infusion over 15 min or longer or intra-arterial infusion over 7–14
days

Storage and
stability

Store the intact vials at room temperature (59°F–86°F [15°C–30°C]).
Reconstituted solutions are stable under refrigeration for 2 weeks.

How supplied

Supplied as a sterile, nonpyogenic, lyophilized powder containing
500 mg floxuridine in a 5 ml vial

Dosage

Recommended dosage schedule of floxuridine by continuous arterial infusion is 0.1–0.6 mg/kg/day, usually for periods of 14–21
days, with a rest period of 2 weeks between cycles; however, therapy can be continued until toxicity (see Special Considerations) or
response occurs. Dosages of 0.4–0.6 mg/kg/day usually are required for HAIs because of hepatic metabolism. A common regimen for HAI is 4–6 mg/m2/day as a continuous infusion for 2 weeks
followed by a 2-week rest period. Lower floxuridine (0.2–0.3 mg/kg/
day) doses may be used when combined with leucovorin.

Compatibility
information

Concentrations of floxuridine of 2.5–12 mg/ml in bacteriostatic
0.9% sodium chloride with heparin (200 units/ml), leucovorin, and
dexamethasone is chemically stable for 2 weeks in an implantable
infusion device for HAI therapy. Floxuridine (1–4 mg/ml) and leucovorin (0.03–0.96 mg/ml) are stable in plastic containers for 48 hrs at
room and refrigerated temperatures. For further clarification, refer
to compatibility references.

Contraindications/
precautions

Use extreme caution in patients with poor nutritional status, depressed bone marrow function, or potentially serious infections.
Consider risk versus benefit in patients with renal or hepatic impairment (lower dosage recommended), history of hepatitis, previous
cytotoxic therapy with alkylating agents or prior HD pelvic RT (lower dosage recommended), or recent or existing chicken pox or herpes zoster infection.

®
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Effect

RT

Additive bone marrow depression

Cytotoxic chemotherapy

Additive bone marrow depression

Fosphenytoin
or phenytoin

May increase the serum concentration of fosphenytoin and phenytoin

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Toxicities are related to
procedural complications of regional artery infusion and include
arterial aneurysm, thrombosis, embolism and ischemia, hepatic
necrosis and abscess formation, bleeding, and infection.
Serious: Gastroenteritis, GI ulceration, hepatotoxicity, intra- and
extrahepatic sclerosis
Other:
• Dermatologic: Alopecia, dermatitis, rash or itching, scaling or
redness of hands or feet, photosensitivity, hyperpigmentation of
the skin
• GI: Nausea and vomiting, glossitis, stomatitis
• Hematologic: Anemia, thrombocytopenia, neutropenia
• Miscellaneous: Fever
• Musculoskeletal: Weakness, malaise, lethargy

Special
considerations

It is recommended to place patients on H2 antagonist therapy (e.g.,
ranitidine, famotidine) to reduce possibility of peptic ulcer. Although nausea and vomiting are not severe, patients may require
an as-needed antiemetic (e.g., prochlorperazine).
Floxuridine is a highly toxic drug with a narrow margin of safety.
Therapy is to be discontinued promptly whenever one of the following signs of toxicity appears:
• Myocardial ischemia
• Stomatitis or esophagopharyngitis, at the first visible sign
• Leukopenia (WBCs < 3,500/mm3) or a rapidly falling WBC
• Vomiting, intractable
• Diarrhea, frequent bowel movements or watery stools
• GI ulceration and bleeding
• Thrombocytopenia (PLTs < 100,000/mm3)
• Hemorrhage from any site

Monitoring
parameters

Monitoring recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Examination of patient’s mouth for ulceration before initiation of
therapy and at periodic intervals during therapy
(Continued on next page)
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Indications

Indicated in the palliative management of GI adenocarcinoma metastatic to the liver. May be used in the local management of other
tumor types metastatic to the liver or in the treatment of primary liver cancer. In addition, infusional therapy has been used in cancers
of the ovary, bladder, head and neck, and kidney, as well as in the
treatment of ALL and nonlymphocytic leukemias.

Dosage
adjustment
recommendations

Withhold therapy for patients experiencing severe diarrhea, esophagopharyngitis, GI ulceration or bleeding, hemorrhage from any
site, marked thrombocytopenia, marked neutropenia, stomatitis, or
intractable vomiting. Therapy may be reinstituted at a lower dose
when toxicity has subsided. Use caution in renal and hepatic impairment.

Pharmacokinetics

Metabolized in the liver with a half-life of 0.3–0.6 hrs

Manufacturer

Generic manufacturers

Fludarabine phosphate
Other names

Fludara®, OfortaTM

Classification

Antimetabolite; nucleotide analog of the antiviral agent adenine arabinoside

Mechanism of
action

Inhibits DNA synthesis by inhibiting DNA polymerase and ribonucleotide reductase

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute 50 mg vial with 2 ml of SWFI, USP. Solution is clear
and contains 25 mg/ml of fludarabine. Further dilution for infusion
should be in 100–125 ml of D5W or NS. Reconstituted solution can
be stored for up to 8 hrs at room temperature or refrigerated.

Administration

Short-term IV infusion, usually over 30 min; PO

Storage and
stability

Store intact vial under refrigeration of 36°F–46°F (2°C–8°C) or for
up to 8 hrs at room temperature of 72°F–77°F (22°C–25°C).
Tablets: Store under normal lighting conditions at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–30°C).

How supplied

Each single-dose vial (6 ml capacity) contains 50 mg lyophilized
drug as a sterile white powder.
Tablets: 10 mg tablets that are capsule shaped and salmon pink in
color, marked on one side with “LN” in a regular hexagon

Dosage

IV: Usual dosage of fludarabine is 20–25 mg/m2/day for 5 days of
a 28-day cycle or fludarabine is 25–30 mg/m2/day for 3 days of a
28-day cycle; transplant doses: 30 mg/m2/day for 3–6 doses before transplant. Infuse over 30 min daily.
Oral: Recommended dose is 40 mg/m2 administered PO daily for
5 consecutive days. Each 5-day course of treatment should commence every 28 days.

Compatibility
information

For further clarification, refer to compatibility references.
(Continued on next page)

Chapter 5. Antineoplastic Agents

●

205

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to the drug and
those who are lactating. Severe neurologic effects including blindness, coma, and death have occurred with very high doses. Instances of life-threatening and sometimes fatal autoimmune hemolytic anemia have been reported. Patients undergoing treatment
with fludarabine should be evaluated and closely monitored for hemolysis.

Drug interactions

Use cautiously when administering concomitantly with other myelosuppressive agents. The use of fludarabine in combination with
pentostatin is not recommended due to the risk of severe pulmonary toxicity. Imatinib may decrease the myelosuppressive effect
of fludarabine. Stop imatinib therapy at least 5 days before using
fludarabine in a conditioning regimen for transplant.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Life-threatening and
sometimes fatal autoimmune hemolytic anemia
Serious: Interstitial pneumonitis with infiltrates and effusions, hemoptysis, hypoxia, dyspnea, and cough. TLS may occur with
bulky disease. Renal failure may occur; use cautiously in patients
with preexisting renal insufficiency.
Other:
• Dermatologic: Rash, pruritus, alopecia
• GI: Mild nausea and vomiting, diarrhea, constipation, stomatitis
• Hematologic: Granulocytopenia and thrombocytopenia (dose limiting)
• Miscellaneous: Fever, urinary retention, hematuria, dysuria, proteinuria, flu-like symptoms
• Musculoskeletal: Chills, myalgia, fatigue
• Neurologic: Weakness, paresthesia, headache, depression, agitation, neuropathy, confusion

Special
considerations

Use cautiously in patients with renal insufficiency. AEs are dose dependent. Increased toxicity risk in the geriatric population related to
renal insufficiency. Serious opportunistic infections have occurred
in patients with CLL treated with fludarabine. Consider IV gamma
globulin to decrease infections in patients with CLL. Prophylactic
anti-infectives should be considered. Patients receiving blood products should only receive irradiated blood products because of the
potential for transfusion-related GVHD.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Stool cultures: If persistent diarrhea to rule out infectious etiology
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Indications

FDA approved in the treatment of CLL. Off-label uses include mycosis fungoides, NHL, AML, ALL, MM, melanoma, pancreatic adenocarcinoma, and hairy cell leukemia. It is also used as part of a
conditioning regimen for HSCT.

Dosage
adjustment
recommendations

Reduce dose for renal impairment:
• IV: If CrCl = 50–79 ml/min, decrease dose to 20 mg/m2; CrCl = 30–
49 ml/min, decrease dose to 15 mg/m2; CrCl < 30 ml/min, avoid use.
• Oral: CrCl = 30–70 ml/min, administer 80% of dose; CrCl < 30
ml/min, administer 50% of dose.

Pharmacokinetics

Rapidly converted to active metabolite, 2-fluoro-Ara-A. Eliminated
via kidneys. Terminal half-life of active metabolite is 20 hrs.
Oral: Time to peak plasma concentrations is 1–2 hrs.

Manufacturer

Generic manufacturers

Fluorouracil
Other names

5-FU, Adrucil®, Efudex®, Fluoroplex®, Carac®

Classification

Antimetabolite; fluorinated pyrimidine

Mechanism of
action

Cell cycle specific in S phase. Inhibition of RNA formation and DNA
synthesis through a decrease in sufficient thymine, resulting in cell
death.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Solution for injection—reconstitution not required. Store at room
temperature and protect from light. Further dilution in NS or D5W for
infusion. Inspect doses for precipitate; if solution does not clear with
agitation or warming to 104°F (40°C), discard.

Administration

IV: IVP via side arm of fast-flowing compatible fluids. CIV infusion
over 12–24 hrs (per protocol) in NS or D5W. Check blood return
throughout long-term infusion.
Topical: Skin preparation—apply using powder-free gloves.

Storage and
stability

Protect from light. Store at 59°F–86°F (15°C–30°C).

How supplied

Supplied as 50 mg/ml concentration in multiple vial sizes. Available
topically as 0.5% (30 g), 1% (30 g), and 5% (40 g) topical cream
and 1% (30 ml), 2% (10 ml), and 5% (10 ml) topical solution.

Dosage

Numerous regimens are used.
• IV bolus: 425 mg/m2, 500 mg/m2, and 600 mg/m2.
• CIV:
–– 500–750 mg/m2/day for 5 days every 3 weeks
–– 1,000 mg/m2/day for 4–5 days every 3–4 weeks
–– 2,600 mg/m2 on day 1 every week
–– 1,600 mg/m2/day for 2 days every 2 weeks
–– 400 mg/m2 bolus followed by 1,200 mg/m2/day for 2 days every 2 weeks
–– 200 mg/m2/day for 21 days
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Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a poor nutritional state, those with
depressed bone marrow function, those with potentially serious infections, or those with a known hypersensitivity to fluorouracil. Use
in patients with DPD enzyme deficiency has been associated with
prolonged clearance and increased toxicity following administration
(diarrhea, neutropenia, and neurotoxicity). A large percentage of
fluorouracil is catabolized by the DPD enzyme. DPD enzyme deficiency can result in shunting of fluorouracil to the anabolic pathway,
leading to increased cytotoxic activity and toxicity.

Drug interactions

Agent

Effect

Leucovorin calcium

Synergistic; increases toxicity of fluorouracil;
give before or concomitantly with fluorouracil.

Allopurinol

Allopurinol inhibits thymidine phosphorylase;
antitumor effect is unaltered but toxicity of fluorouracil is decreased.

MTX

Mutually antagonistic; schedule-dependent; administer fluorouracil after MTX.

Fosphenytoin
or phenytoin

Increases serum concentration of fosphenytoin
and phenytoin.

Metronidazole

May increase serum concentration of fluorouracil.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: GI adverse events are
route and schedule dependent. Continuous-infusion fluorouracil
can be associated with severe diarrhea and mucositis. These AEs
can also be seen when it is given IVP. Discontinue the infusion
if intractable diarrhea or severe mucositis develops. Subsequent
therapy should be dose modified.
Serious: Angina, hypotension, ECG changes, myocardial ischemia, and arrhythmias; similar to ischemic changes. Usually occurs within first 2 days of therapy and may be treated symptomatically with nitroglycerin and calcium channel blockade. Thought to
be caused by coronary vasospasm induced by fluorouracil.
Other:
• Dermatologic: Hand-foot syndrome, photosensitivity, alopecia,
hyperpigmentation, especially along venous circulation, nail color
changes with possible loss of nails, skin rash
• GI: Mild to moderate nausea, vomiting, anorexia, heartburn,
proctitis, esophagitis
• Musculoskeletal: Weakness
• Neurologic: Confusion, headache, disorientation, acute cerebellar ataxia, lethargy
• Ocular: Photophobia, visual changes, conjunctivitis, increased
tearing
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Special
considerations

Patients should avoid excessive exposure to the sun while on therapy. DO NOT use occlusive dressing over topical agent because of
inflammation of normal skin.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Examination of patient’s mouth for ulceration: Before initiation of
therapy and at periodic intervals during therapy
• Stool cultures: If persistent diarrhea to rule out infectious etiology

Indications

FDA approved for colon, rectal, breast, and stomach cancers, pancreatic carcinoma, actinic keratosis
Off-label uses include esophageal, head and neck, anal, cervical,
bladder, and renal cell cancers

Dosage
adjustment
recommendations

Consider dose reduction and/or interruption in patients with impaired renal or liver function, significant myelosuppression, severe
diarrhea and/or mucositis, significant PPE, and poor nutrition.

Pharmacokinetics

Metabolized by the liver. Half-life is 8–20 min; terminal half-life is 20
hrs. Excreted by the kidneys in the urine and the lungs as carbon
dioxide. Crosses the blood-brain barrier.

Manufacturer

Efudex: Valeant Pharmaceuticals International, Costa Mesa, CA;
Fluoroplex: Allergan Inc., Irvine, CA; Carac: Dermik Laboratories,
Bridgewater, NJ; also available by generic manufacturers

Other names

Gemzar®, gemcitabine hydrochloride

Classification

Antimetabolite; pyrimidine analog

Mechanism of
action

Intracellular conversion to 2 active metabolites: Gemcitabine diphosphate, which inhibits the enzyme responsible for catalyzing
synthesis of deoxynucleoside triphosphates required for DNA synthesis, and gemcitabine triphosphate, which competes with endogenous deoxynucleoside triphosphates for incorporation into DNA
with subsequent inhibition of DNA synthesis. Cell cycle specific for
the S phase and G1/S phase boundary.

Vesicant
information

May cause irritation

Preparation and
mixture

Reconstitute with 5 ml or 25 ml NS (without preservative) to the 200
mg or 1 g vial, respectively, yielding a clear, colorless to light strawcolored solution with a concentration of 38 mg/ml. This solution may
be administered as prepared or further diluted with NS to a concentration as low as 0.1 mg/ml.

Administration

IV infusion over 30 min

Gemcitabine
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Storage and
stability

Store intact vials at room temperature (68°F–77°F [20°C–25°C]).
Reconstituted and/or diluted solutions are stable at room temperature for up to 24 hrs. DO NOT refrigerate.

How supplied

Supplied as a white, lyophilized powder in single-use vials containing 200 mg, 1 g, and 2 g of gemcitabine. Also supplied as a solution for injection (38 mg/ml).

Dosage

Gemcitabine is used in a wide variety of dosing regimens. Please
refer to specific protocols for details. General dosing includes
1,000–1,250 mg/m2 weekly for 2–7 weeks depending on the protocol. There is often 1–2 weeks off before initiation of another cycle.

Compatibility
information

No incompatibilities have been observed with infusion bottles, PVC
bags, or administration sets. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to the
drug. Consider risk versus benefit in patients with existing bone
marrow depression, infection, or hepatic or renal function impairment (dose reduction may be necessary). Gemcitabine may cause
fever in the absence of infection.

Drug interactions

A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Prolongation of infusion times > 60 min or dosing more frequently
than weekly has shown to increase toxicity.
Acute and/or potentially life-threatening: Hemolytic uremic syndrome, although rare, has been reported. Renal failure may not
be reversible with discontinuation of therapy, and dialysis may be
required. Bronchospasm and anaphylactoid reactions have been
reported.
Serious: Cardiovascular events such as MI, cerebrovascular accident, arrhythmia, and hypertension have occurred. Many of these
patients had a prior history of cardiovascular disease. Parenchymal toxicity, including interstitial pneumonitis, pulmonary fibrosis,
pulmonary edema, and ARDS, has been reported rarely.
Other:
• Cardiovascular: Edema (generalized and peripheral)
• Dermatologic: Rash (occurs in up to 30%; macular or finely granular maculopapular pruritic eruption of mild to moderate severity
involving the trunk and extremities), alopecia
• GI: Nausea and vomiting (mild to moderate, occurring in up to
two-thirds of patients), diarrhea, constipation, stomatitis
• Hematologic: Myelosuppression (dose limiting); anemia, thrombocytopenia, and neutropenia. Gemcitabine therapy may be dosemodified or suspended based on degree of hematologic toxicity.
• Miscellaneous: Fever (40%), paresthesia, elevated liver enzymes
and bilirubin (in up to 70%; serious hepatotoxicity rarely reported, including liver failure and death), flu-like syndrome (e.g., fever, asthenia, headache, cough, chills, myalgia)
• Respiratory: Dyspnea
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Special
considerations

Gemcitabine is a mild to moderate emetogen; antiemetic prophylaxis (e.g., prochlorperazine) is recommended. AEs associated with
gemcitabine may occur more frequently and be more severe if administered more frequently than once weekly or if infused over a
time period longer than 60 min. DO NOT refrigerate reconstituted
or diluted solutions, as crystallization may occur.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• Renal function tests: CrCl, actual or calculated, and/or SCr
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before
initiation of therapy and at periodic intervals during therapy

Indications

FDA-approved indications include treatment of metastatic breast
cancer; inoperable locally advanced or metastatic NSCLC; locally advanced or metastatic pancreatic cancer; and advanced, relapsed ovarian cancer.
Off-label uses of gemcitabine are numerous and include bladder cancer, cervical cancer, head and neck cancer, lymphomas,
SCLC, sarcoma, and testicular cancer.

Dosage
adjustment
recommendations

Monitor patients receiving gemcitabine before each dose with CBC/
diff and PLT count. If marrow suppression is detected, modify the
dose of gemcitabine according to the following guidelines.
ANC (/mm3)
> 1,000
500–999
< 500

PLTs (/mm3)

% of Full Dose

> 100,000
50,000–99,999
< 50,000

100
75
Hold

In addition, use gemcitabine with caution in patients with renal or
hepatic function impairment. Dose modification is recommended,
although no guidelines are available.
Pharmacokinetics

The duration of infusion and age and gender of the patient significantly affect the volume of distribution and elimination of gemcitabine. It undergoes intracellular metabolism to produce 2 active metabolites. Renally eliminated as the inactive uracil metabolite
and unchanged drug. Time to peak plasma concentration is 30 min
after the end of the infusion.

Manufacturer

Generic manufacturers
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Glucarpidase
Other names

Carboxypeptidase-G2, CPDG2, Voraxaze®

Classification

Antidote, enzyme

Mechanism of
action

Glucarpidase is a recombinant bacterial enzyme carboxypeptidase
produced by recombinant DNA technology in genetically modified
E. coli. Glucarpidase hydrolyzes the carboxyl-terminal glutamate
residue from MTX and allows for elimination of MTX via conversion
to inactive metabolites.

Vesicant
information

Not known

Preparation and
mixture

Reconstitute immediately before administration. Add 1 ml of sterile
saline into vial, and gently roll to mix. DO NOT shake.

Administration

IV bolus over 5 min; flush line after administration.

Storage and
stability

Store intact vials at 36°F–46°F (2°C–8°C). DO NOT freeze. Reconstituted solutions are stable under refrigeration for up to 4 hrs.

How supplied

Supplied as a sterile, preservative-free white lyophilized powder in
glass vials containing 1,000 units of glucarpidase per vial. Contains
no preservative and is supplied as a single-use vial.

Dosage

Single IV injection of 50 units/kg

Compatibility
information

No incompatibilities have been observed; DO NOT mix with other drugs.

Contraindications/
precautions

None.

Drug interactions

Leucovorin is a substrate for glucarpidase; therefore, DO NOT administer leucovorin or levoleucovorin within 2 hrs before or after
the dose of glucarpidase.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Serious allergic reactions, including anaphylactic reactions, may occur.
Serious:
Other:
• Cardiovascular: Flushing, hypotension
• Dermatologic: Pruritus
• GI: Nausea and vomiting (mild to moderate)
• Miscellaneous: Shaking, warmth, headache
• Neuromuscular: Paresthesias

Special
considerations

Glucarpidase appears to decrease MTX plasma concentrations
rapidly.

Monitoring
parameters

Monitor for MTX clearance and reversal of MTX toxicities.

Indications

Indicated for the treatment of patients with toxic plasma levels of
MTX (> 1 mcM/L) with delayed MTX clearance due to impaired renal function.
(Continued on next page)
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Dosage
adjustment
recommendations

No dosage adjustments are recommended in renal or hepatic impairment.

Pharmacokinetics

It appears glucarpidase is restricted to plasma volume. Serum glucarpidase activity levels decline with a mean elimination half-life of
5.6 hrs.

Manufacturer

BTG International Inc., West Conshohocken, PA

Other names

Hydrea®, Droxia®

Classification

Antimetabolite, miscellaneous

Mechanism of
action

The mechanism by which hydroxyurea produces an anticancer effect is not fully understood. Hydroxyurea interferes with DNA synthesis through inhibition of ribonucleoside diphosphate reductase,
preventing conversion of ribonucleotides to deoxyribonucleotides.
Cell cycle specific for the S phase.
Hydroxyurea increases hemoglobin F levels in RBCs, which increases the water content in RBCs and increases deformability of
sickled cells in sickle-cell anemia.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

PO. Capsules may be opened and contents emptied into a glass
of water if taken immediately for patients who are unable to swallow them.

Storage and
stability

Store capsules in a tight container at room temperature; avoid excess heat.

How supplied

Supplied as 200 mg, 300 mg, 400 mg, and 500 mg capsules

Dosage

The package information recommends that the dose of hydroxyurea be based on ideal or actual body weight, whichever is less.
For some clinical indications, the dose is titrated to clinical response (e.g., WBC count).
• CML: Initial adult dose ranges from 20–30 mg/kg as a single daily dose or a flat dose of 500–3,000 mg/day. The dose is often titrated to clinical effect.
• Solid tumors: Intermittent dosing for solid tumors ranges from
60–80 mg/kg as a single dose every third day or 20–30 mg/kg as
a single daily dose.
• Sickle-cell anemia (prophylaxis): Initial dose is 15 mg/kg/day as
a single daily dose. Dose may be increased based on clinical response.

Compatibility
information

Oral agent—not applicable

Hydroxyurea
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Contraindications/
precautions

Contraindicated in patients with hypersensitivity to hydroxyurea
or any component of the preparation and patients with significant
bone marrow depression. Consider risk versus benefit in patients
with gout or a history of gout, infection, history of uric acid nephropathy, or renal function impairment (dosage reduction recommended). Hydroxyurea may cause macrocytosis, and therefore may
mask signs of folic acid deficiency, and may exacerbate post-RT
erythema. Use with caution in patients with renal impairment.

Drug interactions

Concurrent use of hydroxyurea and other myelosuppressive agents
or RT may increase the likelihood of bone marrow depression or
other AEs.
Agent

Effect

Cytarabine

Modulates metabolism and cytotoxicity of
cytarabine; reduced cytarabine dose recommended

Fluorouracil

Increased potential for neurotoxicity with
concomitant therapy

Didanosine, stavudine

May result in fatal pancreatitis and hepatotoxicity

Sulfinpyrazone, probenecid

May result in increased serum uric acid

Toxicity/adverse
events

Serious: Neurotoxicity including confusion, seizures, dizziness,
headache, hallucinations may occur, although rare. Cutaneous
vasculitic toxicities, including ulcerations and gangrene, have
been reported in patients taking hydroxyurea for myeloproliferative disorders. If these reactions occur, discontinue hydroxyurea.
Other:
• Dermatologic: Hyperpigmentation, erythema of hands and face,
dry skin, alopecia, maculopapular rash
• GI: Mild to moderate nausea and vomiting, diarrhea, constipation, stomatitis, anorexia, abnormal liver enzymes
• Hematologic: Myelosuppression (dose limiting); leukopenia (rapid decline and recovery), thrombocytopenia, anemia
• Miscellaneous: Impairment of renal tubule function (elevation of
SCr and BUN), hyperuricemia, dysuria, fever
• Neurologic: Drowsiness

Special
considerations

Adjust dosage to meet individual requirements based on clinical response and toxicity. Adults may be more sensitive to the effects of
therapy and may require a reduced dose. Patients must NOT take
missed doses or double up on doses. Mild to moderate nausea and
vomiting may occur; consider an as-needed antiemetic (e.g., prochlorperazine).
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Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, and LDH before initiation
of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Uric acid: Before initiation of therapy and at periodic intervals
during therapy

Indications

FDA-labeled indications include treatment of resistant CML, metastatic melanoma, recurrent, metastatic or inoperable ovarian cancer and combination therapy with RT for the treatment of squamous cell head and neck cancer. Other FDA-labeled indications
include prophylaxis of sickle-cell anemia with crisis.
Additional clinical uses include management of blast crisis in acute
leukemia, essential thrombocythemia, idiopathic hypereosinophilic syndrome, polycythemia vera, cancer of the cervix, and NHL.

Dosage
adjustment
recommendations

Dose adjustment of hydroxyurea should be considered in patients
with renal impairment with a CrCl < 60 ml/min.
Myelosuppression:
• Dose adjustments of hydroxyurea may be considered with signs
of myelosuppression, but the decision to decrease or hold medication based on WBC, PLTs, or Hgb should be dependent on the
clinical application of the medication. In situations in which hydroxyurea is being used to suppress WBCs (e.g., acute leukemia blast crisis) the desired clinical response should be weighed
against the risk of myelosuppression.
Myelosuppression for solid tumors:
• Consider interrupting therapy if the WBCs < 2,500/mm3 or PLTs
< 100,000/mm3.
Myelosuppression for sickle-cell anemia:
• Consider interrupting therapy if WBCs < 2,000/mm3, PLTs <
80,000/mm3, or Hgb < 4.5 g/dl.

Pharmacokinetics

Absorption: Well-absorbed from GI tract with peak plasma levels
1–4 hrs following PO dose.
Distribution: Widely distributed in the body with estimated volume of
distribution of total body water.
Metabolism: Metabolism of the PO dose is > 50% and includes hepatic metabolism, although all pathways are not fully characterized.
Elimination: Eliminated through renal excretion (80%, with 50% of
unchanged drug) and respiratory excretion. Elimination half-life is
3–4 hrs.

Manufacturer

Generic manufacturers
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Idarubicin
Other names

Idamycin PFS®, idarubicin hydrochloride

Classification

Anthracene; anthracycline derivative

Mechanism of
action

Idarubicin is an analog of daunorubicin and intercalates DNA,
which triggers DNA cleavage by topoisomerase II. It has a higher
rate of cellular uptake compared to other anthracyclines because of
its higher lipophilicity.

Vesicant
information

Vesicant: Take care to avoid extravasation.
If extravasated:
1. Apply ice immediately (30 min QID for 3 days); stop cooling
about 15 min before and during dexrazoxane administration.
2. Elevate limb.
3. Neutralize vesicant by one of the following.
• Dexrazoxane: On days 1 and 2, administer 1,000 mg/m2
(max 2,000 mg); on day 3, administer 500 mg/m2 (max 1,000
mg). Administer via IV infusion over 1–2 hrs. Must be administered no later than 6 hrs following extravasation and at the
same time each day (± 3 hrs).
• DMSO: Apply 99% solution topically every 8 hrs for 1 week.
Allow to air dry then cover with nonocclusive dressing within
10–25 min of application. DO NOT administer dexrazoxane
to patients treated with DMSO.

Preparation and
mixture

No preparation or admixture necessary; available in preservativefree solution ready for slow injection (over 10–15 min) into the tubing of a free-running IV infusion of NS or D5W.

Administration

IV infusion slowly over 10–15 min into free-flowing IV infusion. DO
NOT give IM or SC.

Storage and
stability

Store idarubicin vials under refrigeration at 36°F–46°F (2°C–8°C)
and protect from light.

How supplied

Supplied as a sterile, red-orange, preservative-free solution in single-use vials containing 5 mg/5 ml, 10 mg/10 ml, or 20 mg/20 ml of
idarubicin.

Dosage

Most common regimen in leukemia induction is 8–12 mg/m2/day for
3 days in combination with cytarabine. The benefit of consolidation
in prolonging the duration of remissions and survival is not proven.
There is no consensus regarding optimal regimens to be used for
consolidation; however, a common dosage regimen for consolidation therapy is 10–12 mg/m2/day for 2 days.

Compatibility
information

DO NOT dilute with bacteriostatic solutions. Incompatible with fluorouracil, heparin, etoposide, hydrocortisone, vincristine, MTX, and
dexamethasone. Prolonged contact with any solution of an alkaline
pH will result in degradation of the drug. For further clarification, refer to compatibility references.
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Contraindications/
precautions

Contraindicated in patients with a history of hypersensitivity to idarubicin, daunorubicin, or any of its components.
Maximum cumulative lifetime dose of anthracyclines is 450–550
mg/m2 (doxorubicin equivalent). Not recommended in patients
with an ejection fraction ≤ 45%. Secondary AML or MDS has
been reported in patients treated with regimens containing anthracyclines (increased risk in patients with previous HD cyclophosphamide regimens, RT, or age > 50).
For patients with normal cardiac function, maximum cumulative lifetime dose of anthracyclines is 450–550 mg/m2 (doxorubicin equivalent) to minimize risk of cardiac toxicity.
Consider risk versus benefit in patients with infection, impaired renal or hepatic function (dosage reduction is recommended), gout
or a history of gout, or history of uric acid nephropathy.

Drug interactions

No formal drug interaction studies have been performed.
Agent

Effect

Anthracyclines

Should not be used in patients who have received complete cumulative doses of anthracyclines because of increased risk of cardiotoxicity.

Azoles

May inhibit metabolism of anthracyclines.

Bevacizumab

Concomitant use may potentiate cardiotoxic effects.

Mediastinal RT

Concurrent use may result in increased risk
of cardiotoxicity.

PGP/ABCB1 inhibitors/inducers

May increase or decrease metabolism of idarubicin.

Trastuzumab

Concomitant use with anthracyclines may increase incidence and severity of cardiac dysfunction.

Taxanes

Increase risk of cardiotoxicity when administered concurrently.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Myocardial toxicity as
manifested by potentially fatal CHF, acute life-threatening arrhythmias, or other cardiomyopathies may occur. CHF with a subsequent
irreversible decrease in LVEF can occur with cumulative doses >
137.5 mg/m2. Monitor cardiac function regularly. Incidence may increase with prior anthracycline use, preexisting cardiac disease, concomitant cyclophosphamide or mediastinal RT, and cumulative dose.
Serious: Tissue necrosis caused by extravasation; TLS with subsequent hyperuricemia, uric acid nephropathy, and renal failure (preventive measures such as hydration and urinary alkalization are
warranted in certain settings).
(Continued on next page)
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Other:
• Dermatologic: Rash, alopecia, urticaria, erythematous streaking
along the vein, radiation recall, pain at the injection site
• GI: Nausea, vomiting, constipation, diarrhea, stomatitis, elevated liver enzymes
• Hematologic: Myelosuppression (dose limiting); anemia, severe
leukopenia (nadir 8–14 days; recovery 21 days), severe thrombocytopenia (nadir 10–15 days; recovery 21 days)
• Miscellaneous: Fever, reddish urine
• Neurologic: Headache, peripheral neuropathy, seizures
Special
considerations

Avoid extravasation; severe local tissue necrosis has been reported. If any signs or symptoms of extravasation occur, immediately
terminate the injection or infusion and restart in another vein. Idarubicin is considered to cause a moderately high amount of emetogenicity; prophylactic antiemetics are recommended (e.g., serotonin antagonist in combination with dexamethasone). May cause
reddish discoloration of urine. Local erythematous streaking along
the vein may indicate too rapid infusion rate. Patients older than 60
years old who were undergoing induction therapy for AML experienced CHF, serious arrhythmias, chest pain, MI, and symptomatic
declines in LVEF more frequently than younger patients.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy unless
otherwise specified.
• CBC/diff
• Cardiac function: Before initiation of therapy and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, and LDH before initiation
of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr
• Uric acid: Before initiation of therapy and at periodic intervals
during therapy
• Examination of patient’s mouth for oral ulceration

Indications

Indicated in the treatment of AML in adults in combination with other antileukemic agents. Also used in the treatment of ALL in children.

Dosage
adjustment
recommendations

Renal impairment:
• CrCl 10–50 ml/min: 25% dose reduction.
• CrCl < 10 ml/min: 50% dose reduction.
• Hemodialysis: No supplemental dose needed.
Hepatic impairment:
• T. Bili 2.6–5 mg/dl: 50% dose reduction.
• T. Bili > 5 mg/dl: Avoid use.
Other toxicity:
• Severe mucositis: Delay treatment until resolved, then decrease
by 25%.
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Pharmacokinetics

Distribution: Large, 64 L/kg; distributes into CSF and extensively
into tissues
Metabolism: Hepatic into active metabolite (idarubicinol); half-life is
12–27 hrs; peaks within 2–4 hrs following administration
Excretion: Bile (majority) and urine as mostly active metabolite

Manufacturer

Pfizer Inc., New York, NY; generic manufacturers

Other names

Ifex

Classification

Alkylating agent; nitrogen mustard derivative

Mechanism of
action

Metabolized by the liver to active metabolites, ifosfamide mustard,
and acrolein, which alkylate or bind to intracellular molecular structures, including nucleic acids. Cytotoxicity because of cross-linking
strands of DNA and RNA, and inhibition of protein synthesis.

Vesicant
information

May cause irritation

Preparation and
mixture

Reconstitute 1 g and 3 g vials with 20 ml or 60 ml, respectively, of
SWFI, USP, or BWFI, USP (benzyl alcohol or parabens preserved).
Final concentration of resulting solution is 50 mg/ml. May be further
diluted to a concentration of 0.6–20 mg/ml with the following fluids:
D5W, NS, LR injection, USP, or SWFI, USP.

Administration

IV infusion (30 min to 24-hr continuous infusion for several days)

Storage and
stability

Store intact vials of powder for injection at room temperature. Store
solution for injection under refrigeration at 36°F–46°F (2°C–8°C).
Reconstituted and/or diluted solutions are stable for 24 hrs under
refrigeration per the manufacturer. Other published sources give the
reconstituted and/or diluted solutions 7-day expiration at room temperature and a 6-week expiration if stored under refrigeration.

How supplied

Supplied as a white crystalline powder in single-use vials containing
1 g and 3 g ifosfamide. Can be packaged in combination with mesna
(uroprotectant). Also available as solution for injection (50 mg/ml).

Dosage

FDA-approved dose is 1.2 g/m2/day for 5 consecutive days repeated every 3 weeks or after adequate hematologic recovery. Other
standard regimens include 1,200–2,000 mg/m2/day for 5 days or
2,000–2,600 mg/m2/day for 3 days (days 1–3 or days 1, 3, and 5)
administered as a 30-min infusion up to a 24-hr CIV repeated every 3–4 weeks. Alternatively, may be dosed as 3.6 g/m2 IV over 4
hrs for 2 consecutive days in combination regimens. With HD therapy, maximum tolerated doses appear to be 16 g/m2/cycle.
To prevent bladder toxicity, ifosfamide injection should be given with
extensive hydration consisting of at least 2 L/day of oral or IV fluid. Mesna should be used to prevent hemorrhagic cystitis.

Compatibility
information

Compatible with mesna in NS up to 9 days stored at room temperature. For further clarification, refer to compatibility references.

Ifosfamide
®
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Contraindications/
precautions

Contraindicated in patients with a previous hypersensitivity; continued use contraindicated in patients with severely depressed bone
marrow function. Consider risk versus benefit in patients with infection, including existing or recent chicken pox or herpes zoster, or in
patients with hepatic or renal function impairment (dosage adjustment recommended).

Drug interactions

Agent

Toxicity/adverse
events

Effect

Cytochrome P450
enzyme inducers (e.g., phenytoin, phenobarbital,
chloral hydrate)

Concomitant administration may induce the
activation of ifosfamide, which may affect the
activity and/or toxicity of ifosfamide.

Aprepitant

Concurrent use may increase ifosfamide
plasma concentrations.

Acute and/or potentially life-threatening: CNS AEs or encephalopathy, consisting of agitation, confusion, somnolence, hallucinations, unusual tiredness, dizziness, depressive psychosis, seizures, or coma. Fatalities have been reported. Occurs more frequently with 1-day infusions (versus 5-day), in patients with impaired renal function and/or hypoalbuminemia, and with concomitant use of drugs with sedative properties (e.g., opiates, benzodiazepines, phenothiazines).
Serious: Urotoxicity, including hemorrhagic cystitis, dysuria, and
urinary frequency, may occur within hours to weeks after administration and is thought to be caused by a metabolite, acrolein. Ifosfamide must be administered with a uroprotective agent (e.g.,
mesna). Usually resolves within days after discontinuation of ifosfamide but may persist and has been fatal. Incidence is reduced
by fractionation of dose, adequate hydration, and administration
of mesna. Nephrotoxicity, most likely related to renal tubular damage, has been reported and is manifested by an increase in BUN
and/or SCr. Acute renal failure and metabolic acidosis have been
reported.
Other:
• Cardiovascular: Cardiotoxicity
• Dermatologic: Alopecia, nail changes, skin hyperpigmentation,
and dermatitis. May interfere with normal wound healing.
• Endocrine: SIADH, sterility
• GI: Nausea and vomiting has occurred in up to 58% of patients
and is dose and schedule related (more common with bolus dosing and more significant with higher doses); anorexia, stomatitis,
diarrhea, constipation, elevation in liver enzymes
• Hematologic: Mild to moderate myelosuppression as a single
agent (leukopenia most common, thrombocytopenia and anemia
less frequent); immunosuppression, moderate to severe myelosuppression when used in combination or with HD therapies
• Miscellaneous: Second malignant neoplasm, nasal congestion
• Neurologic: Polyneuropathy
• Respiratory: Pulmonary toxicity
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Special
considerations

To prevent bladder toxicity, adequate hydration (oral or IV, at least
2 L/day) and uroprotection with mesna must accompany ifosfamide
administration. If microscopic hematuria is present, withhold subsequent administration of ifosfamide until complete resolution. Further administration should be given with more vigorous hydration
and uroprotection. Ifosfamide is moderately to highly emetogenic,
depending on dose and schedule; antiemetic prophylaxis consisting
of a serotonin antagonist in combination with dexamethasone (and
possibly other agents) is warranted. Antiemetics, as well as other
drugs with sedative properties, may increase risk of CNS toxicity.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent cycle, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, and LDH
• Urinalysis for microscopic hematuria: Recommended before
each dose
• Urine input/output
• Watch for neurologic changes

Indications

FDA approved as the third-line treatment in combination with other chemotherapeutics for germ cell testicular cancer. Also may be
used in the treatment of sarcomas, lymphomas, leukemias, and
cancers of the head and neck, cervix, uterus, ovary, endometrium,
breast, bladder, lung, and pancreas.

Dosage
adjustment
recommendations

Recommended to reduce dose in the setting of renal function impairment. The following guideline has been used: CrCl < 10 ml/
min: Administer 75% of dose.
Studies to establish optimum dose in the setting of hepatic impairment have not been conducted. Recommend withholding/discontinuing treatment with ifosfamide until toxicity resolution for both
CNS toxicity and urotoxicity.

Pharmacokinetics

Dose dependent. Limited amount crosses the blood-brain barrier.
Half-life of 7 hrs for lower doses (up to 2.4 g/m2/day) and 15 hrs for
higher doses (3,800–5,000 mg/m2). Requires biotransformation in
the liver to active metabolite; 15%–50% is excreted unchanged in
urine.

Manufacturer

Generic manufacturers
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Irinotecan
Other names

Camptosar , CPT-11

Classification

Topoisomerase I inhibitor

Mechanism of
action

Irinotecan and its active metabolite, SN-38, inhibit topoisomerase I.
Topoisomerase I is a cellular enzyme that relieves the torsional strain
in the DNA helix during cell replication; therefore, inhibition of this enzyme ultimately causes DNA strand breaks. Additional mechanisms
appear to include induction of apoptosis, radiation sensitization, and
some antiviral activity. Camptothecins are S-phase specific in activity.

Vesicant
information

Irritant; thrombophlebitis has been reported. If extravasation of the
drug occurs, application of cold is recommended.

Preparation and
mixture

Irinotecan must be diluted in NS or D5W (preferred) to a final concentration of 0.12–2.8 mg/ml. Because of acidic pH of irinotecan,
500 ml of D5W is the preferred diluent.

Administration

Administer as IV infusion over 90 min.

Storage and
stability

Store intact vials at room temperature (59°F–86°F [15°C–30°C]), and
protect from light. The diluted solution is chemically and physically stable at room temperature and in ambient fluorescent lighting for 24 hrs.
Solutions prepared with D5W are stable for 48 hrs if protected from
light and stored under refrigeration. Because of possible microbial
contamination during dilution, solutions diluted in D5W should be used
within 24 hrs if stored under refrigeration, and solutions prepared with
either D5W or NS are to be used within 6 hrs if stored at room temperature. DO NOT freeze. DO NOT store solutions prepared with NS under refrigeration because of the development of particulates.

How supplied

Camptosar is supplied as a single dose in amber-colored glass vials containing 2 ml or 5 ml of irinotecan at a concentration of 20
mg/ml. Irinotecan is available from generic manufacturers in 2 ml, 5
ml, and 25 ml quantities.

Dosage

The dosage of irinotecan is dependent on the frequency of dosing,
combination of chemotherapy, and indication.
Single-agent (weekly) dosage ranges from 60–125 mg/m2 IV over
90 min once weekly repeated 4 times weekly every 6 weeks or 2
times weekly every 4 weeks.
Single agent: 350 mg/m2 every 21 days.
Combination therapy: 125 mg/m2 on days 1, 8, 15, and 22 of a
6-week cycle when 5-FU is administered as a bolus and 180 mg/
m2 on days 1, 15, and 29 of a 6-week cycle when 5-FU is administered as a CIV. For all regimens, administer the dose of leucovorin immediately after irinotecan, with the administration of 5-FU
following the completion of administration of leucovorin.
Consider a reduction in the starting dose of irinotecan by at least 1
level for patients known to be homozygous for the UGT1A1*28 allele, whether irinotecan is used as a single agent or in combination. Carefully monitor patients for AEs and assess before each
treatment. Modify doses of irinotecan and 5-FU as necessary for
patient tolerance to treatment based on the recommended dose
levels described in the product insert.

®

(Continued on next page)

222 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Compatibility
information

Other drugs should not be added to the infusion solution. There is
information regarding the compatibility of irinotecan through the Ysite of an IV administration.

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the
drug. Precaution for patients with preexisting or treatment-related bone marrow depression (delay, omission, and/or reduction
of dose may be necessary), hepatic function impairment including jaundice or biliary tract disease, existing or recent infection, or
pulmonary disease or impairment. Concurrent administration with
RT is NOT recommended. Caution in geriatric patients as they are
likely to experience diarrhea after receiving irinotecan. Pregnancy risk category D.

Drug interactions

Agent

Toxicity/adverse
events

Effect

CYP2B6 inhibitors

Increased exposure to irinotecan and SN-38.

CYP3A4 inhibitors

Increased exposure to irinotecan and SN-38. For
example, azole antifungals inhibit CYP3A4 and
therefore increase levels and effects of irinotecan.

CYP2B6
inducers

Decreased exposure to irinotecan and SN-38.

CYP3A4 inducers

Decreased exposure to irinotecan and SN-38.
For example, St. John’s wort is a CYP3A4 inducer and may reduce the level and effects of irinotecan.

Prior pelvic/
abdominal RT

Increased risk of severe irinotecan-induced myelosuppression.

Neuromuscular blockers

Irinotecan has anticholinesterase activity that may
prolong the effects of select neuromuscular-blocking
agents.

PGP inhibitors

Irinotecan is a substrate of PGP; therefore, inhibitors of PGP such as nilotinib may increase levels
and effects of irinotecan.

Acute and/or potentially life-threatening: Acute diarrhea may
occur within 24 hrs of drug administration and is characterized
by cholinergic symptoms of diaphoresis, abdominal cramping,
flushing, salivation, and lacrimation. Acute diarrhea may be treated and subsequently prevented with anticholinergic agents such
as atropine. Prophylactic or therapeutic use of atropine 0.25–
1 mg IV or SC may be used unless contraindicated. Late diarrhea may occur 24 hrs after receiving drug with a median onset
of 11 days. Late diarrhea may be severe; management includes
scheduled antidiarrheal and patient-specific fluid management.
Loperamide 4 mg at onset of diarrhea followed by 2 mg every 2
hrs until diarrhea has subsided for at least 12 hrs is a commonly
used regimen for treatment. (Note: This dosing regimen exceeds
the usual dosage recommendation.) During the night, the patient
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may take 4 mg every 4 hrs. Syndrome consisting of fever, dyspnea, and a reticulonodular pattern on chest x-ray occurred in
some patients with preexisting lung tumors or nonmalignant pulmonary disease in early clinical trials; causality to irinotecan has
not been established.
Serious: Severe anaphylactic or anaphylactoid reactions have
been observed. Thromboembolic events have been reported.
Neutropenia is a common and dose-limiting toxicity. Individuals
who are homozygous for the UGT1A1*28 allele are at increased
risk for neutropenia following initiation of irinotecan treatment;
consider a reduced initial dose for patients known to be homozygous for the UGT1A1*28 allele.
Other:
• Cardiovascular: Vasodilation, flushing.
• Dermatologic: Alopecia, rash.
• GI: Nausea, vomiting, anorexia, constipation, flatulence, dyspepsia, stomatitis, transient elevations in liver enzymes.
• Hematologic: Neutropenia, thrombocytopenia, anemia.
• Miscellaneous: Fever.
• Musculoskeletal: Weakness.
• Neurologic: Insomnia, dizziness, headache.
• Respiratory: Cough, rhinitis.
• Complications of dehydration may contribute to additional risks
such as renal impairment and cardiac effects related to electrolyte depletion.
Special
considerations

Prompt administration of atropine for early-onset diarrhea and/or
cholinergic symptoms associated with irinotecan. Patient and caregiver education regarding the signs, symptoms, and importance of
diarrhea following irinotecan therapy is essential, with a treatment
plan for antidiarrheals readily available to initiate as soon as symptoms occur. Prophylactic administration of loperamide is not recommended. Encourage adequate oral repletion of fluids if diarrhea or
vomiting occurs. Concomitant use of dexamethasone may result in
hyperglycemia, especially in patients with history of diabetes or glucose intolerance; may increase incidence of lymphocytopenia. Concomitant use of diuretics may increase severity of dehydration associated with irinotecan-induced diarrhea or vomiting, and the concurrent use of laxatives with irinotecan may increase the risk of severe diarrhea.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, and LDH

Indications

Irinotecan is indicated for metastatic colorectal cancer (single agent
or combination therapy); metastatic and locally advanced esophageal cancer; metastatic and locally advanced gastric cancer; glioblastoma; NSCLC; pancreatic cancer; and SCLC.
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Dosage
adjustment
recommendations

Recommended dosage modification depends upon on the treatment regimen (single agent vs. combination) and the regimen
schedule (weekly vs. every-3-week schedule).
A new course of therapy should not begin until the granulocyte
count has recovered to > 1,500/mm3, PLTs have recovered to >
100,000/mm3, and treatment-related diarrhea has fully resolved.
Treatment should be delayed for up to 2 weeks to allow recovery
from treatment-related toxicities. If recovery has not occurred after
2 weeks, consideration of other options is appropriate.
Dose reductions based on treatment-related AEs including mucositis, myelosuppression, and treatment-related diarrhea are based
on severity of toxicity and the combination of drug regimen. For
example, if mucositis occurs in a patient receiving irinotecan + fluorouracil, a dose modification of fluorouracil and full dose of irinotecan may be the most appropriate action.

Pharmacokinetics

Irinotecan is metabolized to the active metabolite SN-38. Both irinotecan and SN-38 undergo reversible, pH-dependent conversion
between their 2 forms (active lactone form and inactive hydroxyacid form). Irinotecan and SN-38 are protein-bound, 30%–68% and
95%, respectively, with terminal half-lives of approximately 10 hrs.
Irinotecan is metabolized via the hepatic CYP3A4. Irinotecan is
eliminated via biliary and urinary excretion and conversion to SN38. SN-38 is further metabolized by the enzyme UPD-glucuronosyltransferase 1A1 (UGT1A1) to the glucuronide form and then undergoes biliary excretion.

Manufacturer

Pharmacia & Upjohn Company, a division of Pfizer Inc., New York,
NY; generic manufacturers

Other names

Ixempra®

Classification

Antimicrotubule, epothilone B analog

Mechanism of
action

Ixabepilone, a semisynthetic analog of epothilone B, directly binds
to the beta-tubulin subunit of microtubules. This causes stabilization
of the microtubules resulting in cell cycle arrest in the G2/M phase
and inducing apoptosis. It has been shown to be active in taxaneresistant cells.

Vesicant
information

Information currently unavailable

Preparation and
mixture

Supplied as a kit: 1 vial of ixabepilone and 1 vial of diluent
Allow drug and diluent to stand at room temperature for 30 min and
reconstitute in one of the following solutions: LR, NS with 2 mEq
of sodium bicarbonate to adjust pH to 6.0–9.0, or Plasma-Lyte® A
injection pH 7.4.
Withdraw diluent and inject into ixabepilone vial and swirl gently until dissolved.
Inject appropriate amount of ixabepilone into a DEHP-free bag.
Final concentration should be 0.2–0.6 mg/ml.

Ixabepilone
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Administration

Premedicate with an antihistamine (e.g., diphenhydramine 50 mg
PO), and H2 antagonist (e.g., ranitidine 150 mg PO) 30 min before
administration to prevent infusion-related reactions. Corticosteroids may be added if additional premedication is required.
Infuse over 3 hrs (infusion must be completed within 6 hrs of reconstitution) using DEHP-free tubing and a 0.2–1.2 micron in-line filter.
For doses > 40 mg/m2, infuse over 4 hrs.

Storage and
stability

Dry powder vials: Store in refrigerator and protect from light. Allow
to stand at room temperature for 30 min before reconstituting.
Reconstituted vials: Stable up to 1 hr at room light and temperature
Diluted solution: Including infusion time, stable for up to 6 hrs at
room light and temperature

How supplied

Available as a kit with 1 vial of ixabepilone and 1 vial of diluent: 15
mg with 8 ml diluent, or 45 mg with 23.5 ml diluent

Dosage

40 mg/m2 infused over 3 hrs every 3 weeks. Maximum dose = 88
mg (BSA of 2.2 m2).

Compatibility
information

Compatible in LR, pH-adjusted NS, and Plasma-Lyte A injection pH
7.4
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindications:
• Patients with a previous hypersensitivity to ixabepilone or to other
drugs formulated with Kolliphor® EL (formerly Cremophor® EL).
• Patients with an ANC < 1,500/mm3 or PLTs < 100,000/mm3.
• When used in combination with capecitabine, contraindicated
in patients with an AST/ALT > 2.5 × ULN or bilirubin > ULN because of increased risk of toxicity and neutropenia-related mortality.
Precautions:
• Myelosuppression is dose dependent; neutropenia may worsen
with increased hepatic dysfunction.
• Contains ethanol; therefore, there is a risk of cognitive impairment. Caution patients about driving and other tasks that require
mental alertness.
• Peripheral neuropathy has been observed and may require dose
delay, reduction, or elimination.
• Risk of cardiovascular-related AEs is increased when used with
capecitabine.

Drug interactions

Agent

Effect

Grapefruit/
grapefruit juice

May increase concentration of crizotinib (combination should be avoided).

CYP3A4 inhibitors/inducers

Strong inducers and strong inhibitors of CYP3A4 may decrease or increase serum concentration of ixabepilone.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, life-threatening
hypersensitivity; cardiovascular events; sepsis; serious infections
Serious: Chest pain, acute hepatic failure
Other:
• Cardiovascular: Edema
• Dermatologic: Alopecia, PPE, dry skin
• Endocrine/metabolic: Hot flashes, electrolyte disturbances
• GI: Nausea, diarrhea, vomiting, constipation, mucositis, decreased appetite, abdominal pain
• Hematologic: Neutropenia, infection, lymphopenia, anemia,
thrombocytopenia
• Neurologic: Acute cognitive impairment, dizziness, headache, insomnia, peripheral/sensory neuropathy, musculoskeletal pain, fatigue

Special
considerations

Myelosuppression is dose dependent; neutropenia may worsen
with increased hepatic dysfunction.
Contains ethanol; therefore, there is a risk of cognitive impairment.
Caution patients about driving and other tasks that require mental alertness.
Postmarketing radiation recall has been observed; however, incidence cannot be determined.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor for cardiac-related events when used in combination with
capecitabine.
• CBC/diff before each dose.
• Hepatic and renal function tests.
• Drug interactions: Several medications are known to interact with
ixabepilone; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Refractory, resistant, metastatic or locally advanced breast cancer

Dosage
adjustment
recommendations

Renal impairment:
• SCr > 1.5 × ULN (monotherapy): Not studied in this patient population.
• CrCl < 50 ml/min (combination with capecitabine): Not studied in
this patient population.
Hepatic impairment:
• AST/ALT ≤ 2.5 × ULN and bilirubin ≤ 1 × ULN: No adjustment
needed.
• AST/ALT > 2.5 to ≤ 10 × ULN and bilirubin > 1 to ≤ 1.5 × ULN:
Decrease dose to 32 mg/m2.
• AST/ALT ≤ 10 × ULN and bilirubin > 1.5 to ≤ 3 × ULN: Decrease
dose to 20–30 mg/m2 (initiate treatment at 20 mg/m2; may escalate up to a maximum of 30 mg/m2 in subsequent cycles if tolerated).
• AST/ALT > 10 × ULN or bilirubin > 3 × ULN: Not recommended.
• AST or ALT > 2.5 × ULN or bilirubin > 1 × ULN (combination with
capecitabine): Use is contraindicated.
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Hematologic toxicity:
• ANC < 500/mm3 for ≥ 7 days: 20% dose reduction (restart when
ANC ≥ 15,000/mm3).
• Neutropenic fever: 20% dose reduction.
• PLTs < 25,000/mm3 (< 50,000/mm3 with bleeding): 20% dose reduction (restart when PLTs ≥ 100,000/mm3).
• ANC < 500/mm3 for ≥ 7 days or neutropenic fever (combination
with capecitabine): Hold if concurrent diarrhea or stomatitis until
ANC > 1,000/mm3, then continue same dose.
• PLTs < 25,000/mm3 (or < 50,000/mm3 with bleeding) (combination with capecitabine): Hold if concurrent diarrhea or stomatitis
until PLTs > 50,000/mm3, then continue same dose.
Neuropathy (restart when resolved to CTCAE grade 1):
• Grade 2 (moderate) for ≥ 7 days: 20% dose reduction.
• Grade 3 (severe) for < 7 days: 20% dose reduction.
• Grade 3 (severe/disabling) for ≥ 7 days: Discontinue treatment.
Other nonhematologic toxicity:
• Grade 3 toxicity: Reduce dose by 20%.
• Grade 3 arthralgia/myalgia or fatigue (transient): Continue at current dose.
• Grade 3 PPE: Continue at current dose.
• Grade 4 toxicity (disabling): Discontinue treatment.
Pharmacokinetics

Distribution: > 1,000 L; peak plasma concentration is at end of infusion (3 hrs)
Metabolism: Extensively metabolized via hepatic CYP3A4 to > 30
inactive metabolites; half-life of 52 hrs
Excretion: Primarily excreted in the feces (65%, 2% unchanged)
and urine (21%; 6% unchanged)

Manufacturer

Baxter Oncology GmbH, Westfalen, Germany

Other names

Revlimid®

Classification

Immunomodulatory agent

Mechanism of
action

Not fully understood, although it is known that lenalidomide possesses both immunomodulatory and antiangiogenic properties. Lenalidomide is thought to have additional cytogenetic effects that
contribute to activity in myeloma and MDS.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Lenalidomide
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Administration

Take dose once daily with water at approximately the same time
each day. DO NOT break, crush, or open capsules. Dose may be
taken with or without food. Treatment cycle is dependent on the
use (see Dosage).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).

How supplied

Oral capsules: 2.5 mg capsules are available in bottles of 28 and
100; 5 mg capsules are available in bottles of 28 and 100; 10 mg
capsules are available in bottles of 28 and 100; 15 mg capsules are
available in bottles of 21 and 100; 25 mg capsules are available in
bottles of 21 and 100.
• 2.5 mg are white and blue-green opaque hard capsules imprinted with “REV” on one half, and “2.5 mg” on the other half.
• 5 mg are white opaque capsules imprinted with “REV” on one
half, and “5 mg” on the other half.
• 10 mg are blue-green and yellow opaque capsules imprinted
with “REV” on one half, and “10 mg” on the other half.
• 15 mg are blue and white opaque capsules imprinted with “REV”
on one half, and “15 mg” on the other half.
• 25 mg are white opaque capsules imprinted with “REV” on one
half, and “25 mg” on the other half.

Dosage

MDS (deletion 5q): 10 mg PO daily
MM: 25 mg PO daily × 21 days every 28 days (+ dexamethasone);
MM (maintenance therapy post HSCT): 10–15 mg PO daily (other
variations for this dose and regimen exist)
NHL: 25 mg PO daily days 1–21 every 28 days until disease progression or intolerable toxicities
Systemic light chain amyloidosis: 25 mg PO daily (with dexamethasone) up to 12 monthly cycles
CLL: 5–25 mg PO daily days 1–21 every 28 days

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in pregnancy and in women capable of becoming
pregnant. Pregnancy risk category X. Contraindicated in patients
who have demonstrated hypersensitivity to the drug or its components. Precautions in patients with active thromboembolic disease, women who are breast-feeding, and patients with PLTs <
50,000/mm3.

Drug interactions

Immune response of the immunocompromised individual may be
decreased.
Potential increased risk of thrombosis in patients receiving ESAs.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Significant neutropenia
and thrombocytopenia have occurred in patients with deletion 5q
MDS. Associated with significant increase in risk for thrombosis
in individuals with MM treated with combination therapy including
dexamethasone and lenalidomide. Angioedema, Stevens-Johnson syndrome and toxic epidermal necrolysis have been reported
and may be fatal. Second malignant neoplasms have been reported in patients on clinical trials for maintenance therapy of lenalidomide for myeloma.
Serious: Myelosuppression
Other:
• Cardiovascular: Edema
• CNS: Fatigue, insomnia, fever, dizziness, headache
• Dermatologic: Pruritus, rash
• GI: Diarrhea, constipation, nausea, anorexia
• Musculoskeletal: Muscle cramps, bone pain, apraxia, arthralgia,
tremor
• Respiratory: Cough, pharyngitis

Special
considerations

Prescription may be limited to a 28-day supply. Distribution of lenalidomide is restricted; physicians, pharmacies (including hospital pharmacies), and patients must be registered with the Revlimid REMSTM program. Patients should be advised NOT to donate blood during therapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and periodically during therapy.
• Monitor for rash.
• Monitor for signs and symptoms of thromboembolism.

Indications

MDS associated with deletion 5q cytogenetic abnormality; myeloma, treatment (combination with chemotherapy and/or dexamethasone); myeloma, maintenance therapy following HD chemotherapy with HSCT. Other uses include systemic light-chain amyloidosis,
NHL, and CLL.

Dosage
adjustment
recommendations

The dose of lenalidomide should be adjusted in the setting of renal
impairment. The modification should be based on the dose regimen intended for treatment.
Guidelines that have been used for MDS (intended regimen 10 mg
PO daily):
• CrCl 30–59 ml/min: 5 mg PO daily
• CrCl < 30 ml/min: 5 mg PO every 48 hrs
• CrCl < 30 ml/min (dialysis dependent): 5 mg 3 times weekly (post
dialysis)
Guidelines for MM treatment (intended regimen 25 mg PO daily):
• CrCl 30–59 ml/min: 10 mg PO daily
• CrCl < 30 ml/min: 15 mg PO every 48 hrs
• CrCl < 30 ml/min (dialysis dependent): 5 mg PO daily (post dialysis)
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Dose adjustments should also be considered for hematologic toxicities including thrombocytopenia. The dose modification is based
on the intended treatment regimen and concurrent renal function.

Pharmacokinetics

Absorption: Rapid absorption with maximum plasma concentrations 0.5–6 hrs post dose. Absorption of lenalidomide may be decreased with a high-fat meal.
Protein binding: Approximately 30%
Metabolism: No
Elimination: > 60% excreted unchanged through urinary excretion
Elimination half-life: Approximately 3 hrs with normal renal function,
increased half-life with renal impairment

Manufacturer

Celgene Corp., Summit, NJ

Leucovorin
Other names

Leucovorin calcium, citrovorum factor, folinic acid, calcium leucovorin

Classification

Folic acid derivative, antidote to drugs that act as folic acid antagonists

Mechanism of
action

Leucovorin is a reduced form of folic acid, which is a necessary folate cofactor. As leucovorin is in the reduced form (FH4) it does not
require reduction by DHFR as does folic acid (FH3). Folic acid antagonists like MTX block DHFR and the reduction of folic acid; leucovorin is a strategy to provide the reduced folates needed for DNA and
RNA synthesis after a folic acid antagonist has been given. This allows for purine and thymidine synthesis, and, thus, DNA, RNA, and
protein synthesis, to occur. Leucovorin competes for the same transport system into the cell as MTX and, if given at appropriate time intervals after MTX, rescues cells from certain MTX toxicity. Leucovorin
serves as a biomodulator of fluorouracil by providing high concentrations of folate cofactor, which allows FdUMP (active metabolite of fluorouracil) to bind more efficiently to thymidylate synthetase, making it
unavailable for DNA synthesis and thus killing more cancer cells.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute using BWFI, with benzyl alcohol, or SWFI to yield a
concentration of 10 mg/ml or 20 mg/ml of leucovorin. The amount of
BWFI used to reconstitute drug is dependent on manufacturer; refer
to package insert. Leucovorin may be further diluted in D5W, NS, or
LR. When high doses of leucovorin are used for MTX rescue (dose
> 10 mg/m2) or for use in neonates, it is recommended that SWFI
be used to reconstitute in order to avoid a large amount of the benzyl alcohol contained in BWFI.

Administration

IM, IV, or PO. The rate of IV administration should not exceed 160
mg/min because of the calcium content of the product. In addition,
oral administration of single doses > 25 mg should not be given as
there is decreased absorption of drug at doses above 25 mg. DO
NOT administer leucovorin IT.
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Storage and
stability

Store leucovorin for injection dry powder and reconstituted solutions at room temperature (59°F–86°F [15°C–30°C]), and protect
from light. Solutions reconstituted with BWFI, USP, with benzyl alcohol are stable for 7 days. Solutions reconstituted with SWFI, USP,
are to be used immediately. Solutions reconstituted with BWFI,
USP, and further diluted with NS or D5W are stable for 14 days at
room temperature in Becton Dickinson polypropylene syringes at
a concentration of 10 mg/ml or in PVC bags at a concentration of
1–10 mg/ml. Store leucovorin tablets at room temperature and protect from light.

How supplied

Leucovorin calcium lyophilisate powder for solution has been supplied as 50, 100, 200, 350, and 500 mg vials of leucovorin calcium. Leucovorin calcium solution has been supplied as 10 mg/ml
solution of 500 mg. Leucovorin is supplied in 5, 10, 15, and 25 mg
tablets.

Dosage

Leucovorin rescue following HD MTX therapy (MTX doses of ≥ 500
mg/m2):
• Dose regimens of leucovorin as rescue are dependent on the
MTX treatment regimen, including the dose, frequency, and infusion duration of the MTX. Leucovorin doses may need to be
modified based on MTX clearance and renal function.
• Leucovorin may be dosed as frequently as every 3 hrs but is often initiated at an every-6-hr schedule.
• Initiation of leucovorin is dependent on the MTX infusion. Many
regimens recommend that leucovorin be started 24 hrs from the
initiation of the MTX infusion. For regimens that include a 24-hr
MTX infusion, the leucovorin may be scheduled to start 12 hrs
from the end of the MTX infusion. Refer to regimen for specific timing.
• Leucovorin may be given PO at doses ≤ 25 mg. If a patient is unable to tolerate oral medications, the leucovorin should be immediately changed to the IV route.
• The dose of leucovorin is based on the serum level of MTX. If
clearance of MTX decreases, the duration and dose of leucovorin should be evaluated and modified.
Potentiation of fluorouracil therapy before fluorouracil:
• The most effective dose of leucovorin to potentiate fluorouracil is
not known, and the doses used have been modified with recent
challenges of leucovorin shortages.
• Dose of leucovorin should be determined based on the published literature for a specific regimen.
• Doses of leucovorin range from 20–200 mg/m2 slow IVP over
minimum of 3 min followed by fluorouracil depending upon specific regimen.

Compatibility
information

Incompatible with fluorouracil; precipitation will occur if these
agents are combined in the same IV solution.

(Continued on next page)

232 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Contraindications/
precautions

Leucovorin is contraindicated in the treatment of pernicious and
other megaloblastic anemias, and in patients with a history of folic acid or folinic acid hypersensitivity. Precaution should be used in
patients who are pregnant or breast-feeding. Pregnancy risk category C. Preservative-free diluents should be used when reconstituting leucovorin for neonates or for large doses to minimize the exposure to doses of the benzyl alcohol in preservatives. Patients with
seizure disorder may be sensitive to the increased folate concentrations resulting from leucovorin therapy.

Drug interactions

Agent

Effect

Anticonvulsants
(e.g., barbiturates,
hydantoin, primidone)

Large doses of leucovorin may counteract
the anticonvulsant effects and increase the
frequency of seizures.

Capecitabine

The use of leucovorin with capecitabine, the
oral prodrug of fluorouracil, potentiates the
toxicities of capecitabine.

Fluorouracil

The use of leucovorin with fluorouracil potentiates the therapeutic effect, but may also potentiate the toxicities of fluorouracil.

Trimethoprim

Concomitant use may lead to antibiotic therapeutic failures in the treatment of Pneumocystis jiroveci infections; trimethoprim is a folic acid antagonist.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Allergic sensitization, including anaphylactoid reactions and urticaria, has been reported following the administration of both PO and
IV forms of leucovorin. Toxicities are considered rare, but the combination of leucovorin and fluorouracil does increase toxicity of the
fluorouracil.
Dermatologic: Rash, pruritus
Respiratory: Wheezing

Special
considerations

Leucovorin is an essential drug in HD MTX regimens, and medication orders should include leucovorin with the planned MTX monitoring plan. The dose/regimen of leucovorin should be modified
based on results of MTX monitoring and monitoring of renal function. Administer leucovorin following MTX; DO NOT administer
early as this may interfere with the antineoplastic effects of MTX.
Oral leucovorin may be taken with or without regard to meals. Patients should take as directed at evenly spaced intervals throughout the day and night, and take missed scheduled dose as soon
as remembered. Consult physician for clarification on missed
dose or if vomiting occurs immediately after oral administration.
Ensure sufficient supply of leucovorin or levoleucovorin for rescue
before initiation of HD MTX regimens.
(Continued on next page)
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CrCl determination with MTX therapy
• SCr: Recommended before and every 24 hrs after intermediate
and HD MTX administration to detect developing renal function
impairment; an increase > 50%–100% above baseline at 24 hrs
usually is associated with significant renal toxicity.
• Plasma or serum MTX concentrations: Recommended at 24-hr
intervals until concentration ≤ 5 × 10–8 molar to determine leucovorin dose and duration of leucovorin therapy needed to maintain rescue. Monitoring frequency may be increased in some clinical situations.

Indications

Leucovorin is indicated following HD MTX therapy; for potentiation
of fluorouracil in some treatment combinations; for prophylaxis of
pyrimethamine and trimethoprim toxicity; and as antidotal therapy
for overdoses associated with MTX or other folic acid antagonists.

Dosage
adjustment
recommendations

The dosing of leucovorin with regard to MTX levels may be different
with different regimens.

Clinical
Situation

Laboratory Findings

Leucovorin Dosage
and Duration
Recommendation

MTX elimination

Serum MTX concentration of approximately 10 micromolar at 24
hrs, 1 micromolar at 48
hrs, and < 0.2 micromolar at 72 hrs after
administration

Administer 10 mg/m2 PO,
IM, or IV every 6 hrs for 10
doses to begin 24 hrs after
the initiation of MTX (unless clearance changes).

Delayed late
MTX elimination

Serum MTX concentration > 0.2 micromolar at 72 hrs and
> 0.05 micromolar at
96 hrs after administration

Continue leucovorin and
consider dose adjustment
as determined by MTX level. Continue until serum
MTX concentration < 0.05
micromolar.

Delayed early MTX elimination

Serum MTX concentration ≥ 50 micromolar at 24 hrs or ≥ 5
micromolar at 48 hrs
after administration
OR SCr > 100% or
greater increase from
baseline 24 hrs after
administration

Increase leucovorin dose
as determined by MTX serum concentration IV every 3 hrs until serum MTX
concentration < 1 micromolar, then 15 mg IV every 3 hrs until serum MTX
concentration < 0.05 micromolar.

In addition to these dosing guidelines, other published guidelines
and dosing nomograms are available.
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Pharmacokinetics

Well absorbed PO with decreases in absorption with doses > 25
mg. Onset of activity within 5 min for IV administration and within 30
min for oral administration. Rapidly converted to active metabolite
(5-methyl-tetrahydrofolate) in the intestinal mucosa and by the liver.
Half-life is 15 min for parent drug and 35 min for active metabolite.
Primarily eliminated in the urine (80%–90%), with small amounts
excreted in feces.

Manufacturer

Generic manufacturers

Other names

Fusilev

Classification

Folic acid derivative, antidote to drugs that act as folic acid antagonists

Mechanism of
action

Levoleucovorin is a reduced form of folic acid, which is a necessary
folate cofactor. Levoleucovorin is the levo isomer of the racemic
leucovorin and is the pharmacologically active isomer of leucovorin. As levoleucovorin is in the reduced form (FH4), it does not require reduction by DHFR as does folic acid (FH3). FH3 antagonists
like MTX block DHFR and the reduction of folic acid; levoleucovorin is a strategy to provide the reduced folates needed for DNA and
RNA synthesis after a folic acid antagonist has been given. This allows for purine and thymidine synthesis, and, thus, DNA, RNA, and
protein synthesis, to occur. Levoleucovorin competes for the same
transport system into the cell as MTX and, if given at appropriate
time intervals after MTX, rescues cells from certain MTX toxicity.
Levoleucovorin serves as a biomodulator of fluorouracil by providing high concentrations of folate cofactor, which allows FdUMP (active metabolite of fluorouracil) to bind more efficiently to thymidylate
synthetase, making it unavailable for DNA synthesis and thus killing
more cancer cells.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Add 5.3 ml of NS to result in a concentration of 10 mg/ml. Reconstituted levoleucovorin may be further diluted in NS or D5W to concentrations ranging from 0.5–5 mg/ml.

Administration

Administer IV only. Infusion rate should not exceed 160 mg/min. DO
NOT administer levoleucovorin IT.

Storage and
stability

Freeze-dried powder: Store levoleucovorin at 77°F (25°C) until
used. Excursions permitted from 59°F–86°F (15°C–30°C). Protect from light.
Reconstituted levoleucovorin does not contain preservatives and is
stable at room temperature for not more than 12 hrs after initial
reconstitution or further dilution into NS. Dilutions in D5W may be
held at room temperature for not more than 4 hrs.
Solution: Store levoleucovorin solution at 36°F–46°F (2°C–8°C) until used. Protect from light.

Levoleucovorin
®
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How supplied

Fusilev for injection as freeze-dried powder: 50 mg
Fusilev for injection as solution: 10 mg/ml (175 mg and 250 mg)

Dosage

Levoleucovorin is dosed at 50% of leucovorin dose. If the leucovorin dose is 200 mg/m2 then the levoleucovorin dose would be 100
mg/m2.
Levoleucovorin rescue following HD MTX therapy (MTX doses of ≥
500 mg/m2):
• Dose regimens of levoleucovorin as rescue are dependent on
the MTX treatment regimen, including the dose, frequency, and
infusion duration of the MTX. Levoleucovorin doses may need to
be modified based on MTX clearance and renal function.
• Levoleucovorin may be dosed as frequently as every 3 hrs but is
often initiated at an every-6-hr schedule.
• Initiation of levoleucovorin is dependent on the MTX infusion.
Many regimens recommend that levoleucovorin be started 24 hrs
from the initiation of the MTX infusion. For regimens that include
a 24-hr MTX infusion, the levoleucovorin may be scheduled to
start 12 hrs from the end of the MTX infusion. Refer to regimen
for specific timing.
• The dose of levoleucovorin is based on the serum level of MTX.
If clearance of MTX decreases, the duration and dose of levoleucovorin should be evaluated and modified.
Potentiation of fluorouracil therapy before fluorouracil:
• The most effective dose of levoleucovorin to potentiate fluorouracil is not known, and the doses used have been based on the
published doses of leucovorin.
• Dose of levoleucovorin should be determined based on the published literature for a specific regimen based on leucovorin dose.
• Doses of leucovorin are 10–100 mg/m2 slow IVP over minimum
of 3 min followed by fluorouracil.

Compatibility
information

Incompatible with fluorouracil. Compatibility at Y-site has been published for irinotecan and oxaliplatin.

Contraindications/
precautions

Levoleucovorin is contraindicated in the treatment of pernicious and
other megaloblastic anemias and in patients with a history of folic acid or folinic acid hypersensitivity. Precautions should be used
in patients who are pregnant or breast-feeding. Pregnancy risk category C. Patients with seizure disorder may be sensitive to the increased folate concentrations resulting from leucovorin therapy.
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Drug interactions

Agent

Effect

Anticonvulsants
(e.g., barbiturates,
hydantoin, primidone)

Large doses of leucovorin may counteract
the anticonvulsant effects and increase the
frequency of seizures.

Capecitabine

The use of leucovorin with capecitabine, the
oral prodrug of fluorouracil, potentiates the
toxicities of capecitabine.

Fluorouracil

The use of leucovorin with fluorouracil potentiates the therapeutic effect, but may also potentiate the toxicities of fluorouracil.

Trimethoprim

Concomitant use may lead to antibiotic therapeutic failures in the treatment of P. jiroveci infections; trimethoprim is a folic acid antagonist.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Allergic sensitization, including anaphylactoid reactions and urticaria, has been reported following the administration of levoleucovorin. Toxicities are considered rare, but the combination of levoleucovorin and fluorouracil does increase toxicity of the fluorouracil.
Dermatologic: Rash, pruritus
Miscellaneous: Fever
Respiratory: Wheezing

Special
considerations

Leucovorin (as the racemic drug or as l-isomer levoleucovorin) is
an essential drug in HD MTX regimens, and medication orders
should include leucovorin with the planned MTX monitoring plan.
The dose/regimen of leucovorin or levoleucovorin should be modified based on results of MTX monitoring and monitoring of renal function. Administer leucovorin following MTX; DO NOT administer early as this may interfere with the antineoplastic effects
of MTX.
Ensure sufficient supply of leucovorin or levoleucovorin for rescue
before initiation of HD MTX regimens.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CrCl determination with MTX therapy.
• SCr: Recommended before and every 24 hrs after intermediate
and HD MTX administration to detect developing renal function
impairment; an increase > 50%–100% above baseline at 24 hrs
usually is associated with significant renal toxicity.
• Plasma or serum MTX concentrations: Recommended at 24-hr
intervals until concentration ≤ 5 × 10–8 molar to determine leucovorin dose and duration of leucovorin therapy needed to maintain rescue. Monitoring frequency may be increased in some clinical situations.
(Continued on next page)
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Indications

Levoleucovorin is indicated following HD MTX therapy; for potentiation of fluorouracil in some treatment combinations; and as antidotal therapy for overdoses associated with MTX or other folic acid antagonists.

Dosage
adjustment
recommendations

The dosing of levoleucovorin with regard to MTX levels may be different with various regimens.

Clinical
Situation

Leucovorin Dosage
and Duration
Recommendation

Laboratory Findings

Normal MTX
elimination

Serum MTX concentration of approximately 10 micromolar at 24
hrs, 1 micromolar at 48
hrs, and < 0.2 micromolar at 72 hrs after
administration

Administer 5 mg/m2 PO,
IM, or IV every 6 hrs
for 10 doses beginning
24 hrs after the start of
MTX infusion (unless
clearance changes).

Delayed late
MTX elimination

Serum MTX concentration > 0.2 micromolar at 72 hrs and
> 0.05 micromolar at
96 hrs after administration

Continue levoleucovorin
and consider dose adjustment based on level until serum MTX concentration < 0.05 micromolar.

Delayed early MTX elimination

Serum MTX concentration ≥ 50 micromolar at 24 hrs or ≥ 5 micromolar at 48 hrs after administration OR
SCr > 100% or greater increase from
baseline 24 hrs after
administration

Increase levoleucovorin
dose as determined by
MTX concentration IV
every 3 hrs until serum
MTX concentration < 1
micromolar, then 7.5 mg
IV every 3 hrs until serum MTX concentration
< 0.05 micromolar.

In addition to these dosing guidelines, other published guidelines
and dosing nomograms are available for leucovorin. The dose of levoleucovorin is 50% of the leucovorin dose recommended.
Pharmacokinetics

Rapidly converted to active reduced form of folate (5-methyl-tetrahydrofolate of MTHF). Mean terminal half-life of MTHF is 6.8 hrs.
In absence of MTX, there is rapid uptake of the MTHF metabolite.
When given following MTX, the cellular uptake is slower because of
competition for the transport site.

Manufacturer

Spectrum Pharmaceuticals, Inc., Irvine, CA
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Lomustine
Other names

CCNU, CeeNU®

Classification

Alkylating agent

Mechanism of
action

Inhibits DNA and RNA synthesis; cell cycle nonspecific

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Supplied as capsules. Dispense only 1 dose in a single vial at a
time, and label appropriately (see package insert). Handle with
gloves.

Administration

Give PO on an empty stomach, preferably at bedtime. No food or
drink for 2 hrs after administration. Schedule administration every
6–8 weeks. Dispense to the nearest 10 mg. DO NOT break capsules.

Storage and
stability

Avoid exposure to excess heat (> 104°F [> 40°C]). Stable for lot life
indicated on package labeling when stored at room temperature in
appropriate container.

How supplied

Oral capsules available in individual bottles of 20 capsules containing 10 mg (white/white), 40 mg (white/green), or 100 mg (green/
green) of lomustine

Dosage

Dosed as a single agent at 100–130 mg/m2 as a single dose every 6 weeks; 100 mg/m2 when given in the setting of compromised
bone marrow function. Subsequent doses readjusted after initial
treatment based on nadir PLT and leukocyte counts (see Dosage
Adjustment Recommendations).

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with a prior history of hypersensitivity
to lomustine, in the setting of prolonged myelosuppression, and in
pregnant or lactating patients. Pregnancy risk category D.

Drug interactions

Agent

Effect

Radioactive dyes

Lomustine causes a transient increase in LFTs.

Cimetidine

May increase risk of myelotoxicity.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary toxicity because of lomustine, although rare, can be dose limiting and life
threatening and has been reported to occur 6 months to years after treatment. Patients present with SOB, tachypnea, and nonproductive cough. Usually characterized as interstitial pneumonia and fibrosis, which may be progressive and fatal. Patients who
receive > 1,100 mg/m2 are at higher risk, although other factors
(e.g., past history of lung disease, smoking, prior mediastinal RT,
concurrent administration of other agents associated with pulmonary toxicity) may play a role. Obtain pulmonary function tests at
baseline and repeat during treatment. Patients with a baseline below 70% of predicted FVC or DLCO are particularly at risk.
Serious: Renal toxicity, progressive azotemia, and renal failure, although rare, have been reported, usually associated with high cumulative doses and prolonged therapy. Second malignant neoplasms, including acute leukemia and bone marrow dysplasias,
have been reported with prolonged use.
Other:
• Dermatologic: Alopecia.
• GI: Moderate to severe nausea and vomiting (occurs within 3–6
hrs of administration and usually lasts for 24 hrs), stomatitis, reversible elevation of liver enzymes.
• Hematologic: Delayed, dose-related, and cumulative myelosuppression; occurs 4–6 weeks after administration and may be prolonged, lasting for 1–2 weeks. Nadir PLTs at day 26–34; nadir
WBCs at day 41–46. Refractory anemia has been reported.
• Neurologic: Lethargy, ataxia, disorientation.

Special
considerations

Patients should not drink alcohol while taking lomustine. Pulmonary fibrosis with accumulated dose > 1,100 mg/m2. Hold dose until WBCs > 4,000/mm3 and PLTs > 100,000/mm3. Bone marrow recovery takes 6–8 weeks. Avoid accidental overdose by dispensing
1 treatment at a time. Highly emetogenic; premedicate with a serotonin antagonist in combination with dexamethasone. Because older adults are more likely to have impaired renal function, exercise
caution in dose selection, and monitor renal function regularly. In
order to provide the proper dose of lomustine, patients should be
aware that 2 or more different types and colors of capsules may be
dispensed by the pharmacist.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• Pulmonary function tests: Before therapy and at periodic intervals during treatment (per manufacturer)
• Blood pressure: During administration
(Continued on next page)
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Indications

Approved as a single agent used in addition to other modalities or
in combination with other approved chemotherapeutics in primary or metastatic brain tumors, as well as in the secondary treatment
of HL. Other uses include the treatment of gastric cancer and metastatic melanoma.

Dosage
adjustment
recommendations

The following guidelines have been used for renal impairment.
• CrCl = 10–50 ml/min: Administer 75% of dose.
• CrCl < 10 ml/min: Administer 25%–50% of dose.
• Hemodialysis: Supplemental dose is not necessary.
• CAPD: Administer 25%–50% of dose.
• Readjust subsequent doses after initial treatment based on nadir
PLT and leukocyte counts.
Nadir After Prior Dose
Leukocytes (/mm3)
≥ 4,000
3,000–3,999
2,000–2,999
< 2,000

PLTs (/mm3)

% of Prior Dose
to Be Given

≥ 100,000
75,000–99,999
25,000–74,999
< 25,000

100
100
70
50

Pharmacokinetics

Cross-resistance exists between lomustine and carmustine. Rapidly absorbed from the GI tract. Oral bioavailability 60%–90%. Lipidsoluble and one of the few agents that crosses the blood-brain barrier. 75% is excreted in the urine within 4 days. Peak plasma level achieved in 1–6 hrs. Largely excreted via the kidneys and a small
amount in the lungs and feces. Plasma half-life of 6 hrs.

Manufacturer

Bristol-Myers Squibb Co., Princeton, NJ

Other names

Mustargen®, nitrogen mustard, mustine, mechlorethamine hydrochloride, HN2

Classification

Alkylating agent, nitrogen mustard derivative

Mechanism of
action

Bifunctional alkylating agent that inhibits DNA and RNA synthesis via formation of carbonium ions; intra- and interstrand crosslinking of DNA causing miscoding, breakage, and failure of replication

Vesicant
information

Vesicant. Mechlorethamine produces pain, swelling, and thrombophlebitis of the vein immediately upon extravasation and is known
to cause severe and prolonged skin ulceration and tissue necrosis. Administer drug through the rubber or plastic tubing of a freeflowing IV to reduce the possibility of a severe local reaction. Begin treatment of mechlorethamine extravasation immediately. Apply ice and elevate limb immediately and as much as possible for
the first 48 hrs following extravasation. Sodium thiosulfate may be
used.

Mechlorethamine
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Preparation and
mixture

Using a sterile 10 ml syringe, inject 10 ml of SWFI, USP, or NS into
a vial of mechlorethamine. With the needle and syringe still in the
rubber stopper, shake the vial several times to dissolve the drug
completely. The resultant solution contains 1 mg of mechlorethamine hydrochloride per 1 ml. Final concentration of drug to be administered is not to exceed 1 mg/ml. DO NOT use if solution is discolored or if droplets of water are visible within the vial before reconstitution. Solution is highly unstable and should be used within
1 hr of reconstitution/dilution. May be diluted in up to 100 ml NS for
intracavitary use.

Administration

Administer as a slow IVP through a free-flowing IV over 1–3 min.
Confirm venous patency by flushing the vein with a small volume of
D5W or NS before drug administration. May be used topically and
for intracavitary or intrapericardial administration. Topical administration is as a 0.01%–0.02% solution, lotion, or ointment.

Storage and
stability

Store intact vials at room temperature, and protect from light and
humidity. Reconstituted and diluted solutions are highly unstable
and decompose on standing; therefore, they should be used within
1 hr of preparation.

How supplied

Supplied as a light yellow-brown crystalline powder as mechlorethamine hydrochloride in vials of 10 mg

Dosage

Dosage should be based on ideal dry body weight. Dosage regimens include 6 mg/m2 on days 1 and 8 of a 28-day cycle in combination with other chemotherapeutics; single-agent regimens include
0.4 mg/kg or 12–16 mg/m2 for 1 dose repeated at 4–6-week intervals or divided doses of 0.1 mg/kg/day for 4 successive daily doses or 0.2 mg/kg/day for 2 successive daily doses repeated at 4–6week intervals. Intrapericardial and intracavitary administration utilizes doses of 0.2 mg/kg and 0.4 mg/kg, respectively. Topical administration of mechlorethamine has been used in the treatment of
cutaneous lesions of mycosis fungoides. Perform a skin test to detect sensitivity and possible irritation.

Compatibility
information

Compatible with NS and SWFI. For further clarification, refer to
compatibility references.

Contraindications/
precautions

Contraindicated in the presence of known infectious diseases and
in patients who have had previous anaphylactic reactions to the
drug. Consider risk versus benefit in patients with preexisting bone
marrow depression and in patients with a history of gout or urate
renal stones. Use caution in patients who have had previous cytotoxic drug therapy or RT (dosage reduction recommended). Pregnancy risk category D.

Drug interactions

No known drug interactions, although mechlorethamine may raise
the concentration of uric acid in the blood, and dosage of antigout medications may need to be adjusted to control hyperuricemia and gout.
A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Acute nausea and
vomiting occurs in the majority of patients; highly emetogenic
(> 90%); onset within 30 min to 3 hrs; duration 2–8 hrs but may
persist for 24 hrs. Premedication with a serotonin antagonist in
combination with dexamethasone (and possibly other agents) required. Patients with refractory nausea and/or vomiting may require the addition of other antiemetics and/or sedatives (e.g., prochlorperazine, benzodiazepines, barbiturates).
Serious: Leukopenia and thrombocytopenia may be severe; onset
in 4–7 days; nadir in 14 days; recovery by day 21–28.
Other:
• Dermatologic: Rash, alopecia
• Endocrine: Delayed menses, oligomenorrhea, temporary or permanent amenorrhea, impaired spermatogenesis, azoospermia,
hyperuricemia
• GI: Diarrhea, anorexia, metallic taste, hepatotoxicity
• Miscellaneous: Fever, thrombophlebitis, hypersensitivity, second
malignant neoplasms, vertigo, tinnitus, ototoxicity
• Musculoskeletal: Weakness
• Neurologic: Peripheral neuropathy

Special
considerations

Highly emetogenic (> 90%); premedication with a serotonin antagonist in combination with dexamethasone (and possibly other
agents) required. Patients with refractory nausea and/or vomiting
may require the addition of other antiemetics and/or sedatives
(e.g., prochlorperazine, benzodiazepines, barbiturates). Drug is
highly toxic; handle both powder and solution with extreme caution. Avoid extravasation; administer mechlorethamine through a
free-flowing IV line; verify patency of vein before administration.
As hyperuricemia may develop during treatment, consider appropriate preventive measures, including adequate hydration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Serum uric acid
• Audiometric testing if deemed necessary

Indications

Mechlorethamine is indicated for the palliative treatment of HL
(stages III and IV), lymphosarcoma, CML or CLL, polycythemia
vera, mycosis fungoides, and bronchogenic carcinoma. Administered intrapleurally, IP, or intrapericardial in the palliative treatment
of metastatic carcinoma resulting in effusion.

Dosage
adjustment
recommendations

The total dosage in patients who have received prior cytotoxic chemotherapy or RT should not exceed 0.2–0.3 mg/kg. Withdraw
mechlorethamine therapy if leukocyte or PLT count falls markedly.
Resume therapy at a lower dosage when leukocyte and PLT counts
return to satisfactory levels.
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Pharmacokinetics

After IV administration, drug undergoes rapid chemical transformation and is rapidly deactivated in body fluids and tissues. Effect occurs within minutes, with unchanged drug undetectable within a
few minutes. Apparent elimination is renal, although < 0.01% as unchanged drug.

Manufacturer

Baxter Oncology GmbH, Halle/Westfalen, Germany

Other names

Alkeran , L-PAM, phenylalanine mustard

Classification

Alkylating agent; nitrogen mustard derivative

Mechanism of
action

Bifunctional alkylating agent; cytotoxicity occurs primarily because
of cross-linking of strands of DNA and RNA, as well as inhibition of
protein synthesis.

Vesicant
information

May cause irritation

Preparation and
mixture

Melphalan for injection is reconstituted by rapidly injecting 10
ml of supplied diluent into vial of lyophilized powder. Immediately shake vigorously until solution is clear. Resultant concentration
is 5 mg/ml. Immediately dilute reconstituted solution with NS to a
concentration no greater than 0.45 mg/ml. Because of the instability of the solutions, keep the time between reconstitution/dilution and administration to a minimum. Prepared fresh solution is
stable for 1 hr after dilution and must be administered within that
time period.

Administration

IV: Infuse over 15–30 min.
PO: Administer on an empty stomach.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

Storage and
stability

Store oral tablets under refrigeration at 36°F–46°F (2°C–8°C) and
protect from light. Store oral tablets in a dry place, and dispense
in a glass container. Store injectable powder at room temperature,
and protect from light. Reconstituted solution is stable for 90 min;
diluted solution is stable for approximately 60 min. Must be prepared fresh; solution is stable for 1 hr after dilution and must be administered within that time period. DO NOT refrigerate solution; precipitation may occur.

How supplied

Supplied as white, film-coated, round, biconvex tablets containing 2
mg melphalan in amber-colored glass bottles containing 50 tablets
with child-resistant closures. One side is engraved with “GX EH3,”
and the other side is engraved with an “A.” Melphalan for injection is
supplied as a single-use clear glass vial of freeze-dried melphalan
hydrochloride, equivalent to 50 mg melphalan, and one 10-ml clear
glass vial of sterile diluent.

Melphalan
®
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Dosage

One regimen for the treatment of MM is 6 mg (3 tablets) daily. The
total daily dose may be given at one time. Adjust the dose on the
basis of blood counts done at approximately weekly intervals.
After 2–3 weeks of treatment, discontinue the drug for up to 4
weeks; follow the blood count carefully during this time. When the
WBC and PLT counts are rising, a maintenance dose of 2 mg daily may be instituted. Another regimen is 10 mg/day for 7–10 days.
Continuous maintenance therapy with 2 mg/day is instituted when
WBCs > 4,000/mm3 and PLTs > 100,000/mm3. Dosage is adjusted
to 1–3 mg/day depending upon the hematologic response. Oral
melphalan may be given as 0.15 mg/kg/day for 7 days. This is followed by a rest period of at least 14 days, but it may be as long
as 5–6 weeks. Maintenance therapy is started when the WBC and
PLT counts are rising. The maintenance dose is 0.05 mg/kg/day
or less and is adjusted according to the blood count. Other dosing
regimens have also been used: 4 mg/m2/day for 7 days every 4
weeks, 6 mg/m2/day for 7 days every 4 weeks, 0.25 mg/kg/day for
4 days every 6 weeks, and 9 mg/m2/day for 4 days every 6 weeks.
Melphalan may be used in conjunction with prednisone ± thalidomide ± bortezomib.
One commonly used regimen for the treatment of ovarian carcinoma has been to administer melphalan at a dose of 0.2 mg/kg daily for 5 days as a single course. Courses are repeated every 4–5
weeks, depending upon hematologic tolerance.
Melphalan IV is dosed at 16 mg/m2 at 2-week intervals for 4 doses, and then at 4-week intervals after recovery from toxicity;
dosage adjustments are made based on nadir blood cell counts.
HD therapies (140 mg/m2 or 200 mg/m2) are used in the HSCT
setting.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have demonstrated prior resistance to the product as well as in patients who have experienced
a hypersensitivity to the product. Consider risk versus benefit in
patients with preexisting bone marrow depression, existing or recent chicken pox or herpes zoster infection, history of gout or
urate renal stones, renal function impairment (dosage adjustment recommended), and in patients who have received previous cytotoxic drug therapy or RT within 3–4 weeks. Pregnancy
risk category D.

(Continued on next page)

Chapter 5. Antineoplastic Agents
Drug interactions

Agent

●

245

Effect

Carmustine

Melphalan may be synergistic with carmustine in causing pulmonary toxicity.

Cimetidine (and possibly other H2 antagonists)

Reduction of gastric pH may decrease
absorption and bioavailability of melphalan by up to 30%.

Cyclosporine

Concomitant use may increase risk of
nephrotoxicity.

Nalidixic acid

Increased incidence of severe hemorrhagic necrotic enterocolitis has been reported in pediatric patients.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylaxis, although
rare, has been reported with the IV formulation of melphalan.
This reaction usually occurs after multiple courses of therapy.
Terminate the infusion and follow with symptomatic treatment
(e.g., volume expanders, pressor agents, corticosteroids, antihistamines).
Serious: Myelosuppression, which occurs within 2–3 weeks of initiation of therapy, may be severe. Leukocyte and PLT nadirs usually occur within 3–5 weeks and return to normal within 4–8 weeks.
Irreversible bone marrow failure has been reported. Cumulative
myelosuppression may occur with repeated dosing. Second malignant neoplasms, including AML and myeloproliferative syndrome, have been reported.
Other:
• Dermatologic: Alopecia, vesiculation of skin, pruritus, rash
• Endocrine: SIADH, sterility, amenorrhea
• GI: Nausea and vomiting (can be delayed with transplant doses),
diarrhea, stomatitis, mucositis (especially with transplant doses)
• Hematologic: Anemia, agranulocytosis, hemolytic anemia
• Miscellaneous: Vasculitis, bladder irritation, hemorrhagic cystitis, hypersensitivity (skin rash and itching), abnormal LFTs, hepatitis and jaundice, and hepatic SOS have been reported with IV
melphalan.
• Respiratory: Pulmonary fibrosis (some fatal), interstitial pneumonitis

Special
considerations

Reconstituted and diluted solutions of IV melphalan are highly unstable; administration should occur within 1 hr of dilution. DO NOT
refrigerate solution, as precipitation may occur. Oral melphalan
should be taken on an empty stomach. Direct patients to not take
more medication than prescribed, to not double-dose, and to not
take a missed dose. Oral melphalan causes mild nausea and vomiting; consider prescribing an as-needed antiemetic (e.g., prochlorperazine).

(Continued on next page)

246 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• Serum uric acid

Indications

IV melphalan is indicated in the palliative treatment of patients with
MM for which oral therapy is not appropriate. Oral melphalan is indicated in the palliative treatment of MM and in the palliative treatment of unresectable epithelial carcinoma of the ovary. Also used in
the treatment of breast cancer, malignant melanoma, Waldenström
macroglobulinemia, HL, and as a conditioning regimen for autologous HSCT in adults with hematologic disorders.

Dosage
adjustment
recommendations

Dosage adjustment is necessary for melphalan in patients with renal function impairment. Oral: Moderate-to-severe renal impairment: Consider a reduced dose initially.
IV: BUN ≥ 30 mg/dl: Reduce dose by up to 50%. Multiple other
dose reductions have been published.
Thrombocytopenia and/or leukopenia are indications to withhold
further therapy until the blood counts have sufficiently recovered
(WBCs > 2,000–3,000/mm3; PLTs > 100,000/mm3). Consider dose
adjustment on the basis of blood counts at the nadir and day of
treatment.

Pharmacokinetics

Absorption of the oral product is incomplete and variable; food interferes with absorption; bioavailability is unpredictable. Significant
protein binding (60%–90%); 30% is irreversibly bound to plasma
proteins. Half-life is approximately 1–2 hrs and drug is eliminated
from plasma primarily by chemical hydrolysis. Renal and nonrenal
mechanisms play a minor role in elimination.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC; generic manufacturers

Mercaptopurine
Other names

Purinethol®, 6-mercaptopurine, 6-MP

Classification

Antimetabolite; purine analog

Mechanism of
action

Purine antagonist that, once converted to monophosphate nucleotide in the cell, inhibits de novo protein synthesis by competing
with endogenous ribotides; halts RNA synthesis. Cell cycle S-phase
specific.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary
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Administration

Available commercially as an oral product. Should be taken on an
empty stomach.

Storage and
stability

Store in a dry place at 59°F–77°F (15°C–25°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Tablet containing 50 mg of mercaptopurine. Color and markings
may vary.

Dosage

Common induction dosing regimen is 2.5 mg/kg/day in a single
daily dose rounded to the nearest 25 mg. If there is no clinical improvement or leukocyte depression after 4 weeks, an increase in
dosage to 5 mg/kg/day may be attempted. Maintenance dosing of
1.5–2.5 mg/kg/day or 60–100 mg/m2/day once complete hematologic remission is obtained.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients WITHOUT a diagnosis of ALL, patients
whose disease has demonstrated prior resistance to this drug, and
patients with prior hypersensitivity to mercaptopurine or any component of the formulation. Consider risk versus benefit in patients
with preexisting bone marrow depression, renal and/or hepatic impairment, existing or recent chicken pox or herpes zoster infection,
or history of gout or urate renal stones or in patients who have had
previous cytotoxic therapy or RT (dosage reduction is recommended). Pregnancy risk category D.

Drug interactions

Agent

Effect

Allopurinol

Increases levels of mercaptopurine through inhibition of xanthine oxidase; reduce dose of mercaptopurine to 1/3 or 1/4 of the usual dose when
both drugs are used concomitantly.

Aminosalicylate derivatives
(e.g., olsalazine,
mesalazine, sulphasalazine)

These agents have been shown to inhibit the
TPMT enzyme in vitro; closely monitor patients
who are receiving the combination for hematologic toxicity, and adjust the mercaptopurine
dosage accordingly.

Azathioprine

Enhances myelosuppressive effects of mercaptopurine.

Hepatotoxic drugs (e.g.,
doxorubicin)

Potential for synergistic hepatic toxicity.

Warfarin

Mercaptopurine inhibits the anticoagulant effect of warfarin; monitor PT and adjust warfarin
dose accordingly.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Hepatotoxicity, which includes features of intrahepatic cholestasis and parenchymal cell
necrosis, has been reported. A small number of deaths have been
attributed to hepatic necrosis. May occur with any dosage but
seems to occur more frequently when doses of 2.5 mg/kg are exceeded. Monitoring of serum transaminase levels, alkaline phosphatase, and bilirubin levels may allow early detection of hepatotoxicity. The onset of clinical jaundice, hepatomegaly, or anorexia with tenderness in the right hypochondrium is an immediate indication for withholding further mercaptopurine therapy until exact
etiology is identified.
Serious: Myelosuppression is most the frequent AE, which may be
serious. Leukopenia, thrombocytopenia, and anemia are unavoidable in the induction phase for acute leukemia if remission is to
be successful. Severe hematologic toxicity may require supportive
therapies (e.g., PLT and RBC transfusions, antibiotics). May increase risk of secondary malignancy.
Other:
• Dermatologic: Rash, hyperpigmentation, dry or scaling skin
• GI: Nausea, vomiting, diarrhea, stomatitis, anorexia, stomach
pain, glossitis, tarry stools
• Hematologic: Eosinophilia
• Miscellaneous: Drug fever, renal toxicity, hyperuricemia
• Musculoskeletal: Weakness
• Neurologic: Headache

Special
considerations

Individuals with an inherited deficiency of the enzyme TPMT may
be unusually sensitive to the myelosuppressive effects of mercaptopurine and prone to developing rapid bone marrow suppression
following the initiation of treatment.
Substantial dosage reductions may be required to avoid the development of life-threatening bone marrow suppression in these patients. Mercaptopurine should NOT be taken with meals. Data, although limited, suggest that food may decrease oral bioavailability
of mercaptopurine. Review with patients the importance of ample
fluid intake, not taking more medication than prescribed, not doubling doses, and not taking a missed dose. Although nausea and
vomiting are mild, consider prescribing an as-needed antiemetic (e.g., phenothiazine). The total daily dose may be given at one
time. Dose is calculated to the nearest 25 mg.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• Renal function tests: CrCl, actual or calculated, and/or SCr
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Serum uric acid

Indications

Mercaptopurine is indicated for remission induction and maintenance therapy of ALL. The response of this agent depends on the
particular subclassification of ALL and the age of the patient (pediatric vs. adult). Also used in the treatment of APL, ulcerative colitis,
and Crohn disease.
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Dosage
adjustment
recommendations

Dosage adjustment in renal and hepatic impairment is recommended, but specific guidelines are not available. In addition, mercaptopurine may have a delayed action, so discontinue at the first sign
of an abnormally large or rapid fall in leukocyte or PLT counts. If,
subsequently, the leukocyte or PLT count remains constant for 2–3
days or rises, resume treatment.

Pharmacokinetics

Variable and incomplete absorption (16%–50%); crosses the bloodbrain barrier but not in appreciable amounts; 30% protein binding.
Undergoes first-pass metabolism in GI mucosa and liver; degradation primarily by xanthine oxidase. Exhibits triphasic half-life and
undergoes renal elimination (7%–39% as unchanged drug).

Manufacturer

Generic manufacturers

Other names

Mesnex

Classification

Uroprotectant

Mechanism of
action

Following IV administration, mesna is rapidly oxidized to mesna disulfide (dimesna), which remains in the intravascular compartment
and is rapidly eliminated by the kidneys. In the kidneys, mesna disulfide is reduced to the free thiol compound mesna, which binds
with and detoxifies acrolein and other urotoxic metabolites of ifosfamide and cyclophosphamide.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Mesna injection is prepared for IV administration by adding any of
the following fluids to obtain a final concentration of 20 mg/ml: D5W;
5% dextrose and 0.25% sodium chloride for injection, USP; 5%
dextrose and 0.33% sodium chloride for injection, USP; 5% dextrose and 0.45% sodium chloride for injection, USP; NS; or LR. For
oral administration, the injection may be diluted in a 1:1, 1:2, 1:10,
or 1:100 concentration in carbonated beverages (e.g., cola, ginger
ale), juices (e.g., orange, apple), or whole milk (e.g., white, chocolate).

Administration

Oral tablet or IV infusion over 15–30 min or per protocol. May be
given as CIV. Injectable mesna also may be given for oral administration.

Storage and
stability

Store intact vials at controlled room temperature. Multidose vials
may be stored and used for up to 8 days. Diluted solutions are
physically and chemically stable at room temperature for 24 hrs.
Mesna drawn up in polypropylene syringes is stable for 9 days
at room temperature or under refrigeration. Diluted solutions for
oral administration are stable for 24 hrs if stored under refrigeration.

How supplied

Supplied as 100 mg/ml in 1 g multidose vials. Oral mesna is supplied as 400 mg scored tablets.

Mesna
®
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Dosage

Most common regimen for mesna uroprotection is 20% w/w of the
ifosfamide or cyclophosphamide dose administered IV 15 min before each ifosfamide/cyclophosphamide administration and 4 and
8 hrs after each dose of ifosfamide/cyclophosphamide. Total daily
dose of mesna is equal to 60% of the total dose of the ifosfamide/
cyclophosphamide. For HD ifosfamide regimens, may consider dosing mesna 20% w/w of ifosfamide dose administered IV 15 min before ifosfamide administration and then at 3-hr intervals after ifosfamide dose for 3–6 total doses; total daily dose of mesna is equal
to 80%–140% of the total dose of ifosfamide. Oral administration is
twice the IV dose (because of limited oral bioavailability) and thus
dosed at 40% w/w of the ifosfamide/cyclophosphamide dose utilizing the same 4-hr interval schedule. Of note, IV mesna is the administration method of choice for the first dose before the ifosfamide/cyclophosphamide administration; oral mesna is not recommended for the first dose. Mesna tablets are given PO dosed at
40% of the ifosfamide/cyclophosphamide dose given 2 and 6 hrs
after each ifosfamide/cyclophosphamide dose. Total daily dose of
oral mesna is equal to 100% of the total dose of the ifosfamide/cyclophosphamide. For CIV, mesna may be given as a bolus (20%
w/w) followed by a continuous infusion of mesna at 40% of the ifosfamide dose. Alternatively, the mesna dose may be at least equal
to dose of ifosfamide used. Mesna is continued for 12–24 hrs after
completion of the CIV of ifosfamide.

Compatibility
information

Compatible with ifosfamide, cyclophosphamide, etoposide, potassium chloride, and bleomycin. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to mesna
or thiol compounds

Drug interactions

No known drug interactions. Reported cases of increased INR
in patients receiving concomitant ifosfamide/mesna and warfarin. Monitor PT and INR closely, as adjustments in warfarin dosage may be necessary. In addition, in vitro and in vivo animal tumor
models have shown that mesna does not have any effect on the antitumor efficacy of concomitantly administered cytotoxic agents.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Allergic reactions to
HD oral mesna have been reported in patients with autoimmune
disorders. The symptoms ranged from mild hypersensitivity to
systemic anaphylactic reactions.
Serious: None noted.
Other:
• Cardiovascular: Hypotension
• Dermatologic: Rash, itching, injection-site reactions, flushing
• GI: Nausea, vomiting, diarrhea/soft stools, anorexia, bad taste in
mouth
• Musculoskeletal: Malaise, limb pain
• Neurologic: Headache
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Special
considerations

To maintain adequate mesna concentrations in the urinary bladder during the course of elimination of the urotoxic metabolites of ifosfamide/cyclophosphamide, repeat doses of mesna are required.
Because of the disagreeable sulfur odor, dilute the mesna injection
in carbonated beverages, juices, or whole milk before oral ingestion. Report vomiting that occurs within 1 hr of oral mesna ingestion
to the physician; consider a repeat dose of IV mesna. Mesna will
cause false-positive urinary ketones.

Monitoring
parameters

Examine the urine for microscopic hematuria before the administration of each dose of ifosfamide or cyclophosphamide.

Indications

Mesna has been shown to be effective as a prophylactic agent in
reducing the incidence of ifosfamide-induced hemorrhagic cystitis.
Also used in the setting of HD cyclophosphamide.

Dosage
adjustment
recommendations

Mesna is dosed on a w/w basis of the ifosfamide or cyclophosphamide dose. When the dosage of either chemotherapeutic drug is
adjusted (increased or decreased), modify the mesna dose accordingly; however, the ratio of mesna to ifosfamide or cyclophosphamide should remain the same.

Pharmacokinetics

Peak plasma level occurs 2–3 hrs after administration; half-life of
the parent drug when given IV is approximately 0.36 hrs; half-life
of the mesna disulfide metabolite is approximately 1.17 hrs. Both
mesna and mesna disulfide are excreted primarily in the urine with
maximum excretion occurring at 1 hr after IV administration and
2–3 hrs after oral administration.

Manufacturer

IV: Generic manufacturers; oral: Baxter Healthcare Corp., Deerfield, IL

Other names

MTX, amethopterin, Mexate®, Folex®, Rheumatrex®

Classification

Antimetabolite; folic acid antagonist

Mechanism of
action

Cell cycle S-phase specific. Inhibits the enzyme DHFR, which results in inhibition of DNA, RNA, and protein synthesis.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute the lyophilized powder with NS or D5W to a final concentration of ≤ 25 mg/ml for 20 mg and 50 mg vials and 50 mg/
ml for the 1 g vial. Use preservative-free preparations for IT or HD
MTX doses.

Administration

PO, IV, IM, IT, or intra-arterial

Storage and
stability

Store intact vials at room temperature, and protect from light. Further diluted solutions are stable for 24 hrs at room temperature.
Oral product: Keep this, and all medications, out of the reach of
children.
Procedures for handling and disposal of anticancer agents should
be followed.

Methotrexate
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How supplied

Available as powder for injection; isotonic liquid, preservative-free
solution 25 mg/ml; isotonic liquid containing preservative 25 mg/ml;
oral tablets: 2.5 mg, 5 mg, 7.5 mg, 10 mg, 15 mg

Dosage

Dosage is determined by the type of malignant disease to be treated.
• Conventional dose: 15–20 mg/m2 PO twice weekly, 30–50 mg/m2
PO or IV weekly, 15−30 mg/day PO for 5 days, or IM every 2–3
weeks
• Intermediate dose: 50–150 mg/m2 IVP every 2–3 weeks, 240 mg/m2
IV infusion every 4–7 days (possibly with leucovorin rescue), 0.5–1
g/m2 IV infusion every 2–3 weeks (with leucovorin rescue)
• HD: 1–12 g/m2 IV infusion every 1–3 weeks (with leucovorin rescue)
• IT: 12 mg/m2 or 12–15 mg in 2–5-day intervals
• Usual oral doses: 10–25 mg/week; weekly dose not to exceed 50 mg

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to MTX or
any of its components or in pregnant or breast-feeding women. Use
with caution in patients with impaired renal and liver function and
preexisting profound bone marrow suppression.

Drug interactions

Agent

Effect

Alcohol/ethanol

Increases hepatotoxicity; can result in
coma

Aminoglycosides,
cyclosporine

Increase potential for nephrotoxicity

Ciprofloxacin

May increase the serum concentration
of MTX

Folic acid preparations

Decrease MTX effectiveness

NSAIDs and aspirin

Increase MTX effect/toxicity because of
decreased renal excretion

Penicillins

May decrease the excretion of MTX

Phenytoin, sulfonamides, and tetracyclines

Increase MTX effect/toxicity by displacing
MTX off of plasma proteins

Probenecid

Increases MTX effect because of decreased renal clearance

Procarbazine

Increases potential for nephrotoxicity

Proton pump inhibitors

May increase the serum concentration
of MTX

Warfarin

MTX increases pharmacologic effect of
warfarin; monitor PT

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Arachnoiditis manifested
as a severe headache; nuchal rigidity, vomiting, and fever may occur with IT administration. In addition, a subacute toxicity may develop in the second or third week of IT therapy, consisting of motor
paralysis of extremities, cranial nerve palsy, seizures, or coma. Demyelinating encephalopathy can occur months to years after therapy. Pneumonitis is associated with fever, cough, and interstitial pulmonary infiltrates; withhold MTX until symptoms resolve.
Serious: Renal failure, azotemia, and nephropathy. Manifested by
an abrupt rise in SCr and BUN and decreased urine output. Mostly associated with HD therapy. Prevent with aggressive IV hydration, urine alkalinization, and leucovorin rescue.
Other:
• Dermatologic: Rash, urticaria, photosensitivity, radiation recall,
alopecia, reddening of the skin, depigmentation or hyperpigmentation of the skin, pruritus
• GI: Nausea and vomiting (emetic potential increases with increasing doses), diarrhea, anorexia, mucositis, ulcerative stomatitis (dose limiting), hepatic dysfunction
• Hematologic: Myelosuppression (e.g., thrombocytopenia, granulocytopenia) (dose limiting), occurs 5–7 days after therapy and
usually resolves in 2 weeks
• Miscellaneous: Hyperuricemia, cystitis
• Musculoskeletal: Arthralgia
• Neurologic: Dizziness, headache, confusion, drowsiness, blurred
vision

Special
considerations

Use cautiously in patients with impaired renal and hepatic function
(see Dosage Adjustment Recommendations). Leucovorin rescue
needed with intermediate and HD MTX therapy (> 100 mg/m2). Leucovorin can enhance the therapeutic effect of MTX by controlling the
toxicity. Limit exposure to sunlight. Aggressive IV hydration and alkalinization of urine are necessary with HD therapy (> 100 mg/m2);
monitor urine pH and output before and during administration. MTX
levels should be done with HD MTX to determine the leucovorin
level. Elimination of MTX is decreased in patients with ascites and/
or pleural fluid; may require dose reduction or discontinuation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• CrCl determination (measured or calculated): Before the initiation
of HD MTX to help to determine MTX dose adjustment if necessary and aid in identifying patients with delayed MTX clearance.
Recommend a CrCl (measured) ≥ 60 ml/min before the initiation
of therapy.
• SCr: Before and every 24 hrs after MTX administration to detect developing renal function impairment; an increase of > 50%–
100% above baseline at 24 hrs usually is associated with severe
renal toxicity.
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• Plasma or serum MTX concentrations after HD therapy: At 12to 24-hr intervals until concentration below 5 × 10–8 molar; determines dose and duration of leucovorin therapy needed to maintain rescue.
• Urinary pH: Monitor before administration of HD MTX and
throughout leucovorin rescue; recommend pH ≥ 7 before MTX
administration and continued until serum MTX concentration < 5
× 10–8 molar to minimize risk of MTX nephropathy.
• Pulmonary function tests (e.g., DLCO): Periodic evaluations if
patient is symptomatic or has risk factors.
• Chest x-ray: Obtain at periodic intervals in patients at risk for pulmonary toxicity or symptomatic, particularly if not monitoring pulmonary function by DLCO.
• Examination of patient’s mouth for ulceration.
• Stool cultures: If persistent diarrhea to rule out infectious etiology.

Indications

FDA-approved uses include ALL, meningeal leukemia, lung, breast,
and head and neck cancers, mycosis fungoides, NHL, choriocarcinoma, and osteogenic sarcoma. Off-label uses include bladder
cancer, post-HSCT immunosuppression, psoriasis, and rheumatoid arthritis.

Dosage
adjustment
recommendations

After HD MTX therapy (> 100 mg/m2), dose of leucovorin rescue is
determined by MTX serum levels (see leucovorin). MTX elimination is reduced in patients with ascites; careful monitoring for toxicity with possible dose reduction is necessary. Diarrhea and ulcerative stomatitis require interruption of therapy.
Dosage adjustments are recommended in hepatic and renal dysfunction. The following guidelines have been used.
• CrCl = 61–80 ml/min: Administer 75% of dose.
• CrCl = 51–60 ml/min: Administer 70% of dose.
• CrCl = 10–50 ml/min: Administer 30%–50% of dose.
• CrCl < 10 ml/min: Avoid use.
Hemodialysis: Not dialyzable (0%–5%); supplemental dose is not
necessary.
Peritoneal dialysis effects: Supplemental dose is not necessary.
Continuous arteriovenous hemofiltration effects: Unknown.
Bilirubin 3.1–5 mg/dl or transaminases > 3 × ULN: Administer 75%
of dose.
Bilirubin > 5 mg/dl: Avoid use.

Pharmacokinetics

Oral bioavailability is dose dependent and decreased by food and
milk. MTX is 50% bound to plasma proteins. Elimination 80%–90%
in kidneys. Initial half-life of 2–3 hrs; terminal half-life of 8–10 hrs.

Manufacturer

Generic manufacturers
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Mitomycin
Other names

Mutamycin , mitomycin-C

Classification

Alkylating agent; antitumor antibiotic

Mechanism of
action

Antibiotic produced from Streptomyces caespitosus. Inhibits DNA
synthesis. Most active during late G1 and early S phases.

Vesicant
information

Vesicant; may cause severe tissue irritation and progress to cellulitis, ulceration, and sloughing of skin. Topical DMSO is possible antidote.

Preparation and
mixture

Reconstitute powder with SWFI to a concentration of 0.5 mg/ml.
Set at room temperature until completely dissolved. To prepare
for infusion, transfer calculated amount in 100–150 ml NS or D5W.
Shake vial to enhance dissolution. If the powder does not dissolve
immediately, allow the vial to stand at room temperature until complete dissolution occurs.

Administration

IV or intra-arterial administration. Single agent or in combination.
For infusions of 100–150 ml, infuse over 15–30 min or through side
arm of running IV fluids. To treat bladder papillomas, instill 20–60
mg (1 mg/ml) directly into the bladder.

Storage and
stability

A purple, flocculent lyophilized powder. Store intact vials at room
temperature. Reconstituted solution is stable for 1 week at room
temperature and 2 weeks if refrigerated. Protect from light. In
dry state, mitomycin powder is good for 4 years at room temperature.

How supplied

5 mg, 20 mg, and 40 mg powder vial

Dosage

Usual dose is 10–20 mg/m2 IV as a single agent every 6–8 weeks.
When combined with other agents for the treatment of anal cancer,
dose is 10 mg/m2 days 1 and 29. Intra-arterial infusion dosed at 50
mg/m2 × 1. Intravesicular instillations for bladder cancer are dosed
at 20–40 mg/dose.

Compatibility
information

Compatible with NS and D5W for infusion. For further clarification,
refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with PLTs < 75,000/mm3, leukocytes
< 3,000/mm3, or SCr > 1.7 mg/dl or hypersensitivity to mitomycin or
any of its components. Breast-feeding while on mitomycin therapy
is not recommended.

Drug interactions

Agent

®

Effect

Vinca alkaloids

Concomitant infusions of vincristine or vinblastine
can cause severe bronchospasms and SOB.

Doxorubicin

May increase cardiac toxicity.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Acute nausea and
vomiting, usually mild to moderate, seen in up to 100% of patients; occurs within 1–2 hrs and may persist for 3 hrs to 4 days
after therapy. Hemolytic uremic syndrome, although uncommon
(< 10%), may occur and is fatal in up to 50% of cases. Manifests
as microangiopathic hemolytic anemia, thrombocytopenia, and
renal failure. Patients receiving doses > 60 mg or 50 mg/m2 are at
higher risk. Interstitial pneumonitis or pulmonary fibrosis has been
reported in up to 7% of patients. Manifests as dry cough and progressive dyspnea; often responsive to steroids. Cardiac failure in
patients treated with doses > 30 mg/m2.
Serious: Cumulative and dose-related (related to both total dose
and schedule) myelosuppression. Moderate and severe effects on
WBCs and PLTs, respectively. Onset and nadir 3–4 weeks after
therapy with recovery at days 42–56. Should not be dosed earlier
than every 6–8 weeks.
Other:
• Cardiovascular: Thrombophlebitis
• Dermatologic: Pruritus, rash, alopecia, discolored fingernails
(purple)
• Endocrine: Permanent sterility
• GI: Stomatitis, elevated liver enzymes, diarrhea, anorexia
• Miscellaneous: Malaise, fever
• Neurologic: Peripheral neuropathy

Special
considerations

Extravasation precaution. Solution is purple in color. Myelosuppression may be cumulative. Because of cumulative myelosuppression,
fully reevaluate patients after each course of mitomycin therapy. DO
NOT exceed cumulative doses of 50 mg/m2.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Pulmonary function tests (e.g., DLCO): Periodic evaluations if
patient is symptomatic or has risk factors.
• Chest x-ray: Monitor at periodic intervals in a patient at risk for
pulmonary toxicity or who is symptomatic, particularly if not monitoring pulmonary function by DLCO.
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy.

Indications

FDA approved for use in pancreatic and gastric carcinoma. Off-label uses include breast, bladder, colorectal, anal, lung, head and
neck, and cervical carcinomas, and CML.
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Dosage
adjustment
recommendations

Dose reduction is necessary for renal impairment as well as per
leukocyte and PLT nadir. Avoid use in patients with SCr > 1.7
mg/dl. Alternative dosing option: Reduce dose by 25% if CrCl < 10
ml/min.
Leukocyte nadir of 2,000–2,999/mm3, PLT nadir of 25,000–74,999/
mm3: Dose at 70% of prior dose; leukocyte nadir < 2,000/mm3,
PLTs < 25,000/mm3: Dose at 50% of prior dose. Further dose adjustments are made according to hematologic response of the patient to the previous dose administration.

Pharmacokinetics

Metabolized primarily by the liver, with 10% of unchanged drug
eliminated via the renal system. Initial half-life of 5–15 min, with a
terminal half-life of 50 min. Does not cross the blood-brain barrier.
Drug concentrates in lung, kidneys, tongue, muscle, and heart tissue.

Manufacturer

Generic manufacturers

Other names

Novantrone®

Classification

Synthetic anthracenedione

Mechanism of
action

Activity in late S phase but not cell cycle specific. Inhibits DNA and
RNA synthesis by intercalating into the DNA. It is a potent inhibitor
of topoisomerase II.

Vesicant
information

Reports are mixed as to whether mitoxantrone is a vesicant or irritant. Administer with caution. If extravasation occurs, apply ice
packs to affected area and elevate limb.

Preparation and
mixture

Compatible with D5W, NS, and LR. Dilute in at least 50 ml of solution.

Administration

Intermittent IV or CIV. Use caution when infusing; avoid extravasation. Infuse in 50 ml solution over 5–15 min. IVP over 3–5 min
through a side arm of flowing compatible IV solution. DO NOT administer IV bolus over less than 3 min.

Storage and
stability

Store intact vials at room temperature or under refrigeration. No
preservatives. Chemically stable for years at room temperature or
refrigerated. DO NOT freeze intact vials. Stable for up to 2 weeks
when mixed in D5W or LR at room temperature.

How supplied

Sterile vial blue solution; 2 mg/ml solution; 20 mg, 25 mg, and 30
mg vials

Dosage

AML (ANLL): 12 mg/m2 IV daily for 3 days (total dose 36 mg/m2)
in combination with cytarabine. Repeat every 28 days if used for
consolidation.
Other uses (unlabeled) include the following at various doses (refer
to specific regimen for dosing): APL, multiple sclerosis, advanced
hormone-refractory prostate cancer, HL, NHL, and HSCT.

Mitoxantrone HCl
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Compatibility
information

Incompatible with heparin-containing solutions. Compatible with hydrocortisone at 2 mg/ml for 24 hrs, ondansetron, and cytarabine.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity. Consider
risk versus benefit in patients with preexisting myelosuppression or
breast-feeding women. Not for IT use.

Drug interactions

Agent
Immunosuppressive
agents

Effect
May increase risk of immunosuppression

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: CHF, although incidence is much less than with other anthracyclines. Predisposing
factors include prior anthracycline use, history of cardiovascular
disease, and mediastinal RT. Risk of developing cardiotoxicity is
< 3% if cumulative dose < 100–120 mg/m2 in patients with risk
factors or < 160 mg/m2 in patients with no predisposing factors.
Serious: Seizures, TLS in patients with ANLL, renal failure
Other:
• Cardiovascular: Phlebitis
• Dermatologic: Alopecia, pruritus, skin desquamation
• GI: Nausea and vomiting (moderately emetogenic), GI bleeding,
stomatitis, diarrhea, abdominal pain
• Hematologic: Mildly myelosuppressive; granulocytopenia and thrombocytopenia (onset 9–10 days, nadir 14 days, recovery 21 days)
• Miscellaneous: Fever, conjunctivitis, blue-green discoloration of
urine
• Neurologic: Headache
• Respiratory: SOB, cough

Special
considerations

Patient will have blue-green urine 24–48 hrs after infusion. Occasionally blue color in sclera. Precipitate may form when refrigerated;
will redissolve when warmed to room temperature. Cumulative cardiac toxicity has been reported, especially in patients who have received prior anthracycline agents.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of each dose and at periodic intervals during therapy if at risk for TLS
• Cardiac function tests: MUGA or LVEF at baseline in patients
with risk factors and at periodic intervals throughout therapy, as
well as long-term follow-up evaluations
• Site inspection: For stinging and burning during peripheral line or
implanted port infusion
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Indications

FDA approved for the treatment of AML or APL, as well as acute
erythroid leukemia. Off-label uses include APL, multiple sclerosis, advanced hormone-refractory prostate cancer, HL, NHL, and
HSCT.

Dosage
adjustment
recommendations

Renal impairment: Insufficient data to determine if dose adjustment
is necessary in this patient population; use with caution.
Hepatic impairment: Consider adjusting dose (clearance is decreased in patients with severe hepatic dysfunction).
Hematologic toxicity: Caution in patients with marrow suppression;
start with low initial dose (12 mg/m2). Reduce dose or withhold if
severe marrow suppression.

Pharmacokinetics

Absorption: Poor absorption PO
Distribution: Concentrates in the liver, kidney, thyroid, heart, RBCs,
and pleural fluid
Metabolism: Primarily by the liver; median terminal half-life is about
75 hrs and may be prolonged with hepatic impairment
Excretion: Biliary/fecal (25%), with 11% of unchanged drug excreted renally

Manufacturer

Ben Venue Laboratories, Inc., Bedford, OH; generic manufacturers

Other names

Abraxane®, nanoparticle albumin-bound paclitaxel, paclitaxel protein-bound particles for injectable suspension

Classification

Antimicrotubule

Mechanism of
action

Stabilizes microtubules, thereby inhibiting the microtubular reorganization necessary for mitotic division and other cellular function

Vesicant
information

Irritant

Preparation and
mixture

Reconstitute each vial by slowly injecting, over a minimum of 1
min, 20 ml of NS. Using a sterile syringe to direct the solution
flow, inject onto the inside wall of the vial. DO NOT inject the NS
directly onto the lyophilized cake, as this will result in foaming. Allow the vial to sit for a minimum of 5 min to ensure proper wetting
of the lyophilized cake/powder. Gently swirl and/or invert the vial
slowly for at least 2 min until complete dissolution of cake/powder occurs. If foaming or clumping occurs, allow the solution to
stand for at least 15 min until the foam subsides. Each ml of the
reconstituted formulation will contain 5 mg/ml paclitaxel. The resultant reconstituted solution should be milky and homogenous
without visible particulates. If particulates or settling is visible, the
vial should be gently inverted again to ensure complete resuspension before use. Inject the appropriate amount of reconstituted solution/suspension into an empty, sterile, PVC-type IV bag. The use
of specialized DEHP-free solution containers or administration
sets is not necessary to prepare or administer nab-paclitaxel infusions. The use of an in-line filter is NOT recommended.

nab-paclitaxel
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Administration

IV infusion over 30 min

Storage and
stability

Store vials in original cartons at 68°F–77°F (20°C–25°C). Retain in
the original package to protect from bright light. Use the reconstituted nab-paclitaxel solution/suspension immediately or refrigerate
at 36°F–46°F (2°C–8°C) for a maximum of 8 hrs, if necessary. The
suspension, prepared as recommended and placed in an infusion
bag, is stable at ambient temperature, approximately 77°F (25°C),
and lighting conditions for up to 8 hrs.

How supplied

Supplied as 100 mg powder for reconstitution in a single-use vial;
individually packaged in a carton. Contains albumin (human).

Dosage

The recommended regimen is 260 mg/m2 administered IV over 30
min every 3 weeks.

Compatibility
information

No formal compatibility studies have been conducted. For further
clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have baseline neutrophil counts
of < 1,500/mm3. Advise women of childbearing potential to avoid
becoming pregnant while receiving treatment with nab-paclitaxel.
Pregnancy risk category D.

Drug interactions

Agent

Effect

Anthracyclines

May increase AEs and formation of toxic
metabolites of anthracyclines

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of
taxane derivatives

Platinum antineoplastics

May increase AEs of taxane derivatives

Potent CYP3A4 and
CYP2C8 inhibitors

May increase exposure of taxane derivatives

Sorafenib

May increase AEs of taxane derivatives

Trastuzumab

May increase risk of neutropenia

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: There are reports of
hepatic necrosis and hepatic encephalopathy leading to death.
These rarely occur with the parent paclitaxel compound. These
are part of a continuing surveillance program of paclitaxel safety
and may occur following nab-paclitaxel (nab-pac), which is a novel formulation of paclitaxel treatment.
Serious: Hypersensitivity reactions are rare. Significant peripheral neuropathies may develop; dose-dependence and incidence increase with increasing cumulative doses. Dose reduction is necessary if neuropathy is severe. There are rare reports of interstitial
pneumonia, lung fibrosis, and pulmonary embolism occurring with
the parent paclitaxel compound, which are part of a continuing
surveillance program of paclitaxel safety and may occur following
nab-paclitaxel treatment.
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Other:
• Cardiovascular: Hypotension, bradycardia, arrhythmias, abnormal ECG
• Dermatologic: Alopecia, skin redness, pain at the injection site,
flushing, injection-site reactions (rare)
• GI: Mild nausea and vomiting, diarrhea, elevated LFTs, mucositis
• Hematologic: Myelosuppression is dose and schedule dependent; significant neutropenia and anemia have been reported;
thrombocytopenia uncommon.
• Miscellaneous: Blurred vision, keratitis
• Musculoskeletal: Arthralgia, myalgia, asthenia, weakness, lethargy, fatigue
• Respiratory: Dyspnea, cough
Special
considerations

Premedications to prevent hypersensitivity reactions are required
before administration of nab-paclitaxel. The product contains albumin (human), a derivative of human blood, which carries an extremely remote risk for transmission of viral diseases. A theoretical risk for transmission of Creutzfeldt-Jakob disease is considered extremely remote. No cases of transmission of viral diseases or Creutzfeldt-Jakob disease have ever been identified for albumin.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr before each dose.
• Cardiac function tests: MUGA or LVEF at baseline and periodically in patients with significant cardiac risk factors.
• Vital signs: Prior to, during, and immediately after each drug administration.
• Monitor for signs of peripheral neuropathy.

Indications

Indication is for the treatment of breast cancer after failure of combination chemotherapy (must include anthracycline unless contraindicated) for metastatic disease or relapse within 6 months of adjuvant chemotherapy.

Dosage
adjustment
recommendations

Neutropenia:
• Patients who experience severe neutropenia (neutrophil <
500/mm3 for a week or longer) or severe sensory neuropathy
during therapy should have the dosage reduced to 220 mg/m2
for subsequent courses. For recurrence of severe neutropenia or severe sensory neuropathy, further reduce the dose to
180 mg/m2.
Grade 3 (CTCAE) sensory neuropathy: Hold treatment until resolution to grade 1 or 2, followed by a dose reduction for all subsequent courses of nab-paclitaxel.
Renal impairment: Insufficient data to determine if dose adjustment
necessary
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Hepatic impairment:
• Mild (AST < 10 × ULN and T. Bili ≤ 1.25 × ULN): No adjustment
is required.
• Moderate (AST < 10 × ULN and T. Bili 1.26–2 × ULN): Decrease
to 200 mg/m2.
• Severe
–– AST < 10 × ULN and T. Bili 2.01–5 × ULN: Decrease to 130
mg/m2; may increase to 200 mg/m2 if tolerated.
–– AST > 10 × ULN or T. Bili > 5 × ULN: Insufficient data exist
to determine dose adjustment; therefore use is NOT recommended.

Pharmacokinetics

Following IV administration of nab-paclitaxel, paclitaxel plasma
concentrations decline in a biphasic manner (the initial rapid decline representing distribution to the peripheral compartment and
the slower second phase representing drug elimination). The terminal half-life is approximately 27 hrs. Recovery of approximately 4%
of unchanged drug and less than 1% of the drug as metabolites in
urine indicates extensive nonrenal drug clearance; fecal excretion
approximately 20%.

Manufacturer

Celgene Corp., Summit, NJ (distributor)

Other names

Arranon

Classification

Purine nucleoside antimetabolite

Mechanism of
action

Prodrug of the cytotoxic deoxyguanosine analog 9-b-D-arabinofuranosylguanine (Ara-G). The drug is demethylated and subsequently
converted to the active 5′-triphosphate (Ara-GTP). This active form
of the drug then accumulates in leukemia blast cells and allows for
incorporation into DNA, leading to inhibition of DNA synthesis and
cell death.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

DO NOT dilute before administration. The appropriate dose is transferred into a PVC infusion bag or glass container for infusion. Inspect the drug for particulate matter and discoloration before infusion.

Administration

IV infusion over 2 hrs in adult patients and 1 hr in pediatric patients

Storage and
stability

Nelarabine injection is stable in PVC infusion bags and glass containers for up to 8 hrs at up to 86°F (30°C). Store at 77°F (25°C);
excursions permitted to 59°F–86°F (15°C–30°C).

How supplied

Clear, colorless, sterile solution in glass vials, with a latex-free stopper and red snap-off aluminum seal. Each vial contains 250 mg of
nelarabine (5 mg/ml) and the inactive ingredient sodium chloride
(4.5 mg/ml) in 50 ml of water for injection, USP.

Nelarabine
®
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Dosage

Recommended adult dose is 1,500 mg/m2 administered IV over 2
hrs on days 1, 3, and 5 of a 21-day cycle. The recommended pediatric dose is 650 mg/m2 administered IV over 1 hr daily for 5 consecutive days repeated every 21 days.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have a history of hypersensitivity to
nelarabine. Pregnancy risk category D (may cause fetal harm when
administered to a pregnant woman).

Drug interactions

No formal clinical drug interaction studies have been conducted;
however, nelarabine and Ara-G did not significantly inhibit the activities of the human hepatic cytochrome P450 isoenzymes 1A2,
2A6, 2B6, 2C8, 2C9, 2C19, 2D6, or 3A4 in vitro.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe neurologic toxicity manifesting as coma, status epilepticus, peripheral neuropathy, craniospinal demyelination; ascending neuropathy similar in
presentation to Guillain-Barré syndrome.
Serious: Other neurologic toxicity such as altered mental states
(e.g., severe somnolence), CNS effects (e.g., convulsions), and
peripheral neuropathy ranging from numbness and paresthesias
to motor weakness and paralysis
Other:
• GI: Nausea, diarrhea, vomiting, constipation
• Hematologic: Leukopenia, thrombocytopenia, anemia, febrile
neutropenia
• Neurologic: Somnolence, confusion, convulsions, ataxia, headache, dizziness

Special
considerations

Hydration, urine alkalinization, and prophylaxis with allopurinol to
prevent hyperuricemia of TLS

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Uric acid.
• Neurotoxicity is a dose-limiting toxicity.

Indications

Treatment of patients with T-cell acute lymphoblastic leukemia and
T-cell lymphoblastic lymphoma whose disease has not responded
to or has relapsed following treatment with at least 2 chemotherapy regimens
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Dosage
adjustment
recommendations

Discontinue for neurologic events of grade 2 (CTCAE) or greater. Dosage may be delayed for other toxicity, including hematologic toxicity.
Renal impairment:
• CrCl ≥ 50 ml/min: No adjustment recommended.
• CrCl < 50 ml/min: Data are insufficient for a dosing recommendation; monitor closely.

Pharmacokinetics

Pharmacokinetic studies in adult patients with refractory leukemia
or lymphoma have demonstrated that nelarabine and Ara-G are
rapidly eliminated from plasma with a half-life of approximately 30
min and 3 hrs, respectively, after a 1,500 mg/m2 dose of nelarabine.
Nelarabine and Ara-G are partially eliminated by the kidneys.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Other names

Eloxatin®

Classification

Platinum compound, alkylating agent

Mechanism of
action

Oxaliplatin undergoes nonenzymatic conversion in physiologic solutions to active derivatives that cause inter- and intrastrand DNA
cross-links. These DNA cross-links inhibit DNA replication and transcription.

Vesicant
information

Irritant. Some consider it to be a vesicant.

Preparation and
mixture

Reconstitute the lyophilized powder by adding 10 ml (for the 50 mg
vial) or 20 ml (for the 100 mg vial) of water for injection, USP, or
D5W. DO NOT administer the reconstituted solution without further
dilution. The reconstituted solution must be further diluted in an infusion solution of 250–500 ml of D5W. NEVER use a sodium chloride solution or other chloride-containing solution for reconstitution
or final dilution.

Administration

IV infusion over 2 hrs

Storage and
stability

Store under normal lighting conditions at 77°F (25°C); excursions
permitted to 59°F–86°F (15°C–30°C). The reconstituted solution
may be stored up to 24 hrs under refrigeration at 36°F–46°F (2°C–
8°C). After final dilution with 250–500 ml of D5W, the shelf life is 6
hrs at room temperature at 68°F–77°F (20°C–25°C) or up to 24 hrs
under refrigeration.

How supplied

Supplied in clear, glass, single-use vials containing 50 mg or 100 mg
of oxaliplatin as a sterile, preservative-free lyophilized powder for reconstitution. Also available as a solution for injection (5 mg/ml).

Dosage

The recommended oxaliplatin dose for the treatment of previously untreated or previously treated colorectal cancer is 85 mg/m2. Oxaliplatin is one component of a combination chemotherapy regimen
also consisting of leucovorin and 5-FU. The combination regimen is
cycled in 2-week intervals. Other dosing regimens include 100 mg/m2
every 2 weeks or 130 mg/m2 every 3 weeks.

Oxaliplatin
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Compatibility
information

Incompatible in solution with alkaline medications or media (such
as basic solutions of 5-FU) and must NOT be mixed with these or
administered simultaneously through the same infusion line. Flush
the line with D5W before administration of any concomitant medication. Aluminum-containing parts that may come in contact with oxaliplatin, such as needles or IV administration sets, should not be
used for the preparation or mixing of the drug. Aluminum has been
reported to cause degradation of platinum compounds. For further
clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with a history of known allergy to oxaliplatin or other platinum compounds. Advise women of childbearing potential to avoid becoming pregnant while receiving treatment with oxaliplatin. Pregnancy risk category D. Should not be used while breastfeeding. Use with caution in patients with preexisting renal impairment.

Drug interactions

No known drug interactions; no formal drug interaction studies have
been conducted. Because platinum-containing species are eliminated primarily through the kidneys, clearance of these products
may be decreased by coadministration of potentially nephrotoxic
compounds; use caution and monitor frequently.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary fibrosis; if
unexplained respiratory symptoms such as nonproductive cough,
dyspnea, crackles, or radiologic pulmonary infiltrates develop,
discontinue oxaliplatin until pulmonary investigation excludes the
diagnosis of ILD or pulmonary fibrosis. In addition, grade 3–4
(CTCAE) hypersensitivity has been observed in approximately 2%–3% of patients receiving oxaliplatin; can occur in any cycle
and can be fatal. Symptoms include urticaria, pruritus, flushing of
the face, SOB, bronchospasm, diaphoresis, chest pains, and hypotension; managed with standard epinephrine, corticosteroid,
and antihistamine therapy and may necessitate discontinuation
of oxaliplatin therapy.
Serious: Hepatotoxicity and severe peripheral sensory neuropathies (2 types: an acute, reversible neuropathy that occurs anywhere from several hours to 1–3 days after treatment with oxaliplatin, is exacerbated by cold, and may include pharyngolaryngeal
dysesthesia; second type is related to the duration of oxaliplatin therapy and total cumulative drug dose and is characterized by
paresthesias, dysesthesias, and hypoesthesias and may include
deficits in proprioception).
Other:
• Dermatologic: Rash, urticaria, erythema, pruritus, injection-site
reactions (redness, swelling, pain)
• GI: Nausea, vomiting, diarrhea, stomatitis
• Hematologic: Neutropenia, anemia, thrombocytopenia
• Miscellaneous: SCr elevations (5%–10% reported), decreased
visual acuity, ocular field disturbances, hearing disturbances (including deafness)
• Musculoskeletal: Fatigue
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Special
considerations

Premedication with antiemetics, including 5-HT3 blockers with dexamethasone, is recommended.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before
initiation of each dose and at periodic intervals during therapy
• Vital signs: Prior to, during, and immediately after each drug administration

Indications

Oxaliplatin is indicated for use in combination with infusional 5-FU/
leucovorin for the adjuvant treatment of patients with stage III colon
cancer who have undergone complete resection of the primary tumor or in patients with advanced colorectal cancer. Others uses include testicular, esophageal, pancreatic, gastric, hepatobiliary, and
ovarian cancers, and NHL.

Dosage
adjustment
recommendations

Adjuvant Setting
Oxaliplatin
Dose

Toxicity

5-FU Dose

Persistent grade 2 neuropathy (with no resolution)

Reduce to 75
mg/m2.

No change.

Persistent grade 3 neuropathy (with no resolution)

Discontinue.

No change.

Any of the following:
• Grade 3–4 GI toxicity
• Grade 4 neutropenia*
• Grade 3–4 thrombocytopenia*

Reduce to 75
mg/m2.

Decrease by 20%
(300 mg/m2 bolus;
500 mg/m2 CIV).

Advanced Setting
Toxicity

Oxaliplatin
Dose

Persistent grade 2 neuropathy (with no resolution)

Decrease to
65 mg/m2.

Persistent grade 3 neuropathy (with no resolution)

Discontinue. No change.

Any of the following:
• Grade 3–4 GI toxicity
• Grade 4 neutropenia*
• Grade 3–4 thrombocytopenia*

Decrease to
65 mg/m2.

5-FU Dose
No change.

Decrease by 20%
(300 mg/m2 bolus;
500 mg/m2 CIV).

*Next dose should be delayed until ANC ≥ 1,500/mm3 and PLTs ≥ 75,000/mm3.

Patients with severe renal impairment have not been adequately
studied.
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Pharmacokinetics

At the end of a 2-hr infusion, approximately 15% of the administered oxaliplatin is present in the systemic circulation; the remaining
85% is rapidly distributed into tissues or eliminated in the urine. The
drug undergoes rapid and extensive nonenzymatic biotransformation, and the major route of elimination is renal excretion.

Manufacturer

Generic manufacturers

Other names

Taxol , Onxol

Classification

Natural or semisynthetic diterpene antineoplastic agent; Pacific yew
tree derivative

Mechanism of
action

Stabilizes microtubules, thereby inhibiting the microtubular reorganization necessary for mitotic division and other cellular function

Vesicant
information

Irritant. If extravasated:
1. Apply ice to affected area (15–20 min for 4 hrs only—excessive
cold application may cause damage).
2. Elevate limb.
3. Neutralize vesicant with hyaluronidase: Inject 150–300 IU diluted in 1 ml sterile water SC or intradermally into the area of extravasation.

Preparation and
mixture

Use non-PVC administration sets. Prepare in glass, polyolefin, or
polypropylene containers to prevent leaching of DEHP found in
PVC sets. Dilute in NS, D5W, or D5NS.

Administration

Administer as an IV infusion through a 0.22-micron filter using nonPVC bag and tubing. Premedicate with H2 blocker, diphenhydra
mine, and corticosteroid. Infusion may be over 3–96 hrs. Intraperitoneal use of 175 mg/m2 has been reported in studies.

Storage and
stability

Reconstituted solution is stable at temperature between 36°F–
77°F (2°C–25°C) for 27 hrs.

How supplied

Available in 30 mg/5 ml, 100 mg/16.7 ml, 150 mg/25 ml, and 300
mg/50 ml multidose vials. Concentration is 6 mg/ml.

Dosage

Common dosing regimens include 135 mg/m2 IV over 3 or 24 hrs or
175 mg/m2 IV over 3 hrs. Weekly dosing regimens are common.

Compatibility
information

Compatible with IV fluids of NS, D5W, D5NS, and D5LR.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with known sensitivity or reaction to
paclitaxel or any of its components. Paclitaxel should NOT be used
in patients with neutrophil counts < 1,500/mm3 (< 1,000/mm3 in patients with AIDS-related KS). Peripheral neuropathy and severe cardiac-related events have been reported.

Paclitaxel
®

®
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Drug interactions

Agent

Effect

Anthracyclines

May increase AEs and formation of toxic
metabolites of anthracyclines

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of
taxane derivatives

Platinum antineoplastics

May increase AEs of taxane derivatives

Potent CYP3A4 and
CYP2C8 inhibitors

May increase exposure of taxane derivatives

Sorafenib

May increase AEs of taxane derivatives

Trastuzumab

May increase risk of neutropenia

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions, including life-threatening anaphylaxis, bronchospasm, dyspnea, edema, urticaria, chills, and fever have been reported. Keep
patients under observation for 1 hr after administration of the drug
and agents/treatment necessary to treat anaphylaxis (e.g., antihistamines, oxygen, epinephrine, IV steroids) should be available.
Serious: Significant peripheral neuropathies may develop; dosedependence and incidence increase with increasing cumulative
doses. Dose reduction is necessary if neuropathy is severe.
Other:
• Cardiovascular: Hypotension, bradycardia, arrhythmias, abnormal ECG, phlebitis.
• Dermatologic: Alopecia, skin redness, pain at the injection site,
flushing.
• GI: Mild nausea and vomiting, diarrhea, elevated LFTs, mucositis.
• Hematologic: Myelosuppression is dose and schedule dependent (greater incidence with longer infusion times); significant
neutropenia (nadir 7–10 days, recovery by day 21) and anemia
reported; thrombocytopenia is less common.
• Musculoskeletal: Arthralgia, myalgia.
• Neurologic: Ataxia.

Special
considerations

Premedicate with corticosteroids (dexamethasone 20 mg PO or IV
12 and 6 hrs before each dose), H2 antagonists (famotidine 20 mg
IV 30 min before each dose), and H1 antagonists (diphenhydramine
50 mg IV 30 min before each dose) to minimize or prevent hypersensitivity reactions.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr before each dose.
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• Cardiac function tests: MUGA or LVEF at baseline and periodically in patients with significant cardiac risk factors.
• Vital signs: Before, during, and immediately after each drug administration.
• Monitor for signs of peripheral neuropathy.
Indications

FDA-approved uses include the first-line treatment, in combination
with cisplatin, of patients with advanced ovarian carcinoma (stages III and IV), metastatic breast cancer that has failed standard
anthracycline therapy, and in the first-line treatment, in combination with cisplatin, of NSCLC in patients who are not candidates
for potentially curative surgery and/or RT. Paclitaxel is approved
for adjuvant treatment of node-positive breast cancer when administered sequentially to standard doxorubicin-containing combination chemotherapy and as second-line treatment of AIDSrelated KS.
Off-label uses include the treatment of melanoma, acute leukemia,
and head and neck, gastric, cervical, and bladder cancers.

Dosage
adjustment
recommendations

Neutropenia/neuropathy: Dose reduction of 20% is recommended
for severe neutropenia and peripheral neuropathy.
Renal impairment: Insufficient data to determine if dose adjustment
is necessary in this patient population. However, it is recommended that dose be adjusted with a CrCl < 50 ml/min.
Hepatic impairment:
• 24-hr infusion: If usual dose is 135 mg/m2 over 24 hrs, reduce
dose as follows.
–– AST/ALT < 2 × ULN and T. Bili ≤ 1.5 mg/dl: 135 mg/m2.
–– AST/ALT 2 ≤ 10 × ULN and T. Bili ≤ 1.5 mg/dl: Decrease to
100 mg/m2.
–– AST/ALT < 10 × ULN and T. Bili 1.6–7.5 mg/dl: Decrease to 50
mg/m2.
–– AST/ALT ≥ 10 × ULN or T. Bili > 7.5 mg/dl: Avoid use.
• 3-hr infusion: If usual dose is 175 mg/m2 over 3 hrs, reduce dose
as follows:
–– AST/ALT < 10 × ULN and T. Bili ≤ 1.25 × ULN: Decrease to
175 mg/m2.
–– AST/ALT < 10 × ULN and T. Bili 1.26–2 × ULN: Decrease to
135 mg/m2.
–– AST/ALT < 10 × ULN and T. Bili 2.01–5 × ULN: Decrease to
90 mg/m2.
–– AST/ALT ≥ 10 × ULN or T. Bili > 5 × ULN: Avoid use.

Pharmacokinetics

Limited penetration into CSF, 97.5% bound to plasma proteins.
Metabolized via the liver (primarily via CYP3A4 and CYP2C8 enzymes). Terminal half-life of 6–48 hrs. Excreted mostly through the
liver.

Manufacturer

Taxol: Bristol-Myers Squibb Co., Princeton, NJ; Onxol: IVAX Pharmaceuticals, Miami, FL; generic manufacturers
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For information on paclitaxel protein-bound (also called nanoparticle albuminbound paclitaxel), please see nab-paclitaxel.

Pegaspargase
Other names

Oncaspar®, PEG-L-asparaginase

Classification

Miscellaneous agent

Mechanism of
action

The active moiety of pegaspargase is L-asparaginase. The enzyme L-asparaginase is modified by covalently conjugating units of
monomethoxy polyethylene glycol to the enzyme, thereby rendering
the modified product less antigenic and extending the plasma halflife, allowing for lower doses and less frequent administration. L-asparaginase is an enzyme that deaminates asparagine to aspartic
acid and ammonia, thereby depriving tumor cells of the amino acid
for protein synthesis.

Vesicant
information

Not classified as a vesicant or an irritant, although local injectionsite hypersensitivity has been reported

Preparation and
mixture

IM injection: No reconstitution or dilution required
IV: Diluted in 100 ml NS or D5W

Administration

IM injection: Inject into a large muscle. DO NOT administer more
than 2 ml IM at any 1 site.
IV administration: Infuse over 1–2 hrs through a free-running IV solution. IM administration is preferred because of lower incidence
of allergic reactions and AEs.

Storage and
stability

Keep intact vials refrigerated at 36°F–46°F (2°C–8°C). DO NOT
freeze and DO NOT administer pegaspargase if product has been
frozen because freezing destroys activity. DO NOT use if cloudy or
if precipitate is present. DO NOT use if stored at room temperature
for more than 48 hrs. Use only 1 dose per vial; DO NOT reenter the
vial. Discard any unused portion.

How supplied

Supplied as a 5 ml single-use vial containing 750 units/ml of
pegaspargase (total 3,750 units per single-use vial)

Dosage

The dose of pegaspargase is dependent on the combination regimen used. Dose should not be administered more frequently than
every 14 days. If substituted for L-asparaginase in a regimen, the
dosing schedule should be appropriately modified.
ALL: Pegaspargase 2,500 IU/m2 IM every 14 days

Compatibility
information

Pegaspargase may be prepared in NS or D5W but should not be
mixed with other medications or administered with other medications via Y-site.
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Contraindications/
precautions

Contraindicated in patients with pancreatitis or a history of pancreatitis, patients who have had significant hemorrhagic events associated with prior L-asparaginase therapy, or in patients who have
had serious allergic reactions (e.g., generalized urticaria, bronchospasm, laryngeal edema, and hypotension) or other unacceptable
toxicity to pegaspargase therapy. Consider risk versus benefit in patients with a history of bleeding disorders, existing or recent chicken
pox or herpes zoster infection, diabetes mellitus, or hepatic function impairment or in patients receiving anticoagulant therapy. The
risk of hepatotoxicity, coagulopathy, and adverse GI and renal effects is increased with IV administration. If contact with skin, eyes,
or mucous membranes occurs, wash the affected area with water
for 15 min.

Drug interactions

Agent

Effect

Anticoagulants (including drugs with
anticoagulation
properties such as
salicylates)

Increased risk of bleeding and coagulopathy during L-asparaginase therapy.

MTX

Asparaginase can diminish or abolish MTX
antineoplastic activity when used concomitantly. Recommended to give at least 10
days before MTX or after MTX administration.

Corticosteroids
(e.g., prednisone)

Concomitant therapy increases likelihood of
hyperglycemia.

Vincristine

Asparaginase administered before vincristine can increase neurotoxic effects of vincristine. Vincristine should be given 12–24
hrs before asparaginase.

Drugs metabolized
by the liver

Asparaginase may affect liver function, thus
increasing toxicity of other drugs metabolized by the liver.

Cyclophosphamide

Concomitant therapy decreases asparaginase metabolism.

Mercaptopurine

Concomitant therapy may increase hepatotoxicity.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions, including life-threatening anaphylaxis, bronchospasm, dyspnea, edema, urticaria, chills, and fever, have been reported. Reactions may be acute or delayed and are especially likely in patients with known hypersensitivity to other forms of L-asparaginase. Keep patients under observation for 1 hr after the administration of the drug, and agents necessary to treat anaphylaxis (e.g., antihistamines, oxygen, epinephrine, IV steroids) should
be available. Coagulation disorders leading to clinical hemorrhage
(e.g., DIC, hypofibrinogenemia, prolonged PT or PTT, decreased
antithrombin III) or thrombosis may occur, which may be fatal.
Pancreatitis, sometimes fulminant and fatal, has occurred.
Serious: A variety of liver function abnormalities have been reported, including elevations in AST, ALT, and bilirubin; jaundice, ascites, and hypoalbuminemia have occurred clinically. Usually reversible with drug discontinuation but has been severe, leading to
liver failure. Neurologically, status epilepticus, temporal lobe seizures, coma, severe confusion, disorientation, and paresthesia
have occurred. These effects usually reverse spontaneously after treatment discontinuation. Renal dysfunction and renal failure
have been reported.
Other:
• Cardiovascular: Edema, hypotension, tachycardia
• Dermatologic: Rash, erythema, local injection-site hypersensitivity
• GI: Nausea and vomiting, anorexia, constipation, diarrhea, flatulence, abdominal pain
• Hematologic: Leukopenia (mild, onset by day 7, nadir by day 14,
recovery by day 21), pancytopenia, thrombocytopenia
• Miscellaneous: Pain, fever
• Musculoskeletal: Arthralgia, chills, malaise
• Respiratory: Dyspnea

Special
considerations

Hypersensitivity reactions, including life-threatening anaphylaxis,
may occur during therapy. Therefore, take appropriate precautions
before pegaspargase administration to prevent allergic or other unwanted reactions, particularly in patients with a previous known hypersensitivity to L-asparaginase. Observe all patients for 1 hr after
pegaspargase administration. Appropriate agents for maintaining
an airway and treating a hypersensitivity reaction (e.g., epinephrine,
fluids, oxygen, antihistamines, IV corticosteroids) should be readily available.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• Serum amylase: Periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Fibrinogen, PT, and PTT.
• Blood glucose determinations.
• Monitor for onset of abdominal pain and mental status changes.
(Continued on next page)
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Indications

Pegaspargase is indicated for the first-line treatment of patients
with ALL as a component of a multiagent chemotherapy regimen.

Dosage
adjustment
recommendations

Data are insufficient for recommendations for dose modification in
hepatic or renal impairment.

Pharmacokinetics

Following IM injection, absorption of pegaspargase is slow, and onset of asparagine depletion is seen in about 4 days. The drug is
systemically degraded. The elimination half-life ranges approximately 3–5 days. Only trace amounts of drug are excreted in urine.

Manufacturer

Enzon Pharmaceuticals, Bridgewater, NJ

Other names

Alimta , pemetrexed disodium

Classification

Antifolate antimetabolite

Mechanism

Inhibits folate-dependent enzymes (thymidylate synthase, DHFR,
and glycinamide ribonucleotide formyltransferase) involved in the
de novo biosynthesis of thymidine and purine nucleotides required
for cellular replication

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute with 0.9% sodium chloride injection (preservative-free)
to yield a solution containing 25 mg/ml. Gently swirl each vial until
the powder is completely dissolved; should result in a solution that
is clear and ranges in color from colorless to yellow or green-yellow.
Further dilution is required. The appropriate volume of reconstituted
solution should be further diluted to 100 ml with 0.9% sodium chloride injection (preservative-free).

Administration

IV infusion over 10 min

Storage and
stability

Store vials at 77°F (25°C); excursions permitted to 59°F–86°F
(5°C–30°C). Reconstituted and infusion solutions are chemically and physically stable for up to 24 hrs following initial reconstitution when refrigerated at 36°F–46°F (2°C–8°C) or stored at 77°F
(25°C).

How supplied

Available in sterile single-use vials containing 100 mg or 500 mg of
pemetrexed

Dosage

The recommended dose of pemetrexed in combination with cisplatin for the treatment of malignant pleural mesothelioma is 500 mg/
m2 on day 1 of each 21-day cycle. The recommended dose of cisplatin is infused over 2 hrs beginning approximately 30 min after the
end of the pemetrexed infusion (patients should receive hydration
consistent with local practice before and/or after cisplatin administration). For NSCLC, the recommended dose of pemetrexed as a
single agent is 500 mg/m2 dosed every 21 days.

Pemetrexed
®
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Compatibility
information

Physically incompatible with diluents containing calcium, including
LR injection, USP, and Ringer’s injection, USP. For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have a history of a severe hypersensitivity reaction to pemetrexed or to any other ingredient used in
the formulation. Pemetrexed should not be administered to patients
whose CrCl is < 45 ml/min. May cause fetal harm when administered to a pregnant woman; pregnancy risk category D.

Drug interactions

Use caution when administering ibuprofen concurrently with pemetrexed to patients with mild to moderate renal insufficiency (CrCl
from 45–79 ml/min), although ibuprofen (400 mg 4 times a day)
can be administered with pemetrexed in patients with normal renal
function (CrCl ≥ 80 ml/min). Patients with mild to moderate renal insufficiency should avoid taking NSAIDs with short elimination halflives for a period of 2 days before, the day of, and 2 days following
administration of pemetrexed. Concomitant administration of nephrotoxic drugs and drugs that are tubularly secreted (e.g., probenecid) could result in delayed clearance of pemetrexed; monitor for
signs/symptoms of increased toxicity.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Patients are instructed
to take vitamin supplementation with folic acid and vitamin B12 in
order to reduce the incidence of toxicity.
Serious: The incidence of grades 3 and 4 hematologic and GI toxicity (CTCAE) may be increased in patients not receiving prophylactic vitamin supplementation.
Other:
• Cardiovascular: Chest pain
• Dermatologic: Rash, desquamation
• GI: Nausea, vomiting, anorexia, constipation, diarrhea, stomatitis/pharyngitis
• Hematologic: Neutropenia, anemia, and thrombocytopenia (dose
limiting)
• Miscellaneous: Creatinine elevation
• Musculoskeletal: Fatigue
• Respiratory: Dyspnea

Special
considerations

Patients are instructed to take folic acid and vitamin B12 as a prophylactic measure to decrease treatment-related hematologic and
GI AEs. Patients may take a low-dose oral folic acid preparation
or a multivitamin containing folic acid on a daily basis for 5 days
during the week preceding the first dose of pemetrexed. Patients
must receive 1 IM injection of vitamin B12 during the week preceding the first dose of pemetrexed and every 3 cycles thereafter,
which may be given on the same day as the pemetrexed. To prevent skin rash, pretreatment with a corticosteroid (e.g., dexamethasone 4 mg PO BID the day before, the day of, and the day after)
is recommended.
(Continued on next page)
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before each dose
• Vital signs: Prior to, during, and immediately after each drug administration

Indications

Indication for use is in combination with cisplatin for the treatment
of patients with malignant pleural mesothelioma whose disease is
either unresectable or who are otherwise not candidates for curative surgery. It also is indicated for nonsquamous NSCLC. Other
uses include bladder, cervical, and ovarian cancers.

Dosage
adjustment
recommendations

Dose adjustments at the start of a subsequent cycle should be
based on nadir hematologic counts or maximum nonhematologic
toxicity from the preceding cycle of therapy. Treatment may be delayed to allow sufficient time for recovery. Upon recovery, retreat patients using the guidelines in the package insert and summarized
below.
Toxicity

Pemetrexed
Dose*

Cisplatin
Dose*

Nadir ANC < 500/mm3
and nadir PLTs ≥ 50,000/
mm3

75% of previous dose of both drugs

Nadir PLTs < 50,000/mm3
(without bleeding) regardless of nadir ANC

75% of previous dose of both drugs

All grade 3 or 4 toxicity (CTCAE) except mucositis

75% of previous dose of both drugs

Grade 3 or 4 mucositis

50%

100%

Any diarrhea requiring
hospitalization or grade 3
or 4 diarrhea

75% of previous dose of both drugs

Grade 0 or 1 neurotoxicity

100% of previous dose of both drugs

Grade 2 neurotoxicity
Grade 3 or 4 neurotoxicity

100%

50%
–

Discontinue

*Dose reduction calculated based on previous dose.

Discontinue pemetrexed therapy for any grade 3 or 4 toxicity after
2 prior dose reductions. DO NOT administer to patients with CrCl
< 45 ml/min (estimated or measured).
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Pharmacokinetics

Pemetrexed is eliminated primarily in the urine, with 70%–90% of
the dose recovered unchanged within the first 24 hrs following administration. Total systemic clearance is approximately 92 ml/min,
elimination half-life of 3.5 hrs in patients with normal renal function,
and a steady-state volume of distribution of 16.1 L. In vitro studies
have demonstrated that pemetrexed is approximately 81% bound
to plasma proteins.

Manufacturer

Eli Lilly and Co., Indianapolis, IN

Other names

NiPent , 2′-deoxycoformycin, DCF, deoxycoformycin

Classification

Antimetabolite; purine analog

Mechanism of
action

Inhibits adenosine deaminase; prevents adenosine deaminase from
controlling intracellular adenosine levels through irreversible deamination of deoxyadenosine and adenosine. Adenosine exhibits
greatest activity in lymphoid tissue.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Transfer 5 ml of SWFI, USP, to the vial containing pentostatin, and
mix thoroughly to obtain complete dissolution yielding a concentration of 2 mg/ml. May be further diluted with 25 or 50 ml of D5W or
NS.

Administration

IV by rapid injection over 3–5 min or diluted into larger volume and
given over 20–30 min. Hydration recommended with 500–1,000 ml
of fluid before and immediately after administration of pentostatin.

Storage and
stability

Store intact vials under refrigeration. Reconstituted and diluted solutions may be stored at room temperature exposed to ambient
light and should be used within 8 hrs. Some data suggest that solutions of pentostatin are stable at room temperature for 24 hrs diluted in D5W or 48 hrs diluted in NS.

How supplied

Supplied as a sterile, lyophilized white to off-white powder in singledose vials containing 10 mg of pentostatin

Dosage

Recommended dosage is 4 mg/m2 every other week administered
as a bolus injection or IV infusion. Other dosing regimens include 4
mg/m2 weekly for 3 weeks, then every 2 weeks, and 3.75–5 mg/m2
daily for 3 days every 3 weeks. Hydration is recommended with
500–1,000 ml of fluid before and immediately after administration of
pentostatin.

Compatibility
information

Compatible with D5W, LR solution, and NS. For further clarification,
refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have demonstrated hypersensitivity. Consider risk versus benefit in patients with preexisting bone
marrow depression, active infection, recent or existing chicken pox
or herpes zoster infection, history of gout or uric acid nephropathy,
renal function impairment, or cardiovascular function impairment.

Pentostatin
®
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Effect

Allopurinol

Concomitant use may cause increased incidence of skin rash, although causality with
the combination has not been established.

Cyclophosphamide

Concomitant use may enhance the cardiotoxic effect of cyclophosphamide.

Fludarabine

Concurrent use is not recommended because of possible increased risk of fatal pulmonary toxicity.

Nelarabine

Concomitant use may diminish the antineoplastic effect of nelarabine.

Vidarabine

Biochemical studies have shown an enhancement of vidarabine’s effects by pentostatin, which could result in an increase in
the toxicity of both agents.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiac events, including angina, MI, CHF, and acute arrhythmias, have been reported. These cardiac events tend to occur in patients with preexisting cardiovascular conditions; fatalities have occurred. In addition,
HD pentostatin has been associated with CNS toxicity, including
seizures, coma, and death. Infections (bacterial, viral, or fungal)
may occur in the absence of leukopenia and may be life-threatening. Renal toxicity and severe pulmonary toxicities have occurred
with doses higher than recommended; DO NOT exceed the recommended dose.
Serious: Although hepatic enzyme elevations usually are transient
and asymptomatic, severe hepatotoxicity has occurred, requiring
withdrawal of pentostatin. Maculopapular skin rashes occasionally
are severe and may worsen with continued treatment, necessitating withdrawal of therapy.
Other:
• Cardiovascular: Chest pain, peripheral edema, thrombophlebitis
• Dermatologic: Dry skin, eczema, pruritus
• GI: Nausea and vomiting, anorexia, diarrhea, flatulence, constipation, stomatitis, weight loss
• Hematologic: Leukopenia, thrombocytopenia, anemia
• Miscellaneous: Fever, allergic reaction, dysuria, renal toxicity
• Musculoskeletal: Myalgia, arthralgia, weakness, fatigue
• Neurologic: Headache, amnesia, ataxia, neuralgia, confusion,
dizziness, insomnia, anxiety, depression, paresthesia, vision
changes
• Respiratory: Bronchitis, dyspnea, lung edema, pneumonia, pharyngitis, rhinitis, laryngeal edema, cough
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Special
considerations

Nausea and/or vomiting may occur; antiemetic prophylaxis with a
serotonin antagonist or dexamethasone is recommended. Hydration with 500–1,000 ml of fluid before pentostatin administration is
recommended. Administer an additional 500 ml of fluid after pentostatin administration. HD pentostatin is not recommended because
of risk of renal, hepatic, pulmonary, and CNS toxicity. Pentostatin
appears to have immunosuppressant activity; significant reductions
in T and B cells occur during treatment and up to months to years
after treatment. Patients are at an increased risk for infection.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• Serum uric acid

Indications

Indicated as single-agent treatment for both untreated and interferon alfa–refractory patients with hairy cell leukemia with active
disease, as defined by clinically significant anemia, neutropenia,
thrombocytopenia, or disease-related symptoms. Also used in the
treatment of acute and chronic GVHD, ALL, CLL, and cutaneous Tcell lymphoma.

Dosage
adjustment
recommendations

If CNS toxicity or severe skin rash occurs, withhold or discontinue pentostatin. If elevated SCr occurs, withhold pentostatin and determine CrCl. Insufficient data are available to recommend a starting dose or a subsequent dose for patients with renal function impairment (CrCl < 60 ml/min). Patients with impaired renal function
should be treated only when the potential benefit justifies the potential risk. Dosage reduction in this setting is recommended. No
dosage adjustment is necessary in patients starting therapy with
anemia, thrombocytopenia, or neutropenia; however, if during therapy the neutrophil count falls below 200/mm3 in a patient whose
neutrophil count was > 500/mm3 initially, withhold therapy until
counts have recovered to predose levels.

Pharmacokinetics

Distributes rapidly to body tissues. Low protein binding. Crosses the
blood-brain barrier and achieves CSF levels 10%–12.5% of serum
concentrations within 24 hrs. Half-life of 5–18 hrs, with renal impairment prolonging plasma half-life. Eliminated primarily via the renal
system, with 50%–96% recovered in the urine within 24 hrs.

Manufacturer

Generic manufacturers
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Plerixafor
Other names

Mozobil

Classification

Hematopoietic stem cell mobilizer

Mechanism of
action

Plerixafor is an inhibitor of the CXCR4 chemokine receptor and
blocks binding of stromal cell-derived factor-1α (SDF-1α), which is
expressed on bone marrow stromal cells. SDF-1α and CXCR4 play
a role in homing of human hematopoietic stem cells to the marrow compartment. Once in the marrow, stem cell CXCR4 can act to
help anchor these cells to the marrow matrix. Treatment with plerixafor resulted in leukocytosis and elevations in circulating hematopoietic progenitor cells in humans.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

The calculated dose should be withdrawn into a syringe.

Administration

G-CSF should be given daily for 4 days. Administer first SC dose
of plerixafor about 11 hrs or the evening (day 4) before initiation of
each apheresis. It may be given up to 4 consecutive days.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).

How supplied

Single-dose vial containing 24 mg solution (1.2 ml); 20 mg/ml

Dosage

On day 4 of daily G-CSF, administer 0.24 mg/kg (actual body
weight) SC once daily about 11 hrs before apheresis for up to 4
consecutive days; maximum dose: 40 mg/day.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Plerixafor may cause mobilization of leukemic cells that could contaminate the apheresis product. Plerixafor is not intended for hematopoietic stem cell mobilization for patients with leukemia.

Drug interactions

No known interactions. A complete review of drug interactions
should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported
Serious: Splenomegaly and splenic rupture
Other:
• Hematologic: Thrombocytopenia, leukocytosis
• GI: Diarrhea, nausea
• Local: Injection-site reactions
• Neuromuscular and skeletal: Arthralgia

Special
considerations

Use with caution in patients with neutrophil count > 50,000/mm3.

Monitoring
parameters

CBC/diff: Before initiation of therapy
PLTs: Before initiation of therapy
Renal function tests: CrCl, actual or calculated, and/or SCr before
therapy

®
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Indications

Plerixafor is indicated in combination with G-CSF to mobilize hematopoietic stem cells to the peripheral blood for collection and subsequent autologous HSCT in patients with NHL and MM.

Dosage
adjustment
recommendations

Dosage adjustment for renal impairment: CrCl ≤ 50 ml/min: 0.16
mg/kg; maximum dose: 27 mg/day

Pharmacokinetics

Peak plasma concentrations occurred at approximately 30–60 min
after SC dose. Plerixafor is 58% bound to plasma proteins. Approximately 70% of the dose is excreted in the urine. Terminal elimination half-life is 3–6 hrs. The drug is not metabolized. Onset of action
is 6–14 hrs.

Manufacturer

Genzyme Corp., Cambridge, MA

Pomalidomide
Other names

Pomalyst®

Classification

Immunomodulator; thalidomide analog

Mechanism of
action

Pomalidomide is an immunomodulatory agent with antineoplastic
activity. In vitro, pomalidomide inhibits proliferation, induces apoptosis of hematopoietic tumor cells, and demonstrates anti-angiogenic activity. Pomalidomide enhances T-cell and NK-cell–mediated immunity and inhibits production of proinflammatory cytokines.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no admixture necessary. Caution should be used
when handling this agent.

Administration

Administer with a large glass of water and WITHOUT food (at least
2 hrs before or 2 hrs after a meal). Capsules should not be opened.
Instruct patients to swallow capsule whole; do not chew or break.
Take dose at same time daily; if patients miss a dose, they may still
take it up to 12 hrs after the time they would normally take it, but
if more than 12 hrs has elapsed they should skip the dose for that
day.

Storage and
stability

Store at temperature 68°F–77°F (20°C–25°C); excursion to 59°F–
86°F (15°C–30°C) permitted.

How supplied

Oral capsules of 1 mg, 2 mg, 3 mg, and 4 mg. Packaged in bottles
of 21 and 100 capsules.
• 1 mg: Dark blue and yellow opaque capsule with “POML” and “1
mg” imprinted on capsule
• 2 mg: Dark blue and orange opaque capsule with “POML” and “2
mg” imprinted on capsule
• 3 mg: Dark blue and green opaque capsule with “POML” and “3
mg” imprinted on capsule
• 4 mg: Dark blue and blue opaque capsule with “POML” and “4
mg” imprinted on capsule
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Dosage

Myeloma: Starting dose is 4 mg PO daily on days 1–21 of repeated
28-day cycle until disease progression. (May be given in combination with dexamethasone.)

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Pomalidomide is contraindicated in pregnant women and women capable of becoming pregnant as well as in patients who
have demonstrated hypersensitivity to the drug or any of its components. Pomalidomide is only available through the Pomalyst
REMS™ program. Consider risk versus benefit before initiating
pomalidomide therapy in women of childbearing potential. Pregnancy risk category X.
VTEs including deep vein thrombosis and pulmonary embolism have been reported in patients with myeloma treated with
pomalidomide.
Neutropenia was the most frequently reported grade 3–4 AE.
Patients with history of serious hypersensitivity to thalidomide or lenalidomide were excluded from studies.
Cases of AML have been reported with pomalidomide.

Drug interactions

Agent

Effect

CYP3A, CYP1A2, PGP
inhibitors

Increase pomalidomide plasma concentration.

CYP3A, CYP1A2, PGP
inducers

Decrease pomalidomide plasma concentration.

Smoking

Decreases pomalidomide plasma concentration.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Human teratogenicity. Pomalidomide is a thalidomide analog and severe, life-threatening human birth defects are associated with thalidomide use.
Women of reproductive potential must avoid pregnancy while taking pomalidomide and for at least 4 weeks after completing therapy. Two negative pregnancy tests are required before initiation of
therapy—the first within 10–14 days before therapy and the second within 24 hrs before initiating therapy. Additional tests are obtained weekly during the first month of treatment and then monthly thereafter in women with regular menstrual cycles. If menstrual cycles are irregular, testing should occur at 2-week intervals.
Because pomalidomide is present in the semen of men receiving
the drug, men should use a latex or synthetic condom during any
sexual contact with women of reproductive potential, during treatment and up to 28 days after taking pomalidomide. Men should
not donate sperm. Patients taking pomalidomide should not donate blood during treatment and for 1 month following treatment.
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Serious: Thromboembolism including deep vein thrombosis and
pulmonary embolism. (Note: In trials patients were often placed
on prophylaxis or antithrombotic treatment.) Risk of second primary malignancy, AML, was reported in clinical trials.
Other:
• Cardiovascular: Peripheral edema
• GI: Constipation, diarrhea, nausea
• Hematologic: Neutropenia, anemia, thrombocytopenia
• Miscellaneous: Fatigue, asthenia, pyrexia, hypercalcemia, back
pain
• Neurologic: Dizziness, confusion, neuropathy including peripheral neuropathy
• Respiratory: Dyspnea, URIs

Special
considerations

The potential for teratogenicity if fetal exposure occurs should be
discussed with all patients. Effective contraception must be used
at least 1 month before beginning pomalidomide therapy, during therapy, and for 1 month after the discontinuation of therapy. Pregnancy testing should occur within 24 hrs before initiating
pomalidomide therapy, weekly during the first month of treatment,
and then monthly thereafter in women with regular menstrual cycles. If menstrual cycles are irregular, testing should occur at
2-week intervals. If pregnancy occurs during treatment, pomalidomide must be discontinued immediately. Suspected fetal exposure must be reported immediately to the FDA via the MedWatch
system and to the manufacturer. Patients should not donate blood
while on pomalidomide.
Avoid pomalidomide in individuals with SCr > 3 mg/dl.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• Pregnancy testing: As outlined previously
• Peripheral neurosensory assessment

Indications

Myeloma: Patients who have received at least 2 prior therapies including lenalidomide and bortezomib and have demonstrated disease progression on or within 60 days of completion of the last
therapy (FDA labeling)
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Dose modifications are recommended for hematologic toxicity or
grade 3 or 4 nonhematologic toxicities.
Toxicity

Dose Modification

Neutropenia
• ANC < 500/mm3
or FN

Hold dose until ANC > 500/mm3 , then resume at reduced dose of 3 mg daily.

• Each subsequent
drop ANC < 500/
mm3

Hold doses until ANC > 500/mm3 , then resume at 1 mg less than the previous daily dose.

Thrombocytopenia
• Platelets < 25,000/
mm3

Hold doses until platelets > 50,000/mm3,
then resume at reduced dose of 3 mg daily.

• Each subsequent
drop of platelets <
25,000/mm3

Hold doses until platelets > 50,000/mm3,
then resume at 1 mg less than the previous daily dose.

Nonhematologic toxicity

Hold treatment, and restart at 1 mg less
than the previous daily dose when toxicity
has resolved to ≤ grade 2 toxicity.

Pharmacokinetics

Absorption: Cmax occurs 2–3 hrs after dose. Systemic exposure increases in approximately a dose-proportional manner.
Distribution: Mean volume of distribution of 60–140 L. Distributed in
semen. Plasma protein binding ranges from 10%–45%.
Metabolism: Primarily metabolized by hydroxylation in the liver by
CYP1A2 and CYP3A4, and less so by CYP2C19 and CYP2D6.
Elimination: Plasma half-life of approximately 7.5 hrs in patients
with myeloma.

Manufacturer

Celgene Corp., Summit, NJ

Other names

Folotyn

Classification

Antimetabolite

Mechanism of
action

Pralatrexate is a folate analog metabolic inhibitor that competitively inhibits DHFR. It is a competitive inhibitor for polyglutamylation by
the enzyme folylpolyglutamate synthetase.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

The calculated dose should be withdrawn into a syringe; DO NOT
dilute.

Administration

IVP over 3–5 min into the line of a free-flowing NS IV

Storage and
stability

Vials must be stored under refrigeration at 36°F–46°F (2°C–8°C) in
original carton to protect from light.

How supplied

Solution for injection (20 mg/ml)

Pralatrexate
®
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Dosage

30 mg/m2 IVP once weekly for 6 weeks in 7-week cycles until progressive disease or unacceptable toxicity

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

May cause thrombocytopenia, neutropenia, and anemia. Folic acid
and vitamin B12 supplements should be given prophylactically to decrease hematologic toxicity. Concurrent use with drugs with substantial renal clearance (NSAIDs, sulfamethoxazole-trimethoprim)
may result in delayed pralatrexate clearance. TLS has been reported in patients with lymphoma receiving pralatrexate. Patients receiving treatments should be monitored closely and treated for
complications.

Drug interactions

NSAIDs may increase the serum concentration of pralatrexate by
decreasing the renal excretion of pralatrexate. The serum concentration of pralatrexate may be increased with concomitant use of
probenecid, salicylates, and sulfamethoxazole-trimethoprim.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Treatment with pralatrexate has been associated with severe dermatologic reactions,
which may result in death. These reactions include skin exfoliation, ulceration, and toxic epidermal necrolysis. Patients with dermatologic reactions should be monitored closely, and if severe,
therapy should be withheld or discontinued.
Serious: Hematologic toxicities, including thrombocytopenia, leukopenia, and anemia
Other:
• Cardiovascular: Edema, tachycardia
• GI: Mucositis, nausea, vomiting
• Hepatotoxicity

Special
considerations

Patients should take low-dose (1–1.25 mg) oral folic acid on a daily basis. Folic acid should be initiated during the 10-day period preceding the first dose of pralatrexate, and dosing should continue
during the full course of therapy and for 30 days after the last dose.
Patients should receive a vitamin B12 (1 mg) IM injection no more
than 10 weeks before the first dose of pralatrexate and every 8–10
weeks thereafter. Subsequent vitamin B12 injections may be given
the same day as treatment with pralatrexate.

Monitoring
parameters

Monitoring is recommended before initiation of therapy, before each
subsequent dose/cycle, and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr

Indications

Pralatrexate is indicated for the treatment of patients with relapsed
or refractory peripheral T-cell lymphoma.
(Continued on next page)
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Dosage
adjustment
recommendations

Use with caution in patients with renal or hepatic dysfunction.
Toxicity dose adjustment:
PLTs:
• < 50,000/mm3 (for 1 week): Omit dose; continue at previous dose
if PLTs recover within 1 week.
• < 50,000/mm3 (for 2 weeks): Omit dose; decrease to 20 mg/m2 if
PLTs recover within 2 weeks.
• < 50,000/mm3 (for 3 weeks): Stop treatment.
ANC:
• 500–1,000/mm3 without fever (for 1 week): Omit dose; continue
at previous dose if ANC recovers within 1 week.
• 500–1,000/mm3 with fever or ANC < 500/mm3 (for 1 week): Omit
dose; give filgrastim or sargramostim support; continue at previous dose (with growth factor support) if ANC recovers within 1
week.
• 500–1,000/mm3 with fever or ANC < 500/mm3 (recurrent or for
2-week duration): Omit dose and give filgrastim or sargramostim support; decrease to 20 mg/m2 (with growth factor support) if
ANC recovers within 2 weeks.
• 500–1,000/mm3 with fever or ANC < 500/mm3 (second recurrence or for 3-week duration): Stop treatment.
Mucositis:
• Grade 2 (CTCAE): Omit dose; continue at previous dose when
recovers to ≤ grade 1.
• Grade 3 or recurrent grade 2: Omit dose and decrease to 20 mg/
m2 when recovers to ≤ grade 1.
• Grade 4: Stop treatment.

Pharmacokinetics

Approximately 34% of pralatrexate is excreted unchanged in the
urine. Pralatrexate is approximately 67% bound to plasma proteins.
Elimination half-life is 12–18 hrs.

Manufacturer

Allos Therapeutics, Inc., Westminster, CO

Other names

Matulane®

Classification

Polyfunctional alkylating agent; miscellaneous

Mechanism of
action

Unclear; thought to affect preformed DNA, RNA, and protein synthesis, cause chromosomal breakage, and inhibit methylation of
RNA

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Procarbazine is commercially available as an oral product. Avoid tyramine-containing foods and beverages.

Procarbazine HCl
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Storage and
stability

Store below 104°F (40°C), preferably between 59°F–86°F (15°C–
30°C), unless otherwise specified. Drug will decompose if exposed to moisture. Store in a tight, light-resistant container. Protect from light. Capsules generally are stable at room temperature for 2 years. Keep this, and all medications, out of the reach of
children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Supplied as ivory capsules containing 50 mg procarbazine hydrochloride. “MATULANE σ sigma-tau” imprinted on capsules.

Dosage

As a single agent in the treatment of HL, 2–4 mg/kg/day rounded to the nearest 50 mg given in single or divided doses for 7 days,
then 4–6 mg/kg/day until leukopenia (< 4,000/mm3), thrombocytopenia (< 100,000/mm3), or maximum response occurs. When maximum response is obtained, maintenance therapy of 1–2 mg/kg/day
is recommended. In MOPP (mechlorethamine, Oncovin®, procarbazine, prednisone) chemotherapy, it is dosed at 100 mg/m2/day on
days 1–14 of a 28-day cycle. All doses are based on actual body
weight; the estimated lean body weight is used if patient is obese or
if a weight gain has occurred because of edema.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the drug
or inadequate marrow reserve, as demonstrated by bone marrow
aspiration. Consider risk versus benefit in patients with cardiac arrhythmias, cerebrovascular or cardiovascular disease, coronary insufficiency, infection, existing or recent chicken pox or herpes zoster infection, hepatic or renal function impairment (dosage reduction recommended; use not recommended in severe function impairment), severe or frequent headaches, bone marrow depression,
paranoid schizophrenia, or parkinsonism. In addition, use caution in
patients with diabetes mellitus (insulin or oral hypoglycemic requirement may be altered) or epilepsy (pattern or epileptiform seizures
may be changed) and in patients who have undergone sympathectomy (may be more sensitive to the hypotensive effects of procarbazine).
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The following drug interactions have been selected based on clinical relevance and importance; list is not inclusive. Procarbazine exhibits some MAO inhibitory activity. Refer to other sources for more
detailed information.
Agent

Effect

Alcohol

Concurrent use with procarbazine
may result in a disulfiram-like reaction (e.g., nausea, vomiting, sweating, headache, respiratory difficulties, hypotension, flushing) and additive CNS depression and postural hypotension; beer, ale, and wine
may contain tyramine, which may
induce a hypertensive crisis.

Barbiturates, narcotics,
phenothiazines, antidepressants, and other CNS depressants

Concomitant use may potentiate
CNS depression.

Sympathomimetic agents
(e.g., epinephrine, amphetamines), tricyclic antidepressants (refer to individual drug package insert),
fluoxetine, paroxetine, and
foods containing tyramine
(e.g., beer, yogurt, yeast,
wine, cheese, pickled herring, chicken liver, bananas)

Concurrent use may cause hypertensive crisis, intracranial bleeding,
or headache.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypertensive crisis
manifested by severe chest pain, severe headache, fast or slow
heartbeat, increased sweating, increased sensitivity to light, and,
possibly, fever or cold, clammy skin. In addition, procarbazine is a
moderately to highly emetogenic agent with severe acute nausea
and vomiting occurring frequently; may be dose limiting. Onset is
within 24 hrs with a variable duration.
Serious: CNS manifestations commonly occur and include mental
depression, hallucinations, manic reactions, nightmares, insomnia, disorientation, seizures, confusion, and CNS stimulation.
Other:
• Dermatologic: Alopecia, hyperpigmentation, pruritus, dermatitis,
hypersensitivity rash
• Endocrine: Amenorrhea, disulfiram-like reaction
• GI: Anorexia, abdominal pain, stomatitis, constipation, diarrhea,
dysphagia
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• Hematologic: Myelosuppressive (may be dose limiting); leukopenia, thrombocytopenia, and anemia; onset within 2 weeks, nadir
at approximately 21 days, and recovery at day 28; hemolytic anemia: hemolysis (in patients with G6PD deficiency)
• Miscellaneous: Flu-like syndrome, second malignant neoplasms
• Musculoskeletal: Weakness, arthralgia, myalgia
• Neurologic: Headache, nervousness, irritability, paresthesia, decreased reflexes, neuropathy, foot drop, tremors, insomnia, nystagmus, diplopia, photophobia
• Respiratory: Pleural effusion, cough

Special
considerations

Avoid tyramine-containing foods, alcoholic beverages, alcohol-containing products, OTC cough and cold medicines, and other medications unless prescribed. Treatment of hypertensive crisis includes
discontinuation of procarbazine, administration of phentolamine to
lower blood pressure, and application of external cooling if fever is
present. Caution must be exercised for up to 14 days after discontinuation of procarbazine; during this period, food and drug contraindications must be observed. Procarbazine is moderately to highly
emetogenic. Premedication with a serotonin antagonist with dexamethasone is warranted. Avoid the use of phenothiazines. Procarbazine may impair judgment and coordination. Avoid prolonged exposure to sun.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy

Indications

Procarbazine is indicated for use in combination with other anticancer drugs to treat stage III and IV HL. Other uses include NHL,
brain tumors, and malignant melanoma.

Dosage
adjustment
recommendations

Dosage adjustment is recommended in patients with hepatic or renal impairment; however, no guidelines are set forth by the manufacturer. Prompt cessation of procarbazine therapy is recommended if any of the following occurs.
• CNS signs or symptoms (e.g., paresthesias, neuropathies, confusion)
• Leukopenia (WBCs < 4,000/mm3)
• Thrombocytopenia (PLTs < 100,000/mm3)
• Hypersensitivity reaction
• Stomatitis; the first small ulceration or persistent spot soreness
around the oral cavity
• Diarrhea
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Pharmacokinetics

Rapidly and completely absorbed following oral administration.
Crosses the blood-brain barrier and distributes into CSF. Metabolized in the liver and kidneys and eliminated in the urine and
through respiratory tract as unchanged drug (< 5%) and metabolites. Biologic half-life of procarbazine HCl in both plasma and CSF
is approximately 1 hr.

Manufacturer

Sigma-Tau Pharmaceuticals, Inc., Gaithersburg, MD

Other names

Zanosar®

Classification

Alkylating agent; nitrosourea

Mechanism of
action

Selective inhibition of DNA synthesis via formation of DNA intrastrand cross-links. Cell cycle nonspecific. Unique feature of a chemical sugar D-glucopyranose, which enhances uptake in the islet
cells.

Vesicant
information

Vesicant. May cause tissue damage if extravasation occurs.

Preparation and
mixture

Reconstitute with 9.5 ml sodium chloride or SWFI to a concentration of 100 mg/ml. Can further dilute in 100–250 ml of solution.

Administration

Administer IVP, IVPB (over 15–30 min), or IV infusion over 6 hrs. Infuse in D5W or NS.

Storage and
stability

Store intact vials under refrigeration. Reconstituted and diluted
solutions are stable for 48 hrs at room temperature (72°F–77°F
[22°C–25°C]) and 96 hrs under refrigeration (36°F–46°F [2°C–
8°C]). Protect from light.

How supplied

Supplied as 1 g vial of powder for injection

Dosage

Usual dose in combination therapy is 500–1,000 mg/m2 daily for 5 days every 4–6 weeks until maximum benefit or toxicity is achieved. As a single agent, it is dosed at 1,000–1,500 mg/
m2 weekly for 2 weeks. May escalate dose in subsequent courses. Also dosed weekly for 6 weeks followed by a 4-week observation period.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

No known contraindications. Use caution in patients with impaired
kidney and liver function.

Streptozocin
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Drug interactions

Agent

Effect

Other nephrotoxic drugs

Potentiate renal toxicity and failure.

Doxorubicin

When used concomitantly, result is prolonged
half-life; may see prolonged leukopenia and
thrombocytopenia.

Phenytoin

May decrease the effectiveness of streptozocin.

Corticosteroids

Avoid concomitant use of corticosteroids with
streptozocin.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Renal dysfunction occurs in 65% of patients; dose related and cumulative. May be
severe or fatal. Manifested by proteinuria, decreased CrCl, increased BUN, hypophosphatemia, and renal tubular acidosis.
Highly emetogenic. Onset of nausea and vomiting within 1–3 hrs
and lasting up to 12 hrs.
Serious: Hypoglycemia because of an acute release of insulin.
Keep D5W at bedside.
Other:
• Dermatologic: Pain at injection site
• GI: Diarrhea (10%), increased LFTs, jaundice
• Hematologic: Mildly myelosuppressive; neutropenia, thrombocytopenia (nadir at 2 weeks with recovery at 3 weeks)
• Miscellaneous: Hypoalbuminemia, second malignant neoplasm
• Neurologic: Depression, confusion, lethargy

Special
considerations

Too-rapid IVP infusion can cause venous irritation and burning sensation. Recommend infusing over at least 30–60 min.
This agent is a vesicant, and may cause tissue damage if extravasation occurs.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy.
• Blood glucose: Monitor at regular intervals during therapy.
• Inspect site for stinging and burning during peripheral line or implanted port infusion.
• Urinalysis for proteinuria.

Indications

FDA approved for the treatment of islet cell carcinoma of the pancreas. Off-label uses include carcinoid tumors, lung and colorectal
cancer, HL, and Zollinger-Ellison tumors.
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Dosage
adjustment
recommendations

May increase dose to 1,500 mg/m2 if no toxicity and/or positive
treatment response. Dose reduction is necessary in renal impairment. Suggested renal impairment dosing guidelines:
• CrCl 10–50 ml/min: Administer 75% of dose.
• CrCl < 10 ml/min: Administer 50% of dose.

Pharmacokinetics

Metabolized in the liver. Biphasic plasma elimination initial half-life
of 5 min with the terminal half-life of up to 40 min. Multiorgan distribution (e.g., pancreas, kidneys, liver, intestines). Majority is renally
excreted as metabolites.

Manufacturer

Teva Parenteral Medicines, Inc., Irvine, CA

Other names

Temodar®

Classification

Alkylating agent; imidazotetrazine derivative

Mechanism of
action

Temozolomide is a prodrug that is rapidly converted at physiologic
pH to its active form, MTIC. MTIC has cytotoxic and antiproliferative
activity against tumor cells through DNA methylation.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Bring vial to room temperature before reconstitution; reconstitute with
41 ml of SWFI; solution will contain 2.5 mg/ml. DO NOT further dilute
reconstituted solution. Transfer dose to empty 250 ml infusion bag.

Administration

PO: Food affects absorption; consistently take with or without food.
IV: Give over 90 min.

Storage and
stability

IV injection: Store intact vials refrigerated at 36°F–46°F (2°C–8°C).
Capsules: Store in tightly sealed bottles away from children at controlled room temperature of 59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Commercially available as 5 mg (green cap), 20 mg (yellow cap), 100
mg (pink cap), 140 mg (blue cap), 180 mg (orange cap), and 250 mg
(white cap) gelatin capsules. The cap is imprinted with “TEMODAR.”
Powder for injection: 100 mg/vial

Dosage

Anaplastic astrocytoma of brain: Initial dose is 150 mg/m2 PO or IV
once daily for 5 days (cycle every 28 days); subsequent dosing is
based on nadir neutrophil and PLT counts of the previous cycle
and neutrophil and PLT counts at the time of the next treatment
continue therapy until disease progression, up to a maximum of 2
years. Optimal therapy duration is unknown.
Glioblastoma multiforme of brain, given with RT and then as maintenance: Initial dose, with focal RT, is 75 mg/m2 PO or IV once
daily for 42 days. Note that pneumocystis pneumonia prophylaxis
is required for patients receiving temozolomide and RT. It should
be continued in patients who develop lymphocytopenia until recovery. See Dosage Adjustment Recommendations section for
dosage adjustments based on nadir neutrophil and PLT counts.

Temozolomide
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Maintenance: Maintenance dose, cycle 1 (4 weeks after completion of initial therapy): 150 mg/m2 PO or IV once daily for 5 days
followed by 23 days without treatment. See Dosage Adjustment
Recommendations section for dosage adjustments based on nadir neutrophil and PLT counts.
Maintenance dose, cycles 2–6 (each 28 days): 200 mg/m2 PO or
IV once daily for the first 5 days of the cycle; DO NOT start the
next cycle until the ANC and PLT count are adequate on day
22 (21 days after the first dose) or within 48 hrs of that day. The
dose remains at 200 mg/m2 per day for the first 5 days of each
subsequent cycle except if toxicity occurs; if the dose was not
escalated at cycle 2, escalation should not be done in subsequent cycles. See Dosage Adjustment Recommendations section for dosage adjustments based on nadir neutrophil and PLT
counts.
Metastatic malignant melanoma, monotherapy: 200 mg/m2 PO daily
for 5 consecutive days, every 28 days

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to temozolomide or dacarbazine because both drugs are metabolized to
MTIC. Exercise caution in patients with severe renal or hepatic impairment. Risk of myelosuppression is greater among women and
older adults.

Drug interactions

Valproic acid decreases temozolomide clearance by 5%.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted
Serious: Hematologic: The dose-limiting toxicities are leukopenia
and thrombocytopenia, which are noncumulative and occur within
the first few treatment cycles. Nadir counts occur late in the treatment cycle (days 22–29) and recover in 14 days. In clinical trials,
women experienced a higher rate of grade 4 neutropenia (ANC
< 500/mm3) and thrombocytopenia (< 20,000/mm3) in the first cycle of therapy than did men.
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Rash, pruritus
• Endocrine: Adrenal hypercorticism
• GI: Nausea and vomiting is the most frequent AE (up to 70%
of treated patients); generally self-limiting or easily treated with
standard antiemetics. Constipation, diarrhea, anorexia, mucositis.
• Miscellaneous: Urinary incontinence, UTI, second malignant
neoplasm
• Musculoskeletal: Fatigue, asthenia, back pain
• Neurologic: Convulsions, hemiparesis, headache, dizziness, abnormal coordination, amnesia, insomnia, ataxia, anxiety, dysphasia, depression, abnormal gait, confusion
(Continued on next page)
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Special
considerations

Temozolomide can be given with or without food. Consistency of
administration with respect to food is recommended because food
affects absorption. Taking on an empty stomach may reduce nausea and vomiting. Antiemetic therapy may be given before or following administration of temozolomide. It also is recommended to administer at bedtime. Advise patients NOT to open capsules. If capsules are accidentally opened, avoid inhaling or exposing skin to
contents. PCP may occur. PCP prophylaxis may be used and is
necessary for patients receiving temozolomide for 42 days with RT.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy; on day 22 (21 days after first
dose) during treatment and weekly until ANC is > 1,500/mm3; periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH; skin color
(hyperbilirubinemia) should be monitored periodically during therapy.
• Serum chemistry profile: Before initiation of therapy, before each
subsequent cycle, and at periodic intervals during therapy.

Indications

Temozolomide is indicated for the treatment of adult patients with refractory anaplastic astrocytoma and newly diagnosed glioblastoma
multiforme. Other uses include CNS malignancies, CNS lymphoma,
metastatic melanoma, sarcoma, and cutaneous T-cell lymphoma.

Dosage
adjustment
recommendations

Use with caution in severe renal or hepatic impairment.
Anaplastic astrocytoma
• Day 1
–– Administer 150 mg/m2/day for 5 days (starting dose) or 200
mg/m2/day for 5 days.
• Day 22 and day 29 (day 1 of next cycle)
–– If ANC < 1,000/mm3 or PLTs < 50,000/mm3, postpone therapy until ANC > 1,500/mm3 and PLTs > 100,000/mm3; reduce
dose by 50 mg/m2 for subsequent cycle.
–– If ANC 1,000–1,500/mm3 or PLTs 50,000–100,000/mm3, postpone therapy until ANC > 1,500/mm3 and PLTs > 100,000/mm3;
maintain initial dose.
–– If ANC ≥ 1,500/mm3 and PLTs ≥ 100,000/mm3, increase dose
to or maintain dose at 200 mg/m2/day for 5 days for subsequent
cycle.
• Glioblastoma multiforme (concomitant phase)
–– Interrupt therapy if ANC ≥ 500/mm3 but < 1,500/mm3 or PLTs
≥ 10,000/mm3 but < 100,000/mm3 or grade 2 nonhematologic toxicity.
–– Discontinue therapy if ANC < 500/mm3 or PLTs < 10,000/mm3
or grade 3–4 nonhematologic toxicity.
• Glioblastoma multiforme (maintenance phase)
–– ANC < 1,000/mm3, PLTs < 50,000/mm3, or grade 3 nonhematologic toxicity during previous cycle: Decrease dose by
50 mg/m2/day for 5 days; discontinue therapy if dose previous
was 100 mg/m2/day.
–– Discontinue therapy if dose reduction to < 100 mg/m2/day is
needed or a grade 4 nonhematologic occurs or if the same
grade 3 nonhematologic toxicity occurs.
Temozolomide therapy can be continued until disease progression.
(Continued on next page)

294 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Pharmacokinetics

Well absorbed PO. Peak concentrations occur in 1 hr. Administration with high-fat meals prolongs time to peak concentration and
decreases peak plasma concentration. Total protein binding is 15%.
Crosses the blood-brain barrier to an unknown extent. Temozolomide is spontaneously hydrolyzed at physiologic pH to its active
form, MTIC. MTIC is further hydrolyzed to the active alkylating form.
Cytochrome P450 enzymes play a minor role in metabolism. Approximately 38% of the dose is excreted in the urine. Women clear
temozolomide 5% slower than men. Capsules are 100% bioavailable.

Manufacturer

Schering-Plough Corp., Kenilworth, NJ

Other names

VM-26, Vumon®

Classification

Antimicrotubule; semisynthetic podophyllotoxin-derivative antineoplastic agent

Mechanism of
action

Cell cycle–specific alkaloid that inhibits DNA synthesis in the S and
G2 phases. Inhibition of DNA synthesis is promoted by inhibiting the
action of topoisomerase II. This enzyme is responsible for the unbinding and resealing of chromosomes during the mitotic phase.
This process causes the DNA strands to be dysfunctional and
break, thus not allowing the cells to enter the mitotic phase, resulting in cell death.

Vesicant
information

Irritant. If extravasated:
1. Apply warm compresses (20 min QID for 1–2 days).
2. Elevate limb.
3. Neutralize vesicant with hyaluronidase: Inject 150–900 IU diluted
in 1 ml SWFI SC or intradermally into the area of extravasation.

Preparation and
mixture

Dilute teniposide doses in 0.9% NS or D5W to a final concentration
of 0.1, 0.2, 0.4, or 1 mg/ml. Because teniposide solution contains
Kolliphor® EL (formerly Cremophor® EL), which can leach DEHP
from PVC containers and tubing, administer solutions using containers and tubing made of polyolefin, polypropylene, or glass.

Administration

Teniposide is administered by slow IV infusion over a minimum of
30–60 min and must NOT be given by rapid IV injection to reduce
the risk of hypotensive episodes. Flush line with NS or D5W before
and after administration. Heparin solutions can cause precipitation
of teniposide. DO NOT infuse as IVP.

Storage and
stability

Store vials under refrigeration and protect from light. Solutions diluted to 0.1, 0.2, or 0.4 mg/ml are stable for 24 hrs at room temperature, and 1 mg/ml solutions should be used within 4 hrs of preparation. Prepare solutions in non-PVC containers.

How supplied

Available in 50 mg/10 ml solution in vials containing dehydrated alcohol, benzyl alcohol, and polyoxyl 35 castor oil

Dosage

Varies according to protocol; doses of 165–250 mg/m2 have been
studied. Refer to specific protocols for dosage.

Teniposide
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Compatibility
information

Compatible in NS and D5W. Heparin solutions can cause precipitation of teniposide. Not compatible with infusion bags/tubing containing PVC. For further clarification, refer to compatibility references.

Contraindications/
precautions

Teniposide is contraindicated in patients with a history of hypersensitivity to the drug or polyoxyl 35 castor oil. Monitor patients closely for at least 60 min after the start of the infusion for signs of hypotension or hypersensitivity reactions. Medications for the treatment of anaphylaxis (e.g., epinephrine, corticosteroids, IV fluids)
should be readily available during administration of teniposide infusions.
Severe bone marrow suppression leading to severe infections and
bleeding has been observed. Patients with Down syndrome may
be sensitive to the myelosuppressive effects of teniposide.
Hypotension was observed with rapid infusions; therefore, teniposide should be infused over at least 30–60 min.
Teniposide is highly protein-bound; closely monitor patients with hypoalbuminemia.
Use with caution in patients with hepatic and renal impairment.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effect

Immunosuppressive
agents

May increase risk of neutropenia.

CYP3A4 inhibitors/
inducers

Strong inducers and strong inhibitors of
CYP3A4 may increase or decrease serum
concentration of teniposide (monitor closely).

Highly proteinbound agents (specifically tolbutamide,
sodium salicylate,
and sulfamethizole)

Displaces teniposide from plasma proteins;
increases free drug (teniposide) levels and
possible potentiation of toxicity (consider
modifying therapy).

PGP/ABCB1 inhibitors/inducers

May decrease/increase concentration of
teniposide.

Vincristine

Concurrent use of teniposide with vincristine has shown to cause neurotoxicity and
severe neuropathy.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reaction (e.g., chills, fever, flushing of face, hives, hyper- or hypotension, tachycardia, trouble breathing, SOB, wheezing) may occur.
Serious: Severe infections, severe bleeding
Other:
• Dermatologic: Skin rash, alopecia
• GI: Mild to moderate nausea and vomiting, diarrhea, mucositis
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• Hematologic: Anemia, neutropenia, and thrombocytopenia may
be significant and are characterized by early onset and delayed
recovery.
• Miscellaneous: Hepatic and/or renal function impairment
• Neurologic: Neurotoxicity, headache, confusion

Special
considerations

Polyoxyl 35 castor oil used in the formulation of teniposide is known
to cause hypotension and hypersensitivity reactions, including anaphylaxis, and patients must be monitored for symptoms of these reactions. Considered a moderate emetogen; administer a prophylactic antiemetic (e.g., serotonin antagonist, dexamethasone, or combination) as well as an as-needed antiemetic (e.g., prochlorperazine).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Observe patient for at least the first 60 min of infusion for hypersensitivity reactions.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH

Indications

FDA-approved indication is for patients with refractory childhood
ALL as part of combination chemotherapy.
Unlabeled uses include refractory ALL in adults, AML, lymphomas,
and a wide variety of solid tumors.

Dosage
adjustment
recommendations

Renal and hepatic impairment: Insufficient data exist to determine if
dose adjustment is necessary in this patient population, but may
be warranted.
Down syndrome: 50% dose reduction is recommended.

Pharmacokinetics

Distribution: > 99% protein bound; limited diffusion through bloodbrain barrier
Metabolism: Extensive hepatic; plasma elimination is triphasic, with
half-lives of 45 min, 4 hrs, and 20 hrs
Excretion: Urine and feces

Manufacturer

Bristol-Myers Squibb Co., Princeton, NJ

Other names

Thalomid®

Classification

Immunomodulator; leprostatic

Mechanism of
action

The complete mechanism of action of thalidomide is not understood. Thalidomide reduces levels of tumor necrosis factor by accelerating degradation of TNF-α RNA-encoding proteins. Thalidomide increases levels of cytokines including IL-2 and gamma interferon, and is an inhibitor of angiogenesis due to inhibition of basic
fibroblast growth factor.

Thalidomide
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Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no admixture necessary. Caution should be used
when handling this agent.

Administration

Administer with a large glass of water at least 1 hr after evening
meal. The daily dose may be divided with a larger portion of the
dose given at night secondary to sedative effects of the drug. The
drug should not be repackaged.

Storage and
stability

Drug should not be repackaged. Store at a controlled temperature
of 77°F (25°C); excursions to 59°F–86°F (15°C–30°C) permitted.
Protect from light. This drug must not be repackaged.

How supplied

Oral capsules of 50 mg, 100 mg, 150 mg, and 200 mg. Packaged in
individual blister packs of 28 capsules. Thalidomide 50 mg capsule
is also supplied in an individual blister pack of 1 capsule. All capsules are imprinted with a “Do Not Get Pregnant” logo.
• 50 mg capsules: White opaque capsule with “Celgene/50 mg”
• 100 mg capsules: Tan capsule with “Celgene/100 mg”
• 150 mg capsules: Tan and blue capsule with “Celgene/150 mg”
• 200 mg capsules: Blue capsule with “Celgene/200 mg”

Dosage

MM: 200 mg PO daily at bedtime (with dexamethasone), although
dose may be titrated to a maximum of 800 mg/day.
MM, maintenance: Dose may be lower initially at 100 mg PO daily at bedtime.
Chronic GVHD: Dose ranges from 50 mg PO TID up to maximum
dose of 1,600 mg daily.
Other doses are used for a variety of other nonlabeled indications.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Thalidomide is contraindicated in pregnant women and women capable of becoming pregnant as well as in patients who have
demonstrated hypersensitivity to the drug or any of its components. Pregnancy risk category X. Consider risk versus benefit before initiating thalidomide therapy in women of childbearing potential. Thalidomide has been associated with the development
of neuropathy. Use caution when combining thalidomide with other drugs known to cause peripheral neuropathy Thalidomide is associated with an increased risk of thromboembolic disease and
should be used with caution in individuals with active thrombosis.
Patients should be monitored closely for signs and symptoms of
thrombosis.

(Continued on next page)

298 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Drug interactions

Agent

Effect

Immunosuppressant
agents

Potentiation of immunosuppressant
effects.

Medications requiring immune response for effect

Thalidomide may decrease effectiveness of agents requiring immune response for effect.

Drugs causing peripheral
neuropathy

Increased neuropathy.

Sedative/hypnotic agents

Thalidomide enhances sedative potential.

Drugs that interfere with
hormonal contraceptives

May reduce efficacy of contraception.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Human teratogenicity. Severe, life-threatening human birth defects are associated
with thalidomide use. Thalidomide is only approved for marketing under a special restricted drug distribution program. Pregnancy testing should occur within 24 hrs before initiating thalidomide therapy, weekly during the first month of treatment, and
then monthly thereafter in women with regular menstrual cycles.
If menstrual cycles are irregular, testing should occur at 2-week
intervals.
Serious: Thromboembolism is increased in patients with other risk
factors for VTE including cancer, concurrent chemotherapy, and
steroids. Drowsiness is a serious consequence of thalidomide,
and individuals should be counseled regarding this effect.
Other:
• Cardiovascular: Orthostatic hypotension, edema
• Dermatologic: Rash, desquamation, acne, dry skin
• GI: Constipation, anorexia, weight gain and loss
• Hematologic: Neutropenia, anemia
• Hepatic: Increase in transaminases and bilirubin
• Miscellaneous: Dyspnea, diaphoresis, hypersensitivity, increase
in HIV viral load
• Neurologic: Drowsiness/somnolence, peripheral neuropathy, dizziness, fatigue
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Special
considerations

Hypersensitivity has been reported (erythematous macular rash, fever, tachycardia, and hypotension). If severe, may necessitate interruption of therapy. If reaction recurs when thalidomide is resumed,
discontinue therapy. The potential for teratogenicity if fetal exposure
occurs should be discussed with all patients. Thalidomide should
be taken only as prescribed, and adherence to the provisions of the
Thalomid REMS™ restricted drug distribution program is essential.
Effective contraception must be used at least 1 month before beginning thalidomide therapy, during thalidomide therapy, and for 1
month after the discontinuation of thalidomide therapy. Two reliable
forms of contraception must be used simultaneously unless continuous abstinence from heterosexual sexual intercourse is the chosen method of birth control. Men taking thalidomide should use a
barrier form of contraception when engaging in sexual intercourse
with women of childbearing potential. Pregnancy testing should occur within 24 hrs before initiating thalidomide therapy, weekly during
the first month of treatment, and then monthly thereafter in women with regular menstrual cycles. If menstrual cycles are irregular,
testing should occur at 2-week intervals. If pregnancy occurs during
treatment, thalidomide must be discontinued immediately. Suspected fetal exposure must be reported immediately to the FDA via the
MedWatch system and to the manufacturer. Patients should not donate blood or sperm while on thalidomide therapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• HIV viral load: If applicable
• Pregnancy testing: As outlined previously
• Peripheral neurosensory assessment: At periodic intervals

Indications

Acute treatment of the cutaneous manifestations of erythema nodosum leprosum and treatment of MM.
A number of off-label uses, including chronic GVHD, AIDS-associated wasting syndrome, and aphthous ulcers.

Dosage
adjustment
recommendations

Withhold initiation of thalidomide if ANC < 750/mm3. If the ANC
drops and persists below 750/mm3 during treatment, reevaluate
the regimen and possibly withhold treatment.
Dose modifications may be warranted in patients with neuropathy,
including constipation, and/or significant fatigue or sedation.
Data are insufficient to provide recommended for dose adjustments
for liver or renal impairment.

Pharmacokinetics

Thalidomide is slowly absorbed from the GI tract, and the absolute bioavailability of thalidomide is not well characterized. The exact mechanisms of metabolism and elimination of thalidomide are
not known, although thalidomide does undergo nonenzymatic hydrolysis in the plasma and is not hepatically metabolized. The elimination half-life is approximately 5–7 hrs. Little thalidomide is detected in the urine as unchanged drug.

Manufacturer

Celgene Corp., Summit, NJ
(Continued on next page)
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Thioguanine
Other names

6-Thioguanine, 2-amino-6-mercaptopurine, Thioguanine®

Classification

Antimetabolite; purine antagonist

Mechanism of
action

Thioguanine ribonucleotides are incorporated into DNA and RNA,
resulting in blockade of syntheses and utilization of purine nucleotides.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Thioguanine is available commercially as an oral product in single
or divided daily doses.

Storage and
stability

Store thioguanine at room temperature between 59°F–77°F (15°C–
25°C). Protect from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 40 mg scored tablets. Color and markings may vary by
manufacturer.

Dosage

As a single agent, dose is 2 mg/kg/day with increase to 3 mg/kg/
day after 4 weeks if inadequate response. In other combination
therapies for ALL, doses vary from 80–200 mg/m2/day in either daily or weekly schedules. Refer to specific treatment regimens for
specific details.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Consider risk versus benefit in patients with existing bone marrow
suppression, liver or kidney dysfunction, or infection.

Drug interactions

Esophageal varices and hepatotoxicity as well as portal hypertension have been reported in patients on concomitant therapy with
thioguanine and busulfan. Concurrent use with sulfasalazine, olsalazine, and mesalamine may decrease the metabolism of thioguanine and increase the risk of myelosuppression.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted.
Serious: Uric acid nephropathy, hepatotoxicity, hepatic fibrosis, and
toxic hepatitis have been reported rarely; risk of hepatotoxicity is
increased with long-term continuous use.
Other:
• Dermatologic: Alopecia, photosensitivity, rash
• GI: Nausea, vomiting, stomatitis, diarrhea, elevated liver enzymes
• Hematologic: Leukopenia, thrombocytopenia, anemia
• Miscellaneous: Hyperuricemia, fluid retention
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Special
considerations

Actions of thioguanine may be delayed; prompt discontinuation of
therapy is recommended at the first sign of myelosuppression. Because of the potential for the development of uric acid nephropathy
in patients with leukemia and/or lymphoma, adequate oral hydration, allopurinol, and, possibly, alkalinization of the urine all may be
necessary as preventive measures. Produces a low percentage of
nausea and vomiting; consider an as-needed antiemetic (e.g., prochlorperazine).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy and at periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH weekly at
the beginning and then monthly; more frequently if patient is taking other hepatotoxic medications
• Serum uric acid

Indications

Indicated in the remission induction, remission consolidation, and
maintenance therapy for AML. May be used for the treatment of ALL.

Dosage
adjustment
recommendations

Dosage must be adjusted based on clinical response and toxicity
for individual patients. In addition, prompt discontinuation of therapy
is recommended at the first sign of myelosuppression because of
the delayed effects of the drug.

Pharmacokinetics

Oral thioguanine is slowly and poorly absorbed (30%), and peak
levels are reached approximately 8 hrs after dosing. Thioguanine is
metabolized by the liver with an elimination half-life of up to 11 hrs.
Thioguanine is converted intracellularly to ribonucleotides, which
have multiple metabolic effects.

Manufacturer

DSM Pharmaceuticals, Inc., Greenville, NC

Other names

Tespa, Thioplex®, thiotepa for injection

Classification

Alkylating agent; miscellaneous (aziridine), chemically related to nitrogen mustard

Mechanism of
action

Thiotepa interferes with DNA replication and transcription of RNA.

Vesicant
information

May cause irritation

Preparation and
mixture

Reconstitute thiotepa by adding 1.5 ml SWFI to each 15 mg vial.
Further dilute solutions in NS before IV administration. Filter solutions through a 0.22 micron filter [polysulfone membrane Gelman’s
Sterile Acrodisc®, single use] or triton-free mixed ester of cellulose/
PVC (Millipore’s MILLEX®-GS Filter Unit) before administration. Reconstituted solutions should be clear. DO NOT use solutions that
remain opaque or precipitate after filtration.

Thiotepa
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Administration

IVP; IV infusion over 15 min or via rapid IV administration (0.3–0.4
mg/kg); IM injection; CIV infusion; IT; intravesical instillation for superficial bladder cancer; intratumoral injection; intrapleural (intracavitary); IP; or intrapericardial.

Storage and
stability

Store intact vials under refrigeration and protected from light. Solutions of 1–3 mg/ml thiotepa are stable for 24 hrs at room temperature.

How supplied

15 mg and 30 mg vials, powder for solution

Dosage

Usual doses of 0.3–0.4 mg/kg repeated every 1–4 weeks. Higher
doses of up to 250 mg/m2/day for 3 days or 150 mg/m2/dose every
12 hrs for 6 doses are used in some HSCT regimens. In papillary
carcinoma of the bladder, 60 mg of thiotepa in 30–60 ml of sodium chloride injection is instilled into the bladder by catheter and retained for 2 hrs. Dose for intracavitary instillation for malignant pleural effusion is 0.6–0.8 mg/kg. IT dose is 10 mg.

Compatibility
information

For further dilution, NS, D5W, or LR solution may be used. For further clarification, refer to compatibility references.

Contraindications/
precautions

Myelosuppression can occur, even from absorption during intravesical irrigation. Consider risk versus benefit for patients with bone
marrow depression, hepatic impairment, renal impairment, or infection.

Drug interactions

Concurrent use of bupropion and thiotepa may cause increased
levels of bupropion.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions, including rash, urticaria, laryngeal edema, asthma, anaphylactic shock, and wheezing
Serious: Tightness of the throat, SOB, second malignant neoplasm
Other:
• Dermatologic: Rash, hives, alopecia
• GI: Nausea, vomiting, abdominal pain, anorexia
• Hematologic: Myelosuppression (e.g., leukopenia, thrombocytopenia, anemia, bleeding, bruising, hematuria)
• Miscellaneous: Dysuria and chemical or hemorrhagic cystitis with
intravesical therapy
• Musculoskeletal: Fatigue, weakness
• Neurologic: Dizziness, headache

Special
considerations

Delayed myelosuppressive effects; nadir 14 days with recovery 28
days. Prompt discontinuation of therapy or dosage reduction is recommended at the first sign of a sudden, large decrease in leukocyte or PLT count. Because of the potential for the development of
uric acid nephropathy in patients with leukemia or lymphoma, adequate oral hydration, allopurinol, and, possibly, alkalinization of
the urine may be necessary as preventive measures. Considered a
moderate emetogen.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC with differential: Before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Serum uric acid

Indications

Thiotepa is approved for adenocarcinoma of the breast, adenocarcinoma of the ovary, superficial papillary carcinoma of the urinary
bladder, and lymphomas (e.g., lymphosarcoma, HL), and for controlling intracavitary effusions secondary to diffuse or localized neoplastic diseases of various serosal cavities. It may be used to treat
leptomeningeal metastases and before HSCT and is being studied
in the treatment of numerous other malignancies.

Dosage
adjustment
recommendations

Use with caution with renal and hepatic impairment.

Pharmacokinetics

Thiotepa is metabolized to the active metabolite, TEPA, by the cytochrome P450 microsomal enzyme system of the liver. Approximately 4.2% of the original dose is eliminated in the urine in 24 hrs
as TEPA. The elimination of thiotepa is biphasic; initial half-life of 12
min and terminal half-life of 1.2–2.9 hrs. The elimination half-life of
TEPA is 3–21 hrs.

Manufacturer

Generic manufacturers

Other names

Hycamtin , topotecan hydrochloride

Classification

Topoisomerase I inhibitor, semisynthetic derivative of camptothecin

Mechanism of
action

Topotecan binds to and stabilizes the DNA topoisomerase cleavable complex, thereby preventing the topoisomerase from relegating single-strand breaks, which leads to apoptosis. Topoisomerase
I is a cellular enzyme that relieves the torsional strain in the DNA
helix during cell replication; therefore, inhibition of this enzyme ultimately causes DNA strand breaks. Additional mechanisms appear
to include induction of apoptosis, radiation sensitization, and some
antiviral activity. Camptothecins are S-phase specific in activity.

Vesicant
information

Not classified as a vesicant or an irritant, although mild local reactions such as erythema and bruising have been reported.

Preparation and
mixture

Oral capsule—does not require mixture. Capsules should not be
opened, divided, or crushed.
IV formula—Reconstitute the vial with 4 ml of SWFI. Further dilute
dose in 50–250 ml of NS or D5W.

Administration

IV: IV infusion, over 30 min or by 24-hr CIV infusion
PO: Administer without regard to meals. Swallow whole; DO NOT
crush or open capsule.

Topotecan
®
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Storage and
stability

Store intact vials of lyophilized powder for injection at 68°F–77°F
(20°C–25°C); protect from light. Reconstituted vials are stable for
24 hrs at room temperature, but drug does not contain preservative.
Store intact vials of solution for injection at 36°F–46°F (2°C–8°C);
protect from light. Topotecan diluted for infusion is stable between
68°F–77°F (20°C–25°C) for 24 hrs in ambient light.
Oral capsules: Store at 36°F–46°F (2°C–8°C); protect from light.

How supplied

Capsules: 0.25 mg capsules, 1 mg capsules
• 0.25 mg capsule: Opaque yellowish white imprinted with
“HYCAMTIN” and “0.25 mg”
• 1 mg capsules: Opaque pink imprinted with “HYCAMTIN” and “1
mg”
Injection: 4 mg lyophilized powder for injection and 4 mg/4 ml solution for injection single-use vials

Dosage

Ovarian cancer: 1.5 mg/m2 IV daily × 5 days every 21 days
NSCLC: 1.5 mg/m2 IV daily × 5 days every 21 days
SCLC: 2.3 mg/m2 PO daily × 5 days every 21 days

Compatibility
information

No data are available for admixture with other medications. There
are data on Y-site administration compatibilities for a number of other medications; see compatibility references.

Contraindications/
precautions

Topotecan is contraindicated for patients with history of severe hypersensitivity reactions to topotecan or any of its ingredients. Caution
for use in patients with preexisting bone marrow depression and/or
significant renal impairment. Consider risk versus benefit for patients
with infection or renal insufficiency. Pregnancy risk category D.

Drug interactions

Agent

Effect

BCRP inhibitors

The levels and effects of topotecan may be increased.

PGP inhibitors

The levels and effects of topotecan may be increased.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Allergic reactions
Serious: Severe myelosuppression, including neutropenia, thrombocytopenia, and anemia. Topotecan should only be administered in patients with adequate bone marrow reserve (i.e., baseline ANC > 1,500/mm3, PLTs > 100,000/mm3; subsequent courses
ANC > 1,000/mm3, PLTs > 100,000/mm3).
Other:
• Dermatologic: Alopecia, rash, pruritus, injection-site reactions including erythema and bruising
• GI: Nausea, vomiting, diarrhea, elevated liver enzymes, anorexia, abdominal pain
• Musculoskeletal: Weakness
• Neurologic: Headache, paresthesia, fatigue, fever
• Respiratory: Dyspnea, cough
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Special
considerations

Take care to avoid extravasation; drug has been associated with
mild local reactions, such as erythema and bruising. Topotecan is
considered a moderately low emetogenic, but clinicians should consider antiemetic on an individual patient basis.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy

Indications

Ovarian cancer, metastatic (after progression of first-line chemotherapy); SCLC, chemosensitive; and cervical cancer (recurrent or
persistent)

Dosage
adjustment
recommendations

Dosage adjustments are needed in renal insufficiency.
• For the oral formulation (dose 2.3 mg/m2/day × 5 days)
–– CrCl = 30–49 ml/min: Reduce dose to 1.8 mg/m2/day PO × 5
days.
–– CrCl < 30 ml/min: Insufficient data are available to provide recommendation.
• For IV formulation dose of 1.5 mg/m2/day daily × 5 days:
–– CrCl = 20–39 ml/min: Reduce dose to 0.75 mg/m2/day × 5 days.
–– CrCl < 20 ml/min: Insufficient data are available to provide recommendation.
• For other regimens, consider dose reduction with renal insufficiency.
If the PLT count falls below 25,000/mm³ during a course of therapy,
dose-reduce subsequent courses of topotecan by 0.25 mg/m2.

Pharmacokinetics

Absorption after oral administration is approximately 30%–40%.
The volume of distribution of the lactone is high, suggesting wide
distribution. Plasma protein binding is about 35%. Topotecan undergoes rapid hydrolysis of the lactone ring to an inactive acid in
plasma and is metabolized in the liver to N-demethylated metabolite. Excretion is > 50% in the urine. The elimination half-life is about
2–3 hrs and is increased with renal insufficiency.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC; generic manufacturers

Tretinoin (systemic)
Other names

All-trans-retinoic acid, ATRA

Classification

Retinoic acid derivative

Mechanism of
action

Tretinoin, all-trans-retinoic acid, is a naturally occurring derivative
of vitamin A. The exact mechanism of action is unknown; however,
tretinoin induces cytodifferentiation and decreased proliferation of
acute promyelocytic cells in culture and in vivo. Complete responses are characterized by an initial maturation of primitive promyelocytes derived from the leukemic clone, followed by a repopulation
of the peripheral blood and bone marrow by normal, polyclonal hematopoietic cells.
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Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Administer PO with a meal; DO NOT crush capsules. Extemporaneously prepared tretinoin suspension has been used in patients who
are unable to swallow the capsule whole, but no strategy to prepare
the suspension has been well documented with the current commercially available product.

Storage and
stability

Store capsules at 68°F–77°F (20°C–25°C). Protect from light.

How supplied

Tretinoin is supplied as 10 mg capsules. The capsule is filled with
viscous oily suspension. Capsules vary in color and markings
among manufacturers.

Dosage

APL: 45 mg/m2/day administered as 2 evenly divided daily doses until complete remission is achieved. Discontinue treatment 30
days after complete remission has been achieved or after 90 days
of treatment, whichever occurs first.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to retinoids or sensitivity to parabens, which are used as preservatives in
gelatin capsules. Caution in patients with preexisting leukocytosis,
as approximately 25% patients will experience differentiation syndrome (also called retinoic acid-APL syndrome). Tretinoin is teratogenic; there is a high risk of a severely deformed infant being born
to a woman receiving tretinoin therapy during pregnancy. Pregnancy risk category D. Retinoids may cause photosensitivity.

Drug interactions

The levels and effects of tretinoin (systemic) may be increased by
drugs that are CYP2C8 inhibitors. The levels and effects of tretinoin (systemic) may be decreased by CYP2C8 inducers.
Use caution when administered with drugs that are photosensitizers, as this may increase photosensitivity.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Retinoic acid-APL syndrome, which is characterized by fever, dyspnea, weight gain, radiographic pulmonary infiltrates, and pleural or pericardial effusions and occasionally accompanied by impaired myocardial contractility and episodic hypotension, may occur in up to 25% of patients. This syndrome may be severe, requiring endotracheal intubation and mechanical ventilation. Multiorgan failure and death
have occurred. Initiate HD steroids (e.g., dexamethasone 10 mg
IV every 12 hrs for 3 days or until the resolution of symptoms) immediately upon suspicion of syndrome. The syndrome generally
occurs during the first month of therapy. In addition, rapidly evolving leukocytosis, in the presence or absence of the retinoic acidAPL syndrome, may lead to an increase in life-threatening complications.
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Serious: A number of cardiovascular events have been reported
and may be severe in nature, including arrhythmias, cardiac failure, cardiac arrest, MI, ischemia, stroke, myocarditis, pericarditis,
and pulmonary hypertension.
Other:
• Most patients will experience retinoid drug-related toxicity, especially
headache, fever, weakness, and fatigue. These are seldom permanent or irreversible and rarely require interruption of tretinoin therapy.
• Cardiovascular: Flushing, hypotension, enlarged heart, heart
murmur, hypertension, facial edema, peripheral edema.
• Dermatologic: Skin/mucous membrane dryness, alopecia, pruritus, rash, increased sweating, cellulitis, pallor.
• GI: Abdominal pain, GI hemorrhage and/or ulceration, mucositis,
nausea and vomiting, diarrhea, constipation, ascites, pancreatitis, anorexia, dyspepsia, elevated LFTs.
• Hematologic: Leukocytosis, DIC, hemorrhage.
• Miscellaneous: Earache, feeling of fullness in ear, hypercholesterolemia, hypertriglyceridemia, dysuria, renal insufficiency and
failure, infection.
• Musculoskeletal: Myalgia.
• Neurologic: Dizziness, paresthesia, depression, confusion, agitation, cerebral hemorrhage, intracranial hypertension (pseudotumor cerebri), hallucination, and, rarely, cerebellar disorders, including convulsions, coma, hemiplegia, hyporeflexia, encephalopathy, dementia, hearing loss, visual disturbances, somnolence, slowed speech.
• Respiratory: Respiratory difficulties (pneumonia, wheezing, rales,
upper/lower respiratory disorders, effusions, infiltrates).
Special
considerations

Doses should be evenly divided in 2 daily doses. Patients may take
with or without meals and should take missed dose as soon as possible; contact physician if not remembered until before next dose.
Women of childbearing age need to have a negative pregnancy
test within 1 week before the initiation of tretinoin therapy, use 2 reliable forms of contraception during and 1 month after discontinuation of tretinoin therapy, and be fully informed of the risk to the fetus
if pregnancy occurs.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: At baseline and frequently during therapy.
• LFTs: At baseline and frequently during therapy; discontinue tretinoin therapy if LFT values are elevated more than 5 × ULN.
• Lipid studies: At baseline and frequently during therapy.
• Coagulation tests: PT and INR frequently during therapy.
• Pregnancy testing: Before initiation of therapy and periodically
thereafter if clinically indicated.

Indications

APL: Induction, maintenance, and consolidation

Dosage
adjustment
recommendations

Consider temporary withdrawal of tretinoin therapy if LFT values
exceed 5 × ULN.
(Continued on next page)
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Pharmacokinetics

Well absorbed after oral administration although large interpatient
variability. Systemic tretinoin is > 95% bound to plasma proteins.
Tretinoin is metabolism in the liver by the cytochrome P450 enzyme
system and induces its own metabolism, with an elimination half-life
of 1–2 hrs. Eliminated by renal and fecal routes.

Manufacturer

Generic manufacturers

Other names

Valstar

Classification

Antineoplastic antibiotic; semisynthetic doxorubicin analog, anthracycline

Mechanism of
action

Valrubicin and its metabolites arrest cells in the G2 phase of cell division by causing chromosomal damage through the inhibition of
topoisomerase II.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

After allowing vials to warm to room temperature, withdraw contents of 4 vials (200 mg per 5 ml vial), and dilute with 55 ml of NS
to provide 75 ml of solution for instillation. Because valrubicin solution contains Kolliphor® EL (formerly Cremophor® EL), which can
leach DEHP from PVC containers and tubing, solutions should be
administered using containers and tubing made of polyolefin, polypropylene, or glass.

Administration

Instill solution into the urethral catheter by gravity flow into the bladder and allow it to remain for 2 hrs. After 2 hrs, the patient should
void contents of the bladder.

Storage and
stability

Store unopened vials under refrigeration. Solutions diluted with NS
are stable for 12 hrs at room temperature.

How supplied

Commercially available as a preservative-free nonaqueous solution
containing valrubicin 40 mg/ml (200 mg/5 ml) in 50% Kolliphor and
50% dehydrated alcohol

Dosage

Instill 800 mg intravesically once weekly for 6 weeks.

Compatibility
information

No data available; therefore, valrubicin should not be mixed with
any other medications or IV fluids.

Contraindications/
precautions

Therapy is contraindicated in patients with known hypersensitivity to anthracyclines or Kolliphor. To avoid the chance of toxic systemic exposure, valrubicin should NOT be instilled into a perforated bladder or under other conditions that could compromise
the integrity of the bladder mucosa. Patients who have undergone
transurethral resection of the bladder should have therapy delayed
until the integrity of the bladder mucosa has recovered. Avoid
therapy in patients with concurrent UTIs and patients with a small
bladder capacity (unable to tolerate a 75 ml instillation).

Valrubicin
®
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Drug interactions

No drug interaction studies were conducted, as very little valrubicin
is expected to be absorbed following bladder instillation.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: If bladder mucosa is
not intact, drug absorption may lead to myelosuppression.
Serious: Irritable bladder may present during and following instillation (local bladder effects can occur during and after instillation,
and resolve within 1–7 days).
Other:
• Genitourinary: Bladder spasm, hematuria, urinary urgency/incontinence, bladder pain
• Miscellaneous: Red-tinged urine may persist for up to 24 hrs following instillation. Patient may be prone to UTIs.

Special
considerations

Procedures for the safe handling and disposal of valrubicin should
be followed. Clean up spills with undiluted chlorine bleach.

Monitoring
parameters

Monitor urine for hematuria, bladder/urinary symptoms, and prolonged passage of red-tinged urine.
If perforation of the bladder wall is suspected or occurs during retention of valrubicin, monitor blood counts weekly for 3 weeks for
possible myelosuppression.

Indications

Intravesical treatment of patients with BCG-resistant cancer of the
urinary bladder for which surgical removal of the bladder is not an
option

Dosage
adjustment
recommendations

None noted

Pharmacokinetics

Absorption: Systemic absorption is negligible (trauma to bladder
wall may increase systemic absorption); concentration in bladder tissue exceeded levels that cause 90% cytotoxicity to bladder
cells in culture.
Distribution: 91% protein bound (independent of drug concentration).
Metabolism: Negligible.
Excretion: 98.6% excreted through urine as intact drug.

Manufacturer

Ben Venue Laboratories, Inc., Bedford, OH

Other names

Vincaleukoblastine sulfate, Velban®

Classification

Antimicrotubule; naturally occurring vinca alkaloid antineoplastic
agent

Mechanism of
action

By binding to tubulin, vinblastine inhibits microtubule assembly and
causes cellular metaphase arrest.

Vinblastine sulfate
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Vesicant
information

Vesicant: Care should be taken to avoid extravasation.
If extravasated:
1. Apply warm compresses (20 min QID for 1–2 days).
2. Neutralize vesicant with hyaluronidase: Inject 150–1,500 IU diluted in 1 ml sterile water SC into the area of extravasation.

Preparation and
mixture

Vials of powder can be reconstituted with BWFI or non-BWFI. Also,
vials of powder can be prepared by adding 10 ml of bacteriostatic
sodium chloride (preserved with benzyl alcohol) or sodium chloride
injection (unpreserved).

Administration

IVP or infusion only; DO NOT administer IT. Administer no more
frequently than twice a week.

Storage and
stability

Refrigerate vials of solution and powder and protect from light. Vials
of reconstituted powder are stable for 28 days under refrigeration.

How supplied

Vials containing 10 mg as a lyophilized powder and 1 mg/ml injectable solution

Dosage

Doses vary depending on the specific treatment regimen. The manufacturer suggests the adult dosage is 3.7 mg/m2, and the pediatric
dosage is 2.5 mg/m2 as a single dose. Doses are increased weekly
by about 1.8 mg/m2 in adults and 1.25 mg/m2 in pediatric patients,
according to their hematologic response, up to a maximum dose of
18.5 mg/m2 (adult) or 12.5 mg/m2 (pediatric). Dosages are reduced
in patients who have had recent RT or chemotherapy.

Compatibility
information

Incompatible with IV phenytoin. Vinblastine can reduce absorption
or increase metabolism and elimination of anticonvulsants.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who are severely leukopenic. Use with caution in patients with hepatic impairment; dose adjustments are needed
for elevations in bilirubin. Must NOT be given via IT administration.

Drug interactions

Drugs that inhibit cytochrome P450 isoenzyme CYP3A may impair
metabolism of vinblastine; take caution when using these agents
together.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: May cause severe and
life-threatening myelosuppression. Nadir usually occurs on day
7–10, with recovery by day 17. IT use may result in death; DO
NOT administer IT.
Serious: Severe local tissue inflammation and necrosis if extravasated. Hot compresses may be warranted.
Other:
• Cardiovascular: Hypertension, Raynaud phenomena
• Dermatologic: Alopecia, rash, photosensitivity, dermatitis
• GI: Moderately emetogenic; nausea and vomiting, which are easily controlled with conventional antiemetics (e.g., serotonin antagonists, dexamethasone, phenothiazines), occur in 30%–60%
of patients; diarrhea, constipation, stomatitis, abdominal cramps,
paralytic ileus, metallic taste, and hemorrhagic colitis
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• Neurologic: Vestibular manifestations (e.g., dizziness, nystagmus, vertigo), hearing impairment, paralytic ileus
• Respiratory: Acute bronchospasm, SOB
• Hematologic: Myelosuppression (dose limiting); anemia, thrombocytopenia
• Miscellaneous: Hyperuricemia
• Musculoskeletal: Myalgia
Special
considerations

Must only be given by IV infusion or IVP. Vinblastine can cause tissue damage if given by IM or SC injection and has been FATAL
when given IT.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and subsequent doses; periodically during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Assess bowel sounds frequently.
• Serum uric acid levels: Before initiation of therapy and at periodic
intervals during initial therapy.
• Peripheral neurosensory assessment: Before each dose.

Indications

Vinblastine is indicated for HL, NHL, carcinoma of the testis, KS,
histiocytosis, choriocarcinoma, and breast cancer.
Unlabeled uses include bladder cancer, melanoma, NSCLC, ovarian cancer, and soft tissue sarcoma.

Dosage
adjustment
recommendations

Hepatic impairment:
• T. Bili 1.5–3 mg/dl or AST 60–80 units: Decrease dose by 50%.
• T. Bili > 3 mg/dl or transaminases > 3 × ULN: Avoid use.
Renal impairment: Data unavailable

Pharmacokinetics

Vinblastine has rapid clearance from the blood. Metabolized by the
liver to an active metabolite. Undergoes biliary excretion, with < 1%
eliminated unchanged in the urine.

Manufacturer

APP Pharmaceuticals, LLC, Schaumburg IL; Ben Venue Laboratories, Inc., Bedford, OH; generic manufacturers

Vincristine sulfate
Other names

Oncovin®, Vincasar PFS®, vincristine sulfate injection, Vincrex®

Classification

Antimicrotubule agent; plant alkaloid from the periwinkle plant

Mechanism of
action

Cell cycle specific at S and M phases. Protein binding is stopping
mitosis during metaphase. Metabolism of vinca alkaloids is mediated by the cytochrome P450 isoenzyme CYP3A.

Vesicant
information

Vesicant: Care should be taken to avoid extravasation.
If extravasated:
1. Apply warm compresses (20 min, 4 times daily for 1–2 days).
2. Neutralize vesicant with hyaluronidase: Inject 150–1,500 IU diluted in 1 ml sterile water SC into the area of extravasation.

Preparation and
mixture

Commercially available as an IV solution 1 mg/ml
(Continued on next page)

312 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Administration

Peripheral slow IVP over 1–2 min, central line IVP over 1 min. May
be infused in 50 ml D5W or NS over 15 min. Avoid extravasation.
DO NOT give IT.

Storage and
stability

Store intact vials under refrigeration at 36°F–46°F (2°C–8°C). Diluted solutions in NS or D5W are stable for 21 days at room temperature and under refrigeration. Protect from light.

How supplied

Supplied as 1 mg/ml (1 mg, 2 mg, and 5 mg) sterile vials.

Dosage

Single dose: 0.4–1.4 mg/m2 every week. Total NOT to exceed 2 mg/
dose. Infusion dose is 0.5/mg/m2/day for 5 days. Some regimens
use vincristine infused with doxorubicin over 96 hrs.

Compatibility
information

Compatible with bleomycin, cisplatin, fluorouracil, leucovorin, MTX,
mitomycin-C, cyclophosphamide, and doxorubicin. For further clarification, refer to compatibility references.

Contraindications/
precautions

DO NOT administer IT. Contraindicated in patients with hypersensitivity to vincristine or any component and in patients with a demyelinating form of Charcot-Marie-Tooth syndrome. Consider risk versus benefit in patients who are pregnant, are lactating, and/or have
underlying neuropathy.

Drug interactions

Agent

Effect

MTX

Increased cellular uptake of MTX

Phenytoin

Decreased serum levels of phenytoin with concomitant use

Digoxin

Decreased bioavailability of digoxin with concomitant use

Calcium channel blockers

Increased cellular uptake of vincristine

Mitomycin

Increased frequency of bronchospasms and
SOB with previous or simultaneous use

Asparaginase

Decreased liver clearance of vincristine (administer vincristine 12–24 hrs preceding administration of asparaginase to minimize toxicity)

Itraconazole,
posaconazole,
voriconazole

Increased severity of neuromuscular AEs

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: FATAL if given IT.
Serious: Tissue irritation and necrosis may develop if extravasated. Hot compresses indicated. Peripheral neuropathy may be severe and may include loss of deep tendon reflexes in the lower
extremities, numbness, tingling, pain, paresthesias of the fingers
and toes (i.e., stocking and glove distribution), foot drop, and wrist
drop. Paralytic ileus and seizures may develop.
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Other:
• Cardiovascular: Hypo- or hypertension
• Dermatologic: Alopecia, phlebitis, rash
• Endocrine: Azoospermia, amenorrhea
• GI: Constipation, stomatitis, abdominal cramps, anorexia, metallic taste, bloating, diarrhea, mild nausea and vomiting
• Hematologic: Occasional mild leukopenia and thrombocytopenia
(onset 7 days, nadir 10 days, and recovery 21 days)
• Miscellaneous: Hyperuricemia, SIADH, urinary retention, dysuria, uric acid nephropathy, fever
• Neurologic: Motor difficulties, headache, cranial nerve paralysis,
depression, vocal cord paralysis, ototoxicity, extraocular muscle
paresis, photophobia, diplopia
• Pulmonary: SOB, bronchospasms
Special
considerations

Administer IV only. Patient may develop paralytic ileus. Use prophylactic stool softener.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and subsequent doses; periodically during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH
• Assess bowel sounds frequently.
• Serum uric acid levels: Before initiation of therapy and periodically during initial therapy
• Peripheral neurosensory assessment: Before each dose

Indications

FDA approved for HL, NHL, ALL, neuroblastoma, Wilms tumor, and
rhabdomyosarcoma
Unlabeled use: Cervical, testicular, bladder, head and neck carcinoma, NSCLC, MM, and breast cancer

Dosage
adjustment
recommendations

Hepatic impairment:
• T. Bili 1.5–3 mg/dl or AST 60–80 units: Decrease dose by 50%.
• T. Bili > 3 mg/dl or transaminases > 3 × ULN: Avoid use.
Renal impairment: No dosage adjustment needed.

Pharmacokinetics

Primarily excreted via the liver, with 80% excreted via bile and feces and 20% excreted in the urine. Minimal penetration into the
blood-brain barrier. Initial half-life is 5 min, with a terminal half-life of
85 hrs. Binds RBCs and PLTs. Terminal elimination half-life of vincristine has ranged from 19–155 hrs.

Manufacturer

Oncovin: Eli Lilly and Co., Indianapolis, IN; Vincasar PFS: Sicor/
Teva Pharmaceuticals, North Wales, PA; generic manufacturers

Other names

Navelbine®, 3′4′-didehydro-4′-deoxy-c′-norvincaleukoblastine

Classification

Antimicrotubule; semisynthetic vinca alkaloid antineoplastic agent,
mitotic inhibitor

Mechanism of
action

By binding to tubulin, vinorelbine inhibits microtubule assembly and
causes cellular metaphase arrest.

Vinorelbine tartrate
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Vesicant
information

Vesicant: Take care to avoid extravasation.
If extravasated:
1. Apply warm compresses (20 min QID for 1–2 days).
2. Neutralize vesicant with hyaluronidase: Inject 150–1,500 IU diluted in 1 ml sterile water SC into the area of extravasation.

Preparation and
mixture

Further dilute injections in a syringe to 1.5–3 mg/ml with NS or
D5W or dilute in an IV bag between 0.5 and 2 mg/ml with D5W, NS,
50/50 mixture of D5W and NS, Ringer’s solution, or LR.

Administration

Infuse over 6–10 min and follow by flushing the line with at least
75–125 ml of compatible IV fluid.

Storage and
stability

Refrigerate unopened vials and protect from light. The product
should NOT be frozen. Diluted vinorelbine may be used for up to 24
hrs under normal room light when stored in polypropylene syringes
or PVC bags under refrigeration or at room temperature.

How supplied

Available as a 10 mg/ml clear, colorless to pale yellow solution in
10 mg/ml and 50 mg/5 ml vials

Dosage

Recommended dose is 30 mg/m2 repeated weekly.
Unlabeled: Doses range from 25 mg/m2–30 mg/m2 weekly.

Compatibility
information

Stable in D5½NS, D5W, LR, NS, and ½NS. For further clarification,
refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with ANC < 1,000/mm3 before therapy.
IT administration can be FATAL.
Severe bone marrow suppression, GI AEs, neuropathy, and pulmonary toxicity has been observed and fatalities have been documented.

Drug interactions

Agent

Effect

Mitomycin

Acute pulmonary reactions have been reported
when vinorelbine is used with mitomycin.

Cisplatin

Increased incidence of grade 3 and 4 granulocytopenia when vinorelbine is used in combination
with cisplatin.

Paclitaxel

Increased risk of neuropathy.

Posaconazole,
voriconazole

May increase serum concentration of vinca alkaloids.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: CNS toxicity if administered IT; pulmonary toxicity
Serious: Acute SOB and severe bronchospasm have been reported, although rare. May require treatment with supplemental oxygen, bronchodilators, and/or corticosteroids.
Other:
• Cardiovascular: Chest pain
• Dermatologic: Alopecia, rash, injection-site reactions
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• GI: Nausea, vomiting, constipation, diarrhea, stomatitis, abdominal
cramps, anorexia, metallic taste, transient elevation of liver enzymes
• Hematologic: Myelosuppression (e.g., neutropenia, thrombocytopenia, and anemia) can be moderate to severe with onset within
4 days, nadir at day 7–10, and recovery within 14–21 days.
• Musculoskeletal: Fatigue, myalgia
• Neurologic: Peripheral neuropathy, paresthesia
• Respiratory: Dyspnea
Special
considerations

Considered a mild emetogen; consider an as-needed antiemetic
(e.g., prochlorperazine). FATAL if given IT. Because of the possibility of extravasation, use a central line.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and subsequent doses; periodically during therapy
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH

Indications

FDA approved for use in the treatment of NSCLC and breast cancer. Vinorelbine is being investigated in other malignancies, including advanced cervical cancer.
Unlabeled use: Breast cancer, cervical cancer, malignant pleural
mesothelioma, ovarian cancer, soft tissue sarcoma, and lymphoma.

Dosage
adjustment
recommendations

Dose reductions are made for hematologic toxicity or hepatic insufficiency. For T. Bili 2.1–3 mg/dl, use 15 mg/m2 (50% dose); for T. Bili
> 3 mg/dl, use 7.5 mg/m2 (25% dose). For ANC 1,000–1,499/mm3,
use 15 mg/m2 (50% dose); if ANC < 1,000/mm3, hold dose and recheck ANC in 1 week. Discontinue treatment if 3 consecutive doses
are held because of ANC < 1,000/mm3. If moderate to severe neurotoxicity develops, discontinue treatment.

Pharmacokinetics

Not readily absorbed from GI tract; must be given IV. Extensive
hepatic metabolism with triphasic elimination (feces 46%; urine
18%) and a half-life of 27.7–43.6 hrs.

Manufacturer

Pierre Fabre, Boulogne, France; generic manufacturers
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Hormonal Therapies
Abiraterone acetate
Other names

Zytiga®

Classification

Hormonal agent, androgen biosynthesis inhibitor

Mechanism of
action

Inhibits androgen biosynthesis in testicular, adrenal, and prostate
cancer tissues via inhibition of the enzyme 17 α-hydroxylase/C17,
20-lyase required for androgen biosynthesis.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary
Women who are or may become pregnant should not handle drug
without gloves.

Administration

Abiraterone acetate is available as a 250 mg tablet.
Daily dose (multiple tablets per dose) should be taken once daily
on an empty stomach; no food should be consumed for at least 2
hrs before the dose or for at least 1 hr following the dose. Food increased the plasma levels of drug in clinical trials.
Each tablet should be swallowed whole with water.
Prednisone 5 mg PO BID is given concurrently to minimize mineralocorticoid toxicities.

Storage and
stability

Store at 68°F–77°F (20°C–25°C); excursions permitted to 59°F–
86°F (15°C–30°C).
Women who are pregnant or may become pregnant should not
handle the drug without appropriate protection.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Commercially available in 250 mg white to off-white oval tablets in
polyethylene bottles of 120 tablets. The tablets are imprinted with
“AA250.”

Dosage

Metastatic prostate cancer: Abiraterone acetate 1,000 mg (4 tablets) PO once daily with prednisone 5 mg PO BID

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in women who are or may become pregnant.
Caution in patients with history of cardiovascular disease.
Adrenal insufficiency has been seen with the combination therapy
of abiraterone acetate and prednisone. Times of increased risk include when/if concurrent steroid therapy is interrupted and/or with
concurrent infection or stress.
Caution in patients with hepatic insufficiency.
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Drug interactions

Abiraterone acetate inhibits the hepatic drug metabolizing enzyme
CYP2D6 and CYP2C8; drugs that are metabolized by these enzymes may have increased effects.
Abiraterone acetate is a substrate of CYP3A4; drugs that inhibit it
may increase the effect.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Adrenal insufficiency
(see below)
Serious: Mineralocorticoid excess: hypertension, hypokalemia, fluid retention. Fluid retention may manifest as joint swelling or discomfort and/or weight gain. Concurrent prednisone decreases
this effect. Interruption of concurrent steroid may exacerbate adrenal insufficiency. Hepatotoxicity may occur.
Other:
• GI: Nausea, vomiting, constipation, diarrhea
• Hepatotoxicity: Elevated ALT, AST, or T. Bili

Special
considerations

If a dose is missed, resume scheduled dose the following day. Adrenal insufficiency has been seen with the combination therapy of
abiraterone acetate and prednisone. Times of increased risk include when/if concurrent steroid therapy is interrupted and/or with
concurrent infection or stress.

Monitoring
parameters

For patients who develop hepatotoxicity during treatment, monitor
LFTs at least every 2 weeks for 3 months then monthly thereafter.

Indications

Patients with metastatic castration-resistant prostate cancer who
have received prior chemotherapy with docetaxel (per current FDA
labeling); metastatic castration-resistant prostate cancer

Dosage
adjustment
recommendations

Hepatic impairment
• Child-Pugh Class B: Reduce dose to 250 mg daily.
• Child-Pugh Class C: Avoid abiraterone acetate.
Patients who develop hepatotoxicity during treatment may have
drug held, and if liver function returns to baseline drug may be
restarted at a reduced dose of 750 mg daily. If hepatotoxicity recurs, the dose should be held, and if liver function returns
to baseline, drug may be restarted at a further reduced dose of
500 mg daily.

Pharmacokinetics

Following oral dose of abiraterone acetate, the drug is hydrolyzed to an active metabolite, abiraterone. Maximum plasma abiraterone concentration is about 2 hrs. Systemic exposure of abiraterone is increased when abiraterone acetate is administered
with food.
Abiraterone is highly bound to human plasma protein (> 99%). Terminal half-life of abiraterone in plasma is about 12 hrs.

Manufacturer

Janssen Biotech, Inc., Horsham, PA
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Anastrozole
Other names

Arimidex

Classification

Antiestrogen, nonsteroidal selective aromatase inhibitor

Mechanism of
action

Anastrozole is a potent and selective inhibitor of the enzyme aromatase, an enzyme required for the conversion of androgens to estrogens in peripheral tissues. Anastrozole inhibits conversion of androstenedione to estrone, which is ultimately converted to estradiol.
There is no effect on corticosteroid or aldosterone synthesis.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Anastrozole is commercially available as an oral product.
Administer once daily, at the same time each day, without regard
to food.

Storage and
stability

Store at controlled room temperature of 68°F–77°F (20°C–25°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

1 mg tablet

Dosage

Breast cancer: 1 mg PO daily without regard to food

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the drug
or in women who are pregnant or may become pregnant. Pregnancy risk category X.
Exercise caution with use in women who are breast-feeding or who
have hepatic function impairment, preexisting ischemic heart disease, coronary artery disease, or a history of MI. Caution in women with preexisting osteoporosis, osteopenia, or risk factors for
osteoporosis.

Drug interactions

Anastrozole should not be given together with estrogens or estrogen-containing products, as these agents will interfere with the
pharmacologic effect of anastrozole.
A complete review of drug interactions should be evaluated for
each patient.

®
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Thromboembolism
Serious: Chest pain, dyspnea, hypertension, thrombophlebitis, osteoporosis, and associated bone fractures
Other:
• Cardiovascular: VTEs, ischemic cardiovascular disease, hypertension, angina, peripheral vasodilation, edema, flushing
• Dermatologic: Rash, dry mouth, alopecia, pruritus
• Endocrine and metabolic: Hot flashes, vaginal bleeding, vaginal
dryness, hypercholesterolemia
• GI: Nausea, vomiting, anorexia
• Hematologic: Anemia, leukopenia
• Miscellaneous: Tumor pain
• Musculoskeletal: Weakness, bone pain, myalgia
• Neurologic: Dizziness, headache, insomnia, anxiety
• Ocular: Cataracts
• Respiratory: Cough

Special
considerations

The source of estrogen in premenopausal women includes ovarian production of estrogen and the peripheral conversion of androgens to estrogens; therefore, inhibition of the peripheral conversion
of androgens to estrogens via aromatase inhibition is not sufficient
to decrease estrogen levels in this population. Use of aromatase inhibitor therapy is currently reserved for postmenopausal women
with hormone receptor–positive breast cancer. Anastrozole is used
in premenopausal women only when concurrent therapy is given
to suppress ovarian production of estrogens. Patients on aromatase inhibitor/inactivator therapy should receive vitamin D and calcium supplements and be counseled on lifestyle strategies to maintain bone health.

Monitoring
parameters

Bone mineral density according to existing treatment guidelines for
postmenopausal woman at similar risk of fragility fracture

Indications

Anastrozole is indicated for the treatment of postmenopausal women with hormone receptor–positive breast cancer.

Dosage
adjustment
recommendations

No dosage adjustment is recommended for patients with renal or
hepatic dysfunction.

Pharmacokinetics

Absorption: Absorbed PO (85%), not affected by food.
Distribution: 40% bound to plasma proteins.
Metabolism: Extensive hepatic metabolism.
Elimination half-life: 50 hrs.
Excretion: < 10% urine, most urine elimination is of metabolites.

Manufacturer

AstraZeneca Pharmaceuticals, Wilmington, DE; generic manufacturers
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Bicalutamide
Other names

Casodex

Classification

Hormonal agent, nonsteroidal antiandrogen

Mechanism of
action

Bicalutamide binds to cytoplasmic androgen receptors and competitively inhibits the actions of androgens (dihydrotestosterone and
testosterone).

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Bicalutamide is commercially available as an oral product. Administer at the same time once daily without regard to food.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

Storage and
stability

Store at controlled room temperature of 68°F–77°F (20°C–25°C).

How supplied

50 mg white, film-coated tablet

Dosage

Prostate cancer: 50 mg PO daily
Lower doses have been used for the prevention of priapism.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in women. DO NOT use in pregnancy or during
lactation. Pregnancy risk category X. Precautions include patients
with severe liver dysfunction.

Drug interactions

Agent

®

Effect

Warfarin

Bicalutamide can displace warfarin from binding sites, resulting in increased free drug, which
may increase effect of warfarin including greater risk of bleeding. Monitor PT closely if bicalutamide is started in a patient stabilized on warfarin; adjust warfarin dose as necessary.

Potent CYP3A4
inducers

Decreased concentrations and effects of bicalutamide may occur.

Potent CYP3A4
inhibitors

Decreased metabolism of bicalutamide may result in increased bicalutamide concentrations
and effects.

A complete review of potential drug interactions should be evaluated for each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions are rare but have been reported including angioneurotic
edema, interstitial pneumonitis, and pulmonary fibrosis.
Serious: CHF, angina, hypertension, increased liver enzyme tests
Other:
• Cardiovascular: Chest pain
• Endocrine: Hot flashes, breast pain, gynecomastia, edema, hyperglycemia
• GI: Diarrhea, increased LFTs
• Hematologic: Hypochromic and iron-deficiency anemia, infection
• Miscellaneous: Urinary symptoms, fever
• Musculoskeletal: Myalgia, leg cramps
• Neurologic: Anxiety, depression, confusion, dizziness, insomnia
• Urogenital: Nocturia, hematuria, erectile dysfunction

Special
considerations

None

Monitoring
parameters

LFTs at baseline and periodically during therapy
Glucose in patients on hypoglycemic therapy as determined by
clinical situation
Prostate-specific antigen as determined by clinical situation

Indications

Bicalutamide is indicated for use in combination with an LHRH analog (e.g., goserelin, leuprolide) for the treatment of prostate cancer.

Dosage
adjustment
recommendations

Bicalutamide requires no dosing adjustment in patients with renal
dysfunction. Use caution in patients with moderate to severe hepatic dysfunction because the drug may accumulate.

Pharmacokinetics

Absorption: Well absorbed PO, unaffected by food.
Distribution: Highly protein-bound (96%).
Metabolism: Extensively metabolized in the liver. Bicalutamide is
metabolized by hepatic CYP3A4 and is an inhibitor of hepatic CYP450, CYP3A4, and to a lesser extent CYP2C9, CYP2C19,
and CYP2D6.
Excretion: Urine (as inactive metabolite), feces (unchanged drug
and inactive metabolites).
Elimination half-life: 6 days.

Manufacturer

AstraZeneca Pharmaceuticals, Wilmington, DE; generic manufacturers
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Degarelix
Other names

Firmagon , degarelix acetate

Classification

Hormonal therapy, GnRH receptor antagonist

Mechanism of
action

Degarelix binds reversibly to the anterior pituitary GnRH receptor
and inhibits the secretion of LH and FSH. This inhibition results in
suppression of testosterone within 1–3 days.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute each vial with preservative-free SWFI.
To prepare the 240 mg loading dose: Inject 3 ml of SWFI into each
vial containing 120 mg degarelix. Swirl gently; DO NOT shake the
vial. Dissolution may take up to 15 min. Tilt the vial slightly to withdraw 3 ml. Each 120 mg vial should be prepared in a separate syringe. The drug should be administered within 1 hr of reconstitution with SWFI.
Note: To prepare a dose of 240 mg, 2 vials of 120 mg must be
used.
To prepare the 80 mg maintenance dose: Inject 4.2 ml of SWFI into
vial containing 80 mg degarelix. Swirl gently; DO NOT shake the
vial. Dissolution may take up to 15 min. Tilt the vial slightly to withdraw 4 ml for the 80 mg dose. The drug should be administered
within 1 hr of reconstitution with SWFI.

Administration

SC injection ONLY. The drug should be administered within 1 hr of
reconstitution of the drug with SWFI. For the 240 mg loading dose,
the drug should be prepared in 2 separate syringes of 120 mg (3 ml).
Different injection sites should be used for each of the injections.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).
Reconstituted drug should be administered within 1 hr of addition
of SWFI.
Discard any unused portion of the vials.

How supplied

Available as powder for reconstitution, 80 mg and 120 mg
• Loading dose: Carton contains 2 vials each of 120 mg powder
for injection.
• Maintenance dose: Carton contains 1 vial each of 80 mg powder for injection.

Dosage

Prostate cancer:
• Loading dose: 240 mg (given as two 120 mg SC injections) × 1
• Maintenance dose: 80 mg SC every 28 days

Compatibility
information

To be administered SC. DO NOT mix with other drugs.

®
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Contraindications/
precautions

Contraindicated in patients with hypersensitivity to degarelix or any
component of the formulation or women who are pregnant or have
the potential to become pregnant. Pregnancy risk category X.
Use with precaution in patients with congenital long QT syndrome,
electrolyte abnormalities, or CHF and in patients taking antiarrhythmic agents (class IA or III).

Drug interactions

Agent

Effect

Antiarrhythmics
(class IA or III)

Prolongation of QT interval

Drugs associated
with prolongation of
QT interval

Prolongation of QT interval

Androgens

Counteract therapeutic effect of degarelix

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Long-term androgen
deprivation therapy may prolong QT interval.
Serious: Androgen deprivation therapy has been associated with
increased risk for cardiovascular disease, decreased bone density, and metabolic syndrome.
Other:
• Dermatologic: Local skin reactions including pain, erythema,
swelling, nodule, or induration, hyperhidrosis.
• Endocrine and metabolic: Hot flashes, hypercholesterolemia, gynecomastia, testicular atrophy.
• GI: Weight gain, constipation.
• Hepatic: Increased liver enzymes.
• Miscellaneous: Fever, night sweats, chills.
• Musculoskeletal: Asthenia, chills, rigors.
• Neurologic: Headache, dizziness, fatigue.
• After treatment for 1 year, antibody formation has been observed
in 10% of patients.

Special
considerations

Exercise extreme caution in treating patients with preexisting cardiac dysfunction.
Degarelix should not be used during pregnancy.

Monitoring
parameters

Disease status (e.g., prostate-specific antigen)
Serum testosterone monthly until castration levels are achieved
(testosterone ≤ 50 ng/dl), then monthly.

Indications

Prostate cancer, advanced

Dosage
adjustment
recommendations

Specific guidelines for dosage adjustment in patients with hepatic
and/or renal impairment are not available.
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Pharmacokinetics

Absorption: Depot forms upon SC administration from which degarelix is released. The concentration of the drug at the injection
site influences the pharmacokinetics of the drug. Initial rapid release followed by slow release from depot. Onset of action seen
within 3 days.
Volume of distribution is large, and drug is distributed throughout total body water. Protein binding is estimated to be about
90%. Metabolism occurs through peptide hydrolysis, and it is not
thought to be a substrate, inducer, or inhibitor of CYP450. Excretion of the drug as peptide fragments through the GI tract accounts for > 70% of drug, with urine elimination of about 20% of
drug. Elimination half-life is > 50 days.

Manufacturer

Ferring Pharmaceuticals Inc., Parsippany, NJ

Enzalutamide
Other names

XTANDI®

Classification

Hormonal agent, androgen receptor inhibitor

Mechanism of
action

Inhibition of different steps in the androgen receptor signaling pathway. Enzalutamide competitively inhibits androgen binding to androgen receptors and inhibits androgen receptor nuclear translocation and interaction with DNA; this ultimately decreases proliferation
of prostate cancer cells and induces programmed cell death.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Enzalutamide is commercially available as an oral product. The
usual dose requires multiple capsules administered once daily
(four 40 mg capsules).
The capsules should not be chewed, dissolved, or opened for administration. Patients should be instructed to swallow capsules
whole. Drug can be taken with or without food.

Storage and
stability

Store bottles between 68°F–77°F (20°C–25°C). Excursions permitted to 59°F–86°F (15°C–30°C).
Keep capsules dry and in a tightly closed container.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Supplied as white to off-white oblong soft gelatin capsules imprinted with black ink with “MDV.” Each capsule is 40 mg. Packaged in
bottles of 120 capsules.

Dosage

Prostate cancer: Enzalutamide 160 mg (four 40-mg capsules) PO
once daily

Compatibility
information

Oral agent—not applicable
(Continued on next page)

Chapter 5. Antineoplastic Agents

●

325

Contraindications/
precautions

Contraindicated for use in pregnant women or women who may become pregnant based on the mechanism of action. Precaution in
patients with predisposing factors for seizure. Additionally, the package insert states that patients should be advised of the risk of engaging in activity where sudden loss of consciousness could cause
serious harm to themselves or others.

Drug interactions

Agent

Effects

CYP2C8 inhibitors
(e.g., gemfibrozil)

Increase the plasma concentrations of
enzalutamide and the metabolite. May consider dose reduction of the enzalutamide.

CYP2C8 inducers
(e.g., rifampin)

May decrease plasma concentration of
enzalutamide.

CYP3A4 inhibitors

Increase the plasma concentrations of
enzalutamide and the metabolite.

CYP3A4 inducers

May decrease plasma concentration of
enzalutamide.

Enzalutamide is a strong CYP3A4 inducer and a moderate
CYP2C9 and CYP2C19 inducer in humans.
A complete evaluation of potential drug interactions should be conducted for each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Seizures (0.9%) occurred 30–600 days after initiation of therapy in clinical trials.
Other:
• Cardiovascular: Hot flashes, hypertension
• GI: Diarrhea
• General: Asthenia, peripheral edema
• Miscellaneous: Insomnia, anxiety
• Musculoskeletal: Arthralgias, back pain, muscular weakness and
stiffness
• Neurologic: Headache, dizziness, spinal cord compression, paresthesia, seizure, mental impairment
• Renal: Hematuria
• Respiratory: Pneumonia

Special
considerations

Instruct patients to take their dose at the same time each day.
Discuss the possibility of increased risk of seizures.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood pressure.
• CBC/diff: Before initiation of therapy and periodically during therapy;
when used in combination regimens, monitor before each course.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.

Indications

Enzalutamide is indicated for metastatic castration-resistant prostate cancer in patients who have received prior chemotherapy containing docetaxel.
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Dosage
adjustment
recommendations

No dosing adjustment is currently recommended for patients with
mild to moderate liver dysfunction, but the effect of severe hepatic
dysfunction has not been evaluated.
Information from clinical trials suggests that no dosing adjustment is required for individuals with mild or moderate renal dysfunction (CrCl
> 60 ml/min). Data are insufficient to predict the effect of severe renal
impairment on the pharmacokinetics of enzalutamide or metabolites.

Pharmacokinetics

Absorption: Median time to maximum plasma concentration is 1 hr
with daily dosing; steady state is achieved by day 28.
Distribution: Enzalutamide and its major active metabolites are
> 95% protein bound to plasma protein.
Metabolism: Enzalutamide is metabolized by CYP2C8 and
CYP3A4. Active metabolites include N-desmethyl enzalutamide,
which has similar activity of the parent drug. Primary route of
enzalutamide elimination is hepatic.
Elimination half-life: Mean terminal half-life was 6 days for parent
drug (range 3–10 days), and 8 days for the active metabolite.

Manufacturer

Astellas Pharma US, Inc., Northbrook, IL

Estramustine
Other names

Estramustine phosphate sodium, Emcyt®

Classification

Alkylating agent in combination with estradiol molecule

Mechanism of
action

Structurally is a phosphorylated combination of estradiol and nitrogen mustard; however, it has weak alkylating activity. It is thought
that estramustine exerts its anticancer effect through antimicrotubule action. In addition, estramustine causes DNA strand breaks
and may inhibit DNA synthesis. The estradiol portion of the drug
was designed to facilitate uptake by steroid receptors in cancer
cells. It has been found that estramustine therapy produces increased levels of estradiol similar to that seen with estrogen therapy, resulting in changes in circulating hormones.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Estramustine is commercially available as an oral product.
Drug should be administered with water on an empty stomach, at
least 1 hr before or 2 hrs after eating.
Milk, milk products, and calcium-rich food or drug products should
NOT be taken with estramustine.

Storage and
stability

Store bottles under refrigeration at 36°F–46°F (2°C–8°C). Protect
from light. Capsules may be stored at room temperature for 24–
48 hrs without affecting potency.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.
(Continued on next page)
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How supplied

Supplied as opaque white capsules, each containing estramustine phosphate sodium equivalent to 140 mg of estramustine phosphate. Packaged in bottles of 100.

Dosage

Prostate cancer
• Single-agent therapy: Estramustine 14 mg/kg/day or 600 mg/m2/day
divided into 3–4 doses per day. Treatment should be continued
for 30–90 days before determining possible benefits of therapy.
• Combination therapy with docetaxel: Estramustine 280 mg TID
for 5 days every 21 days.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated for use in patients with hypersensitivity to estramustine, estradiol, or nitrogen mustard. Contraindicated in patients with active thromboembolic disease, stroke, or thrombophlebitis. Caution in patients with CHF; asthma; cardiac insufficiency; coronary artery disease; epilepsy; mental depression; migraine headaches; renal or hepatic insufficiency; peptic ulcer; or
history of thrombophlebitis, thrombosis, and thromboembolic disorders.

Drug interactions

Agent
Milk or calciumcontaining products

Effect
Decreased/impaired absorption of estramustine

A complete evaluation of potential drug interactions should be conducted for each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Increased risk of
thrombosis, including fatal and nonfatal MI, is present in men receiving estrogens for prostate cancer.
Serious: Fluid retention: Exacerbation of preexisting or incipient peripheral edema or CHF. Monitor patients accordingly. Allergic reactions and angioedema of the airway have been reported.
Other:
• Cardiovascular: Edema, hypertension, thrombophlebitis
• Dermatologic: Pigment changes
• Endocrine: Decreased libido, gynecomastia, breast tenderness,
erectile dysfunction
• GI: Diarrhea, nausea (usually lessens with continued therapy),
flatulence, anorexia
• Hematologic: Mild leukopenia
• Hepatic: Increased liver enzymes
• Miscellaneous: Night sweats, hypercalcemia; considered a mutagen
• Musculoskeletal: Leg cramps
• Neurologic: Insomnia, lethargy, depression, tinnitus
• Respiratory: Dyspnea
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Special
considerations

Take on an empty stomach 1 hr before or 2 hrs after a meal. Estramustine should be taken with water. Do not take with other medications, milk, milk products, or calcium-rich foods or nutritional supplements. Store in refrigerator. Advise patients to use appropriate contraceptive measures because of the mutagenic effect of the drug.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood pressure
• CBC/diff: Before initiation of therapy and periodically during therapy;
when used in combination regimens, monitor before each course.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH

Indications

Metastatic and/or progressive prostate cancer

Dosage
adjustment
recommendations

Dose modifications are not routinely recommended for hepatic impairment or renal impairment.

Pharmacokinetics

Absorption: Ranges from 50%–75% from GI tract after oral dose.
Metabolism: Metabolites in plasma include estramustine, estradiol, and estrone.
Excretion: Metabolites of both the alkylating and estrogenic moieties are excreted in the bile, urine, and feces. Less than 5% of
parent drug is eliminated in feces.
Elimination half-life: 20–24 hrs.

Manufacturer

Pharmacia & Upjohn Co., a division of Pfizer Inc., New York, NY

Estrogens, conjugated
Other names

Premarin®

Classification

Estrogen

Mechanism of
action

Conjugated estrogens reduce the release of GnRH, resulting in a
decrease in FSH and LH release from the pituitary. Ultimately, the
gonadal production of testosterone is decreased.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Conjugated estrogens are commercially available as oral products.

Storage and
stability

Store between 59°F–86°F (15°C–30°C) in a well-closed container.

How supplied

0.3 mg, 0.45 mg, 0.625 mg, 0.9 mg, and 1.25 mg tablets

Dosage

In the past, HD estrogen therapy was used in treatment of inoperable breast cancer at doses of 10 mg PO for at least 3 months; this is
rarely done with the current alternatives for breast cancer treatment.
Additionally, estrogen therapy was used for palliative treatment of
prostate cancer at doses of 1.25–2.5 mg PO TID; this is rarely done
with current alternatives for treatment of prostate cancer.
(Continued on next page)
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Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients who are pregnant or breast-feeding or
have undiagnosed abnormal genital bleeding or a history of hypersensitivity reactions to estrogens. Use conjugated estrogens with caution in patients with a history of thromboembolic disorders. Consider
risk versus benefit in patients with endometriosis, gallbladder disease,
pancreatitis, hepatic function impairment, or hyperlipoproteinemia.

Drug interactions

Agent

Effects

Anticoagulants

Estrogens may reduce the effectiveness of anticoagulants. Monitor PT closely in patients receiving warfarin; adjust warfarin dose as necessary.

Corticosteroids

Estrogens may increase the pharmacologic and
AEs of corticosteroids. Corticosteroid dosage
reduction may be necessary.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Thromboembolic
events, MI
Serious: Hypercalcemia, hypertension, peripheral edema, pancreatitis
Other:
• Endocrine: Gynecomastia, breast pain, breast tenderness,
amenorrhea, breakthrough bleeding, increased libido (women),
decreased libido (men)
• GI: Nausea, anorexia, bloating
• Miscellaneous: Intolerance to contact lenses
• Neurologic: Headache

Special
considerations

Estrogens have been reported to increase the risk of endometrial carcinoma in postmenopausal women. Estrogens may worsen cancerrelated hypercalcemia.

Monitoring
parameters

No monitoring parameters are recommended.

Indications

Conjugated estrogens have labeled indication for the treatment of
inoperable and progressing breast cancer in select men and postmenopausal women and in inoperable and progressing androgendependent prostate cancer but are rarely indicated with current
available options.

Dosage
adjustment
recommendations

Use with caution in patients with hepatic dysfunction. Conjugated
estrogens should not be used in patients with severe or acute hepatic dysfunction. Mild hepatic dysfunction may require dose reductions. No specific dosage reduction recommendations have been
published.

Pharmacokinetics

Well absorbed from the GI tract; metabolized in the liver; excreted
in the urine and bile

Manufacturer

Wyeth Pharmaceuticals, Philadelphia, PA; generic manufacturers
(Continued on next page)
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Exemestane
Other names

Aromasin

Classification

Hormonal therapy, steroidal aromatase inactivator, antiestrogen

Mechanism of
action

Exemestane is an irreversible steroidal aromatase inhibitor. Aromatase is the enzyme required for the conversion of androgens to estrogens in peripheral tissues. Exemestane inhibits the conversion of
androstenedione to estrone, which is ultimately converted to estradiol. No effect on corticosteroid or aldosterone synthesis.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Exemestane is administered PO once daily after meals.

Storage and
stability

Store in tightly sealed bottles at controlled room temperature of
59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents are recommended.

How supplied

Commercially available as 25 mg tablets in bottles of 30

Dosage

Breast cancer: 25 mg PO once daily after a meal

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the product and in pregnant women. Pregnancy risk category X. Caution in
patients with preexisting osteoporosis or osteopenia, cardiovascular disease or hyperlipidemia, or moderate to severe hepatic insufficiency.

Drug interactions

Exemestane is metabolized by CYP3A4. Medications that induce
CYP3A4 may decrease systemic exposure to exemestane. The
goal of exemestane is to decrease circulating estrogen concentration; therefore, estrogens or estrogen-containing products should
not be given concomitantly with exemestane. Androstenedione is a
metabolic precursor for androgens and estrogens and could interfere with the pharmacologic effect of aromatase inhibitors; androstenedione supplements should not be given concurrently with exemestane.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted
Serious: Hypertension, osteoporosis and osteopenia
Other:
• Cardiovascular: Edema
• Dermatologic: Alopecia
• Endocrine: Hot flashes, increased sweating
• GI: Nausea, vomiting, abdominal pain, anorexia
• Hepatic: Increased alkaline phosphatase

®
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Miscellaneous: Pain, flu-like symptoms
Musculoskeletal: Fatigue, arthralgia
Neurologic: Dizziness, headache, depression, insomnia, anxiety
Respiratory: Dyspnea, cough

Special
considerations

Should be taken after meals. The source of estrogen in premenopausal women includes ovarian production of estrogen and the peripheral conversion of androgens to estrogens; therefore, inhibition of the peripheral conversion of androgens to estrogens via aromatase inhibition is not sufficient to decrease estrogen levels in
this population. Use of aromatase inhibitors therapy is currently reserved for postmenopausal women with hormone receptor–positive
breast cancer. Exemestane is used in premenopausal women only
when concurrent therapy is given to suppress ovarian production
of estrogens. Patients on aromatase inhibitor/inactivator therapy
should receive vitamin D and calcium supplements and be counseled on lifestyle strategies to maintain bone health.

Monitoring
parameters

Bone mineral density before therapy and periodically during therapy

Indications

Exemestane is indicated for postmenopausal women with estrogen
receptor–positive breast cancer.

Dosage
adjustment
recommendations

No dosing adjustment is recommended for renal or hepatic dysfunction. Increased dose may be used when patients are on concurrent therapy with a potent CYP3A4 inducer (e.g., rifampin).

Pharmacokinetics

Absorption: PO, with a 42% bioavailability. Taking the drug following
a high-fat meal significantly increases plasma levels.
Distribution: 90% protein bound.
Metabolism: Hepatically metabolized primarily by CYP3A4.
Excretion: Urinary excretion of metabolites < 1%, feces 40%.
Elimination half-life: 24 hrs.

Manufacturer

Pharmacia & Upjohn Co., a division of Pfizer Inc., New York, NY;
generic manufacturers

Fluoxymesterone
Other names

Halotestin®

Classification

Hormonal therapy, androgen

Mechanism of
action

Fluoxymesterone is an anabolic steroid derivative of testosterone.
Androgens are responsible for the growth and development of male
sex organs and secondary male characteristics. Fluoxymesterone
inhibits the formation of estrogens.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Fluoxymesterone may be administered as a single daily dose, or
the daily dose may be divided up to QID doses. Take with food.
(Continued on next page)
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Storage and
stability

Store at controlled room temperature of 68°F–77°F (20°C–25°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

2 mg in bottles of 100 tablets, 5 mg in bottles of 100 tablets, and 10
mg in bottles of 30 tablets and 100 tablets

Dosage

Breast cancer: Total daily dose of 10–40 mg/day in divided doses
taken with food.
Androgen replacement in male hypogonadism: Total daily dose of
5–20 mg PO 1–4 times/day.
Treatment of men with delayed puberty: Total daily dose ranges
from 2.5–10 mg PO daily; dose should be titrated using appropriate skeletal monitoring.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated patients with known sensitivity to the drug, men
with carcinoma of the breast, men with known or suspected carcinoma of the prostate gland, women known or suspected to be
pregnant (FDA pregnancy risk category X), and patients with severe cardiac, renal, or hepatic dysfunction. Caution in patients with
cardiac function impairment, coronary artery disease, diabetes
mellitus, prostatic hyperplasia, preexisting hypercalcemia, or history of MI.

Drug interactions

Agent

Effect

Antiandrogenic
medications

Androgen therapy competes with the effectiveness of these medications.

Anticoagulants

Fluoxymesterone may increase the toxicity of
oral anticoagulants. The doses of warfarin may
need to be reduced with concomitant fluoxymesterone administration.

Antidiabetic
agents

Fluoxymesterone may increase toxicity of antidiabetic agents, including insulin and sulfonylureas.
Doses of these agents may need to be reduced
with concomitant fluoxymesterone administration.

Hepatotoxic
drugs

Concurrent use may increase liver damage.

Levothyroxine

Increase in serum free T4 concentrations requiring dose reduction in levothyroxine dose while on
concurrent therapy.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: None noted
Serious: Electrolyte abnormalities, hypercalcemia, cholestatic
jaundice, hepatic dysfunction
Other:
• Cardiovascular: Edema
• Dermatologic: Acne, hirsutism
• Endocrine: Hypoglycemia, menstrual irregularities, amenorrhea,
breast soreness, virilism, changes in libido
• GI: Nausea, vomiting
• Hematologic: Suppression of clotting factors, polycythemia
• Neurologic: Headache, anxiety, depression, paresthesias, aggressiveness

Special
considerations

Fluoxymesterone is a schedule C-III controlled substance.

Monitoring
parameters

Monitor LFTs periodically.

Indications

Fluoxymesterone has been used for palliative treatment of advanced androgen-responsive breast cancer in women. Other indications include replacement therapy for deficiency or absence of
testosterone, hypogonadism, and delayed puberty in men.

Dosage
adjustment
recommendations

Avoid using in patients with severe renal or hepatic dysfunction.

Pharmacokinetics

Absorption: Rapidly absorbed
Metabolism: Undergoes extensive hepatic metabolism
Excretion: Metabolites detected in the urine for up to 5 days
Elimination half-life: 9–13 hrs; excreted in the urine

Manufacturer

Pharmacia & Upjohn Co., a division of Pfizer Inc., New York, NY

Other names

Eulexin

Classification

Hormonal therapy, antiandrogen, nonsteroidal antiandrogen

Mechanism of
action

Flutamide is a nonsteroidal antiandrogen with antiandrogenic effects. Flutamide inhibits androgen uptake and nuclear binding of
androgen in target tissues.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Flutamide
®
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Administration

Flutamide is commercially available as an oral product. The total
daily dose should be administered every 8 hrs to ensure androgen
suppression. The dose can be given with or without food. Note: Flutamide capsules contain lactose; therefore, patients with lactase
deficiency should take appropriate precautions. Capsules can be
opened and mixed with applesauce or other soft foods.

Storage and
stability

Store between 36°F–86°F (2°C–30°C). Protect the unit-dose packages from excessive moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 125 mg capsules

Dosage

Prostate cancer: 250 mg (125 mg capsules × 2) PO TID (as close
to every 8 hrs as possible)

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in women and patients with a known hypersensitivity to flutamide or severe hepatic impairment. Flutamide is not recommended in patients whose ALT exceeds twice the ULN. Consider risk versus benefit in patients with hepatic function impairment.

Drug interactions

Agent

Effect

Ciprofloxacin

As ciprofloxacin may inhibit the metabolism of flutamide through inhibition of CYP1A2, it may increase flutamide drug concentrations.

Warfarin

Flutamide has been shown to displace warfarin
from its protein-binding sites. If flutamide is initiated in a patient stabilized on warfarin, monitor PT
closely; adjust warfarin dose as necessary.

Flutamide is a substrate of cytochrome P450 isoenzymes 1A2 and
3A4.
A complete review of potential drug interactions should be evaluated for each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hepatic failure and
hepatotoxicity. Presentation includes abdominal pain, anorexia, cholestasis with jaundice, elevated LFTs including hyperbilirubinemia, nausea, vomiting, upper quadrant tenderness, and/or
urine discoloration (amber or yellow-green).
Serious: Hypertension, hepatitis, jaundice, hemolytic and macrocytic anemia, secondary malignancies of the breast
Other:
• Cardiovascular: Edema
• Dermatologic: Photosensitivity, skin reaction
• Endocrine: Hot flashes, gynecomastia, decreased libido, impotence
• GI: Diarrhea, anorexia, nausea and vomiting
• Hematologic: Anemia, leukopenia, thrombocytopenia (uncommon)
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Chapter 5. Antineoplastic Agents

●

335

Special
considerations

Monitor LFTs routinely.

Monitoring
parameters

Monitor CBC/diff and LFTs as clinically indicated.

Indications

Flutamide is used in combination with an LHRH analog as therapy
for prostate cancer.

Dosage
adjustment
recommendations

Although no dose adjustments are routinely recommended for patients with hepatic or renal impairment, use caution in patients with
severe hepatic dysfunction.

Pharmacokinetics

Absorption: Rapid and complete oral absorption
Distribution: Highly protein bound (94%–96%)
Metabolism: Extensive hepatic metabolism to 10+ metabolites, including an active metabolite of 2-hydroxyflutamide
Excretion: Urine (of metabolites)
Elimination half-life: 5–6 hrs

Manufacturer

Schering Corp., Kenilworth, NJ; generic manufacturers

Other names

Faslodex

Classification

Hormonal therapy, estrogen receptor antagonist

Mechanism of
action

Fulvestrant is an analog of estradiol and is a pure estrogenreceptor antagonist without any known estrogen agonist effects.
Estrogen antagonism results in downregulation of the estrogen
receptor protein, which results in inhibition of breast cancer cell
growth.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Fulvestrant is supplied in a glass syringe containing 250 mg (50
mg/ml). Before the IM administration, remove the excess gas bubble from the syringe.

Administration

Administer IM slowly in the buttock. A maximum of 250 mg (5 ml)
should be given in each buttock. For doses of 500 mg, 2 injections
of 250 mg (5 ml) should be given, 1 injection in each buttock.

Storage and
stability

Store in refrigerator at 36°F–46°F (2°C–8°C). Protect from light until use. Recommended that the product be stored in the original
carton until time of use.

How supplied

Supplied as clear neutral glass barrels containing 250 mg/5 ml or
2 syringes of 125 mg/2.5 ml. Syringes are presented in a tray with
plunger rod and safety needles for connection to the barrel.

Dosage

Breast cancer, hormone-receptor positive: 500 mg IM (two 250 mg
IM injections) on days 1, 15, 29 and then monthly thereafter

Compatibility
information

Should not be admixed with any other drugs

Fulvestrant
®
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Contraindications/
precautions

Contraindications include women who are pregnant. Women of
child-bearing potential should be counseled not to become pregnant while receiving fulvestrant therapy. Pregnancy risk category D.
Contraindicated in individuals with hypersensitivity or allergy to fulvestrant or any components of Faslodex. Caution in women who
are breast-feeding. Because fulvestrant is administered IM it should
be used with caution in patients with thrombocytopenia and those
on anticoagulation therapy.

Drug interactions

Fulvestrant is partially metabolized by CYP3A4 in vitro. Potential
interactions with drugs that induce or inhibit CYP3A4 should be
considered.
A complete review of potential drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported
Serious: None reported
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Mild transient pain or inflammation at injection site
• Endocrine/metabolic: Hot flashes
• GI: Nausea, vomiting, constipation, diarrhea, abdominal pain,
anorexia
• Hepatic: Increase in transaminases
• Miscellaneous: Fever, flu-like symptoms
• Musculoskeletal: Back pain, bone pain
• Neurologic: Headache
• Respiratory: Pharyngitis, dyspnea, cough

Special
considerations

Use IM injections with caution in patients with thrombocytopenia or
who are on anticoagulation therapy (including those on oral anticoagulation agents for atrial fibrillation). Women should NOT become
pregnant while on fulvestrant. Safety has not been evaluated in patients with moderate or severe hepatic impairment.

Monitoring
parameters

Monitor for injection-site reactions and for signs of disease progression.

Indications

Fulvestrant is indicated for hormone receptor–positive, postmenopausal breast cancer.

Dosage
adjustment
recommendations

Moderate hepatic impairment (Child-Pugh class B): Dose reduction
to 250 mg IM on days 1, 15, 29 and once monthly thereafter
Specific guidelines for dose adjustment in renal impairment are not
available.

Pharmacokinetics

Absorption: After IM injection of fulvestrant, maximum plasma concentrations are seen in about 1 week and maintained over 1 month.
Fulvestrant is highly protein bound. Metabolism includes oxidation,
aromatic hydroxylation and conjugation with glucuronic acid. Fulvestrant is cleared by the hepatobiliary route with excretion primarily through the feces.

Manufacturer

AstraZeneca Pharmaceuticals, Wilmington, DE
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Goserelin
Other names

Zoladex , goserelin acetate

Classification

GnRH agonist

Mechanism of
action

Goserelin has actions similar to naturally occurring GnRH. Goserelin and other GnRH agonists stimulate receptors on the pituitary
gland to release LH and FSH. The continued exposure of goserelin, via the long-acting goserelin depot products, leads to downregulation of the GnRH receptor and ultimately causes decreased secretion of LH and FSH. The decrease in LH and FSH result in a decrease in testosterone levels and pharmacologic castration in men.
In women, estradiol levels decrease to levels consistent with postmenopausal state.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Goserelin is an implant; therefore, DO NOT attempt to eliminate air
bubbles before injection.

Administration

Administer the appropriate dosage as a SC injection into the upper
abdominal wall using aseptic technique. DO NOT try to remove
air bubbles as this may displace the goserelin implant. DO NOT
use the syringe for aspiration. If the hypodermic needle penetrates a large vessel, blood will be seen in the syringe chamber. If
a vessel is penetrated, withdraw the needle and inject with a new
syringe elsewhere. DO NOT penetrate muscle or peritoneum.
If goserelin needs to be removed, it may be localized by ultrasound.

Storage and
stability

Store at controlled room temperature (DO NOT exceed 77°F
[25°C]). Protect from light.

How supplied

Available as 3.6 mg (1-month implant) and 10.8 mg (3-month implant). Both dosages are prepared as a whitish-beige depot in a
disposable syringe device fitted with 16- and 14-gauge needles, respectively.

Dosage

Prostate cancer, advanced: 3.6 mg SC implant every 28 days or
10.8 mg SC implant every 12 weeks.
Breast cancer, hormone positive, pre- or perimenopausal: Goserelin 3.6 mg SC every 28 days (the 3-month preparation is not recommended in breast cancer at this time).
Although a delay of a few days is permissible, an effort should be
made to adhere to the 28-day or 12-week dosing schedule.
Endometrial thinning: 3.6 mg SC every 28 days for 1–2 doses.

Compatibility
information

SC—not applicable

®
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Contraindications/
precautions

Contraindicated in patients with hypersensitivity to goserelin,
GnRH, or other GnRH analogs. Goserelin should not be used in
women with undiagnosed abnormal vaginal bleeding. Goserelin
should not be used in women who are or may become pregnant
while taking this drug. Pregnancy risk category D. Caution in patients who are at risk for spinal cord compression, as GnRH agonist therapy may cause initial worsening of disease.

Drug interactions

Concomitant therapy with androgens or estrogens is relatively contraindicated in patients with prostate cancer or breast cancer, respectively. This includes pharmaceutical products and alternative
therapies that contain these hormones.

Toxicity/adverse
events

With initiation of therapy, patients with prostate cancer may experience a transient increase in testosterone levels and worsening of
signs and symptoms of disease. Bone and tumor pain, temporary
weakness and paresthesia of the lower limbs, and urinary obstructive symptoms have been reported.
Acute and/or potentially life-threatening: Cardiac arrhythmias
and palpitations, pulmonary embolism, anaphylaxis (e.g., SOB,
rash, itching, hypotension)
Serious: None noted
Other:
• Cardiovascular: Edema with weight gain
• Dermatologic: Injection-site reaction, acne, seborrhea
• Endocrine:
–– Men: Hot flashes, swelling and tenderness of breasts, decreased size of testicles, impotence/sexual dysfunction
–– Female: Amenorrhea and irregular vaginal bleeding, decreased libido, breast enlargement
• GI: Nausea, vomiting, constipation, diarrhea
• Miscellaneous: Diaphoresis, tumor flare, osteoporosis
• Neurologic: Blurred vision, dizziness, headache, trouble sleeping, personality and behavioral changes, insomnia

Special
considerations

During the first few weeks of therapy, male patients may experience
a transient increase in testosterone levels and worsening of signs
and symptoms of disease. Goserelin interferes with pituitary gonadotropin and gonadal function tests during therapy and for up to 12
weeks after discontinuation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Serum testosterone (prostate cancer)
• Blood glucose
• Bone mineral density

Indications

Goserelin is indicated for the treatment of advanced prostate cancer, advanced breast cancer, early-stage breast cancer, and endometriosis.

Dosage
adjustment
recommendations

No dosing adjustments are necessary for patients with renal or hepatic dysfunction.
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Pharmacokinetics

Following SC administration of the depot in the upper abdominal
wall, the drug is absorbed slowly over the first week, then faster over
the remainder of the dosing interval. Peak mean concentrations are
reached approximately 15 days after administration. Goserelin is metabolized by hydrolysis, and clearance of the drug is primarily through
urinary excretion of metabolites. In women, estradiol suppression
reaches postmenopausal levels within 3 weeks. In men testosterone
suppression reaches castration levels within 2–4 weeks after initiation.

Manufacturer

AstraZeneca Pharmaceuticals, Wilmington, DE

Other names

Vantas , histrelin acetate

Classification

GnRH agonist

Mechanism of
action

Histrelin has actions similar to naturally occurring GnRH. Histrelin
and other GnRH agonists stimulate receptors on the pituitary gland
to release LH and FSH. The continued exposure of histrelin, via the
long-acting histrelin implant, leads to downregulation of the GnRH
receptor and ultimately causes decreased secretion of LH and FSH.
The decrease in LH and FSH results in a decrease in testosterone
levels and pharmacologic castration in men. In women, estradiol levels decrease to levels consistent with postmenopausal state.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Histrelin is an implant; therefore, DO NOT attempt to eliminate air
bubbles before injection.

Administration

Insertion of the Vantas® implant is a surgical procedure. Please refer to package labeling for specifics of insertion technique. Note:
Vantas should be removed after 12 months of therapy.

Storage and
stability

Upon receipt, store the small carton containing the amber-colored
plastic pouch and glass vial containing the implant in the refrigerator until day of insertion. Refrigerate at 36°F–46°F (2°C–8°C) in unopened glass vial with the sodium chloride solution overwrapped in
the amber-colored plastic pouch. Excursions re permitted to 77°F
(25°C) for 7 days. DO NOT FREEZE. Protect from light. (Store the
implantation kit at room temperature.)

How supplied

Vantas implant is a sterile, nonbiodegradable, diffusion-controlled
hydrogel polymer reservoir containing histrelin acetate. It is supplied in a carton containing 2 cartons; 1 carton is the implant, and
one is the implantation kit. It is designed to deliver approximately
50 mcg histrelin acetate per day over 12 months.

Dosage

Advanced prostate cancer: Histrelin implant contains 50 mg histrelin acetate drug core inside the 3.5 cm by 3 mm reservoir. It is designed to deliver approximately 50 mcg histrelin acetate per day
over 12 months.

Compatibility
information

Not applicable

Histrelin
®

(Continued on next page)

340 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to histrelin, GnRH,
or other GnRH analogs. Histrelin may cause a transient increase in
serum concentrations of testosterone during the first week of treatment and may experience worsening of symptoms or onset of new
symptoms. Increased risk of hyperglycemia, diabetes, and cardiovascular disease.

Drug interactions

Concomitant therapy with androgens or estrogens is relatively contraindicated in patients with prostate cancer or breast cancer, respectively. This includes pharmaceutical products and CAM therapies that contain these hormones.

Toxicity/adverse
events

With initiation of therapy, patients with prostate cancer may experience a transient increase in testosterone levels and worsening of
signs and symptoms of disease. Bone and tumor pain, temporary
weakness and paresthesia of the lower limbs, and urinary obstructive symptoms have been reported.
Acute and/or potentially life-threatening: Cardiac arrhythmias,
MI, sudden cardiac death and stroke, pulmonary embolism
Serious: None noted
Other:
• Dermatologic: Injection-site reaction including bruising, erythema, pain, soreness, swelling, and tenderness
• Endocrine (men): Hot flashes, swelling and tenderness of breasts,
decreased size of testicles, impotence/sexual dysfunction
• GI: Constipation, weight gain
• Miscellaneous: Diaphoresis, tumor flare, osteoporosis

Special
considerations

During the first few weeks of therapy, male patients may experience
a transient increase in testosterone levels and worsening of signs
and symptoms of disease.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Serum testosterone (prostate cancer)
• Blood glucose
• Bone mineral density

Indications

Histrelin is indicated for advanced prostate cancer. It is also used
for the treatment of children with central precocious puberty.

Dosage
adjustment
recommendations

No known dosing adjustments are necessary for patients with renal
or hepatic dysfunction.

Pharmacokinetics

Following implantation, peak serum concentrations occurred at a
median of 12 hrs, and continuous subcutaneous release was evident throughout the 52-week dosing period. Histrelin is metabolized
in the liver via c-terminal dealkylation and hydrolysis. The terminal
half-life of the drug is about 4 hrs, but as the drug is released continuously from the implant, the exposure of drug occurs throughout
the time the implant is in place.

Manufacturer

Endo Pharmaceuticals, Chadds Ford, PA
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Letrozole
Other names

Femara

Classification

Antiestrogen, aromatase inhibitor

Mechanism of
action

Letrozole is a potent and selective inhibitor of the enzyme aromatase; aromatase is required for the conversion of androgens to estrogens in peripheral tissues. Letrozole inhibits conversion of androstenedione to estrone, which is ultimately converted to estradiol.
There is no effect on corticosteroid or aldosterone synthesis.

Vesicant
information

Oral product—not classified as a vesicant or an irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Letrozole is commercially available as an oral product. Use precautions during handling and disposal.

Storage and
stability

Store at 77°F (25°C). Excursions are permitted to 59°F–86°F
(15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

2.5 mg tablets

Dosage

One 2.5 mg tablet daily, without regard to meals

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known hypersensitivity to the drug
or in women who are pregnant or may become pregnant. Pregnancy risk category X.
Caution in women who are breast-feeding or who have hepatic function impairment, preexisting ischemic heart disease, coronary artery disease, or a history of MI.
Caution in women with preexisting osteoporosis, osteopenia, or
risk factors for development of osteoporosis. Letrozole should not
be used in premenopausal women as it may not be able to inhibit
formation of estrogens from ovaries.

Drug interactions

Letrozole should not be given together with estrogens or estrogencontaining products, as these agents will interfere with the pharmacologic effect of letrozole.
A complete review of potential drug interactions should be evaluated for each patient.

®
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Thromboembolism
Serious: Chest pain, hypertension
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Skin reactions
• Endocrine/metabolic: Vaginal bleeding, hot flashes, hypercholesterolemia
• GI: Nausea, vomiting, constipation, diarrhea, abdominal pain,
anorexia, dyspepsia
• Miscellaneous: Diaphoresis, night sweats
• Musculoskeletal: Arthralgia
• Neurologic: Headache, dizziness, depression
• Respiratory: Dyspnea, cough

Special
considerations

The sources of estrogen in premenopausal women include both
ovarian production of estrogen and the peripheral conversion of androgens to estrogens; therefore, inhibition of the peripheral conversion of androgens to estrogens via aromatase inhibition is not sufficient to decrease estrogen levels in this population. Use of aromatase inhibitors therapy is currently reserved for postmenopausal women with hormone receptor–positive breast cancer. Letrozole
is used in premenopausal women only when concurrent therapy is
given to suppress ovarian production of estrogens. Patients on aromatase inhibitor/inactivator therapy should receive vitamin D and
calcium supplements and be counseled on lifestyle strategies to
maintain bone health.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Bone mineral density
• LFTs

Indications

Letrozole is indicated for use as adjuvant therapy for early-stage
and advanced-stage hormone receptor–positive breast cancer.

Dosage
adjustment
recommendations

No dosage adjustments are recommended for patients with renal
or hepatic impairment. Use letrozole with caution in patients with
severe hepatic dysfunction.

Pharmacokinetics

Absorption is rapid and complete after PO administration and does
not appear to be affected by food. Letrozole is hepatically metabolized via CYP3A4 and CYP2A6 to inactive metabolites. Urinary excretion of inactive metabolites accounts for about 90% of the drug.
Elimination half-life is approximately 2 days.

Manufacturer

Novartis Pharmaceuticals Corp., East Hanover, NJ; generic manufacturers
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Leuprolide
Other names

Lupron , Viadur®, Eligard®

Classification

GnRH analog

Mechanism of
action

Leuprolide has actions similar to naturally occurring GnRH. Leuprolide
and other GnRH agonists stimulate receptors on the pituitary gland to
release LH and FSH. The continued administration of leuprolide (daily)
or of the long-acting leuprolide product leads to downregulation of the
GnRH receptor and ultimately causes decreased secretion of LH and
FSH. The decrease in LH and FSH results in a decrease in testosterone levels and pharmacologic castration. In women, estradiol levels
decrease to levels consistent with postmenopausal state.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Eligard is packaged as 2 syringes: Allow the product to reach room
temperature. Once mixed, the drug must be administered in 30 min.
Prepare the 2 syringes for mixing per manufacturer instructions and
join the 2 syringes together to mix the product by pushing contents
of both syringes back and forth to obtain a uniform suspension.
Draw the entire mixture into syringe B; air bubbles will remain.
Lupron depot is provided as sterile lyophilized microspheres; leuprolide is incorporated in the biodegradable copolymer of lactic
and glycolic acids. When mixed with diluent, the depot is administered as an IM injection.
Lupron should be reconstituted with diluents provided.
Viadur is a sterile miniature implant designed to deliver leuprolide acetate for 12 months at a controlled rate. The implant tray
includes sealed vial with implant, sterile implanter, and container of lidocaine HCl USP 2%, 10 ml. The implant from the bottle is
placed on a sterile field and then loaded in inserter for administration. (A physician insert is provided in the box containing the drug
with information on insertion and removal instructions.)

Administration

SC: Eligard should be administered SC within 30 min of preparation on the abdomen, upper buttock, or anywhere there is an adequate amount of SC tissue that does not have excessive pigments, nodules, or hair.
IM: Lupron depot should be administered as a single IM injection.
The drug should be used within 2 hrs of reconstitution.
Viadur implant is inserted SC in the inner aspect of the upper arm;
after 12 months the implant must be removed.

Storage and
stability

Eligard should be refrigerated at 36°F–46°F (2°C–8°C). Once reconstituted, the preparation should be administered in 30 min.
Lupron depot should be stored at 77°F (25°C); excursions are permitted to 59°F–86°F (15°C–30°C). Upon reconstitution, the drug
should be administered within 2 hrs. Product does not contain a
preservative.
Viadur implant should be stored at 77°F (25°C). Excursion permitted to 59°F–86°F (15°C–30°C).

®
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How supplied

Eligard: Single-use kits of 7.5 mg, 22.5 mg, 30 mg, and 45 mg
Lupron Depot-Ped: 7.5 mg, 11.25 mg, 15 mg (released over 1 month)
Lupron Depot: 3.75 mg, 7.5 mg (released over 1 month)
Lupron Depot, 3 month: 11.25 mg, 22.5 mg (released over 3 months)
Lupron Depot, 4 month: 30 mg (released over 4 months)
Lupron: 5 mg/ml (2.8 ml) solution
Viadur implant: Contains 72 mg of leuprolide acetate

Dosage

Note: Dosing is based on the appropriate depot product (e.g., for every-3-month dosing, the depot 3-month product should be used).
Prostate cancer, advanced (depot formulations): Leuprolide depot
7.5 mg monthly, 22.5 mg every 3 months, 30 mg every 4 months,
45 mg every 6 months.
Breast cancer, premenopausal ovarian ablation (depot formulation):
Leuprolide depot 3.75 every 28 days, 11.25 mg every 3 months IM.
(Leuprolide solution is used SC for initial therapy for some indications such as precocious puberty.)

Compatibility
information

Leuprolide should not be mixed with any other medication or solution.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to leuprolide, GnRH,
or other GnRH analogs. Leuprolide should not be used in women
with undiagnosed abnormal vaginal bleeding or women who are or
may become pregnant while taking this drug. Pregnancy risk category X. Exercise caution in patients who are at risk for spinal cord compression, as GnRH agonist therapy may cause initial worsening of
disease.

Drug interactions

Concomitant therapy with androgens or estrogens is contraindicated in patients with prostate cancer or breast cancer. This includes
pharmaceutical products and CAM therapies that contain these
hormones.
A complete review of potential drug interactions should be evaluated for each patient.

Toxicity/adverse
events

With initiation of therapy, patients with prostate cancer may experience a transient increase in testosterone levels and worsening of
signs and symptoms of disease. Bone and tumor pain, temporary
weakness and paresthesia of the lower limbs, and urinary obstructive symptoms have been reported.
Acute and/or potentially life-threatening: Cardiac arrhythmias
and palpitations, pulmonary embolism, anaphylaxis (e.g., SOB,
rash, itching, hypotension)
Serious: None noted
Other:
• Cardiovascular: Edema with weight gain
• Dermatologic: Injection-site reaction, acne, seborrhea
• Endocrine:
–– Men: Hot flashes, swelling and tenderness of breasts, decreased size of testicles, impotence/sexual dysfunction
–– Women: Amenorrhea and irregular vaginal bleeding, decreased libido, breast enlargement
• GI: Nausea, vomiting, constipation, diarrhea
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• Miscellaneous: Diaphoresis, tumor flare, osteoporosis
• Neurologic: Blurred vision, dizziness, headache, trouble sleeping, personality and behavioral changes, insomnia
Special
considerations

During the first 2 weeks of therapy, patients may experience a transient increase in testosterone levels and worsening of signs and
symptoms of disease.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood glucose
• Bone mineral density
• Testosterone, prostate-specific antigen (prostate cancer)

Indications

Leuprolide is indicated for the treatment of advanced prostate cancer,
endometriosis, and precocious puberty. It has been used in treating
breast cancer as a strategy for premenopausal ovarian ablation.

Dosage
adjustment
recommendations

No dose adjustments are recommended for patients with renal or
hepatic dysfunction.

Pharmacokinetics

Leuprolide may be administered SC or IM. Peak levels following IM
injections is about 4 hrs and about 20%–25% of drug is absorbed
into circulation from the depot formulation each week. Leuprolide
is well absorbed from SC administration. The drug has a volume of
distribution 27 L, and high concentrations are found in the liver, pineal, kidney, and pituitary tissue. Leuprolide, similar to naturally occurring GnRH, is metabolized in the anterior pituitary and hypothalamus. The plasma elimination half-life is 3 hrs, but this does not
represent duration of effect at the site of action.

Manufacturer

Eligard: sanofi-aventis U.S. LLC, Bridgewater, NJ
Lupron, Lupron Depot, Lupron Depot-3 Month 22.5 mg, Lupron Depot-4 Month 30 mg: Abbott Laboratories, North Chicago, IL
Viadur (leuprolide acetate implant): Alza Corp., Palo Alto, CA

Medroxyprogesterone
Other names

Medroxyprogesterone acetate, Provera®, Depo-Provera®

Classification

Progestational agent

Mechanism of
action

The mechanism of action in patients with cancer has not been clearly defined. Medroxyprogesterone, like all progestins, appears to affect the serum concentration of other hormones, particularly estrogen. Progestins are thought to have antiestrogenic activity by decreasing the quantity of estrogen receptors or reducing the availability or stability of the hormone receptor complex. In addition, they may
directly inhibit tumor growth, suppress the release of gonadotropins
from the pituitary, and inhibit the growth of hormone-sensitive tumors.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

No preparation or mixture required
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Administration

PO: Taken daily, as single or multiple doses, regardless of meals
or food
IM: Deep IM injection in the gluteal or deltoid muscle
SC: Administered in the upper thigh or abdomen

Storage and
stability

Store at controlled room temperature. Protect from freezing.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Depo-Provera is available as 400 mg/ml aqueous suspension in 2.5
ml and 10 ml multidose vials.
Depo-subQ Provera 104®: 104 mg/0.65 ml
Tablets: 2.5 mg, 5 mg, or 10 mg (scored)

Dosage

Endometrial cancer: 400–1,000 mg IM weekly

Compatibility
information

Medroxyprogesterone acetate aqueous suspension should not be
mixed with any other drugs.

Contraindications/
precautions

Contraindicated in patients with known or suspected pregnancy;
undiagnosed vaginal bleeding; known or suspected malignancy of
the breast; active thrombophlebitis, current or past history of thromboembolic disorders or cerebral vascular disease; liver dysfunction
or disease; or known sensitivity to medroxyprogesterone.

Drug interactions

A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary embolism
Serious: Jaundice
Other:
• Cardiovascular: Edema, thrombophlebitis
• Dermatologic: Acne, alopecia, skin reaction
• Endocrine: Changes in menstrual flow, amenorrhea, hirsutism
• Miscellaneous: Fever, changes in weight
• Musculoskeletal: Weakness
• Neurologic: Depression, insomnia

Special
considerations

Instruct patients to notify their physician if sudden loss of vision or
migraine headache occurs.

Monitoring
parameters

No monitoring parameters are recommended.

Indications

Medroxyprogesterone acetate is indicated as adjunctive therapy
and palliative treatment of inoperable, recurrent, and metastatic endometrial cancer.

Dosage
adjustment
recommendations

Because of the possibility of medroxyprogesterone causing fluid retention, carefully observe patients with renal dysfunction. Patients
with hepatic dysfunction should not receive this drug.

Pharmacokinetics

Following IM administration, peak plasma concentrations were
reached within 2–7 hrs; 90% bound to plasma proteins. Metabolized in the liver. Excreted in urine and feces.

Manufacturer

Pfizer Inc., New York, NY
(Continued on next page)
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Megestrol
Other names

Megace , Megace ES®, megestrol acetate

Classification

Progestational agent

Mechanism of
action

Megestrol acetate is a progestational agent and appears to affect
the serum concentration of other hormones, particularly estrogen.
Megestrol is thought to suppress LH release from the pituitary and
ultimately decrease the production of estrogens. As with other progestins, megestrol induces endometrial secretory changes. Megestrol is associated with weight gain, thought to be due to the drug’s
metabolic and appetite stimulatory effects.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Megestrol is commercially available as an oral tablet and may be
administered with or without food.

Storage and
stability

Store between 59°F–77°F (15°C–25°C) in a closed container.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Megestrol acetate is available as 20 mg and 40 mg white, scored
tablets.
Megestrol acetate also is available as a suspension in 2 concentrations: 40 mg/ml suspension and 125 mg/ml suspension (Megace
ES). Megace ES is NOT equivalent to Megace suspension on a
mg/ml basis.

Dosage

Cachexia (cancer-related, AIDS-related): Dose ranges from 400–
800 mg/day PO as a single daily dose.
Advanced breast cancer: 40 mg PO QID.
Endometrial cancer: Dose ranges from 40–320 mg/day PO in divided doses.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients who are pregnant or breast-feeding
and in patients with a history of hypersensitivity to the drug. Use
megestrol with caution in patients with a history of thrombophlebitis. Megestrol may suppress the hypothalamic-pituitary-adrenal axis
during chronic therapy; monitor patients for effects of adrenal insufficiency.

Drug interactions

At high doses, megestrol has been shown to increase the effect of
warfarin (increased INR).

®
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary embolism
and adrenal insufficiency with chronic use have occurred.
Serious: Hepatotoxicity, vaginal bleeding
Other:
• Cardiovascular: Edema with weight gain, thrombophlebitis, hypertension
• Dermatologic: Alopecia, rash
• Endocrine: Abnormal menstrual bleeding, amenorrhea, hyperglycemia, hypercalcemia,
• GI: Nausea, vomiting, diarrhea, flatulence
• Hepatic: Increased LFTs
• Miscellaneous: Fever
• Musculoskeletal: Weakness
• Neurologic: Depression, headache, insomnia, carpal tunnel syndrome
• Respiratory: Dyspnea

Special
considerations

Megestrol should be taken PO with or without food. Shake suspension well before use.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood glucose
• LFTs
• Weight

Indications

Megestrol is indicated for metastatic breast cancer and metastatic endometrial cancer; for cachexia and anorexia in patients with
AIDS; and for cancer treatment in older adults.

Dosage
adjustment
recommendations

No dosage adjustments are recommended for patients with renal
or hepatic dysfunction.

Pharmacokinetics

Megestrol is well absorbed PO and metabolized in the liver. Primarily eliminated in the urine. Some drug is eliminated in the feces and
bile.

Manufacturer

Generic manufacturers

Other names

Lysodren

Classification

Antiadrenal agent

Mechanism of
action

Mitotane’s mechanism of action is not fully understood. It appears
that mitotane inhibits certain functions of the adrenal cortical cells
through binding mitochondrial proteins, leading to a decrease in
steroid synthesis, adrenal atrophy, and apoptosis. The site of aldosterone biosynthesis is only minimally damaged. The production of
cortisol is reduced. Peripheral cortisol and androgen metabolism
also are altered.

Mitotane
®
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Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Mitotane is administered PO in divided doses per day. DO NOT
crush or manipulate tablets.

Storage and
stability

Store at 77°F (25°C). Excursion permitted to 59°F–86°F (15°C–
30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

500 mg tablets

Dosage

Adrenocortical carcinoma: Dose is initiated at 2–6 g/day PO divided
into 3–4 doses. Titrate the daily dose up to 9–10 g based on clinical
response and AEs. It is recommended that initiation of therapy occur
in a hospital setting until dose stabilization is achieved. Supplemental
glucocorticoids and mineralocorticoid therapy may be required.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients who are breast-feeding or who are hypersensitive to the drug. Safety during pregnancy has not been established. Pregnancy risk category C. Consider risk versus benefit
in patients with hepatic function impairment or infection. As the primary action of mitotane is adrenal suppression, discontinue drug
temporarily with onset of shock or trauma and administer appropriate steroid coverage.

Drug interactions

Agent

Toxicity/adverse
events

Effect

Corticosteroids

The metabolism of corticosteroids may be increased during concomitant therapy with mitotane. The dosage of corticosteroids may need to
be increased.

Warfarin

The metabolism of warfarin may be increased
during concomitant therapy with mitotane. The
dosage of warfarin may need to be increased.

Acute and/or potentially life-threatening: Adrenal insufficiency
can result; exogenous corticosteroids may be required at times of
trauma, shock, or other stresses.
Serious: Visual disturbances, hematuria, hemorrhagic cystitis, albuminuria, hypertension.
Other:
• Cardiovascular: Orthostatic hypotension
• Dermatologic: Skin reactions, flushing, rash
• GI: Anorexia, nausea, vomiting, diarrhea
• Miscellaneous: Fever, confusion
• Musculoskeletal: Generalized aching
• Neurologic: Depression, dizziness, lethargy, somnolence
(Continued on next page)
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Special
considerations

Mitotane should be temporarily discontinued immediately following
trauma or shock. Perform behavioral and neurologic testing routinely in patients receiving long-term, HD therapy; these patients are at
risk for developing brain damage. Patients may require adrenal steroid replacement if adrenal insufficiency develops.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Neurologic function
• Adrenal function: Serum cortisol, serum potassium

Indications

Mitotane is indicated in the treatment of inoperable adrenal cortical
carcinoma of both functional and nonfunctional types.

Dosage
adjustment
recommendations

No dosage adjustment is necessary in patients with renal compromise. Patients with hepatic dysfunction may require dosage reduction.

Pharmacokinetics

Approximately 40% is absorbed PO. It is widely distributed throughout the body and stored in fat, and then slowly released from fat
into the bloodstream. Mitotane is metabolized in the liver, and metabolites and unchanged drug are excreted unchanged in bile and
urine. Elimination half-life is 18–159 days.

Manufacturer

Bristol-Myers Squibb Co., Princeton, NJ

Other names

Nilandron

Classification

Hormonal agent, nonsteroidal antiandrogen

Mechanism of
action

Nilutamide binds to cytoplasmic androgen receptors and competitively inhibits the actions of androgens (dihydrotestosterone and
testosterone).

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Administered orally once daily with or without food

Storage and
stability

Store at 77°F (25°C); excursion is permitted between 59°F–86°F
(15°C–30°C). Protect from light.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

150 mg tablets in boxes of 30 tablets

Dosage

300 mg once a day for 30 days, then 150 mg once a day thereafter
with or without food

Compatibility
information

Oral agent—not applicable

Nilutamide
®
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Contraindications/
precautions

Contraindicated in patients with severe hepatic impairment, severe
respiratory insufficiency, or hypersensitivity to the drug. Consider
risk versus benefit in patients with severe respiratory function impairment or hepatic function impairment. Nilutamide should not be
used in women. Pregnancy risk category C.

Drug interactions

Agent

Effect

Fosphenytoin, phenytoin, theophylline,
warfarin

Nilutamide can delay the elimination and
increase the serum concentration of these
drugs. Increased monitoring is required.

Alcoholic beverages,
alcohol-containing
medications

Disulfiram-like reaction may occur presenting as facial flushing, malaise, and hypotension.

CYP2C19 inducers

Increased nilutamide concentrations and
effects.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Hepatotoxicity
Serious: Pneumonia, URIs, interstitial pneumonitis, hypertension
Other:
• Dermatologic: Diaphoresis, rash
• Endocrine: Gynecomastia, hot flashes, decreased libido, impotence
• GI: Nausea, constipation, anorexia
• Miscellaneous: Fever
• Musculoskeletal: Weakness, decreased bone mineral density
• Neurologic: Headache, insomnia, depression
• Ocular: Impaired dark adaptation, ocular photosensitivity

Special
considerations

Patients should NOT consume alcoholic beverages while taking
nilutamide.
Impaired adaptation to dark when passing from lighted area to dark
area has been reported and may range from seconds to minutes.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy.
• LFTs: ALT, AST, and alkaline phosphatase
• Renal function tests: BUN, SCr

Indications

Nilutamide is indicated with surgical or medical castration in the
treatment of metastatic prostate cancer in patients with normal liver
and respiratory function.

Dosage
adjustment
recommendations

No dosage adjustment is necessary for patients with renal dysfunction. Patients with severe hepatic dysfunction should not receive
this drug.

Pharmacokinetics

Nilutamide is well absorbed PO. It undergoes extensive hepatic
metabolism, with moderate plasma protein binding (84%). It is primarily eliminated in urine, with limited fecal elimination.

Manufacturer

sanofi-aventis U.S. LLC, Bridgewater, NJ
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Octreotide
Other names

Sandostatin , octreotide acetate

Classification

Hormone analog

Mechanism of
action

Octreotide is a parenteral synthetic analog of the naturally occurring hormone somatostatin and is believed to act at somatostatin
receptors. Similar to somatostatin, octreotide inhibits a number of
pituitary and GI hormones including serotonin, gastrin, vasoactive
intestinal peptide, glucagon, growth hormone, insulin, secretin, motilin, pancreatic polypeptide, and thyrotropin.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

IV (DO NOT use the injectable suspension): Dilute in 50–200 ml of
NS or D5W.
SC (DO NOT use the injectable suspension): Allow drug to warm to
room temperature (DO NOT heat) before obtaining dose for administration.
IM (injectable suspension): Let the drug and diluent warm to room
temperature before reconstitution. Inject the provided diluent into
the depot powder gently down the side of the vial to minimize disturbance of the drug. After 3–5 min, gently invert the vial to saturate the drug powder. Swirl the vial for 60 seconds to form a suspension. Withdraw the milky suspension WITHOUT inverting the
vial. Use IMMEDIATELY after reconstituting.

Administration

IV: Infuse over 15–30 min. IVP is not recommended except in
emergency situations.
SC: Rotate injection site; avoid multiple injections at one site in a
short period.
IM (injectable suspension): Administer intragluteal only; rotate sites.
Avoid deltoid sites.

Storage and
stability

Solution: For prolonged storage, ampoules and multidose vials
should be kept at 36°F–46°F (2°C–8°C). Protect from light. At
room temperature, octreotide is stable for 14 days if protected
from light. After initial use, multidose vials should be discarded after 14 days. Once drug is diluted in D5W, it is stable for 24 hrs.
Suspension: For prolonged storage, keep at 36°F–46°F (2°C–8°C).
Protect from light. Before preparation, the kit should remain at
room temperature for 30–60 min. After preparation of the suspension, the drug should be administered immediately.

How supplied

Injection, microspheres for suspension: 10 mg, 20 mg, 30 mg
Injection, solution: 0.2 mg/ml (5 ml), 1 mg/ml (5 ml)
Injection, solution (preservative free): 0.05 mg/ml (1 ml), 0.1 mg/ml
(1 ml), 0.5 mg/ml (1 ml)

®
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Dosage

Carcinoid: Initial therapy with SC dose of 100–600 mcg/day in 2–4
divided doses for the first 2 weeks. Maintenance with SC dose is
150 mcg SC TID OR conversion to IM dosing. IM dose is 20 mg
IM intragluteal every 4 weeks (patients should continue on SC
therapy after IM injections for 2–4 weeks). IM dose may be titrated based on disease status, including symptoms.
VIPoma: Initial therapy with SC dose of 200–300 mcg/day in 2–4 divided doses for the first 2 weeks. Maintenance doses are individualized. Maintenance doses can be converted to an IM dose with
octreotide suspension for injection; 20 mg IM intragluteal every 4
weeks (patients should continue on SC therapy after IM injections
for 2–4 weeks). IM dose may be titrated based on disease status,
including symptoms.
Octreotide has been used for management of diarrhea associated
with chemotherapy and GVHD. Doses are titrated based on tolerance and diarrhea symptoms.

Compatibility
information

Information regarding compatibility with other fluids and through Ysite administration is available from compatibility references listed.

Contraindications/
precautions

Octreotide is contraindicated in individuals who are sensitive to the
drug or any of its components. Use caution in individuals with gallbladder disease because of the potential for increased risk of acute
cholecystitis, ascending cholangitis, biliary obstruction, or cholestatic hepatitis. Octreotide alters the balance of regulatory hormones, including insulin and glucagon, and therefore is associated
with both hypoglycemia and hyperglycemia. Octreotide may suppress secretion of TSH and may result in hypothyroidism. Pregnancy risk category B.

Drug interactions

Agent

Effect

Medications metabolized by CYP3A4

Octreotide suppresses growth hormone
and may decrease clearance of drugs metabolized by CYP3A4.

Antidiabetic medications

Hypoglycemia or hyperglycemia may occur.

Medications that decrease bowel motility

Octreotide may decrease GI motility and
secretion and may lead to severe constipation, obstruction, or impaction.

Medications that
prolong QT interval

Potential to increase QT interval with subsequent effects.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Acute cholecystitis, biliary obstruction, or cholestatic hepatitis may occur.
Serious: Acute intestinal obstruction, altered absorption of dietary
fats, pancreatitis
Other:
• Cardiovascular: Bradycardia, chest pain, prolongation of QT interval
• Dermatologic: Pruritus, injection-site reactions, including pain,
burning, redness, and swelling at site
• Endocrine/metabolic: Hypoglycemia, hyperglycemia, hypothyroidism
• GI: Abdominal pain, diarrhea, nausea, vomiting, flatulence, cholelithiasis, gallbladder sludge, pancreatitis
• Miscellaneous: Vitamin B12 deficiency, UTI, flu-like symptoms
• Musculoskeletal: Back pain, joint pain
• Neurologic: Fatigue, dizziness, headache

Special
considerations

Octreotide is available as a solution used for IV and SC dosing. Additionally, a suspension is commercially available for IM administration. These products should NOT be interchanged.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood glucose
• Thyroid function test before and periodically during therapy
• Carcinoid tumors: Serotonin levels, symptoms such as flushing
• VIPoma: VIP levels
• Acromegaly: ECG, as sinus bradycardia may develop in 25% of
patients

Indications

FDA-approved indications include carcinoid tumors, VIPomas, and
acromegaly. A number of clinical applications are not included in
the FDA-approved labeling, including diarrhea associated with chemotherapy, GVHD, and AIDS; postgastrectomy dumping syndrome;
insulinoma; thymic malignancies; control of bleeding varices; and
treatment of malignant bowel obstruction.

Dosage
adjustment
recommendations

Dose modifications are dependent on the clinical application.
In patients with renal impairment, the clearance of octreotide is reduced, and the dose may need to be decreased. Patients with cirrhosis have a prolonged half-life and decreased clearance, so dose
modifications may be considered in patients with liver impairment.

Pharmacokinetics

SC administration: Octreotide is rapidly and completely absorbed,
with peak plasma concentrations within 1 hr after dosing. The volume of distribution is about 14 hrs, and the drug is distributed into
the erythrocytes. Approximately 30% is excreted unchanged in the
urine. Plasma elimination half-life for octreotide is about 2 hrs, significantly longer than the natural hormone somatostatin (1–3 min).
The bioavailability of the IM long-acting octreotide is about 60% of
the SC administration. The long-acting formulation has less variation in levels than compared to TID dosing of SC octreotide.

Manufacturer

Generic manufacturers
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Raloxifene
Other names

Evista

Classification

Selective estrogen receptor modulator

Mechanism of
action

Raloxifene binds to estrogen receptors, resulting in different effects
depending on the receptor location. Similar to tamoxifen and toremifene, raloxifene produces estrogen-like effects on bone and lipid
metabolism but does not stimulate uterine tissue.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Raloxifene is commercially available as an oral product and is given daily without regard to food.

Storage and
stability

Store at controlled room temperature of 68°F–77°F (20°C–25°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

60 mg tablets

Dosage

60 mg tablet PO once daily

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Raloxifene is contraindicated in those with known hypersensitivity to raloxifene and in women who are pregnant or breast-feeding.
Pregnancy risk category X. Raloxifene is contraindicated in women
with active or past history of VTE, including retinal vein thrombosis.
Use with caution in women with a history of cardiac disease or who
are at risk for stroke.

Drug interactions

Agent

Toxicity/adverse
events

®

Effect

Cholestyramine

Significantly reduces the absorption of raloxifene and should NOT be used concurrently.

Warfarin

Raloxifene may decrease PT in patients taking
warfarin. Monitor PT closely.

Levothyroxine

Increased concentrations and effects of levothyroxine.

Acute and/or potentially life-threatening: VTE disorders can occur, including deep vein thrombosis, pulmonary embolism, or retinal vein thrombosis. Risk of stroke is increased in women with coronary artery disease and in women at risk for coronary events.
Serious: Retinal thrombosis, chest pain
Other:
• Cardiovascular: Edema, weight gain
• Endocrine: Hot flashes, breast pain
(Continued on next page)
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Hematologic: Infection
Miscellaneous: Fever, flu-like symptoms
Musculoskeletal: Leg cramps, arthralgias
Neurologic: Migraine, depression, insomnia

Special
considerations

The greatest risk for thromboembolic events occurs during the first
4 months of treatment. Discontinue raloxifene at least 72 hrs before
prolonged immobilization.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy.
• Bone mineral density
• Lipid profile
• LFTs

Indications

Raloxifene is indicated for breast cancer (invasive) prophylaxis in
postmenopausal women and for the prevention of osteoporosis in
postmenopausal women.

Dosage
adjustment
recommendations

No doses adjustments are recommended for renal or hepatic impairment, although patients with cirrhosis have a 2.5-fold higher serum level of raloxifene than individuals with normal hepatic function.
Raloxifene dose may need to be reduced in patients with severe
hepatic dysfunction.

Pharmacokinetics

Raloxifene is rapidly absorbed after oral administration, but extensive presystemic glucuronide conjugation occurs. High-fat meals
appear to increase absorption, but this is not considered clinically significant. The volume of distribution is large, 2,348 L/kg; 95%
bound to plasma proteins. Elimination half-life is approximately 32.5
hrs. Metabolites are primarily excreted in the feces; urinary elimination is approximately 6%.

Manufacturer

Eli Lilly and Co., Indianapolis, IN; generic manufacturers

Tamoxifen
Other names

Tamoxifen citrate, Nolvadex®

Classification

Estrogen receptor antagonist, selective estrogen receptor modulator

Mechanism of
action

Tamoxifen is a nonsteroidal agent that competitively binds to estrogen receptors in tumors and other tissues; it induces conformational changes to the receptor and alters estrogen-dependent genes.
Tamoxifen has mixed estrogenic antagonist and agonist properties.
Antiestrogenic effects are seen on breast tissue, whereas estrogenic effects are seen on the endometrium.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Administered as oral dose daily regardless of food. If the dose is
> 20 mg, it should be given in divided doses.
(Continued on next page)
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Storage and
stability

Store at controlled room temperature of 68°F–77°F (20°C–25°C).
Dispense in a well-closed, light-resistant container.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

10 mg and 20 mg tablets

Dosage

Breast cancer, advanced and early disease (adjuvant therapy):
Most common dose in the United States is 20 mg PO daily, although doses may range from 20–40 mg/day PO. Give doses
> 20 mg PO daily in divided doses.
Breast cancer, prevention: 20 mg PO daily for 5 years

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to the
drug, patients who are pregnant or breast-feeding, patients with a
history of deep vein thrombosis or pulmonary embolism, and patients who require concomitant anticoagulant therapy. Use caution
in patients with visual disturbances, cataracts, or hyperlipidemia.
Tamoxifen has been associated with secondary primary cancer of
the endometrium.

Drug interactions

Agent

Toxicity/adverse
events

Effect

Warfarin

Tamoxifen may increase the risk of bleeding in
patients stabilized on warfarin therapy. Monitor
PT; dose of warfarin may need to be reduced.

Estrogens

May interfere with the therapeutic effect of
tamoxifen.

CYP2D6 inhibitors

Tamoxifen is a substrate of CYP2D6 and is
metabolized to an active metabolite more potent than the parent drug; concurrent use with
agents that inhibit metabolism may decrease
concentrations of the active agent.

CYP2D6 inducers

Tamoxifen is a substrate of CYP2D6 and is
metabolized to an active metabolite more potent than the parent drug; concurrent use with
agents that induce metabolism may increase
concentrations of the active agent.

CYP2C9 or
CYP3A4 inhibitors

May increase concentration and effects of
tamoxifen.

Acute and/or potentially life-threatening: Endometrial cancer,
deep vein thrombosis, pulmonary embolism
Serious: Visual disturbances (e.g., ocular toxicity, including retinopathy, keratopathy, cataracts, optic neuritis), liver enzyme abnormalities, hepatotoxicity, hypercalcemia
Other:
• Cardiovascular: Flushing, hypertension, peripheral edema
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• Dermatologic: Transient rash
• Endocrine: Hot flashes, menstrual irregularities, vaginal bleeding, vaginal discharge
• GI: Nausea, vomiting, weight gain
• Hematologic: Leukopenia, thrombocytopenia (< 10%)
• Musculoskeletal: Increased bone and tumor pain, decreased
bone mineral density
• Neurologic: Depression, mood changes

Special
considerations

Tamoxifen can increase ovulation in premenopausal women; effective birth control should be used. Endometrial changes, including
hyperplasia, polyps, and cancer, can occur. Gynecologic and ophthalmologic examinations are recommended at regular intervals.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy.
• CBC at baseline
• LFTs
• Triglycerides and cholesterol
• Gynecologic exams at initiation and routinely or with onset of
symptoms
• Bone mineral density

Indications

Tamoxifen is indicated for use in hormone receptor–positive, metastatic breast cancer (women and men); for early-stage hormone
receptor–positive breast cancer in the adjuvant setting; and for
breast cancer prevention in high-risk individuals.

Dosage
adjustment
recommendations

No dosing adjustments are recommended for renal or hepatic impairment.

Pharmacokinetics

Tamoxifen is rapidly absorbed PO and undergoes extensive hepatic metabolism by CYP3A, CYP2C9, and CYP2D6. The active metabolites of endoxifen (CYP3A4/5) and 4-hydroxytamoxifen (CYP2D6) have
been found to have 30–100-fold greater affinity for the estrogen receptor. Inhibition of CYP2D6 results in decrease of the active metabolites.
Tamoxifen is highly protein bound. Elimination half-life of tamoxifen is
5–7 days and is longer for metabolites. Excretion is primarily via feces.

Manufacturer

AstraZeneca Pharmaceuticals, Wilmington, DE; generic manufacturers

Toremifene
Other names

Toremifene citrate, Fareston®

Classification

Estrogen receptor antagonist, selective estrogen receptor modulator

Mechanism of
action

Toremifene is a nonsteroidal agent that competitively binds to estrogen receptors in tumors and other tissues, induces conformational changes to the receptor, and alters estrogen-dependent
genes. Toremifene has mixed estrogenic antagonist and agonist
properties. Antiestrogenic effects are seen on breast tissue, whereas estrogenic effects are seen on the endometrium.
(Continued on next page)
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Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Administered orally daily with or without food

Storage and
stability

Store at room temperature of 77°F (25°C). Excursions permitted to
59°F–86°F (15°C–30°C). Protect from light.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

60 mg round white tablet

Dosage

1 tablet PO once daily taken with or without food

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to the
drug, patients who are pregnant or breast-feeding, and patients
with a history of thromboembolic disease. Pregnancy risk category D. Toremifene is also contraindicated for use in patients with congenital/acquired QT prolongation, uncorrected hypokalemia, or uncorrected hypomagnesemia. Toremifene prolongs QTc interval in a
dose- and concentration-dependent fashion.

Drug interactions

Agent

Toxicity/adverse
events

Effect

Agents that
prolong QTc
interval

Toremifene may increase effect on QTc prolongation.

Estrogens

May interfere with the therapeutic effect of toremifene.

Warfarin

Toremifene may increase the risk of bleeding in
patients stabilized on warfarin therapy.

CYP3A4 inducers

Toremifene concentrations and effect may be decreased.

CYP3A4 inhibitors

Metabolism of toremifene may be decreased and
concentrations and effect may be increased.

Acute and/or potentially life-threatening: Thromboembolic
events, prolongation of QTc and resultant cardiac failure, MI
Serious: Visual disturbances, hypercalcemia, endometrial hyperplasia, hepatotoxicity
Other:
• Endocrine/metabolic: Hot flashes, menstrual irregularities, vaginal discharge, vaginal bleeding, decreased bone mineralization
• GI: Nausea, vomiting
• Hepatic: Increased alkaline phosphatase, increased liver transaminase
• Miscellaneous: Sweating
• Neurologic: Dizziness, headache
(Continued on next page)
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Special
considerations

Toremifene has been shown to prolong QTc interval in a dose- and
concentration-dependent manner, which could result in torsades de
pointes. Evaluate and correct factors that may contribute to this AE,
including correcting hypokalemia and hypomagnesemia.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy.
• CBC/diff at initiation of therapy and periodically
• LFTs at the beginning of therapy and periodically
• Bone mineral density

Indications

Toremifene is indicated in metastatic breast cancer in patients with
hormone receptor–positive tumor or tumors with unknown estrogen
receptor status.

Dosage
adjustment
recommendations

No dosage adjustment is necessary for renal dysfunction. Patients
with hepatic dysfunction may require dose reductions. No specific
recommendations have been published.

Pharmacokinetics

Well absorbed. Highly protein-bound (99.5%). Toremifene is metabolized by demethylation by the CYP450 system, primarily via
CYP3A4. Plasma elimination half-life is 5 days. Eliminated primarily
through the fecal route, with limited renal elimination.

Manufacturer

GTX, Inc., Memphis, TN

Triptorelin
Other names

Triptorelin pamoate, Trelstar Depot®, Trelstar LA®

Classification

GnRH agonist, LHRH agonist

Mechanism of
action

Triptorelin is a synthetic decapeptide agonist of GnRH and has actions similar to naturally occurring GnRH. Triptorelin and other
GnRH agonists stimulate receptors on the pituitary gland to release LH and FSH. The continued presence of triptorelin from the
long-acting product leads to downregulation of the GnRH receptor
and ultimately causes decreased secretion of LH and FSH. The decrease in LH and FSH results in a decrease in testosterone levels
and pharmacologic castration. In women, estradiol levels decrease
to levels consistent with postmenopausal state.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute vials with 2 ml SWFI and shake well to disperse the
suspension. Final suspension will appear milky. Use immediately
following preparation.

Administration

Trelstar Depot and LA are given IM every 28 days. DO NOT administer IV or IT.

Storage and
stability

Store at 68°F–77°F (20°C–25°C). DO NOT freeze.
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How supplied

Trelstar is supplied as powder for suspension for injection.
• Trelstar: 3.75 mg, 11.25 mg, and 22.5 mg (single-dose vials).
• Trelstar with kits for single-dose delivery system: 3.75 mg, 11.25
mg, and 22.5 mg.
• Kits with single-dose vials plus prefilled syringes with 2 ml SWFI
are available for both products.

Dosage

Advanced prostate cancer:
• Triptorelin 3.75 mg IM every 4 weeks
• Triptorelin 11.25 mg IM every 12 weeks
• Triptorelin 22.5 mg IM every 24 weeks

Compatibility
information

Triptorelin should not be admixed with any other medications.

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to triptorelin,
GnRH, or other GnRH analogs. Triptorelin should not be used in
women with undiagnosed abnormal vaginal bleeding and women
who are or may become pregnant while taking this drug. Pregnancy risk category X. Use caution in patients who are at risk for spinal cord compression, as GnRH agonist therapy may cause initial
worsening of disease.

Drug interactions

Concomitant therapy with androgens is relatively contraindicated in
patients with prostate cancer. This includes pharmaceutical products and CAM therapies that contain these hormones.

Toxicity/adverse
events

With initiation of therapy, patients with prostate cancer may experience a transient increase in testosterone levels and worsening of
signs and symptoms of disease. Bone and tumor pain, temporary
weakness and paresthesia of the lower limbs, and urinary obstructive symptoms have been reported.
Acute and/or potentially life-threatening: Cardiac arrhythmias
and palpitations, pulmonary embolism, anaphylaxis (e.g., SOB,
rash, itching, hypotension)
Serious: None noted
Other:
• Cardiovascular: Edema with weight gain
• Dermatologic: Injection-site reaction, acne, seborrhea
• Endocrine: Decrease in bone mineral density
–– Men: Hot flashes, swelling and tenderness of breasts, decreased size of testicles, impotence/sexual dysfunction
–– Women: Amenorrhea and irregular vaginal bleeding, decreased libido, breast enlargement
• GI: Nausea, vomiting, constipation, diarrhea
• Miscellaneous: Diaphoresis, tumor flare, osteoporosis
• Neurologic: Blurred vision, dizziness, headache, trouble sleeping, personality and behavioral changes, insomnia

Special
considerations

During the first 2 weeks of therapy, patients may experience a transient increase in testosterone levels and worsening of signs and
symptoms of disease.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy.
• Monitor for worsening symptoms during the first few weeks of
therapy.
• Monitor testosterone and prostate-specific antigen levels for
evaluation of response.
• Bone mineral density

Indications

Prostate cancer, advanced disease

Dosage
adjustment
recommendations

No dose adjustments are recommended for patients with renal or
hepatic dysfunction.

Pharmacokinetics

Bioavailability after IM injection is > 80%. The terminal plasma halflife is approximately 3 hrs. Excretion is by hepatic and renal processes.

Manufacturer

Watson Pharma Inc., Parsippany, NJ
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Biotherapeutics
Immunotherapy, Monoclonal Antibodies, Small Molecules

Ado-trastuzumab emtansine
Other names

Kadcyla®

Classification

Monoclonal antibody, humanized

Mechanism

HER2 antibody drug conjugate that causes apoptosis and cell cycle arrest. The trastuzumab component is linked to a microtubule
inhibitor to form the antibody drug conjugate; the antibody drug
conjugate is selectively delivered into HER2-overexpressing cells.

Vesicant
information

Reactions (erythema, tenderness, skin irritation, pain, or swelling at the infusion site) secondary to extravasation have been observed.

Preparation and
mixture

Reconstitute with sterile water to 20 mg/ml; once reconstituted,
add to 250 ml NS. Do not shake bag.

Administration

Give first infusion over 90 min; if tolerated, future infusions can be
given over 30 min. Infusion should occur through a 0.22 micron inline polyethersulfone filter. Do not administer as IVP or rapid bolus.
Infusion rate should be slowed or interrupted if patients develop an
infusion-related reaction.

Storage and
stability

Vials should be refrigerated; do not freeze or shake vials. It is recommended to use immediately after preparation. Reconstituted vials
may be stored for up to 4 hrs refrigerated, and solutions diluted for
infusion may be stored refrigerated for up to 4 hrs before use.

How supplied

100 mg and 160 mg vials

Dosage

3.6 mg/kg every 3 weeks until disease progression or unacceptable toxicity
Note: Ado-trastuzumab emtansine and conventional trastuzumab
are different products and are NOT interchangeable.

Compatibility
information

Incompatible with D5W. For further clarification, refer to compatibility references.

Contraindications/
precautions

Infusion reactions and cardiotoxicity can occur with ado-trastuzumab emtansine. Serious hepatotoxicity has been reported, including liver failure and death.
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Drug interactions

No formal drug-drug interaction studies have been conducted.
One component of ado-trastuzumab emtansine is metabolized by
CYP3A4; use of strong CYP3A4 inhibitors with this drug should be
avoided because of the potential for increased toxicity.
Use caution with abciximab because it may increase the risk for allergic or hypersensitivity reactions to monoclonal antibodies. It
may also cause thrombocytopenia or diminished therapeutic effects. Ado-trastuzumab emtansine may enhance the adverse/toxic effect of belimumab.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reaction, anaphylaxis
Serious: Infusion reaction, cardiotoxicity, hepatotoxicity, ILD, peripheral neuropathy, thrombocytopenia
Other:
• Dermatologic: Skin rash
• GI: Nausea, vomiting, constipation, diarrhea
• Hematologic: Thrombocytopenia (higher in Asians)
• Hepatic: Elevation in LFTs
• Musculoskeletal: Musculoskeletal pain
• Respiratory: Epistaxis, cough, dyspnea

Special
considerations

Do not substitute ado-trastuzumab emtansine for or with trastuzumab. Detection of HER2 protein overexpression or gene amplification is necessary for selection of patients appropriate for therapy
with this agent. It is recommended to observe patients closely for
90 min after the first infusion and for 30 min after subsequent infusions because of the risk of infusion reactions.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• LVEF before initiation and at regular intervals (every 3 months)
during treatment.
• CBC/diff: Recommended before initiation of therapy, before each
subsequent dose, and at periodic intervals during therapy.
• Platelet count: Recommended before initiation of therapy, before
each subsequent dose, and at periodic intervals during therapy.
• Hgb and/or Hct: Recommended before initiation of therapy, before
each subsequent dose, and at periodic intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr recommended before initiation of therapy, before each subsequent
cycle, and at periodic intervals during therapy.
• Monitor for infusion-related reactions. The infusion site should
be closely monitored for possible SC infiltration during drug administration. Observe patients closely for 90 min after the first infusion and for 30 min after subsequent infusions.

Indications

Ado-trastuzumab emtansine is indicated in HER2-positive metastatic breast cancer; patients should have previously received trastuzumab and a taxane, separately or in combination, and have either
received prior therapy for metastatic disease or developed disease
recurrence during or within 6 months of completing adjuvant therapy.
(Continued on next page)
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No dosage adjustment is necessary for CrCl ≥ 30 ml/min. Use of
ado-trastuzumab emtansine has not been studied in patients
with CrCl < 30 ml/min or hepatic impairment.
Recommended dose reduction schedule for AEs:
• Starting dose: 3.6 mg/kg
• First dose reduction: 3 mg/kg
• Second dose reduction: 2.4 mg/kg
If further dose reduction is needed, discontinue treatment.
Dose Modification Guidelines for Increased Serum
Transaminases (AST/ALT)
Grade 2
(> 2.5 to ≤ 5 × ULN)
No dose change

Grade 3
(> 5 to ≤ 20 × ULN)
Do not administer
until AST/ALT recovers to grade ≤ 2; then
reduce 1 dose level.

Grade 4
(> 20 × ULN)
Permanently stop
treatment.

Dose Modification Guidelines for Hyperbilirubinemia
Grade 2
(> 1.5 to ≤ 3 × ULN)

Grade 3
(> 3 to ≤ 10 × ULN)

Do not administer
until T. Bili recovers
to grade ≤ 1; then
treat at same dose
level.

Do not administer until T. Bili recovers to
grade ≤ 1; then reduce 1 dose level.

Grade 4
(> 10 × ULN)
Permanently stop
treatment.

Permanently stop treatment in patients with serum transaminases
> 3 × ULN and concomitant T. Bili > 2 × ULN.
Permanently stop treatment in patients diagnosed with nodular regenerative hyperplasia.
Dose Modifications for Left Ventricular Dysfunction,
Symptomatic
Finding

Action

Symptomatic CHF

Discontinue treatment.

LVEF < 40%

Do not administer; repeat LVEF
assessment within 3 weeks; if
LVEF < 40% is confirmed, discontinue treatment.

LVEF 40% to ≤ 45% and decrease is ≥ 10% from baseline

Do not administer; repeat LVEF
assessment within 3 weeks; if
LVEF has not recovered to within 10% from baseline, discontinue treatment.

LVEF 40% to ≤ 45% and decrease is < 10% from baseline

Continue treatment; repeat LVEF
assessment within 3 weeks.

LVEF > 45%

Continue treatment.
(Continued on next page)
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Dose Modification Guidelines for Thrombocytopenia
Grade 3
(PLTs 25,000/mm3
to < 50,000/mm3)
Do not administer until platelet count recovers to ≤ grade 1
(≥ 75,000/mm3); then treat at
same dose level.

Grade 4
(PLTs < 25,000/mm3)
Do not administer until platelet count recovers to ≤ grade 1
(≥ 75,000/mm3); then reduce 1
dose level.

Ado-trastuzumab emtansine should be permanently discontinued
in patients diagnosed with ILD or pneumonitis.
Ado-trastuzumab emtansine should be temporarily discontinued
in patients experiencing grade 3 or 4 peripheral neuropathy until
resolution to ≤ grade 2.
Pharmacokinetics

Elimination half-life is approximately 4 days.

Manufacturer

Genentech, Inc., South San Francisco, CA

Afatinib
Other names

Gilotrif™

Classification

TKI

Mechanism of
action

Afatinib binds to the intracellular kinase domain of EGFR, HER2,
and HER4 and irreversibly inhibits the intracellular tyrosine kinase
phosphorylation that results in downregulation of signaling pathways.

Vesicant
information

Oral product—not classified as an irritant or vesicant

Preparation and
mixture

Oral product—no admixture necessary

Administration

Afatinib is available as an oral product that must be taken without
food. DO NOT eat for at least 1 hr before administration and 2
hrs following administration.
Afatinib is taken once daily.

Storage and
stability

Store at 25°C (77°F); excursions permitted to 15°C–30°C (59°F–
86°F).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

(Continued on next page)
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How supplied

Available as 20 mg, 30 mg, and 40 mg tablets (bottles of 30)
• 20 mg tablet: White to slightly yellowish, film-coated, round, biconvex, bevel-edged tablets debossed with “T20” on one side and the
Boehringer Ingelheim company symbol on the other side.
• 30 mg tablet: Dark blue, film-coated, round, biconvex, beveledged tablets debossed with “T30” on one side and the Boehringer Ingelheim company symbol on the other side.
• 40 mg tablet: Light blue, film-coated, round, biconvex, beveledged tablets debossed with “T40” on one side and the Boehringer Ingelheim company symbol on the other side.

Dosage

NSCLC: 40 mg PO daily until disease progression or no longer tolerated by patient

Compatibility
information

Oral product—not applicable

Contraindications/
precautions

No contraindications are listed in the package information. Warnings and precautions include diarrhea, exfoliative skin disorders,
ILD, hepatotoxicity, and embryo-fetal toxicity.

Drug interactions

Agent
PGP inhibitors (e.g., ritonavir)
PGP inducers (e.g., rifampicin)

Effect
Increase systemic exposure to
afatinib
Decrease exposure to afatinib

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported
Serious: Diarrhea, bullous and exfoliative skin disorders, ILD, hepatotoxicity, keratitis
Other:
• Dermatologic: Rash, pruritus, dry skin
• GI: diarrhea, stomatitis, cheilitis
• Respiratory: Epistaxis
• Miscellaneous: Decreased appetite, pyrexia, conjunctivitis, increased LFTs

Special
considerations

Pregnancy risk category D.
Advise patients to minimize sun exposure with protective clothing
and use of sunscreen.

Monitoring
parameters

Monitoring is recommended prior to initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Diarrhea and signs of dehydration
• Periodic LFTs

Indications

Afatinib is indicated for initial treatment of patients with metastatic NSCLC whose tumors have EGFR exon 19 deletions of exon 21
(L858R) substitution mutations as detected by an FDA-approved
test.
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Dosage
adjustment
recommendations

Hold afatinib for the following:
• Diarrhea (grade 2 or higher persisting for 2+ days while on an
appropriate dose of antidiarrheal medication)
• Cutaneous reactions of grade 2 that are prolonged (7 days) or
intolerable
• Renal dysfunction of grade 2 or higher
• Adverse effects that are grade 3 or higher.
Resume afatinib if the reactions resolves, returns to baseline, or
improves to grade 1. Reinstate at a reduced dose (10 mg/day
less than the dose at which the adverse effect occurred).
Consider permanently discontinuing afatinib for the following:
• Life-threatening skin lesions
• Confirmed interstitial lung disease
• Severe drug-induced hepatic impairment
• Persistent ulcerative keratitis
• Symptomatic left ventricular dysfunction
• Severe or intolerable adverse effects occurring at a dose of 20
mg PO daily.

Pharmacokinetics

Absorption: Time to peak plasma concentrations is 2–5 hrs. Binding to plasma proteins is > 90%.
Metabolism: Enzymatic metabolism of afatinib is minimal.
Elimination: Elimination half-life is 37 hours after repeat dosing.

Manufacturer

Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT

Other names

Proleukin , interleukin-2, IL-2

Classification

Biologic response modifier

Mechanism of
action

Promotes proliferation, differentiation, and recruitment of T and B
cells, NK cells, and thymocytes; has cytolytic activity in a subset of
lymphocytes; stimulates lymphokine-activated killer cells and tumor-infiltrating lymphocytes

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitution and dilution other than those recommended by the
manufacturer may alter the delivery and/or pharmacology of IL-2.
IV infusion:
• Reconstitute with 1.2 ml SWFI, USP, directed at the side of the
vial. Gently swirl. DO NOT SHAKE. Final concentration is 18 million IU (1.1 mg) per ml.
• Dilute the reconstituted dose with D5W in a glass or PVC bag.
DO NOT dilute with NS.
Bolus doses: Dilute in 50 ml D5W and administer over 15–30 min.
Final concentration should be between 0.03 mg/ml (500,000 IU/
ml) and 0.07 mg/ml (1.2 million IU/ml).
CIV: Dilute in D5W while maintaining the same final concentration
as stated above. Addition of 0.1% albumin has been used to increase stability and decrease the extent of absorption if low final
concentrations cannot be avoided.

Aldesleukin
®
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DO NOT filter.
SC administration (non-FDA-approved administration): Reconstituted solution may be administered SC without further dilution.
Administration

IV infusion (15-min bolus most common); CIV; SC
IL-2 has been administered by CIV, which in high doses requires
cardiac monitoring.

Storage and
stability

Storage: Store lyophilized vials under refrigeration at 36°F–46°F
(2°C–8°C). DO NOT freeze. Bring the refrigerated solutions to
room temperature before administration. Protect from light.
Stability: DO NOT dilute or piggyback with NS or bacteriostatic solutions. Reconstituted or diluted IL-2 is stable up to 48 hrs refrigerated and at room temperature. However, because this product
does NOT contain a preservative, store the reconstituted or diluted solution in the refrigerator.

How supplied

Supplied as a sterile, white to off-white, preservative-free, lyophilized powder in single-use vials, each containing 22 million IU of
IL-2

Dosage

Several dosing regimens have been studied. The FDA-approved
dosing for metastatic melanoma and metastatic renal cell carcinoma is 600,000 IU/kg/dose IV infused over 15 min every 8 hrs
for a maximum of 14 doses, followed by a 9-day rest period. The
schedule is then repeated for an additional 14 doses as tolerated
(maximum of 28 doses per course). Unlabeled dosing regimens
include 720,000 IU/kg/dose IV infused over 15 min every 8 hrs
for 12–15 doses, repeated every 14 days; 9–18 million IU/m2/day
as a 24-hr CIV for 3–5 days repeated every 1–4 weeks; and 5–9
million IU/m2/day SC 3–5 times per week.

Compatibility
information

Compatible only with D5W. DO NOT reconstitute or dilute with NS
or BWFI, as aggregation and precipitation of IL-2 may occur.

Contraindications/
precautions

Contraindicated in patients with a known hypersensitivity to IL-2
or any component of formulation, patients with abnormal thallium
stress test or pulmonary function tests, and patients with organ allografts. Retreatment is contraindicated in patients experiencing
cardiac abnormalities, intubation, renal failure, seizures, and other
significant toxicities while on the drug. Refer to package insert for
more detailed information.
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Drug interactions

Toxicity/adverse
events

Agent

Effect

Antihypertensives

May potentiate hypotension seen with IL-2.

Clozapine

Increased risk of agranulocytosis.

Glucocorticosteroids

May reduce effectiveness of IL-2.

Interferon alfa

Increased risk of myocardial injury (e.g.,
MI, myocarditis, ventricular hypokinesia,
severe rhabdomyolysis).
Exacerbation of autoimmune and inflammatory disorders.

Iodinated contrast
media

Acute reactions, including fever, chills,
nausea, vomiting, hypotension, and oliguria, may occur within hours of contrast
infusion; this reaction may occur within weeks to months following IL-2 administration.

Nephrotoxins (e.g.,
aminoglycosides,
indomethacin), cardiotoxins (e.g.,
doxorubicin), hepatotoxins (e.g.,
MTX), myelotoxins
(e.g., cytotoxic chemotherapy)

May increase toxicity in kidney, heart, liver,
and bone marrow system.

Psychotropic drugs
(e.g., opioid analgesics, sedatives)

Increased CNS toxicity (sedation, confusion).

Intensity of AEs is related to dose and duration of therapy.
Acute and/or potentially life-threatening: HD therapy may
cause hemodynamic instability (e.g., severe hypotension, tachycardia, pulmonary edema) requiring fluid and vasopressor support. Capillary leak syndrome, manifested by an increase in vascular permeability (e.g., peripheral edema, ascites, pulmonary
infiltrates, pleural effusion), begins with first dose, increases in
magnitude with repetitive doses, and resolves 24–48 hrs following discontinuation of IL-2.
Serious: Hypotension, fluid retention, and renal dysfunction (e.g.,
oliguria, anuria, increased SCr) are dose limiting.
Other:
• Dermatologic: Skin erythema, burning, and itching; may involve
entire body, although head and neck most prominent; usually
begins 2–3 days after onset of IL-2 treatment and slowly begins
to resolve within 72 hrs after treatment discontinuation; desquamation follows; alopecia may occur.
• Endocrine: Hypothyroidism.
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• GI: Nausea, vomiting, diarrhea, transient increases in liver enzymes, substantial weight gain (> 10% of body weight).
• Hematologic: Thrombocytopenia, anemia, leukopenia, eosinophilia.
• Miscellaneous: Flu-like syndrome (e.g., generalized weakness,
fever, chills, rigors), which may respond to acetaminophen; electrolyte abnormalities; infection.
• Neurologic: Transient somnolence, impaired memory, headache,
dizziness, confusion, and seizures, which resolve rapidly with
cessation of IL-2.
Special
considerations

HD therapy requires cardiac monitoring and possible vasopressor
support. Frequent monitoring of vital signs, weight, and pulmonary
function is recommended during HD therapy. Standard prophylactic supportive care during HD IL-2 therapy includes acetaminophen
for constitutional symptoms (e.g., fever, chills), serotonin antagonists to reduce incidence of nausea and vomiting, and H2 antagonists (e.g., ranitidine) to reduce the risk of GI ulceration and bleeding. Avoid the use of corticosteroids (topical or systemic).

Monitoring
parameters

See Special Considerations.

Indications

FDA-approved indications are for metastatic renal cell cancer and
metastatic malignant melanoma. Studied in colorectal cancer,
bladder cancer (as a continuous bladder perfusion), ovarian cancer (IP), and AML.

Dosage adjustment
recommendations

A number of clinical situations (e.g., hypotension, decreased oxygen saturation, elevated SCr, mental status changes, grade 3 or 4
toxicities) exist in which IL-2 therapy should be held, discontinued,
or restarted. Refer to package insert or specific protocol for detailed information regarding dose adjustments.

Pharmacokinetics

IL-2 is not absorbed PO. Half-life is 30–60 min. Eliminated from the
body through metabolism in the kidneys.

Manufacturer

Bayer Healthcare Pharmaceuticals Inc., Emeryville, CA

Alemtuzumab
Other names

Campath®

Classification

Monoclonal antibody

Mechanism of
action

Alemtuzumab is a recombinant humanized monoclonal antibody directed against the cell surface protein CD52. CD52 is expressed on
the surface of normal and malignant B and T lymphocytes, NK cells,
monocytes, macrophages, and tissues of the male reproductive system. The proposed mechanism of action is antibody-dependent lysis
of cells due to cell surface binding.

Vesicant
information

Non-vesicant/non-irritant
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Preparation and
mixture

Withdraw the required solution for the dose and inject it into 100
ml of NS or D5W. Gently invert the bag to mix. For SC administration, no further dilution of alemtuzumab is required. Protect from
light.

Administration

Infuse each IV dose over 2 hrs. Premedication with acetaminophen and diphenhydramine decreases infusion-related reactions.
Hydrocortisone 200 mg IV premedication has been used for patients who experience severe reactions. Studies using alemtuzumab SC injections instead of IV infusions appear to show similar efficacy with lower incidence of AEs.

Storage and
stability

Alemtuzumab vials should be refrigerated. Diluted solutions may
be stored under refrigeration or at room temperature. Use the solution within 8 hrs after dilution. Protect from light.

How supplied

Supplied in single-use vials containing 30 mg in 1 ml

Dosage

Dose escalation is required upon initiation of treatment or if treatment is withheld ≥ 7 days to minimize hypersensitivity reactions.
Escalation is typically accomplished in 3–7 days. Alemtuzumab
is given 3 times a week (Monday, Wednesday, and Friday) starting with a 3 mg IV or SC dose; once tolerated, increase dose to 10
mg IV or SC; once tolerated, increase to a 30 mg IV or SC maintenance dose. Continue therapy for up to 12 weeks. Single doses
> 30 mg IV or SC or weekly cumulative dose > 90 mg IV or SC increases incidence of pancytopenia.

Compatibility
information

Stable in NS and D5W. Alemtuzumab should not be mixed or simultaneously infused with other medications.

Contraindications/
precautions

Contraindicated in patients who have active systemic infections,
underlying immunodeficiency (e.g., seropositive for HIV), or known
type I hypersensitivity or anaphylactic reactions to alemtuzumab or
to any of its components. Immunizations with live vaccines should
be held in patients who are currently receiving alemtuzumab and
for up to 3 months following treatment.

Drug interactions

Agent

Effect

Abciximab

May increase potential for hypersensitivity reactions

Clozapine

Increased risk of agranulocytosis

Trastuzumab

May increase neutropenia

Vaccines

May diminish therapeutic effect of vaccines

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported
Serious: Opportunistic infections, infusion reactions including pulmonary infiltrates, ARDS, cardiac arrhythmias, MI, and cardiac
arrest
Other:
• Cardiovascular: Hypotension
• Dermatologic: Rash, pruritus
• GI: Nausea, vomiting, diarrhea
• Miscellaneous: Fever
• Musculoskeletal: Rigors
• Neurologic: Headache
• Respiratory: Dyspnea

Special
considerations

Premedicate with an oral antihistamine and acetaminophen before dosing.
Prophylaxis for PCP and HSV should be given during and at least
2 months following end of treatment or until CD4+ counts are
≥ 200/mm3.

Monitoring
parameters

Monitor patients for signs and symptoms of allergic or infusionrelated reactions.
Monitor CBC/diff during therapy.
Monitor CD4+ counts until recovery.
Monitor for cytomegalovirus infection during and at least 2 months
following end of treatment.

Indications

FDA indication is as single-agent treatment for B-cell chronic lymphocytic leukemia. Unlabeled uses include T-cell lymphomas, autoimmune cytopenias, GVHD prophylaxis, and immunosuppression
in solid organ transplantation.

Dosage adjustment
recommendations

Dose modifications are recommended based on hematologic response. Specific guidelines for delaying or resuming therapy at the
same doses, reducing doses, and subsequent dose modifications
are based on ANC and PLT counts.
• First occurrence of ANC < 250/mm3 or PLTs ≤ 25,000/mm3: Hold
until ANC ≥ 500/mm3 and PLTs ≥ 50,000/mm3, then resume at
same dose; if delay between doses is > 7 days, resume dose at
3 mg, and escalate doses as tolerated.
• Second occurrence of ANC < 250/mm3 or PLTs ≤ 25,000/mm3:
Hold until ANC > 500/mm3 and PLTs > 50,000/mm3, then resume dose at 10 mg; if delay between doses is > 7 days, resume dose at 3 mg, and escalate doses as tolerated.
• Third occurrence of ANC < 250/mm3 or PLTs ≤ 25,000/mm3: Discontinue alemtuzumab therapy.
• For decrease to ≤ 50% baseline ANC or PLTs in patients with
baseline ANC < 500/mm3 or PLTs < 25,000/mm3: Hold therapy
until counts return to baseline, then resume alemtuzumab. If delay between doses is > 7 days, resume dose at 3 mg, and escalate doses as tolerated.
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Pharmacokinetics

Systemic clearance decreases with repeated dosing because of
reduction in CD52 receptors in the periphery. A 7-fold increase in
mean AUC was seen after 12 weeks of therapy. The mean half-life
was 11 hrs (range 2–32 hrs) after the first 30 mg dose compared
to 6 days (range 1–14 days) following the last 30 mg dose.

Manufacturer

Genzyme Corp., Cambridge, MA

Other names

Inlyta

Classification

TKI

Mechanism of
action

Inhibition of receptor tyrosine kinases including VEGFR-1, VEGFR-2,
and VEGFR-3, ultimately inhibiting VEGF-mediated endothelial cell
proliferation, and survival. Inactivation of the VHL gene, resulting in
HIF accumulation, which triggers increased gene transcription of
VEGF and PLT-derived growth factors important for control of cell
proliferation and angiogenesis.

Vesicant
information

Oral product—not classified as irritant or vesicant

Preparation and
mixture

Oral product—no preparation or admixture necessary

Administration

Administer oral doses BID with a full glass of water, approximately
12 hrs apart with or without food.
DO NOT crush, break, or chew tablets.
If patients vomit or miss a dose, an additional dose should NOT be
taken, and the next prescribed dose should be taken at the usual time.

Storage and
stability

Store at 68°F–77°F (20°C–25°C); excursions permitted to 59°F–
86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 1 mg tablets (bottles of 180) and 5 mg tablets (bottles of 60).
• 1 mg tablet: Red, film-coated oval tablets debossed with “Pfizer” and “1 XBF”
• 5 mg tablet: Red, film-coated triangular tablets debossed with
“Pfizer” and “5 XBF”

Dosage

Renal cell carcinoma: Initial dose is 5 mg PO BID.
Dose increase or reduction is based on individual safety and tolerability.
Dose may be increased to 7 mg PO BID in patients who are normotensive (not receiving antihypertensive medications) and who tolerate lower dosage for a minimum of 2 consecutive weeks with no
toxicity > grade 2 (CTCAE).
Dose may be reduced to 3 mg PO BID if needed based on toxicity.

Axitinib
®
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Compatibility
information

Oral product—not applicable

Contraindications/
precautions

No contraindications are listed in the package information. Caution should be used in patients with uncontrolled hypertension and
those at risk for or with a history of thromboembolic disease because both arterial thromboembolism and VTE have been seen in
clinical trials. In addition, use caution in patients with risk for hemorrhage, including cerebral hemorrhage, hematuria, and hemoptysis, and patients with untreated brain metastasis; recent, active GI bleeding; or risk for GI perforation or fistula. Patients should
discontinue axitinib at least 24 hrs before scheduled surgery. Advise women of childbearing potential to avoid becoming pregnant.
Pregnancy risk category D.

Drug interactions

Agent

Effect

Grapefruit/
grapefruit
juice

May increase concentration of axitinib.

CYP3A4
inducers

Strong inducers of CYP3A4 may decrease serum
concentration of axitinib. Dose modifications are recommended if concomitant use cannot be avoided.

CYP3A4
inhibitors

Strong inhibitors of CYP3A4 may increase serum
concentration of axitinib. Dose modifications are recommended if concomitant use cannot be avoided.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: ATEs, including transient ischemic attacks, cerebral vascular accident, MI, and retinal
artery occlusion, and VTEs have occurred.
Serious: Hypertension, hemorrhage and GI perforation, GI fistula formation, thyroid dysfunction, wound-healing complications,
RPLS, proteinuria, change in LFTs.
Other:
• Cardiovascular: Hypertension (40%)
• Dermatologic: PPE, rash, dry skin, pruritus
• Endocrine/metabolic: Hypothyroidism and, less frequently, hyperthyroidism
• GI: Diarrhea, GI perforation, GI fistula, abdominal pain, anorexia, constipation, taste changes
• Hepatic: Elevated liver enzymes
• Hematologic: Bleeding
• Miscellaneous: Cough, hoarseness, tinnitus, weight loss
• Neurologic: Fatigue, dizziness, headache, arthralgia, asthenia
• Renal: Proteinuria

Special
considerations

Dose modifications are required based on tolerability and potential
for drug interactions.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Blood pressure should be well controlled before starting axitinib.
• Monitor for signs and symptoms of hemorrhage and thrombosis.
• Thyroid function tests and LFTs.
• Urinalysis.

Indications

Axitinib is indicated for advanced renal cell cancer.

Dosage adjustment
recommendations

Dose increase or reduction is based on individual safety and tolerability.
Dose may be increased to 7 mg PO BID in patients who are normotensive (not receiving antihypertensive medications) who tolerate lower dosage for a minimum of 2 consecutive weeks with
no toxicity > grade 2 (CTCAE).
Dose may be reduced to 3 mg PO BID if needed based on toxicity.
Patients receiving a strong CYP3A4/5 inhibitor: Reduce the axitinib dose by 50% and then adjust based on safety and tolerability. Consider adjusting the dose of axitinib if the interacting drug
is discontinued after 3–5 half-lives of the interacting drug have
passed.

Pharmacokinetics

Absorption: Following an oral dose of 5 mg, the bioavailability is
close to 60% with a median time to peak concentration from 2–4
hrs.
Distribution: About 99% protein bound, primarily to albumin.
Metabolism: Hepatic via CYP3A4/5 and less so by CYP1A2,
CYP2C19, and UGT. Metabolites appear to be less potent against
VEGFR-2 than the parent drug.
Excretion: Metabolites are excreted via feces and less so in the
urine.
Elimination half-life of the parent drug ranges from 2–6 hrs.

Manufacturer

Pfizer Labs, New York, NY

Bacillus Calmette-Guérin vaccine
Other names

BCG vaccine, TICE® BCG, TheraCys® BCG

Classification

Biologic response modifier; vaccine prepared from lyophilized
preparation of the live, attenuated strain of Mycobacterium bovis
(Calmette-Guérin strain)

Mechanism of
action

Exact mechanism is unknown. However, it is thought that BCG
works by causing a local inflammatory reaction, causing stimulation in the production of macrophages and leukocytes. These cells
then infiltrate in the urinary bladder to destroy superficial tumor
cells.

Vesicant
information

Non-vesicant/non-irritant
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Preparation and
mixture

TICE BCG: Reconstitute BCG vial with 1 ml preservative-free NS
and gently swirl vial until suspension is homogenous. Add suspension to the top end of a catheter-tip syringe containing 49 ml
preservative-free NS for intravesical administration (final volume
= 50 ml). Gently rotate syringe to mix contents.
TheraCys BCG: Add 3 ml of supplied diluent to vial containing
BCG. Gently swirl vial until suspension is homogenous. Add suspension to 50 ml preservative-free NS for intravesical administration (final volume = 53 ml).
Reconstituted solution for both products should be refrigerated,
protected from light, and used within 2 hrs after preparation.

Administration

BCG should be administered intravesically. DO NOT administer via
IV, SC, or intradermal routes.
Prepared solution is instilled into an empty bladder for up to 2 hrs
as tolerated. The patient should be repositioned (supine, on right
side, on left side, and prone) every 15 min for the first hour to increase bladder surface area contact. During the second hour, the
patient may sit up while suspension is retained in the bladder. At
the end of the retention time, the patient should void while in a
seated position.

Storage and
stability

Vials and reconstituted solution should be refrigerated and protected from light. Use reconstituted solution within 2 hrs after preparation. DO NOT freeze dry or expose to direct or indirect sunlight.

How supplied

TICE BCG: Each vial contains 50 mg (1–8 × 108 colony-forming
units) of powder.
TheraCys BCG: Each vial contains 81 mg. Supplied with diluent.

Dosage

Begin therapy 7–14 days following transurethral resection or traumatic catheterization to prevent systemic reactions.
Induction: 1 vial administered intravesically once weekly × 6 weeks.
Maintenance: 1 vial administered intravesically 3, 6, 12, 18, and 24
months following completion of induction.

Compatibility
information

BCG vaccine should not be admixed with other medications or solutions.

Contraindications/
precautions

Contraindicated in the following patient populations:
• Known hypersensitivity to BCG
• Congenital/acquired immune deficiencies
• Concurrent disease causing immunosuppression (e.g., AIDS,
leukemia)
• Currently receiving immunosuppressive therapy (e.g., corticosteroids, chemotherapy, RT)
• Active tuberculosis
• Current febrile illness
• Current UTI
• Gross hematuria
• Transurethral resection, traumatic catheterization, or biopsy
within the 7–14 days
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Drug interactions

Avoid immunosuppressive therapy with corticosteroids, chemotherapeutic agents, and RT in patients receiving live vaccines. In addition, concomitant antibiotic therapy may have negative effects
on the activity of BCG. Tuberculin tests should not be administered within 4 weeks of treatment with BCG.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Disseminated BCG infections have been reported in lung, liver, bone, bone marrow,
kidney, regional lymph nodes, and prostate in patients treated
with bladder instillation of BCG.
Serious: The most common AE from receiving intravesical BCG is
cystitis with or without hematuria. Bladder irritation, which occurs
in most patients, may be severe in some. Symptoms begin within
4–6 hrs after instillation and last 24–72 hrs.
Other:
• CNS: Fever, chills, and malaise (i.e., flu-like symptoms)
• Dermatologic: Rash
• GI: Diarrhea, hepatic granuloma, hepatitis
• GU: Urinary frequency/urgency, UTI, dysuria
• Hematologic: Anemia, BCG sepsis, coagulopathy, leukopenia,
thrombocytopenia
• Respiratory: Pneumonitis

Special
considerations

Take care when handling BCG to avoid contact with product during
admixture and administration. Place all equipment, materials, and
containers that may have come in contact with BCG in plastic bags
labeled “infectious waste” and then sterilize or dispose of properly. BCG should not be injected IV, IM, or SC. BCG therapy should
not be started until 7–14 days after bladder resection or biopsy because of increased risk of BCG infection. If BCG infection is suspected, withhold therapy and initiate antituberculosis therapy
immediately.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and at regular intervals during and after treatment.
• LFTs: Before initiation of therapy, before each subsequent dose,
and at periodic intervals during therapy.
• Urinalysis: Throughout therapy for signs of cystitis.
• Obtain purified protein derivative test before intravesical treatment.

Indications

BCG is indicated for the treatment of carcinoma in situ of the bladder and for prophylaxis for primary or recurrent stage Ta and/or T1
papillary tumors following transurethral resection.

Dosage adjustment
recommendations

Hold doses for immunosuppression or suspected BCG infection.

Pharmacokinetics

TICE BCG contains live-attenuated mycobacteria.
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Manufacturer

TICE BCG: Organon Teknika Corp., Durham, NC
TheraCys BCG: Sanofi Pasteur Limited, Toronto, Ontario, Canada

Other names

Avastin

Classification

Monoclonal antibody; VEGF inhibitor

Mechanism of
action

Bevacizumab is a recombinant, humanized, monoclonal antibody
that binds to human VEGF and prevents the interaction of VEGF to
its receptors on the surface of epithelial cells. This process prevents
the proliferation of endothelial cells and formation of new blood vessels.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Withdraw necessary amount of bevacizumab from single-use vial
and dilute in a total volume of 100 ml NS. DO NOT administer or
mix bevacizumab infusions with dextrose solutions.

Administration

IV: DO NOT administer as an IVP or bolus. Administer first dose
over 90 min. If tolerated, administer second dose over 60 min. If
tolerated, administer all subsequent doses over 30 min.
Intravitreal (unlabeled): Adequate local anesthesia and topical
broad-spectrum antibiotics should be administered before intravitreal administration. Topical ophthalmic antibiotics should be
administered for 3 days following procedure.

Storage and
stability

Refrigerate at 36°F–46°F (2°C–8°C). DO NOT freeze. Protect from
light. Store diluted solutions for infusion at 36°F–46°F (2°C–8°C)
for up to 8 hrs.

How supplied

Bevacizumab is supplied as 100 mg/4 ml and 400 mg/16 ml singleuse vials.

Dosage

Metastatic colorectal cancer:
• 5 mg/kg IV infusion every 14 days when used in combination with bolus IFL (combination of 5-FU, leucovorin, and irinotecan)
• 10 mg/kg IV infusion every 14 days when used in combination
with the FOLFOX4 regimen (combination of 5-FU, leucovorin,
and oxaliplatin)
Nonsquamous NSCLC: 15 mg/kg IV infusion every 21 days (when
used in combination with carboplatin and paclitaxel)
Glioblastoma: 10 mg/kg IV infusion every 14 days
Metastatic renal cell carcinoma: 10 mg/kg IV infusion every 14
days (when in combination with interferon alfa)
Ovarian cancer (unlabeled): 15 mg/kg IV infusion every 21 days
Age-related macular degeneration (unlabeled)
• 1.25 mg (0.05 ml) intravitreally monthly until improvement (typically about 1–3 injections)
• 2.5 mg (0.1 ml) intravitreally every 28 days × 3 doses

Bevacizumab
®
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Compatibility
information

DO NOT administer or mix bevacizumab infusions with dextrose
solutions. No incompatibilities between bevacizumab and PVC or
polyolefin bags have been observed.

Contraindications/
precautions

GI perforations: Discontinue bevacizumab in patients who develop
GI perforations.
Surgery/wound healing: DO NOT administer bevacizumab at least
28 days before surgery and hold bevacizumab at least 28 days
following surgery or until would is fully healed.
Hemorrhage: Discontinue bevacizumab if patient has ≥ half teaspoon red blood (hemoptysis) or hemorrhage.
Fistula formation: Discontinue bevacizumab in patients who develop internal organ fistulas.
ATE: Discontinue bevacizumab in patients who develop a severe
ATE or life-threatening pulmonary embolism.
Hypertension: Hold bevacizumab in patients with severe uncontrolled hypertension and discontinue in patients with hypertensive crisis/encephalopathy.
Proteinuria: Hold bevacizumab in patients with ≥ 2 g of proteinuria/
24-hr period and resume when ≤ 2 g of proteinuria/24 hrs. Discontinue in patients with nephrotic syndrome.

Drug interactions

Agent

Effect

Anthracyclines

Concomitant use may potentiate cardiotoxic effect.

Irinotecan

May increase irinotecan’s active metabolite serum concentration.

Sorafenib

May increase risk for PPE.

Sunitinib

May increase risk for microangiopathic hemolytic
anemia and hypertension.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypertension, hemorrhage, ATEs, nephrotic syndrome, and GI perforation can occur. RPLS, although rare, has been reported and is a neurologic disorder that can present with headache, seizure, lethargy, confusion, blindness, and other visual or neurologic disturbances.
Serious:
• Cardiovascular: Hypertension, hypotension, thromboembolism,
CHF
• CNS: Pain, abdominal pain
• Dermatologic: Hypersensitivity reaction, wound-healing complications
• GI: Diarrhea, nausea, vomiting
• Hematologic: Leukopenia, epistaxis, neutropenia
• Renal: Proteinuria
• Respiratory: Nasal septum perforation
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Other:
• Dermatologic: Alopecia
• GI: Constipation, stomatitis, anorexia, dyspepsia
• Musculoskeletal: Weakness, myalgia
• Neurologic: Headache, dizziness
• Respiratory: Dyspnea, URI
Special
considerations

Bevacizumab should not be given for at least 28 days before and
28 days following a major surgery. The surgical incision should be
fully healed prior to initiation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor blood pressure every 2–3 weeks. Patients who develop
hypertension may need more frequent monitoring.
• Monitor patients for the development or worsening of proteinuria
with serial urinalysis.
• Monitor CBC/diff.
• Monitor signs and symptoms of GI perforation or abscess, GI
bleeding, hemoptysis, epistaxis, and CNS bleeding.

Indications

Metastatic colorectal cancer: First- or second-line treatment for
metastatic colorectal cancer in combination with 5-FU-based
chemotherapy
Nonsquamous NSCLC: First-line treatment for unresectable, locally advanced, recurrent or metastatic nonsquamous NSCLC in
combination with carboplatin and paclitaxel
Glioblastoma: Treatment of progressive disease in adults following
prior therapy
Metastatic renal cell carcinoma: Treatment in combination with interferon alfa
Unlabeled uses: Ovarian cancer, age-related macular degeneration, metastatic breast cancer, recurrent ovarian or cervical cancer, soft tissue sarcomas

Dosage adjustment
recommendations

Permanently discontinue bevacizumab if patients develop GI perforation, wound dehiscence requiring medical attention, serious
bleeding, a severe ATE, nephrotic syndrome, or hypertensive crisis.
Temporarily suspend if evidence of moderate to severe proteinuria
or severe hypertension that is uncontrollable with medical management. Suspend bevacizumab at least 28 days before elective
surgery. DO NOT resume for at least 28 days following surgery
and until surgical incision is fully healed.

Pharmacokinetics

Volume of distribution: 46 ml/kg
Elimination half-life: About 20 days (ranges 11–50 days)
Elimination: Clearance is approximately 2.75 ml/kg/day (varies by
body weight, gender, and tumor burden)

Manufacturer

Genentech, Inc., South San Francisco, CA
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Bortezomib
Other names

Velcade

Classification

Proteasome inhibitor

Mechanism of
action

Reversible inhibitor of the chymotrypsin-like activity of the 26S proteasome in mammalian cells

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

IV: Reconstitute with 3.5 ml of NS. Final concentration = 1 mg/ml.
SC: Reconstitute with 1.4 ml of NS. Final concentration = 2.5 mg/
ml.

Administration

IV: Administer as IVP over 3–5 seconds.
SC: Rotate injection site (thigh or abdomen) with each dose.

Storage and
stability

Unopened vials can be stored at room temperature of 77°F (25°C).
Keep in original package to protect from light. Once reconstituted,
use within 8 hrs.

How supplied

Supplied as individual cartons of 10 ml vials containing 3.5 mg of
bortezomib as a white to off-white cake or powder

Dosage

Multiple dosing regimens have been studied, both as a single
agent and in combination with other agents. The most common
dose regimen of bortezomib is 1.3 mg/m2/dose IVP twice weekly
for 2 weeks (days 1, 4, 8, and 11) of a 21-day cycle. Doses range
from 0.7–1.6 mg/m2 and may be given once or twice a week. Doses should be separated by at least 72 hrs.

Compatibility
information

Compatible with NS

Contraindications/
precautions

Contraindicated in those who are hypersensitive to bortezomib,
mannitol, or boron. DO NOT administer IT.

Drug interactions

No formal drug interaction studies have been conducted.

®

Agent

Effect

Ascorbic acid

May decrease effect of bortezomib (avoid
supplements).

CYP3A4 inhibitors/
inducers

Bortezomib is a substrate for CYP3A4,
CYP2C19, and CYP1A2; therefore, patients
who concomitantly receive drugs that are
inhibitors/inducers of CYP3A4 should be
closely monitored for AEs or reduced efficacy.

Hypoglycemic
agents

Concomitant use can result in hypoglycemia
or hyperglycemia. Closely monitor patients
who are receiving oral hypoglycemic agents.

A complete review of drug interactions should be evaluated for
each patient.
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Acute liver failure,
CHF, and TLS can occur. Patients at risk are those with high tumor burden before treatment; monitor these patients closely.
Serious: Peripheral neuropathy, hypotension, decreased LVEF,
nausea, vomiting, constipation, diarrhea, thrombocytopenia
Other:
• Cardiovascular: Edema, dehydration, hypotension
• GI: Decreased appetite, abdominal pain
• Hematologic: Anemia, neutropenia
• Miscellaneous: Fever
• Musculoskeletal: Fatigue, malaise, weakness, arthralgia, limb
pain, paresthesia, bone pain
• Neurologic: Psychiatric disturbance, headache, insomnia,
blurred vision
• Respiratory: Dyspnea, URI, cough, lower respiratory tract infection, nasopharyngitis

Special
considerations

Bortezomib can cause nausea, diarrhea, constipation, and vomiting. Patients may need to be premedicated with antiemetics or
antidiarrheals. Administer fluid and electrolyte replacement to
prevent dehydration.
Treat patients with preexisting severe neuropathy with bortezomib
only after careful risk-benefit assessment.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff
• LFTs

Indications

Bortezomib is indicated for the treatment of patients with MM and
relapsed/refractory mantle cell lymphoma.
Unlabeled uses include other NHLs, amyloidosis, and Waldenström
macroglobulinemia.

Dosage adjustment
recommendations

Hold dose at onset of any grade nonhematologic or grade 4 hematologic AEs (CTCAE), excluding neuropathy. Once symptoms have
resolved, reinitiate at 25% dose reduction (1.3 mg/m2/dose reduce
to 1 mg/m2/dose; 1 mg/m2/dose reduce to 0.7 mg/m2/dose).
The recommended dose modifications for bortezomib-related neuropathic pain and/or peripheral sensory neuropathy are listed below.
Grade

Action

Grade 1 (paresthesia and/or
loss of reflexes) without pain
or loss of function

No action.

Grade 1 with pain or grade 2
(interfering with function but
not with activities of daily living)

Reduce bortezomib to 1 mg/m2.

Grade 2 with pain or grade 3
(interfering with activities of
daily living)

Hold bortezomib until toxicities
resolve. When reinitiated, reduce dose to 0.7 mg/m2, and
change treatment schedule to
once weekly.

Grade 4

Discontinue bortezomib.
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Pharmacokinetics

Bortezomib is widely distributed to peripheral tissues and is about
83% protein bound. After IV administration, the median estimated
plasma concentration was 509 ng/ml, in patients with a CrCl of
31–169 ml/min. Metabolized by the liver via CYP3A4, CYP2D6,
CYP2C19, CYP2C9, and CYP1A2. Elimination half-life is 9–15 hrs
following a single dose and increases to 76–108 hrs after multiple
doses of 1.3 mg/m2.

Manufacturer

Millennium Pharmaceuticals, Cambridge, MA

Other names

Bosulif , bosutinib monohydrate

Classification

Kinase inhibitor, TKI

Mechanism of
action

Bosutinib inhibits tyrosine kinase activity and inhibits Bcr-Abl kinase that promotes CML. Bosutinib inhibits 16 of 18 imatinib-resistant forms of Bcr-Abl expressed in murine models but did not inhibit the T3151 and V299L mutant cells. Bosutinib also inhibits the Src
family of kinases.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Bosutinib is available as an oral tablet that should be taken PO
daily WITH food. Doses should be taken at the same time daily. If
a dose is missed beyond 12 hrs, the patient should skip the dose
for that day and resume the usual prescribed dose on the following day.
Tablets should be swallowed whole. DO NOT crush, break, or
chew tablets.

Storage and
stability

Tablets should be stored at 68°F–77°F (20°C–25°C). Excursions
are permitted to 59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Bosutinib is available as 100 mg and 500 mg tablets.
• 100 mg tablet: Yellow, oval, film-coated tablet debossed with
“Pfizer” and “100.”
• 500 mg tablet: Red, oval, film-coated tablet debossed with “Pfizer” and “500.”

Dosage

CML: 500 mg PO daily (dose may be escalated in patients who do
not reach complete hematologic response by week 8 or complete
cytogenetic response by week 12)

Compatibility
information

Oral agent—not applicable

Bosutinib
®
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Contraindications/
precautions

Contraindicated in patients with hypersensitivity to bosutinib. Use
with caution in patients with GI toxicity, including diarrhea, nausea,
vomiting, or abdominal pain; myelosuppression; hepatic toxicity including increase in LFTs; or fluid retention. Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effects

CYP3A4 inducers

Possible decrease in bosutinib exposure

CYP3A4 inhibitors

Possible increase in bosutinib exposure

PGP inducers

Possible decrease in bosutinib exposure

PGP inhibitors

Possible increase in bosutinib exposure

Proton pump inhibitor

Possible decrease in bioavailability and bosutinib exposure

PGP substrates

May increase exposure to drugs that are substrates of PGP

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Anaphylactic shock,
myelosuppression
Serious: Hepatotoxicity; diarrhea; rash; fluid retention manifesting
as peripheral edema, pleural and pericardial effusions, and cerebral edema
Other:
• Cardiovascular: Pericardial effusions, QT prolongation
• Dermatologic: Rash, pruritus
• Endocrine/metabolic: Decreased appetite
• GI: Diarrhea, nausea, abdominal pain, vomiting, pancreatitis
(uncommon)
• Hepatic: Increased LFTs
• Hematologic: Thrombocytopenia, anemia, neutropenia
• Miscellaneous: Pyrexia, fatigue, edema, asthenia
• Musculoskeletal: Arthralgia, back pain
• Neurologic: Headache, dizziness
• Respiratory: Pleural effusions

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Symptoms of diarrhea or dehydration.
• CBC/diff weekly for the first month, then monthly thereafter or as
clinically indicated.
• LFTs monthly for the first 3 months of treatment and then as
clinically indicated. If LFTs are elevated, more frequent monitoring is warranted.
• Monitor for fluid retention and manage patients as clinically indicated.
• Response to therapy should be assessed based on clinical situation.

Indications

Bosutinib is indicated in adult patients with chronic phase, accelerated phase, or blast phase Ph+ CML that is resistant or intolerant
to prior therapy.

Dosage
adjustment
recommendations

Clinical response:
• Consider dose escalation to 600 mg PO daily in patients who do
not reach complete hematologic response by week 8 or complete cytogenetic response by week 12 who did not have grade
3 or higher AE that is receiving 500 mg PO daily.
Hematologic toxicity:
• Dose modification for ANC < 1,000/mm3 and PLTs < 50,000/mm3:
Hold drug until ANC > 1,000/mm3 and PLTs > 50,000/mm3, and
resume treatment with bosutinib at the same dose if recovery
occurs within 2 weeks. If blood counts remain low for > 2 weeks,
upon recovery, reduce dose by 100 mg/day and resume treatment.
• Second occurrence: Hold drug, and reduce dose by an additional 100 mg/day upon recovery.
• Doses < 300 mg have not been evaluated.
Hepatic toxicity:
• Elevation of liver transaminases > 5 × ULN: Hold drug, monitor
LFTs, and resume at 400 mg PO daily after recovery to ≤ 2.5 ×
ULN. If recovery takes > 4 weeks, discontinue bosutinib.
• Elevation of liver transaminases > 3 × ULN concurrent with an
elevation of bilirubin > 2 × ULN and alkaline phosphatase < 2 ×
ULN: Discontinue bosutinib.
Diarrhea:
• Grade 3–4 diarrhea: Hold drug until recovery to grade 0–1, and
resume at reduced dose of 400 mg PO daily.
Other toxicities: If serious nonhematologic adverse events occur,
consider interruption of therapy or dose modification.

Pharmacokinetics

Absorption: Peak concentrations are observed within 4–6 hrs.
When given with high-fat meal, AUC and Cmax are increased.
Distribution: > 90% bound to plasma proteins. Bosutinib is a PGP
substrate and inhibitor.
Metabolism: Bosutinib is primarily metabolized by CYP3A4. All metabolites appear to be inactive.
Excretion: Terminal elimination half-life is approximately 24 hours.
Bosutinib is mainly eliminated via feces.

Manufacturer

Pfizer Labs, New York, NY
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Brentuximab vedotin
Other names

Adcetris®

Classification

Monoclonal antibody

Mechanism of
action

The microtubule-disrupting agent, MMAE, is attached to a chimeric
immunoglobulin G1 antibody conjugate specific for human CD30.
Once the antibody binds to a CD30 cell, the antibody is internalized and releases MMAE via proteolytic cleavage. MMAE induces cell cycle arrest by binding to tubulin and disrupting the microtubule network within the cell.

Vesicant
information

Information currently unavailable

Preparation and
mixture

Brentuximab is supplied as a sterile, white to off-white preservative-free lyophilized powder. Reconstitute each 50 mg vial with
10.5 ml of SWFI, directing the stream of water toward the wall of
the vial. Gently swirl the vial (DO NOT shake). The final concentration in the vial will equal 5 mg/ml. Once in solution, immediately dilute the solution into an infusion bag containing at least 100 ml of
NS, D5W, or LR yielding a final concentration of 0.4–1.8 mg/ml. Invert the bag gently to mix contents. Dilution should be infused immediately or refrigerated and used within 24 hrs of reconstitution.

Administration

Infuse brentuximab over 30 min. DO NOT administer as IVP or bolus.

Storage and
stability

Keep vials refrigerated and protect from light. Once infusion is prepared, infuse immediately or keep refrigerated and use within 24
hrs of reconstitution.

How supplied

Available as powder formation in single-dose vials

Dosage

HL, refractory and systemic anaplastic large cell lymphoma: 1.8
mg/kg IV every 3 weeks until disease progression, AEs, or maximum of 16 cycles (maximum dose = 180 mg capping weight at
100 kg)

Compatibility
information

Brentuximab is compatible in NS, D5W, and LR. Compatibility information with other solutions/drugs is not available and therefore it
should not be mixed or administered with other infusion products.
For further clarification, refer to compatibility references.

Contraindications/
precautions

PML caused by John Cunningham (JC) virus has been reported. Patients with new-onset signs or symptoms of CNS changes (e.g., changes in mood, memory, cognition, motor incoordination and/or weakness, speech and/or visual disturbances) should
have a thorough neurologic exam (neurology consultation, brain
MRI, and lumbar puncture or brain biopsy). If PML is suspected
or diagnosed, discontinue brentuximab.
An increase of pulmonary AEs was seen when brentuximab was
given in patients receiving bleomycin concurrently; therefore,
the use of brentuximab concurrently with bleomycin is contraindicated.
(Continued on next page)
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Patients with prolonged neutropenia may require dose interruption,
reduction, or discontinuation.
Infusion-related reactions have been reported. Premedications are
not recommended with first dose; however, if a patient experiences infusion-related reaction, subsequent doses should be premedicated with acetaminophen, antihistamine, and/or corticosteroid.
Patients with extensive tumor burden should be monitored closely for TLS.

Drug interactions

Limited information is available.
Agent

Effect

Bleomycin

Increased risk of pulmonary toxicity

Strong CYP3A4 inhibitors/inducers

May decrease or increase serum concentration of brentuximab

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: PML caused by JC virus has been reported. Patients with new-onset signs or symptoms of CNS changes (e.g., changes in mood, memory, cognition, motor incoordination and/or weakness, speech and/or visual
disturbances) should have a thorough neurologic exam (neurology consultation, brain MRI, and lumbar puncture or brain biopsy).
Anaphylaxis, Stevens-Johnson syndrome, and untreated severe
TLS have been reported.
Serious: Infection due to prolonged neutropenia (septic shock)
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Alopecia, rash, dry skin
• GI: Nausea, diarrhea, vomiting
• Hematologic: Neutropenia, infection, thrombocytopenia
• Neurologic: Peripheral neuropathy, fatigue, fever, headache

Special
considerations

Incidence of nausea and vomiting is 38%–42% and 17%–22%, respectively. Patients should be premedicated with an antiemetic.
Prolonged neutropenia has been reported. Patients may need
dose interruptions, reductions, discontinuation, or growth factor
support with subsequent cycles. Patients may also need prophylactic anti-infectives during neutropenic period.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, each subsequent dose,
and at periodic intervals during therapy.
• Hypersensitivity reactions: Monitor patients during infusion. If
patients experience an infusion-related reaction, premedicate
before subsequent doses with acetaminophen, antihistamine,
and/or corticosteroid.

Indications

HL, refractory and systemic anaplastic large cell lymphoma
(Continued on next page)
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Dosage adjustment
recommendations

Neutropenia:
• Grade 3–4 (CTCAE): Hold treatment until ≤ grade 2; consider
growth factor support with subsequent cycles; consider decreasing dose to 1.2 mg/kg if neutropenia develops despite use of
growth factor support.
• Renal/hepatic impairment: Insufficient data are available to determine if dose adjustment is necessary in these patient populations; use with caution.

Pharmacokinetics

Distribution: MMAE is 68%–82% protein bound and is not likely to
be displaced by highly protein-bound drugs.
Metabolism: MMAE is primarily metabolized by CYP3A4/5 enzymes; however, studies suggest only a small fraction of MMAE
released from brentuximab is metabolized. The concentration
of MMAE peaks in 1–3 days after administration and reaches
steady state in 21 days with the terminal elimination half-life of
the parent compound (antibody conjugate) being 4–6 days.
Excretion: MMAE is primarily excreted in the feces unchanged
(about 72%).

Manufacturer

Seattle Genetics, Inc., Bothell, WA

Cabozantinib
Other names

Cometriq™

Classification

Kinase inhibitor

Mechanism of
action

Inhibits the tyrosine kinase activity of RET; MET; VEGFR-1, -2, -3;
KIT; TRKB; FLT; AXL; TIE2, which are involved in both normal cellular function and oncogenesis, tumor angiogenesis, and maintenance of the tumor microenvironment.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Cabozantinib is available as an oral product that should be taken
without food (patients should be instructed not to eat a minimum
of 2 hrs before and at least 1 hr after the dose of cabozantinib).
Patients should swallow capsules whole. DO NOT open, crush,
break, or chew tablets.
DO NOT take a missed dose within 12 hrs of the next dose.
Avoid foods, drinks, or nutritional supplements that are known to
inhibit cytochrome P450 during treatment.

Storage and
stability

Store at room temperature (68°F–77°F [20°C–25°C]) away from
moisture; excursions are permitted to 59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

(Continued on next page)

390 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

How supplied

Cabozantinib is available as 20 mg and 80 mg capsules. Capsules
are supplied as daily dose cartons: 140 mg daily dose carton, 100
mg daily dose carton, and 60 mg daily dose carton. Also supplied
in bottles of 60 × 20 mg capsule.
• 20 mg capsules: Gray, hard gelatin capsules printed with “XL
184 20 mg”
• 80 mg capsules: Orange, hard gelatin capsule printed with “XL
184 80 mg”

Dosage

Medullary thyroid cancer: 140 mg PO daily

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Currently, there are no contraindications available.
GI perforations and fistulas: Monitor patients for signs or symptoms of perforation and discontinue if this occurs.
Serious hemorrhages: Do not administer to patients with a recent
history of hemorrhage or hemoptysis.
Increased risk of thrombotic events: Discontinue in patients who
develop an acute MI or signs of arterial thromboembolic complications.
Wound healing may be impaired; stop treatment at least 28 days
before scheduled surgery. Hold therapy in patients with dehiscence or wound-healing complications.
Hypertension: Withhold treatment for hypertension not adequately
controlled with medical management.
Osteonecrosis of the jaw: Withhold treatment for a minimum of 28
days before scheduled surgery if possible.
PPE: Withhold therapy in patients who develop intolerable grade 2
PPE or grade 3–4 PPE until improvement to grade 1.
Proteinuria: Monitor urine protein regularly, and discontinue in patients who develop nephrotic syndrome.
RPLS: Discontinue in patients who develop RPLS.

Drug interactions

Agent

Effects

CYP3A4
inhibitors

Increase in plasma concentrations of cabozantinib

CYP3A4
inducers

Decrease in plasma concentrations of cabozantinib

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: GI perforations and
fistula, hemorrhage, thromboembolic events, wound complications, RPLS
Serious: Osteonecrosis of the jaw, PPE, proteinuria, hypertension
Other:
• Cardiovascular: Hypertension
• Dermatologic: PPE, hair color changes, rash, dry skin, alopecia
• GI: Diarrhea, stomatitis, nausea, constipation, abdominal pain,
decreased appetite
• Hepatic: Increased AST, ALT, and bilirubin
• Hematologic: Lymphopenia, neutropenia, thrombocytopenia
• Miscellaneous: Fatigue, asthenia
• Musculoskeletal: Arthralgia
• Neurologic: Dysgeusia, headache
• Respiratory: Dysphonia

Special
considerations

Patients of childbearing potential must use effective contraception
during therapy and for at least 4 months following their last dose
of cabozantinib.
Do not take cabozantinib with food.
Capsules should not be opened or crushed.
Do not consume grapefruit or grapefruit juice while taking cabozantinib therapy.
Doses often require multiple doses of different strength capsules
(e.g., 1 × 100 mg + 2 × 20 mg capsule).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.

Indications

Medullary thyroid cancer (progressive, metastatic)

Dosage adjustment
recommendations

Hematologic toxicity (grade 4): Hold therapy until resolution of adverse reaction, and reduce dose (see below).
Nonhematologic toxicity (grade 3–4) or intolerable grade 2: Hold
therapy until resolution of adverse reaction to baseline or grade
1, and dose reduce (see below).
Upon resolution of adverse reaction dose reduction is based on
dose before toxicity:
• If previously on 140 mg PO daily, resume at 100 mg PO daily.
• If previously on 100 mg PO daily, resume at 60 mg PO daily.
• If previously on 60 mg PO daily, resume at 60 mg if tolerated or
discontinue.
Discontinue cabozantinib for the following:
• Development of visceral perforation or fistula
• Severe hemorrhage
• Serious ATE such as MI or cerebral infarction
• Nephrotic syndrome
• Malignant hypertension, hypertensive crisis, uncontrolled hypertension despite optimal medical management
• Osteonecrosis of the jaw
• RPLS.
Cabozantinib is not recommended in patients with moderate or severe hepatic impairment.
No dose adjustment is recommended for patients with mild or
moderate renal impairment.
(Continued on next page)
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Pharmacokinetics

Absorption: Median time to peak concentrations ranges from 2–5
hrs after dose; high-fat meal increases the maximum concentrations by > 40%.
Distribution: Highly protein bound to human plasma (> 99%)
Metabolism: Cabozantinib is a substrate of CYP3A4.
Excretion: Half-life is approximately 55 hrs.

Manufacturer

Exelixis, Inc., South San Francisco, CA

Carfilzomib
Other names

Kyprolis®

Classification

Proteasome inhibitor

Mechanism of
action

Reversible inhibitor of the chymotrypsin-like activity of the 26S proteasome in mammalian cells

Vesicant
information

Not known at this time

Preparation and
mixture

IV: Remove vial from refrigerator just before use. Slowly inject 20
ml of SWFI, directing the solution onto the inside wall of the vial.
Gently swirl until there is complete dissolution of powder. Do not
shake.
Do not mix with or administer as an infusion with other medications.

Administration

IV: Administer over 2–10 min. Flush IV line with NS or D5W immediately before and following carfilzomib administration.
Do not administer as an IV bolus.

Storage and
stability

Storage Conditions

Vial

Syringe

IV (D5W)

Refrigerated
36°F–46°F (2°C–8°C)

24 hrs

24 hrs

24 hrs

Room temperature
59°F–86°F (15°C–
30°C)

4 hrs

4 hrs

4 hrs

How supplied

Supplied as single-use vial containing 60 mg of carfilzomib as a
sterile, white to off-white lyophilized powder

Dosage

MM:
• Cycle 1: 20 mg/m2 IV over 2–10 min on 2 consecutive days,
each week for 3 weeks (days 1, 2 + 8, 9 + 15, 16) followed by a
12-day rest period every 28 days.
• Dose may be escalated to 27 mg/m2 beginning in cycle 2.
• Dose is calculated using patients’ actual BSA; patients with BSA
> 2.2 m2 is based upon BSA of 2.2 m2 (per FDA labeling).

Compatibility
information

Not known at this time
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Contraindications/
precautions

No contraindications are known at this time. Precautions include
cardiac adverse reactions, including heart failure and ischemia;
pulmonary hypertension; infusion reactions; hepatotoxicity and
hepatic failure; embryo-fetal toxicity; and thrombocytopenia. TLS
may occur, and hydration is recommended for prevention.

Drug interactions

No formal drug interaction studies have been conducted.
Carfilzomib is not expected to influence the exposure of other
drugs.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Hepatic failure, CHF,
and TLS can occur. Patients at risk are those with high tumor
burden before treatment; monitor these patients closely. Hydration is recommended to prevent TLS.
Serious: Infusion-related reactions including chills, fever, facial
flushing, chest tightness, SOB, syncope, and angina
Other:
• Fatigue, pyrexia
• Cardiovascular: Cardiac arrest, CHF, MI, peripheral edema
• GI: Nausea, diarrhea, increased LFTs
• Hematologic: Thrombocytopenia, neutropenia, anemia
• Musculoskeletal: Arthralgia, muscle spasms
• Neurologic: Peripheral neuropathy
• Renal: Increased SCr
• Respiratory: Dyspnea, pulmonary hypertension

Special
considerations

Premedication with dexamethasone 4 mg PO or IV is recommended before all doses of carfilzomib during cycle 1, and during the first cycle of dose escalation. If symptoms of infusion reaction occur with subsequent cycles, dexamethasone should be
restarted.
Hydration of patients and maintenance of adequate fluid status is
recommended to reduce risk of renal toxicity and TLS.

Monitoring
parameters

Monitor for TLS and obtain CBC/diff and LFTs.

Indications

Carfilzomib is indicated for the treatment of MM in patients who
have received prior therapies including bortezomib and an immunomodulatory agent.
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Dosage adjustment
recommendations

Adverse Event

Action

Neutropenia (grade
3 or 4)
Thrombocytopenia
(grade 4)

Withhold dose.
If recovered before next dose, continue at
dose level.
If recovered to grade 2 or 3 thrombocytopenia, reduce dose by 1 dose level.
If tolerated, the dose may be re-escalated
to previous dose level.

Cardiac toxicity
(grade 3 or 4) or
worsening of CHF,
decreased LVF
or MI

Withhold dose until resolution.
After resolution, consider restarting at a
reduced dose.
If tolerated, the dose may be re-escalated
to previous dose level.

Pulmonary hypertension
Pulmonary complications (grade 3 or 4)

Withhold dose until resolution.
After resolution, consider restarting at a
reduced dose.
If tolerated, the dose may be re-escalated
to previous dose level.

Hepatic toxicity (grade
3 or 4 elevation of
transaminases, bilirubin, or other liver
abnormalities)

Withhold dose until resolution.
After resolution, consider restarting at a
reduced dose.
If tolerated, the dose may be re-escalated
to previous dose level.

Renal toxicity (SCr ≥
2 × baseline)

Withhold until renal function has recovered to grade 1 or to baseline.
If attributable to carfilzomib, restart at the
next scheduled treatment at the reduced
dose.
If not attributable to carfilzomib, restart at
the dose used before the event.
If tolerated, the dose may be re-escalated
to previous dose level.

Peripheral neuropathy (grade 3 or 4)

Withhold dose until resolution or return to
baseline.
After resolution, consider restarting at a
reduced dose.
If tolerated, the dose may be re-escalated
to previous dose level.

Other (grade 3 or 4)
nonhematologic
toxicity

Withhold dose until resolution or return to
baseline.
After resolution, consider restarting at a
reduced dose.
If tolerated, the dose may be re-escalated
to previous dose level.

Dose reduction:
• 27 mg/m2 is reduced to 20 mg/m2.
• 20 mg/m2 is reduced to 15 mg/m2.
(Continued on next page)
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Pharmacokinetics

Absorption: At doses of 20–36 mg/m2, there was a dose-dependent increase in exposure.
Metabolism: Carfilzomib is rapidly and extensively metabolized,
with the major pathways of metabolism being bispeptidase cleavage and epoxide hydrolysis.
Elimination: Rapid clearance from circulation with half-life of ≤ 1 hr.

Manufacturer

Onyx Pharmaceuticals, Inc., South San Francisco, CA

Cetuximab
Other names

Erbitux®, C225

Classification

Monoclonal antibody, EGFR inhibitor

Mechanism of
action

A recombinant, human/mouse chimeric monoclonal antibody that
binds to the extracellular domain of the human EGFR. Binding to
the EGFR blocks phosphorylation and activation of receptorassociated kinases, resulting in growth inhibition, apoptosis, and
decreased VEGF production.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

No admixture or preparation is needed.

Administration

Following administration of premedications, administer undiluted
as an IV infusion via an IV infusion pump or syringe pump using a
low protein binding 0.22 micron in-line filter. Loading dose should
be administered over 2 hrs; maintenance dose should be administered over 1 hr. Infusion rate not to exceed 10 mg/min. DO NOT
administer as an IV push or bolus. DO NOT shake. Use NS to flush
line at the end of infusion.

Storage and
stability

Refrigerate vials at 36°F–46°F (2°C–8°C). DO NOT freeze. Increased particulate formation may occur at temperatures at or below 32°F (0°C). The product contains no preservatives. Preparations in infusion containers are chemically and physically stable for
up to 12 hrs at 36°F–46°F (2°C–8°C) and up to 8 hrs at controlled
room temperature 68°F–77°F (20°C–25°C). Discard any remaining solution in the infusion container after 8 hrs at controlled room
temperature or after 12 hrs at 36°F–46°F (2°C–8°C).

How supplied

Supplied as a single-use 100 mg/50 ml vial and 200 mg/100 ml
vial. Concentration is 2 mg/ml.

Dosage

Recommended dose is as follows:
• Maximum infusion rate is 10 mg/ml.
• Loading dose: 400 mg/m2 infused over 2 hrs
• Maintenance dose: 250 mg/m2 infused over 1 hr weekly
• Biweekly infusions (unlabeled): 500 mg/m2 every 2 weeks (initial
dose over 2 hrs; subsequent doses over 1 hr)
• In combination with chemotherapy: Cetuximab infusion should
be completed 1 hr before initiation of chemotherapy.
(Continued on next page)
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• In combination with RT: Loading dose should be given 1 week
before initiation of RT; weekly maintenance doses should be
completed at least 1 hr before RT.

Compatibility
information

No information is available. In the absence of controlled studies,
DO NOT mix with other IV drugs.

Contraindications/
precautions

Use with caution in patients with known hypersensitivity to murine
proteins.

Drug interactions

No known significant interactions. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe infusion reactions characterized by rapid onset of airway obstruction, urticaria, and hypotension. Severe infusion reactions require immediate and permanent discontinuation. Onset of pulmonary toxicity or ILD warrants discontinuation. Cardiopulmonary arrest and/
or sudden death has been seen in 2% and 3% of patients receiving cetuximab in combination with RT and 5-FU, respectively; closely monitor serum electrolytes during and after cetuximab
infusion.
Serious: Malaise, dyspnea, nausea, constipation, diarrhea, abdominal pain, vomiting, anorexia, weakness, acneform rash, dry
skin, inflammation, hypersensitivity reactions, hypomagnesemia
Other:
• Dermatologic: Pruritus, nail disorder, photosensitivity
• Hematologic: Neutropenia, leukopenia
• Miscellaneous: Fever, pain
• Musculoskeletal: Asthenia
• Neurologic: Headache, insomnia, depression
• Respiratory: Cough

Special
considerations

Premedicate with an H1 antagonist. Use oral and/or topical antibiotics for rash treatment.
Colorectal cancer: Patients should have EGFR testing before treatment. EGFR-positive patients are candidates for treatment with
cetuximab.
Head/neck cancer: EGFR testing before treatment is not necessary.

Monitoring
parameters

Take vital signs during infusion and at least 1 hr after infusion.
Monitor magnesium, calcium, and potassium levels for 8 weeks following last dose.

Indications

Cetuximab, in combination with irinotecan, is indicated for the
treatment of EGFR-expressing metastatic colorectal cancer in
patients who are refractory to irinotecan-based chemotherapy.
Cetuximab is indicated as a single-agent for the treatment of
EGFR-expressing metastatic colorectal cancer in patients who
are intolerant to irinotecan-based chemotherapy.
Off-label/investigational uses include breast cancer, head and
neck cancer, and tumors overexpressing EGFR.
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Dosage adjustment
recommendations

If a mild or moderate (CTCAE grade 1 or 2) infusion reaction develops, permanently reduce the infusion rate by 50% immediately. Permanently discontinue cetuximab in patients with grade 3 or
4 infusion reactions.
Severe acneform rash (not due to severe radiation dermatitis):
• First occurrence: Delay infusion 1–2 weeks.
–– If improvement, continue at 250 mg/m2.
–– If no improvement, discontinue therapy.
• Second occurrence: Delay infusion 1–2 weeks.
–– If improvement, continue at 200 mg/m2.
–– If no improvement, discontinue therapy.
• Third occurrence: Delay infusion 1–2 weeks.
–– If improvement, continue at 150 mg/m2.
–– If no improvement, discontinue therapy.
• Fourth occurrence: Discontinue therapy.

Pharmacokinetics

The volume of distribution of cetuximab appeared to be independent of dose and approximated the vascular space of 2–3 L/m2. By
the third weekly dose (400 mg/m2 load, then 250 mg/m2 weekly),
concentration of cetuximab reached steady state. The mean halflife is 112 hrs (range 63–230 hrs).

Manufacturer

ImClone LLC, Bridgewater, NJ (manufacturer); Bristol-Myers
Squibb Co., Princeton, NJ (distributor/marketed)

Other names

Xalkori

Classification

TKI

Mechanism of
action

Because of translocations affecting the ALK gene, ALK fusion proteins are formed, which can contribute to increased cell proliferation and survival of tumor cells. Alteration in the ALK gene is observed in about 2%–7% of patients with NSCLC and has a higher prevalence in nonsmokers, light smokers, and patients with adenocarcinoma. Crizotinib inhibits ALK tyrosine kinase in these patients, thereby reducing the proliferation of cells expressing an alteration in the gene.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Oral capsule to be swallowed whole. May be administered with
or without food. DO NOT crush, dissolve, or open capsules. If a
dose is missed and it is < 6 hrs before the next dose, skip the
missed dose and resume normal schedule.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

Crizotinib
®
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Storage and
stability

Store at room temperature away from moisture.

How supplied

Available in 200 mg and 250 mg capsules
• 200 mg capsules: Pink and white, opaque, hard gelatin capsule
with “Pfizer” and “CRZ 200” printed on the capsule
• 250 mg capsules: Pink, opaque, hard gelatin capsule with “Pfizer” and “CRZ 250” printed on the capsule

Dosage

250 mg PO BID as long as there is clinical benefit

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Currently, no contraindications are available.
Hepatotoxicity has been observed and may require dose reduction.
Ocular AEs have been observed in the form of blurred vision, diplopia, photophobia, changes in vision (acuity, brightness, and
field), and vitreous floaters. Typically occurs within 2 weeks of initiation of treatment.
Severe, life-threatening, and potentially fatal pneumonitis has been
observed typically occurring within 2 months of initiation of treatment. Monitor patient for pulmonary symptoms and discontinue if
pneumonitis is confirmed.
QTc prolongation has been observed; therefore, the use of crizotinib should be avoided in patients with congenital long QTc syndrome.

Drug interactions

Agent

Effect

Grapefruit/
grapefruit juice

May increase concentration of crizotinib (combination should be avoided)

CYP3A4 inhibitors/inducers

Strong inducers and inhibitors of CYP3A4 may
decrease or increase serum concentration of
crizotinib (combination should be avoided).

CYP3A4 substrates

Crizotinib is an inhibitor of CYP3A4 and therefore may increase serum concentration of these
agents. Specific agents (e.g., cyclosporine, ergotamine, fentanyl) should be avoided.

QTc-prolonging
agents

Concomitant use of crizotinib may increase risk
of QTc prolongation. Specific agents should be
avoided.

PGP/ABCB1 inhibitors/inducers

Inducers and inhibitors of PGP/ABCB1 may
decrease or increase serum concentration of
crizotinib.

PGP/ABCB1
substrates

Crizotinib is an inhibitor of PGP/ABCB1 and
therefore may increase serum concentration of
these agents.

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, life-threatening, potentially fatal pneumonitis (onset within 2 months of treatment initiation); QTc prolongation; thrombocytopenia
Serious: Ocular AEs
Other:
• Cardiovascular: Edema, bradycardia
• Dermatologic: Alopecia, rash, dry skin
• GI: Nausea, diarrhea, vomiting, constipation, decreased appetite, esophageal disorder
• Hepatic: AST/ALT elevation
• Hematologic: Neutropenia, infection, lymphopenia
• Neurologic: Fatigue, dizziness, headache, insomnia
• Renal: Renal cysts
• Respiratory: Cough, dyspnea, URI

Special
considerations

Dose reduction may be required for hepatotoxicity.
Ocular AEs in the form of blurred vision, diplopia, photophobia,
changes in vision (acuity, brightness, and field), and vitreous
floaters have been observed. Typically occurs within 2 weeks of
initiation of treatment. If photopia or vitreous floaters occur, an
ophthalmologic exam should be considered.
Severe, life-threatening, and potentially fatal pneumonitis has been
observed typically occurring within 2 months of initiation of treatment. Monitor patient for pulmonary symptoms and discontinue if
pneumonitis is confirmed.
QTc prolongation has been observed; therefore, the use of crizotinib should be avoided in patients with congenital long QTc syndrome.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for visual changes, pulmonary symptoms, and
QTc prolongation.
• CBC/diff: Before initiation of therapy and periodically during therapy.
• Hepatic and renal function tests: Before initiation of and periodically during therapy.
• Drug interactions: Several medications are known to interact
with crizotinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Crizotinib is indicated for ALK-positive locally advanced/metastatic
NSCLC. (ALK positivity must be detected by an FDA-approved test.)

Dosage adjustment
recommendations

Renal impairment:
• Mild to moderate impairment (CrCl = 30–60 ml/min): No dose
adjustment required.
• Severe impairment (CrCl < 30 ml/min): Insufficient data to determine if dose adjustment necessary in this patient population;
use with caution.
ESRD: Not well studied; use with caution.
Hepatic impairment: Insufficient data to determine if dose adjustment necessary in this patient population; use with caution.
(Continued on next page)
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Pharmacokinetics

Absorption: 43% bioavailable; AUC and Cmax are reduced by
about 14% when administered with high-fat meal.
Distribution: 91% protein bound (independent of drug concentration).
Metabolism: Extensively metabolized via hepatic CYP3A4/5 enzymes by oxidation and O-dealkylation; terminal elimination halflife is about 42 hrs.
Excretion: Primarily excreted in the feces (63%, majority unchanged) and urine (22%).

Manufacturer

Pfizer Pharmaceuticals LLC, New York, NY

Other names

Tafinlar

Classification

BRAF kinase inhibitor

Mechanism of
action

Inhibits multiple kinases, but specifically, mutated forms of BRAF kinase, including BRAFV600E. Mutations in BRAF gene can result in
stimulation of tumor growth; inhibition of kinases, in turn, inhibits
cell proliferation. Dabrafenib has shown to have antitumor effects in
cellular and animal models of melanoma with the BRAFV600E mutation.

Vesicant
information

Oral product—not classified as vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Dabrafenib is taken PO BID, approximately 12 hours apart, until
disease progression or unacceptable toxicity occurs.
Take WITHOUT food, either 1 hr before or 2 hrs after a meal.
Missed doses can be taken up to 6 hrs before next dose.
DO NOT open, crush, or break capsule.
Doses should be taken at the same time each day.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Dabrafenib is available as a 50 mg and 75 mg capsule, in bottles
of 120 capsules.
• 50 mg capsule is dark red and imprinted with “GS TEW” and “50
mg.”
• 75 mg capsule is dark pink and imprinted with “GS LHF” and “75
mg.”

Dosage

Melanoma: Recommended dose is 150 mg PO BID, approximately
12 hrs apart, until disease progression or unacceptable toxicity.

Compatibility
information

Oral agent—not applicable

Dabrafenib
®
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Contraindications/
precautions

Currently, there are no contraindications. Precautions include new
primary cutaneous malignancies including squamous cell carcinoma, keratoacanthoma, and melanoma; tumor promotion of
BRAF wild-type melanoma; hyperglycemia; uveitis and iritis; and
glucose-6-phosphate dehydrogenase deficiency.
Febrile drug reactions: Drug should be held for fever ≥ 101.3°F
(38.5°C) or signs of febrile drug reactions.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effect

CYP2C8 or CYP3A4 inhibitors

May increase concentrations of dabrafenib.

CYP2C8 or CYP3A4 inducers

May decrease concentrations of dabrafenib.

Drugs that alter the pH of
the upper GI tract (e.g.,
proton pump inhibitor)

May reduce absorption of dabrafenib
and decrease bioavailability.

Substrates of the following CYP450 isoenzymes:
CYP3A4, CYP2B6,
CYP2C8, CYP2C9,
CYP2C19

Dabrafenib induces these enzymes
and may affect the concentration of
medications metabolized or activated
by these isoenzymes.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Tumor promotion in
BRAF wild-type melanoma
Serious: New primary cutaneous malignancies, febrile drug reactions, uveitis and iritis
Other:
• Dermatologic: Alopecia, hyperkeratosis, PPE, rash
• Endocrine/metabolic: Hyperglycemia, hypophosphatemia
• GI: Constipation
• Miscellaneous: Headache, increased alkaline phosphatase
• Muscular/neurologic: Arthralgia, back pain, myalgia, pyrexia
• Ocular: Papilloma
• Respiratory: Cough

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Monitor for new dermatologic lesions.
As dabrafenib contains a sulfonamide moiety, there is a risk of hemolytic anemia in patients with glucose-6-phosphate dehydrogenase deficiency.
Risk of serious febrile drug reaction.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Perform dermatologic evaluation at baseline, then every 2
months during treatment and up to 6 months following discontinuation of therapy.
• Monitor serum glucose levels as clinically appropriate during
therapy in patients with preexisting diabetes or hyperglycemia.
• Monitor for signs and symptoms of ocular toxicity (e.g., change
in vision, eye pain, photophobia) while patients are on therapy.
• Drug interactions: Several medications are known to interact
with dabrafenib; therefore, assess all prescription, OTC, and
supplemental medications.

Indications

FDA indication is for metastatic or unresectable melanoma in patients with BRAFV600E mutation detected by an FDA-approved test.
Dabrafenib is not indicated for treatment of patients with BRAF
wild-type melanoma.

Dosage adjustment
recommendations

Febrile Drug Reaction
Fever of 101.3°F–
104°F

Hold drug until AE resolves, then resume at same dose or reduced dose.

Fever > 104°F or fever
complicated by rigors,
hypotension, dehydration, or renal failure

Either permanently discontinue dabrafenib OR hold until AE resolves and
resume at reduced dose (see below).

Other AEs
Intolerable grade 2 or
any grade 3

Hold drug until AE resolves to grade 1
or less, then resume at a reduced dose
(see below).

Grade 4 (first occurrence)

Either permanently discontinue dabrafenib OR hold until AE resolves to
grade 1 or less and resume at reduced
dose (see below).

Grade 4 (recurrent), intolerable grade 2, or any
grade 3–4 AE on dabrafenib 50 mg PO BID

Discontinue dabrafenib.

Recommended Dabrafenib Dose Reduction
First dose reduction

100 mg PO BID

Second dose reduction

75 mg PO BID

Third dose reduction

50 mg PO BID
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Pharmacokinetics

Absorption: Median time to peak is about 2 hours. Bioavailability is
95%. Administration of dabrafenib with high-fat meal decreases
the concentration by > 50% compared to a fasted state.
Distribution: Dabrafenib is > 99% protein bound to human plasma
proteins. Volume of distribution is 70 L.
Metabolism: Dabrafenib is metabolized to hydroxyl-dabrafenib by
CYP2C8 and CYP3A4, and this compound is further oxidized via
CYP3A4 and excreted in the bile and urine.
Excretion: Mean terminal half-life of dabrafenib is 8 hrs after oral
administration. Fecal excretion is the major route of elimination.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Darbepoetin alfa
Other names

Aranesp®

Classification

A biosynthetic (recombinant DNA origin) form of the glycoprotein
hormone erythropoietin

Mechanism of
action

A hematopoietic agent that principally affects erythropoiesis

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Available as a sterile, preservative-free solution; 25–500 mcg vials.
DO NOT dilute. DO NOT shake.

Administration

SC or IV

Storage and
stability

Refrigerate at 36°F–46°F (2°C–8°C) but DO NOT freeze.

How supplied

Preservative-free for injection (2.5 mg/ml): 25 mcg, 40 mcg, 60
mcg, 100 mcg, 200 mcg, 300 mcg. These doses and 500 mcg are
available as a SingleJect® syringe.

Dosage

Begin Aranesp® in patients with cancer receiving chemotherapy
only if Hgb is < 10 g/dl and at least 2 additional months of chemotherapy are planned; dose is 2.25 mcg/kg every week or 500 mcg
every 3 weeks until completion of chemotherapy.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients with uncontrolled hypertension or known
hypersensitivity to darbepoetin alfa or any ingredients in the formulation.

Drug interactions

No formal drug interaction studies have been performed. A complete review of drug interactions should be evaluated for each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Allergic reactions
Serious: Increased risk of cardiovascular events, including cardiac
arrest, exacerbation of hypertension, CHF, vascular thrombosis,
ischemia, or infarction; acute MI, fluid overload or edema, and
neurologic events (seizure, stroke); pure red cell aplasia
Other:
• Cardiovascular: Edema
• Dermatologic: Rash, urticaria
• GI: Diarrhea
• Miscellaneous: Fever
• Musculoskeletal: Fatigue, myalgia
• Neurologic: Headache

Special
considerations

DO NOT dilute or shake vials before use. Should not be administered in the same syringe with other drug solutions. Unused portions should not be pooled. Visually inspect vial before use; if discoloration or particulate matter is noted, discard vial.
Boxed warnings from the Aranesp package insert:
• ESAs shortened overall survival and/or increased the risk of tumor progression or recurrence in clinical studies of patients with
breast, non-small cell lung, head and neck, lymphoid, and cervical cancers.
• Prescribers and hospitals must enroll in and comply with the
ESA APPRISE Oncology Program to prescribe and/or dispense
Aranesp to patients with cancer.
• Use the lowest dose to avoid RBC transfusions.
• Use ESAs only for anemia from myelosuppressive chemotherapy.
• ESAs are not indicated for patients receiving myelosuppressive
chemotherapy when the anticipated outcome is cure.

Monitoring
parameters

Monitoring is recommended before and at periodic intervals during
therapy unless otherwise specified.
• Hct: Monitor closely (i.e., 1–2 times a week) until the level has
stabilized within the desired range, then decrease monitoring to
less frequent intervals.
• CBC/diff, reticulocyte count, and other erythrocyte indices: Monitor regularly.
• Evaluation of iron stores: Perform before and at periodic intervals during therapy.
• Blood pressure.

Indications

Darbepoetin alfa is used for the treatment of chemotherapy-induced anemia in patients with nonmyeloid malignancies. The drug
is used in an effort to decrease the need for blood transfusions in
patients receiving concomitant therapy with antineoplastic agents.
It is also used to treat anemia due to chronic kidney disease.
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Begin Aranesp in patients with cancer receiving chemotherapy
only if the Hgb is < 10 g/dl and at least 2 additional months of chemotherapy are planned. SC: 2.25 mcg/kg every week or 500 mcg
every 3 weeks until completion of chemotherapy.
Weekly
Schedule

Every-3-Weeks
Schedule

If Hgb increases > 1
g/dl in any 2-week period OR if Hgb reaches
a level needed to avoid
RBC transfusion

40% dose reduction

40% dose reduction

If Hgb exceeds a level needed to avoid RBC
transfusion

Withhold dose
until Hgb approaches a level where RBC
transfusions may
be required; reinitiate at a dose
40% below the
previous dose.

Withhold dose until Hgb approaches
a level where RBC
transfusions may
be required; reinitiate at a dose 40%
below the previous
dose.

If Hgb increases by < 1
g/dl AND remains below
10 g/dl after 6 weeks of
therapy

Increase dose
to 4.5 mcg/kg/
week.

No dose change.

If there is no response
as measured by Hgb
levels or if RBC transfusions are still required
after 8 weeks of therapy AND following completion of a chemotherapy course

Discontinue.

Discontinue.

Dose Adjustment

Pharmacokinetics

Serum erythropoietin concentrations exhibit considerable interindividual variation with a given darbepoetin alfa dose and route
of administration. Because of its protein nature, darbepoetin alfa
is destroyed in the GI tract and must be administered parenterally. Peak serum erythropoietin concentrations are achieved within 4–24 hrs following SC injection of usual therapeutic doses and
remain above baseline for 2–4 days. Limited evidence suggests
that bioavailability of the drug following SC administration into the
thigh is increased compared with SC administration into the arm
or abdomen.

Manufacturer

Amgen Inc., Thousand Oaks, CA
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Dasatinib
Other names

Sprycel

Classification

TKI

Mechanism of
action

Inhibits the Bcr-Abl tyrosine kinase, thus inhibiting proliferation and
inducing apoptosis in Bcr-Abl–positive cell lines. Dasatinib is able
to bind to imatinib-resistant mutations (except T135I and F317V) by
binding to both active and inactive confirmation of ABL kinase. In addition, dasatinib has demonstrated to inhibit the receptor tyrosine kinases for PLT-derived growth factor-β, Src family kinases, EPHA2,
and c-Kit.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Dasatinib is available as an oral product that should be taken with
or without meals and with a large glass of water. It may be taken
in the morning or evening.
DO NOT crush, break, or chew tablets.
Antacids should be administered at least 2 hrs before or 2 hrs after
administration of dasatinib
If unable to swallow, tablets may be dispersed in 30 ml of chilled
100% preservative-free orange juice or apple juice (DO NOT use
grapefruit juice); let it sit for 20 min, swirling contents every 5 min.
Suspension must be administered immediately. Rinse cup with
15 ml of juice and drink to ensure full dose is administered.

Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 20 mg, 50 mg, 70 mg, 80 mg, 100 mg, and 140 mg
tablets

Dosage

CML (newly diagnosed Ph+ in chronic phase, resistant, or intolerant): 100 mg once daily; may increase dose to 140 mg once daily
if hematologic or cytogenetic response is not achieved.
CML (Ph+ in resistant or intolerant accelerated or blast phase) and
Ph+ ALL: 140 mg once daily; may increase dose to 180 mg once
daily if hematologic or cytogenetic response is not achieved.
Dasatinib should be continued until progression or intolerance.
If concomitant administration with CYP3A4 strong inhibitors cannot
be avoided, consider reducing dasatinib dose to 20 mg daily (for
100 mg daily dosing) and 40 mg daily (for 140 mg daily dosing).
If a strong inhibitor of CYP3A4 is discontinued before initiation or
during treatment of dasatinib, a washout period of about 1 week
should be given before initiation or increase in dose.
If concomitant administration with CYP3A4 strong inducers cannot be avoided, consider increasing dasatinib dose and monitor closely.

®
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Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Currently, no contraindications are available. Dasatinib should
be held if severe bone marrow suppression is observed and dose
should be adjusted before restarting treatment. Cardiovascular
events and pulmonary arterial hypertension have been observed;
therefore, patients should be monitored for signs and symptoms of
cardiac dysfunction and pulmonary arterial hypertension. Fluid retention may be dose related and is less frequent with once-daily
dosing. QT prolongation has been observed; therefore, the use of
dasatinib should be monitored in patients at risk for QT prolongation. Electrolytes should be monitored. Use with caution in patients
with hepatic impairment. Consider risk versus benefit in this patient
population. Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D. Patients with a high
tumor burden may develop TLS. These patients should be given allopurinol and increased fluid intake, and monitored closely.

Drug interactions

Agent

Effect

Acetaminophen

Increase in hepatotoxic AEs may occur with
overuse of acetaminophen.

Antacids; H2
blockers, proton pump inhibitors

Absorption of dasatinib is pH dependent and
there is a significant decrease in absorption
(about 60%) of dasatinib when administered
with gastric acid–reducing agents. Use of pump
inhibitors and H2 blockers are not recommended; administer antacids at least 2 hrs before or
2 hrs after dasatinib administration.

Antiplatelet
agents

Dasatinib may increase effect of antiplatelet
agents.

Clozapine

Dasatinib may increase AEs of clozapine (avoid
combination).

Grapefruit/
grapefruit juice

May increase concentration of dasatinib (combination should be avoided).

CYP3A4 inhibitors/inducers

Strong inducers and strong inhibitors of CYP3A4
may decrease or increase serum concentration
of dasatinib (consider therapy modification).

CYP3A4 substrates

Dasatinib is an inhibitor of CYP3A4 and therefore may increase serum concentration of these
agents.

QT-prolonging
agents

Concomitant use of dasatinib may increase risk
of QT prolongation. Consider therapy modification. Specific agents should be avoided (e.g.,
quetiapine, quinine, ziprasidone).

A complete review of drug interactions should be evaluated for
each patient.
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Myelosuppression (recovery upon dose interruption/reduction), fluid retention (effusions), CHF, CNS hemorrhages
Serious: Hemorrhages, infections
Other:
• Cardiovascular: Edema
• Dermatologic: Rash, dry skin
• Endocrine/metabolic: Electrolyte disturbances
• GI: Nausea, diarrhea, GI bleeding
• Hepatic: T. Bili/AST/ALT elevation
• Hematologic: Febrile neutropenia, infection, thrombocytopenia
• Neurologic: Fatigue, headache, musculoskeletal pain
• Renal: SCr elevation
• Respiratory: Cough, dyspnea, pneumonia

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Investigate an unexpected rapid weight gain to rule out fluid retention. The probability of edema and severe fluid retention is increased in older adults. Consider diuretics, interruption of therapy, and other supportive care measures.
Use in patients requiring anticoagulants/antiplatelets has not been
studied and should be used with caution.
Patients unable to swallow dasatinib may disperse it in apple or
orange juice. See Administration section for details.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Signs and symptoms of fluid retention, infection, cardiovascular dysfunction, hemorrhage, pulmonary symptoms, and QT prolongation
• CBC/diff: Recommended before initiation of therapy and periodically during therapy
• Hepatic and renal function tests: Before initiation of and periodically during therapy
• Drug interactions: Several medications are known to interact
with dasatinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Dasatinib is indicated in CML (newly diagnosed Ph+ in chronic
phase, resistant, or intolerant); CML (Ph+ in resistant or intolerant accelerated or blast phase); and Ph+ ALL resistant or intolerant to prior therapy.
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Dosage adjustment
recommendations

Hematologic toxicity:
• Chronic phase CML
–– ANC < 500/mm3 or PLT < 50,000/mm3: Hold dasatinib until
ANC ≥ 1,000/mm3 and PLT ≥ 50,000/mm3. If recovery is within 1 week, restart at original dose.
–– Recurrence of ANC < 500/mm3 or PLT < 25,000/mm3 for
more than 1 week: Hold dasatinib until ANC ≥ 1,000/mm3 and
PLT ≥ 50,000/mm3 and restart at 80 mg once daily for second
recurrence and 50 mg once daily for third recurrence.
• Accelerated/blast phase CML and Ph+ ALL
–– ANC < 500/mm3 or PLT < 10,000/mm3 unrelated to disease:
Hold dasatinib until ANC ≥ 1,000/mm3 and PLT ≥ 20,000/mm3.
With first episode, restart at original dose; second episode,
restart at 100 mg once daily; third episode, restart at 80 mg
once daily.
Nonhematologic toxicity:
• Hold treatment until resolution.
–– Effusion may require holding dose and administration of diuretics. Corticosteroids may be required for symptomatic pericardial and pleural effusions. Consider decreasing dose upon
restarting dasatinib.
–– Rash is managed by dose interruption, dose reduction, corticosteroid administration, or stopping therapy.

Pharmacokinetics

Absorption: Effects with administration of food not clinically relevant (high-fat meal increased AUC by 14%)
Distribution: 96% protein bound (independent of drug concentration)
Metabolism: Extensively metabolized via hepatic CYP3A4 to an
active metabolite (minor role); time-dependent inhibitor of
CYP3A4; terminal elimination half-life is 3–5 hrs
Excretion: Primarily excreted in the feces (85%, 19% unchanged)
and urine (4%)

Manufacturer

Bristol-Myers Squibb Co., Princeton, NJ

Denileukin diftitox
Other names

ONTAK®, DAB389 IL-2

Classification

Biologic; targeted fusion molecule

Mechanism of
action

Denileukin is a recombinant DNA-derived cytotoxic protein composed of the amino acid sequences for diphtheria toxin fragments
A and B (Met1-Thr387)-His followed by the amino acid sequences Ala1-Thr133 for IL-2. This fusion protein is designed to direct
the cytocidal action of diphtheria toxin to IL-2 receptor-expressing cells, resulting in inhibition of cellular protein synthesis and cell
death. Malignant cells expressing one or more of the subunits of
the IL-2 receptor are found in certain leukemias and lymphomas.

Vesicant
information

Non-vesicant/non-irritant
(Continued on next page)
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Preparation and
mixture

Bring frozen solution to room temperature, up to 77°F (25°C). The
vials may be thawed at room temperature for 1–2 hrs or in the refrigerator at 36°F–46°F (2°C–8°C) for not more than 24 hrs. Denileukin must not be heated. The thawed solution may have a
haze visible; this should clear at room temperature and must not
be used unless the solution is clear, colorless, and without visible particulate matter. The solution may be mixed by gentle swirling; DO NOT shake. The concentration of denileukin must be at
least 15 mcg/ml during all steps of the preparation process. Withdraw the calculated dose from the vial, and inject into an empty IV bag. For each 1 ml (150 mcg) of denileukin, add 9 ml of sterile saline without preservative. May prepare and dilute denileukin
in plastic syringes or plastic IV bags. DO NOT use glass containers. Prepared solutions should be administered within 6 hrs using
a syringe pump or IV infusion. Unused portions should be discarded immediately. DO NOT administer through an in-line filter. Denileukin should not be refrozen.

Administration

For IV use only. Denileukin should be infused over at least 15 min.
DO NOT administer as an IV bolus injection.

Storage and
stability

Store frozen at or below 14°F (–10°C). Once solution is thawed,
DO NOT refreeze. Prepared solutions of denileukin should be administered within 6 hrs. Unused portions should be discarded immediately.

How supplied

Package of six 2 ml single-use vials of 150 mcg/ml sterile, frozen
solution

Dosage

The recommended treatment regimen is 9 or 18 mcg/kg/day administered IV for 5 consecutive days every 21 days. The optimal
duration of therapy has not been determined, although only 2% of
patients who did not demonstrate at least a 25% decrease in tumor burden before the fourth cycle subsequently responded.

Compatibility
information

No compatibility information is available. DO NOT physically mix
denileukin with other drugs.

Contraindications/
precautions

Contraindicated for use in patients with known hypersensitivity to
denileukin or any of its components (e.g., diphtheria toxin, IL-2, excipients). Patients should be monitored carefully for signs of infection because of the potential impairment in immune function of denileukin-treated patients. Risk versus benefit should be considered
in patients with preexisting cardiovascular disease because of the
potential development of a vascular leak syndrome.

Drug interactions

No clinical drug interaction studies have been conducted.
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Acute and/or potentially life-threatening: Acute hypersensitivitytype reactions have been reported in up to two-thirds of patients
during or within 24 hrs of denileukin infusion; approximately half
of these events occurred on the first day of dosing regardless
of treatment cycle. The constellation of symptoms includes 1 or
more of the following: hypotension (50%), back pain (30%), dyspnea (28%), vasodilation (28%), rash (25%), chest pain or tightness (24%), tachycardia, dysphagia or laryngismus, syncope, allergic reaction, or anaphylaxis. These AEs were severe in 2% of
patients. Management includes interruption or a decrease in the
rate of infusion and the administration of IV antihistamines, corticosteroids, and/or epinephrine. Resuscitation equipment should
be readily available during denileukin administration.
Serious: Vascular leak syndrome may occur and is characterized
by two or more of the following: hypotension, edema, and/or hypoalbuminemia. The onset of symptoms usually is delayed, occurring within the first 2 weeks of infusion, and may persist or
worsen after denileukin treatment cessation. This syndrome usually is self-limited. Risk versus benefit should be considered before denileukin treatment in patients with preexisting cardiovascular disease. Preexisting low serum albumin levels may predispose patients to this syndrome. It is postulated because of denileukin binding to activated lymphocytes and macrophages that
impairment of immune function occurs. Infections have been reported in 48% of patients, of whom 23% were considered severe.
Patients should be monitored for signs of infection, as these patients are at particular risk for cutaneous infections because of
their disease. Loss of visual acuity usually with loss of color vision with or without retinal pigment mottling has been reported
with recovery in some affected patients; however, most patients
reported persistent visual impairment.
Other:
• Cardiovascular: Edema (62%), hypotension, vasodilation, tachycardia, dehydration, thrombotic events, hypertension
• Dermatologic: Rash, pruritus, sweating
• Endocrine: Hypo- or hyperthyroidism
• GI: Nausea and vomiting (78%), anorexia (44%), diarrhea (delayed onset and prolonged), pancreatitis (rare), weight loss
• Hematologic: Anemia (24%), thrombocytopenia, lymphopenia
(in up to 34%; lymphocyte counts drop during dosing period and
return to normal by day 15), leukopenia
• Miscellaneous: Hypoalbuminemia (97%), transaminase increase
(76%; occurred during first course of therapy and usually selflimited), hypocalcemia, hypokalemia, hematuria, albuminuria
• Musculoskeletal: Myalgia, arthralgia
• Neurologic: Dizziness (23%), paresthesia, nervousness, confusion, insomnia
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Special
considerations

Consider antiemetics (e.g., serotonin antagonists, prochlorperazine) before administration and as needed. In addition, anorexia, hypotension, anemia, confusion, rash, and nausea and/or vomiting occurred more frequently in patients older than age 65. DO
NOT use glass containers for administration because of adsorption
to glass. DO NOT administer as an IV bolus injection; must be infused over at least 15 min.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Before the administration of denileukin, the patient’s malignant
cells should be tested for CD25 expression.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at weekly intervals during therapy.
• Serum chemistry panel including albumin: Before initiation of
therapy and at weekly intervals during therapy.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH.
• Renal function tests: CrCl, actual or calculated, and/or SCr before initiation of therapy, before each subsequent dose, and at
periodic intervals during therapy.
• Weight, edema, and blood pressure: Should be carefully monitored on an outpatient basis.

Indications

Denileukin is indicated for the treatment of patients with persistent
or recurrent cutaneous T-cell lymphoma whose malignant cells express the CD25 component of the IL-2 receptor. It is being studied
in the treatment of NHL and psoriasis.

Dosage adjustment
recommendations

Administration of denileukin should be delayed until serum albumin
levels are 3 g/dl or greater.

Pharmacokinetics

Denileukin displays two compartmental kinetics after the first dose,
with a distribution phase half-life of approximately 2–5 min and a
terminal phase half-life of 70–80 min. The development of antibody
formation to the diphtheria toxin domains increases clearance 2–3fold.

Manufacturer

Ligand Pharmaceuticals, San Diego, CA

Other names

Xgeva , Prolia®

Classification

Monoclonal antibody, bone-modifying agent

Mechanism of
action

Denosumab is a monoclonal antibody that binds to receptor activator of nuclear factor kappa-B ligand (RANKL) on the surface of
osteoclasts. Binding to RANKL will prevent receptor activation and
therefore decrease osteoclastic activity, bone resorption, skeletalrelated events, and bone destruction due to tumors.

Vesicant
information

Information currently unavailable

Denosumab
®
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Preparation and
mixture

Allow vial to stand at room temperature for 15–30 min (may contain translucent/white protein particles). DO NOT warm by any
other methods.
DO NOT shake. DO NOT use solution of it is cloudy or discolored.
Draw in syringe for SC administration.

Administration

Administer SC in the upper arm, upper thigh, or abdomen.

Storage and
stability

Refrigerate in original carton (DO NOT freeze or shake). Protect
from heat and light.
Once brought to room temperature or direct light, denosumab
must be used within 14 days.

How supplied

Xgeva: 120 mg/1.7 ml (70 mg/ml)
Prolia: 60 mg/ml (1 ml)–contains natural rubber/latex

Dosage

Giant cell tumor of the bone: 120 mg SC every 4 weeks, with an additional 120 mg dose on day 8 and day 1 of the first month of therapy.
Prevention of bone metastasis due to solid tumors: 120 mg SC every 4 weeks
Treatment of bone loss due to androgen deprivation or aromatase
inhibitors; treatment of postmenopausal osteoporosis: 60 mg SC
once every 6 months

Compatibility
information

No dilution needed

Contraindications/
precautions

Xgeva and Prolia should not be used concurrently.
Hypocalcemia must be corrected before initiating therapy. Should
be used with caution in patients with syndromes that cause hypocalcemia.
Dermatologic reactions have been observed at site of injection.
Should be used with caution in patients on immunosuppressive
therapy. Increase in the incidence of infections has been observed. If serious infections develop, further need of denosumab
should be evaluated.
Osteonecrosis of the jaw has been observed; therefore, use with
caution in patients receiving corticosteroids and undergoing invasive dental procedures.
Renal impairment: Use with caution in patients with CrCl < 30 ml/min
or on dialysis as there is an increased risk for hypocalcemia.

Drug interactions

Agent
Immunosuppressive
agents

Effect
May increase risk of serious infections

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe infections requiring hospitalization; electrolyte/mineral abnormalities
Serious: Antibody formation; constipation; osteonecrosis of the jaw
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Dermatitis, rash eczema
• GI: Nausea, diarrhea, constipation, decreased appetite, gastric
reflux
• Neurologic: Fatigue, headache
• Respiratory: Dyspnea, cough

Special
considerations

Ensure patient’s intake of calcium, vitamin D, magnesium, and
phosphorus is adequate. Use supplements if needed.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Calcium, phosphorus, and magnesium levels: Monitor closely
while receiving denosumab.
• Monitor patients for signs of infection.
• Monitor patients for signs and symptoms of osteonecrosis of the
jaw.

Indications

Denosumab is indicated in the prevention of bone metastasis due
to solid tumor; treatment of bone loss due to androgen deprivation
or aromatase inhibitors; treatment of postmenopausal osteoporosis; and treatment of adults and skeletally mature adolescents with
giant cell tumor of the bone that is unresectable or where surgical
resection is likely to result in severe morbidity.

Dosage adjustment
recommendations

Renal impairment: Should be used with caution in patients with
CrCl < 30 ml/min or on dialysis because of an increased risk for
hypocalcemia.

Pharmacokinetics

Absorption: 62% following SC administration.
Metabolism: Elimination half-life is 25.4–28 days.

Manufacturer

Amgen Inc., Thousand Oaks, CA

Other names

Soliris

Classification

Monoclonal antibody, complement inhibitor

Mechanism of
action

Monoclonal antibody directed against the C5 complement protein,
which inhibits intravascular hemolysis in PNH and TMA in aHUS.
Prevents the generation of the C5b-9 terminal complement complex by binding to the C5 complement protein, which inhibits the
cleavage of C5a and C5b.

Vesicant
information

Information currently unavailable

Preparation and
mixture

Prepare solution in an infusion bag and to a final concentration of
5 mg/ml using NS, D5W, ½NS, or Ringer’s.
Invert bag gently to mix thoroughly and allow solution to reach
room temperature before administration.

Eculizumab
®
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Administration

Infuse eculizumab over 35 min. May decrease infusion rate if infusion reaction occurs; maximum infusion duration is 2 hrs.
Monitor patient for at least 1 hr for infusion-related reactions following completion of infusion.

Storage and
stability

Store in refrigerator in original carton until use. Protect from light.
If refrigerated or at room temperature, stable for up to 24 hrs following dilution.

How supplied

Available as 300 mg/30 ml (10 mg/ml) preservative-free single
dose vial

Dosage

PNH
• 600 mg IV weekly × 4 doses, then
• 900 mg every 2 weeks starting on week 5
aHUS
• Induction: 900 mg IV weekly × 4 doses.
• Maintenance: 1200 mg IV every 2 weeks starting on week 5.
• Supplemental dose following plasmapheresis/plasma exchange:
Last dose > 600 mg, then within 60 min following plasmapheresis/plasma exchange, administer 600 mg once.
• Supplemental dose following FFP: Last dose > 300 mg, then
within 60 min before each FFP infusion, administer 600 mg
once.

Compatibility
information

Eculizumab is compatible in NS, D5W, ½NS, and Ringer’s solution.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Contraindicated in patients who have not received Neisseria meningitides vaccine or with unresolved serious N. meningitides infection. Vaccine should be given at least 2 weeks before initiating
therapy. If urgent administration of eculizumab is needed, administer vaccine as soon as possible. Because of this risk, eculizumab is restricted through a REMS program.
Infections due to Streptococcus pneumonia and Haemophilus influenzae are increased; therefore, use with caution in patients
with systemic infections. Ensure patients are up to date with all
immunizations.
Following discontinuation for aHUS, patients should be monitored
for at least 12 weeks for signs and symptoms of TMA complications. If complications occur, consider restarting therapy or other
appropriate therapies.
Following discontinuation for PNH, patients should be monitored
for at least 8 weeks for signs and symptoms of hemolysis. If hemolysis occurs, consider restarting therapy or other appropriate
therapies.
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Drug interactions

Agent

Effect

Immunosuppressive
agents

May increase risk of serious infections.

Trastuzumab

May increase risk of neutropenia.

Vaccines, inactivated

May decrease therapeutic effect of vaccine.

Vaccines, live

May increase risk of AEs and decrease
therapeutic effect of vaccine; avoid use of
live vaccines.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, life-threatening, potentially fatal Neisseria meningococcal infection; abdominal distension
Serious: Infections due to herpes, Streptococcus pneumonia, and
H. influenzae; infusion-related reaction
Other:
• Cardiovascular: Hypertension, tachycardia, peripheral edema
• GI: Nausea, diarrhea, vomiting, constipation, abdominal pain
• Hematologic: Anemia, infections, fever
• Neurologic: Fatigue, headache, back pain, myalgia
• Respiratory: Cough, respiratory infections

Special
considerations

Patient and prescribing physician must be enrolled in the REMS
program to begin therapy with eculizumab.
Ensure patients are up to date with immunizations.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Infusion-related reactions: Monitor patients for at least 1 hr for infusion-related reactions following completion of eculizumab infusion.
• Infections: Monitor patients for serious infections due to Neisseria meningitides, Streptococcus pneumonia, and H. influenzae.
• Lab parameters: CBC/diff, LDH, SCr, AST, urinalysis
• Monitor patients for TMA complications for at least 12 weeks following discontinuation.
• Monitor patients for hemolysis for at least 8 weeks following discontinuation.

Indications

Eculizumab is indicated for treatment of PNH and aHUS.

Dosage adjustment
recommendations

No dose adjustments are needed for renal or hepatic impairment.

Pharmacokinetics

Onset: PNH ≤ 1 week.
Distribution: 6.14–7.7 L.
Metabolism: Elimination half-life is 11–12 days.
Excretion: Clearance in aHUS is about 14.6–22 ml/hr.

Manufacturer

Alexion Pharmaceuticals, Cheshire, CT
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Epoetin alfa
Other names

Procrit , Epogen®, epoetin alfa, erythropoietin, EPO, rHuEPO-alfa

Classification

Hematopoietic cytokine

Mechanism of
action

Erythropoietin increases the production of erythrocytes by stimulating the proliferation and differentiation of committed erythroid
precursors.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

DO NOT dilute. DO NOT mix with other drug solutions except for
admixing as (before SC administration) preservative-free Epogen/
Procrit from single-use vials with bacteriostatic 0.9% sodium chloride injection, USP, with benzyl alcohol 0.9% (bacteriostatic saline)
in a 1:1 ratio.

Administration

May be given by direct IV or SC injection

Storage and
stability

Store vials under refrigeration. DO NOT freeze. Exposure to light
for less than 24 hrs does not adversely affect stability. Shaking of
vials may denature the protein with loss of biologic activity.

How supplied

Epoetin alfa is available as an isotonic, buffered liquid for injection
both as a benzyl alcohol preserved and preservative-free product.
Preservative-free vials each contain 1 ml of liquid with epoetin alfa
concentrations of 2,000, 3,000, 4,000, or 10,000 units/ml and as
40,000 units as 40,000 units/ml. Multidose, preserved vials contain
20,000 units of epoetin alfa as either 2 ml of 10,000 units/ml or 1 ml
of 20,000 units/ml.

Dosage

Epoetin alfa 50–100 units/kg (IV route recommended) 3 times
a week is a typical dose for anemia of chronic renal failure. For
anemia caused by chemotherapy in patients with cancer, epoetin 150–300 units/kg (SC or IV) 3 times a week has been
used to decrease blood transfusion requirements. Alternatively,
40,000–60,000 units once a week has been used. The recommended starting dose is 150 units/kg (SC or IV) 3 times a week
or 40,000 units once a week. Begin therapy only in patients with
cancer receiving chemotherapy only if the Hgb is < 10 g/dl and
if at least 2 additional months of chemotherapy are planned.

Compatibility
information

Epoetin alfa may be further diluted in the original vial with bacteriostatic NS preserved with benzyl alcohol before administration. For
further clarification, refer to compatibility references.

Contraindications/
precautions

Hypersensitivity to epoetin or any component of the formulation. It
has been suggested to begin therapy in patients with documented unstable angina or recent MI at dosages lower than the normal
starting dose. Monitor blood pressure closely during initiation of
therapy, as responses to therapy may be associated with increases in blood pressure. Epoetin alfa is contraindicated in patients
with uncontrolled hypertension. Epoetin alfa treatment is not appropriate for patients requiring immediate correction of severe anemia. Multidose vials contain benzyl alcohol and are contraindicated
in neonates, infants, pregnant women, and nursing women.

®
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Drug interactions

No formal drug interaction studies have been performed. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported
Serious: Increased risk of cardiovascular events, including cardiac
arrest, exacerbation of hypertension, CHF, vascular thrombosis,
ischemia, or infarction; acute MI, fluid overload or edema, and
neurologic events (seizure, stroke); pure red cell aplasia
Other:
• Dermatologic: Rash
• GI: Abdominal pain/cramps
• Miscellaneous: Fever
• Musculoskeletal: Arthralgia
• Neurologic: Headache, paresthesia

Special
considerations

Black box warnings from package insert:
• ESAs shortened overall survival and/or increased the risk of tumor progression or recurrence in clinical studies of patients with
breast, non-small cell lung, head and neck, lymphoid, and cervical cancers.
• Prescribers and hospitals must enroll in and comply with the
ESA APPRISE Oncology Program to prescribe and/or dispense
Epogen and Procrit to patients with cancer.
• Use the lowest dose to avoid RBC transfusions.
• Use ESAs only for anemia from myelosuppressive chemotherapy.
• ESAs are not indicated for patients receiving myelosuppressive
chemotherapy when the anticipated outcome is cure.
Product may contain albumin, which confers a theoretical risk of
transmission of viral disease or Creutzfeldt-Jakob disease.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Hct: Monitor closely (i.e., 1–2 times a week) until the level has
stabilized within the desired range; then monitoring may be decreased to less frequent intervals.
• CBC/diff, reticulocyte count, and other erythrocyte indices: Monitor regularly.
• Evaluation of iron stores: Perform before and at periodic intervals during therapy.

Indications

Epoetin alfa has been used in the treatment of anemia in patients
with chemotherapy-induced anemia; azidothymidine-treated HIV
infection; chronic kidney disease; reduction of allogeneic RBC
transfusion for elective, noncardiac, nonvascular surgery when
perioperative Hgb is > 10 to ≤ 13 g/dl and there is a high risk for
blood loss and other hematologic disorders causing anemia such
as MDS. Other uses include treatment of radiation-induced anemia
and prevention of anemia in the radiation oncology setting.
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Dosage adjustment
recommendations

Titrate dosage based on patient’s responses. A period of time is
required for erythroid progenitors to mature and be released into
the circulation. As a result, the time required to elicit a clinically significant change in Hct/Hgb is essentially 2–4 weeks. At 4 weeks, if
a response (at least a 1 g/dl increase in hemoglobin) has not been
seen in this time period AND Hgb remains < 10 g/dl, an increase
in dose to 300 units/kg 3 times a week or 60,000 units once weekly) is recommended. Decrease dose by 25% if Hgb increases >
1 g/dl in any 2-week period or if Hgb reaches a level needed to
avoid RBC transfusion. Hold dose if Hgb exceeds a level needed to avoid RBC transfusion. Reinitiate at a dose 25% below the
previous dose when Hgb approaches a level where RBC transfusions may be required. After 8 weeks of therapy, if there is no response as measured by Hgb levels or if RBC transfusions are still
required, discontinue therapy.

Pharmacokinetics

Serum levels are higher but less sustained when administered IV
compared to SC. Peak blood levels are seen 5–24 hrs after SC administration. The half-life may range from approximately 4–13 hrs
(IV, chronic kidney disease) and 16–67 hrs (SC, cancer).

Manufacturer

Epogen, Amgen Inc., Thousand Oaks, CA; Procrit, Amgen Inc., for
Ortho Biotech Products, L.P., Raritan, NJ

Erlotinib HCl
Other names

Tarceva®

Classification

TKI, human EGFR inhibitor

Mechanism of
action

Erlotinib binds to the intracellular kinase domain of the EGFR and
inhibits the intracellular phosphorylation. EGFR is expressed on
the cell surface of both normal and cancer cells. Inhibition of other
tyrosine kinase receptors by erlotinib has not been determined.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Erlotinib is available as an oral product that must be taken without
food. DO NOT eat for at least 1 hr before administration and 2
hrs following administration. It is taken once daily.
If unable to swallow, tablets may be dissolved in 100 ml of water.
Rinse cup with 40 ml of water and drink to ensure full dose is administered.

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 25 mg, 50 mg, and 150 mg white film-coated tablets
(Continued on next page)
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Dosage

NSCLC: 150 mg PO daily continued until disease progression or
intolerable toxicities
Pancreatic cancer: 100 mg PO daily in combination with gemcitabine; continue until disease progression or intolerable toxicities.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

No known contraindications. Pulmonary toxicity (reports of serious
ILD—pneumonitis, interstitial pneumonia, obliterative bronchitis,
pulmonary fibrosis, ARDS, and lung infiltration) has been reported. GI perforation, hepatotoxicity, severe skin reactions, and ocular AEs have been observed. Fatalities in patients receiving erlotinib have been noted. Pregnancy risk category D. Contraindicated
in nursing mothers.

Drug interactions

Agent

Effect

Antacids, H2 blockers, proton
pump inhibitors

Significant decreased absorption of erlotinib; administer at
least 2 hrs before or 2 hrs after erlotinib administration.

Food

Increases bioavailability.

Smoking

Increases clearance.

Ketoconazole or other CYP3A4
inhibitors (i.e., atazanavir, clarithromycin, indinavir, itraconazole,
nefazodone, nelfinavir, ritonavir,
saquinavir, telithromycin, troleandomycin, and voriconazole)

Increases erlotinib AUC by
two-thirds.

Potent CYP450 inducers (i.e., rifabutin, rifampin, rifapentine, phenytoin, carbamazepine, phenobarbital, St. John’s wort)

Avoid concomitant use of erlotinib with these agents.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary toxicity, including ILD and ILD-like events, has been reported. In patients
who develop an acute onset of new or progressive pulmonary
symptoms (e.g., dyspnea, cough, fever), treatment should be interrupted pending diagnostic evaluation.
Serious: Diarrhea (median time to onset of diarrhea was 12 days),
rash (median time to onset of rash was 8 days), dyspnea, cough,
or fever; GI perforation
Other:
• GI: Elevated ALT, AST, and bilirubin, infrequent cases of GI
bleeding
• Miscellaneous: Conjunctivitis, keratitis, corneal ulcerations
(Continued on next page)
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Special
considerations

Discontinue if ILD, hepatic failure, or GI perforation occurs.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for visual changes, pulmonary symptoms, and
QTc prolongation.
• Hepatic and renal function tests: Check periodically throughout
therapy.
• Electrolytes: Check periodically throughout therapy. Ensure patient stays adequately hydrated.
• Drug interactions: Several medications are known to interact
with erlotinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Monotherapy
• Treatment of locally advanced or metastatic NSCLC after failure
of at least one prior chemotherapy regimen
• Maintenance therapy in patients with locally advanced or metastatic NSCLC whose disease has not progressed after 4 cycles
of platinum-based first-line chemotherapy
Combination therapy
• First-line treatment (in combination with gemcitabine) for patients with locally advanced, unresectable or metastatic pancreatic cancer

Dosage adjustment
recommendations

Interrupt treatment in patients who develop an acute onset of new
or progressive pulmonary symptoms, such as dyspnea, cough, fever, severe skin reactions, or severe diarrhea. Reduce erlotinib in
50 mg decrements. Use with caution in patients with hepatic impairment.

Pharmacokinetics

Metabolized via CYP450. Erlotinib is absorbed by about 60% after
oral administration, and its bioavailability is substantially increased
by food to almost 100%. Peak plasma levels occur 4 hrs after dosing. Time to reach steady state plasma concentration is 7–8 days.
Half-life is about 36 hrs, and it is cleared predominantly by isoenzyme CYP3A4 metabolism. No significant relationships of clearance to patient age, body weight, or gender were observed. Smokers had a 24% higher rate of erlotinib clearance. Cleared predominantly by the liver. No studies have been conducted in patients
with compromised renal function. No data are currently available
regarding the influence of hepatic dysfunction and/or hepatic metastases on the pharmacokinetics of erlotinib.

Manufacturer

Genentech, Inc., South San Francisco, CA
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Everolimus
Other names

Afinitor , RAD001, Zortress® (marketed in the United States for renal transplant prophylaxis)

Classification

mTOR kinase inhibitor

Mechanism of
action

Everolimus is an inhibitor of the serine-threonine kinase mTOR.
The drug binds to an intracellular protein FKBP-12 and forms a
protein-drug complex, which leads to inhibition of signaling of the
cell. In renal cell carcinoma, the inhibition of mTOR leads to inhibition of HIF and VEGF, resulting in inhibition of angiogenesis.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or mixture required

Administration

Tablets should be swallowed whole with a full glass of water, at the
same time daily. DO NOT chew or crush tablets. Administer consistently with or without food.
Everolimus may be dispersed in approximately 30 ml of water and
taken as a suspension. The glass should be rinsed with an additional 30 ml of water, which the patient drinks to ensure the entire dose is taken.
Patients should avoid grapefruit juice.

Storage and
stability

Everolimus tablets should be stored at 77°F (25°C); excursions
permitted between 59°F–86°F (15°C–30°C). Store in original
container and protected from light and moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available in 2.5 mg, 5 mg, 7.5 mg, and 10 mg in blister cards of 7
tablets each. Each carton contains 4 blister cards.

Dosage

Renal cell carcinoma, advanced: 10 mg PO once daily
Astrocytoma, subependymal giant cell: Dose based on BSA in patients > 3 years
• 7.5 mg/day for BSA ≤ 2.2 m2
• 5 mg/day for BSA of 1.3–2.1 m2
• 2.5 mg/day for BSA of 0.5–1.2 m2
PNET, locally advanced or metastatic: 10 mg PO once daily
Breast cancer, metastatic (combination with exemestane): 10 mg
PO once daily

Compatibility
information

Oral agent—not applicable

®
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Contraindications/
precautions

Everolimus is contraindicated in patients with a hypersensitivity to
everolimus or any other rapamycin derivatives. Use with caution in
women who are pregnant, of childbearing potential, or breast-feeding. Pregnancy risk category D. Everolimus has immunosuppressant
properties, and caution is warranted in patients receiving immunosuppressant medications or with an active infection. Caution in patients with history of diabetes as everolimus may cause hyperglycemia. Caution in patients undergoing surgery or with wounds, as
everolimus is associated with abnormal wound healing.

Drug interactions

Agent

Effect

CYP3A4/5 inhibitors

May increase plasma concentrations of
everolimus and increase exposure and
effect.

CYP3A4/5 inducers

May decrease the plasma concentration
of everolimus and decrease exposure
and effect.

Drugs that require immune system for therapeutic activity

Everolimus is an immunosuppressant.

Agents that cause angioneurotic edema reactions (e.g., ACE inhibitors)

Use of temsirolimus and drugs known to
cause angioedema may increase reactions.

PGP inhibitors

May increase levels of everolimus.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions characterized by anaphylactic shock and anaphylactoid reactions
Serious: Immunosuppression, increased infection secondary to immunosuppression, secondary malignancies, including lymphoma
and malignancies of the skin, thought to be due to immunosuppression
Other:
• Cardiovascular: Edema, peripheral edema, hypertension
• CNS: Fever, fatigue, seizure, headache, insomnia, dizziness
• Dermatologic: Rash, acneform dermatitis, dry skin
• Endocrine/metabolite: Hyperglycemia, hypercholesterolemia,
hypertriglyceridemia, hypophosphatemia, hyperlipidemia, hypokalemia, hypocalcemia, hypomagnesemia
• GI: Mucositis, nausea, vomiting, anorexia, diarrhea, abdominal
pain, constipation, stomatitis, taste changes, weight loss
• Genitourinary: Dysuria
• Hematologic: Anemia, lymphopenia, thrombocytopenia, neutropenia
• Hepatic: Increase in ALK phosphatase, increased liver enzymes
• Musculoskeletal: Weakness, pain, arthralgias, azoospermia
• Renal: Increased creatinine
• Respiratory: Dyspnea, cough, pneumonitis
(Continued on next page)
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Special
considerations

Serum concentrations of everolimus are monitored when everolimus
is used as an immunosuppressant following renal transplantation.
Afinitor contains lactose.

Monitoring
parameters

Monitor for signs and symptoms of infection.
Obtain CBC/diff before initiation and periodically.
Assess liver function at baseline and periodically.
Check electrolytes and blood glucose before initiation and periodically, and more frequently if toxicity develops.
Obtain serum cholesterol and triglycerides at baseline and periodically.
Assess renal function at baseline and periodically.

Indications

Afinitor:
• Renal cell carcinoma, advanced
• Astrocytoma, subependymal giant cell
• PNET, locally advanced or metastatic
• Breast cancer, metastatic (combination with exemestane)
Zortress:
• Kidney transplant rejection prophylaxis

Dosage adjustment
recommendations

Dose adjustment for toxicity: May interrupt therapy and temporarily
reduce dose to 5 mg PO once daily.
Dose adjustment for CYP3A4 inhibitors/inducers:
• Strong inducers: Avoid; if unable to avoid, may consider slow
dose titration upward by 5 mg increments.
• Strong inhibitors: Avoid.
• Moderate inhibitors: May consider decrease dose to 2.5 mg PO
daily and increase slowly.
Dose adjustments in renal impairment are not available.
Dose adjustment for liver impairment:
• Moderate hepatic impairment: Dose reduction is recommended.
• Avoid use in severe impairment.

Pharmacokinetics

Bioavailability is low (approximately 30%) with oral administration
with peak blood concentrations achieved about 1–2 hrs after administration. Everolimus is protein bound approximately 74% and
is extensively metabolized via CYP3A4 to metabolites with weak
activity compared to parent drug. Excretion is predominantly in the
feces (80%) and < 10% in urine. Mean elimination half-life is approximately 30 hrs.

Manufacturer

Novartis Pharmaceuticals Corp., East Hanover, NJ

Other names

Neupogen , G-CSF

Classification

Hematopoietic cytokine

Mechanism of
action

Filgrastim increases the proliferation and differentiation of neutrophils within the bone marrow.

Vesicant
information

Non-vesicant/non-irritant

Filgrastim
®
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Preparation and
mixture

DO NOT shake. Filgrastim may be diluted to a concentration of
5–15 mcg/ml in D5W in which albumin has first been added to a
concentration of 2 mg/ml. Albumin, which is used as a carrier protein and prevents adsorption to plastics, is not needed if filgrastim is diluted to a concentration > 15 mcg/ml. Diluted solutions are
compatible with glass or plastics commonly used in syringes, IV
bags, and IV pump cassettes. Dilution with NS may cause precipitation and should not be done.

Administration

Single daily SC injection, short IV infusion (15–30 min), or CIV infusion

Storage and
stability

Intact vials should be stored in a refrigerator and should NOT be
allowed to freeze. Undiluted filgrastim is stable in Becton Dickinson
tuberculin syringes for up to 24 hrs at room temperature or up to
7 days when stored in a refrigerator. If properly diluted in D5W, filgrastim is stable for 7 days when stored in a refrigerator. Because
of concerns over possible bacterial contamination, the manufacturer recommends using solutions within 24 hrs of preparation.

How supplied

Filgrastim is available as a clear, colorless, preservative-free liquid
for injection. Vials contain filgrastim 300 mcg/ml in either 1 ml (300
mcg) or 1.6 ml (480 mcg) sizes. Also available in prefilled syringes
with 300 mcg/0.5 ml and 480 mcg/0.8 ml sizes.

Dosage

Common dosage: 5 mcg/kg/day; for stem cell mobilization: 10 mcg/
kg/day starting 4 days before leukapheresis and continued until
the last leukapheresis to decrease waste; it is common practice to
round the doses to fit the combinations of available vial sizes.

Compatibility
information

Filgrastim should not be admixed with any other medications. For
further clarification, refer to compatibility references.

Contraindications/
precautions

Avoid using in patients with known hypersensitivity to E. coli–
derived proteins, filgrastim, or any component of the product.

Drug interactions

DO NOT administer filgrastim within 24 hrs before or after doses
of myelosuppressive antineoplastic medications. Medications that
may increase neutrophil counts (e.g., lithium) may potentiate the
myeloproliferative effects of filgrastim. A complete review of drug
interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Allergic or anaphylactic reactions, although rare, have been reported. Rare cases of
splenic rupture have been reported; therefore, evaluate individuals who report left upper abdominal pain and/or shoulder pain for
enlarged spleen.
Serious: See above.
Other:
• Cardiovascular: Edema
• Dermatologic: Rash, injection-site erythema, swelling, pruritus
• Miscellaneous: Fever
• Musculoskeletal: Bone pain (mild to moderate; dose-related; occurs in 25%–50% of patients)
• Neurologic: Mild to moderate headache
• Respiratory: Dyspnea, pulmonary infiltrates, hemoptysis
(Continued on next page)
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Special
considerations

DO NOT administer filgrastim within 24 hrs before or after doses of
myelosuppressive antineoplastic medications. Consider risk versus
benefit in patients with excessive leukemic myeloid blasts in the
marrow or peripheral blood. RT concurrent with filgrastim should
be avoided.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Monitor regularly (twice weekly after chemotherapy or
three times weekly after HSCT and during therapy to monitor response).

Indications

Filgrastim is indicated to decrease the incidence of infection in patients with nonmyeloid malignancies receiving myelosuppressive
anticancer therapy; to reduce the time to neutrophil recovery and
the duration of fever following induction or consolidation therapy for
adults with AML; to reduce the duration of neutropenia and neutropenia-related events in patients with nonmyeloid malignancies undergoing myeloablative chemotherapy followed by marrow transplantation; for the mobilization of peripheral blood stem cells for
collection; and for chronic administration to reduce the incidence
and duration of sequelae of neutropenia in patients with congenital, cyclic, or idiopathic neutropenia.

Dosage adjustment
recommendations

Filgrastim dose for treatment of neutropenic states is based on
neutrophil recovery following HSCT.
ANC

Filgrastim Dose Adjustment

ANC > 1,000/mm for 3 consecutive days

Reduce to 5 mcg/kg/day.

If ANC remains > 1,000/mm3 for
3 or more consecutive days

Discontinue filgrastim.

If ANC decreases to < 1,000/mm3

Resume at 5 mcg/kg/day.

If ANC decreases to < 1,000/mm3
during the 5 mcg/kg/day dose

Increase filgrastim to 10 mcg/kg/
day and follow the above steps.

3

Pharmacokinetics

Absorption after SC dosing is 100%, with peak plasma concentrations maintained up to 12 hrs; elimination half-life is approximately
1.8–3.5 hrs. Onset of action plateaus at 3–5 days.

Manufacturer

Amgen Inc., Thousand Oaks, CA

Ibritumomab tiuxetan
Other names

Zevalin®

Classification

Monoclonal antibody, radiolabeled

Mechanism of
action

Ibritumomab is a murine monoclonal antibody directed against the
CD20 antigen on B cells and is covalently bound to the linker-chelator
tiuxetan. Tiuxetan provides a high-affinity chelation site for yttrium-90
(90Y). Ibritumomab-induced apoptosis and the beta emission of 90Y
causes cellular damage by formation of free radicals in the targeted
and surrounding cells.
(Continued on next page)
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Vesicant
information

Vesicant. Take precautions to avoid extravasation. Monitor the infusion for signs of extravasation, and discontinue and restart the infusion into another vein if any signs or symptoms of extravasation
occur. For more specific recommendations, refer to Chapter 3.

Preparation and
mixture

Only personnel trained to handle radiopharmaceuticals should prepare doses. Refer to detailed instructions for preparation provided
with each 90Y ibritumomab tiuxetan kit.

Administration

90

Storage and
stability

Store under refrigeration at 36°F–46°F (2°C–8°C); DO NOT freeze.
Administer 90Y ibritumomab tiuxetan within 8 hrs following radiolabeling.

How supplied

90

Dosage

90

Compatibility
information

90

Contraindications/
precautions

90

Y ibritumomab tiuxetan is administered in combination with 2
doses of rituximab:
• Day 1: Rituximab 250 mg/m2 is administered per guidelines.
• Day 7, 8, or 9: Rituximab 250 mg/m2 is administered per guidelines. Within 4 hrs following the completion of the rituximab infusion, infuse 90Y ibritumomab tiuxetan as a 10 min IVP through a
free-flowing IV line using a 0.22 micron low-protein-binding inline filter. Flush line with at least 10 ml of NS.

Y ibritumomab tiuxetan is supplied as a kit consisting of 4 vials. It
is ordered as a single dose.
• 90Y ibritumomab tiuxetan kit: 1 Zevalin vial containing 3.2 mg of
ibritumomab tiuxetan in 2 ml of NS (clear colorless solution); 1
50-mm sodium acetate vial; 1 formulation buffer vial; 1 empty reaction vial; and 4 identification labels.
• The 90Y chloride sterile solution shipped separately at the time
the 90Y ibritumomab tiuxetan kit is ordered.
• Rituximab must be ordered separately.
Y ibritumomab tiuxetan is administered in combination with 2
doses of rituximab as follows:
• Day 1: Rituximab 250 mg/m2 is administered per guidelines.
• Day 7, 8, or 9: Rituximab 250 mg/m2 is followed by 90Y ibritumomab tiuxetan.
• 90Y ibritumomab tiuxetan is dosed 0.4 mCi/kg (4.8 MBq/kg) for
patients with normal PLT count.
• 90Y ibritumomab tiuxetan is dosed 0.3 mCi/kg (4.8 MBq/kg)
for relapsed or refractory patients with PLT count of 100,000–
149,000/mm3 (should not be administered in patients with PLTs
< 100,000/mm3).
• Maximum dose = 32 mCi (1,184 MBq).
Y ibritumomab tiuxetan should not be admixed or infused with
any other drugs or solutions. NS may be used to flush IV lines before and following 90Y ibritumomab tiuxetan administration.
Y ibritumomab tiuxetan is contraindicated in patients with severe
allergic or anaphylactic reactions to murine proteins or any component of 90Y Ibritumomab tiuxetan; in patients with ≥ 25% bone
marrow involvement of lymphoma or impaired bone marrow reserve; and patients with PLT count < 100,000/mm3.
Effective contraception should be used for up to 12 months following therapy.
Use of live viral immunizations following 90Y ibritumomab tiuxetan
has not been studied and should not be administered.
(Continued on next page)
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Drug interactions

Agent

Effect

Anticoagulants

May increase AEs of 90Y ibritumomab tiuxetan;
may increase risk of bleeding

Immunosuppressive agents

May increase risk of serious infections

Vaccines, live

May increase risk of serious infections

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe infusion reactions may occur. The most severe reactions may include development of pulmonary infiltrates, ARDS, MI, ventricular fibrillation,
and cardiogenic shock.
Serious: Severe infections and hemorrhage can occur following
therapy. Erythema multiforme, Stevens-Johnson syndrome, toxic epidermal necrolysis, bullous dermatitis, and exfoliative dermatitis have been reported. AML or MDS can develop following 90Y
ibritumomab tiuxetan therapy.
Other:
• GI: Nausea, vomiting, diarrhea, anorexia
• Hematologic: Neutropenia and thrombocytopenia (occurs in
> 50% of patients)
• Neurologic: Dizziness
• Respiratory: Dyspnea, cough

Special
considerations

90

Monitoring
parameters

Monitor patients for signs of infusion-related reactions during and
following infusion (typically occurs within 30–120 min).
Monitor patients for signs of extravasation during infusion.
Check CBC/diff weekly. Monitor for complications from cytopenias
for 3 months following treatment.
Observe patients for potential infusion reactions during treatment.

Indications

90

Dosage adjustment
recommendations

Reduce the 90Y ibritumomab tiuxetan dose to 0.3 mCi/kg (11.1
MBq/kg) for patients with a baseline PLT count of 100,000–
149,000/mm3.

Y ibritumomab tiuxetan is a radiopharmaceutical and should be
used only by physicians and other professionals qualified by
training and experienced in the safe use and handling of radionuclides.
Because radiation is released from the patient’s body for several
days, warn the patient of possible health hazards to others and
give instructions to minimize radiation exposure to family, friends,
and the general public.

Y ibritumomab tiuxetan is indicated in the treatment of relapsed
or refractory low-grade, follicular, or transformed B-cell NHL, and in
the treatment of previously untreated follicular NHL in patients who
had a partial or complete response to first-line chemotherapy.
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Pharmacokinetics

Distribution: Throughout lymphoid tissue including intestines,
spleen, testes, and liver
Metabolism: Metabolically stable; half-life of 30 hrs (physical halflife: 64 hrs)
Excretion: Renal; median of 7.2% over 7 days; majority cleared
through binding with tumor

Manufacturer

Spectrum Pharmaceuticals, Inc., Irvine, CA

Ibrutinib
Other names

Imbruvica™

Classification

Bruton’s tyrosine kinase (BTK) inhibitor

Mechanism of
action

Binds to BTK and inhibits activity, preventing the activation and
signaling of B-cell activation

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Ibrutinib is available as an oral capsule taken once daily at approximately the same time daily. The daily dose usually includes
multiple capsules daily, dependent on the dose.
Do not open, break or chew the capsules.

Storage and
stability

Store bottles at room temperature 20°C–25°C (68°F–77°F); excursions permitted to 15°C–30°C (59°F–86°F).
Retain in original package.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as white opaque 140 mg capsules imprinted with “ibr
140 mg.” Available in bottles of 90 and 120 capsules.

Dosage

Mantle cell lymphoma: 560 mg PO daily

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

No known contraindications. Precaution in individuals requiring
antiplatelet or anticoagulation therapy secondary to risk of bleeding events. Second primary malignancies have been reported, including skin cancer.
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Drug interactions

Agent

Effect

CYP3A4 inhibitors (e.g., atazanavir, clarithromycin, indinavir, itraconazole, ketoconazole, nefazodone, nelfinavir,
ritonavir, saquinavir, telithromycin, troleandomycin, voriconazole)

Increase ibrutinib concentration;
avoid concomitant use.

CYP3A inducers

Decrease ibrutinib concentrations; avoid concomitant use.

Grapefruit, Seville oranges

May increase ibrutinib plasma
concentrations.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: None reported.
Serious: Second primary malignancies have occurred in patients, including skin cancers.
Other:
• GI: Diarrhea, nausea, constipation, abdominal pain, vomiting,
stomatitis, dyspepsia
• Hematologic: Neutropenia, febrile neutropenia, anemia, thrombocytopenia, infections
• Miscellaneous: Fatigue, peripheral edema, pyrexia
• Musculoskeletal: Musculoskeletal pain, muscle spasms, arthralgia
• Neurologic: Headache, dizziness
• Renal: Increased SCr
• Respiratory: Dyspnea, cough, epistaxis

Special
considerations

Each daily dose requires multiple capsules.
Encourage individuals taking the medication to maintain adequate hydration.

Monitoring
parameters

Monitor CBC monthly. Periodic renal function tests are recommended.

Indications

Ibrutinib is indicated for the treatment of patients with mantle cell
lymphoma who have received at least one prior therapy.

Dosage
adjustment
recommendations

Interrupt ibrutinib therapy for any grade 3 or greater nonhematologic toxicities, grade 3 or greater neutropenia with infection or
fever, or grade 4 hematologic toxicities. Once symptoms have
resolved, therapy can be reinitiated at starting dose. If toxicity
reoccurs, a dose reduction to 420 mg PO daily is recommended. A second dose reduction may be considered to 280 mg PO
daily. If toxicities persist or recur following two dose reductions,
therapy should be discontinued.
Dose adjustments may be required secondary to potential drug
interactions (see above).
(Continued on next page)
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Pharmacokinetics

Absorption: Administration with food increases exposure compared with overnight fasting.
Distribution: Reversible binding to plasma protein is > 90%.
Metabolism: Metabolized primarily by cytochrome P450, mainly CYP3A and minor extent by CYP2D6. Active metabolite has
about 15 times lower activity than parent drug.
Elimination: Half-life is 4–6 hrs.

Manufacturer

Pharmacyclics, Inc., Sunnyvale, CA

Imatinib mesylate
Other names

Gleevec®

Classification

TKI

Mechanism of
action

Inhibits the Bcr-Abl tyrosine kinase, thus inhibiting proliferation,
and inducing apoptosis in Bcr-Abl positive cell lines. In addition,
imatinib has demonstrated to inhibit the receptor tyrosine kinases
for PLT-derived growth factor, stem cell factor, and c-Kit.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Imatinib mesylate is available as an oral product that should be
taken with a meal and large glass of water. The 400 mg and 600
mg PO doses should be taken once a day, and the 800 mg PO
dose should be divided into a BID dose.
If unable to swallow, tablets may be dispersed in water or apple
juice (50 ml for 100 mg tablets; 200 ml for 400 mg tablets). Suspension must be administered PO immediately.

Storage and
stability

Store at 77°F (25°C). Protect from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Supplied as yellow to brownish-orange, film-coated tablets containing either 100 mg or 400 mg of imatinib; 100 mg tablets are
etched with “NVR” on one side and “SA” with score on the other
side; 400 mg tablets are etched with “400” on one side with score
on the other side, and “SL” on each side of score. Packaged in
bottles of 90 for the 100 mg tablets and in bottles of 30 for the
400 mg tablets.

Dosage

Doses vary by disease state and range from 100–800 mg/day PO.

Compatibility
information

Oral agent—not applicable
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Contraindications/
precautions

Imatinib mesylate is contraindicated in patients with hypersensitivity to imatinib or to any other component of Gleevec.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.
Significant fluid retention and edema as well as hepatotoxicity
have been reported. Consider risk versus benefit in patients with
underlying impaired liver function.
Patients with a high tumor burden may develop TLS. These patients should be given allopurinol, increase fluid intake, and monitored closely.
Patients with preexisting cardiac disease should be monitored
closely.
Prolonged bone marrow suppression has been observed and dose
reduction may be warranted.

Drug interactions

Agent

Effect

Acetaminophen

Increase in hepatotoxic effects may occur with
overuse of acetaminophen.

CYP3A4 inducers

Strong inducers of CYP3A4 may decrease serum
concentration of imatinib (combination should be
avoided or 50% increase in dose may be needed).

CYP3A4 inhibitors

Strong inhibitors of CYP3A4 may increase serum
concentration of imatinib (combination should be
monitored).

PGP/ABCB1
inhibitors/inducers

Inducers and Inhibitors of PGP/ABCB1 may decrease or increase serum concentration of imatinib (combination should be monitored).

CYP3A4 substrates

Imatinib is an inhibitor of CYP3A4 and therefore may increase serum concentration of these
agents. Avoid combination or monitor closely.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Postmarketing reports
include fatalities, cardiac tamponade, cerebral edema, and increased intracranial pressure.
Serious: Often associated with edema and occasionally serious
fluid retention. Weigh and monitor patients regularly. Severe fluid retention (pleural and pericardial effusion, pulmonary edema,
and/or ascites) is reported in up to 6% of patients. Severe superficial edema has been reported. In addition, hepatotoxicity, occasionally severe, may occur.
Other:
• Dermatologic: Bullous skin reactions (including Stevens-Johnson and erythema multiforme), pruritus, petechiae.
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• GI: Nausea, vomiting, abdominal pain, diarrhea, anorexia, nasopharyngitis, dyspepsia, constipation, hepatotoxicity (can be severe and needs regular monitoring).
• Hematologic: Neutropenia and thrombocytopenia; both more
common with higher doses. Median duration of a neutropenic
and thrombocytopenic episode ranges from 2–3 weeks and 2–4
weeks, respectively.
• Miscellaneous: Fever, hemorrhage, epistaxis, night sweats.
• Musculoskeletal: Myalgia, arthralgia, fatigue, muscle cramps,
musculoskeletal pain, weakness.
• Neurologic: Headache.
• Respiratory: Cough.
Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Investigate an unexpected rapid weight gain to rule out fluid retention. The probability of edema and severe fluid retention was increased with higher doses and age greater than 65. Consider diuretics, interruption of therapy, and other supportive care measures.
Imatinib therapy has been associated with GI irritation. Instruct patients to take capsules with food or a large glass of water and to
take a missed dose as soon as remembered. Contact the physician if dose is not remembered until before next dose.
For patients unable to swallow the film-coated tablets, the tablets
may be dispersed in a glass of water or apple juice; place tablets
in an appropriate volume of liquid (50 ml for 100 mg tablet and
200 ml for a 400 mg tablet). Stir suspension with a spoon and administer immediately after tablets have completely dissolved.

Monitoring
parameters

Monitor before initiation of therapy and at periodic intervals during
therapy unless otherwise specified.
• CBC/diff: weekly for the first month of therapy, biweekly for the
second month, and periodically thereafter as clinically indicated
(e.g., every 2–3 months).
• LFTs (transaminases, bilirubin, and alkaline phosphatase); monitor before initiation of treatment and monthly or as clinically indicated thereafter.
• Renal function (SCr, BUN).
• Monitor weight and other signs/symptoms of fluid retention. Investigate an unexpected rapid increase in weight. Diuretics, interruption of imatinib therapy, and other supportive care measures may be needed.
• Pregnancy testing (baseline before initiation of therapy and as
clinically pertinent thereafter).
• Drug interactions: Several medications are known to interact
with imatinib therefore assess all prescription, OTC, and supplemental medications in each patient.
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Indications

Indicated for the treatment of adult patients with newly diagnosed
Ph+ CML in chronic phase as well as in Ph+ CML in blast crisis,
accelerated phase, or chronic phase after failure of interferon alfa
therapy, and as a single agent for the treatment of pediatric patients with newly diagnosed Ph+ CML. In addition, imatinib is indicated for the treatment of patients with Kit (CD117)-positive unresectable and/or metastatic malignant GIST; unresectable, recurrent and/or metastatic dermatofibrosarcoma protuberans; MDS/
MPD; aggressive systemic mastocytosis; hypereosinophilic syndrome/chronic eosinophilia leukemia; and Ph+ ALL.

Dosage adjustment
recommendations

Renal impairment:
• Mild impairment (CrCl = 40–59 ml/min): Maximum dose is 600
mg.
• Moderate impairment (CrCl = 20–39 ml/min): 50% dose reduction; however, dose may be increased to a maximum dose of 400
mg.
• Severe impairment (CrCl < 20 ml/min): Limited data are available;
use with caution; doses of 100 mg/day have been tolerated.
Hepatic impairment:
• Mild to moderate: No dose adjustment needed.
• Severe: Starting dose is 200 mg/day PO; may increase dose as
tolerated.
• Hepatotoxicity during treatment: Hold dose until < 1.5 × ULN or
AST/ALT < 2.5 × ULN, then decrease dose as follows.
–– Current dose 400 mg/day PO, decrease to 300 mg/day PO.
–– Current dose 600 mg/day PO, decrease to 400 mg/day PO.
–– Current dose 800 mg/day PO, decrease to 600 mg/day PO.
Dose adjustment for AEs: Refer to package insert for detailed dose
adjustment recommendations for specific disease states.

Pharmacokinetics

Well-absorbed after oral administration with mean bioavailability of
98%. Protein bound, mostly to albumin. Metabolized via CYP3A4
hepatic enzyme. Half-life of imatinib and its major active metabolite
are approximately 18 and 40 hrs, respectively. Imatinib is excreted
in the urine and feces primarily as metabolites.

Manufacturer

Novartis Pharmaceuticals Corp., East Hanover, NJ

Interferon alfa
Other names

Alpha interferon, leukocyte interferon; interferon alfa-2b, Intron A®

Classification

Biologic response modifier, antineoplastic and antiviral activities

Mechanism of
action

The mechanism of activity is not fully understood. Endogenous interferons are secreted by peripheral blood leukocytes in response
to viral infection or biologic inducers. Interferon alfa is known to exhibit antiviral and antitumor activity. Interferon alfa has been shown
to induce antiproliferative and immunomodulatory responses in human cells in culture.

Vesicant
information

Non-vesicant/non-irritant
(Continued on next page)
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Preparation and
mixture

Interferon alfa-2b is available as solution for injection and sterile
powder for injection, which should be reconstituted with the provided diluent.

Administration

Therapy may be given as SC injection, IM injection, IV infusion, or
intralesional injection for condylomata acuminata. Refer to specific
treatment regimens for methods of administration.

Storage and
stability

Store interferon vials/syringes under refrigeration. Reconstituted
vials are stable for 24 hrs under refrigeration.

How supplied

Available as single-use vials and prefilled syringes. Refer to package insert for specific availability.

Dosage

Doses will vary depending on the disease to be treated. Check with
each individual treatment protocol for specific recommendations.

Compatibility
information

Interferon preparations should not be mixed with any other medications. For further clarification, refer to compatibility references.

Contraindications/
precautions

Interferon alfa may increase the activity of the immune system and
worsen autoimmune diseases.

Drug interactions

Interferon alfa may depress microsomal enzymes involved in the
hepatic cytochrome P450 system, and metabolism inhibition of
some medications may occur. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Most AEs are dose related and are mild to moderate in nature.
Acute and/or potentially life-threatening: Depression and suicidal behavior, including suicidal ideation and suicide attempts,
have been reported in association with interferon alfa therapy. Patients with a history of a preexisting psychiatric condition
should not be treated with interferon alfa therapy. Hepatotoxicity, pulmonary infiltrates, and rare autoimmune disorders have occurred and have resulted in fatalities.
Serious: Acute serious hypersensitivity reactions (e.g., urticaria, angioedema, bronchoconstriction, anaphylaxis) have been reported, although rarely.
Other:
• Cardiovascular: Tachycardia, arrhythmias, chest pain, hypotension, supraventricular tachycardia
• Dermatologic: Alopecia, dry skin, rash, diaphoresis
• Endocrine: Hypothyroidism, increased uric acid levels
• GI: Xerostomia, nausea, vomiting, diarrhea, abdominal cramps,
weight loss, metallic taste, anorexia, stomatitis, liver abnormalities (may occur at higher doses)
• Hematologic: Mildly myelosuppressive (e.g., neutropenia, thrombocytopenia, anemia)
• Miscellaneous: Proteinuria, flu-like symptoms (e.g., fever, chills,
malaise), neutralizing antibodies
• Musculoskeletal: Myalgia, arthralgia, rigors
• Neurologic: Headache, delirium, dizziness, somnolence, visual
disturbances, confusion, depression, sensory neuropathy, electroencephalogram changes
• Respiratory: Dyspnea, cough
(Continued on next page)
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Special
considerations

Multidose vials and pens of solution are overfilled with volumes
and interferon amounts greater than labeled on the vial to allow for
wastage during transfer into syringes. Interferon alfa is considered
a mild to moderate emetogen, depending on dose; consider prophylactic and as-needed antiemetics (e.g., serotonin antagonists,
prochlorperazine).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy, before each subsequent
dose, and at periodic intervals during therapy
• Cardiac function: ECG before the initiation of therapy and at periodic intervals during therapy in patients with cardiac disease
• Neuropsychiatric monitoring: Recommended in patients receiving HD therapy

Indications

Interferon alfa-2b is indicated for hairy cell leukemia, malignant
melanoma, AIDS-related KS, follicular lymphoma, condylomata acuminata, and chronic hepatitis B and C. Interferons are being
studied in many other cancers, including renal cell carcinoma and
bladder cancer.

Dosage adjustment
recommendations

Refer to individual package inserts; dosage adjustments recommended for interferon alfa are based on toxicity and tolerability.

Pharmacokinetics

Absorption: IM, 83%; SC, 90%
Distribution: 31 L; does not penetrate into CNS
Metabolism: Metabolized via kidneys; terminal elimination half-life
is about 2 hrs for IM and about 2–3 hrs for SC
Excretion: Renal tubules are responsible for the degradation of interferons

Manufacturer

Schering Corp., Whitehouse Station, NJ

Other names

Yervoy

Classification

Monoclonal antibody

Mechanism of
action

Ipilimumab is a fully human monoclonal antibody, which indirectly
affects melanoma via T-cell-mediated antitumor immune response.
It binds to cytotoxic T-lymphocyte-associated antigen 4, thereby
augmenting T-cell activation and proliferation.

Vesicant
information

Information currently unavailable

Preparation and
mixture

Allow vial to stand at room temperature for about 5 min.
Dilute ipilimumab in NS- or D5W-containing IV bag to a final concentration of 1–2 mg/ml.
Gently invert bag to thoroughly mix solution.
Infuse over 90 min within 24 hrs of preparation.

Ipilimumab
®
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Administration

Administer ipilimumab as an IV infusion over 90 min using a nonpyrogenic, low-protein-binding in-line filter.
DO NOT infuse with any other IV medications. Flush line with NS
or D5W following completion of infusion.

Storage and
stability

Store under refrigeration at 36°F–46°F (2°C–8°C); DO NOT freeze.
Protect from light. Stable under refrigeration or at room temperature for 24 hrs.

How supplied

Available as 50 mg/10 ml and 200 mg/40 ml single-use vials. Concentration: 5 mg/ml.

Dosage

3 mg/kg IV infused over 90 min every 21 days × 4 doses

Compatibility
information

Stable in NS and D5W. DO NOT infusion with any other IV medications. For further clarification, refer to compatibility references.

Contraindications/
precautions

Currently, no contraindications are available. Immune-mediated adverse reactions have been observed in patients receiving ipilimumab. Most common organs affected are skin, endocrine, liver, and
neurologic (neuropathy). Reactions can occur during treatment to
months following discontinuation. Permanently discontinue ipilimumab if severe immune-mediated reactions occur.

Drug interactions

No formal drug interaction studies have been conducted. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, life-threatening, potentially fatal immune-mediated adverse reactions: enterocolitis (7%), dermatitis (2%–3%), neuropathy (about 1%), endocrine dysfunction (1.8%), hepatotoxicity (2%)
Serious: Ocular toxicities, pneumonitis, meningitis, nephritis, pericarditis, eosinophilia
Other:
• Dermatologic: Pruritus, rash
• GI: Nausea, colitis, diarrhea, vomiting, constipation, decreased
appetite, abdominal pain, intestinal perforation
• Hepatic: ALT elevation
• Hematologic: Anemia
• Neurologic: Fatigue, headache
• Respiratory: Cough, dyspnea

Special
considerations

Permanently discontinue ipilimumab for severe immune-mediated
AEs. AEs may occur months following discontinuation.
Permanently discontinue if patient is unable to complete treatment
course within 16 weeks of initiation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor liver and thyroid function before initiation and before
each dose.
• Monitor patients for immune-mediated reactions (enterocolitis,
dermatitis, neuropathy, endocrine dysfunction) during treatment
and following discontinuation.

Indications

Ipilimumab is indicated for unresectable or metastatic melanoma.
(Continued on next page)
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Dosage adjustment
recommendations

For moderate immune-mediated AEs, hold therapy and consider initiating prednisone (1–2 mg/kg/day or equivalent). If patient’s
symptoms persist despite use of prednisone or unable to reduce
prednisone to 7.5 mg/day, discontinue ipilimumab permanently.
For severe immune-mediated AEs, permanently discontinue ipilimumab and initiate prednisone (1–2 mg/kg/day or equivalent).

Pharmacokinetics

Distribution: 7.21 L
Metabolism: Elimination half-life of 14.7 days
Excretion: Total body clearance of 15.3 ml/hr

Manufacturer

Bristol-Myers Squibb Co., Princeton, NJ

Other names

Tykerb

Classification

TKI, EGFR inhibitor

Mechanism of
action

Inhibits the EGFR and HER2 tyrosine kinase, thus inhibiting proliferation and inducing apoptosis in ErbB- and ErbB2-expressing tumors. Lapatinib is active against trastuzumab-conditioned cells.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Lapatinib is available as an oral product that should be taken on
and empty stomach (1 hr before or 1 hr after a meal) at the same
time each day.
Dividing the dose is not recommended.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

Storage and
stability

Store at room temperature away from moisture.

How supplied

Available as 250 mg tablets

Dosage

In combination with capecitabine: 1,250 mg PO once daily.
In combination with letrozole: 1,500 mg PO once daily.
In combination with trastuzumab (unlabeled use): 1,000 mg PO
once daily.
If concomitant administration with CYP3A4 strong inhibitors cannot
be avoided, consider reducing lapatinib to 500 mg PO once daily.
If a strong inhibitor of CYP3A4 is discontinued before initiation or
during treatment of lapatinib, a washout period of about 1 week
should be given before initiation or increase in dose.
If concomitant administration with CYP3A4 strong inducers cannot
be avoided, consider increasing lapatinib dose, slowly titrating as
follows and monitoring closely:
• In combination with capecitabine: 1,250–4,500 mg PO once daily
• In combination with letrozole: 1,500–5,500 mg PO once daily

Lapatinib
®
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Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with hypersensitivity to lapatinib or
components in the formulation.
Cardiovascular events (decrease in LVEF) have been observed
and typically occur within the first 3 months of treatment. Obtain
baseline ejection fraction and periodically while on treatment.
Use with caution in patients at high risk for left ventricular dysfunction (e.g., prior therapy with anthracyclines). Hold therapy in
patients who have a decrease in LVEF ≥ grade 2 or < LLN (CTCAE).
Severe diarrhea has been observed and is common. Manage with
antidiarrheals. Ensure patients are well hydrated and electrolytes
are in normal range. Holding treatment may be warranted.
Pulmonary toxicity has been observed in patients on monotherapy
and combination chemotherapy. Lapatinib should be discontinued for pulmonary symptoms ≥ grade 3.
QT prolongation has been observed; therefore, the use of lapatinib
should be monitored in patients at risk for QT prolongation. Electrolytes should be monitored closely.
Use with caution in patients with hepatic impairment. Severe hepatotoxicity has been observed and may be fatal. Dose reductions
may be warranted. Discontinue lapatinib if severe hepatotoxicity develops.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.
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Drug interactions

Agent

Effect

Acetaminophen

Increase in risk of hepatotoxic effects may occur with overuse of acetaminophen.

Clozapine

Lapatinib may increase AEs of clozapine
(avoid combination).

Grapefruit/grapefruit juice

May increase concentration of lapatinib (avoid
combination).

CYP3A4 inhibitors/inducers

Strong inhibitors/inducers of CYP3A4 may
decrease or increase serum concentration
of lapatinib; dose adjustments are needed. (Avoid combination or consider therapy
modification.)

PGP/ABCB1 inhibitors/inducers

Inducers and Inhibitors of PGP/ABCB1 may
decrease or increase serum concentration
of lapatinib.

PGP/ABCB1
substrates

Lapatinib is an inhibitor of PGP/ABCB1 and
therefore may increase serum concentration
of these agents.

CYP2C8 substrates

Lapatinib is an inhibitor of CYP2C8 and therefore may increase serum concentration of
these agents.

QT-prolonging
agents

Concomitant use of lapatinib may increase
risk of QT prolongation. Consider therapy
modification. Specific agents should be
avoided (e.g., nilotinib, quetiapine).

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Pulmonary toxicity, severe hepatotoxicity, severe diarrhea, QT prolongation, cardiotoxicity
Serious: As above
Other:
• Cardiovascular: Decreased LVEF
• Dermatologic: Rash, dry skin, PPE (with capecitabine), pruritus
• Endocrine/metabolic: Electrolyte disturbances
• GI: Nausea, vomiting, abdominal pain, stomatitis
• Hepatic: Elevated T. Bili, AST, and ALT
• Hematologic: With capecitabine—neutropenia, anemia, thrombocytopenia
• Neurologic: Fatigue, headache
• Respiratory: Cough, dyspnea, pneumonia

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for signs and symptoms of dehydration, infection, cardiovascular dysfunction, pulmonary symptoms, and QT
prolongation.
• CBC/diff: Before initiation of therapy and periodically during therapy.
• Hepatic function tests: Before initiation of therapy and periodically during therapy. Reduce dose or hold therapy if hepatic
function declines.
• Because of the risk of diarrhea, ensure patients are well hydrated and electrolytes are within normal range.
• Monitor for pulmonary toxicity (specifically ILD and pneumonitis).
• Drug interactions: Several medications are known to interact
with lapatinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Lapatinib is indicated for advanced/metastatic HER2-overexpressing breast cancer in combination with capecitabine (following
previous treatments with anthracycline, taxanes, and trastuzumab) and for postmenopausal hormone receptor–positive, HER2overexpressing metastatic breast cancer in combination with letrozole.
Unlabeled indications include HER2-overexpressing metastatic
breast cancer in combination with trastuzumab in patients who
have progressed on prior trastuzumab-containing regimens.

Dosage adjustment
recommendations

Renal impairment: Not evaluated in patients with renal dysfunction. Lapatinib is minimally excreted renally; therefore, dose adjustments may not be needed.
Hematologic toxicity:
• Preexisting impairment (Child-Pugh class C):
–– Reduce dose from 1,250 mg PO once daily to 750 mg PO
once daily when in combination with capecitabine.
–– Reduce dose from 1,500 mg PO once daily to 1,000 mg PO
once daily when in combination with letrozole.
• Severe hepatotoxicity during treatment:
–– Discontinue lapatinib permanently.
Cardiac toxicity:
• LVEF ≥ grade 2 or < LLN: Hold therapy; if within 2 weeks LVEF
returns to normal and patient is asymptomatic, may restart at
1,000 mg PO once daily (with capecitabine) or 1,250 mg PO
once daily (with letrozole).
Hold for any toxicity ≥ grade 2 (excluding cardiotoxicity) until resolution to ≤ grade 1; may restart therapy at 1,000 mg PO once daily
(with capecitabine) or 1,250 mg PO once daily (with letrozole).

(Continued on next page)

442 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Pharmacokinetics

Absorption: Variable and incomplete
Distribution: > 99% protein bound; plasma peak about 3–6 hrs
Metabolism: Extensively metabolized via hepatic CYP3A4/5
(CYP2C19/2C8–minor) to oxidized metabolites
Elimination half-life: About 24 hrs
Excretion: Primarily excreted in the feces (27% unchanged; range
3%–67%) and urine (< 2%)

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Other names

Tasigna

Classification

TKI

Mechanism of
action

Inhibits the Bcr-Abl tyrosine kinase, thus inhibiting proliferation and
inducing apoptosis in Bcr-Abl–positive cell lines. Nilotinib is active
against imatinib-resistant mutations, as it binds and stabilizes the
inactive confirmation of ABL kinase domain. Nilotinib has demonstrated inhibition of the receptor tyrosine kinases for PLT-derived
growth factor and c-Kit.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Nilotinib is available as an oral product that must be taken WITHOUT food and with water. Patients must NOT eat for at least 2
hrs before administration and 1 hr following administration. Nilotinib is taken every 12 hrs (BID).
If patient is unable to swallow, capsules may be opened into 1 teaspoon of applesauce. Once mixed, it should be administered immediately (within 15 min).
May be given in combination with G-CSF and hydroxyurea/
anagrelide if clinically indicated.

Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 150 mg and 200 mg capsules in a blister cards, each
containing 28 capsules

Nilotinib
®
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Dosage

CML (newly diagnosed Ph+ in chronic phase): 300 mg PO every
12 hrs.
CML (Ph+ in resistant or intolerant chronic or accelerated phase):
400 mg PO every 12 hrs.
Nilotinib should be continued until progression or intolerance.
If concomitant administration with CYP3A4 strong inhibitors cannot
be avoided, consider reducing nilotinib to 200 mg PO once daily (newly diagnosed Ph+ CML in chronic phase) or 300 mg PO
once daily (resistant or intolerant chronic or accelerated phase
Ph+ CML). If a strong inhibitor of CYP3A4 is discontinued before
initiation or during treatment of nilotinib, a washout period should
be given before initiation or increase in dose.
If concomitant administration with CYP3A4 strong inducers cannot be avoided, consider increasing nilotinib dose and monitor
closely.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with hypokalemia, hypomagnesemia,
and long QT syndrome.
Nilotinib should be held if severe bone marrow suppression is observed and dose should be adjusted before restarting treatment.
Monitor blood counts closely. Usually reversible upon dose interruption and dose reduction.
QT prolongation has been observed; therefore, the use of nilotinib
should be monitored in patients at risk for QT prolongation. Potassium and magnesium should be monitored and corrected below normal range.
Patients must take nilotinib without food (no food at least 2 hrs before and 1 hr after administration) due to > 80% increase in absorption, which may cause QT prolongation or other serious AEs.
Use with caution in patients with hepatic impairment. Consider risk
versus benefit in this patient population.
Several medications are known to interact with nilotinib, specifically
strong inhibitors of CYP3A4 and antiarrhythmic medications.
Advise women of childbearing potential to avoid becoming pregnant (no adequate studies).
Patients with a high tumor burden may develop TLS. These patients should be given allopurinol, have their fluid intake increased, and be monitored closely.
Nilotinib capsules contain lactose and are not recommended in patients with galactose/lactose intolerance and severe lactase deficiency causing intolerance to lactose-containing products.
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Drug interactions

Agent

Effect

Antiplatelet
agents

Nilotinib may increase effect of antiplatelet
agents.

Clozapine

Nilotinib may increase AEs of clozapine
(avoid combination).

Grapefruit/grapefruit juice

May increase concentration of nilotinib (avoid
combination).

CYP3A4 inhibitors/inducers

Strong inhibitors/inducers of CYP3A4 may
decrease or increase serum concentration
of nilotinib (avoid combination).
Moderate inhibitors: Monitor patients closely.

CYP2C8,
CYP2C9,
CYP2D6, and
PGP/ABCB1 substrates

Nilotinib is an inhibitor of CYP2C8, CYP2C9,
CYP2D6, and PGP/ABCB1 and therefore
may increase serum concentration of these
agents. (Exception: tamoxifen)

QT-prolonging
agents

Concomitant use of nilotinib may increase risk
of QT prolongation. (Consider therapy modification or monitor closely if combination
cannot be avoided.)

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Myelosuppression (recovery upon dose interruption/reduction), QT prolongation, sudden death, intracranial hemorrhage, hypokalemia, hypomagnesemia
Serious: Hemorrhages, infections
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Rash, dry skin, pruritus, alopecia
• Endocrine/metabolic: Electrolyte disturbances, hyperglycemia
• GI: Nausea, vomiting, diarrhea, abdominal pain, constipation
• Hepatic: Elevated T. Bili, AST, and ALT
• Hematologic: Febrile neutropenia, infection, thrombocytopenia
• Neurologic: Fatigue, headache, musculoskeletal pain
• Renal: SCr elevation
• Respiratory: Cough, dyspnea, pneumonia

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Ensure patients do NOT take nilotinib with food.
Nilotinib in patients requiring anticoagulants/antiplatelet agents
has not been studied and should be used with caution.
Patients unable to swallow nilotinib may open capsule and mix it in
applesauce. See Administration section for details.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for signs and symptoms of QT prolongation.
Check ECG at baseline and 7 days following dosage adjustment.
• Monitor patients for signs and symptoms of electrolyte abnormalities, infections, and hemorrhage.
• CBC/diff: Every 2 weeks for first 2 months, then monthly and as
clinically indicated.
• Serum lipase: Monthly and as clinically indicated.
• Hepatic and renal function tests: Before initiation of and periodically during therapy.
• Drug interactions: Several medications are known to interact
with nilotinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Nilotinib is indicated in patients with newly diagnosed Ph+ CML in
chronic phase, and Ph+ CML in resistant or intolerant chronic or
accelerated phase refractory or intolerant to prior therapy.

Dosage adjustment
recommendations

Renal impairment: Not evaluated in patients with SCr > 1.5 × ULN.
Nilotinib and metabolites are minimally excreted renally; therefore, dose adjustments may not be needed.
Hepatic impairment:
• Before initiation of nilotinib
–– Newly diagnosed Ph+ CML with mild to severe impairment:
Begin at 200 mg PO every 12 hrs (escalate to 300 mg PO every 12 hrs as tolerated).
–– Resistant or intolerant Ph+ CML with mild to moderate impairment: Begin at 300 mg PO every 12 hrs (escalate to 400
mg PO every 12 hrs as tolerated).
–– Resistant or intolerant Ph+ CML with severe impairment: Begin at 200 mg PO every 12 hrs (escalate to 300 mg PO every
12 hrs then 400 mg PO every 12 hrs as tolerated).
Hematologic toxicity:
• ANC < 1,000/mm3 and/or PLTs < 50,000/mm3: Hold nilotinib until ANC > 1,000/mm3 and PLTs ≥ 50,000/mm3. If recovery is within 2 weeks, restart at original dose; if recovery is > 2 weeks, reduce dose to 400 mg PO once daily.
Nonhematologic toxicity:
• Amylase/lipase > 2 × ULN: Hold treatment until ≤ 1.5 × ULN and
restart at 400 mg PO once daily.
• Clinically significant moderate to severe nonhematologic toxicity:
Hold treatment until resolution and restart at 400 mg PO once
daily; increase to normal dose as tolerated.
• QT prolongation: Repeat ECG 7 days following dose adjustments.
–– QTc > 480 msec: Hold treatment; monitor potassium and magnesium level and correct if needed. If within 2 weeks QTcF returns to < 450 msec and within 20 msec of baseline, restart
same dose; if > 2 weeks, decrease dose to 400 mg PO once
daily. If second episode occurs despite dose reduction, discontinue nilotinib.
(Continued on next page)
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Pharmacokinetics

Absorption: Administration with high-fat meal increases AUC by
82%.
Distribution: 98% protein bound (independent of drug concentration).
Metabolism: Metabolized via hepatic CYP3A4 to an inactive metabolite (majority); elimination half-life of 17 hrs.
Excretion: Primarily excreted in the feces (93%, parent drug accounts for 69%).

Manufacturer

Novartis Pharmaceuticals Corp., East Hanover, NJ

Other names

Arzerra

Classification

Monoclonal antibody

Mechanism of
action

Ofatumumab is a monoclonal antibody directed against CD20positive cells (expressed on normal and malignant B cells). It specifically binds to the small and large extracellular loops of the
CD20 molecule, causing antibody-dependent cell-mediated toxicity
and complement-dependent cell lysis.

Vesicant
information

Information currently unavailable

Preparation and
mixture

300 mg dose: In 1,000 ml of NS, remove 15 ml from the bag, then
add 2,000 mg of ofatumumab.
2,000 mg dose: In 1,000 ml of NS, remove 100 ml from the bag,
then add 2,000 mg of ofatumumab.
Administer via an infusion pump using the supplied in-line filter.
Start infusion within 12 hrs of dilution of medication.

Administration

At least 30 min before administration of ofatumumab, premedicate
with acetaminophen, an antihistamine, and a corticosteroid.
Flush line before and after ofatumumab infusion.
Administer through an in-line filter and titrate each infusion as follows.
• Infuse doses #1 and #2 (week 1 and 2) at 12 ml/hr × 30 min;
if tolerated, increase rate to 25 ml/hr × 30 min; if tolerated, increase rate to 50 ml/hr × 30 min; if tolerated, increase rate to
100 ml/hr × 30 min; if tolerated, increase rate to 200 ml/hr until
infusion is complete.
• Infuse doses #3–#12 at 25 ml/hr × 30 min; if tolerated, increase
rate to 50 ml/hr × 30 min; if tolerated, increase rate to 100 ml/hr
× 30 min; if tolerated, increase rate to 200 ml/hr × 30 min; if tolerated, increase rate to 400 ml/hr until infusion is complete.
• DO NOT administer as IVP or IV bolus.

Storage and
stability

Store vials under refrigeration at 36°F–46°F (2°C–8°C). Protect
from light. Diluted solutions stable for 24 hrs under refrigeration.

How supplied

Available in 100 mg/5 ml and 1,000 mg/50 ml vials (concentration
= 20 mg/ml)

Ofatumumab
®

(Continued on next page)

Chapter 5. Antineoplastic Agents

●

447

Dosage

Total of 12 doses to be administered:
• 300 mg IV week 1
• 2,000 mg IV weekly, weeks 2–8
• 2,000 mg IV every 4 weeks, weeks 9–12

Compatibility
information

Compatible in NS. DO NOT mix with any other IV medications. For
further clarification, refer to compatibility references.

Contraindications/
precautions

Currently, no contraindications are available.
• Infusion-related reactions are observed; therefore, standard premedications should be given, including acetaminophen, an antihistamine, and corticosteroid. Additional premedications may be
needed in patients who react despite administration of standard
premedications.
• Prolonged (> 1 week) hematologic toxicity has been observed.
• PML: In patients with a new onset or worsening of neurologic symptoms, further evaluation should be done to rule out PML.
If PML is suspected, discontinue ofatumumab and evaluate patient.
• Reactivation of hepatitis B has been observed. Patients at increased risk should be screened before initiation of ofatumumab; those positive for hepatitis B should be monitored for signs
and symptoms of reactivation during and 6–12 months following discontinuation of ofatumumab. Patients with active infection
should discontinue ofatumumab.
• DO NOT administer live vaccines concurrently with ofatumumab.

Drug interactions

Agent

Effect

Immunosuppressive
agents

May increase risk of serious infections.

Vaccines, live and inactivated

Concomitant use of live vaccines with ofatumumab should be avoided.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Infusion-related reactions; PML; infective ILD; septic shock due to infections
Serious: Intestinal obstruction; hepatitis B reactivation; herpes
zoster
Other:
• Cardiovascular: Edema, tachycardia, hypotension, hypertension
• Dermatologic: Urticaria, hyperhidrosis, rash
• GI: Nausea, diarrhea
• Hematologic: Neutropenia, infections, anemia
• Neurologic: Fatigue, fever, chills, insomnia, headache, back
pain, muscle spasm
• Respiratory: Cough, dyspnea, respiratory infections

Special
considerations

Screen for hepatitis B before initiating therapy in patients at high
risk.
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Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Screen for hepatitis B before initiating therapy in patients at high
risk. Monitor for sign and symptoms of reactivation during treatment for at 6–12 months following completion.
• CBC/diff: Before initiation of therapy and periodically during therapy.
• Monitor for infusion-related reactions.

Indications

Ofatumumab is indicated for refractory CLL.

Dosage adjustment
recommendations

Renal impairment:
• No dose adjustment needed for CrCl > 30 ml/min; information
not available for patients with a CrCl < 30 ml/min
Infusion-related reaction: Stop infusion.
• Grade 1–2 (CTCAE): Decrease infusion rate by 50% of most recent infusion rate; based on patient tolerance, may increase infusion rate.
• Grade 3: Restart infusion at 12 ml/hr; based on patient tolerance, may increase infusion rate.
• Grade 4: DO NOT restart infusion.

Pharmacokinetics

Distribution: At steady state, ranged from 1.7–5.1 L.
Metabolism: Elimination half-life is about 14 days (between doses 4 and 12).
Excretion: Dose dependent; occurs through target-independent
and B-cell-mediated route; therefore, decreases with subsequent
infusion due to depletion of B cells.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Omacetaxine mepesuccinate
Other names

Synribo®

Classification

Inhibitor of protein synthesis

Mechanism

The mechanism of action for omacetaxine mepesuccinate is not
fully understood at this time. The drug inhibits protein synthesis
and in vitro reduces protein levels of the Bcr-Abl oncoprotein and
Mcl-1, an antiapoptotic Bcl-2 family member. In murine models the
drug has shown to have activity against WT (wild-type) and T315I
mutated Bcr-Abl CML.

Vesicant
information

Information unavailable. The drug is given SC, but can cause local
reactions at site of administration.

Preparation and
mixture

Reconstitute omacetaxine mepesuccinate lyophilized powder with
1 ml of NS before SC injection. Swirl until a clear solution is obtained. The resulting concentration is 3.5 mg/ml.
Use reconstituted drug within 12 hours of reconstitution when
stored at room temperature.
Use reconstituted drug within 24 hours of reconstitution when refrigerated.
Protect reconstituted solution from light.
(Continued on next page)

Chapter 5. Antineoplastic Agents

●

449

Administration

SC BID for 14 consecutive days every 28 days.
It is recommended that omacetaxine mepesuccinate be prepared in
a healthcare facility and administered by a healthcare professional.
Avoid contact with skin; if drug comes in contact with skin, wash
immediately with soap and water.

Storage and
stability

Store vials at 68°F–77°F (20°C–25°C). Excursions permitted from
59°F–86°F (15°C–30°C).
Protect from light; keep drug in carton until use.
Reconstituted product:
• Use drug within 12 hours of reconstitution when stored at room
temperature.
• Use drug within 24 hours of reconstitution when refrigerated
36°F–46°F (2°C–8°C).

How supplied

Each vial contains 3.5 mg omacetaxine mepesuccinate as a sterile, preservative-free, white to off-white lyophilized powder in single-use vial.

Dosage

CML:
• Induction regimen: 1.25 mg/m2 SC BID for 14 days every 28
days. Courses should be repeated every 28 days until patients
achieve a hematologic response.
• Maintenance regimen: 1.25 mg/m2 SC BID for 7 days every 28
days. Treatment should be continued as long as patient is receiving clinical benefit from treatment.

Compatibility
information

SC—not applicable

Contraindications/
precautions

There are no current contraindications listed for this drug.
Precautions:
• Myelosuppression.
• Bleeding secondary to thrombocytopenia.
• Hyperglycemia may occur; exercise caution when this drug is
used in patients with poorly controlled diabetes mellitus.
• Omacetaxine mepesuccinate can cause fetal harm when administered to a pregnant woman. FDA pregnancy risk cate
gory D.

Drug interactions

Based on findings from in vitro drug interaction studies; no clinical
drug interaction trials were conducted.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/side
effects

Acute and/or potentially life-threatening: Myelosuppression
Serious: None reported
Other:
• Dermatologic: Rash, infusion-site reactions, alopecia
• GI: Diarrhea, nausea, constipation, abdominal pain
• Hematologic: Thrombocytopenia, neutropenia, anemia
• Miscellaneous: Fatigue, pyrexia, asthenia, peripheral edema, insomnia
• Musculoskeletal: Arthralgia, back pain
• Neurologic: Headache
(Continued on next page)
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Special
considerations

Women of reproductive potential should avoid becoming pregnant
during therapy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC with differential weekly during induction and initial maintenance cycles and every 2 weeks during later maintenance cycles.
• Glucose should be monitored, frequency should be determined
by patient risk factors (increase monitoring in patients with diabetes or risk for diabetes).

Indications

Adult patients with chronic- or accelerated-phase CML with resistance or intolerance to 2 or more TKIs

Dosage adjustment
recommendations

Hematologic toxicities: Treatment cycles may be delayed and/or
the number of days of dosing during the cycle may be reduced
for hematologic toxicity.
Nonhematologic toxicities: Interrupt or delay drug therapy until toxicity is resolved.

Pharmacokinetics

Absorption: Maximum concentration after SC administration is approximately 30 min.
Distribution: Plasma protein binding is < 50%.
Metabolism: Omacetaxine mepesuccinate is primarily hydrolyzed
via plasma esterases.
Elimination: Major route of elimination is unknown, but < 20% is excreted unchanged in the urine. Mean half-life of following SC administration is approximately 6 hrs.

Manufacturer

Distributed by TEVA Pharmaceuticals USA, North Wales, PA

Oprelvekin
Other names

Interleukin-11, Neumega®

Classification

Hematopoietic cytokine

Mechanism of
action

Oprelvekin is a thrombopoietic growth factor that directly stimulates the proliferation of hematopoietic stem cells and megakaryocyte progenitor cells and induces megakaryocyte maturation, resulting in increased PLT production.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute vial with 1 ml of SWFI. During reconstitution, direct
the diluent at the side of the vial and gently swirl the contents.
Avoid excessive or vigorous agitation.

Administration

Give SC as a single injection in the abdomen, thigh, or hip (upper
arm if not self-injecting).

Storage and
stability

Store the lyophilized powder and diluent under refrigeration. Protect from light and DO NOT freeze. The reconstituted solution contains no preservatives, and the manufacturer recommends using
the solution within 3 hrs of mixing.
(Continued on next page)
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How supplied

Single-use vials containing 5 mg of oprelvekin as a sterile, lyophilized powder

Dosage

The recommended dose of oprelvekin in adults is 50 mcg/kg given
SC once daily beginning 6–24 hrs after the completion of chemotherapy. Discontinue oprelvekin administration at least 2 days before starting the next cycle of chemotherapy.

Compatibility
information

No data are available for mixing oprelvekin with other medications.
For further clarification, refer to compatibility references.

Contraindications/
precautions

Oprelvekin has caused allergic and hypersensitivity reactions, including anaphylaxis; therefore, closely monitor patients during therapy. Use oprelvekin with caution in patients with a history of atrial
arrhythmia. Cardiac events, including transient atrial arrhythmias,
have occurred in approximately 15% of patients. Mild to moderate
peripheral edema and SOB on exertion can occur within the first
week of treatment and may continue for the duration of administration.

Drug interactions

Drug interactions between oprelvekin and other drugs have not
been fully evaluated.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

In general, AEs in clinical trials were similar between treated and
placebo patients.
Acute and/or potentially life-threatening: In postmarketing studies, ventricular arrhythmias have been reported, occurring 2–7
days after treatment initiation.
Serious: Mild to moderate fluid retention and transient atrial arrhythmias have occurred and reversed spontaneously after discontinuation of therapy.
Other:
• Cardiovascular: Tachycardia, syncope, palpitations, edema, vasodilation
• Dermatologic: Rash
• GI: Nausea, Vomiting, mucositis, diarrhea
• Miscellaneous: Fever, changes in visual acuity and/or visual
field defects, including blurred vision and blindness
• Neurologic: Headache, dizziness
• Respiratory: Dyspnea, pleural effusion

Special
considerations

Dosing should be continued until the post-nadir PLT count is
50,000 cells/mm3. In controlled clinical studies, doses were administered in courses of 10–21 days. Dosing beyond 21 days per
treatment course is NOT recommended.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor electrolytes and fluid balance (input/output, weight).
• CBC/diff: Before initiation of therapy and each subsequent dose,
and at periodic intervals during therapy.
• PLT count: Recommended during time of expected nadir and until
recovery has occurred; post-nadir PLT counts > 50,000/mm3.
(Continued on next page)
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Indications

Oprelvekin is indicated for the prevention of severe thrombocytopenia and reduction of the need for PLT transfusions following single
or repeated sequential cycles of various myelosuppressive chemotherapy regimens for patients with nonmyeloid malignancies.

Dosage adjustment
recommendations

Titrate dose to individual patient response. For severe renal impairment (CrCl < 30 ml/min), it is recommended to reduce oprelvekin
dosing to 25 mcg/kg.

Pharmacokinetics

The bioavailability of oprelvekin > 80% with a terminal half-life of
6.9 ± 1.7 hrs.

Manufacturer

Wyeth Pharmaceuticals, Philadelphia, PA

Other names

Vectibix

Classification

Monoclonal antibody, EGFR inhibitor

Mechanism of
action

Panitumumab is a recombinant, humanized, monoclonal antibody
that binds specifically to human EGFR and competitively inhibits
the binding of other ligands to EGFR. This leads to the inhibition of
cell growth, proliferation, survival, transformation, and KRAS wildtype activation. Cells with KRAS somatic mutation are not affected
by inhibition of EGFR.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Withdraw the necessary amount of panitumumab for a dose of 6
mg/kg. Dilute to a total volume of 100 ml with NS. Doses higher
than 1,000 mg should be diluted to 150 ml with NS. Final concentration should not exceed 10 mg/ml. Mix diluted solution by gentle
inversion. DO NOT shake.

Administration

DO NOT administer as an IVP or bolus. Infuse over 60 min through
a peripheral line or indwelling catheter. Doses higher than 1,000
mg should be infused over 90 min. Administer using a low proteinbinding 0.2 micron or 0.22 micron in-line filter. Flush line with NS
before and after infusion. Panitumumab should not be administered if discoloration is observed.

Storage and
stability

Store vials in original carton under refrigeration at 36°F–46°F
(2°C–8°C) until time of use. Protect from direct sunlight. DO NOT
freeze. Because panitumumab does not contain preservatives,
discard any unused portion. The diluted solution should be used
within 6 hrs of preparation if stored at room temperature or within
24 hrs if under refrigeration at 36°F–46°F (2°C–8°C).

How supplied

Panitumumab is supplied as a sterile, colorless, preservative-free
solution containing panitumumab 20 mg/ml as a single-use vial
with 1 vial per carton. Vial sizes include 5 ml (100 mg), 10 ml (200
mg), and 20 ml (400 mg).

Panitumumab
®
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Dosage

The recommended dose is 6 mg/kg given once every 14 days as
an IV infusion over 60 min. Doses > 1,000 mg should be administered over 90 min.

Compatibility
information

Panitumumab MUST be administered via infusion pump. Flush line
before and after administration with NS, to avoid mixing with other
drug products or IV solutions. Panitumumab should NOT be mixed
with, or administered as an infusion with other medicinal products.
No other medications should be added to solutions containing panitumumab.

Contraindications/
precautions

No known contraindications. Pregnancy risk category C.

Drug interactions

No formal drug interaction studies have been conducted with panitumumab. An increase in the incidence and severity of diarrhea
has been reported when used in combination with irinotecan; the
manufacturer does not recommend administering panitumumab
with irinotecan.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe infusion reactions have occurred in approximately 1% of patients. Severe infusion reactions include reports of anaphylactic reaction, bronchospasm, fever, chills, and hypotension. Pulmonary fibrosis has
been reported in 1% of patients.
Serious: Dermatologic AEs, related to blockade of EGF binding
and subsequent inhibition of EGFR-mediated signaling pathways, have been reported in 90% of patients with metastatic
colorectal cancer, and were severe (CTCAE grade 3 and higher) in 16% of patients. Clinical manifestations include dermatitis
acneform, pruritus, erythema, rash, skin exfoliation, paronychia, dry skin, and skin fissures. Infectious complications, including sepsis, septic death, and abscesses requiring incisions and
drainage, have been reported secondary to the development of
severe dermatologic AEs. Keratitis has been reported and therapy should be held or discontinued for acute or worsening keratitis.
Other:
• Dermatologic: Skin rash with variable presentations (see
above), nail disorders
• GI: Constipation, nausea, diarrhea
• Miscellaneous: Peripheral edema, ocular AEs (conjunctivitis, ocular hyperemia, increased lacrimation, and eye/eyelid irritation),
hypomagnesemia
• Musculoskeletal: Fatigue
• Respiratory: Cough, dyspnea
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Special
considerations

Patients should wear sunscreen and hats and limit sun exposure
while receiving panitumumab; sunlight can exacerbate skin reactions. Patients must be informed of the possible AEs of panitumumab, including dermatologic toxicity, infusion reactions, pulmonary fibrosis, and potential embryo fetal lethality (there are no
well-controlled studies in pregnant women; however, EGFR has
been implicated in the control of prenatal development and may
be essential for normal organogenesis, proliferation, and differentiation in the developing embryo). Instruct patients to report
skin and ocular changes and dyspnea to a healthcare professional. Advise patients that periodic monitoring of electrolyte levels is required.
Panitumumab should not be used as part of a combination chemotherapy regimen due to potential of severe diarrhea and dehydration.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Electrolytes should be periodically monitored during therapy and
for 8 weeks after the completion of therapy.
• Detection of EGFR protein expression is necessary for selection of patients who are appropriate for panitumumab therapy,
as these are the only patients studied and for whom benefit has
been shown.
• Monitor for keratitis of the eye.

Indications

Panitumumab is indicated for the treatment of EGFR-expressing,
metastatic colorectal cancer that has progressed during or following fluoropyrimidine-, oxaliplatin-, and irinotecan-containing chemotherapy regimens.

Dosage adjustment
recommendations

Infusion reactions:
• Mild or moderate (grade 1 or 2) infusion reaction: Reduce infusion rate by 50% for the duration of that infusion.
• Severe (grade 3 or 4) infusion reaction: Immediately and permanently discontinue infusion.
Dermatologic toxicity:
• Grade 3 or higher or considered intolerable: Withhold drug; if
toxicity does not improve to a grade 2 or better within 1 month,
permanently discontinue panitumumab.
• If dermatologic toxicity improves to ≤ grade 2, and the patient
has improved symptomatically after withholding no more than 2
doses, treatment may be resumed at 50% of the original dose.
• If toxicities recur, permanently discontinue panitumumab.
• If toxicities DO NOT recur, subsequent doses may be increased
by increments of 25% of the original dose until the recommended dose of 6 mg/kg is reached.
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Pharmacokinetics

Panitumumab administered as a single agent exhibits nonlinear
pharmacokinetics.
Distribution: Achieves steady state plasma concentration by the
third dose.
Metabolism: Elimination half-life of 7.5 days.
Excretion: Total body clearance of 4.9 ± 1.4 ml/kg/day.

Manufacturer

Amgen Inc., Thousand Oaks, CA

455

Pazopanib
Other names

Votrient®

Classification

TKI, VEGFR inhibitor

Mechanism of
action

Inhibits the tyrosine kinases of VEGFR (1, 2, and 3), causing
inhibition of angiogenesis and, in turn, tumor growth. Pazopanib
also inhibits the receptor tyrosine kinases for PDGF (alpha and
beta), fibroblast growth factor receptor (1 and 3), IL-2 receptor
inducible T-cell kinase, leukocyte-specific protein tyrosine kinase,
transmembrane glycoprotein receptor tyrosine kinase, c-Fms,
and c-Kit.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Pazopanib is available as an oral product that should be taken on
an empty stomach (1 hr before or 2 hrs after a meal) at the same
time each day.
If dose is missed, DO NOT take if it is < 12 hrs before next dose.
DO NOT crush, break, or chew tablets as this can increase absorption rate.

Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 200 mg tablets

Dosage

800 mg PO once daily until disease progression or not tolerated
(maximum dose is 800 mg/day).
Patients should take on an empty stomach (1 hr before or 2 hrs after a meal) at the same time daily.
If administering concomitantly with CYP3A4 strong inhibitors cannot be avoided, reduce pazopanib to 400 mg/day PO (further reduction may be needed if not tolerated). If a strong inhibitor of
CYP3A4 is discontinued before initiation or during treatment of
pazopanib, a washout period of about 1 week should be given
before initiation or increase in dose.
If administering concomitantly with CYP3A4 strong inducers cannot be avoided, discontinue pazopanib treatment.
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Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Currently, there are no contraindications to pazopanib.
Pazopanib is not recommended in patients have had ATEs within 6
months of initiation. Use with caution in patients with a history or
increased risk of ATEs.
GI perforation, hemorrhage, hepatotoxicity, hypertension, proteinuria, QTc prolongation, and impaired wound healing have been
observed in patients receiving pazopanib.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effect

Acetaminophen

Increase in hepatotoxic effects may occur with
overuse of acetaminophen.

Grapefruit/
grapefruit juice

May increase concentration of pazopanib (combination should be avoided).

Immunosuppressants

Concomitant use with other immunosuppressants may increase immunosuppressive effects
of the agents.

PGP inhibitors/
inducers

May increase or decrease metabolism of pazopanib.

CYP3A4 inhibitors/inducers

Strong inducers and strong inhibitors of CYP3A4
may decrease or increase serum concentration
of pazopanib. Consider therapy modification.

QT-prolonging
agents

Concomitant use with pazopanib may increase
risk of QT prolongation. Avoid or modify therapy.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: QTc prolongation,
ATEs, hepatotoxicity
Serious: Hemorrhages, GI perforation, hypertensive crisis
Other:
• Cardiovascular: Hypertension, ischemia
• Dermatologic: Hair color change, PPE
• Endocrine/metabolic: Glucose and electrolyte disturbances, thyroid disturbances
• GI: Nausea, diarrhea, vomiting, anorexia, abdominal pain, GI
bleeding
• Hepatic: T. Bili/AST/ALT elevation
• Hematologic: Leukopenia, neutropenia, thrombocytopenia
• Neurologic: Asthenia, fatigue, headache, weakness
• Renal: Proteinuria, hematuria
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Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Monitor for thromboembolic events.
Patients should take on an empty stomach (1 hr before or 2 hrs after a meal) at the same time each day.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for signs and symptoms of fluid retention, infection, hemorrhage, GI perforation, and QT prolongation.
• CBC/diff: Before initiation of therapy and periodically during therapy
• Hepatic function tests: Monitor at baseline, then every 4 weeks
for the first 4 months, then periodically.
• Renal function tests with proteinuria: Recommended before initiation of therapy and periodically during therapy.
• Thyroid function: Monitor at baseline, then every 6–8 weeks during therapy.
• Drug interactions: Several medications are known to interact
with pazopanib; therefore, assess all prescription, OTC, and
supplemental medications in each patient.

Indications

Advanced renal cell carcinoma

Dosage adjustment
recommendations

Renal impairment:
• Not evaluated in patients with renal dysfunction. Pazopanib is
minimally excreted renally; therefore, dose adjustments may not
be needed.
• Proteinuria: If grade 4, discontinue treatment.
Hepatic impairment:
• Preexisting impairment:
–– Mild (T. Bili < 1.5 × ULN or ALT > ULN): No adjustment needed.
–– Moderate (T. Bili 1.5–3 × ULN): Decrease dose to 200 mg PO
once daily (maximum tolerated dose in moderate hepatic impairment); consider alternative to pazopanib.
–– Severe (T. Bili > 3 × ULN with any ALT level): Not recommended.
• During treatment:
–– Isolated ALT elevations 3–8 × ULN: Continue treatment and
monitor liver function weekly until ALT ≤ grade 1.
–– Isolated ALT elevations > 8 × ULN: Hold treatment until ALT
≤ grade 1. If benefit of therapy > risk of hepatotoxicity, may
restart treatment at ≤ 400 mg PO once daily (monitor LFTs
weekly for 8 weeks).
–– ALT > 3 × ULN concurrently with > 2 × ULN: Discontinue permanently and monitor until resolution.
–– Gilbert syndrome with mild indirect bilirubin elevation and
ALT > 3 × ULN: Refer to isolated ALT elevations dosage recommendations.
Adjustment for toxicity:
• First dose reduction: 400 mg daily.
• Further adjustment: Increase or decrease in 200 mg increments
based on tolerance; max dose is 800 mg daily.
• Wound dehiscence or severe, persistent hypertension refractory
to antihypertensive agents: Discontinue treatment.
(Continued on next page)
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Pharmacokinetics

Absorption: Bioavailability increases with food.
Distribution: > 99% protein bound.
Metabolism: Hepatic, primarily through CYP3A4; also metabolized
via CYP1A2 and CYP2C8; terminal elimination half-life of about
31 hrs.
Excretion: Primarily excreted in the feces and, to a small extent,
urine (< 4%).

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Other names

Neulasta

Classification

Hematopoietic growth factor

Mechanism of
action

A covalent conjugate of filgrastim and monomethoxy PEG a biosynthetic hematopoietic agent that principally affects the proliferation and differentiation of neutrophils within the bone marrow. The
mechanism of this effect involves receptor binding.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Pegfilgrastim is a clear, colorless solution that comes in prefilled
syringes. No preparation or admixture required.

Administration

SC. Inspect solution visually for particulate matter or discoloration.

Storage and
stability

Store at 36°F–46°F (2°C–8°C) in the carton to protect the solution from light. DO NOT shake. Syringes of pegfilgrastim can reach
room temperature for up to 48 hrs before use. Protect from light.
Discard syringes left at room temperature for longer than 48 hrs. If
pegfilgrastim is accidentally frozen, thawing under refrigeration is
acceptable before use. Discard pegfilgrastim if accidentally frozen
a second time.

How supplied

Preservative-free, prefilled 6 mg disposable syringe

Dosage

Adult dose is a single 6 mg/0.6 ml injection once per chemotherapy cycle. DO NOT administer between 14 days before and 24 hrs
after administration of chemotherapy.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Known hypersensitivity to pegfilgrastim or proteins derived from E.
coli.

Drug interactions

Agent

Effect

Lithium

Potentiation of neutrophil release

Pegfilgrastim
®

A complete review of drug interactions should be evaluated for
each patient.
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Splenic rupture (rarely
associated with parent compound, filgrastim)
Serious: ARDS seen in neutropenic patients with sepsis
Other:
• Cardiovascular: Peripheral edema
• GI: Nausea and vomiting, diarrhea, constipation, anorexia, dyspepsia, taste perversion, abdominal pain, stomatitis, mucositis
• Hematologic: Granulocytopenia
• Miscellaneous: Fever
• Musculoskeletal: Fatigue, arthralgia, myalgia, generalized weakness, skeletal pain
• Neurologic: Headache, insomnia, dizziness

Special
considerations

Pegfilgrastim should not be administered during the 14 days before or 24 hrs after cytotoxic chemotherapy. Frequent monitoring of
neutrophil count in patients receiving lithium therapy.

Monitoring
parameters

CBC/diff before administration of chemotherapy to assess the patient’s hematologic status and then monitored regularly for response.

Indications

To decrease the incidence of infection, as manifested by febrile
neutropenia, in patients with nonmyeloid malignancies receiving
chemotherapy associated with a clinically significant incidence of
febrile neutropenia

Dosage adjustment
recommendations

None noted

Pharmacokinetics

As a result of conjugation with PEG, renal clearance of the drug is
delayed, and the plasma half-life is increased to about 15–80 hrs.
The PEG-conjugated drug can be administered once per chemotherapy cycle. The level of circulating neutrophils in the body affects serum clearance of pegfilgrastim, resulting in a rapid decline
in serum concentrations of the drug with resolution of neutropenia.

Manufacturer

Amgen Inc., Thousand Oaks, CA

Other names

Perjeta

Classification

Monoclonal antibody, humanized

Mechanism of
action

Pertuzumab binds to the extracellular dimerization domain of the
human EGFR 2 protein (HER2), and therefore blocks the heterodimerization of HER2 with other HER family members. This results
in inhibition of intracellular signaling and ultimately induces cell
growth arrest and apoptosis. This combination of pertuzumab and
trastuzumab increases antitumor activity in HER2-overexpressing cells.

Vesicant
information

Non-vesicant/non-irritant

Pertuzumab
®
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Preparation and
mixture

Withdraw the calculated dose from the vial and add to 250 ml NS
in PVC or non-PVC polyolefin infusion bags. Mix the diluted solution by gentle inversion. DO NOT shake. DO NOT mix in D5W.

Administration

Infuse the initial loading dose IV over 60 min and subsequent
maintenance doses over 30–60 min. DO NOT give IVP or bolus.

Storage and
stability

Store vials under refrigeration before reconstitution. Reconstituted vials are stable for 28 days. After preparation, solutions diluted in NS in PVC or polyethylene bags are stable for up to 24 hrs at
36°F–46°F (2°C–8°C).

How supplied

Pertuzumab 420 mg/14 ml (30 mg/ml) in a single-use vial

Dosage

Breast cancer, HER2+ (combined with trastuzumab and docetaxel): Initial dose is pertuzumab 840 mg IV infusion over 60 min, followed every 3 weeks by 420 mg administered as IV infusion over
30–60 min.

Compatibility
information

Compatible in NS. NOT compatible in D5W.
Pertuzumab should not be mixed with other drugs.

Contraindications/
precautions

Pertuzumab should be used with caution in patients with hypersensitivity to pertuzumab or any other component of the product.
Pregnancy risk category D.
Extreme caution should be exercised in treating patients with preexisting cardiac dysfunction.

Drug interactions

A complete review of drug interactions should be evaluated for
each patient. No drug interactions have been reported for pertuzumab to date.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Decreased LVEF and
CHF have been reported with pertuzumab therapy.
Serious: Infection associated with neutropenia, infusion-related
reactions
Other:
• Dermatologic: Rash, alopecia, pruritus, xerosis, paronychia
• GI: Diarrhea, nausea, vomiting, anorexia, stomatitis
• Hematologic: Neutropenia, febrile neutropenia, anemia
• Miscellaneous: Infusion-related reactions including hypersensitivity, anaphylactoid reactions, acute infusion reaction or cytokine release syndrome, increased lacrimation
• Musculoskeletal: Chills associated with infusion
• Neurologic: Headache, dysgeusia, dizziness, arthralgia
• Respiratory: Pleural effusions

Special
considerations

Exercise extreme caution in treating patients with preexisting cardiac dysfunction.
Should not be used during pregnancy or while breast-feeding.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• HER2 overexpression recommended before initiation of therapy.
• LVEF recommended before initiation of therapy and at periodic
intervals during therapy.
• Monitor for infusion-related reactions.
(Continued on next page)
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Indications

Breast cancer, HER2+, metastatic (in combination with trastuzu
mab and docetaxel)

Dosage adjustment
recommendations

No dose adjustments are currently recommended for renal or hepatic impairment based on lack of clinical studies.
Infusion reactions:
• If significant infusion-associated reaction occurs, slow or stop
infusion.
• Discontinue infusion if the patient experiences a serious hypersensitivity reaction.
Cardiotoxicity:
• If LVEF < 40% or is 40%–45% with a > 10% decrease from absolute, withhold therapy.
• If the LVEF recovers to > 45% or to 40%–45% with < 10% absolute decrease from baseline at reassessment, resume therapy.
• If the time between 2 sequential infusions is ≥ 6 weeks, initial
loading dose of 840 mg should be readministered, followed every week by the recommended 420 mg dose.

Pharmacokinetics

Limited data at this time. At doses of 2–25 mg/kg, pertuzumab has
linear pharmacokinetics. The median half-life was 18 days.

Manufacturer

Genentech, Inc., South San Francisco, CA

Other names

Stivarga

Classification

TKI, VEGFR inhibitor, small molecule inhibitor

Mechanism

Regorafenib is a multikinase inhibitor that inhibits tumor growth,
oncogenesis, and maintenance of the tumor microenvironment
by targeting intracellular kinases (VEGFR1, VEGFR2, VEGFR3,
KIT, PDGFR-alpha, PDGFR-beta, RET, FGFR1, FGFR2, TIE2,
DDR2, TrkA, Eph2A, RAF-1, BRAF, BRAFV600E, SAPK2, PTK5,
and Abl).

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Regorafenib should be taken at the same time each day with a
low-fat (< 30%) meal. Do not crush tablet.

Storage and
stability

Regorafenib should be stored in the original bottle at room temperature 59°F–86°F (15°C–30°C)

How supplied

Regorafenib is supplied as a package of 3 bottles containing 28
tablets each. Each tablet is a 40 mg light pink oval-shaped tablet
debossed with “BAYER” on 1 side and “40” on the other.

Dosage

FDA-approved dose is 160 mg (four 40 mg tablets) once daily in
the morning on days 1–21 of a 28-day cycle. Treatment will be continued until disease progression or unacceptable toxicity.

Regorafenib
®
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Compatibility
information

None

Contraindications/
precautions

None listed

Drug interactions

Formal drug interaction studies have not been conducted.
Agent

Effect

CYP3A4
inducers

Strong inducers of CYP3A4 may decrease serum
concentration of regorafenib (combination should be
avoided).

CYP3A4
inhibitors

Strong inhibitors of CYP3A4 may increase serum
concentration of regorafenib (combination should be
avoided).

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiac ischemia and
infarction, hemorrhage, GI perforation, fistula formation, RPLS,
hepatotoxicity
Serious: Dermatologic toxicity
Other:
• Cardiovascular: Hypertension
• Dermatologic: PPE
• GI: Diarrhea, decreased appetite, weight loss, mucositis, abdominal pain
• Hematologic: Anemia, thrombocytopenia, infection, lymphopenia
• Hepatic: Increased AST/ALT
• Metabolic: Hypocalcemia, hypokalemia, hyponatremia, hypophosphatemia
• Neurologic: Asthenia, fatigue, dysphonia
• Renal: Proteinuria

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.
Regorafenib has been associated with severe and sometimes fatal
hepatotoxicity. LFTs should be ordered before initiation of therapy and during treatment.
Investigate an unexpected rapid weight gain to rule out fluid retention. The probability of edema and severe fluid retention was increased with higher doses and age older than 65. Consider diuretics, interruption of therapy, and other supportive care measures.
Because of the risk of impaired wound healing, regorafenib should
be stopped at least 2 weeks before scheduled surgery. Treatment
may be restarted after adequate wound healing based on clinical judgment.
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Monitoring
parameters

CBC/diff: Recommended before initiation of therapy and periodically during therapy.
LFTs: Monitor before initiation of treatment, every 2 weeks during
the first 2 months of treatment, then monthly thereafter or as clinically indicated (transaminases, bilirubin, and alkaline phosphatase). If elevated, monitor weekly until resolution.
Blood pressure: Monitor weekly for the first 6 weeks of therapy
then before each cycle or as clinically indicated.
Monitor for signs and symptoms of PPE, bleeding, GI perforation,
and RPLS.
Conduct pregnancy testing (baseline before initiation of therapy
and as clinically pertinent thereafter).
Drug interactions: Several medications are known to interact with
regorafenib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Metastatic colorectal cancer previously treated with 5-FU, oxaliplatin, irinotecan, anti-VEGF therapy, or anti-EGFR therapy
GIST—locally advanced, unresectable, or metastatic GIST previously treated with imatinib mesylate and sunitinib malate

Dosage adjustment
recommendations

Renal impairment: No dosage adjustment provided for preexisting
renal impairment (CrCl < 60 ml/min).
Hepatic impairment: No dosage adjustment is needed for preexisting mild to moderate hepatic impairment. Use is not recommended in patients with preexisting severe hepatic impairment.

Pharmacokinetics

Absorption: 69% bioavailable; mean AUC is increased by 48%
when administered with high-fat meal; mean AUC is decreased
by 36% when administered with low-fat meal; during clinical trials, regorafenib was administered with low-fat meal.
Distribution: 99.5% protein bound.
Metabolism: Metabolized via hepatic CYP3A4 and UGT1A9 enzymes; mean elimination half-life is about 48 hours; active in
vitro metabolites are M-2 (N-oxide) and M-5 (N-oxide and Ndesmethyl), both of which are also highly protein bound.
Excretion: After 12 days of radiolabeled oral solution at a dose of
120 mg, 71% was excreted in the feces and 19% was excreted
in the urine.

Manufacturer

Bayer HealthCare Pharmaceuticals Inc., Wayne, NJ

Rituximab
Other names

Rituxan®

Classification

Monoclonal antibody, chimeric murine/human origin

Mechanism of
action

A genetically engineered chimeric murine/human monoclonal antibody directed against the CD20 antigen found on the surface of
normal and malignant B lymphocytes. The Fc domain of rituximab
recruits immune effector functions to mediate B-cell lysis in vitro.

Vesicant
information

Non-vesicant/non-irritant
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Preparation and
mixture

Withdraw the dose of rituximab, and dilute to a final concentration of 1–4 mg/ml into an infusion bag containing either D5W or
NS.

Administration

Administer the first infusion IV at an initial rate of 50 mg/hr. If adverse reactions do not occur, increase the infusion rate in 50 mg/hr
increments every 30 min to a maximum of 400 mg/hr. Subsequent
infusions may be started at 100 mg/hr and increased in 100 mg/hr
increments every 30 min to a maximum of 400 mg/hr. DO NOT give
as an IVP or bolus.

Storage and
stability

Store vials under refrigeration and protect from direct sunlight. Diluted solutions for infusion are stable under refrigeration at 36°F–
46°F (2°C–8°C) for 24 hrs and at room temperature for an additional 24 hrs.

How supplied

Sterile, clear, colorless, preservative-free, 10 mg/ml liquid supplied
in either 100 mg (10 ml) or 500 mg (50 ml) single-use vials

Dosage

Doses range from 250–500 mg/m2 every 7–120 days. The most
common dose is 375 mg/m2.

Compatibility
information

Compatible in NS and D5W. Rituximab should not be admixed with
other medications. For further clarification, refer to compatibility
references.

Contraindications/
precautions

Rituximab is contraindicated for patients with known severe hypersensitivity or anaphylactic reactions to murine proteins or to any
component of this product.

Drug interactions

Formal drug interaction studies have not been conducted.
Agent

Effect

Immunosuppressive
agents

May increase risk of serious infections.

Vaccines, live and
inactivated

Concomitant use of live vaccines with rituximab should be avoided.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Infusion-related reactions of fever and chills/rigors occurred in the majority of patients
during the first dose. Other frequent infusion-related AEs include
nausea, urticaria, fatigue, headache, pruritus, bronchospasm,
dyspnea, angioedema, rhinitis, vomiting, hypotension, flushing,
and pain at disease sites. These AEs usually occur within onehalf to 2 hrs of the start of the infusion and have been noted to
be significant in a number of patients. Symptoms often resolve
with slowing or interruption of the infusion and with initiation of
routine supportive care (e.g., IV saline, diphenhydramine, acetaminophen, corticosteroids). Other AEs include PML, severe infections, and bowel obstruction/perforation.
Serious: Potential for TLS; hypersensitivity reactions; hepatitis B
reactivation; fungal, bacterial, and viral infections
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Other:
• Cardiovascular: Hypertension, peripheral edema, rare cardiac
events, including angina, arrhythmia, bradycardia
• Dermatologic: Pruritus, rash, pain at injection site
• GI: Abdominal pain, nausea
• Hematologic: Anemia, thrombocytopenia, neutropenia
• Miscellaneous: Conjunctivitis
• Neurologic: Headache
Special
considerations

Consider premedication consisting of acetaminophen and diphenhydramine before each infusion of rituximab. Premedication may
attenuate infusion-related AEs. If infusion-related AEs occur, additional premedications may be needed with subsequent doses.
However, with multiple doses there is a decrease in the number of
B cells, which may reduce the risk of AEs with subsequent doses. As transient hypotension may occur during infusions, consideration should be given to withholding antihypertensive medications 12 hrs before treatments. Severe reactions may require treatment with epinephrine. Consider an as-needed antiemetic (e.g.,
prochlorperazine).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and each subsequent dose,
and at periodic intervals during therapy
• Cardiac function tests: Recommended at periodic intervals

Indications

Treatment of patients with CD20+ NHL (as single agent or combination chemotherapy for various subtypes of NHL), CLL (CD20+ in
combination with cyclophosphamide and fludarabine), rheumatoid
arthritis (with MTX in patients with inadequate response to 1 or
more TNF antagonists), Wegener granulomatosis (with glucocorticoids), and microscopic polyangiitis (with glucocorticoids).

Dosage adjustment
recommendations

None noted

Pharmacokinetics

Studies of doses of 375 mg/m2 as an IV infusion for 4 doses demonstrated a mean serum half-life of 76.3 hrs (range 31.5–152.6
hrs) after the first infusion and 205.8 hrs (range 83–407 hrs) after the fourth infusion. Rituximab is detectable in the serum for 3–6
months after completion of treatment.

Manufacturer

Genentech, Inc., South San Francisco, CA

Romiplostim
Other names

Nplate®

Classification

Colony-stimulating factor

Mechanism of
action

Romiplostim increases PLT production through binding and activation of the thrombopoietin receptor.

Vesicant
information

Non-vesicant/non-irritant
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Preparation and
mixture

Reconstitute with preservative-free SWFI to a final concentration
of 500 mcg/ml; DO NOT shake.

Administration

Given SC. Due to small volume, use syringe with graduations to
0.01 ml.

Storage and
stability

Vials should be refrigerated and stored in original carton to protect from light. DO NOT freeze. Reconstituted romiplostim can be
kept at room temperature (77°F/25°C) or refrigerated at 36°F–46°F
(2°C–8°C) for up to 24 hrs. Protect the reconstituted product from
light.

How supplied

Single-use vials with white powder containing 250 mcg and 500
mcg

Dosage

Use the lowest dose to achieve and maintain a PLT count
≥ 50,000/mm3 as necessary. Administer as a weekly SC injection.
The starting dose is 1 mcg/kg based on actual body weight. Dose
adjustments are made based upon the PLT response:
• If PLT count is < 50,000/mm3, increase the dose by 1 mcg/kg.
• If PLT count is > 200,000/mm3 for 2 consecutive weeks, decrease the dose by 1 mcg/kg.
• If PLT count is > 400,000/mm3, DO NOT administer.
• Monitor PLT count weekly. After the PLT count has fallen to
< 200,000/mm3, resume at a dose reduced by 1 mcg/kg.
• Discontinue therapy if the PLT count does not increase to a level
sufficient to avoid clinically important bleeding after 4 weeks of
treatment at the maximum weekly dose of 10 mcg/kg.

Compatibility
information

For further clarification, refer to compatibility references.

Contraindications/
precautions

Progression from MDS to AML has been observed in clinical trials.

Drug interactions

Unknown. A complete review of drug interactions should be evaluated for each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Thrombotic/thromboembolic complications due to increases in PLT counts
Serious: Rebound thrombocytopenia, bone marrow reticulum formation/deposition
Other:
• CNS: Headache, dizziness, insomnia
• GI: Abdominal pain
• Neuromuscular and skeletal: Arthralgia, myalgia, limb pain

Special
considerations

Thrombocytopenia may worsen after discontinuation of therapy.
Obtain CBC/diff weekly for at least 2 weeks following discontinuation of romiplostim.

Monitoring
parameters

CBC/diff at baseline; weekly during treatment until stable PLT response for 4 weeks, then monthly; and then weekly for at least 2
weeks after cessation of treatment
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Indications

Romiplostim is used to treat thrombocytopenia in patients with
chronic immune thrombocytopenia who have an insufficient response to corticosteroids, immunoglobulins, or splenectomy. DO
NOT use to treat thrombocytopenia in patients with MDS or to normalize PLT counts.

Dosage adjustment
recommendations

Use in patients with renal or hepatic dysfunction has not been studied. See Dosage section for dosage adjustment based on PLT level.

Pharmacokinetics

Peak serum concentrations: 7–50 hrs post dose
Half-life: 1–34 days
PLT count increase (onset): 4–9 days

Manufacturer

Amgen Inc., Thousand Oaks, CA

Ruxolitinib
Other names

Jakafi®

Classification

TKI; Janus-associated kinase inhibitor

Mechanism of
action

Inhibits the Janus-associated kinases (JAK1 and JAK2) thereby
affecting gene expression related to hematopoiesis and immune
function. Janus-associated kinases mediate the signaling of cytokines and growth factors needed for hematopoiesis and immune
function.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Ruxolitinib is available as an oral tablet that should be taken with
or without meals.
DO NOT crush, break, or chew tablets.
If patient is unable to swallow, tablets may be dispersed in 40 ml of
water. Stir for 10 min. Use within 6 hrs of dispersion. May be administered via nasogastric tube, which should be rinsed with at
least 75 ml of water to ensure full dose is administered.

Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 5 mg, 10 mg, 15 mg, 20 mg, and 25 mg tablets

Dosage

For PLTs > 200,000/mm3, starting dose is 20 mg BID.
For PLTs 100,000–200,000/mm3, starting dose is 15 mg BID.
After 4 weeks, if patient does not have an adequate response, may
increase dose every 2 weeks in 5 mg BID increments to a maximum dose of 25 mg BID only if patient has an adequate ANC
and PLT count.
Discontinue ruxolitinib if no response within 6 months.
When discontinuing therapy (not related to thrombocytopenia), decrease dose by 5 mg BID every week.
(Continued on next page)
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If administering concomitantly with CYP3A4 strong inhibitors cannot be avoided, consider starting ruxolitinib dose at 10 mg (for
PLTs > 100,000/mm3). Not recommended if PLTs < 100,000/mm3.

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Currently, there are no contraindications available.
Hematologic toxicity and infection have been observed with ruxolitinib.
Patients have shown to have withdrawal syndrome (acute relapse
of myelofibrosis, splenomegaly, worsening cytopenias, septic
shock–like syndrome) if ruxolitinib is discontinued abruptly (not
due to thrombocytopenia). Dose should be gradually tapered if
ruxolitinib is to be discontinued.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category C.

Drug interactions

Agent

Effect

Clozapine

Ruxolitinib may increase AEs of clozapine (avoid
combination).

Grapefruit/
grapefruit juice

May increase concentration of ruxolitinib (combination should be avoided).

Immunosuppressants

May increase AEs of immunosuppressants.

CYP3A4 inducers

Strong inducers of CYP3A4 may decrease serum
concentration of ruxolitinib (monitor therapy).

CYP3A4 inhibitors

Strong inhibitors of CYP3A4 may increase serum
concentration of ruxolitinib. For PLTs > 100,000/
mm3, if concomitant use cannot be avoided, reduce dose to 10 mg BID and avoid use in patients with lower PLT count.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Withdrawal syndrome
(acute relapse of myelofibrosis, splenomegaly, worsening cytopenias, septic shock–like syndrome)
Serious: Infections
Other:
• Dermatologic: Bruising
• Endocrine/metabolic: Increased cholesterol
• GI: Weight gain, flatulence
• Hepatic: AST/ALT elevation
• Hematologic: Neutropenia, thrombocytopenia, infections (herpes zoster)
• Neurologic: Dizziness, headache
• Renal: UTI
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Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Patients unable to swallow ruxolitinib may disperse it in water. See
administration section for details.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Signs and symptoms of infection, hemorrhage, and anemia.
• CBC/diff.
• Hepatic and renal function tests.
• Drug interactions: Several medications are known to interact
with ruxolitinib; therefore, assess all prescription, OTC, and supplemental medications in each patient.

Indications

Intermediate- or high-risk myelofibrosis, including primary myelofibrosis, post-polycythemia vera myelofibrosis, and post-essential
thrombocythemia myelofibrosis

Dosage adjustment
recommendations

Renal impairment:
• CrCl 15–59 ml/min and PLTs 100,000–150,000/mm3: Start at 10
mg PO BID.
• CrCl 15–59 ml/min and PLTs < 100,000/mm3: Not recommended.
• ESRD without dialysis: Not recommended.
• Dialysis:
–– With PLTs 100,000–200,000/mm3: Start at 15 mg PO after dialysis, monitoring closely.
–– With PLTs > 200,000/mm3: Start at 20 mg PO after dialysis,
monitoring closely.
Hepatic impairment:
• With PLTs 100,000–200,000/mm3: Start at 10 mg PO BID, monitoring closely.
• With PLTs < 100,000/mm3: Not recommended.
Hematologic toxicity:
• Thrombocytopenia dose reduction:
–– If current dose is 25 mg PO BID, decrease dose as follows:
** PLTs 100,000 to < 125,000/mm3: 20 mg PO BID
** PLTs 75,000 to < 100,000/mm3: 10 mg PO BID
** PLTs 50,000 to < 75,000/mm3: 5 mg PO BID
** PLTs < 50,000/mm3: Hold dose, then follow “restarting after
PLTs fall to < 50,000/mm3.”
–– If current dose is 20 mg PO BID, decrease dose as follows:
** PLTs 100,000 to < 125,000/mm3: 15 mg PO BID
** PLTs 75,000 to < 100,000/mm3: 10 mg PO BID
** PLTs 50,000 to < 75,000/mm3: 5 mg PO BID
** PLTs < 50,000/mm3: Hold dose, then follow “restarting after
PLTs fall to < 50,000/mm3.”
–– If current dose is 15 mg PO BID, decrease dose as follows:
** PLTs 100,000 to < 125,000/mm3: Continue same dose
** PLTs 75,000 to < 100,000/mm3: 10 mg PO BID
** PLTs 50,000 to < 75,000/mm3: 5 mg PO BID
** PLTs < 50,000/mm3: Hold dose, then follow “restarting after
PLTs fall to < 50,000/mm3.”
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–– If current dose is 10 mg PO BID, decrease dose as follows:
** PLTs 75,000 to < 125,000/mm3: Continue same dose.
** PLTs 50,000 to < 75,000/mm3: 5 mg PO BID.
** PLTs < 50,000/mm3: Hold dose, then follow “restarting after
PLTs fall to < 50,000/mm3.”
–– If current dose is 5 mg PO BID, decrease dose as follows:
** PLTs 50,000 to < 125,000/mm3: Continue same dose.
** PLTs < 50,000/mm3: Hold dose, then follow “restarting after
PLTs fall to < 50,000/mm3.”
• Restarting after PLTs fall to < 50,000/mm3:
–– If at any point PLTs drop below < 50,000/mm3, hold dose
and restart when PLTs recover to > 50,000/mm3. Restart at
a dose at least 5 mg PO BID below the dose at interruption.
The maximum dose allowed for PLT count is as follows:
** PLTs ≥ 125,000/mm3: Max dose is 20 mg PO BID.
** PLTs 100,000–125,000/mm3: Max dose is 15 mg PO BID.
** PLTs 75,000–100,000/mm3: 10 mg PO BID × 2 weeks,
then if tolerated, increase to max of 15 mg PO BID.
** PLTs 50,000–75,000/mm3: 5 mg PO BID × 2 weeks, then if
tolerated, increase to max of 10 mg PO BID.
** PLTs < 50,000/mm3: Hold treatment.

Pharmacokinetics

Absorption: Rapid; maximum plasma concentration reached within
1–2 hrs after administration
Distribution: About 97% protein bound, primarily to albumin
Metabolism: Hepatic via CYP3A4 to active metabolite (20%–50%
of activity); half-life of 2.8–3 hrs (5 hrs with hepatic impairment)
Excretion: Primarily excreted via urine (74%) and feces (22%)

Manufacturer

DSM Pharmaceuticals, Greenville, NC

Sargramostim
Other names

GM-CSF, Leukine®

Classification

Hematopoietic cytokine

Mechanism of
action

Sargramostim stimulates the proliferation and differentiation of hematopoietic progenitor cells. It induces partially committed progenitor cells to divide and differentiate in the granulocyte-macrophage
pathways.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute vials of lyophilized powder with 1 ml of SWFI or
BSWFI. For IV infusions, sargramostim may be further diluted in
NS. If the final concentration of sargramostim is < 10 mcg/ml, then
albumin must be added to the NS at a concentration of 0.1% (e.g.,
1 ml of 5% albumin added to 50 ml NS) before the addition of sargramostim.

Administration

SC injection, CIV infusion, or short IV infusion (usually 2–4 hrs). Inline filters should NOT be used to administer IV infusions.
(Continued on next page)
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Storage and
stability

Store vials of powder and solution under refrigeration. DO NOT
shake or freeze. Once entered, vials of sargramostim liquid and
powder reconstituted with preserved water for injection can be
stored up to 20 days in the refrigerator. Use vials reconstituted with
SWFI shortly after reconstitution.

How supplied

Sargramostim 500 mcg/ml is supplied in vials as a clear, colorless,
benzyl alcohol-preserved injectable solution. It is available as a lyophilized powder in vials containing 250 mcg.

Dosage

250 mcg/m2/day; dosages may be increased up to 500 mcg/m2/day
in situations of graft failure following HSCT. It is common practice
to round the doses to fit the combinations of available vial sizes to
decrease waste; check with healthcare provider before doing so.

Compatibility
information

It is not recommended to mix sargramostim with any other medication. For further clarification, refer to compatibility references.

Contraindications/
precautions

Sargramostim is contraindicated in patients with excessive leukemic myeloid blasts in the bone marrow or peripheral blood and patients with known hypersensitivity to sargramostim, yeast-derived
products, or other components of the product. It is contraindicated
for concomitant use with chemotherapy and RT. Monitor the patient
for signs of respiratory distress after the first dose. Use cautiously
in patients with preexisting cardiac problems or heart failure.

Drug interactions

Medications that may potentiate the myeloproliferative effects of
sargramostim, such as lithium and corticosteroids, should be
used with caution. Sargramostim may increase the AEs (pulmonary toxicity) of bleomycin.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: First-dose reaction, although rare, may occur and includes flushing, hypotension, and
syncope. Capillary leak syndrome (e.g., fluid retention, peripheral edema, pericardial and/or pleural effusions) has been reported
and associated with higher doses of sargramostim. In addition,
allergic or anaphylactic reactions have been reported.
Serious: See above.
Other:
• Cardiovascular: Edema
• Dermatologic: Rash, injection-site erythema, swelling, pruritus
• Miscellaneous: Fever, malaise, chills
• Musculoskeletal: Bone pain (mild to moderate; dose-related: occurs in 20%–50% of patients)
• Neurologic: Mild to moderate headache
• Respiratory: Dyspnea

Special
considerations

Systemic AEs (e.g., fever, bone pain, asthenia) usually are prevented or reversed by analgesics or antipyretics.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Twice weekly after chemotherapy or thrice weekly after
HSCT during therapy
(Continued on next page)
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Indications

Indicated to reduce the time to neutrophil recovery and reduce the
incidence of infection following induction or consolidation therapy for adults with AML; to reduce the duration of neutropenia and
neutropenia-related events in patients undergoing myeloablative
chemotherapy followed by HSCT; for the mobilization of peripheral blood stem cells for collection; and for use in HSCT failure or engraftment delay.

Dosage adjustment
recommendations

Therapy often continues until ANC > 1,500/mm3 for 3 consecutive
days. If a severe AE occurs, decrease dose by 50% or hold until
the AE subsides.

Pharmacokinetics

Peak levels after IV administration occur during or immediately after the infusion and 1–3 hrs after SC administration; elimination
half-life is 60 min following IV administration and 162 min following
SC injection.

Manufacturer

Bayer HealthCare Pharmaceuticals, LLC, Seattle, WA

Sipuleucel-T
Other names

Provenge®, APC-8015

Classification

Autologous cellular immunotherapy

Mechanism of
action

The active components of sipuleucel-T are antigen-presenting
cells and PAP-GM-CSF; the antigen-presenting cells within the
product are from autologous peripheral blood mononuclear cells
obtained from leukapheresis that the patient undergoes before the
infusions. The antigen-presenting cells are activated with recombinant human protein that acts as an immune cell activator. This
autologous cellular immunotherapy is designed to stimulate T-cell
immunity against prostate-specific phosphatase and antigen expressed in prostate cancer tissue, but not in non-prostate tissue.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

The autologous product is prepared and delivered to the site of administration, intended for autologous use ONLY. Before infusion,
the patient’s identity should be compared with the patient identifiers found on the cell product disposition form and the sipuleucelT infusion bag.
Sipuleucel-T infusion bag MUST remain in the insulated polyurethane container and inside the outer cardboard shipping box until
the time of administration.
Remove the bag from the insulated polyurethane contained and inspect bag for leaks; DO NOT use if there are leaks in the bags.
Gently mix the contents of the bag to resuspend them; small
clumps of cellular material should be dispersed with gentle manual mixing.
Infusion MUST begin before the expiration date and time indicated
on the disposition form and product label.
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Administration

Premedication with acetaminophen and an antihistamine should
be given 20 min before infusion of product to attenuate infusion
reactions.
DO NOT use a cell filter.
Infuse the entire volume of the bag over 60 min. If the infusion is
slowed or interrupted, DO NOT resume if the product is at room
temperature for more than 3 hrs.

Storage and
stability

Provenge is shipped directly to the provider, or designee, and arrives in a shipping box with insulated polyurethane container inside
to maintain appropriate transportation and storage. Upon receipt, the
outer cardboard box should be opened to verify information, but DO
NOT open the lid of the insulated container or remove the insulated
container until the patient is ready for infusion. Dendreon provides a
cell product disposition form—and this may arrive after the product is
received. Infusion must begin before the expiration date and time indicated on the cell product disposition form and label. Product should
remain at room temperature for NO MORE THAN 3 hrs.

How supplied

Each dose of sipuleucel-T contains a minimum of 50 million autologous CD54+ cells activated with PAP-GM-CSF, suspended in 250
ml LR in a sealed, patient-specific infusion bag.

Dosage

Prostate cancer: Each infusion contains a minimum of 50 million
autologous CD54+ cells activated with PAP-GM-CSF suspended in 250 ml of LR; the infusion is repeated every 2 weeks for a total of 3 doses.

Compatibility
information

DO NOT infuse with any medications or fluids.

Contraindications/
precautions

Sipuleucel-T is for autologous use only.

Drug interactions

Agent
Immunosuppressants

Effect
Immunosuppressive agents may diminish
the response to sipuleucel-T.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Acute infusion reactions have occurred, and include fevers, chills, bronchospasms,
dyspnea, hypoxia, nausea, hypertension, and sinus tachycardia.
These symptoms may occur within 24 hrs of infusion.
Other:
• Endocrine/metabolic: Hot flashes/flushing.
• GI: Nausea, vomiting, constipation, diarrhea, anorexia.
• Miscellaneous: Flu-like symptoms, edema, infections.
• Muscular/neurologic: Pain, including joint, bone, back and neck,
arthralgia, and myalgia; muscle spasms; headache; dizziness.
• Note: Patients undergo leukapheresis before each infusion of sipuleucel-T and may experience AEs from the procedure including hypocalcemia from citrate anticoagulant used during the procedure.
(Continued on next page)
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Special
considerations

Each preparation is intended for 1 autologous dose. Premedication
with acetaminophen and an antihistamine 30 min before infusion is
recommended to minimize infusion-related reactions. Observe the
patient for at least 30 min after each infusion. Provenge is not routinely tested for transmissible infectious diseases; therefore, universal precautions in handling the product are recommended.

Monitoring
parameters

Monitor for infusion-related reactions during infusion and for at
least 30 min following each infusion.

Indications

Prostate cancer, asymptomatic or minimally symptomatic metastatic, castration resistant

Dosage adjustment
recommendations

Specific guidelines for dosage adjustments in hepatic and/or renal
impairment are not available.

Pharmacokinetics

Not known at this time

Manufacturer

Dendreon Corp., Seattle, WA

Other names

Nexavar

Classification

TKI, VEGFR inhibitor

Mechanism of
action

Multikinase inhibitor targeting several serine/threonine and receptor tyrosine kinases, a number of which are involved in tumor angiogenesis

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Sorafenib is available as an oral product that MUST be taken without food. The patient must NOT eat for at least 1 hr before administration and 2 hrs following administration. It is taken PO every 12
hrs (BID).

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C). Store in a dry place.
Procedures for handling and disposal of anticancer agents should
be followed.
Keep this, and all medications, out of the reach of children.

How supplied

Available as 200 mg tablet (containing 274 mg of sorafenib tosylate)

Dosage

The recommended daily dose is 400 mg (2 × 200 mg tablets) taken PO BID, without food (at least 1 hr before or 2 hrs after eating).
Treatment should continue until the patient is no longer clinically
benefiting from therapy or until unacceptable toxicity occurs.

Compatibility
information

Oral agent—not applicable

Sorafenib
®
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Contraindications/
precautions

Contraindicated in patients with known severe hypersensitivity to
sorafenib or any other component of the formulation.
Contraindicated in combination with carboplatin and paclitaxel in
patients with squamous cell lung cancer.
Advise women of childbearing potential to avoid becoming pregnant; use during pregnancy only if the potential benefits justify the potential risks to the fetus. Pregnancy risk category D. Because many drugs are excreted in human milk and the effects of
sorafenib on infants have not been studied, advise women against
breast-feeding.

Drug interactions

Agent

Effect

CYP3A4 inhibitors (i.e., atazanavir, clarithromycin, indinavir, itraconazole, ketoconazole, nefazodone, nelfinavir, ritonavir, saquinavir,
telithromycin, troleandomycin, and voriconazole)

Sorafenib metabolism is unlikely
to be altered by CYP3A4 inhibitors
(based on clinical data in healthy
volunteers receiving concomitant
ketoconazole).

Doxorubicin

Use caution; concomitant use
causes an increase in the AUC of
doxorubicin.

Irinotecan

Use caution; concomitant use
causes an increase in the AUC of
irinotecan and its active metabolite, SN-38.

Potent CYP450 inducers
(i.e., rifabutin, rifampin, rifapentine, phenytoin, carbamazepine, phenobarbital, St.
John’s wort)

Expected to increase metabolism of sorafenib and decrease
sorafenib concentrations.

Warfarin

Bleeding or elevations in the INR
may occur; monitor PT/INR and
clinical signs of bleeding.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiac ischemia and
infarction have been reported rarely during sorafenib treatment.
Patients should immediately report any episodes of chest pain or
other symptoms of cardiac ischemia or infarction.
Serious: Hypertension, considered treatment emergent, occurred
in 17% of patients in one clinical study. It was usually mild to
moderate, occurred early in the course of treatment, and managed with standard antihypertensive therapy. In cases of severe
or persistent hypertension despite institution of antihypertensive therapy, consider temporary or permanent discontinuation of
therapy. Bleeding occurred in approximately 15% of patients, although the incidence of severe bleeding was low.
(Continued on next page)

476 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook
Other:
• Dermatologic: Rash, desquamation, acne, flushing, alopecia,
erythema, exfoliative dermatitis, depression
• Endocrine: Hypophosphatemia
• GI: Diarrhea, nausea, anorexia, vomiting, mucositis/stomatitis,
dyspepsia, dysphagia, increased lipase and amylase levels
• Hematologic: Leukopenia, lymphopenia, anemia, thrombocytopenia
• Miscellaneous: Fatigue, weight loss, asthenia, pain, arthralgia,
myalgia
• Neurologic: Neuropathy

Special
considerations

Sorafenib should be administered without food (at least 1 hr before
or 2 hrs after eating).

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and before each subsequent dose.
• Renal function tests: CrCl, actual or calculated, SCr, BUN before
initiation of therapy and each subsequent dose.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before
initiation of therapy and each subsequent dose.
• Monitor blood pressure weekly during the first 6 weeks of therapy; thereafter, monitor and treat, if required, in accordance with
standard medical practice.
• Assess patient for dermatologic toxicities.

Indications

Advanced renal cell carcinoma
Unresectable hepatocellular carcinoma
Unlabeled uses: Angiosarcoma, GISTs, thyroid cancer

Dosage adjustment
recommendations

No dose adjustment is required on the basis of patient age, gender, or body weight.
Renal impairment:
• Mild impairment (CrCl 40–59 ml/min): No dose adjustment required.
• Moderate impairment (CrCl 20–39 ml/min): 200 mg PO BID.
• Severe impairment (CrCl < 20 ml/min): Insufficient data to determine if dose adjustment necessary in this patient population;
use with caution.
• Hemodialysis: 200 mg PO once daily.
Hepatic impairment:
• Mild impairment (T. Bili > 1 to ≤ 1.5 × ULN and/or AST > ULN):
400 mg PO BID.
• Moderate impairment (T. Bili > 1.5 to ≤ 3 × ULN; any AST): 200
mg PO BID.
• Severe impairment:
–– T. Bili > 3–10 × ULN (any AST): Use with caution; studies
show 200 mg PO every 3 days was NOT tolerated.
–– Albumin < 2.5 g/dl (any T. Bili and any AST): 200 mg PO once
daily.
(Continued on next page)
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Dosage adjustment recommendations based on skin toxicity are
as follows.
Toxicity Grade
(CTCAE)
Grade 1 (e.g., numbness, dysesthesia, paresthesia, tingling, painless swelling, erythema or discomfort)

Any

Grade 2 (e.g., painful erythema and
swelling of the
hands or feet and/or
discomfort affecting
the patient’s normal
activities)

No improvement within 7 days or
second or
third occurrence

First occurrence

Fourth occurrence
Grade 3 (e.g., moist
desquamation, ulceration, blistering
or severe pain of the
hands or feet, or severe discomfort that
causes the patient to
be unable to work or
perform activities of
daily living)

Suggested Dose
Adjustment

Occurrence

First or second occurrence

Third occurrence

Continue sorafenib; consider topical therapy for
symptomatic relief. If no
improvement in 7 days,
see below.
Continue sorafenib; consider topical therapy for
symptomatic relief.
Interrupt therapy until toxicity resolves to grade 0–1;
when resuming treatment, decrease dose by
1 dose level (400 mg PO
daily or 400 mg PO every
other day).
Discontinue sorafenib treatment.
Interrupt therapy until toxicity resolves to grade 0–1;
when resuming treatment, decrease dose by
1 dose level (400 mg PO
daily or 400 mg PO every
other day).
Discontinue sorafenib treatment.

Pharmacokinetics

Absorption: Mean relative bioavailability of sorafenib tablets is
38%–49%, with a mean elimination half-life of approximately 25–
48 hrs. Following oral administration, sorafenib reaches peak
plasma levels in approximately 3 hrs. Sorafenib bioavailability was reduced by 29% when administered with a high-fat meal
compared to administration in a fasting state.
Distribution: In vitro binding to human plasma proteins is 99.5%.
Metabolism: Primarily in the liver.
Excretion: 77% in feces and 19% in urine as glucuronidated metabolites.

Manufacturer

Onyx Pharmaceuticals, Emeryville, CA
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Sunitinib
Other names

Sutent , sunitinib malate

Classification

TKI, VEGFR inhibitor

Mechanism of
action

Small molecule multikinase inhibitor targeting several receptor tyrosine kinases implicated in tumor growth, pathologic angiogenesis,
and metastatic progression of cancer, including PDGF, VEGFR,
c-Kit, and FLT3

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Available as an oral product that may be taken with or without food

Storage and
stability

Store at 77°F (25°C); excursions permitted to 59°F–86°F (15°C–
30°C). Store in a dry place.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Supplied as
• 12.5 mg hard gelatin capsule with orange cap and orange body.
“Pfizer” printed in white ink on the cap; “STN 12.5 mg” on the body.
• 25 mg hard gelatin capsule with caramel cap and orange body.
“Pfizer” printed in white ink on the cap; “STN 25 mg” on the body.
• 50 mg hard gelatin capsule with caramel cap and caramel body.
“Pfizer” printed in white ink on the cap; “STN 50 mg” on the body.
All dosages packaged in bottles of 30.

Dosage

Recommended dose for GIST and advanced renal cell carcinoma:
50 mg PO once daily on days 1–28 (weeks 1–4) of a 42-day cycle
(6-week cycle).

Compatibility
information

Oral agent—not applicable

Contraindications/
precautions

Contraindicated in patients with known severe hypersensitivity to
sunitinib or any other component of sunitinib.
Severe hepatotoxicity has been observed.
May decrease LVEF leading to heart failure. Mean onset is 22
days. If this occurs, hold dose. Upon reinitiation, if LVEF is < 50%
or > 20% reduction from baseline, decrease dose.
Depigmentation, GI perforation, hemorrhage, hypertension, proteinuria, QTc prolongation, RPLS, and impaired wound healing
have been observed in patients receiving sunitinib.
Advise women of childbearing potential to avoid becoming pregnant; use during pregnancy only if the potential benefits justify the potential risks to the fetus. Pregnancy risk category D. Because many drugs are excreted in human milk and the effects of
sunitinib on infants have not been studied, advise women against
breast-feeding. Sunitinib and/or its metabolites have been excreted in rat milk.

®
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Effect

Bevacizumab

May increase microangiopathic hemolytic anemia and hypertension.

Grapefruit/
grapefruit juice

May increase concentration of sunitinib (combination should be avoided).

Immunosuppressants

Concomitant use with other immunosuppressants may increase immunosuppressive effects
of the agents.

CYP3A4 inhibitors/inducers

Strong inhibitors and inducers of CYP3A4 may
decrease or increase serum concentration of
sunitinib (consider therapy modification); if combination cannot be avoided, consider modifying
dose of sunitinib.

St. John’s wort

Unpredictable decreases in sunitinib concentrations; concomitant use is discouraged.

PGP/ABCB1
substrates

Concomitant use may increase concentrations
of PGP/ABCB1 substrates.

QT-prolonging
agents

Concomitant use with sunitinib may increase risk
of QT prolongation (avoid or modify therapy).

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Decreases in LVEF,
including the development of CHF, have been reported during
sunitinib treatment. Carefully monitor patients for the development of CHF. Myocardial ischemia also has been reported.
Serious: Hypertension, all grades, occurred in 15%–28% of patients on clinical studies. In cases of severe or persistent hypertension, despite institution of antihypertensive therapy, temporary or permanent discontinuation of therapy should be considered. Bleeding occurred in approximately 18%–26% of patients,
although the incidence of severe bleeding was low. Epistaxis was
the most common hemorrhagic AE reported. Less common bleeding events included rectal, gingival, upper GI, genital, and wound
bleeds. Tumor-related hemorrhage has been reported. These AEs
may occur suddenly, and in the case of pulmonary tumors may
present as severe and life-threatening hemoptysis or pulmonary
hemorrhage. Serious, sometimes fatal, GI complications including
GI perforation have occurred rarely in patients with intra-abdominal
malignancies treated with sunitinib. Lastly, seizures have occurred
in patients with radiographic evidence of brain metastases.
Other:
• Dermatologic: Rash, skin discoloration, PPE
• Endocrine: Hypokalemia, hypernatremia, increases in uric acid
levels, thyroid dysfunction, hyperglycemia
• GI: Diarrhea, nausea, anorexia, vomiting, constipation, mucositis/stomatitis, and increased levels of lipase, amylase, and alkaline phosphatase
(Continued on next page)
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• Hematologic: Neutropenia, lymphopenia, anemia, thrombocytopenia
• Hepatic: T. Bili/AST/ALT elevation
• Miscellaneous: Fever, VTE
• Musculoskeletal: Asthenia, fatigue, pain, arthralgia, myalgia
• Neurologic: Headache, altered taste
• Renal: Increased SCr

Special
considerations

May be taken with or without food. Monitor for bleeding and clinical
signs and symptoms of CHF.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Before initiation of therapy and prior to each subsequent dose.
• Renal function tests: CrCl, actual or calculated, SCr, or BUN before initiation of therapy and prior to each subsequent dose.
• LFTs: ALT, AST, alkaline phosphatase, T. Bili, and LDH before
initiation of therapy and prior to each subsequent dose.
• Monitor blood pressure weekly during the first 6 weeks of therapy; thereafter, monitor and treat, if required, in accordance with
standard medical practice.
• Perform baseline and periodic evaluations of LVEF and ECGs.
• Monitor thyroid function, electrolytes, and adrenal function.

Indications

Advanced renal cell carcinoma; unresectable locally advanced/
metastatic, progressive, well-differentiated PNETs, GIST after
disease progression or intolerance while on imatinib mesylate
Unlabeled: Advanced thyroid cancer and non-GIST soft tissue sarcomas

Dosage adjustment
recommendations

In the presence of clinical manifestations of CHF, discontinuation of sunitinib is recommended. The dose should be interrupted or reduced in patients without clinical evidence of CHF but
with an ejection fraction < 50% and > 20% below baseline. Dose
increase or reduction of 12.5 mg increments is recommended based on individual safety and tolerability. In the presence of
RPLS, grade 3–4 (CTCAE) hepatotoxicity, or severe hypertension, hold treatment until resolved. If resolution does not occur,
discontinue treatment. Discontinue treatment if nephrotic syndrome or pancreatitis occurs.
See Drug Interactions for dose adjustment recommendations with
concomitant medications.

Pharmacokinetics

Absorption: Bioavailability is not changed with food; peak plasma
levels occur between 6–12 hrs.
Distribution: 95% protein bound (sunitinib); 95% protein bound
(SU12662).
Metabolism: Hepatic primarily through CYP3A4 to an active metabolite (SU12662); terminal elimination half-life is about 40–60
hrs for sunitinib and 80–110 hrs for SU12662.
Excretion: Primarily excreted in the feces (61%) and urine (16%).

Manufacturer

Pfizer Labs, New York, NY
(Continued on next page)
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Temsirolimus
Other names

Torisel , CCI-779

Classification

mTOR inhibitor

Mechanism of
action

Temsirolimus is an inhibitor of the protein kinase mTOR. The drug
binds to an intracellular protein FKBP-12 and forms a protein-drug
complex, which inhibits signaling of the cell. In renal cell carcinoma, the inhibition of mTOR leads to inhibition of HIF and VEGF resulting in inhibition of angiogenesis.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Torisel injection must be diluted with the diluent provided before
further dilution in 0.9% sodium chloride injection, USP. Both drug
and diluent vials contain overfill to ensure the recommended volume can be withdrawn. There is a two-step process for preparation. The first step is the dilution of temsirolimus with 1.8 ml of the
provided diluent, which results in a solution of temsirolimus
30 mg/3 ml. The solution should be mixed by inverting the vial
and allowing the air bubbles to subside. The resulting solution
should be clear to slightly turbid, colorless to light yellow, and
free from visible particulates. To prepare final drug product, withdraw the correct dose from the vial and further dilute into an infusion bag containing 250 ml of NS. Mix the final drug preparation,
but avoid shaking. Ensure that the final drug product does NOT
have particulate matter. Protect the final product from light.
Note: To minimize a patient’s exposure to the plasticizer DEHP that
may be leached from the PVC infusion bags, the final temsirolimus dilution for infusion should be stored in glass or polypropylene
bottles or infusion bags made from polypropylene or polyolefin
and administered through polyethylene-lined administration sets.

Administration

Infuse the dose over 30–60 min. Administration of the final product
should be completed within 6 hrs from the time the temsirolimus is
added to the sodium chloride.

Storage and
stability

Torisel is provided in a carton with 1 single-use vial of 25 mg/ml
temsirolimus and 1 diluent vial and should be stored at 36°F–
46°F (2°C–8°C) and protected from light.
The temsirolimus drug concentrate and diluent mixture is stable
below 77°F (25°C) for up to 24 hrs.
The final temsirolimus drug preparation in NS should be completely administered within 6 hrs.

How supplied

Torisel is provided in a carton with 1 single-use vial of 25 mg/ml
temsirolimus and 1 diluent vial. The diluent contains 40% w/v polysorbate 80, 42.8% w/v of polyethylene glycol 400, and 19.9% w/v
of dehydrated alcohol.

Dosage

Renal cell carcinoma, advanced: 25 mg infused over 30–60 min
once weekly

®

(Continued on next page)
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Compatibility
information

Temsirolimus should not be added to aqueous solutions, as this
will precipitate drug.
It is recommended that temsirolimus be diluted with provided diluents and then further diluted in NS. The drug should NOT be
mixed with other drugs or solutions, as this may result in degradation of the drug.

Contraindications/
precautions

Temsirolimus is contraindicated in patients with bilirubin > 1.5 × ULN
and in patients with a history of anaphylaxis after exposure to temsirolimus, sirolimus, or any component of the formulation (see components of diluents in How Supplied section). Precaution in women
who are pregnant, of childbearing potential, or breast-feeding. Pregnancy risk category D. Caution in patients with diabetes, as temsirolimus may cause hyperglycemia, and in patients with pulmonary disease, as ILD can result. Caution in patients undergoing surgery or
with wounds, as temsirolimus is associated with abnormal wound
healing.

Drug interactions

Agent

Effect

CYP3A4/5 inhibitors

May increase plasma concentrations of
the active metabolite sirolimus and increase exposure and effect.

CYP3A4/5 inducers

May decrease the plasma concentration
of the active metabolite sirolimus and decrease exposure and effect.

Live vaccines

Use of temsirolimus and drugs known to
cause angioedema may increase reactions.

Agents that cause angioneurotic edema reactions (e.g., ACE inhibitors)

Increase effect.

PGP inhibitors

May increase levels of sirolimus.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Hypersensitivity reactions characterized by anaphylactic shock or anaphylactoid reactions; ILD presenting as dyspnea, cough, hypoxia, or fever
Serious: Immunosuppression, rapid-onset and severe renal failure
Other:
• Cardiovascular: Edema, peripheral edema, hypertension
• CNS: Pain, fever, headache, insomnia
• Dermatologic: Rash, pruritus, nail changes, dry skin
• Endocrine/metabolite: Hyperglycemia, hypercholesterolemia,
hypertriglyceridemia, hypophosphatemia, hyperlipidemia, hypokalemia
• GI: Mucositis, nausea, vomiting, anorexia, diarrhea, abdominal
pain, constipation, stomatitis, taste changes, weight loss
(Continued on next page)
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• Hematologic: Anemia, lymphopenia, thrombocytopenia, neutropenia
• Hepatic: Increase in alkaline phosphatase, liver enzymes
• Musculoskeletal: Weakness, pain, arthralgias
• Respiratory: Dyspnea, cough, pharyngitis
Special
considerations

Infusion-related reactions may be severe; prophylaxis with a histamine antagonist may minimize effects.

Monitoring
parameters

CBC with PLTs before initiation and weekly.
LFTs at baseline and periodically.
Electrolytes and blood glucose before initiation and weekly, more
frequently if toxicity develops.
Serum cholesterol and triglycerides at baseline and periodically.
Renal function at baseline and weekly.

Indications

Renal cell carcinoma, advanced
Mantle cell lymphoma (not a labeled indication)

Dosage adjustment
recommendations

Dose adjustment for hematologic toxicity: Hold drug when ANC <
1,000/mm3 or PLTs < 75,000/mm3 until recovery with a subsequent 5 mg/week dose reduction.
Infusion/hypersensitivity: Interrupt infusion and evaluate. Re-initiation of drug is dependent upon clinical situation.
Dose adjustments in renal impairment are not available.
Dose adjustment for liver impairment:
• Bilirubin > 1–1.5 × ULN or AST > ULN, but bilirubin ≤ ULN: Reduce dose to 15 mg/week.
• Bilirubin > 1.5 × ULN: DO NOT use.

Pharmacokinetics

Following a single IV dose, the mean steady-state volume of distribution of temsirolimus is whole blood. Temsirolimus is extensively metabolized in the liver by CYP3A4 to 5 metabolites; sirolimus
is an active and the primary metabolite. Temsirolimus is primarily
eliminated via feces. Temsirolimus is a substrate of the efflux transporter PGP.

Manufacturer

Wyeth Pharmaceuticals, Philadelphia, PA

Other names

Bexxar

Classification

Monoclonal antibody, radiolabeled

Mechanism of
action

131

Vesicant
information

Irritant. Take precautions to avoid extravasation. Closely monitor
the infusion for signs of extravasation, and discontinue and restart
into another vein if any signs or symptoms of extravasation are observed.

Tositumomab
®

I tositumomab is a murine monoclonal antibody against the CD20
antigen with a portion of tositumomab is radiolabeled with iodine 131
(131I). It induces apoptosis of the targeted and surrounding cells via
complement-dependent cytotoxicity and antibody-dependent cellular
cytotoxicity as well as ionizing radiation from the 131I radioisotope.

(Continued on next page)
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Preparation and
mixture

Doses are only shipped to individuals who are participating in the
certification program or who have been certified in the preparation
and administration of 131I tositumomab. Only personnel trained to
handle radiopharmaceuticals should prepare the doses.
Refer to detailed instructions for preparation provided with each 131I
tositumomab kit.

Administration

Following administration of thyroid protective agents (3 doses), infuse dosimetric tositumomab load IV over 60 min followed by the
131
I tositumomab IV over 20 min using the same 0.22 micron in-line
filter. Flush the line with NS.

Storage and
stability

Store tositumomab under refrigeration at 36°F–46°F (2°C–8°C)
until dilution. After dilution, tositumomab may be stored for 24 hrs
under refrigeration or 8 hrs at room temperature. 131I tositumomab should be stored frozen (below 32°F/–20°C) in the original lead
pots. Thawed 131I tositumomab is stable for up to 8 hrs under refrigeration or at room temperature.

How supplied

Tositumomab: 2 single-use 225 mg vials (16.1 ml) and 1 singleuse 35 mg vial (2.5 ml) of tositumomab at a protein concentration of 14 mg/ml.
131
I tositumomab: A single-use vial of 131I tositumomab packaged in
a lead pot, which is shipped separately.

Dosage

After administration of thyroid protective agents (3 doses), begin
dosimetric step with tositumomab 450 mg IV followed by IV infusion of 5 mCi 131I tositumomab (35 mg). Therapeutic dosing is determined based on biodistribution scans. Tositumomab 450 mg IV
load is administered following calculated dose of 131I tositumomab
(35 mg) infusion.

Compatibility
information

Tositumomab should not be mixed with other drugs or solutions
before administration. NS is used for priming and flushing IV lines
during administration of 131I tositumomab.

Contraindications/
precautions

131

Drug interactions

Agent

I tositumomab is contraindicated in patients allergic to murine
proteins. 131I is contraindicated during pregnancy. 131I tositumomab administration to patients with PLTs < 100,000/mm3, neutrophil
counts < 1,500/mm3, or > 25% lymphoma involvement in the bone
marrow has not been established. 131I is cleared renally, and exposure is increased in patients with impaired renal function. There
are no safety data on the use of 131I tositumomab in patients with
impaired renal function.
Effect

Anticoagulants

May increase AEs of 90Y ibritumomab tiuxetan; may increase risk of bleeding

Immunosuppressive
agents

May increase risk of serious infections

Vaccines, live

May increase risk of serious infections

A complete review of drug interactions should be evaluated for
each patient.
(Continued on next page)
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Toxicity/adverse
events

Acute and/or potentially life-threatening: Severe, prolonged cytopenias
Serious: Allergic reactions, including bronchospasm and angioedema, potential for development of secondary leukemia and
MDS
Other:
• Cardiovascular: Hypotension, peripheral edema
• Dermatologic: Rash
• Endocrine: Hypothyroidism
• GI: Nausea, vomiting, abdominal discomfort, diarrhea
• Hematologic: Neutropenia, thrombocytopenia, anemia and associated complications
• Miscellaneous: Fever, infections of bacterial and viral etiology
• Musculoskeletal: Rigors/chills, sweating, muscle pain/discomfort
(flu-like symptoms)
• Respiratory: Cough, dyspnea

Special
considerations

Thyroid-protective agents (3 doses) should be initiated at least 24
hrs before administration of the 131I tositumomab dosimetric dose
and continued until 14 days following administration. Acceptable
thyroid protective agents include saturated solution of potassium
iodide 4 drops PO TID; Lugol solution 20 drops PO TID; or potassium iodide tablets 130 mg PO daily.
Acetaminophen 650 mg PO and diphenhydramine 50 mg PO 30
min before administration of tositumomab.
131
I tositumomab therapeutic regimen is administered via an IV tubing set with an in-line 0.22 micron filter. The same filter must be
used for the entire dose because a change in filter will result in a
loss of dose.
Because radiation is released from the patient’s body for several
days, warn the patient of possible health hazards to others and
give instructions to minimize radiation exposure to family, friends,
and the general public.

Monitoring
parameters

Monitor CBC/diff for complications from cytopenias for several
months following treatment, because median time for cytopenia
nadirs is approximately 30–50 days after treatment.
Observe patients for potential infusion reactions during treatment.
Monitor for symptoms of hypothyroidism.
Assess renal function before administration.

Indications

131

Dosage adjustment
recommendations

PLTs ≥ 100,000/mm3 but < 150,000/mm3: Reduce dose of 131I to
deliver 65 cGy TBI.
PLTs ≥ 150,000/mm3: Recommended dose is 131I calculated to deliver 75 cGy TBI.

I tositumomab is indicated for the treatment of patients with
CD20 antigen–expressing relapsed or refractory, low-grade, follicular, or transformed NHL, including patients with rituximab-refractory NHL.

(Continued on next page)
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Pharmacokinetics

The median total body effective half-life, as measured by total
body gamma camera counts in 980 patients with NHL, was 67 hrs
(range is 28–115 hrs). Patients with splenomegaly, high tumor burden, or bone marrow involvement have higher volume of distribution, faster clearance, and shorter half-life. 131I is cleared by decay
and has been reported to be 67% decayed after 5 days, with 98%
accounted for in the urine.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Other names

Mekinist

Classification

Kinase inhibitor, MEK inhibitor

Mechanism of
action

Trametinib is a reversible inhibitor of MEK1 and MEK2 activation
and kinase activity. MEK proteins are regulators of the ERK pathway, which promotes cellular proliferation. Trametinib inhibits BRAF
V600 mutation-positive melanoma.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Take PO daily until disease progression or unacceptable toxicity.
Take WITHOUT food, either 1 hr before or 2 hrs after a meal.
Do NOT take missed dose within 12 hrs of the next dose.
Doses should be taken at the same time each day.

Storage and
stability

Drug should be refrigerated in the original bottle. Do not remove
desiccant.
Do not freeze. Store at 36°F–46°F (2°C–8°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Trametinib is available as 0.5 mg, 1 mg, and 2 mg tablets supplied
in bottles of 30.
• 0.5 mg tablet is yellow, oval, and film-coated.
• 1 mg tablet is white, round, and film-coated.
• 2 mg tablet is pink, round, and film-coated.

Dosage

Melanoma: Recommended dose is 2 mg PO daily until disease
progression or unacceptable toxicity.

Compatibility
information

Oral agent—not applicable

Trametinib
®
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Contraindications/
precautions

Currently, there are no contraindications.
Precautions:
• Cardiomyopathy defined as cardiac failure, left ventricular dysfunction, or decrease in LVEF. Assess LVEF before initiation of
drug, and monitor during therapy.
• Retinal pigment epithelial detachments can occur during treatment. Retinal detachments were often bilateral and multifocal
and led to decrease in visual acuity.
• Retinal vein occlusion is rare but required urgent ophthalmologic evaluation.
• ILD or pneumonitis is rare but requires immediate evaluation
and management.
• Skin toxicities included PPE.
• Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

No formal clinical studies have been conducted to evaluate drug
interactions.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

Acute and/or potentially life-threatening: Cardiomyopathy, retinal vein occlusion, ILD
Serious: Retinal pigment epithelial detachment
Other:
• Cardiovascular: Decreased left ventricular function, lymphedema, hypertension
• Dermatologic: Rash, dermatitis acneform, dry skin, pruritus, paronychia, PPE, stomatitis
• GI: Diarrhea, stomatitis, abdominal pain, melena
• Hepatic: Increased transaminases, hypoalbuminemia
• Miscellaneous: Hemorrhage
• Muscular/neurologic: Dizziness, dysgeusia
• Ocular: Blurred vision

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Keep drug in original bottle; DO NOT PLACE IN PILL BOXES.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Assess LVEF by echocardiogram or MUGA before initiation of
trametinib, 1 month after initiation of therapy, and then every 2–3
months while on treatment.
• Baseline ophthalmologic evaluation may be helpful in assessing retinal pigment epithelial detachment; a follow-up evaluation
should be done with any reports of visual disturbance.
• Monitor for skin toxicities and secondary infections of skin rashes.

Indications

Metastatic or unresectable melanoma in patients with BRAF V600E
or V600K mutations as detected by an FDA-approved test.
The FDA labeling states trametinib is not indicated for treatment of
patients who have received prior BRAF-inhibitor therapy.
(Continued on next page)
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Dosage adjustment
recommendations

Toxicity

Dose Adjustment

Cutaneous
Rash grade 2

Reduce dose by 0.5 mg
PO daily, or discontinue in
patients taking 1 mg PO
daily.

Rash grade 3 or 4 or grade 2 that
has not improved within 3 weeks of
dose reduction

Hold drug for up to 3
weeks. If rash improves, restart drug at lower dose
(see above). If rash does
not improve within 3 weeks
despite interruption of
dose, discontinue drug.

Cardiac
Asymptomatic, absolute decrease in
LVEF of ≥10% from baseline and is
below LLN from pretreatment value

Hold drug for up to 4
weeks.

Asymptomatic, absolute decrease
in LVEF of > 10% from baseline
and is below LLN from pretreatment value that improves to normal
LVEF within 4 weeks following holding drug

Resume trametinib at lower
dose (reduce by 0.5 mg PO
daily) or discontinue drug
in patients taking 1 mg PO
daily.

Symptomatic CHF and/or absolute
decrease in LVEF of > 20% from
baseline that is below LLN and/or
absolute decrease in LVEF of ≥ 10%
from baseline and is below LLN that
does not improve within 4 weeks

Permanently discontinue drug.

Ocular
Retinal pigment epithelial detachment (grade 2 or 3)

Hold drug for up to 3
weeks.

Retinal pigment epithelial detachment (grade 2 or 3) that improves to
grade 0 or 1 within 3 weeks

Resume trametinib at a
lower dose (reduced by 0.5
mg PO daily) or discontinue drug in patients taking 1
mg PO daily.

Retinal vein occlusion or retinal pigment epithelial detachment that
does not improve to at least a grade
1 within 3 weeks

Permanently discontinue
trametinib.

Pulmonary
ILD/pneumonitis

Permanently discontinue
trametinib.
(Continued on next page)
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Dose Adjustment

Other
Grade 3 AE

Hold drug for up to 3
weeks.

Grade 3 AE that improves to grade
0–1 following interruption in dose
within 3 weeks

Reduce dose of trametinib
by 0.5 mg PO daily or discontinue drug in patients
taking 1 mg PO daily.

Grade 4 AE or grade 3 AE that does
not improve to grade 0–1 within 3
weeks

Permanently discontinue
trametinib.

Pharmacokinetics

Absorption: Median time to peak is about 1.5 hours. Bioavailability is 72%. Administration of trametinib with a high-fat, high-calorie meal decreases the concentration by > 20% compared to a
fasted state.
Distribution: Trametinib is > 97% protein bound to human plasma
proteins. Volume of distribution is 214 L.
Metabolism: Trametinib is metabolized predominantly by deacetylation.
Excretion: Estimated elimination half-life of trametinib is about 4–5
days.

Manufacturer

GlaxoSmithKline, Research Triangle Park, NC

Trastuzumab
Other names

Herceptin®

Classification

Monoclonal antibody, humanized

Mechanism of
action

Trastuzumab selectively binds to the extracellular domain of the
human EGFR 2 protein (HER2), inhibiting the proliferation of tumor
cells that overexpress HER2.

Vesicant
information

Non-vesicant/non-irritant

Preparation and
mixture

Reconstitute each vial with 20 ml BWFI to make a 21 mg/ml solution. Further dilute the desired dose in 250 ml of NS (D5W should
not be used for dilution).

Administration

Infuse the initial loading dose over 90 min and subsequent maintenance doses over 30 min if the loading dose is well tolerated. Premedication, consisting of acetaminophen and diphenhydramine,
should be considered before each infusion. DO NOT give IVP or
bolus.

Storage and
stability

Store vials under refrigeration before reconstitution. Reconstituted
vials are stable for 28 days. After preparation, solutions diluted in
NS in PVC or polyethylene bags are stable for up to 24 hrs at room
temperature or under refrigeration.

How supplied

Available in vials containing 440 mg lyophilized powder
(Continued on next page)
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Dosage

Depending on stage of disease, trastuzumab is given as a loading
dose of 4–8 mg/m2 followed by a maintenance dose of 2–6 mg/m2
every 7–21 days.

Compatibility
information

Compatible in NS. NOT compatible in D5W.
Trastuzumab should not be mixed with other drugs.

Contraindications/
precautions

Trastuzumab should be used with caution in patients with hypersensitivity to trastuzumab, Chinese hamster cell proteins, or any
other component of the product.
Extreme caution should be exercised in treating patients with preexisting cardiac dysfunction.
Hypersensitivity reactions have been observed. Most reactions occur during or within 24 hrs of infusion.
Pulmonary toxicity has been observed; use with caution in patients
with preexisting pulmonary dysfunction or extensive pulmonary
tumor. Typically occurs during or within 24 hrs of administration.
Nephrotic syndrome has been observed, although rare, 4–18
months after initiation of treatment.

Drug interactions

Agent

Effect

Anthracyclines

Concomitant use with anthracyclines may increase incidence and severity of cardiac dysfunction.

Myelosuppressive chemotherapy

When used concurrently, incidence of neutropenia and neutropenic fever may increase.

Paclitaxel

Concomitant therapy with trastuzumab resulted in a decrease in trastuzumab clearance in a
primate study and a 1.5-fold increase in serum
trough levels in clinical studies.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: CHF has occurred
following trastuzumab therapy, and patients should have a thorough baseline cardiac assessment, including history, physical
examination, and one or more of the following: ECG, echocardiogram, and MUGA scan. The incidence and severity of cardiac dysfunction was high in patients who received trastuzumab in combination with anthracyclines and cyclophosphamide.
Exercise extreme caution in treating patients with preexisting
cardiac dysfunction. Hypersensitivity reactions, including fatal
anaphylaxis, infusion reactions, including some fatal, and pulmonary events resulting in respiratory distress syndrome and
death have occurred.
Serious: See above.
Other:
• Dermatologic: Rash
• GI: Diarrhea, nausea, vomiting
• Hematologic: Infections
(Continued on next page)
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Miscellaneous: Fever, pain
Musculoskeletal: Asthenia, chills, rigors
Neurologic: Headache, dizziness, fatigue
Respiratory: Cough, dyspnea, respiratory infections

Special
considerations

Exercise extreme caution in treating patients with preexisting cardiac dysfunction.
Should not be used during pregnancy.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• HER2 overexpression: Recommended before initiation of therapy.
• Cardiac function tests.
• Monitor for infusion-related reactions during each treatment.

Indications

Breast cancer
• Adjuvant treatment of HER2 overexpression (in combination or as
single agent following anthracycline-based chemotherapy)
• Metastatic treatment of HER2 overexpression (in combination or
as single agent)
Metastatic gastric cancer with HER2 overexpression (in combination chemotherapy)

Dosage adjustment
recommendations

Infusion reactions:
• Decrease infusion rate for mild/moderate infusion reactions.
• Interrupt infusion for dyspnea or clinically significant hypotension.
• Discontinue use of trastuzumab for severe or life-threatening infusion reactions.
Cardiotoxicity:
• LVEF ≥ 16% decrease from baseline but still within normal limits; LVEF < normal limit and ≥ 10% decrease from baseline
–– Hold trastuzumab for at least 4 weeks and check LVEF every 4 weeks.
–– If within 4–8 weeks LVEF is within normal limit and ≤ 15% decrease from baseline, may restart trastuzumab. If not within
normal limit or > 3 disruptions in therapy, discontinue trastuzumab permanently.

Pharmacokinetics

Volume of distribution for trastuzumab is 44 ml/kg and does not
penetrate into the CNS. Dose-dependent pharmacokinetics demonstrate average half-lives of 6 days following weekly dosing and
12 days following every-21-days dosing.

Manufacturer

Genentech, Inc., South San Francisco, CA

Other names

Caprelsa

Classification

TKI, VEGFR inhibitor

Mechanism of
action

Inhibits the tyrosine kinase of VEGFR, EGFR, RET, protein tyrosine kinase 6 (Brk), TIE2, Eph kinase receptors, and Src kinases to inhibit endothelial migration, proliferation, survival, and new
blood vessel formation

Vandetanib
®
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492 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Vandetanib is available as an oral product that may be taken with
or without meals.
If patient is unable to swallow, tablets may be dispersed in 2 ounces of water. Stir for 10 min. Rinse cup with at least 4 ounces of
water to ensure full dose is administered.

Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Available as 100 mg and 300 mg tablets

Dosage

Normal dose is 300 mg PO once daily until disease progression
or not tolerated (maximum dose is 800 mg/day). If dose is missed,
DO NOT take if it is < 12 hrs before next dose. Avoid use with
strong inducers of CYP3A4 (e.g., dexamethasone, phenytoin, carbamazepine, rifampin, rifabutin).

Compatibility
information

Not applicable

Contraindications/
precautions

Contraindicated in patients with congenital long QT syndrome.
Diarrhea has been observed and may require use of antidiarrheals.
Heart failure has been observed and may not be reversible.
Hemorrhage has been observed. Vandetanib should not be given
in patients with a recent history of ≥ 2.5 ml of red blood.
Hypertension has been observed; therefore, vandetanib should be
held in patients with inadequate control of blood pressure.
Hypothyroidism, pulmonary toxicity, RPLS, and Stevens-Johnson
syndrome have been observed in patients receiving vandetanib
and may require discontinuation of the drug.
QT prolongation has been observed. Close monitoring of electrolytes and ECG is required. DO NOT administer if QTcF is < 450
msec or > 500 msec.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

(Continued on next page)
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Effect

Digoxin

May decrease absorption of digoxin.

St. John’s wort

May decrease serum concentration of vandetanib.

PGP/ABCB1
inhibitors/inducers

May increase or decrease metabolism of PGP/
ABCB1 substrates.

CYP3A4 inhibitors

Strong inhibitors of CYP3A4 may increase serum
concentration of vandetanib (monitor closely).

CYP3A4 inducers

Strong inducers of CYP3A4 may decrease serum concentration of vandetanib (concomitant
use not recommended).

QT-prolonging
agents

Concomitant use with vandetanib may increase
risk of QT prolongation (avoid or modify therapy).

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: QTcF prolongation,
heart failure, respiratory failure, ILD, pneumonitis, RPLS, Stevens-Johnson syndrome
Serious: Hemorrhages, hypertensive crisis, ischemic events
Other:
• Cardiovascular: Hypertension
• Dermatologic: Rash, acne, photosensitivity
• Endocrine/metabolic: Glucose and electrolyte disturbances, thyroid disturbances
• GI: Nausea, diarrhea, vomiting, decreased appetite, abdominal pain
• Hepatic: T. Bili/ALT elevation
• Hematologic: Anemia, leukopenia, neutropenia, thrombocytopenia
• Neurologic: Asthenia, fatigue, headache, insomnia, depression
• Renal: SCr elevation, proteinuria
• Respiratory: Cough, aspiration pneumonia

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Monitor for QTcF prolongation.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for signs and symptoms QT prolongation. Monitor electrolytes and ECG at baseline, at 2–4 weeks, at 8–12
weeks, then every 3 months following initiation of treatment. If
treatment is interrupted > 2 weeks, restart monitoring as above.
Electrolytes should be corrected.
• Hepatic and renal function tests.
• Monitor for signs and symptoms of diarrhea, hypertension, heart
failure, hemorrhage, pulmonary toxicities, and RPLS.
• Thyroid function: Monitor at baseline, at 2–4 weeks, at 8–12
weeks, then every 3 months while on treatment.
(Continued on next page)
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• Monitor CBC/diff.
• Drug interactions: Several medications are known to interact
with vandetanib; therefore, assess all prescription, OTC, and
supplemental medications in each patient.

Indications

Metastatic or unresectable locally advanced (symptomatic or progressive) medullary thyroid cancer

Dosage adjustment
recommendations

Renal impairment:
• CrCl < 50 ml/min: Reduce starting dose to 200 mg PO and monitor QTc interval closely.
Hepatic impairment:
• Not recommended with moderate and severe hepatic impairment (Child-Pugh class B and C).
Adjustment for toxicity:
• QTcF > 500 msec: Hold dose until QTcF < 450 msec, then restart at 200 mg PO daily.
• If ≥ grade 3 (CTCAE) toxicity: Hold dose until < grade 1, then restart at 200 mg PO daily.

Pharmacokinetics

Absorption: Slowly absorbed (not affected by food); peak concentration is at about 4–10 hrs post dose; steady state concentration
at about 3 months.
Distribution: About 90% protein bound to albumin and alpha 1-acidglycoprotein.
Metabolism: Hepatic primarily through CYP3A4 and flavin-containing monooxygenase enzymes; elimination half-life is about 19
days.
Excretion: Primarily excreted in the feces (about 44%) and urine
(about 25%).

Manufacturer

IPR Pharmaceuticals, Inc., Canóvanas, Puerto Rico

Vemurafenib
Other names

Zelboraf®

Classification

BRAF kinase inhibitor

Mechanism of
action

Inhibits multiple kinases, but specifically, mutated forms of BRAF
serine-threonine kinase including BRAFV600E. This in turn inhibits
cell proliferation. It has shown to have antitumor effects in cellular
and animal models of melanoma with the BRAFV600E mutation.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Vemurafenib is available as an oral product that should be taken BID
(about 12 hrs apart) with or without meals. Patients should take
with a whole glass of water and start first dose in the morning.
Doses should be taken at the same time each day.
If dose is missed, DO NOT take if it is < 4 hrs before next dose.
DO NOT crush tablet.
(Continued on next page)
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Storage and
stability

Store at room temperature away from moisture.
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Vemurafenib is available as 240 mg film-coated tablets with “VEM”
on one side.

Dosage

Normal dose is 960 mg PO BID until disease progression or not
tolerated.

Compatibility
information

Not applicable

Contraindications/
precautions

Currently, there are no contraindications.
Cutaneous squamous cell carcinoma has been reported in patients receiving vemurafenib, and it usually occurs early in the
treatment course (7–8 weeks). Treatment is excision.
Dermatologic, hypersensitivity, photosensitivity, and new melanoma lesions have been observed.
Ocular sensitivity has been observed and treatment with corticosteroids and mydriatic eye drops may be needed.
Hepatotoxicity has been observed. Patients should be monitored
closely.
Dose dependent QT prolongation has been observed. Close monitoring of electrolytes and ECG is required. DO NOT administer if
QTc is > 500 msec.
Advise women of childbearing potential to avoid becoming pregnant. Pregnancy risk category D.

Drug interactions

Agent

Effect

PGP/ABCB1 inhibitors/inducers

May increase or decrease metabolism of PGP/
ABCB1 substrates (avoid use or monitor closely).

CYP3A4 substrates

May decrease serum concentration of CYP3A4
substrates (monitor closely).

CYP3A4 inhibitors/inducers

Strong inhibitors and inducers of CYP3A4 may
decrease serum concentration of vemurafenib
(monitor closely).

QT-prolonging
agents

Concomitant use with vemurafenib may increase risk of QT prolongation (avoid use or
modify therapy).

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: QTcF prolongation,
nerve paralysis (VII), hypersensitivity reactions
Serious: Cutaneous squamous cell cancer, hemorrhages, hypertensive crisis, ischemic events
Other:
• Cardiovascular: Peripheral edema
• Dermatologic: Rash, alopecia, pruritus, photosensitivity, skin
papilloma, sunburn
(Continued on next page)
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Endocrine/metabolic: Electrolyte disturbances
GI: Nausea, diarrhea, vomiting, decreased appetite, taste alteration
Hepatic: Increased hepatic enzymes
Muscular/neurologic: Arthralgia, myalgia, fatigue, weakness,
headache
• Ocular: Photophobia, blurred vision, iritis, retinal vein occlusion
• Renal: SCr elevation
• Respiratory: Cough
Special
considerations

Advise women of childbearing potential to avoid becoming pregnant.
Monitor for QTc prolongation, photosensitivity, and new dermatologic lesions.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• Monitor patients for skin lesions at baseline, then every 2
months during treatment. Patients should be counseled on importance of the use of sunscreen and protective clothing.
• Monitor patients for signs and symptoms QT prolongation. Monitor electrolytes and ECG at baseline, 15 days after start, monthly
× 3 months, then every 3 months following initiation of treatment.
• Hepatic and renal function tests.
• Monitor for signs and symptoms of ocular toxicity (blurred vision,
iritis, photophobia) while patient is on therapy.
• Drug interactions: Several medications are known to interact
with vemurafenib; therefore, assess all prescription, OTC, and
supplemental medications.

Indications

Metastatic or unresectable melanoma in patients with BRAFV600E
mutation detected by an FDA-approved test

Dosage adjustment
recommendations

Renal and hepatic impairment:
• Preexisting mild to moderate: No adjustment needed.
• Preexisting severe: Insufficient data to determine if dose adjustment necessary in this patient population; use with caution.
Adjustment for toxicity:
• Grade 1 and 2 (tolerable) toxicity (CTCAE): No adjustment needed.
• Grade 2 (intolerable) and 3 toxicity:
–– First episode: Hold dose until ≤ grade 1, then restart at 720
mg PO BID.
–– Second episode: Hold dose until ≤ grade 1, then restart at
480 mg PO BID.
–– Third episode: Permanently discontinue vemurafenib.
• Grade 4:
–– First episode: Hold dose until ≤ grade 1, then restart at 480
mg PO BID or permanently discontinue vemurafenib.
–– Second episode: Permanently discontinue vemurafenib.
• Severe dermatologic toxicity or hypersensitivity: Permanently
discontinue vemurafenib.
• QTc > 500 msec: Hold dose until QTcF < 500 msec, then restart
at a reduced dose.
• QTc persistently > 500 msec and > 60 msec above baseline:
Permanently discontinue vemurafenib.
(Continued on next page)
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Pharmacokinetics

Absorption: Bioavailability has not been determined; peaks about 3
hrs post dose; effect of food has not been studied.
Distribution: > 99% protein bound to albumin and alpha 1-acid-glycoprotein; volume of distribution is about 106 L.
Metabolism: Elimination half-life is about 57 hrs.
Excretion: Primarily excreted in the feces (about 94%) and, to a
lesser extent, urine (about 1%).

Manufacturer

Hoffmann-La Roche Ltd., Basel, Switzerland (distributed by Genentech USA, Inc.)

Vismodegib
Other names

Erivedge®

Classification

Hedgehog pathway inhibitor

Mechanism of
action

Vismodegib binds to and inhibits the transmembrane protein
smoothened homolog (known as SMO) that is necessary for
hedgehog signaling. Hedgehog signaling pathway regulates the
cell development, replication and differentiation, and appears to be
dysregulated in basal cell carcinoma. Mutations in the transmembrane protein receptors are common in basal cell cancer and appear to result in activation of hedgehog pathway signaling.

Vesicant
information

Oral product—not classified as a vesicant or irritant

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Vismodegib should be taken as a whole capsule PO daily, and the
capsule should not be opened or crushed. May be administered
with or without food.
Doses should be taken at the same time each day.
If dose is missed, an additional dose should not be taken. Resume
therapy at next scheduled dose.

Storage and
stability

Store at room temperature of 68°F–77°F (20°C–25°C); excursions
permitted between 59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Vismodegib is available as 150 mg capsule. Available in bottles of
28 capsules.

Dosage

Basal cell carcinoma: 150 mg PO daily (until disease progression
or unacceptable toxicity)

Compatibility
information

Not applicable

Contraindications/
precautions

Vismodegib can result in embryo-fetal death or severe birth defects. Verify pregnancy status before initiation of therapy, and advise male and female patients of risk. Pregnancy risk category D.
(Continued on next page)
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Drug interactions

Agent

Effect

PGP inhibitors (e.g.,
amiodarone)

May result in increased exposure and effects of vismodegib.

Antacids

May alter solubility of vismodegib, resulting in decreased bioavailability and effects.

Drugs metabolized
via CYP2C8,
CYP2C9, CYP2C19,
or transporter BCRP

Vismodegib inhibits these enzymes and
may inhibit drugs metabolized through
these pathways.

A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Can cause fetal harm
when administered to a pregnant woman based on mechanism
Other:
• Dermatologic: Alopecia
• Endocrine/metabolic: Amenorrhea
• GI: Nausea, diarrhea, anorexia, constipation, vomiting
• Miscellaneous: Taste changes or taste loss, weight loss
• Muscular/neurologic: Muscle spasm, arthralgia, fatigue

Special
considerations

Advise women of childbearing potential to avoid becoming pregnant during therapy and for at least 7 months after the last dose of
vismodegib. Instruct male patients, even those with prior vasectomy, to use condoms with spermicide during sexual intercourse with
women while taking vismodegib and for at least 2 months after the
last dose. Patients should not donate blood or blood products while
on vismodegib and for at least 7 months following the last dose.

Monitoring
parameters

Pregnancy test

Indications

Patients with metastatic basal cell carcinoma or locally advanced
basal cell carcinoma that has recurred following surgery, or who
are not candidates for surgery or radiation therapy

Dosage adjustment
recommendations

Renal and hepatic insufficiency: No recommendations exist at this
time.

Pharmacokinetics

Absorption: Bioavailability is about 30% following a single dose. Absorption is saturable, although no proportional increases in systemic exposure were seen following a single dose of 270 mg or
540 mg.
Distribution: > 99% protein bound, binding to alpha 1-acid-glycoprotein is saturable. The volume of distribution ranges from 16–30 L.
Metabolism: Hepatic metabolism by multiple CYP isoenzymes, and
metabolized by oxidation via CYP2C9 and CYP3A4/5, glucuronidation, and pyridine ring cleavage.
Excretion: Primarily excreted in the feces (about 80%) and, to a lesser
extent, urine (about 4%); elimination half-life is about 4 days.

Manufacturer

Patheon, Inc., Mississauga, Ontario, Canada, for distribution by
Genentech USA, Inc., South San Francisco, CA
(Continued on next page)
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Vorinostat
Other names

Zolinza , SAHA, suberoylanilide hydroxamic acid

Classification

HDAC inhibitor

Mechanism of
action

Vorinostat inhibits HDAC1, HDAC2, HDAC3, and HDAC6 enzymes
that catalyze the removal of acetyl groups from histones and transcription factors. Overexpression of HDACs is present in some
cancers and causes hypoacetylation, and HDAC inhibitors are
thought to induce histone hyperacetylation and modulation of gene
transcriptions. It appears that HDAC inhibitors activate cellular differentiation, inhibit the cell cycle, and induce apoptosis.

Vesicant
information

Oral product—not classified as a vesicant or irritant. Avoid direct
contact with powder within capsules with skin.

Preparation and
mixture

Oral product—no preparation or admixture required

Administration

Vorinostat should be taken as a whole capsule PO daily with food.
Patient should NOT chew and should avoid direct contact of powder within capsule with mucous membranes.
Capsule should NOT be opened or crushed.
Doses should be taken at the same time each day.
If dose is missed, an additional dose should not be taken.

Storage and
stability

Store at room temperature 68°F–77°F (20°C–25°C); excursions
permitted between 59°F–86°F (15°C–30°C).
Keep this, and all medications, out of the reach of children.
Procedures for handling and disposal of anticancer agents should
be followed.

How supplied

Zolinza is available as 100 mg capsules. Available in bottles of 120
capsules.

Dosage

Cutaneous T-cell lymphoma: 400 mg PO daily with food. If patients
are unable to tolerate 400 mg dose, the dose may be reduced to
300 mg PO daily with food for 5 consecutive days per week.

Compatibility
information

Not applicable

Contraindications/
precautions

Vorinostat is contraindicated for use in patients with severe hepatic disease, and caution is recommended for patients with any
hepatic impairment. Precautions include patients with prior history or risk of thromboembolic events. Hyperglycemia has been observed in patients during treatment, and patients with diabetes or
at risk for hyperglycemia should be monitored closely. QT prolongation has been seen in patients during vorinostat therapy; caution is recommended in patients at risk, including those with congenital long QT syndrome or those taking medications that may
cause prolongation of QT interval. Vorinostat can cause fetal
harm when administered to pregnant women. Pregnancy risk category D.

®

(Continued on next page)
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Drug interactions

Agent

Effect

Coumadin

Increased INR.

Antidiabetic agents

Vorinostat may cause hyperglycemia and may require adjustment
of antidiabetic therapy during and
following treatment.

Medications that prolong QT
interval

Prolongation of QT and associated risks.

Medications that may lead
to electrolyte abnormalities
(e.g., hypomagnesemia, hypokalemia)

Increased risk of QT prolongation.

As vorinostat does not inhibit CYP450 enzymes at concentrations
used in practice, it does not appear that vorinostat has drug interactions with CYP substrates, inhibitors, or inducers.
A complete review of drug interactions should be evaluated for
each patient.
Toxicity/adverse
events

Acute and/or potentially life-threatening: Thromboembolic disease including pulmonary embolism; squamous cell carcinoma
Serious: Anemia
Other:
• Cardiovascular: Peripheral edema.
• Dermatologic: Alopecia, pruritus.
• Endocrine/metabolic: Hyperglycemia, dehydration.
• GI: Diarrhea, nausea, anorexia, weight loss, vomiting, constipation. Nausea may require antiemetic therapy, and diarrhea may
require antidiarrheal medications.
• Hematologic: Thrombocytopenia, anemia.
• Miscellaneous: Fever, chills, taste changes, dry mouth.
• Muscular/neurologic: Fatigue, dizziness, muscle spasms.
• Renal: Proteinuria, increased SCr.

Special
considerations

Patients should maintain adequate hydration during treatment and
should be instructed to drink at least 2 L of fluids daily during therapy.

Monitoring
parameters

LFTs: Before initiation of therapy.
Serum electrolytes including potassium, magnesium, and calcium:
Before therapy, every 2 weeks during the first 2 months of therapy, then monthly thereafter.
Monitor ECG.
CBC/diff: Before therapy, every 2 weeks during the first 2 months
of therapy, then monthly thereafter.
Blood glucose: At baseline and periodically. Increased monitoring
may be necessary in diabetic or potentially diabetic patients.

Indications

Cutaneous T-cell lymphoma, progressive or recurrent disease

(Continued on next page)
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Dosage adjustment
recommendations

Dose adjustment based on tolerance of drug. Dose may be reduced to 300 mg PO daily. If further dose reduction is needed,
reduce to 300 mg PO daily × 5 days per week.
Avoid use in patients with severe hepatic impairment.

Pharmacokinetics

Absorption: Oral absorption is increased with administration with a
high-fat meal.
Distribution: 70% protein bound to plasma proteins.
Metabolism: Hepatic metabolism via glucuronidation and hydrolysis followed by oxidation. Metabolites are thought to be inactive.
Excretion: Metabolites are excreted in the urine, with < 1% of unchanged drug. Elimination half-life of the parent drug is 2 hrs.

Manufacturer

Merck & Co., Inc., Whitehouse Station, NJ

Other Names

Zaltrap

Classification

VEGF trap

Mechanism of
action

Acts as a faux receptor for human VEGF-A, VEGF-B, and placentaderived growth factor to prevent binding and activation of their true
respective receptors. This will in turn prevent neovascularization
and vascular permeability.

Vesicant
information

Information is currently unavailable.

Preparation and
mixture

Withdraw the dose of ziv-aflibercept and dilute to a final concentration of 0.6–8 mg/ml into an infusion bag containing either D5W
or NS.

Administration

Administer the infusion IV over 1 hr using a 0.2-micron polyethersulfone filter. Filters containing polyvinylidene fluoride or nylon
should NOT be used. DO NOT give as an IVP or bolus.

Storage and
stability

Diluted solutions for infusion are stable under refrigeration at
36°F–46°F (2°C–8°C) for 4 hrs and protected from light.

How supplied

Ziv-aflibercept is a sterile, clear, colorless to yellow, preservativefree solution available as single-use vials at a concentration of 25
mg/ml. Available vial sizes are 100 mg (4 ml) or 200 mg (8 ml).
Produced using Chinese hamster protein.

Dosage

FDA-approved dose is 4 mg/kg every 2 weeks in combination with
5-FU, leucovorin, and irinotecan.

Compatibility
information

Compatible in NS and D5W. Ziv-aflibercept should not be admixed
with other medications. For further clarification, refer to compatibility references.

Contraindications/
precautions

None listed

Ziv-aflibercept
®
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Drug interactions

Formal drug interaction studies have not been conducted.
A complete review of drug interactions should be evaluated for
each patient.

Toxicity/adverse
events

When in combination with 5-FU, leucovorin, and irinotecan:
Acute and/or potentially life-threatening: Hypertension, hypertensive encephalopathy, hemorrhage, ATE, nephrotic syndrome,
GI perforation, proteinuria, neutropenia, compromised wound
healing, fistula formation, RPLS
Serious: Asthenia/fatigue, infections, diarrhea, dehydration, stomatitis, VTEs
Other:
• Dermatologic: PPE
• GI: Diarrhea, stomatitis, decreased appetite, weight loss, epistaxis, abdominal pain
• Hematologic: Leukopenia, thrombocytopenia, neutropenia
• Hepatic: Increased AST/ALT
• Neurologic: Headache, dysphonia
• Renal: Increased SCr

Special
considerations

Ziv-aflibercept should not be given for at least 28 days before or
following a major surgery. The surgical incision should be fully
healed prior to initiation.
In older adults, incidence of AEs such as diarrhea and dehydration
can be higher.

Monitoring
parameters

Monitoring is recommended before initiation of therapy and at periodic intervals during therapy unless otherwise specified.
• CBC/diff: Recommended before initiation of therapy, before each
subsequent cycle, and at periodic intervals during therapy.
• Urine protein: Monitor proteinuria by urine dipstick analysis and
urinary protein creatinine ratio (UPCR) for the development or
worsening of proteinuria. Obtain a 24-hr urine collection in patients with UPCR > 1.
• GI: Monitor for signs/symptoms of GI perforation, hemorrhage,
diarrhea, and dehydration.

Indications

Indicated in combination with 5-FU, leucovorin, and irinotecan for
metastatic colorectal cancer that is resistant or has progressed following an oxaliplatin-based chemotherapy regimen.

Dosage adjustment
recommendations

Discontinue ziv-aflibercept for severe hemorrhage, GI perforation,
compromised wound healing, fistula formation, hypertensive crisis, hypertensive encephalopathy, ATEs, nephrotic syndrome, or
RPLS.

Pharmacokinetics

Elimination half-life of free ziv-aflibercept was about 6 days (4–7
days) following 4 mg/kg dose every 2 weeks and steady state concentrations were reached by the second dose.

Manufacturer

sanofi-aventis, Bridgewater, NJ

CHAPTER 6

Chemotherapy Regimens
Susanne Liewer, PharmD, BCOP, and Amber P. Lawson, PharmD, BCOP

Introduction
The American Cancer Society (ACS, 2014) estimated more than 1.6 million new diagnoses of cancer and approximately 585,720 cancer-related
deaths for 2014. With significant advances in diagnosis, treatment, and supportive care, patients are living longer with and even surviving cancer. This
chapter will review the adult chemotherapy regimens currently used in the
treatment of specific types of tumors.
Chemotherapeutic agents are combined into specific regimens for the
treatment of cancers during clinical trials. The selection of agents is based
on several principles that involve the pharmacology of the drug and tumor
cell kinetics. Each agent that is selected has its own activity against the tumor
cells, a unique mechanism of action, and ideally a different toxicity profile.
Once a regimen has been selected on these principles, it is tested in phase
II and III trials for safety and efficacy. For additional information on clinical
trials, please refer to Chapter 9.
Treatment regimens included in this chapter were selected based on
the following criteria: regimens published in two tertiary references, positively evaluated phase II or III trials published in major English-language
journals, recommendations published in oncology treatment guidelines, or
regimens/agents that have received approval by the U.S. Food and Drug Administration (FDA) with or without published literature.
This chapter is to be used only as a general reference. Many variations
of these combination regimens exist because of institution and physician preferences. Furthermore, new drugs and drug combinations, dosing guidelines and schedules, and additional indications are being investigated on a continual basis, whereas other drugs may be removed from
the market for safety or efficacy reasons. For more specific information on
each chemotherapeutic agent, please refer to the specific sections of this
book.
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Adenocarcinoma of Unknown Primary
The incidence of adenocarcinoma of unknown primary is very difficult to estimate because of the misdiagnosis of many patients. Patients
with adenocarcinoma of unknown primary can present with a variety of
symptoms, and many have metastatic disease upon diagnosis (Greco &
Hainsworth, 2011). In the past, limited research was conducted in this
patient population. However, with improvements in diagnosis, combination therapies, and supportive care, select patients are considered curable, and many others have extended survival (Greco & Hainsworth,
2011) (see Table 6-1).
Table 6-1. Chemotherapy Regimens for Adenocarcinoma of Unknown
Primary
Name

Regimen

Carbo-Tax (Briasoulis et
al., 2000)

Carboplatin AUC = 6a mg/ml/min IV (Calvert equation) followed by paclitaxelb 200 mg/m2 IV over 3 hours, day 1
Filgrastim 300 mcg/day SC, days 5–12
Repeat cycle every 21 days.

Docetaxel/carboplatin
(Pentheroudakis et al.,
2008)

Docetaxelc 75 mg/m2 IV over 30 minutes followed by carboplatin AUC = 5a mg/ml/min IV (Calvert equation) over
30 minutes
Repeat cycle every 21 days.

Docetaxel/cisplatin (Greco
et al., 2000)

Docetaxelc 75 mg/m2 IV over 1 hour
Followed by cisplatin 75 mg/m2 IV over 1 hour
Repeat cycle every 21 days.

EP (Longeval & Klastersky,
1982; Shepherd, 1994)

Cisplatin 60–100 mg/m2 IV, day 1
Etoposide 80–120 mg/m2/day IV, days 4, 6, 8 or 3, 5, 7
Repeat cycle every 21–28 days.

Gemcitabine/cisplatin (Culine et al., 2003)

Gemcitabine 1,250 mg/m2 IV, days 1, 8
Cisplatin 100 mg/m2 IV, day 1
Repeat cycle every 21 days.

Gemcitabine/carboplatin/
paclitaxel (Greco et al.,
2002)

Paclitaxelb 200 mg/m2 IV over 1 hour, day 1
Carboplatin AUC = 5a mg/ml/min IV (Calvert equation)
over 20–30 minutes, day 1
Gemcitabine 1,000 mg/m2 IV, days 1, 8
Patients are restaged after completion of 4 courses. Those
with responses or stable disease are given weekly paclitaxelb 70 mg/m2 for 6 weeks followed by 2 weeks of rest
for three 8-week courses.
Repeat cycle every 21 days.
(Continued on next page)
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Table 6-1. Chemotherapy Regimens for Adenocarcinoma of Unknown
Primary (Continued)
Name

Regimen

Gemcitabine/docetaxel
(Pouessel et al., 2003)

Gemcitabine 1,000 mg/m2 IV over 30 minutes, days 1, 8
Docetaxelc 75 mg/m2 IV over 1 hour, day 8
Repeat cycle every 21 days.

Oxaliplatin/capecitabine
(Hainsworth et al., 2010)

Oxaliplatin 130 mg/m2 IV over 2 hoursd, day 1
Capecitabine 1,000 mg/m2 PO twice daily, days 1–14
Repeat cycle every 21 days.

Paclitaxel/carboplatin/etoposide (Hainsworth et al.,
2006)

Paclitaxelb 200 mg/m2 IV over 1 hour, day 1, followed by
carboplatin AUC = 6a mg/ml/min IV (Calvert equation)
Etoposide 50 mg/day PO alternating with 100 mg/day PO,
days 1–10
Repeat cycle every 21 days.

a

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
b

Patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for 3
days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
c

d

Oxaliplatin infusion extended to 6 hours in patients developing laryngopharyngeal dysesthesia.

AUC—area under the curve; SC—subcutaneous

AIDS-Related Cancers
Patients diagnosed with HIV are at risk for certain types of malignancy.
Three of these malignancies, when occurring in individuals with HIV infection, are defining of AIDS. Two of these malignancies, Kaposi sarcoma (KS)
and AIDS-related lymphoma, are reviewed in this chapter. KS is the most
common HIV-associated malignancy (Yarchoan, Uldrick, & Little, 2011).
The association between KS and HIV was first reported in the 1980s when
an outbreak was documented in the state of New York (Hymes et al., 1981).
KS has many treatment modalities, which include systemic or local therapies and highly active antiretroviral therapy (HAART) (Di Lorenzo et al.,
2007). Because of the heterogeneity of therapies, patients’ treatment should
be individualized based on disease progression as well as advantages and disadvantages of therapy, such as toxicity associated with systemic treatment.
Cytotoxic therapy often is prescribed for patients who require a rapid response to therapy or who cannot tolerate progression or worsening of disease. This population includes those with extensive cutaneous KS, symptomatic visceral KS, substantial pulmonary KS, ulcerating KS, or tumor-related
pain (Yarchoan et al., 2011).
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Non-Hodgkin lymphoma (NHL) is the second most common malignancy diagnosed in patients with HIV and also is an AIDS-defining diagnosis. The prevalence of lymphoma among this patient population is significant. Patients with HIV are 250 times more likely to develop a form of
lymphoma as compared to the rest of the population; this risk is believed
to increase with the duration and degree of immunosuppression due to
HIV (Besson et al., 2001). Treatment regimens for patients with AIDSrelated lymphoma can be complicated because of the diagnosis of these
two life-threatening disease states. With the significant advancements in
HIV therapy, specifically HAART combination regimens, patients with
HIV are now able to tolerate cytotoxic chemotherapy regimens (see Table 6-2).

Table 6-2. Chemotherapy Regimens for AIDS-Related Malignancies
Malignancy
AIDS-related
Kaposi sarcoma

AIDS-related
lymphoma

Name

Regimen

Liposomal daunorubicin (Gill
et al., 1996)

Liposomal daunorubicin 40 mg/m2 IV over 60 minutes
Repeat cycle every 14 days.

Pegylated liposomal doxorubicin (Stewart et
al., 1998)

Pegylated liposomal doxorubicin 20 mg/m2 IV; initial rate of 1 mg/min; if no infusion-related adverse
events are observed, can increase rate to complete administration over 1 hour.
Repeat cycle every 21 days.

ABV (Stewart et
al., 1998)

Doxorubicin 10 mg/m2 IV, days 1, 15
Bleomycin 15 units IV, days 1, 15
Vincristinea 2 mg IV, days 1, 15
Repeat cycle every 21 days.

Paclitaxel (Saville et al., 1995;
Tulpule et al.,
2002)

Paclitaxelb 135 mg/m2 IV over 3 hours
Repeat cycle every 21 days.
OR
Paclitaxelb 100 mg/m2 IV over 3 hours
Repeat cycle every 14 days.

CDE (Sparano et
al., 2004)
CDE plus rituximab (Spina et
al., 2005)

Cyclophosphamide 187.5–200 mg/m2/day IV for 96
hours
Doxorubicin 12.5 mg/m2/day IV for 96 hours
Etoposide 60 mg/m2/day IV for 96 hours
± Rituximab 375 mg/m2 IV before initiation of CDE
Administer filgrastim 5 mcg/kg SC from day 6 until
neutrophil recovery.
Repeat cycle every 28 days.
(Continued on next page)
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Table 6-2. Chemotherapy Regimens for AIDS-Related Malignancies
(Continued)
Malignancy

Name

Regimen

AIDS-related
lymphoma
(cont.)

CHOP (Ratner et
al., 2001)

Cyclophosphamide 750 mg/m2 IV, day 1
Doxorubicin 50 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisone 100 mg/day PO, days 1–5
Doses of doxorubicin and/or cyclophosphamide may
be reduced by up to 50% in high-risk patients.
Repeat cycle every 21 days.

CODOX-M/IVAC
(Barnes et al.,
2011)

Cycles 1 and 3 (CODOX-M)
± Rituximab 375 mg/m2 IV, day 1
Cyclophosphamide 800 mg/m2 IV, day 1
Cyclophosphamide 200 mg/m2/day IV, days 2–5
Doxorubicin 40 mg/m2 IV, day 1
Vincristinea 1.5 mg/m2 IV, days 1, 8 for cycle 1; days
1, 8, 15 for cycle 2
Methotrexate 1,200 mg/m2 IV over 1 hour day 10, then
240 mg/m2/hr CIV for the next 23 hours
Leucovorin calcium 50 mg IV every 6 hours, beginning 36 hours from the start of methotrexate until
methotrexate level < 0.05 mcm
Filgrastim 5 mcg/kg SC beginning 24 hours from the
start of leucovorin until ANC > 1,000/mm3
CNS prophylaxis
Cytarabine 70 mg IT, days 1, 3
Methotrexate 12 mg IT, day 15
Cycles 2 and 4 (IVAC)
± Rituximab 375 mg/m2 IV, day 1
Ifosfamide 1,500 mg/m2 IV, days 1–5
Mesna 1,500 mg/m2 IV, days 1–5
Etoposide 60 mg/m2 IV, days 1–5
Cytarabine 2,000 mg/m2 IV every 12 hours, days 1, 2
Filgrastim 5 mcg/kg SC beginning 24 hours after completion of chemotherapy until ANC > 1,000/mm3
CNS prophylaxis
Methotrexate 12 mg IT, day 5
Additional IT treatment for CNS disease–positive
patients:
• Cycle 1: Cytarabine 70 mg IT, days 1, 3, 5, and
methotrexate 12 mg IT, days 15, 17
• Cycle 3: Cytarabine 70 mg IT, days 1, 3, and
methotrexate 12 mg IT, day 15
• Alternate CODOX-M/IVAC courses every 21–28
days.
(Continued on next page)
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Table 6-2. Chemotherapy Regimens for AIDS-Related Malignancies
(Continued)
Malignancy
AIDS-related
lymphoma
(cont.)

Name

Regimen

Dose-adjusted
EPOCH (Little
et al., 2003)

Etoposide 50 mg/m2/day CIV, days 1–4
Doxorubicin 10 mg/m2/day CIV, days 1–4
Vincristinea 0.4 mg/m2/day CIV, days 1–4
Cyclophosphamide
• Cycle 1: 375 mg/m2 IV, day 5, if CD4+ cells
≥ 100/mm3; 187 mg/m2 IV, day 5, if CD4+ cells
< 100/mm3
• After cycle 1: Increase dose by 187 mg/m2 if nadir
ANC < 500/mm3; decrease dose by 187 mg/m2 if
nadir ANC > 500/mm3 or platelets < 25,000/mm3
Prednisone 60 mg/m2/day PO, days 1–5
Filgrastim 5 mcg/kg SC, beginning day 6 and continuing until ANC > 5,000/mm3
Repeat cycle every 21 days.

R-Hyper-CVAD
(Cortes et al.,
2002)

Course 1
Rituximab 375 mg/m2 IV, days 1, 11
Cyclophosphamide 300 mg/m2 over 2 hours every
12 hours for 6 doses, days 1–3
Mesna 600 mg/m2/day CIV, days 1–3
Doxorubicin 50 mg/m2 IV over 2 hours administered
12 hours after last cyclophosphamide dose, day 4
Vincristinea 2 mg IV administered 12 hours after last
cyclophosphamide dose, day 4, and repeated on
day 11
Dexamethasone 40 mg/day IV or PO, days 1–4 and
11–14
Filgrastim 5 mcg/kg SC beginning 24 hours after
doxorubicin is complete
Course 2
Rituximab 375 mg/m2 IV, days 1, 8
Methotrexate 200 mg/m2 IV over 2 hours, day 1
Followed by methotrexate 800 mg/m2 IV over 22
hours, day 1
Followed by cytarabinec 3,000 mg/m2 IV every 12
hours for 4 doses, days 2, 3
Leucovorin 50 mg IV 12 hours after end of methotrexate infusion, followed 6 hours later by leucovorin 15 mg IV every 6 hours for 8 doses (dose
adjusted for methotrexate concentration at 24
and 48 hours after completion of methotrexate infusion)

(Continued on next page)
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Table 6-2. Chemotherapy Regimens for AIDS-Related Malignancies
(Continued)
Malignancy
AIDS-related
lymphoma
(cont.)
a

Name
R-Hyper-CVAD
(Cortes et al.,
2002) (cont.)

Regimen
Filgrastim 5 mcg/kg SC beginning 24 hours after
cytarabine
Alternate courses every 21 days.

Maximum vincristine doses should not exceed 2 mg.

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
b

c

Reduce cytarabine dose to 1,000 mg/m2 in patients older than 60 or with serum creatinine levels > 2 mg/dl.

ANC—absolute neutrophil count; CIV—continuous IV infusion; CNS—central nervous system; IT—intrathecal; SC—subcutaneous

Brain Tumors
ACS (2014) estimated that approximately 23,380 new diagnoses and
14,320 deaths caused by brain or nervous system tumors occurred in 2014.
The incidence of brain tumors, particularly in older adults, increased at a
rate of 1.5% per year from 1978 until 1987, but has been declining by 0.2%
per year since the late 1980s (Howlader et al., 2012).
Primary brain tumors are a heterogeneous group of malignancies that
have varied prognoses and treatment algorithms. Patients with brain tumors
require an interdisciplinary team of an oncologist, radiation oncologist, and
neurologist to achieve the best outcomes. Depending on the tumor type and
anatomic location, many patients will receive at least one of the following
treatment modalities: surgery, radiation, or systemic chemotherapy. Systemic chemotherapy generally is used as an adjuvant therapy with surgery or radiation (see Table 6-3).

Breast Cancer
In women, breast cancer is the most common cancer diagnosis and the
second leading cause of cancer death. The incidence of breast cancer has
been considered to be stable since 2004 but has declined from its peak incidence in 1999. Overall mortality has decreased since 1989, thought to be
due in part to reductions in the use of menopausal hormone therapy (ACS,
2014). In 2014, ACS estimated 235,030 new diagnoses of breast cancer and
approximately 40,430 deaths from the disease. Each patient’s therapy is individualized based on the tumor size, location, spread, and receptor status, as
well as the patient’s overall health. Based on these variables, the patient will
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Table 6-3. Chemotherapy Regimens for Brain Tumors
Type of
Regimen
Combination

Single agent

Name

Regimen

Bevacizumab/irinotecan (Vredenburgh et al., 2007)

Bevacizumab 15 mg/kg IV every 21 days
Irinotecan 350 mg/m2 IV with enzyme-inducing
antiepileptic drugs (125 mg/m2 IV with non–enzymeinducing antiepileptic drugs), days 1, 8, 22, 29
Repeat cycle every 6 weeks.

PCV (Levin et al.,
2000)

Procarbazine 60 mg/m2 PO, days 8–21
Lomustine 110 mg/m2 PO, day 1
Vincristine 1.4 mg/m2 IV, days 8, 29 (maximum vincristine doses should not exceed 2 mg)
Repeat cycle every 6 weeks for 7 cycles.

Temozolomide
with radiation
(Stupp et al.,
2005)

Radiation to 60 Gy
Concurrent temozolomide 75 mg/m2 PO daily
Four weeks after radiation, continue temozolomide 150–200 mg/m2 PO daily for 5 days of each
month.

BCNU (carmustine) (Selker et al.,
2002)

Carmustine 200 mg/m2 IV every 8 weeks

Temozolomide
(Wick et al., 2007;
Yung et al., 1999)

Temozolomide 200 mg/m2 PO (chemotherapy naïve)
or 150 mg/m2 PO (prior chemotherapy), days 1–5
Repeat cycle every 28 days.
OR
Temozolomide 150 mg/m2/day PO, days 1–7 and
15–21
Repeat cycle every 28 days.

have one or more treatment modalities that could include a combination of
surgery, radiation, or systemic therapy. The need for hormonal or cytotoxic chemotherapy is based on several prognostic and predictive factors such
as estrogen receptor status (Burstein, Harris, & Morrow, 2011). Currently, a
variety of chemotherapy regimens are used in the treatment of breast cancer. The use of regimens that minimize toxicities while optimizing outcomes
when possible is preferred (see Table 6-4).

Colorectal Cancer
Overall, colorectal cancer is the third most common cancer diagnosis and
ranks in the top three causes of cancer-related death in both men and wom-
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en (ACS, 2014). During 2014, approximately 136,830 people received a new
diagnosis of colorectal cancer, and more than 50,310 patients died of this
disease (ACS, 2014). Patients can receive chemotherapy in two principal settings: as adjuvant or neoadjuvant therapy in combination with surgery, or
alone in the treatment of metastatic disease (Libutti, Saltz, & Willett, 2011).
Many advances have occurred in the systemic treatment of colorectal cancers over the past decade. These advancements are associated with a significant increase in cost of therapy, especially when monoclonal antibodies are

Table 6-4. Chemotherapy Regimens for Breast Cancer
Type of
Regimen
Combination

Name

Regimen

AC (Fisher et al., 1990)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 21 days for 4 cycles.

AT (docetaxel) (Nabholtz et al., 2003)

Doxorubicin 50 mg/m2 IV, day 1
Docetaxela 75 mg/m2 IV, day 1

AT (paclitaxel) (Jassem
et al., 2001)

Doxorubicin 50 mg/m2 IV, day 1
Followed 24 hours later by paclitaxelb 220
mg/m2 IV over 3 hours, day 2

A-T-C (dose dense)
(Citron et al., 2003)

Doxorubicin 60 mg/m2 IV, every 2 weeks for
4 cycles
Followed by paclitaxelb 175 mg/m2 IV over 3
hours every 2 weeks for 4 cycles
Followed by cyclophosphamide 600 mg/m2
IV, every 2 weeks for 4 cycles
Administer filgrastim 5 mcg/kg SC days 3–10
of each 2-week cycle.

CAF (Bull et al., 1978;
Wood et al., 1994)

Cyclophosphamide 100 mg/m2 PO, days 1–14
Doxorubicin 30 mg/m2 IV, days 1, 8
Fluorouracil 500 mg/m2 IV, days 1, 8
Repeat cycle every 28 days.
OR
Cyclophosphamide 600 mg/m2 IV, day 1
Doxorubicin 60 mg/m2 IV, day 1
Fluorouracil 600 mg/m2 IV, days 1, 8
Repeat cycle every 28 days for 4 cycles.

Capecitabine
and docetaxel
(O’Shaughnessy et al.,
2002)

Capecitabine 1,250 mg/m2 PO BID, days
1–14
Docetaxela 75 mg/m2 IV over 1 hour, day 1
Repeat cycle every 21 days.
(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Name

Regimen

Capecitabine/lapatinib
(Geyer et al., 2006)

Capecitabine 1,000 mg/m2 PO BID, days
1–14
Lapatinib 1,250 mg PO daily, days 1–21
Repeat cycle every 21 days.

CEF (FEC) (Levine et
al., 1998)

Cyclophosphamide 75 mg/m2/day PO, days
1–14
Epirubicin 60 mg/m2/day IV, days 1, 8
Fluorouracil 500 mg/m2/day IV, days 1, 8
Repeat cycle every 28 days for 6 cycles.

FEC followed by
docetaxel (Roche et al.,
2006)

Fluorouracil 500 mg/m2 IV, day 1
Epirubicin 100 mg/m2 IV, day 1
Cyclophosphamide 500 mg/m2 IV, day 1
Repeat cycle every 21 days for 3 cycles.
Followed by docetaxela 100 mg/m2 IV, day 1
Repeat cycle every 21 days for 3 cycles.

FEC followed by weekly paclitaxel (Martin et
al., 2008)

Fluorouracil 600 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Epirubicin 90 mg/m2 IV, day 1
Repeat every 21 days for 4 cycles.
Followed by paclitaxelb 100 mg/m2 IV weekly for 8 weeks

CMF (Bonadonna, Valagussa, et al., 1995)

Cyclophosphamide 100 mg/m2/day PO, days
1–14 or 600 mg/m2/day IV, days 1, 8
Methotrexate 40 mg/m2/day IV, days 1, 8 (for
patients > 60 years, 30 mg/m2)
Fluorouracil 600 mg/m2 IV, days 1, 8 (for patients > 60 years, 400 mg/m2)
Repeat cycle every 28 days.

EC (Piccart et al.,
2001)

Epirubicin 100 mg/m2 IV, day 1
Cyclophosphamide 830 mg/m2 IV, day 1
Repeat cycle every 21 days for up to 8 cycles.

FAC (Buzdar et al.,
1989)

Fluorouracil 500 mg/m2 IV, days 1, 8 or days
1, 4
Doxorubicin 50 mg/m2 IV, day 1 (or by 72hour CIV)
Cyclophosphamide 500 mg/m2 IV, day 1
Repeat cycle every 21 days.

(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Name

Regimen

Gemcitabine/paclitaxel
(Albain et al., 2004)

Gemcitabine 1,250 mg/m2 IV, over 30 minutes, days 1, 8
Paclitaxelb 175 mg/m2 IV over 3 hours before
gemcitabine, day 1
Repeat cycle every 21 days.

Ixabepilone/
capecitabine (Thomas
et al., 2007)

Ixabepilone 40 mg/m2 IV over 3 hours, day 1
Capecitabine 1,000 mg/m2 PO twice daily,
days 1–14
Repeat cycle every 21 days.

Paclitaxel/bevacizumab
(Miller et al., 2007)

Paclitaxelb 90 mg/m2 IV over 1 hour, days 1,
8, 15
Bevacizumab 10 mg/kg IV, days 1, 15
Repeat cycle every 28 days.

Sequential AC/paclitaxel (Sparano et al.,
2008)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 21 days for 4 cycles.
Followed by paclitaxelb 80 mg/m2 IV over 1
hour weekly for 12 weeks

Sequential AC/paclitaxel (dose dense) (Citron
et al., 2003)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 14 days for 4 cycles.
Followed by paclitaxelb 175 mg/m2 IV over 3
hours, day 1
Administer filgrastim 5 mcg/kg SC on days
3–10 of each 2-week cycle.
Repeat cycle every 14 days for 4 cycles.

Sequential AC/docetaxel (Sparano et al.,
2008)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 21 days for 4 cycles.
Followed by docetaxela 100 mg/m2 IV, day 1
Repeat every 21 days for 4 cycles.

Sequential doxorubicin-CMF (Bonadonna,
Zambetti, et al., 1995)

Doxorubicin 75 mg/m2 IV, every 21 days for
4 cycles
Followed by cyclophosphamide 600 mg/m2
IV, day 1
Methotrexate 40 mg/m2 IV, day 1
Fluorouracil 600 mg/m2 IV, day 1
Repeat cycle every 21 days for 8 cycles.

(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Monoclonal
antibody

Name

Regimen

TAC (Martin et al.,
2005)

Doxorubicin 50 mg/m2 as a 15-minute IV bolus
Followed immediately by cyclophosphamide
500 mg/m2 as a 15-minute IV bolus, followed 1 hour after completion of the doxorubicin infusion by docetaxela 75 mg/m2 IV,
over 1 hour
Repeat cycle every 21 days for 6 cycles.

TC (Jones et al., 2006)

Docetaxela 75 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat every 21 days for 4 cycles.

AC → T with trastuzumab (Romond et al.,
2005)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 21 days for 4 cycles.
Followed by paclitaxelb 175 mg/m2 IV over 3
hours, day 1
Repeat cycle every 21 days for 4 cycles.
OR
Paclitaxelb 80 mg/m2 IV over 1 hour weekly
for 12 weeks
Followed by trastuzumabc 4 mg/kg IV with
first dose of paclitaxel
Trastuzumabc 2 mg/kg IV weekly OR 6 mg/kg
every 3 weeks to complete 1 year of treatment

Dose-dense AC → T
with trastuzumab (Dang
et al., 2008)

Doxorubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat cycle every 14 days for 4 cycles.
Followed by paclitaxelb 175 mg/m2 IV over 3
hours, day 1
Pegfilgrastim 6 mg SC, day 2
Repeat cycle every 14 days for 4 cycles.
Followed by trastuzumabc 4 mg/kg IV with
first dose of paclitaxel
Trastuzumabc 2 mg/kg IV weekly OR 6 mg/kg
IV every 3 weeks to complete 1 year of
treatment

(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Monoclonal
antibody
(cont.)

Name

Regimen

Docetaxel + trastuzumab followed by FECd
(Joensuu et al., 2006)

Docetaxel CNS prophylaxis
Cytarabine 70 mg IT, days 1, 3
Methotrexate 12 mg IT, day 15; 100 mg/m2
IV over 1 hour, day 1
Repeat every 21 days for 3 cycles.
Trastuzumabc 4 mg/kg IV, day 1
Followed by trastuzumabc 2 mg/kg IV once
weekly to complete 9 weeks of trastuzumab
Followed by fluorouracil 600 mg/m2 IV, day 1
Epirubicin 60 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Repeat every 21 days for 3 cycles.

Neoadjuvant T → FEC
with trastuzumab (Buzdar et al., 2005)

Trastuzumabc 4 mg/kg IV for 1 dose beginning just prior to first dose of paclitaxel
Followed by trastuzumabc 2 mg/kg IV, weekly for 23 weeks
Paclitaxelb 225 mg/m2 IV, over 24 hours
Repeat every 21 days for 4 cycles.
Followed by fluorouracil 500 mg/m2 on days
1, 4
Epirubicin 75 mg/m2 IV, day 1
Cyclophosphamide 500 mg/m2 IV, day 1
Repeat cycle every 21 days for 4 cycles.

Chemotherapy followed
by trastuzumab (PiccartGebhart et al., 2005)

Adjuvant chemotherapy regimen for at least
4 cycles
Followed by trastuzumabc 8 mg/kg IV loading dose, followed by 6 mg/kg IV every 21
days for 1 year

TCH (Robert et al.,
2007)

Docetaxela 75 mg/m2 IV, day 1
Carboplatin AUC = 6e mg/ml/min IV (Calvert
equation), day 1
Repeat cycle every 21 days for 6 cycles.
With
Trastuzumabc 4 mg/kg IV, week 1
Followed by trastuzumab 2 mg/kg IV, for 17
weeks
Followed by trastuzumab 6 mg/kg IV, every 3
weeks to complete 1 year of treatment

(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Monoclonal
antibody
(cont.)

Single agent

Name

Regimen

Trastuzumab/docetaxel (Esteva et al., 2002;
Marty et al., 2005)

Trastuzumabc 4 mg/kg IV loading dose over
90 minutes, followed by trastuzumabc 2
mg/kg IV over 30 minutes weekly
With docetaxela 80–100 mg/m2 IV, day 1, repeated every 21 days, OR docetaxela 35
mg/m2 IV weekly
Continue until disease progression.

Trastuzumab/paclitaxel
(Slamon et al., 2001)

Trastuzumabc 4 mg/kg IV loading dose over
90 minutes, followed by trastuzumabc 2
mg/kg IV over 30 minutes weekly
Paclitaxelb 175 mg/m2 IV over 3 hours
Repeat every 21 days for at least 6 cycles.

Trastuzumab/weekly
paclitaxel (Seidman et
al., 2008)

Trastuzumabc 4 mg/kg IV loading dose over
90 minutes, followed by trastuzumabc 2
mg/kg IV over 30 minutes weekly
Paclitaxelb 80 mg/m2 IV over 1 hour weekly
Continue until disease progression.

Trastuzumab/
capecitabine (Bartsch
et al., 2007)

Trastuzumabc 8 mg/kg IV loading dose, followed by trastuzumabc 6 mg/kg IV every 3
weeks
With capecitabine 1,250 mg/m2 PO BID,
days 1–14
Repeat cycle every 21 days.

Trastuzumab/
lapatinib (O’Shaugh
nessy et al., 2008)

Trastuzumabc 4 mg/kg IV loading dose over
90 minutes, followed by trastuzumabc 2
mg/kg IV over 30 minutes weekly
With lapatinib 1,000 mg PO daily

Trastuzumab/vinorelbine (Burstein et al.,
2007)

Trastuzumabc 4 mg/kg IV loading dose over
90 minutes, followed by trastuzumabc 2
mg/kg IV, over 30 minutes weekly
With vinorelbine 25 mg/m2 IV given weekly in
8-week cycles
Continue until disease progression.

Paclitaxel protein-bound
particles for injectable
suspension (Abraxane®)
(Gradishar et al., 2005)

260 mg/m2 IV every 3 weeks
Repeat cycle every 21 days.

Anastrozole (Arimidex®)
(AstraZeneca, 2011a)

1 mg PO daily

(Continued on next page)
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Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Single agent
(cont.)

Name

Regimen

Capecitabine (Xeloda®)
(Blum et al., 1999)

1,250–1,255 mg/m2 PO BID, days 1–14, followed by 7 days of rest
Repeat cycle every 21 days.

Docetaxela (Chan et al.,
1999)

60–100 mg/m2 IV over 1 hour
Repeat cycle every 21 days.

Eribulin (Cortes et al.,
2011)

1.4 mg/m2 IV over 2–5 minutes, days 1, 8
Repeat cycle every 21 days.

Exemestane (Aromasin®) (Coombes et al.,
2004)

25 mg PO daily until tumor progression or to
complete 5 years of hormonal therapy after 2–3 years of tamoxifen therapy in postmenopausal women

Fulvestrant (Faslodex®)
(AstraZeneca, 2011b)

250 mg IM into the buttock every month

Gemcitabine (Seidman,
2001)

725–1,200 mg/m2/day IV over 30 minutes,
days 1, 8, 15
Repeat cycle every 28 days.

Ixabepilonef (Ixempra®)
(Bristol-Myers Squibb,
2011)

40 mg/m2 IV over 3 hours, day 1
Repeat cycle every 3 weeks.

Letrozole (Femara®)
(Goss et al., 2003)

2.5 mg PO daily

Megestrol acetate
(Megace®) (BristolMyers Squibb, 2002)

40 mg PO 4 times daily

Paclitaxelb (Perez et
al., 2001; Seidman et
al., 1995; Smith et al.,
1999)

250 mg/m2 IV over 3 hours (or CIV over 24
hours), every 21 days
OR 175 mg/m2 IV over 3 hours, every 21
days
OR 80 mg/m2 IV over 1 hour weekly for 4
weeks

Tamoxifen (Nolvadex®)
(AstraZeneca, 2003)

20–40 mg/day PO; dosages > 20 mg/day
should be given in 2 divided doses.

Toremifene (Fareston®)
(Hayes et al., 1995)

60 mg PO daily

(Continued on next page)

518 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Table 6-4. Chemotherapy Regimens for Breast Cancer (Continued)
Type of
Regimen
Single agent
(cont.)

Name
Vinorelbine (Weber et
al., 1995; Zelek et al.,
2001)

Regimen
25–30 mg/m2 IV every 7 days

Patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for 3
days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
a

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
b

c

Cardiac monitoring at baseline, 3, 6, and 9 months (Genentech, 2010).

d

Cardiac monitoring at baseline, after last FEC cycle, at 12 and 36 months after chemotherapy.

e

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

Patients should be premedicated with an H1 and H2 antagonist 1 hour prior to ixabepilone (BristolMyers Squibb, 2011).
f

AUC—area under the curve; BID—twice a day; CIV—continuous IV infusion; CNS—central nervous
system; IM—intramuscular; IT—intrathecal; SC—subcutaneous

used. Regardless of cost, these new therapies have provided superior patient
outcomes (Schrag, 2004). The choice of treatment should be individualized
to maximize outcomes with minimal toxicity (see Table 6-5).

Gastric Cancer
The incidence of gastric cancer in the United States has been declining in
the past decade. ACS estimated approximately 22,220 new diagnoses and 10,990
gastric cancer–related deaths for 2014 (ACS, 2014). Despite the declining incidence in the United States, gastric cancer remains one of the leading causes of
cancer death worldwide (ACS, 2011). The decrease in the incidence of gastric
cancer may be due to changes in diet, food preparation, and additional environmental factors (Avital, Pisters, Kelsen, & Willett, 2011).
A lack of defined risk factors, nonspecific symptoms, and low incidence have
resulted in diagnosis at later stages in the United States, conferring a poor prognosis (Avital et al., 2011). Although the prognosis for gastric cancer remains
poor, the mortality associated with it has been decreasing in the United States.
Surveillance, Epidemiology, and End Results (SEER) data reported a 15.4%
five-year survival rate in 1973 compared with a 27.7% survival rate in 2009 (Howlader et al., 2012). The reason for the improved five-year survival rate is unclear
(see Table 6-6).
A relatively rare sarcoma, gastrointestinal stromal tumor (GIST), is the
most common mesenchymal malignancy of the gastrointestinal (GI) tract
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Table 6-5. Chemotherapy Regimens for Colorectal Cancer
Type of
Regimen
Combination

Name

Regimen

CapeOx (Cassidy et
al., 2008)

Oxaliplatin 130 mg/m2 IV, day 1
Capecitabine 850–1,000 mg/m2 PO twice
daily from the evening of day 1 to morning
of day 15
Repeat cycle every 21 days.

Cetuximab/irinotecan
(Cunningham et al.,
2004)

Cetuximab 400 mg/m2 IV initial dose, then
250 mg/m2 IV every 7 days
Irinotecan 350 mg/m2 IV, every 21 days
OR irinotecan 180 mg/m2 IV, every 14 days
OR irinotecan 125 mg/m2 IV, every 7 days for
4 doses every 6 weeks
Repeat cycle every 6 weeks.

Fluorouracil/leucovorin (de Gramont et al.,
1997)

Leucovorin 400 mg/m2 IV over 2 hours, days
1, 2
Fluorouracil 400 mg/m2 IV bolus, then 600
mg/m2 IV over 22 hours
Repeat cycle every 2 weeks.

Fluorouracil/leucovorin
(Mayo regimen) (Poon
et al., 1989)

Leucovorin 20 mg/m2/day IV bolus, days 1–5
Fluorouracil 425 mg/m2/day IV bolus 1 hour
after start of leucovorin, days 1–5
Repeat cycle at 4 and 8 weeks and every 5
weeks thereafter.

Fluorouracil/leucovorin (Roswell Park regimen) (Petrelli et al.,
1987)

Leucovorin 500 mg/m2/day IV over 2 hours,
days 1, 8, 15, 22, 29, 36
Fluorouracil 500 mg/m2/day IV bolus 1 hour
after start of leucovorin, days 1, 8, 15, 22,
29, 36
Repeat cycle every 8 weeks.

Fluorouracil/leucovorin/bevacizumab (Kabbinavar et al., 2005)

Leucovorin 500 mg/m2/day IV over 2 hours,
days 1, 8, 15, 22, 29, 36
Fluorouracil 500 mg/m2/day IV bolus 1 hour
after start of leucovorin, days 1, 8, 15, 22,
29, 36
Bevacizumab 5 mg/kg IV every 14 days
Repeat at the discretion of the physician.

(Continued on next page)
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Table 6-5. Chemotherapy Regimens for Colorectal Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Name

Regimen

FOLFIRI (Tournigand
et al., 2004)

Irinotecan 180 mg/m2 IV over 90 minutes,
day 1
Leucovorin 400 mg/m2 IV over 2 hours during
irinotecan infusion
Followed by fluorouracil 400 mg/m2 IV bolus
Followed by fluorouracil 1,200 mg/m2/day for
2 days over 46-hour continuous IV (CIV). If
no toxicity > grade 1 after first 2 cycles, increase dose to 3,000 mg/m2.
Repeat cycle every 2 weeks.
Repeat until disease progression or at the
discretion of the physician.

FOLFIRI + bevacizumab (Fuchs et al., 2007)

FOLFIRI as above
Plus bevacizumab 5 mg/kg IV, day 1
Repeat cycle every 2 weeks.

FOLFIRI + cetuximab
(Van Cutsem et al.,
2009)

FOLFIRI as above
Plus cetuximab 400 mg/m2 IV loading dose,
day 1
Followed by cetuximab 250 mg/m2 IV weekly

FOLFIRI + panitumumab (Peeters et al.,
2010)

FOLFIRI as above
Plus panitumumab 6 mg/kg IV over 1 hour,
day 1

FOLFOX6 (Tournigand
et al., 2004)

Oxaliplatin 100 mg/m2 IV over 2 hours, day 1
Leucovorin 400 mg/m2 IV over 2 hours during
oxaliplatin infusion
Followed by fluorouracil 400 mg/m2 IV bolus
Followed by fluorouracil 1,200 mg/m2/day for
2 days IV over 46-hour CIV. If no toxicity >
grade 1 after first 2 cycles, increase dose to
3,000 mg/m2.
Repeat until disease progression or at the
discretion of the physician.

Modified FOLFOX6 +
bevacizumab (Emmanouilides et al., 2007)

Oxaliplatin 85 mg/m2 IV over 2 hours, day 1
Leucovorin 400 mg/m2 IV over 2 hours, day 1
Followed by fluorouracil 400 mg/m2 IV bolus
Followed by fluorouracil 1,200 mg/m2/day
for 2 days over 46-hour CIV. If no toxicity >
grade 1 after first 2 cycles, increase dose to
3,000 mg/m2.
Bevacizumab 5 mg/kg IV, day 1
Repeat cycle every 2 weeks.
(Continued on next page)
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Table 6-5. Chemotherapy Regimens for Colorectal Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Name

Regimen

Modified FOLFOX6 +
panitumumab (Douillard et al., 2010)

Oxaliplatin 85 mg/m2 IV over 2 hours, day 1
Leucovorin 400 mg/m2 IV over 2 hours, day 1
Followed by fluorouracil 400 mg/m2 IV bolus
Followed by fluorouracil 1,200 mg/m2/day for
2 days* over 46-hour CIV. If no toxicity >
grade 1 after first 2 cycles, increase dose to
3,000 mg/m2.
Panitumumab 6 mg/kg IV over 1 hour, day 1
Repeat cycle every 2 weeks.

Oxaliplatin/fluorouracil/
leucovorin (FOLFOX4)
(Eloxatin®) (Goldberg
et al., 2004)

Oxaliplatin 85 mg/m2 IV and leucovorin 200
mg/m2 IV over 120 minutes at same time
(separate bags, Y-line), day 1
Followed by fluorouracil 400 mg/m2 IV bolus
over 2–4 minutes, day 1
Followed by fluorouracil 600 mg/m2 CIV over
22 hours, day 1
Leucovorin 200 mg/m2 IV over 120 minutes,
day 2
Followed by fluorouracil 400 mg/m2 IV bolus
over 2–4 minutes, day 2
Followed by fluorouracil 600 mg/m2 CIV over
22 hours, day 2
Repeat cycle every 14 days.

FOLFOX4 + bevacizumab (Saltz et al.,
2008)

FOLFOX4 as above
Plus bevacizumab 10 mg/kg IV, day 1
Repeat cycle every 14 days.

FOLFOX4 + panitumumab (Douillard et
al., 2010)

FOLFOX4 as above
Plus panitumumab 6 mg/kg IV over 1 hour,
day 1
Repeat cycle every 14 days.

No acronym (Douillard
et al., 2000)

Irinotecan 180 mg/m2 IV, day 1
Leucovorin 200 mg/m2/day IV, days 1, 2
Fluorouracil 400 mg/m2 IV, bolus
Followed by fluorouracil 600 mg/m2 IV, over
22 hours, day 1
Repeat cycle every 14 days.

(Continued on next page)
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Table 6-5. Chemotherapy Regimens for Colorectal Cancer (Continued)
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

FOLFOXIRI (Falcone
et al., 2007)

Irinotecan 165 mg/m2 IV, day 1
Oxaliplatin 85 mg/m2 IV, day 1
Leucovorin 400 mg/m2 IV, day 1
Fluorouracil 3,200 mg/m2 CIV over 48 hours,
starting day 1
Repeat cycle every 2 weeks.

FUFOX (Porschen et
al., 2007)

Oxaliplatin 50 mg/m2 IV over 2 hours, days 1,
8, 15, 22
Followed by leucovorin calcium 500 mg/m2 IV
over 2 hours, days 1, 8, 15, 22
Fluorouracil 2,000 mg/m2 IV over 22 hours,
days 1, 8, 15, 22
Repeat cycle every 5 weeks.

FUOX (Diaz-Rubio et
al., 2007)

Oxaliplatin 85 mg/m2 IV over 2 hours, days
1, 15, 29
Fluorouracil 2,250 mg/m2 IV over 48 hours,
days 1, 8, 15, 22, 29, 36
Repeat every 6 weeks for 6 cycles.

Fluorouracil (Kemeny
et al., 1990)

1,000 mg/m2/day CIV, days 1–5
Repeat cycle every 28 days.

Capecitabine (Xeloda®) (Genentech,
2011)

2,500 mg/m2/day PO in 2 divided doses, days
1–14, followed by 7 days of rest
Repeat cycle every 21 days.

Cetuximab (Erbitux®)
(Bristol-Myers Squibb,
2012)

400 mg/m2 IV initial dose, then 250 mg/m2 IV
every 7 days
For irinotecan-intolerant patients

Irinotecan (Conti et al.,
1996; Rougier et al.,
1997)

125 mg/m2/day IV over 90 minutes, days 1, 8,
15, 22
Repeat cycle every 6 weeks.
OR
350 mg/m2 IV over 30–90 minutes, day 1
Repeat cycle every 21 days.

Panitumumab
(Vectibix®) (Van Cutsem et al., 2008)

6 mg/kg IV over 60 minutes, day 1
Repeat cycle every 2 weeks.
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Table 6-6. Chemotherapy Regimens for Gastric Cancer
Name

Regimen

5-FU/LV (Macdonald
et al., 2001)

Fluorouracil 425 mg/m2/day IV for 5 days
Leucovorin 20 mg/m2/day IV for 5 days
Followed by radiation 4,500 cGy (180 cGy/day), 5 days a week
for 5 weeks
Fluorouracil 400 mg/m2/day IV on the first 4 and last 3 days of
radiation
Leucovorin 20 mg/m2/day IV on the first 4 and last 3 days of radiation
Followed 1 and 2 months later by fluorouracil 425 mg/m2/day IV
for 5 days
Leucovorin 20 mg/m2/day IV for 5 days

DCF (Van Cutsem et
al., 2006)

Docetaxela 75 mg/m2 IV over 1 hour, day 1
Cisplatin 75 mg/m2 IV over 1–3 hours, day 1
Fluorouracil 750 mg/m2/day CIV, days 1–5
Repeat cycle every 4 weeks.

Docetaxel/cisplatin
(Roth et al., 2000)

Docetaxela 85 mg/m2 IV over 1 hour, day 1
Followed by cisplatin 75 mg/m2 IV over 1 hour, day 1
Repeat cycle every 21 days for a maximum of 8 cycles.

ECF (Waters et al.,
1999)

Epirubicin 50 mg/m2 IV, day 1
Cisplatin 60 mg/m2 IV, day 1
With fluorouracil 200 mg/m2/day CIV for up to 6 months
Repeat cycle every 21 days for a maximum of 8 cycles.

ELF (di Bartolomeo
et al., 1995; Vanhoefer et al., 2000)

Leucovorin 150 mg/m2/day IV over 10 minutes
Followed by etoposide 120 mg/m2/day IV over 30 minutes
Followed by fluorouracil 500 mg/m2/day IV over 10 minutes
Give all agents on days 1–3; repeat cycle every 3 weeks.
OR
Leucovorin 300 mg/m2/day IV over 10 minutes
Followed by etoposide 120 mg/m2/day IV over 50 minutes
Followed by fluorouracil 500 mg/m2/day IV bolus
Give all agents on days 1–3; repeat cycle every 3 weeks.

FAM (Coombes et al.,
1990)

Fluorouracil 600 mg/m2 IV, days 1, 8, 29, 36
Doxorubicin 30 mg/m2 IV, days 1, 29
Mitomycin 10 mg/m2 IV, day 1
Repeat cycle every 8 weeks.

FAMTX (Wils et al.,
1986)

Methotrexate 1,500 mg/m2 IV, day 1
Followed 1 hour later by fluorouracil 1,500 mg/m2 IV, day 1
Followed 24 hours after methotrexate dose by leucovorin 15
mg/m2 PO every 6 hours for 48 hours
Doxorubicin 30 mg/m2 IV, day 15
Repeat cycle every 28 days.
(Continued on next page)
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Table 6-6. Chemotherapy Regimens for Gastric Cancer (Continued)
Name

Regimen

FUP (Vanhoefer et
al., 2000)

Fluorouracil 1,000 mg/m2/day CIV, days 1–5
Cisplatin 100 mg/m2 IV over 1 hour, day 2
Repeat cycle every 4 weeks.

Trastuzumab + chemotherapy for HER2+
tumors (Bang et al.,
2010)

Capecitabine 1,000 mg/m2 PO twice daily, days 1–14
OR fluorouracil 800 mg/m2 CIV, days 1–5
With cisplatin 80 mg/m2 IV, day 1
Trastuzumabb 8 mg/kg IV, day 1, followed by 6 mg/kg IV every 3
weeks until disease progression
Repeat cycle every 3 weeks for 6 cycles.

Patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for 3
days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
a

b

Cardiac monitoring at baseline, 3, 6, and 9 months (Genentech, 2010).

cGy—centigray; CIV—continuous IV infusion

(Demetri, 2011). This type of cancer normally arises along the stomach
or small bowel. However, these tumors are able to form anywhere along
the GI tract. GISTs are believed to account for approximately 1%–3% of
GI tumors (Demetri, 2011). Patients diagnosed with GIST will be evaluated for surgery and systemic treatment. Until recently, systemic treatment
consisted of the tyrosine kinase inhibitor imatinib. Fortunately, the FDA
approved a new agent, sunitinib (Sutent®, Pfizer Inc., 2012), which inhibits multiple kinases, giving patients another therapeutic option. Nilotinib
(Tasigna®, Novartis Pharmaceuticals Corp., 2012) may be an alternative if
other options fail (see Table 6-7).

Genitourinary Malignancies
In 2014, an estimated 74,690 new diagnoses and 15,580 deaths from bladder cancer occurred (ACS, 2014). From 2006 to 2010, bladder cancer incidence rates were stable in men and decreased 0.4% per year in women
(ACS, 2014). The incidence of bladder cancer peaks in the sixth, seventh,
and eighth decades of life (McDougal et al., 2011); therefore, a patient’s
baseline health status must be taken into consideration when developing
a treatment plan. Treatment of bladder cancer can include one or more of
the following modalities: surgery, radiation, or chemotherapy. A variety of
combination regimens have reported clinical benefit. The majority of these
regimens include platinum agents, taxanes, and gemcitabine (McDougal et
al., 2011).
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Table 6-7. Chemotherapy Regimens for Gastrointestinal Stromal Tumor
Name

Regimen

Imatinib mesylate
(Blanke et al., 2008)

400–800 mg PO daily
Repeat indefinitely or at the discretion of the physician.

Nilotinib (Montemurro
et al., 2009)

400 mg PO twice daily

Sunitinib (Demetri et
al., 2006)

50 mg PO daily for 4 weeks, followed by a 2-week rest period
Repeat indefinitely or at the discretion of the physician.

In 2014, approximately 233,000 men were diagnosed with prostate
cancer, making it the most common cancer diagnosed in men, and with
29,480 deaths, it ranks as the second most common cancer-related death,
behind lung and colorectal cancers (ACS, 2014). From 2006 to 2010, incidence rates decreased by 2% per year. During this period, the mortality attributed to prostate cancer also decreased by 3.1% annually (ACS,
2014). The decreasing rates may be attributed to an increased public
awareness and early detection. Patients with a diagnosis of prostate cancer are stratified based on their estimated life expectancy and prostate
cancer symptoms. Several modalities are used in the treatment of prostate cancer, including surgery, radiation, hormonal therapy, and systemic chemotherapy. Generally, chemotherapy is reserved for patients with
advanced disease or recurrent/progressive disease (Zelefsky, Eastham, &
Sartor, 2011).
In the United States, an estimated 63,920 patients were diagnosed with renal cell carcinoma in 2014, and 13,860 patients died of their disease (ACS,
2014). From 2006 to 2010, incidence rates were stable in both men and
women (ACS, 2014). Currently, many patients with renal cell carcinoma will
undergo some sort of surgical treatment. Radical nephrectomy may have
a palliative benefit in patients with metastatic disease. The role of systemic
therapy has evolved over the past decade. A small number of patients may
benefit from interleukin or interferon therapy, and the emergence of tyrosine kinase inhibitors in the treatment of renal cell carcinoma has increased
the number of available treatment options for patients (Linehan, Rini, &
Yang, 2011; Zelefsky et al., 2011).
The incidence of testicular cancer worldwide has doubled in the past 40
years. In the United States, ACS estimated 8,820 new diagnoses of testicular
cancer in 2014 (ACS, 2014). Although the incidence of testicular cancer has
increased, many men are surviving this disease, with an estimated 380 deaths
in 2014 (ACS, 2014). Testicular cancer tends to be a cancer of younger men,
with a peak incidence in men aged 15–35 (Bosl, Bajorin, Sheinfeld, Motzer,
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& Chaganti, 2011). The overwhelming majority of testicular cancers have a
germ cell origin. The overall survival of patients diagnosed with good-risk
germ cell tumors is greater than 90% (Bosl et al., 2011). Even patients who
are diagnosed with advanced disease can have an overall five-year survival
rate of 70%–80% (see Table 6-8).

Gynecologic Malignancies
This chapter will review the systemic therapies for gynecologic malignancies, including endometrial, cervical, and ovarian cancers. Combined, these
three cancers accounted for more than 86,000 new cases of cancer in 2014
and more than 26,000 deaths (ACS, 2014).
The most commonly diagnosed cancer of the female genital tract is endometrial cancer. Approximately 52,630 females were diagnosed with cancer of the uterine corpus and 8,590 deaths occurred in 2014 (ACS, 2014).
Endometrial cancer is a malignancy of postmenopausal females. Risk factors
associated with it include high levels of estrogen as a result of obesity and a
high-fat diet, Lynch syndrome, age greater than 55 years, and tamoxifen use
(Kitchener, Trimble, & Endometrial Cancer Working Group of the Gynecologic Cancer Intergroup, 2009). Because of the early onset of symptoms,
most notably abnormal vaginal bleeding, many patients are diagnosed with
early-stage disease.
Cervical cancer continues to be a common diagnosis in women worldwide. The vast majority of patients with cervical cancer reside in developing
countries (Ferlay et al., 2010). The lower incidence reported in developed
countries is thought to be due to better screening techniques. Despite the
screening techniques, in 2014 approximately 12,360 women were diagnosed
with cervical cancer in the United States, and 4,020 women died of their disease (ACS, 2014).
Many risk factors are associated with the development of cervical cancer
such as smoking, increased parity, use of contraceptives, increased number
of sexual partners, and chronic immunosuppression (International Collaboration of Epidemiological Studies of Cervical Cancer, 2007). Many studies
have demonstrated a relationship between infections with the human papillomavirus (HPV) and carcinomas of the cervix. Currently, two vaccines are
approved for the prevention of common types of HPV infections that are
known to cause cervical cancer. Although administration of the vaccines is
expected to reduce the incidence of cervical cancer over time, it must be acknowledged that these vaccines cannot protect against all strains of HPV or
established HPV infections.
Although cervical cancer remains a common diagnosis worldwide, ovarian
cancer is the leading cause of gynecologic cancer–related mortality. When compared to all other cancers, ovarian cancer is the fifth leading cause of mortality
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Table 6-8. Chemotherapy Regimens for Genitourinary Cancers
Malignancy/
Type of
Regimen

Name

Regimen

Carboplatin/paclitaxel (Vaughn et al.,
2002)

Carboplatin AUC = 6a mg/ml/min IV (Calvert
equation), day 1
Paclitaxelb 200 mg/m2 IV over 3 hours, day 1
Repeat every 3 weeks for maximum of 6 cycles.

CMV (Harker et al.,
1985)

Cisplatin 100 mg/m2 IV over 4 hours, day 2 (12
hours after methotrexate and vinblastine)
Methotrexate 30 mg/m2/day IV, days 1, 8
Vinblastine 4 mg/m2/day IV, days 1, 8
Repeat cycle every 21 days.

Gemcitabine/cisplatin (von der Maase
et al., 2000)

Gemcitabine 1,000 mg/m2/day IV over 30–60
minutes, days 1, 8, 15
Cisplatin 70 mg/m2 IV, day 2
Repeat cycle every 28 days.

Gemcitabine/paclitaxel (Meluch et al.,
2001)

Gemcitabine 1,000 mg/m2 IV over 30–60 minutes, days 1, 8, 15
Paclitaxelb 200 mg/m2 IV over 3 hours, day 1
Repeat cycle every 3 weeks for 6 cycles.

MVAC (von der
Maase et al., 2000)

Methotrexate 30 mg/m2/day IV, days 1, 15, 22
Vinblastine 3 mg/m2/day IV, days 2, 15, 22
Doxorubicin 30 mg/m2 IV, day 2
Cisplatin 70 mg/m2 IV, day 2
Repeat cycle every 28 days.

PCG (Bellmunt et
al., 2007)

Paclitaxelb 80 mg/m2 IV, days 1, 8
Cisplatin 70 mg/m2 IV, day 1
Gemcitabine 1,000 mg/m2 IV, days 1, 8
Repeat cycle every 21 days.

Docetaxel/estramustine (Walczak et
al., 2003)

Estramustine 280 mg PO TID, days 1–5
Docetaxelc 60 mg/m2 IV, day 2
Repeat cycle every 3 weeks until disease progression or to a maximum of 6 cycles.

Docetaxel/prednisone (Tannock et
al., 2004)

Docetaxelc 75 mg/m2 IV over 1 hour, day 1
Prednisone 5 mg PO BID, days 1–21
Repeat cycle every 3 weeks.

Bladder
Combination

Prostate
Combination

(Continued on next page)
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Table 6-8. Chemotherapy Regimens for Genitourinary Cancers
(Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

Estramustine/vinblastine (Hudes et
al., 1999)

Estramustine 600 mg/m2/day PO BID or TID,
days 1–42
Vinblastine 4 mg/m2 IV weekly for 6 weeks, beginning on day 1
Repeat cycle every 8 weeks.

FL (Sarosdy et al.,
2000)

Flutamide 250 mg PO TID
With leuprolide 1 mg/day SC
OR leuprolide depot 7.5 mg IM every 28 days

FZ (Zoladex®) (AstraZeneca, 2010;
Jurincic et al., 1991)

Flutamide 250 mg PO TID
With goserelin implant 3.6 mg SC every 28 days
beginning 8 weeks prior to radiation therapy
for 4 cycles
OR goserelin implant 3.6 mg SC 8 weeks prior
to radiation
OR goserelin implant 10.8 mg SC 4 weeks prior to radiation

Mitoxantrone/prednisone (Tannock et
al., 1996)

Mitoxantrone 12 mg/m2 IV, day 1
Prednisone 5 mg PO BID
Repeat cycle every 21 days.

No known acronym
(Schellhammer et
al., 1995)

Bicalutamide 50 mg/day PO
With leuprolide depot 7.5 mg IM every 28 days
OR goserelin implant 3.6 mg SC every 28 days

PE (Hudes et al.,
1997)

Paclitaxelb 120 mg/m2 by 96-hour CIV, days 1–4
Estramustine 600 mg/m2/day PO in two or three
divided doses, starting 24 hours before paclitaxel
Repeat cycle every 21 days.

Abiraterone (Zytiga®) (Janssen Biotech, 2011)

1,000 mg PO BID in combination with prednisone 5 mg PO BID

Estramustine (Emcyt®) (Pfizer Inc.,
2007)

14 mg/kg/day PO in 3 or 4 divided doses

Goserelin implant
(Zoladex) (AstraZeneca, 2010)

3.6 mg SC every 28 days
OR 10.8 mg SC every 12 weeks

(Continued on next page)
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Table 6-8. Chemotherapy Regimens for Genitourinary Cancers
(Continued)
Malignancy/
Type of
Regimen
Single agent
(cont.)

Name

Regimen

Leuprolide depot (Lupron®) (Tap
Pharmaceuticals,
2007)

7.5 mg IM every 28 days; 22.5 mg IM every 3
months; or 30 mg IM every 4 months

Nilutamide (Nilandron®) (sanofiaventis, 2006)

300 mg/day PO, days 1–30, then 150 mg/day
PO, in combination with surgical castration; beginning on same day or day after castration

Prednisone (Tannock et al., 1996)

5 mg PO BID

Triptorelin (Trelstar®)
(Kuhn et al., 1997)

3.75 mg IM every 28 days

Bevacizumab + interferon alfa (Escudier et al., 2007)

Bevacizumab 10 mg/kg IV every 2 weeks until
disease progression
Interferon alfa-2a 9 million IU SC 3 times per
week for 1 year

Interleukin-2 (IL-2)/
interferon alfa (Negrier et al., 1998)

IL-2 18 million units/m2/day CIV, days 1–5 for 2
cycles, separated by 6 days of rest (induction)
After 3 weeks:
IL-2 18 million units/m2/day CIV, days 1–5 (maintenance)
Repeat maintenance cycle for 4 cycles, with 3
weeks of rest after each cycle.
With interferon alfa-2a, 6 million units SC 3
times per week during each IL-2 cycle (induction and maintenance)

Axitinib (Inlyta®)
(Rini et al., 2011)

5 mg PO BID

Bevacizumab (Yang
et al., 2003)

10 mg/kg IV every 2 weeks

Everolimus (Afinitor®) (Motzer et al.,
2008)

10 mg PO daily

Renal
Combination

Single agent

(Continued on next page)
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Table 6-8. Chemotherapy Regimens for Genitourinary Cancers
(Continued)
Malignancy/
Type of
Regimen
Single agent
(cont.)

Name

Regimen

IL-2 (Fyfe et al.,
1995; Sleijfer et al.,
1992; Stoter et al.,
1989)

High dose: 600,000–720,000 units/kg IV over 15
minutes, every 8 hours until toxicity or 14 doses; administer 2 courses separated by 5–9
days.
Repeat 2-course cycle every 6–12 weeks.
Low dose: 18 million units/day SC, days 1–5
during week 1, then 9 million units/day SC,
days 1, 2, and 18 million units/day, days 3–5,
weeks 2–6
Cycle may be repeated after 3 weeks of rest.
OR 3 million units/m2/day CIV on days 1–5 and
12–17
Repeat cycle on day 35.
Then 3 million units/m2/day CIV on days 1–5
Repeat second cycle every 28 days for 4 cycles.

Interferon alfa-2b
(Medical Research
Council Renal Cell
Collaborators, 1999)

10 million units SC 3 times per week for 12
weeks (first week: 5 million, 5 million, and 10
million units)

Pazopanib (Votrient®) (Sternberg et
al., 2010)

800 mg PO daily

Sunitinib (Sutent®)
(Motzer et al., 2007)

50 mg PO daily for 4 weeks, followed by a
2-week rest period

Temsirolimus
(Hudes et al., 2007)

25 mg IV weekly

BEP (Nichols et al.,
1998)

Bleomycin 30 units IV bolus, weekly for 12 weeks
Etoposide 100 mg/m2/day IV, over 30–60 minutes, days 1–5
Cisplatin 20 mg/m2/day IV, over 30–60 minutes,
days 1–5
Repeat cycle every 21 days.

EP (Motzer et al.,
1995)

Etoposide 100 mg/m2/day IV, days 1–5
Cisplatin 20/m2/day IV, days 1–5
Repeat cycle every 21 days.

Testicular
Combination

(Continued on next page)
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Table 6-8. Chemotherapy Regimens for Genitourinary Cancers
(Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

a

Name

Regimen

PVB (Williams et
al., 1987)

Cisplatin 20 mg/m2/day IV, over 15–30 minutes,
days 1–5
Vinblastine 0.15 mg/kg/day IV bolus, days 1, 2
Bleomycin 30 units/day IV bolus, days 2, 9, 16
Repeat cycle every 21 days.

TIP (Kondagunta et
al., 2005)

Paclitaxelb 250 mg/m2 IV over 24 hours, day 1
Ifosfamide 1,500 mg/m2 IV over 1 hour, days 2–5
Mesna 500 mg/m2 IV before and then 4 and 8
hours after each dose of ifosfamide
Cisplatin 25 mg/m2 IV over 30 minutes, days 2–5
Filgrastim 5 mcg/kg SC daily, days 7–18
Repeat cycle every 21 days for 4 cycles.

VIP (Loehrer et al.,
1988)

Vinblastine 0.11 mg/kg/day IV, days 1, 2
OR etoposide 75 mg/m2/day IV, days 1–5
And ifosfamide 1,200 mg/m2/day IV, days 1–5
Cisplatin 20 mg/m2/day IV, days 1–5
Mesna 400 mg IV over 15 minutes prior to ifosfamide
Then mesna 1,200 mg/m2/day CIV, days 1–5
Repeat cycle every 21 days for 4 cycles.

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
b

Patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for 3
days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
c

AUC—area under the curve; CIV—continuous IV infusion; SC—subcutaneous

in women (ACS, 2014). ACS estimated that almost 22,000 new diagnoses and
more than 14,000 deaths occurred in 2014. Unlike endometrial cancer, which
often is diagnosed in the early stages of the disease, ovarian cancer usually is diagnosed when it has spread outside of the ovary and pelvic cavity. Women with
ovarian cancer have described nonspecific abdominal symptoms months before
their diagnosis (ACS, 2014). Common treatment modalities for ovarian cancer
include surgery and chemotherapy. Studies have shown that chemotherapy administered both IV and directly into the abdomen can improve outcomes. Despite ongoing research, the five-year relative survival rate for 2003–2009 was
only 44% for women with ovarian cancer (Siegel, Ma, Zou, & Jemal, 2014) (see
Table 6-9).
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Table 6-9. Chemotherapy Regimens for Gynecologic Malignancies
Malignancy/
Type of
Regimen

Name

Regimen

Cisplatin/fluorouracil
(Morris et al., 1999;
Whitney et al., 1999)

Cisplatin 75 mg/m2 IV over 4 hours, day 1, given
within 16 hours of the first dose of radiation
Fluorouracil 4,000 mg/m2 CIV over 96 hours,
days 2–5
Repeat cycle every 21 days for 3 cycles.
OR
Cisplatin 50 mg/m2/day IV, days 1, 29, given 4
hours before the first dose of radiation
Fluorouracil 1,000 mg/m2/day IV, days 2–5 and
30–33

C-P (Monk et al.,
2009)

Paclitaxela 135 mg/m2 IV over 24 hours
Immediately followed by cisplatin 50 mg/m2 IV
Repeat cycle every 3 weeks for 6 cycles.

Cisplatin/topotecan
(Long et al., 2005)

Cisplatin 50 mg/m2 IV, day 1
Topotecan 0.75 mg/m2/day IV, days 1–3
Repeat cycle every 3 weeks.

Cisplatin/gemcitabine (Brewer et
al., 2006)

Cisplatin 30 mg/m2 IV
Followed by gemcitabine 800 mg/m2/day, days
1, 8
Repeat cycle every 28 days.

Cisplatin (Keys et
al., 1999)

40 mg/m2 IV weekly during radiation therapy for
up to 6 doses. Do not exceed 70 mg per dose.
Followed by hysterectomy 3–6 weeks later

Paclitaxela (Kudelka
et al., 1997)

250 mg/m2 IV over 3 hours, day 1
Repeat cycle every 21 days.

Cisplatin/doxorubicin (Randall et al.,
2006)

Cisplatin 50 mg/m2 IV, day 1
Doxorubicin 60 mg/m2 IV, day 1
Repeat cycle every 21 days.

TAP (Fleming et al.,
2004)

Doxorubicin 45 mg/m2 IV, day 1
Cisplatin 50 mg/m2 IV, day 1
Paclitaxela 160 mg/m2 IV over 3 hours, day 2
Filgrastim 5 mcg/kg SC, days 3–12
Repeat cycle every 3 weeks for a maximum of
7 cycles.

Cervical
Combination

Single agent

Endometrial
Combination

(Continued on next page)
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Table 6-9. Chemotherapy Regimens for Gynecologic Malignancies
(Continued)
Malignancy/
Type of
Regimen
Single agent

Name

Regimen

Doxorubicin (Morrow
et al., 1990)

60 mg/m2 IV, every 21 days. Maximum cumulative dose of 500 mg/m2.

Medroxyprogesterone acetate (Thigpen et al., 1999)

200 mg PO daily

Ovarian/Epithelial
Combination

Carbo-docetaxel
(Vasey et al., 2004)

Docetaxelb 75 mg/m2 IV over 1 hour, day 1
Followed by carboplatin AUC = 5c mg/ml/min IV
(Calvert equation) over 1 hour, day 1
Repeat cycle every 21 days.

Carbo-Tax (Parmar
et al., 2003)

Paclitaxela 175 mg/m2 IV over 3 hours, day 1
Carboplatin AUC = 5c mg/ml/min IV, day 1
Repeat cycle every 21 days.

Carboplatin/weekly
paclitaxel (Katsumata et al., 2009)

Paclitaxela 80 mg/m2 IV over 1 hour, days 1, 8,
15
Carboplatin AUC = 6c mg/ml/min IV, day 1
Repeat cycle every 21 days.

CT (McGuire et al.,
1996; Neijt et al.,
2000)

Paclitaxela 135 mg/m2 IV over 24 hours, day 1
Cisplatin 75 mg/m2 IV, day 1
Repeat cycle every 21 days.
OR
Paclitaxela 175 mg/m2 IV over 3 hours, day 1
Cisplatin 75 mg/m2 IV, day 1
Repeat cycle every 21 days.

GC (Pfisterer et al.,
2006)

Gemcitabine 1,000 mg/m2 IV, days 1, 8
Carboplatin AUC = 4c mg/ml/min IV, day 1 (Calvert formula)
Repeat every 21 days.

Carboplatin/liposomal/doxorubicin (Pujade-Lauraine et al.,
2010)

Liposomal doxorubicin 30 mg/m2 IV day 1
Carboplatin AUC = 5c mg/ml/min IV, day 1 (Calvert formula)
Repeat every 28 days.

Paclitaxel/cisplatin
(Armstrong et al.,
2006)

Paclitaxela 135 mg/m2 CIV, day 1
Cisplatin 100 mg/m2 IP, day 2
Paclitaxela 60 mg/m2 IP, day 8
Repeat cycle every 21 days for 6 cycles.
(Continued on next page)

534 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Table 6-9. Chemotherapy Regimens for Gynecologic Malignancies
(Continued)
Malignancy/
Type of
Regimen
Single agent

Name

Regimen

Altretamine (Markman et al., 1998)

260 mg/m2/day PO in 4 divided doses after
meals and at bedtime for 14 days
Repeat cycle every 28 days.

Bevacizumab (Burger et al., 2007)

15 mg/kg IV, day 1
Repeat every 21 days until disease progression.

Docetaxelb (Rose et
al., 2003)

100 mg/m2 IV, day 1
Repeat cycle every 21 days.

Carboplatin (Pfisterer et al., 2006)

AUC = 4c mg/ml/min IV, day 1 (Calvert formula)
Repeat every 21 days for 6 cycles.

Cisplatin (Parmar et
al., 2003)

75 mg/m2 IV, day 1
Repeat every 21 days for 6–8 cycles.

Etoposide (oral)
(Rose et al., 1998)

50 mg/m2/day PO on days 1–21
Decrease dose to 30 mg/m2/day for prior radiation therapy.
Repeat cycle every 28 days.

Gemcitabine (Lund
et al., 1994)

800 mg/m2/day IV, days 1, 8, 15
Repeat cycle every 28 days.

Paclitaxela (ten Bokkel Huinink et al.,
1997)

175 mg/m2 IV over 3 hours
Repeat cycle every 21 days.

Pegylated liposomal
doxorubicin (Gordon
et al., 2000)

50 mg/m2 IV, day 1, at an initial rate of 1 mg/min;
if no infusion-related adverse events are observed, can increase rate to complete administration over 1 hour.
Repeat cycle every 28 days.

Topotecan (ten Bokkel Huinink et al.,
1997)

1.5 mg/m2/day IV over 30 minutes, days 1–5
Repeat cycle every 21 days.

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
a

All patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for
3 days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
b

c

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

AUC—area under the curve; CIV—continuous intravenous infusion; IP—intraperitoneal; SC—subcutaneous
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Head and Neck Cancers
Incidence rates for head and neck cancers are more than twice as high
in men when compared to women (Siegel et al., 2014). Head and neck cancer caused more than 8,390 deaths in 2014 and was newly diagnosed approximately 42,440 times. Alcohol, smoking, and HPV infections are considered
risk factors for head and neck malignancies (ACS, 2014). Symptoms associated with these malignancies can include a sore in the mouth or throat that
does not heal, a lump or thickening, ear pain, and neck mass. Primary care
physicians and dentists are often able to visualize lesions on the tongue and in
the mouth and throat early in the disease process when the treatment is likely to be more successful (ACS, 2014). The treatment of head and neck cancer
is complex and dependent on the origin, pathology, and the extent of the disease. Patients with head and neck cancer may receive single or combined modality treatment with surgery, radiation, and chemotherapy (see Table 6-10).

Leukemia
The diagnosis of leukemia is generally divided into two broad categories,
acute and chronic. The acute leukemias are further subdivided based on their
histologic origin, arising from the lymphocytic or myeloid lines. In 2013, approximately 24,880 people were diagnosed with an acute leukemia and 11,900
deaths occurred; acute myeloid leukemia will make up about 18,860 of these
new diagnoses and acute lymphoid leukemia the remainder (ACS, 2014). The
diagnosis of acute leukemia generally requires prompt treatment, as the disease can progress quickly. Chemotherapy remains the cornerstone of treatment for acute leukemia and is able to provide complete remissions for many
adult patients. For many patients with acute leukemias, stem cell transplant
may provide the potential for curative therapy. More information can be found
in Chapter 17. However, both chemotherapy and stem cell transplant are associated with significant toxicities, and many will relapse with their disease.
The chronic leukemias are broadly divided into two main categories,
chronic myeloid leukemia (CML) and chronic lymphoid leukemia (CLL).
The chronic leukemias accounted for more than 21,700 new diagnoses
and approximately 5,410 deaths in 2014 (ACS, 2014). CML is thought to
account for about 12% of all leukemias, with the median age at diagnosis
of 64 and a slight male predominance (ACS, 2014; Howlader et al., 2012).
The Philadelphia chromosome, a translocation between chromosomes 9
and 22, is the classic cytogenetic abnormality associated with CML (Shah
et al., 2008). The gene product, the BCR-ABL protein, resulting from the
Philadelphia chromosome provides a novel target for treatment by tyrosine kinase inhibitors. These agents have been so effective in the treatment
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Table 6-10. Chemotherapy Regimens for Head and Neck Cancers
Type of
Regimen
Combination

Single agent

Name

Regimen

Carboplatin/fluorouracil/cetuximab (Vermorken et al., 2008)

Cetuximab 400 mg/m2 IV load over 2 hours,
then 250 mg/m2 IV over 1 hour weekly
Cetuximab infusion to end at least 1 hour prior
to the start of chemotherapy
Followed by carboplatin AUC = 5a mg/ml/min
IV, day 1
Fluorouracil 1,000 mg/m2/day CIV, on days
1–4
Repeat cycle every 21 days for a maximum of
6 cycles.

Cisplatin/cetuximab
(Burtness et al.,
2005)

Cisplatin 100 mg/m2 IV, day 1
Cetuximab 400 mg/m2 IV day 1, over 2
hours, of cycle 1 only. On subsequent cycles, give cetuximab 250 mg/m2 IV over 1
hour, weekly.
Repeat cycle every 4 weeks.

Cisplatin/fluorouracil
(CF) (Gibson et al.,
2005)

Cisplatin 100 mg/m2 IV, day 1
Fluorouracil 1,000 mg/m2/day CIV, days 1–4
Repeat cycle every 21 days.

Cisplatin/fluorouracil/cetuximab (Vermorken et al., 2008)

Cisplatin 100 mg/m2 IV, day 1
Fluorouracil 1,000 mg/m2 CIV, days 1–4
Cetuximab 400 mg/m2 IV load, then 250 mg/
m2 IV subsequent weeks
Repeat cycle every 21 days for a maximum of
6 cycles.

Cisplatin/paclitaxel
(CP) (Gibson et al.,
2005)

Cisplatin 75 mg/m2 IV, day 1
Paclitaxelb 175 mg/m2 IV over 3 hours, day 1

TPF (Posner et al.,
2007; Vermorken et
al., 2008)

Docetaxelc 75 mg/m2 IV over 1 hour, day 1
Cisplatin 75 mg/m2 IV over 1 hour, day 1
Fluorouracil 750 mg/m2/day on days 1–5
Repeat every 21 days.
OR
Docetaxelc 75 mg/m2 IV over 1 hour, day 1
Cisplatin 100 mg/m2 IV over 1 hour, day 1
Fluorouracil 1,000 mg/m2/day on days 1–5
Repeat every 21 days for 3 cycles.

Cetuximab (Vermorken et al., 2007)

400 mg/m2 IV loading dose over 2 hours, then
250 mg/m2 IV over 1 hour, weekly

(Continued on next page)
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Table 6-10. Chemotherapy Regimens for Head and Neck Cancers
(Continued)
Type of
Regimen
Single agent
(cont.)
a

Name
Cisplatin (Cooper et
al., 2004)

Regimen
100 mg/m2 IV, day 1 with radiation therapy
Repeat cycle every 21 days for 3 cycles.

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
b

Patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for 3
days starting 1 day prior to docetaxel administration (sanofi-aventis, 2013).
c

AUC—area under the curve; CIV—continuous intravenous infusion

of patients with CML that they are now considered standard first-line therapy (ACS, 2014).
CLL is more prevalent than CML; it accounts for a third of adult leukemias. The median age at diagnosis is 72, with a slight male predominance
(ACS, 2013). In 2014, an estimated 15,720 people were diagnosed with CLL
and 4,600 people died of the disease (ACS, 2014). The diagnosis of CLL
generally is found in older adults who have no symptoms of their disease
(Eichhorst et al., 2009). CLL generally follows an indolent course that can
include multiple relapses and remissions of decreasing duration. Treatment
of CLL with chemotherapy is generally reserved until patients have progressive disease or experience symptoms from their malignancy (ACS, 2014)
(see Table 6-11).

Lung Cancer
Despite the research devoted to lung cancer, the prognosis remains poor
overall. ACS reports lung cancer to be the leading cause of cancer-related
deaths in both men and women (ACS, 2014). In 2014, an estimated 224,210
people were diagnosed with lung cancer, and 159,260 patients died of the disease (ACS, 2014). One of the difficulties associated with the treatment of lung
cancer is that many patients are diagnosed with advanced disease, which adversely affects prognosis (ACS, 2014). The overall five-year survival rate associated with lung cancer is reported to be 17% (ACS, 2014). The primary risk
factor for lung cancer is smoking, which is thought to account for up to 85%
of all lung cancer–related deaths (Doll & Peto, 1976; Secretan et al., 2009).
Lung cancer is broadly subdivided into two biologic categories, small cell
and non-small cell cancers. Non-small cell lung cancer (NSCLC) accounts
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Table 6-11. Chemotherapy Regimens for Leukemia
Malignancy/
Type of
Regimen

Name

Regimen

Acute Lymphoid Leukemia
Combination

CALGB 8811
(Larson et al.,
1995)

Induction (course 1, 4 weeks)
Cyclophosphamide 1,200 mg/m2 IV, day 1a
Daunorubicin 45 mg/m2 IV, days 1–3a
Vincristine 2 mg IV, days 1, 8, 15, 22
Prednisone 60 mg/m2/day PO, days 1–21a
L-asparaginase 6,000 units/m2 SC, days 5, 8, 11,
15, 18, 22
Early intensification (course 2, 4 weeks, repeat
once)
Methotrexate 15 mg IT, day 1
Cyclophosphamide 1,000 mg/m2 IV, day 1
6-Mercaptopurine 60 mg/m2/day PO, days 1–14
Cytarabine 75 mg/m2/day SC, days 1–4, 8–11
Vincristine 2 mg IV, days 15, 22
L-asparaginase 6,000 units/m2 SC, days 15, 18,
22, 25
CNS prophylaxis and interim maintenance
(course 3, 12 weeks)
Cranial irradiation 2,400 cGy, days 1–12
Methotrexate 15 mg IT, days 1, 8, 15, 22, 29
6-Mercaptopurine 60 mg/m2/day PO, days 1–70
Methotrexate 20 mg/m2 PO, days 36, 43, 50, 57, 64
Late intensification (course 4, 8 weeks)
Doxorubicin 30 mg/m2 IV, days 1, 8, 15
Vincristine 2 mg IV, days 1, 8, 15
Dexamethasone 10 mg/m2/day PO, days 1–14
Cyclophosphamide 1,000 mg/m2 IV, day 29
6-Thioguanine 60 mg/m2/day PO, days 29–42
Cytarabine 75 mg/m2/day SC, days 29–32 and
36–39
Maintenance (course 5, 4 weeks, for 2 years from
diagnosis)
Vincristine 2 mg IV, day 1 of every 4 weeks
Prednisone 60 mg/m2/day PO, days 1–5 of every 4
weeks
Methotrexate 20 mg/m2 PO, days 1, 8, 15, 22
6-Mercaptopurine 60 mg/m2/day PO, days 1–28

(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Name

Regimen

Hyper-CVAD
(Kantarjian et al.,
2000)

Odd cycles (1, 3, 5, 7)
Cyclophosphamide 300 mg/m2 IV over 3 hours every 12 hours, days 1–3
Mesna 600 mg/m2 CIV, days 1–3, starting with cyclophosphamide and ending 6 hours after cyclophosphamide completion
Vincristine 2 mg IV, days 4, 11
Doxorubicin 50 mg/m2 IV, day 4
Dexamethasone 40 mg PO, days 1–4 and 11–14
Filgrastim 5 mcg/kg SC BID beginning 24 hours after doxorubicin completion
Even cycles (2, 4, 6, 8)
Methotrexate 200 mg/m2 IV over 2 hours, day 1, followed by 800 mg/m2 IV over 24 hours
Leucovorin 15 mg IV every 6 hours for 8 doses
starting 24 hours after methotrexate completion.
Must be adjusted per methotrexate level.
Cytarabine 3,000 mg/m2 IV over 2 hours every 12
hours for 4 doses, days 2, 3
Methylprednisolone 50 mg IV BID, days 1–3
Filgrastim 5 mcg/kg SC BID starting 24 hours after
cytarabine completion
CNS prophylaxis
Methotrexate 12 mg IT, day 2 of each cycle
Cytarabine 100 mg IT, day 8 of each cycle
The total number of IT treatments is determined by
CNS risk: beginning with cycle 1, high risk = 16
treatments; unknown risk = 8 treatments; low risk
= 4 treatments.

Single agent

Nelarabine
(Goekbuget et
al., 2005)

1,500 mg/m2/day IV, days 1, 3, 5

Acute Myeloid Leukemia
Combination
(induction)

Idarubicin/cytar
abine/etoposide
(Carella et al.,
1993; Mehta et
al., 1996)

Idarubicin 5 mg/m2/day slow IV push, days 1–5
Cytarabine 2,000 mg/m2/day IV every 12 hours as
a 3-hour infusion, days 1–5
Etoposide 100 mg/m2/day IV as a 1-hour infusion,
days 1–5
OR
Idarubicin 6 mg/m2/day IV bolus, days 1–5
Cytarabine 600 mg/m2/day IV over 2 hours, days 1–5
Etoposide 150 mg/m2/day IV over 2 hours, days 1–3
(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Combination
(induction)
(cont.)

Single agent

Name

Regimen

FLAG (Amadori
et al., 1991)

Fludarabine 30 mg/m2 IV, days 1–5
Cytarabine 2,000 mg/m2 IV over 4 hours, administer 3.5 hours after completion of fludarabine, days
1–5
Filgrastim 5 mcg/kg SC daily, day 0 through count
recovery

MEC (Amadori et
al., 1991)

Etoposide 80 mg/m2 IV over 1 hour, days 1–6
Cytarabine 1,000 mg/m2 IV over 6 hours, administer after completion of etoposide
Mitoxantrone 6 mg/m2 IV bolus, administer 3 hours
after completion of cytarabine, days 1–6

5 + 2 (Rai et al.,
1981)

Cytarabine 100 mg/m2/day CIV, days 1–5
With daunorubicin 45 mg/m2/day IV, days 1–2

7 + 3 (Preisler et
al., 1987)

Cytarabine 100 mg/m2/day CIV, days 1–7
With daunorubicin 45 mg/m2/day IV, days 1–3
OR mitoxantrone 12 mg/m2/day IV, days 1–3
OR idarubicin 12 mg/m2/day IV, days 1–3

7 + 3 (< 60 years
of age) (Fernandez et al., 2009)

Cytarabine 100 mg/m2/day CIV, days 1–7
Daunorubicin 90 mg/m2/day IV, days 1–3

High-dose cytarabine induction (Weick et al.,
1996)

Cytarabine 2,000 mg/m2/dose IV over 1 hour every
12 hours, days 1–6
Daunorubicin 45 mg/m2/day IV daily, days 5–7

Azacitidine (Fenaux et al., 2009)

75 mg/m2/day IV, days 1–7
Repeat every 28 days.

Cytarabine (Mayer et al., 1994)

100 mg/m2/day CIV, days 1–5
For patients ≥ 60 years of age
Repeat cycle every 28 days.

Decitabine
(Cashen et al.,
2010)

20 mg/m2/day IV over 1 hour, days 1–5
Repeat every 28 days.

HiDAC (highdose cytarabine)
(Mayer et al.,
1994)

3,000 mg/m2 IV over 3 hours every 12 hours, days
1, 3, 5
For patients < 60 years of age
Repeat cycle every 28 days.
(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen

Name

Regimen

Acute Promyelocytic Leukemia
Combination

ATRA + daunorubicin+ cytarabine (Adès et al.,
2006)

Induction
All-trans-retinoic acid (tretinoin) 45 mg/m2/day PO
divided every 12 hours until hematologic CR
Daunorubicin 60 mg/m2/day IV, days 3–5
Cytarabine 200 mg/m2/day IV, days 3–12
Omit cytarabine in patients > 60 years with WBCs <
10,000/mm3.
Consolidation 1
Daunorubicin 60 mg/m2/day IV, days 1–3
Cytarabine 200 mg/m2/day IV, days 1–7
Omit cytarabine in patients > 60 years with WBCs <
10,000/mm3.
Methotrexate 15 mg, cytarabine 50 mg, and corticosteroids IT, 3 doses administered during first consolidation for patients with WBCs > 10,000/mm3
Consolidation 2
Daunorubicin 45 mg/m2/day IV, days 1–3
Cytarabine 1,000 mg/m2/dose IV every 12 hours for
8 doses
In patients < 60 years with WBCs > 10,000/mm3,
administer 10 doses of cytarabine at 2,000 mg/
m2/dose every 12 hours.
Omit cytarabine in patients > 60 years with WBCs <
10,000/mm3.
Methotrexate 15 mg, cytarabine 50 mg, and corticosteroids IT, 2 doses administered during second consolidation for patients with WBCs >
10,000/mm3

ATRA + anthracyclines + cytar
abine
(PETHEMA
LPA2005)
(Sanz et al.,
2010)

Induction
Tretinoin 45 mg/m2/day PO divided every 12 hours
until hematologic CR. For patients < 20 years,
tretinoin dose is 25 mg/m2/day.
Idarubicin 12 mg/m2/dose IV, days 2, 4, 6, 8. In patients > 70 years, omit day 8 idarubicin.
Consolidation 1
Low-risk patients:
• Idarubicin 5 mg/m2/day IV, days 1–4
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Name
ATRA + anthracyclines + cytar
abine
(PETHEMA
LPA2005)
(Sanz et al.,
2010) (cont.)

Regimen
Intermediate-risk patients:
• Idarubicin 7 mg/m2/day IV, days 1–4
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
High-risk patients:
• Idarubicin 5 mg/m2/day IV, days 1–4
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
• Cytarabine 1,000 mg/m2/day IV, days 1–4. Omit
cytarabine in patients > 60 years.
Consolidation 2
Low-risk patients:
• Mitoxantrone 10 mg/m2/day IV, days 1–3
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
Intermediate-risk patients:
• Mitoxantrone 10 mg/m2/day IV, days 1–3
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
High-risk patients:
• Mitoxantrone 10 mg/m2/day IV, days 1–5
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
Consolidation 3
Low-risk patients:
• Idarubicin 12 mg/m2/day IV, day 1
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
Intermediate-risk patients:
• Idarubicin 12 mg/m2/day IV, day 1
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
High-risk patients:
• Idarubicin 12 mg/m2/day IV, days 1–4
• Tretinoin 45 mg/m2/day PO divided every 12
hours, days 1–15
• Cytarabine 150 mg/m2 IV every 8 hours for 4
doses. Omit cytarabine in patients > 60 years.

(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Name
ATRA + daunorubicin + arsenic
trioxide
(NAIT C9710)
(Powell et al.,
2010)

Regimen
Induction
Tretinoin 45 mg/m2/day PO divided every 12 hours
until hematologic CR or day 90
Daunorubicin 50 mg/m2/day IV, days 3–6
Cytarabine 200 mg/m2/day CIV, days 3–9
Consolidation 1 (2 cycles)
Arsenic trioxide 0.15 mg/kg/day IV, 5 days per week
for 5 weeks
Begin second consolidation cycle after 2-week rest.
Consolidation 2 (2 cycles)
Tretinoin 45 mg/m2/day PO divided every 12 hours,
days 1–7
Daunorubicin 50 mg/m2/day IV, days 1–3

Single agent

ATRA/arsenic
(Estey et al.,
2006)

Tretinoin 45 mg/m2/day PO divided every 12 hours
Arsenic trioxide 0.15 mg/kg/day IV, beginning day
10 and continuing until < 5% blasts and absence
of promyelocytes

Arsenic trioxide
(Ghavamzadeh
et al., 2011)

Induction
0.15 mg/kg IV over 2 hours daily until remission,
not to exceed 60 doses
Postremission
0.15 mg/kg IV daily, 6 days per week for 28 days
Given with 1-month intervals between induction and
the first and second consolidation courses. Two
more 28-day consolidation courses were administered at 1 and 2 years after remission induction.

ATRA (Degos et
al., 1995)

45 mg/m2/day PO divided every 12 hours

Chronic Lymphoid Leukemia
Combination

Alemtuzumab/
rituximab (Faderl
et al., 2003)

Alemtuzumab 3 mg, 10 mg, and 30 mg IV on 3
consecutive days during week 1 followed by 30
mg IV on days 3–4 of weeks 2–4
Rituximab 375 mg/m2 IV once weekly, weeks 1–4

Bendamustine/
rituximab (Fischer et al., 2011)

Bendamustine 70 mg/m2 IV, days 1 and 2
Rituximab 375 mg/m2 IV for the first cycle and 500
mg/m2 for subsequent cycles
Repeat cycle every 28 days.
(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

FC (Catovsky et
al., 2007)

Fludarabine 25 mg/m2/day IV, days 1–3
Cyclophosphamide 250 mg/m2/day, days 1–3
Repeat cycle every 28 days for 6 cycles.

FCR (Robak et
al., 2010)

Fludarabine 25 mg/m2/day IV, days 1–3
Cyclophosphamide 250 mg/m2 IV, days 1–3
Rituximab 375 mg/m2/day IV during cycle 1, increase dose to 500 mg/m2 for cycles 2–6
Repeat cycle every 28 days for 6 cycles.

Fludarabine +
rituximab (Byrd
et al., 2003)

Fludarabine 25 mg/m2/day IV over 20–30 minutes,
days 1–5
Repeat every 4 weeks.
Rituximab 375 mg/m2 IV, days 1 and 4 of cycle 1,
then 375 mg/m2 IV, day 1 of cycles 2–6
After 6 cycles, patients with stable response or better: Rituximab 375 mg/m2 IV weekly for 4 weeks
with dose escalation described in reference

High-dose methyl
prednisolone/
rituximab
(HDMP) (Castro
et al., 2009)

Methylprednisolone 1,000 mg/m2 IV, days 1–3
Rituximab 375 mg/m2 IV, weekly for 4 weeks
Repeat cycle every 28 days for 3 cycles.

PCR (Kay et al.,
2007)

Pentostatin 2 mg/m2 IV, day 1
Cyclophosphamide 600 mg/m2 IV, day 1
Rituximab 375 mg/m2 IV, day 1
Repeat cycle every 21 days.

Alemtuzumab
(Keating et al.,
2002)

3 mg IV daily over 2 hours, increasing to 10 mg daily and finally to 30 mg 3 times per week, on alternating days, for up to 12 weeks
Do not exceed 30 mg per single dose or 90 mg per
week.

Bendamustine
(Knauf et al.,
2009)

100 mg/m2 IV over 30 minutes, days 1, 2
Repeat cycle every 28 days.

Chlorambucil
(Eichhorst et al.,
2009)

0.4 mg/kg PO, day 1
Repeat therapy every 14 days increasing dose by 0.1
mg/kg at each treatment course up to 0.8 mg/kg.
Maximum of 24 cycles

Fludarabine
(Johnson et al.,
1996)

25 mg/m2/day IV over 30 minutes, days 1–5
Repeat cycle every 28 days.
(Continued on next page)
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Table 6-11. Chemotherapy Regimens for Leukemia (Continued)
Malignancy/
Type of
Regimen
Single agent
(cont.)

Name

Regimen

Ofatumumab
(Wierda et al.,
2010)

300 mg IV initial dose
Followed 1 week later by 2,000 mg IV weekly for
7 weeks, then monthly for 4 months (total of 12
doses)

Rituximab (Huhn
et al., 2001)

375 mg/m2 IV weekly for 4 weeks

Chronic Myeloid Leukemia
Single agent

Dasatinib (Shah
et al., 2008)

100 mg PO daily (chronic phase)
OR 70 mg PO BID (accelerated or blast phase)

Imatinib mesylate
(Kantarjian et al.,
2004)

400–800 mg PO daily

Interferon alfa-2a
(Hehlmann et al.,
1994)

5 million units/day SC

Nilotinib (le
Coutre et al.,
2008)

400 mg PO BID

For patients > 60 years old: Cyclophosphamide 800 mg/m2 IV, day 1; daunorubicin 30 mg/m2 IV, days
1–3; prednisone 60 mg/m2/day PO, days 1–7
a

CIV—continuous IV infusion; cGy—centigray; CNS—central nervous system; CR—complete remission; IT—intrathecal; SC—subcutaneous; WBC—white blood cell

for 84% of all lung cancers (ACS, 2014). Patients with NSCLC may receive
single modality treatment or a combination of surgery, radiation, or chemotherapy, depending on disease status.
Small cell lung cancer (SCLC) has a rapid doubling time and an increased
growth fraction and develops metastatic disease early. Only 33% of patients
diagnosed with SCLC will have limited disease upon diagnosis (Hermes et
al., 2008). Despite the extent of the disease, SCLC is sensitive to both radiation and chemotherapy. Unfortunately, the relapse rate is extremely high,
and the prognosis is poor (Hann & Rudin, 2008) (see Table 6-12).
In patients with SCLC who have limited disease, combination therapy
with chemotherapy and radiation may be curative. However, patients with
more extensive disease receive chemotherapy alone with the intention of
prolonging survival and relieving symptoms. Surgery has a limited role; it is
reserved for patients with resectable disease.
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Table 6-12. Chemotherapy Regimens for Lung Cancers
Malignancy/
Type of
Regimen

Name

Regimen

Non-Small Cell
Combination

Carbo-Tax (Schiller et
al., 2002)

Paclitaxela 225 mg/m2 IV over 3 hours, day 1
Carboplatin AUC = 6b mg/ml/min IV (Calvert
equation), day 1
Repeat cycle every 21 days.

Cisplatin/etoposide (Arriagada et al., 2004)

Cisplatin 100 mg/m2 IV, day 1
Etoposide 100 mg/m2 IV, days 1–3
Repeat every 28 days for 4 cycles.

Cisplatin/pemetrexed
(Scagliotti et al., 2008)

Cisplatin 75 mg/m2 IV, day 1
Pemetrexed 500 mg/m2 IV, day 1
Repeat every 21 days for up to 6 cycles.

Cisplatin/vinorelbine/
cetuximab (Pirker et al.,
2009)

Cetuximab 400 mg/m2 IV initial dose, then
250 mg/m2 weekly
Cisplatin 80 mg/m2 IV, day 1
Vinorelbine 25 mg/m2 IV, days 1, 8
Repeat every 21 days.

Docetaxel/cisplatin
(Schiller et al., 2002)

Docetaxelc 75 mg/m2 IV, day 1
Cisplatin 75 mg/m2 IV, day 1
Repeat cycle every 21 days.

Gemcitabine/cisplatin
(Cardenal et al., 1999;
Schiller et al., 2002)

Gemcitabine 1,000 mg/m2/day IV, days 1,
8, 15
Cisplatin 100 mg/m2 IV, day 1
Repeat cycle every 28 days.
OR
Gemcitabine 1,250 mg/m2/day IV, days 1, 8
Cisplatin 100 mg/m2 IV, day 1
Repeat cycle every 21 days.

Gemcitabine/docetaxel (Georgoulias et al.,
2001)

Gemcitabine 1,100 mg/m2/day IV, days 1, 8
Docetaxelc 100 mg/m2/day IV, day 8
Filgrastim 150 mcg/m2/day subcutaneously,
days 9–15
Repeat cycle every 21 days.

Gemcitabine/paclitaxel
(Kosmidis et al., 2002)

Gemcitabine 1,000 mg/m2/day IV, days 1, 8
Paclitaxela 200 mg/m2 IV over 3 hours, day 1
Repeat cycle every 21 days.

(Continued on next page)
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Table 6-12. Chemotherapy Regimens for Lung Cancers (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

Gemcitabine/vinorelbine (Chen et al., 2000;
Frasci et al., 2000;
Hainsworth et al.,
2000)

Gemcitabine 1,200 mg/m2/day IV, days 1, 8
Vinorelbine 30 mg/m2/day IV, days 1, 8
Repeat cycle every 21 days.
OR
Gemcitabine 800–1,000 mg/m2/day IV, days
1, 8, 15
Vinorelbine 20 mg/m2/day IV, days 1, 8, 15
Repeat cycle every 28 days.

PBC (Sandler et al.,
2006)

Paclitaxela 200 mg/m2 IV over 3 hours, day 1
Bevacizumab 15 mg/kg IV over 90 minutes,
1 hour after completion of all chemotherapy. If patient tolerates initial infusion, may
shorten infusion time to 30–60 minutes
based on patient response.
Carboplatin AUC = 6b mg/ml/min (Calvert
equation) IV over 15–30 minutes, day 1
Repeat cycle every 21 days.

PC (Schiller et al.,
2002; Smit et al., 2003)

Paclitaxela 135 mg/m2 IV over 24 hours, day 1
Cisplatin 75 mg/m2 IV, day 2
Repeat cycle every 21 days.
OR
Paclitaxela 175 mg/m2 IV over 3 hours, day 1
Cisplatin 80 mg/m2 IV, day 1
Repeat cycle every 21 days.

Vinorelbine/cisplatin
(Douillard et al., 2006)

Vinorelbine 30 mg/m2 IV over 20 minutes,
days 1, 8, 15, 22
Cisplatin 120 mg/m2 IV over 1 hour, days 1,
29, 57, 89

Crizotinib (Kwak et al.,
2010)

250 mg PO BID

Docetaxelc (Fossella et
al., 2000)

75 mg/m2 IV over 1 hour, every 21 days

Erlotinib (Crinò et al.,
2011)

150 mg PO daily at least 1 hour before or 2
hours after eating

Gemcitabine (Crinò et
al., 1999)

1,000 mg/m2/day IV over 30 minutes, days
1, 8, 15
Repeat cycle every 28 days.

Pemetrexed (Hanna et
al., 2004)

500 mg/m2 IV over 10 minutes
Repeat every 21 days.
(Continued on next page)
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Table 6-12. Chemotherapy Regimens for Lung Cancers (Continued)
Malignancy/
Type of
Regimen

Name

Single agent
(cont.)

Vinorelbine (Le Chevalier et al., 1994)

Regimen
30 mg/m2 IV over 20 minutes every 7 days

Pleural Mesothelioma
Combination

Pemetrexed/cisplatin (Vogelzang et al.,
2003)

Pemetrexed 500 mg/m2 IV over 10 minutes,
day 1
Cisplatin 75 mg/m2 IV over 2 hours, 30 minutes after pemetrexed
Repeat cycle every 21 days.

Carboplatin/irinotecan
(Hermes et al., 2008)

Carboplatin AUC = 5b mg/ml/min (Calvert
equation) IV, day 1
Irinotecan 175 mg/m2 IV, day 1
Repeat every 21 days.

CAV (von Pawel et al.,
1999)

Cyclophosphamide 800–1,000 mg/m2 IV, day 1
Doxorubicin 45–50 mg/m2 IV, day 1
Vincristined 2 mg/m2 IV, day 1
Repeat cycle every 21–28 days.

CDDP + CPT-11
(Noda et al., 2002)

Cisplatin 60 mg/m2 IV, day 1
Irinotecan 60 mg/m2/day IV, days 1, 8, 15
Repeat cycle every 28 days.

EC (Viren et al., 1994)

Etoposide 100 mg/m2/day IV, days 1–3
Carboplatin 450 mg/m2 IV, day 1
Repeat cycle every 28 days.

EP (Ihde et al., 1994)

Etoposide 80 mg/m2/day IV, days 1–3
Cisplatin 80 mg/m2 IV, day 1
Repeat cycle every 21 days.
OR
Etoposide 80 mg/m2/day IV, days 1–5
Cisplatin 27 mg/m2/day IV, days 1–5
Repeat cycle every 21 days.

Etoposide (Johnson,
1993)

160 mg/m2/day PO, days 1–5
Repeat cycle every 28 days.
OR 50 mg PO BID for 14 days
Repeat cycle every 21 days.

Paclitaxela (Ettinger et
al., 1995)

250 mg/m2 IV over 24 hours every 21 days

Small Cell
Combination

Single agent

(Continued on next page)

Chapter 6. Chemotherapy Regimens

●

549

Table 6-12. Chemotherapy Regimens for Lung Cancers (Continued)
Malignancy/
Type of
Regimen

Name

Regimen

Single agent
(cont.)

Topotecan IV (Ardizzoni
et al., 1997)

1.5 mg/m2/day IV over 30 minutes, days 1–5
Repeat cycle every 21 days.

Topotecan PO (Eckardt
et al., 2007)

2.3 mg/m2/day PO days 1–5
Repeat cycle every 21 days.

Patients should be premedicated with dexamethasone, diphenhydramine, and either ranitidine or cimetidine prior to paclitaxel administration. See paclitaxel package insert for dosages.
a

b

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

All patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day,
for 3 days starting 1 day prior to docetaxel administration to prevent capillary leak syndrome (sanofiaventis, 2013).
c

d

Maximum vincristine doses should not exceed 2 mg.

Lymphoma
Lymphomas are considered the most common hematologic malignancy (ACS, 2014). Adult lymphoma was estimated to account for more than
79,000 new diagnoses and more than 20,000 deaths in 2014 (ACS, 2014).
Broadly, lymphomas are divided into two distinct categories, Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL). Each category is further
divided into subgroups.
HL is reported to have a bimodal distribution, with its peak incidence
occurring early in the third decade of life and the second peak occurring
around the age of 50 (Greco, Acheson, & Foote, 1974). The prognosis associated with HL has been improving over the past several decades. With
the advent of more effective treatment options, the majority of patients are
cured of the disease (ACS, 2014). NHL encompasses a variety of disease subtypes and accounts for the majority of lymphoma cases. In 2014, approximately 70,800 patients were diagnosed with NHL, and almost 19,000 patients died of their disease, making it the eighth most common cause of
cancer death in women and ninth most common in men (ACS, 2014). The
incidence of NHL continues to increase, as does the median age at diagnosis, which can complicate treatment depending on preexisting comorbidities (Groves, Linet, Travis, & Devesa, 2000). NHL is sensitive to both chemotherapy and radiation. Treatment options can include either chemotherapy
or radiation alone or in combination. Overall survival depends on several
factors for patients with NHL, including histologic subtype and extent of disease (ACS, 2014) (see Table 6-13).
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Table 6-13. Chemotherapy Regimens for Lymphoma
Malignancy/
Type of
Regimen

Name

Regimen

Hodgkin Lymphoma
Combination

Single agent

ABVD (Harker et
al., 1984)

Doxorubicin 25 mg/m2/day IV, days 1, 15
Bleomycin 10 units/m2/day IV, days 1, 15
Vinblastine 6 mg/m2/day IV, days 1, 15
Dacarbazine 375 mg/m2/day IV, days 1, 15
Repeat cycle every 28 days.

BEACOPP (increased dose)
(Diehl et al., 2003)

Bleomycin 10 mg/m2 IV, day 8
Etoposide 200 mg/m2 IV, days 1–3
Doxorubicin 35 mg/m2 IV, day 1
Cyclophosphamide 1,200 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 8
Procarbazine 100 mg/m2 PO, days 1–7
Prednisone 40 mg/m2 IV, days 1–14

Stanford V
(Bartlett et al.,
1995)

Doxorubicin 25 mg/m2/day IV, days 1, 15
Vinblastine 6 mg/m2/day IV, days 1, 15b
Mechlorethamine 6 mg/m2/day IV, day 1
Vincristinea 1.4 mg/m2/day IV, days 8, 22b
Bleomycin 5 units/m2/day IV, days 8, 22
Etoposide 60 mg/m2/day IV, days 15, 16
Prednisone 40 mg/m2 PO every other day, tapered
by 10 mg every other day starting at week 10
Repeat every 28 days for 3 cycles.

Brentuximab
(Younes et al.,
2010)

1.8 mg/kg IV over 30 minutes, day 1
Repeat every 21 days.

Non-Hodgkin Lymphoma
Combination

BR (Ogura et al.,
2011)

Rituximab 375 mg/m2 IV, day 1
Bendamustine 90 mg/m2 IV, days 2, 3
Repeat cycle every 21 days for 6 cycles.

CHOP (Bezwoda
et al., 1995)

Cyclophosphamide 750 mg/m2 IV, day 1
Doxorubicin 50 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisolone 50 mg/m2/day PO, days 1–5
Repeat cycle every 21 days.

CHOP–rituximab
(Coiffier et al.,
2002; Czuczman
et al., 1999)

Cyclophosphamide 750 mg/m2 IV, day 1
Doxorubicin 50 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisone 40 mg/m2/day PO, days 1–5
Rituximab 375 mg/m2 IV, day 1
Repeat cycle every 21 days for 8 cycles.
(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Name

Regimen

CHOP–rituximab (Coiffier et
al., 2002; Czuczman et al., 1999)
(cont.)

OR
Cyclophosphamide 750 mg/m2 IV, day 1
Doxorubicin 50 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisone 100 mg/m2/day PO, days 1–5
Rituximab 375 mg/m2 IV given 7 and 2 days before first CHOP cycle; then 2 days before third
and fifth CHOP cycles; then 134 and 141 days
after sixth CHOP cycle
Repeat CHOP cycle every 21 days for 6 cycles.

CNOP (Bezwoda
et al., 1995)

Cyclophosphamide 750 mg/m2 IV, day 1
Mitoxantrone 10 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisolone 50 mg/m2/day PO, days 1–5
Repeat cycle every 21 days.

CODOX-M/IVAC
(Mead et al.,
2002)

Protocol A (CODOX-M)
Cyclophosphamide 800 mg/m2 IV, day 1
Cyclophosphamide 200 mg/m2/day IV, days 2–5
Vincristinea 1.5 mg/m2 IV, days 1, 8
Doxorubicin 40 mg/m2 IV, day 1
Cytarabine 70 mg IT, days 1, 3
Methotrexate 1,200 mg/m2 IV over 1 hour, day 10 followed by methotrexate 240 mg/m2/hour for 23 hours
Leucovorin 192 mg/m2 IV at hour 36, on day 11
followed by 12 mg/m2/dose IV/PO until methotrexate level is < 5 × 10–8 M
Filgrastim 5 mcg/kg/day SC, starting day 13
Methotrexate 12 mg IT, day 15
Leucovorin 15 mg PO, 24 hours after IT methotrexate
Protocol B (IVAC)
Etoposide 60 mg/m2 IV over 1 hour, days 1–5
Ifosfamide 1,500 mg/m2 IV over 1 hour, days 1–5
Mesna 360 mg/m2/dose mixed with ifosfamide,
then 360 mg/m2/dose IV every 3 hours
Cytarabine 2,000 mg/m2 IV over 3 hours every 12
hours, days 1, 2
Methotrexate 12 mg IT, day 5
Leucovorin 15 mg PO, 24 hours after IT methotrexate
Filgrastim 5 mcg/kg/day SC, day 7

(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen

Name

Combination
(cont.)

CVP-R (Marcus et
al., 2005, 2008)

Cyclophosphamide 750 mg/m2 IV, day 1
Vincristinea 1.4 mg/m2 IV, day 1
Prednisone 40 mg/m2/day PO, days 1–5
Rituximab 375 mg/m2 IV, day 1
Repeat cycle every 21 days.

DHAP (Velasquez
et al., 1988)

Dexamethasone 40 mg/day PO or IV over 24
hours, days 1–4
Cisplatin 100 mg/m2 CIV, day 1
Cytarabine 2,000 mg/m2 IV over 3 hours every 12
hours for 2 doses, day 2
Repeat cycle every 21–28 days for 6–10 cycles.

ESHAP (Rodriguez et al., 1995;
Velasquez et al.,
1994)

Etoposide 40 mg/m2/day IV, days 1–4
Methylprednisolone 500 mg/day IV, days 1–5
Cisplatin 25 mg/m2/day CIV, days 1–4
Cytarabine 2,000 mg/m2 IV over 2–3 hours, day 5
OR
Etoposide 60 mg/m2/day IV, days 1–4
Methylprednisolone 500 mg/day IV, days 1–4
Cisplatin 25 mg/m2/day CIV, days 1–4
Cytarabine 2,000 mg/m2 IV over 2 hours, day 5,
immediately following completion of cisplatin
Repeat cycle every 21–28 days.

FCMR (Forstpointner et al., 2004)

Fludarabine 25 mg/m2/day IV over 30 minutes,
days 1–3
Cyclophosphamide 200 mg/m2/day IV over 4
hours, days 1–3
Mitoxantrone 8 mg/m2 IV over 30 minutes, day 1
Rituximab 375 mg/m2/day IV day prior to FCM
course

Hyper-CVAD
(Khouri et al.,
1998)

Course 1
Cyclophosphamide 300 mg/m2 over 3 hours every
12 hours for 6 doses, days 1–3
Doxorubicin 50 mg/m2 over 48 hours after cyclophosphamide, days 4–5
Vincristinea 2 mg administered 12 hours after last
cyclophosphamide dose; repeat on day 11.
Dexamethasone 40 mg/day IV or PO, days 1–4
and 11–14
Filgrastim 5 mcg/kg SC beginning 24 hours after
doxorubicin is complete

Regimen

(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Name

Regimen

Hyper-CVAD
(Khouri et al.,
1998) (cont.)

Course 2
Methotrexate 200 mg/m2 IV bolus, day 1
Followed by methotrexate 800 mg/m2 over 24
hours, day 1
Followed by cytarabinec 3,000 mg/m2 IV every 12
hours for 4 doses, days 2–3
Leucovorin 50 mg PO 24 hours after end of methotrexate infusion, followed 6 hours later by leucovorin 15 mg PO every 6 hours for 8 doses (dose adjusted for methotrexate concentration at 24 and 48
hours after completion of methotrexate infusion)
Filgrastim 5 mcg/kg SC beginning 24 hours after
cytarabine
Repeat course every 21 days.

ICE (Moskowitz et
al., 1999)

Etoposide 100 mg/m2/day IV, days 1–3
Carboplatin AUC = 5d mg/ml/min (Calvert equation) IV, day 2—maximum dose 800 mg
Ifosfamide 5,000 mg/m2 CIV over 24 hours, day 2
Mesna 5,000 mg/m2 IV, day 2
Filgrastim 5 mcg/kg/day SC, days 5–12

MINE-ESHAP
(Rodriguez et al.,
1995; Velasquez
et al., 1994)

Mesna 1,330 mg/m2/day IV over 1 hour, administered at the same time as ifosfamide, then 500
mg/day PO 4 hours after ifosfamide, days 1–3
Ifosfamide 1,330 mg/m2/day IV over 1 hour, days 1–3
Mitoxantrone 8 mg/m2 day IV, day 1
Etoposide 65 mg/m2/day IV, days 1–3
Repeat cycle every 21 days for 6 cycles, followed
by 3–6 cycles of ESHAP.

R-EPOCH (Jermann et al., 2004)

Rituximab 375 mg/m2 IV, day 1
Etoposide 65 mg/m2/day CIV, days 2–4
Doxorubicin 15 mg/m2/day CIV, days 2–4
Vincristine 0.5 mg/m2/day CIV, days 2–4
Cyclophosphamide 750 mg/m2 IV, day 5
Prednisone 60 mg/m2/day PO, days 1–14
Repeat cycle every 21 days for 4–6 cycles.

RICE (Kewalramani et al., 2004)

Rituximab 375 mg/m2 IV, day 1 every 14 days
Etoposide 100 mg/m2/day IV, days 3–5
Carboplatin AUC = 5d mg/ml/min (Calvert equation) IV, day 4—maximum dose 800 mg
Ifosfamide 5,000 mg/m2 CIV over 24 hours, day 4
Mesna 5,000 mg/m2 IV, day 4 with ifosfamide
Filgrastim 5 mcg/kg/day SC, days 7–14
(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

Rituximab/fludarabine (Czuczman
et al., 2005)

Rituximab 375 mg/m2 IV × 7 infusions
Weeks 1 and 26, administer rituximab infusions 4
days apart.
Single rituximab infusions given 72 hours before
fludarabine infusions 2, 4, and 6
Fludarabine 25 mg/m2 IV, days 1–5
Repeat cycle every 28 days.

Rituximab + FND
(McLaughlin et al.,
2000)

Rituximab 375 mg/m2 IV weekly
Fludarabine 25 mg/m2/day IV, days 1–3
Mitoxantrone 10 mg/m2/day IV, day 1
Dexamethasone 20 mg/day PO, days 1–5
Repeat cycle every 28 days.

Bendamustine
(Kahl et al., 2010)

120 mg/m2 IV days 1, 2
Repeat every 21 days.

Bexarotene (Duvic
et al., 2001)

300 mg/m2/day PO with a meal until benefit is no
longer derived

Bortezomib (Goy
et al., 2009)

1.3 mg/m2 IV, days 1, 4, 8, 11
Repeat every 21 days for up to 17 cycles.

Brentuximab
(Shustov et al.,
2010)

1.8 mg/kg IV over 30 minutes, day 1
Repeat every 21 days.

Denileukin diftitox
(Dang et al., 2007)

18 mcg/kg/day IV, days 1–5
Repeat cycle every 21 days for up to 8 cycles.

Fludarabine (Pigaditou et al., 1993)

25 mg/m2/day IV over 10 minutes, days 1–5
Repeat cycle every 21–28 days.

Ibritumomab tiuxetan (Wiseman et
al., 2001)

Rituximab 250 mg/m2 infusion followed within 4
hours by a fixed 5 mCi (1.6 mg total antibody
dose) dose of 111In ibritumomab tiuxetan administered as a 10-minute IV push
Followed 7–9 days after first dose of rituximab/111In
ibritumomab tiuxetan: Rituximab 250 mg/m2 infusion followed within 4 hours by 90Y ibritumomab
tiuxetan 0.4 mCi/kg (maximum 32 mCi) administered as a 10-minute IV push

Pralatrexate
(O’Connor et al.,
2009)

30 mg/m2 IV, weekly for 28 days
Repeat every 7 weeks.
(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen
Single agent
(cont.)

Name

Regimen

Rituximab (Hainsworth et al.,
2002; McLaughlin
et al., 1998)

375 mg/m2/day IV, days 1, 8, 15, 22
Infuse at 50 mg/hr initially. Increase rate if tolerated.

Rituximab maintenance (van Oers
et al., 2010)

375 mg/m2/day IV, days 1
Repeat every 90 days.

Tositumomab
(Kaminski et al.,
2005)

Dosimetric step: Tositumomab 450 mg infused
over 60 minutes
Iodine-131 (131I) tositumomab (35 mg tositumomab
containing 5 mCi 131I) infused over 20 minutes
Therapeutic step: Tositumomab 450 mg infused
over 60 minutes
131
I tositumomab dose individualized for each patient based on results of dosimetric step

Vorinostat (Olsen
et al., 2007)

400 mg PO daily taken with food

Primary CNS Lymphoma
Combination

No known acronym (DeAngelis et
al., 2002)

Methotrexate 2.5 g/m2 IV over 2–3 hours every
other week for 5 doses (weeks 1, 3, 5, 7, 9)
Leucovorin 20 mg PO every 6 hours for 12 doses,
weeks 1, 3, 5, 7, 9
Methotrexate 12 mg given through Ommaya reservoir; weeks 2, 4, 6, 8, 10
Followed by leucovorin 10 mg PO BID for 8 doses beginning the evening after methotrexate administration
Vincristine 1.4 mg/m2 (max 2.8 mg) IV every other
week for 5 doses (weeks 1, 3, 5, 7, 9)
Procarbazine 100 mg/m2/day PO for 7 days
(weeks 1, 5, 9)
Dexamethasone 16 mg/day PO for the first week;
12 mg/day for week 2; 8 mg/day for week 3; 6
mg/day for week 4; 4 mg/day for week 5; and 2
mg/day for week 6
Whole brain radiation therapy, 1.2 Gy fractions,
twice daily for 15 days (for patients with a complete response after week 10)
Cytarabine 3 g/m2/day IV over 3 hours for 2 days
for 2 cycles (begin after radiation, weeks 16, 19)
(Continued on next page)
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Table 6-13. Chemotherapy Regimens for Lymphoma (Continued)
Malignancy/
Type of
Regimen
Single agent

a

Name
Methotrexate
(Batchelor et al.,
2003)

Regimen
8,000 mg/m2 IV, day 1
Repeat every 14 days until a complete response
or maximum of 8 cycles.
If complete response, give 2 consolidation cycles of 8,000 mg/m2 IV every 14 days followed
by maintenance cycles of 8,000 mg/m2 IV every
28 days.
The total dose of methotrexate was adjusted based
on the prechemotherapy creatinine clearance.
The dose was reduced by the percentage reduction of the creatinine clearance < 100 ml/min.
During and after infusion of methotrexate, IV hydration and urine alkalization were continued to maintain urine output > 100 ml/hr and urine pH > 7.
Leucovorin rescue was started 24 hours after the
methotrexate infusion and continued until methotrexate level was < 0.1 mcM.

Maximum vincristine doses should not exceed 2 mg.

For patients > 50 years old, decrease dose of vinblastine to 4 mg/m2 and vincristine to 1 mg/m2 during cycle 3.
b

c

Reduce dose to 1,000 mg/m2 in patients > age 60 or with serum creatinine levels > 1.5 mg/dl.

d

Calvert equation as follows: Dose = (glomerular filtration rate + 25) × AUC (Calvert et al., 1989).

CIV—continuous IV infusion; CNS—central nervous system; Gy—gray; IT—intrathecal; mCi—millicurie; SC—subcutaneous

Melanoma
In 2014, ACS estimated that approximately 76,100 people were diagnosed
with cutaneous melanoma and 9,710 died of the disease. These numbers
may underestimate the true total of melanoma cases, as many superficial
and in situ cases are not reported. The incidence of melanoma continues to
increase. Up to 85% of patients with melanoma will present with localized
disease; only 5% of patients will have metastatic disease (Balch et al., 2009).
Overall survival correlates with stage at presentation. Patients with localized
disease have an overall survival rate of 90%, whereas patients with more invasive disease have an overall five-year survival rate of 10%–60%, depending
on nodal involvement. Patients with distant metastases have a survival rate of
less than 20% at five years (Balch et al., 2009). Modifying sun exposure and
performing self-examination are some strategies that can reduce the risk of
developing melanoma (see Table 6-14).

Chapter 6. Chemotherapy Regimens

●

557

Table 6-14. Chemotherapy Regimens for Melanoma
Type of
Regimen
Combination

Single agent

Name

Regimen

CVD (Eton et al.,
2002)

Cisplatin 20 mg/m2/day IV, days 1–4 and 22–25
Vinblastine 2 mg/m2/day IV, days 1–4 and 22–25
Dacarbazine 800 mg/m2 IV, days 1, 22
Repeat cycle every 6 weeks.

Ipilimumab/dacarbazine (Robert et
al., 2011)

Ipilimumab 10 mg/kg IV day 1, weeks 1, 4, 7, 10
Dacarbazine 850 mg/m2 IV day 1, weeks 1, 4, 7,
10, then every 3 weeks through week 22

Dacarbazine (Middleton et al., 2000)

250 mg/m2/day IV over 30 minutes, days 1–5
Repeat cycle every 21 days.

High-dose interleukin-2 (Atkins et
al., 1999)

600,000 units/kg or 720,000 units/kg IV over 15
minutes every 8 hours, days 1–5 for 14 doses
over 5 days; after a 6–9-day rest period, an additional 14 doses of interleukin-2 are scheduled
during the next 5 days.
Courses separated in 6–12-week intervals

Interferon alfa-2a
(Creagan et al.,
1995)

20 million units/m2 intramuscularly 3 times a week
for 12 weeks

Interferon alfa-2b
(Kirkwood et al.,
1996)

20 million units/m2/day IV, days 1–5 for 4 weeks,
then 10 million units/m2 subcutaneously (SC) 3
times per week for 48 weeks

Ipilimumab (Hodi
et al., 2010)

3 mg/kg IV day 1
Repeat cycle every 3 weeks for 4 doses.

Pegylated interferon alfa-2b (Eggermont et al., 2008)

6 mcg/kg SC weekly for 8 weeks, then 3 mcg/kg
SC weekly for up to 5 years

Temozolomide
(Middleton et al.,
2000)

200 mg/m2/day PO under fasting conditions, days
1–5
Repeat cycle every 28 days.

Vemurafenib
(Chapman et al.,
2011)

960 mg PO BID
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Multiple Myeloma
Multiple myeloma is a malignancy of plasma cells that accumulate in the
bone marrow leading to marrow failure and bone destruction. It is estimated to account for 24,050 new diagnoses and 11,090 deaths in 2014 (ACS,
2014). The incidence of multiple myeloma increases with age. The reported median age at diagnosis for patients is 69, with the majority of patients
being at least 70 years of age (Brenner, Gondos, & Pulte, 2008). The treatment of multiple myeloma has improved over the past 10 years. The fiveyear survival rate reported in the SEER database has increased from 25% to
34% in the past 30 years (Brenner et al., 2008; Kumar et al., 2008). Multiple
myeloma is a sensitive neoplasm and responds to a variety of chemotherapy agents. However, despite the initial responses to treatment, multiple myeloma is not considered to be curable with the current treatment strategies
(see Table 6-15).

Table 6-15. Chemotherapy Regimens for Multiple Myeloma
Type of
Regimen
Combination

Name

Regimen

Bortezomib/peg
ylated liposomal
doxorubicin
(Orlowski et al.,
2007)

Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11
Pegylated liposomal doxorubicin 30 mg/m2 IV,
day 4
Repeat cycle every 21 days.

Bortezomib/dexamethasone (Harousseau et al.,
2010)

Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11
Dexamethasone 40 mg/day PO, days 1–4 and
9–12 (cycles 1, 2)
Repeat every 28 days for 4 cycles.

Bortezomib/dexamethasone/doxorubicin (Sonneveld et
al., 2010)

Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11
Dexamethasone 40 mg/day PO, days 1–4, 9–12,
and 17–20
Doxorubicin 9 mg/m2/day IV, days 1–4
Repeat every 28 days for 3 cycles.

CyBorD (Khan et
al., 2012)

Cyclophosphamide 300 mg/m2 PO, days 1, 8, 15,
22
Bortezomib 1.3 mg/m2 IV, days 1, 4, 8, 11
Dexamethasone 40 mg/day PO, days 1–4, 9–12,
and 17–20
Repeat cycle every 28 days.

(Continued on next page)
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Table 6-15. Chemotherapy Regimens for Multiple Myeloma (Continued)
Type of
Regimen
Combination
(cont.)

Name

Regimen

DT-PACE (Lee et
al., 2003)

Dexamethasone 40 mg PO, days 1–4
Thalidomide 400 mg/day PO each day
Cisplatin 10 mg/m2/day CIV, days 1–4
Doxorubicin 10 mg/m2/day CIV, days 1–4
Cyclophosphamide 400 mg/m2/day CIV, days 1–4
Etoposide 40 mg/m2/day CIV, days 1–4

Lenalidomide/dexamethasone (Dimopoulos et al., 2007;
Rajkumar et al.,
2010)

Lenalidomide 25 mg/day PO, days 1–21
Dexamethasone 40 mg/day PO, days 1–4, 9–12,
and 17–20
Repeat every 28 days.
OR
Lenalidomide 25 mg/day PO, days 1–21
Dexamethasone 40 mg/day PO, days 1, 8, 15, 22
Repeat cycle every 28 days.

Melphalan/prednisone/lenalidomide
(Palumbo et al.,
2007)

Melphalan 0.18 mg/kg PO daily, days 1–4
Prednisone 2 mg/kg PO daily, days 1–4
Lenalidomide 10 mg PO daily, days 1–21
Repeat every 28 days for 9 cycles.

Melphalan/prednisone/thalidomide
(MPT) (Wijermans
et al., 2010)

Melphalan 0.25 mg/kg PO daily, days 1–5
Prednisone 1 mg/kg PO daily, days 1–5
Repeat every 28 days for 8 cycles.
Thalidomide 200 mg/day PO daily, until 4 weeks
after last MPT cycle

RVD (Richardson
et al., 2003, 2010)

Lenalidomide 25 mg/day PO, days 1–14
Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11
Dexamethasone 20 mg/day PO, days 1, 2, 4, 8,
9, 11, 12, during cycles 1–4 followed by dexamethasone 10 mg/day PO cycles 5–8
Repeat cycle every 21 days.

Thalidomide/dexamethasone (Raj
kumar et al., 2002)

Thalidomide 200 mg/day PO
Dexamethasone 40 mg/day PO, days 1–4, 9–12,
and 17–20 (odd cycles) and 40 mg/day PO,
days 1–4 (even cycles)
Repeat cycle every 28 days for 4 cycles.

VAD (Barlogie et
al., 1984)

Vincristine 0.4 mg/day CIV, days 1–4 (maximum
doses should not exceed 2 mg)
Doxorubicin 9 mg/m2/day CIV, days 1–4
Dexamethasone 40 mg/day PO, days 1–4, 9–12,
and 17–20
Repeat cycle every 25 days.
(Continued on next page)
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Table 6-15. Chemotherapy Regimens for Multiple Myeloma (Continued)
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

VMP (San Miguel
et al., 2008)

Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11,
22, 25, 29, 32, cycles 1–4
Followed by bortezomib 1.3 mg/m2 bolus IV, days
1, 8, 22, 29, cycles 5–9
Melphalan 9 mg/m2 PO, days 1–4
Prednisone 60 mg/m2 PO, days 1–4
Continue for a total of nine 6-week cycles.

VTD (Cavo et al.,
2010)

Bortezomib 1.3 mg/m2 IV bolus, days 1, 4, 8, 11
Thalidomide 100 mg PO daily, days 1–14, and
200 mg PO daily thereafter
Dexamethasone 40 mg PO daily on 8 of the first
12 days but not consecutively; total of 320 mg
per cycle
Treat for three 21-day cycles.

Bortezomib (Richardson et al., 2003)

1.3 mg/m2/day IV bolus, days 1, 4, 8, 11
Repeat cycle every 21 days.

Dexamethasone
(Alexanian et al.,
1992)

20 mg/m2/day PO, days 1–4, 9–12, and 17–20
Repeat cycle after 14-day rest period, for no
more than 3 cycles.

Lenalidomide
(Richardson et al.,
2005)

30 mg PO daily, days 1–21
Repeat every 28 days.

Thalidomide (Singhal et al., 1999)

200 mg/day PO at bedtime as tolerated, until progression or at physician discretion
Increase dose every 2 weeks for 6 weeks up to a
dose of 800 mg/day.

Pancreatic Cancer
ACS estimated 46,420 new pancreatic cancer diagnoses and 39,590 deaths
for 2014; it is the fourth most common cause of cancer-related deaths (ACS,
2014). Incidence has been increasing at a similar rate in men and women
since 2000, and from 2006 to 2010, the incidence increased by 1.3% each
year (ACS, 2014). Cigarette smoking is attributed as the cause for approximately 20% of cases, and incidence in smokers is double that in never smokers. The death rate for pancreatic cancer has also been rising; from 2006
to 2010, it increased by 0.4% per year (ACS, 2014). Patients with pancreat-
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ic cancer may undergo surgery, radiation, or chemotherapy. Despite the variety of treatment modalities, the prognosis remains poor. The overall fiveyear survival rate is 6% (ACS, 2014). The National Comprehensive Cancer
Network (2013) recommends that clinical trials be considered in all patients
with pancreatic cancer (see Table 6-16).

Sarcoma
Sarcomas are a large diverse group of solid tumors of mesenchymal origin that are normally divided into two broad categories: sarcomas of soft tissues and of the bone. Collectively, sarcomas account for a minority of all
adult cancers, but are more common in the pediatric population. Soft tis-

Table 6-16. Chemotherapy Regimens for Pancreatic Cancer
Type of
Regimen
Combination

Single agent

Name

Regimen

FOLFIRINOX
(Conroy et al.,
2011)

Oxaliplatin 85 mg/m2 IV over 2 hours
Followed by leucovorin 400 mg/m2 IV over 2 hours
Thirty minutes into leucovorin infusion, begin irinotecan 180 mg/m2 IV over 90 minutes through a Yconnector.
Immediately followed by fluorouracil 400 mg/m2 IV
bolus, then 2,400 mg/m2 IV over 46 hours
Repeat cycle every 2 weeks.

Gemcitabine/
capecitabine
(Herrmann et al.,
2007)

Gemcitabine 1,000 mg/m2 IV over 30 minutes,
days 1, 8
Capecitabine 650 mg/m2 PO BID, days 1–14
Repeat cycle every 21 days.

Gemcitabine/erlotinib (Moore et al.,
2007)

Erlotinib 100 mg PO daily at least 1 hour before or
2 hours after eating
Gemcitabine 1,000 mg/m2 IV, days 1, 8, 15, 22, 29,
36, 43 during cycle 1 (8 weeks)
Followed by gemcitabine 1,000 mg/m2 IV, days 1,
8, 15 (subsequent cycles are 4-week cycles)

GEMOX (Louvet
et al., 2005)

Gemcitabine 1,000 mg/m2 IV as a 100-minute infusion, day 1
Oxaliplatin 100 mg/m2 IV as a 2-hour infusion, day
2

Gemcitabine (Burris et al., 1997)

1,000 mg/m2 IV over 30 minutes weekly for 7
weeks, followed by a 1-week rest period
Subsequent cycles: Once weekly for 3 consecutive
weeks out of every 4 weeks.
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sue sarcomas accounted for an estimated 12,020 new diagnoses and 4,740
deaths in 2014 (ACS, 2014). Sarcomas can vary in anatomic site, histology,
and behavior. Although soft tissue sarcomas can occur anywhere, the most
common sites include the trunk, retroperitoneum, or the head and neck
(Cormier & Pollock, 2004). The anatomic site for the primary disease represents an important component that influences not only treatment but also
outcome (see Table 6-17).

Table 6-17. Chemotherapy Regimens for Sarcomas
Type of
Regimen
Combination

Name

Regimen

AD (Antman et
al., 1993)

Doxorubicin 15 mg/m2/day continuous IV infusion
(CIV), days 1–4
Dacarbazine 250 mg/m2/day CIV, days 1–4
Repeat cycle every 21 days.

DI (Santoro et
al., 1995)

Doxorubicin 50 mg/m2 IV bolus, day 1
Ifosfamide 5,000 mg/m2 CIV following doxorubicin,
day 1
Mesna 600 mg/m2 IV bolus before ifosfamide, followed by 2,500 mg/m2 CIV with ifosfamide and
1,250 mg/m2 IV over 12 hours following ifosfamide
Repeat cycle every 21 days.

Gemcitabine/
docetaxel (Maki
et al., 2007)

Gemcitabine 900 mg/m2 IV over 90 minutes, days
1, 8
Docetaxela 100 mg/m2 IV over 60 minutes, day 8
Repeat cycle every 21 days.

Gemcitabine/
vinorelbine
(Dileo et al.,
2007)

Gemcitabine 800 mg/m2 IV over 90 minutes, days
1, 8
Vinorelbine 25 mg/m2 IV over 10 minutes, days 1, 8
Repeat cycle every 21 days.

Ifosfamide/epirubicin (Frustaci et
al., 2001)

Ifosfamide 1,800 mg/m2/day IV over 1 hour, days
1–5
Mesna 20% of ifosfamide dose given IV prior to and
4 and 8 hours after ifosfamide infusion
Epirubicin 60 mg/m2/day IV bolus, days 1–2
Repeat cycle every 21 days for 5 cycles.

MAID (Antman
et al., 1993)

Mesna 2,500 mg/m2/day CIV, days 1–4
Doxorubicin 15 mg/m2/day CIV, days 1–4
Ifosfamide 2,500 mg/m2/day CIV, days 1–3
Dacarbazine 250 mg/m2/day CIV, days 1–4
Repeat cycle every 21 days.
(Continued on next page)
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Table 6-17. Chemotherapy Regimens for Sarcomas (Continued)
Type of
Regimen
Combination
(cont.)

Single agent

Name

Regimen

VAC-IE (Grier et
al., 2003)

Cyclophosphamide 1,200 mg/m2 IV, day 1, followed
by mesna
Vincristineb 2 mg/m2 IV, day 1
Doxorubicin 75 mg/m2 IV bolus, day 1
Dactinomycin 1.25 mg/m2 IV, day 1. Substituted for
doxorubicin when cumulative doxorubicin dose
reaches 375 mg/m2.
Alternating with each cycle:
Ifosfamide 1,800 mg/m2/day IV with mesna, days
1–5
Etoposide 100 mg/m2/day IV, days 1–5
Repeat cycle every 21 days for 17 total cycles.

Methotrexate/
cisplatin/doxorubicin/ifosfamide
(Ferrari et al.,
2005)

Methotrexate 12,000 mg/m2 IV over 4 hours, day
1 with leucovorin 8 mg/m2 IV every 6 hours for
11 doses starting 24 hours from the start of the
methotrexate infusion on days 1, 42 (preoperatively); days 133, 196, 238 (postoperatively)
Cisplatin 120 mg/m2 CIV over 48 hours, days 7–8,
49–50 (preoperatively); days 140–141, 203–204,
245–246 (postoperatively)
Cisplatin was increased to 150 mg/m2 for postoperative course in patients who failed to achieve total primary chemotherapy-induced necrosis
Doxorubicin 75 mg/m2 CIV over 24 hours, days 7,
49 (preoperatively); days 98, 161 (postoperatively)
Doxorubicin was increased to 90 mg/m2 CIV for
postoperative treatment courses.
Ifosfamide 3,000 mg/m2/day CIV for 5 days with
mesna on days 28–32, 70–74 (preoperatively);
days 119–123, 182–186, 224–228 (postoperatively)

Doxorubicin
(Nielsen et al.,
1998)

75 mg/m2 IV every 21 days for 2–6 cycles

All patients should be premedicated with oral corticosteroids, such as dexamethasone 16 mg/day, for
3 days starting 1 day prior to docetaxel administration.
a

b

Maximum vincristine doses should not exceed 2 mg.
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Summary
The treatment of patients with cancer continues to evolve. The National
Cancer Institute estimated that approximately 13.7 million Americans with
a history of cancer were alive on January 1, 2012 (ACS, 2014). The progress
that researchers continue to make in the fight against cancer is evident in
the overall survival rates. The five-year survival in patients with cancer has increased from 49% in 1975–1977 to 68% in 2003–2009 (ACS, 2014). The increasing survival rates have been attributed to the development of new therapies as well as diagnosis earlier in the disease process. Despite this progress,
cancer remains a significant cause of mortality in the United States, second
only to heart disease (ACS, 2014). The information contained in this chapter should be used as a practice guide.
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CHAPTER 7

Botanicals in Cancer
Care
Jyothirmai Gubili, MS, K. Simon Yeung, PharmD, MBA, LAc, and
Barrie Cassileth, MS, PhD

Introduction
Over-the-counter (OTC) herbal supplements are popular in the United
States with increased interest and use over the past three decades. It is important for oncology providers to be aware of the possible interactions between OTC botanicals and antineoplastic treatment. The National Health Interview Survey conducted by the Centers for Disease Control and Prevention
in 2007 revealed that more than 55 million Americans use botanicals (Barnes,
Bloom, & Nahin, 2008; Wu, Wang, & Kennedy, 2011). The use of herbs is prevalent among patients with cancer, especially those with breast cancer (BrightGbebry et al., 2011), prostate cancer (Eng et al., 2003), and pediatric cancers
(Bishop et al., 2010). This chapter provides information about herbs that are
commonly used by patients with cancer, including dong quai, garlic, ginkgo,
ginseng, green tea, red clover, St. John’s wort, saw palmetto, selenium, and soy.
Herbs and other botanicals are substances derived from plants. Medicinal
herbal agents, also termed phytomedicinals, are made from the whole plant or
from its leaves, stems, flowers, seeds, or roots alone or in combination. Herbal
supplements may consist of a single herb or a combination of several, as used
in traditional Chinese medicine and Ayurvedic medicine from India. All cultures worldwide have used plants as medicine since ancient times, and 80% of
the world’s population use botanicals as their primary source of medicine (European Food Safety Authority, 2012; World Health Organization, 1993, 2013).
Botanicals are available in multiple forms: An herb may be consumed directly in whole as medicine or food, or it may be processed by drying, fermenting, or cooking. Other forms include decoctions, extracts, powders or
granules, tablets or capsules, external/topical preparations, and oils.
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• Decoctions typically are prepared with water as the most readily available solvent. Because heating increases the dissolution rate of soluble
components, boiling or steeping herbs in hot water is the most common preparation method, and most herbs are consumed as a tea or decoction.
• Extractions are hydrophobic components that are separated from plants
using alcohol as a solvent. The end product is called a tincture. Medicinal
wines are popular in traditional medicine.
• Raw botanicals are ground to powder for ease of dose titration and consumption. Often, solutes extracted from water or alcohol are dried into
powder or granules to increase their potency and facilitate storage.
• Traditionally, some herbs were rolled manually into pills. Modern pharmaceutical practices have streamlined the production and preservation of
herbs by encapsulating or pressing them into tablets. They often are coated to mask any disagreeable taste or odor and to prolong shelf life.
• Botanicals have been formulated into topical preparations, such as salves,
pastes, ointments, creams, balms, and lotions, for external use to treat dermatologic problems and external trauma and for cosmetic use.
• Essential oils: The aroma of plants, especially flowers, has long been recognized for its therapeutic properties. Volatile oils are extracted from many
herbs for inhalation or to be used as perfume.

Herb-Drug Interactions
The majority of patients with cancer who use herbal supplements use
them as adjuncts to chemotherapy or other cancer treatments to alleviate
symptoms. Herbal products typically are considered “natural” and “safe”
compared to invasive treatments with serious adverse events. However, the
misuse of herbs can be detrimental. To fully understand the clinical effects
of herb-drug interactions, the botanical and the drug must be studied together. Unfortunately, few herbs have been subjected to rigorous research
and only with a limited number of drugs. Therefore, the clinical impact of
most herb-drug interactions remains unclear. By understanding the mechanisms of action, clinicians can predict the potential interactions. In practice,
clinicians can focus on drugs that are known to cause adverse events, including drugs that have high bioavailability, long half-life, narrow therapeutic
range, and potent activities, including warfarin, insulin, digoxin, and many
chemotherapy agents.
The two major mechanisms of herb-drug interactions are (a) pharmacokinetic interactions that occur when an herb affects the absorption, distribution, metabolism, and excretion of other drugs and (b) pharmacodynamic
interactions that occur when an herb affects the pharmacologic properties
of other drugs.
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Pharmacokinetic Interactions
Absorption
Herbs that have laxative effects, such as senna, rhubarb, and aloe, can
increase gastrointestinal (GI) motility. This shortens the transmission time
and leads to a decrease in absorption of other oral medications.
Constituents such as tannins in tea can bind with other drugs in the intestine to decrease their absorption (Lasswell, Weber, & Wilkins, 1984). St.
John’s wort, commonly used to treat depression, can cause precipitation of
warfarin, a commonly used anticoagulant, into an insoluble form and decrease its bioavailability (Gröning, Breitkreutz, & Müller, 2003).
Herbs that inhibit cytochrome P450 (CYP) enzymes in the intestinal lumen can increase absorption of other drugs that are substrates of these enzymes. For example, furanocoumarins in grapefruit juice can bind irreversibly to CYP3A4 (Schmiedlin-Ren et al., 1997) and cause an increase in the
blood level and toxicity of certain drugs when consumed together.
P-glycoproteins are present on the cell surface in the intestinal epithelial cells and are involved in the cellular transport of drugs. They are also expressed by tumor cells causing multidrug resistance, and their actions, similar to CYP450 enzymes, can be affected by herbal constituents. For example,
St. John’s wort can modulate the expression of intestinal P-glycoprotein,
thereby affecting its availability and the effects of some chemotherapeutic
agents (Ott, Huls, Cornelius, & Fricker, 2010). Botanicals such as turmeric,
ginseng, green tea, and milk thistle also have been known to inhibit P-glycoproteins, resulting in the increased absorption of certain drugs (Zhou, Lim,
& Chowbay, 2004).
Distribution
Many drugs are transported in the body by binding to the plasma proteins; only the unbound forms retain activity. For example, 97% of warfarin
is bound to albumin (Palareti & Legnani, 1996). Concurrent use of warfarin with herbal constituents that have high affinity to albumin may elevate
the level of the free active warfarin in the blood. However, the clinical effects
are not fully known.
Metabolism
Besides being active in the intestinal lumen, the CYP450 enzymes are
used in oxidative metabolism of drugs, herbs, and other substances in the
liver. Many isoforms have been identified, but the major form, CYP3A4, is responsible for much of drug metabolism. Many herbs can induce CYP, resulting in decreased actions of substrate drugs. For example, concurrent use of
St. John’s wort can reduce the serum levels of two chemotherapy drugs, irinotecan and imatinib, by 40% (Frye, Fitzgerald, Lagattuta, Hruska, & Egorin, 2004; Mathijssen, Verweij, de Bruijn, Loos, & Sparreboom, 2002).
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Elimination
Most drugs or their metabolites are eliminated through the liver and kidneys. Many chemotherapy drugs cause hepato- and nephrotoxicity. Herbs
that have the potential to compromise liver and kidney functions can slow
the elimination and cause accumulation of toxic drugs. For example, comfrey, which contains pyrrolizidine alkaloids (Oberlies et al., 2004), is hepatotoxic. Chronic consumption of large amounts of herbs containing aristolochic acid can cause renal fibrosis and kidney failure (Nortier et al., 2000;
Yang et al., 2006). Herbs that have a diuretic effect, such as green tea, may
increase the elimination of drugs through the kidney.

Pharmacodynamic Interactions
The potential for herb-drug interactions can be evaluated from the perspective of prescription drugs. In cancer care, drugs that are prone to pharmacodynamic interactions include chemotherapeutic agents, anticoagulants, hormones, antiangiogenic drugs, and immunosuppressants.
Chemotherapeutic Agents
Alkylating agents, platinum compounds, and anthracyclines are known to
generate free radicals for their cytotoxic effects. However, high doses of antioxidants are thought to render these drugs less effective. For example, vitamin C increases the resistance of breast cancer cells to doxorubicin (Wells
et al., 1995). Other studies have demonstrated that vitamin C protects tumor
cells more efficiently than normal cells (Guaiquil, Vera, & Golde, 2001).
However, such effects have yet to be proven in large clinical trials. Conflicting data indicate that antioxidants can also minimize certain side effects of
chemotherapy. For example, some herbal products, such as grape seed extract, are thought to have potent antioxidant effects, and the administration of low-dose antioxidants has been proposed to reduce toxicity and prolong survival following chemotherapy (Prasad, 2004). Because conclusive
data are lacking, many oncologists advise patients with cancer to avoid taking large doses of antioxidants during chemotherapy.
Anticoagulants
Anticoagulants are commonly used to prevent deep vein thrombosis and
pulmonary embolism in bedridden patients with cancer. Warfarin, a commonly used anticoagulant, has a narrow margin of safety, and dosing requires
careful titration. Botanicals such as chamomile may have additive effects when
used with warfarin and may increase the risk of hemorrhage (Segal & Pilote,
2006). Other herbs, such as garlic, ginger, and ginkgo, are thought to cause
similar effects via their antiplatelet actions (Kumar, Allen, & Bell, 2005). Concurrent use of these herbs with anticoagulant, antiplatelet, and antithrombot-
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ic agents is, therefore, not recommended. If a patient is already taking these
herbs, prothrombin time, international normalized ratio, and signs and symptoms of bleeding should be closely monitored. Furthermore, vitamin K can
antagonize the effects of warfarin, and patients should be advised to avoid
consuming large amounts of dietary vitamin K (Kudo, 1990).
Phytoestrogens
Hormonal therapies are often used as adjuvants for treating hormonesensitive cancers. Botanicals such as red clover and soy are known to have estrogenic effects and may stimulate tumor growth (Beck, Unterrieder, Krenn,
Kubelka, & Jungbauer, 2003; Harris, Besselink, Henning, Go, & Heber, 2005;
Hsieh, Santell, Haslam, & Helferich, 1998). Genistein, an isoflavone found
in soy, has been shown to interfere with tamoxifen, a drug used for the treatment of breast cancer that works by blocking estrogen receptors (Liu et al.,
2005). Therefore, until more is known, patients with hormone-sensitive cancers should avoid botanicals that have estrogenic effects.
Antiangiogenic Agents
Antiangiogenic drugs, such as bevacizumab, can cause bleeding; this risk
increases with concomitant use of herbs that also have antiangiogenic properties, including coptis and baikal skullcap (Wang et al., 2004). Conversely, herbs that have angiogenic effects, including horny goat weed and peony, may antagonize the actions of bevacizumab. Although no adverse events
have been reported, such herbs should be avoided when a patient is taking
antiangiogenic agents.
Immunosuppressants
Bone marrow transplantation and hematopoietic stem cell transplantation have become common treatment options for leukemia, lymphoma, and
other types of cancer. Following the treatment, immunosuppressants, which
are also prone to interact with herbs, are administered to control graft-versus-host disease. For example, astragalus, an herb used in Chinese medicine,
has been found to reverse cyclophosphamide-induced immune suppression and restore graft-versus-host reaction (Chu, Wong, & Mavligit, 1988a,
1988b). It is advisable for patients to avoid taking herbs with immunomodulating properties during cancer treatments.

Adverse Events
Many herbs can be toxic to specific organs or cause allergic reactions.
Plants such as Aristolochia fangchi that contain aristolochic acid can damage
the kidneys if ingested in excessive amounts (Yang et al., 2006). Herbs such
as borage, comfrey, coltsfoot, and echinacea contain pyrrolizidine, a com-
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pound associated with hepatotoxicity; patients with preexisting liver conditions therefore should avoid prolonged use of such herbs (Li, Xia, Ruan, Fu,
& Lin, 2011).
Some botanicals contain compounds known as cardiac glycosides. When
used appropriately, these compounds can be used to treat cardiovascular
diseases. However, overconsumption of these herbs or concurrent use with
certain prescription drugs can cause arrhythmia (Barnes & Hollands, 2010)
and may increase the risk of breast cancer (Biggar, Wohlfahrt, Oudin, Hjuler, & Melbye, 2011). Herbs such as guarana and ephedra can affect the central nervous system (CNS), and excessive amounts of these herbs can cause
palpitations, agitation, and, in extreme cases, seizure and death (Samenuk
et al., 2002).
The Dietary Supplement Health and Education Act of 1994 had a profound influence on the use of herbal remedies because it allowed the sale
of herbal medicines and nutritional supplements over the counter without
U.S. Food and Drug Administration (FDA) review (U.S. FDA, 2013). This
spurred the growth of the food supplement industry. However, poor manufacturing practices, product contamination, absence of standardization, varied amounts of active ingredients even from the same manufacturer, and
serious herb-drug interactions caused major problems, including deaths
(Lazarou, Pomeranz, & Corey, 1998).
Despite the rise in the use of botanicals, information is incomplete
regarding herb-drug interactions. Although many in vitro and animal
studies have been conducted to determine the efficacy of botanicals, few
human clinical trials exist. Several factors contribute to the disparity of
research, including the difficulty of securing a patent for a natural substance, lack of industrial support for research that does not ensure financial gain, investigative challenges including standardization and determination of dose ranges and interactions, and batch-to-batch variation of
botanicals. Fortunately, in recent years governmental agencies and nonprofit organizations have begun to support high-quality research in botanicals. More research is still needed to evaluate the effectiveness of
herbal supplements.
Given the widespread use of herbal supplements by patients with cancer, practitioners must understand their properties and potential harmful
effects and provide appropriate advice to patients.

Commonly Used Herbs
The following summaries include uses and research to date of some herbs
that are commonly used by patients with cancer. The information that appears here is a condensed version of “About Herbs, Botanicals and Other Products” used with permission from the Integrative Medicine Service
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at Memorial Sloan-Kettering Cancer Center (MSKCC). For the full version,
please visit MSKCC Integrative Medicine Service’s website (www.mskcc.org
/cancer-care/integrative-medicine/about-herbs-botanicals-other-products).

Dong Quai
Common names: Chinese angelica, dang gui
Scientific name: Angelica sinensis
Clinical summary: Dong quai is an herb derived
from the root of angelica plant and has been used for
thousands of years as a spice, tonic, and medicine. It
is still widely used in traditional Chinese medicine
to treat menstrual disorders and menopausal symptoms, for anemia, and to improve blood circulation.
It is often combined with other herbs in formulations. Dong quai is available today as a dietary supplement and promoted as
an herb to treat menstrual and menopausal symptoms.
Extracts of dong quai demonstrated antitumor (Tsai et al., 2005), antituberculosis (Deng et al., 2008), neuroprotective (Bu et al., 2010), and hematopoietic (Liu, Hsieh, Huang, Liao, & Chiang, 2010) effects in vitro. In
animal studies, constituents extracted from dong quai root showed protective effects against cyclophosphamide-induced toxicity (Hui, Wu, Shin, So,
& Cho, 2006), doxorubicin-induced cardiotoxicity (Xin et al., 2007), and radiation-induced pneumonitis (Xie et al., 2006). However, these effects have
not been evaluated in humans. Clinical trial data regarding efficacy of dong
quai for menopausal symptoms are inconclusive (Cheema, Coomarasamy, &
El-Toukhy, 2007). Interestingly, a small study done in patients with prostate
cancer with hot flashes did not find dong quai to be effective (Al-Bareeq,
Ray, Nott, Pautler, & Razvi, 2010).
Dong quai exhibits estrogenic activity in vitro and stimulates proliferation of MCF-7 cells (Lau, Ho, Chan, & Kim, 2005). Until definitive efficacy
and safety data are available, patients with hormone-sensitive cancers should
avoid this herb.

Garlic
Common names: Nectar of the gods, da-suan,
stinking rose
Scientific name: Allium sativum
Clinical summary: Derived from the bulb or
clove of the plant, garlic is used as a spice in many
cuisines around the world. It is also used as a med-
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icine to treat hyperlipidemia, hypertension, atherosclerosis, cancer, and
infections. Because processing can have a substantial effect on the chemical content of garlic (the volatile oil components are sensitive to heat
and certain enzymes are acid-labile), the best measure of the total activity of garlic is its ability to produce allicin, which in turn results in the formation of other active constituents. Several oral garlic formulations are
available, and clinical studies have addressed a variety of the proposed
claims.
Conclusions of a systematic review indicate that garlic is effective in lowering total cholesterol and low-density lipoprotein cholesterol levels (HasaniRanjbar et al., 2010), but studies of garlic’s ability to reduce blood glucose,
blood pressure, or risk of cardiovascular disease yielded mixed results (Silagy
& Neil, 1994).
An analysis of several case-controlled studies in Europe suggested an inverse association between garlic consumption and risk of common cancers
(Galeone et al., 2006). Specifically, high intake of raw and cooked garlic
may be protective against stomach and colorectal cancers (Ngo, Williams,
Cobiac, & Head, 2007). In addition, garlic intake was inversely associated
with cancers of the prostate (Hsing et al., 2002) and endometrium (Galeone
et al., 2009). In patients with a history of adenomas, supplementation with
aged garlic extract reduced both the number and size of subsequent colorectal adenomas (Tanaka et al., 2006). Garlic supplementation is also associated with reduced risk of hematologic malignancies (Walter, Brasky, Milano,
& White, 2011).
Because garlic is known to decrease platelet aggregation and potentially
elevate international normalized ratio values, concurrent use with anticoagulants should be discouraged, and patients with platelet dysfunction should
avoid taking garlic (Ang-Lee, Moss, & Yuan, 2001).

Ginkgo
Common names: Fossil tree, maidenhair tree,
kew tree, bai guo, yinhsing
Scientific name: Ginkgo biloba
Clinical summary: Ginkgo biloba is one of the oldest living tree species. It is cultivated around the world for its medicinal properties and aesthetic value. The seeds and the
leaves have been used in traditional medicine to treat respiratory diseases, circulatory disorders, sexual dysfunction, and loss of hearing.
Findings from the Ginkgo Evaluation of Memory (GEM) study, the largest trial of ginkgo for dementia to date, indicated that ginkgo is ineffective in decreasing the incidence of dementia or Alzheimer disease in older
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adults (DeKosky et al., 2008). Ginkgo did not slow down cognitive decline
in older adults with normal cognition or with mild cognitive impairment
(Snitz et al., 2009), and it was less effective than the standard treatment
for attention-deficit/hyperactivity disorder (ADHD) in children (Salehi et
al., 2010).
Ginkgo has also been implicated in reducing the risk of ovarian cancer, but this is based only on epidemiologic and biologic data (Ye et al.,
2007). Orally administered capsules of Ginkgo biloba exocarp polysaccharides reduced tumor area in patients with gastric cancer (Xu et al., 2003).
In another study, an injectable form of ginkgo extract and 5-fluorouracil
were administered to patients with advanced colorectal cancer. Data suggest benefits of the combination therapy (Hauns, Haring, Kohler, Mross,
& Unger, 2001). However, results from the GEM study, in which cancer
was the secondary outcome, do not support ginkgo’s effectiveness in reducing cancer risk (Biggs, Sorkin, Nahin, Kuller, & Fitzpatrick, 2010). Further studies are needed to determine the anticancer potential of oral ginkgo supplements.

Ginseng (Asian)
Common names: Ren shen, jintsam
Scientific name: Panax ginseng
Clinical summary: Panax ginseng is a perennial herb native to Northeast Asia and Russia and
is also cultivated for its medicinal properties. The
root is widely used in traditional Chinese medicine to improve strength, stamina, and endurance and to treat fatigue, cardiovascular disorders, diabetes, sexual dysfunction, and cancer. Patients
take the supplemental form of ginseng to improve physical performance,
strength, and stamina, and as an immunostimulant. Some use ginseng to
treat diabetes, cancer, HIV/AIDS, and a variety of other conditions. Ginsenosides, the saponin glycosides, are thought to be responsible for Panax
ginseng’s medicinal effects. Ginsenosides have both stimulatory and inhibitory effects on the CNS, alter cardiovascular tone, and increase humoral
and cellular-dependent immunity (Attele, Wu, & Yuan, 1999). Panax ginseng has been used in the treatment of erectile dysfunction (de Andrade
et al., 2007). It may increase the hypoglycemic effects of insulin and sulfonylureas, as well as reduce insulin resistance in patients with type 2 diabetes (Ma et al., 2008) and enhance immune response (Cho, Sung, Lee, Joo,
& Cho, 2001).
Ginsenosides demonstrated anticancer effects in vitro (He et al., 2011).
Data from an epidemiologic study indicate that ginseng improved survival
and quality of life in patients with breast cancer (Cui et al., 2006). In addi-
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tion, two case-controlled epidemiologic studies of Korean subjects showed
an association between consumption of a Panax ginseng extract with reduction in the incidence of all cancers (Shin, Kim, Yun, Morgan, & Vainio,
2000; Yun & Choi, 1998). Larger, well-designed studies are needed to confirm these effects.
Ginseng was shown to have estrogenic effects (Lee et al., 2003). Therefore, patients with hormone-sensitive cancers should avoid it until definitive data are available. Panax ginseng should not be confused with
American ginseng or Siberian ginseng, which may have different medicinal
properties.

Green Tea
Common names: Chinese tea, oolong tea, cha
Scientific name: Camellia sinensis
Clinical summary: Green tea is a common
beverage consumed in Asia. In recent years,
green tea and its extracts have been used to prevent and treat hyperlipidemia, hypertension, atherosclerosis,
and cancer. The active constituent is epigallocatechin-3-gallate (known
as EGCG), which accounts for 40% of the total polyphenol content of
green tea extract. Studies of chemopreventive activity of green tea indicated positive results (Tsao et al., 2009). However, a meta-analysis
found no such benefits for prevention of gastric cancer (Myung et al.,
2009).
Regular consumption of green tea may reduce the risk of hypertension
(Yang et al., 2006), reduce mortality caused by cardiovascular disease in both
men and women (Kuriyama et al., 2006), positively affect mood (Brown et
al., 2009), and enhance glucose tolerance in healthy individuals (Venables,
Hulston, Cox, & Jeukendrup, 2008), but it did not improve insulin sensitivity or glycemic control in individuals with type 2 diabetes (Mackenzie, Leary,
& Brooks, 2007).
Topical application of green tea extracts was shown to be effective against
external genital and perianal warts (Tatti et al., 2008). A green tea extract,
sinecatechin, is an FDA-approved drug.
Caffeinated green tea may cause insomnia and nausea. Some believe
decaffeinated products have lower adverse effects, but data are inconsistent regarding the relative efficacy of caffeinated versus decaffeinated teas.
Recent studies in animal models indicate that oral consumption of green
tea extract during fasting can increase the risk of toxicity (Wu, Yao, & Boring, 2011). The polyphenolic constituents in green tea can negate the therapeutic effect of bortezomib, an anticancer drug (Golden et al., 2009). Pa-
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tients undergoing chemotherapy should therefore consult with a physician
or a pharmacist before taking green tea products.

Red Clover
Common names: Cow clover, wild clover, purple clover
Scientific name: Trifolium pratense
Clinical summary: Red clover is a perennial herb
traditionally used to treat skin disorders such as psoriasis and eczema, whooping cough, and mastitis. It
contains isoflavones that act as phytoestrogens.
In vitro studies indicate that red clover extract acts as an estrogen agonist and stimulates proliferation of estrogenreceptor positive breast cancer cells (Le Bail, Champavier, Chulia, & Habrioux, 2000). However, biochanin A, a red clover isoflavone, was shown
to inhibit aromatase activity and expression (Wang, Gho, Chan, Chen, &
Leung, 2008) and thereby may confer a protective effect. Clinical trials
show that red clover isoflavone supplementation decreased menopausal symptoms compared to placebo (van de Weijer & Barentsen, 2002).
However, conclusions from systematic reviews are conflicting: one suggested marginal benefit, whereas the second found no evidence of effectiveness (Coon, Pittler, & Ernst, 2007; Lethaby et al., 2007). Red clover isoflavones may help prevent bone loss, but more studies are needed
(Atkinson, Compston, Day, Dowsett, & Bingham, 2004). In a small study,
dietary isoflavone intake improved arterial compliance, an index of the
elasticity of large arteries, which is an important cardiovascular risk factor (Nestel et al., 1999).

St. John’s Wort
Common names: Saint John’s wort, goatweed,
God’s wonder plant, witches herb
Scientific name: Hypericum perforatum
Clinical summary: Derived from the flowering
parts of the plant, St. John’s wort is widely used in
the treatment of depression, seasonal affective disorder, and anxiety.
Studies comparing St. John’s wort to standard antidepressants suggest
it may be as effective as imipramine or selective serotonin reuptake inhibitors (SSRIs) to treat mild to moderate depression (Linde & Knuppel, 2005).
Data also indicate that the effectiveness of St. John’s wort is comparable
to paroxetine (Szegedi, Kohnen, Dienel, & Kieser, 2005) and other SSRIs
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(Rahimi, Nikfar, & Abdollahi, 2009) in the treatment of moderate to severe
depression and is well tolerated. In addition, reductions in depression were
sustained with continued use of St. John’s wort in those with acute moderate
depression (Kasper, Volz, Moller, Dienel, & Kieser, 2008). However, metaanalyses show that data are inconsistent when all types of depression are analyzed (Linde, Berner, & Kriston, 2008; Linde & Knuppel, 2005); a randomized trial found St. John’s wort to be ineffective in the treatment of minor
depression (Rapaport et al., 2011).
Some studies also show efficacy of St. John’s wort in the management of
premenstrual syndrome (Canning et al., 2010), and vasomotor symptoms in
peri- and postmenopausal women (Abdali, Khajehei, & Tabatabaee, 2010),
but failed to show its usefulness for ADHD in children and adolescents (Weber et al., 2008) and in individuals with stomatodynia (Sardella et al., 2008).
St. John’s wort can interact with many prescription medications because
it induces CYP3A4 and CYP2C9 enzymes (Xu et al., 2008). Significant interactions include decreased efficacy of cyclosporin, tacrolimus, irinotecan,
and other chemotherapeutic agents.
Patients with cancer should refrain from using St. John’s wort when undergoing chemotherapy or using other prescription drugs.

Saw Palmetto
Common names: American dwarf palm tree, cabbage palm
Scientific name: Serenoa repens
Clinical summary: Saw palmetto is a small, slowgrowing palm native to southeastern United States.
The fruits are a rich source of fatty acids and phytosterols and have been used to promote urination,
reduce inflammation, and for treatment of benign
prostatic hyperplasia.
Saw palmetto has been studied in many controlled clinical trials. Although data from some studies indicate that it improves lower urinary
tract symptoms in patients with benign prostatic hyperplasia (Sinescu et
al., 2011), conflicting data suggest no such effects (Barry et al., 2011; Tacklind, MacDonald, Rutks, & Wilt, 2009). A recent study showed that saw palmetto may benefit patients with chronic bacterial prostatitis when coadministered with Urtica dioica, curcumin, and quercitin (Cai et al., 2009).
Pretreatment with saw palmetto reduced intra- and postoperative complications in patients who underwent transurethral resection of the prostate and open prostatectomy (Anceschi, Bisi, Ghidini, Ferrari, & Ferrari,
2010). However, saw palmetto use was not associated with risk of prostate
cancer (Brasky et al., 2011).
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Selenium
Scientific names: Selenium
Common names: Selenocysteine, selenomethionine, selenate, selenite
Clinical summary: Selenium, an essential dietary trace mineral found in whole grains and nuts,
is an important component of antioxidant systems
such as glutathione peroxidase that neutralize and
protect against damage caused by free radicals and reactive oxygen species.
It also plays an important role in thyroid function. Selenium is marketed as
a supplement to boost immune function and for prevention of cardiovascular diseases, rheumatic diseases, and cancer.
Several trials have been conducted to determine the role of selenium in
reducing the risk of cardiovascular disease, but data are inconclusive (Rayman, Stranges, Griffin, Pastor-Barriuso, & Guallar, 2011). Furthermore,
findings from another study suggest that selenium supplementation may increase the risk of type 2 diabetes (Rayman, 2012).
The importance of selenium in cancer prevention has been documented in epidemiologic studies and clinical intervention trials. Data suggest its
benefits in preventing GI (Bjelakovic, Nikolova, Simonetti, & Gluud, 2004),
lung (Zhuo, Smith, & Steinmaus, 2004), and bladder cancers (Amaral, Cantor, Silverman, & Malats, 2010). Selenium supplementation resulted in significant reduction of side effects including hair loss, abdominal pain, and
loss of appetite in patients with ovarian cancer undergoing chemotherapy
(Sieja & Talerczyk, 2004). It was also effective in reducing head and neck
lymphedema (Bruns et al., 2004) and diarrhea associated with radiation
therapy (Muecke et al., 2010).
However, a large prevention study, SELECT (Selenium and Vitamin E
Cancer Prevention Trial), based on previous data indicating that selenium
and vitamin E reduced the incidence of prostate cancer, did not find evidence of protective effects of selenium. The trial was suspended in January
2009 when initial data analysis showed no reduction in the risk of prostate
cancer with selenium alone or with vitamin E (Lippman et al., 2009). Moreover, results from a cross-sectional analysis of men with prostate cancer indicated that selenium levels may influence the risk of aggressive prostate cancer (Chan et al., 2009).
A chemoprevention trial of selenium in patients with non-small cell lung
cancer was also halted after interim analysis because data did not show any
benefit of selenium supplementation, and secondary lung cancers in selenium users increased, although the occurrences were statistically insignificant
(Karp et al., 2010).
Patients should consult their physician before beginning selenium supplementation.
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Soy
Common names: Soybean, soya, tofu, miso, tempeh
Scientific name: Glycine max
Clinical summary: Soybean, an integral part of
Asian cuisine, is now consumed worldwide for its purported health benefits. Soybeans contain various proteins, vitamins, and minerals, as well as significant
amounts of isoflavones (e.g., genistein, daidzein, glycitein), and are a good source of fiber. Isoflavones are thought to exhibit both
selective estrogen receptor modulator activity and nonhormonal effects. Soy
has been extensively researched, but its effects on menopausal symptoms remain inconclusive (Jacobs, Wegewitz, Sommerfeld, Grossklaus, & Lampen,
2009). Although some studies indicate that soy may slow bone density loss
(Marini et al., 2007), others report no effects on bone mineral density in
postmenopausal women (Alekel et al., 2010). Soy may benefit cardiovascular health (Lissin & Cooke, 2000) and help reduce proteinuria in type 2 diabetic patients with nephropathy (Azadbakht & Esmaillzadeh, 2009). However, conflicting data indicate no such protective effects of soy consumption
against diabetes (Morimoto, Steinbrecher, Kolonel, & Maskarinec, 2011).
Soy may help prevent breast cancer (Butler et al., 2010), but some studies suggest it may be associated with adverse effects (Steinberg et al., 2011).
Genistein, an isoflavone of soy, antagonizes the effects of tamoxifen (Liu
et al., 2005) and promotes tumor progression in advanced prostate cancer
(Nakamura, Wang, Kurita, Adomat, & Cunha, 2011) in animal studies. However, conflicting data show a decrease in serum prostate-specific antigen levels with genistein in patients with prostate cancer (Lazarevic et al., 2011).
Further research is needed to evaluate the role of genistein in cancer prevention. Patients should discuss the use of soy supplements with their physician.

Summary
Over the past three decades, there has been an exponential rise in the
use of herbal products by patients for relief of symptoms arising from cancer and as cancer treatments. However, botanical products are biologically active and can have adverse effects and interactions with some prescription drugs, including chemotherapeutic agents, making them less effective
or in some cases more toxic. This is especially important for patients undergoing cancer therapy because of the increased probability of interactions.
In addition, patients tend not to discuss herbal supplement use with their
physicians. Therefore, oncology practitioners must be knowledgeable about
herb-drug interactions and counsel patients on possible adverse effects.

Chapter 7. Botanicals in Cancer Care

●

605

Several herbs have been investigated for their potential benefits in preclinical studies, and efforts to subject them to human clinical trials are underway. The MSKCC Integrative Medicine Service website provides clinically useful, objective and unbiased information about herbs, dietary
supplements, sexual enhancers, and unproven anticancer treatments. Currently, more than 255 entries are on the site with a clinical summary for each
agent and details about constituents, mechanism of action, adverse effects,
interactions, and potential benefits. “About Herbs, Botanicals and Other
Products” is free to access and is widely used by patients with cancer and oncology professionals worldwide.
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CHAPTER 8

Complementary and
Alternative Medicine
Therapies in Oncology
Practice
Georgia M. Decker, MS, RN, ANP-BC, AOCN®, FAAN

Introduction
Sometimes referred to as integrative medicine in professional circles, complementary and alternative medicine (CAM) represents a multibilliondollar-a-year industry in the United States. Types of CAM include natural products, such as dietary supplements and teas; mind-body techniques,
such as relaxation, meditation, and acupuncture; and manipulation, such
as massage and healers. A national health survey conducted in 2007 indicated that 38% of American adults use CAM (National Institutes of Health
National Center for Complementary and Alternative Medicine [NIH
NCCAM], n.d.).

Defining Complementary and Alternative
Medicine Therapy
Numerous definitions of CAM exist, all referring to a broad range of
philosophies and applications that have evolved over time (Decker & Lee,
2011). Historically, alternative has been used as an umbrella term to describe
therapies not taught in medical schools in the United States or provided in
U.S. hospitals (Barnes, Bloom, & Nahin, 2008; Cassileth & Vickers, 2003;

615

616 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Vickers & Cassileth, 2001). Eisenberg et al. (1993) noted that the term alternative was no longer accurate because some medical schools do include
these therapies in their curricula, and some therapies are provided to interested patients in hospitals and cancer centers. NCCAM defines CAM as “a
group of diverse medical and healthcare systems, practices, and products
that are not generally considered part of conventional medicine” (NCCAM,
2012, para. 2).
Conventional approaches, known as standard, traditional, or biomedical
approaches, are those that, historically, have been applied broadly in Western medicine (National Cancer Institute [NCI], 2013). CAM has been used
to refer to alternative or unconventional interventions when these therapies
are used in lieu of conventional approaches. When a therapy is combined
with conventional methods, the more contemporary terms integrative, integrated, or complementary are used. The intent with which a therapy is used
describes it (Oncology Nursing Society [ONS], 2009). Interchangeable
use and misunderstanding of the terms complementary and alternative have
contributed to miscommunication between patients and healthcare professionals, as well as among healthcare colleagues (Decker & Lee, 2011).
Communication is key. To assist nurses in understanding CAM in cancer
care, the ONS position statement promotes standardizing terminology to
enhance communication (ONS, 2009). A historical perspective of the evolution of the definition of CAM is shown in Table 8-1. Chapter 7 provides
a review of select botanicals used in CAM.

Background
The Office of Alternative Medicine was established in 1992 in response to
the continued use of and issues surrounding CAM therapies. This office became NCCAM in 1998. NCCAM is one of the 27 institutes and centers that
make up the NIH. NCCAM has four primary focus areas: (a) research (clinical and basic science research), (b) training and career development (predoctoral, postdoctoral, and career researchers), (c) outreach (conferences,
educational programs, exhibits, and information clearinghouse), and (d)
integration of scientifically proven CAM practices into conventional medicine (NCCAM, n.d.).
In an effort to increase quality cancer research and information about
CAM use, NCI established the Office of Cancer Complementary and Alternative Medicine (OCCAM). OCCAM encourages and provides funding for
research within CAM disciplines and therapies as they relate to the prevention, diagnosis, and treatment of cancer, cancer-related symptoms, and side
effects of conventional treatment. OCCAM coordinates the NCI CAM research and informational activities, collaborates with other governmental
and nongovernmental organizations on cancer CAM issues, and serves as a
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Table 8-1. Definitions of Complementary and Alternative Medicine
Source

Definition

Ernst, 2008

CAM is any approach to improve a health problem that is not
used or taught routinely to conventional Western practitioners.
Alternative cancer treatments are CAM therapies that reduce
tumor burden or replace mainstream therapy.

National Institutes of
Health National Center for Complementary and Alternative
Medicine, 2009

CAM is a group of diverse medical and healthcare systems,
practices, and products that are not currently considered a part
of conventional medicine. Complementary medicine is used
with conventional medicine. Alternative medicine is in place of
conventional medicine. Integrative medicine combines mainstream and CAM therapies for which scientific evidence of
safety and efficacy exists.

Society for Integrative
Oncology, 2008

Alternative therapies are endorsed as viable options instead of
conventional medicine, may be costly, not biologically active,
potentially invasive, and unproven. Complementary medicine
uses nonconventional therapies (that may have known efficacy) in conjunction with conventional medicine.

Note. From “Complementary and Alternative Medicine (CAM) Therapies in Integrative Oncology” (p.
627), by G. Decker and C.O. Lee in C.H. Yarbro, D. Wujcik, and B.H. Gobel (Eds.), Cancer Nursing:
Principles and Practice (7th ed.), 2011, Burlington, MA: Jones and Bartlett. Copyright 2011 by Jones
and Bartlett. Reprinted with permission.

liaison with health practitioners and researchers regarding cancer CAM issues (NCCAM, n.d.; OCCAM, 2012).
The White House Commission on Complementary and Alternative Medicine Policy (2003) was established in March 2000 to address issues related to
access and delivery of CAM, address priorities for research, and identify the
need for consumer and healthcare professional education. In 2003–2004,
the Institute of Medicine (IOM) sponsored seven committee meetings to investigate scientific, policy, and practice questions that occurred from the increasing use of CAM. IOM is a nongovernment agency established in 1970
that guarantees unbiased, evidence-based information and advice concerning health and science policy to policy makers, healthcare professionals, and
the public (IOM, 2007).
Two recognized methods are used to categorize CAM therapies. NCCAM
classifies CAM therapies into five domains: (a) whole medical systems, (b)
mind-body interventions, (c) natural products, (d) manipulative and bodybased methods, and (e) other CAM practices encompassing energy therapies and movement therapies (NCCAM, n.d.). Whole medical systems are built
upon complete systems of theory and practice. Mind-body medicines use a variety of techniques designed to enhance the mind’s capability to affect bodily
function and symptoms. Natural products in CAM are those substances found
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in nature, such as herbs, foods, and vitamins. Manipulative and body-based
practices in CAM are based on manipulation and movement of one or more
parts of the body. Energy therapies involve the use of energy fields and are of
two types: biofield therapies and bioelectromagnetic-based therapies (see
Table 8-2).
OCCAM expanded the NCCAM domains with additional categories for
clarification: movement therapy and pharmacologic and biologic treatments, with a subcategory of complex natural products (OCCAM, 2012).
Movement therapies are modalities used to improve patterns of bodily movement. Pharmacologic and biologic therapies are drugs, vaccines, off-label use
of prescription drugs, and other biologic interventions not yet accepted
in mainstream medicine. Complex natural products, a subcategory of the
prior, consist of crude natural substances and unfractionated extracts from
marine organisms used for healing and treatment of disease (NCCAM,
2012). OCCAM classifications offer a usable framework for enhanced understanding of CAM as a whole and cancer CAM as a subcomponent. Table 8-3 provides descriptions and examples of each domain as defined by
OCCAM.
National surveys confirm that patients with cancer and other diagnoses in the United States and Europe have an enduring interest in CAM
and employ it for symptom management and general wellness (Barnes et
al., 2008; Barnes, Powell-Griner, McFann, & Nahin, 2004). Initial surveys
of CAM use in the United States were not disease or population specific (Eisenberg et al., 1998; Ernst & Cassileth, 1998). However, after 2000,
researchers accumulated data revealing the use of CAM by specific populations with cancer based on cancer site and ethnicity (Ashikaga, Bosompra, O’Brien, & Nelson, 2002; Barnes et al., 2004; Bright-Gbebry et
al., 2011; Gross, Liu, & Bauer-Wu, 2007; Swisher et al., 2002). Contemporary studies addressing the use of CAM include data on patients living in
urban, suburban, and rural areas and older adults (Barnes et al., 2008;
IOM, 2007).
When compared with non-CAM users, individuals who use CAM were
more likely to be female, better educated, engage in leisure-time physical
activity, and had more than one existing medical condition or had frequent
medical visits in the year prior to the survey and who were not poor (Barnes
et al., 2008; IOM, 2007).

CAM Use by Patients With Cancer in the
United States
Reasons for the use of CAM therapies by patients with cancer include
management of symptoms such as fatigue, nausea, pain, and anxiety (Deng
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Table 8-2. National Institutes of Health National Center for Complementary
and Alternative Medicine Categories
Category

Description

Examples

Natural products

The most popular form of
CAM among both adults
and children

Herbal medicines (botanicals), vitamins, minerals, and other natural products. Some are sold as dietary supplements including probiotics.

Mind-body interventions

Mind and body practices focus on the interactions among the brain,
mind, body, and behavior, with the intent to use
the mind to affect physical functioning and promote health

Meditation techniques, various
types of yoga, acupuncture, deepbreathing exercises, guided imagery, hypnotherapy, progressive relaxation, and tai chi

Manipulative
and body-based
methods

Focuses on the structures
and systems of the body:
bones, joints, soft tissues,
and circulatory and lymphatic systems

Spinal manipulation, massage

Whole medical
systems

Distinct systems of theory and practice that have
evolved over time in different cultures

Chinese (or Oriental) medicine,
Ayurvedic medicine, homeopathy,
naturopathy

Other CAM practices

Movement therapies
Practices of traditional healers
Energy field manipulation to
affect health

Feldenkrais method, Alexander
technique, Pilates, Rolfing structural integration, and Trager psychophysical integration
Native American healer/medicine
man
Magnet and light therapies, qi gong,
Reiki, healing touch, therapeutic touch

Note. From “Integrative Oncology Imperative for Nurses,” by S. Bauer-Wu and G.M. Decker, 2012,
Seminars in Oncology Nursing, 28, p. 4. Copyright 2012 by Elsevier. Reprinted with permission.

& Cassileth, 2005). For patients with cancer, the use of CAM can provide a
sense of control and hope (Basch & Ulbricht, 2004; Blaes, Kreitzer, Torkelson, & Haddad, 2011; Helpman et al., 2011; Wilkinson et al., 2002). Those
with recurrent or metastatic disease may wish to boost their immune system
with CAM therapies to help fight their cancer (Van Tonder, Herselman, &
Visser, 2009).
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Table 8-3. National Cancer Institute Office of Cancer Complementary
and Alternative Medicine Domains of Complementary and Alternative
Medicine
Domain

Description

Examples

Alternative medical systems

Systems built upon completed systems of theory and
practice

Traditional Chinese medicine,
Ayurvedic medicine, homeopathy, naturopathy

Manipulative and
body-based methods

Methods based on manipulation and/or movement of parts
of the body

Chiropractic, therapeutic massage, osteopathy, reflexology

Energy therapies

Therapies involving the use of
energy fields: biofield therapies and bioelectromagneticbased therapies

Reiki, therapeutic touch, pulsed
fields, magnet therapy

Mind-body interventions

Techniques designed to enhance the mind’s capacity to affect body function and
symptoms

Meditation, hypnosis, art therapy,
biofeedback, mental healing, imagery, relaxation therapy, support
groups, music therapy, cognitivebehavioral therapy, prayer, dance
therapy, aromatherapy, animalassisted therapy

Movement therapy

Modalities used to improve
patterns of body movement

Tai chi, Feldenkrais, hatha yoga,
Alexander technique, dance
therapy, qi gong, Rolfing, Trager method

Nutritional therapeutics

Assortment of nutrients and
non-nutrient and bioactive
food components that are
used as chemopreventive
agents, and the use of specific foods or diets as cancer
prevention or treatment strategies

Dietary regimens such as macrobiotics, vegetarian, Gerson therapy, Kelley/Gonzalez regimen, vitamins, dietary macronutrients,
supplements, antioxidants, melatonin, selenium, coenzyme Q10,
ephedrine, orthomolecular medicine

Pharmacologic
and biologic therapies

Includes drugs, vaccines,
off-label use of prescription
drugs, and other biologic interventions not yet accepted
in mainstream medicine

Vaccines, off-label use of drugs,
antineoplastons, products from
honey bees, 714-X, low-dose
naltrexone, met-encephalin, immunoaugmentative therapy, laetrile, hydrazine sulfate, Newcastle virus, melatonin, ozone therapy, thymus therapy, enzyme therapy, high-dose vitamin C

(Continued on next page)
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Table 8-3. National Cancer Institute Office of Cancer Complementary
and Alternative Medicine Domains of Complementary and Alternative
Medicine (Continued)
Domain
Complex natural
products

Description
Subcategory of pharmacologic and biologic treatments
consisting of an assortment
of plant samples (botanicals),
extracts of crude natural substances, and un-fractionate
extracts from marine organisms used for healing and
treatment of disease

Examples
Herbs and herbal extracts, mixtures of tea polyphenols, shark
cartilage, essiac tea, Sun Soup,
MGN-3

Note. From “Integrative Oncology Imperative for Nurses,” by S. Bauer-Wu and G.M. Decker, 2012,
Seminars in Oncology Nursing, 28, p. 5. Copyright 2012 by Elsevier. Reprinted with permission.

Motivations for seeking CAM therapies have remained consistent: philosophic similarity (active patient role, natural, less toxic treatments, spiritual elements), personal control over treatment, positive relationship with
CAM therapy provider, and an increased sense of well-being (Barnes et al.,
2004, 2008; Gansler, Kaw, & Crammer, 2008; Olaku & White 2011; Verhoef,
Balneaves, Boon, & Vroegindewey 2005). Other reported factors that have
remained consistent as contributing to the increased use of CAM include
dissatisfaction with the contemporary healthcare system because of what
are perceived to be ineffective therapies, adverse effects, and poor communication; insufficient time with and insufficient access to healthcare
professionals; rejection if or when an anti-science viewpoint is expressed;
desperation; and cost of care (Barnes et al., 2008; Gansler et al., 2008). Patients have been unwavering in their expressed desire to take control of
their own health, actively participate in decisions related to health and
wellness, and choose treatment plans involving solely conventional approaches, solely CAM, or a combination of both (Barnes et al., 2004, 2008;
Stevinson, 2001).

Patient Decision Making and CAM
The desire to use CAM therapies can be complicated by the amount of
information available from an array of sources, including the Internet and
well-meaning friends and family. Professional opinions will differ, and methods for rating CAM therapies are inconsistent even among experts (see Table 8-4).
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Table 8-4. Common Methods of Reporting Levels of Evidence in
Complementary and Alternative Medicine
Report
National Cancer
Institute Physician Data Query

Evidence Rating System(s)
Strength of study design
1—Randomized clinical trial (RCT)
i. Double blinded
ii. Not blinded
2—Nonrandomized controlled clinical trial
3—Case series
i. Population-based, consecutive
ii. Consecutive
iii. Nonconsecutive
4—Best case series
Strength of endpoints measured
A—Total mortality
B—Cause-specific mortality
C—Quality of life
D—Indirect surrogates
i. Disease-free survival
ii. Progression-free survival
iii. Tumor response rate
Level of evidence score
Combined level of evidence score is calculated for each qualifying study—except for best case series—by joining the score for
the strength of study design with the score for the strength of endpoints measured. Best case series are given a score for strength
of study design only (i.e., a level of evidence score of 4) because
of their extremely weak design. The level of evidence scores for
the remaining study types range, strongest to weakest, from 1iA
to 3iiiDiii.

Natural Standard

Strength of study design
A—Strong positive scientific evidence
B—Good scientific evidence
C—Unclear or conflicting scientific evidence
D—Fair negative scientific evidence
F—Strong negative scientific evidence
Lack of evidence—Unable to evaluate efficacy because of a lack of
adequate human data
Quality of study
0–2—Poor
3–4—Good
5—Excellent

(Continued on next page)
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Table 8-4. Common Methods of Reporting Levels of Evidence in
Complementary and Alternative Medicine (Continued)
Report
Natural Medicines Comprehensive Database

Evidence Rating System(s)
Level of evidence scale
A—High-quality RCT or meta-analysis (quantitative systematic review)
B—Nonrandomized clinical trial; nonquantitative systematic review;
lower-quality RCT; clinical cohort study; case-control study; historical control; epidemiologic study
C—Consensus or expert opinion
D—Anecdotal evidence; in vitro or animal research
Study quality scale
A—Meets assessment criteria; low risk of bias
B—Partially meets assessment; low to moderate risk of bias
C—Does not meet assessment criteria; moderate to high risk of
bias
Safety ratings
Likely safe—Product has very high level of reliable clinical evidence
showing safe use when used appropriately
Possibly safe—Product has some clinical evidence showing safe
use when used appropriately, but evidence is limited by quantity,
quality, or contradictory findings
Possibly unsafe—Product has some clinical evidence showing safety concerns or significant adverse outcomes, but evidence is limited by quantity, quality, or contradictory findings
Likely unsafe—Product has very high level of reliable clinical evidence showing safety concerns or significant adverse outcomes
Unsafe—Product has very high level of reliable clinical evidence
showing safety concerns or significant adverse outcomes
Effectiveness ratings
Effective—Product has very high level of reliable clinical evidence
supporting use for a specific indication
Likely effective—Product has very high level of reliable clinical evidence supporting use for a specific indication
Possibly effective—Product has some clinical evidence supporting
use for a specific indication, but evidence is limited by quantity,
quality, or contradictory findings
Possibly ineffective—Product has some clinical evidence showing
ineffectiveness for a specific indication, but evidence is limited by
quantity, quality, or contradictory findings
Likely ineffective—Product has a very high level of reliable clinical
evidence showing ineffectiveness for use for a specific indication
Ineffective—Product has very high level of reliable clinical evidence
showing ineffectiveness for use for a specific indication

(Continued on next page)
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Table 8-4. Common Methods of Reporting Levels of Evidence in
Complementary and Alternative Medicine (Continued)
Report

Evidence Rating System(s)

Natural Medicines Comprehensive Database (cont.)

Each monograph provides safety ratings, effectiveness ratings, and
interaction ratings based on strict evidence-based criteria and represent a “strength of recommendation” rating. The strength of recommendation rating system factors in the level, quality, and overall
consistency of the evidence.

Oncology Nursing Society Putting Evidence
Into Practice resources

Levels of evidence
Recommended for practice: Interventions for which effectiveness has been demonstrated by strong evidence from rigorously designed studies, meta-analyses, or systematic reviews
and for which expectation of harms is small compared with
the benefits
Likely to be effective: Interventions for which the evidence is less
well-established than for those listed under Recommended for
Practice
Benefits balanced with harms: Interventions for which clinicians and
patients should weigh the beneficial and harmful effects according
to individual circumstances and priorities
Effectiveness not established: Interventions for which there are currently insufficient data or data of inadequate quality
Effectiveness unlikely: Interventions for which lack of effectiveness
is less well-established than for those listed under Not Recom
mended for Practice
Not recommended for practice: Interventions for which ineffectiveness or harmfulness has been demonstrated by clear evidence,
or the cost or burden necessary for the intervention exceeds anticipated benefit

Note. Based on information from Mitchell & Friese, 2005; National Cancer Institute, 2010; Natural
Medicines Comprehensive Database, 2013; Natural Standard, 2010.

Many patients want to participate in medical decision making. A partnering relationship with one’s healthcare professional is replacing the dated, paternalistic one between physicians and their patients. When patients
partner with their healthcare professionals when making treatment decisions, it allows them the opportunity to reclaim autonomy and a sense of
control (Llewelyn-Thomas, McGreal, & Theil, 1995; Pinquart, 2004; Truant,
1999). Partnering requires time to acquire and evaluate accurate and sufficient information about a particular diagnosis and existing treatments and
standards of care. A variety of other factors may influence patients’ participation in a collaborative approach, including the patient’s age, educational
level, the social structure of the family, influences of relatives and friends, fi-
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nancial concerns, and insurance coverage. A patient’s initial priority will focus only on a chance of cure and prevention of possible spread of disease
(Davidson, Degner, & Morgan, 1995; Degner et al., 1997; Mastaglia & Kristjanson, 2001). This previously accepted truth may have diminished application today and in the future.
Mastaglia and Kristjanson (2001) described a demonstrated age difference in the perceived locus of control, whereas Brett (2002) described
age-related differences in coping and control strategies. Age-related cognitive weakness limits processing and memorizing of information; therefore, aging patients may not seek additional information. For patients
and families, making treatment decisions often causes feelings of fear
and worry. Cancer treatment decisions sometimes must be made within a
short time, and feeling forced to quickly make these decisions with limited knowledge and understanding about the diagnosis and treatment options affects a patient’s ability to participate in decision making (Elit et al.,
2010; Phongsavan, Phengsovanh, Waldstrom, & Marions, 2010). The added decision to integrate a CAM modality can make this process even more
complex. Brett (2002) described the variability in an individual’s response
to the subject of CAM modalities and suggested that culture, religion, and
age influence a person’s perceptions. These perceptions can range from
cynicism to considering the therapy essential. When considering CAM, it
is not unusual for patients of all ages to believe that a CAM therapy used
for a comorbidity cannot or will not have any effect on their cancer or cancer therapy. (Review Chapter 7 for interactions with select botanicals and
oncology drugs.) They may believe that an herb or supplement is diagnosis specific. When a chosen complementary therapy had little influence
on a patient’s illness, the patient reported satisfaction with that particular
therapy, and toxic effects of conventional therapy and a lack of hope were
the basis for any dissatisfaction reported (Downer et al., 1994). Misinformation about CAM therapies may arise from word of mouth and speculation, the Internet, and print and broadcast media. For example, even
among experts, opinions vary regarding the belief that massage has the
potential to promote cancer metastasis. With an increased understanding of how metastases occur, current recommendations are more specific
regarding the types of massage that can be used safely in specific circumstances (Collinge, MacDonald, & Walton, 2012) (see Table 8-5).
Ultimately, a recommendation or decision to use a particular CAM therapy might not be a definite yes or no. The answers might have a large degree of variability, including “not during radiation therapy but all right
afterward,” or “you must take a multivitamin supplement with this particular chemotherapy, so do not use other vitamin supplements during this
cancer therapy.” These ongoing controversies related to the use of certain CAM therapies during cancer therapy contribute to the discomfort
reported by healthcare professionals in regard to recommending CAM.
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Table 8-5. Precautions Checklist for Massage in Cancer
Condition

Avoid

But you CAN

Solid tumor in any area
that is accessible to
the hands

Pressure on the area of the
tumor

Touch, hold or stroke with
soft hands
Use moderate pressure
elsewhere

Known or suspected
bone metastasis, including the spine

Pressure on the area
Jostling or moving the joints
in the area

Touch, hold or stroke with
soft hands
Use moderate pressure
elsewhere

Swelling or edema, including lymphedema,
current or past

Pressure on the area
Positions that put pressure
on the area
Positions where gravity increases the swelling

Massage elsewhere, with
patient comfortably positioned

Tendency toward bruising or bleeding

Pressure
Aggressive kneading or gliding

Gentle kneading or light
stroking with just the pressure used to apply lotion
‘‘Holding’’ the body with soft
hands

Fever

Gliding and kneading strokes
with pressure

Gliding and kneading
strokes with just the pressure used to apply lotion
Try resting hands quietly, and imagine coolness coming through your
hands

Any identified risk of
lymphedema

Pressure or rubbing an area
at risk of lymphedema

Use moderate pressure
elsewhere

Radiation site

Pressure or stretching the
skin in the area
If skin is open (e.g., by
scratching), avoid any contact with area

If tolerated, contact with soft,
still hands, resting over
clothing
Imagine coolness coming
through your hands

Incision site
Recent surgery
Medical devices: IV,
chemo port, catheter,
oxygen mask, cannula, ostomy

Pressure, stretching or
kneading the area
Positions (e.g., face down)
that press or pull on the
area
Getting lotion on devices

Massage elsewhere on the
body
Handle any device with
clean, dry hands; follow
doctor guidelines
Choose positions and pillows that ease discomfort

(Continued on next page)
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Table 8-5. Precautions Checklist for Massage in Cancer (Continued)
Condition

Avoid

But you CAN

Fragile veins or varicose veins

Pressure on the area

Touch or hold with soft
hands

Communicable skin
disease

Contact with the skin

Ask doctor what touch is
possible

Undiagnosed skin lesions

Contact with the skin

Refer to doctor

Removal or radiation
of lymph nodes in the
armpit, groin, neck
or jaw

Pressure on the limb and
the area drained by those
lymph nodes

Massage with moderate
pressure elsewhere on the
body
Touch or hold the area with
soft hands; no pressure

Neuropathy

Pressure on the affected
area

Use moderate pressure
elsewhere

Changes in sensation
(e.g., numbness, tingling, weakness)

Pressure and joint movement
in the affected area

Report symptoms to doctor
and follow her/his advice

Easy bruising or bleeding (low platelets,
blood thinners, etc.)

Pressure anywhere on the
body (because of bruising)

Holding or stroking anywhere with light or no pressure. Ask doctor about
best pressure.

Major problems affecting vital organs
(heart, lungs, kidneys,
liver, brain)

Pressure

Massage without much pressure or moderate pressure,
depending upon the patient’s tolerance

Low white blood count
(neutropenia)

Pressure

Same as above

Fatigue

Pressure

Same as above

Risk of blood clot in
legs (from cancer or
cancer treatment)

Contact with thighs, calves,
shins or tops of feet, or
anywhere blood clots are
a risk

Massage with moderate pressure on bottoms
(soles) of feet if doctor advises it

Note. From “Massage in Supportive Cancer Care,” by W. Collinge, G. MacDonald, and T. Walton, 2012,
Seminars in Oncology Nursing, 28, p. 51. Copyright 2012 by Elsevier. Reprinted with permission.
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Several authors have offered algorithms to assist healthcare professionals
when discussing CAM with patients (Decker, 2005; Eisenberg, 1997; Frenkel, Ben-Ayre, & Cohen, 2010). Figure 8-1 is an algorithm that can be used
by nurses and other healthcare professionals when discussing CAM with
patients.
An aspect of CAM therapies that initiates discussions among consumers
and healthcare professionals is the cost of and lack of insurance coverage
for these therapies. CAM users are interested in choosing their providers,
integrating CAM therapies into conventional care, limiting out-of-pocket
expenses, and expanding insurance coverage. What patients are willing
to pay for CAM may indicate the value they place on this treatment. An
estimated $27 billion (out-of-pocket) was spent on alternative medicine
professional services between 1990 and 1997 (Bridevaux, 2004; White,
2001). In 2007, the results of a national survey revealed that 38% of the
more than 20,000 people interviewed used CAM within the last year. The
estimated annual out-of-pocket expense was $33.9 billion (Barnes et al.,
2008). Some studies indicate that approximately one out of every two patients with cancer integrate CAM into their treatment regimens (BrightGbebry et al., 2011; Gross et al., 2007; Helpman et al., 2011; Paisley, Kang,
Insogna, & Rheingold, 2011; Rausch et al., 2011). An ongoing question
is whether CAM therapies can provide the beneficial health outcomes to
justify the expense. White (2001) maintained that outcomes will provide
the answer.

Evidence-Based CAM Practice
The guidelines that researchers and clinicians use to assess the degree
to which interventions meet preestablished criteria are called levels of evidence. Clinical practice guidelines that are used as a basis for recommendations for the care of patients with specific conditions are the result of levels of evidence data. These guidelines are based on a systematic review of
the research and involve judgment for patient management. Historically,
guidelines have focused on the effectiveness of interventions (Deng et al.,
2009). Currently, more attention is paid to the magnitude of the effect and
balance between the effect and risk to the patient (Fletcher, 2004). Ernst
(2001) used “direction of evidence” and “weight of evidence” (Low •, Moderate ••, High •••), whereas Eisenberg et al. (1998) used “recommend,” “tolerate,” and “avoid.” The NCI Physician Data Query (PDQ®) uses a classification system developed by the NCI Adult Treatment Editorial Board and
adapted to allow the ranking of human studies of CAM treatments in cancer care (NCI, 2010).
The NCI PDQ Adult Treatment Editorial Board classification system
developed ranks human cancer treatment studies according to the sta-
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Figure 8-1. Algorithm for Communicating With Patients About CAM

Note. From “Integrating Complementary and Alternative Medicine Therapies Into an Oncology Practice” (p. 365), by G. Decker in P.C. Buchsel and C.H. Yarbro (Eds.), Oncology Nursing in the Ambula
tory Setting: Issues and Models of Care (2nd ed.), 2005, Burlington, MA: Jones and Bartlett. Copyright 2005 by Jones and Bartlett. Reprinted with permission.
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tistical strength of the study design and specific scientific strength of
the treatment outcomes (NCI, 2010). This classification has been adapted to use for human studies involving CAM treatments. The strength of
study design is ranked in descending order from 1 to 4. Randomized
controlled clinical trials are a gold standard of study design. The study
must be blinded to the researcher before and after randomization and
treatments are assigned, thus ensuring protection from any bias. Nonrandomized controlled clinical trials include an assignment of treatments by
birth date, chart number, day of clinic appointment, bed availability, or
any other strategy that would make the patient known to the researcher. Case series are considered the weakest form of study design. For some
CAM modalities, case series may be the only available or practical information known.
Levels of evidence in CAM are generated in the same fashion as that of
conventional medicine. The clinical trial results (positive and negative)
form the foundation for systematic reviews and meta-analysis. They, in
turn, affect the development of evidence-based practice (EBP), research
utilization, evidence-based health care, and practice guidelines. Levels of
evidence are used by organizations such as NCI (clinical trials) and ONS
(Putting Evidence Into Practice resources), as well as in databases, such
as the Natural Medicines Comprehensive Database, the Natural Standard
Database, and the Oxford Centre for Evidence-Based Medicine. Table 8-4
depicts the strength of study design, endpoints measured, and level of evidence scores for these databases.
EBP is the provision of patient care using the best available evidence from
the results of research to guide clinical decision making. This includes defining the question, accessing the information, judging the credibility of the
results, and applying these results to patient care. Defining EBP for certain
CAM therapies is similar to conventional medicine and results from integrating clinical expertise, epidemiologic studies, and anecdotal evidence. Some
authors have asserted that two kinds of medicine, conventional and alternative, cannot exist (Angell & Kassirer, 1998). Some professionals believe that
there can be only one type of medicine—one that is adequately tested—
and that assertion, speculations, and testimonials are not substitutes for evidence. If the modality is found to be reasonable, safe, and effective, it can
be accepted into clinical practice (Angell & Kassirer, 1998; Kinsel & Straus,
2003).

Regulation
Confidence in the contents of a single, active molecule of a substance,
such as an herb, began to emerge in the late 19th century as a result of the
need to have medicines tested, standardized, and patented. The Biologics
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Control Act (1902) and Federal Food and Drugs Act (1906) formed the
foundation of the present-day FDA (U.S. FDA, 2009). The FDA governs all
aspects of development of drug products, manufacturing, product characterization, safety, efficacy, claims, and postmarketing surveillance (U.S. FDA,
2011).
Prior to 1994, herbal products were not regulated; they were marketed either as foods or drugs, depending on their intended use and claims.
Through the Dietary Supplement Health and Education Act (DSHEA) of
1994, a dietary supplement now is defined as a product intended to supplement the diet that may be a vitamin, mineral, herb, botanical, amino acid, concentrate, metabolite, constituent, extract, supplement to
increase total daily intake, or combinations of these ingredients. The
product must be intended for ingestion in pill, capsule, tablet, or liquid form, must not be represented as a conventional food or as the sole
item of a meal or diet, and must be labeled as a “dietary supplement.”
DSHEA provides for the use of various statements on a product label
that do not need preapproval, although claims must not be made about
the diagnosis, prevention, treatment, or cure for a specific disease. For
example, a claim for an herb cannot read, “This product will cure cancer, heart disease, and obesity.” Similar to foods, dietary supplements
must bear ingredient labeling (including name and quantity of each ingredient) and nutrition labeling (daily consumption recommendations)
(U.S. FDA, 2011). Botanical and herbal products must state the part of
the plant from which the ingredient originated. DSHEA grants the FDA
the authority to develop good manufacturing practices governing preparation, packing, and holding of products. Also through this act, the NIH
Office of Dietary Supplements (n.d.) was created to promote, collect,
and compile research and maintain a database on supplements and individual nutrients. From a consumer standpoint, the DSHEA provides for
over-the-counter, ready access to a wide range of products without the requirement of standardization.

Reliable Resources for Cancer CAM Information
CAM information is present online, in the media, and in lay literature.
Distinguishing high-quality from poor-quality information is essential. websites volunteering medical resources should openly discuss: Who visits the
site? Who pays for the site? What is the purpose of the site? What is the
source of information? How is the information selected for inclusion? Is the
information recent? Are there links to other sites? Does the site collect information about visitors? How does the site manage interaction with visitors? (NCI, 2013). Examples of sponsored websites and databases are listed
in Table 8-6.
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Table 8-6. Examples of Reliable Sources of Cancer Complementary and
Alternative Medicine Information
Organization/Resource

Sponsored Websites

American Cancer Society

www.cancer.org/treatment/treatmentsandsideeffects
/complementaryandalternativemedicine/guidelines-for
-using-complementary-and-alternative-methods

American Society of Clinical
Oncology Cancer.Net (patient
information)

www.cancer.net

Cancer Patient Education Network

www.cancerpatienteducation.org

Cochrane Collaboration

www.cochrane.org

MedlinePlus Herbs and Supplements

www.nlm.nih.gov/medlineplus/druginfo/herb_All.html

National Cancer Institute Cancer Information Service

www.cancer.gov/aboutnci/cis

National Cancer Institute Office of Cancer Complementary
and Alternative Medicine

http://cam.cancer.gov

National Cancer Institute Physician Data Query (PDQ®)

www.cancer.gov/cancertopics/pdq

National Center for Complementary and Alternative Medicine

http://nccam.nih.gov/health/providers

National Institutes of Health
Office of Dietary Supplements

http://ods.od.nih.gov

Natural Medicines Comprehensive Database

www.naturaldatabase.com

Natural Standard

www.naturalstandard.com

PubMed Dietary Supplement
Subset

http://ods.od.nih.gov/Research/PubMed_Dietary
_Supplement_Subset.aspx

U.S. Food and Drug Administration

www.fda.gov

Chapter 8. Complementary and Alternative Medicine Therapies in Oncology Practice ● 633

Future Trends in CAM
Many healthcare professionals have begun to acknowledge that health and
disease are as connected to nutritional, psychological, spiritual, mind-body,
and environmental factors as they are to physical and chemical factors (Angell
& Kassirer, 1998). Given the availability and desirability of CAM therapies, the
integration of these therapies into cancer care is inevitable. The clinical practice and scientific communities must take responsibility as they generate highquality CAM information. Although the quality and quantity of information
about CAM therapies has increased, more must be learned about indications
and contraindications for specific therapies when used in clinical situations.
This will need to be accomplished through several means: (a) collaborating
with CAM practitioners to learn theoretical bases for alternative systems and
appropriate individualized regimens, (b) assisting in the design of methodologically sound phase II and III trials, (c) performing periodic systematic reviews and meta-analyses, and (d) implementing integrated curricula for students and continuing education for practitioners. Providing public education
programs and forums that address the indications and contraindications creates an opportunity and arena for discussion between patients and practitioners (Angell & Kassirer, 1998; Bauer-Wu & Decker, 2012).
Currently, the law does not provide an inclusive, official definition of
CAM. Concerns include the issue of liability when a licensed practitioner
refers a patient to a CAM provider who is not properly credentialed or a licensed healthcare provider provides the CAM therapy and there is an interpretation made by state boards (Cohen, 2006a, 2006b). Refer to Table 8-7
for examples of credentialing for CAM practitioners.

Summary
CAM has survived and emerged from an environment of challenge and
opposition. Regulatory arenas that need to be addressed include informed consent, licensure versus certification or registration, scopes of
practice, malpractice, and professional discipline (Cohen 2006a, 2006b;
Decker & Lee, 2011). Additionally, serious contemplation must be given
to the possible regulation of CAM as a practice discipline. Issues of reimbursement already have emerged and may be connected to informed
consent as well as third-party payers. Some patients might prefer acupuncture to narcotic analgesia if offered the choice. In the future, if a
healthcare provider fails to offer CAM therapies as a treatment option,
will that be interpreted as withholding treatment? Clarification of these
issues is needed. Decker and Lee (2011) speculated that shared perspectives will create previously unimagined possibilities for evidence-based
research and practice.

Acronym

LAc (licensed
acupuncturist)

None specified

RA (registered
aromatherapist)

Practice

Acupuncture

Animal-assisted activity (AAA)
or animalassisted
therapy
(AAT)

Aromatherapy

No formal credentialing or licensure
process
Many trained practitioners incorporate essential oils into their practice.

No formal credentialing or licensure
process; many trained therapists
(e.g., physical, occupational) can
incorporate AAA or AAT into their
practice.

National Certification Commission for Acupuncture and Oriental
Medicine (NCCAOM) training, licensing, and certification

Certification or Licensing Body

The National Association for Holistic Aromatherapy (NAHA) approves aromatherapy
courses according to their education standards.
The Aromatherapy Registration Council Examination in Aromatherapy is open to anyone who has completed a minimum of a
one-year level 2 program in aromatherapy
from an NAHA-compliant college or school
or anyone who could provide evidence of
equivalent training.

The Delta Society offers a comprehensive
service dog trainer curriculum according to
their Standards of Practice in Animal-As
sisted Activities and Animal-Assisted Ther
apy.

NCCAOM certification is the only nationally recognized certification available to practitioners of acupuncture and Oriental medicine.
NCCAOM certification is a requirement for licensure in most states.

Educational Preparation

(Continued on next page)

Aromatherapy Registration Council
www.aromatherapy
council.org/index
.html

NAHA
www.naha.org

Delta Society
www.deltasociety.org

NCCAOM
www.nccaom.org

Related Links

Table 8-7. Examples* of CAM Practices With Educational Preparation, Licensure, and Credentialing Criteria

634 ●
Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Acronym

ATR-BC (art
therapist, board
certified)

BAMS (bachelor of Ayurvedic
medicine and
surgery)
DAMS (doctor of
Ayurvedic medicine and surgery)

DC (doctor of
chiropractic
medicine)

CHTP (certified
healing touch
practitioner)

Practice

Art therapy

Ayurveda

Chiropractic
medicine

Healing
touch

Certification is offered through
Healing Touch International, Inc.
No formal licensure process is
available.
Many trained practitioners incorporate healing touch into their practice.

Licensure in 50 states and in
Washington, DC, following a national board examination

No formal licensure or certification process exists in the United States.
Many trained practitioners incorporate Ayurvedic medicine into their
practice.

Certification is offered through the
Art Therapy Credentials Board.
No formal licensure process
Many trained practitioners incorporate art therapy into their practice.

Certification or Licensing Body

The Healing Touch Certificate Program is a
continuing education program endorsed by
the American Holistic Nurses Association.
It is sequenced through six levels of didactic
and experiential learning.

The curriculum includes a minimum of 4,200
hours of classroom, laboratory, and clinical
experience.

Ayurvedic training in India is obtained with either a bachelor’s degree or doctorate degree.
Several states in the United States have approved Ayurvedic schools encouraging up
to 500 hours of clinical practice.

Minimum educational and professional standards are established by the American Art
Therapy Association, Inc., a membership
and advocacy organization.

Educational Preparation

(Continued on next page)

Healing Touch International, Inc.
www.healingtouch
international.org/
index.php

The American Chiropractic
Association
www.amerchiro.org

National Ayurvedic
Medical Association
www.ayurveda-nama
.org/index.php

Art Therapy Credentials Board, Inc.
www.atcb.org

Related Links
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Acronym

Hom (homeopathic physician)

None at this time

CMT-BC (certified massage
therapist, board
certified)

Practice

Homeopathy

Macrobiotics

Massage
therapy

Certification is offered through the National Certification Board for Therapeutic Massage and Bodywork
(NCBTMB)
33 states and Washington, DC, recognize NCBTMB certification.

No formal credentialing or licensure
process is available.
Certification is offered through
Macrobiotics America.
Many trained practitioners incorporate macrobiotics into their practice.

A diploma or certification of completion can be obtained.
No formal licensure process is
available.
Many trained practitioners incorporate homeopathy into their practice.

Certification or Licensing Body

Certification requires about 500 hours of instruction; therapist must demonstrate mastery of core skills and pass a standardized
NCBTMB examination.
NCBTMB programs are accredited by the National Commission for Certifying Agencies.

Several macrobiotic training programs in the
United States involve online study and inperson training.
Certification requires six months of learning with focus on caregiver cooking, healthy
lifestyle cooking, or cooking teacher.

Several homeopathic programs in the United
States offer a range of 10-week to 3-year
curriculums
In 2011, the Doctor of Classical Homeopathy Program through the American Medical
College of Homeopathy will begin a full-time
program, spanning four years and 4,280
clinical hours

Educational Preparation

(Continued on next page)

NCBTMB
www.ncbtmb.org

The Kushi Institute
www.kushiinstitute
.org

Macrobiotics America
www.macroamerica
.com/cooktraining
.php

American Medical
College of Homeopathy
www.amcofh.org

Related Links
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Acronym

MT-BC (music
therapist, board
certified)

ND (doctor of naturopathy)

Practice

Music
therapy

Naturopathy

Certification can be obtained
through the Naturopathic Physicians Licensing Examination
Board and the North American
Board of Naturopathic Examiners.
15 states, the District of Columbia,
Puerto Rico, and the U.S. Virgin
Islands have licensing laws for
naturopathic doctors.

Certification is available through the
Certification Board for Music Therapists (CBMT).
No formal licensure process is
available.
Many trained practitioners incorporate music therapy into their practice.

Certification or Licensing Body

Each of the six schools in North America is
either accredited or is a candidate for accreditation by an agency of the U.S. Department of Education.
Licensure requires graduation from a fouryear, residential naturopathic medical
school and passing a postdoctoral board
examination.

Certification requires the completion of an academic and clinical training program approved by the American Music Therapy Association and completion of a written examination.
CBMT programs are accredited by the National Commission for Certifying Agencies.

Educational Preparation

(Continued on next page)

American Association of Naturopathic
Physicians
www.naturopathic
.org

CBMT
www.cbmt.org

Related Links
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Acronym

DO (doctor of osteopathy)
C-NMM/OMM,
FAAO (certified
neuromusculoskeletal medicine and osteopathic manipulative medicine, fellow in
the American
Academy of
Osteopathy)

None at this time

Practice

Osteopathy

Reflexology

Certification is available through
the American Reflexology Certification Board (ARCB).
ARCB does not accredit schools,
instructors, or curricula.
Many trained practitioners incorporate reflexology into their practice.

The American Osteopathic Association has 18 certifying bodies.
The two levels of certification are
general certification in neuromusculoskeletal medicine and osteopathic manipulative medicine (CNMM/OMM) and fellowship in the
American Academy of Osteopathy (FAAO).

Certification or Licensing Body

A number of reflexology programs are available in the United States.
Educational programs vary with introductory
programs that include less than 100 hours
of study to advanced programs with more
than 100 hours of study.

A number of osteopathic medical schools operate in the United States.
Three specialty training programs exist: (1)
two-year program in NMM/OMM; (2) oneyear program in NMM and OMM followed
by completion of an American Osteopathic
Association–approved residency in another
discipline; and (3) integrated three-year program in family practice and NMM and OMM.

Educational Preparation

(Continued on next page)

ARCB
http://arcb.net

American Academy
of Osteopathy
www.academyofosteo
pathy.org

Related Links
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None at this time

Yoga

Certification is available through
the Yoga Alliance.
No formal licensure process exists.
Many trained practitioners incorporate yoga into their practice.

Certification is available through
several groups, such as the
American Board of Holistic Practitioners.
No formal licensure process exists.
Many trained practitioners incorporate Reiki into their practice.

Certification or Licensing Body

Yoga schools train individuals to become
yoga instructors, and with 200 hours of
training, instructors can become certified.

Training in traditional Reiki has three levels: First and second levels can be given
in 8–12-hour classes over two weekends.
Third-level training to become a Reiki master may be completed in three days.

Educational Preparation

Yoga Alliance
www.yogaalliance
.org

International Association of Reiki Professionals
www.iarp.org

Related Links

Note. From Handbook of Integrative Oncology Nursing: Evidence-Based Practice (pp. 18–23), by G.M. Decker and C.O. Lee, 2010, Pittsburgh, PA: Oncology Nursing
Society. Copyright 2010 by the Oncology Nursing Society. Reprinted with permission.

*This is not a definitive guide to CAM certification bodies, licensing laws, and education preparation of these providers. The information presented here is current at
the time of printing and serves as examples only. Refer to your state licensing boards or professional associations for more information.

RP (Reiki practitioner)
RMT (registered
massage therapist)

Acronym

Reiki

Practice

Table 8-7. Examples* of CAM Practices With Educational Preparation, Licensure, and Credentialing Criteria (Continued)
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CHAPTER 9

Clinical Trials
Judith Kostka, RN, MS, MBA, OCN®, and Debra Wujcik, PhD, RN, FAAN

Introduction
Clinical trials are crucial to developing the arsenal of interventions to advance cancer care. Clinical trials provide answers to critical questions involving safety, efficacy, and effectiveness of new therapies. A clinical trial is defined by the National Institutes of Health as “a prospective biomedical or
behavioral research study of human subjects that is designed to answer specific questions about biomedical or behavioral interventions (drugs, treatments, devices, or new ways of using known drugs, treatments or devices)”
(U.S. Department of Health and Human Services [DHHS], 2009, p. III-26).
Clinical trials have played an important role in decreasing cancer morbidity and mortality. These research studies promote the discovery of new methodologies for cancer prevention, detection, and treatment and improve the
quality of life (QOL) for cancer survivors. The benefits derived from cancer-related clinical trials include the discovery of new treatments, new indications for existing medications, and alternative dosing parameters, routes,
and schedules of administration. Many patients base their decision to undergo or continue cancer treatment on the anticipated severity of treatment side effects. Hence, numerous clinical trials focus on supportive care.
These trials may examine the role of growth factors in managing hematologic side effects of chemotherapy or more effective antiemetic and analgesic regimens. In practical terms, clinical trials have a broad-based applicability across the cancer care continuum.
Cancer research trials can be divided into five main types: (a) prevention,
(b) early detection/screening, (c) diagnostic, (d) treatment, and (e) QOL
(National Cancer Institute [NCI], 2002). Prevention trials test ways to prevent cancer from occurring or from coming back. The majority of prevention trials involve patients with no cancer history. Early detection and screening trials evaluate ways to find cancer, especially at early stages. These studies
involve people with no cancer symptoms. Diagnostic trials evaluate tests that
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could find cancer more accurately and at an earlier stage. These trials usually focus on people with signs and symptoms of cancer. Treatment trials test
new treatments or new ways of using established approaches. Participants in
treatment trials have cancer, and the effectiveness of the treatment is examined. QOL trials, also called supportive care trials, test ways to improve QOL
and comfort for patients with cancer.
All clinical trials have a protocol or blueprint to direct the study in the
same manner at every site. Protocols have a principal investigator who designs and directs the study and is responsible for overseeing the conduct of
the project. Protocols specify eligibility criteria that list required characteristics of all participants in that study. For treatment studies, eligibility criteria
often will require participants to have a particular stage and type of cancer.
Clinical trials involving drugs or invasive procedures are categorized by
phases (see Figure 9-1). Phase I trials test an intervention on a limited number of subjects (less than 100) for the first time. A larger group (hundreds)
is studied in phase II studies. Phase III trials typically involve a large number
of patients (thousands) enrolled at various treatment sites throughout the
country. Phase III trials are generally randomized and may be double-blinded
(patients are randomly assigned to a treatment arm and neither the researchers nor the subjects know which treatment is involved) and compare
a new treatment to the standard of care. Phase III studies typically are targeted to a site-specific cancer previously established during phase II studies.
Funding for clinical trials comes from a variety of sources. The primary
source of research and development dollars is biopharmaceutical companies
(Pharmaceutical Research and Manufacturers of America [PhRMA], 2007).
Other common sponsors include NCI, the American Cancer Society, the Department of Defense, and Susan G. Komen for the Cure. Medicare began covering standard-of-care costs for all phases of cancer treatment trials in 2000
(Centers for Medicare and Medicaid Services, 2012). In recent years, states
have passed legislation requiring insurers to cover the costs of certain clinical
trials. For state-specific information, visit NCI’s website listed at the end of the
chapter. The U.S. Department of Veterans Affairs supports four main research
services, including (a) biomedical (preclinical), (b) clinical science research
and development (new treatments), (c) health services research and development (delivery of health care to veterans), and (d) rehabilitation research and
development (U.S. Department of Veterans Affairs, 2012).

Clinical Trial Participation
Participation in cancer clinical trials is a topic of much discussion and limited research. Only a small percentage (2.5%–9%) of all adult patients participate in clinical trials, although approximately 20% of patients are medically eligible to participate (Comis, Miller, Aldigé, Krebs, & Stoval, 2003;

Note. From Drug Discovery and Development: Understanding the R&D Process (pp. 2–3), by the Pharmaceutical Research and Manufacturers of America, 2007,
Washington, DC: Author. Retrieved from http://www.innovation.org/drug_discovery/objects/pdf/RD_Brochure.pdf. Copyright 2007 by the Pharmaceutical Research and
Manufacturers of America. Reprinted with permission.

FDA—U.S. Food and Drug Administration; IND—Investigational New Drug; MFG—manufacturing; NDA—New Drug Application

Figure 9-1. Pharmaceutical Research and Discovery

Chapter 9. Clinical Trials
●
647

648 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Murthy, Krumholz, & Gross, 2004). Accrual is even less for minority and
medically underserved populations, limiting the generalizability of results
(Institute of Medicine [IOM], 2010).
The research surrounding clinical trial participation has focused on issues affecting both patients and providers. Fear, suspicion, and mistrust of
researchers and medical research remain the main responses of patients
and community participants (Farmer, Jackson, Camacho, & Hall, 2007).
Many patients report a lack of awareness about the availability and importance of clinical trials, and those with awareness cite concerns with potential
negative side effects or the use of invasive procedures as barriers to participation (Brown, Fouad, Basen-Engquest, & Tortolero-Luna, 2003; Lin et al.,
2008). The same logistical concerns that prevent access to health care are
also cited as barriers to clinical trial participation, including lack of transportation and time away from work or family. Financial concerns because of lack
of insurance or insurance coverage and the potential for expenses not covered by insurance also limit participation (Lin et al., 2008).
One meta-analysis of 12 qualitative and 21 quantitative studies described
protocol-related, patient-related, and physician-related barriers to clinical
trial participation (see Figure 9-2) (Mills et al., 2006). Although race and low
socioeconomic status are often cited as barriers to clinical trial participation,
researchers often cite access to clinical trials, not willingness, as the barrier
to recruiting and maintaining minority research participants (Comis et al.,
2003; Linden et al., 2007).
Facilitators for clinical trial participation identified by patients are usually related to logistics such as transportation, child care, and scheduling flexibility (see Figure 9-3) (Khaliq, Gross, Thyagarajan, & Jones-Webb, 2003).
In addition, community participants suggest that providing adequate infor-

Figure 9-2. Barriers to Clinical Trial Participation
Patient Related
• Trial setting
• Placebo or no-treatment option
• Potential side effects
• Lack of awareness of trials
• Effect of participation on patient-physician relationship
• Physician attitude about trial

Physician Related
• Time required for all phases of enrollment and treatment on trial
• Extra costs of research personnel
• Minority/low socioeconomic patients often do not meet eligibility requirements
• Lack of awareness of trials
• Bias about the desire and ability of minorities to participate
• Bias about the clinical relevance of
studies, treatment preference, study duration, and follow-up requirements

Note. Based on information from Bobo et al., 2006; Brown et al., 2003; Bruner et al., 2006; Fair et al.,
2008; Farmer et al., 2007; Khaliq et al., 2003; Lin et al., 2008.
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Figure 9-3. Facilitators of Clinical Trial Participation
Participant Facilitators
• Reimbursement for travel and time
• Accessible study sites
• Study staff representative of minorities
sought for participation
• Attention to parking, child care, flexible
times for study visits, health information,
and physician exams
• Staff exhibit sincere commitment, honesty, and patience.
• Staff have time to explain research in
understandable terms.
• Staff foster personal attributes of flexibility, sensitivity, and adaptability.

Infrastructure Support
• Adequate time
• Adequate staff with expertise
• Information systems to support research
• Support for timely completion of documents for disability and indigent status

mation about the purpose and benefits of the study and having the request
come from a pastor or physician will increase the likelihood of study participation (Khaliq et al., 2003). Strategies to overcome barriers to minority access are prerequisites to improving minority recruitment to clinical trials.
Because a higher proportion of minority patients are uninsured and underinsured (Sateren et al., 2002), the infrastructure and resources needed to
support participation must be provided. This might include adequate time
for clinician-patient discussion of clinical trials (Bruner, Jones, Buchanan, &
Russo, 2006). Staff with expertise in locating and facilitating additional resources for patients with few financial resources are needed as well (Bobo,
Shapiro, & Brustrom, 2006; Fair et al., 2008).

National Cancer Institute Clinical Trials
Cooperative Group Program
The NCI Clinical Trials Cooperative Group Program began in the late
1970s and serves as the organizational structure for the conduct of NCIsponsored cancer clinical trials. The program comprises 10 primarily U.S.based groups that involve more than 3,100 institutions and 14,000 investigators and enrolls more than 25,000 patients in clinical trials each year (NCI,
2009). The Coordinating Center for Clinical Trials (CCCT) was formed in
2005 and is found within the NCI’s Office of the Director (www.cancer.gov
/aboutnci/organization/ccct). The CCCT guides implementation of recommendations made by the National Cancer Advisory Board. The board
has two important groups, the Clinical Trials Working Group (CTWG) and
the Translational Research Working Group.
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Although the original structure served the NCI for many years, it was
viewed as overly bureaucratic and cumbersome. In the past decade, clinical
trials are increasingly using sophisticated genetic profiling of tumors. These
types of studies require the screening of large numbers of patients to find
subsets of patients with tumors that demonstrate changes in specific genetic pathways (IOM, 2010). In addition, an organized infrastructure for specimen acquisition and distribution, DNA sequencing, molecular stratification,
and correlation with genomic data is required. Despite changes that the NCI
had implemented in the past decade, including the Cancer Trials Support
Unit, the Central Institutional Review Board, and disease-specific steering
committees, change was needed.
NCI asked the IOM to assess the state of cancer clinical trials, including the
cooperative group program. The IOM report A National Cancer Clinical Trials
System for the 21st Century: Reinvigorating the NCI Cooperative Group Program was
issued in April 2010. Four goals were established for the 21st-century clinical
trials system: (a) improve the speed and efficiency of the design, launch, and
conduct of clinical trials; (b) incorporate innovative science and trial design
into cancer clinical trials; (c) improve prioritization, selection, support, and
completion of clinical trials; and (d) incentivize the participation of patients
and physicians in clinical trials (IOM, 2010).
As part of its restructuring enterprise, the CTWG developed four goals
for designing a more efficient national system: (a) better coordination, (b)
prioritization based on solid science and the needs of patients, (c) standardized tools and procedures, and (d) improved operational efficiency. The
CTWG recommended 22 initiatives based on these goals, and several changes have already been initiated. Per-case reimbursement was increased from
$2,000 to $5,000 for phase II studies, and additional funding was allotted
for selected phase III trials. A revised process was developed to decrease
the time from concept submission to study activation in half (less than 12
months), and a revised system to prioritize the most important trials was implemented (NCI, 2005).
In 2005, the CTWG recommended the development of an electronic
database to bring together the data from trials conducted under the cooperative group umbrella, as well as more than 20,000 patients recruited
each year under other grant support mechanisms such as research program grants (R01s and R21s), planning grants (P01s), and Specialized
Programs of Research Excellence (SPOREs) and in NCI-designated cancer centers. The IOM (2010) report reiterated the need for a comprehensive database of cancer clinical trials; thus, the Clinical Trials Reporting Program (CTRP) was formed. CTRP is a comprehensive database of
regularly updated information, including accrual, on all NCI-supported
clinical trials. CTRP staff write abstracts for each trial submitted to CTRP.
These abstracts are indexed with terminology that optimizes retrieval of
cancer clinical trials that are made available to the public through the
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NCI’s website (www.cancer.gov). The clinical trials are classified in one
of the four categories: (a) National, (b) Peer-Reviewed, (c) Institutional,
or (d) Industrial.
The CTWG is currently engaged with the cooperative group leadership
to consolidate to a maximum of four adult groups and one pediatric group.
Three groups, the Cancer and Leukemia Group B, the North Central Cancer Treatment Group, and the American College of Surgeons Oncology
Group announced they were merging to form the Alliance for Clinical Trials in Oncology in 2010. The other groups are in various stages of consolidation (see Figure 9-4). The four pediatric clinical trials groups were merged
previously into one entity (the Children’s Oncology Group), which NCI expects to remain in its current form. The consolidation to fewer adult groups
is expected to reduce redundancy and improve the effectiveness and efficiency of trials. The operations centers, data management centers, and tumor banks will be consolidated and streamlined. Fewer group disease committees is expected to foster a more collaborative approach to selecting the
most important trials to perform.

Drug Development Process
The drug development process consists of understanding the disease
and underlying causes and choosing a target for which a drug can be effective. This is followed by preclinical drug design and discovery to identify a
lead compound (a term that PhRMA [2007] uses to describe a molecule with

Figure 9-4. National Cancer Institute Cooperative Group Consolidation
Original U.S.-Based Groups
• American College of Radiology Imaging Network
• American College of Surgeons Oncology Group
• Cancer and Leukemia Group B
• Children’s Oncology Group
• Eastern Cooperative Oncology Group
• Gynecologic Oncology Group
• National Surgical Adjuvant Breast and
Bowel Project
• North Central Cancer Treatment Group
• Radiation Therapy Oncology Group
• Southwest Oncology Group

Proposed Consolidation
• Cancer and Leukemia Group B, North
Central Cancer Treatment Group, and
American College of Surgeons Oncology Group
• American College of Radiology Imaging
Network and Eastern Cooperative Oncology Group
• National Surgical Adjuvant Breast and
Bowel Project, Radiation Therapy Oncology Group, and Gynecologic Oncology Group
• Southwest Oncology Group
• Children’s Oncology Group

Note. Based on information from Institute of Medicine, 2010; National Cancer Institute, 2005; Phillips,
2011.
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potential therapeutic benefit). Lead compounds may be found in nature,
chemically synthesized in the laboratory, selected from high-powered computational screening, or engineered using biotechnology (PhRMA, 2007).
Lead compounds go through in vitro testing for efficacy, animal pharmacokinetics and toxicology, and human clinical research and development. On
average, the development of a medication requires an investment of $800
million to $1 billion over a 10–15-year period. These high costs account for
thousands of potential medicines that enter the research pipeline and ultimately fail. In fact, for every 5,000–10,000 compounds studied, only one obtains approval (PhRMA, 2007).
Following preclinical drug testing, an Investigational New Drug (IND) application is filed with the U.S. Food and Drug Administration (FDA) before
clinical testing can begin. The IND application contains animal pharmacology and toxicity studies, manufacturing information, and clinical protocol
and investigator information (U.S. FDA, 2013). A 30-day waiting period is
required for FDA review. Clinical research then moves through four phases
(I–IV). However, in some cases researchers are able to do microdosing in a
phase 0 trial using small dosing in fewer volunteers to rule out drugs that are
not effective (PhRMA, 2011).
Advances in genetics promote research in diagnosis, prevention, and
treatment using individualized genetic information. Investment by biopharmaceutical companies in this arena, known as personalized medicine, has
increased by roughly 75% in the past five years (PhRMA, 2011). Research
and development in biotechnology is generated largely in the United States
and often combines private and public partnerships in resource-intensive
initiatives, for example, finding biomarkers.

Patient Protection
Prompted by international atrocities in human experimentation, regulations now exist to protect patients involved in research. In the United States,
regulations protecting human subjects first were introduced in 1974. The
International Conference on Harmonisation (ICH) developed the Guidelines for Good Clinical Practice as quality standards for designing and conducting human trials (ICH, 2013). The FDA set the ICH Guidelines as the
established rule in 1997. The DHHS established regulations in the Code of
Federal Regulations. A 1991 revision included adoption of the Federal Policy
for the Protection of Human Subjects, or the “Common Rule,” which was
promulgated by 16 federal agencies, including the FDA, that are involved in
human subjects research (U.S. DHHS Office for Human Research Protection [OHRP], 1993). The DHHS adopted additional protections for vulnerable populations, including fetuses, pregnant women, prisoners, and children (U.S. DHHS OHRP, 1993).
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Regulatory oversight for research conducted or supported by the DHHS
is provided by the OHRP. This DHHS office provides leadership in the protection of the rights of patients involved in research (U.S. DHHS, n.d.-a).
The office provides clarification and guidance on topics ranging from informed consent to institutional issues and biologic materials. Advice on ethical issues in biomedical and social-behavioral research is available along with
educational programs and materials.
Before a clinical trial can be launched, an institutional review board
(IRB) must approve it. The IRB serves as one mechanism through which human subjects are protected (U.S. DHHS OHRP, 1993). The IRB reviews the
proposed research, assesses that the risks are minimized, and ensures that
the rights of study subjects (including privacy) are protected and that steps
are in place for the potential subjects to be adequately “informed” during
the consenting process. Review board members usually are physicians, researchers, clergy, attorneys, patient advocates, nurses, community members,
and other healthcare providers, as appropriate. IRBs may be local, such as
those established within hospitals, or central, including those that oversee
studies conducted at multiple nationwide centers.

Clinical Trial Phases
Phase I Studies
Phase I trials are based on new treatments or interventions and test primarily for safety in humans. Phase I trials typically last six to eight months
and involve a small number of healthy volunteers, usually in specialized centers. These studies are generated from promising preclinical data obtained
from cytotoxicology profiles of tumor cell lines and animal models demonstrating safe administration of the compound with a reproducible anticancer effect. The study drug is usually given as a single agent. Study subjects
need not have a specific cancer to participate in a phase I trial; however, if
the study medication has decided activity against a particular cancer, then
participants must have that cancer. Participants usually must meet medical
criteria for inclusion in a study based on their overall physical performance
or overall body system function (e.g., cardiac, renal, pulmonary) and ability
to tolerate expected drug toxicities.
The maximum tolerated dose of a drug also is defined in phase I studies. Various dose escalation schemas are used, with rapid escalation at lower, more tolerable doses and successively smaller increases at higher doses.
Phase I studies also may be designed to determine if there is benefit to be obtained by shortening or extending an infusion or dose cycle or by using an
alternate route of administration.
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Close clinical monitoring of study subjects is performed in phase I trials via serum testing and other objective measures that monitor the treatment’s effects on body systems. Pharmacodynamic and side effect monitoring also is part of this process (PhRMA, 2007). Measurements of a
medicine’s half-life, peak and trough levels, and associated side effects on
body systems are integral to evaluating drug effectiveness and toxicity profiles.

Phase II Studies
Phase II studies address the efficacy and short-term safety and side effects of new antineoplastic agents, new combination therapies, or new
modalities of therapy. This phase of drug testing can last up to four years
and includes hundreds of patients. Based on dosage and administration
data obtained during phase I, this new treatment is administered to the
“healthiest of the sick” subjects with the indicated cancer. In most cases, treatment efficacy has been determined in preclinical animal models. These protocols are designed to evaluate efficacy in limited populations of patients and identify common short-term side effects (PhRMA,
2011). In phase II studies, a medication is used for the first time to prevent, diagnose, or treat the disease or condition for which it is intended.
To be eligible for a phase II study, a subject must have quantifiable disease, demonstrate satisfactory performance status, and be free of significant concomitant disease.
To evaluate the response of subjects to treatment, there must be a reliable measure of the disease. Disease may be objectified indirectly, as in the
visualization of nodules or masses on a chest radiograph or magnetic resonance imaging, or by the direct measurement of a subcutaneous lymph
node or mass. Tumor response is referred to as complete, partial, stable, or
progressive. A complete response indicates the disappearance of all known
sites of disease without the observance of any new disease for at least one
month. A partial response is at least a 50% decrease in the sum total of the
measurable disease and no evidence of new disease for at least one month.
Stable response means no change (increase or decrease) in the measurable disease for at least one month. Progressive disease means that the disease has grown. Hematologic and cytogenetic responses are defined for
hematologic malignancies. For example, a minimal cytogenetic response
for a patient with chronic myeloid leukemia is defined as 65%–95% Philadelphia chromosome–positive metaphases (Kurtin, 2011). Outcomes in
a phase II study are measured by the disease response to treatment (i.e.,
recurrence of disease, disease progression, and patient survival). Patients
may continue to receive the new agent as long as the tumor responds or
remains stable.
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As in phase I trials, patients in phase II studies must be clinically monitored (though not continuously) by serial laboratory and radiographic evaluations to detect organ damage. Phase II agents that demonstrate a partial
response may be considered for further testing or may be combined with
other agents of proven efficacy. New agents are discarded if serious toxicity is
noted in phase II studies. However, if the new agent is favorably reviewed, it
advances to phase III trial testing, where it is compared to the current treatment standard.

Phase III Studies
Phase III studies are designed to compare and contrast the new treatment to one or more therapies of proven efficacy. These protocols enroll
the “sickest of the sick” and test the new therapy in clinical situations resembling those of fully approved medications. The outcome of the phase
III study will yield a new drug or drug combination, which is judged inferior, equivalent, or superior to the current standard. A risk-benefit profile
of the treatment for a particular patient population is developed (PhRMA,
2011). As in all trial phases, patients must have clinically quantifiable disease, good performance status, and acceptable organ function to qualify
for enrollment.
Patients are randomly selected to receive either the new or established
treatment to ensure an unbiased comparison of the new agent. A large
sample of patients adds statistical power. Study patients should number
hundreds to thousands, with accrual often taking several years. The dosages, schedules, and routes of administration of the agent are based on the
results of the phase II trials. Patient population criteria for phase III trials
are broader than in earlier phases in that they include patients receiving
concomitant therapies and having unrelated diseases. Endpoints of phase
III clinical trials include measures of disease-free survival, a toxicity profile,
cancer response rates, patterns of recurrence, and patients’ QOL. A New
Drug Application or Biologic License Application is submitted to the FDA
if effectiveness and safety are demonstrated during phase III testing. The
application covers data from all testing done (often 100,000+ pages), includes risk, labeling, and manufacturing information, and can take years
to reach approval (PhRMA, 2011).
Occasionally, a clinical trial may be discontinued. Reasons for stopping a
study include (a) discovery of a dangerous adverse effect, (b) determination
that a medication lacks significant beneficial effect or is less advantageous
than an existing therapy, (c) determination that a drug has a significant effect that is not enough to warrant the risk associated with its use, (d) clear evidence that the drug is safe and effective, warranting an expeditious review
and approval by the FDA, or (e) research protocol violations.
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Phase IV Studies
Phase IV trials provide continued study of a drug’s safety and efficacy following FDA approval. Along with postmarketing surveillance, phase IV studies provide more data on drug-related adverse events and information that
may point to a competitive advantage of the product. These trials often last
for several years and involve thousands of patients. Phase IV trials are typically of a larger scale than premarketing studies and collect data on pharmacoeconomic and treatment algorithms. Researchers often explore new
potential benefits of the medicine in other disease areas or patient populations (PhRMA, 2011). Comparison with other medicines can occur during
this phase of development, as can evaluations of different formulations, dosages, durations of treatment, and drug interactions.

Informed Consent
All patients entering a research study or clinical trial must be counseled
in detail about their rights as a study participant. “The requirement to obtain the legally effective informed consent of individuals before involving
them in research is one of the central protections provided for under the
HHS regulations at 45 CFR part 46” (U.S. DHHS, n.d.-b, para. 2). Prior to
consenting to participate in a clinical trial, patients need to be informed
of their diagnosis and prognosis; the nature, risks, and benefits of the proposed treatment; availability of other investigational or standard therapies
and their risks and benefits; and the risks and benefits of not receiving treatment (American Medical Association, n.d.). The investigator reviews with
the patient the purpose of the research, any known side effects of the new
agent, confidentiality of records, and whom to contact with questions or in
the event of injury. Furthermore, patients should be informed about compensation and the limits of financial support for supportive care and diagnostic tests that the sponsor will supply. Patients also must be told about required diagnostic monitoring during the study.
It is essential that patients know their rights, including their right to refuse to participate in the trial or to withdraw if they choose without compromising their care. Sufficient time must be provided for patients to consider participation. The consent document must be in lay language, and
the patient must be given a copy of the consent form. Because approximately 47% of the U.S. population demonstrates low levels of literacy, NCI
recommends designing documents for people with limited literacy skills
(NCI, 2003). Mentally competent adults must sign for themselves.
Throughout the study, the informed consent process continues, requiring the researcher to inform patients of any newly discovered benefit, risk,
or side effect. To maintain the ethical integrity of any research investigation
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using human subjects, administering and obtaining informed consent must
be the foundation of clinical research.
Patients must not be coerced to participate in a study. Full disclosure
and ethical research principles apply in all phases of clinical investigation.
The race to develop new breakthrough treatments raises concerns about
whether current policies provide adequate protection of human subjects,
including concern about regulation of information placed on the Internet. Another issue is researchers’ financial arrangements that may influence their enrollment decisions. Increased scrutiny of research methods and policies can be expected as IRBs and the FDA wrestle with these
mounting challenges.

Growing Challenges
Trends demonstrate that over time clinical trials have become more complex and difficult to administer. “Between 2000–2003 and 2004–2007, the
median number of procedures per clinical trial increased by 49%, while the
total work burden grew by 54%” (PhRMA, 2011, p. 13). Dilts and colleagues
(2006) conducted an analysis of the Cancer and Leukemia Group B trials
opened between 2002 and 2005. They found that from initial conception to
activation required a median of 784 days and involved 370 distinct processes (Dilts et al., 2006). Similar findings were noted with the Eastern Cooperative Oncology Group and the NCI’s Cancer Therapy Evaluation Program
and Central Institutional Review Board. The slowest parts of the process involve the scientific review committee review and approval and the contracts
and grants review (Dilts & Sandler, 2006). The negative effects of this complexity can be seen in lower recruitment and retention rates for research
subjects as eligibility criteria climbed. Demands for increased efficiency, productivity and a sense of urgency are mounting as administrative paperwork
consumes nearly a year and a half for the usual three phases of drug testing
(Dilts & Sandler, 2006). For Eastern Cooperative Oncology Group trials, the
time required to develop studies equaled or exceeded the time required to
complete the accrual of patients onto studies (Dilts et al., 2008). Solutions
could include an increased use of technology such as electronic tracking, approval by default if no objections are put forward and clarifying expectations
about processes (Steensma, 2009).

Educational Resources
Many agencies and advocacy groups provide strong voices supporting research and have established important resources for consumers. Consumers are credited with procuring government monies for increased research
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budgets and for influencing policy at local and national levels. However,
in the wake of healthcare restructuring, many health plans and insurance
policies specifically exclude access to investigational therapy. The focus has
been on reducing cost rather than on enhancing treatment quality using
cutting-edge, well-designed clinical trials. This shifting priority will threaten
progress in treating life-threatening diseases such as cancer. Healthcare professionals and consumers have several sources available to them for cancerrelated research information (see Table 9-1).
Table 9-1. Cancer-Related Clinical Trials Resources
Organization/Resource

Website

American Cancer Society: information on research
programs, funding, and accomplishments

www.cancer.org

American Society of Clinical Oncology Cancer.Net:
clinical trials information for patients

www.cancer.net/all-about
-cancer/clinical-trials

CenterWatch: information and resources focusing on
the clinical trials industry

www.centerwatch.com

Coalition of Cancer Cooperative Groups: materials to
promote research and information on clinical trials

www.cancertrialshelp.org

National Cancer Institute
• Comprehensive clinical trials information center for
patients, healthcare professionals, and the public
(includes information on understanding clinical trials, deciding whether to participate in trials, finding
specific trials, informed consent, research news,
and other resources)

www.cancer.gov/clinicaltrials

• Cancer Therapy Evaluation Program: sources of
national program research funding, resource information, and major achievements of Clinical Trials
Cooperative Group

http://ctep.cancer.gov

• Directory of research tools and services for cancer
researchers

https://resresources.nci.nih.gov

National Institutes of Health: registry and results database of federally and privately supported clinical trials

www.clinicaltrials.gov

National Library of Medicine PubMed: database of
published results of studies in health and medical science journals

www.ncbi.nlm.nih.gov/pubmed

TrialCheck: clinical trials database that includes those
by cooperative groups, the National Cancer Institute,
and pharmaceutical companies

www.trialcheck.org
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Summary
Future advances in cancer care will arise from clinical trials conducted today. Nurses are uniquely positioned to advise and support patients
as they consider enrollment and participate in research studies. Through
education, nurses have the opportunity to positively influence public
perception of cancer research. Nurses are directly involved in the conduct of clinical trials as research nurses and are promoting clinical research in a variety of settings and roles. It therefore is prudent for oncology nurses to maintain a working knowledge of the clinical trial process
and integrate research findings into their practice. By adopting an evidence-based practice approach, nurses contribute to the advancement of
cancer care.
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CHAPTER 10

Maximizing Outpatient
Chemotherapy
Reimbursement
Cheryl Brohard, PhD, RN, AOCN®, CHPCA

Introduction
Coordinating and navigating cancer care for patients and families is not
complete without addressing the issues of the cost of care. Maximizing reimbursement for chemotherapy is a skill that is developed over time by very
knowledgeable, enthusiastic, and devoted oncology team members. A bit of
wizardry is involved to synchronize all the people and equipment needed to
maximize chemotherapy reimbursement. Keeping pace with the information from the Centers for Medicare and Medicaid Services (CMS) and making real-time changes in practice requires constant vigilance. This chapter
will provide a condensed exploration of the historical perspective of CMS
reimbursement, the prescriptive plan, and the multidisciplinary team’s approach to maximizing reimbursement.

National Statistics
The cost of health care continues to rise in the United States. The Institute of Medicine (2011) reported that $2.5 trillion was spent on health
care in 2009. Proving the cost of illness has been difficult because of the
lack of replicated research studies that focus on the cost (Kockaya & Wertheimer, 2010). The best indication of the cost of cancer comes from the National Institutes of Health (NIH). NIH uses cost and burden of illness as a
foundation to determine allocation of monetary resources. Approximately
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1.7 million people in the United States were diagnosed with cancer in 2014
(American Cancer Society [ACS], 2014). NIH estimated overall annual costs
for cancer at $226 billion in 2010. Direct medical costs or total healthcare
expenditure is estimated at $104 billion (National Heart, Lung, and Blood
Institute [NHLBI], 2010). This represents an increase of $15 billion from
2005 to 2010.
NHLBI (2010) reported that cancer is the second most costly medical
condition for total costs, preceded by mental disorders and followed by
heart conditions, trauma (injury and poisoning), and pulmonary conditions
(e.g., chronic obstructive pulmonary disease, asthma, pneumonia, other respiratory diseases). Ironically, cancer is the least prevalent of the five medical conditions (Kockaya & Wertheimer, 2010). The Medical Expenditure
Panel Surveys (MEPS) conducted by the Agency for Healthcare Research
and Quality provide information as to why cancer is such a costly condition;
MEPS is recognized as a representative sample of the U.S. civilian population (Cohen, 2000).
Compared to 15 other conditions, the fourth most costly medical condition in the United States in 2005 was cancer (Roehrig, Miller, Lake, &
Bryant, 2009). Roehrig et al. (2009) reported the three more costly medical conditions were mental disorders, heart conditions, and trauma. Druss,
Marcus, Olfson, and Pincus (2002) reported that cancer was the most costly
medical condition. An older adult undergoing cancer treatment will spend
an average of $1,120/year for prescription medications (Langa et al., 2004).
Briesacher et al. (2010) reported that 21% of eligible people with low income could be receiving a subsidy to supplement their losses from cancer
treatment. People with cancer have been reported as spending as much as
27% of their income on out-of-pocket expenses, whereas people without a
cancer diagnosis spend 5% (Langa et al., 2004). Hayford (2011) reported
that low-income subsidy enrollees spent, on average, $3,600 out-of-pocket
on prescriptions. The healthcare reform program has focused on people
with low incomes.

Historical Chronology
The historical perspective of cancer care and Medicare provides insight
into the reimbursement challenges faced by oncology care providers (Oliver, Lee, & Lipton, 2004). In 1965, the majority of cancer care was accomplished in hospitals and paid with Medicare Part A. The primary treatment
intervention for cancer was surgery, with radiation as a secondary intervention. Very few chemotherapy agents were used as primary treatment for cancer. In the late 1970s, a demonstration project focused on providing care
through managed care organizations, health maintenance organizations
(HMOs), showed promise in containing cost for Medicare beneficiaries (Ol-
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iver et al., 2004). In 1982, under the Tax Equity and Fiscal Responsibility Act,
the concept of managed care became a reality. The statute of the act mandated that the Health Care Financing Administration (HCFA) contract with
HMOs to provide an option for managed care to Medicare enrollees. HMOs
were created as an experiment to lower Medicare costs by diverting costs to
managed care companies. In the 1980s, the U.S. Food and Drug Administration (FDA) developed and approved numerous new chemotherapy agents
(U.S. FDA, 2012). Diagnosis-related groups reform affected Medicare Part A
reimbursement and fixed the amount of money that hospitals received for
inpatient stays, regardless of the billable charges. In the 1990s, hospices were
founded, and the age of supportive care for patients with end-stage cancer
began. The financial reforms and improved technology started a movement
toward less invasive surgeries, shorter inpatient stays, and observation stays
(Twombly, 2004b).
The 1990 Medicare Physician Fee Schedule enacted by Congress was one
way that HCFA tried to contain costs. This enactment called for “performance standard rate of increase,” a systematic method of establishing fee
increases (or decreases) for physician service codes or a category of physician services over a five-year fiscal period beginning in 1991 (CMS, 1990).
Containing reimbursement for physician services was an attempt at reducing costs associated with physician practice. Later, the 1997 Balanced Budget Act enacted by Congress required HCFA to provide a balanced budget
for the tumultuous Medicare program. In order to achieve a balanced budget, HCFA experimented with a variety of cost containment interventions.
Among these interventions were restricted provider payments, prospective
payment plans, modified reimbursement fees for outpatient procedures,
reduced payments for chemotherapy, and bundling of services and procedures (Twombly, 2004b).
HCFA attempted to cut spending and ensure cost-effectiveness by establishing a sustainable growth rate (SGR) for physician reimbursement. The
SGR means that growth in expenditures is essentially limited to the rate of
growth in gross domestic product. Fiscal year 1998 was the first year that
SGR was calculated alone; previously, the calculation included the Medicare
Volume Performance Standard (CMS, 2012d).
Medicare’s measure of the increasing cost to provide health care (i.e.,
goods and services provided by physicians) is called the Medicare Economic Index (MEI). The physician fee schedule is updated annually to reflect
the current MEI. The performance adjustment factor (PAF), which compares actual and targeted expenditure, is calculated on an annual basis as
well and cannot exceed 3% in a given year (CMS, 2012d). The physician fee
schedule is updated by calculating a yearly conversion factor. Multiplying
the MEI, PAF, and the conversion factor used for the previous calendar year
results in the conversion factor used for the updated physician fee schedule
(CMS, 2012d).
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From 1998–2012, the average annual increase in the MEI was 2.1%.
Since 2009, the MEI has increased between 0.4% and 1.6% annually (CMS,
2012d). The SGR formula has built-in restrictions, regardless of actual physician expenditures. In order to adhere to the Balanced Budget Act of 1997
and to the Deficit Reduction Act of 2005, Congressional adjustments to correct the SGR would most likely result in cuts in other programs. Historically,
Congress enacted a short-term solution for 2003–2012 by avoiding the SGR
methodology, and the Senate passed a 1% increase in the conversion factor.
A permanent solution to SGR was not addressed, and annual physician updates have been made since 1992 (CMS, 2012d).
In regard to chemotherapy, the three categories of reimbursement for office-based practices are chemotherapy medications, chemotherapy administration, and physician fees (CMS, 2012d). Rather than revise the Social Security Act of 1965, CMS, known as HCFA until 2001, combined the payment
for chemotherapy and chemotherapy administration for office practices.
When physicians complained and lobbied for medication administration
fees, CMS responded by paying more for the chemotherapy medications
rather than paying for the chemotherapy administration. Medicare compensated physicians 95% of the average wholesale price (AWP). The AWP is
reported by pharmaceutical companies. In actuality, office-based physician
practices negotiate with pharmaceutical companies for fees typically 66%–
87% of the AWP (Twombly, 2004a).
After the New York Times article “Drug Sales Bring Huge Profits and Scrutiny to Cancer Doctors” (Abelson, 2003) accused oncologists of profiting
from chemotherapy administration and administering unnecessary chemotherapy to patients, the American Society of Clinical Oncology (ASCO) acknowledged the need for reform in the reimbursement of chemotherapy
but emphatically denied the accusation of unnecessary chemotherapy administration (Jacobson et al., 2006). Many professional organizations challenged government, insurers, hospital administrators, physicians, and patient advocates to find an equitable system of compensating for patient care
while maintaining quality.
In 2003, the Medicare Prescription Drug, Improvement, and Modernization Act (MMA) was signed into law, representing the most aggressive modification to Medicare since its inception in 1965. Three reported reasons for
the MMA were pharmaceutical spending, Balanced Budget Act restriction,
and the fear of bankrupting Medicare because of the large number of individuals from the baby boom generation on the threshold of Medicare enrollment. Pharmaceutical drug spending increased at an average rate of 14.5%
between 1997 and 2002, bringing the total to more than $162 billion in 2002
(Baker, Cook, & Nowak, 2004). In 2010, the average rate was 2.3% and a total
of more than $307 billion; chemotherapy was cited at $22 billion (IMS Institute for Healthcare Informatics, 2011). Physician reimbursement for chemotherapy exceeded the cost of medication before the MMA. The MMA elimi-
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nated physicians from the acquisition and preparation of chemotherapy and
requires a third-party pharmacy provider, chosen by the government, to deliver prescribed drugs (Carroll, 2011). In 2006, physicians had to elect to either obtain medications from contractors or purchase the medications and
seek reimbursement (Oncology Nursing Society [ONS], 2003). Physicians
were reimbursed based on manufacturers’ average sales price (ASP) plus 6%
and other fees. The MMA added codes for oncology nurses and office expenses. Despite the increases in practice expense reimbursement, ONS believes that this Medicare payment fails to adequately reimburse for a number
of critical services provided by oncology nurses. Services such as teaching, admixture, waste disposal, triage, assessment, and counseling are among the
services described by ONS as critical for patients with cancer (ONS, 2003).
The ASP is updated quarterly; however, there is a six-month delay before reimbursement can be changed. Dramatic changes in costs for the manufacturer could result in a patient not receiving chemotherapy medications.
Treatment settings have shifted in the past decade, with 80% of all cancer
care now delivered in the outpatient area (Twombly, 2004a). Approximately
77% of the people diagnosed with cancer are age 55 and older (ACS, 2014).
About 400,000 Medicare patients begin chemotherapy every year, and the
majority of patients will be treated in an outpatient setting, private oncologist setting, or outpatient chemotherapy clinic (Twombly, 2004b). Pharmaceutical companies have since focused their efforts toward the development
of oral antineoplastic agents (Bailes & Brennan, 2005; Twombly, 2004a).
The dynamic instability surrounding reimbursement for cancer treatment and services continues to exist. Physicians affected by the 2004 CMS
changes have reported closing offices in rural areas, consolidating chemotherapy services into one administration center, and/or sending patients
to a hospital for chemotherapy (Gould, 2011). Comprehensive cancer centers have expressed concern about a large shift of Medicare patients to their
centers if patients cannot receive treatment in their community (Twombly,
2004b). See Figure 10-1 for key elements of the Patient Protection and Affordable Care Act of 2013 that will affect Medicare.

Response to the Changes
The aftermath of the healthcare reform brings a plethora of comments
from healthcare providers and consumers. Medicare users fear the loss of
services or the rise in cost of those services. Legislators are reluctant to institute an overhaul of Medicare, as it has been regarded as a sacred cow.
Oncology care providers sense that a threat to reimbursement changes will
negatively affect the quality and quantity of services provided to patients.
The professional oncology community joins a diverse group of professionals for a common cause. Among the groups are the National Comprehen-
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Figure 10-1. Key Elements of the Patient Protection and Affordable Care
Act Impacting Cancer Care
The Patient Protection and Affordable Care Act of 2013, also referred to by many as
“Obamacare,” came into law in the United States on March 23, 2010. Access to affordable health care, which was the goal of this legislation, gathered speed toward the end of
2013 when registration began for mandatory coverage. Unfortunately, technological barriers in the registration program resulted in delays for consumers to sign up for health
plans (U.S. Department of Health and Human Services, 2013). Progressive implementation of the Affordable Care Act covers a 12-year period and will provide access to and insurance coverage for preventive services and medical care and expand the current Medicare and Medicaid programs.
The following are highlights of the progressive implementation of this legislation that are
pertinent to cancer care (Patient Protection and Affordable Care Act, 2013).
• 2010: Children may remain on a parent’s health plan until age 26, a payment of $250
will be made to Medicare Part D beneficiaries who have reached the coverage gap
(“donut hole”), tanning salon tax increases to 10%, and employer reimbursement for
healthcare costs between $15,000 and $90,000.
• 2011: Long-term care program starts, Medicare Part D beneficiaries receive 50% discount on brand-name medications during the gap period, tax credit provided to small
employers for healthcare coverage, $2.3 billion fee for pharmaceutical manufacturers,
10% incentives to primary care providers, and community healthcare funding is expanded.
• 2012: Medicare payments reduced, lower premiums available for nonprofit insurance
cooperatives, and monies paid to hospitals for reduced readmissions.
• 2013: Implementation of standardized health insurance forms, itemization deductions
for medical expenses increased from 7.5% to 10%, $2,500 limit on flexible spending
accounts, and 3.8% tax for singles and couples earning $200,000 and $250,000, respectively.
• 2014: No denials for preexisting conditions or high-expense claimants; four tiers for
the healthcare exchanges; insurance premiums can only vary based on place of residence, age, use of tobacco, and family size; healthcare plans must offer base package, and recipients can opt for 60%, 70%, 80%, or 90% coverage; Medicaid program
expanded to 133% of poverty line and includes childless couple coverage; a $95 fine
will be issued to U.S. citizens without health insurance, with fine rising to $695 by
2016; and penalties to employers of $2,000 if employees opt to buy insurance through
the exchange.
• 2018: 40% tax imposed on insurance companies offering high-end healthcare plans.
• 2020: Medicare Part D gap ends and prescription coverage stops at $2,830; Medicare
recipients pay 25% of medication costs until catastrophic level is met, then costs reduce to 5%.

sive Cancer Network (NCCN), ASCO, large for-profit groups such as U.S.
Oncology, cancer survivors, nurses, pharmacists, social workers, and dietitians.
NCCN, an alliance of 23 comprehensive cancer centers, was established
in 1995. NCCN Clinical Practice Guidelines in Oncology, first published in 1996,
are multidisciplinary, evidence-based reference tools developed by a learned
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group of oncologists that serve to outline and define current oncology care
standards. Basch, Somerfield, Partridge, Schnipper, and Lyman (2011) have
advocated adding costs information to ASCO’s Clinical Practice Guidelines;
the authors cite the FDA, CMS (2012b) Compendia, pharmaceutical manufacturers, and specialty professional societies as having either no or limited
considerations for incorporating cost or cost-effectiveness into their guidelines. For example, the Community Oncology Alliance (2012) lobbied Congress on the drug shortages and the impact that the healthcare reform has
had on small business, group health plans, and advocates for the repeal of
the Independent Payment Advisory Board.
The National Coalition for Cancer Survivorship, ACS, and many breast
cancer groups serve to identify and advocate for oncology professionals and
patients throughout the United States. Many of these organizations have
combined their efforts to educate CMS on the oncology perspective and to
advocate for changes in reimbursement. Their aim at reform is directed toward access to common cancer care topics such as access to cancer care, insurability issues, work-related issues, and other types of societal challenges
for cancer survivors as evidenced by the white papers, resources, and offerings on their websites, for example, ACS (www.cancer.org), ASCO (www
.asco.org), and Leukemia and Lymphoma Society (www.leukemia-lymphoma
.org), to cite a few organizations.
ONS, along with 17 other organizations, argued the points of healthcare
reform to ensure that the full range of services provided for cancer care are
reimbursed adequately and appropriately. ONS outlined specific areas of
concerns, including the AWP of prescriptive drugs, symptom management
secondary to chemotherapy administration, and “zero work pool” terminology (ONS, 2006). ONS (2012) joined the National Coalition for Cancer Research in a letter to the chair of the U.S. Senate Committee on Finance on
drug shortages.
In response to the uproar of the public and the oncology community from the New York Times article (Abelson, 2003) discussed previously,
CMS agreed to pay oncologists, starting in 2005, the ASP plus 6% for these
agents. CMS also agreed to review any payment for medications to ensure
that final payment accurately reflected ASP (Government Accounting Office [GAO], 2012). In 2011, when pharmaceutical spending hit an all-time
high of $307 billion, the GAO (an independent, nonpartisan agency that
an agency that studies programs funded by the federal government and
expenditures to examine how the federal government spends taxpayer
dollars) investigated and reported the flattening of spending to 2.3% and
related this to the use of generic pharmaceutical agents (GAO, 2012). The
GAO addressed the issue of administration fees, and an audit showed that
16 chemotherapy-related agents represented 75% of Medicare payments
to oncologists. In 2005, nearly every category of chemotherapy administrative procedures increased, some as much as 300% (Zielinski, 2005).
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Across the United States, the outcries of hematologists/oncologists could
be heard at all levels of government. ASCO and the Association of Community Cancer Centers (ACCC) proposed that failure to recognize the impact of CMS changes on individual practitioners would lead to a decrease in
quality of care for patients with cancer and closures of hospital-based outpatient chemotherapy centers (Jacobson et al., 2006). The fear was that patients would be undertreated or that less expensive chemotherapy would be
used (Jacobson et al., 2006); however, the researchers found no substantial
evidence that oncologists administered less chemotherapy to patients with
metastatic breast, lung, or colorectal cancers.
A second fear regarding the MMA of 2003 was that the patient wait
times for chemotherapy and the travel distances to receive chemotherapy
would increase. Shea et al. (2008) investigated 5,082 patients and found
little change in the travel distance; additionally, they documented 69% of
physician offices and 21% of institutional outpatient chemotherapy settings
had remained unchanged as the site for chemotherapy administration since
2003. Jacobson, Earle, Price, and Newhouse (2010) updated this study and
observed two patterns of change with respect to chemotherapy in the postMMA years: patients diagnosed with lung cancer were more likely to receive
chemotherapy, and there was a switch from carboplatin and paclitaxel use
to docetaxel without plausible explanation of why this occurred or if it was
associated with the MMA.
With the completion of the human genome mapping, oncologists speculated that personalized medicine for an individual’s cancer would be the
state of the art for cancer treatment and that chemotherapy medications
would be prescribed for patients based on their unique genetic and cancer
profile (Meckley & Neumann, 2010). To date, little evidence supports that
personalized medicine and its technologies have been used in a practical
clinical application. Personalized medicine has not influenced chemotherapy reimbursement as some oncologists had thought.

Hospital-Based Outpatient Centers
Maximizing reimbursement for hospital-based outpatient chemotherapy
centers largely depends on the collaboration of a multidisciplinary team.
Instead of having a patient case focus, this team can examine and modify
the current processes and systems when empowered with the authority to
improve the bottom line. For best results, these teams consist of a billing
and coding specialist, reimbursement experts, registration and authorization specialists, case managers or social workers, medical records personnel, pharmacists (including an investigational agent pharmacist), laboratory
and blood bank manager, radiology manager (including an expert for computed tomography scanning), nurse leaders, administrators, and hematol-
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ogists/oncologists. Each department representative brings knowledge and
experience to the team, and when this information is shared in an open format, it can facilitate communication and understanding, thus leading to increased revenue. In addition to increased revenue, the team’s goal must
include quality cancer care for all patients receiving chemotherapy and supportive care infusions.

Performance Improvement Initiatives
The following is an example of a team collaboration aimed at maximizing
revenue through a performance improvement (PI) initiative. At the onset,
the PI initiative included leaders from patient accounting, medical records,
compliance, and information technology (IT) (Desai, 2011; Selle, 2005). The
problem that sparked this initiative was the discovery of diminishing revenues
over several months in the three ambulatory infusion therapy departments.
The initial strategy was to adapt the hospital-based inpatient charging system
to the ambulatory clinics; the patient accounting and financial personnel
were making adjustments without anyone knowing. These initial efforts failed
as the business office did not fully understand the ambulatory payment classifications (APCs), the clinical staff was unaware of the changes, and the hospital charging system could not be adapted for the ambulatory setting. With
the help of ACCC, the hospital hosted a Cancer Program Improvement Project seminar. After the seminar, the group took a series of steps, including expanding the team to all stakeholders, flowcharting the revenue cycle, and
analyzing and identifying major problem areas. The team used the ACCC’s
Oncology Reimbursement Toolbox and divided problem areas into manageable components such as charge capture, claims production, payment
processing, and coding. A copy of the toolbox is available free of charge on
the ACCC website (http://accc-cancer.org/education/pdf/Toolbox2007
.pdf).
Over a period of months utilizing performance improvement strategies,
the team created solutions and implemented them. For payer problems, they
reviewed the accuracy of the charge master and codes; they inspected managed care charges and correlated these with the negotiated rates; and they increased the discussion between the oncology department and the managed
care contracting department. At the heart of the problem was poor communication among departments. The oncology service line knew little about denials or problems of billing and coding. The IT department discovered a lack
of software programs to handle the Correct Coding Initiative for CMS. The
clinical staff did not have the expertise in charging and coding. The billing
department wrote off hundreds of erroneous claims totaling an average of
$900 per patient per billing cycle date. The team has continued to address issues and change processes over time (Desai, 2011; Selle, 2005).
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Prior to the PI initiative, the charge capture error rate was 88%. The charge
capture rate is the percent of services performed and billed. The error rate
is those services performed but not billed. By the end of the fiscal year, the
charge capture error rate was down to 10%; the difference in revenue capture
was seen in the profitability report. Over a period of three years, the charge
capture error rate fell to a low of 5%. If the error rate climbs, the team develops an action plan to address the problem. Commitment to this project was
seen at all levels of the corporation and served as an excellent example of a PI
initiative involving a multidisciplinary team (Desai, 2011; Selle, 2005).
Referrals are one of the most important ways that patients enter both hospital-based and outpatient-based chemotherapy centers. Areas of interest when
evaluating an efficient referral process are measuring patient satisfaction related to wait times for an initial appointment and ease of being self-referred
into the center; determining differences between VIP and non-VIP referrals
and capitalizing on that difference; and building a relationship with all referring physicians. It is important to measure referring physicians’ satisfaction at
the chemotherapy center and compare these results with nationally reported satisfaction rates or standards. Lunch-and-learn sessions with primary care
physician (PCP) offices and referral staff also can form a better working relationship. Communication between the PCP and oncologist is essential. The
patient is the first to identify when there is a lack of coordination, communication, and collaboration between healthcare team members.
Increasing revenue can be accomplished through the following six essential processes.
1. Improve the patient referral system, thereby decreasing the wait period.
2. Optimize patient flow, thus enabling more patients to be processed.
3. Form interdependent relationships with the PCP.
4. Expand hours of clinic operation based on population specificity.
5. Increase utilization and efficiency of chemotherapy chairs, thus minimizing the “empty chair” time.
6. Establish hospital-based ambulatory infusion clinic.
A financially successful cancer program ensures that patients are precertified and authorized to come to the cancer center. Financial counselors
and authorization staff are vital cogs to getting this accomplished. Financial counselors explain to the patients their benefits, co-pays, and financial
responsibilities. Counselors negotiate discounts and payment plans for patients who are self-insured or self-pay.
The cancer program’s payer mix determines the financial reimbursement
for chemotherapy. Examination of the practice’s payer mix is important because the reimbursement for government programs is preestablished. Medicare, Medicaid, and the Civilian Health and Medical Program of the Uniformed Services are commonly used health plans. Payer mix describes the
percentage of patients with these plans, commercial insurance, self-pay, and
charity or indigent care (Manchikanti, Caraway, Parr, Fellows, & Hirsch, 2011).
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Pharmacy
When maximizing reimbursement, drug cost must be closely examined.
Cancer-related drug costs include chemotherapy drugs; chemotherapy adjuncts such as growth factors, steroids, or cytoprotective agents; and supportive drugs such as analgesics or antibiotics. Chemotherapy agents may be the
single most important cost driver in an outpatient setting. CMS encourages
oncologists to be knowledgeable about purchasing organizations, which are
available to all community practices regardless of size and patient volume.
Such knowledge can improve cost containment.
Each practice should understand drug pricing. Assigning a designated
resource person to manage pharmaceutical negotiations and leverage consortium and system purchases also can maximize efficiency and reduce cost.
Rebates, discounts, and competitive comparisons are three strategies used
to negotiate the lowest price. It is recommended to compare and contrast
drug prices from manufacturers, wholesalers, distributors, and group purchasing organizations (GPOs). In addition, practices should consider other
value-added services provided as part of the contract, including education
and training programs, elongated billing cycles, and tubing with IV sets and
bags. Another strategy is to negotiate a percentage discount as the medication usage volume rises; the more you buy, the greater your discount. It may
be more efficient to order chemotherapy on a daily or weekly basis to keep
inventory control and ordering in check (Carroll, 2011). No matter the ordering frequency, regularly examine inventory for excess medication that
can be returned.
In addition to the role of negotiating drug prices, some practices employ
a clinical pharmacist and pharmacy technician for procurement, stocking,
mixing, and inventory control. Some private ambulatory practices use nurses to perform these duties. However, by employing a pharmacist for medication management, nurses can focus on administration, patient education,
and patient care.
Most hospitals purchase medications via GPOs, which negotiate a price
for medications based on large volumes from the manufacturer; thus, the
more members that participate in a GPO and the greater volume of medications ordered, the lower the price per unit (Carroll, 2011). For the financial
health of an institution, it is imperative that small community hospitals join
a GPO. A wise strategy is to renegotiate contracts every three years or on an
as-needed basis. Carroll (2012) suggested that another way to enhance drug
purchasing power is to join an integrated delivery network (IDN). IDNs employ contracting managers to negotiate the purchasing prices. The Veterans
Health Administration and other government entities are able to purchase
medications at the lowest price tier. GPOs and IDNs usually are able to purchase medications at a slightly higher tier. A drug formulary should be in
place to guide purchasing and to standardize drug utilization.
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Hospitals may qualify for a governmental program called the 340B Drug
Pricing Program. The 340B program is a component of the Health Resources and Services Administration (HRSA, 2012). The 340B program enables
hospitals, community health centers, clinics, and other “safety net” providers to purchase pharmaceutical agents at discounted prices. Safety net providers serve uninsured, low-income, or vulnerable patients. The 340B program applies to outpatient care only. Hospitals eligible for the 340B program
must have a disproportionate share of low-income patients as well as a public health mission and contract to serve the low-income population (HRSA,
2012). The 340B program allows qualifying hospitals to purchase medications for eligible outpatients at a price equivalent to Medicaid pricing. These
discount prices average 20%–24% less than the price associated with a GPO
discount. Hospitals can negotiate for additional discounts from GPOs, but
these negotiations are exempt from the government’s best price tier.
Some drugs may not be available through a GPO. For example, singlesource medications are brand name drugs owned by a pharmaceutical company and may not be available in GPOs. However, there may be opportunities to negotiate directly with the manufacturer. Hospitals and providers that
are able to provide or project patient utilization volumes are in a better bargaining position than if the volumes are unknown.
A common occurrence is a manufacturer’s notice that generic chemotherapy agents are not available (Eagle, 2012). The reasons given for these
shortages vary based on the context but include the lack of raw materials, a
consolidation of manufacturers, delays in production due to new FDA standards, insufficient or negative profitability margins, and quality recalls. Generic chemotherapy agents are inexpensive, and some proposed solutions
include that the government stockpile medications, increase the production
capacity, extend the medication’s expiration date, and require earlier notification from the manufacturer that the supply is limited (Eagle, 2012).

Off-Label Drug Use
Physicians are responsible for discussing treatment plans supported by
current evidence-based literature. They must be knowledgeable about medications used in off-label situations to treat disease. Patients must be informed
that the use of an off-label medication may not be reimbursed, requiring private pay. If the patient wants to receive off-label medication, further discussion is needed regarding the patient’s ability to pay for the medication, the
likelihood of the insurance carrier to make an exception for coverage, and
the evidence supporting the use of an off-label medication as more favorable than the standard of care. One option to consider is the use of an advance beneficiary notice for the use of off-label drugs, which requires a signed
form to permit billing the patient as self-pay for covered items that are oth-
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erwise not payable (U.S. Department of Health and Human Services, 2012).
With the clinical staffs’ expertise, authorization staff can pursue an investigation for coverage of the off-label medications.
Obtaining off-label reimbursement for chemotherapy agents must start
with the physician and staff understanding specific health plans or government health insurance. Totten and Goss (2006) reported the results of a
study commissioned by ACCC and others that was conducted by Covance
Market Access Services and investigated off-label use of anticancer medications. An interview was conducted with 40 oncologists/oncology practice
managers. Findings revealed that 32% of oncologists prescribed anticancer
therapy for Medicare beneficiaries if they knew the therapy would be covered; 89% of oncologists referred to peer-reviewed journals for information
on off-label use of medications; 54% of the time, oncologists changed the
treatment plan if medications would not be covered; and 93% of respondents said that off-label medications were commonly reserved for advanced
stages of cancer (Totten & Goss, 2006).
Patients should be encouraged to speak with a nurse case manager at the
insurance company. The case manager can help to educate the physician
and patient on the health plan coverage, research off-label use of specific
medications, and develop a discussion plan for the patient. Oncology nurses advocate for patients by supplying evidence-based, peer-reviewed articles
and other literature that justify the use of off-label medications. Oncology
nurses can seek support from pharmaceutical representatives who may call
the case manager to provide additional information. The case manager uses
this information to help the health plan director to determine medical necessity. Recent revisions by CMS (2010) were published in guidelines for acceptable indications of chemotherapy medications and biologic agents for
the off-label use. These clinical practice guidelines were an attempt to correct the inconsistencies in reimbursement that were found throughout the
United States.
Many states have specific laws for the use and coverage of off-label medications or treatment. If an insurance company fails to cover the off-label use
of medication, the patient and physician can appeal that denial. If the insurance company will not cover the expense, patients can be referred to a patient assistance program (PAP). Some states offer a “Cancer State Aid” program that provides treatment coverage assistance for eligible patients. The
state office of the Department of Human Resources should be contacted to
inquire about such a program.
Oncology professionals have viewed PAPs as an effective means of providing appropriate treatment to patients who otherwise cannot afford therapy (Partnership for Prescription Assistance, 2013). Partnership for Prescription Assistance provides access to PAPs. The organization has more
than 475 programs referenced on its website (www.pparx.org). Patients
will need to provide their age, state of residence, estimated gross annual
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income, number of people living in the household, name of the medication, current health insurance, and prescription coverage. Similarly, because it is illegal for a pharmaceutical company to provide inducements
for an agent that will later be billed to Medicare, Together Rx Access (www
.TogetherRxAccess.com) is a PAP designed for uninsured individuals who
are not on Medicare. This may be particularly important because the MMA
resulted in the loss of prescription assistance for seniors. PAPs are anticipated to continue to support people without insurance, Medicare patients
opting out of Part D, and other people meeting the criteria (Japsen, 2006;
Vanchieri, 2006).

Denials
Reimbursement is maximized by a thorough understanding and application of billing and coding rules. Incomplete knowledge jeopardizes fiscal soundness. CMS (2004) reported a 21.1% provider error rate that resulted in denied claims within the hematology/oncology specialty. If a practice
is being denied payment for services or is not capturing services, denied
Medicare claims should be reviewed, and a trend or a pattern to the denials should be identified. Claims often are denied because of incomplete information, down coding, bundling, application of an incorrect fee schedule,
refusal to recognize modifiers or codes, or lack of medical necessity (Desai,
2011). Failure to transmit a bill within the designated time period also will
result in denial. Therefore, it is important to determine if claims were denied because the time period for claims submission expired.
The separation of denied claims into categories is important in order to
review each category of billing system errors. If the current billing system has
an existing report identifying specific problems, the bill system may be set
up to “hold” the bill until errors are corrected. A designated person in the
billing department performs this role. Additionally, providers can appeal a
denial by resubmitting a claim with corrections. If bills are not corrected and
resubmitted, total losses should be tallied and recorded.

Restructuring a Billing System
Total losses may require an investment in a new billing system if the current system proves inadequate for a practice. Billing systems for outpatient
oncology practices are numerous, and a request for proposal (RFP) is the
best way to solicit vendors. The multidisciplinary group involved in examining processes and systems can serve as an implementation team. The team
should identify goals and clearly state precise needs of the practice, which
may include current manual processes, reasons for denied claims, time-con-
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suming processes, regulatory requirements, information that cannot be obtained from the current system, and what is “right” with the current system.
Most importantly, definite needs for each department should be identified.
By specifying practice needs in the RFP, vendors will be able to respond appropriately by matching software to the requirements of the practice. Maintenance programs, upgrades, and education should be included in the proposal. All proposals are reviewed to evaluate software based on required
practice services. Team members must be present during the demonstrations and strive to select the best two vendors. Final selection is made after
references are provided and contacted, site visits are made, current users
are interviewed, and endorsement of the executive officer is received. Negotiations may best be handled by a seasoned contracting specialist who first
meets with the team to discuss key points that will not be altered during negotiations. Such contracting specialists can be objective and are able to bargain for the best price. Once an agreement is made, the vendor’s team and
the implementation team determine a date to launch the system. The staff
is trained on the new system, and the transition is made to incorporate current patients.
A careful review of the billing department’s policies and procedures, infrastructure, and number of bills submitted may be enlightening. Frequently, an inadequate number of people work within a department to handle the
volume of bills, or an insufficient number of licenses may be available for
billing software. Such problems can be resolved. For example, the billing
manager can provide information related to the average number of days between claim submission and posted payment. Identifying and graphing this
data for several months will provide a histogram that functions as a PI tool,
serve to identify third-party administrators (TPAs) that process claims quickly, and identify areas of opportunity by readily finding disbursement periods
that exceed 90 days.
It is important to review the volume of claims being denied. The billing
manager should be alerted to common problems such as missing information or the need for corroborating clinical data. The billing manager can investigate reasons for common problems and provide valuable insight into
finding appropriate solutions when a billing problem is related to a commercial insurance group (Cascardo, 2005; Desai, 2011).
Insurance companies are eager to work with medical oncologists to pay
for patient care services that maintain the patient in the community rather than having service diverted to inpatient services, which are more costly. United Healthcare partnered with five medical oncology practices for
pilot testing of a new payment model called “Episodes of Care,” which is
based on 17 episodes of care for the three most common cancer diagnoses: breast, lung, and colorectal (Gould, 2011). This pilot included a payment program for the costs of chemotherapy medications, supportive care
medications, chemotherapy management and administration, ancillary sup-
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plies, and physician oversight. Using NCCN clinical practice guidelines, the
five practice groups worked together with United Healthcare on this model.

Claims Submissions
Another potential area for improvement involves specific claim challenges.
Routine audits often identify claims that may be under- or overbilling. Audits
can verify if maximum billing has been allotted for physician assistants and advanced practice RNs (nurse practitioners or clinical nurse specialists).
The Administrative Simplification Compliance Act requires that Medicare claims be submitted electronically as a condition for payment (CMS,
2012c). Electronic data interchange is the automatic transfer of claims data
in a specific format. This is a universal format used by all providers submitting transactions to Medicare. Healthcare providers employ clearinghouses
and billing services to provide claims data in the correct format for submission to Medicare. Clearinghouses possess sophisticated software that can be
programmed to format claims data for Medicare, Medicaid, and other insurance companies. The practice can use reports from the clearinghouse to
identify claims that would have been denied based on missing information.
These reports give the practice an opportunity to correct claims before submission for payment (CMS, 2012c).
CMS is required to ensure that payments are made for medical services
that are reasonable and necessary. CMS contracts with carriers and fiscal intermediaries to identify atypical billing. If the severity of the problem warrants a medical review, then program safeguard contractors perform one.
The goal of this review is to reduce billing and coding errors (CMS, 2012e).

Billing System
The billing manager usually establishes an acceptable time period when all
changes are entered into the billing system. Staff is knowledgeable about charge
entry and the TPA contracts and nuances. As part of staff training, the billing
manager should ensure that staff members are able to identify who precertifies referrals, procedures, chemotherapy, hospitalizations, and home health
care. There should be a consistent place to record what the health plan covers, precertification numbers, in-network facilities such as laboratories and radiology, and the referral period. Staff should be able to initiate the procedure
if a change in insurance carrier is discovered. Additional errors will be prevented if the staff understands the procedures that can be performed in the office.
As with most specialty practices, a common set of codes such as International Classification of Diseases 10th edition (ICD-10) (see Figure 10-2), Current Procedural Terminology, Health Care Procedure Coding System, and

Chapter 10. Maximizing Outpatient Chemotherapy Reimbursement

●

679

modifiers are used. The billing manager may elect to create a patient encounter form using this common set of codes. Preprinted encounter forms
serve as a useful tool when educating staff about chemotherapy administration and charges and orienting new staff to outpatient billing procedures.
Billing managers must collaborate with clinical staff regarding documentation to emphasize that if a procedure is not documented, in the eyes of the
payers, it was not done and will not be reimbursed.
The billing manager may audit new employees to ensure charge capture
or audit for correct payment for the services that the facility received. Periodically checking with staff promotes communication, coordination, and
collaboration and also updates the staff on contracts and changes in Medicare rules related to billing and reimbursement. Codes are revised annually,
and team members must have the correct edition of the manual. Using outdated code books can result in coding errors and automatic claim denials
and delayed reimbursement.
Most TPAs follow Medicare rules. TPAs also may preapprove treatment
plans. Specifically, if Medicare does not pay for a specific treatment but the
patient belongs to a commercial carrier, a letter of medical necessity for
the treatment may be submitted to the commercial carrier requesting auFigure 10-2. ICD-10 Implementation Slotted for October 1, 2014
The Centers for Medicare and Medicaid Services (CMS) (2013) announced its intention
to implement the coding system for disease and procedures following the International
Classification of Diseases, 10th edition (ICD-10), Clinical Modification/Procedure Coding
System in October 2014. Healthcare organizations, as defined by the Health Insurance
Portability and Accountability Act, will be mandated to submit claims using this system.
As of the time of this writing, CMS reported that the Current Procedural Terminology coding system for outpatient procedures and physician services will not be affected by the
implementation of the ICD-10 coding system. The additional granularity will provide value
to specificity and interoperability for data analysis and comparison to similar populations.
Currently, there are more than 14,000 ICD-9 codes, with three to four characters in
length. For example, colon cancer is 153, and numbers follow the decimal point (e.g.,
153.1, 153.2, 153.3). The .1, .2, .3 are placeholders for the origin location of the cancer,
such as ascending, transference, descending, or sigmoid. Because healthcare providers
do not always know the site of cancer origin, they can select “.9,” which means “not otherwise specified.” As of October 2013, there were more than 69,000 ICD-10 codes with
seven characters in length. Like ICD-9 codes, the data after the decimal point provide a
placeholder for the cancer etiology, anatomic site, manifestation, and extension.
The CMS.gov website has resources accessible at this time for implementation of ICD10 for large, medium, and small physician practices and small hospitals, including checklists, timelines, and implementation strategies. Focusing on education and preparation for
the change in coding, the CMS website provides Medicaid, payer, and vendor resources.
It also provides conversion tools for diagnosis-related group codes. Care providers can
also sign up for email alerts from CMS.
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thorization (GAO, 2012). A specialty practice should form a relationship
with the PCP so that requests for authorization may be anticipated and obtained. The referral specialist may help with identifying the appropriate contact within the insurance company.
When denials occur, the explanation of benefits form and the encounter
form should be reviewed to identify trends and determine why the claim was
denied. A staff member can be designated to resubmit corrected claims. Because the contracting department negotiates with the managed care companies, a routine meeting should be established in which the person negotiating the contract where denials are occurring can look at other contracting
opportunities. The health plan contracting specialists can assist with resolution if errors are attributed to the insurance carrier. If the denial is attributed to the practice software, the vendor is contacted to correct the system. If
the denial is attributed to a person, retraining and education should occur.
The contracting specialists are in an ideal position to provide education to
the staff and should be utilized appropriately.
At Norris Cancer Hospital, one solution to the problems of billing and
not capitalizing on reimbursement was to hire a pharmacist with a managed
care background. Desai (2011) reported that Norris recovered $1.4 million
in denied chemotherapy charges. The greatest impact for reimbursement
was the use of manufacturer-sponsored assistance programs. Paying rigorous attention to the details of the denied claim, trending such claims, and
understanding the denial process for the insurer and the submission process
for the manufacturer are fundamental to recovering funds.

Continuing Education
Staff members must be knowledgeable about policies and procedures,
trained to accurately complete the paperwork, and offered continuing education opportunities. Conferences, journals, and newsletters are opportunities to keep the staff abreast of changes in billing, coding, and charge processes. Staff should be well versed in and maintain current knowledge of
proposed changes in Medicare reimbursement. Just as staff should be included in the continuing education efforts, they should be included in discussions of problems and their resolutions.

Medicare Prescription Drug Plan
The MMA of 2003 created significant changes in the Medicare program.
One of the changes led to the development of the Medicare Prescription
Drug Plan (PDP) (CMS, 2010). CMS launched the PDP in 2006 to reduce
Medicare beneficiaries’ out-of-pocket expenditures for prescription medi-

Chapter 10. Maximizing Outpatient Chemotherapy Reimbursement

●

681

cations. Medicare prescription insurance is being offered by private healthcare companies in collaboration with CMS to all beneficiaries eligible for
Medicare regardless of age, income, or health condition. Each year, patients
can enroll during a six-week period in the fall for coverage that is effective
on the first day of the month after enrollment.
Two kinds of plans are available to Medicare beneficiaries: PDP covers
medications, whereas Medicare Advantage Plus Prescription Drugs (MAPD) combines medical coverage for services provided by hospitals and physicians with PDP. CMS requires each Medicare PDP to provide the standard
plan, which cost $31.08 a month in 2012 (U.S. Department of Health and
Human Services, 2011). CMS sets premiums, which are subject to change
annually. As part of the standard PDP, the beneficiary shares the costs of the
prescriptions. Costs vary according to the plan, with differences in deductibles, out-of-pocket costs, and engagement levels for catastrophic coverage.
PDPs are required to provide a list of participating in-network pharmacies
to beneficiaries. Beneficiaries may want to review the PDP’s formulary before enrollment to check if their medications are listed. The formulary covers all classes of medications but not necessarily all medications within the
class. Beneficiaries should review PDPs for their specific medications to verify inclusion in the PDP formulary. To help patients who are taking multiple
medications, pharmacies can provide a list of medications and the amount
spent per month.
Confusion over the Medicare PDP is common. Of particular confusion
is whether Part B still covers any prescription medications. Part B covers infused or IV drugs administered in physicians’ offices and some oral cancer
agents. A CMS resource page for physicians can be viewed on the website at
www.cms.gov to identify new Medicare codes and future changes, as well as
new policies and coverage for Part D (CMS, 2012a). Numerous resources
are available for patients on the Internet (see Table 10-1).

Medicare Resources
Private physician practices may become aware of the latest information
on CMS from a variety of resources. Several professional organizations provide updates to their members on new developments and changes to billing,
policies, coding, filing, and processing claims. Organizations such as ACCC,
ASCO, and ONS offer this service free of charge to their membership (Presant, 2003). The Florida Society of Clinical Oncology (FLASCO) updates
its members with a fax blast. For example, in February 2012, FLASCO announced over the fax blast that a drug shortage of Doxil® was at a critical level and the FDA was working with Sun Pharma to resolve the issue (FLASCO,
2012). Other resources providing such services are available through subscriptions to newsletters, email news releases, discussion forums, and on-
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Table 10-1. Selected Internet Resources
Organization

Website

American Society of Clinical Oncology: provides
billing resources for providers

www.asco.org

Bone Marrow Foundation: provides patient assistance programs for transplantation-related costs

www.bonemarrow.org

CancerCare: nonprofit organization offering financial assistance to patients with cancer and their
families

www.cancercare.org

Centers for Medicare and Medicaid Services
(CMS)

www.cms.gov

• CMS.HHS.gov Email Updates List: sends news
through email to more than 70 listed organizations; individuals can subscribe to the service

www.cms.gov/About-CMS/Agency
-Information/Aboutwebsite/Email
-Updates-List.html

• Open Door Forums: forums available for providers to discuss topics of interest to physicians

www.cms.gov/Outreach-and
-Education/Outreach/OpenDoor
Forums/index.html

• Physician Center: resource page for physicians
to keep apprised of new Medicare codes, future
changes, and new policies

www.cms.gov/Center/Provider
-Type/Physician-Center.html

Community Oncology Alliance: mission is to foster
and protect high-quality cancer care for those battling cancer

www.communityoncology.org

Institute of Medicine: Health Services, Coverage,
and Access topic area

www.iom.edu/Global/Topics/Health
-Services-Coverage-Access.aspx

Leukemia and Lymphoma Society: provides limited financial assistance to patients undergoing
treatment for leukemia, lymphoma, or myeloma

www.leukemia-lymphoma.org

Lymphoma Research Foundation: provides grants
for patients with lymphoma who are in need of financial reimbursement

www.lymphoma.org

Pharmaceutical Research and Manufacturers of
America: provides a directory of prescription medications with patient assistance programs

www.phrma.org

line reports (Decision Health, 2012). Advocacy watchdog groups such as the
Center for Medicare Advocacy, AARP, and the National Coalition for Cancer Survivorship provide the same services but are directed toward patients
(Center for Medicare Advocacy, 2012), whereas pharmaceutical companies
provide emails on reimbursement issues or FDA approvals for on-label medication coverage (U.S. FDA, 2012). Up-to-date information and notices on
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the progression of legislation, especially for the future reimbursement for
routine patient care related to clinical trials to be mandated in 2014, will be
interesting to watch as this time draws closer (Albright et al., 2011).

Summary
Healthcare providers are tasked with the healthcare imperative of lowering costs while improving outcomes of care. It is important to support nurse
navigators for patients with cancer during their treatment journey. It is understood that maximizing reimbursement for chemotherapy administration
is complex. A strong infrastructure is needed, including trained personnel
working as a team and the ability to respond to changes in rules, codes, and
the particulars of reimbursement. CMS played a key role in the implementation of the Medicare prescription drug benefit. CMS has been striving to be
seen as a central force driving appropriate treatment rather than its current
image as a deterrent to medical progress (Bach, 2006).
Oncologists and cancer centers have a tremendous opportunity to synchronize their billing systems, staff, and patients with the continuing changes in Medicare. Oncology demonstration projects have been used as a
method of providing vital information to Medicare, which will affect other
healthcare reform activities through 2016 such as pay-for-performance, payfor-quality initiatives, or concurrent care across institutions. These demonstration projects will no doubt continue as the large numbers of baby boomers rapidly reach retirement age, the cost of health care continues to rise,
and a specified allotment of monies is budgeted for the Medicare program.
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CHAPTER 11

Legal Issues in Cancer
Care
Sharon Krumm, PhD, RN,
Margaret R. Garrett, BSN, MED JD, CPHRM, FASHRM,
and Kelly A. Bowles, BA, JD

Introduction
Oncology providers use complex treatment modalities in an effort to improve outcomes of care for patients with cancer across all stages of disease.
Throughout the treatment process, nurses face a number of legal obligations or restrictions, which are derived from federal and state constitutions;
local, state, and federal legislation; administrative agency regulations; court
rulings; and institutional customs, policies, and protocols (Green & Bowie,
2011). Although acquiring familiarity with these laws may seem daunting, it
is nevertheless important. A practical understanding of the legal risks inherent in the nursing profession—especially chemotherapy administration—is
key to minimizing legal risks and avoiding malpractice liability.

Sources of Law
It is important that oncology professionals possess at least a general knowledge of the legal risks they face and how best to avoid them. This knowledge
begins with a basic understanding of the different sources of law and their
application to nursing practice.
The four sources of law in the United States that directly affect healthcare providers and their practices are (a) constitutional law, (b) statutory
The authors would like to acknowledge Adrian Ma, BS, JD Candidate,
for his contribution to this chapter.
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law, (c) administrative law, and (d) case law (common law). Constitutional
amendments that guarantee freedom of speech may affect a nurse personally, whereas other laws, such as administrative laws, regulate a nurse’s professional acts (Aiken, 2004). Table 11-1 summarizes the sources of law and gives
examples of their relevance to nurses.

Constitutional Law
The U.S. Constitution is “the supreme law of the land” and protects individuals’ rights by placing limits on the powers of federal and state governments (Aiken, 2004). The first 10 amendments to the Constitution (the Bill of
Rights) include protections for freedom of speech, freedom of religion, equal
protection of the law, and a right to privacy (Aiken, 2004). Although very little
constitutional law directly affects healthcare and nursing practice, the personal rights protected by the Bill of Rights belong to all nurses and patients alike.

Statutory Law
Statutes are formal, written laws enacted by federal, state, and local legislative branches of government that declare, require, or prohibit someTable 11-1. Sources of Law
Source

Description

Relevance to Nurses

Constitutional law

U.S. Constitution, including Bill
of Rights, and states’ constitutions establish federal and
state powers and place limits
on those powers.

Personal protection for patients
and nurses

Statutory law

Laws, statutes, and codes promulgated by local, state, and
federal legislatures

Examples: Social Security Act,
states’ nurse practice acts, statute
of limitations, reporting laws (e.g.,
abuse), informed consent

Administrative
law

Regulatory laws created by administrative agencies as rules
and regulations to enforce statutory laws

Examples: State boards of nursing,
U.S. Food and Drug Administration, state departments of health

Case law (common law)

Interpretations of disputed legal issues by a judge, jury, or
panel of judges

Example: Court action filed against
a state board of nursing by a nurse
believing the board had made a legal or procedural error

Note. Based on information from Cornell University Law Library, n.d.
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thing (Black, 2009). Legislative bodies enact statutes by voting on them,
passing them, and compiling them into codes, collections of statutes, or
city ordinances (Guido, 2009). Many state legislatures have enacted a variety of provisions to deal with health-related issues and concerns. For example, nurse practice acts are specific statutes passed by the legislature in
each state to define and regulate the practice of nursing within that state
(Aiken, 2004). In addition to nurse practice acts, some other statutory laws
that affect the practice of nursing include statutes of limitations, protective and reporting laws, natural death acts, and privacy and informed consent laws (Guido, 2009).

Administrative Law
Administrative or regulatory laws are rules, regulations, orders, and decisions created by state or federal administrative agencies. Administrative
agencies are government bodies responsible for the control and supervision
of a particular activity or area of public interest, usually falling under the executive branch (Black, 2009). For example, once a state legislature creates
a state nurse practice act, it then delegates authority to the state board of
nursing, an administrative agency created by the statute, to implement and
enforce the act. The state board of nursing then carries out its authority by
writing detailed rules and regulations, conducting investigations, and holding hearings to ensure proper enforcement of the statute (Guido, 2009).
Other state agencies include departments of public health and other bodies
that regulate professions and occupations in the state (Feutz-Harter, 2012).
Nurses should be familiar with some federal agencies, including the U.S. Department of Health and Human Services (DHHS), as well as its subsidiaries,
the U.S. Food and Drug Administration (FDA) and the Centers for Medicare and Medicaid Services.

Case Law
Case law (also referred to as “common law”) is a body of law that is distinguished from law enacted by legislatures in that it is derived from usage
or custom, or from judicial decrees and judgments (Green & Bowie, 2011).
It is based on the principle of precedent or stare decisis, which essentially
means that judges should adhere to previous judicial decisions when deciding cases. Thus, when a judge decides a case based on a particular principle
or interpretation of the law, and that reasoning is repeated again and again
by later courts, that principle or interpretation is said to be well established
in case law. One example of case law in the nursing profession involves a
nurse’s right to appeal an action by a state board of nursing if the nurse
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believes that the action was tainted by a legal or procedural error (Guido,
2009).

Nursing Liability
Although healthcare settings can provide a near-endless supply of legal
issues, several issues are particularly worth knowing for a practicing oncology nurse. These issues include negligence, patient privacy, communication
with physicians and patients, confidentiality, informed consent, and documentation of clinical trials. Nurses who stay informed about these issues,
and the laws that apply to them, can minimize their chance of incurring legal liability (Feutz-Harter, 2012).

Negligence
Negligence is a general term that refers to a failure to exercise due care,
or a deviation from the standard of care that a reasonable person would use
in a particular set of circumstances. Negligence may include when a person
participates in an activity that a reasonable and prudent person would not
(Guido, 2009). To succeed in a negligence claim, a plaintiff must prove four
elements: (a) that the defendant owed the plaintiff a duty of care; (b) that
the defendant breached that duty through his or her conduct; (c) that the
breach of duty caused the suffering or injury; and (d) that the plaintiff suffered a legally compensable injury (Aiken, 2004).
Malpractice is a specific type of negligence that occurs when professionals, such as physicians or nurses, fail to meet the prevailing standard of care.
To be liable for malpractice, a nurse must fail to act as other reasonable and
prudent nurses who have the same knowledge and education would have
acted under similar situations (Aiken, 2004). Therefore, if a nurse has specialized training or expertise in a certain area, that nurse may be held to a
higher standard of care than a nurse who lacks such specialization (Pennels,
2008).
The four elements of a negligence claim play out in a particular way within a medical malpractice suit brought against a nurse. The patient (the
plaintiff) must prove the four elements of negligence: that the nurse owed a
duty of care to the patient; that the nurse breached that duty with conduct
that violated a standard of care recognized in the profession; and, finally,
that the breach of duty was the cause of the patient’s injury or suffering (Aiken, 2004) (see Figure 11-1).
First, a plaintiff must prove that the defendant owed a duty to the patient. A nurse’s duty evolves out of the nurse-patient relationship. This relationship is one of reliance, wherein the patient relies on the nurse for qual-
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Figure 11-1. Nurses’ Liability
• Negligence: Failure to exercise due care, carelessness, deviation from standards of
care, acting imprudently
• Malpractice: Specific type of negligence; failure to meet standard of care or act as other reasonable and prudent nurses would act
Note. Based on information from Peterson & Kopishke, 2010; Sanbar & Warner, 2007.

ity, competent care (Guido, 2009). If the nurse presents himself or herself
as possessing special skills and knowledge, and the patient relies on this representation, then the nurse owes a duty of care to that patient (Eby & Gallagher, 2008).
A nurse owes a duty to any patient he or she treats at a healthcare facility (Mair, 2010). This duty can extend to a duty to advocate for a patient
through the nurse’s organizational chain of command when the nurse believes that a physician is unresponsive to concerns about the patient’s condition or is making inappropriate patient care decisions (Zwygart-Stauffacher, 2010). By initiating the chain of command, nurses protect themselves
from liability as they have fulfilled their duty of care. However, the scope of
a nurse’s practice should be considered in any litigation over initiating the
chain of command. Nurses should consult their specific state’s nurse practice act, the state board of nursing, and institutional guidelines to determine
the standards guiding nursing practice. One situation when nurses must do
more than just initiate the chain of command is when they believe that a patient is being abused. Healthcare providers have an affirmative duty to report abuse, and if they do not, they risk criminal sanctions. See Maryland
Health Occupations Code Ann. §§ 8–505, 8–316 (2013) as an example.
In addition to proving that the defendant owed a duty, the plaintiff must
address the scope of that duty (also called the standard of care). The standard
of care for nurses is the degree of care that would be exercised by a reasonably prudent nurse acting under similar circumstances. A judge or jury will
make this determination based on expert testimony, published standards
(such as those promulgated by a specialty organization like the Oncology
Nursing Society), and common sense (Guido, 2009).
After duty is established and the standard of care is defined, the plaintiff must prove that the defendant breached that duty. Nurses’ conduct can
breach the duty of care by doing something they are not supposed to do or
by failing to do something that they should do. For example, in a situation
involving a patient with cancer, a plaintiff could prove a breach of the standard of care by having an oncology nurse (the expert) testify that a nurse
should always use a certain procedure when administering chemotherapy
medication and then using the patient’s medical record to show that the defendant failed to follow that procedure (Piorkowski, 2007).
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Next, the patient must prove that the nurse’s breach of duty caused the patient’s injury (Guido, 2009). Briefly, causation must be established by showing that the breach was the proximate cause of the harm, meaning that there
was no intervening cause and that the breach is more than a “but for” cause.
The plaintiff must establish a continuous, unbroken connection between
the breach and the injury. This is the area of negligence where the largest
amount of discussion takes places, as causation can sometimes be difficult
to prove.
Finally, to succeed in a negligence claim, the patient must demonstrate
some legally compensable harm through property damage, physical injury, medical bills, pain and suffering, or loss of income resulting from the
breach of duty (Sandbar & Warner, 2007) (see Figure 11-2). The basic purpose of awarding damages is to attempt to restore the injured party to his or
her original position to the extent financially possible, not to punish the defendant (Guido, 2009).
In addition to arguing that a defendant nurse breached a duty of care to
the patient, a patient may, in some circumstances, argue that the nurse was
negligent per se (i.e., negligence as a matter of law). A nurse is negligent per
se when he or she violates a duty of care that is mandated by statute. For instance, if a nurse practices outside the scope of the nurse practice act of his
or her state, the nurse’s conduct is said to be negligent per se because the
nurse violated a statutorily proscribed duty.

Other Issues in Nursing Liability
Three basic areas of law are listed in Table 11-2. They are civil law, criminal law, and administrative law. The type of law that nurses are most often
concerned with is civil law, and specifically, tort law. Tort law covers private
or civil wrongdoing by one person against another, including invasion of a
person’s right to privacy or negligent infliction of injury (Aiken, 2004). It is
especially important for nurses to be aware of patients’ privacy rights, confidentiality rights, and the right to informed consent (Zwygart-Stauffacher,
2010).

Figure 11-2. Elements of Negligence
• Duty: Nurses owe a duty to provide a standard of care to every patient they treat/care
for.
• Breach of duty: When care falls below the established standard of care
• Causation: Proof that the nurse’s breach of duty resulted in patient injury
• Damages: Physical, emotional, or financial injury resulting from breach of duty
Note. Based on information from Sanbar & Warner, 2007.
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Table 11-2. Types of Law
Type of Law

Description

Examples

Civil law

Applies to the rights of individuals; subcategories
are contracts and torts
(wrongful acts that result
in injury to another)

Agreements between a healthcare facility and a supplier or health maintenance organization (contract); negligence: failure to follow accepted standards of care (tort)

Criminal law

Guides and protects those
injured by offenses to society

Practicing nursing without a license,
failure to report elder or child abuse

Administrative law

Administrative or regulatory laws are rules, regulations, orders, and decisions created by state
or federal administrative
agencies.

Nurse practice acts, laws promulgated by administrative agencies such
as the U.S. Food and Drug Administration, Department of Health and
Human Services, and the Centers for
Medicare and Medicaid Services

Note. Based on information from Peterson & Kopishke, 2010.

Patients’ rights to privacy and confidentiality are key concepts in the
American Nurses Association Code of Ethics for Nurses and state nurse practice acts. A nurse who violates a patient’s privacy or releases a patient’s confidential information without consent is committing a tort against the patient.
Patients have a right to expect that nurses will not divulge information to
those not directly involved in their care (Hegner, Acello, & Caldwell, 2009).
Patient Privacy
Invasion of a patient’s right to privacy by a healthcare provider may involve the following: (a) unreasonable intrusion on a patient’s solitude, (b)
unauthorized public disclosure of private facts about a patient, (c) unauthorized publicity that portrays a patient in a false light in the public eye,
and (d) appropriation of a patient’s name or characteristics without consent. In the first and second forms of privacy invasion, the nurse makes an
unreasonable and extremely offensive intrusion upon the patient’s physical
space or personal affairs (e.g., posting the patient’s picture on social media)
(Trinckes, 2013). An example of the third type of invasion is spreading falsehoods about a patient that would be considered objectionable to the average person. Finally, the fourth type of privacy invasion occurs when a nurse,
for his or her own benefit, appropriates or uses the patient’s name or likeness without permission (Feutz-Harter, 2012). One example from a cancer
center in the Northwest occurred when a medical technician obtained and
used a patient’s name, date of birth, and Social Security number to obtain
credit cards without the patient’s knowledge (O’Keefe, 2001).
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Claims for invasion of privacy can arise from the unauthorized release of
information regarding a patient (Sanbar & Warner, 2007). Information concerning patients is confidential and may not be disclosed without authorization. Authorization is usually obtained directly from the patient. However,
authorization may not be required under certain circumstances where state
law has declared it unnecessary (e.g., elder abuse) (Guido, 2009). Most hospitals and institutions have policies and guidelines regarding to whom and
under what circumstances such information may be released (Guido, 2009).
Failure to Communicate Findings
For oncology nurses, failure to communicate findings can give rise to legal
liability. Examples of negligence resulting from a lack of communication include the following: failure to inform the physician of abnormal findings noted during the nursing assessment, failure to notify the physician of a patient’s
deteriorating condition, or failure to advise a patient of an unfavorable test result (Alexander & Webster, 2010; Shaw, 1973). Therefore, it is important for
any cancer screening or early detection program to have detailed procedures
regarding physician and patient communication and notification.
However, the Health Insurance Portability and Accountability Act of 1996
(HIPAA), discussed in the next section, prohibits nurses from disclosing protected health information (PHI), such as a diagnosis connected with a name,
without the patient’s authorization (Green & Bowie, 2011). Although the
nurse has an obligation to communicate findings, the nurse also has an accompanying obligation not to disclose PHI to third parties with whom the
patient has not authorized communication. Sometimes the incompatibility of these two obligations can put nurses in a difficult situation where they
could be violating patients’ rights no matter what they do. The urgency involved and the likelihood of harm to the patient are factors to consider
when assessing the extent of the nurse’s duty to notify. If established protocols within the medical setting exist regarding how the nurse or doctor
should notify the patient, they should be followed. However, if the protocol states that the doctor should communicate findings, the nurse should be
sure to document the instructions not to communicate findings to patients,
thereby protecting himself or herself from liability.
Patients have been found to be contributorily negligent for failing to inquire about test results (Shaw, 1973). Contributory negligence is when a patient’s own conduct has contributed to the injury. Depending on state law, a
patient’s contributory negligence may reduce, or even completely preclude,
a provider’s legal liability.
Patient Confidentiality
Hospitals and their employees have a duty to protect patients’ health information, even if it is not in the written form of a medical record (Christiansen, 2007). The primary reason for confidentiality of health information
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is to promote candor between patients and healthcare providers so that an
optimal level of medical and nursing care will be provided (Guido, 2009).
The wrongful disclosure of a patient’s private information without his or her
authorization is considered to be a breach of confidentiality.
HIPAA established for the first time federal standards for protecting the
privacy of patients’ health information (U.S. DHHS, 2003). The act provides
patients with access to their medical records and more control over how
their PHI is used and disclosed. It protects individually identifiable health
information on paper, in computers, or communicated verbally. However,
it does not restrict the ability of physicians, nurses, and other providers to
share information that is necessary to treat patients. A general rule is that
patient authorization must be obtained before providing information unless
the information is being used to treat the patient, for hospital operations,
payment purposes, or required by law. However, some states require specific patient authorization for disclosures of information relating to mental
health, HIV status, or chemical dependency.
Failure to comply with state or federal privacy laws could result in civil or
criminal penalties (U.S. DHHS, 2003). To avoid liability, nurses should operate under a need-to-know standard. If a nurse is involved in a patient’s care,
then that nurse should be given the appropriate information; if the nurse is
not involved in the care, the information should not be shared (Hegner et
al., 2009). Institutional policies concerning confidentiality must be followed.
Modern media poses additional complications for confidentiality concerns. Nurses can risk exposing themselves to liability through a variety of
ways, including taking pictures of patients, talking about their patients on
social networking websites such as Facebook and Twitter, and corresponding with current or former patients over those same social networking sites
(National Council of State Boards of Nursing, 2011). Nurses often develop
a very close relationship with their patients; however, because of HIPAA laws
and patient confidentiality, nurses need to remain strictly professional with
their patients, or they risk violating patients’ confidentiality.
Informed Consent
Informed consent is a process aimed at protecting the safety, rights, and welfare of a patient. The process is complex and includes a discussion of the
procedure or study; providing the patient with a copy of the consent form
and adequate time to read, review, and consider it; discussing the patient’s
questions with the healthcare provider, clinical investigator, or designee; assessment of the patient’s understanding and clarification of misconceptions;
signing of the informed consent document; and providing new information
as it becomes available (Klimaszewski, in press; National Cancer Institute,
2011a, 2011b; U.S. FDA, 2009).
Because of the serious consequences of not obtaining informed consent, it
is imperative that appropriate processes be followed. Informed consent is a re-
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quirement mandating that healthcare providers inform patients of the benefits, risks, options, and alternatives to the proposed medical treatment (Black,
2013). To be considered legally effective, the consent must be what the law
considers “informed,” which means that the patient was given enough information regarding the risks and benefits of the proposed treatment and its alternatives to enable him or her to make an intelligent or informed decision
(Aiken, 2004; Gullatte, 2005). The consent should be limited to the specific
test or treatment for which it was obtained. Informed consent may be either
express or implied. Express consent is given by an oral declaration or by a written document that the patient signs concerning a particular treatment. In
health care, the written consent form is used most frequently. In certain situations, such as research settings, written consent is not required but is obtained
anyway as a means of ensuring that the patient understands to what he or she
is consenting. The other type of informed consent, implied consent, is consent
that an individual gives through conduct or actions rather than verbally or in
writing. For example, when a nurse tells a patient that he or she is going to
take the patient’s blood pressure and the patient extends an arm to the nurse,
the patient has given implied consent (Hyde, 2008).
Nurses often will be actively involved in obtaining signatures on consent
forms (Black, 2013). If institutional policy permits a nurse to witness the informed consent document, the nurse should actually witness the physician
obtaining the patient’s signature on the form (Black, 2013). The doctrine
of informed consent also means that the patient’s refusal to allow a certain
procedure must be respected. Thus, if a patient, after giving informed consent, subsequently wishes to revoke that consent, or if it becomes obvious
that a patient’s already-signed consent form does not meet the standards of
informed consent, nurses should inform their immediate supervisor and the
responsible physician (Guido, 2009).
Physicians may delegate the responsibility of obtaining informed consent
to a nurse, but they do so at their own risk, as most physician practice acts
hold physicians responsible for obtaining informed consent (Guido, 2009).
Any deficiencies in the nurse’s process of obtaining informed consent may
be imputed back to the responsible physician. As such, a nurse who has been
delegated the responsibility of obtaining informed consent must ensure that
the patient understands all the information provided. Nurses must refer to
and follow their institution’s policies related to obtaining informed consent
for medical procedures. Additionally, nurses should know the relevant statutes of the states in which they practice and comply with the rules of the appropriate regulatory and accrediting agencies (Aiken, 2004).
Clinical Trials
Oncology nurses who work in the research setting often are involved in
the informed consent process, including obtaining informed consent from
clinical trial participants. However, guarding the rights, safety, and welfare
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of clinical trial participants is the sole responsibility of the clinical investigator, as is guaranteeing that all staff conducting a specific clinical trial are cognizant of the study protocol and are competent in their study-related duties
(U.S. FDA, 2009), including obtaining informed consent. If someone other than the clinical investigator, such as a nurse, conducts the interview and
obtains consent, the clinical investigator should formally delegate this responsibility, and the person to whom it is delegated should have appropriate
training to perform this activity (U.S. FDA, 2009).
Clinical trial nurses have the additional responsibility of assessing a patient’s willingness to continue with the treatment designated in the trial and
affirming continued consent every time the patient returns for treatment
(Klimaszewski, 2008). Contacting the clinical investigator if patients have additional questions or imply that they want to withdraw consent will protect
the patients and the integrity of the clinical trial.
Oncology nurses are responsible for monitoring patients during a study.
The clinical trial nurse monitors patients for how well they fit the study’s eligibility criteria. This role may include preparing patients for the study, documenting protocol eligibility, and ensuring protocol compliance. The staff
nurse usually is the first to notice expected or unusual symptoms and should
report them to the research nurse or the principal investigator (Bales &
Dearing, 2008).
One of the most critical roles the research nurse performs is the documentation and management of a patient’s chart for the evaluation of the
study intervention treatment. All patients who participate in clinical trials must have documentation of the procedures performed, the types and
amounts of medications administered, and the dates, times, and effects of
the procedures and medications (Bales & Dearing, 2008). This documentation must remain accurate and up to date.
The role of the oncology nurse in cancer clinical trials is multifaceted,
which creates a great deal of responsibility for the nurses involved. An oncology nurse in a research setting must ensure that informed consent has
been received, sufficiently monitor each patient, and accurately document
patient treatment for the medical record. Failure to do so can result in harm
to the patient, an error in the study, or legal liability for the nurse. More details regarding clinical trials can be found in Chapter 9.

Patient Wishes—Advance Directives
Advance directives, do-not-resuscitate (DNR) orders, and now physician
(or medical) orders for life-sustaining treatment (POLST/MOLST) forms
have become more prevalent in the medical system over the past 10 years.
Although each document serves a distinct purpose, all impose a duty on the
nurse to act or not to act depending on the patient’s wishes.
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An advance directive is a legal document that a person can use to appoint
a healthcare agent or specify preferences for life-sustaining treatment. Advance directives usually include a proxy-designation form, a living will, or
both. Patients use proxy-designation forms to appoint a healthcare agent
(i.e., a person who has authority to make healthcare decisions for the patient should he or she become incompetent), and patients use living wills to
express their preferences regarding life-sustaining medical treatments. The
purpose of advance directives is to give effect to a patient’s treatment preferences when the patient does not have the ability to make such decisions for
himself or herself (Miller, 2009).
POLST or MOLST regulations and forms translate a patient’s wishes for
end-of-life care into portable and easily implemented physician’s orders
(POLST, 2012). POLST forms are not available in all states; nurses should
know if their state has enacted relevant legislation. Major benefits of this
form are that it is portable from one care setting to another and that it is
completed with the help of a medical care provider. Generally a family member or healthcare surrogate is required to sign the form as recognition that
he or she understands the form to be an accurate reflection of the patient’s
wishes.
The Five Wishes® form is a living will in which patients address the following: (a) who they want to make decisions for them when they cannot, (b)
types of medical treatments that they consider acceptable and unacceptable,
(c) how comfortable they want to be kept, (d) how they want people to treat
them, and (e) what they want their significant others to know (Aging With
Dignity, 2011). The form meets legal requirements in more than 40 states;
nurses need to know if their state is in that group.
In the absence of a POLST or MOLST form or other specific DNR order, patients will receive advanced cardiac life support, including cardiopulmonary resuscitation (CPR), endotracheal intubation, and defibrillation by
emergency medical personnel based on standard protocols (Oregon Health
and Science University Center for Ethics in Health Care, 2008). Informed
consent prominently comes into play with advance directives, specifically
with POLST or MOLST forms, as the nurse or other medical care provider
actually completes the form with the patient. One of the primary duties of
the nurse is to ensure that everyone in the process understands the meaning
of the POLST, MOLST, or DNR form.
A variety of studies have been conducted based on the new POLST/
MOLST regulations. Several studies have originated in Oregon because it
was one of the first states to adopt the POLST form. In a study that evaluated the last two weeks of life for patients enrolled in a program that provided home nursing care, researchers found that the care provided matched
POLST instructions regarding CPR for 91% of participants, antibiotic use
for 86%, IV fluids for 84%, and feeding tubes for 94% (Lee, BrummelSmith, Meyer, Drew, & London, 2000). This is a significantly high number
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of patients who had their wishes followed through the use of their POLST
form. In another study in which residents in eight nursing home facilities
were monitored for one year, only those residents whose medical record
contained POLST forms with DNR orders and “comfort measures only” orders had their wishes followed. None received unwanted CPR, intensive care
unit care, or ventilator support (Tolle, Tilden, Dunn, & Nelson, 1998).
In another Oregon study, the researchers surveyed emergency medical
technicians (EMTs), and found that the majority of patients (71%) with
POLST forms were in long-term care settings. In 45% of the cases where a
POLST was present, EMTs reported that the POLSTs changed the course of
treatment provided. Furthermore, 74% of the EMTs who responded noted
that the POLST forms provided clear instructions about the patient’s preferences, and 91% agreed that they were useful in determining which treatments to provide for nonresponsive patients without a pulse (Schmidt, Hickman, Tolle, & Brooks, 2004).
These studies show the utility that POLST/MOLST forms have in fulfilling patient wishes. These forms are specifically designed for individuals who
are at higher risk of death because of their age or medical condition. In an
oncology setting, they instruct healthcare providers about patients’ wishes
regarding their treatment. They remove the stress and the often-accompanying feelings of guilt and eliminate having a family member feel forced to
serve as a surrogate decision maker. As POLST/MOLST forms are completed with medical personnel in attendance, patients are better informed and
able to take control of their end-of-life treatment.

Liability Regarding Chemotherapy Administration
Oncology nurses play an important role in chemotherapy administration
because, in addition to administering chemotherapy and biotherapy, they
are responsible for verifying the dose and schedule of these agents, preparing patients to receive chemotherapy, and monitoring patients during and
after the infusion (Polovich, Olsen, & LeFebvre, 2014).
Chemotherapy administration is a complex procedure, often involving
complex protocols or combinations of therapeutic agents, several different
routes of administration, a variety of venous access devices and pumps, and
the use of drugs that can lead to fatal consequences if not administered correctly. Unlike many other medications that have standardized dose and schedule guidelines, antineoplastic agents are administered in a wide array of doses using a variety of schedules and different formulas for adjusting the dose in
the presence of renal or hepatic failure. Even under the best of circumstances,
cancer chemotherapy is toxic to some degree (Markman, 2010).
The safe handling and proper disposal of chemotherapy drugs are essential to protecting healthcare providers and the environment, and the
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regulations and institutional policies for doing so must be rigorously followed. These regulations include both the Occupational Safety and Health
Administration guidelines and any recommendations set forth by the Joint
Commission. Additionally, home health nurses have a duty to ensure that
their patients are correctly handling and disposing of chemotherapy within their homes. If this duty is not met, nurses could risk exposing themselves to liability. As with any other medication, nurses are responsible for
the safe administration of chemotherapy and are accountable for their actions (Neuss et al., 2013).
Because infections are a major cause of morbidity and mortality among
patients with cancer, a great deal of attention to infection prevention is required. Patients with cancer can easily become infected through their frequent contact with healthcare settings and thereby exposure to other patients,
or through contamination of central lines and ports placed for intravascular
access (Centers for Disease Control and Prevention [CDC], 2011).
In recent years, the majority of oncology services have shifted to outpatient settings, with more than 830,000 patients with cancer receiving outpatient chemotherapy or radiation therapy each year (CDC, 2013). This shift
poses a higher risk for infection because of the difference in attention to
and oversight of infection control and prevention between hospitals and
outpatient facilities (CDC, 2011). Written infection control policies and procedures are very important, as are simple measures such as hand hygiene.
Written policies should include all of the elements outlined in the CDC’s
(2011) Basic Infection Control and Prevention Plan for Outpatient Oncology Settings.

Medication Safety
The Institute of Medicine (2000) landmark report To Err Is Human:
Building a Safer Health System drew attention to the astounding number
of deaths that occurred as a result of medical errors. In the decade since,
the positive outcome of this alarming report has resulted in nationwide
healthcare initiatives aimed at improving patient safety and quality care.
Regulatory agencies, such as the Joint Commission, Institute for Safe Medication Practices, Commission on Cancer, and Centers for Medicare and
Medicaid Services, have developed patient safety initiatives to reduce and
prevent hospital-acquired conditions and improve medical and medication safety.
Medication errors can occur at any point during the processes of ordering, dispensing, and administering chemotherapy. A number of lawsuits
have emerged that involve oncology nurses’ failure to follow the acceptable
standard of care when administering medications. Examples of potential errors include those related to dosage or schedule orders misinterpretation;
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failure to correctly verify the drug ordered; incorrect dosage calculation; using the wrong administration route or the wrong formulation for a particular route; inaccurately documenting the drug, dose, or time of administration; and failure to exercise precautions to prevent or detect peripheral or
central line extravasations (Kloth, 2010).
The Oncology Nursing Society plays an important role in helping
nurses prevent chemotherapy errors by providing a number of educational resources and references. Most importantly, the most recent edition of the Chemotherapy and Biotherapy Guidelines and Recommendations for
Practice (Polovich et al., 2014) published by the Oncology Nursing Society establishes standards on which oncology nurses should base their
practices.

Failure to Follow the Standard of Care
When nurses are administering chemotherapy, they are responsible for
its safe administration, even when another healthcare professional orders or
dispenses an excessive dose or the wrong medication (Neuss et al., 2013). In
other words, nurses who are administering chemotherapy must ensure that
the administration of the drugs meets the standard of care, or they may be
subject to medical malpractice liability.
For example, nurses must verify that they are administering chemotherapy to the correct patient. As obvious as this may sound, instances have occurred where one patient received another patient’s drug. For example, a
seven-year-old boy who was admitted for a fever to the same hospital where
he received treatment for cancer was given 30–50 times the normal dosage of the chemotherapy drug (cytosine arabinoside) prescribed for someone else. The child suffered serious effects from this error (Cook & Zarek,
1998). A case like this is considered to be a failure of the standard of care,
and the nurse who administered the chemotherapy drug could be held responsible.

Lack of Knowledge About Medication Administration
Oncology nurses who have correctly followed the acceptable standard of
care by verifying the drug, dosage, time, route, and patient identity must also
be knowledgeable about side effects and contraindications with respect to
the drugs they administer. For example, a patient who was diagnosed with
advanced head and neck cancer was discharged from his local hospital’s oncology unit to convalesce at home after receiving his last series of chemotherapy and radiation treatments. The patient’s homecare nurse continued
to administer his IV medication and made daily assessments of his tolerance
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to the medications and his progress. On the third day at home, the patient
reported increasing difficulty in swallowing solids and could no longer swallow the oxycodone tablets he was taking for his pain. The nurse found that
he could swallow liquids and soft foods, so she decided to crush the oxycodone tablet and mix the powder with fruit juice to maintain analgesia. About
90 minutes after drinking the juice, the patient experienced clinical signs of
respiratory depression. The nurse lacked knowledge about a major warning
associated with oxycodone, specifically that the medication should be swallowed whole and tablets should never be broken, chewed, or crushed (Lilley & Guanci, 1996).
Additionally, because of the toxicity of chemotherapy agents, nurses
must understand the sensitivity of the agents they administer and be aware
of the effect of any changes in dosages or schedules. Most chemotherapy
doses are based on a specific amount of drug to be administered per body
surface area (BSA) or square meter (Takimoto, Ng, & Puchalski, 2011).
Doses computed using BSA vary from protocol to protocol and may be
adjusted individually to prevent or minimize chemotherapy-related toxicities. In addition, the scheduling of chemotherapy varies by protocol.
A nurse who makes dose or scheduling changes should be very familiar
with the chemotherapy medications administered and should follow established protocols and institutional policies and procedures. Before administering a medication to a patient, the nurse should always know the drug’s
dosage range, possible adverse effects, toxicity levels, indications, and contraindications (Kloth, 2010).

Insufficient Patient Preparation and Monitoring
Failure to adequately prepare and monitor patients receiving chemotherapy is another common cause of malpractice suits. In the 1991 case of
Latham v. Southwest Detroit Hospital and Jane Doe (as cited in Fiesta, 1994), a
63-year-old patient was receiving chemotherapy and had a subcutaneous infiltration that necessitated multiple plastic surgeries. She alleged that the
defendant nurse was negligent in allowing the needle to go subcutaneous.
The nurse contended that she checked for good blood flow before administering the chemotherapy and that the patient reached for the telephone
during the administration of the drugs, causing the needle to move. According to the nurse, nothing could have been done to alter the outcome, but
the jury must have thought otherwise because it returned a $500,000 verdict
against the nurse (Fiesta, 1994).
In another case, a nurse and the medical center in which she worked
were found guilty of malpractice in the negligent administration of chemotherapy to a woman who experienced permanent and painful injury to her
hand. Specifically, the jurors found that the nurse was initially responsible
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for the extravasation because she ignored the patient’s complaints, failed to
realize that the extravasation had occurred, failed to switch the IV to the other arm, and failed to notify the patient’s physician of the complications (Iacano v. St. Peter’s Medical Center, 2000).
Oncology nurses can decrease the chance of lawsuits, or at least better defend against them, if they properly advise patients on what to do and what
not to do during chemotherapy administration. Patient preparation must
also include education about the drugs being administered, their expected
effects and toxicities, and precautions the patient must use during and following administration of chemotherapy (Kloth, 2010).

Regulatory Issues
State and federal laws and their associated regulations, cases, and interpretive rulings and guidelines seek to rectify a number of flaws in the
healthcare financing system. Medicare and Medicaid fraud and abuse are
estimated to cost federal and state governments $100–170 billion each
year (Rudman, Eberhardt, Pierce, & Hart-Hester, 2009). The federal False
Claims Act is an important example of a statute that makes it a felony to
knowingly and willingly make a false claim or statement to the U.S. government and permits the government to recover significant civil penalties
(Staman, 2010).
In one settlement of Medicare fraud, an oncologist was ordered to pay
$1 million and surrender his medical license. The oncologist allegedly submitted false claims over a period of three years for reimbursement for cancer treatments and medical services that were not reasonable or medically
necessary. Additionally, false claims were allegedly submitted for single-use
chemotherapy administered contrary to FDA protocols; for multidose vials
charged to individual patients; for reimbursement for refilling implantable
infusion pumps when patients did not have pumps; and for office visits that
did not occur (Office of the United States Attorney, 2005). An astute nurse
was responsible for identifying and reporting the oncologist’s fraudulent
practices. The nurse became aware that some medications were used well
beyond their expiration dates, and some single-dose vials were used for several patients. She further noted that the oncologist’s nurses gave some chemotherapy infusions in half the time specified. Of the four nurses working
for this oncologist, one admitted to the fraudulent practices and faced disciplinary action against her license by the state board of nursing (Mazurak,
2002).
This highlights the importance of rigid adherence to protocols, guidelines, and standards of care. Every oncology nurse should be aware of others’ practices, as they may potentially affect his or her practice, and should
immediately intervene if fraud is witnessed or suspected.
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Suggestions for Reducing Nurses’ Risk of
Malpractice
Fortunately, excellent resources are available to help nurses ensure safe
chemotherapy administration, for example, the American Society of Clinical Oncology/Oncology Nursing Society Chemotherapy Administration
Safety Standards (Neuss et al., 2013). Oncology nurses may take a number
of steps to avoid the dangers associated with the administration of chemotherapy and to reduce their risk of legal liability. The following are examples of these actions.
• Be well educated, and educate other healthcare providers about chemotherapy and biotherapy drugs, their expected and observed effects on individual patients, infusion guidelines, dosage requirements, toxicities,
and other potentially adverse effects.
• Remain knowledgeable and current about state laws, regulations, and actions taken by state boards of nursing. This includes maintaining a current
copy of the state licensing act and regularly reading newsletters and other publications by the board of nursing for the state in which the nurse is
licensed.
• Join and actively participate in professional organizations, including the
Oncology Nursing Society. Remain knowledgeable about its publications
and current standards, especially those pertaining to chemotherapy administration. This may be particularly important for nurses working within independent oncology practices, where references and resource materials may not be as readily available.
• Report all actual and near-miss medication errors to the appropriate individuals and systems within one’s institution or practice. Work with drug
manufacturers by reporting errors to the Medication Errors Reporting
Program (operated by U.S. Pharmacopeia in cooperation with the Institution for Safe Medication Practices), and eliminate ambiguous dosing information from educational resources (Institute for Safe Medication Practices, 2013).
• Educate patients about the agent, therapeutic indications, and possible adverse effects; instruct patients on how to protect themselves
from medication errors; and listen carefully to what patients are saying.
• Become proficient in accessing different types of venous access devices
and drug infusion pumps, and ensure that the devices and pumps are
properly used and functioning.
• Know and follow current policies, protocols, guidelines, and standards of
care.
• Become certified for IV chemotherapy administration and recertify each
year.
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• Take appropriate measures to avoid look-alike and sound-alike drug errors (Kloth, 2010).
In addition, oncology nurses should collaborate with other healthcare
providers to improve chemotherapy safety and to incorporate the aforementioned suggestions into formal guidelines that every oncology nurse in the
facility or practice must follow.

Summary
Oncology nurses must guard against liability by keeping up to date on
every aspect of their practice, adhering to the nurse practice act of their
state, identifying risk factors, and implementing and consistently following
practices that reduce or eliminate those risk factors. In addition, oncology healthcare providers must adhere to the standards and scope of practice
policies of the institution where they practice.
The specialization of oncology practice is accompanied by potential legal
liability for nurses and other healthcare providers. Liability can arise for violations of a patient’s right to privacy or confidentiality, failure to obtain informed consent, and negligent administration of chemotherapy treatment.
However, by following the recommendations in this chapter—and staying
informed about the laws, regulations, and internal policies that affect nursing practice—chemotherapy nurses can reduce their exposure to potential
legal liability.
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CHAPTER 12

Vascular Access Devices
Georgie Cusack, MS, RN, AOCNS®

Introduction
Infusion therapy in the oncology setting is increasingly complex, and the
role of the oncology nurse is continually expanding. Administration of chemotherapy and biotherapy agents requires constant updating of knowledge
and skills. Oncology nurses face an ever-increasing array of vascular access
devices (VADs) as advances in design have improved the options of drug delivery to patients with cancer. The purpose of this chapter is to provide nurses caring for patients with cancer with an overview of VADs and devices used
in alternate routes of chemotherapy and biotherapy administration. The advantages and disadvantages of each device, care requirements, and complications will be discussed. Guidelines for infection prevention will also be addressed.

Brief History of Vascular Access Devices
Since the mid-1940s, catheters have been inserted to deliver IV solutions (Prue-Owens, 2006). Approximately 60% of inpatients have a peripheral IV (Morris & Tay, 2008). Midline catheters were introduced in the
1950s for surgical patients (Anderson, 2004). Nontunneled central VADs
have been used since the late 1940s. Percutaneous central VADs that can
remain in place for several days or weeks have been commonly used in
the hospital setting since the late 1960s (Roy, Wilkinson, & Bayliss, 1967).
The first long-term VAD, the Broviac® tunneled catheter, was developed to
provide long-term parenteral nutrition (Broviac, Cole, & Scribner, 1973).
The content of this publication does not necessarily reflect the views or policies of the
Department of Health and Human Services, nor does mention of trade names, commercial
products, or organizations imply endorsement by the U.S. Government.
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In 1979, the Broviac catheter was modified by increasing the internal diameter, thus allowing for withdrawal of blood samples as well as for highvolume infusions (Hickman et al., 1979). A modified version named the
Hickman® catheter became the catheter of choice for long-term venous access (Hickman et al., 1979). Further modifications led to the development
of double- and triple-lumen Hickman catheters and to valve technology
(Groshong® catheter) that reduced blood backup and negated the need
for regular heparinization.
In the early 1980s, Port-a-Cath®, a totally implanted vascular access system, was developed using a catheter attached to a subcutaneous port anchored in the chest wall (Niederhuber et al., 1982). The lack of an external
catheter offered increased protection from infection and reduced the care
needed to maintain the access. Developments in the past 20 years have included double-lumen ports, port septums that can be accessed from the side
instead of the top, and smaller ports and catheters to allow for placement in
the brachial vein.
Since the 1980s, the use of peripherally inserted central catheters (PICCs)
has become increasingly popular as a bridge between short-term percutaneous devices and surgically inserted long-term devices (Bowes-Geddes &
Nichols, 2005). PICCs may be inserted by physicians in the radiology department or by RNs with specialty training, thus allowing for bedside or at-home
insertion. PICCs usually remain in place for up to three months, although
some may last for several months and, occasionally, years. As ambulatory and
homecare settings become increasingly prevalent in treating patients with
cancer, devices such as PICCs have become popular among patients and
healthcare professionals.
Alternate routes may be used for administering chemotherapeutic agents
directly to an organ or targeted space to increase the distribution of drugs
directly to the site of disease and to minimize side effects. Intra-arterial, intraperitoneal, and intraventricular devices have all been used with great success.
Intra-arterial therapy was first documented in the United States for the
delivery of chemotherapy in 1959 (Sullivan, Miller, & Sikes, 1959). Arterial
therapy delivers medication directly into an organ or tumor via the main
supply artery or through the common hepatic gastroduodenal artery in hepatic tumors (Gallagher, Capanu, Raggio, & Kemeny, 2007). Access is via
short-term percutaneous catheters inserted in the brachial or femoral artery, and long-term catheters are placed during surgery with an external
catheter or implanted pump or port. Implantable pumps for long-term hepatic artery infusions have been used since the 1980s (Bertino, 2008).
Intraperitoneal devices were first introduced in the 1920s to access the peritoneal cavity for drainage of ascites and for peritoneal dialysis (Twardowski,
2004). Intraperitoneal catheters are placed into the peritoneal cavity to provide repeated access for the administration of intraperitoneal therapy. Over
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the past 90 years, several improvements have been made to improve drainage and decrease infection, leakage, and obstruction. The catheters may be
temporarily placed externally or semipermanently implanted (Tenckhoff®).
Implanted subcutaneous ports were introduced in the early 1980s.
Intraventricular devices are used for the administration of chemotherapy
and antibiotics directly to the intrathecal space. Intraventricular access was
introduced for use in 1953, and in 1960 it was introduced for cancer management (Abd-El Ghaffar, 1960). The Ommaya® reservoir was created to replace repeated lumbar punctures to manage cryptococcal meningitis (Ommaya, 1963). The device is surgically implanted in the operating room and
treatment is provided by individuals trained in the care and maintenance of
the device.

Peripheral Access Devices
Peripheral catheters are preferred when IV access is required for short periods. It is safer, easier to obtain, and less painful than central access (Frank,
2013). Types of therapy include antimicrobials, analgesics, blood products,
hydration, and chemotherapy. However, continuous vesicant therapy and
highly concentrated solutions are not recommended through short-length
catheters (Camp-Sorrell, 2011).
Short-length peripheral catheters (less than 3 inches) are defined by
gauge, length, and design. Catheter material is usually made of Teflon or silicone. Sizes range from 24 (small gauge) to 14 (large gauge). Smaller gauges are used for medication administration and large gauges are used for
large fluid volumes and blood products. Vein selection depends on the type
of therapy and duration of placement. The smallest size catheter should be
used to prevent trauma and phlebitis (Frank, 2013). Steel needles should be
avoided with infusions that will cause tissue necrosis (O’Grady et al., 2011).
Distal extremities should be used first, and one should avoid placing an IV
in a vein distal to a site previously cannulated to prevent extravasation and
hematoma formation. Larger veins are easier to cannulate and are preferable to prevent thrombosis and thrombophlebitis. Staff should avoid using
the patient’s dominant upper extremity and veins that are firm to palpation.
Additionally, sites over joints should be avoided because of increased risk of
catheter dislodgment and kinking (Frank, 2013).
Patient selection is based on age, adequate vascular integrity, and planned
short-duration nonirritating infusions of less than seven days. Site preparation includes keeping the patient warm and relaxed. Topical anesthetics
may be used to decrease pain and anxiety during IV catheter insertion. Intradermal injections, topical medications, and iontophoresis have been used
with similar success (Eidelman, Weiss, Lau, & Carr, 2005). Enhancement of
vein dilation may be done by placing the cannulation site below the level of
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the heart, lightly tapping the vein in a proximal to distal direction, and having patients clench and relax their fist. Transillumination devices can be
used to locate veins (Krueger, 2007).
Guidelines for changing peripheral catheters suggest that replacement
when clinically indicated is preferable to routine replacement in order to
decrease cost without imposing additional risk of infection (Ho & Cheung,
2011; Webster, 2001). Peripheral venous catheter removal is suggested if the
patient develops signs of phlebitis (warmth, tenderness, erythema, or palpable venous cord), infection, or a malfunctioning catheter.

Central Vascular Access Devices
Percutaneous Central Vascular Access Devices
Percutaneous, or nontunneled, VADs have been in use for decades in
the hospital setting. Generally thought of as short term, these catheters are
intended for use for up to three weeks when no extended therapy is anticipated (Camp-Sorrell, 2011; Gallieni, Pittiruti, & Biffi, 2008). Patient selection criteria are dependent on anticipated treatment length, access requirements, life expectancy, and size of the patient/vein. Candidates for
nontunneled catheters are those with poor peripheral venous access, those
with frequent venous access requirements for infusion or blood specimens,
poor surgical candidates for long-term catheter placement, critically ill patients requiring multilumen access, and patients with a short life expectancy.
Catheters are commonly composed of Teflon, polyurethane, silicone,
polyethylene, or polyvinyl chloride (Camp-Sorrell, 2011; Gallieni et al.,
2008; Galloway & Bodenham, 2004; Lopez et al., 2009). Available options
include latex-free, radiopaque, antimicrobial-impregnated, and heparin-impregnated catheters. Venous sites in which percutaneous VADs are placed
include the internal jugular, external jugular, and subclavian veins (see Figure 12-1). The right internal jugular vein is preferred because of easy access
to the subclavian vein (Camp-Sorrell, 2011). Size of vein will determine the
gauge of catheter and number of lumens used, with smaller catheters decreasing the incidence of venous thrombosis. The distal tip of the catheter
rests in the superior vena cava or right atrium. Correct placement is confirmed by chest x-ray.
Percutaneous VADs are most commonly used in the hospital setting and
are maintained by healthcare professionals. They are rarely inserted for
chemotherapy administration alone. These catheters often are used in patients with cancer for postoperative analgesic administration, acute-care fluid management, and short-term total parenteral nutrition, but the shortterm central VADs also have the highest risk of infection (Wilkes, 2011).
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Figure 12-1. Venous Anatomy

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd
ed., p. 27), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright 2011
by the Oncology Nursing Society. Reprinted with permission.

However, nurses may encounter a patient who already has a percutaneous
VAD for other therapies and now requires chemotherapy or a patient who is
receiving a short-term yet complex antineoplastic regimen requiring multiple catheter lumens. The healthcare team should discuss alternative devices
with patients who require ongoing chemotherapy treatments or who need
to be discharged home with central venous access, because it is less optimal
to use these short-term acute-care catheters for long-term venous access or
in the home setting.

Tunneled Central Vascular Access Devices
Tunneled central VADs are used for patients requiring long-term IV access (e.g., bone marrow transplantation, hematologic disease, malignant dis-
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ease). Tunneled VADs are made of silicone, polyurethane, or a combination
of the two and are available in single, double, or triple lumens in various
gauges and lengths (Camp-Sorrell, 2011) (see Figure 12-2). The device may
have a Dacron® polyester cuff designed to anchor in the subcutaneous tissue approximately 1–2 inches from the exit site and reduce inadvertent dislodgment. Certain devices have a separate antibiotic-impregnated cuff just
below the skin surface. These cuffs are designed to reduce infection by releasing an antimicrobial agent over a four- to six-week period and by providing a physical barrier to passage of bacteria from the skin into the vein.
The device is inserted under local or general anesthesia into one of the central veins (the subclavian, jugular, or cephalic veins are the most common
choices), with the catheter tip resting in the superior vena cava near the
right atrium. The VAD is tunneled through subcutaneous tissue to a separate exit site, usually on the chest wall midway between the sternum and
clavicle above the nipple line. The subcutaneous tunnel acts as a barrier to
bacteria traveling from the skin into the vein, reducing the potential for infection and allowing the catheter to remain in place for months to years
(Camp-Sorrell, 2011).
The distal tip of the tunneled device may be open- or closed-ended in
the vein. Open-ended VADs require clamping at the proximal end during cap, syringe, or tubing changes to avoid an air embolism. Open-ended VADs are at risk for blood backup and clotting; therefore, they must be
flushed daily with a heparin solution when not in use and after each blood
aspiration or fluid infusion (Camp-Sorrell, 2011). The patented closedended Groshong catheter has a two-way, pressure-sensitive valve that remains closed except during infusion or aspiration. Positive pressure into
the catheter will open the valve outward, allowing fluid infusion. Negative
or vacuum pressure will cause the valve to open inward, allowing blood aspiration. When the catheter is not in use, the valve remains closed, and potential for an air embolism or blood backup into the catheter is virtually
eliminated (see Figure 12-3). Therefore, catheter clamps are not needed
for the Groshong catheter.
Manufacturer recommendation for flushing the Groshong is only once a
week with normal saline (Bard Access Systems, 1994). Another device being
used to prevent blood flow backup is the PASV® Valve, which uses pressureactivated safety valve technology.
The tunneled apheresis catheter, Pheres-Flow®, was developed in the early 1990s. Unlike standard percutaneous apheresis catheters, the tunneled
apheresis catheter can remain in place for months because of the subcutaneous tunnel. Compared to standard tunneled catheters, the Pheres-Flow
has a larger diameter and is made of a stronger material to withstand the aspiration pressure of an apheresis machine. This catheter is particularly useful in patients who may require apheresis or peripheral blood stem cell collection but who also will require long-term IV access.
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Figure 12-2. Double-Lumen Tunneled Catheter (Hickman®)

Note. Figure courtesy of Bard Access Systems, Inc. Used with permission.
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Figure 12-3. Groshong® Catheter

Note. Figure courtesy of Bard Access Systems, Inc. Used with permission.

Implanted Ports and Reservoirs
Implanted ports and reservoirs are used for patients requiring intermittent IV infusions, patients who are unable or unwilling to care for an
external line, patients with a very active lifestyle, and patients with poor
venous access and ongoing IV needs (Camp-Sorrell, 2011). Implanted
ports consist of a soft silicone or polyurethane catheter attached to a reservoir with a raised silicone resealable septum surrounded by a titanium,
stainless steel, or plastic base (see Figure 12-4). The catheter tip is placed
in the central vein, and the port is implanted into a surgically created
subcutaneous pocket, usually on the chest wall. Implanted ports may be
single or double lumen, and the distal end of the catheter may be openor closed-ended. The port is accessed through the skin using a special
noncoring 90° Huber needle that pierces the self-sealing septum and enters the reservoir. Careful site selection is important for implanted ports.
The portal body should be located over a rib for stability, and placement
should be avoided in the axilla, breast tissue, and soft tissue of the abdomen (Camp-Sorrell, 2011).
The Huber needle may remain in place for up to seven days under an
aseptically applied transparent dressing; if further access is required, a new
needle and dressing must be placed. Upon completion of treatment, the
needle may be removed after flushing the port with heparinized saline. The
port then only requires once-monthly flushing to maintain patency. During the time the port is not in use, it is completely subcutaneous; therefore,
no dressings are required, and patients may shower or swim without restrictions. Only a small circular lump under the skin reveals the location of the
port, making it a more cosmetically pleasing VAD than external catheters.
The lengthy time between maintenance flushing means that patients do
not have to learn how to flush the ports themselves. Therapy requirements
usually entail seeing a physician or healthcare professional at least once a
month, and the port can be flushed at that time.
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Figure 12-4. Implantable Port

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd
ed., p. 37), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright 2011
by the Oncology Nursing Society. Reprinted with permission.

A more recent addition to the selection of implanted ports is the P.A.S.
Port® system (Smiths Medical, n.d.). The P.A.S. Port has a smaller reservoir
and base that allow for placement in the subcutaneous tissue of the upper
or lower arm, with the catheter inserted at the antecubital fossa and threaded via the basilic, cephalic, or axillary vein into the superior vena cava. The
P.A.S. Port can be more advantageous than the chest wall port because the
surgical insertion procedure is less extensive and can be completed in a
physician’s office. Another advantage is that the skin on the upper chest is
spared a surgical incision and Huber needle insertions, making this catheter
a good choice for patients with extensive chest surgeries or chest wall irradiation. The P.A.S. Port is accessed with a very short (½–¾ inches) noncoring
Huber needle because of its proximity to the skin surface, but other aspects
of care, such as flushing and dressing change, are similar to other implanted ports (Wilkes, 2011).

Peripherally Inserted Central Catheters
The use of PICCs has become increasingly popular as a bridge between a
short-term percutaneous device and a surgically inserted long-term device.
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The PICC is a thin, flexible catheter inserted at the antecubital fossa into the
basilic or cephalic vein and advanced to the superior vena cava. The catheter
may be inserted at the bedside or under fluoroscopy, if necessary, thus negating the need for a surgical procedure. PICCs inserted at the bedside must
have central venous placement confirmed by x-ray. Once confirmed, PICCs
may be used for medications, including vesicants, and blood product infusions similar to any other VAD. RNs with specialty training are allowed to insert PICCs in most states, although the legal practice parameters differ from
state to state. PICCs are designed to remain in place for four to six weeks, although they may be durable enough to last several months. Advantages and
disadvantages of PICC catheters are listed in Table 12-1.
A modification of the PICC, the midline catheter, is a shortened catheter that is only inserted in the axillary vein. A midline is not a central catheter, and care must be taken to distinguish it via labeling and documentation to prevent confusion with a PICC. The midline catheter may be inserted
by using a peel-away catheter or Seldinger technique (catheter threaded
through a needle) (Griffiths, 2007; Higgs, Macafee, Braithwaite, & MaxwellArmstrong, 2005). The catheter is made of polyurethane or silicone. The
catheter is used to infuse IV fluids and drugs that would be administered peripherally, but it has a longer dwell time than a peripheral catheter. They are
ideally suited for older patients with limited venous access.

Alternative Administration Devices
Intra-arterial catheters
Intra-arterial drug administration involves the insertion of a catheter into
an artery that provides blood supply to a tumor. Arterial infusion therapy
may be used for patients with chemoresistant cancer (Tanaka et al., 2012).
The infusion of antineoplastic agents directly into the tumor bed increases
drug concentration at the tumor site without increasing systemic drug concentration. This decreases the potential for and severity of side effects. The
common hepatic artery is the most commonly used vessel, primarily to target liver metastases from colon carcinoma but also as a method to treat hepatocellular cancer. Antineoplastic agents used include floxuridine, fluorouracil, epirubicin, and cisplatin (Cantore et al., 2012; Gallagher et al., 2007;
Tanaka et al., 2012).
Two types of intra-arterial catheters may be used. External catheters are
inserted percutaneously in radiology and are temporary, usually removed at
completion of therapy (Barber, Mavligit, & Kurzrock, 2004). The site of insertion is covered with a sterile transparent dressing and must be monitored
closely for bleeding, infection, and catheter dislodgment. The most com-

May be inserted by RN
Easy to insert and maintain
Provides quick, simple access to vascular system
May be used in all patient care settings
Involves minimal insertion costs compared to other venous access procedures

Placed at bedside by specially trained nurse
Dwell time of 1–8 weeks
Chest x-ray is not required for placement because tip is
not in the central circulation
Can be used for most IV solutions
Can be removed at the bedside
Relatively economical compared to more permanent
lines
Fewer complications than surgically placed devices

May be used to infuse all IV therapies and draw blood
May be inserted at the bedside or in ambulatory surgery
using sterile technique
May be inserted without general anesthesia or procedural sedation
May be used to monitor central venous pressure
May be placed in an emergency situation and used immediately
Does not require needle access for use after insertion

Midline catheter

Nontunneled
central venous
catheter

Advantages

Peripheral IV

Type of Device

Disadvantages

●

(Continued on next page)

Must be placed by a physician, though some states may allow
specially trained RNs to insert
May be associated with discomfort at insertion
More prone to infection because of lack of tunnel/cuff, the external portion, and insertion at bedside
Requires diligent aseptic care to prevent infection and maintain
line function
Placement must be checked with x-ray prior to use.
Not used for long-term venous access

Cannot be used for continuous infusion of vesicants
Not recommended for routine blood draws; size and flexible nature of the catheter may decrease the ability of blood draw
Contraindicated for solutions with final concentrations > 10% glucose or > 5% protein
Patient must have adequate peripheral veins; may cause arm
discomfort or immobility
Not available as a triple lumen
Prone to phlebitis, which may be insertion technique dependent

Has a short life span (72–96 hours)
May involve discomfort with insertion
Can be difficult to insert and maintain in the very young, older
adults, and those with fragile or sclerotic veins
Can be cumbersome and restrictive, especially when inserted
near a joint or in a dominant limb
Requires daily care and maintenance

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices
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Advantages

Designed for short-term use (up to 6 weeks)
Available in a variety of gauges and in single, double, and
triple lumen
Can be used for multiple, incompatible solutions concurrently (double and triple lumen)
Available antimicrobial-impregnated catheter may decrease risk of infection.
Heparin-impregnated catheters available that may decrease risk of venous thrombosis
Catheter valve available, eliminating the need for heparin flush
Power lines available

May be used immediately after confirmed placement
May be inserted by an RN who attended an instructional
course and has demonstrated clinical competence in insertion technique
Insertion is relatively simple and may be performed at the
bedside or in an outpatient setting.
Provides a safe, economical means of vascular access
for therapies. Less expensive than nontunneled shortterm catheters, long-term catheters, or implanted ports.
Poses no risk of insertion-related pneumothorax or great
vessel perforation
Demonstrates lower complication rate than other types of
access devices if the device is inserted properly and is
well maintained

Type of Device

Nontunneled
central venous
catheter (cont.)

Peripherally inserted central
catheter (PICC)

(Continued on next page)

RN requires educational preparation and attainment of clinical
competence. RN must maintain level of skill and competence.
Clinical opportunities for insertion and maintenance of PICC
must be available on a consistent basis.
May limit arm movement if inserted in the antecubital area
May not be able to draw with small-gauge catheters
Some manufacturers recommend not using 2 French size for red
blood cell transfusion.
More expensive than peripheral IVs

May not be suitable for testing of coagulation studies

Disadvantages

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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Advantages

Available in double or single lumen
Ideal for the very young and older adults because of the
small size
First choice for venous access in patients who are acutely or critically ill and who need intensive IV therapy and
continuous venous access to obtain blood samples
Decreases patient stress by reducing number of venipunctures required to administer therapy
Excellent for use in homecare settings, as it decreases the need for nursing visits related to site rotation or
complications
Power PICC available for contrast injections
Repair kits available

Can be used immediately after placement once radiographic confirmation is made
Preserves peripheral veins
Provides a means for rapid hemodilution of infused solutions
Provides a reliable source of IV access
Designed for long-term IV therapy for frequent venous
access and functional for years
Available in single, double, or triple lumens
Provides pre-attached clamps, except for valved catheters
Tunneling potentially decreases risk of microorganisms
entering the venous system because of anatomic distance between insertion and exit sites.

Type of Device

Peripherally inserted central
catheter (PICC)
(cont.)

Tunneled catheter

●

(Continued on next page)

Required routine exit-site care
Requires routine flushing of catheter lumens
Poses risk of complications, such as catheter-related infection
and thrombosis
Cost of maintenance supplies includes dressings, flushing solutions, injection caps, syringes, and needles.
Body image changes can affect the patient.
Insertion is a surgical procedure.

Disadvantages

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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Advantages

Repair kits available for external segments
Variety of sizes available to accommodate pediatric and
adult patients
Power lines available

Can be left in place and functional for many years
Ideal for intermittent access
Less potential for infection than external catheters
No dressing required when the port is not accessed,
therefore ideal for patients with tape sensitivities
Flushing only required every 4–8 weeks when not in use
Less potential for catheter to migrate
Can be used to draw blood
Less effect on body image
Catheter infection may be successfully treated with IV
antibiotics, although fungal infections generally require
removal of the line (Vescia et al., 2008)

Can be inserted at the bedside when immediate access
is required
Can be used immediately after placement
Can be used for both inpatient and outpatient therapy
(Exception: Temporary femoral catheters usually are
not used in outpatients.)
Can be used for IV infusion therapy

Type of Device

Tunneled catheter (cont.)

Implanted venous port

Temporary
apheresis or
hemodialysis
catheter

(Continued on next page)

Designed for short-term use
Requires catheter to be reguided frequently, such as every 3–4
days to every week
Increased incidence of catheter-related infection and sepsis
If inserted into femoral vein, cannot be used for hyperalimentation
Increased risk of catheter displacement because usually not sutured. Often restricted to use for hemodialysis or apheresis only.

Insertion is a surgical procedure.
Most expensive vascular access device to insert
Must be accessed with a needle
Catheter can disconnect from port and migrate, causing extravasation.
Presence of port may interfere with sleep.
Over time, buildup of “sludge” (clotted blood, drug precipitates)
may collect in port reservoir and decrease flow efficiency.
Requires a trained nurse to access and deaccess
Not available in triple lumen

Disadvantages

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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Can be used immediately after placement
Can be used for both inpatient and outpatient short- or
long-term therapy
Provides long-term access for apheresis or hemodialysis
Large internal diameter of catheter provides high flow rate
Lower incidence of catheter-related infection is lower
than with temporary catheters

Used in phase I trials of new agents until efficacy decided
Can be used for multiple drug infusions at one setting
Can be used with abnormal liver anatomy
Can be used in palliative or neoadjuvant setting
No device in place after the procedure

Allows repeated access to arterial system
Allows for long-term use
Can be used for multiple drug infusions at one setting
Catheter tip stability increased compared with percutaneous temporary catheter
Depending on insertion site, patient may be able to ambulate during infusion.

Percutaneous
short-term
arterial catheter
(removed after
infusion)

Arterial port

Advantages

Tunneled
apheresis or
hemodialysis
catheter

Type of Device

●

(Continued on next page)

Patient discomfort with needlesticks
Special noncoring, single-use needle required
Monitoring of site required during infusion
Cost of initial insertion (can be done in interventional radiology
department as an outpatient in centers with trained personnel)
High rate of device malfunction compared to implanted pumps or
temporary percutaneous catheters

Bed rest required until catheter is removed (if femoral access is
used)
Hospitalization required (short-term infusions of 8 hours or less
can be done during a 23-hour observation)
Insertion of catheter performed in interventional radiology department by trained personnel, so not available at every institution
Catheter tip stability less than with implanted devices
Complications secondary to repeated insertions into artery
Monitoring of site required during infusion
Cost of initial insertion (can be done in interventional radiology
department as an outpatient in centers with trained personnel)

Insertion is a surgical procedure.
Thrombosis is more likely with polyurethane catheter.

Disadvantages

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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More cost-effective if long-term use is planned
Can be used in outpatient or inpatient setting if properly
trained personnel are available

Allows prolonged and repeated access to arterial system
No immobility required
Catheter tip stability increased compared to percutaneous temporary catheter
Has lower rate of malfunction than arterial ports

Provides relatively painless access to the cerebrospinal
fluid (CSF)
Obviates the need for repeated spinal taps
Permits consistent and predictable drug delivery through
the CSF
Allows measurement of intracranial pressure
Can be used for multiple therapies
Allows for sampling of CSF

Serves as a semipermanent access device that allows
cyclic treatments over a long period of time
Decreases risk of visceral or bowel perforation when
compared to temporarily placed intraperitoneal catheters for peritoneal access
Permits faster fluid infusion rate: 2 L in 10–15 minutes
Permits rapid drainage of fluid
Allows for collection of fluid samples

Arterial implanted pump

Intraventricular
reservoir

External Tenckhoff® peritoneal
catheter

Advantages

Arterial port
(cont.)

Type of Device

(Continued on next page)

Increased risk of infection because of external portion; exposed
tubing provides direct access to peritoneal cavity
Increased risk of leakage around exit site
Insertion must be performed in the operating room.
Increased risk of dislodgment
Required maintenance by patient and others: dressing changes,
exit-site and catheter care
Increased cost because of maintenance supplies

Requires surgical insertion
Catheter migration possible
Expensive to implant
May become infected

Need a flexible medication pump, not drug-specific pump; so not
a device for clinical trials
Cost of initial insertion
Trained personnel needed to refill implanted pump with chemotherapy

Disadvantages

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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Allows for high-pressure forced irrigation or manipulation
to loosen fibrin clots
Access is less painful to the patient
Can be removed at the bedside or as outpatient if a Dacron® cuff is used
Repair kits available for external portion of the catheter
Catheter is inexpensive.
Patient and caregivers can learn how to care for the catheter and how to drain fluid for palliation of ascites.

Serves as semipermeable access device that allows cyclic treatments over a long period of time
Potential decreased risk of infection because no external portion
No risk of accidental removal
Does not require dressing or flushing between treatments
Does not affect body image; no restrictions on activity,
bathing, or swimming; potential decreased patient anxiety
Increased patient acceptance because no external component

External Tenckhoff® peritoneal
catheter (cont.)

Implanted peritoneal port

Must be surgically placed and removed in the operating room
Requires a needlestick to access device, which may cause discomfort to patient
Does not allow for high-pressure forced irrigation or manipulation
to dislodge fibrin

May require more office visits or use of home health agency,
adding to cost
Inconvenient to patient: Limits ability to swim, bathe, and wear
certain clothing
Can have a negative impact on patient’s body image: Reminder
of disease, may affect sexuality, increased anxiety about risks
described earlier

Disadvantages

●

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd ed., pp. 16–18), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA:
Oncology Nursing Society. Copyright 2011 by the Oncology Nursing Society. Adapted with permission.

Advantages

Type of Device

Table 12-1. Advantages and Disadvantages of Venous Access and Alternative Devices (Continued)
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mon intra-arterial catheter is a permanent device attached to either an implanted port or infusion pump placed in the subcutaneous tissue of the lower abdomen or upper chest. Intra-arterial ports are designed with a raised,
resealable silicone septum surrounded by a titanium or plastic base. The
port is accessed with a noncoring needle by a trained professional and attached to an ambulatory infusion pump. The only mechanical difference between an intra-arterial port and an implantable port is the anatomic placement of the catheter.
Intra-arterial pumps are totally implanted into a surgically created pocket of subcutaneous tissue, usually in the lower abdomen or upper chest,
and are designed for continuous, low-volume, long-term ambulatory therapy (Wilkes, 2011). Medtronic Neurological manufactures the SynchroMed®
and IsoMed® infusion systems. A secondary port that bypasses the pumping
mechanism allows for direct arterial injection of a medication. The pump
has a flat, circular-shaped septum, which is accessed with a noncoring pump
needle using strict aseptic technique. The septum is connected to a drug
reservoir that delivers the medication via a peristaltic roller pump powered
by a lithium battery that lasts three to four years (Medtronic Neurological,
2012). Refill of the drug reservoir is based on manufacturer recommendations. The flow rate is either preset prior to implantation or adjustable via an
external electronic wand that communicates with the internal pump. Flow
rates may increase with hypertension, fever, or travel to a higher altitude.
Conversely, flow rates may decrease with hypotension, drop in body temperature, or travel to a lower altitude. Possible variations in flow rate, inability
to change the flow rate, restriction of medication to 50 ml or less, and the
high cost of insertion are all disadvantages of the implanted pumps (CampSorrell, 2011). Patients must have an understanding of how the pump works,
their travel restrictions, and their need to keep appointments to have the
pump refilled.

Intraperitoneal Catheters
Antineoplastic agents may be directly administered into the peritoneal space to increase drug concentrations in the peritoneum while maintaining lower systemic blood concentrations. Intraperitoneal chemotherapy has been used for ovarian, pancreatic, breast, and colorectal cancers
(Chua, Esquivel, Pelz, & Morris, 2012; Naumann, Sukumvanich, & Edwards, 2009; Panici et al., 2010; Tentes et al., 2012). Agents used include
carboplatin, cisplatin, gemcitabine, doxorubicin, etoposide, fluorouracil,
methotrexate, mitomycin-C, interferon alfa, and paclitaxel (Marin, Oleszewski, & Muehlbauer, 2007). Side effects include not only toxicities associated with specific drugs but also those related to increased intra-abdominal pressure, such as abdominal pain, nausea, respiratory distress, and
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diarrhea. Raising the head of the bed to reduce intra-abdominal pressure
on the diaphragm, instructing the patient to roll from side to side to evenly distribute the intra-abdominal fluid, and the administration of analgesics are all appropriate intervention strategies to reduce these side effects
(Marin et al., 2007).
The two most common methods for delivery of chemotherapy to the peritoneal space are external catheters and implantable peritoneal ports. External catheters may be temporary or semipermanent (Camp-Sorrell, 2011).
The Tenckhoff catheter is a silicone catheter inserted directly into the peritoneum via a subcutaneous tunnel. The catheter exits through the skin, extending approximately 10 inches, and is capped between infusions. One or
two Dacron cuffs on the catheter may be used to act as barriers to infection and anchor the catheter to prevent dislodgment (Camp-Sorrell, 2011).
However, in gynecologic oncology clinical trials, the cuffs and fenestrated
catheters caused increased complications such as fibrin sheaths, infection,
intestinal perforation, and adhesion formation (Markman & Walker, 2006).
The Tenckhoff catheter has a large internal diameter that allows for the rapid infusion of drugs and fluid (2 L in 10–15 minutes).
The implantable peritoneal port uses a catheter similar in design to the
Tenckhoff, but the end is attached to a titanium or silicone casing surrounding a reservoir and self-sealing septum (Camp-Sorrell, 2011). The port is
usually implanted over a lower rib to stabilize access and is accessed using a
large-bore noncoring needle under aseptic technique. The noncoring needle restricts the flow of IV fluids or chemotherapy; therefore, flow rates are
not as rapid as those with the external Tenckhoff catheter, and 2 L may require a 30–45-minute infusion time. The port is flushed with 10 ml normal
saline solution after administration of medication. No maintenance care is
required between treatments (Camp-Sorrell, 2011). Potential for infection
is lower compared to the external Tenckhoff peritoneal catheter, and patients may swim and shower without restrictions.

Intraventricular Catheters
Certain cancer cells easily cross the blood-brain barrier, resulting in central nervous system (CNS) involvement of the malignancy. Acute lymphocytic leukemia is the malignancy most commonly associated with CNS involvement, but other malignancies, such as breast cancer and lymphoma, may
have meningeal invasion. Most antineoplastic agents do not cross the bloodbrain barrier, so they must be delivered directly into the cerebrospinal fluid
(CSF). The instillation of chemotherapy directly into the CSF is possible via
lumbar puncture or the insertion of an Ommaya reservoir. Prior to selecting the method of administration, the benefits and risks to the patient must
be determined.
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The Ommaya reservoir consists of a silicone catheter attached to a selfsealing dome-shaped reservoir. Placement of the Ommaya reservoir is a surgical procedure performed under local or general anesthesia. A burr hole
is made in the skull, and the catheter is threaded into the lateral ventricle
of the brain. The reservoir is placed subcutaneously between the scalp and
the skull, so once the surgical site is healed, only a small bulge underneath
the scalp is visible (see Figure 12-5). Computed tomography scan and cisternogram should be done to verify patency of Ommaya and CSF flow prior to
administering medications via the Ommaya (Camp-Sorrell, 2011). Risk of
infection is the primary complication of Ommaya insertion and remains relatively small. An intraventricular reservoir is rarely removed (i.e., malfunctions or unresolved infection). Dickerman and Eisenberg (2005) suggested
the following to minimize the risk of infection during placement: (a) decrease operative time, (b) preassemble the Ommaya reservoir with only one
surgeon handling the device during placement, and (c) keep the Ommaya in antibiotic solution prior to placement. The Ommaya reservoir may remain in place for months or years.
Select chemotherapy agents, antibiotics, antifungal agents, and opiate analgesics are all appropriate medications that may be administered via the
Ommaya reservoir. Intrathecal methotrexate, cytarabine, and hydrocortisone have been used for primary CNS lymphoma (Sierra del Rio et al., 2011).
Several agents have been administered intrathecally for neoplastic meningitis from systemic malignancies, including methotrexate, Ara-C, Depo-Ara-C,
thiotepa, carmustine (BCNU), topotecan, and gemcitabine (Jaeckle, 2006).
Ommaya reservoirs are usually only accessed and the selected medication instilled by specially trained nurses or physicians using aseptic technique (Aiello-Laws & Rutledge, 2008). The staff nurse’s responsibilities include assessment of the site for signs and symptoms of local infection, bleeding, leakage
of CSF, or shifting of the reservoir dome. Camp-Sorrell (2011) provided a
practicum for intraventricular reservoir administration in Access Device Guidelines: Recommendations for Nursing Practice and Education.

Ambulatory Infusion Pumps
Ambulatory infusion pumps have become increasingly popular in providing therapy to patients with cancer and are used for the administration of antineoplastic agents, total parenteral nutrition, antibiotics, analgesics, insulin,
heparin, and hydration (Camp-Sorrell, 2011). The advent of home IV therapy services—visiting nurse companies with expertise in home infusion devices, equipment maintenance, drug preparation and delivery, and 24-hour availability—has had a dramatic effect on the ability to deliver ambulatory infusion
therapy safely and efficiently. Before initiating ambulatory pump therapy, several patient and treatment parameters must be assessed. The patient must
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Figure 12-5. Use of an Ommaya Reservoir

Note. From “Vascular Access Devices” (p. 64), by J.S. Webster in M.M. Gullatte (Ed.), Clinical Guide to
Antineoplastic Therapy: A Chemotherapy Handbook, 2001, Pittsburgh, PA: Oncology Nursing Society.
Copyright 2001 by the Oncology Nursing Society. Reprinted with permission.

have adequate venous access and may require VAD placement. The drug infusion procedure, number of doses, and length of treatment time affect how frequently the patient must return to the ambulatory care setting or how much
drug and nursing time a home infusion company must provide. The ability
of the patient and family to participate in care, to manipulate the pump, and
to troubleshoot problems must be considered. Healthcare personnel should
assess the patient’s living environment to ensure that it includes clean, readily available hand-washing facilities, electricity, a refrigerator, a telephone, and
transportation to a healthcare facility (Yuska & Nedved, 2000). Finally, the cost
of the therapy must be considered, as some insurance companies and Medicare have strict reimbursement guidelines for the types of therapies they will
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approve. Only with careful assessment and planning will home infusion therapy be feasible and successful.
Ambulatory infusion pumps are classified by their mechanism of operation: elastomeric, syringe, and peristaltic. The mechanism of action, size,
weight, power source, alarm mechanisms, cost, advantages, and disadvantages vary by individual pump. Each of these factors, along with reimbursement
issues, level of service provided by the manufacturer, amount of teaching required, and availability of knowledgeable staff, should be considered when
selecting an infusion device.

Central Vascular Access Device Choices
As the choices of VADs continue to multiply, it may be difficult to explain
to the patient the advantages and disadvantages of each option. Table 12-1
provides a brief description of the advantages and disadvantages of each major device category to assist oncology nurses with comparisons. Individual access devices may differ in their specific uses.

Catheter Maintenance Procedures of Vascular
Access Devices
Daily maintenance of these catheters has been well defined. Table 12-2 outlines the common care procedures for all VADs. Table 12-3 provides a comparison of cleansing agents for VAD care. When choosing the type of line, nurses should consider that infection rates rise exponentially with the addition of
each subsequent lumen (O’Grady et al., 2011). Nurses should adhere to policies, procedures, and standards of practice for their particular institution.
Many VAD complications can be avoided with proactive nursing interventions; however, catheter complications such as occlusion, infection, and
breakage do occur. Tables 12-4 and 12-5 provide a list of the most common
early and late catheter complications, outlining the etiology, signs and symptoms, and interventions. Tables 12-6 and 12-7 outline common complications seen with alternative devices.

Prevention and Management of Catheter-Related Infections
According to the Institute for Healthcare Improvement (IHI, 2011), the
mortality rate for central line–associated bloodstream infections (CLABSIs)
is approximately 18%; CLABSIs prolong hospitalization by a mean of seven
days; and one incidence of CLABSI can increase the cost of the hospitaliza-
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tion by $3,700 to $29,000. Several routes of contamination of catheters have
been identified, including migration of skin organisms at the insertion site;
direct contamination of the catheter, catheter hub, or needleless connector;
inadequate patient education; hematogenously seeded from another focus

Table 12-2. Care and Maintenance of Venous Access and Alternative
Devices
Type of
Device

Cap
Change**

Dressing

Flushing*

Peripheral or
midline

Transparent dressing
change with IV change.
Gauze dressing change
QOD or prn if wet, soiled,
or nonocclusive

NS 1–3 ml every 8, 12, or
24 hours

Every
week or
with catheter change

Central nontunneled

Dressing change 24 hours
after insertion. Gauze
dressing QOD or prn if
wet, soiled, or nonocclusive. Transparent dressing
every 5–7 days.

Heparin 10–100 IU/ml, 3
ml/day or 2 ml/day per
each lumen. Valve catheter or closed-tip catheter flushed with NS.

Every
week or
with catheter change

PICC line

Dressing change 24 hours
after insertion. Transparent dressing every 5–7
days. Gauze dressing
QOD or prn if wet, soiled,
or nonocclusive.

Heparin 10–100 IU/ml, 3
ml/day or 3 ml/day three
times per week. Valve
catheter or closed-tip
catheter flushed with
NS.

Every
week

Tunneled

Dressing change 24 hours
after insertion. Transparent dressing every 5–7
days. Gauze dressing
QOD or prn if wet, soiled,
or nonocclusive. Once
tunnel has healed, no
dressing unless patient is
immunocompromised.

Heparin 10–100 IU/ml, 3
ml/day; 3 ml QOD; 5 ml
three times a week; or 5
ml weekly. Valve catheter or closed-tip catheter flushed with NS.

Every
week or
month

Implanted
port

For continuous access,
change noncoring needle
and transparent dressing every week or if nonocclusive.

Heparin 100 IU/ml, 5 ml
every month or every
6–8 weeks and after
each use. Valve catheter or closed-tip catheter flushed with NS.
Flush both lumens.

Every
week for
continuous
access

(Continued on next page)
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Table 12-2. Care and Maintenance of Venous Access and Alternative
Devices (Continued)
Type of
Device

Dressing

Cap
Change**

Flushing*

Valve or
closed distal tip

See previous sections.

NS 5–10 ml each week or
after each use

Every
month

Apheresis

Transparent dressing every 5–7 days. Gauze
dressing QOD or prn if
wet, soiled, or nonocclusive.

Heparin 1,000–5,000 IU/
ml; 1–2 ml/day

Every
week

Arterial catheter

Perform incision care as
indicated.
Maintain sterile occlusive
dressing.
Change dressing every
2 days for gauze and
weekly for transparent
semipermeable dressing.

Flush before and at the
end with 10 ml NS.
(Note: If chemotherapy is
not compatible with NS,
flushing with D5W may
be needed between the
NS flushes and the chemotherapy.)
If capping is needed (extremely rare), catheter
should be flushed prior to
capping. After NS flush,
flush with heparin 1,000–
5,000 IU/ml 3–5 ml every
day or follow institutional
guidelines.

NA

Arterial port

Change port needle every
7 days.
Use 2% chlorhexidine/70%
alcohol-based skin preparation prior to needle insertion. Ensure that the
skin preparation solution
has time to dry prior to
needle insertion.
Do not use topical antibiotic ointment or creams at
insertion site, as this may
promote fungal infections
and antimicrobial resistance.

Flush before and at the
end of infusion with 20
ml NS for each chemotherapy drug.
(Note: If chemotherapy is
not compatible with NS,
flushing with D5W may
be needed between the
NS flushes and the chemotherapy.)
Final flush: Flush with
an additional 5–10 ml
NS followed by heparin
2,000–5,000 IU/ml 5 ml
every week.

NA

(Continued on next page)
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Table 12-2. Care and Maintenance of Venous Access and Alternative
Devices (Continued)
Type of
Device
Arterial port
(cont.)

Dressing

Flushing*

Cap
Change**

A wrap (e.g., gauze, netting) may be used to protect the catheter and
keep the patient from
pulling or dislodging the
catheter.

* Vascular access device should be flushed with 10–20 ml NS after blood withdrawal. All vascular access devices should be flushed with NS before and after use.
** Change protective cap more frequently if signs of poor integrity of septum from multiple uses, signs
of blood precipitate, cracks, leaks, or other defects.
D5W—dextrose 5% in water; NA—not applicable; NS—normal saline; PICC—peripherally inserted
central catheter; prn—whenever necessary; QOD—every other day
Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd
ed., p. 8), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright 2011
by the Oncology Nursing Society. Adapted with permission.

of infection; and infusate contamination (Camp-Sorrell, 2011; Gorski, 2010;
Infusion Nurses Society, 2011; O’Grady et al., 2011).
The most commonly reported causative pathogens for hospital-acquired
CLABSIs remain coagulase-negative staphylococci, Staphylococcus aureus, enterococci, and Candida spp. (O’Grady et al., 2011; Wisplinghoff et al., 2004).
Gram-negative bacilli account for 19% and 21% of CLABSIs reported to the
Centers for Disease Control and Prevention (Gaynes & Edwards, 2005) and
the Surveillance and Control of Pathogens of Epidemiological Importance
(SCOPE) database, respectively (Wisplinghoff et al., 2004).
In 2009, a consensus panel convened to review the current issues and
practices related to hospital-acquired infections and CLABSIs. The panel reviewed the economic and regulatory impact of hospital-acquired infections,
sources of infection, costs, and practice and technologies to reduce infections (Segreti et al., 2009). The consensus statement was divided into three
sections: general statements, the central line insertion process, and additional observations. The panel felt that the control of CLABSIs is cost-effective
for the healthcare organization and that hospital administrators and healthcare providers should be educated on the impact and costs of CLABSIs.
Improvement strategies focused on the central line insertion process (before, during, and after insertion). Before central line insertion, the following should occur: (a) education of staff, patients, and family members on the
risks of CLABSI, (b) staff competency assessment on methods to prevent or
reduce CLABSI, (c) implementation of IV teams, (d) appropriate selection

Oxidation/substitution by free iodine

Cell wall disruption

Iodophor 10%
(povidoneiodine)

Chlorhexidine
gluconate 2%

Excellent

Excellent

Excellent

Gram +

Good

Good

Excellent

Gram –

Poor

Good

Good

TB

Fair

Good

Good

Fungi

Good

Good

Good

Viral

Excellent

Minimal

None

Residual
Activity

4–6 hrs

2 hrs

Brief

Duration
of AntiInfective
Effect After
Application

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd ed., p. 9), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology
Nursing Society. Copyright 2011 by the Oncology Nursing Society. Reprinted with permission.

TB—tuberculosis

Denaturation of
protein

Mode of Action

Alcohol 70%

Agent

Table 12-3. Comparison of Cleansing Agents
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Table 12-4. Central Venous Access Device Insertion Complications
Complication

Etiology

Signs/Symptoms

Interventions

Air embolism (Bhutta
& Culp, 2011;
Lyons et al.,
2008; Mirski et
al., 2007)

Occurs when intrathoracic pressure
becomes less than
atmospheric pressure at the open
needle of catheter

Sudden respiratory difficulty; tachypnea; cyanosis; coughing; bronchospasm; chest pain; apnea; hypotension; cardiac arrest; aphasia; seizures; hemiplegia; coma;
a churning sound heard
over the pericardium on
auscultation, produced
by the presence of air
and blood in the right
ventricle

Clamp catheter
proximal to any
breaks or leaks
noted; place patient on left side in
Trendelenburg position; administer
100% oxygen.

Brachial
plexus injury (Karakaya et al., 2000;
Porzionato et
al., 2003)

Occurs when advancing catheter
into jugular vein.
This process may
injure phrenic and
laryngeal nerves.

Tingling of fingers, pain
shooting down arm; paralysis

Observe symptoms, which usually resolve in minutes to hours after
insertion; administer analgesics
as necessary. If
symptoms persist,
remove device.

Carotid artery
puncture

Occurs when artery
is punctured during
percutaneous internal jugular vein
catheterization

Rapid hematoma formation; internal or external bleeding at insertion site; pallor;
weak pulse; tachycardia; stroke; hypotension; upper airway impingement if trachea is
compressed

Remove needle or
catheter; apply local pressure; perform chest x-ray;
observe site and
patient closely for
several hours.

Cardiac tamponade
(Ahmed et al.,
2009; Askegard-Giesmann
et al., 2009)

Occurs when catheter causes cardiac
perforation. Cardiac
compression of fluid
accumulates within
the pericardial sac,
exerting increased
pressure around
the heart that restricts blood flow in
and out of the ventricles.

May occur hours or days
after insertion; anxiety;
tachypnea; mild dyspnea to severe respiratory distress; light-headedness; restlessness;
confusion; chest fullness/heaviness; cyanosis; face and neck vein
distention; decreased
heart sounds; hypotension; tachycardia

Remove catheter
and perform pericardial aspiration.
May require surgery to perform
pericardial window
and placement of
drainage tubes.

(Continued on next page)
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Table 12-4. Central Venous Access Device Insertion Complications
(Continued)
Complication

Etiology

Signs/Symptoms

Interventions

Catheter embolism (de
Graff et al.,
2006; Mirza et
al., 2004; Surov et al., 2008)

May occur when
catheter is pulled
back and sheared
off through inserting needle; catheter
rupture; or pinch-off
syndrome

Chest pain; cardiac arrhythmias

If in periphery, apply tourniquet, ensuring not to occlude arterial pressure; stat radiology
consult to plan for
fragment removal.

Catheter
tip malposition (Bhutta
& Culp, 2011;
Trerotola et al.,
2007)

Catheter tip is misdirected on insertion.
Can cause cardiac
perforation, tamponade, venous thrombosis, or cardiac arrhythmias (especially ventricular). Inadvertent catheter
placement into other veins (e.g., azygos, brachiocephalic,
jugular).

Withdrawal occlusion;
sluggish infusion; patient
reports tingling sensation and gurgling sounds
in neck; arm/shoulder
pain; chest pain; cardiac arrhythmias; cardiac arrest

Confirm placement; reposition
catheter using fluoroscopy or guide
wire exchange; remove catheter.

Exit-site bleeding/hematoma

Caused by introducer sheath larger than catheter left
in place or traumatic insertion. Patient
may have coagulopathies or thrombocytopenia or be on
anticoagulants.

Oozing or frank bleeding
from the exit site sometimes persisting for several hours; bruising or
discoloration; may result in compartment syndrome (large pooling of
blood) in extreme cases (i.e., blood can accumulate in the antecubital fossa in the triangular
space) (Udy et al., 2009)

Apply local pressure; change catheter dressing as
needed; drain
compartment; observe area frequently; remove
catheter if necessary. Apply Gelfoam® or fibrin to
stop or decrease
bleeding.

Pleural puncture-pneumothorax, hemothorax, pneumopericardium (Bhutta &
Culp, 2011)

Caused by air,
blood, lymph, or infusion in the pleural
cavity due to pleura, vein, or thoracic duct injury during
catheter insertion

Chest pain; tachypnea,
dyspnea, breath sounds,
shift in location of heart
sounds; cyanosis; decreased cardiac output

Perform chest xray and discontinue infusions; administer 100% oxygen via nonrebreather mask; prepare for needle aspirations and chest
tube drainage. Repair with thoracotomy if necessary.

(Continued on next page)
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Table 12-4. Central Venous Access Device Insertion Complications
(Continued)
Complication

Etiology

Signs/Symptoms

Interventions

Subclavian artery damage

Occurs when advancing needle is
directed laterally to
the subclavian vein
and the subclavian
artery is penetrated;
can result in arterial
embolism

Rapid hematoma formation; internal or external bleeding at insertion
site; pallor; weak pulse;
tachycardia; hypotension; upper airway impingement if trachea is
compressed

Remove needle/
catheter; apply local pressure; perform chest x-ray
and observe patient and site
closely for several
hours.

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd
ed., pp. 35–36), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright
2011 by the Oncology Nursing Society. Adapted with permission.

Table 12-5. Central Venous Access Device Late Complications
Complication

Etiology

Signs/Symptoms

Interventions

Insertion-site migration of skin
organisms
Direct contamination of the
catheter/hub or
needleless connector
Inadequate patient
education
Hematogenously
seeded from another focus of infection
Infusate contamination

Tenderness, erythema,
or drainage at exit site
Fever

Educate and train
healthcare providers who insert and maintain
catheters.
Use maximal sterile barrier precautions during central venous catheter insertion.
Use a > 0.5%
chlorhexidine gluconate preparation for skin antisepsis.
Avoid routine replacement of central venous catheters as a strategy to prevent infection.

Infection
Infection

(Continued on next page)
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Table 12-5. Central Venous Access Device Late Complications
(Continued)
Complication

Etiology

Signs/Symptoms

Infection
(cont.)

Interventions
Use antiseptic/antibiotic impregnated
short-term central venous catheters and chlorhexidine-impregnated sponge dressings if the rate of
infection is high
despite adherence to preventive
strategies.
Implement performance improvement initiatives:
• Central line bundling strategies
• Documentation
and reporting of
compliance rates
with bundling
• Increased patient
awareness of reason for and care
of catheter.

Mechanical
Catheter malfunction

Fibrin or thrombus
occluding end

Fibrin sheath—unable to
aspirate, but able to inject fluids

Low-dose fibrinolytic
agents—alteplase;
fibrin sheath stripping for ports

Catheter fracture (pinch-off
syndrome)

Catheter compressed between
clavicle and first
rib. Causes transient obstruction
of catheter. May
cause catheter
tear or embolization.

Inability to draw blood;
positional catheter;
myocardial perforation; cardiac tamponade; cardiac arrest; arrhythmia

Remove catheter. If
tip has embolized,
retrieve percutaneously with transvenous snare. May
be prevented by
using internal jugular vein rather than subclavian vein.

(Continued on next page)
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Table 12-5. Central Venous Access Device Late Complications
(Continued)
Complication

Etiology

Signs/Symptoms

Interventions

Thrombotic
Venous thrombosis

Long-term catheter access; underlying malignancy

Head and neck swelling;
upper extremity swelling; skin discoloration;
numbness; tingling

Perform Doppler
study or contrast
venography, systemic coagulation;
if symptoms do not
improve, remove
catheter with catheter-directed thrombolysis (tissue plasminogen activator);
perform angioplasty
or venous stenting
if applicable.

Venous stenosis

Long-term catheter access
(ports)

Multiple tortuous collaterals

Perform advance
planning to minimize risk. Choose
smallest caliber
possible. Use different sites each
time to minimize
venous trauma.

Arteriovenous
fistulae and
pseudoaneurysms

Arterial wall injury
at time of placement or erosion
over time into
adjacent artery

Pseudopainful pulsating mass

Arteriovenous fistula: Place coil at
site of vascular
connection.
Pseudoaneurysm:
Compress with ultrasound transducer. May perform ultrasound-guided
thrombin injection
or coil placement.

Note. Based on information from Bhutta & Culp, 2011; Camp-Sorrell, 2011; D’Silva et al., 2005; Gorski, 2010; Infusion Nurses Society, 2011; McHugh et al., 2011; Miller-Hoover, 2011; Mirza et al., 2004;
O’Grady, 2011.

and use of antimicrobial agents, and (e) establishment of a process for evaluating new technology and determining appropriate VADs. During central
line insertion, staff should avoid use of the femoral vein, use ultrasoundguided catheter insertion, and implement hospitalwide use of central line
care bundles (hand hygiene, maximum barrier precautions, chlorhexidine

Varies in literature
but up to 25% with
implanted systems; however,
ports have higher
rate than implanted
pumps
Removal of implanted systems for infection averages
about 2%–3% of
those infected

Percutaneous
placed catheters:
6%–18%
Catheter port systems: 2%–44%
(higher if axillary
or brachial access
used)

Catheter migration/dislodgment

Incidence

Infection

Complication

Surgical or interventional placement of catheter
that is sutured in place
Use of braided or beaded catheter to secure
in place
Routine check of placement with flow study

Good aseptic techniques
Sterile, occlusive dressings over ports when accessed and over percutaneous catheters until
removed
Removal of percutaneous
catheters as soon as
possible (within 4 days
is optimal, after which
the risk of infection increases)

Prevention

If hepatic artery infusion
(HAI), epigastric pain, nausea, vomiting, or diarrhea
may occur.
Pain over site or in surrounding
area of infusion site when infusion is not to the liver
Edema or erythema over site
being infused if not HAI
For any arterial infusion, weak
or absent peripheral pulse
Inability to infuse
Patient discomfort during infusion

Tenderness, erythema, or
drainage at site
Fever

Signs/Symptoms

Table 12-6. Major Complications Associated With Arterial Access Devices

(Continued on next page)

Stop infusion and notify MD or interventional radiologist.
Flush catheter (after talking to attending physician and getting order) with
normal saline or compatible solution
for the chemotherapy that was infusing (do not discard the chemotherapy until ordered). Trained personnel
will differentiate between chemotherapy-related problems versus perfusion of ancillary organs.
Obtain perfusion study as ordered.
Results of this evaluation will determine
whether device needs to be removed.

If chemotherapy is infusing, notify MD,
as infusion may need to be stopped.
Culture site and catheter exit tip.
Administer antibiotics as ordered.
Have interventional radiology or
trained provider assess if device
needs to be removed. If removed,
send catheter for culture.
Need provider order for culture.

Intervention
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Implanted ports: approximately 9%–
15%
Implanted pumps:
10%–15%, average of 6%
Percutaneous
placed catheters:
average 11%

Less than 1%

Bleeding at
exit site

Incidence

Occlusion/
thrombosis

Complication

Baseline and frequent observation of exit site

Applying positive pressure when deaccessing
a catheter or port
Flushing with saline or
compatible solution between drugs
Using heparinized solution for flushing catheter
between use: addition
of heparin to infusate or
1,000–5,000 IU/day can
be used. With implanted
ports, the dose is usually 400 IU/day (may
be increased based on
clinical situation).

Prevention

For temporary percutaneous
catheter placement, more
drainage than what would
be expected for accessing
the artery should be considered a problem.

Unable to flush or withdraw
fluid (if catheter has a oneway valve, withdrawal of fluid is not possible)
If temporary percutaneous catheter is in place, a
change in color, pulse, and
temperature of involved extremity
If catheter tip is in hepatic artery—any abdominal pain
needs to be assessed immediately.

Signs/Symptoms

Table 12-6. Major Complications Associated With Arterial Access Devices (Continued)

●

(Continued on next page)

Apply a pressure dressing.
Notify MD-mid-level provider.
May use sandbag at site (literature
on this is controversial on whether it provides any benefit to reduce
bleeding).
Educate patient to report any swelling,
erythema, or pain over pump site immediately.

DO NOT force flush (could cause rupture of catheter or diaphragm).
After assessment by trained personnel, may use tissue plasminogen activator.
Evaluate need to remove device (replacement will be based on clinical
situation, as replacement may not
be able to be done at same time as
removal).
Notify MD-mid-level provider.

Intervention
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Implanted ports: as
high as 90% over
first year
Implanted pumps:
32% over first year

Device failure

See Catheter migration/
dislodgment and Occlusion/thrombosis.

Prevention

Signs/Symptoms

Intervention

From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd ed., pp. 66–67), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright 2011 by the Oncology Nursing Society. Reprinted with permission.

Note. Based on information from Bacchetti et al., 2009; Barber et al., 2004; Compton & Raaf, 2006; Conly, 2005; Dumont et al., 2006; Ensminger, 2008; Ganeshan et
al., 2008.

Note. Skin necrosis over implanted devices has been seen but is rare (less than 1%).

Incidence

Complication

Table 12-6. Major Complications Associated With Arterial Access Devices (Continued)
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Table 12-7. Intraperitoneal Catheter Complications
Complication
Patient discomfort

Etiology

Symptoms

Interventions

Increased fluid
volume in abdomen

Abdominal distention
Shortness of
breath

Loosen clothing.
Administer oxygen and elevate head of bed.

Fluid infusion
rate too fast

Abdominal or rectal pressure

Administer analgesics as ordered.

Temperature of
fluid too cold

Increased urination
Diarrhea
Anorexia
Nausea and vomiting
Anxiety
Pain

Insert urinary catheter if ordered.
Administer antidiarrheals as
ordered.
Provide small, frequent
meals.
Administer antiemetics as
ordered.
Provide reassurance that
problems are temporary.
Warm fluid before instillation.

Inflow failure

Catheter kinks;
blood or fibrin
clots in catheter; obstruction of catheter
by abdominal
adhesions or
omental blockage; catheter
migration; tumor progression

Inability to infuse
solution and/or
difficulty flushing

Reposition patient.
Increase height of bag.
If using port, check needle
placement and gauge.
Flush vigorously with normal saline, repeat with 20
ml heparinized saline (100
IU/ml).
Prepare for dye study to
check for patency. Instill
tissue plasminogen activator (tPA) as needed. Let
dwell for 2–4 hours (Davies & Williams, 2007).

Outflow failure

Fibrin sheath formation creating a one-valve
effect; omental adhesion or
tumor causing
outflow blockage of catheter

Inability to sample
peritoneal fluid

Reposition patient; attempt
to flush with NS. If unable
to flush, instill 10 ml heparin 100 IU/ml. Wait 30 minutes and retry.

Inability to drain
solution

Assure patient that fluid will
absorb at 1 L/24 hours.
(Continued on next page)
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Table 12-7. Intraperitoneal Catheter Complications (Continued)
Complication

Etiology

Outflow failure
(cont.)

Symptoms

Interventions

Ascites may require paracentesis for removal.

Prepare patient for dye study
to diagnose problem.
Instill tPA as needed.

Drug extravasation

Separation of
port from catheter
Dislodgment of
port needle
from septum
Migration of catheter out of the
peritoneum

Inability to aspirate fluid
Poor rate of infusion and difficulty flushing
Local swelling around exit
site or port diaphragm
Patient complains
of pain
Erythema at site

Stop drug infusion. Notify
physician.
Attempt to aspirate drug if
possible.
Prepare patient for diagnostic studies to determine
placement.
Institute extravasation protocol for specific drug per
Oncology Nursing Society guidelines (Polovich et
al., 2014).
Prepare patient for device
removal as needed.

Exit-site infection

Break in aseptic
technique
Contamination
of open area at
exit site
Immunosuppressed patient

Pain or tenderness at insertion
site, fever; redness, swelling,
and drainage at
insertion site;
scab formation

Culture exudate.
Administer IV and oral antibiotics as ordered.
Clean exit site twice/day,
and apply new sterile
dressing.

Peritonitis

Break in aseptic
technique when
accessing device, changing dressing,
or performing
therapies

Abdominal distension, rebound
tenderness, fever, chills, decreased or absent bowel
sounds, gastrointestinal disturbances, cloudy
fluid, positive
cultures

Send cultures.
Administer IV or intraperitoneal (IP) antibiotics as ordered.
Administer analgesics.
Catheter may need to be removed if infection does
not resolve.

Chemical
peritonitis

Irritation from
chemotherapy agents, especially irritants
and vesicants

Severe abdominal
pain during infusion and afterward

Treatment may be held for 2
weeks until healing occurs.
Check dosages of drug.
Slow the rate of infusion.
Increase dilution of drugs if
ordered.
Warm fluid to body temperature.
Administer analgesics as ordered.
(Continued on next page)

Chapter 12. Vascular Access Devices

●

745

Table 12-7. Intraperitoneal Catheter Complications (Continued)
Complication

Etiology

Sclerosing
encapsulated peritonitis
(SEP) (Davies
& Williams,
2007)

Late side effect
of IP therapy
with adhesions
(prolonged inflammation,
sclerosing effect, peritonitis, complications from previous procedures). Dense
abdominal adhesions, thickening, and fibrosis can result in bowel
obstruction.

Symptoms
Inability to infuse
or drain peritoneal fluid

Interventions
See interventions for inflow/
outflow failure. If SEP, surgical repair of abdominal
adhesions and/or bowel
resection and removal of
device will be necessary.
Stop IP treatment.
Provide emotional support
and reassurance to patient.

Note. From Access Device Guidelines: Recommendations for Nursing Practice and Education (3rd
ed., pp. 89–92), by D. Camp-Sorrell (Ed.), 2011, Pittsburgh, PA: Oncology Nursing Society. Copyright
2011 by the Oncology Nursing Society. Adapted with permission.

site disinfection, avoidance of the femoral site, and prompt removal of unnecessary central venous catheters) for catheter insertion. Care delivery after central line insertion should focus on development and implementation
of care bundles for site maintenance and access (Segreti et al., 2009).
O’Grady et al. (2011) recommended key guidelines for the prevention
of CLABSIs. Major areas of emphasis included (a) educating and training healthcare providers who insert and maintain catheters, (b) using
maximal sterile barrier precautions during central venous catheter insertion, (c) using a greater than 0.5% chlorhexidine gluconate preparation
for skin antisepsis, (d) avoiding routine replacement of central venous
catheters as a strategy to prevent infection, and (e) using antiseptic/antibiotic-impregnated short-term central venous catheters and chlorhexidine-impregnated sponge dressings if the rate of infection is high despite
adherence to above strategies. Performance improvement initiatives are
recommended, including implementing bundled strategies and documenting and reporting compliance rates with all components of the bundle as benchmarks for quality assurance and performance improvement
(IHI, 2011; O’Grady et al., 2011). McHugh et al. (2011) recommended
increased patient awareness in the prevention of peripheral catheter-related infections, citing a study that he performed in Ireland. He found
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that 67 of 178 patients (38%) were unaware of the reason for insertion of
their peripheral vascular catheter and there was a statistically significant
correlation with having an unnecessary catheter (McHugh et al., 2011).

Catheter Occlusions
Catheter occlusion is defined as “a partial or complete obstruction of the central venous access device that limits or prevents the ability to withdraw blood,
flush the catheter, or administer parenteral solutions or medications” (Kerner, Garcia-Careaga, Fisher, & Poole, 2006, p. S73). Occlusions may be thrombotic or nonthrombotic and intraluminal or extraluminal. Thrombotic occlusions account for about 60% of all catheter occlusions and occur when a
fibrin sheath develops within and around the catheter (Haire & Herbst, 2000;
Herbst & McKinnon, 2001; Kerner et al., 2006; McKnight, 2004).
Thrombus formation may be attributed to any of the following: (a) venous stasis, (b) enhanced blood coagulation, or (c) trauma to vessel wall integrity (Herbst & McKinnon, 2001). PICC lines are more prone to thrombus
formation because of their longer length and smaller diameter of catheters.
Fibrin may be deposited inside the catheter (intraluminal thrombus), in
the distal tip of the catheter (fibrin tail), around the wall of the blood vessel
(mural thrombus), or in the layer around the outside of the catheter (fibrin
sheath). Nonthrombotic catheter occlusions may result from a mechanical
cause, drug or mineral precipitates, or lipid residue. Mechanical occlusions
result from catheter kinking, tightness of retaining suture, catheter clamping, catheter migration, catheter malposition, or pinch-off syndrome (catheter compressed by clavicle and first rib). Drug precipitates form as a result
of drug crystallization, drug-drug incompatibility, drug–parenteral nutrition
solution incompatibility, or lipid accumulation. Precipitates may include fat
deposition, calcium phosphate precipitates, and other drug precipitates.
Catheter occlusion may be minimized or prevented by incorporating the
following suggestions (Kerner et al., 2006).
• Use a treatment algorithm (see Figure 12-6) to troubleshoot catheter occlusions.
• Screen for extrinsic compression, such as clamps, sutures, or kinked catheter tubing.
• Use position changes, such as raising ipsilateral arm and shrugging shoulders forward, when unable to draw blood.
• Use the push-pause technique whenever flushing the catheter to create
turbulent flow.
• Use the SASH (saline, administered drug, saline, heparin) method for infusing medications.
• Use positive-end pressure technique, clamping while maintaining syringe
pressure.
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Figure 12-6. Sample Treatment Algorithm for Catheter Occlusion

CVAD—central venous access device
Note. From “Restoring Patency to Central Venous Access Devices,” by C. Cummings-Winfield and T.
Mushani-Kanji, 2008, Clinical Journal of Oncology Nursing, 12, p. 932. doi:10.1188/08.CJON.925934. Copyright 2008 by the Oncology Nursing Society. Reprinted with permission.
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Figure 12-6 provides an example of a treatment algorithm that may be
used (Cummings-Winfield & Mushani-Kanji, 2008). Using a positive-pressure device such as a CLC2000®, a PASV valve, or a MaxPLUS® positive flow
needleless connector has been recommended (Kerner et al., 2006). Thrombolysis is safe and reestablishes patency in 74%–100% of occluded central venous catheters (Hardy & Ball, 2005). Agents such as alteplase and reteplase
have demonstrated efficacy for declotting thrombotic occlusions (Genentech, Inc., 2002). Hydrochloric acid is effective for clearing catheters with
crystalline precipitate, and 70% ethanol is used for lipid-based occlusions.
Proper assessment and treatment of catheter occlusions are essential to prolonging catheter days and optimizing patient outcomes.

Standards of Caring for Patients With Venous
Access Devices
The Infusion Nurses Society has developed policies, standards of practice, and procedures for nurses caring for patients with VADs (Infusion
Nurses Society, 2011). Practice criteria when providing care to pediatric
and adult patients include standards such as knowledge and demonstrated competency in identifying anatomic and physiologic characteristics and
their effects on VAD and drug/nutrient selection; growth and developmental stages and the impact of each on the care of patients; interactions
with patients and family members; and safety and environmental considerations. Patient care standards include an awareness of processes of prescribing and transcribing medication orders; technology for enhancing infusion orders and incorporating patient safety; and advocacy for standard
order sets and a “read-back” process for verbal or telephone orders (Infusion Nurses Society, 2011). The Oncology Nursing Society has developed
guidelines and practicums for caring for patients with different types of
VADs (Camp-Sorrell, 2011).

Patient and Family Education Regarding Vascular
Access Devices
The Infusion Nurses Society has developed standards for patient education (Infusion Nurses Society, 2011). Education of patients and families
regarding the purpose and care of the selected VAD is critical for the successful long-term management of the device. Essential components of any
teaching plan should include assessment of learning style; indications for
the access device and other options; type of device to be inserted; potential
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complications and troubleshooting; care and maintenance of the device, including dressing change and flushing procedure with a return demonstration; activity limitations, if any; signs and symptoms of complications and
how to report complications; community resources for supplies and assistance; and emergency resources (Camp-Sorrell, 2011; Infusion Nurses Society, 2011). Teaching may be accomplished with written materials, videos,
web-based materials, model demonstrations, or patient return demonstrations. All pertinent teaching should be documented in the medical record.

Pertinent Documentation for Vascular Access
Devices
The Infusion Nurses Society has developed documentation standards regarding VADs (Infusion Nurses Society, 2011). Documentation of the daily nursing assessment and care of a VAD is an integral part of the care plan.
The oncology nurse should assess the dressing on the catheter insertion/
exit site at least once a day to ensure that it is dry and intact. Routine care of
the catheter, such as dressing changes, flushes, and cap changes, should be
documented, and any problems should be noted. The catheter insertion/
exit site should be assessed at each dressing change for redness, swelling,
localized warmth, rash, discoloration, hematoma, clear or purulent drainage, bleeding, and tenderness, and a subjective pain evaluation should be
received from the patient. Documentation should be done for any of these
findings in the patient care record, and any follow-up action noted.
Complications such as partial or complete occlusion, breakage, pain
upon infusion, or exit-site leakage should be described in detail in the medical record. Physician notification, strategies used to manage the complications, and effectiveness of those strategies must be documented. Completion
of appropriate agency documentation and notification of the risk-management department may be required (Camp-Sorrell, 2011).

Liability Issues and the Role of the Oncology
Nurse
Increasingly complex and sophisticated delivery methods and devices accompany the expanding role of the nurse in infusion therapy. The “Infusion Nursing Standards of Practice” (Infusion Nurses Society, 2011) provide standards of nursing practice for IV therapy. The ONS Chemotherapy
and Biotherapy Guidelines and Recommendations for Practice (Polovich, Olsen,
& LeFebvre, 2014) provide guidelines for chemotherapy and biotherapy
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administration. Common legal issues are related to adherence to national,
state, and institutional standards and are centered on medication and documentation issues (Polovich et al., 2014).
Sheridan-Leos, Schulmeister, and Hartrantf (2006) stated that chemotherapy administration is error prone, and even small errors can cause major harm. Schulmeister (1999) conducted an exploratory descriptive study
to identify medication errors involving chemotherapy. Chemotherapy medication errors were reported to have occurred in the workplace of 63% of the
respondents. Errors included under- and overdosing, scheduling and timing errors, wrong drug, wrong patient, dose omissions, and improper preparation of drugs. Stress, understaffing, lack of experience, and unclear orders were cited as factors believed to contribute to the occurrence of the
errors. Schulmeister (1999) suggested several strategies to promote safe chemotherapy administration, including comprehensive chemotherapy administration training, adherence to basic principles of medication administration, and adequate staffing.
Schulmeister (1998) suggested that a nurse can reduce the likelihood of
being directly named in a lawsuit by adhering to the following guidelines:
maintain clinical competency; be familiar with and adhere to policies, procedures, and standards of care; make a conscious effort to communicate
effectively; display care and concern; and thoroughly document care. She
also recommended that institutions conduct an annual review and update
of chemotherapy policies procedures, including assessing the clarity and
comprehensiveness of all policies, updating information, and determining
if policies and procedures are appropriate to the setting. More information on legal issues is covered in Chapter 11.

Research Questions
Many questions and controversies are unresolved regarding VADs. Selection of dressings and cleansing agents, prevention of infection, and prevention of other catheter complications are some of the areas studied by
researchers. Unfortunately, faulty research designs, small sample sizes, inconsistent definitions and measurement of outcome variables, and failure
to address extraneous variables limit the application and generalization of
most of these studies (Camp-Sorrell, 2011; Fulton, 1997). Fulton wrote that
“future research should focus on settings, unique conditions, and population variables that ultimately lead to successful use of long-term access devices” (p. 255). Fulton recommended the following directions for investigators.
• Design device-specific research that captures unique features of each device.
• Design longitudinal studies that follow devices for the entire period of
placement.
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• Specify the patient population; examine nuances within patient subgroups.
• Address underrepresented populations and settings, such as home care,
extended care, and rural settings.
• Increase confidence in outcome measures by giving greater attention to
reliability of laboratory methods, diagnostic criteria, and inter-rater reliability.
• Consider extraneous and interacting variables in the research design and
statistical analysis.
The research priorities set forth by Fulton in 1997 continue to hold true
today. Additional research considerations include the use of telemedicine
interventions and web-based education.

Summary
Patients with cancer frequently require long-term, reliable VADs. Oncology nurses can optimize patient care by providing the best evidence-based
practice for assisting patients with device selection, catheter care, and maintenance. Prevention and management of complications requires a partnership among providers, patients, and their families. Oncology nurses play a
key leadership role in the success of outcomes.
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CHAPTER 13

Symptom Management
Karen A. Roesser, RN, MSN, AOCNS®,
and Susanne Colligon, FNP, MS, OCN®

Introduction
Assessment of symptoms and symptom clusters and providing effective
symptom management represent one of the fundamental roles of oncology nurses. Uncontrolled symptoms, individually or in clusters, have been
shown to affect functional outcomes and quality of life (QOL) (Miaskowski, Aouizerat, Dodd, & Cooper, 2007). Although much of the focus on symptoms is primarily on single symptoms or overall symptom burden, understanding how a single symptom may relate to the development of symptom
clusters is important. A symptom cluster is defined as two or more acute or
chronic symptoms that are related and occur together with moderate to severe intensity (Lacasse & Beck, 2007). These symptoms may be specific to
a disease process or treatment or may represent non-cancer-related symptoms. Although the focus of this chapter will be on individual symptoms, oncology nurses must understand that a single symptom may be directly or indirectly related to other symptoms. Some symptom clusters may have the
same etiology (e.g., cellular destruction), whereas others may influence one
another (e.g., pain may disturb sleep, which may result in fatigue) (Lacasse
& Beck, 2007). Thus, assessment of other symptoms that may be related
(e.g., pain, sleep disturbance, fatigue) should be performed in order to provide effective symptom management.
The Oncology Nursing Society’s (ONS, 2012) position on quality cancer care states that quality cancer care includes comprehensive symptom
management including physical and psychosocial care. Therefore, oncology nurses should assist in managing symptoms produced by both disease
and treatment. Screening for symptoms requires the consistent use of a valid and reliable measure of symptoms. The National Cancer Institute Cancer
Therapy Evaluation Program (NCI CTEP, 2010) Common Terminology Criteria for Adverse Events (CTCAE) is an example of a tool that may be used as a
757
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reliable measure. Providing patient education prior to chemotherapy treatment should not only include the goal, actions, and side effects of the drugs,
but also should focus on strategies for symptom management that patients
and their family can implement. This comprehensive supportive care is essential to enhancing the QOL of individuals with cancer and their families.
Although improvements to symptom management strategies have occurred, unfortunately, some patients may continue to suffer from treatmentrelated side effects. Common side effects related to chemotherapy include
nausea and vomiting, mucositis, fatigue, pain, and pancytopenia caused by
bone marrow suppression. Fatigue has been identified as being the most
commonly experienced symptom in up to 96% of those patients treated with
chemotherapy (Honea, Brant, & Beck, 2007). In addition, newer agents
such as targeted biologic agents may cause a different array of symptoms.
These may include extreme fatigue, allergic reactions, rash, fever, headache,
and arthralgia (Polovich, Olsen, & LeFebvre, 2014). Oncology nurses must
be aware of patient-related (e.g., age, sex, comorbid conditions) and treatment-related (e.g., chemotherapeutic drug’s side effect profile) risk factors
and use assessment tools to determine the presence, severity, and sequelae of adverse events and symptoms. Based upon the nurse’s assessment, further symptom management recommendations or instructions to the patient
may be warranted. Therefore, strategies for prevention and management
are used in both initial teaching and in post–chemotherapy administration
care provided to individuals undergoing cancer treatment.

Nausea and Vomiting
Despite the great strides that have occurred in the management of chemotherapy-induced nausea and vomiting (CINV) over the past 20 years, it remains
one of the most feared symptoms reported by patients starting treatment with
chemotherapy (Hesketh, 2008). The key to addressing this potential adverse
event is to be aggressive and proactive. Without the use of antiemetics in patients receiving highly emetogenic chemotherapy, more than 90% of patients
will experience episodes of vomiting. This risk, however, can be greatly improved to a 30% incidence when appropriate prophylactic antiemetic regimens are administered to this population (Herrstedt, 2008; Roila et al., 2010).
While this improvement in the incidence of vomiting is significant, nausea remains a more difficult symptom to control (Grunberg, Warr, et al., 2011; Roscoe et al., 2010). Thus, CINV still remains an issue that needs diligent attention by clinicians to improve the QOL of patients receiving chemotherapy.
Accurate tools are necessary for assessing nausea and vomiting in patients.
Some of these tools include the Index of Nausea, Vomiting, and Retching
(INVR), an 8-item, 5-point Likert scale (Rhodes, Watson, & Johnson, 1986);
the Functional Living Index–Emesis, a scale of 18 questions to be answered
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in a Likert format (Lindley et al., 1992); and the CTCAE (NCI CTEP, 2010),
which measures nausea on a scale of 1–3 and vomiting on a scale of 1–5.
These represent a sample of a number of scales that are available for measuring nausea and vomiting.

Definition
Nausea is an unpleasant, subjective symptom mediated by the autonomic nervous system. Objective symptoms accompanying nausea often include pallor, excess salivation, perspiration, and tachycardia (Polovich et al.,
2014). Nausea may precede chemotherapy-induced vomiting or may occur
separately.
Vomiting, the expulsion of stomach contents through the mouth, requires
the coordinated activity of muscles of the gastrointestinal (GI) and respiratory systems (National Comprehensive Cancer Network [NCCN], 2012a). Vomiting is believed to be coordinated through a region of the dorsolateral reticular formation referred to as the vomiting center (see Figure 13-1).

Figure 13-1. The Vomiting Center

Note. From Chemotherapy and Biotherapy Guidelines and Recommendations for Practice (4th ed.,
p. 191), by M. Polovich, M. Olsen, and K.B. LeFebvre (Eds.), 2014, Pittsburgh, PA: Oncology Nursing
Society. Copyright 2014 by the Oncology Nursing Society. Reprinted with permission.
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Types of Chemotherapy-Induced Nausea and Vomiting
Several distinct emetic clinical syndromes related to CINV are recognized. Acute-onset CINV refers to the occurrence of symptoms within the first
24 hours after receiving chemotherapy, with the peak intensity occurring
after five to six hours (NCCN, 2012a). Following chemotherapy administration, delayed-onset CINV refers to symptoms that occur at least 24 hours
afterward. Chemotherapy agents most associated with delayed-onset CINV
include cisplatin, carboplatin, cyclophosphamide, and doxorubicin. Delayed-onset nausea and vomiting, especially after administration of cisplatin,
can last up to seven days.
Anticipatory nausea and vomiting is a conditioned or learned response that
may occur when patients have had a previous negative experience with chemotherapy. It occurs before patients are to receive their next treatment.
Often associated with olfactory, taste, or visual cues in previously neutral
stimuli, anticipatory nausea may result after repeated associations with the
negative side effects of chemotherapy (Polovich et al., 2014). These neutral stimuli (certain tastes, sights, or smells) become associated with a conditioned response (nausea or vomiting) for the patient.
Despite the use of prophylactic antiemetics, breakthrough emesis may occur,
necessitating the need for additional antiemetic agents. Last, refractory emesis refers to emesis that occurs during subsequent treatment cycles when antiemetic prophylaxis and/or rescue medications have failed in earlier cycles
(NCCN, 2012a).

Physiologic Mechanisms
The pathophysiologic mechanism of nausea or vomiting associated with
chemotherapy is very complex. The mechanisms for acute CINV are different from the mechanisms for delayed or anticipatory CINV. A variety of
neurotransmitters conduct impulses to the vomiting center. Neurotransmitter receptors can be found in the chemoreceptor trigger zone (CTZ), the
vomiting center, the GI system, the vestibular apparatus, and the cerebral
cortex. CINV may result when the neurotransmitter receptors are activated
by a given chemotherapeutic agent or its metabolite. The emetic response
from CINV primarily involves the neuroreceptors serotonin (5-hydroxytryptamine [5-HT3]) and dopamine receptors (NCCN, 2012a). Other neuroreceptors associated with the emetogenic response include acetylcholine,
corticosteroid, histamine, cannabinoid, opiate, and neurokinin-1 (NK1) receptors. Commonly referred to as the CTZ, the area postrema, located at the
caudal end of the fourth ventricle, responds to the presence of drug or cellular by-products in the blood or cerebrospinal fluid, as the blood-brain barrier is relatively permeable in this region of the brain (Hesketh, 2008). Metab-
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olites of chemotherapeutic agents may also induce emesis through binding
at the CTZ through potential mechanisms which still remain to be investigated in detail (Hesketh, 2008).
The GI system stimulates the vomiting center through activation of vagal
and visceral afferent pathways as well as by the neurotransmitter serotonin
released by damaged or irritated enterochromaffin cells found in the small
intestine. Abdominal vagal afferents appear to have the greatest relevance
for CINV (Hesketh, 2008). At the present time, this vagal-dependent pathway is considered the primary mechanism by which most chemotherapeutic
agents initiate acute emesis. Substance P may also be a relevant neurotransmitter in CINV. It binds NK1 receptors, which can be found in the gut and
throughout the central nervous system (CNS), including the area postrema
and the nucleus tractus solitarius (Hesketh, 2008). The vomiting center, located in the medulla, serves as a final common pathway for processing all afferent impulses that can initiate emesis (Hesketh, 2008).
Motion-related nausea and vomiting result from the transmission of impulses from the vestibular labyrinthine apparatus of the inner ear (Polovich
et al., 2014). Visual images, taste, smell, and memory contribute to nausea
and vomiting through impulses transmitted from the cerebral cortex to the
vomiting center.
Each antiemetic works by exerting its effect by blocking one of the neuronal pathways or by synergistic action with other antiemetic agents to potentiate an antiemetic effect. Each antiemetic predominantly blocks one receptor type. This indicates that no single antiemetic agent can be expected to
provide complete protection from the various emetic phases of chemotherapy (NCCN, 2012a).

Risk Factors
The most significant risk associated with nausea and vomiting is related
to the emetogenicity of the chemotherapy agents the patient is receiving.
Thus, treatment-related factors, including the emetic potential of the chemotherapy regimen, as well as the dosage, route, and schedule of the chemotherapy, are important. Figure 13-2 lists certain commonly used chemotherapeutic drugs by emetic potential. The NCCN (2012a) guidelines for
antiemesis outline treatment using four categories of emetogenic potential
for IV agents: high emetic risk (90% or greater of patients experience acute
emesis), moderate emetic risk (30%–90% of patients experience acute emesis), low emetic risk (10%–30% of patients experience acute emesis), and
minimal emetic risk (less than 10% of patients experience acute emesis)
(NCCN, 2012a). A dosing schedule for antiemetics that addresses the risk
for delayed-onset nausea and/or vomiting must also be used so that adequate prophylaxis for delayed emesis occurs as well.
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Figure 13-2. Potential of Common Antineoplastic Agents to Cause
Nausea and Vomiting
High Risk (> 90% frequency of emesis if no antiemetic)*
• AC combination (includes either doxorubicin or epirubicin with cyclophosphamide)
• Carmustine > 250 mg/m2
• Cisplatin ≥ 50 mg/m2
• Cyclophosphamide > 1,500 mg/m2
• Cytarabine > 1 g/m2
• Dacarbazine
Moderate Risk (30%–90% frequency of emesis)*
• Aldesleukin > 12–15 million international units/m2
• Amifostine > 300 mg/m2
• Carboplatin
• Cyclophosphamide ≤ 1,500 mg/m2
• Daunorubicin
• Doxorubicin
• Epirubicin
• Idarubicin
• Ifosfamide
• Interferon alfa ≥ 10 million international units/m2
• Irinotecan
• Methotrexate ≥ 250 mg/m2
• Oxaliplatin
Low Risk (10%–30% frequency of emesis)*
• Docetaxel
• Doxorubicin (liposomal)
• Etoposide
• 5-Fluorouracil
• Gemcitabine
• Paclitaxel
• Pemetrexed
Minimal Risk (< 10% frequency of emesis)*
• Bleomycin
• Bortezomib
• Cetuximab
• Fludarabine
• Rituximab
• Vinblastine
• Vincristine
• Vinorelbine

*All routes of administration of agents are IV unless otherwise stated.
Note. Based on information from National Comprehensive Cancer Network, 2012a; Polovich et al.,
2014.
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In addition to treatment-related factors, patient-related risk factors can
increase risk of nausea and vomiting. These include younger age, a history of motion sickness or severe morning sickness, and history of severe nausea and vomiting with a previous course of treatment. Anxiety also increases
risk of nausea and vomiting. Women are more likely than men to have nausea and vomiting. Chronic alcohol users tend to experience less nausea and
vomiting (Jakobsen & Herrstedt, 2009).

Assessment
Prior to treatment, the nurse must assess the patient’s risk for CINV based
upon treatment- and patient-related factors in order to intervene with the
appropriate prophylactic therapy based upon the patient’s emetic risk. Prophylactic antiemetics should be prescribed if the risk of emesis is greater
than 10% (NCCN, 2012a). The use of the NCCN guidelines for antiemesis
will provide support in determining which antiemetic regimens are appropriate with particular chemotherapy drugs.
The effectiveness of the antiemetic regimen should be evaluated after
each treatment cycle. This evaluation should include the number, time of
onset, and duration of any episodes of nausea, vomiting, or retching (Irwin, Lee, Rodgers, Starr, & Webber, 2012). The assessment should include
an evaluation of the patient’s nutritional, metabolic, and hydration status
because frequent vomiting can result in GI loss of potassium, causing hypokalemia. The nursing assessment should include evaluation of the cardiac rhythm, mental status, motor strength, and blood pressure, as well as
potassium and magnesium levels. Evidence of dehydration includes decreased skin turgor, weakness, thirst, orthostatic hypotension, and concentrated urine with decreased output. The nurse also must consider risk
factors for vomiting other than chemotherapy, including GI obstruction,
increased intracranial pressure, electrolyte imbalance such as hypercalcemia, or metastatic disease to the liver (Naeim et al., 2008). An assumption
that symptoms are caused solely by chemotherapy may prevent recognition
of serious complications.

Pharmacologic Management
To provide maximal protection against chemotherapy-induced emesis,
antiemetic therapy should be initiated prior to and continue after the administration of chemotherapy. Antiemetic agents can block different neurotransmitters and interfere with the transmission of impulses by various
pathways leading to the vomiting center. They may also act synergistically
with other antiemetic agents to potentiate an antiemetic effect.
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5-HT3 Receptor Antagonists
The development of the 5-HT3 receptor antagonists (RAs) has resulted
in dramatic improvements in the control of CINV. These agents exert their
effect by preventing the serotonin released by the enterochromaffin cells
in the gut from binding to 5-HT3 receptors in the gut and CTZ (Hesketh,
2008). These agents include ondansetron, granisetron, dolasetron mesylate
(oral only formulation available), and palonosetron.
All of these agents are known to be successful in controlling acute CINV.
However, when palonosetron, a second-generation serotonin (5-HT3) RA, is
compared to the first-generation 5-HT3 RAs (ondansetron, granisetron, and
dolasetron), several differences are noted. Palonosetron has a significantly higher binding affinity for the 5-HT3 receptor (100-fold higher), a higher potency, and a significantly longer half-life (40 hours) that is four to five
times that of ondansetron, granisetron, and dolasetron (NCCN, 2012a). It
is associated with prolonged inhibition of the 5-HT3 receptor and has been
identified as the preferred 5-HT3 RA for use in moderately emetogenic chemotherapy (NCCN, 2012a). Several studies have demonstrated that a single
dose of palonosetron is comparable to the efficacy of the other 5-HT3 RAs in
patients receiving moderately emetogenic chemotherapy in the prevention
of acute CINV, but palonosetron was superior in preventing delayed-onset
emesis (NCCN, 2012a). In highly emetogenic chemotherapy, studies have
again demonstrated that palonosetron was similar to the other 5-HT3 RAs
(e.g., ondansetron, granisetron) in the prevention of acute CINV but was superior in preventing delayed emesis (Aapro, Grunberg, et al., 2006; Saito et
al., 2009). Thus, the NCCN (2012a) guidelines for antiemesis have recommended the use of IV palonosetron as a single dose as the preferred 5-HT3
RA for the prevention of acute and delayed emesis associated with highly
emetogenic chemotherapy and for the prevention of emesis associated with
moderately emetogenic chemotherapy. In providing emetogenic coverage,
the use of the 5-HT3 RAs (preferably palonosetron) should be combined
with dexamethasone plus an NK1 antagonist for highly emetogenic chemotherapy and with or without an NK1 antagonist for moderately emetogenic
chemotherapy regimens.
Reported side effects of serotonin RAs include headache (most common), constipation or diarrhea, dizziness, and fatigue (Clinical Pharmacology, 2011d). QT prolongation and torsades de pointes have been noted in patients who have received ondansetron. Patients at particular risk
for developing torsades de pointes include those with underlying heart
conditions such as congenital long QT syndrome, those who are predisposed to low levels of potassium and magnesium in the blood, and those
taking other medications that lead to QT prolongation. The use of a single 32 mg IV dose of ondansetron should be avoided as QT prolongation
occurs in a dose-dependent manner and specifically at a single IV dose of
32 mg (U.S. Food and Drug Administration [FDA], 2012). The lower dose
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IV regimen of 0.15 mg/kg every four hours for three doses may be used
in adults with CINV (U.S. FDA, 2012). However, no single IV dose of ondansetron should exceed 16 mg due to the risk of QT prolongation (U.S.
FDA, 2012). These changes to IV dosing do not change any of the recommended oral dosing regimens for ondansetron, including the single oral
dose of 24 mg for chemotherapy induced nausea and vomiting (U.S. FDA,
2012). Because of the increased risk of serious abnormal cardiac rhythms
noted with dolasetron injections, it is no longer indicated for CINV prophylaxis (U.S. FDA, 2010).
Many of the 5-HT3 RAs are available in both oral and IV formulations.
Both routes have been found to have equivalent efficacy when used at the
appropriate doses (NCCN, 2012a). Granisetron transdermal system (Sancuso®) is also available for treatment of CINV. The patch contains 34.3 mg of
granisetron and should be applied approximately 24–48 hours before the
first dose of chemotherapy. The maximum duration should be seven days
(NCCN, 2012a).
Neurokinin-1 Receptor Antagonists
NK1 RAs, such as aprepitant or fosaprepitant dimeglumine, block the activity of substance P, a known neurotransmitter active in the emetogenic process (Hesketh, 2008). Through a mechanism which is both different from
and complementary to all other antiemetics available on the market today,
NK1 RAs have been found to enhance the antiemetic efficacy of the 5-HT3
RAs and the corticosteroid dexamethasone to inhibit both acute and delayed cisplatin-induced emesis (NCCN, 2012a).
Aprepitant is administered orally in the dose of 125 mg one hour prior
to chemotherapy and 80 mg on days 2 and 3 after chemotherapy has finished. Fosaprepitant dimeglumine, the IV version, is given at 150 mg on day
1 only, 30 minutes before chemotherapy. A single dose of 150 mg IV fosaprepitant was shown to be noninferior to the standard regimen with threeday oral aprepitant (Grunberg, Chua, et al., 2011). Aprepitant, similar to
some chemotherapy agents such as docetaxel, paclitaxel, etoposide, irinotecan, ifosfamide, imatinib mesylate, vinorelbine, vinblastine, and vincristine, is metabolized by the CYP3A4 pathway. Because these drugs are metabolized primarily or in part by CYP3A4, the potential exists for an alteration
in their metabolism, thus changing their plasma concentrations. These interactions are more significant with orally administered forms of NK-1 RAs
than with IV forms because of first-pass metabolism (NCCN, 2012a). Caution is advised when administering aprepitant to patients treated with chemotherapy metabolized via CYP3A4. In addition, some agents that are not
chemotherapy drugs (e.g., dexamethasone, methylprednisolone, warfarin,
oral contraceptives) may have a significant interaction when administered
with aprepitant. The package insert should be consulted before prescribing
these agents.
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Phenothiazines
Phenothiazines, including prochlorperazine and promethazine, act by
inhibiting the neurotransmitter dopamine. Phenothiazines are effective in
treating or preventing nausea and vomiting associated with drugs with low
emetic potential. Prochlorperazine and promethazine are the most commonly used phenothiazines. Side effects include sedation, orthostatic hypotension, dizziness, drowsiness, motor restlessness, dystonias, and other extrapyramidal effects. The extrapyramidal system controls gross motor
movements; therefore, extrapyramidal side effects include tremor, cogwheeling rigidity (muscular rigidity in which muscles respond with cogwheel-like
jerks to the use of force in bending the limb), jerking repetitive movement
of extremities or the head and neck, and hyperactive reflexes. If extrapyramidal symptoms occur, diphenhydramine 10–50 mg given intramuscularly
or IV is effective in treating them (Clinical Pharmacology, 2009a).
Butyrophenones
Butyrophenones are another class of dopaminergic (D2 subtype) RAs.
They are used primarily to prevent CINV with minimally emetic chemotherapy. These agents include droperidol and haloperidol (Haldol®). Adverse effects include sedation, tachycardia, hypotension, rash, extrapyramidal symptoms, and cardiac complications. Because of the risk of QT prolongation
and torsades de pointes, the approved indication of droperidol is limited
to the prevention of nausea and vomiting associated with surgery (Clinical
Pharmacology, 2009b). Although Haldol is often given by IV injection, this
route is not approved by the FDA. Slow IV administration is preferred to decrease the risk of hypotension, and close monitoring with electrocardiogram
is recommended, as torsades de pointes has been reported (Clinical Pharmacology, 2011c).
Substituted Benzamides
A low dose of metoclopramide acts as a D2 RA. At higher doses (0.5–3
mg/kg given IV), metoclopramide has been shown to block serotonin receptors. Side effects of high-dose metoclopramide, however, include dystonic extrapyramidal effects (e.g., involuntary movements such as tongue
thrusting, lip smacking, or chewing movements) and akathisia. Akathisia,
or “restless legs syndrome,” is described as a sense of restlessness or inability to sit still. Diphenhydramine may be used to treat this (Clinical Pharmacology, 2009a).
Steroids
Dexamethasone often is included in antiemetic combinations. The mechanism of action for the antiemetic effect of steroids is poorly understood but
is speculated to involve modification of capillary permeability of the CTZ,
reduction in inflammatory changes in the gut after chemotherapy, and par-
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ticipation in the release of endorphins (Hawkins & Grunberg, 2009). Antiemetic treatment guidelines from NCCN (2012a), ONS (Irwin et al., 2012),
Multinational Association of Supportive Care in Cancer (MASCC) (Roila
et al., 2011), and the American Society of Clinical Oncology (Basch et al.,
2011) recommend that corticosteroids be combined with serotonin RAs to
enhance their efficacy. Dexamethasone is recommended for use both before and after chemotherapy to reduce the incidence of acute and delayed
nausea and vomiting (NCCN, 2012a). Adverse effects include insomnia, euphoria, anxiety, facial flushing, and pharyngeal or perineal itching (Hawkins
& Grunberg, 2009).
Cannabinoids
Delta-9-tetrahydrocannabinol (THC), the active ingredient in marijuana,
has been effective in relieving mild to moderate nausea and vomiting related
to chemotherapy. This class includes dronabinol and nabilone. These drugs
act by binding to the primary cannabinoid receptor (CB1) in the brain (Cotter, 2009), via endorphin receptors, or by inhibiting cytokine production or
secretion (Argilés, Olivan, Busquets, & López-Soriano, 2010). Although the
antiemetic effects of marijuana have been studied for years, crude marijuana contains approximately 480 substances and is not approved by the FDA
for medical use. Dronabinol and nabilone provide standardized THC concentrations without extraneous substances (Clinical Pharmacology, 2009c,
2010).
Dronabinol, a schedule II controlled substance, is indicated for treatment
of nausea and vomiting associated with cancer chemotherapy in patients
who have failed to respond adequately to other conventional antiemetics.
However, with the newer antiemetics available, it remains a fourth-line agent
for this indication. The recommended dose is 5–10 mg PO every three to
six hours (Irwin et al., 2012). Side effects include sedation, confusion, distortion of perception, mood changes (euphoria/dysphoria), paranoia, dry
mouth, ataxia, and orthostatic hypotension. Older adults may be more sensitive to the neurologic, psychoactive, and postural hypotensive effects of the
drugs. Therefore, if possible, initiate therapy at the lower end of the adult
dosage range (Clinical Pharmacology, 2010).
Nabilone, a second orally administered synthetic cannabinoid, has
been approved for the treatment of refractory nausea and vomiting associated with chemotherapy. Chemically, nabilone is similar to delta-9-THC.
Nabilone, a schedule II controlled substance, is used mainly in the United Kingdom and Canada and seldom in the United States because of its
increased potency (Cotter, 2009). The dosage of nabilone is 1–2 mg PO
BID. The initial dose should be given one to three hours before chemotherapy is administered. Side effects associated with nabilone are primarily related to the CNS and are similar to those reported with other cannabinoids.
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Cannabinoids such as dronabinol and nabilone may provide an alternative treatment option to dopamine RAs (butyrophenones and phenothiazines) and serotonin RAs in refractory patients. More clinical trials are
needed with this class of antiemetics comparing effectiveness against other
standard antiemetic drugs for management and control of CINV.
Benzodiazepines
Benzodiazepines, particularly lorazepam, are sometimes used in antiemetic combinations. They function through their effect on the CNS and
are more likely to be effective adjuncts to other antiemetics rather than being used alone. Benzodiazepines do not have any (or very limited) direct effect on CINV (Jakobsen & Herrstedt, 2009). Because lorazepam can be used
to treat anxiety, it may be an effective agent in the management of anticipatory nausea and vomiting, especially when combined with behavioral interventions.
Atypical Antipsychotics
Olanzapine, a drug given most commonly for its antipsychotic properties, proved to be highly effective in controlling breakthrough nausea
and/or vomiting in a phase III trial when compared to metoclopramide 10
mg PO three times daily for three days (Navari, Nagy, & Gray, 2012). Olanzapine administered at a dose of 10 mg PO daily for three days was reported to be very beneficial in treating both nausea and vomiting in patients
who experienced breakthrough CINV associated with highly emetogenic
drug regimens (Navari et al., 2012).
Combinations
No single agent has been found to provide complete protection from
the various emetic phases associated with chemotherapy. In addition, a final common pathway for emesis has yet to be identified. Therefore, multidrug therapy has been found to be more effective than monodrug therapy.
Currently, for highly emetic chemotherapy, the combination of aprepitant,
a 5-HT3 RA (preferably palonosetron), and dexamethasone is recommended (NCCN, 2012a). The further addition of an anxiolytic such as lorazepam
may be effective in anxious patients.

Nonpharmacologic Management
In addition to pharmacologic measures, nurses have employed nonpharmacologic measures in their care of patients. What nurse has not applied a cool, damp cloth to a patient’s forehead, washed the patient’s face,
provided a cool-water mouth rinse, or simply comforted a patient who is
feeling nauseated? Such measures are nonpharmacologic nursing strate-
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gies that may not eliminate nausea but probably increase patient comfort.
Reported nonpharmacologic strategies include behavioral and dietary interventions, acupressure, acupuncture, massage, and music therapy. Nonpharmacologic interventions are to be used in conjunction with pharmacologic interventions.
Irwin et al. (2012) have identified nonpharmacologic measures with differing levels of efficacy per the ONS Putting Evidence Into Practice (PEP)
resources. Behavioral interventions such as relaxation, guided imagery, music therapy, and progressive muscle relaxation (PMR) may reduce nausea,
vomiting, and/or retching and may be useful as adjuvants to antiemetics.
The PMR intervention was tensing and releasing muscle groups and control
of respirations combined in an environment of reduced artificial lighting,
adequate music, and no interruptions (de Carvalho, Martins, & dos Santos,
2007). This pilot study found that PMR decreased physiologic conditions
(e.g., vital signs) and muscle reactions (e.g., forearm, leg, forehead, and eye
tension). Lastly, managing patient expectations also was found to be likely
to be effective. Providing verbal, written, and audiotaped information was effective in improving symptoms and has resulted in reduction of nausea and
improvement in well-being of patients undergoing cisplatin-based chemotherapy (Irwin et al., 2012). Many of these interventions may be helpful for
the prevention and treatment of anticipatory nausea and vomiting and are
identified as likely to be effective (Irwin et al., 2012). In many of these studies, at least two interventions were used together (e.g., guided imagery with
music therapy).
Interventions for which the effectiveness has not been established (Irwin et al., 2012) include acupressure (applying pressure to specific points,
e.g., P6; Nei guan pressure point located in the wrist), acupuncture, and
acustimulation (mild electrical stimulation of acupuncture points with a
wristband device), Chinese herbal medicine, cannabis oral spray, grape
juice, the use of moderate aerobic exercise or a structured, supervised exercise program, ginger, hypnosis (especially in the setting of anticipatory nausea and/or vomiting), massage with or without aromatherapy, yoga,
and provision of education, information, and support (Irwin et al., 2012).
Interventions for which the effectiveness has not been identified are interventions for which insufficient or conflicting data or data of inadequate
quality currently exist, with no clear indication of harm (Gobel & Tipton,
2009).
Interventions for which limited evidence exists, but which experts recommend, include several dietary interventions to minimize nausea and vomiting. These include eating a small amount of food prior to treatment; eating
smaller, more frequent meals; reducing food aromas and other stimuli with
strong odors; avoiding foods that are spicy, fatty, and highly salty; and taking antiemetics prior to meals so that the effect is present during and after
meals (Irwin et al., 2012).
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Anorexia and Cachexia
Anorexia is defined as a loss of appetite or inability to eat with subsequent reduction in food intake. It is associated with inflammation, insulin
resistance, increased muscle protein breakdown, and wasting disease (Evans
et al., 2008). Approximately 50% of patients with a new diagnosis of cancer
have reported anorexia and unwanted weight loss (Adams et al., 2008). Anorexia may result from side effects of chemotherapy, taste changes, early satiety, dysphasia, mucositis, nausea and vomiting, constipation, other medications’ side effects, pain, difficulty breathing, or psychological changes such
as depression, anxiety, anger, or fear. Normal appetite requires coordination
of gustatory, neural, and humoral signals that regulate GI hormones and
motility (Yavuzsen, Walsh, et al., 2009). Early satiety can be caused by mechanical obstruction or chemical or hormonal communication from the gut
to the hypothalamus signaling fullness (Arensmeyer, 2012). Numerous physiologic and psychological factors can contribute to the development of anorexia. As food has important social implications for most people, patients
may feel very isolated if they are not sharing meals with their families. Although anorexia frequently accompanies cachexia, weight loss can occur in
the absence of a marked reduction in food intake.
Signs and symptoms of the cancer anorexia/cachexia syndrome include
weight loss, alterations in resting energy expenditure, erosion of lean tissue, increasing debility, caloric depletion, and weakness due to shifts in metabolism
caused by tumor by-products and increased cytokine release and increased activation of some proteolytic pathways (Patra & Arora, 2012). Successful anticancer treatment may decrease anorexia, which supports the idea that it may
be a result of a paraneoplastic process related to the cancer. Therefore, if the
treatment is anticipated to be effective, it is reasonable to assume that the cancer anorexia/cachexia syndrome will resolve as chemotherapy is administered.
The pathophysiology related to cancer-related anorexia may be the result of the secretion of cytokines. An imbalance in proinflammation (e.g.,
tumor necrosis factor, interleukins-1 and -6 [IL-1 and IL-6] cytokines) is currently believed to contribute to cachexia. High levels of IL-6 correlate with
high C-reactive protein values and concomitant body weight loss (Muscaritoli et al., 2012). A loss in body fat leads to a decrease in leptin. Leptin acts
as part of the feedback loop to maintain constant stores of fat. The decrease
in leptin causes food intake to exceed energy expenditure. Cytokines elicit effects on energy homeostasis that mimic leptin, increasing hypothalamic actions and thereby inducing anorexia and unopposed weight loss (Patra
& Arora, 2012). Malignant cells may produce peptides that induce satiety or
cause abnormal neuronal or hormonal signals from the GI tract that directly influence the hypothalamic appetite centers.
Anorexia may result from metabolic abnormalities. Abnormalities in glucose metabolism may lead to elevated blood glucose levels, which may sup-
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press appetite. Increases in circulating amino acids, lactic acid, or free fatty
acids may cause early satiety. Some of the clinical consequences of anorexia include a decrease in digestive enzymes, which may delay digestion, and
compromise of other bodily functions, leading to weakness and fatigue, lower resistance to infection, slow healing, and progression to a state of cachexia, which is characterized by weight loss, wasting of both adipose tissue and
skeletal muscle mass, and asthenia (Yavuzsen, Walsh, et al., 2009).
Cachexia is a complex metabolic syndrome associated with underlying
illness and characterized by loss of muscle with or without loss of fat mass
(Argilés et al., 2010). Cachexia is considered to be the involuntary weight
loss of more than 10% of the original weight due to a metabolic disorder
(Dahlin, Lynch, Szmuilowicz, & Jackson, 2006). Factors include metabolic changes and inability to ingest or use essential nutrients not exclusively
due to a caloric intake deficiency (Yavuzsen, Walsh, et al., 2009). Cancer-associated cachexia, a multifactorial wasting syndrome characterized by the
loss of adipose tissue and muscle, occurs in many patients with cancer, and
about 15% of cancer-associated deaths can be attributed to the syndrome
(Seton-Rogers, 2011). It affects more than five million people in the United States (Morley, Thomas, & Wilson, 2006). Patients with advanced cancer, AIDS, and some other major chronic progressive diseases may appear
cachectic. Cachexia is often seen in GI, pancreatic, lung, and prostate cancers. The weight loss with cachexia is related to an increase in resting energy expenditure causing a chronic inflammatory response (Tisdale, 2009).
Cachexia may have an adverse effect on the responsiveness of a tumor to
chemotherapy. As a result of cachexia, patients may experience a change
in the growth rate of their tumor cells. As weight loss increases, the growth
rate of the tumor tends to slow down. This means that fewer cells are in the
proliferative stage of the cell cycle. For example, the lung cancer study performed by Campos, Austerlitz, Allison, Póvoa, and Sibata (2009) identified
significant nutritional imbalances, which likely have a negative impact on
the patient in terms of both quality and quantity of life. Nutritional supplementation may correct these imbalances with significant clinical benefit both physiologically and psychologically. Cachexia may weaken the patient and may affect drug-metabolizing enzymes, thus reducing the amount
of drug to which the patient may be exposed. Cachexia is associated with decreased QOL and impaired immune response (Esper & Harb, 2005). Therefore, this process should be stopped, with the goal of increasing response to
therapy while improving QOL and survival.

Detection of Cachexia
Early detection is important in order to maintain patients’ nutritional status. A variety of tools are available for the detection of cachexia, with body
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weight as the most common and simple measurement used. When evaluating
weight, comparisons should be made to usual or normal weight rather than to
ideal body weight. Cachexia occurs before in the majority of patients with cancer and is responsible for the deaths of 22% of patients with cancer (Argilés
et al., 2010). Body mass index, body weight, body composition (lean body
mass, fat mass, and water), physical strength, QOL, C-reactive protein and IL-5
levels, prealbumin, and plasma triglycerides are all ways to monitor cachexia
and anorexia. Three popular screening tools are DETERMINE, the Cachexia
Score (CASCO), and the Mini Nutritional Assessment (MNA) (Gioulbasanis
et al., 2012). In the DETERMINE tool, the nutritional health checklist consists
of 10 questions ranging from how many meals a person eats per day to ability
to shop for food (Swinton, Chasen, & MacDonald, 2006). The CASCO tool is
for staging cachectic cancer and malnutrition. By means of a numerical scale,
CASCO classifies cachexia into mild (0–25), moderate (26–50), severe (51–
75), and terminal (76–100). It is therefore clear that the higher the score, the
worse the syndrome (Argilés et al., 2011). The MNA is used to evaluate nutritional status and classifies patients into three groups: A (score 24–30) is considered well nourished; B (score 17–23.5) is at risk for malnutrition; and C
(score 0–16.5) is malnourished (Gioulbasanis et al., 2012).

Treatment
Management of cachexia and anorexia needs a multifactorial approach.
The extent of intervention will depend on what is thought to be the cause of
the weight loss as well as the goals of care for the patient. Treatment involves
steps to improve the patient’s nutritional intake while changing the metabolic
environment to inhibit muscle and fat wasting (Seton-Rogers, 2011). The patient should have access to a dietitian for education and support while receiving chemotherapy in an effort to achieve a positive nutritional state (SetonRogers, 2011). The use of aggressive feeding in the form of enteral nutrition
or total parenteral nutrition may be considered in certain circumstances; however, the use of these modalities in patients with advanced cancer who are receiving chemotherapy should be strongly discouraged (Seton-Rogers, 2011).
A combination of nutritional support with different nutritional supplements and synthetic pharmaceuticals may lead to optimal results (Argilés et
al., 2010). The goal of therapy is to provide an anticatabolic aim toward both
fat and muscle breakdown. To improve appetite, synthetic pharmaceuticals
are available such as megestrol acetate, medroxyprogesterone, progesterone
derivatives, cannabinoids, cyproheptadine, and corticosteroids. Megace and
medroxyprogesterone are orally active derivatives of the naturally occurring
hormone progesterone (Argilés et al., 2010). In humans, these compounds
have been found to improve appetite, caloric intake, and weight, increasing
fat mass but not lean muscle mass.
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Oral megestrol acetate suspension given to patients with advanced cancer suffering from anorexia showed an improvement in appetite and QOL
(Leśniak, Bała, Jaeschke, & Krzakowski, 2008). The most effective pharmacologic therapy includes progestational agents such as megestrol acetate
and corticosteroids. The dose is oral megestrol acetate liquid suspension
160–800 mg per day or dexamethasone 3–8 mg per day (Jatoi, 2013).
Experimental studies have suggested that anorexia may be caused by an
increased serotonergic activity in the brain. Cyproheptadine is a serotonin
antagonist and is still being studied as a treatment to enhance body weight
by an antiserotonergic effect (Argilés et al., 2010). Corticosteroids were the
first pharmacologic approach for the treatment of cancer-related anorexia.
Studies have shown that it decreases loss of appetite and weight loss. However, it has little influence on appetite improvement and weight gain. Although it does not have any significant effects in the reduction of mortality,
it does seem to give the patient an overall sense of well-being (Sarcev, Secen,
Sabo, & Povazan, 2008). Early and continuous monitoring and a combination therapy of pharmacologic and high-energy diet appear to be the best
approach in treatment of cachexia and anorexia.
If treatment is successful, a response should occur within 24–48 hours, with
improvement in appetite and weight gain (Jatoi, 2013). Progestational agents
have proved effective in augmenting appetite. Both progestins and steroids
have resulted in weight gain in subgroups of patients, but neither has been
shown to augment lean tissue (Jatoi, 2013). Providing complete nutritional
requirements by means of total parenteral nutrition does not abrogate the
weight loss. It is thus clear that, in addition to controlling food intake, the metabolic disturbances associated with tumor burden contribute most importantly to the appearance of cachexia. Therefore, neutralizing the metabolic alterations, which include abnormal carbohydrate metabolism, lipid mobilization,
and hepatic protein metabolism, is essential in stopping the cycle of metabolic disturbances (Argilés, Busquets, López-Soriano, Costelli, & Penna, 2012).

Mucositis
Mucositis, an inflammatory process of the mucous membranes that typically manifests as erythema or ulcerations, is a complication of chemotherapy or ionizing radiation that may result from injury to the epithelial and subepithelial cells of the mucous membranes lining the oral cavity and the GI
tract (Harris, Eilers, Harriman, Cashavelly, & Maxwell, 2008). The term stomatitis refers to inflammation of the oral tissue including the mucosa, dentition/periapices, and periodontium and includes infections of oral tissues as
well as mucositis (NCI, 2013). Although the terms oral mucositis and stomatitis
are often used interchangeably at the clinical level, they do not reflect identical processes (see Table 13-1).
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Table 13-1. Comparison of Mucositis and Stomatitis
Side Effect

Cancer-Related
Etiology

Involved Area

Signs

Mucositis

Oral cavity and gastrointestinal tract unless
referred to as oral mucositis, which only involves the oral cavity

Erythema, ulcerations, diarrhea

Chemotherapeutic
agents, mTOR inhibitors,
TKIs, biologic agents, radiation therapy, graft-versus-host disease

Stomatitis

Oral cavity only; includes mucosa, dentition, periapices, and
periodontium

Erythema, ulcerations, infections

Chemotherapeutic
agents, mTOR inhibitors,
TKIs, biologic agents, radiation therapy, graft-versus-host disease, infections

mTOR—mammalian target of rapamycin; TKIs—tyrosine kinase inhibitors
Note. Based on information from Eilers & Million, 2011; Lalla et al., 2008; National Cancer Institute,
2013.

The overall incidence of mucositis attributed to cancer therapy ranges
from 10%–100% depending on the treatment regimen used (Raber-Durlacher, Elad, & Barasch, 2010; Sonis, 2009). In general, ulcerative oral mucositis (OM) occurs in approximately 40% of patients receiving chemotherapy.
In approximately 50% of these patients, the lesions are severe and require
medical intervention including modification of their cytotoxic cancer therapy (Lalla, Brennan, & Schubert, 2011; Schubert & Peterson, 2009).
The oral mucosa is made up of epithelial cells that regenerate every 9–16
days (NCI, 2013). Chemotherapy causes direct damage to the DNA in the epithelial cells, resulting in cell death. Sonis (2009) has proposed five phases to
this pathogenic model. These phases include initiation, upregulation, message generation, ulceration, and healing. Within this model, the generation
of reactive oxygen species (ROS), the activation of proinflammatory cytokines
(tumor necrosis factor-alpha, IL-1-beta), and metabolic products of bacteria
may play a role. Within the oral mucosa, there are high-risk versus low-risk oral
mucosal tissues. Heavily keratinized tissue such as the hard palate and gingiva are less severely affected by chemotherapy than the attached labial mucosa,
buccal mucosa, tongue, floor of mouth, and soft palate (NCI, 2013).

Risk Factors
Patient-related and therapy-related factors influence the frequency and
severity of mucositis. Patient-related factors include age, gender, nutrition-
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al status, oral hygiene, salivary function, health status (presence of psoriasis, Addison disease, or diabetes mellitus), neutropenia, patients with a high
likelihood of being immunocompromised (e.g., leukemia, lymphoma), renal or hepatic impairment, tobacco use, alcohol use, poorly fitting dentures,
history of recent oral surgery, and genetics (e.g., genetic variants of dihydropyrimidine dehydrogenase [DPYD], which influence the development
of stomatitis with fluorouracil; increased sensitivity to oromucosal toxicity of
methotrexate in patients with Down syndrome because trisomy 21 increases the expression of the folate carrier that transports this molecule into the
cell) (Del Re et al., 2010; Kintzel, 2011; Raber-Durlacher et al., 2010; Sonis,
2009). Therapy-related factors include chemotherapy regimen, treatment
schedule, drug dose, and the use of radiation therapy.
Drugs that cause mucositis more frequently than others include antimetabolites, such as fluorouracil (5-FU), methotrexate, and cytosine arabinoside (cytarabine); alkylating agents, such as melphalan and busulfan; antitumor antibiotics, such as dactinomycin (actinomycin-D), doxorubicin, and
epirubicin; and taxanes, such as docetaxel and paclitaxel (Polovich et al.,
2014). The degree and severity of mucositis may be affected by the treatment schedule. Bolus 5-FU is more stomatotoxic than continuous-infusion
5-FU (Eilers & Million, 2011). High-dose methotrexate is more stomatotoxic than low-dose methotrexate. Lastly, when concomitant chemotherapy and
radiation therapy are given to the head and neck region, the risk for OM is
approximately 100% (NCI, 2013).
Other anticancer drugs that may cause mucositis include biologic agents
such as IL-2 and molecularly targeted therapies such as tyrosine kinase inhibitors and the mammalian target of rapamycin (mTOR) inhibitors including
sirolimus, temsirolimus, and everolimus. The oral toxicities of the mTOR
inhibitors, however, are different from the classic mucositis related to chemotherapy and instead produce oral aphthous ulcers. These lesions are referred to as mTOR inhibitor–associated stomatitis (de Oliveira et al., 2011).
Patterns of mucositis vary with chemotherapeutic agents and the individual, but generally begin 7–10 days after chemotherapy. Pain may precede
visible evidence of OM. Clinical manifestations progress from erythema,
cracking, and inflammation to pain, bleeding, and ulceration. Most commonly, chemotherapy-induced mucositis lasts for about one week and generally heals spontaneously 21 days after chemotherapy is administered (Rod
riguez-Caballero et al., 2012).

Prevention
Few interventions or medications have demonstrated efficacy in the
treatment of OM. MASCC and the International Society for Oral Oncology (ISOO) clinical practice guidelines recommend the use of an oral
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care protocol that includes patient and staff education (Harris, Eilers,
Cashavelly, Maxwell, & Harriman, 2009; Keefe et al., 2007). To conduct
an accurate assessment, a validated tool should be used regularly to assess
function, pain, and the oral cavity. Tools include the World Health Organization (1979) Oral Toxicity Scale and the CTCAE (NCI CTEP, 2010).
The use of dental professionals is recommended throughout treatment
and follow-up (Keefe et al., 2007). Some targeted therapies that may be
utilized as treatment options to decrease the degree of OM can be found
in Table 13-2.

General Care Recommendations
The most important aspect of preventing or minimizing the effects of
OM is an oral care protocol, with the foundation being good oral hygiene.

Table 13-2. Oral Care Recommendations
Intervention

Dosing

Instructions

Cryotherapy (ice chips)

Dissolve ice chips.

Place ice chips in the mouth 5
minutes before bolus IV 5-fluorouracil or high-dose melphalan
and continue to keep ice chips in
mouth for a total of 30 minutes after completion of the infusion. Replace melted chips as needed to
provide cryotherapy.

Palifermin (Kepivance®)

60 mcg/kg/day IV bolus

Give for three consecutive days
before and three consecutive
days after the conditioning regimen in patients receiving highdose chemotherapy and total
body irradiation associated with
autologous hematopoietic stem
cell transplantation.

Low-level laser therapy (LLLT)

LLLT with red wavelengths of 633–685 nm
or infrared wavelengths
of 780–830 nm with
outputs of 10–100 mW
in a stationary manner

Give LLLT to patients receiving high-dose chemotherapy or
chemoradiotherapy before hematopoietic stem cell transplantation,
if the treatment center is able to
support the necessary technology
and training.

Note. Based on information from Bjordal et al., 2011; Harris et al., 2009; Migliorati et al., 2006; Peterson et al., 2011.
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Before chemotherapy is initiated, a dentist should be consulted to perform
a baseline oral examination. Crucial dental work should be completed before chemotherapy begins. Once therapy begins, neutropenia and thrombocytopenia contraindicate the implementation of corrective dental work (Polovich et al., 2014).
The most important aspect of the protocol should include advising patients to keep the mouth moist and clean. Patients should drink at least
1,500 ml/day of fluids in addition to an intake of high-protein foods in
an effort to provide oral moisture and encourage oral mucous membrane
regeneration (Vannice, 2008). Patients should brush teeth, gums, and
tongue with a soft toothbrush for at least 90 seconds at least twice daily
and allow the toothbrush to air dry before storing. Daily flossing is recommended at least once daily; however, patients who do not regularly floss
should not do so while immunosuppressed (Polovich et al., 2014). During periods of aplasia, both toothbrushes (to clean the enamel surfaces
of teeth) and foam toothettes (to clean the mucous membranes) should
be used rather than replacing toothbrushes with toothettes (Eilers & Million, 2011).
Frequent rinsing with a bland solution (normal saline, sodium bicarbonate, or a saline and sodium bicarbonate mixture) is recommended. These
solutions consist of 1 teaspoon baking soda and/or 1 teaspoon salt per pint
of water. Dilute bicarbonate solution increases the local pH, which makes
the mouth unfavorable to microbial growth (Kintzel, 2011; NCI, 2012).
Any impairment to the mucosal integrity increases the risk for infection.
For certain populations, antimicrobial prophylaxis may be instituted to decrease risk of infection, especially during the period of anticipated mucositis (NCCN, 2013b). Daily routines that may negatively affect the oral mucosa
should be avoided. These include the use of mouthwashes containing alcohol; lemon glycerin swabs; spicy, acidic, and coarse foods; the consumption
of alcohol; and the use of tobacco (NCI, 2013).
Oral Assessment
Regular and thorough assessment of the oral cavity is an important aspect
of care for all patients receiving cytotoxic therapy. Clinicians should conduct
a systematic oral assessment at least daily or upon each patient visit. Patients
should be taught to report self-assessment findings to the clinician (Harris et
al., 2009). At present, no widely accepted standard of practice exists for the
assessment of OM and no one assessment tool prevails as the best. However,
a single, agreed-upon scale should be used by all members of the healthcare
team who are performing assessments. Tools include the CTCAE for mucositis and stomatitis (combined clinical examination and functional/symptomatic assessments) (NCI CTEP, 2010), and the Oral Assessment Guide (OAG)
(Eilers, Berger, & Petersen, 1988), the Oral Mucosa Rating Scale (OMRS)
(Schubert, Williams, Lloid, Donaldson, & Chapko, 1992), the Oral Mucosi-
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tis Index (OMI) (Schubert et al., 1992), and the Oral Mucositis Assessment
Scale (OMAS) (Sonis et al., 1999).
The OAG includes changes in the oral cavity that have been identified as
relevant to cancer treatment, including function and keratinized/nonkeratinized tissue assessment, but does not provide for quantification of the size
of mucosal lesions. The OMRS, OMI, and OMAS assess the amount of tissue
involved with mucositis in multiple anatomic regions of the oral cavity, but
do not include function. A separate assessment for oral cavity–related pain
must accompany the use of each of these tools (Eilers & Million, 2011). The
nurse should inspect the oral cavity using a light, tongue blade, and gloved
hand and include the lips, tongue, teeth or dentures, gingiva, buccal cavity, oropharynx, and uvula in the inspection. Remove any dentures or oral
prosthesis to completely visualize the oral cavity. Observe for moisture, color, cleanliness, bleeding, and tissue integrity in each of these areas. Note evidence of infection by viral or fungal organisms, including blisters, ulcers,
or white coating. Stomatitis induced by mTOR inhibitors is characterized by
discrete, ovoid ulcers with a characteristic erythematous halo and may appear identical to idiopathic aphthous stomatitis (canker sore) (Treister &
Woo, 2013).
Management of Oral Pain
Pain associated with mucositis can be a significant problem, but also one
in which the nurse can make a significant difference. The intensity of the
pain and distress is related to the highly sensitive nature of the neurons located in the oral cavity. Pain is the symptom that receives the greatest amount
of attention even when ulcerations are visible (Eilers & Million, 2011). Frequently, topical anesthetics are initially used to decrease pain associated with
superficial lesions. Viscous lidocaine (Xylocaine®) or diphenhydramine and
Kaopectate® can be swished and expectorated and offers a brief benefit for
patients (Lalla, Sonis, & Peterson, 2008).
When mucositis is extensive, systemic pain management is required.
Elixirs may be used; however, it is important to verify that the elixir is alcohol free to avoid a burning sensation with swallowing. As it becomes more
difficult for the patient to swallow, IV opioid administration may provide
improved relief. The MASCC/ISOO (Keefe et al., 2007) and European Society for Medical Oncology clinical practice guidelines (Peterson, Bensadoun, & Roila, 2011) recommend the use of patient-controlled analgesia
with morphine for treating OM-related pain in patients who have undergone high-dose chemotherapy in preparation for hematopoietic stem cell
transplantation. Opioids in conjunction with nonsteroidal anti-inflammatory drugs (NSAIDs) are sometimes used in an effort to improve analgesia.
To assess the effectiveness of these interventions, a pain assessment scale
should be incorporated into practice. Multiple scales are available for use.
The most common include the Wong-Baker FACES Scale, the McGill Pain
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Questionnaire, and the 0–10 oral pain rating scale (Harris, 2006). An appropriate measurement scale should be used to assess pain in patients who cannot respond.

Taste Changes
Dysgeusia, an alteration in taste, is another common complaint of patients undergoing chemotherapy. Bernhardson, Tishelman, and Rutqvist
(2008) reported that 46%–77% of patients receiving chemotherapy report
taste changes. These taste changes include sweet, sour, salty, bitter, and umami (savoriness) changes, decreased taste sensations, and metallic tastes.
Taste alterations associated with chemotherapy can lead to food aversion. In
fact, more than 50% of patients develop a food aversion after chemotherapy, leading to decreased oral intake and involuntary weight loss (Strasser et
al., 2008). The two drugs most commonly associated with taste changes are
doxorubicin and cisplatin. Stomatitis and mucositis, oral thrush, zinc deficiency, and antibiotic use have also been linked to changes in taste (Strasser et al., 2008).
Several theories exist regarding the pathophysiology of dysgeusia. One
theory relates to a direct insult to the taste cell receptors. Patients receiving chemotherapy may experience unpleasant taste secondary to diffusion
of the drug into the oral cavity. Some chemotherapy agents are secreted in
saliva and thus gain direct contact with taste receptors. Patients may experience a metallic or chemical taste when chemotherapy is delivered, and this
is consistent with drug secretion in saliva (Epstein & Barasch, 2010). Hong
et al. (2009) proposed that cell damage may occur from a decrease in the
number of normal cell receptors, an alteration in cell structure or receptor
surface changes, and an interruption of neural coding. As the turnover rate
of normal human taste bud cells is 10 days and chemotherapy kills cells with
high turnover rates, this results in taste alteration. This is a reversible condition with taste sensation returning to normal usually within three months after completion of treatment. Patients receiving chemotherapy tend to experience a decreased threshold for bitter tastes and an increased threshold for
sweet tastes (Wasserman, 2012).
Currently, no guidelines exist for the pharmacologic management of dysgeusia. Nonpharmacologic strategies include chewing sugar-free gum, eating cold or room temperature foods, using plastic utensils if food tastes metallic, sucking on hard, sugarless candies, choosing protein products with
mild flavor (e.g., chicken, turkey), adding sugar to decrease salty or bitter
tastes, avoiding consumption of bitter or metallic tasting foods such as coffee, chocolate, and red meat, marinating meats to change the taste, adding
fats and sauces to foods, choosing more bland foods, and increasing seasonings and spices to foods (Hong et al., 2009; Rehwaldt et al., 2009).
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Diarrhea
Diarrhea may be defined as an abnormal increase in stool liquidity,
stool frequency (more than three times per day), or stool weight of more
than 200 g/day (Camilleri & Murray, 2008). Typically it is stool consistency and the number of episodes of diarrhea that healthcare providers assess. Diarrhea may occur alone or in conjunction with a cluster of symptoms.
The incidence of chemotherapy-induced diarrhea (CID) has been reported as 50%–80% of treated patients (Stein, Voigt, & Jordan, 2010). Diarrhea may result from the direct effect of chemotherapy drugs on the
rapidly dividing cells of the GI tract. Chemotherapy agents commonly associated with diarrhea include 5-FU, irinotecan, and capecitabine. Diarrhea
from these agents results in an overstimulation of the intestinal tract’s secretory capacity with the outcome being the loss of more fluids and electrolytes than can be absorbed by the bowel (Coleman, 2010). CID from
irinotecan is unique because it is associated with early and delayed-phase
diarrhea. Early-onset diarrhea occurs within 24 hours of irinotecan, whereas delayed-onset diarrhea develops after 24 hours or more. Various targeted agents including erlotinib, gefitinib, sunitinib, and lapatinib also may
be associated with diarrhea.
When mucositis occurs, it not only may affect the oral mucosa, but also
may result in ulceration and denuded areas in the intestines as well. When
this occurs, it reduces the absorptive surface area and interferes with water
and chloride absorption, resulting in diarrhea (Coleman, 2010). Thus, chemotherapy may cause mucositis with an accompanying cluster of symptoms
such as pain, diarrhea, sleep disturbance, and increased fatigue (Honea et
al., 2007).
Diarrhea can be a dose-limiting toxicity of a chemotherapy regimen. It
may range from being bothersome to a life-threatening complication requiring hospitalization for IV hydration and electrolyte support. This is
especially true for neutropenic patients with severe diarrhea. CID does
not resolve with fasting (Stringer et al., 2007). This is because damage
from chemotherapy results in a secretory diarrhea, which persists independent of ingested substances (Coleman, 2010; McMahan & DuPont,
2007).
Nonpharmacologic interventions for mild to moderate diarrhea may
include eliminating all lactose-containing products, alcohol, and high osmolar dietary supplements. Sorbitol-containing products such as sugarfree gum and candy should be eliminated, as they can cause diarrhea.
Because patients are at risk for dehydration, the nurse should carefully assess their weight and any signs of dehydration. Interventions to institute
include hydrating with 8–10 glasses of clear liquids per day, implementing the BRAT diet (bananas, rice, applesauce, toast), and eating small,
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frequent meals. In addition, fluids that contain water, sugar, and salt will
help prevent hyponatremia and hypokalemia (Richardson & Dobish,
2007).
Standard first-line pharmacologic management includes the use of loper
amide (Stein et al., 2010). Loperamide may be given as a loading dose of 4 mg
PO followed by 2 mg PO every 4 hours or after each unformed stool and discontinued when the patient is without diarrhea for at least 12 hours (Polovich et al., 2014). Dosage should not exceed 16 mg/day except in the case of
late-onset irinotecan-induced diarrhea (2 mg every 2 hours) (Polovich et al.,
2014). If mild to moderate CID persists for greater than 48 hours while the
patient is on high-dose loperamide, it should be discontinued and a secondline antidiarrheal agent such as octreotide 100–150 mcg subcutaneously
three times daily should be administered (Muehlbauer et al., 2009). At this
point, the patient may need supportive treatment with fluid and electrolytes
and should be assessed by a healthcare practitioner and a complete workup
performed, including stool cultures for infection and blood work to evaluate for neutropenia and electrolyte imbalances.

Constipation
The concept of constipation is difficult to quantify because what is normal for one person may not be normal for another. However, a generally accepted definition is the difficult, infrequent passage of hard stool associated with abdominal cramping and rectal pain or discomfort (Fortenbaugh,
2010). Sometimes there may be some confusion as to the etiology of GI
symptoms. For example, constipation may lead to a fecal impaction, which
may result in liquid stool oozing around the impaction and causing incontinence. If an accurate evaluation is not performed, this may initially be
thought to be diarrhea.
Many reasons can cause patients with cancer to become constipated.
In regard to chemotherapy-induced constipation, the best approach is a
proactive one, recognizing which agents are associated with increased risk
and instituting a bowel regimen prophylactically. Chemotherapy agents
associated with an increased risk of constipation include vincristine, vinblastine, vinorelbine, paclitaxel, docetaxel, and oxaliplatin. The vinca alkaloids (vincristine, vinblastine, and vinorelbine) are especially associated
with slowing colonic transit times and therefore, the need for preventive measures. In addition, 35% and 55% of patients receiving lenalidomide and thalidomide, respectively, develop constipation (Celgene Corp.,
2007a, 2007b).
Prevention of constipation includes interventions such as increasing fluid intake to eight 8-oz servings a day, increasing dietary fiber intake, drinking warm or hot liquids to stimulate the bowel, minimizing use of constipat-
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ing medications whenever possible, and increasing activity level (if patient
can tolerate). A comfortable, quiet environment to have a bowel movement
should be provided with the use of a toilet or bedside commode rather than
a bedpan when possible. The patient should be involved in the development
of a bowel regimen (Bisanz et al., 2009). In addition, a combination of a laxative-stool softener should be instituted prophylactically for patients receiving vinca alkaloids (Engelking, 2008). This commonly includes the use of
docusate sodium (detergent laxative or emollient laxative) and senna (stimulant laxative) (Fortenbaugh, 2010). If constipation occurs, the dosage of
laxatives may be increased and other agents added (e.g., saline or osmotic
laxatives). It is important to note that the use of enemas to treat constipation is not recommended, especially in neutropenic patients, because it may
cause trauma to the patient’s mucous membranes and increase the risk of infection (Gobel & O’Leary, 2007).

Fatigue
Cancer-related fatigue (CRF) has been defined as “a distressing, persistent, subjective sense of . . . tiredness or exhaustion related to cancer
or cancer treatment . . . that interferes with usual functioning” (NCCN,
2012b, p. FT-1). The prevalence of CRF can be as high as 70%–80% depending on type of malignancy, treatment, population characteristics, and
evaluation tool used (Campos, Hassan, Riechelmann, & Del Giglio, 2011).
Cancer fatigue occurs throughout the trajectory of the disease process. It
exists from diagnosis to treatment to survivorship to death. As a result of
improved survival rates, more people are reporting prolonged fatigue secondary to the late effects of treatment (Campos et al., 2011). CRF is a multifaceted condition characterized by diminished energy and an increased
need to rest, which is less likely to be relieved by sleep. It is accompanied by other clinical characteristics including generalized weakness, diminished concentration, insomnia, hypersomnia, and emotional reactivity (Mitchell, 2010). Consequences of CRF affect the patients’ well-being
physically, socially, and cognitively. CRF adversely affects mood, jeopardizes treatment compliance, and causes emotional and spiritual distress for
both patients and family (Mitchell, 2010).
The most important effect of persistent CRF is on QOL (de Oliveira
Campos et al., 2011). Fatigue experienced by individuals with cancer is different from the tiredness experienced by healthy people following activity,
exercise, or a long day at work. In the healthy individual, fatigue serves as
a warning, an indication of the need to rest. However, CRF may occur without excessive activity and is more severe, more distressing, and less likely
to be relieved by sleep or rest. Similar to pain, fatigue is a subjective phenomenon described in terms of the patient’s experience. While inflam-
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matory and biochemical abnormalities caused by either cancer or cancer
treatment might be involved in CRF, its pathophysiology is poorly understood (Wang, 2008).

Etiology
CRF is multidimensional—it is affected by and subsequently affects all areas of the individual’s life. The specific mechanisms involved in the development of CRF are not completely known, but both physiologic and psychosocial factors play a role. Because the exact mechanism is unknown, much of
the research to date has focused on variables that correlate or contribute to
fatigue, which include pain, emotional distress, sleep disturbances, anemia,
nutrition, activity level, and other comorbidities. Other medical conditions
should be ruled out such as anemia, hypothyroidism, hypogonadism, adrenal insufficiency, infection, deconditioning, and adverse effects of medications such as narcotics (Capuano et al., 2009). The majority of patients undergoing chemotherapy develop anemia during their treatment (Kitano et
al., 2007). CRF likely involves the interaction of several physiologic and psychological mechanisms (Mitchell, 2011).

Risk Factors
A diagnosis of cancer alone places the individual at risk for CRF. Fatigue
may be related to anemia, myeloid suppression, mood disorder, or concurrent
symptoms such as pain or sleep disturbances that could be attributed to cancer-related treatments such radiation and chemotherapy. There is little published work with respect to why certain treatments cause fatigue. Physiologic
stress, poor nutrition which may cause anemia, and chemotherapy life-changing events that affect QOL and are important components of fatigue. In addition, the presence of other side effects of treatment, including anemia, electrolyte disturbances, cardiopulmonary, hepatic, or renal dysfunction, nausea,
pain, dehydration, malnutrition, sleep disturbance, or emotional distress, or
various comorbid conditions (e.g., infection, organ dysfunction) further increases the risks for fatigue (Yavuzsen, Davis, et al., 2009).

Patterns of Fatigue in Patients Undergoing Chemotherapy
Patients receiving chemotherapy commonly experience a peak in fatigue
within the first three to four days following treatment, a possible increase coinciding with the nadir of the blood counts, followed by a decline in fatigue
until the next treatment (Wu, Dodd, & Cho, 2008). In clinical experience,
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patients often report feeling their best the week before a scheduled treatment (Wu et al., 2008).

Assessment
Fatigue is a subjective symptom and therefore is described most accurately by self-report. In the clinical setting, an easy scale to use is the NCCN Intensity Scale (Mock et al., 2000), which measures the severity of fatigue using the numeric rating scale of 0–10, with 0 being no fatigue and 10 being
the worst possible fatigue. The Visual Analog Scale for Fatigue (Hauser &
Walsh, 2008) uses a scale to assess severity. Scaling is done on a line that has
words that anchor different ends of the spectrum. Oncology nurses should
assess for the “gang of 7”—anemia, pain, sleep disturbances, nutrition issues, deconditioning or changes in activity patterns, emotional distress, and
presence of comorbidities—which can affect further treatment (Piper et al.,
2008). Patients should be screened for fatigue at their initial clinical visit, at
appropriate intervals, and as clinically indicated (Mock et al., 2000). Most
patients believe that the physician would ask about fatigue if it was important and that nothing can be done to relieve it (Piper et al., 2008). Healthcare practitioners need to determine whether fatigue is present, and if so,
they need to record the intensity level of the symptom. Moderate (4–6) or
severe (7–10) fatigue ratings, on a 0–10 numeric rating scale, require a more
focused history and physical examination (Minton, Richardson, Sharpe, Hotopf, & Stone, 2011).

Interventions
The most effective approach to symptom management is to identify the
cause of the distressing symptom and correct it. With fatigue, the cause may
not be identified and, thus, the approach may be a general one. According to the NCCN Clinical Practice Guidelines in Oncology: Cancer-Related Fatigue
(2012b), patients can implement several interventions to fight fatigue. Exercising and increasing physical activity are known to help patients sleep better and may decrease depression. Yoga and cognitive behavioral therapy are
being studied as other possible interventions (Bower et al., 2011). Nutritional counseling can assist patients in choosing foods rich in protein and ensuring they are getting enough calories to increase energy.
Anemia is a common complication of myelosuppressive chemotherapy.
Following chemotherapy, 63% of anemic patients with cancer (hemoglobin less than 11 g/dl) experience moderate to severe fatigue (Gabrilove,
Perez, Tomita, Rossi, & Cleeland, 2007). The anemia associated with cancer treatment generally is not caused by deficiencies in iron or vitamin B12.
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In most cases, anemia is the result of bone marrow suppression by chemotherapy or ineffective erythropoiesis due to cancer. According to the
NCCN guidelines, erythropoiesis-stimulating agents (ESAs) such as epoetin alfa (Procrit®) and darbepoetin alfa (Aranesp®) are not recommended for cancers for which there is a curative intent such as early-stage breast
cancer, Hodgkin lymphoma, non-Hodgkin lymphoma, testicular cancer,
or early non-small cell lung cancer. ESAs are recommended for palliative
treatment (NCCN, 2012b).
All patients receiving ESAs are enrolled in the ESA APPRISE (Assisting
Providers and Cancer Patients with Risk Information for the Safe Use of
ESAs) Oncology Program, which includes a risk evaluation and mitigation
strategy (REMS). This is a risk management program focused on ensuring
that all patients are educated on the potential risks of ESAs, which may include faster tumor growth, blood clot development, and serious cardiacrelated problems (Fatodu, 2010). Increased mortality has been observed in
patients with cancer (BEST [Breast Cancer Erythropoietin Survival Trial],
ENHANCE [Erythropoietin in Head and Neck Cancer], AMG-20000161,
and EPO-CAN-20 studies) when ESA treatment strategies were designed
to achieve and maintain hemoglobin levels above 12 g/dl (Glaspy, 2008).
ESA treatment strategies intended to achieve and maintain hemoglobin levels above 12 g/dl also have demonstrated poorer tumor outcomes (BEST,
ENHANCE, and DAHANCA [Danish Head and Neck Cancer Study] studies) (Macpherson, Lindsay, & Reed, 2009). When appropriate, epoetin alfa
is given and dose adjusted per patient to maintain the lowest tolerable hemoglobin level sufficient to avoid a red blood cell (RBC) transfusion. Current recommendations are to use the lowest dose of Aranesp or Procrit
needed to avoid RBC transfusions and to not exceed the upper safety limit
for hemoglobin levels of 12 g/dl (Amgen Inc., 2012).
ESAs are recommended to be used if the hemoglobin is 10 g/dl or lower.
The FDA advises not to administer ESAs to patients outside of the treatment
period of cancer-related therapy (Hoskin et al., 2009). RBC transfusions are
given when the patient is symptomatic, including tachycardia, tachypnea, or
hypotension.
Patients with cancer should receive routine education about fatigue and
its management. In a meta-analysis by Brown et al. (2011), exercise reduced
CRF, especially in programs that involved moderate intensity and resistance
exercise among older cancer survivors. The study indicated that exercise interventions for adult cancer survivors should be multidimensional and individualized according to health outcome and cancer type (Brown et al.,
2011). It is important to maintain an optimal level of activity and to consider
physical therapy and occupational therapy when indicated.
Self-care strategies that balance restorative activities with energy conservation are frequently recommended in the management of fatigue. Energy
conservation means the patient uses his or her limited energy to complete
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more highly valued activities instead of everyday tasks. It also involves prioritizing, delegating, postponing nonessential activities, and using distraction
as additional strategies (Borneman, 2013).
Management of symptoms such as nausea or pain that may awaken the
patient during the night is important in the prevention of CRF. Strategies
to improve the quality of sleep include having a consistent time to lie down
and get up, omitting caffeine, limiting exercise in the evening, avoiding a
long or late afternoon nap, and establishing an environment that is conducive to sleep (Zhao & Yates, 2008). Maintenance of adequate sleep and nutrition are other restorative strategies. A patient experiencing fatigue may
lack the energy to prepare meals or to eat large meals. Suggestions for assistance include having prepared foods available, preparing meals in advance,
or asking friends and family for help with food preparation. Eating frequent,
smaller meals may be easier for the fatigued (Zhao & Yates, 2008). In addition, if the patient is experiencing nutritional deficiencies from anorexia,
diarrhea, nausea, or vomiting, these conditions could contribute to fatigue.

Sleep-Wake Disturbances
“Sleep-wake disturbances is a general term used to describe the symptom
of perceived or actual alterations in night sleep with resultant daytime impairment” (Berger, 2009, p. E165). Sleep disturbances are defined as difficulty falling asleep, difficulty staying asleep, early awakening¸ or nonrestorative sleep (Palesh et al., 2010). The major types of currently recognized
sleep and arousal disorders include insomnia, sleep-related breathing disorders, hypersomnias, circadian rhythm sleep disorders, parasomnias, and
sleep-related movement disorders (Berger, 2009).
Sleep-wake disturbances are among the most common complaints of
people with cancer and are reported by 30%–88% of patients (Woodward,
2011). In fact, patients with cancer report sleep problems twice as often as
the general population (Woodward, 2011). Factors contributing to sleep disturbance may be related to disease, treatment, lifestyle, pain, depression, or
psychological issues. Despite the prevalence of this problem, it has received
little attention from healthcare practitioners and is underreported in 85%
of patients with cancer and continues to be assessed inadequately and undertreated by healthcare providers (Berger, 2009). Healthcare practitioners
recognize that it is occurring, but no practice guidelines are available that
are based on empirical data in this patient population (Clark, Cunningham,
McMillan, Vena, & Parker, 2004). Sleep-wake disturbances are recognized as
significant side effects of cancer treatment that affect physiologic as well as
psychological functioning.
The common sleep complaints heard from older adults are often diagnosed as insomnia. Insomnia is defined as difficulty falling asleep or staying
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asleep or having nonrestorative sleep, resulting in daytime dysfunction (Ancoli-Israel & Ayalon, 2006). Insomnia may be a primary sleep disorder or a
symptom of one of many other sleep disorders, such as one of many sleeprelated breathing disorders. Insomnia in adults with cancer is associated
with fatigue, increased anxiety and depression, and decreased QOL with the
co-occurrence of pain and has been associated with increased risk of morbidity (Palesh et al., 2010; Wielgus, Berger, & Hertzog, 2009).
Studies examining the prevalence of sleep disturbances in chronic disease found the complaint of difficulty falling asleep in 66% of patients with
chronic pain and difficulty staying asleep in 85% of patients with chronic
pain and 44% of patients with cancer (Ancoli-Israel & Ayalon, 2006).
Individuals with cancer are disproportionately affected by sleep disturbances compared to the general population (Garland, Carlson, Antle, Samuels, &
Campbell, 2011). Patients with cancer report that sleep-wake disturbances occur during all phases of cancer care and may even occur before treatment begins because of increased anxiety (Gibbins et al., 2009). Although the physiology and purpose of sleep are not completely understood, many researchers
agree that sleep plays a significant role in hormone secretion, thermoregulation, and immune modulation (Hearson & Sawatzky, 2008).
Nurses are often the first healthcare team members to hear a patient’s
complaint of a sleep disturbance. Although nurses may be aware that patients are having problems getting a good night’s sleep, they may not realize the extent of these effects on daytime wakefulness, functional ability, and
QOL. Sleep disturbances may persist for years and, when combined with already high levels of cancer-related distress, may place cancer survivors at a
higher risk for future psychopathology, health problems, and poorer QOL
(Garland et al., 2011). Insomnia in patients with cancer has been associated with increased risk of death and loss to follow-up (Kozachik & BandeenRoche, 2008). Therefore, nurses should regularly assess the sleep needs of
patients and provide interventions as needed.
Insomnia and excessive daytime sleepiness are common complaints for patients with cancer. Insomnia can be related to difficulty falling asleep, staying
asleep, or frequent awakenings. Daytime sleepiness is defined as the inability to stay awake and alert during the major waking episodes of the day. Thus,
the healthcare practitioner should work with the individual to find the causes
and unique treatments (Vena, Parker, Cunningham, Clark, & McMillan, 2004).

Measurement of Sleep-Wake Disturbances
Some clinicians believe that because insomnia is so prevalent it should be
considered another vital sign and be assessed routinely (Reeve & Bailes, 2010).
Defining the measurement of sleep-wake disturbance is necessary to set parameters related to a patient’s complaints. Berger et al. (2005) listed the nine
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parameters of sleep disturbance: “total sleep time, sleep latency, awakenings,
wake time after sleep onset, napping during the day, excessive daytime sleepiness, quality of perceived sleep, stability of circadian rhythms, and sleep efficiency” (p. E102). Because of the complex nature of insomnia symptoms, no
single item or parameter is recommended to screen for sleep-wake disturbances in patients with cancer or in the general population (Sateia & Lang, 2008).
Sleep quality is a perception; therefore, examining patients objectively
and subjectively is essential. Several objective tools have been validated in recent years for use with patients that have cancer in clinical and research settings. The Pittsburgh Sleep Quality Index, Insomnia Severity Index, Clinical
Sleep Assessment for Adults, and maintenance of a two-week daily diary of
sleep perception are examples (Berger, 2009). The Pittsburgh Sleep Quality Index is a tool that measures sleep quality and disturbances over a onemonth period using self-reports and has been validated in patients with cancer (Woodward, 2011).

Nonpharmacologic Interventions
The use of nonpharmacologic interventions such as cognitive behavioral therapies, complementary therapies, education or information, and exercise is limited because of the lack of randomized controlled trials of sleep
disorders in people with cancer. Larger randomized controlled trials are
needed. However, nonpharmacologic interventions are considered likely to
be effective in reducing sleep-wake disturbances in adult patients with cancer (Berger, 2009). Cognitive behavioral therapy is designed to eliminate
the perpetuating factors responsible for chronic insomnia (Berger, 2009).
Cognitive behavioral therapies assist in changing the way a person responds
to stimuli by using relaxation techniques. Complementary therapies using
yoga, guided imagery, and healing touch also show promise and need further evaluation.

Pharmacologic Interventions
Treatment should be focused on any etiologies that may be causing the
person not to sleep. Assessing and treating the person’s pain or anxiety is the
first step in treating insomnia. When the main complaint is insomnia, hypnotics are the most commonly prescribed medications (Hamilton, 2010).
These include benzodiazepines that have a shorter half-life (e.g., temazepam, triazolam, clonazepam, oxazepam) and nonbenzodiazepine hypnotics
(e.g., zolpidem, zaleplon, eszopiclone), which are sometimes referred to as
Z drugs that are marketed as anxiolytics. They are the first choice for sleepinitiation problems or short-term insomnia because of their sedating effects
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(Donovan & Jacobsen, 2007). The half-life of these drugs can vary. Some
benzodiazepines, such as bromazepam, clonazepam, and diazepam, have a
long half-life (20–100 hours) (Hamilton, 2010). Benzodiazepines can cause
daytime sleepiness and impair waking cognitive and motor function. Nonbenzodiazepine medications, including neuroleptics such as olanzapine and
quetiapine, and sedating antidepressants such as amitriptyline, trazodone,
and mirtazapine are effective for insomnia. Psychostimulants such as methylphenidate may be used to counter daytime sleepiness and sedation but can
cause insomnia in some.
No clear evidence has shown that one type of hypnotic is superior to another. The use of hypnotics, however, can cause rebound insomnia and anxiety. Oncology nurses should be familiar with research studies and the effectiveness of complementary and alternative medicine interventions to better
assist patients and their caregivers to make informed decisions. More clinical research is needed to understand sleep-wake disturbances in hospitalized patients with cancer.

Anxiety and Distress
Anxiety is a generalized mood condition that can often occur without an
identifiable triggering stimulus. Symptoms of anxiety may include heart palpitations, muscle weakness and tension, fatigue, nausea, chest pain, shortness of breath, stomach aches, or headaches. The body prepares to deal
with a threat: blood pressure and heart rate are increased, sweating is increased, blood flow to the major muscle groups is increased, and immune
and digestive system functions are inhibited (the fight or flight response).
Signs of anxiety may include pale skin, sweating, trembling, and papillary dilation. All patients with cancer experience some level of anxiety associated
with cancer and its treatment at all stages of the disease. Studies have found
that 20%–40% of patients with cancer experience significant levels of anxiety (Holland & Alici, 2010).
NCCN has developed guidelines for distress and a distress tool to help
clinicians identify, evaluate, and treat distress (NCCN, 2012c). The distress
thermometer (DT) examines the patient through the continuum of care.
The thermometer assesses the patient’s vulnerability, sadness, fear, depression, anxiety, panic, social isolation, and existential and spiritual crises. If the
thermometer reads greater than 4 for moderate or severe distress, a mental
health professional or chaplain should be consulted (NCCN, 2012c).
Anxiety in cancer can be induced by metabolic conditions such as low
blood sugar, hyperkalemia, hyponatremia, and vitamin deficiencies. It can
be related to the malignant process in CNS neoplasms, pulmonary diseases, cardiovascular ailments, and pain, or induced by pharmaceuticals like
some bronchodilators, corticosteroids, antipsychotics, and antiemetics such
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as metoclopramide (Holland & Alici, 2010). Anxiety is expected to affect
psychological and physical health and may undermine interpersonal relationships with family, friends, and formal and informal caregivers (Spencer,
Nilsson, Wright, Pirl, & Prigerson, 2010). Patients may not be able to process critical information regarding their diagnosis or treatment plan due
to their anxiety or depression. As caregivers, nurses need to be mindful
that the patient may not be able to engage in meaningful dialogue regarding treatment planning, rationale, alternatives, and concerns if he or she
is dealing with a significant anxiety.

Nonpharmacologic Interventions
Deep breathing, guided imagery, aromatherapy massage, meditation, biofeedback, and exercise are useful techniques to help reduce stress and anxiety. Aromatherapy massage has been shown to relieve self-reported symptoms
of anxiety in the immediate aftermath of therapy, and patients perceive aromatherapy massage as positive and beneficial (Wilkinson et al., 2007).

Psychopharmacology
Treatment of anxiety in patients with cancer depends on the etiology and
timing of onset of symptoms (Holland & Alici, 2010). The clinician needs
to rule out all causes of anxiety before using pharmaceuticals. The combination of medications and biofeedback is essential to address the underlying causes of anxiety. First-line pharmacologic treatments for the majority of
anxiety disorders are the selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors. Sedative-hypnotics are commonly employed for anxiety disorders but are frequently reserved for short durations and targeted symptoms (e.g., insomnia) because of the potential for
abuse, dependency, withdrawal reactions, and cognitive impairment (Breier, 2011).

Depression
Definition
According to the World Health Organization (n.d.), “Depression is a
common mental disorder, characterized by sadness, loss of interest or pleasure, feelings of guilt or low self-worth, disturbed sleep or appetite, feelings of tiredness, and poor concentration” (para. 1). These problems can
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be chronic or recurrent and lead to substantial impairments in individuals’
ability to take care of their everyday responsibilities. Clinical depression is
the most common psychiatric disorder among patients with cancer and is associated with significant functional impairment (Hopko et al., 2008). Furthermore, 25%–30% of patients with cancer experience emotional distress,
maladaptive coping strategies, and psychiatric disorders such as anxiety and
depression (Arehart-Treichel, 2012).
A cancer diagnosis is a life-altering event that can cause extreme distress.
For some, cancer not only means sickness for a length of time but also the
possibility of death. These events could affect the patient’s behavior, leading to social regression, poor medical compliance, and even suicide—responses that decrease QOL and potentially interrupt treatment, resulting
in a less than desirable outcome (Zhou et al., 2010). Depression prevalence
is attributed to several factors: cultural and ethnic characteristics of the patients, their religious attitudes, socioeconomic status, personality traits, coping styles, social support, cancer site, age, disease stage, time from diagnosis,
and cancer treatment and its side effects (Pasquini & Biondi, 2007).

Assessment
Several instruments are used to identify depression such as the Beck Depression Inventory and the Hospital Anxiety and Depression Scale (Vodermaier, Linden, & Siu, 2009). These scales were specifically designed to identify symptoms in nonpsychiatric medical outpatients. Patients with symptoms
of depression may not fulfill the American Psychiatric Association’s (2013)
Diagnostic and Statistical Manual of Mental Disorders criteria for depressive disorder. Complaints of negative mood with low energy, poor concentration,
loss of interests, memory disturbances, low self-esteem, feelings of guilt, hypochondriac preoccupation, sleep and appetite disturbances, and hopelessness are the most common symptoms of major depressive disorder (Pasquini
& Biondi, 2007). Major depression symptoms include fatigue, loss of energy
almost every day, feelings of guilt, impaired concentration, indecisiveness,
insomnia or hypersomnia, psychomotor agitation or retardation, recurring
thoughts of suicide, and significant weight loss or gain of 5% or more (Pasquini & Biondi, 2007).

Causes
Depression can be situational or related to brain changes that involve serotonin, a chemical affecting the neurotransmitters that aids the brain in
coping with emotions. Tissue damage and immune response caused by a
malignancy can result in the release of proinflammatory cytokines that lead
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to various behavioral responses including depression and cognitive impairment (Dantzer & Kelley, 2007; Myers, 2008).

Treatment
Psychosocial and pharmacologic interventions have been shown to be efficacious in treating depression in patients with cancer, but further research
is needed to establish their relative and combined benefit (Li, Fitzgerald,
& Rodin, 2012). Pharmacologic therapy includes heterocyclic compounds
such as imipramine, amitriptyline, and doxepin. Monoamine oxidase inhibitors include isocarboxazid, phenelzine, and selegiline. Selective serotonin
reuptake inhibitors include citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline. Serotonin-norepinephrine reuptake inhibitors include desvenlafaxine, duloxetine, and venlafaxine. Psychosocial
interventions including biofeedback and counseling seem to have a slight
impact on well-being, QOL, and depressive symptomatology but not on
overall survival (Reich, 2008).

Chemotherapy-Related Cognitive Impairment
Cognitive impairment is defined as “chemotherapy-related changes in
the brain that affect a patient’s ability to think, concentrate, formulate ideas,
reason, and remember” (Becze, 2012, para. 1). It is also known as “chemobrain.” As many as 83% of breast cancer survivors who have received chemotherapy report some degree of cognitive dysfunction (Jenkins et al., 2006).
Cognitive changes can affect a survivor’s QOL. Most patients report shortterm memory loss. Chemobrain can occur at the start of chemotherapy or
months later. The changes most experienced by patients were mental fogginess, difficulty concentrating, trouble with memory, inability to multitask or
do mathematical calculations, and a decreased sense of direction when driving (Myers, 2012).
Chemobrain is most likely not due to one cause. It is speculated that
many different problems can worsen brain function. There is not a lot of research on this topic, and even though it is becoming a more accepted term,
chemobrain is not completely understood. Some possible contributing factors include the cancer itself, antinausea medications, age, stress, low blood
counts, sleep disturbances, infections, depression, fatigue, hormone changes or treatments, other comorbid conditions such as hypertension, nutritional deficiencies, anxiety, and emotional distress (American Cancer Society, 2012). Few educational tools are available, and oncology nurses have
acknowledged lack of access to appropriate patient and family educational
materials (Myers & Teel, 2008).
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Management
Because chemobrain affects short-term memory, patients need day-today coping strategies. It is suggested that patients write things down, keep
a personal daily planner, keep everything important in one place, and set
up and follow routines (American Cancer Society, 2012). Word puzzles, Sudoku, and chess may help cognitive function, and rest may be beneficial as
well. Patients report experiencing more mental “cloudiness” when they are
fatigued. Exercise is encouraged not just for the body but for the mind as
well, and it improves mood (American Cancer Society, 2012). The American Cancer Society (2012) suggests that patients tell people that they are
experiencing chemobrain, and patients should not be hard on themselves.
Healthcare providers who are prescribing and administering chemotherapy are advised to tell patients that chemobrain is a possible side effect of
treatment and that a mild cognitive impairment may resolve within a short
time (American Cancer Society, 2012). The more information that patients
receive, the less frightening the experience will be and they will not feel like
they are “going crazy.” Support from others that are going through this or
have survived it will validate their experience. Most importantly, everyone
receiving chemotherapy responds differently and needs to be aware of chemobrain.

Prevention
Research is ongoing regarding chemobrain. At this time, no preventive
measures are available. It seems to more frequently affect patients receiving
high doses of chemotherapy and brain irradiation (American Cancer Society, 2012).

Pain
Cancer-related pain originates from a number of sources. It is beyond the
scope of this chapter to provide a full discussion of cancer-related pain. The
following discussion will be limited to pain as a side effect of cancer treatment with chemotherapy or biotherapy.
In general, chemotherapeutic agents do not normally cause pain while
being infused. The nurse should interpret any reports of pain or discomfort during chemotherapy administration by peripheral or central venous
access as a possible indication of extravasation of the agent. The infusion
should be stopped immediately and measures taken to limit tissue damage
(Polovich et al., 2014) (see Chapter 3). Two drugs which have been identified as irritants with vesicant properties include oxaliplatin and vinorelbine.
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Vinorelbine been classified as both an irritant and a vesicant, and oxaliplatin
is considered an irritant with possible vesicant activity (Polovich et al., 2014).
Guidelines for administration of these drugs should follow those outlined in
Chapter 3.

Painful Peripheral Neuropathy
Chemotherapy-induced peripheral neuropathy (CIPN) has been recognized as a dose-limiting toxicity of several commonly used chemotherapy
groups: platinum analogs, vinca alkaloids, proteasome inhibitors, sedativehypnotics, epothilones, and taxanes (Wolf, Barton, Kottschade, Grothey,
& Loprinzi, 2008). Of these groups, the drugs most commonly associated
are paclitaxel, nanoparticle albumin-bound paclitaxel, cisplatin, vincristine,
bortezomib, thalidomide, lenalidomide, ixabepilone, and oxaliplatin (Kaley & DeAngelis, 2009).
Peripheral neuropathy (PN) refers to any injury, inflammation, or degeneration of nerves outside of the brain and spinal cord (Biedrzycki, 2010).
Anatomically, two different types of peripheral nerve fibers exist: small fiber nerves and large fiber nerves. Small fiber nerves sense pain and temperature, whereas large fiber nerves sense position and vibration along with
motor control. A common clinical course begins with paresthesia (tingling,
burning, pricking, or numbness) and dysesthesia located in the toes and fingers. These symptoms spread proximally to affect both lower and upper extremities in a characteristic stocking-glove distribution (Wolf et al., 2008).
Similar to patients with diabetic neuropathy, patients with PN present with
complaints of a distal symmetrical burning pain, disproportionately present
in the hands and feet. However, unlike neuropathic pain associated with diabetes, which starts in the feet and spreads to the hands over months to years,
CIPN often begins simultaneously in the hands and feet (Bennett, 2010).
A number of factors may influence the incidence of CIPN in patients receiving neurotoxic chemotherapy including age, dose intensity, cumulative
dose, therapy duration, coadministration of other neurotoxic chemotherapy agents, and preexisting conditions such as diabetes and alcohol abuse. In
addition, symptoms may resolve completely, be only partly reversible, or, in
other cases, are not be reversible at all (Kannarkat, Lasher, & Schiff, 2007;
Wolf et al., 2008). The neuropathy can be sensory, motor, or both. Autonomic nerves also may be affected, resulting in constipation, urinary retention,
sexual dysfunction, and blood pressure alterations.
Cisplatin affects the large sensory fibers, primarily causing changes in the
sense of position and vibration. The neuropathies usually occur after four to
seven months of cisplatin treatment, but neuropathies have been reported
after the first dose of cisplatin or three to eight weeks after the last dose of
cisplatin (Clinical Pharmacology, 2012). Coasting is a phenomenon in which
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the symptoms occur even after stopping a neurotoxic chemotherapy agent
(Farquhar-Smith, 2011). At least 80% of patients are expected to have some
recovery, although it may take months or years (Farquhar-Smith, 2011).
Oxaliplatin is a platinum compound that is associated with two types
of neuropathy. The first is an acute, reversible, primarily peripheral sensory neuropathy that is of early onset, occurring within hours or up to 14
days of dosing (Biedrzycki, 2010; Polovich et al., 2014; Wilkes & BartonBurke, 2011). It resolves within 14 days and frequently recurs with further
dosing. These symptoms may be precipitated or exacerbated by exposure
to cold temperature or cold objects. Symptoms include a transient paresthesia, dysesthesia, and hypoesthesia of the hands, feet, perioral area, or
throat. Patients should be instructed to avoid cold drinks and use of ice
and should cover exposed skin prior to exposure to cold temperature or
cold objects for three to five days after administration (Wilkes & BartonBurke, 2011).
The second form of neuropathy is a persistent (more than 14 days), primarily peripheral, sensory neuropathy that is usually characterized by paresthesia, dysesthesia, and hypoesthesia but also may include deficits in proprioception that can interfere with daily activities (e.g., writing, buttoning,
swallowing, walking). This type of neuropathy, a distal sensory neuropathy
involving primarily large fibers, is similar to that seen with cisplatin (Farquhar-Smith, 2011). Persistent neuropathy can occur without any prior acute
neuropathy event.
The taxanes, particularly paclitaxel, can cause PN. Paclitaxel primarily
affects small fibers, causing loss of pain and temperature sensation; however, injury to large fibers associated with motor control may occur. A generally accepted theory is that paclitaxel disrupts microtubule assembly and as
a consequence of its administration, impairment in neuronal development
and function occurs (Reyes-Gibby, Morrow, Buzdar, & Shete, 2009). The development of sensorimotor neuropathy is dependent on the administration schedule and cumulative dose of paclitaxel and whether it is combined
with other neurotoxic agents (Kautio, Haanpaa, Saarto, & Kalso, 2008). Patients may report a burning or tingling pain, primarily in the hands and feet,
which can be worsened by normal stimuli. In extreme cases, patients may
have difficulty walking, which may be accompanied by weakness and loss of
motor reflexes.
PN has been reported with all the vinca alkaloids; however, the neurotoxic potential is greatest with vincristine (Farquhar-Smith, 2011). Its neurotoxic effects are on both small and large fibers, usually with a stronger effect
on small fibers. Presenting symptoms are loss of pain and temperature sensation; however, motor symptoms may be associated with these sensory deficits. Thus, paresthesia in the hands or feet, motor weakness or foot drop, or
coasting may occur. Cranial nerve effects, although rare, may occur including jaw pain, vocal cord palsy, or extraocular palsy (Biedrzycki, 2010).
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Bortezomib, a proteasome inhibitor, is highly neurotoxic, and its use often leads to dose reduction or even stopping treatment (Farquhar-Smith,
2011). It causes a sensory neuropathy with sensory changes such as elevated touch detection (hyperesthesia), elevated heat pain thresholds, and pain
(Cata et al., 2007). Onset occurs at any time after treatment but usually after the second cycle, with most bortezomib-induced PN (BIPN) developing
before the fifth cycle. Coasting has been reported to occur in 8% of patients
(Farquhar-Smith, West, & Sohanpal, 2010). Histologic examination shows
pure small fiber neuropathy and mixed small and large fiber involvement
(Richardson et al., 2009). The incidence of pain with BIPN is high—up to
50% (Richardson et al., 2010). In addition, up to 10% of patients present
with postural hypotension related to autonomic dysfunction (Mohty et al.,
2010), which also may lead to dose reduction. Recovery is variable and appears to follow two main patterns. As many as 80% of patients may become
asymptomatic after stopping bortezomib (around three to four months),
but some patients with severe neuropathy may have limited or delayed recovery (Chaudhry, Cornblath, Polydefkis, Ferguson, & Borrello, 2008).
Thalidomide, an immunomodulatory agent, acts by angiogenesis through
tumor necrosis factor-alpha and causes a sensory fiber length-dependent
neuropathy. Sensory loss and painful paresthesia occur in 20%–70% of patients (Farquhar-Smith, 2011). However, unlike other CIPN, its incidence
is related to daily dose and not cumulative dose, and there is less potential
for recovery (Farquhar-Smith, 2011; Velasco & Bruna, 2010). Thalidomide
is frequently the cause of preexisting neuropathy in patients receiving bortezomib and may increase the incidence and severity of BIPN (El-Cheikh et
al., 2008). Paradoxically, some evidence shows that thalidomide may be protective for the development of BIPN (Badros et al., 2007).

Assessment of Peripheral Neuropathy
Before administering a chemotherapeutic agent known to induce neurotoxicity, a baseline examination should occur (Visovsky, Collins, Hart, Abbott, & Aschenbrenner, 2009). The diagnosis of CIPN is usually made based
on clinical history and examination (Farquhar-Smith, 2011). Several neurotoxicity grading scales are available, including the CTCAE (NCI CTEP,
2010), the Eastern Cooperative Oncology Group (2007) Common Toxicity Criteria, and the Total Neuropathy Score (Cavaletti et al., 2007). In addition, the Functional Assessment of Cancer Therapy/Gynecologic Oncology Group–Neurotoxicity subscale has been condensed to a four-item scale
(Huang, Brady, Cella, & Fleming, 2007). Patients should be assessed at every
treatment and follow-up visit. This examination should include a review of
risk factors, symptoms, and assessment of both large and small fiber peripheral nerve function (Biedrzycki, 2010).
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Prevention and Reduction of Peripheral Neuropathy
Compared to other neuropathies or neuropathic pain syndromes, there
is a resemblance of CIPN to diabetic neuropathy with similar stocking-glove
distribution and pain, paresthesia, and dysesthesia. However, treatments for
diabetic neuropathies are not necessarily helpful for preventing or treating
PNs associated with chemotherapy (Wolf et al., 2008). Several agents have
been evaluated for prevention of or reduction in symptoms related to PN.
Although some may result in modest benefits for particular types of CIPN,
there had not been a recommendation or a designation of “likely to be effective” for any standard treatment to prevent or reduce the incidence of CIPN
until a phase III trial with the antidepressant duloxetine (Smith et al., 2012;
Visovsky et al., 2009). In this study, duloxetine relieved pain associated with
CIPN in 59% of patients, representing the first time a drug demonstrated efficacy in painful CIPN. It is theorized that by increasing the amount of serotonin and norepinephrine in the brain, duloxetine may inhibit the ascent
of painful stimuli from the peripheral system to the brain. Participants were
given a 30 mg oral dose daily for one week followed by 60 mg for four additional weeks (Smith et al., 2012).
The combination of 1 g calcium gluconate and 1 g magnesium sulfate
mixed in the same bag and infused IV immediately before and after oxaliplatin is presently being used in many cancer centers in an effort to decrease
the incidence of CIPN (Wolf et al., 2008). The theory behind its use is that
increasing the concentration of extracellular calcium has been demonstrated to facilitate sodium channel closing and thus would potentially decrease
the observed oxaliplatin-induced hyperexcitability of peripheral neurons
(Wolf et al., 2008). There are data to support that IV calcium and magnesium are effective for preventing oxaliplatin-induced neurotoxicity and
that this treatment does not interfere with oxaliplatin-based antitumor activity (Wolf et al., 2008); however, further studies are needed (Gamelin, Boisdron-Celle, & Morel, 2008; Grothey et al., 2009; Knijn et al., 2011). In addition, prolonging the infusion time of oxaliplatin from two to six hours may
decrease the neurotoxic effects of oxaliplatin (Petrioli et al., 2008). Other
agents that have shown some degree of effectiveness in the prevention of
CIPN, but for which further studies are needed, include vitamin E, glutamine, glutathione and N-acetylcysteine, gabapentin, pregabalin, and oxcarbazepine.

Myalgia and Arthralgia
Patients experiencing myalgia and arthralgia complain of aching in legs
and joints. Taxane-induced arthralgia and myalgia, a complex symptom that
has been described in up to 58% of patients receiving paclitaxel, may repre-
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sent a clinical challenge (Wolf et al., 2008). Arthralgia and myalgia are commonly recognized toxicities with bothersome subacute aches and pains, but
ones that are not well recognized as being neurologic toxicities. These symptoms generally begin one to three days after taxane drug administration and
usually are self-limited, often resolving within seven days. Symptoms have
been described in large axial muscular and joint regions and generally are
not accompanied by objective musculoskeletal or neurologic examination
changes (Wolf et al., 2008).
Studies of paclitaxel administered to animals have demonstrated that
nerve injury occurs within 24 hours of administration (Jimenez-Andrade et
al., 2006; Peters et al., 2007). This led to speculation that nerve injury in humans is due to a pathologic process affecting nerve tissue resulting in neurologic injury rather than an injury to muscles or joints (Loprinzi et al., 2007).
This paclitaxel-induced acute pain syndrome has commonly been treated
with NSAIDs, acetaminophen, or opioid pain medications.
Myalgia occurs occasionally with docetaxel, vincristine, vinorelbine, and
other vinca alkaloids. Arthralgia and headaches have been reported with
topotecan, and back pain and headache have been reported with irinotecan. In addition, bone pain has been reported with the use of a colony-stimulating factor (CSF) such as filgrastim, pegfilgrastim, or sargramostim.

Skin Alterations
Rash
Rashes related to chemotherapy and biologic therapies may occur in patients. The rashes may be macular, papular, or erythematous, which could
include follicular or pustular lesions. In the recent literature, rashes have
been reported more frequently, largely because of the use of epidermal
growth factor receptor inhibitors (EGFRIs) (Peuvrel et al., 2012). On the
basis of the binding site, EGFRIs can be divided into two classes: monoclonal antibodies such as cetuximab and panitumumab that bind extracellularly, and small molecule tyrosine kinase inhibitors that competitively inhibit
adenosine triphosphate binding such as erlotinib, gefitinib, and lapatinib.
This discussion will focus on the most commonly reported rash, a papulopustular or acneform rash that affects more than 80% of patients receiving these targeted agents (Joshi et al., 2010). Although less than 20% of patients have a severe reaction (CTCAE grades 3 or 4), it is generally visible,
affecting primarily the sebaceous areas on the scalp, face, and upper trunk
(Peuvrel et al., 2012). The rash may be associated with symptoms of irritation, pain, stinging, and itching, which may significantly impact the patient’s
QOL (Joshi et al., 2010; Peuvrel et al., 2012). In severe cases, the rash could
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extend to other parts of the body. It typically presents within two weeks of
starting EGFRI therapy and begins as skin redness and swelling progressing
to an acne-like appearance with pus in the center. It may be accompanied by
itching and could be complicated by secondary bacterial infection. In onethird of patients, the rash may cause significant discomfort, and up to 10%
of patients may require treatment interruption or discontinuation (Tianhong & Perez-Soler, 2009). In general, patients treated with EGFR monoclonal antibodies have more frequent and severe skin rashes patients treated
with small molecule EGFR tyrosine kinase inhibitors.
It is very important to grade the various forms of skin toxicity accurately in order to provide rapid, appropriate treatment. A retrospective analysis
demonstrated that 26 management approaches were used to treat EGFRIassociated rash, highlighting the lack of evidence-based data and agreement
among physicians (Solomon & Jatoi, 2011). In 2010, Lacouture et al. reported a significantly decreased incidence of grade 2 or greater skin toxicities by
using a treatment regimen that consisted of oral doxycycline, topical hydrocortisone 1%, a moisturizer, and sunscreen in patients on panitumumab. In
this study, doxycycline was administered preemptively at the onset of EGFRI
therapy and was shown to be superior to reactive therapy after occurrence of
the typical papulopustular rash.
In general, treatment for a papulopustular rash in most settings includes
an oral tetracycline and topical corticosteroids. If unsuccessful, oral prednisone and an oral retinoid may be used (Wu, Balagula, Lacouture, & Anadkat,
2011). Some randomized controlled trials have demonstrated treatments
that have proved to be ineffective. Treatment for a cetuximab-induced rash
with tazarotene has not been shown to have any benefit (Scope et al., 2007).
Acne medication such as benzoyl peroxide and topical retinoids may exacerbate burning, itching, and xerosis, and therefore are discouraged (Scope et
al., 2007). The use of pimecrolimus in patients with cetuximab-induced papulopustular rash has not demonstrated any statistical difference in patients’
symptoms of burning, pruritus, and xerosis (Scope et al., 2009). Research by
Jatoi et al. (2010) revealed no decrease in the incidence or severity of papulopustular rash in patients using sunscreen at the onset of EGFRI therapy.

Palmar-Plantar Erythrodysesthesia
Pain may be caused by cutaneous toxicity from several antineoplastic
agents. Palmar-plantar erythrodysesthesia (PPE), also called hand-foot syndrome, is a painful reaction involving the skin of the hands and feet. It occurs most commonly with infusional 5-FU or doxorubicin; floxuridine, used
almost exclusively via hepatic artery administration to treat colon cancer
metastatic to the liver; capecitabine; liposomal encapsulated doxorubicin;
docetaxel; and sorafenib. Symptoms of PPE include blanching of the skin,
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swelling, pain, erythema, and skin desquamation of the hands and feet. It
may progress to ulceration and difficulty in ambulating or grasping objects.
It typically occurs after two to three cycles of treatment but may occur earlier and may last up to one to two weeks (Clinical Pharmacology, 2011b). In
most cases, it responds to dose reduction and a delay in the next dose; however, the reaction may be severe and necessitate discontinuation of therapy.
Recommendations for the prevention of hand-foot syndrome include the
use of emollients such as Bag Balm®, Aveeno®, Eucerin®, or Lubriderm® to
the hands and feet, avoiding exposure of the hands and feet to heat such as
hot water for 24 hours before and 72 hours after treatment with liposomal
doxorubicin, avoiding activities that cause rubbing of skin surfaces including
vigorous washing of skin, avoiding impact on the feet from activities such as
jogging, aerobics or jumping, and wearing loose-fitting clothes. For docetaxelassociated PPE, adherence to a three-day corticosteroid premedication schedule (8 mg twice daily starting one day prior to docetaxel) may reduce its occurrence (sanofi-aventis, 2010). Use of a Jacuzzi or steam bath should be avoided.
If hand-foot syndrome occurs, measures that may help to alleviate symptoms include cooling procedures, such as placing the palms of the hands or
soles of the feet on an ice pack, elevating the hands or feet, using acetaminophen or NSAIDs to relieve pain, and keeping hands and feet moisturized.
Topical steroids are not beneficial, and use of topical anesthetics or diphenhydramine-containing creams may exacerbate the skin reaction (Clinical
Pharmacology, 2011b).

Paronychia
Paronychia represents the earliest and most common form of ungual
lesion (Peuvrel et al., 2012). It refers to a painful inflammation of tissue
around the fingernails and toenails (especially the thumbs and great toes)
(Polovich et al., 2014). It is characterized by a warm, tender, erythematous,
painful border around the nail, which is sometimes associated with serous
discharge. It may be compounded by infection due to Staphylococcus aureus,
gram-negative bacilli, or more rarely, Candida albicans (Segaert et al., 2009).
It commonly develops in the second month of treatment and generally affects several fingers of a patient (Segaert et al., 2009).
Paronychia has been observed in patients receiving chemotherapy including docetaxel, methotrexate, doxorubicin, bleomycin, hydroxyurea,
and cyclophosphamide (Polovich et al., 2014). It has also been observed in
10%–30% of patients receiving EGFRIs (Peuvrel et al., 2012). Although paronychia has been observed with all EGFRIs, it seems to occur more frequently with cetuximab and gefitinib, although this has not been confirmed in
studies (Peuvrel et al., 2012). Paronychia may be prevented by wearing comfortable shoes, avoiding friction or pressure on the nail fold, and keeping
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hands dry. Treatment may include hot soaks, cushioning to provide comfort,
Epsom salt soaks, and the use of topical antiseptic or antibiotic ointments
(Polovich et al., 2014).

Hypertrichosis
Hypertrichosis refers to excessive hair growth in normally hairy, non–androgen-dependent regions of the body. The most common form is trichomegaly, a condition in which the eyelashes become longer, thicker, stiff, and
curly. Hypertrichosis occurs especially during treatment with EGFRI therapy. The main risk related to trichomegaly of the eyelashes is the onset of
conjunctivitis associated with mechanical irritation (Melichar & Nemcova,
2007). Patients should be instructed to see an ophthalmologist if eye irritations occur and eyelashes need to be trimmed (Braiteh, Kurzrock, & Johnson, 2008). Trichomegaly may involve the eyebrows, resulting in a thicker,
more rigid appearance, or an increase in facial and upper lip hair in women. Waxing or electrolysis may be recommended in these cases (Braiteh et
al., 2008).

Alopecia
Alopecia is an expected side effect of many chemotherapy agents but
one associated with psychological and emotional components (Lacouture,
2012). As many as 65% of patients undergoing chemotherapy will experience some degree of alopecia (Polovich et al., 2014). The extent will depend on the cytotoxic agent used, dosage, infusion type (bolus versus continuous infusion), mechanism of action of the drug, condition of the hair
prior to treatment, current or past radiation to the head, and the growth
phase of the affected hair follicle (Nail & Lee-Lin, 2010; Polovich et al.,
2014). Hair follicles are affected because they have a high mitotic rate, and
cytotoxic agents frequently affect cells in their proliferative phase; therefore, alopecia is an expected effect after the administration of many chemotherapy agents. The loss of hair may be sudden or gradual, and some
patients experience increased hair loss after the second cycle of chemotherapy (Lacouture, 2012).
When hair is affected, it most commonly results in loss of the hair that is
primarily in the growth phase (e.g., scalp and male beard) followed by hair
that is slower in growth (e.g., body hair followed by eyebrow hairs) (Nail &
Lee-Lin, 2010). Chemotherapy drugs commonly associated with alopecia include cytarabine, daunorubicin, docetaxel, doxorubicin, etoposide, idarubicin, ifosfamide, paclitaxel, and vindesine (Lacouture, 2012). Hair shedding
begins approximately one to three weeks after the administration of chemo-
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therapy, and hair regrowth usually begins about one to three months after
therapy completion (Polovich et al., 2014). Alopecia due to chemotherapy
is almost always reversible (Polovich et al., 2014). New hair may be different
from the original hair both in color and texture. This change is often temporary but can be permanent in some individuals (Lacouture, 2012). Although
strategies such as the avoidance of excessive brushing or combing, coloring,
or use of harsh shampoos are endorsed during the hair loss phase, it is unknown how useful these measures are in the prevention of hair loss (Polovich et al., 2014). When hair loss occurs, the use of wigs, turbans, and hats
may serve to protect the scalp from heat and cold and help the affected individual to cope better with the loss of hair.
Alopecia during EGFRI therapy is generally of mild to moderate intensity, of gradual onset, and diffuse or androgenic in nature resulting in a receding of the hairline and onset of temporal recession (Galimont-Collen,
Vos, Lavrijsen, Ouwerkerk, & Gelderblom, 2007). It can affect up to 50% of
patients (Peuvrel at al., 2012). Alopecia is nonscarring and does not induce
any definitive fibrosis, so hair can grow back after discontinuation of therapy
(Peuvrel et al., 2012).

Myelosuppression
Myelosuppression, or bone marrow suppression, is defined as a decrease
in the number of circulating blood cells, resulting in a clinically significant
reduction in neutrophils, thrombocytes, and erythrocytes (NCCN, 2013a).
Chemotherapy-induced myelosuppression includes anemia, thrombocytopenia, and neutropenia (NCCN, 2013a). Most chemotherapy agents cause
myelosuppression to varying degrees; however, certain drugs such as alkylating agents or nitrosoureas, which are active against both cycling (dividing) and noncycling (resting) cells, are known to cause more severe myelosuppression (NCCN, 2013a). Advanced age and certain risk factors, such as
disease in the bone marrow or prior treatment with chemotherapy or radiation therapy, may affect the severity of myelosuppression. Myelosuppression is the most common dose-limiting toxicity of cancer chemotherapy, and
its complications are a major cause of morbidity and mortality (Nirenberg,
Reame, Cato, & Larson, 2010).

Neutropenia
Neutrophils, a type of white blood cell, and other types of white blood
cells are made in the bone marrow and then circulate in the bloodstream.
Cancer and cancer treatment can cause a lowered number of neutrophils, resulting in neutropenia, which is the most common dose-limiting
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type of myelosuppression toxicity of chemotherapy (NCCN, 2013a). Neutrophils have a life span of only six to eight hours after they are released
into circulation. Because neutrophils serve as the first line of bodily defense against bacterial infections, a reduction in the neutrophil count
puts a patient at an increased risk for infection. A normal neutrophil
count (also called absolute neutrophil count [ANC]) is between 2,500/
mm3 and 5,000/mm3.
ANC defines the patient’s risk for infection. Neutropenia is defined as an
ANC less than 2,000/mm3 (Vachani, 2011), with the highest risk for infection occurring when the neutrophil counts drop below 100/mm3 (NCCN,
2013b). The point in time at which neutrophils are at their lowest level is
called the nadir, which, for most drugs, occurs 7–14 days after chemotherapy administration (NCCN, 2013b).
The nurse must calculate ANC based on the reported percentages of neutrophils in relation to the total number of white cells in the patient’s complete blood cell count (see Figure 13-3). For patients receiving repeating cycles of chemotherapy, blood counts must recover prior to giving the next

Figure 13-3. Calculation of the Absolute Neutrophil Count
Absolute neutrophil count (ANC) = % neutrophils × total number of white blood cells
(WBCs).
WBC count: Most laboratories report in thousands, with the notation “K” or “th”. Convert
to an actual number; this is the total WBC count.
% neutrophils: Refer to the differential blood count. Add segmented neutrophils (segs or
polys) and bands. (% segs + % bands) = % neutrophils.
Multiply the % neutrophils by the total WBC count. (Remember to remove two decimal
spaces for the %.) The result is the total or ANC.
Example:
Polys = 30%
Bands = 4%
WBC = 1.4 K/mm3
Compute ANC.
Answer:
1,400 × (0.30 + 0.04)
1,400 × 0.34
ANC = 476/mm3
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cycle. Chemotherapy is delayed if the ANC falls below an established level (usually 1,000–1,500/mm3) (Azoulay & Darmon, 2010). Most institutions
consider a patient to be neutropenic when the ANC is less than 1,000/mm3
and profoundly neutropenic when the ANC is less than 500/mm3. During
neutropenia, patients are at high risk for bacterial pneumonia or invasive
fungal infections, especially when neutropenia is prolonged (Azoulay & Darmon, 2010).
CSFs are a group of naturally occurring glycoproteins that function to regulate the growth and proliferation of the hematopoietic cells (Aapro, Cameron, et al., 2006). Specific CSFs act at points on particular cell lines to stimulate growth and maturation of that cell line. Granulocyte–colony-stimulating
factors (G-CSF) (filgrastim and pegfilgrastim) stimulate the maturation
and proliferation of granulocytes, while granulocyte macrophage–colonystimulating factor (GM-CSF) is a multilineage growth factor and supports
the differentiation of progenitors in the granulocyte-macrophage pathways
as well as megakaryocytic and erythroid progenitor cells (Clinical Pharmacology, 2011e). These biologic response modifiers have been produced using recombinant DNA technology and are administered to patients to reduce the severity and duration of neutropenia, thereby decreasing the risk
of febrile neutropenia (NCCN, 2013b).
The use of myeloid growth factor treatment should be determined based
on patient-specific risk factors: the nature of the patient’s underlying disease, the myelotoxicity of the planned chemotherapy, and the health status
and comorbidities of the patient. Recent evidence from a meta-analysis indicates that G-CSF can both prevent febrile neutropenia during the period of
chemotherapy and facilitate more intense chemotherapy for better cancer
treatment outcomes (Dale, 2012). CSF prophylaxis should be considered in
high-risk patients with a 20% or higher probability of developing neutropenia or with other neutropenic events potentially compromising treatment
by delay or dose reduction (Aapro, Cameron, et al., 2006; NCCN, 2013a).
The indications for prophylactic administration of G-CSF are based on various risk factors, including the degree of myelosuppression associated with
the chemotherapy regimen, the patient’s response to the regimen, and individual patient risk factors (e.g., age older than 65, poor performance status,
poor nutritional status, low albumin level, other comorbidities) (Vachani,
2011). Patients at intermediate risk for febrile neutropenia account for at
least 10%–20% of patients with neutrophil counts less than 100/mm3 who
will develop a bloodstream infection (Crawford et al., 2011).
Filgrastim and pegfilgrastim are FDA approved for the prevention of chemotherapy-induced neutropenia. Appropriate use should be determined by
reviewing the patient- and treatment-related risks, with consideration given
to the intent of the cancer treatment. Filgrastim administration should begin within one to three days after completion of chemotherapy and continue until post-nadir ANC recovery (NCCN, 2013a).
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Pegfilgrastim is a novel, long-acting, pegylated form of filgrastim. Because
it is a larger molecule, its use results in reduced clearance by the kidneys and
a longer duration of action in the bloodstream. Receptors on neutrophils
eliminate the pegfilgrastim protein; therefore, concentration of the drug remains elevated until the ANC has recovered. Once neutrophils are restored,
the pegfilgrastim is then cleared from the body. A single, subcutaneous injection of 6 mg is administered 24 hours after completion of chemotherapy
and given once per chemotherapy cycle (at least 14 days before the next cycle begins) (Amgen Inc., 2006). Patients receiving filgrastim or pegfilgrastim may experience bone pain as the counts recover. For most patients, 650
mg of acetaminophen or 400 mg of ibuprofen orally every four to six hours
will effectively manage bone pain (Bedell, 2003).
Sargramostim (Leukine®) was the first GM-CSF to become commercially
available. It stimulates growth and proliferation of a broader variety of white
cells ranging from immature hematopoietic progenitors to differentiated
neutrophils, monocytes, and eosinophils (Genzyme, 2009). Leukine is limited to use only following induction therapy for acute myeloid leukemia in
various stem cell transplantations (NCCN, 2013a).
Reducing Risk of Infection
The risk of infection increases with the severity and duration of neutropenia (Vachani, 2011). Most importantly, care of the patient with neutropenia includes good hand washing by all members of the healthcare team
(Saria, 2011). Because of the risk of infection, invasive procedures should be
avoided whenever possible. This includes procedures such as rectal temperatures, enemas, suppositories, and intramuscular injections. Many centers
recommend that patients avoid gardening, caring for pets (especially changing bird cages or cat litter boxes), having live flowers or plants in the house
or hospital room, and eating salads, raw fruits and vegetables, or other uncooked foods. A study by Smith and Besser (2000) determined that most institutions restrict diet, although criteria for implementation varied as did the
types of foods restricted.
Neutropenic patients are not only at higher risk for infection but also are
at higher risk of a fatal outcome. Without the protective function of neutrophils, infections may progress very rapidly. Septic shock can develop within
hours. Early recognition of symptoms of infection is vital. Patient education
includes the importance of monitoring temperatures at home and calling
the healthcare provider at the first evidence of fever or other symptom of infection. In patients with profound neutropenia (less than 500/mm3), a temperature of 100.4°F (38°C) is significant (Saria, 2011).
Assessment
Nursing assessment of the patient with neutropenia includes taking the
patient’s temperature and inspecting potential sites of infection. Inquire
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about symptoms such as cough, sore throat, frequency of or burning with
urination, diarrhea, anal or perineal discomfort, and any sore or tender areas. Inspect the skin, including skin folds and between the toes, venous access sites, and sites of any previous invasive procedure, for areas of redness or
discomfort. Be aware that patients with neutropenia sometimes will not produce pus, which consists primarily of neutrophils, so patients may not have
drainage from sites. Inspect the lips and oral cavity for blisters, redness, ulcers, or white patches. Listen to lung sounds, with attention to adventitious
breath sounds or decreased breath sounds. In addition, assess for symptoms
of septic shock, including a rapid heart rate, mottled or splotchy skin color,
presence or absence of fever, changes in mental status, rapid drop of blood
pressure, sweating, and chills (Parrillo, 1993).
Obtain blood cultures when the patient with neutropenia exhibits a fever or other symptoms of infection. Other sites may be cultured based upon
the nursing assessment. Broad-spectrum antibiotics may be started empirically for fever and neutropenia and changed to target the specific organisms
when culture results are reported (NCCN, 2013a).

Thrombocytopenia
Suppression of megakaryocytes and subsequent platelet production occurs in many patients receiving chemotherapy. Acute or delayed effects of
chemotherapy may cause these, and they usually occur with neutropenia. Patients most at risk for thrombocytopenia are those being treated for hematologic malignancies or receiving high-dose chemotherapy. Agents known to
cause thrombocytopenia as a dose-limiting toxicity include alkylating agents
such as carboplatin, cisplatin, thiotepa, and dacarbazine; antitumor antibiotics such as daunorubicin, doxorubicin, and mitomycin; taxanes such as
paclitaxel and docetaxel; antimetabolites such as gemcitabine; and nitrosoureas such as lomustine (Wilkes & Barton-Burke, 2011).
Normal platelet counts range from 150,000–400,000/mm3 (Malok, Titchener, Bridgers, Lee, & Bamberg, 2007). When the level is less than 50,000/mm3,
patients are at risk for bleeding with invasive procedures. A count of less
than 15,000/mm3 places the patient at severe risk for spontaneous hemorrhage (Rodriguez & Gobel, 2011). Chemotherapy-related patient education includes the potential for thrombocytopenia. Patients are encouraged
to monitor for bleeding, bruising, and petechiae. Platelet counts are monitored on a regular basis with regimens expected to produce thrombocytopenia and at the first evidence of bleeding, bruising, or petechiae (Polovich
et al., 2014).
In assessing patients who are thrombocytopenic, the nurse must look for
any evidence of bleeding. Bruising, conjunctival bleeding, petechiae, bleeding of gums, epistaxis, and prolonged bleeding from sites of procedures may
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indicate a falling platelet count. Stools, urine, and emesis should be assessed
for blood. Headache or change in level of consciousness may signal intracranial bleeding. Abdominal pain and rigidity are associated with an abdominal bleed. Vital signs should be monitored for signs of vascular compromise,
including tachycardia, tachypnea, hypotension, or widening pulse pressure
(Polovich et al., 2014).
Interventions for thrombocytopenia include administration of platelet transfusions. Platelet transfusion administration for counts of 10,000–
20,000/mm3 and no obvious bleeding is controversial. However, when platelet counts drop to less than 10,000/mm3, it is a nursing priority. When
invasive procedures are scheduled, it is customary practice to infuse platelets to increase the count up to 50,000/mm3 or to infuse platelets during
the procedure. If a patient experiences a fall or injury when platelet counts
are less than 50,000/mm3, immediate transfusion may be indicated. Platelet
products for infusion may include random donor platelets separated from
six to eight whole-blood donations or single donor platelets collected by
apheresis. Human leukocyte antigen (HLA)-matched platelets are obtained
from a single donor who has a partial HLA match with the recipient (Becker & Brunvand, 2008).
Routine nursing measures include providing bleeding precautions to patients, such as advising against activities that increase the risk of bruising
or injury. For example, encourage patients to use a soft toothbrush and an
electric razor and to exercise caution when handling sharp objects. Assist
patients who may be unstable and at risk for falls, and keep a light on at
night to reduce fall risk. Avoid invasive procedures, including rectal temperatures, suppositories, enemas, bladder catheterization, intramuscular injections, deep suctioning, and nasogastric tubes. When venipuncture or other invasive procedures are required, apply firm, direct pressure to the site
for at least five minutes. When a subcutaneous injection is required, use the
smallest needle possible and apply ice immediately afterward. Initiate a bowel program, including regular assessment, stool softeners, and laxatives, as
needed, to prevent constipation. Interventions to stop bleeding include the
use of ice packs, application of pressure, administration of platelets, and use
of topical thrombin products (Becker & Brunvand, 2008).
Oprelvekin (IL-11) is a growth factor that stimulates the proliferation of
hematopoietic stem cells and megakaryocyte progenitor cells and induces
maturation of megakaryocytes, resulting in increased platelet production
(NCCN, 2013a). Oprelvekin is given to prevent the development of severe
thrombocytopenia in patients with nonmyeloid malignancies who are receiving a chemotherapeutic agent likely to cause severe thrombocytopenia. The
drug is given subcutaneously at a recommended dose of 50 mcg/kg/day
starting 6–24 hours after chemotherapy is completed (NCCN, 2013a).
Side effects of oprelvekin are related to a shift in plasma volume and
may include weight gain, atrial arrhythmias, and transient anemia (NCCN,

808 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

2013a). Some patients experience visual disturbances. Patients with a history of atrial arrhythmias or those at risk for congestive heart failure require
careful consideration prior to the use of oprelvekin and close monitoring of
the drug if used. All patients receiving oprelvekin are monitored for weight
and fluid status changes, shortness of breath, dyspnea, fatigue, and eye irritation or discomfort (Wyeth Pharmaceuticals, 2012).

Anemia
Anemia is a frequent complication of cancer that results from the disease or cytotoxic treatment regimens. If untreated or not managed properly, anemia can lead to physical and functional impairment, with fatigue
and exhaustion being the most common symptoms (Pronzato et al., 2010).
An estimated 65% of patients receiving chemotherapy will develop anemia
(Fromer, 2005). Risk is greatest in patients receiving myelosuppressive drugs
(e.g., those that produce neutropenia and thrombocytopenia) and in patients who have received multiple cycles of chemotherapy.
RBCs have a longer life than neutrophils or platelets. Although RBCs normally live approximately 120 days, their survival decreases to approximately
60–90 days in people with cancer (Fromer, 2005). The bone marrow also is
less able to produce replacement erythrocytes (Fromer, 2005). This, in addition to the effects of chemotherapy, further increases a patient’s risk for anemia, which may significantly affect a patient’s QOL.
Nephrotoxic drugs also increase the risk of anemia because of decreased
erythropoietin production in the kidneys. Erythropoietin is a glycoprotein
hormone that controls erythropoiesis or red blood cell production. It is also
called hematopoietin and is produced by the interstitial fibroblasts in the kidney (Jelkman, 2007).
Anemia is one cause of cancer-related fatigue, as discussed previously. Patients are taught to report symptoms of anemia, including fatigue, shortness
of breath, or palpitations on exertion. Nursing assessment includes evaluating
levels of fatigue, skin color, heart rate, respiratory rate, and presence of dyspnea (Becker & Brunvand, 2008). Laboratory values, however, remain the best
way to evaluate for chemotherapy-induced anemia and should be assessed in
patients at risk. Early intervention of anemia, when hemoglobin levels are 10
g/dl, results in greater symptom improvement and fewer transfusions than
when treatment is begun after the hemoglobin level has fallen below 10 g/dl
(late intervention) (Becker & Brunvand, 2008; Lyman & Glaspy, 2006).
The treatment of anemia caused by myelosuppressive chemotherapy was
previously limited to transfusion of RBCs. Although transfusion is helpful
and necessary when hemoglobin levels are very low, associated risks exist.
Transfused red cells do not live long; therefore, hemoglobin levels increase
after transfusion and fall again shortly thereafter. Although ESAs may be an-
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other option, they should not be administered to patients receiving myelosuppressive therapy when the anticipated outcome is cure (Clinical Pharmacology, 2013). Additionally, they should only be used for the treatment of
anemia during concomitant myelosuppressive chemotherapy and discontinued after the completion of chemotherapy (Clinical Pharmacology, 2013).
Before and during therapy, the patient’s iron status, including transferrin
saturation and serum ferritin, should be monitored. Iron supplementation
should be administered to achieve a transferrin saturation level of 20% or
more and a ferritin level of 100 mcg/L or more (Clinical Pharmacology,
2013).
The administration schedule for epoetin alfa is either three times weekly (150 units/kg) or weekly (40,000 units) subcutaneously, whereas darbepoetin alfa may be administered subcutaneously once weekly or every three
weeks only when the hemoglobin is less than 10 g/dl (Clinical Pharmacology, 2011a, 2013). A randomized controlled trial by Pronzato et al. (2010)
revealed that 16.5% of patients with breast cancer who did not receive darbepoetin needed at least one RBC transfusion versus 7.5% of patients who
did receive it during the treatment period. The darbepoetin significantly reduced the number of RBC transfusions.
Both agents are recombinant erythropoietic proteins that stimulate bone
marrow to produce and mature RBCs. Both have produced clinically significant improvements in anemia associated with chemotherapy. In select patients, they may play a vital role in reducing transfusion requirements and alleviating anemia-related symptoms.

Summary
The greatest challenge to oncology nurses is not in the administration of chemotherapy but in the support of the patient who has received treatment. Assessment for side effects and sequelae of treatment is essential. As the majority of
oncology care occurs in the outpatient setting, teaching patients self-care strategies to prevent, identify, and manage side effects is critical to their care.

References
Aapro, M.S., Cameron, D.A., Pettengell, R., Bohlius, J., Crawford, J., Ellis, M., … Zielinski, C.
(2006). EORTC guidelines for the use of granulocyte-colony stimulating factor to reduce the
incidence of chemotherapy-induced febrile neutropenia in adult patients with lymphomas
and solid tumors. European Journal of Cancer, 42, 2433–2453. doi:10.01016/j.ejca.2006.05002
Aapro, M.S., Grunberg, S.M., Manikhas, G.M., Olivares, G., Suarez, T., Tjulandin, S.A., … Macciocchi, A. (2006). A phase III, double-blind, randomized trial of palonosetron compared
with ondansetron in preventing chemotherapy-induced nausea and vomiting following highly
emetogenic chemotherapy. Annals of Oncology, 17, 1441–1449. doi:10.1093/annonc/mdl137

810 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Adams, L.A., Shepard, N., Caruso, R.A., Norling, M.J., Belansky, H., & Cunningham, R.S.
(2009). Putting Evidence Into Practice®: Evidence-based interventions to prevent and manage anorexia. Clinical Journal of Oncology Nursing, 13, 95–102. doi:10.1188/09.CJON.95-102
American Cancer Society. (2012, May 30). Chemo brain. Retrieved from http://www.cancer
.org/treatment/treatmentsandsideeffects/physicalsideeffects/chemotherapyeffects/
chemo-brain
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (5th
ed.). Washington, DC: Author.
Amgen Inc. (2006). Neulasta® (pegfilgrastim) [Package insert]. Thousand Oaks, CA: Author.
Amgen Inc. (2012). Aranesp® (darbepoetin alfa) for injection [Package insert]. Thousand Oaks,
CA: Author.
Ancoli-Israel, S., & Ayalon, L. (2006). Diagnosis and treatment of sleep disorders in older adults.
American Journal of Geriatric Psychiatry, 14, 95–103. doi:10.1097/01.JGP.0000196627.12010.d1
Arehart-Treichel, J. (2012). Cancer patients have much to gain from psychiatric treatment.
Psychiatric News, 47(6), 14–15. Retrieved from http://psychnews.psychiatryonline.org/
newsarticle.aspx?articleid=1032923
Arensmeyer, K. (2012, January 17). Nursing management of patients with cancer-related anorexia. Retrieved from http://www.oncolink.org/resources/article1.cfm?id=1006
Argilés, J.M., Busquets, S., López-Soriano, F.J., Costelli, P., & Penna, F. (2012). Are there any
benefits of exercise training in cancer cachexia? Journal of Cachexia, Sarcopenia and Muscle, 3,
73–76. doi:10.1007/s13539-012-0067-5
Argilés, J.M., López-Soriano, J., Toledo, M., Betancourt, A., Serpe, R., & Busquets, S. (2011).
The Cachexia Score (CASCO): A new tool for staging cachectic cancer patients. Journal of
Cachexia, Sarcopenia and Muscle, 6, 87–93. doi:10.1007/s13539-011-0027-5
Argilés, J.M., Olivan, M., Busquets, S., & López-Soriano, F.J. (2010). Optimal management of cancer
anorexia-cachexia syndrome. Cancer Management Research, 2, 27–38. doi:10.2147/CMR.S7101
Azoulay, E., & Darmon, M. (2010). Acute respiratory distress syndrome during neutropenia recovery. Critical Care, 14, 114. doi:10.1186/cc8198
Badros, A., Goloubeva, O., Dalal, J.S., Can, I., Thompson, J., Rapoport, A.P., … Fenton, R.G.
(2007). Neurotoxicity of bortezomib therapy in multiple myeloma: A single-center experience and review of the literature. Cancer, 110, 1042–1049. doi:10.1002/cncr.22921
Basch, E., Prestrud, A.A., Hesketh, P.J., Kris, M.G., Feyer, P.C., Somerfield, M.R., … Lyman, G.H.
(2011). Antiemetics: American Society of Clinical Oncology clinical practice guideline update. Journal of Clinical Oncology, 29, 4189–4198. doi:10.1200/JCO.2010.34.4614
Becker, C., & Brunvand, M.W. (2008). Blood and marrow stem cell transplant. In R.A. Gates &
R.M. Fink (Eds.), Oncology nursing secrets (3rd ed., pp. 85–98). St. Louis, MO: Elsevier Mosby.
Becze, E. (2012, March). Managing chemotherapy-related cognitive impairment. ONS Connect, 27(3), 16–17. Retrieved from http://www.onsconnect.org/2012/03/5min/managing
-chemotherapy-related-cognitive-impairment
Bedell, C. (2003). Pegfilgrastim for chemotherapy-induced neutropenia. Clinical Journal of Oncology Nursing, 7, 55–56. doi:10.1188/03.CJON.55-56
Bennett, G.J. (2010). Pathophysiology and animal models of cancer-related painful peripheral
neuropathy. Oncologist, 15(Suppl. 2), 9–12. doi:10.1634/theoncologist.2009-S503
Berger, A.M. (2009). Update on the state of the science: Sleep-wake disturbances in adult patients with cancer [Online exclusive]. Oncology Nursing Forum, 36, E165–E177. doi:10.1188/09
.ONF.E165-E177
Berger, A.M., Parker, K.P., Young-McCaughan, S., Mallory, G.A., Barsevick, A.M., Beck, S.L., … Hall,
M. (2005). Sleep/wake disturbances in people with cancer and their caregivers: State of the science [Online exclusive]. Oncology Nursing Forum, 32, E98–E126. doi:10.1188/05.ONF.E98-E126
Bernhardson, B.-M., Tishelman, C., & Rutqvist, L.E. (2008). Self-reported taste and smell changes during cancer chemotherapy. Supportive Care in Cancer, 16, 275–283. doi:10.1007/s00520
-007-0319-7

Chapter 13. Symptom Management

●

811

Biedrzycki, B.A. (2010). Peripheral neuropathy. In C.G. Brown (Ed.), A guide to oncology symptom
management (pp. 405–421). Pittsburgh, PA: Oncology Nursing Society.
Bisanz, A.K., Woolery, M.J., Lyons, H.F., Gaido, L., Yenulevich, M., & Fulton, S. (2009). ONS
PEP resource: Constipation. In L.H. Eaton & J.M. Tipton (Eds.), Putting evidence into practice:
Improving oncology patient outcomes (pp. 93–104). Pittsburgh, PA: Oncology Nursing Society.
Bjordal, J.M., Bensadoun, R.-J., Tunèr, J., Frigo, L., Gjerde, K., & Lopes-Martins, R.A.B. (2011).
A systematic review with meta-analysis of the effect of low-level laser therapy (LLLT) in cancer therapy-induced oral mucositis. Supportive Care in Cancer, 19, 1069–1077. doi:10.1007/
s00520-011-1202-0
Borneman, T. (2013). Assessment and management of cancer-related fatigue. Journal of Hospice
and Palliative Nursing, 15, 87–88. doi:10.1097/NJH.0b013e218286dc19
Bower, J.E., Ganz, P.A., Irwin, M.R., Kwan, L., Breen, E.C., & Cole, S.W. (2011). Inflammation
and behavioral symptoms after breast cancer treatment: Do fatigue, depression, and sleep
disturbance share a common underlying mechanism? Journal of Clinical Oncology, 29, 3517–
3522. doi:10.1200/JCO.2011.36.1154
Braiteh, F., Kurzrock, R., & Johnson, F.M. (2008). Trichomegaly of the eyelashes after lung cancer treatment with the epidermal growth factor receptor erlotinib. Journal of Clinical Oncology, 38, 3460–3462. doi:10.1200/JCO.2008.16.9391
Breier, A. (2011). Anxiety disorders and antipsychotic drugs: A pressing need for more research
[Editorial]. American Journal of Psychiatry, 168, 1012–1014. doi:10.1176/appi.ajp.2011.11071049
Brown, J.C., Huedo-Meding, T.B., Pescatello, L.S., Pescatello, S.M., Ferrer, R.A., & Johnson, B.T.
(2011). Efficacy of exercise intervention in modulating cancer-related fatigue among adult
cancer survivors: A meta-analysis. Cancer Epidemiology, Biomarkers and Prevention, 20, 123–133.
doi:10.1158/1055-9965.EPI-10-0988
Camilleri, M., & Murray, J.A. (2008). Diarrhea and constipation. In A.S. Fauci, E. Braunwald,
D.L. Kasper, S.L. Hauser, D.L. Longo, J.L. Jameson, & J. Loscalzo (Eds.), Harrison’s principles
of internal medicine (17th ed., pp. 245–252). New York, NY: McGraw-Hill.
Campos, M., Austerlitz, C., Allison, R.R., Póvoa, H., & Sibata, C. (2009). Cancer therapies. Nutrition and orthomolecular supplementation in lung cancer patients. Integrative Cancer Therapies, 12, 398–408. doi:10.1177/1534735409344333
Campos, M.P., Hassan, B.J., Riechelmann, R., & Del Giglio, A. (2011). Cancer-related fatigue: A review. Revista da Associação Médica Brasileira, 57, 211–219. doi:10.1590/S0104
-42302011000200021
Capuano, G., Gentile, P.C., Bianciardi, F., Tosti, M., Palladino, A., & Di Palma, M. (2009). Prevalence and influence of malnutrition on quality of life and performance status in patients
with locally advanced head and neck cancer before treatment. Supportive Care in Cancer, 18,
433–437. doi:10.1007/s00520-009-0681-8
Cata, J.P., Wend, H.R., Burton, A.W., Villareal, H., Giralt, S., & Dougherty, P.M. (2007). Quantitative sensory findings in patients with bortezomib-induced pain. Journal of Pain, 8, 296–306.
doi:10.1016/j.jpain.2006.09.014
Cavaletti, G., Frigeni, B., Lanzani, F., Piatti, M., Rota, S., Briani, C., … Zanna, C. (2007). The Total
Neuropathy Score as an assessment tool for grading the course of chemotherapy-induced peripheral neurotoxicity: Comparison with the National Cancer Institute-Common Toxicity Scale.
Journal of the Peripheral Nervous System, 12, 210–215. doi:10.1111/j.1529-8027.2007.00141.x
Celgene Corp. (2007a). Revlimid® [Package insert]. Summit, NJ: Author.
Celgene Corp. (2007b). Thalomid® [Package insert]. Summit, NJ: Author.
Chaudhry, V., Cornblath, D.R., Polydefkis, M., Ferguson, A., & Borrello, I. (2008). Characteristics of bortezomib- and thalidomide-induced peripheral neuropathy. Journal of the Peripheral
Nervous System, 13, 275–282. doi:10.1111/j.1529-8027.2008.00193.x
Clark, J., Cunningham, M., McMillan, S., Vena, C., & Parker, K. (2004). Sleep-wake disturbances in people with cancer part II: Evaluating the evidence for clinical decision making. Oncology Nursing Forum, 31, 747–771. doi:10.1188/04.ONF.747-771

812 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Clinical Pharmacology. (2009a, October). Diphenhydramine. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=197&sec=mondesc
Clinical Pharmacology. (2009b, October). Droperidol. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=214&sec=monadmi
Clinical Pharmacology. (2009c, November). Nabilone. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=3508&sec=mondesc
Clinical Pharmacology. (2010, October). Dronabinol. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=213&sec=mondesc
Clinical Pharmacology. (2011a, December). Darbepoetin alfa. Retrieved from http://www
.clinicalpharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=2571&sec=m
oncontr&t=0
Clinical Pharmacology. (2011b, December). Doxorubicin liposomal. Retrieved from http://www
.clinicalpharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=2406&sec
=monadve
Clinical Pharmacology. (2011c, July). Haloperidol. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=287&sec=monadmi
Clinical Pharmacology. (2011d, September). Ondansetron. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=453&sec=monadve
Clinical Pharmacology. (2011e, July). Sargramostim. Retrieved from http://www.
clinicalpharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=557&sec
=mondesc&t=0
Clinical Pharmacology. (2012, February). Cisplatin. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=129&sec=monadve
Clinical Pharmacology. (2013, March). Epoetin alfa. Retrieved from http://www.clinical
pharmacology-ip.com/Forms/Monograph/monograph.aspx?cpnum=227&sec=monindi&t=0
Coleman, J. (2010). Diarrhea. In C.G. Brown (Ed.), A guide to oncology symptom management (pp.
173–198). Pittsburgh, PA: Oncology Nursing Society.
Cotter, J. (2009). Efficacy of crude marijuana and synthetic delta-9-tetrahydrocannabinol as
treatment for chemotherapy-induced nausea and vomiting: A systematic literature review.
Oncology Nursing Forum, 36, 345–352. doi:10.1188/09.ONF.345-352
Crawford, J., Allen, J., Armitage, J., Blayney, D.W., Cataland, S., Heaney, M.L., … Westmoreland, M. (2011). Myeloid growth factors. Journal of the National Comprehensive Cancer Network,
9, 914–932. Retrieved from http://www.jnccn.org/content/9/8/914.full.pdf
Dahlin, C., Lynch, M., Szmuilowicz, E., & Jackson, V. (2006). Management of symptoms other than pain. Anesthesiology Clinics of North America, 24, 39–60. doi:10.1016/j.atc.2005.12
.007
Dale, D.C. (2012). Twenty years of the colony-stimulating factors. Current Opinion in Hematology,
19, 1–2. doi:10.1097/moh.0b013e32834e3c6e
Dantzer, R., & Kelley, K.W. (2007). Twenty years of research on cytokine-induced-sickness behavior. Brain, Behavior, and Immunity, 21, 153–160. doi:10.1016/j.bbi.2006.09.006
de Carvalho, E.D., Martins, F.T.M., & dos Santos, C.B. (2007). A pilot study of a relaxation technique for management of nausea and vomiting in patients receiving cancer chemotherapy.
Cancer Nursing, 30, 163–167. doi:10.1097/01.NCC.0000265007.87311.d0
Del Re, M., Di Paolo, A., van Schaik, R.H., Bocci, G., Simi, P., Falcone, A., & Danesi, R. (2010).
Dihydropyrimidine dehydrogenase polymorphisms and fluoropyrimidine toxicity: Ready
for routine clinical application within personalized medicine? EPMA Journal, 1, 495–502.
doi:10.1007/s13167-010-0041-2
de Oliveira, M.A., Martins e Martins, F., Wang, Q., Sonis, S., Demetri, G., George, S., … Treister,
N.S. (2011). Clinical presentation and management of mTOR inhibitor-associated stomatitis. Oral Oncology, 47, 998–1003. doi:10.1016/j.oraloncology.2011.08.009
de Oliveira Campos, M.P., Riechelmann, R., Martins, L.C., Hassan, B.J., Casa, F.B., & Del Giglio, A. (2011). Guarana (Paullinia cupana) improves fatigue in breast cancer patients un-

Chapter 13. Symptom Management

●

813

dergoing systemic chemotherapy. Journal of Alternative and Complementary Medicine, 17, 505–
512. doi:10.1089/acm.2010.0571
Donovan, K.A., & Jacobsen, P.B. (2007). Fatigue, depression, and insomnia: Evidence for a
symptom cluster in cancer. Seminars in Oncology Nursing, 23, 127–135. doi:10.1016/j.soncn
.2007.01.004
Eastern Cooperative Oncology Group. (2007, June). ECOG common toxicity criteria. Retrieved
from http://ecog.dfci.harvard.edu/general/common_tox.html
Eilers, J., Berger, A.M., & Petersen, M.C. (1988). Development, testing and application of the
oral assessment guide. Oncology Nursing Forum, 15, 325–330.
Eilers, J., & Million, R. (2011). Clinical update: Prevention and management of oral mucositis in patients with cancer. Seminars in Oncology Nursing, 27, e1–e16. doi:10.1016/j.soncn
.2011.08.001
El-Cheikh, J., Stoppa, A.M., Bouabdallah, R., de Lavallade, H., Coso, D., de Collela, J.M., …
Mohty, M. (2008). Features and risk factors of peripheral neuropathy during treatment with
bortezomib for advanced multiple myeloma. Clinical Lymphoma and Myeloma, 8, 146–152.
doi:10.3816/CLM.2008.n.017
Engelking, C. (2008). Diarrhea and constipation. In R.A. Gates & R.M. Fink (Eds.), Oncology
nursing secrets (3rd ed., pp. 372–397). St. Louis, MO: Elsevier Mosby.
Epstein, J.B., & Barasch, A. (2010). Taste disorders in cancer patients: Pathogenesis and approach to assessment and management. Oral Oncology, 46, 77–81. doi:10.1016/j.oraloncology
.2009.11.008
Esper, D.H., & Harb, W.A. (2005). The cancer cachexia syndrome: A review of metabolic and clinical manifestations. Nutrition in Clinical Practice, 20, 369–376.
doi:10.1177/0115426505020004369
Evans W.J., Morley, J.E., Argilés, J., Bales, C., Baracos, V., Guttridge, D., … Anker, S. (2008).
Cachexia: A new definition. Clinical Nutrition, 27, 793–799. doi:10.1016/j.clnu.2008.06.013
Farquhar-Smith, P. (2011). Chemotherapy-induced neuropathic pain. Current Opinion in Supportive and Palliative Care, 5, 1–7. doi:10.1097/SPC.0b013e328342f9cc
Farquhar-Smith, W.P., West, S., & Sohanpal, I. (2010, August). Peripheral neuropathy in patients receiving bortezomib for myeloma: An audit [Abstract PT 104]. Poster session presented at the 13th World Congress on Pain, International Association for the Study of Pain,
Montreal, Canada. Retrieved from http://www.abstractsonline.com/Plan/ViewAbstract
.aspx?sKey=66604760-79cc-4be4-b419-9f7d0e1c8887&cKey=cf97c352-03fc-4720-81fa
-3b2c2afc7409&mKey=%7b3F846F23-E219-40A0-B790-DBC3F75684FD%7d
Fatodu, H. (2010). Evolving regulatory landscape with erythropoiesis-stimulating agents and impact on managed care. American Journal of Managed Care, 16, S74–S79. Retrieved from http://
www.ajmc.com/publications/supplement/2010/A279_2010mar_Anemia/A279_10mar
_Fatodu
Fortenbaugh, C. (2010). Constipation. In C.G. Brown (Ed.), A guide to oncology symptom management (pp. 139–152). Pittsburgh, PA: Oncology Nursing Society.
Fromer, M.J. (2005). Chemotherapy-induced anemia: Potentially serious but highly treatable.
Oncology Times, 27(23), 10–13. doi:10.1097/01.COT.0000290062.13855.e4
Gabrilove, J., Perez, E.A., Tomita, D.K., Rossi, G., & Cleeland, C.S. (2007). Assessing symptom burden using the M.D. Anderson symptom inventory in patients with chemotherapyinduced anemia. Cancer, 110, 1629–1640. doi:10.1002/cncr.22943
Galimont-Collen, A.F., Vos, L.E., Lavrijsen, A.P., Ouwerkerk, J., & Gelderblom, H. (2007). Classification and management of skin, hair, nail and mucosal side-effects of epidermal growth
factor receptor (EGFR) inhibitors. European Journal of Cancer, 43, 845–851. doi:10.1016/j.
ejca.2006.11.016
Gamelin, L., Boisdron-Celle, M., & Morel, A. (2008). Oxaliplatin-related neurotoxicity: Interest
of calcium-magnesium infusion and no impact on its efficacy. Journal of Clinical Oncology, 26,
1188–1189. doi:10.1200/JCO.2007.15.3767

814 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Garland, S.N., Carlson, L.E., Antle, M.C., Samuels, C., & Campbell, T. (2011). I-CAN SLEEP:
Rationale and design of a non-inferiority RCT of mindfulness-based stress reduction and
cognitive behavioral therapy for the treatment of insomnia in cancer survivors. Contemporary
Clinical Trials, 32, 747–754. doi:10.1016/j.cct.2011.05.014
Genzyme. (2009). Leukine (sargramostim) injection, powder, for solution [Package insert]. Cambridge, MA: Author.
Gibbins, J., McCoubrie, R., Kendrick, A.H., Senior-Smith, G., Davies, A., & Hanks, G.W. (2009).
Sleep-wake disturbances in patients with advanced cancer and their family carers. Journal of
Pain and Symptom Management, 38, 860–870. doi:10.1016/j.jpainsymman.2009.04.025
Gioulbasanis, I., Patrikidou, A., Kitikidou, K., Papadimitriou, K., Vlachostergios, P.J., Tsatsanis,
C., … Georgoulias, V. (2012). Baseline plasma levels of interleukin-8 in stage IV non-smallcell lung cancer patients: Relationship with nutritional status and prognosis. Nutrition and
Cancer, 64, 41–47. doi:10.1080/01635581.2012.630157
Glaspy, J.A. (2008). Erythropoiesis-stimulating agents in oncology. Journal of the National Comprehensive Cancer Network, 6, 565–575. Retrieved from http://www.jnccn.org/content/6/6/565
.long
Gobel, B.H., & O’Leary, C. (2007). Bone marrow suppression. In M.E. Langhorne, J.S. Fulton,
& S.E. Otto (Eds.), Oncology nursing (5th ed., pp. 488–504). St. Louis, MO: Elsevier Mosby.
Gobel, B.H., & Tipton, J.M. (2009). PEP up your practice: An introduction to the Oncology Nursing Society Putting Evidence Into Practice resources. In L.H. Eaton & J.M. Tipton
(Eds.), Putting evidence into practice: Improving oncology patient outcomes (pp. 1–8). Pittsburgh,
PA: Oncology Nursing Society.
Grothey, A., Nikcevich, D.A., Sloan, J.A., Kugler, J.W., Silberstein, P.T., Dentchev, T., & Loprinzi,
C.L. (2009). Evaluation of the effect of intravenous calcium and magnesium (CaMg) on
chronic and acute neurotoxicity associated with oxaliplatin: Results from a placebo-controlled phase III trial [Abstract]. Journal of Clinical Oncology, 27(Suppl. 15), 4025.
Grunberg, S., Chua, D., Maru, A., Dinis, J., DeVandry, S., Boice, J.A., … Herrstedt, J. (2011). Single-dose fosaprepitant for the prevention of chemotherapy-induced nausea and vomiting associated with cisplatin therapy: Randomized, double-blind study protocol—EASE. Journal of
Clinical Oncology, 29, 1495–1501. doi:10.1200/JCO.2010.31.7859
Grunberg, S.M., Warr, D., Gralla, R.J., Rapoport, B.L., Hesketh, P.J., Jordan, K., & Espersen, B.T.
(2011). Evaluation of new antiemetic agents and definition of antineoplastic agent emetogenicity—State of the art. Supportive Care in Cancer, 19(Suppl. 1), S43–S47. doi:10.1007/
s00520-010-1003-x
Hamilton, R.J. (Ed.). (2010). Tarascon pocket pharmacopoeia (24th ed.). Burlington, MA: Jones
and Bartlett.
Harris, D.J. (2006). Cancer treatment-induced mucositis pain: Strategies for assessment and
management. Therapeutics and Clinical Risk Management, 2, 251–258. Retrieved from http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC1936261
Harris, D.J., Eilers, J.G., Cashavelly, B.J., Maxwell, C.L., & Harriman, A. (2009). ONS PEP resource: Mucositis. In L.H. Eaton & J.M. Tipton (Eds.), Putting evidence into practice: Improving
oncology patient outcomes (pp. 201–213). Pittsburgh, PA: Oncology Nursing Society.
Harris, D.J., Eilers, J., Harriman, A., Cashavelly, B.J., & Maxwell, C. (2008). Putting Evidence
Into Practice®: Evidence-based interventions for the management of oral mucositis. Clinical
Journal of Oncology Nursing, 12, 141–152. doi:10.1188/08.CJON.141-152
Hauser, K., & Walsh, D. (2008). Visual analogue scales and assessment of quality of life in cancer. Journal of Supportive Oncology, 6, 277–282.
Hawkins, R., & Grunberg, S. (2009). Chemotherapy-induced nausea and vomiting: Challenges and opportunities for improved patient outcomes. Clinical Journal of Oncology Nursing, 13,
54–64. doi:10.1188/09.CJON.54-64
Hearson, B., & Sawatzky, J. (2008). Sleep disturbance in patients with advanced cancer. International Journal of Palliative Nursing, 14, 30–37.

Chapter 13. Symptom Management

●

815

Herrstedt, J. (2008). Antiemetics: An update and the MASCC guidelines applied in clinical
practice. Nature Clinical Practice Oncology, 5, 32–43. doi:10.1038/ncponc1021
Hesketh, P.J. (2008). Chemotherapy-induced nausea and vomiting. New England Journal of Medicine, 358, 2482–2494. doi:10.1038/ncponc1021
Holland, J.C., & Alici, Y. (2010). Management of distress in cancer patients. Journal of Supportive Oncology, 8, 4–12.
Honea, N., Brant, J., & Beck, S.L. (2007). Treatment-related symptom clusters. Seminars in Oncology Nursing, 23, 142–151. doi:10.1016/j.soncn.2007.01.002
Hong, J.H., Omur-Ozbek, P., Stanek, B.T., Dietrich, A.M., Duncan, S.E., Lee, Y.W., & Lesser,
G. (2009). Taste and odor abnormalities in cancer patients. Journal of Supportive Oncology,
7, 58–65.
Hopko, D.R., Bell, J.L., Armento, M.E.A., Robertson, S.M.C., Hunt, M.K., Wolf, N.J., & Mullane,
C. (2008). The phenomenology and screening of clinical depression in cancer patients.
Journal of Psychosocial Oncology, 26(1), 31–51. doi:10.1300/J077v26n01_03
Hoskin, P.J., Robinson, M., Slevin, N., Morgan, D., Harrington, K., & Gaffney, C. (2009). Effect
of epoetin alfa on survival and cancer treatment–related anemia and fatigue in patients receiving radical radiotherapy with curative intent for head and neck cancer. Journal of Clinical Oncology, 27, 5751–5756. doi:10.1200/JCO.2009.22.3693
Huang, H.Q., Brady, M.F., Cella, D., & Fleming, G. (2007). Validation and reduction of FACT/
GOG-Ntx subscale for platinum/paclitaxel-induced neurologic symptoms: A Gynecologic
Oncology Group study. International Journal of Gynecological Cancer, 17, 387–393. doi:10.1111/
j.1525-1438.2007.00794.x
Irwin, M.M., Lee, J., Rodgers, C., Starr, P., & Webber, J.R. (2012). Putting evidence into practice: Improving oncology patient outcomes; Chemotherapy-induced nausea and vomiting resource. Pittsburgh,
PA: Oncology Nursing Society.
Jakobsen, J.N., & Herrstedt, J. (2009). Prevention of chemotherapy-induced nausea and
vomiting in elderly cancer patients. Critical Reviews in Oncology/Hematology, 71, 214–221.
doi:10.1016/j.critrevonc.2008.12.006
Jatoi, A. (2013, May 15). Anorexia and cachexia. Retrieved from http://www.cancernetwork.
com/cancer-management/anorexia-cachexia/article/10165/1802855
Jatoi, A., Thrower, A., Sloan, J.A., Flynn, P.J., Wentworth-Hartung, N.L., Dakhil, S.R., … Loprinzi, C.L. (2010). Does sunscreen prevent epidermal growth factor receptor (EGFR) inhibitor-induced rash? Results of a placebo-controlled trial from the North Central Cancer
Treatment Group (N05C4). Oncologist, 15, 1016–1022. doi:10.1634/theoncologist.2010-0082
Jelkman, W. (2007). Erythropoietin after a century of research: Younger than ever. European
Journal of Haematology, 78, 183–205. doi:10.1111/j.1600-0609.2007.00818.x
Jenkins, V., Shilling, V., Deutsch, G., Bloomfield, D., Morris, R., Allan, S., … Winstanley, J.
(2006). A 3-year prospective study of the effects of adjuvant treatments on cognition in
women with early stage breast cancer. British Journal of Cancer, 94, 828–834. doi:10.1038/
sj.bjc.6603029
Jimenez-Andrade, J., Peters, C., Mejia, N., Ghilardi, J.R., Kuskowski, M.A., & Mantyh, P.W.
(2006). Sensory neurons and their supporting cells located in the trigeminal, thoracic and lumbar ganglia differentially express markers of injury following intravenous administration of paclitaxel in the rat. Neuroscience Letters, 40, 62–67. doi:10.1016/
j.neulet.2006.06.043
Joshi, S.S., Ortiz, S., Witherspoon, J.N., Rademaker, A., West, D.P., Anderson, R., … Lacouture,
M.E. (2010). Effects of epidermal growth factor receptor inhibitor-induced dermatologic
toxicities on quality of life. Cancer, 116, 3916–3923. doi:10.1002/cncr.25090
Kaley, T.J., & DeAngelis, L.M. (2009). Therapy of chemotherapy-induced peripheral neuropathy. British Journal of Haematology, 145, 3–14. doi:10.1111/j.1365-2141.2008.07558.x
Kannarkat, G., Lasher, E.E., & Schiff, D. (2007). Neurologic complications of chemotherapy
agents. Current Opinion in Neurology, 20, 719–725. doi:10.1097/WCO.0b013e3282f1a06e

816 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Kautio, A.L., Haanpaa, M., Saarto, T., & Kalso, E. (2008). Amitriptyline in the treatment of chemotherapy-induced neuropathic symptoms. Journal of Pain and Symptom Management, 35, 31–
39. doi:10.1016/j.painsymman.2007.02.043
Keefe, D.M., Schubert, M.M., Elting, L.S., Sonis, S.T., Epstein, J.B., Raber-Durlacher, J.E., … Peterson, D.E. (2007). Updated clinical practice guidelines for the prevention and treatment
of mucositis. Cancer, 109, 820–831. doi:10.1002/cncr.22484
Kintzel, P.E. (2011, October). Management of oral mucositis in cancer patients. Pharmacy Practice News, 87–93. Retrieved from http://www.pharmacypracticenews.com/download/Oral_
mucositis_ppnse11_WM.pdf
Kitano, T., Tada, H., Nishimura, T., Teramukai, S., Kanai, M., Nishimura, T., … Fukushima, M.
(2007). Prevalence and incidence of anemia in Japanese cancer patients receiving outpatient chemotherapy. International Journal of Hematology, 86, 37–41. doi:10.1532/IJH97.07040
Knijn, N., Tol, J., Koopman, M., Werter, M.J.B.P., Imholz, A.L.T., Valster, F.A.A., … Punt,
C.J.A. (2011). The effect of prophylactic calcium and magnesium infusions on the incidence of neurotoxicity and clinical outcome of oxaliplatin-based systemic treatment in advanced colorectal cancer patients European Journal of Cancer, 47, 369–374. doi:10.1016/j.
ejca.2010.10.006
Kozachik, S.L., & Bandeen-Roche, K. (2008). Predictors of patterns of pain, fatigue, and insomnia during the first year after a cancer diagnosis in the elderly. Cancer Nursing, 31, 334–344.
doi:10.1097/01.NCC.0000305769.27227.67
Lacasse, C., & Beck, S.L. (2007). Clinical assessment of symptom clusters. Seminars in Oncology
Nursing, 23, 106–112. doi:10.1016/j.soncn.2007.01.007
Lacouture, M.E. (2012). Dr. Lacouture’s skin care guide for people living with cancer. Cold Spring
Harbor, NY: Harborside Press.
Lacouture, M.E., Mitchell, E.P., Piperdi, B., Pillai, M.V., Shearer, H., Iannotti, N., … Yassine, M.
(2010). Skin toxicity evaluation protocol with panitumumab (STEPP): A phase II, open-label, randomized trial evaluating the impact of a pre-emptive skin treatment regimen on skin
toxicities and quality of life in patients with metastatic colorectal cancer. Journal of Clinical
Oncology, 28, 1351–1357. doi:10.1200/JCO.2008.21.7828
Lalla, R.V., Brennan, M.T., & Schubert, M.M. (2011). Oral complications of cancer therapy. In
J.A. Yagiela, F.J. Dowd, B.S. Johnson, A.J. Mariotti, & E.A. Neidle (Eds.), Pharmacology and
therapeutics for dentistry (6th ed., pp. 782–798). St. Louis, MO: Elsevier Mosby .
Lalla, R.V., Sonis, S.T., & Peterson, D. (2008). Management of oral mucositis in patients with
cancer. Dental Clinics of North America, 52, 61–67. doi:10.1016/j.cden.2007.10.002
Leśniak, W., Bała, M., Jaeschke, R., & Krzakowski, M. (2008). Effects of megestrol acetate in patients with cancer anorexia-cachexia syndrome—A systematic review and meta-analysis. Polskie Archiwum Mededycyny Wewnetrznej [Polish Archives of Internal Medicine], 118, 636–644. Retrieved from http://pamw.pl/sites/default/files/lesniak_en_full.pdf
Li, M., Fitzgerald, P., & Rodin, G. (2012). Evidence-based treatment of depression in patients
with cancer. Journal of Clinical Oncology, 3, 1187–1196. doi:10.1200/JCO.2011.39.7372
Lindley, C.M., Hirsch, J.D., O’Neill, C.V., Transau, M.C., Gilbert, C.S., & Osterhaus, J.T. (1992).
Quality of life consequences of chemotherapy-induced emesis. Quality of Life Research, 1,
331–340. doi:10.1007/BF00434947
Loprinzi, C.L., Maddocks-Christianson, K., Wolf, S., Rao, R.D., Dyck, P.J.B., Mantyh, P., & Dyck,
P.J. (2007). The paclitaxel acute pain syndrome: Sensitization of nociceptors as the putative
mechanism. Cancer Journal, 13, 399–403. doi:10.1097/PPO.0b013e31815a999b
Lyman, G.H., & Glaspy, J. (2006). Are there clinical benefits with early erythropoietic intervention for chemotherapy-induced anemia? A systematic review. Cancer, 106, 223–233.
doi:10.1002/cncr.215700
Macpherson, I.R.J., Lindsay, C.R., & Reed, N.S. (2009). Recombinant human epoetin beta in
the treatment of chemotherapy-related anemia. Therapeutics and Clinical Risk Management, 5,
261–270. doi:10.2147/TCRM.S3320

Chapter 13. Symptom Management

●

817

Malok, M., Titchener, E.H., Bridgers, C., Lee, B.Y., & Bamberg, R. (2007). Comparison of two
platelet count estimation methodologies for peripheral blood smears. Clinical Laboratory Science, 20, 154–160.
McMahan, Z.H., & DuPont, H.L. (2007). The history of acute infectious diarrhea managementfrom poorly focused empiricism to fluid therapy and modern pharmacotherapy. Alimentary
Pharmacology and Therapeutics, 25, 759–769. doi:10.1111/j.1365-2036.2007.03261.x
Melichar, B., & Nemcova, I. (2007). Eye complications of cetuximab therapy. European Journal of
Cancer Care, 16, 439–443. doi:10.1111/j.1365-2354.2006.00763.x
Miaskowski, C., Aouizerat, B.E., Dodd, M., & Cooper, B. (2007). Conceptual issues in symptom clusters research and their implications for quality-of-life assessment in patients with cancer. Journal of the National Cancer Institute Monographs, 2007(37), 39–46. doi:10.1093/jncimonographs/
lgm003
Migliorati, C.A., Oberle-Edwards, L., & Schubert, M. (2006). The role of alternative and natural
agents, cryotherapy, and/or laser for management of alimentary mucositis. Supportive Care
in Cancer, 14, 533–540. doi:10.1007/s00520-006-0049-2
Minton, O., Richardson, A., Sharpe, M., Hotopf, M., & Stone, P.C. (2011). Psychostimulants
for the management of cancer-related fatigue: A systematic review and meta-analysis. Journal of Pain and Symptom Management, 41, 761–767. doi:10.1016/j.jpainsymman.2010.06.020
Mitchell, S.A. (2010). Cancer-related fatigue during and after cancer and its treatment. American Academy of Physical Medicine and Rehabilitation, 2, 364–383. doi:10.1016/j.pmrj.2010.
Mock, V., Atkinson, A., Barsevick, A., Cella, D., Cimprich, B., Cleeland, C., … Stahl, C. (2000).
NCCN practice guidelines for cancer-related fatigue. Oncology, 14, 151–161.
Mohty, B., El-Cheikh, J., Yakoub-Agha, I., Moreau, P., Harousseau, J.L., & Mohty, M. (2010). Peripheral neuropathy and new treatments for multiple myeloma: Background and practical
recommendations. Haematologica, 95, 311–319. doi:10.3324/haematol.2009.012674
Morley, J.E., Thomas, D.R., & Wilson, M.M.G. (2006). Cachexia: Pathophysiology and clinical relevance. American Journal of Clinical Nutrition, 83, 735–743. Retrieved from http://ajcn
.nutrition.org/content/83/4/735.full.pdf
Muehlbauer, P., Thorpe, D., Davis, A.B., Drabot, R.C., Kiker, E.S., & Rawlings, B.L. (2009). ONS
PEP resource: Diarrhea. In L.H. Eaton & J.M. Tipton (Eds.), Putting evidence into practice: Improving oncology patient outcomes (pp. 125–134). Pittsburgh, PA: Oncology Nursing Society.
Muscaritoli, M., Anker, S.D., Argilés, J., Aversa, Z., Bauer, J.M., Biolo, G., … Sieber, C.C. (2010).
Consensus definition of sarcopenia, cachexia and pre-cachexia: Joint document elaborated
by Special Interest Groups (SIG) “cachexia-anorexia in chronic wasting diseases” and “nutrition in geriatrics.” Clinical Nutrition, 29, 154–159. doi:10.1016/j.clnu.2009.12.004
Myers, J.S. (2008). Proinflammatory cytokines and sickness behavior: Implications for depression and cancer-related symptoms. Oncology Nursing Forum, 35, 802–807. doi:10.1188/08
.ONF.802-807
Myers, J.S. (2012). Chemotherapy-related cognitive impairment: The breast cancer experience
[Online exclusive]. Oncology Nursing Forum, 39, E31–E40. doi:10.1188/12.ONF.E31-E40
Myers, J.S., & Teel, C. (2008). Oncology nurses’ awareness of cognitive impairment secondary to chemotherapy. Clinical Journal of Oncology Nursing, 12, 725–729. doi:10.1188/08
.CJON.725-729
Naeim, A., Dy, S.M., Lorenz, K.A., Homayoon, S., Walling, A., & Asch, S.M. (2008). Evidencebased recommendations for cancer nausea and vomiting. Journal of Clinical Oncology, 26,
3903–3910. doi:10.1200/JCO.2007.15.9533
Nail, L.M., & Lee-Lin, F. (2010). Alopecia. In C.G. Brown (Ed.), A guide to oncology symptom management (pp. 17–27). Pittsburgh, PA: Oncology Nursing Society.
National Cancer Institute. (February, 2013). Oral complications of chemotherapy and head/
neck radiation (PDQ®): Oral mucositis [Health professional version]. Retrieved from
http://www.cancer.gov/cancertopics/pdq/supportivecare/oralcomplications/Health
Professional/page5

818 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

National Cancer Institute Cancer Therapy Evaluation Program. (2010, June). Common terminology criteria for adverse events [v.4.03]. Retrieved from http://evs.nci.nih.gov/ftp1/CTCAE/
CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
National Comprehensive Cancer Network. (2012a). NCCN Clinical Practice Guidelines in Oncology: Antiemesis [v.1.2013]. Retrieved from http://www.nccn.org/professionals/physician_
gls/pdf/antiemesis.pdf
National Comprehensive Cancer Network. (2012b). NCCN Clinical Practice Guidelines in Oncology: Cancer-related fatigue [v.1.2013]. Retrieved from http://www.nccn.org/professionals/
physician_gls/pdf/fatigue.pdf
National Comprehensive Cancer Network. (2012c). NCCN Clinical Practice Guidelines in Oncology: Distress management [v.2.2013]. Retrieved from http://www.nccn.org/professionals/
physician_gls/pdf/distress.pdf
National Comprehensive Cancer Network. (2013a). NCCN Clinical Practice Guidelines in Oncology: Myeloid growth factors [v.1.2013]. Retrieved from http://www.nccn.org/professionals/
physician_gls/pdf/myeloid_growth.pdf
National Comprehensive Cancer Network. (2013b). NCCN Clinical Practice Guidelines in Oncology: Prevention and treatment of cancer-related infections [v.1.2013]. Retrieved from http://www
.nccn.org/professionals/physician_gls/pdf/infections.pdf
Navari, R.M., Nagy, C.K., & Gray, S.E. (2012). The use of olanzapine versus metoclopramide
for the treatment of breakthrough chemotherapy-induced nausea and vomiting (CINV) in
patients receiving highly emetogenic chemotherapy [Abstract]. Journal of Clinical Oncology,
30(Suppl. 15), 9064. Retrieved from http://meeting.ascopubs.org/gca?allch=&submit=Go
&gca=ascomtg%3B30%2F15_suppl%2F9064
Nirenberg, A., Reame, N.K., Cato, K.D., & Larson, E.L. (2010). Oncology nurse use of National
Comprehensive Cancer Network clinical practice guidelines for chemotherapy-induced and
febrile neutropenia. Oncology Nursing Forum, 37, 765–773. doi:10.1188/10.ONF.765-773
Oncology Nursing Society. (2012, March). Access to quality cancer care [Position paper]. Retrieved from http://www.ons.org/about-ons/ons-position-statements/health-care-policy
-and-consumer-advocacy/access-quality-care
Palesh, O.G., Roscoe, J.A., Mustian, K.M., Roth, T., Savard, J., Ancoli-Israel, S., … Morrow, G.R.
(2010). Prevalence, demographics, and psychological associations of sleep disruption in patients with cancer: University of Rochester Cancer Center–Community Clinical Oncology
Program. Journal of Clinical Oncology, 28, 292–298. doi:10.1200/JCO.2009.22.5011
Parrillo, J.E. (1993). Pathogenetic mechanisms of septic shock. New England Journal of Medicine,
328, 1471–1477. doi:10.1056/NEJM199305203282008
Pasquini, M., & Biondi, M. (2007). Depression in cancer patients: A critical review. Clinical Practice and Epidemiology in Mental Health, 3, 2. doi:10.1186/1745-0179-3-2
Patra, S., & Arora, S. (2012). Integrative role of neuro peptides and cytokines in cancer anorexia-cachexia syndrome. Clinica Chimica Acta, 413, 1025–1034. doi:10.10161/
jcca.2011.008
Peters, C.M., Jimenez-Andrade, J.M., Jonas, B.M., Sevcik, M.S., Koewler, N.J., Ghilardi, J.R.,
… Mantyh, P.W. (2007). Intravenous paclitaxel administration in the rat induces a peripheral sensory neuropathy characterized by macrophage infiltration and injury to sensory neurons and their supporting cells. Experimental Neurology, 203, 42–54. doi:10.1016/j.
expneurol.2006.07.022
Peterson, D.E., Bensadoun, R.J., & Roila, F. (2011). Management of oral and gastrointestinal
mucositis: ESMO clinical practice guidelines. Annals of Oncology, 22(Suppl. 6), vi78–vi84.
doi:10.1093/annonc/mdr391
Petrioli, R., Pascucci, A., Francini, E., Marsili, S., Sciandivasci, A., Tassi, R., … Francini, G.
(2008). Neurotoxicity of FOLFOX-4 as adjuvant treatment for patients with colon and gastric cancer: A randomized study of two different schedules of oxaliplatin. Cancer Chemotherapy and Pharmacology, 61, 105–111. doi:10.1007/s00280-007-0454-3

Chapter 13. Symptom Management

●

819

Peuvrel, L., Bachmeyer, C., Reguiai, Z., Bachet, J.B., Andre, T., Bensadoun, R.J., … Dréno, B.
(2012). Semiology of skin toxicity associated with epidermal growth factor receptor (EGFR)
inhibitors. Supportive Care in Cancer, 909–921. doi:10.1007/s00520-012-1404-0
Piper, F., Borneman, T., Chih-Yi Sun, V., Koczywas, M., Uman, G., Ferrell, B., & James, R. (2008).
Cancer-related fatigue: Role of oncology nurses in translating National Comprehensive
Cancer Network assessment guidelines into practice. Clinical Journal of Oncology Nursing, 12,
37–47. doi:10.1188/08.CJON.S2.37-47
Polovich, M., Olsen, M., & LeFebvre, K.B. (Eds.). (2014). Chemotherapy and biotherapy guidelines
and recommendations for practice (4th ed.). Pittsburgh, PA: Oncology Nursing Society.
Pronzato, P., Cortesi, E., van der Rijt, C.C., Bols, A., Moreno-Nogueira, J., de Oliveira, C.F.,
… Rosso, R. (2010). Epoetin alfa improves anemia and anemia-related, patient-reported
outcomes in patients with breast cancer receiving myelotoxic chemotherapy: Results of a
European, multicenter, randomized, controlled trial. Oncologist, 15, 935–943. doi:10.1634/
theoncologist.2009-0279
Raber-Durlacher, J.E., Elad, S., & Barasch, A. (2010). Oral mucositis. Oral Oncology, 46, 452–456.
doi:10.1016/j.oraloncology.2010.03.012
Reeve, K., & Bailes, B. (2010). Insomnia in adults: Etiology and management. Journal for Nurse
Practitioners, 6, 53–60. doi:10.1016/j.nurpra.2009.09.013
Rehwaldt, M., Wickman, R., Purl, S., Tariman, J., Blendowski, C., Shott, S., & Lappe, M. (2009).
Self-care strategies to cope with taste changes after chemotherapy [Online exclusive]. Oncology Nursing Forum, 36, E47–E56. doi:10.1188/09.ONF.E47-E56
Reich, M. (2008). Depression and cancer: Recent data on clinical issues, research challenges and treatment approaches. Current Opinion in Oncology, 7, 353–359. doi:10.1097/
CCO.0b013e3282fc734b
Reyes-Gibby, C.C., Morrow, P.K., Buzdar, A., & Shete, S. (2009). Chemotherapy-induced peripheral neuropathy as a predictor of neuropathic pain in breast cancer patients previously treated with paclitaxel. Journal of Pain, 10, 1146–1150. doi:10.1016/j.pain.2000.04.006
Rhodes, V.A., Watson, P.M., & Johnson, M.H. (1986). Association of chemotherapy related nausea and vomiting with pretreatment anxiety. Oncology Nursing Forum, 13(1), 41–47.
Richardson, G., & Dobish, R. (2007). Chemotherapy induced diarrhea. Journal of Oncology Pharmacy Practice, 13, 181–198. doi:10.1177/1078155207077335
Richardson, P.G., Weller, E., Lonial, S., Jakubowiak, A.J., Jagannath, S., Raje, N.S., … Anderson, K.C. (2010). Lenalidomide, bortezomib, and dexamethasone combination therapy in patients with newly diagnosed multiple myeloma. Blood, 116, 679–686. doi:10.1182/
blood-2010-02-268862
Richardson, P.G., Xie, W., Mitsiades, C., Chanan-Khan, A.A., Lonial, S., Hassoun, H., … Amato, A.A. (2009). Single-agent bortezomib in previously untreated multiple myeloma: Efficacy, characterization of peripheral neuropathy, and molecular correlations with response
and neuropathy. Journal of Clinical Oncology, 27, 3518–3525. doi:10.1200/JCO.2008.18.3087
Rodriguez, A.L., & Gobel, B.H. (2011). Bleeding. In C.H. Yarbro, D. Wujcik, & B.H. Gobel (Eds.),
Cancer nursing: Principles and practice (7th ed., pp. 745–771). Burlington, MA: Jones and Bartlett.
Rodriguez-Caballero, A., Torres-Lagares, D., Robles-Garcia, M., Pachon-Ibanez, J., Gonzalez-Padilla, D., & Gutierrez-Perez, J.L. (2012). Cancer treatment-induced oral mucositis: A critical
review. International Journal of Oral and Maxillofacial Surgery, 41, 225–238. doi:10.1016/j.ijom
.2011.10.011
Roila, F., Herrstedt, J., Aapro, M., Gralla, R.J., Einhorn, L.H., Ballatori, E., … Warr, D. (2010).
Guideline update for MASCC and ESMO in the prevention of chemotherapy- and radiotherapy-induced nausea and vomiting: Results of the Perugia Consensus Conference. Annals of Oncology, 21(Suppl. 5), v232–v243. doi:10.1093/annonc/mdq194
Roscoe, J.A., Morrow, G.R., Colagiuri, B., Heckler, C.E., Pudlo, B.D., Colman, L., … Jacobs., A.
(2010). Insight in the prediction of chemotherapy-induced nausea. Supportive Care in Cancer, 18, 869–876. doi:10.1007/s00520-009-0723-2

820 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Saito, M., Aogi, K., Sekine, I., Yoshizawa, H., Yanagita, Y., Sakai, H., … Mitsuhashi, S. (2009). Palonosetron plus dexamethasone versus granisetron plus dexamethasone for prevention of nausea
and vomiting during chemotherapy: A double-blind, double-dummy, randomized, comparative
phase III trial. Lancet Oncology, 10, 115–124. doi:10.1016/S1470-2045(08)70313-9.
sanofi-aventis. (2010). Taxotere® [Package insert]. Bridgewater, NJ: Author.
Sarcev, T., Secen, N., Sabo, A., & Povazan, D. (2008). Influence of dexamethasone on appetite and bodyweight in lung cancer patients. Medicinski Pregled, 61, 571–575. doi:10.2298/
MPNS0812571S
Saria, M. (2011). Preventing and managing infections in neutropenic stem cell transplantation recipients: Evidence-based review. Clinical Journal of Oncology Nursing, 15, 133–139.
doi:10.1188/11.CJON.133-139
Sateia, M.J., & Lang, B.J. (2008). Sleep and cancer: Recent developments. Current Oncology Reports, 10, 309–318. doi:10.1007/s11912-008-0049-0
Schubert, M.M., & Peterson, D.E. (2009). Oral complications of hematopoietic cell transplantation. In F.R. Appelbaum, S.J. Forman, R.S. Negrin, & K.G. Blume (Eds.), Thomas’ hematopoietic cell transplantation: Stem cell transplantation (4th ed., pp. 1589–1607). Oxford, United
Kingdom: Wiley-Blackwell.
Schubert, M.M., Williams, B.B., Lloid, M.E., Donaldson, G., & Chapko, M.K. (1992). Clinical assessment scale for the rating of oral mucosal changes associated with bone marrow transplantation: Development of an oral mucositis index. Cancer, 69, 2469–2477. doi:10.1002/1097
-0142(19920515)69:10<2469::AID-CNCR2820691015>3.0.CO;2-W
Scope, A., Agero, A.L., Dusza, S.W., Myskowski, P.L., Lieb, J.A., Saltz, L., … Halpern, A.C.
(2007). Randomized double-blind trial of prophylactic oral minocycline and topical tazarotene for cetuximab-associated acne-like eruption. Journal of Clinical Oncology, 25, 5390–5396.
doi:10.1200/JCO.2007.12.6987
Scope, A., Lieb, J.A., Dusza, S.W., Phelan, D.L., Myskowski, P.L., Saltz, L., & Halpern, A.C. (2009). A
prospective randomized trial of topical pimecrolimus for cetuximab-associated acnelike eruption. Journal of the American Academy of Dermatology, 61, 614–620. doi:10.1016/j.jaad.2009.03.046
Segaert, S., Chiritescu, G., Lemmens, L., Dumon, K., Van Cutsem, E., & Tejpar, S. (2009).
Skin toxicities of targeted therapies. European Journal of Cancer, 45(Suppl. 1), 295–308.
doi:10.1016/S0959-8049(09)70044-9
Seton-Rogers, S. (2011). Cachexia: Putting the brakes on lipid loss. Nature Reviews Cancer, 11,
536. doi:10.1038/nrc3113
Smith, E.M., Pang, H., Cirrincione, C., Fleishman, S.B., Paskett, E.D., Fadul, C.E., … Gilman, P.
(2012). CALGB 170601: A phase III double blind trial of duloxetine to treat painful chemotherapy-induced peripheral neuropathy (CIPN). Journal of Clinical Oncology, 30(Suppl.), CRA9013.
Smith, L.H., & Besser, S.G. (2000). Dietary restrictions for patients with neutropenia: A survey
of institutional practices. Oncology Nursing Forum, 27, 515–520.
Solomon, B.M., & Jatoi, A. (2011). Epidermal growth factor receptor (EGFR) inhibitor-induced
rash: A consecutive patient series that illustrates the need for rigorous palliative trials. Journal of Palliative Medicine, 14, 153–156. doi:10.1089/jpm.2010.0258
Sonis, S.T. (2009). Mucositis: The impact, biology and therapeutic opportunities. Oral Oncology,
45, 1015–1020. doi:10.1016/j.oraloncology.2009.08.006
Sonis, S.T., Eilers, J.G., Epstein, J.B., LeVeque, F.G., Liggett, W.H., Jr., Mulagha, M.T., … Wittes,
J.P. (1999). Validation of a new scoring system for the assessment of clinical trial research
of oral mucositis induced by radiation or chemotherapy. Mucositis study group. Cancer, 85,
2103–2113. doi:10.1002/(SICI)1097-0142(19990515)85:10<2103::AID-CNCR2>3.0.CO;2-0
Spencer, R., Nilsson, M., Wright, A., Pirl, W., & Prigerson, H. (2010). Anxiety disorders in advanced cancer patients. Cancer, 116, 1810–1819. doi:10.1002/cncr.24954
Stein, A., Voigt, W., & Jordan, K. (2010). Review: Chemotherapy-induced diarrhea: Pathophysiology, frequency and guideline-based management. Therapeutic Advances in Medical Oncology, 2, 51–63. doi:10.1177/1758834009355164

Chapter 13. Symptom Management

●

821

Strasser, F., Demmer, R., Bohme, C., Schmitz, S.-F.H., Thuerlimann, B., Cerny, T., & Gillessen, S.
(2008). Prevention of docetaxel- or paclitaxel-associated taste alterations in cancer patients
with oral glutamine: A randomized, placebo-controlled, double-blind study. Oncologist, 13,
337–346. doi:10.1634/theoncologist.2007-0217
Stringer, A.M., Gibson, R.J., Bowen, J.M., Logan, R.M., Yeoh, A.S., & Keefe, D.M. (2007). Chemotherapy-induced mucositis: The role of gastrointestinal microflora and mucins in the luminal environment. Journal of Supportive Oncology, 5, 259–267.
Swinton, N., Chasen, M., & MacDonald, N. (2006). Cancer cachexia: Simple nutritional screening in clinical practice. Oncology Exchange, 5, 34–37. Retrieved from http://www.oncologyex
.com/gif/archive/2006/vol5_no4/5_tools_4.pdf
Tianhong, L., & Perez-Soler, R. (2009). Skin toxicities associated with epidermal growth factor
receptor inhibitors. Targeted Oncology, 4, 107–119. doi:10.1007/s11523-009-0114-0
Tisdale, M.J. (2009). Mechanisms of cancer cachexia. Physiology Review, 89, 381–410.
doi:10.1152/physrev.00016.2008
Treister, N.S., & Woo, S.-B. (2013, February). Chemotherapy-induced oral mucositis. Retrieved
from http://emedicine.medscape.com/article/1079570-overview#showall
U.S. Food and Drug Administration. (2010, December 17). Anzemet (dolasetron mesylate): Drug
safety communication—Reports of abnormal heart rhythms. Retrieved from http://www.
fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/
ucm237341.htm
U.S. Food and Drug Administration. (2012, June 29). Ondansetron (Zofran) IV: Drug safety communication—QT prolongation. Retrieved from http://www.fda.gov/Safety/
MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm310219
.htm
Vachani, C. (2011, January 27). Low white blood cell count (neutropenia). Retrieved from
http://www.oncolink.org/treatment/article1.cfm?c=157&id=38
Vannice, S. (2008). Mucositis. In R.A. Gates & R.M. Fink (Eds.), Oncology nursing secrets (3rd ed.,
pp. 372–397). St. Louis, MO: Elsevier Mosby.
Velasco, R., & Bruna, J. (2010). Chemotherapy-induced peripheral neuropathy: An unresolved
issue. Neurologia, 25, 116–131. doi:10.1016/S2173-5808(10)70022-5
Vena, C., Parker, K., Cunningham, M., Clark, J., & McMillan, S. (2004). Sleep-wake disturbances in people with cancer part 1: An overview of sleep, sleep regulation, and effects of disease
and treatment. Oncology Nursing Forum, 31, 735–746. doi:10.1188/04.ONF.735-746
Visovsky, C., Collins, M.L., Hart, C., Abbott, L.I., & Aschenbrenner, J.A. (2009). ONS PEP resource: Peripheral neuropathy. In L.H. Eaton & J.M. Tipton (Eds.), Putting evidence into practice: Improving oncology patient outcomes (pp. 243–252). Pittsburgh, PA: Oncology Nursing Society.
Vodermaier, A., Linden, W., & Siu, C. (2009). Screening for emotional distress in cancer patients: A systematic review of assessment instruments. Journal of the National Cancer Institute,
101, 1464–1488. doi:10.1093/jnci/djp336
Wang, X.S. (2008). Pathophysiology in cancer-related fatigue. Clinical Journal of Oncology Nursing, 12(Suppl. 5), 11–20. doi:10.1188/08.CJON.S2.11-20
Wasserman, A.E. (2012, July). Management of chemotherapy-induced dysgeusia (Continuing education). Retrieved from http://www.oncolink.org/resources/article.cfm?c=16&s
=59&ss=224&id=1047
Wielgus, K.K., Berger, A.M., & Hertzog, M. (2009). Predictors of fatigue 30 days after completing anthracycline plus taxane adjuvant chemotherapy for breast cancer. Oncology Nursing Forum, 36, 38–48. doi:10.1188/09.ONF.38-48
Wilkes, G.M., & Barton-Burke, M. (2011). Oncology nursing drug handbook. Burlington, MA:
Jones and Bartlett.
Wilkinson, S.M., Love, S.B., Westcombe, A.M., Gambles, M.A., Burgess, C.C., Cargill, A., …
Ramirez, A.J. (2007). Effectiveness of aromatherapy massage in the management of anxiety

822 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

and depression in patients with cancer: A multicenter randomized controlled trial. Journal
of Clinical Oncology, 25, 532–539. doi:10.1200/JCO.2006.08.9987
Wolf, S., Barton, D., Kottschade, L., Grothey, A., & Loprinzi, C. (2008). Chemotherapy-induced
peripheral neuropathy: Prevention and treatment strategies. European Journal of Cancer, 44,
1507–1515. doi:10.1016/j.ejca.2008.04.018
Woodward, S.C. (2011). Cognitive-behavioral therapy for insomnia in patients with cancer
[Online exclusive]. Clinical Journal of Oncology Nursing, 14, E42–E52. doi:10.1188/11.CJON.
E42-E52
World Health Organization. (n.d.). Health topics: Depression. Retrieved from http://www
.who.int/topics/depression/en
World Health Organization. (1979). WHO handbook for reporting results of cancer treatment. Retrieved from http://whqlibdoc.who.int/offset/WHO_OFFSET_48.pdf
Wu, H.S., Dodd, M.J., & Cho, M.H. (2008). Patterns of fatigue and effects of exercise in patients receiving chemotherapy for breast cancer. Oncology Nursing Forum, 35, E90–E99.
doi:10.1188/08.ONF.E90-E99
Wu, P.A., Balagula, Y., Lacouture, M.E., & Anadkat, M.J. (2011). Prophylaxis and treatment
of dermatologic adverse events from epidermal growth factor receptor inhibitors. Current
Opinion in Oncology, 23, 343–351. doi:10.1097/CCO.0b013e3283474063
Wyeth Pharmaceuticals. (2012). Neumega® (oprelvekin) [Package insert]. New York, NY: Author.
Yavuzsen, T., Davis, M.P., Rangamathan, V.K., Walsh, D., Siemionow, V., Kirkova, J., … Yue, G.H.
(2009). Cancer-related fatigue: Central or peripheral? Journal of Pain and Symptom Management, 38, 587–596. doi:10.1016/j.jpainsymman.2008.12.003
Yavuzsen, T., Walsh, D., Davis, M.P., Kukova, J., Jin, T., LeGrand, S., … Haddad, A. (2009). Components of the anorexia-cachexia syndrome: Gastrointestinal symptom correlates of cancer
anorexia. Supportive Care in Cancer, 17, 1531–1541. doi:10.1007/s00520-009-0623-5
Zhao, I., & Yates, P. (2008). Non-pharmacological interventions for breathlessness management in patients with lung cancer: A systematic review. Palliative Medicine, 22, 693–701.
doi:10.1177/0269216308095024
Zhou, T., Duan, J.J., Zhou, G.P., Cai, J.Y., Haung, Z.H., Zeng, Y.T., & Xu, F. (2010). Impact of
depression and mood disorder on the adverse drug reaction incidence rate on anticancer
drugs in cancer patients. Journal of International Medical Research, 38, 2153–2159.

CHAPTER 14

Patient Navigation in
Oncology Care
Heather Pinkerton, RN, BSN, OCN®, Penny Daugherty, RN, MS, OCN®,
Wendy K. Ballou, RN, BS, OCN®, CCM,
Mary Magee Gullatte, PhD, RN, ANP-BC, AOCN®, FAAN,
and Carlton G. Brown, PhD, RN, AOCN®, FAAN

Introduction
Patient navigation is a care coordination activity that can help facilitate
timely access to the complicated care and resources needed when an individual is diagnosed with cancer (Pedersen & Hack, 2011). Patient navigation
in oncology care is defined as a barrier-focused intervention that aims to reduce delays in accessing the continuum of cancer care services, with an emphasis on timeliness of diagnosis and treatment and a reduction in the number of patients lost to follow-up (Wells et al., 2008).
The barriers that patients face in accessing cancer care range from
those specific to low-income, marginalized communities to those that are
inherent in healthcare systems (Natale-Pereira, Enard, Nevarez, & Jones,
2011). Barriers identified in marginalized communities include lack of
access, insufficient or no health insurance, poor social support, poor coping styles, and poor health literacy (Freeman, 2004). Barriers inherent to
healthcare systems include inability to obtain timely appointments, cumbersome appointment schedules with multiple specialists, lack of care
coordination, and a lack of awareness of appropriate social services. Employing patient navigators (PNs) in the care setting ensures that patients
have their care coordinated with one primary contact who will follow
them throughout their treatment trajectory. Care navigation saves time
for both patients and providers. Benefits include (a) decreased redundancy, (b) increased care efficiency resulting in improved patient satisfaction, and (c) assurance that patients are offered appropriate services
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in a manner that can save valuable time and reduce problem-solving burden (Wilcox & Bruce, 2010).
With the evolution of healthcare advances and the pressure for evidencebased care, cancer care has become very complex, making navigation of the
healthcare system challenging and time consuming for patients and their
families (Seek & Hogle, 2007). Yet, care coordination is a healthcare imperative, and the use of navigators can achieve this goal. Patient navigation in
cancer care has evolved over time into a collaborative relationship among
oncologists, nurse navigators, and patients and families with the goal of patient-centered care (Shockney, 2010).
Although the PN role is growing in popularity in healthcare settings, its
characteristics and competencies are ill defined. This chapter will provide information and insight into the role and concept of patient navigation. The
goals of the chapter are to (a) explore the history and evolution of patient
navigation; (b) describe surgical oncologist Dr. Harold Freeman’s patient navigation model at the time of his introduction of the concept in the early 1990s;
(c) review the current models of patient navigation; (d) describe the varied
definitions of patient navigation; (e) review the different types and models
of PNs, the differences within their roles, and different settings in which they
navigators work; (f) outline the current training and development programs
that are available for navigators; (g) review metrics that are being used to validate the need and value of PN programs; and (h) explore the importance of
the relationship between navigators and the patient’s caregivers when assisting patients in navigation across the cancer care continuum.

History of Patient Navigation
In 1990, Freeman and colleagues developed a navigation program at Harlem Hospital in response to the need to narrow the gap in access to cancer care
for the poor and underserved in America (Freeman, 2004; Freeman, Muth, &
Kerner, 1995). Freeman is considered the pioneer of patient navigation.
Freeman identified healthcare obstacles that affect the timely diagnosis
and treatment of cancer in marginalized communities. These obstacles included numerous social and financial factors, such as lack of insurance, poor
social support, poor coping styles, and poor health literacy skills (Freeman,
2004). Freeman’s concept of a PN program was intended to facilitate access
for low-income women to obtain breast cancer screening, follow-up, and care
in the event of an abnormal breast screening result (Freeman, 2004; Freeman
et al., 1995). Freeman used trained lay navigators to assist these patients by
coordinating the components of their otherwise fragmented care. The goal
of the program was to reduce or eliminate disparities in the poor and underserved populations that bear a heavier burden of cancer by improving access
(Wilcox & Bruce, 2010). This legacy navigation program was able to show a re-
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duction in the diagnosis of late-stage breast cancer and an increase in the diagnosis of early-stage breast cancer in the target population (Oluwole et al.,
2003). The success of the Freeman navigation program was fundamental in
advancing further interest and investigation into the development and understanding of patient navigation (Dohan & Schrag, 2005; Ferrante, Chen, &
Kim, 2008; Fowler, Steakley, Garcia, Kwok, & Bennett, 2006).
Over the past decade, interest in patient navigation in cancer care has increased dramatically. This increase is largely due to the need in health care
to increase efficiency and patient satisfaction as well as control costs. Oncology programs have an acute interest in the value of a PN (Association of
Community Cancer Centers, n.d.; Institute for Alternative Futures, 2007).
Likewise, the interest in the role concept outside the United States is growing. Healthcare programs are continually searching for ways to improve continuity of care and address the fragmentation of care inherent in the system.
The healthcare system is seeking to address ways to increase patient satisfaction. Pedersen and Hack (2011) reported that the topic of patient navigation has prompted a “groundswell of activity as many healthcare programs
strive to provide efficient, streamlined care while acknowledging consumer
satisfaction” (p. 200).
Patient navigation has become a widely promoted approach to improve
the likelihood that patients will complete recommended testing and treatment while closing the gap in socioeconomic, racial, and ethnic disparities
in care (Carroll et al., 2010). In some cases today, patient navigation is a barrier-focused intervention model that is used to coordinate a defined episode
of care (Paskett, Harrop, & Wells, 2011).

Role of the Patient Navigator
The PN role in health care has yet to be standardized. The PN’s current
functions are varied and may be performed by healthcare providers from
various disciplines as well as laypeople fulfilling a slightly different role.
The lay navigator, which was the strength of the Freeman model, will typically facilitate coordination of care and services from a community perspective. The professional navigator is a licensed individual who provides specific
education, care coordination, and even symptom management throughout
the trajectory of the patient’s illness experience (Arias, 2012). For example,
the position of PN may be held by nurses, social workers, or case managers.
Regardless of the healthcare discipline, members of the navigation team
view the mission of care through the lens of their professional education,
scope of practice, and individual training and background. In addition to
the divergence of professional identity, PNs serve patients with unique needs
based on the varying qualities of site-specific illnesses, geography, and personal circumstances.
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Lay Navigators
At its inception and presently, lay navigators are nonprofessionals who
function as support to patients in their community to improve care and access
to care and clinical trials for underserved patients with cancer in urban areas.
Steinberg et al. (2006) reported a positive effect in the use of lay navigators
in minority and low-income African American and Latino patients with cancer. Their experience with the lay navigators proved to reduce barriers to care
and improve the patients’ experience with their care (Steinberg et al., 2006).
Early in the development, as other programs attempted to adapt the lay
navigator model, no universal structured program training standards were
available for lay navigators. One study by Shelton et al. (2011) revealed that
diverse strategies should be used to train and prepare lay PNs. Their reported experience was to test strategies of training lay health workers to enlist
them as navigators to increase colorectal screening among African Americans in an urban community. The lay navigator may help to remove barriers
that the patient may face in the community so that barriers to care are overcome, and patients can be guided through a complex healthcare system.
One practical activity for the lay navigator may be to assist patients in filling
out forms and applications for financial assistance (Pedersen & Hack, 2010).
Most of the original training of lay navigators was developed by Dr. Freeman for his patients with breast cancer in the urban setting of New York City.
As the programs evolved and were found to have a positive impact in reducing cancer mortality, several structured certification programs for lay navigators have emerged. Three multisite programs offer certification: National
Cancer Institute (NCI) Patient Navigator Research Program, the American Cancer Society (ACS) Patient Navigation Program, and the Centers for
Medicare and Medicaid Services Cancer Prevention and Treatment Demonstration Project (Calhoun et al., 2010).

Professional Navigators
In the 1990s, nurse case managers were the mainstay of the coordination
of patient care in the hospital setting. Case managers facilitated interdisciplinary communication within the healthcare team and with patients and
their families. They supplied patient education, financial counseling, and
discharge planning. As cancer care became more sophisticated and comprehensive, the 2005 National Cancer Patient Navigation Act was created to
help ensure that patients with cancer received high-quality coordinated care
and were provided comprehensive guidance through the physical and emotional trauma inherent in the cancer experience. The merging of the traditional case manager role with the evolving PN role was an intuitive extension for oncology nurses, social workers, and nurse practitioners trained in
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cancer care; hence, the role of oncology nurse navigator was embraced and
mentored by the Oncology Nursing Society (ONS) (Shockney, 2010).
Generalized care coordination continues to be a mainstay of the professional navigator. Patient navigation is now inclusive of disease-specific education, symptom management, nutrition, and sexuality counseling (Shockney,
2010). The American Nurses Association (2012) published a white paper defining care coordination:
First as a function to help ensure that the patient’s needs and preferences are met over time with respect to health services and information sharing across people, functions, and sites. Second, it is the deliberate organization of patient care activities between two or more
participants (including the patient) involved in a patient’s care to facilitate the appropriate delivery of healthcare services. (p. 1)
Development and training of the professional navigator (nurse and social
worker) is not universally standardized; therefore, it varies depending upon
the individual institution, demographics, and geographic location. Usually,
the core orientation is based upon providing patient support and education.
Gullatte (2005) developed a cancer nurse navigation education program
in collaboration with the Northwest Georgia Regional Cancer Coalition and
the Blue Ridge Area Health Education Center in Rome, Georgia. The training program continues today and has evolved into a national program, the
Cancer Services Navigator Program, which offers two certifications: one for
a Cancer Care Nurse Navigator and the other a Cancer Services Navigator
for non-nurse professionals. The courses are designed to provide the participants with clinically competent education to serve as navigators for people
with cancer and their families. More information about the program can be
found at http://cancernavigatorprogram.org/certification-programs.
The following core elements are emerging as the role is embraced by individual healthcare systems (Wilcox & Bruce, 2010).
• The understanding that the navigator role is an enhancement to the
streamlining of patient care rather than an overlap or infringement.
• Administrative support, interdisciplinary communication and ongoing
program evaluation must be mandated components. Moreover, the establishment of evidence-based standards is crucial for success.
In 2012, the ONS supported a role delineation study for the oncology nurse
navigator. One aim of the study was to identify key competencies required in the
role. The results were published in the Clinical Journal of Oncology Nursing (Brown
et al., 2012). The study defined tasks (e.g., patient advocacy), knowledge areas
(e.g., evidence-based practice), and skills (e.g., communication) associated with
the role of the oncology nurse navigator. A sample of 330 oncology nurse navigators rated the top tasks, knowledge areas, and skills for the navigator role. See
Figure 14-1 to review the results of this survey. The ONS Oncology Nurse Navigator
Core Competencies were released in November 2013 and are available in pdf form
at www.ons.org/sites/default/files/ONNCompetencies.pdf.
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Figure 14-1. The Top Tasks, Knowledge Areas, and Skills as Rated by
Oncology Nurse Navigators
Tasks
• Provide emotional and educational support for patients.
• Practice according to professional and legal standards.
• Advocate on behalf of the patient.
• Demonstrate ethical principles in practice.
• Orient patients to the cancer care system.
• Receive and respond to new patient referrals.
• Pursue continuing education opportunities related to oncology and navigation.
• Collaborate with physicians and other healthcare providers.
• Empower patients to self-advocate.
• Assist patients to make informed decisions.
• Provide education or referrals for coping with the diagnosis.
• Identify patients with a new diagnosis of cancer.
Knowledge Areas
• Confidentiality and informed consent
• Advocacy
• Symptom management
• Ethical principles
• Quality of life
• Goal of treatment
• Therapeutic options
• Evidence-based practice guidelines
• Professional scope of practice
• Legal and professional guidelines
Skills
• Communication
• Problem solving
• Critical thinking
• Multitasking
• Collaboration
• Time management
• Advocacy
Note. From “Oncology Nurse Navigator Role Delineation Study: An Oncology Nursing Society Report,” by C.G. Brown, C. Cantril, L. McMullen, D.L. Barkley, M. Dietz, C.M. Murphy, and L.J. Fabrey,
2012, Clinical Journal of Oncology Nursing, 16, p. 584. Copyright 2012 by the Oncology Nursing Society. Reprinted with permission.

Developing Standards for Professional Patient
Navigators
NCI-sponsored programs such as NCI Community Cancer Center Program (NCCCP) have identified 30 specific community hospitals across the
country that meet the qualifications of providing comprehensive cancer
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care. Once selected for inclusion into the NCI program, each hospital is
tasked with the development of a prototype of the nurse (professional) navigator paradigm. Standards of practice are implemented for several disease
site–specific nurse navigators—each unique and based upon the distinct
needs of patients. For example, patients with breast cancer will have several
consulting oncologists (surgical, medical, and radiation). This requires care
coordination along with ongoing support and education when faced with
a new diagnosis. For patients with a gynecologic malignancy, they will likely have multiple recurrences and will need a more crisis-based approach to
care coordination. They will need education based upon life-altering complications, which can arise quite emergently. The disparities navigator who
works directly with the hospital’s business office provides a crucial role for
the many patients who have no insurance or lose their benefits or income
because they are too sick to maintain employment.

Navigation Models
As the PN model has evolved since the inception by Freeman et al. (1995),
it has taken on a variety of forms, usually dictated by the needs of the patients and experience of the care setting (Wilcox & Bruce, 2010). An organization has several options when adopting a navigation model. One such
model is the British Columbia Patient Navigation Model (BCPNM). It was
developed in 2007 in British Columbia, Canada, in response to the demand
for evidence-based literature that supports the navigation role in practice.
This model addressed the fragmentation in areas of service and information
delivery and the deficiencies in coordination of services that reportedly existed in the Canadian healthcare system (BC Cancer Agency, 2005; Pedersen & Hack, 2011).
The BCPNM delineates the role of the navigator in cancer care by using six integral components: (a) provide informational support, (b) facilitate linkage to healthcare resources, (c) facilitate decision making, (d) provide emotional support, (e) facilitate seeking of practical assistance, and (f)
identify and develop community supports (BC Cancer Agency, 2005; Pedersen & Hack, 2011). The navigator in this model is charged to use these components to help meet patient and family needs, as well as to help overcome
health system gaps that exist.
The BCPNM postulates that patient navigation will improve the following
patient outcomes: (a) enhanced patient self-efficacy, (b) better coping abilities, (c) enhanced emotional and informational preparedness, and (d) improved satisfaction with health care (Pedersen & Hack, 2011). The model
does not indicate which discipline, trained lay persons or professionals such
as nurses, is best suited for the role of navigator. The BCPNM model explains that navigation work can be performed by different disciplines based
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on the healthcare system context. However, this model has components in
alignment with current nursing interventions and therefore is a useful model for nursing practice (Pedersen & Hack, 2011).
A second navigation model is the Community Education and Outreach
Program (CEOP) at the AVON Comprehensive Breast Center (AVONCBC)
at Grady Memorial Health System in Atlanta, Georgia. This program is a
community health system developed by a public and private partnership as
part of the Georgia Cancer Coalition (Gabram et al., 2008).
The Grady AVONCBC navigation program was implemented in early
2000 as a result of the disparities in breast cancer stage at presentation in
the underinsured or uninsured, largely African American, patient population that the Grady AVONCBC serves. The breast cancer patient population served by the AVONCBC is typically diagnosed at a later stage of breast
cancer and at a younger age. The breast cancers tend to be more aggressive
and result in poorer outcomes, especially when diagnosed at a later stage.
The goal of this program is to decrease mortality from breast cancer in these
women by improving access to care and dispelling fears among patients. The
breast cancer navigators have made a difference in this community (Gabram
et al., 2008).
The Grady AVONCBC program has two components: community health
advocacy and individual and clinic PNs. The first component uses community health advocates (CHAs). CHAs are formally trained by the institution to
go out into the underserved communities to provide educational sessions to
increase breast cancer awareness and encourage screening for breast cancer.
CHAs encourage mammography screening and breast health. They encourage the community to overcome their fears regarding breast cancer screening and diagnosis. The outreach participants attempt to empower the community with the knowledge to make better decisions regarding their health
care.
The other component of the Grady AVONCBC program uses PNs. The
PNs are trained CHAs but receive further training from the institution in
navigation practices and protecting patient health information. PNs communicate directly with any patient who receives a diagnosis of breast cancer. They encourage patients to follow up with recommended medical care
and help to dispel fears of treatment. PNs help to ensure that patients are
offered timely access to care. They work with social services and case managers to help patients to access needed resources to help overcome barriers
to care, including financial concerns, transportation needs, physical needs,
communication needs, difficulties with disease management, and needs for
support services. PNs provide support throughout the treatment continuum. In this model, PNs are lay navigators, or trained nonprofessionals. This
model does not use nurses or social workers as navigators, but the PNs in this
model do work closely with case managers, who typically are nurses or social
workers (Gabram et al., 2008).
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Some patient navigation models are more common in community-based
cancer care delivery systems in the United States. One such program exists
in a small community cancer center in North Carolina, the Duke Raleigh
Cancer Center. This cancer center is affiliated with a 186-bed community
hospital, Duke Raleigh Hospital. Duke Raleigh Hospital is a member of a
larger system called Duke University Health System, which is an NCI-designated comprehensive cancer center.
Duke Raleigh Cancer Center’s patient navigation program consists of two
types of professional navigators. One model has a certified health education
specialist with a degree in public health whose role is to work with patients
with breast cancer from initial screening through diagnosis, treatment, and
follow-up. This navigator facilitates the breast cancer support group offered
at this cancer center (Wilcox & Bruce, 2010).
The second type of navigator at the Duke Raleigh Cancer Center is a nationally certified oncology nurse. This nurse is responsible for the navigation of patients with other site-specific cancers, including gastrointestinal,
lung, colon, head and neck, and lymphomas. The oncology nurse navigator
coordinates a thoracic multidisciplinary clinic within the cancer center. This
navigator also facilitates a general cancer support group for the center. The
oncology nurse navigator for the Duke Raleigh Cancer Center works with
patients and their families from the time of diagnosis, throughout the cancer continuum of treatment, and into survivorship (Wilcox & Bruce, 2010).

Care of the Family Caregiver
The healthcare team focuses on the patient once the diagnosis of cancer is made, but the family and friends who support the patient through
this time also go through much stress and strain. Ideally, the treatment program embraces a model of patient- and family-centered care. The PN role
includes the need to guide, educate, and support the caregiver, as well as the
patient through the trajectory of care and treatment. It is helpful to remind
caregivers to be mindful of their own care needs. When they take care of
their own needs and receive the information, help, and support they need,
caregivers are better prepared to meet their loved one’s needs (ACS, 2011).
Caregiving can be a full-time job and often requires new skills. Frequently, caregivers are the people who recognize and report important
symptoms or side effects of the disease or treatment (CancerCare, 2011).
Early recognition and intervention of side effects by the team can improve
patient outcomes. Glajchen (2004) provided insight into the need for involvement of family caregivers to make sure the patient is compliant for
optimal treatment outcomes and continuity of care. Glajchen also reported that support for caregivers benefits the caregiver, the patient, and the
healthcare team.
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Because caregivers can play such an important role in the patient’s life,
PNs should assess the caregivers as well as the patient to ensure the caregiver
is taken care of and can provide the care needed for their significant other.
Providing support and education to caregivers can reduce their strain and
burden (Honea et al., 2008). PNs need to remember that their role is not
limited to just the patient, but also the family and caregivers.

National Navigator Programs
ONS has a burgeoning Nurse Navigator Special Interest Group that
offers a highly interactive email list as well as detailed presentations at
national conferences by accomplished navigators across the country. In
2010, ONS, the Association of Oncology Social Work (AOSW), and the
National Association of Social Workers (NASW) released a joint position
statement on the role of oncology nurses and oncology social workers
in patient navigation. The position of the three organizations is that the
concept of patient navigation is fundamental in nursing and social work.
Therefore, ongoing collaboration to identify ways to measure impact and
effectiveness and clarify the role and desired outcomes of professional
navigators should be supported and promoted (ONS, AOSW, & NASW,
2010).
Two organizations, the National Coalition of Oncology Nurse Navigators
and the Academy of Oncology Nurse Navigators, now offer annual training
specific to professional navigators. Several other organizations are focused
more on the lay navigation aspects of patient care (ONS et al., 2010).
The ongoing development of formalized education and training for both
professional and lay navigators validates the efficacy of patient navigation as
a much-needed component of a holistic team approach to patient care and
elimination of barriers to service for patients with cancer.

Measure and Data Tracking
Terms frequently used to describe how PNs help patients and families
are facilitate, coordinate, educate, guide, and support (Institute for Alternative
Futures, 2007), which are typically unreimbursed services for healthcare
employers (Advisory Board Company, 2011). In recent years, healthcare
programs and organizations have marketed patient navigation as a way to
distinguish or differentiate themselves from others. The challenge for these
healthcare programs is how to measure PNs’ effectiveness in order to establish the added value of the service and to support reimbursement. As previously noted, a great deal of variation exists in the role and practice of PNs.
In addition, PNs can have an array of job titles and descriptions.
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The first step in defining data to measure is to define what the PN role
will be for a particular program and to determine the desired outcomes.
In addition, when practice or care standards exist, those should be included in defining the measures. Patient navigation standards have been developed by two agencies. The National Accreditation Program for Breast Centers (2011) through the American College of Surgeons Cancer Programs
has a standard for patient navigation. In 2012, the Commission on Cancer
(2011) enacted new cancer program standards that include patient navigation. Accreditation standards provide measurement guidelines by which the
surveyors will be reviewing, such as patient satisfaction (National Accreditation Program for Breast Centers, 2011) or addressing barriers to care (Commission on Cancer, 2011). Each facility determines how to present information to meet the standards.
Key stakeholders have metrics that are more important to them. For example, administrators will likely be interested in the value added by the PN.
This value may be measured by patient satisfaction, time from diagnosis to
treatment, readmission rate, navigator caseload, and billing and reimbursement. Software programs are available that can provide suggestions on what
measures to track and document. Some studies show the PN’s impact on
barriers to care and improving patient outcomes (Pedersen & Hack, 2010).
In a report by the Association of Community Cancer Centers, patient navigation has improved patient satisfaction and billing efficiencies (Frandzel,
2011). Other metrics that can be tracked by PNs are physician referral patterns (Shimooka, 2010) and patient out-migration (Advisory Board Company, 2011).
Studies are needed to evaluate the value and effect of patient navigation
on outcomes (Guadagnolo, Dohan, & Raich, 2011) and timely and appropriate cancer care and treatment (Freund et al., 2008). Although not required,
some computer software programs can assist in data recordings. Some of
the data shown to be beneficial demographics, number of patients, diagnosis, stage and contacts made, referral patterns, barriers to care, and treatments received to provide information for survivorship care plan (Nursenav
Oncology, n.d.; Open Software Solutions, n.d.). These need to be tracked
whether you use a specialized software program or create an Excel file or
electronic medical record (EMR).

Navigation Software
Software designed to assist with documentation specific to patient navigation has been developed to guide navigators in capturing essential activities
and elements of intervention and care outcomes. Much of this software may
be cost-prohibitive to hospitals already struggling with budget issues. A number of hospitals are creatively utilizing case management software or incor-
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porating extra fields into already existing EMR programs such as the ARIA®
oncology information system.
ARIA is a comprehensive information and image management system
that aggregates patient data into a fully electronic medical chart. MOSAIQ®
is an image-enabled oncology EMR designed by Elekta. MCCMTM (Morrisey
Concurrent Care Manager) is another patient information system designed
by Morrisey Associates. By using these software tools, all professionals involved in care are able to share information as warranted (Sein, 2011). As
navigation programs mature they become the models for newer efforts and
in many cases inform the refined development of the new programs as they
grow.

Summary
Patient navigation in cancer care continues to grow and focus on assisting
patients to overcome a variety of barriers to accessing appropriate and timely cancer care. Patient navigation is evolving to include more medical settings and patient populations than just the medically underserved.
Paskett and colleagues conducted a review of current published literature
surrounding current cancer patient navigation. They concluded that there
is not one type of patient navigation model that fits the needs of all medical settings. They noted that patient navigation programs and PNs’ backgrounds are diverse. Therefore, patient navigation programs appear to be
driven by local needs. Patient navigation is not only currently being provided to the medically underserved, but also to the general oncology patient
population (Paskett et al., 2011). They concluded that it is crucial to examine the needs of the population served by the organization that will be providing patient navigation services, and develop navigation interventions tailored to those needs.
As patient navigation in oncology continues to evolve, the role of the professional navigator needs to continue to be supported. In 2010, Wilcox and
Bruce published a paper describing how the experienced oncology nurse is
perfectly positioned as a navigator in all areas of oncology. They reported
that an experienced oncology nurse possesses “a comprehensive knowledge
base of the pathophysiology of cancer, treatment modalities, disease progression and symptom management” and “is able to problem solve and proactively support and initiate patient referrals based on the anticipated needs
of the patient during the planned course of treatment” (p. 24).
The collaboration of ONS, AOSW, and NASW (2010) emphasizes the
importance of the PN role in oncology nursing and oncology social work.
These organizations came together to prioritize patient navigation in cancer care in order to establish role clarity and effectiveness measures. The
role of the nurse navigator can be professionally fulfilling to the oncology
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nurse. Wilcox and Bruce (2010) reported that nurses working as navigators
can feel incredible satisfaction when they engage so deeply in the lives of patients and families.
Since the introduction of patient navigation more than two decades
ago, interest and published studies regarding cancer patient navigation
have increased significantly. Paskett et al. (2011) concluded that their literature review showed building evidence of efficacy of patient navigation
in terms of increased cancer screening rates. However, not as much current evidence has evaluated the effectiveness of patient navigation on diagnostic follow-up and in the treatment setting. Moreover, research supporting patient navigation in cancer survivorship is significantly lacking.
Additional research regarding the impact of patient navigation on patients
and caregivers is needed to clarify the PN role in positively affecting patient outcomes.
Currently, navigation programs and the types of navigators that are employed (i.e., lay navigators versus professional navigators) in each respective
program are directly associated with the patient population being served.
The concept of patient navigation in oncology care continues to evolve.
Going forward, more research is needed to identify appropriate outcome
measures and the effectiveness of these outcomes in cancer care. Paskett et
al. (2011) concluded in their study that much still needs to be accomplished
in terms of research showing the value and effectiveness of patient navigation in cancer care. In addition, more research is needed to identify the best
functioning navigation programs to reach the goals of patient navigation.
Future research in evaluating effectiveness of patient navigation is needed,
particularly regarding the effectiveness of combining lay navigation and professional navigation in the same delivery model with resulting outcomes for
patients and families.
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CHAPTER 15

Patient and Family
Support During and After
Cancer Therapy
Felicia Williams, DNP, MS, RN, FNP-C, AOCNP®, and
Mary Magee Gullatte, PhD, RN, ANP-BC, AOCN®, FAAN
“I do not care how much you know, until I know how much you care.”
—Unknown

Introduction
For most people, a diagnosis of cancer unleashes a cascade of psychosocial
actions and behaviors. The patient rarely hears the plan of care explained by
the interprofessional oncology care team after hearing the phrase, “I am sorry; you have cancer” (National Cancer Institute, 2012). The diagnosis has a
profound life-changing impact and stuns not only the patient but the family and friends as well.
This chapter will focus on the support for patients and families while receiving chemotherapy treatment. In addition, the role of the interprofessional oncology care team in providing psychosocial and emotional support
will be reviewed.

From Silence to Voice: One Patient’s Story
Disclosure: This is the account of a patient who wanted to share
his name and his story. Permission was given by Mr. Meredith
to disclose his personal health information for purposes of this
chapter.
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Mr. Kendrick Meredith wanted to share his story with the community of
caring oncology professionals. Mr. Meredith presented to a local hospital
with complaints of persistent left eye irritation. A computed tomography
scan revealed an orbital mass extending into the ethmoid sinus with optic neuropathy and mass effect. Shortly after imaging, a biopsy was done,
revealing rhabdomyosarcoma. Mr. Meredith now faced a diagnosis of cancer at the age of 41. He was told that if surgery was not done within the
next 24 hours, he would lose vision in his left eye. At the time, Mr. Meredith was the primary financial provider for his family. He was married with
four children ages 2, 5, 19, and 20. His oldest son was away in college and
his wife was nine months pregnant with their fifth child. Not only was this
cancer, but a rare disease he had never heard of and dared not try to pronounce. Because of adherence to a rigorous chemotherapy and radiation
schedule, Mr. Meredith lost his job. He was then faced with not being able
to provide for his family and unborn son. He was in a crisis. Mr. Meredith
is a man of great spiritual faith, but the evolving trauma felt insurmountable at times. He relied on the support from the interdisciplinary staff of
the clinic and social support from others to deal with the psychosocial effects of his cancer diagnosis and treatment. Today, Mr. Meredith continues to be a survivor, with recent scans showing no evidence of residual or
recurrent disease. This is a true story recounted with written permission of
Mr. Meredith of how easily someone’s life can be drastically changed overnight by cancer and treatment effects and how vital the psychosocial needs
of the patient can outweigh physical symptoms and side effects of cancer
and related treatment.
Mr. Meredith is one of the estimated 43% of patients who experience
psychological distress at some point along the continuum of care (Ryan et
al., 2005). The psychological distress originates from physical, psychological, and emotional responses developed as a result of a cancer diagnosis and
treatment plans.
Cancer Care for the Whole Patient: Meeting Psychosocial Health Needs (Adler &
Page, 2008) is a report issued by the Institute of Medicine (IOM) at the request of the National Institutes of Health. The document outlined unmet
psychosocial needs of patients and their families, delivery of psychosocial
care, and policy and workforce issues.
The Oncology Nursing Society (ONS), in response to the IOM report,
formed a project team to further address the needs of cancer survivors.
A survey was developed and dispersed throughout the United States, targeting the use of the IOM recommendations in practice. General services that were commonly reported as high in availability were education
on how to find and use community resources, peer support groups, financial assistance with activities of daily living at home, and appearance
counselors. General services reported as being not readily available were
assistance with child care, employment assistance, and legal aid. The
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most common reported barrier to psychosocial care by oncology nurses was lack of time (Gosselin, Crane-Okada, Irwin, Tringali, & Wenzel,
2011).

Patient and Family-Centered Care
Despite recent news that cancer incidence and mortality rates for men
and women in the United States continue to decline (American Cancer
Society, 2014), cancer is a leading cause of death worldwide, accounting
for 7.6 million deaths in 2008 (World Health Organization, 2012). The
burden of cancer doubled globally between 1975 and 2000 with estimation that it will double again by 2020 and nearly triple by 2030 (World
Health Organization, 2012). The American Cancer Society’s 2005 statistical report revealed that since 1999, cancer has surpassed heart disease
as the primary cause of death in people in this country younger than
age 85 (Twombly, 2005). In 2010, the age group of individuals younger
than 85 accounted for more than 98% of the total population (Twombly,
2005). The American Cancer Society predicted 585,720 deaths due to
cancer in the United States in 2014. This number is equivalent to more
than 1,500 people a day. Conversely, there are an estimated 13.7 million cancer survivors in the United States (American Cancer Society,
2014).
Oncology nursing continues to be influenced by the evolving healthcare environment with the patient and family being an integral part of the
healthcare team. This dynamic is leading to an emerging model of patientand family-centered care being adopted across the country (Institute for Patient- and Family-Centered Care, 2010).
Patient and family-centered care was a term first defined in 1987 as part
of an initiative for community-based, family-centered, coordinated care for
children and their families driven by former Surgeon General C. Everett
Koop. Patient and family-centered care has now evolved to include the planning, delivery, and evaluation of health care that serves as the foundation
for mutually beneficial partnerships among providers, patients, and families
(Johnson, 2000). Within the model exists a framework to begin examining
policies, programs, and practices for hospitals, ambulatory care settings, and
agencies in an effort to transform organizational culture to one of caring.
Because of the focus on participation and collaboration, patients and families work with the healthcare team to optimize patient outcomes. As defined
by the Institute for Patient- and Family-Centered Care, patient and family-centered care is grounded by the concepts of dignity and respect, information sharing, participation, and collaboration (Grant & Johnson, 2011;
Johnson, Abraham, & Shelton, 2009). It means involving care with patients,
not to or for them.
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Decision Making
The basic tenets of active decision making among patients and the utilization of information technology to support optimal patient care often
run counter to the ways in which health care has traditionally been practiced. For the first time, patients and families are participating in quality
improvement at the practice level (Johnson, 2000). Many institutions have
implemented patient and family advisor (PFA) programs, which support
partnering with patients and their family members in the development
and improvement of programs and policies that shape patient, family, and
staff experiences (Grant & Johnson, 2011). Over the past decade, an increasing number of organizations, including the Joint Commission, IOM,
and Agency for Healthcare Research and Quality, have challenged organizations to adopt more patient-centered models of care (Ponte & Peterson,
2008). This idea has expanded to healthcare leaders, providers, and staff.
Tapping into the diverse perspectives, knowledge, and passions of patients
and families may allow an organization to bolster its efforts to achieve excellence in care. Including the perspective of the patient in planning contributes to the quality, safety, operational effectiveness, and long-term strategic direction of organizational structure and favorable patient outcomes
(Hughes, 2008).
The idea of patient and family-centered care encompasses partnering
with patients and family in every aspect of healthcare system operation. This
includes input from patients and families on educational topics related to
central line care to design and structure of buildings that are easily accessible and more conducive to receiving chemotherapy. More recently, patient
and family-centered concepts were being incorporated into health policy legislation on a broad level, even involving regulations pertaining to informed consent (Keirns & Goold, 2009).
The freedom to choose is a vital part of life and directs healthcare professionals’ interactions with patients, their families, and each other. Many
of the historical errors and atrocities in human experimentation contained
at their core a failure of proper and adequate consent (U.S. Department
of Health and Human Services [DHHS], 2012). A key role of clinical trials
nurses is to review in detail the trial protocol with the patients and their designated support people (Ocker & Plank, 2000). Patients should be provided with paper for writing down questions they have that can be discussed at
a later time. The next return visit may be initiated by answering these questions to ensure correct understanding by the patients and family members.
Protocol and educational material is most effective when it takes into account the appropriate literature level of the patient and the information given. Protocol and consent forms should be available in the primary language
of the patient. If the patient is non-English-speaking, it is helpful to provide
the patient with an additional copy in the English language so that English-
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speaking family members may agree on translation. This issue is covered in
more depth in Chapter 9.

Culturally Competent Care
The diversity of culture presents an opportunity for oncology professionals to learn, engage, and connect with patients and families on a sociocultural level. The United States has a multifarious population made up of individuals and families from different backgrounds, languages, races, ethnicities,
beliefs, values, and cultures, making our country the most diverse in the
world (Miller, 2011). Taking the right perspective, there is amazing strength
in diversity. According to the 2010 U.S. Census, minorities now make up
35% of the population, which is an increase by 5% from 2000 (U.S. Census Bureau, 2011). Our increasing diversity requires healthcare professionals to adjust healthcare delivery methods to accommodate different cultural
values and beliefs. The ability to communicate effectively across languages
and cultural practices directly affects patient treatment and outcomes (Miller, 2011).
The concept of tailoring health care is not a new one. For years, health
care has continued to make strides to incorporate culturally competent and
linguistically appropriate education and training for patients and families.
Culturally competent care infers a commitment from the interprofessional team to understand and be responsive to the different values and beliefs
of individuals from different cultural backgrounds. The concept of cultural
competence does not require that patients be treated using the same methods of their native land. However, cultural competency does present a compelling case for understanding patient actions in a clinical setting (Roberts,
2006).
In an effort to increase diversity measures, we must ask, does our practice
of delivering care to our patients reflect the communities we serve? Most of
the public understand that different cultural groups have different beliefs
and value systems. Healthcare providers should take the initiative to familiarize themselves with the differences to improve treatment outcomes and
patient satisfaction. For example, research has shown that African American
youth cope with the diagnosis and treatment of parental breast cancer better when they have developmentally appropriate preparation for the family changes likely to occur (Han, Kim, Yoon, Shim, McTavish, & Gustafson,
2012). Developing a support group composed of other youth coping with
parental breast cancer was a preferred intervention to promote a shared
understanding in order to overcome feelings of isolation, worry, and fear
(Davey, Tubbs, Kissil, & Niño, 2011). Research has also shown that Latino
patients have a tendency to readily offer information regarding symptoms
they may experience and are generally receptive to conventional treatments
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(Flowers, 2004). In contrast, Chinese patients may tend to withhold information from their healthcare provider if they are nervous or uncomfortable (Flowers, 2004). Heightened cultural awareness helps to inform and
improve culturally competent practice.
Nursing care is designed around shared cultural experiences that affect
the interaction between patient and care provider. The interaction could
be more difficult if the patient and provider are of different cultural backgrounds. Measuring one’s own cultural competence can lay a foundation to
become self-aware of gaps in understanding and knowledge concerning cultures different from one’s own. ONS responded to this recognized need early. In a deliberate effort to support oncology nurses toward culturally competent practice, ONS formulated the Multicultural Outcomes Team, which
originally convened in 1995. As a result, ONS published the Oncology Nursing
Society Multicultural Outcomes: Guidelines for Cultural Competence in 1999. These
guidelines provided information and resources to help ONS members reach
a desired level of cultural competence in practice, education, and research.
Another need was to develop methods to translate the guidelines into practice. In response to this need, ONS developed the Multicultural Tool Kit in
1999, which provided cultural and theoretical information applicable to all
oncology nurse settings. Clinical research on cultural competency is ongoing, but documented results indicate that high-quality outcomes are directly
affected by culturally competent care (Betancourt, Green, Carrillo, & Park,
2005).

Coping Strategies and Illness
Empirical developments in the field of coping with stress are often a
product of the conceptual underpinnings introduced by Richard Lazarus.
Two concepts that form the basis of any psychological theory are appraisal
and coping. Appraisal refers to an individual’s evaluation of the significance
and importance of what is happening for his or her well-being. Coping refers
to an individual’s efforts in thought and action to manage specific demands
(Lazarus, 1993).
Coping can generally be defined as a continual cognitive and behavioral
process to manage specific external and internal demands. Personality and
coping play independent and interactive roles in influencing physical and
mental health for patients receiving chemotherapy. When faced with traumatic life events such as cancer, individuals resort to a wide range of coping
strategies to alleviate stress (Parle, Jones, & Maguire, 1996). Early investigative research of coping with cancer focused on the frequency of use of psychological defense mechanisms such as projection, suppression, displacement, reaction formation, and denial (Livneh, 2000). These investigations
particularly emphasized defense mechanisms being used in a way to reduce
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emotional distress and contain fears of death, disfigurement, or pain. An
end result from the studies suggests that indicators of problem-solving behaviors and ego-strength were associated with more favorable psychosocial
outcomes (Livneh, 2000).
The influence of religious and spiritual perceptions and practices of patients on the course of their health and illness has been another strategy related to coping styles. Although religion is often described in the literature as
a form of escapism, avoidance, or denial, it has been argued that this view is
simplistic and stereotypical (Campbell, Yoon, & Johnstone, 2010). This view
of religion fails to consider the diverse roles that religious cognitions, spiritual practices, and religious communities play in an attempt to find some sort of
significance in the lives of patients dealing with cancer. In the clinic setting, a
patient with cancer may ask for time to pray before making a treatment decision. Often patients respond, “It’s in God’s hands,” or “I’ll pray about it first
and get back to you” (Gullatte, Brawley, Kinney, Powe, & Mooney, 2010). Research reveals that patients who rely on this type of coping may be adaptive,
active, and problem focused, especially when God is viewed as a positive force
that exists as a benevolent or willing collaborator (Gullatte et al., 2010). A
study aimed at examining the area of religious coping as it relates to cancer
found significant results (p < 0.05) where religious coping, regardless of measurement type, proved advantageous in terms of reducing distress or increasing illness adjustment (Thuné-Boyle, Stygall, Keshtgar, & Newman, 2006).
In a study by Gullatte, Hardin, Kinney, Powe, and Mooney (2009), patients delayed treatment of self-detected breast changes because of their religious and spiritual beliefs. Patients with breast cancer reported a statistically significant (p = 0.02) delay in seeking medical care of self-detected breast
changes until after they had “talked to God about it” (Gullatte et al., 2009).
Cancer is among the most extensively researched disabling chronic conditions. Cancer has been implicated in literature as necessitating a wide
range of coping strategies to deal with medical implications, treatment modalities, psychosocial reactions, and altered functional abilities (Ben-Zur,
Gilbar, & Lev, 2001). Patients with cancer are forced to live with changes in
their bodies that were unforeseen. For example, every oncology nurse has
heard the term chemobrain, which describes the cognitive dysfunction expressed by women undergoing chemotherapy. This is an ill-defined disorder
experienced by some patients with cancer receiving chemotherapy, presently or in the past, who struggle with cognitive function (Hede, 2008). Patients
had been telling their oncologists for years about difficulty with word recall,
memory, and concentration. It took decades before clinical professionals
started paying attention, thus giving rise to research studies related to the
patient reports of these cognitive symptoms. Imagine the frustration for the
patient when there is an unexplained decline in cognitive function following chemotherapy. Healthcare professionals need to help facilitate a coping
environment by actively listening to patients and being an advocate. It is im-
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portant to know that all patients are not the same and handle stress differently. Providing patients and their families with community resources such
as support groups can help facilitate the coping process. Chapter 21 presents details on resources for patients with cancer.

Psychosocial Assessment
A diagnosis of cancer and subsequent treatment can have an adverse effect on all areas of life for the patient. Psychosocial studies include work on
disturbances in social and sexual activities, as well as sleep patterns and other symptom distresses (Beck, Dudley, & Barsevick, 2005; Flynn et al., 2010;
Rothrock, 2011). An additional source of distress is when families may be
forced to separate while a member is being treated for chemotherapy, especially if there is no local treatment facility. Studies investigating psychological aspects of cancer have suggested that patients face clinically significant levels of depression and anxiety, with more than 20%–40% displaying
emotional distress (Mercuri & Kallady, 2005). If untreated or unnoticed,
distress can have a traumatic impact on patient outcomes, perhaps resulting in lack of patient willingness to follow through with scheduled treatment regimens. Therefore, it is imperative that oncology care professionals be cognizant of the realities of such problems in their patients and help
to prevent and or effectively deal with these challenges when they arise.
Patients experience high levels of unmet psychosocial needs. A study reported by Soothill et al. (2003) described which needs were regarded as important by patients and their caregivers in addition to the unmet needs of
both. The study consisted of 233 patients with cancer paired with their primary caregivers. The study found “universal” needs such as productive relationships with the healthcare team were being met. However, “situational”
and “personal” needs, such as managing daily life and emotions, were not.
Psychosocial assessment is an essential element of cancer care and an
integral part of the oncology nurse’s role in delivering quality cancer care.
Patients may embrace the physical and psychosocial problems as an inevitable part of the disease and its treatment. These problems can induce
a substantial effect on coping and the compliance of patients with their
treatment. Koprowski (2006) suggested that up to one-third of patients
will abandon chemotherapy prematurely as a result of the physical and psychosocial symptoms despite the potentially life-threatening consequences
of such action. Therefore, it is vital for oncology nurses to be aware of the
prevalence of potential problems that may impede optimal patient outcomes.
The routine assessment of needs in the clinical setting can quickly identify issues of concern for the patient or family, which can then be brought to
the attention of the treatment team for appropriate referral and interven-
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tion. For example, patients receiving chemotherapy often need to have laboratory tests or interim hydration before their next cycle. This can pose a
problem for patients who have no personal transportation and rely on public transit. In this case, they may fail to follow through solely based on inability to afford transportation. The nurse or social worker may be the first
person with whom the patient may confide this information. Early and accurate assessment is the key. If transportation is identified as a patient need, arrangements may be made for laboratory samples to be collected and fluids
administered in the home setting. If not, the patient may benefit from transportation services supporting specific needs of patients with cancer. However, proper planning in advance is needed to comply with schedules for alternative modes of transportation. If a thorough assessment is completed,
abnormal laboratory results can be addressed prior to the next cycle of chemotherapy, thereby preventing delay of treatment. Therefore, it is important for oncology nurses to fully involve the patient and family in order to be
aware of such problems. This will allow the nurse to be proactive with identifying interventions that will work for the patient and family.
A plethora of instruments are used to assess patient care needs. Examples of widely used instruments include the National Comprehensive Cancer Network (NCCN, 2012) distress management thermometer and assessment questions, the Cancer Rehabilitation Evaluation System (CARES), the
Cancer Rehabilitation Evaluation System–Short Form (CARES-SF), the Cancer Patient Need Survey (CPNS), the Cancer Patient Need Questionnaire
(CPNQ), the Needs Evaluation Questionnaire (NEQ), the Patient Needs Assessment Tool (PNAT), the Psychosocial Needs Inventory (PNI), the Family Inventory of Need (FIN), the Home Caregiver Need Survey (HCNS),
the Need Satisfaction Scale (NSS), and the Information and Support Needs
Questionnaire (ISNQ). These instruments vary in validity and reliability
measures and are NCCN proven. Evidence is lacking concerning the various
instruments being sensitive to change. To understand how needs change
over time as well as how effective the care intervention is, it is necessary to
address responsiveness of the instruments when adopting a measurement to
be used in a particular practice. An overall goal of the instruments is to promote relationships between the patient and nurse, satisfaction of the healthcare experience, and quality of life. NCCN recommends assessing a patient’s
level of distress at the initial visit, at appropriate intervals, and as clinically indicated (Fulcher & Gosselin-Acomb, 2007).
In summary, the needs of patients with cancer are diverse and vary
across multiple domains. The cancer experiences of rural residents are
often different from their counterparts who reside in urban settings. The
psychosocial needs of rural survivors may be further intensified by separation from home and loved ones during active treatment. Reduced social support and financial burden are needs of the average patient being
treated with chemotherapy. Meeting the needs of patients with cancer is
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challenging at best. Through team awareness of the physical and psychosocial challenges experienced by individual patients, private, community,
and government-based initiatives can be identified and used as resources
for patient and family support.

Provider Support Roles
The process of diagnosing and treating cancer is complex and involves
a team of physicians, nurses, navigators, social workers, chaplains, pharmacists, and other oncology care team members. A team approach combines
the skills of multiple disciplines to provide the best possible care and treatment outcomes leading to optimal quality of life. With many specialists on
the team, it is vital for patients and families to understand the role of each
professional member.

Protected Health Information
The Health Insurance Portability and Accountability Act of 1996 (HIPAA)
was enacted by the U.S. Congress and signed by President Clinton (U.S.
DHHS, n.d.). Title I of HIPAA protects health insurance coverage for workers and their families in the event of changing or losing a job. Title II requires the establishment of national standards for electronic healthcare
transactions and national identifiers for providers, health insurance plans,
and employers. Title II is known as the Administrative Simplification. HIPAA
has been used to establish conditions under which protected health information (PHI) may be disclosed for research purposes. Out of concerns that
access to electronic health information could endanger patient privacy, standards for confidentiality were created under the HIPAA Privacy Rule (Horning, 2009).
HIPAA regulations define health information as “any information, whether oral or recorded in any form or medium that is created or received by a
health care provider, health plan, public health authority, employer, life insurer, school or university, or health care clearinghouse” (Nichols & Blumberg, 1998, p. 1). This information relates to the past, present, or future
physical or mental health condition of an individual; the provision of health
care to an individual; or the past, present, or future payment for the provision of health care to an individual.
PHI includes any individually identifiable health information. The definition of PHI excludes individually identifiable health information in education records covered by the Family Educational Rights and Privacy Act. It
also excludes employment records held by a covered entity for any individual or institution serving as the role of employer (University of Miami, 2005).
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In the field of oncology, confidentiality of data is a main concern for patients
and their providers.
The December 2008 Oncologic Drugs Advisory Committee assessed the
impact of KRAS mutation status on the efficacy of epidermal growth factor receptor (EGFR)-targeted therapy in 5,500 patients with rectal cancer.
Participants were accrued to seven multicentric, multinational randomized
clinical trials conducted with and without EGFR-targeted monoclonal antibodies (cetuximab and panitumumab). Despite 100% of patients having
tissue assessed for EGFR expression, only 23%–92% had tissue availability
for KRAS testing. Among the most frequent reasons for lack of tissue availability and release of additional material was the individual institutional review boards’ and pathology departments’ determination that KRAS testing
was not covered by the informed consent in the original studies (Horning,
2009). The IOM thus concluded that the HIPAA Privacy Rule is significantly flawed because it fails to protect patient privacy and impedes health research, especially among the vulnerable populations such as patients with
cancer undergoing chemotherapy (Gostin & Nass, 2009).

Ethical and Legal Issues
A code of ethics is a guide to aid the oncology team in making decisions
regarding ethical issues. Basic concepts identified through the study of ethics include rights, autonomy, nonmaleficence, beneficence, justice, and fidelity.
Patient individual rights are protected under U.S. legislation. A Patient’s
Bill of Rights was initially developed in 1973 by the American Hospital Association and revised in 2010 (Annas, 1998; U.S. DHHS, 2010). The Patient
Protection and Affordable Care Act puts consumers back in charge of their
health care. Under the law, a new “Patient’s Bill of Rights” gives the American people the stability and flexibility they need to make informed choices
about their health (U.S. DHHS, 2010). Healthcare institutions are required
by law to inform patients of these rights upon access to the healthcare system. Whether in the inpatient, home, or ambulatory setting, these rights include the right of adults to refuse treatments (Annas, 1998).
Evidence suggests that pressures that are counterproductive to informed
consent affect the decision making of vulnerable populations coping with
the stress of facing a chronic illness such as cancer (Sudore et al., 2006). Research suggests that the holistic orientation of nurses allows them to be emotionally close to their patients and, hence, more aware of the difficulties patients experience in coping with stressful regimens. This is in comparison to
the reductionist stance of physicians (Kubsch et al., 2007).
In administering chemotherapy, it is important to understand the ethical principles guiding care. In some cases, religious or cultural beliefs may
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lead patients to make decisions regarding their own care that may seem controversial or compromise the desired outcomes. The principle of autonomy
gives them the right to make those decisions unless they are mentally impaired.
Nonmaleficence refers to the principle of preventing intentional harm,
whereas beneficence means to not harm or to do good to others when providing
patient care (Omonzejele, 2005). Nurses are obliged to protect patients by reporting unsafe, illegal, or unethical practices by any person. The principle of
weighing potential benefit against potential harm along with the stated wishes of the patient is often used in making difficult decisions. This principle can
be reflected in the use of chemotherapy. For example, the chemicals used for
treatment are known to cause patients to sometimes feel ill and lose their hair.
However, these negative effects are often felt to be outweighed by good if the
cancer is destroyed and the patient maintains a good quality of life.
Justice in the realm of health care refers to the obligation to be fair to all
people.
The principle of fidelity refers to keeping a commitment in the principle of accountability. Oncology nurses are responsible for determining their
role to patients, employers, society, and government. Confidentiality and
privacy could be challenged under the principle of fidelity. When answering
this question, it is vital to keep in mind how the issue will be resolved if no
action is taken. This scenario falls under the principle of fidelity.

Chemotherapy-Related Sexual Dysfunction
A cancer diagnosis can have an enormous effect on sexuality and intimate relationships of patients. These effects may be the result of body-altering surgery, antineoplastic agents, or radiation therapy. Some women and
men may experience negative effects from treatments lasting months and
sometimes years after their chemotherapy treatments have been completed
(Herbenick, Reece, Hollub, Satinsky, & Dodge, 2008). Because of increased
screening and optimal treatment methods, patients are living longer, which
means more people are suffering from sexual dysfunction (Blakewell &
Volker, 2007), making the need for education by their provider more compelling. The trajectory of sexual dysfunction includes inadequate intimacy
and failed relationships with significant partners at a time when research has
shown that support from others is essential (Katz, 2009). Sexual dysfunction
can be a source of distress and if unaddressed may have a negative impact on
quality of life for the patient and significant other.
Although nurses and other healthcare professionals have improved delivery and continuance of patient education related to chemotherapeutic
agents, in the vast majority of cases, sexual functioning is not a specific topic
of discussion (Blakewell & Volker, 2007). Patients are left experiencing com-
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plications that many times are overlooked. Despite the clinical benefits, chemotherapy is consistently linked with a range of both acute and chronic effects, many of which have the potential to negatively impact an individual’s
life (Stein, 2009).
Chemotherapy may cause temporary or permanent amenorrhea resulting from direct toxicity to the ovaries. Ovarian failure as a result of chemotherapy is characterized by diminished circulating levels of estrogen and
progesterone with elevated levels of follicle-stimulating hormone and luteinizing hormone (Burnstein & Winer, 2000). These are similar to the changes often seen in natural menopause. The difference in chemotherapy-induced ovarian failure is that it is a more rapid change and symptoms can
be more severe than those associated with the more gradual lowering of estrogen levels that occurs with normal aging (Burnstein & Winer, 2000). As
a result, patients experience symptoms such as pain, decreased libido, vaginal dryness, mood swings, and fatigue. Patients are being successfully counseled on how to manage nausea, vomiting, constipation, and diarrhea, but
are given little information on possible sexual side effects and management
(Sun et al., 2005).
The Association of Reproductive Health Professionals (ARHP) and
HealthyWomen conducted a poll of 304 U.S. healthcare providers, which
found that sexuality is the least commonly discussed health topic with female patients for more than half of the providers. The poll found that 74%
of providers rely on the patient to initiate a discussion about sexual health
(ARHP, 2010).
In the case of prostate cancer, men often experience erectile dysfunction (ED) following prostatectomy and orchiectomy. Following an orchiectomy, more than 90% reduction in the production of androgens is likely to
occur (Zmuida, 2012). This can lead to hot flashes, ED, osteoporosis, mood
swings, weight gain, and depression. Patient education before surgery that
outlines support measures is imperative (Zmuida, 2012).
Sexual dysfunction should be discussed with patients as a potential adverse event of therapy. As research uncovers new ways of treating cancer
through novel chemotherapeutic mechanisms, clinicians must take into
consideration the total effects that these treatments have on patients. It is
imperative to investigate the extent and depth of sexual dysfunction as it relates to chemotherapy and other cancer treatments in order to provide patients with the care they deserve.
Oncology nurses are not expected to conduct in-depth sexual functioning assessments with their patients. However, nurses are responsible for assessing patients’ needs, including problems related to sexual dysfunction.
Following assessment, nurses should make the appropriate referral to a specialist who can work with the patient and significant other to address their
concerns and explore the best intervention for them. Research has found
that simple awareness of sexual function problems allows patients to better
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cope if and when these issues arise (Sadovsky & Nusbaum, 2006). Sexual dysfunction education in the early stages of chemotherapy treatment can foster
a better overall quality of life by decreasing anxiety for patients and their significant others. However, it must first be recognized within the nursing and
medical community that this is a concern for patients and is more prevalent
than is discussed or recognized.

Opportunities for Future Research
In the 21st century, an unprecedented explosion of nursing knowledge
has guided practice and advanced the health and well-being of individual patients, families, and communities. Major shifts have occurred in how
and where health care is provided with a renewed emphasis on communitybased services and home care. It is not uncommon for individuals who receive chemotherapy to have supportive care needs addressed in the home.
Patients are not required to make visits to the hospital or local outpatient
clinic for IV fluids and other supportive measures, which helps to improve
quality of life when dealing with a life-altering diagnosis. In some instances,
patients can even receive chemotherapy infusions through a pump while at
home. In today’s health care, the focus is on health promotion, risk reduction, efficiency, and cost reduction as the new imperatives. Healthcare organizations are challenged with developing innovative ways to provide more efficient and cost-effective care while maintaining quality and safety outcomes
for patients.
New uses of chemotherapy and other agents hold more hope for curing
or controlling cancer. Research regarding chemotherapy is no longer focused on treatment that can cause an array of side effects for the patient but
rather on more targeted agents that typically have fewer side effects than traditional chemotherapy. New classes of chemotherapy medicines and combinations are in development, in addition to other approaches to targeting
drugs more specifically at the cancer cells by attaching them to monoclonal
antibodies. Monoclonal antibodies can be designed to guide chemotherapy
drugs directly to the cancer cells (American Cancer Society, 2014).
Evidence-based nursing research is becoming more widely accepted to
guide practice. Robust nursing research is needed to improve care practice and develop chemotherapy administration standards with proven patient outcomes. There will be opportunities to improve practice that will
be required to keep pace with the new mandates of the Affordable Care
Act. New on the horizon are innovative models of care delivery and expanded roles of oncology nurses with advances in health information technology. In addition, the roles of patients with cancer and their caregivers
in securing and using appropriate psychosocial health services will need
continued research.
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Summary
Given the growing number of long-term survivors, cancer is recognized
as a chronic disease. Patients with cancer and their families are coping with
the stresses induced by physically demanding treatments such as permanent
health impairment and disability, fatigue, and pain that can result even when
the cancer is considered to be in remission or “cured.” These symptoms contribute to emotional distress and mental health challenges among patients.
These stressors can lead to substantial financial and psychosocial problems.
The inability to work resulting in financial challenges poses an even greater
threat to the overall well-being of patients receiving chemotherapy.
These effects are magnified in the presence of any psychological and social stressors that predate the onset of cancer. These may include loss of
income, lack of health insurance, weak or absent social supports, and altered body image. Physical, psychological, and social stressors are often intertwined, resulting from and contributing to each other.
The psychoemotional and social effects of cancer and its treatment are influenced by the social status and physical and developmental age of patients
and their caregivers. Among the large portion of older adults living with
cancer, experts in cancer care and aging note that there is great heterogeneity. Older adults with cancer are more likely to present with a preexisting
chronic disease and increased functional impairment and disability, which
can compound the stresses imposed by cancer (Hewitt, Rowland, & Yancik, 2003). Research also indicates that older adults are at greater risk than
younger adults for difficulties with health-related decision making (Finucane et al., 2002). Taken together, older adults may experience psychosocial
distress and have greater need for psychosocial interventions. The ability of
the oncology multidisciplinary care team in securing and using appropriate
psychosocial health services may be the determining factor in whether patients continue with planned treatment regimens.
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Introduction
Late effects are recognizable and yet underappreciated untoward manifestations of chemotherapy. The use of growth factors during the past
two decades has prompted the use of high-dose and dose-dense chemotherapy regimens, thereby giving rise to acute and long-term side effects. In addition, a focus on cancer survivorship has shifted attention to toxicities that can arise in the aftermath of chemotherapy. This
chapter presents some of the most common late effects of chemotherapy. A summary of some of the most common late effects is included in
Table 16-1.

Cardiac Toxicity
Chemotherapy-induced cardiotoxicity, the occurrence of heart electrophysiology dysfunction or muscle damage, most often presents as left ventricular systolic dysfunction or heart failure, but rhythm changes and ischemia
can also occur (Brana & Tabernero, 2010; Broder, Gottlieb, & Lepor, 2008;
Geiger, Lange, Suhl, Heinemann, & Stemmler, 2010). A decrease in left ventricular ejection fraction (LVEF) of 10%–15%, or LVEF less than 50%, can be
indicative of cardiomyopathy (Ewer & Ewer, 2008). Cardiac toxicity related to
cancer treatment has been recognized for decades, but with the advent of targeted agents, this adverse event has received even more attention. Also, with
survival rates increasing, cardiovascular late effects are more evident.
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Table 16-1. Overview of Late-Term Effects of Chemotherapy
System

Late-Term Effect

Primary Chemotherapy
Risk Factors

Cardiac

Cardiomyopathy

Anthracyclines
Trastuzumab
Lapatinib
Bortezomib
Taxanes
Sorafenib
Bevacizumab

Pulmonary

Pneumonitis
Pulmonary fibrosis

Bleomycin
Mitomycin C
Carmustine
Busulfan
Cyclophosphamide
Methotrexate
Cytarabine
Gemcitabine

Central nervous
system

Cognitive changes
Neuropathy

Platinum analogs
Taxanes
Bortezomib
Vinca alkaloids

Visual and auditory

Cataracts
Vision changes
Hearing loss

Tamoxifen
Cisplatin

Endocrine

Menopause
Infertility

Hormone therapy
Alkylating agents
Platinum analogs
Antibiotics
Antitumor antibiotics

Gastrointestinal

Constipation
Diarrhea
Mucosal changes

Chemotherapy given for gastrointestinal or pelvic tumors

General

Fatigue
Sleep-wake disturbances

May be caused by all types of
chemotherapy

Musculoskeletal

Osteoporosis

Aromatase inhibitors
Glucocorticoids

Secondary cancers

Hematologic malignancies
Other solid tumor types

Alkylating agents
Topoisomerase II inhibitors

Note. Based on information from Polovich et al., 2014.
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Incidence
The incidence of cardiac toxicity varies with the type of antitumor agents
employed. Anthracycline-associated cardiotoxicity, the most notable culprit,
was first identified in the 1970s. Some newer approved agents have been
shown to be cardiotoxic, and awareness is increasing around this long-term
toxicity. Cardiotoxic chemotherapeutic agents, incidence of cardiotoxicity,
brief pathophysiologic mechanisms, and risk factors are included in Table
16-2 (Brana & Tabernero, 2010; Ewertz & Jensen, 2011).

Table 16-2. Cardiotoxicity Risk Factors
Chemotherapy

Incidence

Pathophysiology

Specific Risk Factors

Left Ventricular Function Toxicity
Anthracyclines

Unknown

Left ventricular
failure

Dose > 550 mg/m2
Mediastinal radiation therapy
Combination therapy
Older age or < 4 years of age
Female gender
History of cardiovascular disease
Liver disease

Trastuzumab

7%–27%

Inhibition of
HER2, a cardioprotector

> 50 years of age
Borderline LVEF prior to therapy
History of CV disease or other
CV risk factors: diabetes, dyslipidemia, elevated BMI
Prior treatment with anthracyclines

Lapatinib

1.6%

Possible immunemediating effect
but exact mechanism unknown

Similar to trastuzumab

BCR-ABL inhibitors: imatinib,
dasatinib, nilotinib

Up to 4%

Activated ER
stress response
leading to cardiac
apoptosis

Increased number of cardiac comorbidities

Bortezomib

5%

ER stress

Unknown

Bevacizumab

2.2%

Uncontrolled hypertension and
VEGF inhibition

Possible prior anthracycline therapy
Hypertension
(Continued on next page)
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Table 16-2. Cardiotoxicity Risk Factors (Continued)
Chemotherapy

Incidence

Pathophysiology

Specific Risk Factors

Rhythm Disturbances—QT Prolongation
Paclitaxel

Varies

Arsenic trioxide

26%–93%

BCR-ABL and
tyrosine kinase
inhibitors: dasatinib, sunitinib, nilotinib

2%–4%

Chronotropic effect on the Purkinje system or
histamine release

Electrolyte disturbances
Concomitant medications that increase the QT interval
Baseline ECG abnormalities
Female gender
Previous CV disease
Endocrine disorders (hypothyroidism)
Neurologic disorders (stroke,
subarachnoid hemorrhage)
Chemotherapy administration
High drug concentration
Rapid infusion

Cardiac Ischemia
Fluoropyrimidines

1%–68%

Unknown

History of CV disease
Mediastinal radiation
Concomitant cisplatin therapy
Chemotherapy administration
• High dose
• Continuous infusion

Taxanes

0.5%–5%

Unknown; possible mediation
by Kolliphor® EL
(formerly Cremophor® EL) vehicle
and histamine release

Unknown

Bevacizumab

1.5%

Decrease in the
regeneration of
endothelial cells
following antiVEGF trauma

> 65 years of age
Previous history of arterial thrombotic event

Sorafenib

3%

Inhibition of
VEGF, which
plays a role in
vascular integrity

Unknown

BCR-ABL—breakpoint cluster region–Abelson; BMI—body mass index; CV—cardiovascular; ECG—
electrocardiogram; ER—endoplasmic reticulum; HER—human epidermal growth factor receptor;
LVEF—left ventricular ejection fraction; VEGF—vascular endothelial growth factor
Note. Based on information from Brana & Tabernero, 2010.
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Risk Factors
Although anthracyclines are the biggest cardiotoxicity offenders, other
chemotherapy agents and targeted agents (e.g., trastuzumab) may pose risk
(Broder et al., 2008). Women may be at greater risk because of their disease
type and the type of chemotherapy employed. In a study conducted using
the Surveillance, Epidemiology, and End Results–Medicare database, women treated with chemotherapy were at greater risk for developing cardiac
events than the general population. Of those who received an anthracycline,
4% of women had cardiac disease at one year and 10% at five years compared to 1.5% and 5%, respectively (Shenoy et al., 2011). Additional agents
and other factors such as chemotherapy dose, demographics such as age,
and medical history are important risk factors to consider (see Table 16-2).

Pathophysiology
Mechanisms of cardiotoxicity include left ventricular dysfunction (cardiomyopathy), rhythm disturbances, and ischemia (coronary artery disease). Two types of cardiomyopathy exist. The hypothesis surrounding type
I, anthracycline-associated cardiotoxicity, is thought to be related to cardiomyocyte damage from free radicals after the metabolism of the drug resulting in left ventricular failure. Other possible explanations include the induction of apoptosis, damage to the DNA of mitochondria as well as changes
in adenosine triphosphate production (Brana & Tabernero, 2010). Type II,
caused by trastuzumab, results from blocking the ErbB2 receptor, a cardioprotector that is expressed on cardiomyocytes. Cellular dysfunction occurs
but not cellular death as with anthracyclines (Perez, 2008).
Arrhythmias can result from a variety of pathophysiologic mechanisms. Paclitaxel produces a chronotropic effect on the Purkinje system
or through histamine release, causing QT interval prolongation. Other
agents are thought to interact with cardiac ion channels leading to depolarization. Ischemia may be related to histamine release or vascular endothelial growth factor inhibition, although the exact mechanisms are unknown (Brana & Tabernero, 2010).

Assessment
Unfortunately, debate still exists on when and how to screen patients with
cancer to prevent cardiac events. The American Society of Clinical Oncology has identified the need for concrete monitoring guidelines with cardiotoxic treatments. Assessment of LVEF can be conducted with two-dimensional echocardiography or radionuclide ventriculography, which remains
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the most pragmatic means of measurement (Ng, Better, & Green, 2006). Although LVEF function assessment appears to be the most common form of
cardiac testing, it is not without flaws. Cardiomyopathy systolic dysfunction is
often preceded by diastolic dysfunction, which is not measured on the LVEF
scan (Altena, Perik, van Veldhuisen, de Vries, & Gietema, 2009). Most important, clinicians should conduct a thorough cardiac assessment with follow-up examinations. Signs and symptoms of heart failure include shortness
of breath, fatigue, chronic cough, irregular heartbeat, nausea, cognitive impairment, edema, and weight gain (Geiger et al., 2010).

Management
Prevention is the first step in managing chemotherapy-induced cardiotoxicity. Adhering to dosing guidelines is essential with anthracyclines (lifetime dose should not exceed 550 mg/m2). Dexrazoxane, a cardioprotective agent, is not used routinely with anthracyclines as controversy remains
regarding its potential for decreased efficacy of the chemotherapy (Yeh &
Bickford, 2009). In addition, baseline assessment of LVEF is critical prior to
starting a cardiotoxic agent (Altena et al., 2009).
Treatment for chemotherapy-induced heart failure includes both pharmacologic and nonpharmacologic measures. Angiotensin-converting enzyme inhibitors and beta-adrenergic blockers can help to improve LVEF
(Brana & Tabernero, 2010). Diuretics and a low-sodium diet can prevent fluid retention. Patients with heart failure should weigh themselves daily and
report weight gain and signs of fluid retention to the healthcare team (Longo et al., 2013; Martín et al., 2009).
Education on follow-up and long-term complications of cardiotoxicity
should be a part of initial treatment as more and more patients are surviving their disease. One study noted that cardiac toxicity is the leading cause
of treatment-related death for Hodgkin lymphoma (HL) survivors, reinforcing the need for long-term follow-up and monitoring for these potentially lethal effects (Baxi & Matasar, 2010).

Pulmonary Toxicity
Pneumonitis and pulmonary fibrosis are two pulmonary late effects noted in cancer survivors. Activity intolerance, shortness of breath, and fatigue related to these late pulmonary effects have shown to negatively impact quality of life (Ng et al., 2012). Mortality from pulmonary toxicity has
been noted to occur in more than 20% of patients and reflects the impact
of these unfortunate sequelae (Baxi & Matasar, 2010; Carnevale-Schianca
et al., 2011).
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Incidence
The occurrence of pulmonary toxicities varies depending on the type of
cancer and agents used to treat it, but reports of late toxicity range 6%–46%
(Fyfe & McKay, 2010). In one study, mortality related to chronic lung injury
related to bleomycin carried a mortality of 24% (Baxi & Matasar, 2010), and
pulmonary fibrosis in HL was noted in 20%–40% of survivors (CarnevaleSchianca et al., 2011). One study found interstitial pneumonitis present in
34% of bone marrow transplant recipients (Carver et al., 2007).

Risk Factors
Bleomycin is one of the greatest risk factors for the development of pulmonary complications (Baxi & Matasar, 2010; Carnevale-Schianca et al.,
2011; Fung & Vaughn, 2011; Fyfe & McKay, 2010). Other chemotherapy and
targeted agents that have been demonstrated to cause lung injury are mitomycin C, carmustine, busulfan, cyclophoshamide, methotrexate, cytarabine,
gemcitabine, docetaxel, and procarbazine (Camp-Sorrell, 2006), as well as
cisplatin (Fung & Vaughn, 2011). Additional risks include concurrent chemotherapy, prior lung disease, smoking (Travis & Yahalom, 2008), increased
age, impaired renal function, and preexisting lung disease (Fung & Vaughn,
2011).

Pathophysiology
Though the mechanisms of pulmonary damage are not thoroughly understood, the presence of free radicals caused by the administration of certain chemotherapy agents such as bleomycin and cisplatin is thought to be
one causative factor (Travis & Yahalom, 2008; Williams, Johnston, & Finkelstein, 2010). Most tissues contain an enzyme, bleomycin hydrolase, which
allows the breakdown of bleomycin, but this enzyme is not present in the
lungs, therefore initiating the damage seen by the drug. Considering that a
majority of drug is excreted in the urine, impaired renal function can potentiate this toxicity, which triggers inflammation and eventual fibrosis formation in lung tissues (Fyfe & McKay, 2010).

Assessment
Dyspnea is one of the most common presenting symptoms of pulmonary toxicity and indicates a need for evaluating potential lung injury.
Other common presenting symptoms include low-grade fever, nonpro-
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ductive cough, and activity intolerance. Physical assessment may yield
crackles, wheezing, and diminished lung sounds throughout. Further
evaluation via imaging usually demonstrates opacifications, volume loss,
and a honeycomb appearance in the lung fields (Fyfe & McKay, 2010).
Pulmonary function testing reveals decreased carbon monoxide diffusion, reflecting restriction in the lungs due to fibrosis. Because presentation may resemble other disease or infectious processes, a bronchoscopy
may be the final diagnostic tool to identify pulmonary toxicity (CampSorrell, 2006).

Management
Dose limitation is the key to preventing bleomycin-induced pulmonary fibrosis. Lifetime cumulative doses should not exceed 400 IU (Polovich, Olsen, & LeFebvre, 2014). However, when toxicity exists, management is palliative. One of the most common treatments for dyspnea is the use of oxygen,
which remains controversial, especially when bleomycin is the causative
agent. Deaths related to oxygen use in patients previously treated with bleomycin have been reported from the postoperative development of acute respiratory distress syndrome. Therefore, caution must be used when instituting oxygen supplementation in this population. Glucocorticoids, used to
decrease inflammation, are another option for late pulmonary complications, but efficacy is limited. In some instances, patients may even become
refractory to glucocorticoids as their fibrosis worsens (Gilligan, 2010). Other supportive measures include inhalers to improve airway and oxygen exchange, expectorants to help mobilize excretions, and antibiotics to prevent
common respiratory bacteria. Conservation of energy and grouping activities to allow for periods of rest may help with activity intolerance and fatigue associated with lung toxicity. Overall, aggressive management is imperative to ensure quality of life and decrease mortality related to lung toxicity
in cancer survivors.

Central Nervous System Effects
The central nervous system (CNS) and periphery are vulnerable to chemotherapy-induced late effects. Cognitive changes such as memory loss or
chemobrain, peripheral neuropathy, ototoxicity, and visual changes including loss of acuity and cataracts ensue. Recent research has shed light on
these deleterious symptoms, but more research is needed to understand the
extent of these problems, pathophysiologic mechanisms, and management
strategies. Numerous studies indicate that neurologic effects have a tremendous effect on survivors (Grover et al., 2012).
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Incidence
Impaired cognitive function is a significant long-term postchemotherapy effect. Although as many as 75% of patients complain of cognitive toxicities during chemotherapy, resounding reports continue in about 35% of
long-term survivors (Janelsins et al., 2011). The focus of research regarding
cognitive issues has been among survivors of breast cancer, testicular cancer
(Fung & Vaughn, 2011), and bone marrow transplantation (Harder et al.,
2002). In women treated with high-dose or standard-dose therapy for breast
cancer, cognitive impairment was noted in 32% and 17%, respectively, two
years after therapy (Scherwath et al., 2006). The high-dose treated group
carried an 8.2-times higher risk than the control group, and the standarddose individuals carried a 3.5-times risk of developing some form of cognitive impairment compared to the control group. Although most cognitive
issues caused by chemotherapy appear to dissipate once treatment is complete, one study noted that 50% of breast cancer survivors still reported issues with cognition that did not improve (Wefel, Lenzi, Theriault, Davis, &
Meyers, 2004).
In regard to peripheral neuropathy, 25%–40% of cancer survivors struggle with treatment-related neuropathic pain (Tofthagen, McAllister, & McMillan, 2011). One study noted that about 30% of testicular cancer survivors
were still having problems with peripheral neuropathy 10 years after treatment with cisplatin (Fung & Vaughn, 2011).
Ototoxicity is another known long-term toxicity of chemotherapy. Tinnitus and hearing loss can occur in about 30% of people receiving cisplatincontaining regimens, but whether it remains a persistent effect is not clearly
understood (Amptoulach & Tsavaris, 2011). Ocular toxicities are also noted
in the literature, but a paucity of resources are available.

Risk Factors
Chemotherapy agents such as cisplatin, carboplatin, oxaliplatin, methotrexate, taxanes, bortezomib, and vinca alkaloids have been shown to cause
chronic neuropathies and cognitive impairment among survivors. Tamoxifen can potentially cause optic nerve damage and increased development of
subcapsular cataracts (Eisner & Luoh, 2011).

Pathophysiology
A majority of toxicities related to the CNS are not clearly understood. Despite research on cognitive dysfunction and patients with cancer, the issue
of why and how it occurs is still in debate. In regard to cisplatin, the drug
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may affect peripheral neurons, inducing apoptosis (Amptoulach & Tsavaris, 2011). Cisplatin has been noted to damage the hair cells in the organ of
Corti, leading to reports of hearing loss in individuals treated with the drug
(Argyriou, Koltzenburg, Polychronopoulos, Papapetropoulos, & Kalofonos,
2008; Fung & Vaughn, 2011). Oxaliplatin can contribute to chronic neuropathy, and its proposed mechanism is decreased cellular metabolism and axoplasmic transport resulting from the accumulation of the drug in the dorsal root ganglia cells (Argyriou et al., 2008). Much of the research regarding
ototoxicity has been studied in the pediatric population, and little data currently exist for adults.

Assessment
Clinicians should be aware of long-term CNS toxicities. Assessment
should include patient reports of cognitive impairment such as slowed and
difficult concentration, memory issues, and difficulty multitasking. One of
the drawbacks in cognitive assessment is a lack of standard screening recommendations, and lack of a baseline assessment is a challenge because there
is no starting point in which to assess if the cognitive change is truly treatment related.
Changes in balance and coordination can indicate CNS damage. Pain or
changes in sensation of the periphery indicate peripheral neuropathies. Patients may report loss of precise motor function such as difficulty tying shoes,
buttoning, and dysarthria. Another warning sign occurs when patients give
up activities that require cognitive or fine motor skills such as crossword
puzzles or craftwork. Withdrawal from assisting children with homework or
projects at school, difficulty in managing finances, or forgetting to make
payments is also indicative of cognitive effects (Visovsky, Collins, Abbott,
Aschenbrenner, & Hart, 2007).
Hearing tests that include frequency should be performed to assess for
ototoxicity in patients who complain of hearing loss. Loss of vision can also
be a concern, so a good history and assessment will detect vision alterations
potentially related to treatment. Changes may be attributed to the aging
process and other disease manifestations.

Management
Treatment recommendations for cognitive impairment include both
pharmacologic and nonpharmacologic modalities. Psychostimulants such
as methylphenidate, modafinil, and donepezil have been used to increase
alertness with some success. Vitamin E, exercise, and cognitive memory
strategies can be tried as well. Unfortunately, a lack of evidence exists for
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cognitive impairment, and effectiveness has not been established with any
of the current strategies (Von Ah, Jansen, Allen, Schiavone, & Wulff, 2011).
Recommended strategies exist for the management of neuropathic pain,
and yet management is often challenging. Anticonvulsants are frequently
employed as first-line treatment for neuropathic pain; tricyclic antidepressants and opioids may be helpful as well (American Pain Society, 2008).
Nurses should inform patients that sensation may be limited in extremities.
Patients should use caution to prevent injury and protect extremities from
extreme temperatures and traumatic events (Visovsky et al., 2007).
Audiology follow-up and use of hearing aids are necessary to ensure restoration of some hearing function if ototoxicity exists. Cataract surgery and
glasses are important to correct visual problems.

Endocrine Effects
The endocrine system is sensitive to chemotherapy and can produce a
wide array of long-term effects, including menopause, infertility, and sterility. Cytotoxic chemotherapy may induce temporary amenorrhea in premenopausal women or may bring about a state of permanent menopause.
Amenorrhea and early menopause may not only impair or impede fertility but also can lead to various degrees of sexual dysfunction, bone demineralization with subsequent bone loss, vasomotor hot flashes, significant
weight gain, and a litany of other menopause-related symptoms (Torino et
al., 2012). For men, hot flashes with hormonal therapy, bone loss, and infertility and sterility are primary concerns. Endocrine effects often negatively
influence the quality of life in both men and women.

Menopause
Incidence
Although premature ovarian failure is a commonly documented phenomenon in women receiving adjuvant chemotherapy for breast cancer,
the exact incidence is unknown. One study reported that ovarian failure
was documented in 35% of women undergoing cytotoxic therapy (Absolom et al., 2008). Approximately 55% of women with breast cancer experience amenorrhea if diagnosed before age 40 and 90% if older than 40 (Ewertz & Jensen, 2011).
Risk Factors
The risk of early menopause is related to age at diagnosis and treatment
and the type of therapy employed. Women who are closer to menopause
age (older than 40) are more likely to experience early menopause. In addi-
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tion, hormone therapy for breast cancer induces menopause (Ewertz & Jensen, 2011).
Pathophysiology
Menopause is induced through a direct toxic effect on the ovaries. As a
woman ages, the number of oocytes that produce estrogen, progesterone,
and androgens is reduced. Therefore, both gonadotoxic therapy and age
contribute to menopause in patients undergoing cytotoxic therapy. Hormonal therapy also plays a role. For example, gonadotropin-releasing hormone agonists suppress ovarian function and can induce menopausal symptoms in premenopausal women (Lumachi et al., 2011).
Assessment
Early signs and symptoms of menopause include hot flashes, mood disturbances, sleep disturbances, and urogenital disorders such as dysuria, incontinence, and increased urinary frequency. Irregular menses may precede
amenorrhea. A follicle-stimulating hormone level greater than 40 mIU/ml
is diagnostic of menopause; however, signs and symptoms are often diagnostic as well (Torino et al., 2012).
Management
Management consists of addressing the signs and symptoms of menopause such as hot flashes, although hot flashes can also occur in men. This
symptom is covered in detail in the next section. Preventing the effects of
long-term estrogen loss, such as osteoporosis, is a priority.

Hot Flashes
Incidence
Vasomotor hot flashes are a notable part of many cancer therapies, and
depending on the frequency and severity, hot flashes often are the cause for
ongoing anguish for cancer survivors. They are typically persistent, often annoying, and alter lifestyles dramatically when severe. Hot flashes have been
noted to occur in up to 40% of women undergoing hormonal therapy for
breast cancer (Kligman & Younus, 2010) and up to 74% of men receiving
treatment for prostate cancer (Winters, 2006). Patients with other malignancies can also suffer from vasomotor hot flashes.
Risk Factors
Because of the hormonal treatments employed, women with breast cancer and men with prostate cancer are at greatest risk for vasomotor hot flashes (Dalal & Zhukovsky, 2006). Women with chemotherapy-induced menopause, regardless of disease type, are also at risk.
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Pathophysiology
Hot flashes can affect both men and women diagnosed with a variety of
cancer types, but the exact pathophysiologic mechanism is unknown (Carpenter, 2005). The mechanisms are complex and involve interplay of genetic, glucoendocrine, thermoregulatory, and behavioral factors (Carpenter, 2005).
Assessment
Hot flashes typically manifest as a sensation of heat associated with increased sweat gland activity, increased heart rate, and cutaneous vasodilation often associated with skin flushing (Dalal & Zhukovsky, 2006). Anxiety, palpitations, and chills may accompany hot flashes, and it is important
to remember that the symptoms themselves are the manifestations of discrete physiologic events. When recounting and measuring these events, they
are often described as subjective phenomenon for many patients. Measurements of hot flashes should be considered carefully because they can be
both objective and subjective. Most measurement of hot flashes is based on
purely subjective reporting. Although objective measurements are available,
such as sternal skin conductance, these methods are cumbersome and not
easy to obtain. Subjective measurements such as frequency, severity, impact
on quality of life, and duration are more commonly reported by patients
(Dalal & Zhukovsky, 2006).
Management
The treatment and management of vasomotor hot flashes following cancer treatment has typically consisted of a multidisciplinary approach that focuses on symptom management, lifestyle modifications and changes, nonpharmacologic and pharmacologic interventions, and even the use of many
complementary and alternative medicine approaches (see Chapter 8). Many
of the research studies looking at the effective treatment and management
vasomotor hot flashes in menopausal women are limited by their focus primarily on healthy women with menopause, and findings may not generalize to women with breast cancer or other types of women experiencing hot
flashes because of the underling differences in the etiology of the hot flashes themselves (Carpenter, 2005; Kaplan et al., 2011).
In determining treatment and management strategies, a wide variety of
choices exist. However, these choices may not be effective or appropriate
for all individuals, and continued evidence-based treatment for hot flashes relies heavily on continued research and scholarly study in this area of
symptom management. First, several nonpharmacologic studies have been
conducted looking at the use homeopathy, relaxation techniques, exercise,
acupuncture, reflexology, and the use of medical magnets as potential treatments (Carpenter, 2005). Included in the category of nonpharmacologic
agents are vitamin E, soy (phytoestrogen sources), and black cohosh. Out-
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comes in terms of reducing, increasing or worsening, or effecting no changes in hot flashes have been observed in these various studies. Figure 16-1
summarizes remedies for hot flashes that may be frequently used but are not
recommended because of lack of evidence, estrogenic properties, and safety concerns (Carpenter, 2005).
In looking at the most effective measures that both subjectively and objectively reduce the severity, incidence, and frequency of hot flashes, the use
of medications was found to be the most effective and measurable intervention (Carpenter, 2005) (see Table 16-3). Research has shown that the use of
antidepressants such as selective serotonin reuptake inhibitors and selective
serotonin-norepinephrine reuptake inhibitors remain the most readily and
the most frequently used prescription medication agents for the treatment
of hot flashes (Hoda, Perez, & Loprinzi, 2003). It is believed that the mechanism of action of antidepressants in treating hot flashes is different from the
mechanisms of action when treating depression (Hoda et al., 2003). When
using antidepressants, it is important to note that many inhibit cytochrome
P450; in particular, paroxetine and fluoxetine inhibit CYP2D6, an important enzyme necessary for the metabolism of tamoxifen. Subsequently, these
drugs should not be coadministered to patients taking tamoxifen (Hiemke
& Hartter, 2000).
Venlafaxine hydrochloride is another antidepressant frequently prescribed for the management of hot flashes in patients with breast cancer. Effective doses of venlafaxine for hot flash treatment are 37.5 mg, 75 mg, and
150 mg, with 75 mg being the most effective dose for reducing hot flashes

Figure 16-1. Frequently Used but Not Recommended
Modalities for Hot Flashes
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Bellergal-S
Licorice root (Glycyrrhiza glabra)
Black cohosh (Remifemin®)
Red clover
Chaste tree berry
Soy foods
Dong quai
Soy phytoestrogen/isoflavone supplements
Evening primrose oil
St. John’s wort
Flaxseed
Wild yam and progesterone creams
DHEA (dehydroepiandrosterone)
Motherwort
Ginseng
Therapeutic magnets

Note. Based on information from Carpenter, 2005; Kaplan et al., 2011.

Gabapentin

Celexa®

Citalopram

Anticonvulsants

Effexor®
Effexor XR®

Venlafaxine

Neurontin®
Fanatrex®
Gabarone®
Horizant®

Catapres®
Catapres TTS®
Kapvay®

Prozac®
Sarafem®
Rapiflux®

Fluoxetine

Clonidine

Paxil®
Pexeva®

Trade Name

Paroxetine

Generic Name

Antihypertensives

Antidepressants

Drug Class

Dosage

300–600 mg daily to
three times per day

0.1–0.3 mg daily

10 mg daily for 1
week then 20 mg
daily

37.5–150 mg daily

20 mg daily

10 mg daily for 1
week then 20 mg
daily

Table 16-3. Pharmacologic Interventions for Hot Flashes

Nausea, rash, somnolence

Constipation, xerostomia,
drowsiness, hypotension

Drowsiness, nausea, dry
mouth, insomnia, tremors,
sweating, diarrhea

Sweating, fatigue, dry
mouth, trouble sleeping,
agitation, drowsiness, increase in blood pressure

Headache, nervousness, dry
mouth, insomnia, nausea
and sexual dysfunction

Headache, sleepiness, dry
mouth, sexual dysfunction

Side Effects

●

(Continued on next page)

Mechanism of action
remains unclear, but
effective in reducing
frequency and severity of hot flashes.

Avoid rapid withdrawal
to prevent rebound
hypertension.

Potential for suicidal
thoughts.

Available in XR formulations.

Avoid use with tamoxifen due to CYP2D6
interactions.

Avoid use with tamoxifen due to CYP2D6
interactions.

Comments
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Megace®
Megace ES®

Depo-Provera®

Megestrol

Medroxyprogesterone acetate

Progestins

Note. Based on information from Carpenter, 2005.

Bellergal®

Belladonna

Belladonna
alkaloids

Lyrica®

Trade Name

Pregabalin

Generic Name

Anticonvulsants (cont.)

Drug Class

500 mg intramuscularly every 2 weeks
for 3 doses (may
reduce hot flashes
up to 6 months)

20–40 mg once to
twice per day

50–300 mg daily

50–75 mg twice daily

Dosage

Table 16-3. Pharmacologic Interventions for Hot Flashes (Continued)

Vaginal bleeding, chills, depression, numbness and
tingling in hands

Weight gain, fluid retention,
vaginal bleeding, chills, insomnia, depression, hyperglycemia

Not found to be effective in
most studies, older remedy for hot flashes not typically used today

Blurred vision, dizziness,
drowsiness, dry mouth,
headache, weight gain

Side Effects

Not widely used because of concerns
of stimulating breast
and prostate cancer
recurrence.

Use with caution in
blood clotting disorders. Monitor blood
glucose in diabetics.

Typically not used due
to lack of efficacy
and potential for addiction.

Potential for loss of
balance and increase in falls.

Comments
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(Barton et al., 2002). Additional pharmacologic strategies include gabapentin and progestins; however, progestins are not recommended for patients
with breast or prostate cancer for fear of stimulating tumor growth (Carpenter, 2005).

Infertility
Various types of chemotherapy cause infertility in both men and women.
The degree of infertility can range from slight impairment, which could possibly make it more difficult to conceive, to complete and irreversible infertility and sterility. The duration of infertility may vary and in some cases will be
temporary and in other cases will remain permanent. Typically, transient infertility after chemotherapy may last from months to years.
Incidence
Approximately 10% of patients with cancer are younger than age 45, and
1 in 168 Americans will be diagnosed with cancer between the ages of 15
and 30 (Gardino, Rodriguez, & Campo-Engelstein, 2011; Redig, Brannigan,
Stryker, Woodruff, & Jeruss, 2011). Because many patients are diagnosed
during their childbearing years, potential for infertility related to chemotherapy exists.
Risk Factors
Chemotherapy agents with high risk of infertility include procarbazine
and other alkylating drugs, such as cyclophosphamide, ifosfamide, busulfan,
melphalan, chlorambucil, and chlormethine (Brydoy, Fossa, Dahl, & Bjoro,
2007). Chemotherapy agents with medium risk include doxorubicin and
platinum analogs such as cisplatin and carboplatin. Chemotherapy agents
with a low risk of causing infertility typically include plant derivatives such
as vincristine and vinblastine, antibiotics such as bleomycin and dactinomycin, and antimetabolites such as methotrexate, mercaptopurine, and 5-fluorouracil (Brydoy et al., 2007).
Infertility is often shown to be disease-related as a result of the specific
agents employed for a disease. For example, gonadotoxic therapy has been
seen to lead to ovarian failure in women treated for breast cancer and HL
(Absolom et al., 2008). One study noted azoospermia in the majority of men
treated for HL with few actually regaining full sperm production (Ng, LaCasce,
& Travis, 2011).
Assessment
Often, it is unknown whether an individual will struggle with infertility
until the person tries to conceive. A sperm count can quickly determine fertility problems in men, but for women, inability to readily conceive is often
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the first sign. Assessment for fertility should be conducted by a fertility specialist.
Management
When the cancer is not life threatening, patients at risk for infertility or
sterility should be given information on sperm banking and ova retrieval.
Young boys and men can sperm bank if they can produce a satisfactory specimen. Girls who are going through adolescence may be candidates for fertility preservation as well. Most importantly, patients should be given information about the chemotherapy they will receive, the risks of infertility and
sterility with the agents to be used, and the risks of delaying treatment if pursuing sperm or ova preservation (Gardino et al., 2011; Woodruff, 2010).

Bone Loss and Osteoporosis
Bone loss and osteoporosis are growing concerns for patients diagnosed
with cancer. Complications include pain, fracture, and decreased quality of
life. Fortunately, identifying patients at risk can prevent the development
and severity of this long-term effect (Gralow et al., 2009).

Incidence
The exact incidence of bone loss and osteoporosis in cancer survivors
is unknown, but considering the most likely affected patients, survivors of
breast and prostate cancer, the problem is significant. The five-year relative survival is 89% for breast cancer and 99% for prostate cancer (American Cancer Society, 2014). In addition, because most patients receive glucocorticoids as part of a premedication regimen for chemotherapy, bone loss
and osteoporosis are likely some of the most common problems facing cancer survivors today.

Risk Factors
All aging adults are at risk for the development of osteoporosis (VanderWalde & Hurria, 2011), but additional risk factors ensue with cancer. Women with chemotherapy-induced ovarian failure and those on aromatase inhibitors (AIs) for breast cancer are at increased risk (Ewertz & Jensen, 2011),
as well as men receiving androgen deprivation therapy for prostate cancer.
Patients undergoing glucocorticoid therapy are also at risk. This includes
patients treated with corticosteroids for hematologic malignancies and with
glucocorticoid premedication prior to chemotherapy (Gralow et al., 2009).
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Pathophysiology
Bone tissue is continuously undergoing formation (osteoblastic activity)
and resorption (osteoclastic activity) in a dynamic state. Normally, these processes are balanced (Tipples & Robinson, 2011). Estrogen has the strongest
influence on this balance, but other hormones such as parathyroid and testosterone play a role. Both chemotherapy and hormone therapy have a direct effect on suppressing hormones needed to maintain bone health (Tipples & Robinson, 2011).

Assessment
The gold standard for bone mineral density measurement is the dual-energy x-ray absorptiometry (DEXA) scan. Test results are reported
as Z-scores (based on patient age and gender) or more often as T-scores
(based on a normal population) (Ewertz & Jensen, 2011). A T-score of
greater than –1.0 is normal, –1.0 to –2.5 constitutes osteopenia, and less
than –2.5 is diagnostic of osteoporosis. A baseline DEXA scan should be
conducted on all patients older than age 65 and earlier in high-risk patients. For women, scans should occur within three months of ovarian
suppressive or AI therapy initiation and 12 months after postchemotherapy amenorrhea (Ewertz & Jensen, 2011). Men should be screened if receiving androgen deprivation therapy (Ewertz & Jensen, 2011; Gralow et
al., 2009).

Management
Treatment of bone loss begins with a healthy lifestyle and preventive measures. Weight-bearing activity, 30 minutes of daily exercise, a diet rich in calcium and vitamin D, avoidance of tobacco, and low alcohol consumption
should be encouraged. Supplementation of calcium and vitamin D may be
necessary for at-risk patients. Recommended doses are 1,000 mg daily for
patients younger than age 50 and 1,200 mg daily for those older than 50
(Gralow et al., 2009). Patients should be educated on the different types of
calcium supplements. Although calcium carbonate should be taken on a
full stomach, calcium citrate can be taken on an empty stomach and is the
preferred supplement for patients who are taking proton pump inhibitors
(Gralow et al., 2009).
Bisphosphonates are used to both prevent and treat osteoporosis. Osteonecrosis of the jaw (ONJ) is one complication of IV bisphosphonate therapy, found in 1%–10% of patients. Poor oral hygiene and dental extractions
have been identified as risks for ONJ (Brock, Barker, Butterworth, & Rog-
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ers, 2011). Other pharmacologic treatments include estrogen or hormonal
therapy (although contraindicated in patients with breast cancer), selective
estrogen receptor modulators, parathyroid hormone, and the novel receptor activator of nuclear factor κB ligand (RANKL) inhibitor, denosumab
(Gralow et al., 2009; Van Poznak et al., 2011). Overall, clinicians should provide education to patients on the prevention of bone loss, screen high risk
patients according to established guidelines, and manage at-risk patients to
prevent skeletal-related events.

Fatigue and Sleep-Wake Disturbances
Chronic fatigue is widely reported among cancer survivors and has been
shown to impact survivorship and quality of life. With fatigue being one of
the most commonly reported symptoms in patients with cancer, it is also one
of the most distressful and sometimes challenging to treat. One of the obstacles in fatigue management is that it is one of the most underrecognized
conditions by oncology physicians (Minton, Richardson, Sharpe, Hotopf, &
Stone, 2008).

Incidence
The National Comprehensive Cancer Network (2012) defines cancerrelated fatigue as “a distressing, persistent, subjective sense of physical, emotional, and/or cognitive tiredness or exhaustion related to cancer or cancer
treatment that is not proportional to recent activity and interferes with usual functioning” (p. FT-1). Depending on the type of cancer, fatigue has been
reported in up to 80% of patients in the acute phase and can continue longterm (Theobald, 2004). Although the exact incidence is unknown, studies
report that fatigue continues to be an ongoing problem in about 30% of
cancer survivors (Escalante & Manzullo, 2009). Approximately 35% of stem
cell transplant recipients reported severe chronic fatigue in one study (Gielissen et al., 2007).
Some disease types have been associated with an increased incidence of
fatigue. Breast cancer has been commonly associated with chronic fatigue
and sleep disturbance in a multitude of studies. One study found significant fatigue in breast cancer survivors at two and five years post-treatment,
which greatly affected role function (Meeske, Siegel, Globe, Mack, & Bernstein, 2005). Another found that fatigue in breast cancer survivors was a
significant problem in 20%–30% of respondents two years after completion of treatment (Ewertz & Jensen, 2011). Fatigue often clusters with insomnia, depression, and pain, greatly affecting quality of life (Theobald,
2004).

Chapter 16. Late Effects of Chemotherapy

●

877

Risk Factors
Risk factors for chronic fatigue are not easily identified because fatigue affects patients of all ages, diagnoses, and treatments. Fatigue related to cancer
and chemotherapy is multifactorial with many different potential causative
factors. Chronic anemia, hormone imbalances, comorbid conditions, uncontrolled pain, anxiety, sleep disturbances, nutritional imbalances, physical deconditioning from treatments, stress, and depression all influence fatigue (Escalante & Manzullo, 2009). Distinguishing the primary from the secondary
contributes to the challenge of controlling fatigue in this population.

Pathophysiology
The pathophysiology of chronic fatigue and sleep disturbance in cancer survivors is not well understood. Multiple proposed hypotheses exist as to why this
phenomenon occurs. Dysregulation of the hypothalamus pituitary axis leading
to altered cortisol response is one hypothesis (Minton et al., 2008). Circadian
rhythm disruption and proinflammatory cytokines may also contribute to decreased activity tolerance and overall fatigue (Escalante & Manzullo, 2009).

Assessment
Similar to pain, fatigue is a subjective symptom, and the patient’s report
is the most reliable indicator. Nurses play a key role in assessment of such reports. Knowing that fatigue is one of the most underrecognized symptoms,
addressing and acknowledging the problem is imperative. Differentiating fatigue as its own symptom versus the result of other underlying pathologies
or symptoms will help guide treatment. If other contributing factors unrelated to the chemotherapy are resolved, the fatigue often improves. If the other causative agents are not adequately managed (e.g., anemia), fatigue may
not respond to employed interventions (Minton et al., 2008; Mitchell, Beck,
Hood, Moore, & Tanner, 2007).

Management
Despite the overwhelming reports of fatigue in cancer survivors, little data
exist in the treatment of such a debilitating symptom. Exercise is the one intervention that has been thoroughly evaluated in the treatment of fatigue. A
large number of studies report that exercise is beneficial in improving fatigue
in cancer survivors when it is the primary symptom (Mitchell et al., 2007).
Exercise can be recommended by healthcare professionals according to pa-

878 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

tients’ ability. Although some may tolerate only range-of-motion exercise or
walking, others can tolerate more vigorous activity. Treating underlying symptoms and other etiologic factors, energy conservation, and activity planning
are other recommended nonpharmacologic strategies. Restoring balance in
the sleep-wake cycle is equally important, as lack of sleep potentiates fatigue.
Other treatment modalities that have been evaluated but not shown to have
a large body of evidence to support their benefits include acupuncture, relaxation, massage, yoga, and nutritional supplementation (Mitchell et al., 2007).
Little evidence exists for pharmacologic management of fatigue. One
agent, methylphenidate, has been shown to reduce fatigue in patients with
cancer, but long-term use has not been well investigated (Minton et al.,
2008). Other pharmaceutical recommendations are aimed at treating depression and other diagnoses that often cluster with fatigue.

Gastrointestinal Changes
Long-term gastrointestinal (GI) changes such as diarrhea, constipation, and
irreversible ostomies are the primary long-term GI effects. Chronic diarrhea
and bowel incontinence can have a significant impact on quality of life. Colorectal cancer survivors have reported social isolation and even thoughts of dying
due to GI effects, demonstrating the need for proper follow-up and support
(McMullen et al., 2008). More than one million colorectal cancer survivors are
living in the United States today, highlighting the need for increased attention
to this long-term toxicity (Mohler et al., 2008). Rarer long-term effects demonstrated with the GI tract include cirrhosis, gallstones, chronic graft-versus-host
disease (GVHD), and secondary GI malignancies (Kida & McDonald, 2012).

Incidence
Chronic diarrhea occurs in 14%–49% of cancer survivors and can be
manifested for up to 10 years after treatment (Denlinger & Barsevick, 2009).
In gynecologic cancers, the GI tract is one of the most common sites reported to demonstrate late toxicities, especially when radiation is combined with
chemotherapy (Grover et al., 2012; Samper-Ternent, Zhang, Kuo, Hatch, &
Freeman, 2011). Though reports vary, 50%– 95% of patients with cancer report some form of constipation (Woolery et al., 2008).

Risk Factors
GI changes most often affect patients with a history of a GI or pelvic tumor, primarily colorectal. Bone marrow transplant recipients suffer GI com-
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plications related to chronic GVHD (Kida & McDonald, 2012). Constipation
may be a problem for patients on chronic opioid therapy (Clemens, Quednau, & Klaschik, 2011). Compounding the issue can be nutrition-based
problems such as poor fluid intake and vitamin and mineral deficiencies, increasing age, and decreased mobility (Woolery et al., 2008).

Pathophysiology
Diarrhea can be caused by chronic alterations in the GI tract mucosa,
leading to absorptive issues and fluid imbalances (Muehlbauer et al., 2009).
The mechanism of acute GVHD post-transplantation is well documented, yet chronic GVHD pathophysiology has not been established (Ferrara,
Levine, Reddy, & Holler, 2009). Opioids have long been known to decrease
peristalsis, leading to constipation. Decreased fluid and fiber intake, as well
as activity intolerance related to symptoms of toxicities listed throughout
this chapter, can potentiate constipation (Woolery et al., 2008).

Assessment
Assessment is important to help alleviate the multitude of potential late
effects in this population. Asking how often or frequent stooling occurs will
guide the treatment plan as to whether diarrhea or constipation is occurring. Asking patients what makes the stooling worse or better and what concurrent medications they are taking is important. Activity, diet, and supplements, including over-the-counter medications, are important because they
can all either worsen or potentiate the problem. Often patients are too embarrassed to report symptoms, especially if incontinence is a problem. Reports of decreased participation in social functioning and poor sense of
well-being may indicate that a problem exists, as individuals will withdraw
from their normal routine related to undermanagement of their symptoms
(Muehlbauer et al., 2009).

Management
Once a thorough assessment has been conducted, both pharmaceutical
and nonpharmaceutical approaches can provide adequate management for
the underlying mechanism. If constipation is the issue, identifying the attributing factors is the first step in management. The use of laxatives may be an
option and a wide variety of agents exist. Bulk-forming agents, such as psyllium, and osmotic agents, such as magnesium hydroxide, are effective, but
adequate fluid intake is important with the use of these agents. Stimulants
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such as bisacodyl and senna can help with the decreased peristalsis seen with
opioid use (Woolery et al., 2008). Encouraging activity and management of
other underlying issues leading to activity intolerance will counteract the
decreased motility of the bowel. Diarrhea should be addressed and managed based on the cause. Antidiarrheal medications such as loperamide, atropine/diphenoxylate, and octreotide are options for management (Muehlbauer et al., 2009).
Dietary modifications include adding foods that add bulk to stool and to
avoid those that tend to potentiate diarrhea such as greasy, fatty foods and
caffeine. The BRAT (bananas, rice, applesauce, toast) or BRATTY (the addition of tea and yogurt) diet may help because it contains foods that replace
lost vitamins and nutrients lost with excessive diarrhea. Lastly, referral to a
gastroenterologist may be important to determine the underlying etiology
and treatment strategies, especially if GVHD is suspected (Andreyev, Davidson, Gillespie, Allum, & Swarbrick, 2012).

Secondary Malignancies
Approximately 13.7 million people are cancer survivors or are currently diagnosed with cancer, and almost 68% of adults diagnosed will survive
at least five years (American Cancer Society, 2014). It has been clearly demonstrated that secondary malignancies, which were once limited to survivors of childhood cancer, have become an emerging issue for adults as well.
The impact of secondary malignancies is a significant threat for adult cancer survivors.

Incidence
The incidence of secondary malignancies in adults is rising, and secondary malignancies now comprise the sixth most common group of malignancies (National Cancer Institute, 2013). Multiple primary malignancies comprise more than 16% of cancers in men and women. This rate has doubled
over the past two decades (National Cancer Institute, 2013; Rheingold, Neugut, & Uldrick, 2010). Leukemias and myelodysplastic syndrome (MDS) are
the most common types of chemotherapy-induced secondary malignancies,
although other types of cancer can occur (Rheingold et al., 2010).

Risk Factors
Alkylating agents pose the greatest risk for the development of a secondary malignancy. For example, platinum-based chemotherapy for ovar-
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ian cancer has been shown to increase the risk of a secondary leukemia by
three- to fourfold (Ishibe & Curtis, 2006). The topoisomerase II inhibitors
such as etoposide and doxorubicin are additional high-risk agents (Rheingold et al., 2010). Some types of cancer place patients at risk, primarily because of the type of chemotherapy used. For example, the leading cause of
mortality in HL survivors is a second primary malignancy, most often manifested approximately 15 years after initial treatment (Baxi & Matasar, 2010).
Cancers of the bladder, breast, and lung, leukemia, and GI tumors have also
been documented in HL survivors (Ng et al., 2011). Men surviving testicular cancer continue to have an increased risk even 20 years after initial treatment (National Cancer Institute, 2013). Women with breast cancer treated
with tamoxifen have a twofold increased risk for the development of uterine
cancer (National Cancer Institute, 2013). A list of chemotherapy risks for
secondary malignancies is included in Table 16-4.

Assessment
Ongoing lifetime follow-up and surveillance is essential for early detection of secondary malignancies. Early detection can result in successful treatment. A cancer survivorship plan should outline the frequency of laboratory and radiographic examinations (Aziz, 2007), but the patient’s report

Table 16-4. Commonly Used Chemotherapy Agents and Development of
Secondary Cancers
Causative Agent
Alkylating agents

Initial Cancer Treated

Secondary Malignancy

Non-small cell lung cancer, small
cell lung cancer, breast cancer,
Hodgkin lymphoma, non-Hodgkin
lymphoma, multiple myeloma,
ovarian cancer

Leukemia

Hodgkin lymphoma, non-Hodgkin
lymphoma

Lung cancer

Soft tissue tumors, neuroblastoma,
Ewing sarcoma

Sarcoma

Tamoxifen

Breast cancer

Endometrial cancer

Etoposide

Testicular cancer

Leukemia

Cyclophosphamide

Non-Hodgkin lymphoma

Bladder cancer

Note. Based on information from Ishibe & Curtis, 2006; Ng et al., 2011.
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of new symptoms should prompt investigation. Clinicians should recognize
that treatment-induced leukemia or MDS has an average latency period of
four to seven years. The latency period is only one to three years with some
of the topoisomerase II inhibitors. As noted, some secondary malignancies
can occur more than 20 years after treatment, again reinforcing the need
for lifelong surveillance.

Management
Secondary cancers are treated the same as primary cancers, although
treatment is often complicated by the previous treatment. Patients should
be informed of the challenges in treating a secondary cancer such as increased toxicity and the potential for other long-term effects. Unfortunately,
chemotherapy-induced leukemias are often resistant to further treatment,
and cure rates are modest at 10%–20%. Bone marrow transplantation is
sometimes the only chance for cure (Rheingold et al., 2010).

Summary
Over the past several years, a plethora of research has been conducted
on quality of life with cancer survivors, and all findings have one resounding statement: without adequate management, late effects have a significant negative impact on quality of life. With this large body of evidence
gained by the reports of survivors, we as nurses need to heed the call to
assist patients in achieving the best function possible after they complete
treatment and transition from active treatment to long-term survivorship.
Proper education on potential late effects as well as adequate follow-up
post-treatment is an important role of oncology nurses in the cancer survivorship plan. Most importantly, because each survivor joins the many others who have survived the disease, they are never alone in the new journey
that lies in front of them. As nursing professionals, we continue to hold the
promise to help augment their survival to be the best and most productive
that it can be.
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CHAPTER 17

Stem Cell
Transplantation Science
and Practice
Ajay K. Nooka, MD, MPH, FACP, Rajni Sinha, MD,
and Christopher R. Flowers, MD, MS

Introduction
The art and science of stem cell transplantation (SCT) has evolved
over the past three decades, resulting in reduced complications and improved survival, primarily as a consequence of sophisticated human leukocyte antigen (HLA) matching, less toxic conditioning regimens, improved alternative techniques for stem cell mobilization, and improved
supportive care. This chapter reviews the types of SCT; indications for
SCT, commonly used mobilization strategies, and conditioning regimens; dose intensity of the conditioning regimens; and complications
of SCT.
The indications for treatment of hematologic disorders with SCT are
determined by the category of the hematologic malignancy or condition. The most common disease-related indications for autologous SCT
(ASCT) are non-Hodgkin lymphoma (NHL), Hodgkin lymphoma (HL),
and multiple myeloma (MM) (McCarthy et al., 2013), and these will be
discussed in this chapter. The disease-related indications for allogeneic SCT (alloSCT) include predominantly leukemias and myelodysplastic syndromes (MDS) (Hahn et al., 2013). In the United States, no standard guidelines exist to determine patient eligibility for ASCT. Decision
making regarding use of transplantation is made on an individual basis
taking into account the indication and risk-benefit assessment. The first
step in the process of determining need for use of SCT involves an ex-
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tensive pretransplantation evaluation to determine the patient’s eligibility for SCT.

Pretransplantation Evaluation for Patients Undergoing
Autologous Stem Cell Transplantation
During this process, the patient’s ability to tolerate the high-dose therapy of the conditioning regimen is assessed. This evaluation is done to
provide the patient information about the disease burden, the impact of
other existing comorbidities, and the likelihood of outcomes (see Table
17-1).
Although no strict guidelines for eligibility exist, a few criteria are taken into consideration before offering ASCT. In Europe, ASCT is offered
to patients younger than age 65, but in the United States, physiologic age
rather than numerical age is taken into consideration for eligibility. The
conditioning regimen is adjusted according to the age. After determining
a disease-related indication and the patient’s willingness to proceed with
ASCT, specific tests and absence of liver function abnormalities (see Table
17-1) are considered adequate to tolerate the conditioning regimens. A
renal function of creatinine 2 mg/dl or less is recommended (except for
plasma cell neoplasms). Left ventricular ejection fraction 50% or greater
is recommended in patients with amyloidosis and patients receiving chemotherapy regimens with known cardiac toxicity (e.g., cyclophosphamidebased and total body irradiation [TBI]-based regimens) (Yoshimi et al.,
2008).

Additional Pretransplantation Testing for Patients Undergoing
Allogeneic Stem Cell Transplantation
For an alloSCT, in addition to the pretransplantation evaluation detailed previously, identifying the most appropriate donor is extremely
crucial for successful outcomes of SCT. The suitable donor can be an
HLA-identical twin (syngeneic transplantation), HLA-identical full sibling (matched related donor [MRD]), or an HLA-identical unrelated donor (matched unrelated donor [MUD]). HLA-mismatched, haploidentical donors or cord blood may be considered if an HLA-identical donor
is unavailable (Reisner & Martelli, 2011). The donor undergoes similar
evaluation as the recipient (see Table 17-1) to guarantee safe collection
of the cells without harm to the donor. In malignancies with stronger
likelihood of family history, related donors are screened for malignancy to prevent product contamination, for example, chronic lymphocytic leukemia (CLL).
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Table 17-1. Pretransplantation Evaluations
Evaluation or Tests

Reason for Evaluation or Test

Complete history

Evaluate transplant eligibility.
Discuss risks and benefits.

Physical examination

Determine performance status (Zubrod/ECOG
2) (Oken et al., 1982).
Assess for comorbid conditions.

Skeletal survey, computed tomography scans, bone marrow biopsy,
cellular studies, SPEP, SIFx, UPEP,
UIFx, serum FLC

Evaluate disease burden.

Dental evaluation

Evaluate dentition and abscesses.

Chest radiograph

Evaluate for pneumonias.

Echocardiogram/MUGA scan

Evaluate cardiac function.
Determine if LVEF ≥ 40%.

Electrocardiogram

Evaluate cardiac evaluation.

Pulmonary function tests with DLCO

Evaluate respiratory function.
Determine if DLCO ≥ 50%.

Infectious disease markers
• Viral serologies

Evaluate for HTLV-1 Ab; HIV 1-2 Ab; CMV Ab;
West Nile virus Ab; VZV Ab; HSV-1-2 Ab; EBV
Ab.
Respiratory swab for viruses.

• Hepatitis testing

Evaluate for hepatitis A Ab; HBsAg, HBcAb;
HCV Ab.

• Parasite testing

Evaluate for Trypanosoma cruzi Ab; Toxoplasma
Ab; L. donovani.

• Fungal serology

Evaluate for Aspergillus galactomannan.

• Bacterial serology

Evaluate for RPR or VDRL.

Ab—antibody; CMV—cytomegalovirus; DLCO—diffusing capacity of the lung for carbon monoxide;
EBV—Epstein-Barr virus; ECOG—Eastern Cooperative Oncology Group; FLC—free light chains;
HBcAb—hepatitis B core antibody; HBsAg—hepatitis B surface antigen; HCV—hepatitis C virus;
HIV—human immunodeficiency virus; HSV—herpes simplex virus; HTLV—human T-lymphotropic virus; LVEF—left ventricular ejection fraction; MUGA—multigated acquisition; RPR—rapid plasma regain; SIFx—serum immunofixation; SPEP—serum protein electrophoresis; UIFx—urine immunofixation; UPEP—urine protein electrophoresis; VDRL—venereal disease research laboratory; VZV—varicella zoster virus
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Types of Donors
Syngeneic Transplantation
The advantages of a syngeneic transplantation (donor and recipient are
identical twins) are that it eliminates concern for disease contamination in the
transplanted cells, risk of graft-versus-host disease (GVHD) is low, and the donor lymphocytes potentially can recognize the recipient tumor cells, a graftversus-leukemia/lymphoma (GVL) effect (Horowitz et al., 1990). The twin
recipient does not require immunosuppression post-transplantation because
the risk of GVHD is very low. The survival with syngeneic transplantation is
similar to that of MUD transplantation given the high risk of relapse, although
the incidence of treatment-related mortality and GVHD is less.

Matched Related Donors
MRDs are the preferred donor source for an alloSCT. MRDs are full siblings that inherited the same HLA genes located on chromosome 6. Any given sibling has a 25% chance of being HLA-matched at the A, B, and DR loci
(Baxter-Lowe et al., 2009).

Mismatched Related Donors
Mismatched related donors are the backup choice when an MRD is not
available. In patients with siblings mismatched at a single HLA locus, alloSCT can be offered with similar survival outcomes but increased association with GVHD (Koh, Rizzieri, & Chao, 2007).

Haploidentical Related Donors
Haploidentical related donors are mismatched at three of the six loci
(HLA-A, -B, and -DR) (Baxter-Lowe et al., 2009). Clinical trials with promising outcomes are under way, and this method is attractive in situations where
MRD is unavailable and time constraints preclude a search for an MUD.

Matched Unrelated Donors
The initial search for an MUD begins by searching the National Marrow Donor Program (NMDP), a database of volunteer donors that are HLA
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typed. Currently, 10 million donors are registered in the NMDP database
(Dehn et al., 2008). The NMDP database includes predominantly Caucasian
donors, and it is more difficult to find a donor for patients of other racial
backgrounds. African American patients were 2.83 times, Asian patients 2.05
times, and Hispanic patients 1.73 times more likely to have a less-matched
SCT donor than Caucasian patients (Dehn et al., 2008). In order to improve
the probability of finding a suitable graft for minorities, alternate sources of
grafts are warranted.

Umbilical Cord Blood Donors
Given the lack of suitable donors in a significant number of patients (Baxter-Lowe et al., 2009), blood from umbilical cord enriched with high numbers of hematopoietic stem cells (HSCs) is used as an alternative graft. The
cord blood is cryopreserved at the time of delivery in cord blood banks.
Cord blood units HLA matched to a recipient are readily available. The ease
of procurement, constant supply, and decreased GVHD make it a promising source. Major limitations include delayed immune reconstitution, an increased risk of graft failure, and unavailability of the donor for additional
donations (Hurley, Wagner, Setterholm, & Confer, 2006).

Hematopoietic Stem Cells
HSCs are the first identified stem cells that are multipotent and have the
ability of self-renewal and differentiation. HSCs give rise to hematopoietic
progenitor cells and can differentiate into cells of all lineages—neutrophils,
erythrocytes, platelets, eosinophils, basophils, monocytes, T lymphocytes, B
lymphocytes, natural killer cells, and dendritic cells. The fate of an HSC is
regulated by various signaling pathways: Notch, wingless-type (expressed as
Wnt), sonic hedgehog (expressed as Shh), and Smad pathways. The bone
marrow microenvironment optimally balances the signaling, which controls
the unique features of self-renewal and differentiation (Blank, Karlsson, &
Karlsson, 2008). Further HSC fate determinants are beyond the scope of
this chapter.

Sources of Hematopoietic Stem Cells
HSCs required for SCT can be obtained from one of three sources: (a)
bone marrow or peripheral blood stem cells (PBSCs) from self, (b) related or unrelated donor PBSCs, or (c) umbilical cord blood (UCB) obtained
from placenta after the birth of a newborn. UCB is gaining momentum as
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a source for alloSCT as an alternative to bone marrow or PBSCs; however, a
significant limitation is the disparity between the cord blood units and the
adult size, resulting in lower cell dose per kilogram (McKenna & Brunstein,
2011). Double–cord blood unit transplantation as a strategy to overcome
this limitation, as well as a way to evaluate graft manipulations, is currently a
work in progress (Brunstein & Weisdorf, 2009).
Bone Marrow as a Source
Bone marrow historically had been used as the source for HSC grafts.
Cluster of differentiation 34–positive (CD34+) cell dose 3 × 106/kg or higher is recommended to decrease the time to engraftment and improve the
five-year survival (Bahçeci et al., 2000; Bittencourt et al., 2002). The limit of
bone marrow obtained from a donor is 20 ml/kg.
Patients are sedated under general anesthesia and made to lie in the supine position. Using anatomic landmarks, the posterior iliac crests are identified; multiple incisions are made bilaterally and the bone marrow aspirate
is obtained.
The major benefit of using bone marrow as a source is its track record;
long-term follow-up data are available for bone marrow grafts. A recent
phase III randomized controlled trial demonstrated a decreased incidence
of chronic GVHD (cGVHD) with bone marrow grafts from unrelated donors
compared to the growth factor–primed PBSC grafts (Anasetti et al., 2011).
Of note, undergoing bone marrow harvest does not require any priming
with mobilizing agents like growth factors or chemotherapy.
Bone marrow as a source of HSC graft has fallen out of favor. Longer time
for engraftment (Gawronski, Rzepecki, Oborska, & Wasko-Grabowska, 2011),
hospitalization costs (Smith et al., 1997), a longer period of neutropenia,
complications with general anesthesia, and morbidity associated with the procedure make it a graft of lesser choice. Infections and bleeding problems are
rare but may be seen in less than 1% of donors (Anderlini et al., 2001).
Peripheral Blood as a Source
Peripheral blood as a source of graft has become more popular over the
past two decades after a series of studies demonstrated accelerated neutrophil and platelet recovery with peripheral blood grafts relative to bone marrow grafts (Schmitz et al., 1996; Sheridan et al., 1992).
The least complicated mobilizing process is using growth factors as priming
agents. The patients are primed for a week with granulocyte–colony-stimulating factor (G-CSF) prior to the collection. A newly approved agent in the United States, plerixafor, may be used in patients who have difficulty mobilizing
their own cells for ASCT (Harvey et al., 2013). Following mobilization, the collection is performed with a hemapheresis machine using cell separators that
involve application of the principles of filtration and centrifugation to separate the blood products based on their densities (Ward, 2011).
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Using peripheral blood as a source of HSC graft is less laborious and not
physically strenuous for the patient, donor, or clinician. There are no hospital costs or risk of general anesthetic complications. The time to engraftment and length of hospitalization are significantly reduced without compromising the overall outcomes of survival (Anasetti et al., 2012).
The common complications associated with peripheral blood mobilization
are from line placement, hemapheresis-related complications, adverse events
(AEs) related to growth factors including but not limited to myalgia, headaches,
bone pain, and flu-like symptoms (Kroger & Zander, 2002). The risk of splenic rupture with G-CSF and neutropenic complications with chemotherapy exists with peripheral blood as a source of HSC collection (Bennett et al., 2006).

Hematopoietic Stem Cell Mobilization
The optimal agent for mobilizing peripheral blood HSCs is unclear, although G-CSF is routinely used (Tricot et al., 1995).

Hematopoietic Stem Cell Mobilization With Growth Factors
Filgrastim is a G-CSF analog used to stimulate the proliferation and differentiation of granulocytes. Sargramostim is a recombinant granulocyte
macrophage–colony-stimulating factor (GM-CSF) used for myeloid reconstitution after autologous or allogeneic bone marrow transplantation and
is rarely used in mobilization. Pegfilgrastim functions as a pegylated G-CSF
is used to stimulate the bone marrow to produce neutrophils following chemotherapy and is an option for stem cell mobilization. Lenograstim is a recombinant G-CSF that is glycosylated, has a long track record, and is widely
used for mobilization in Europe. Plerixafor, approved by the U.S. Food and
Drug Administration in 2008 for mobilization failure with G-CSF, is a partial agonist of chemokine receptor type 4 (CXCR-4) and chemokine receptor type 7 (CXCR-7). It is a strong inducer of mobilization of HSCs from the
bone marrow to the bloodstream. In a phase III trial, the combination of
plerixafor and G-CSF resulted in a higher proportion of patients with NHL
achieving the optimal CD34+ cell collection in fewer apheresis days compared with G-CSF alone (DiPersio et al., 2009).

Hematopoietic Stem Cell Mobilization With
Chemotherapeutic Agents and Growth Factors
The combination of a chemotherapeutic agent with growth factors serves
two purposes. Theoretically, it causes in vivo purging of mobilized tumor
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cells and results in a tumor-free product. Next, it increases the yield of the
CD34+ cells. Given the association of increased morbidity with the development of neutropenic complications and hospitalizations with such mobilization, caution should be used to carefully select patients to undergo HSC mobilization with chemotherapeutic agents and growth factors. In patients with
myeloma, high-dose cyclophosphamide at a dose of 3 g/m2 may be used to
mobilize HSCs in patients who failed prior attempts with growth factor only
and for patients with high disease burden (Mark et al., 2008). Other common chemotherapy regimens used for mobilization in patients with MM
with heavy tumor burden are DCEP (dexamethasone, cyclophosphamide,
etoposide, and cisplatin) and VDT-PACE (bortezomib [Velcade®], dexamethasone, thalidomide, cisplatin, doxorubicin [Adriamycin®], cyclophosphamide, and etoposide). For patients with lymphoma who have active relapse, salvage chemotherapy and mobilization can be achieved by using the
chemotherapy regimens R-ICE (rituximab, ifosfamide, carboplatin, and etoposide), R-DHAP (rituximab, dexamethasone, doxorubicin, cytarabine, and
cisplatin), or R-ESHAP (rituximab, etoposide, methylprednisolone, cytarabine, and cisplatin) with G-CSF support. Of note, rituximab does not interfere with HSC mobilization. G-CSF is started two to three days after chemotherapy is administered, and the date of collection is regimen dependent.
The median number of days between the last day of chemotherapy and the
start of apheresis is 11, and the median number of days of growth factor administration is 10 (Hicks et al., 2007). Different chemotherapy regimens result in similar kinetics for the mobilization of hematopoietic progenitors,
with an equivalent median number of days of cytokine administration following cyclophosphamide (10 days), ICE or R-ICE (10 days), Hyper-CVAD
(cyclophosphamide, vincristine, doxorubicin, and dexamethasone; 9.5
days), and DT-PACE (14 days) (Hicks et al., 2007). The role of plerixafor in
combination with chemotherapy and G-CSF is unclear. It is currently being
evaluated in a phase II trial for patients with MM and lymphoma at Winship
Cancer Institute of Emory University (National Library of Medicine, 2012).

Conditioning Regimens in Allogeneic Transplantation
The major rationale for using conditioning regimens is to provide a twopronged benefit. First, by using the chemotherapy- or radiation-based conditioning regimen, the tumor burden for which the SCT is being performed is
adequately reduced or eliminated. Second, by providing sufficient immunosuppression, the graft is preserved and not rejected. The conditioning regimens are defined by intensity (Bacigalupo et al., 2009).
Myeloablative conditioning regimens consist of chemotherapy or radiation or a combination of various modalities to ablate the hematopoietic cells
in the bone marrow. This results in significant and intense pancytopenia,

Chapter 17. Stem Cell Transplantation Science and Practice

●

897

which is irreversible unless hematopoiesis is restored by the administration
of HSCs. In contrast, a nonmyeloablative conditioning regimen, by the nature
of the cytotoxicity of the chemotherapeutic agents alone, does not cause
the same magnitude of pancytopenia. The pancytopenia is mild and may recover even if HSCs are not administered. The pancytopenia in this setting
occurs from the immunologic phenomenon of donor T cells eradicating
the patient HSCs in the bone marrow (Bacigalupo et al., 2009). The donor
cells subsequently restore the hematopoiesis. Reduced-intensity conditioning
(RIC) regimens are the intermediate category that cause moderate cytopenia and require HSCs for restoration of hematopoietic activity (Champlin et
al., 2000; Giralt et al., 2009).

Myeloablative Conditioning Regimens
Traditionally, myeloablative regimens used TBI, chemotherapy, or a combination of both. Drug combinations with nonoverlapping toxicities were
used to avoid cumulative injury (Hartman, Williams, & Dillon, 1998).
Total Body Irradiation and Chemotherapy
Historically, TBI has been the foundation of conditioning regimens since
the inception of SCT. Current TBI-based regimens typically fractionate (Santos et al., 1974; Thomas et al., 1982) the radiation over several days to minimize toxicity. TBI (15 Gy) combined with cyclophosphamide (TBI/Cy) at a
dose of 60 mg/kg on two successive days is an efficacious regimen. Fractionated TBI combined with etoposide (TBI/VP-16) at a dose of 60 mg/kg has also
been shown to deliver excellent results (Snyder et al., 1993). Furthermore,
TBI combined with cyclophosphamide and etoposide (TBI/Cy/VP-16)
in both the autologous and allogeneic setting has been proved to be efficacious (Weaver et al., 1994). Other chemotherapy combinations with TBI
include TBI/Cy with or without cytarabine. The major limitations of TBI
include the side effect profile, including mucositis, radiation-induced pneumonitis, infections, and cardiac toxicity (Krishnan et al., 2012).
Chemotherapy
The reason for this approach is to limit the toxicity associated with TBI.
The combination of busulfan and cyclophosphamide (Bu/Cy) (Tutschka,
Copelan, & Klein, 1987) is efficacious and has excellent outcomes with improved tolerability. Other myeloablative chemotherapy regimens that have
been successfully used include busulfan and etoposide (Bu/VP-16) in patients with acute myeloid leukemia, and cyclophosphamide, carmustine
(BCNU), and etoposide in patients with Hodgkin and non-Hodgkin lymphomas (Wheeler et al., 1990). BCNU, etoposide, cytosine arabinoside, and
melphalan (BEAM) has also been successfully used (Gaspard et al., 1988).
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Carmustine regimens have been associated with increased lung toxicity
(Duque-Afonso et al., 2013).
Radiolabeled Monoclonal Antibodies
The aim of using radiolabeled monoclonal antibodies with chemotherapy is to eliminate TBI and the adverse events associated with it. In this approach, monoclonal antibodies are radiolabeled with a high energy-emitting
radioisotope targeting the radiation dose to the tumor cells and potentially
reducing toxicity. Combining Bu/Cy with anti-CD45 antibody (Pagel et al.,
2006) for leukemia and MDS; RIC/myeloablative conditioning with antiCD66 antibody (Schulz et al., 2011) for malignant or nonmalignant disorders; and standard conditioning regimens with anti-CD20 antibodies (Gopal et al., 2007) for patients with B-cell NHL has showed encouraging results
with tolerable toxicity profiles.
Nonmyeloablative and Reduced-Intensity Conditioning Regimens
The RIC approach predominantly is dependent on the donor cellular immune effects and, to a lesser extent, on the cytotoxic effects of the regimen.
It decreases the toxicity profile and treatment-related mortality (TRM), enabling transplantation in older, heavily pretreated patients. Fludarabine-busulfan (Flu/Bu) and fludarabine-melphalan (Flu/Mel) conditioning regimens have shown promise. No randomized studies to date have compared
myeloablative regimens to RIC regimens.

Transplantation Indications in Multiple Myeloma
For newly diagnosed symptomatic patients with MM, the standard of care
remains high-dose chemotherapy followed by ASCT (HDT-ASCT), though
in the era of novel agents, the exact timing of HDT-ASCT (first remission
versus first relapse) remains unclear (Kumar et al., 2008). The emergence
of novel agents bortezomib, thalidomide, and lenalidomide in the management of MM has revealed newer directions to approach the disease. The first
determinant is transplant eligibility. With the recognition of prognostic impact of postinduction response on overall outcomes, the choice of optimal
regimen has become more important than ever. The preference of induction therapy for transplant-eligible patients has progressively changed from
the alkylating agent–based therapies to doublet therapies to triplet therapies incorporating immunomodulatory drugs and proteasome inhibitors.
Triplet regimens are associated with superior response rates, but quadruplet
regimens do not add significantly to the response rates and may worsen the
toxicity profile (Reeder et al., 2009). Optimal induction therapies for MM
transplantation-eligible patients reporting depth of response and survival is
detailed in Table 17-2.

BD (240)
VAD (242)
p-value

RD (223)
Rd (222)
p-value

VTD (236)
TD (238)
p-value

BAD (371)
VAD (373)
p-value

VTD (130)
TD (127)
VBMCP/VBAD/V
(129)
p-value

RVD

Rajkumar et
al., 2010

Cavo et al.,
2010

Sonneveld et
al., 2012

Rosiñol et al.,
2012

Richardson et
al., 2010

Regimen

Harousseau
et al., 2010

Study

39

35
14
21

11
5
< 0.001

31
11
< 0.0001

2.3
1.4

14.8
6.4
0.004

CR/nCR

67

–

42
15
< 0.001

62
28
< 0.001

42.1
23.6
< 0.0001

37.7
15.1
< 0.001

VGPR

Postinduction
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100

–

78
55
< 0.001

93
79
< 0.001

79
68.3
0.008

78.5
62.8
< 0.001

ORR

46
24
38

–

30
15
< 0.001

52
31
< 0.001

5
4
0.04

35
18.4
< 0.001

CR

–

–

61
36
< 0.001

79
58
< 0.001

50
40
0.04

54.3
37.2
< 0.001

VGPR

ORR

–

–

88
77
< 0.001

93
84
< 0.001

81
70
0.009

80.3
77.1
0.401

Post-Transplantation
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97 (1.5y)

NS

0.001
75 (1.5y)

74 (4y)
65 (4y)
70 (4y)

–

86 (3y)
84 (3y)
0.3

92 (3y)

81.4 (3y)
77.4 (3y)
0.5

OS

56.2
28.2
35.5

36
27
0.005

68 (3y)
56 (3y)
0.005

65 (2y)
63 (2y)

36
29.7
0.06

PFS
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CyBorD

VDCR
VDR
VCD
VCD-mod

Reeder et al.,
2009

Kumar et al.,
2012

40
41
31
76

46

35

CR/nCR

58
51
41
53

71

65

VGPR

88
85
75
100

96

95

ORR

VGPR
–
–
–

CR
–
–
–

Post-Transplantation

–

–

–

ORR

86 (1y)
83 (1y)
93 (1y)
100 (1y)

–

80.8
(1.5y)

PFS

–

–

98.6
(1.5y)

OS

Note. Response rates are expressed as percentages (%).

A—doxorubicin; B—bortezomib; CR/nCR—complete response/near complete response; CyBorD—cyclophosphamide, bortezomib, dexamethasone; D—dexamethasone; m—months; NS—not significant; ORR—overall response rate; OS—overall survival; PFS—progression-free survival; RD—lenalidomide with high-dose dexamethasone; Rd—lenalidomide with low-dose dexamethasone; RVD—lenalidomide, bortezomib, dexamethasone; RVDD—lenalidomide, pegylated liposomal doxorubicin, bortezomib, dexamethasone; T—thalidomide; VBMCP/VBAD/V—vincristine, BCNU, cyclophosphamide, melphalan, prednisone/vincristine, BCNU, doxorubicin,
dexamethasone/bortezomib, vincristine; VCD—bortezomib, cyclophosphamide, dexamethasone; VCD-mod—modified VCD; VDCR—bortezomib, cyclophosphamide,
lenalidomide, dexamethasone; VGPR—very good partial response; y—years

RVDD

Regimen

Jakubowiak
et al., 2011

Study

Postinduction

Table 17-2. Myeloma Induction Regimens (Continued)
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Timing of Autologous Stem Cell Transplantation
in Multiple Myeloma
The timing of the first ASCT in MM is still not clear. To address the issue, a
large phase II trial from Intergroupe Francophone du Myélome (IFM)/DanaFarber Cancer Institute is under way to determine if early ASCT is better than
delayed ASCT or vice versa. At the current time, the option is left to the physician and the patient to proceed with ASCT soon after recovery from stem cell
collection or to continue some form of a maintenance therapy with intent to
proceed with ASCT at first relapse.
Studies show that patients who fail to achieve a complete response (CR)
or very good partial response (VGPR) with their first ASCT may benefit from
tandem transplantations (Attal et al., 2003). In patients who achieve CR or
VGPR with the first ASCT, the second transplantation may be offered safely
at relapse (Elice et al., 2006).
The BMT-CTN Study 0102 found that nonmyeloablative alloSCT after
ASCT is not more effective than tandem ASCT for patients with standardrisk MM (Krishnan et al., 2011); however, in rare circumstances, patients
with high-risk MM may be offered alloSCT. Currently, the role of alloSCT in
MM remains investigational. Conventional myeloablative or RIC alloSCT is
not recommended in MM outside the setting of a clinical trial for most patients because of high transplant-related mortality and lack of good evidence
that such an approach is superior to current therapy (Krishnan et al., 2011).

Conditioning Regimens in Multiple Myeloma
The standard conditioning regimen used for ASCT in MM is melphalan
200 mg/m2. In older adult patients and those with renal failure, dose reduction to 140 mg/m2 may be offered. Neither melphalan 140 mg/m2 in combination with TBI 8 Gy (Moreau et al., 2002), a lower intensity regimen with
melphalan 100 mg/m2 (Palumbo et al., 2010), nor melphalan 100 mg/m2 in
combination with busulfan 16 mg/kg was found to be superior to the standard dose of 200 mg/m2. Novel regimens incorporating bortezomib in the
standard-dose melphalan conditioning regimen are promising (Lonial et
al., 2010; Roussel et al., 2010).

Transplantation Indications in
Non-Hodgkin Lymphoma
The treatment of NHL in the past two decades has heralded an era of
increasing exploration of therapies derived from improved understanding
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of tumors and tumor-host interactions. There has been a shift from identifying classical cytotoxic agents to molecules that target specific pathways
involved in signal transduction, apoptosis, and differentiation, to name a
few.

Indications for Autologous Transplantation
for Non-Hodgkin Lymphoma
CHOP (cyclophosphamide, doxorubicin, vincristine [Oncovin®], and
prednisone) chemotherapy in combination with the anti-CD20 monoclonal antibody rituximab is the standard of care in newly diagnosed patients
with diffuse large B-cell lymphoma (DLBCL), with approximately 50%–60%
of patients achieving a cure (Feugier et al., 2005). Although the adoption of
R-CHOP (rituximab plus CHOP) as the new standard of care has improved
outcomes for patients with DLBCL (Hiddemann et al., 2005), patients who
fail first-line therapy continue to present a difficult challenge. Despite our
understanding of the heterogeneity of DLBCL and the increased number
of treatment options, most clinicians continue to treat DLBCL with a single management strategy at initial presentation and relapse. A multicenter
trial known as the PARMA trial addressed the question of how best to manage patients with relapsed aggressive lymphoma by comparing ASCT to conventional salvage therapy. In this trial, 215 patients in first or second relapse
were given two cycles of intensive combination chemotherapy. The 109 patients who responded were randomly assigned to receive either four more
cycles of chemotherapy or ASCT. With a five-year median follow-up, eventfree survival and overall survival (OS) were significantly improved with transplantation (46% vs. 12% and 53% vs. 32%, respectively) (Philip et al., 1995).
A number of standard regimens exist for salvage lymphoma therapy including ICE (ifosfamide, carboplatin, and etoposide), DHAP (cisplatin,
cytarabine, and dexamethasone), GDP (dexamethasone, cisplatin, and
gemcitabine), and ESHAP (etoposide, cytarabine, cisplatinum, and methylprednisolone), with varying response rates. The choice of salvage therapy is
still debated, although it is clear that the addition of rituximab to the reinduction regimen yields superior results compared to the same regimen without rituximab (see Table 17-3).

Indications for Allogeneic Transplantation
for Non-Hodgkin Lymphoma
AlloSCT is being used more in NHL. The number of alloSCTs registered with the European Society for Blood and Marrow Transplantation grew from 2000 to 2009 (Passweg et al., 2012). In contrast to ASCT,
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Table 17-3. Salvage Regimens for Non-Hodgkin Lymphomas
Study

Regimen

Kewalramani et al.,
2004

R-ICE
ICE
p-value

Vellenga et al.,
2008

R-DHAP
DHAP
p-value

Gisselbrecht et al.,
2010

R-ICE
R-DHAP
p-value

Hou et al., 2012
Martín et al., 2008

CR/nCR

ORR

PFS

OS

78%
71%
0.57

54% (2y)
43% (2y)

–

75%
54%
0.01

52% (2y)
31% (2y)
0.002

0.60 (2y)*
0.76 (2y)*

36%
40%
NS

63%
64%
NS

31% (3y)
42% (3y)
0.6

47% (3y)
51% (3y)
0.4

R-GDP

56%

72%

48% (2y)

70% (2y)

R-ESHAP
ESHAP

57%
37%

81%
67%

53%
27%
0.01
–

–

–

*Hazard ratio of survival
CR/nCR—complete response/near complete response; DHAP—cisplatin, cytarabine, dexamethasone; ESHAP—etoposide, cytarabine, cisplatin, methylprednisolone; ICE—ifosfamide, carboplatin, etoposide; NS—not significant; ORR—overall response rate; OS—overall survival; PFS—progressionfree survival; R-DHAP—rituximab plus DHAP; R-ESHAP—rituximab plus ESHAP; R-GDP—rituximab,
gemcitabine, cisplatin, dexamethasone; R-ICE—rituximab plus ICE; y—year

where stem cells from the patients are reinfused to compensate for the
hematopoietic toxicity of single-hit high-dose therapy, the use of an allogeneic donor provides a tumor-free stem cell graft, cells that have not
been damaged by prior chemotherapy, and the opportunity for GVL immune responses. This, however, comes with the increased risk of nonrelapse mortality (NRM) primarily due to GVHD or infections related to
GVHD therapy. In most situations, ASCT has been preferred because of
much lower NRM (close to 5%) (Vose et al., 2002).
The use of alloSCT is often reserved for patients with poor bone marrow
function or those with aggressive lymphoma and for younger patients without comorbidities. Older patients or patients who have previously failed
high-dose therapy and ASCT have had unacceptably high NRM with myeloablative allogeneic transplants (Blaise, Vey, Faucher, & Mohty, 2007).
The recognition that RIC and postengraftment immunosuppression could
reliably allow allogeneic engraftment with less NRM has brought alloSCT
to older patients and/or younger patients who have failed prior ASCT.
The next section will discuss the data supporting the role of alloSCT for
the four main subtypes of NHL: CLL, follicular lymphoma, DLBCL, and a
rarer subtype, mantle cell lymphoma, for which alloSCT may have particular benefits.
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Allogeneic Stem Cell Transplantation
for Non-Hodgkin Lymphoma
Allogeneic Transplantation for Chronic Lymphocytic Leukemia
The past decade has brought many new therapies for CLL, and combinations of these treatments as part of chemoimmunotherapy have improved
the response rates, remission durations, and possibly OS of patients with CLL
(Hallek, 2013). Despite these advances, a cure remains elusive. Also, many
patients with CLL eventually become refractory to traditional treatment modalities, including chemoimmunotherapy, and ultimately die as a direct consequence or complication of the disease. As a result, both autologous and
allogeneic SCTs have been investigated as potential cures. Moreover, the development of RIC regimens and the greater availability of volunteer unrelated donors has increased the number of patients undergoing alloSCT over the
past decade (Toze et al., 2012). Long-term progression-free survival (PFS) can
be achieved in 30%–60% of transplanted patients by RIC alloSCT (Toze et al.,
2012). Several reports have shown that patients with poor-risk CLL, as defined
by purine-analog refractoriness or the presence of deletion 17p or TP53 mutation, had a similar outcome to patients without poor-risk characteristics (Dreger, 2009). Similar to the data for ASCT for patients with DLBCL, active or
unresponsive disease at the time of alloSCT remains a predictor of an unfavorable outcome (Dreger, 2009; Dreger et al., 2010). The NRM for patients undergoing a fully myeloablative regimen has been reported to be around 44%,
which is much higher than for patients undergoing a more conservative approach with a nonmyeloablative or RIC transplant (Dreger, 2009).
RIC regimens were developed in the 1990s to allow alloSCT in older patients or younger patients with comorbidities. In the past decade, multiple
reports have suggested that RIC alloSCT may be a potentially curative strategy for patients with CLL. This suggestion was based on evidence of a clinically effective GVL effect in patients with CLL undergoing RIC alloSCT:
achievement of long-term molecular responses (Ritgen et al., 2008), reduced relapse rates in patients with chronic GVHD (Dreger et al., 2005), increased relapse rates associated with T-cell–depleted grafts (Schetelig et al.,
2008), and some efficacy of donor lymphocyte infusions (DLIs).
A large prospective trial of nonmyeloablative SCT with the long-term follow-up carried out at the Fred Hutchinson Cancer Research Center evaluated
a regimen combining low-dose TBI (200 cGy) with or without fludarabine to
treat 82 patients with advanced, fludarabine-refractory CLL. CR and partial response were achieved in 55% and 15% of patients, respectively (Kharfan-Dabaja & Bazarbachi, 2012). Higher CR rates were noted after unrelated SCT (67%
vs. 48%). The five-year incidence of NRM, progression or relapse, OS, and PFS
were 23%, 38%, 50%, and 39%, respectively. At five years, 76% of living patients
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were entirely well, whereas 24% continued to receive immunosuppression for
chronic GVHD (Sorror et al., 2008). Another prospective trial evaluated fludarabine and cyclophosphamide-based conditioning followed by alloSCT in 90
patients with poor-risk CLL as defined by primary refractory disease, initial relapse within 12 months, relapse after ASCT, or progressive disease in the presence of unfavorable genetic features (Dreger et al., 2010). After a median follow-up of 46 months, the rates of NRM, event-free survival, and OS were 23%,
42%, and 65%, respectively (Dreger et al., 2010). On multivariate analysis, outcomes were worse for patients with uncontrolled disease at the time of SCT.

Allogeneic Transplantation for Follicular Lymphoma
Myeloablative alloSCT is associated with a TRM rate of approximately 30%
(Alyea et al., 2005). Given this high mortality rate, myeloablative alloSCT is
reserved for young, highly motivated patients with relapsed or resistant follicular lymphoma. In contrast, nonmyeloablative or RIC regimens are associated with lower TRM. Nonmyeloablative conditioning regimens may be
preferred for patients who have attained a second CR but are not ideal candidates for conventional myeloablative SCT. In addition, patients who relapse
after ASCT may be considered for nonmyeloablative (reduced-intensity)
alloSCT. As suggested by several single-center studies (Thomson et al., 2009)
and registry analysis (Delgado et al., 2011), long-term disease control can be
achieved in 40%–75% of transplanted patients using an RIC approach. Khouri et al. (2008) reported on the longest prospective study, which enrolled 47
patients. The conditioning regimen consisted of fludarabine (30 mg/m2 daily for three days), cyclophosphamide (750 mg/m2 daily for three days), and
rituximab (375 mg/m2 for one day plus 1,000 mg/m2 for three days). They
were then given an infusion of HLA-matched hematopoietic cells from related (n = 45) or unrelated (n = 2) donors. Tacrolimus and methotrexate were
used for GVHD prophylaxis. All patients experienced CR, with only two relapses. With a median follow-up time of 60 months (range 19–94), the estimated survival and PFS rates were 85% and 83%, respectively. The incidence
of grade 2–4 acute GVHD was 11% (Khouri et al., 2008).

Allogeneic Transplantation for Mantle Cell Lymphoma
Evidence for GVL effect in mantle cell lymphoma is sparse, but plateau
in the PFS curves and long-term disease control after ASCT failure suggest
that GVL has an important role. The NRM for alloSCT for mantle cell lymphoma is higher than those reported for follicular lymphoma and CLL even
if RIC was used (Dreger et al., 2010). This observation is perhaps because of
the more aggressive nature of mantle cell lymphoma. Single centers have re-
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ported long-term disease control rates of approximately 50% (Dreger et al.,
2010; Tam et al., 2009).

Allogeneic Transplantation for Diffuse Large B-Cell Lymphoma
The optimal management of ASCT recipients experiencing DLBCL relapse is unknown. A third chemotherapy regimen may be administered in
an attempt to attain another response. Patients with chemotherapy-sensitive
disease may be candidates for alloSCT, preferably in the context of a clinical
trial. Patients with chemotherapy-sensitive disease may be candidates for alloSCT. In most centers in the United States, patients are considered eligible
for nonmyeloablative alloSCT only if they are younger than 65, have normal
cardiac, liver, and renal function, and have good performance status (Eastern Cooperative Oncology Group performance status 0 or 1) (Uhm & Kuruvilla, 2013). Eligibility criteria for conventional myeloablative transplantation typically are used for patients younger than 55.
Several studies have reported on the use of RIC alloSCT for patients with
DLBCL who have failed an ASCT (Rezvani et al., 2008; Sirvent et al., 2010).
Although the NRM was less than 30% in most of these studies, the three-year
PFS rates were less than 40%, suggesting that the GVL effect for DLBCL may
not be as strong as it is for follicular lymphoma or CLL.

Supportive Care
The supportive care for SCT has improved significantly as a result of
improved antinausea agents, liberal usage of prophylactic antibiotics, and
enhanced auxiliary care. ASCT can be performed as an outpatient or inpatient, but the majority of the centers perform ASCT as an inpatient procedure (McDiarmid et al., 2010).
During the period of pancytopenia, packed red blood cells and platelet transfusions are administered with institution-specific parameters. G-CSF
to enhance neutrophil engraftment may be started around day +5. For patients undergoing SCT, prophylactic antibiotics, antivirals, and antifungals
are used to prevent infectious complications during the period of chemotherapy-induced pancytopenia.

Complications
All of the preparative regimens have side effects that can be life threatening. In addition to myelotoxicity, other common toxicities include mucositis, nausea and vomiting, diarrhea, rash, alopecia, and peripheral neu-
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ropathies. Infertility with myeloablative regimens is very common. Sperm
and oocyte cryopreservation in male and female patients should be recommended. Pulmonary and hepatic toxicities are also relatively common. A
few complications of interest are described. Complications can be viewed as
those occurring on the day of the transplantation (day 0), within a few weeks
(weeks 1–8), and long-term effects (months to years).

Day 0 (Transplantation Day)
Some of the complications occurring on the day of the SCT include fever,
chills, hives, chest tightness, hypotension, and coughing. Most of the complications are very mild and can be controlled with supportive medications.
Other complications are described in the following sections.

Infections
Engraftment Period (Weeks 1–8)
Once the stem cells are infused, the process of engraftment can take
two to eight weeks, and full establishment of the patient’s immune system
may take several months. The potentially dangerous complication during
engraftment results from the risk of infection, which stems from the immunosuppressive conditioning regimens used prior to infusion of the stem
cells. Other contributing factors to the development of infection are the disease itself, previous chemotherapies, and mucosal breakdown. The first few
weeks after stem cell infusion are marked by severe neutropenia and mucosal barrier damage. As such, patients are at risk for infection with skin, gastrointestinal, and pulmonary organisms.
Hematopoietic growth factors have shown small reductions in the risk of
documented infections, but with no effect on infection or TRM. G-CSF has
been shown to shorten the duration of the post-transplant neutropenic period by four to five days without a significant effect on the hospitalization period or TRM at days +30 and +100 (Canales & Hernández-Navarro, 2004).
Specific immune defects are associated with each of the different stages of
transplantation, or risk periods, which put patients at risk for developing different types of infections. Generally, early infectious complications can occur in the pre-engraftment period (days 0–30) and in the postengraftment
period (days 30–100). Late infectious complications usually refer to those
that occur 100 days after the SCT (Kim et al., 2013).
Pre-Engraftment Period
Bacterial infections are the most common cause of infections in the preengraftment period. Staphylococcal infections secondary to coagulase-nega-
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tive staphylococci and Staphylococcus aureus are the most common agents and
usually are due to an infected central venous catheter (Hebart & Einsele,
2004). Mucositis and the use of prophylactic antibiotics predispose SCT recipients to viridans streptococci (Leather & Wingard, 2001; Sable & Donowitz, 1994). Bacterial pulmonary infections are becoming less common, with
an incidence of 12%–15% in the first 100 days, and are seen more in patients undergoing alloSCT (Aronchick, 2000). Other causes of pulmonary
infections in the early phase are secondary to opportunistic fungal infections from Aspergillus, Fusarium, Cryptococcus, Candida, and Mucor (Aronchick, 2000). Less commonly, patients may develop typhlitis, which is characterized by fever, abdominal pain, nausea, and vomiting. The etiology of the
bowel inflammation is polymicrobial (gram-negative organisms, anaerobes,
Candida species) (Sable & Donowitz, 1994), and in immunocompromised
patients, it carries a mortality rate of 50%–100%. One of the more common
gastrointestinal infections is seen with Clostridium difficile, which results from
the widespread use of broad-spectrum antibiotics and the resultant alteration in bowel flora.
Invasive fungal infections are one of the leading causes of infectious mortality after alloSCT, with an incidence of 10%–20% (Baddley, Stroud, Salzman, & Pappas, 2001). The risk of developing such infections is directly proportional to the duration of neutropenia. The two most common fungal
infections are from Candida and Aspergillus species (Hovi, Saarinen-Pihkala,
Vettenranta, & Saxen, 2000). Candida infections are seen in about 11% of
patients and most commonly occur from C. albicans (Cornely et al., 2012).
Other Candida species causing infections are seen with C. glabrata and C. krusei (Cornely et al., 2012). Infections from Aspergillus species is seen in 4%–
20% of stem cell recipients (Bow, 2009). Aspergillus is acquired via inhalation
of spores into the respiratory tract or into the sinus tracts. With the increasing use of voriconazole to treat Aspergillus infections, the pathogens of the
class Zygomycetes have emerged in more transplant patients with an incidence of about 2% in alloSCT (Greenberg, Scott, Vaughn, & Ribes, 2004).
Unfortunately the mortality associated with Zygomycetes is extremely high,
approaching 80% in transplant recipients. The most common virus seen in
the pre-engraftment period is herpes simplex virus, which may present clinically as gingivostomatitis. Human herpesvirus 6 infection may be seen and
commonly causes a fever. Reactivation of varicella zoster virus (VZV) infection is also seen in the early stages of transplantation.
Postengraftment Period
During the postengraftment period the lack of humoral and complement-mediated immunity along with impaired phagocyte function results
more commonly in viral infections. The most important pathogens during
the postengraftment period are the herpes family of viruses, especially cytomegalovirus (CMV). CMV infections can cause pneumonia, hepatitis, and
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colitis and confer significantly higher mortality. In SCT recipients developing CMV pneumonia, mortality approaches 80%–90% (Travi & Pergam,
2013). Adenovirus has been reported to occur in 5%–20% of patients undergoing an SCT and can cause hepatitis, colitis, pneumonia, hemorrhagic cystitis, and disseminated viral disease (Yilmaz et al., 2013). Other viruses
responsible for causing respiratory infections include respiratory syncytial
virus, influenza, picornavirus, and parainfluenza (Luján-Zilbermann et al.,
2001). The development of these infections is generally higher in alloSCT
and more prevalent in patients who are experiencing GVHD. Another virus
responsible for hemorrhagic cystitis is the BK virus (polyoma virus) (Fioriti
et al., 2005). Parasitic infections tend to occur during the postengraftment
period. The incidence of Pneumocystis jiroveci pneumonia has decreased with
the use of trimethoprim-sulfamethoxazole prophylaxis (Chen et al., 2003).
Late Postengraftment Period
During this period, both humoral and cell-mediated immunity are recovering, and the risk of infection is more proportional to the duration of immunosuppression from the use of medications used to prevent GVHD. Most
patients will remain on GVHD prophylaxis for 18–36 months post-transplantation. Chronic GVHD manifesting in the skin, upper respiratory tract,
lungs, and gut causes the mucosal barrier to break down, allowing entry of
pathogens. Viral infections especially from VZV are responsible for 40% of
infections during the post-engraftment period, bacterial infections are seen
in a third of cases, and fungi cause approximately 20% (Gorczynska et al.,
2005). VZV manifests most commonly as shingles, but in some cases patients
develop chickenpox, which can lead to disseminated disease. Other infections seen during this period are oropharyngeal candidiasis and Aspergillus
sinopulmonary and disseminated disease.

Mucositis
The overall incidence of mucositis in bone marrow transplantation is usually reported to be 75%–99% (Spielberger et al., 2004). Mucositis is a clinical manifestation reported by patients to be painful and uncomfortable and
is known to interfere with the ability to swallow, drink, eat, talk, and sleep.
In addition, oral mucositis with ulceration may result in an increased risk of
infection, increased hospitalizations, and increased risk of treatment failure
and, rarely, death (Gabriel, Shea, Olajida, Serody, & Comeau, 2003).
Two main events appear to lead to the development of mucositis. The
first is direct injury from the preparative regimen, and the second is local infections that develop on the damaged mucosal surface and are exacerbated
by neutropenia (Saunders et al., 2013). Overall, clinical evidence of injury
occurs two to four days after the infusion of stem cells, peaks around 8–10
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days, and then heals gradually thereafter. The preparative regimen damages the actively dividing cells in the basal cell layer. This in turn results in decreased cell renewal, differentiation, and increased apoptosis. Subsequently,
ulceration starts to occur around the inner lips and the buccal area (Sonis,
1998). Denuded areas of mucosa are prone to infection from both aerobic
and anaerobic infections, which in turn worsen the lesions. Approximately
25%–75% of bacteremias seen following transplantation may have disrupted oral mucous membranes as the portal of infection (Gamis et al., 2000).
Poor pretransplant dental hygiene is associated with higher frequency of local and possibly systemic infection (Salvador, 2005).
All patients should have a thorough dental evaluation prior to proceeding with transplant and dental care should be optimized. Several centers
routinely use alcohol-free mouth rinses to prevent and treat mucositis. The
only demonstrated preventive treatment currently available is palifermin
(Kepivance®, a recombinant human keratinocyte growth factor). Palifermin
is indicated to decrease the incidence and duration of severe oral mucositis in patients with hematologic malignancies receiving myelotoxic therapy
requiring HSC support (Horsley, Bauer, Mazkowiack, Gardner, & Bashford,
2007). See Chapter 13 for additional information related to mucositis.

Graft-Versus-Host Disease
GVHD is an immune phenomenon that happens when the donor’s immune cells recognize the host as foreign and mount an immune response
against the host (recipient). Based on the time of the onset, it can be divided into acute GVHD (aGVHD), presenting within the first 100 days of SCT,
and chronic GVHD (cGVHD), presenting after the first 100 days. The staging and grading of aGVHD are summarized in Table 17-4.
Acute Graft-Versus-Host Disease
Up to one-half of patients who undergo alloSCT (MRD/MUD) manifest
symptoms of aGVHD. The major risk factors associated with development
of aGVHD are dependent on the extent of HLA mismatch, gender, conditioning regimen, and the immunosuppressive prophylaxis used to prevent
aGVHD. The risk of aGVHD is lesser among patients receiving MRD than
MUD or haploidentical donors. aGVHD was significantly lower among patients treated with myeloablative non-TBI-containing chemotherapy or RIC
regimens from an MRD or MUD. Acute GVHD commonly involves three systems: involvement of the skin seen as a classic maculopapular rash; gastrointestinal involvement manifesting as abdominal cramps with diarrhea; and
liver involvement seen as elevated serum bilirubin levels (Przepiorka et al.,
1995). The severity of aGVHD is determined by assessment of the degree of
skin, liver, and gastrointestinal tract involvement as listed in Table 17-4.
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Table 17-4. Clinical Staging and Grading of Acute Graft-Versus-Host
Disease
Extent of Organ Involvement
Stage

Skin

Liver

Gut

1

Rash on < 25% of skina

Bilirubin 2–3 mg/dlb

Diarrhea > 500 ml/dayc
or persistent nausead

2

Rash on 25%–50% of
skin

Bilirubin 3–6 mg/dl

Diarrhea > 1,000 ml/day

3

Rash on > 50% of skin

Bilirubin 6–15 mg/dl

Diarrhea > 1,500 ml/day

4

Generalized erythroderma with bullous formation

Bilirubin > 15 mg/dl

Severe abdominal pain
with or without ileus

I

Stages 1–2

None

None

II

Stage 3 or

Stage 1 or

Stage 1

III

–

Stages 2–3 or

Stages 2–4

IVf

Stage 4

Stage 4

–

Gradee

a

Use “Rule of Nines” or burn chart to determine extent of rash.

Range given as total bilirubin. Downgrade one stage if an additional cause of elevated bilirubin has
been documented.
b

Volume of diarrhea applies to adults. For pediatric patients, the volume of diarrhea should be based
on body surface area. Downgrade one stage if an additional cause of diarrhea has been documented.
c

d

Persistent nausea with histologic evidence of graft-versus-host disease in the stomach or duodenum.

e

Criteria for grading given as a minimum degree of organ involvement required to confer that grade.

Grade IV may also include lesser organ involvement with an extreme decrease in performance status.
f

Note. From “1994 Consensus Conference on Acute GVHD Grading,” by D. Przepiorka, D. Weisdorf, P.
Martin, H.-G. Klingemann, P. Beatty, J. Hows, and E.D. Thomas, 1995, Bone Marrow Transplantation,
15, p. 826. Copyright 1995 by Nature Publishing Group. Reprinted with permission.

Skin is the most commonly affected organ in aGVHD. Acute GVHD of the
skin presents as a maculopapular rash involving the neck, face, torso, palms
of the hands, and soles of the feet around the time of the white blood cell engraftment. The rash may become confluent over days. In severe GVHD, the
rash may transform to bullous lesions separating from the dermis. The grading is listed in Table 17-4. Histologic changes include exocytosis of lymphocytes, dyskeratotic epidermal keratinocytes, follicular involvement, satellite
lymphocytes adjacent to or surrounding dyskeratotic epidermal keratinocytes,
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and dermal perivascular lymphocytic infiltration. Skin biopsies are useful for
the diagnosis of GVHD but have limited predictive ability of progression.
The liver is the second most commonly involved organ. Early recognition
of aGVHD of the liver will present as abnormal liver function tests. Serum
bilirubin and serum alkaline phosphatase are the first to rise. The abnormal
liver function tests should not be confused with other clinical scenarios such
as veno-occlusive disease, infections (another reason to screen for hepatitis and other viral serologies pretransplantation), or drug toxicities with the
conditioning regimen or other prophylactic drugs. Liver biopsy is required
to confirm the diagnosis of aGVHD of the liver. Histologic findings include
extensive bile duct damage leading to the cholestatic picture.
Gastrointestinal tract aGVHD manifests as watery diarrhea and abdominal cramping. The severity is determined by the volume of diarrhea. The
cramping abdominal pain can be difficult to assess and grade and may be
complicated by ileus. A rectal biopsy is necessary for making the diagnosis of
aGVHD of the gastrointestinal tract. Crypt cell necrosis is observed on histologic examination with the accumulation of degenerative material in the
dead crypts. In severe cases, a complete denudation of the epithelium may
be seen. A colonoscopy and esophagogastroduodenoscopy are required.
Hyperacute Graft-Versus-Host Disease
Early-onset hyperacute GVHD independent of neutrophil engraftment
presents as fever, rash, noncardiogenic pulmonary edema, and renal failure.
It is usually unresponsive to steroids and carries high TRM. Risk factors include mismatched related or MUD graft.
Chronic Graft-Versus-Host Disease
Although an arbitrary 100-day mark exists, overlap between aGVHD and
cGVHD may be seen. Patients with cGVHD have cutaneous manifestations
of scleroderma-like thickening, dry oral mucosa with ulcerations, sclerosis
of the gastrointestinal tract, and a rising serum bilirubin concentration. The
features of cGVHD resemble connective tissue disorders, systemic lupus erythematosus, scleroderma, sicca syndrome, eosinophilic fasciitis, rheumatoid
arthritis, and primary biliary sclerosis. It is the single major factor determining long-term SCT outcomes, as it impairs the immune reconstitution both
directly and indirectly from the immunosuppressive treatments used to treat
it. Chronic GVHD occurs in half of the long-term survivors. In addition to
the risk factors for aGVHD detailed previously, risk factors for developing
cGVHD include age of donor, prior aGVHD, previous splenectomy, CMV seropositivity, use of peripheral blood graft, and chronic myeloid leukemia diagnosis (Carlens et al., 1998). In addition to the commonly involved organs
in aGVHD—skin, liver, and gastrointestinal tract—the lungs are also affected in patients with cGVHD. The presenting symptoms are variable and depend on the severity of organ involvement.
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Like aGVHD, the most commonly involved organ is the skin. Clinical presentation starts as generalized erythema, plaques, and areas of desquamation
with erythema mimicking lichen planus or the cutaneous manifestations of
scleroderma. Other forms of hyperkeratosis, epidermal hypertrophy, and
dermal fibrosis may be seen. The skin may be hyper- or hypopigmented.
Chronic GVHD of the liver is similar in phenomenon to the autoimmune
condition of primary biliary cirrhosis. The histology shows biliary cell necrosis and basement membrane thickening. A cholestatic picture is seen with elevations in the serum bilirubin and alkaline phosphatase.
The gastrointestinal symptoms of cGVHD vary widely. The oral mucosa is
commonly dry, as with sicca syndrome, and often ulcerates. Erythematous, lichenoid changes of the buccal mucosa are seen. Similar involvement in the
esophagus results in dysphagia and painful ulcers. Other presentations may
include chronic nausea, diarrhea, malabsorption, fibrosis of the submucosa,
and sclerosis of the intestine.
Bronchiolitis obliterans following SCT is a manifestation of cGVHD. Patients present with pneumonia-like symptoms with dyspnea and a nonproductive cough. Fibrous obliteration of the bronchioles is seen on histology.
Chronic GVHD can manifest itself in a number of conditions. This includes vaginal stenosis, sicca syndrome, polymyositis, myasthenia gravis, and
nephrotic syndrome due to membranous nephropathy.
Grading
The National Institutes of Health consensus criteria for GVHD severity
are dependent on the extent and severity of organ involvement. Severity is
scored as mild, moderate, or severe (Filipovich et al., 2005). Mild involves
two or fewer organs with no significant functional impairment. Moderate involves three or more organs with no significant functional impairment or at
least one organ with significant functional impairment without major disability. Finally, severe involves major disability caused by cGVHD.

Summary
The choice to undergo SCT is made on an individual basis considering
the indication for treatment and the risks and benefits of this approach compared to the alternative. It should involve a shared decision-making process
including the patient, caregivers, physician, and other care providers. The
indications for SCT vary across hematologic disorders by disease category.
The disease-related indications for ASCT most commonly are NHL, HL, and
MM. The primary benefit of this approach is the delivery of intensive, highdose chemotherapy.
Because no standard guidelines are currently used in the United States to
determine eligibility for SCT, careful assessments of the patient’s disease and
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fitness for undergoing the treatment should be conducted before proceeding
with SCT. SCT has substantial benefits, and the advent of novel therapies that
can be used in conditioning regimens or as maintenance following SCT hold
promise for further improving the outcomes of transplantation in the future.
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CHAPTER 18

Strategies to Improve
Adherence to Oral
Chemotherapy
Susan M. Schneider, PhD, RN, AOCN®, FAAN,
and Donna B. Adams, MSN, ANP, OCN®

Introduction
The introduction of oral antineoplastic therapies has dramatically
changed how individuals receive chemotherapy. Although oral agents
were first used in the 1940–1950s, the use of oral agents for cancer treatment has rapidly increased with recent discoveries regarding signaling
pathways that regulate cellular activity (Bedell, 2003; Moore, 2007). Advances in molecular biology have changed the paradigm of how individuals receive cancer treatment. Now, not only is oral administration
an option, but also many agents are only available in pill form (Barton,
2011).
This paradigm shift means that many oral antineoplastic therapies are
managed in the patient’s home environment. Yet, often patients and their
caregivers do not understand that taking oral antineoplastic agents as prescribed is just as crucial to managing their disease as receiving IV infusions.
The degree to which patients actually take the prescribed agents as ordered
is unknown (Escalada & Griffiths, 2006). Efficacy reports on newer oral
agents are based on studies that may not have taken adherence rates into
account, yet adherence rates affect dosing, adverse events, and ultimately
survival. Decreased dosages or interruption in treatments can diminish the
chances for long-term remission or cure (Escalada & Griffiths, 2006). Therefore, adherence to prescribed oral chemotherapy treatments is extremely
important.
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Oral antineoplastic therapies have many advantages, including greater
flexibility, convenience, and less disruption of activities of daily living for
the patient and family. Patients and providers often prefer oral antineoplastic agents over IV therapies, particularly with equivalent efficacy and safety records (Irshad & Maisey, 2010). Patients have observed that oral chemotherapy did not require IV access and involved fewer visits to the clinic
or hospital for treatment. However, oral therapies do have disadvantages.
The first is cost: patients may have insurance plans with high co-payments,
and patients on fixed incomes may not be able to afford the additional expense. Also, the side effects of these agents are similar to those of IV agents,
and new side effects such as skin rashes also occur (Schneider, Hess, & Gosselin, 2011). Patients may decrease or skip doses, resulting in inadequate
therapy, if the side effects are too troubling. This chapter will review barriers
to adherence and strategies to promote adherence, including provider support and monitors, as well as safe handling. Several case studies are included to guide the oncology clinician in problem solving and decision making.

Barriers to Adherence
The use of oral antineoplastic therapies presents a variety of challenges
not only for patients but also for healthcare providers and institutions. With
the development of oral therapies, the issue of patient adherence has become an increasingly important one for the oncology community. Many factors impede adherence. The World Health Organization (WHO, 2003) has
proposed five different factors that may contribute to patient adherence:
(a) patient-related and condition-related variables, (b) therapy-related variables, (c) age, (d) social and economic factors, and (e) healthcare team and
system variables.

Patient Barriers
Patient-related and condition-related variables include cognitive impairment, age, gender, culture, comorbid medical conditions, multiple medications, perceived benefit of treatment, knowledge about the disease, psychosocial stressors, anxiety, depression, and anger (Reynolds, 2003). Age (both
young and old) often is a factor associated with poor adherence. For older individuals, adherence to oral antineoplastic therapies may be influenced by a
variety of reasons that include the cost of medications, lack of social support,
and higher risk for side effects because of the potential for drug-drug interactions (Given, Spoelstra, & Grant, 2011). However, the role of age in predicting
adherence is unclear, with some arguing that older adult patients have routines that lead to better adherence, whereas others have found errors of omis-
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sion and nonadherence (Given et al., 2011). Briesacher, Gurwitz, and Soumerai (2007) found that in 11 of 13 studies they reviewed, younger patients were
more likely to be nonadherent because of cost than older adults.

Cultural Barriers
Culture can be a patient-related barrier to adherence. Patients from certain cultural backgrounds may have beliefs about their cancer and its related treatments. These beliefs may affect their willingness to initiate therapy
and comply with their healthcare provider’s instructions (Partridge, Kato,
& DeMichele, 2009). Research typically shows that ethnic minority groups
have inferior outcomes and survival rates when compared to their AngloAmerican/European counterparts (Partridge et al., 2009). Biologic and socioeconomic factors also play an important role. The belief that death is
inevitable when diagnosed with cancer has been hypothesized as a factor affecting cancer prevention and adherence to prescribed treatment among
certain cultures. These fatalistic behaviors may be a result of decreased education levels as well as lower socioeconomic status (Partridge et al., 2009).
Some evidence suggests that adherence correlates with patient expectations—the patient’s belief in the severity of the disease being prevented or treated as well as the perceived benefit of the medication being prescribed (Given et al., 2011). For those patients who believe their actions
can influence the course of their disease, the rate of adherence may be
greater, even in the setting of side effects, than for those patients who believe their fate is governed by chance (Staddon, 2011). Patients need to
have a clear understanding of their disease and the rationale for the treatment. Understanding of the medication along with the expected results
and potential side effects may improve adherence (D’Amato, 2008). Depression or other psychological illnesses can play a role in a patient’s adherence to oral medication. In the cancer population, increased depressive symptoms are associated with nonadherence, and although the exact
mechanism is unknown, it potentially could be a modifiable risk factor if
addressed (Haynes, McDonald, Garg, & Montague, 2002; Ruddy, Mayer, &
Partridge, 2009).

Polypharmacy
Patients on multiple medications (polypharmacy) and the potential for
drug interactions are barriers to adherence. Many patients are already prescribed multiple medicines for comorbid conditions, and the addition of
an antineoplastic agent can often lead to adverse clinical outcomes (Moore,
2007). It is critical to not only review prescription medications but also over-
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the-counter medications, including herbal supplements (see Chapter 8 for
more information). Not all drug-drug interactions can be predicted, and
those that are predictable are not always avoidable. The healthcare provider’s
thorough review of all medications is essential to minimize the risk of side effects and closely monitor individuals for signs of potential interactions.
Medication regimens that require multiple medications with multiple
daily doses or regimens with complicated administration instructions specific to timing, dietary restrictions, or other factors often result in lower
adherence (Haynes et al., 2002). A large meta-analysis of 76 studies demonstrated that adherence is adversely proportional to medication-taking frequency (Claxton, Cramer, & Pierce, 2001). For regimens in which decreasing the frequency of the dose was an option, both symptom control and
adherence were improved (Given et al., 2011). Initial prescriptions and refills of prescriptions may pose challenges to patients whose local pharmacy
does not carry some of the agents used and cannot provide patient education and counseling. Finally, pharmacist time constraints and patients’ refusal of medication counseling affect adherence to treatment. In a study of repeat cancer prescriptions for ambulatory patients, 56% of the patients had
satisfactory refill adherence, 30% had an oversupply, and 14% had refill adherence of less than 80% (Nilsson et al., 2006).

Other Therapies
Therapy-related variables that may influence adherence include the complexity of the medication regimens prescribed, dosing patterns, pill burden,
actual or perceived unpleasant side effects, and therapy cost and duration
(Barron, Connolly, Bennett, Feely, & Kennedy, 2007). Adherence is negatively affected by more complex regimens (i.e., regimens that include 14-dayson, 7-days-off medication cycles) or regimens that contain multiple drugs
(Staddon, 2011). Patients who are on multiple medications have to navigate
the complexity of integrating a new antineoplastic agent into their lifestyle
and current medication regimen, which can pose additional risks of medication or food interactions. For example, a woman with advanced or metastatic breast cancer whose cancer overexpresses HER2 could receive treatment with lapatinib and capecitabine. She would be instructed to take the
lapatinib once a day, one hour before or after a meal, while the capecitabine
needs to be taken twice daily with food.

Financial Barriers
The financial impact of oral therapies can be burdensome for some patients. Although oral therapies offer conveniences, they often are extremely
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expensive with the potential for high co-payments depending on the insurance plan and sometimes require additional patient visits to the healthcare
provider for close monitoring of efficacy and side effects. These additional
trips incur additional costs such as lost wages, gas, childcare expenses, and
sometimes lodging (Schneider et al., 2011). For those on a fixed income or
patients in a lower socioeconomic group, these costs often are obstacles to
adherence.
Another issue to consider is the length of therapy. Adherence tends to decrease during long-term treatment. With certain oral targeted agents, the duration of therapy often required for long-term maintenance for prevention
of recurrence may be much longer than the use of short-term oral cytotoxic drugs (Staddon, 2011). Maintaining adherence long term is a challenge
and may adversely affect clinical outcomes. This has been demonstrated in
a study evaluating adherence rates at a regional cancer center. All women
treated for breast cancer between 1993 and 2002 were followed by using
clinical notes, audit notes, cancer registry data, and prescription records
(Partridge et al., 2009). The “duration of tamoxifen use and greater adherence during that time of use were both associated with improved survival.
Women who filled fewer than 70% of their tamoxifen prescriptions had an
increased risk of death” (Partridge et al., 2009, p. 124). In another study of
2,378 patients with breast cancer who started on adjuvant tamoxifen therapy
between 1990 and 1996, adherence was measured at 87% the first year; however, it drastically declined to only 50% after four years (D’Amato, 2008). Of
the patients receiving adjuvant tamoxifen, close to one-quarter demonstrated poor adherence, thus decreasing their chances for an adequate clinical
response (D’Amato, 2008).

Organizational System Barriers
Systems issues can create barriers as well. In particular, healthcare system
policies and procedures may make it difficult for patients to access care. For
example, the facility where the patient is being treated may have restricted
formularies that dictate which medicines can be prescribed. Patient-specific
pharmacies may not carry the medication or may require a certain amount
of time before being able to obtain the medication, causing a delay in therapy or a period of missed doses.
The patient’s relationship with the healthcare provider influences adherence as well. Communication is key in facilitating this relationship. If there
is poor communication or lack of trust between the patient and provider,
adherence may be greatly affected. For example, a patient who is instructed to start an aromatase inhibitor following radiation therapy may require
a reminder call several weeks later when it is time to start (Schneider et al.,
2011).
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Patient and family education is critical in improving adherence. The provider needs to ensure that the rationale of therapy is clearly explained and
understood by all. Patients and family members need to know the best way
of communicating with the provider should issues arise.

Strategies to Promote Adherence
Several theoretical models for medication adherence exist, including social cognitive, reasoned action, planned behavior, stage models, self-regulation, and the patient-centered approach, among others (Wertheimer &
Santella, 2012). For chronic medical conditions such as cancer, strategies to
address adherence often consist of informational interventions, behavioral
interventions, or a combination (Kripalani, Yao, & Haynes, 2007).
People are often thought to be motivated to minimize their health-related risks and act to reduce health threats in ways consistent with their perceptions of them. Patients’ decisions about taking their medication are likely to
be based on beliefs about the medicines as well as beliefs about the illness
the medicines are intended to treat or prevent (DiMatteo, Haskard, & Williams, 2007). Adherence strategies can be grouped into one of three categories based on Reynolds’ Adherence Model: knowledge, behavioral skills, and
affective support (Reynolds, 2003).

Knowledge Strategies
The complexity of cancer treatment regimens and the risk variables specific to the patient population dictate the type and degree of education
about prescribed treatments. Education provided to patients should address
the appropriate use of medications and provide information about the dose,
the frequency and timing of dosing, what to do if a dose is missed, and what
to do if adverse effects occur (Boyle & Bubalo, 2007; Winkeljohn, 2010).
Informational interventions often involve lectures or discussions combined
with written materials. Patients should understand the treatment regimen’s
potential benefits as well as potential side effects. They should also be informed of how to manage side effects rather than discontinuing the medication or altering the prescribed dosing instructions. Directions should be
made clear, kept simple, and provided in a written format. Healthcare providers also should explain the importance of patient adherence, including
the potential consequences of nonadherence. Patients’ understanding of
the information should be confirmed; this can be done by asking patients to
repeat dosing instructions, as well as discussing their expectations of treatment and potential side effects that may occur (Boyle & Bubalo, 2007).
Because primary caregivers and extended family can influence a patient’s
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adherence significantly, and in some cases may administer the therapies, involving them in the educational process may facilitate adherence (Hartigan,
2003). Furthermore, patient adherence to medications is enhanced when
providers give clear explanations, provide full disclosure of potential adverse effects, and offer encouragement, reassurance, and support (Moore,
2007; Winkeljohn, 2010).

Behavioral Skills
The use of complex chemotherapeutic regimens can be a key risk factor for patient nonadherence. Therefore, simplifying treatment regimens
is likely to improve adherence (Boyle & Bubalo, 2007). Behavioral interventions can consist of simplifying dosing requirements (e.g., reducing daily
dosing from four times a day to one time a day) or assessing medication use
with feedback (e.g., self-monitoring of medication use with feedback from
a healthcare provider). Other examples of aids might include pill diaries or
calendars. Patients can record the date and time of each dose taken as well
as any side effects experienced. Although diaries can be useful and serve to
cue patients to take their medications as directed, it is important to recognize that pill diaries may overestimate adherence rates because patients may
record data that they believe the healthcare providers want to see (Mayer et
al., 2009).
The timing of medications can be an important strategy for adherence and
should be considered when identifying a convenient dosing strategy. For example, if a patient already has a routine for taking medications, then, if possible, incorporating the new medication into that routine may help with compliance. In addition, using packaging and bottling that is easy to open and
read may enhance treatment acceptance for older patients with impaired vision and limited manual dexterity (Boyle & Bubalo, 2007).
Pill boxes can be helpful in organizing patients’ pills by day and can provide visual cues as to whether patients took the days’ medication (Schneider et al., 2011). In a study of 25 patients, patients preferred the use of the
daily pill boxes over conventional pill bottles, but no significant improvement in adherence was found in the group using the pill boxes (Ruddy et
al., 2009).
Alarms of all sorts are another method for reminding patients to take
their medications. Whether it is an alarm on a cell phone or watch or simply
an extra alarm clock around the house, a daily reminder can improve adherence (Ruddy et al., 2009). Healthcare practitioners should encourage the
use of medication adherence aids, such as calendars, pill boxes with built-in
timer alarms, dosage counters, multi-alarm wristwatches, pagers with alarm
and text reminders, medication diaries, phone reminders, computerized
medication schedulers, and other adherence tools (Hartigan, 2003). Indi-
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vidualized strategies that combine verbal reminders, written reminders, and
technology will offer the greatest opportunities for medication adherence.
Patients frequently cite forgetfulness as the most common reason for not
taking medication (Osterberg & Blaschke, 2005). Therefore, any intervention that improves memory is likely to enhance adherence. Patients should
be encouraged to develop a home dosing routine for their medication use.
The routine should enable patients to take their medication at the same
time each day and involve cues that prompt medication-taking rituals and
enhance memory (Boyle & Bubalo, 2007).

Affective Support
Consistent follow-up is often the most critical component to patient adherence. At each visit, healthcare providers should inquire about and monitor patients’ adherence and any issues they may be experiencing while taking their medications (Boyle & Bubalo, 2007). Providing weekly phone calls
or email reminders may be useful if the patient feels this would be of benefit (Schneider et al., 2011).
A key strategy to improving patient adherence is enhanced communication with the healthcare provider. Providing this communication creates opportunities for patients to ask questions and communicate any issues they
may be having related to their medications and their disease. Frequent and
consistent communication provides the healthcare provider opportunities
to address issues, consider additional referrals for support groups and counseling, if needed, or simply to comment patients for their compliance.

Provider Support and Monitoring
The Multinational Association for Supportive Care in Cancer (MASCC)
identified that education is a key factor to promote the proper use of oral
agents for cancer treatment (Schneider et al., 2011). This group developed
and evaluated a teaching tool for patients receiving oral chemotherapy. The
tool was created by a panel of experts, reviewed by oncology pharmacists,
and tested in 15 countries. The MASCC Teaching Tool for Patients Receiving Oral Agents for Cancer (MOATT) is available free of charge on the
MASCC website, www.mascc.org (Schneider et al., 2011).
The tool assists clinicians to identify barriers and facilitators that influence adherence and offers suggestions for patient education. Tips such as
helping patients to plan ahead to ensure adequate medication supply prior
to travel and weekends are included. The tool includes suggestions for helping individuals to remember doses by using reminder cues such as alarms,
timers, and calendars. The instrument is available in several languages and
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provides an outline for caregivers to ensure that assessment, symptom management, and strategies for adherence are addressed.
The Coaching Guide for Medication Adherence developed by Schneider et al. (2011) for use in an oral chemotherapy adherence study provides
a concise outline for guiding patients on oral medications. The tool was
based on the Self-Regulatory Model of Antiretroviral Adherence developed
by Reynolds (2003), which identifies the processes underlying adherence
behavior. The coaching guide lists possible factors that can influence adherence, outlines some reminder strategies, and concludes with provider support and surveillance approaches (see Figure 18-1).

Safe Handling
Both IV and oral antineoplastic therapies are considered hazardous, and
safety precautions need to be employed to protect patients, caregivers, and
the environment. Griffin (2003) emphasized that the risk of exposure is not
reduced simply because the medications are taken in the home setting. Pa-

Figure 18-1. Coaching Guide for Oral Chemotherapy
Use the Patient Factors/Background Experiences as an assessment guide. If a particular factor applies to the patient you are interviewing, check yes. For each identified factor, select at least one intervention/strategy from the following list that would be appropriate for your patient.
On subsequent contacts, evaluate whether the intervention/strategy was effective and
record in column to the right of the intervention. You may need to suggest an alternate
strategy for the next assessment period.
Patient Factors/Background Experiences
Y/N

Suggested
Intervention Date

Informational resources
Lack of understanding of type of cancer
Lack of understanding of rationale for oral chemotherapy treatment
Lack of understanding of expected side effects
Expectation that side effects can be managed
Ability to identify potential side effects

(Continued on next page)
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Figure 18-1. Coaching Guide for Oral Chemotherapy (Continued)
Illness experience
Complexity of regimen. Number of additional medications
_____
Net effect: Side effect profile vs. perceived benefit
Side effects present (list)
1.
2.
3.
4.

Interactions with others
Caregiver relationship
Do you have someone who helps provide care for you
(caregiver)?
Is there a caregiver in the home?
Does your caregiver help you remember to take your
medication?
Does your caregiver understand why you take medication
and what side effects to expect?

Cognitive function and mood state
Do you have trouble remembering to take medication?
What do you do to help you remember to take medication? (Problem-focused efforts)
#

Possible Strategies

Effective (Y/N)/Date

Knowledge
1

Understanding of medication schedule

2

Medication calendar
(Continued on next page)

Chapter 18. Strategies to Improve Adherence to Oral Chemotherapy

●

933

Figure 18-1. Coaching Guide for Oral Chemotherapy (Continued)
3

Understanding of medication pharmacology: Missing doses decreases efficacy.

4

Advantages and responsibilities of oral chemotherapy
agents teaching sheet

5

Rationale for adherence: In order to evaluate your response to this drug and determine if it can help treat your
cancer, you need to take it as prescribed.
Side effect management strategies

6

Profile sheets for each medication with side effects and
management strategies

7

1) Side effect management sheet for _________

8

2) Side effect management sheet for _________

9

3) Side effect management sheet for _________

10

Other:
Behavioral skills

11

Medication reminder box (alarmed Y/N)

12

Event reminders (i.e., take medications together, take
with meals)

13

Set up medications daily/weekly/plans for travel

14

Have caregiver remind you to take medication

15

Have caregiver double check medication box

16

Medication calendar with checkoffs

17

Other:
Affective support

18

Nurse phone calls weekly

19

Congratulations with refill

20

Reminder postcard

21

Notify caregiver of patient concerns, ask provider to reinforce
• Medication schedule ___
• Rationale for medication ___
(Continued on next page)
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Figure 18-1. Coaching Guide for Oral Chemotherapy (Continued)
22

Phone call to support person

23

Referral to counselor

24

Referral to support group

25

Other:

Note. Copyright 2011 by Susan M. Schneider. Used with permission.

tients and caregivers should be taught to protect their skin from the pills by
washing their hands immediately after handling medications or by wearing
gloves if possible. Pills should not be crushed and capsules should not be
opened in order to avoid the chance of inhaling medication powder or contaminating surfaces (Polovich, 2011). Care should be taken when opening
blister packs to release a tablet or capsule so as to avoid touching the medication (Polovich, 2011). Patients should be taught to return unused medications to the oncology clinic so that they can be properly discarded (Griffin, 2003). More detail regarding safe handling can be found in Chapter 3.

Case Studies
Edna
Edna V. is a 73-year-old woman who has estrogen receptor– and progesterone receptor–positive stage I breast cancer. Her initial treatment was a
lumpectomy for a 15 mm left outer quadrant invasive ductal carcinoma. Her
physician provided her with a prescription for tamoxifen 20 mg daily, which
was to be taken following the completion of radiation therapy. Her past medical history includes hypothyroidism, osteoporosis, and depression. She is retired and has a moderate income. She is married and lives with her husband,
whose first wife died of cancer. She is very motivated to do whatever it takes
to keep her cancer away so that he does not have another wife die of cancer.
Edna takes the following oral medications.
• Tamoxifen 20 mg once daily
• Fluoxetine 40 mg once daily in the morning
• Alendronate sodium 70 mg weekly
• Synthroid 75 mcg once daily in the morning
• Multivitamin once daily in the morning
The oncology-certified nurse talks with Edna about radiation therapy.
They discuss the rationale for and side effects of radiation therapy and what
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to expect regarding length of treatment. Edna is a bit overwhelmed with all
of the instructions and anxious just to get started. The nurse makes a note
to check on her following radiation.
After her radiation treatment is completed, the nurse calls Edna at home
and asks how she is feeling and if she has gotten her prescription filled.
Edna has forgotten that she needs to take tamoxifen and says that she has
the prescription. The nurse uses the MOATT tool to teach about side effects
and how to take the tamoxifen. When checking for drug interactions, the
nurse realizes that there is an interaction between fluoxetine and tamoxifen.
The nurse contacts the physician, and the physician changes the fluoxetine
prescription to venlafaxine (Effexor®).
One week later, the oncology nurse calls Edna at home to see how she is
doing with her medications. Because all her medications are taken once daily, the regimen is fairly simple, and she has remembered to take all her medications once a day in the morning. She does, however, report extremely
uncomfortable hot flashes. The nurse reviews with Edna her pattern of hot
flashes and diet. The nurse suggests that she change her schedule to take
her tamoxifen in the evening.
A final follow-up phone call finds that Edna feels even better on the new
medication to manage her depression and that the hot flashes have almost
gone away now that she takes the tamoxifen at night. The nurse reminded
Edna that it is time to refill her prescription.
Use of the MOATT assisted the nurse in systematically reminding Edna to
initiate the medication as prescribed. The MOATT also identified a potential drug interaction and guided patient teaching on managing side effects.

Mr. M
Mr. M is a 68-year-old man with a history of congestive heart failure and
hypertension who presented to his local emergency department with a threemonth history of shortness of breath that had progressively worsened in the
past two weeks. Upon admission his white blood cell count was 259K and he
was subsequently transferred to a large academic medical center for further
workup and management. Dr. Smith saw him on arrival and Mr. M immediately underwent leukapheresis and was started on hydroxyurea. A bone marrow biopsy and aspirate were performed, revealing a diagnosis of chronic
myeloid leukemia. Mr. M was subsequently started on imatinib at the standard dose of 400 mg PO daily.
He was discharged from the hospital and saw Dr. Smith in the outpatient clinic a week later. At that time his blood counts were improving: white
blood cell count had decreased to 17K and platelets were normal at 266K.
Mr. M was a bit anemic with hemoglobin of 8.0. Because of the distance he
lives from the academic medical center, he opted to have his routine follow-
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up transferred to a local oncologist with occasional visits to see Dr. Smith.
His records were sent to the local oncologist and follow-up was arranged.
The oncology certified nurse following Mr. M called him each week to
assess how he was tolerating his medication. With the week 3 call, the patient informed her that the local oncologist had stopped Mr. M’s medication because of a decreased platelet count. The patient reports that his
platelets were 79K and the local doctor was concerned. When asked when
his repeat laboratory tests would be performed, Mr. M reported it would be
in two weeks. The oncology-certified nurse reviewed the package insert regarding dose modifications and noted that, indeed, imatinib could cause
significant myelosuppression, most commonly in the first month of therapy, and the drug should be held if platelets are less than 50K. Although
the patient did not meet these parameters for a drug holiday, she decided
to reevaluate the situation in two weeks with his next laboratory draw. The
oncology-certified nurse’s concern was the potential for drug resistance as
a result of the leukemia cells not being exposed to the tyrosine kinase inhibitor.
The patient subsequently went back for a laboratory draw visit and had
his blood work repeated. The oncology-certified nurse called him two days
later, and the patient reported that the clinic nurse told him his platelets
were back to 120K and that they would see him back in their clinic in one
month. The oncology-certified nurse said “great” and asked if they instructed him to restart his imatinib. The patient reported that they did not mention anything about his medication, and he would ask when he went back in
a month. The oncology-certified nurse had a lengthy discussion regarding a
drug holiday and explained that although often necessary, it is best to limit
the duration if possible. She furthered explained the disease process again
to the patient and his wife and explained the importance of the imatinib exposure to the “bad leukemia cells.” The oncology-certified nurse encouraged them to call the local oncologist’s office in the morning and ask about
the timing of restarting his medication. Mr. M called the oncology-certified
nurse the next day to let her know he was told to restart his medication immediately. He thanked the nurse for her time spent explaining the disease
process as well as the importance of adherence to his medication and for encouraging him to call the doctor’s office rather than waiting a month for his
follow-up appointment.

Summary
With the oral chemotherapeutic agents currently available and all of the
new potential targeted therapies on the horizon, this is an exciting time for
patients with cancer. However, this paradigm shift will likely cause new challenges for the healthcare team that will require innovative measures for en-
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suring patient adherence. It will necessitate the need to understand barriers
to nonadherence, implement strategies to monitor adherence, and provide
tools to educate patients about their oral agents.
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CHAPTER 19

Pharmacogenomics and
Chemotherapy
Julie Eggert, PhD, GNP-BC, AOCN®

Introduction
Pharmacogenomics is the study of how genetic changes affect the efficacy and toxicities associated with drug-metabolizing enzymes, drug transporters, drug targets, and proteins. Although every healthcare provider is not expected to understand all the details of pharmacogenomics, it is important that
oncology practitioners are aware of genomic markers for specific drugs and
that these markers can identify subgroups of patient populations to predict
a drug’s effectiveness in treating the cancer (Freedman et al., 2010). Understanding the practice issues will minimize the risk for patient harm while exemplifying the importance of genetic nursing competency (Williams, Skirton,
& Masny, 2006).

Basics of Pharmacogenomics: Terms and Concepts
Sequencing of the entire human genome was completed in 2003. The
researchers found that more than 99.9% of the genetic material is alike
between individuals, and actual genetic differences between people is
only 0.1% (Collins & Mansoura, 2001). Collins and McKusick (2001, p.
544) predicted that cancer treatment and diagnosis would be “the most
advanced of the clinical consequences of genetics” such that each tumor
would have a “molecular fingerprint” to guide personalized therapy.

Genetics
DNA is tightly wound around spool-like structures called histones and
packaged into 23 pairs of chromosomes (see Figure 19-1). On each chromo-
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Figure 19-1. Histones

Note. From “Talking Glossary of Genetic Terms: Histone,” by National Institutes of Health National Human Genome Research Institute, n.d. Retrieved from http://www.genome.gov/glossary/?id=102.

some are sections of DNA, known as genes, which code for protein products
such as hormones, growth factors, and enzymes. The DNA is transcribed to
RNA in the nucleus. The RNA moves to the ribosome in the cytoplasm and
is translated, using three-letter RNA “words” known as codons, into amino acids. The amino acids are strung together like pearls and clipped by enzymes
to create specific proteins (Genetics Home Reference, 2013b). The Central
Dogma is shown in Figure 19-2.
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Figure 19-2. The Central Dogma

This illustrates the Central Dogma, in which DNA is transcribed into RNA, then translated
into amino acids by ribosomes in the cytoplasm, and then joined together into proteins
for circulation throughout the body.
Note. Based on information from Crick, 1970.

Alleles and Genes
A gene may have several alleles (versions of the same gene) causing the
gene to have different phenotypes (Genetics Home Reference, 2013a). The
best example is blood type. Although each person has two genes, one from
each parent, there are three alleles that may define the individual’s blood
type. These alleles are A, B and O. Individuals may be AB, AA, BB, AO, BO,
or OO, but they will not be ABO.

Wild-Type, Heterozygous, and Homozygous Alleles
When an individual has two alleles that are homozygous, both alleles are either recessive or dominant. If two alleles are heterozygous, then one is dominant
and one recessive. The recessive gene will be masked and only the dominant
gene will be expressed. The gene that codes for the normal genetic function is
known as the “wild-type.” It usually is a dominant allele (Genetics Home Reference, 2013c, 2013d; U.S. Department of Energy Genome Program, 2008).

Single Nucleotide Polymorphisms and Mutations
Codons (coding strands), as described previously, are generated using
three nucleotides of the translated RNA. As the codons are translated from
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the messenger RNA (mRNA), amino acids are attached like pearls on a
strand of a necklace. Once the length of the designated protein has been
reached (strand of pearls), an enzyme splices the protein and it travels to its
targeted receptor site (Genetics Home Reference, 2013a). If a deletion of
one nucleotide occurs, a change occurs in the triplet codon message and the
resulting amino acid, which affects the gene product, or protein (see Figure 19-3 and Table 19-1). An addition adds a nucleotide and once again alters the gene product. Finally, a frameshift will add a number of nucleotides,
causing the reading frame of the codon to shift.
A single-letter variation in DNA is termed a single nucleotide polymorphism
(SNP) or a mutation. A polymorphism is part of the 0.1% that makes an individual different. A mutation causes a pathologic change resulting in an
unexpected, and usually negative, outcome (Pepper, 2005). For example, if
someone is asked to bring a chocolate cake to a party and they show up with
a vanilla cake, some may be disappointed but it is a cake, just a different flavor. This is an example of a polymorphism—a change but still the same concept. If an eggplant casserole was brought instead, this was unexpected and
not a dessert. Although it might have been a delicious part of the main meal,
it was not requested or expected and some people may have an adverse reaction. The eggplant casserole is an example of a mutation.
Figure 19-3. Codons

This illustration shows codons and how the amino acids and their related proteins are
changed based on the (a) deletion of a nucleotide, (b) addition of a nucleotide, and (c) a
frame shift.
Note. Based on information from Algorithmic Arts, 2006.
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Table 19-1. Examples of DNA Codon Spelling for Some Amino Acids
Amino Acid

Codon Spelling

Isoleucine
Leucine

ATT, ATC, ATA
TTA, TTG, CTT
CTC, CTA, CTG

“Start amino acid assembly” message and methionine

ATG

Tyrosine

TAT, TAC

Tryptophan

TGG

Threonine

ACT, ACC, ACA, ACG

“Stop or termination” message for amino acid assembly

TAA, TAG, TGA

Note. Based on information from Algorithmic Arts, 2006.

Pharmacology
Most patient populations will show large variability in drug activity and
toxicity. Research has shown that a more than 600-fold variation in plasma
concentrations of a drug can occur among individuals of the same weight
and receiving the same dosage (Eichelbaum, Ingelman-Sundberg, & Evans,
2006). The variation can be caused by genetic, physiologic, pathophysiologic, or environmental origins. However, genetic differences in patients can
be the cause of the variation of the drug’s absorption, distribution, and metabolism, plus how it interacts with its target. For some drugs, genetic factors may account for almost 95% of interindividual variability in drug disposition and effects (Eichelbaum et al., 2006; Evans & McLeod, 2003; Evans &
Relling, 2004; Weinshilboum, 2004).
When using personalized medicine, it is important to understand that
SNPs and mutations can alter the alleles in the p450 enzyme system causing people to metabolize drugs at different levels. Therefore, patients
can be described as ultra metabolizers (UMs), intermediate metabolizers
(IMs), or poor metabolizers (PMs) (Gaedigk, Blum, Gaedigk, Eichelbaum,
& Meyer, 1991). A UM patient will show a higher than average rate of metabolism of a drug, placing the individual at increased risk of therapeutic
failure due to increased drug elimination. The UM patients may require a
higher dose of the drug. If the medication is a prodrug (requiring chemical conversion to active form after ingestion), UM patients may be at higher risk of overdose because of the increased exposure to active drug metabolites. These individuals would require a lower than average dose of the
prodrug. A PM would have little or no change into the active metabolite
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with minimal therapeutic effect and therefore would require a higher dose
of the drug (Prows & Prows, 2004).
IM patients have CYP450 enzymes that are severely impaired but with
some residual function. This phenotype would require a lower than average
drug dose to reach a therapeutic dosage. If a prodrug is being given to an
IM, an alternative treatment or increased dose should be considered (Prows
& Prows, 2004).
For patients who are PMs, the reduced drug elimination will increase the
risk of side effects. If the medication is a prodrug, it may not be activated,
causing a lack of therapeutic effect (Prows & Prows, 2004). Alternative treatment may be necessary.

Pharmacodynamic Effects
Simply, pharmacodynamics (PD) is what a drug can do to the body. This
includes receptor binding, post-receptor effects, and chemical interactions.
In addition, physiologic changes influenced by disorders, aging, and other drugs can affect PD. Cancer can change receptor binding (such as BCRABL translocation), alter the level of binding proteins (such as HER2/neu
overexpression), and decrease receptor sensitivity (such as reduced tumor
growth factor-beta) (Heinlein & Chang, 2004; Moroney, 2007).

Pharmacokinetic Effects
Pharmacokinetics (PK) focuses on what the body does to the drug, such
as how it absorbs, distributes, metabolizes, and excretes drugs. Absorption
describes availability of the drug in the vascular system for distribution to
and use by the cells. Enzymes assist in the transformation of the drug to an
active form. The unused drug and its metabolites are removed from the
body via excretion. Thus, PK determines the concentration of drug that is
available for PD by attachment to targeted cell receptors and uptake by the
cells. Any genetic variation can alter the absorption, distribution, metabolism, and excretion factors of PK, thereby affecting individual responses to
medication (Evans & McCleod, 2003; Lee, Lockhart, Kim, & Rothenberg,
2005; Moroney, 2007) (see Figure 19-4).

Genomes
The human genome was sequenced in 2003. The knowledge obtained
from this has been the basis for the development of genetic testing of individuals to determine their risk for the development of disease. DNA in cells from
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Figure 19-4. Factors Contributing to Response of a Drug

Note. Based on information from Lee et al., 2005.
From “Pharmacogenomics” (p. 142), by J. Eggert in J. Eggert (Ed.), Cancer Basics, 2010, Pittsburgh,
PA: Oncology Nursing Society. Copyright 2010 by the Oncology Nursing Society. Reprinted with permission.

an individual’s tumor has helped to identify profiles of tumors at the molecular level with the goal of conducting genomic prognostic tests to guide treatment for cancer (Garber, 2011).

Human DNA, Germ Line
The reproductive cells, male spermatozoa and female eggs, combine and
have genetic material that is passed to a child. This genetic material is known as
the germ line. If a mutation occurs prior to conception, it is said to be germ line
and is the source of the DNA in somatic cells (National Cancer Institute, n.d.-b).

Human DNA, Somatic
Although the DNA in germ line and somatic cells is the same, somatic
cells are specific to their tissue of origin, for example, the ductal cells of the
breast versus those of the pancreas. All of the cells of the body, except the
gametes, are somatic cells. A mutation in the DNA of a somatic cell has occurred after conception and is passed on to future somatic cells as they proliferate or replace damaged tissue (National Cancer Institute, n.d.-c).
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Tumor DNA
The DNA in somatic cells acquires damage and then enzymes perform repair throughout the lifetime of the human host. It is well known that unrepaired damage to tumor suppressor genes and oncogenes is associated with
malignant transformation (Rosell et al., 2006). This change requires many
damaged genes, much like a domino effect, in order for the cell to become
a cancer. The DNA damage is associated with somatic cells affected, for example, BRCA1 and breast cancer, and the chromosomes 9 and 22 translocation designated as t(9;22) (q34;q11).
Predictive markers reveal the tumor’s or malignant cell’s genetics, and
this information is used to forecast patient response to treatment with current chemotherapy regimens and to predict long-term survival (Rosell et al.,
2006). Single-marker predictive tests are currently available; two (Mamma
Print® and Oncotype DX®) are used for breast cancer (Agendia, n.d.; Genomic Health, Inc., n.d.). Although most of these predictive tests are still
in the experimental stages, three companies have marketed commercial
tests that provide genomic profiles of individual patient tumors. Because
the laboratories performing these tests are certified under the Federal Clinical Laboratory Improvement Amendments, they are not required to have
the approval of the U.S. Food and Drug Administration (FDA) prior to being sold, even though none have gone through clinical trials for validation
(Garber, 2011) (see Table 19-2).

Use of Genes to Predict Drug Response
Patients diagnosed with the same stage of disease can have variable responses to treatment and overall outcomes with dramatically different
responses (Li et al., 2012). Currently, several tumor-profiling genes are
used to predict responses of patients’ tumors to chemotherapy regimens
(see Figure 19-3). Of note, these are personalized treatments based on
tumor gene expression (tumor profiling) but not the DNA profiling of
patients that could explain side effects experienced or tumor response
to drugs.
Lung cancer researchers have recently identified that patients with polymorphisms in GSTM1 and CYP1A1 were associated with designated chemotherapy response (Li et al., 2012). Of note, those with deficient-type
GSTM1 responded better to platinum drugs, while those who responded
better to nonplatinum drugs were found to have the wild-type (TT) CYP1A1
allele (Li et al., 2012). In the future, these polymorphisms may be used to
identify which patients diagnosed with non-small cell lung cancer should
receive platinum versus nonplatinum chemotherapy agents (Li et al.,
2012).
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Table 19-2. Some Predictive Biomarkers Currently Used in Cancer
Treatment
Predictive
Biomarker

Cancer Type

Clinical Importance

Detection
Laboratory Test

BRCA1

Breast

Elevated BRCA1 expression
predicts response to chemotherapy.

Immunohistochemistry

c-Kit

Gastrointestinal stromal tumor

Mutations on exon 11 of cKIT gene benefit from imatinib and sunitinib but develop resistance over time.

Streptavidin-biotin
amplification

Epidermal
growth factor receptor-1
(EGFR1)

Non-small cell
lung

Mutations predict for response to gefitinib or erlotinib.

Immunohistochemistry

Colorectal

Gene amplification predicts for
response to anti-EGFR1 antibody therapy.

Polymerase chain
reaction assay

Estrogen receptor

Breast

High cellular expression predicts tamoxifen benefit.

Immunohistochemistry

HER2/neu

Breast

Overexpression is associated with trastuzumab in
metastatic and adjuvant
settings.

Fluorescence in
situ hybridization

K-ras

Non-small cell
lung

Mutation predicts lack of benefit from adjuvant chemotherapy in early disease
and resistance to treatment
with EGFR tyrosine kinase
inhibitors in advanced disease.

Streptavidin-biotin
amplification

Colorectal

Mutation in stage IV predicts
less benefit from EGFRspecific cetuximab and panitumumab.

Breast

Results provide individualized
metastasis risk assessment.

MammaPrint®

Review of 70
genes, their proteins, and molecular pathways

(Continued on next page)
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Table 19-2. Some Predictive Biomarkers Currently Used in Cancer
Treatment (Continued)
Predictive
Biomarker

Cancer Type

Clinical Importance

Detection
Laboratory Test

NuvoSelect

Breast

Combined pharmacogenomic
gene sets select treatment
of breast cancer. Also provides estrogen receptor and
HER2 mRNA status.

Microarray

Oncotype DX®

Breast

Results provide individualized
prediction of chemotherapy
benefit and 10-year distant
recurrence of early-stage
invasive breast cancer.

Multigene (21
genes) expression
assay

Progesterone
receptor

Breast

High expression of progesterone receptor predicts
tamoxifen benefit.

Immunohistochemistry

Roche
AmpliChip

Breast

Low CYP2D6 expression predicts resistance to tamoxifenbased chemotherapy.

Microarray

Rotterdam
Signature

Breast

Assay of 76 genes helps to
predict recurrence of estrogen receptor–positive
breast cancer treated with
tamoxifen.

Microarray

Note. Based on information from Agendia, n.d.; Genomic Health, Inc., n.d.; Mehta et al., 2010.

Drug Metabolism and Polymorphisms
Drug-Metabolizing Enzymes
A cytochrome is a conjugated protein involved in reactions that enable
the drug’s metabolism. The cytochrome (CYP) P450 system is a superfamily of conjugated proteins (enzymes) with primary roles in the phase I reactions (oxidation, reduction, and hydrolysis) of drug metabolism (Sweeney, 2005). The effect of these enzymes can be altered because of changes
in the DNA sequence of the patient’s gene causing a person to be a PM or
UM. In the oncology setting, the P450 cytochromes (a) include key enzymes
involved in cancer formation because of their ability to mediate metabolic
activation of precarcinogens, (b) participate in the metabolism of a variety
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of types of cancer treatments, and (c) have the ability to both inhibit and
induce anticancer drugs (Rodriguez-Antona & Ingelman-Sundberg, 2006).
The classification system described as follows for this group of metabolic enzymes helps to identify which cytochrome family is involved in the response
of a specific drug.
The similarity of amino acid positions is used to designate the individual families of CYP P450 genes (Sweeney, 2005). The CYP label indicates a
human cytochrome and is followed by the family number (CYP1, CYP2), a
capital letter for the subfamily (CYP2A), and a second number to identify the gene coding the enzyme (CYP2A3). The most common (wild-type)
is designated as *1, for example, CYP2A3*1. Any other allelic variation is
assigned *2, *3, and so on, depending on the number of SNPs that have
been identified in the gene. If an unexpected drug response is associated with a SNP variation, it would be noted as CYP2A3*2, or with a different drug response with another SNP variation the notation would be
CYP2A3*3. For example, a recent research study identified that patients
diagnosed with multiple myeloma and a variation in CYP2B6 (CYP2B6*9,
CYP2B6*5, and CYP2B6*4) had a less effective response to cyclophosphamide than patients with the CYP2B6 wild-type allele (Falk, Khan, Thunell,
Nahi, & Green, 2012).
The CYP P450s have the ability to inhibit or induce drug response. A
CYP P450 with the ability to inhibit will prevent or decrease the activity of
the enzyme. This means the drug is not degraded or inactivated; therefore,
more drug is available, causing increased toxicities for the patient. Other
CYP P450s induce or increase the enzyme activity. More of the drug is deactivated, and less of the drug is available for effect. If the drug is a chemotherapy agent, the patient is at risk for receiving a smaller dosage than needed to
effectively combat the cancer (Pepper, 2005; Roden et al., 2006). Therefore,
if the specific CYP has a variant affecting its metabolism (PM, IM, or UM),
the patient response will be affected.

Drug Transport
Finally, drug transport across the cell membrane and the effects on
signaling pathways can affect patient outcomes. One example is an enzymatic target of methotrexate, methyltetrahydrofolate reductase, the
gene product (protein) of the MTHFR gene. About 10% of the Caucasian population has an MTHFR variant (genotype) that causes reduced
enzyme function (PM) resulting in increased toxicity and side effects
when receiving methotrexate (Donnelly, 2004). These toxicities could
affect a variety of systems, including cardiovascular, neurologic, dermatologic, hematologic, hepatic, and gastrointestinal, resulting in a variety
of symptoms. Depending on the genotype identified in genetic testing,
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dose reductions may be recommended for children with acute lymphoblastic leukemia (Donnelly, 2004; Krajinovic et al., 2004). Canadian researchers (Al-Shakfa et al., 2009) reported the association of DHFR (primary gene target of methotrexate) promoter variants with poorer acute
lymphoblastic leukemia outcome, likely due to the increase in DHFR expression (see Table 19-3).

Table 19-3. Changes in Oncology Drug Response Based on Cytochromes
and Single Nucleotide Polymorphisms
Single Nucleotide
Polymorphisms
(SNPs)

Metabolic
Activity

Enzymes and/or
Gene Symbols

Phase I

CYP2D6†
CYP2C9†
CYP2C19
CYP3A5
CYP2B6†
CYP2E1

Numerous and frequent functional polymorphisms
(e.g., CYP2D6*3,
CYP2D6*4, and
CYP2D6*10 or
CYP3A5*1 and
CYP3A5*5)

Metabolism of CYP substrates varies with enzyme specificity.
Ethnic groups have varying allele frequencies.
Decreased sensitivity to
tamoxifen dosing if CYP2D6 activity is poor.

Dihydropyrimidine
dehydrogenase
(DYPD)

Multiple polymorphisms including
DYPD*2A

*2A increases 5-fluorouracil toxicity.

Thiopurine methyltransferase
(TPMT)†

Multiple polymorphisms

Hematopoietic 6-mercaptopurine toxicity in homozygous individuals
(found in 1 of 300 individuals)

UDP-glycosyltransferase 1A1
(UDT1A1)†

Multiple polymorphisms

Increased irinotecan toxicity
Dose-limiting diarrhea
and leukopenia
Increased unconjugated
serum bilirubin

Multidrug resistant
gene 1 (ABCB1)†

Many polymorphisms

Higher altered drug transport activity
Poor patient outcomes

Breast cancer–
related protein
(BCRP) (also
known as ABCG2)

Polymorphisms and
a deletion

Enhanced drug sensitivity
(e.g., irinotecan)

Phase II

Drug transport

Effect on Drug
Response

(Continued on next page)
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Table 19-3. Changes in Oncology Drug Response Based on Cytochromes
and Single Nucleotide Polymorphisms (Continued)
Single Nucleotide
Polymorphisms
(SNPs)

Metabolic
Activity

Enzymes and/or
Gene Symbols

Effect on Drug
Response

Drug targets/
pathway

Methylenetetrahydrofolate reductase (MTHFR)

Two polymorphisms

Increased toxicity to
methotrexate

BCR-ABL translocation (t[9;22])†

Translocation of
chromosome 9 to 22
(Philadelphia chromosome)

In chronic myeloid leukemia, Philadelphia chromosome responds to
imatinib mesylate.

HER2/neu
(ERBB2)†

Overexpression of
protein

Breast cancers with overexpression of ERBB2
respond to trastuzumab.

Epidermal growth
factor receptor
(EGFR)†

Mutations

Lung cancers with mutations respond to gefitinib.

* Genetic variant, SNP
†

Genotyping tests for genes or protein are used in clinical practice or are under consideration.

Note. Based on information from Higgins et al., 2009; Nakagawa et al., 2006; Petros & Evans, 2004;
Sadée & Dai, 2005.
From “Pharmacogenomics” (p. 143), by J. Eggert in J. Eggert (Ed.), Cancer Basics, 2010, Pittsburgh,
PA: Oncology Nursing Society. Copyright 2010 by the Oncology Nursing Society. Reprinted with permission.

Cancer Therapy
5-Fluorouracil
Approximately 80% of a commonly used chemotherapy agent, 5-fluorouracil (5-FU), is normally inactivated to a metabolite by the enzyme coded
from DYPD (ARUPConsult, n.d.-a; ARUP Laboratories, 2011a). The activity
of this gene product (enzyme) has been associated with up to 20-fold differences in drug metabolism among humans (Sadée & Dai, 2005). Patients
with low enzyme activity (PM) who are treated with 5-FU will accumulate active metabolites causing a significantly greater risk of hematopoietic, neurologic, and gastrointestinal toxicities, which can be fatal (ARUPConsult,
n.d.-a; ARUP Laboratories, 2011a). The DYPD alleles with impaired function are approximately 3%–5% and 0.1% for heterozygous and homozygous

952 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Table 19-4. Necessity of Pharmacogenetic Testing for Some Approved
Oncology Agents
Pharmacogenetic
Biomarker

Cancer Target

Oncology Agent

Test Required Prior to Treatment
BRAF (Cobas® 4800 BRAF
V600 Mutation Test)

Unresectable or metastatic melanoma

Vemurafenib

EGFR expression

Metastatic colon cancer
Head and neck cancer (testing
not required)

Cetuximab
Panitumumab

Estrogen receptor and progesterone receptor

Breast cancer

Exemestane
Fulvestrant
Letrozole

K-ras

Colon cancer

Cetuximab
Dasatinib
Panitumumab

HER2/neu overexpression

Breast cancer

Lapatinib
Trastuzumab

Presence of Philadelphia
chromosome (Ph+)

Chronic myeloid leukemia (CML)

Imatinib

PDGFR
FIP1L1-PDGFRα

Myelodysplastic//proliferative disorders

Imatinib

Tests Recommended for Treatment Decision
EGFR

Non-small cell lung cancer

Erlotinib

G6PD

Tumor lysis syndrome

Rasburicase

Ph+

CML

Nilotinib

TPMT variants

Acute lymphocytic leukemia,
acute nonlymphocytic leukemia

Mercaptopurine
Thioguanine

UGT1A1 variants

Colorectal cancer

Irinotecan
Nilotinib

CD30

Hodgkin lymphoma
Anaplastic large cell lymphoma

Brentuximab vedotin

c-Kit expression

Kit+ gastrointestinal stromal tumors

Imatinib

Tests for Information Only

(Continued on next page)
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Table 19-4. Necessity of Pharmacogenetic Testing for Some Approved
Oncology Agents (Continued)
Pharmacogenetic
Biomarker

Cancer Target

Oncology Agent

CYP2D6 variants

Breast cancer

Tamoxifen

DYPD deficiency

Colorectal or breast cancers

Capecitabine
5-Fluorouracil

Philadelphia chromosome deficiency (Ph–)

CML

Busulfan

PML-RAR gene expression

Promyelocytic leukemia

Arsenic trioxide

DYPD—dihydropyrimidine dehydrogenase; EGFR—epidermal growth factor receptor; G6PD—glucose-6-phosphate dehydrogenase; HER—human epidermal growth factor receptor; PDGFR—platelet-derived growth factor receptor; PML-RAR—promyelocytic leukemia–retinoic acid receptor; TPMT—
thiopurine methyltransferase; UGT—uridine diphosphate-glucuronosyltransferase
Note. Based on information from ARUP Laboratories, 2013; U.S. Food and Drug Administration,
2012.

PMs (ARUPConsult, n.d.-a; ARUP Laboratories, 2011a). Genetic testing for
the gene causing the enzyme deficiency is commercially available, though
not required for use prior to receiving 5-FU treatment (Sadée & Dai, 2005;
U.S. FDA, 2012) (see also Table 19-4).
Another gene mutation that may cause toxicity with 5-FU administration
is TYMS. Reduced expression of thymidylate synthase (TS) may cause increased clinical responsiveness and an increased risk of toxicity. A positive
test result could require alternative chemotherapeutic agents, altered doses
of 5-FU, and careful monitoring for toxicities (ARUPConsult, n.d.-a; ARUP
Laboratories, 2011a).

Irinotecan
The gene product (enzyme) of UGT1A1 is responsible for the clearance
of irinotecan (ARUP Laboratories, 2011b; McDonagh, Whirl-Carrillo, Garten,
Altman, & Klein, 2011). The metabolite of irinotecan, SN-38, is toxic until normally inactivated by the UGT1A1 enzyme and eliminated in the bile (ARUP
Laboratories, 2011b; McDonagh et al., 2011). Mutations in UGT1A1 prevent
normal inactivation and lead to an accumulation of SN-38 leading to diarrhea
and neutropenia (ARUP Laboratories, 2011b; McDonagh et al., 2011).
UGT1A1 variant genotyping can identify patients who are at higher risk
of developing toxicities. Depending on the variance genotype, 17%–70% of

954 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

patients will experience diarrhea with 15%–40% experiencing neutropenia.
Two of the alleles, *1 (wild type) and *28 (variant), are found in a significant
portion of the U.S. population. The *1 allele can be found in 61% of Caucasians, 84% of Asians, and 47% of African Americans. The *28 allele can be
found in 39% of Caucasians, 16% of Asians, and 43% of African Americans
(ARUP Laboratories, 2011b; McDonagh et al., 2011).
Dose reduction is suggested for patients receiving irinotecan and who are
homozygous for the *28 allele. The standard dose is suggested for patients
that are *1 homozygous. Patients who are heterozygous (*1/*28) should receive dosing based on their levels of diarrhea and neutropenia (ARUP Laboratories, 2011b; McDonagh et al., 2011).

Mercaptopurine
Some drugs that treat acute lymphoblastic leukemia, 6-mercaptopurine
for example, may require patient testing for thiopurine methyltransferase
(TPMT) activity prior to use of these agents. Patients with decreased TPMT
enzyme activity are at increased risk of toxicity when given thiopurines. Approximately 1 in 300 Caucasians are deficient in the TPMT enzyme, with
11% of these having heterozygous mutations (ARUPConsult, n.d.-b). The
TPMT gene is autosomal recessive requiring that both alleles (homozygosity) be affected in order for deficient enzyme activity to occur, resulting in
myelosuppression. If only one allele is affected, a milder loss of enzymatic
activity may occur. Patients testing positive for these alleles, either homozygous (for example, *2/*2) or heterozygous (for example, *1/*2), will require reduced drug dosing (ARUPConsult, n.d.-b).

Targeted Therapies and Tumor Profiling
Many targeted therapies require testing of the tumor prior to initiating
cancer treatment. For breast cancer treatment, HER2/neu can be identified with immunohistochemistry (IHC) testing to determine if there is too
much HER2 receptor protein on the surface of the malignant cell, conferring a worse prognosis. Antibodies are labeled with an enzyme that will catalyze a reaction and release a color when the antibody has interacted with a
specific antigen. This type of test can identify the estrogen receptors (ERs)
and progesterone receptors (PRs) associated with hormone-secreting tumors. Presence of the BRCA1 receptors, identified with IHC or real-time
PCR (RT-PCR), is associated with a worse prognosis for breast and lung cancer (Mehta et al., 2010).
The KRAS gene is a proto-oncogene whose receptor is usually found on
the cell surface, acting as an on/off switch for many signaling pathways and
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activities in the normal cell (Vogelstein & Kinzler, 2004). If a mutation of
KRAS is primary, it will typically cause a hyperplastic or borderline malignant
lesion. If the transformation occurs after a mutation in the APC gene, it will
often advance to a cancer (Vogelstein & Kinzler, 2004). A KRAS mutation
is associated with a poor prognosis in patients with non-small cell lung cancer and advanced colorectal cancer (Lievre et al., 2008; Mehta et al., 2010).
The KRAS protein is expressed by a proto-oncogene (a cell proliferating
gene). The receptor is found on the surface of some cells that bind to a substance called stem cell factor (SCF), causing mast cells (type of blood cell)
to grow. One type of tyrosine kinase receptor is c-Kit. When c-Kit receptors
increase in number on the cell surface or change their form, these changes
are associated with certain types of cancers such as gastrointestinal stromal
tumor (GIST). GIST cells grow rapidly in the presence of SCF. If c-Kit protein has increased expression, a tyrosine kinase inhibitor therapy is appropriately used to treat the malignancy. Also, C-kit is used to diagnose cancer
and as a biomarker to predict the clinical outcome of patients with GIST receiving certain types of targeted therapy (Beading et al., 2008; Mehta et al.,
2010; National Cancer Institute, n.d.-a).
Similar to c-Kit, epidermal growth factor receptor (EGFR) is also a tyrosine kinase growth factor receptor. For head and neck, ovarian, cervical,
bladder, and esophageal cancers, increased EGFR expression is associated
with reduced overall survival rates (Nicholson, Gee, & Harper, 2001).

Drug Resistance
Polymorphisms in drug transporter genes can affect outcomes of intracellular transport. Membrane proteins facilitate passage of many naturally derived toxins, including anticancer drugs, into the cell (see Figure 19-2). The
adenosine triphosphate (ATP)–binding cassette (ABCB1) provides the energy necessary to transfer drugs outside of the cell, against a high concentration gradient of drug coming into the cell (Bergmann et al., 2011). The
first ATP transporter to be identified was P-glycoprotein, found on the membrane of the cell. P-glycoprotein is encoded by the MDR1 gene and pumps
lipophilic compounds such as anthracycline, taxane, and vinca alkaloid anticancer drugs out of the cell. P-glycoprotein is also responsible for reducing
intestinal absorption and brain uptake while increasing drug excretion via
the biliary, intestinal, and renal routes. The MDR gene can be identified using routine laboratory assays but is still under consideration for application
in clinical practice (Amiri-Kordestani, Basseville, Kurdziel, Fojo, & Bates,
2012; Petros & Evans, 2004; Sadée & Dai, 2005).
As ABC transporter research continued, studies found that these transporter molecules have a role in normal protective physiologic function evidenced by increased concentrations in the gastrointestinal tract, kidney,
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liver, pancreas, and the endothelium of vessels of the brain and testes (Gottesman, Fojo, & Bates, 2002; Robey, Polgar, Decken, To, & Bates, 2007). One
study outcome noted a relationship with sleep requirements (Allebrandt &
Roenneberg, 2013). The transporters that are most closely associated with
chemotherapy drug resistance are ABCB1 (Pgp/MDR1), ABCC1 (multidrug
resistance–associated protein-1 [MRP1]), and ABCG2 (breast cancer resistance protein [BCRP]) (Gottesman et al., 2002; Robey et al., 2007). Connecting the cancers to the chemotherapeutic protocols reveals that some
agents that can be linked to being transported out of the cell and ultimately cancer drug resistance are doxorubicin, epirubicin, etoposide, paclitaxel,
and docetaxel (Amiri-Kordestani et al., 2012; Gottesman et al., 2002; Robey
et al., 2007). Acute myeloid leukemia (AML) is a hematologic malignancy
that could have better clinical outcomes with inhibitors of ABC transporters (Shaffer et al., 2012; Shipley & Butera, 2009). Statistics reveal that even
with improvement in treatment for AML, patients diagnosed from 2006
through 2010 had a projected survival of 21.4% at five years (Pulte, Gondos,
& Brenner, 2010). Older adult patients, the largest group of patients with
AML, have a less than 10% five-year overall survival and need novel therapeutic approaches for treatment. A large percentage of patients with AML
have chemorefractory disease or relapse after an initial response, resulting
in poor outcomes. Identification of transporter inhibitors could result in
longer survival (Shaffer et al., 2012).
Results of one study identified that patients with an ABCB1 variant who
were receiving standard treatment for advanced-stage ovarian cancer experienced more pronounced neutrophil decreases (63%, 72%, and 80% for
3435CC, CT and TT, respectively, p = 0.03) (Bergmann et al., 2011). If confirmed in other studies, future patients with genotypes for neutrophil toxicities (ABCB1 3435TT) could receive different chemotherapy regimens or
altered taxane-platinum regimens that would not alter effective response
outcomes but would decrease toxicities (Bergman et al., 2011). Multiple
studies reflect similar results, but although these results look promising,
most clinical studies still lack a significance level that would affect long-term
survival (Gillet & Gottesman, 2012).
Although cancer treatment is shifting from cytotoxic chemotherapies
that are systemic to those targeting specific molecular alterations found on
the exterior or interior of tumors, these emerging treatments offer only temporary responses. The new focus of research targets the resistance mechanisms of the tumor and identifying drugs that can eliminate tumor-initiating/cancer stem cells with the goals of preventing relapse and shortening
treatment duration (Glickman & Sawyers, 2012).
Oncology nurses need to recognize the future potential for the use of
transporter tests in the clinical arena. They need to be alert to future tests
with the capability of identifying malignant tumors with dangerous variants
in the drug resistance transporters.
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Side Effects and Pharmacogenomics
Pharmacogenomic studies are beginning to focus on the genetic relationship with toxicities that affect patients’ quality of life. Although some clinical
studies have identified a few genetic relationships with pain or neutropenia,
those looking at peripheral neuropathy, cachexia, or other quality-of-life disruptors have found no significant connections.

Peripheral Neuropathy
One study by Goekkurt et al. (2009) of patients with advanced gastric cancer receiving oxaliplatin-based chemotherapy found that polymorphisms of
TS and MTHFR genes might be associated with grade 3 peripheral neuropathy (PN). Another study by Favis et al. (2011) looked at a population of
patients with myeloma receiving bortezomib. These researchers identified
three related genes (GJE1, TCF4, and DYNC1I1) that were associated with
PN induced by the targeted therapy, but they did not include an objective
PN measurement. Other studies attempted to connect PN with cancer treatments, but none were definitive (McWhinney, Goldberg, & McLeod, 2009).

Neutropenia
Neutropenia is a common problem for TPMT-deficient patients who
are receiving 6-mercaptopurine or for dihydropyrimidine dehydrogenase
(DPD)–deficient patients receiving 5-FU (Moore, 2009). Because neutropenia is a common side effect of multiple chemotherapeutic agents, it is important that healthcare professionals carefully monitor patients with these
TPMT or DPD enzyme deficiencies to determine if they are PMs or UMs so
that variant alleles could be identified to anticipate side effects and potential differences in disease outcomes.

Pain
The pharmacogenetics related to pain control and intervention have
some known clinical utility, but much continues to be focused in animal
data (Droney, Riley, & Ross, 2011). The metabolism of codeine occurs via its
metabolism to morphine by the enzyme CYP2D6. Multiple variants of this
enzyme demonstrate altered morphine formation and ultimately different
responses to the drug. Approximately 10% of Caucasians have been found
to be PMs with reduced CYP2D6, leading to reduced conversion of codeine
to morphine and therefore diminished analgesic effects (Kirchheiner et al.,
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2007). Extensive and ultra metabolizers have increased activity of CYP2D6,
enhancing morphine formation and causing more toxic side effects (Kirchheiner et al., 2007). In oncology, the opioid pharmacogenetic studies have
primarily focused on the OPRM, COMT, and MDR1 genes (Droney et al.,
2011).
The OPRM gene codes for the mu opioid receptor (MOR), which has
been much studied and known to be the major target of opiate analgesics
(Kieffer & Gaveriaux-Ruff, 2002). One polymorphism, A118G, has shown reduced response to ligands and has been associated with differential pain response (Drakenberg et al., 2006). There are two alleles, G and A. Frequency of the G allele varies within the population, from 16% in northern and
western Europeans to 46% in Japanese (HapMap Data Coordination Center, 2007). The G allele of variant A118G was also identified to cause reduced opioid effect and increased opioid patient dosage requirements (Argoff, 2010; Somogyi, Barratt, & Coller, 2007). Mostly, the studies revealed
inconsistent results, making the clinical relevance of A118G difficult to interpret. Other SNPs have been studied with similar inconsistent or disappointing findings, making the role of interindividual variation of the A118G
alleles unclear (Droney et al., 2011).
The COMT gene codes for catechol-O-methyltransferase, an enzyme
known to be important in the metabolism of the neurotransmitters adrenaline, noradrenalin, and dopamine (Reyes-Gibby et al., 2007). These brain
neurotransmitters interact such that reduced COMT activity leads to elevated catecholamine levels, which are known to have an association with increased experimental pain sensitivity. One study associated the VAL158Met
SNP with reduced morphine requirements in patients with cancer (ReyesGibby et al., 2007). Overall, multiple studies have looked at increased pain
sensitivity, different types of pain and the association with COMT haplotypes
and SNPs, and haplotypes and morphine dose variations, but most studies
on cancer pain had a small sample or incomplete data (Droney et al., 2011;
Klepstad et al., 2011).
The association between MDR1 gene polymorphisms and opioid responses has yielded conflicting results. Once again, controversy exists regarding
the clinical utility of the current state of knowledge regarding opioid response (Droney et al., 2011).

Race and Ethnicity
Genetic Variation
When two or more genetically different populations mix, it is labeled as
genetic admixture (Suarez-Kurtz, 2005). As interethnic admixture is rapidly in-
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creasing research that focuses on phenotypes with subjective identification
of ethnic or racial labels, the data outcomes should be reviewed with caution. Pharmacogenomics is a step toward personalized medicine allowing
for uniqueness such that “each person must be treated as an individual . . .
rather than as an exemplar of a race” (Patrinos, 2004, p. S1).
The CYP2D6 enzyme is responsible for metabolizing approximately
25% of all medications, including many used in the specialty of oncology
(Sistonen et al., 2007) (see Table 19-5). Populations vary with percentages
of PMs versus UMs. Regions with the most PMs include about 1% of Asians,
2%–5% of African Americans, 3%–6% of Mexican Americans, and 6%–
10% of Caucasians. The UMs are located in regions which include 30% of
Ethiopians, 20% of Saudi Arabians, 10% Portuguese, 10% of Greeks, and
4% of (Caucasian) North Americans (Sistonen et al., 2007) (see Table 196). Healthcare professionals need to recognize the importance of mon-

Table 19-5. Medications Metabolized by CYP2D6 Enzymes
Substrate/Drug

CYP2D6 Inhibitor

Amitriptyline
Bupropion

X

Codeine
Dextromethorphan
Dihydrocodeine
Diphenhydramine

X

Dolasetron
Duloxetine
Fluoxetine
Haloperidol

X

Hydrocodone
Imatinib

X

Metoclopramide
Palonosetron
Paroxetine

X

Promethazine
Propoxyphene
Risperidone
Tamoxifen
Tramadol
Trazodone
Venlafaxine
Note. Based on information from Flockhart, 2007.

X
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Table 19-6. CYP2D6 Haplotype and Approximate Percent of Phenotype
Diversity in Different Global Regions of the World
Ultra
Metabolizer

Extensive
Metabolizer

Intermediate
Metabolizer

Poor
Metabolizer

Sub-Saharan Africa

< 10%

Almost 80%

Almost 20%

< 5%

North Africa

40%

~ 50%

~ 10%

0%

Middle East

~10%

Almost 80%

~ 10%

~ 1%

Europe

< 5%

> 80%

~ 5%

< 10%

Central/
South Asia

< 5%

~ 90%

~ 5%

~ 1%

East Asia

~ 1%

~ 70%

~ 30%

0%

Oceania

~ 30%

~ 70%

0%

0%

America

~ 5%

~ 9%

0%

0%

Region

Note. From “CYP2D6 Worldwide Genetic Variation Shows High Frequency of Altered Activity Variants
and No Continental Structure,” by J. Sistonen, A. Sajantila, O. Lao, J. Corander, G. Barbujani, and S.
Fuselli, 2007, Pharmacogenetics and Genomics, 17, p. 96. Copyright 2007 by Wolters Kluwer Health.
Adapted with permission.

itoring their patients for side effects indicative of a PM. Alternate treatment should be considered for these individuals. If patients are UMs, they
are at higher risk for therapeutic failure and may require increased doses of drugs that have been inactivated by the CYP2D6 enzyme (Sistonen et
al., 2007).

Ancestry and Relapse
Postmenopausal, ER-positive breast cancer is frequently treated with adjuvant tamoxifen. The CYP2D6 enzyme metabolizes tamoxifen to the active
form, endoxifen. All humans inherit two alleles, one from each parent, for
the CYP2D6 gene. Each allele could be normal (wild-type or wt) or a variant (designated vt). Based on Mendelian genetics, each individual could be
a homozygous wild-type (wt/wt), a heterozygous variant (wt/vt), or homozygous variant (vt/vt), leading to a variety of tamoxifen dosing outcomes
(Goetz et al., 2007; Jin et al., 2005). If the CYP2D6 polymorphism causes the
enzyme (gene product) to be inactive (PM), then very low levels of the active endoxifen are produced (Goetz et al., 2007; Jin et al., 2005). This places
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7%–10% of the Caucasian population at risk for a breast cancer recurrence
(Goetz et al., 2007). If the woman also takes a medication that inhibits the
CYP2D6 enzyme, such as an antidepressant selective serotonin reuptake inhibitor, this can lead to unsatisfactory clinical outcomes (Hartman & Helft,
2007). Testing for the CYP2D6 genotype is currently available and may help
identify PMs so that an aromatase inhibitor may be prescribed over tamoxifen (Hartman & Helft, 2007).

Shortfalls
Race and ethnicity are commonly used terms that do not have commonly
agreed-upon definitions. Perhaps a new term of genetic variation will more
accurately pinpoint the geographic origins of an individual and include
the hint of biologic connections. Multiple problems arise when attempting to make these connections because with time and increasing access to
global travel, ancestors now originate from numerous areas of the world
(Collins, 2004). Demographic boundaries and other factors can affect disparities in health as much as, if not more than, the core genetics of an individual. However, the concern is that as researchers focus on genetics to
explain health disparities, factors that contribute to disparity will be overlooked and racial stereotyping could be reinforced (Sankar et al., 2004;
Suarez-Kurtz, 2005).

Translation to Practice
Clinical Utility
Although pharmacogenomics and pharmacogenetic testing are slowly moving into clinical practice, there are many lessons to be learned and
multiple opportunities for translating them into everyday patient care.
One of oncology nurses’ best skills is assessing their patients. Some patients have been assessed with a label of drug seekers, whereas others
might seem to be hiding drugs and taking them in addition to their ordered prescriptions. Although this does occur, perhaps the result is actually because of the metabolic capability of the CYPs being affected by the
patients’ genomic variant. Carefully assessing who has the expected behavioral outcome and who does not, as well as whether the outcome is
toxicity or apparently no response, is a valuable piece of information to
be charted and communicated. Ultimately, these pieces of information
can be positioned together and used to evaluate dosing, much like what
is available for tamoxifen.
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Education With Point-of-Care Tools
In April 1953, the structure for deoxyribose nucleic acid, or DNA, was
suggested (Watson & Crick, 1953). Today the average age of patients with a
new cancer diagnosis is 66. These individuals received limited genetic education beyond the double helix. Today, they are being diagnosed and treated based on genetic mutations caused by as few as just one polymorphism.
Their regular colonoscopy screening could yield information about a microsatellite (high) instability indicating the possibility of an inherited colon cancer (Kastrinos et al., 2013). Results from a microarray could show a
high risk to develop lung cancer from smoking; a habit started more than
50 years ago with as many as 60–80 cigarettes a day. Potential treatments include therapies targeted at signaling pathways that lead to DNA transcription and translation into proteins, locate a receptor on the cancer, and also
could induce apoptosis (Tang et al., 2013). For older patients with cancer
and many of their nurses, the diagnosis and treatment of the malignancy is
managed with technology based on scientific information that few received
in college, let alone earlier education in primary and secondary schools.
This deficiency creates many opportunities for point-of-care tools that are
needed to educate patients about genetics as related to their cancer, the diagnosis, and tumor profiling to identify treatment options, plus prediction
of recurrence.

Drug Labels
Many of the new targeted therapies are based on the molecular and genetic
information of the cancer. Some of these technologies require genetic testing
to ensure a marker is present on the malignancy for the treatment to target
(see Table 19-4). Drug labels include this information. The FDA has a website
(www.fda.gov/drugs/scienceresearch/researchareas/pharmacogenetics
/ucm083378.htm) with a current table of all drugs (not just oncology drugs)
and the pharmacogenomic biomarkers listed in their labels (U.S. FDA, 2012).

Opportunities for Nursing and Medical Research
Although the clinical utility of pharmacogenomics is in its infancy, pharmacogenomic research is growing as clinicians recognize that results are
individual and can help healthcare professionals personalize the selection,
and response, of therapy. For nurses who are interested but are not comfortable with designing their own proposals, many studies are open in comprehensive cancer centers, community hospitals, and ambulatory settings with
patients with cancer.
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Carefully monitoring patients for unexpected or nonresponses to medication can yield research questions that could identify an allelic genetic variance responsible for the symptoms, leading to earlier treatment of symptoms and better quality of life. Many experienced nurses have wondered
why some patients have severe symptoms, such as pain, whereas others are
able to move through treatment with few side effects. A careful retrospective
chart review could yield information to use as a research question. Ultimately, a chart review could culminate in a clinical trial that identifies a need to
test patients in order to guarantee they are receiving a correct dose for an
outcome that ensures the greatest potential of preventing recurrence of a
cancer. Other research questions could come from educational needs, gender or age issues, and even prevention or health promotion ideas. Conversations at work, staff meetings, or even lunch can result in ideas that can answer patient care–related pharmacogenomic questions.

Summary
The application of genetics and genomics in cancer care has become
common in everyday oncology nursing practice. Genomic and pharmacologic information is foundational to basic care of patients with cancer. Practitioners should be informed on how genetic testing can predict drug responses and also how it can guide drug dosing for more accurate treatment.
This information will help practitioners make decisions about whether to
anticipate overdosing, poor response to treatment, or toxic side effects.
Tools are available to help with point-of-care education and intervention.
Opportunities for nursing research are also addressed.
Treatment of cancer with chemotherapy and targeted therapy has moved
from the seat-side into the molecular pathways inside the cell. Having a general understanding of genetics and molecular signaling enables oncology
nurses to better meet the needs of patients. This change in treatment to a
molecular level implemented by nurses in oncology settings also emphasizes the need for all to continually update their chemotherapy education with
webinars, modules, journal articles, and conference attendance. Everyone
needs to learn how to use the molecular footprint of cancer and personal
genetics to safely provide personalized care to patients.
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CHAPTER 20

Cancer Survivorship
Support
Ruth Rechis, PhD, Ellen Beckjord, PhD, MPH,
and Deborah K. Mayer, PhD, RN, AOCN®, FAAN

Angie Patterson: Thriving Cancer Survivor
You never know exactly how you will react to these horrible words: “I’m sorry; you have cancer.” It never crosses your mind that it may happen to you. Beginning at 40, I regularly had my annual mammograms. Yet on February 19,
2001, following a breast biopsy that my surgeon assured me was nothing to
worry about, he called and said, “Angie, the pathology report indicates that
you have infiltrating ductal carcinoma.” Stunned, my response was, “Does that
carcinoma part mean that I have cancer?” To which he responded, “I’m sorry;
you have breast cancer.” That specific moment will remain etched in my memory forever because that was the day I became a cancer survivor.
Following those horrible words, I was flooded with so many thoughts: Am
I going to die? How is this possible; I am only 44 years old and have no family history? What will happen to my 15-year-old son, Billy? At this point, I entered the cancer “twilight zone” with its new vocabulary including lumpectomy and radiation versus mastectomy, reconstruction, chemotherapy, lymph
nodes, and margins. I approached my surgery decision the same way I approached my previous marriage: You mess with me and I’m going to get rid of you;
therefore, I elected to undergo a mastectomy with reconstruction.
It was then time to talk with my 15-year-old son. Billy was a six-foot-tall
teenager with a learner’s permit and an attitude. I told him about my diagnosis and treatment plans and assured him that I would be back to “normal”
in a year. His reaction took me by surprise. He said, “Mommy, promise me
The authors would like to acknowledge Angie Patterson, BA,
for contributing her personal story to this chapter.
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you won’t die.” It had been many years since he had called me Mommy. I
promised him right then and there that I would do everything possible to be
here for him for years to come.
Following surgery, the pathology report held both good and bad news.
The good news was the lymph nodes were clear. The bad news was that because of the large size of the tumor, I had to undergo chemotherapy. If only
I had been doing my monthly breast self-exams, I might have found the tumor when it was smaller and not needed chemo. Was chemo my “fault”? I remember obsessing about losing my hair; then I would feel so guilty because
I knew that chemo would save my life and yet I was being so vain. No one
prepares you for the psychosocial impact of cancer. One night I was having
trouble sleeping and trying to figure out when my hair should be growing
back. Wanting to fall back asleep, I reached for my grandmother’s Bible on
my bedside table. A yellowed newspaper article fell out titled “The Station,”
by Robert J. Hastings, and slowly I got the message: we spend too much time
thinking about arriving at the “station” and not enjoying the ride. My grandmother was telling me to quit worrying about my hair growing back, pay attention in my cancer journey, and do something with it.
My treatment was not complete with chemo. My margins were defined as
close, so I also had to undergo 37 radiation treatments. A year after my diagnosis, I thought I had finally finished all of my treatment, only to find out
that I needed to take tamoxifen for five years. Remembering the lesson from
my grandmother, I began volunteering with many organizations, giving back
and helping survivors through their cancer journey. In 2004, I had a chance
meeting with the president of the Georgia Cancer Coalition and, to make a
long story short, I left my 17½-year information technology career at BellSouth
and started a new nonprofit career with the coalition. Every day since, I have
had an opportunity to make a difference for people who hear those horrible
words, “You have cancer.” What a blessing!
As science continues to advance, enabling earlier detection of cancers and
development of more targeted therapies and personalized medicine, the number of cancer survivors will continue to grow, which is so exciting. However, as
the survivor population continues to grow, it is important to focus on survivors’
special issues.
Cancer does not define me. But I must say that cancer has blessed and enriched me and, most importantly, has given me a “new and better normal”
ride of my life. I am truly blessed to be one of the more than 13 million cancer survivors in the United States.

Introduction
Similar to Angie’s experience, surviving cancer often comes with both a
positive and negative impact after treatment ends. This is an important con-
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sideration in the field of cancer, especially because the number of cancer
survivors is rising. One in two men and one in three women will be diagnosed with cancer during their lifetime, and more than 1.5 million new cancer cases are diagnosed each year in the United States (Horner et al., 2009).
In the past few decades, the number of cancer survivors has risen dramatically, and approximately 13.7 million cancer survivors are alive in the United States today (American Cancer Society, 2014). The large increase in the
number of people surviving cancer is due to advances in detection, prevention, and treatment, and these advances have made it possible for a cancer survivor to have an overall 64% chance of surviving five years (Hewitt,
Greenfield, & Stovall, 2006). However, as the number of cancer survivors has
increased, the late effects caused by cancer and its treatment have become
increasingly prominent (Centers for Disease Control and Prevention [CDC]
& LIVESTRONG, 2004).
Treatment for cancer varies based on the type of cancer, age at diagnosis, stage of cancer, and a number of other factors. As a result, the impact
of cancer and its treatment on a person can vary greatly (Rechis, Boerner,
Nutt, & Shaw, 2010; Rechis, Nutt, & Basimike, 2012; Rechis et al., 2011). The
aftereffects of cancer and its treatment, which will be outlined in more detail throughout this chapter, may include physical or psychosocial concerns
as well as nonmedical or practical concerns (Hoffman, McCarthy, Recklitis,
& Ng, 2009). The purpose of this chapter is to explain many of the needs of
people affected by cancer after treatment ends and to address solutions for
addressing these concerns.

Post-Treatment Concerns
In both 2006 and 2010, LIVESTRONG fielded a survey to comprehensively assess the physical, emotional, and practical needs concerning post-treatment survivorship. Furthermore, the surveys gathered information about
why some survivors did not receive post-treatment care and, if they did receive care, who provided it (Rechis et al., 2010, 2011; Rechis, Nutt, et al.,
2012). Respondents included 3,129 cancer survivors in the 2010 survey and
2,307 cancer survivors in the 2006 iteration who voluntarily participated, primarily online. The majority of respondents were Caucasian, female, younger
than age 55, insured, and employed. Although respondents had varied experiences in terms of type of cancer, type of treatment, time since treatment
had ended, and several other characteristics, for all of these survivors, life after a cancer diagnosis continued to bring changes and challenges.
An overwhelming number of cancer survivors in the LIVESTRONG surveys (98%) experienced continued physical, emotional, and practical concerns (Rechis et al., 2010, 2011; Rechis, Nutt, et al., 2012). Yet many did not
receive help for their needs. Although more than half of the 2010 survey re-
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spondents who had experienced at least one physical concern received care
(58%), only 50% of those who had experienced emotional concerns received
help, and only 20% of those with practical concerns received help (Rechis et
al., 2010, 2011; Rechis, Nutt, et al., 2012). Results from this survey are included in Figures 20-1 through 20-4. Although the results of this survey may not
represent the experiences of all post-treatment cancer survivors because of its
convenience sample, the findings make an important contribution to the scientific understanding of the needs of this group—and beg the question: how
are the traditionally underserved faring in light of these findings?

Increased Attention to Cancer Survivors’ Needs
Recognizing the growing number of cancer survivors in the United States,
several reports to date have indicated the importance of addressing cancer
survivors’ needs (Hewitt et al., 2006; Institute of Medicine [IOM] & National
Research Council of the National Academies [NRC], 2008). The most comprehensive of those reports, the IOM and NRC report From Cancer Patient
to Cancer Survivor: Lost in Transition (Hewitt et al., 2006), provided a critical

Figure 20-1. Physical Collections: Percentage of Respondents Who
Experienced Physical Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 16), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.
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Figure 20-2. Emotional Collections: Percentage of Respondents Who
Experienced Emotional Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 19), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.

look at the issues experienced by survivors and recommended next steps to
improve outcomes for them. The report recommended recognizing and establishing post-treatment survivorship as a distinct phase of the cancer continuum for all survivors and their families. In recent years, a movement to
embrace this challenge and provide effective care for the growing survivor
population has taken shape. It is worth noting that this report emphasized
care in the post-treatment period for survivors of adult-onset cancers.
Lost in Transition (Hewitt et al., 2006) defined the following four essential
components of survivorship care.
• Prevention of recurrence, new primary cancers, and late effects of cancer
treatment
• Surveillance for recurrence, metastases, new primary cancers, and physical
or psychosocial late effects of cancer treatment
• Intervention for physical (e.g., sexual problems), psychosocial (e.g., emotional distress), and practical (e.g., education or employment disruption)
consequences of cancer and its treatment
• Coordination of care to execute prevention, surveillance, and intervention,
specifically between survivors’ primary care providers (PCPs) and cancer
care specialists
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Figure 20-3. Practical Collections: Percentage of Respondents Who
Experienced Practical Concerns, 2010

Note. The percentage of respondents with school and employment concerns was calculated using
only respondents who indicated these issues were relevant.
From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 19), by R. Rechis, K.A.
Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX: LIVESTRONG.
Copyright 2011 by LIVESTRONG. Reprinted with permission.

Finally, the report offered 10 recommendations for improving post-treatment survivorship care. These recommendations addressed ways to raise awareness about post-treatment survivorship as a distinct phase of the cancer trajectory; the need for clinical practice guidelines for post-treatment survivorship care;
the barriers at the system level to deliver high-quality survivorship care; the practical, day-to-day concerns of post-treatment survivors; and the wide-scale adoption and implementation of a survivorship care plan (SCP).
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Figure 20-4. Receipt of Care: Percentage of Respondents Who Received
Care for Practical Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 21), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.

IOM and NRC released two additional important publications related to
the field of survivorship. The first, Cancer Care for the Whole Patient: Meeting
Psychosocial Health Needs (IOM & NRC, 2008), did not exclusively focus on
survivors in the post-treatment period; however, the report provided a comprehensive assessment and set of recommendations regarding the state of
psychosocial care for cancer survivors, including those in the post-treatment
phase of the cancer trajectory, and how to implement psychosocial care as
a standard of practice in oncology. The second follow-up included a workshop and related summary: Implementing Cancer Survivorship Care Planning.
Both the report and the workshop summary made important recommendations for addressing the needs of cancer survivors during and after cancer
treatment, including attending to the nonmedical needs of survivors (IOM
& NRC, 2008).
On a similar timeline to the IOM and NRC reports, the CDC and
LIVESTRONG led a public health effort to address the issues faced by the
growing number of cancer survivors. Through their collaboration, the Na-
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tional Action Plan for Cancer Survivorship: Advancing Public Health Strategies was developed. According to the CDC’s website (2013, para. 1),
The National Action Plan represents the combined effort of almost 100 experts in cancer survivorship and public health. It
identifies and prioritizes cancer survivorship needs and proposes strategies for addressing those needs within four core public
health components—
• Surveillance and applied research
• Communication, education, and training
• Programs, policies, and infrastructure
• Access to quality care and services.
The National Action Plan takes a comprehensive approach, focusing on
the impact of cancer on the entire population and emphasizing collaborative, community-based activities. A public health approach includes influencing the healthcare system, providers, and policy makers who support
and can make a difference in reducing the burden of cancer on survivors.
The primary outcome of the National Action Plan was to establish a greater
awareness among the general public, policy makers, researchers, advocates,
and survivors of the role that public health can play in advancing cancer survivorship issues and to increase realization of the need to take action among
organizations (CDC, 2013). Implementing proposed strategies can ultimately improve the overall experience and quality of life of the millions of Americans who are living with, through, and beyond cancer.
Taken together, these reports created a tipping point, which pushed the
field of survivorship rapidly further. These reports have all highlighted the
fact that as the number of cancer survivors continues to increase, surveillance of the impact of cancer on long-term survivorship has never been
more relevant. These two areas, psychosocial needs and SCPs, are described
in much more depth in the following sections.

Psychosocial Needs Are a Survivorship Priority
The psychological component of cancer survivorship has been referred
to by a variety of terms, including psychological health (Andrykowski, Lykins,
& Floyd, 2008), quality of life (Bloom, Petersen, & Kang, 2007), mental health–
related quality of life (Ganz, Rowland, Desmond, Meyerowitz, & Wyatt, 1998;
Smith, Crespi, Petersen, Zimmerman, & Ganz, 2010), psychosocial factors
(Ganz, Kwan, Stanton, Bower, & Belin, 2011), depression (Bottomley, 1998),
and broader characterizations of symptoms of depression, anxiety, and posttraumatic stress disorder (PTSD) (Mehnert & Koch, 2008). Cancer Care for
the Whole Patient broadly conceptualized psychosocial challenges associated
with cancer. These certainly are not restricted to psychological or psychiatric
disorders but more generally encompass a range of emotionally relevant ex-
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periences that may cause stress, distress, or disruption in the post-treatment
period. Additionally, the report highlighted the psychosocial concerns that
are experienced by survivors’ family members and caregivers, noting the
need to address these concerns as well, for the well-being of family members,
caregivers, and survivors.
Cancer Care for the Whole Patient pointed out the degree to which psychosocial problems are intimately related to other sources of concern for cancer
survivors, such as physical and practical concerns. The report emphasized
the need for better provision of care for psychosocial concerns. The report
further highlighted the need to resolve psychosocial issues and stated that
resolution of psychosocial issues can positively influence physical and practical concerns for survivors. A central conclusion of the report was that psychosocial concerns of cancer survivors are underaddressed and undertreated. In this way, and consistent with the Lost in Transition report, the IOM and
NRC defined psychosocial care as a critical element of survivorship care and
advocated that it should be enacted following the recommendations of both
the 2006 and 2008 IOM and NRC reports.

What Are the Common Psychosocial Experiences
of Cancer Survivors?
The majority of cancer survivors do not experience clinically significant
psychological distress during or after cancer treatment. However, several (although a minority) do encounter psychological, psychosocial, and emotional concerns that are disruptive and cause for concern (Brant et al., 2011; Foster, Wright, Hill, Hopskinson, & Roffe, 2009; Gao, Bennett, Stark, Murray,
& Higginson, 2010; Harrington, Hansen, Moskowitz, Todd, & Feuerstein,
2010; Rechis et al., 2011; Rusiewicz et al., 2008; Zabora, BrintzenhofeSzoc,
Curbow, Hooker, & Piantadosi, 2001). In addition, the trajectories of survivors’ psychosocial experiences is highly variable and related to a number of
premorbid, disease, treatment, and post-treatment factors (Meyerowitz, Kurita, & D’Orazio, 2008; Stanton, 2006; Stanton, Revenson, & Tennen, 2007).
Estimates of emotional distress such as moderate to severe symptoms of
anxiety and depression among cancer survivors of multiple cancer types
range from 15%–20% (Gao et al., 2010) to 20%–30% (Deimling, Bowman,
Sterns, Wagner, & Kahana, 2006; Foster et al., 2009; Harrington et al., 2010;
van Scheppingen et al., 2011) and even up to 40% or greater (Rusiewicz et al.,
2008). Emotional issues typically rank high in lists of survivors’ unmet needs.
In a study of post-treatment ovarian cancer survivors, Kornblith et al. (2010)
found that 30% of women reported that their emotional needs were not fully met, second only to their needs regarding sexual dysfunction. A few studies have used an age-matched control design to determine whether cancer
survivors have more psychological or emotional problems than their healthy
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same-aged peers. The results of these studies have been mixed; using nationally representative data from the National Health Interview Survey, Mao et al.
(2007) found that distress was higher among people with a personal history of
cancer (26% reported emotional distress) compared to age-matched controls
with no history of cancer (16% reported emotional distress). In a study of individuals enrolled in a managed care organization, post-treatment cancer survivors were significantly more likely to have a psychiatric diagnosis (34%) than
age-matched controls (30%), driven largely by higher rates of anxiety or sleep
disorders (not including PTSD) among members with a personal history of
cancer (Earle, Neville, & Fletcher, 2007). In contrast, a study of breast cancer
survivors found that health-related quality of life did not differ between women with a history of breast cancer and age-matched controls, although menopausal symptoms and problems with sexual function were more common in
the women with a history of cancer (Ganz, Rowland, Desmond, Meyerowitz, &
Wyatt, 1998). Other studies have used instruments to measure emotional outcomes among post-treatment cancer survivors that have normative data available for comparison. These studies have generally found that the outcomes
for cancer survivors are as good as or better than population norms (Ganz et
al., 2011; Kornblith et al., 2010).
In addition to symptoms of general anxiety and depression, studies have
specifically examined symptoms of PTSD, which have been shown to be the
most commonly diagnosed psychiatric condition among newly diagnosed patients with cancer (Dausch et al., 2004). Clinically significant levels of PTSD
symptoms have been estimated at lower levels than anxiety and depression,
usually 10%–20% (Mehnert & Koch, 2008). However, in a recent study of nonHodgkin lymphoma survivors who were at least seven years post-diagnosis,
PTSD symptoms persisted or worsened over a period of five years after treatment for more than one-third of survivors (Smith, Singh-Carlson, Downie, Payeur, & Wai, 2011). In a sample of cancer survivors who were oneyear post-stem cell transplantation, Rusiewicz et al. (2008) found that PTSD
symptoms were not universally common. In fact, in their sample, some survivors reported high levels of emotional distress and symptoms of PTSD while
others reported high levels of emotional distress with no symptoms of PTSD
(i.e., symptoms of more general anxiety and depression), suggesting that
symptoms of PTSD may represent a distinct psychological experience in the
post-treatment period.
In contrast to symptoms of depression, anxiety, or PTSD, a psychological experience that often is found to be prevalent among cancer survivors
is fear of recurrence (Alfano & Rowland, 2006; McGinty, Goldenberg, & Jacobsen, 2012; Thewes et al., 2011). The percentage of post-treatment survivors who report fears of recurrence has been estimated at up to 30% (Andrykowski et al., 2008; Baker, Denniston, Smith, & West, 2005; Bloom et al.,
2007; Foster et al., 2009; Meyerowitz et al., 2008; Stein, Syrjala, & Andrykow
ski, 2008). Fears of recurrence are more common among survivors with oth-
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er psychological concerns, such as symptoms of anxiety and depression, but
interestingly, fears of recurrence have not always been shown to significantly disrupt quality of life (Deimling et al., 2006). This may be partly because
fears of recurrence occur in conjunction with follow-up tests and treatments,
thereby leaving long stretches of time when cancer survivors may be able to
keep fears of recurrence successfully at bay (Deimling et al., 2006; Hewitt
et al., 2006). Importantly, for many survivors, fear of recurrence originates
with the knowledge that a second cancer or recurrence is possible as a result
of genetics or treatment and its side effects.
Accordingly, a psychosocial concern that consistently characterizes the
end of cancer treatment is a need for information (Cappiello, Cunningham, Knobf, & Erodos, 2007). The provision of this information appears to
be related to a more positive adjustment in the post-treatment period. For
example, Jones et al. (2010) showed that self-efficacy and perceived preparedness account for significant amounts of variance in distress among
women finishing treatment for breast cancer. In this way, the SCP can be
thought of as an information intervention designed to reduce distress, improve efficacy, and meet some of the most common psychosocial needs of
cancer survivors. Further research is needed to test that conclusively. Lost
in Transition (Hewitt et al., 2006) defined the SCP as a document that includes both a treatment summary and instructions about follow-up care.
Five specific elements were identified, adapted from the President’s Cancer Panel (2004), including
• A treatment summary that identifies cancer type, treatments prescribed,
and the potential late effects of those treatments
• Detailed instructions about the content and timing of recommended follow-up care
• Preventive health recommendations beyond follow-up care specifically for
the type of cancer
• Information about practical considerations and protections related to employment and health insurance
• Information on available psychosocial resources in the survivor’s community.

The Survivorship Care Plan: A Key Strategy for Improving
Survivorship Care
Given the myriad physical, psychosocial, and practical concerns cancer
survivors face as well as the critical elements of survivorship care defined by
Lost in Transition (Hewitt et al., 2006), the SCP is naturally a multifaceted
document. One of the primary functions that the SCP is intended to serve
is to improve communication across the providers involved in the survivor’s
care and to improve care coordination.
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Coordination of care for the person with cancer is an important component of quality cancer care. This coordination should be patient centered
and include coordination within the interdisciplinary oncology team (surgery, medical oncology, radiation, nursing, and other supportive services)
and with the patient’s PCP. Different models for delivering survivorship care
have been proposed (Oeffinger & McCabe, 2006). These include care delivered by the oncology team, care delivered by a PCP, shared care from both
providers, or care provided in a specialty nurse-led survivorship clinic. To
date, research has documented better patient outcomes with shared care between primary care and specialty providers. For example, in a study of 5,965
breast cancer survivors without evidence of recurrence, the participants received more mammograms when followed by an oncologist and more noncancer preventive services when followed by a PCP. However, women did better when followed by both providers in a shared care model (Earle, Burstein,
Winer, & Weeks, 2003). In another study of 1,225 advanced colon cancer
survivors, 43% received the flu vaccination (68% of those vaccinations were
delivered by a PCP) and had fewer chemotherapy interruptions and survived longer than those patients who did not receive the vaccination (Earle, 2003). In a survey of providers at one cancer center, both oncology physicians and nurses preferred a disease-specific survivorship clinic with access
to other supportive care services. Differences of opinion exist as to when
that care should be delivered (e.g., from diagnosis onward, or at the end of
active treatment) (Gage et al., 2011). The clinical practices, patient volume,
and available resources will determine the model of care (Campbell et al.,
2011).
Care coordination is especially important as active cancer treatment
ends. Yet, care coordination has been fraught with communication problems and lack of role clarity (Grunfeld & Earle, 2010). Potosky et al. (2011)
surveyed more than 2,000 PCPs and oncologists about their views of the
cancer care continuum. Significant differences existed among the oncologists in their beliefs and attitudes about their own and each other’s ability
and role in providing care. When asked about the preferred model of cancer care delivery, oncologists ranked oncology-led care higher (57%), and
PCPs ranked shared care higher (59%) as the preferred model of cancer
care delivery (Potosky et al., 2011). Although PCPs were less confident in
their abilities to test for recurrences or to identify and manage the physical effects of treatment, both groups lacked knowledge in providing survivorship care. In another study of PCPs and oncologists, similarities and differences in role implementation were identified (Klabunde et al., 2009).
Both had roles in managing pain, establishing do-not-resuscitate status,
and making referrals to hospice. PCPs had a greater role in managing comorbid conditions and evaluating and treating depression, whereas oncologists had a greater role in establishing treatment goals and plans with the
patient.

Chapter 20. Cancer Survivorship Support

●

981

Lack of adult survivorship guidelines and lack of training were cited as barriers to having PCPs provide survivorship care (Bober et al., 2009).This varied by tumor type and type of problem (Smith et al., 2011). The City of Hope
National Medical Center provided survivorship care training to implement
the IOM recommendations to 204 multidisciplinary teams. The result was
significantly improved effectiveness, receptiveness, and comfort in providing
survivorship care in the teams’ practice settings 12 months after participation
(Grant, Economou, Ferrell, & Uman, 2012).
Cheung, Neville, Cameron, Cook, and Earle (2009) found discordance between patients and PCPs and oncology providers and among providers in survivorship care expectations. When survivorship care conversations occurred,
there was less discordance about expectations as to who was going to deliver
which component of care. Almost half (47.4%) of long-term survivors (more
than five years) had at least one unmet need (mean 2.8), especially concerns
about recurrence and needing to know that their healthcare providers discussed their needs and coordinated their care (Harrison et al., 2011). Survivors reflected concerns about turning to their PCP for unmet cancer-related
needs (Harrison et al., 2011). Survivors did not perceive their PCPs as experts or considered them to be too busy and difficult to talk to about longterm issues because of the gaps in PCP care during cancer treatment. At the
same time, survivors have voiced interest in having their PCP share their care
with their oncologist (Hall, Samuel, & Murchie, 2011; Mayer, Gerstel, Leak,
& Smith, 2012). Patients develop powerful relationships with their oncologist,
making the emotional shift to their PCP difficult. This is especially true if the
PCP has not remained involved during the initial cancer diagnosis and treatment (Kantsiper et al., 2009; Mayer, Gerstel, Leak, et al., 2012).
Healthcare reform has the potential to facilitate the development of medical homes for cancer survivors, which may address many of these issues.
According to the National Committee for Quality Assurance (NCQA, n.d.,
para. 2),
A patient-centered medical home is a healthcare setting that facilitates partnerships between individual patients, and their personal physicians, and when appropriate, the patient’s family.
Care is facilitated by registries, information technology, health
information exchange and other means to assure that patients
get the indicated care as needed and desired in a culturally and
linguistically appropriate manner.

Empirical and Theoretical Support for Survivorship Care Plans
Evidence is slowly accumulating about the development, implementation,
and evaluation of SCPs. Salz, Oeffinger, McCabe, Layne, and Bach (2012)
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provided an in-depth review of the existing literature about SCPs from the
survivor, PCP, and oncologist perspectives. Although most think that having an SCP is a good idea, there is greater variability regarding the amount
and type of content, format (paper or electronic), and timing and process
of delivery (Mayer, Gerstel, Leak, et al., 2012). Although some cancer programs create their own SCP templates, several templates are available, including those from the American Society of Clinical Oncology (www.cancer
.net/survivorship/asco-cancer-treatment-summaries), LIVESTRONG (www
.livestrongcareplan.org), and Journey Forward (http://journeyforward.org)
(Hausman, Ganz, Sellers, & Rosenquist, 2011).
Few studies have measured the processes related to developing and delivering SCPs or their impact on patient outcomes. In a Canadian randomized
study of 408 breast survivors in nine cancer centers, half received a 30-minute
visit with a nurse who reviewed and delivered a tailored SCP, which was
also provided to the patient’s PCP (Grunfeld et al., 2011). Patients who received the SCP were clearer about which provider was responsible for follow-up care but did not demonstrate any significant differences in levels of
distress, quality of life, or satisfaction with care. In preliminary data in patients with early-stage colon cancer, Mayer, Gerstel, Walton, et al. (2012)
found that preparing the SCP took an average of 45 minutes for patients
who only had surgery and 90 minutes for patients who had undergone surgery and chemotherapy. Other process and outcome measures are currently being analyzed. Although visits for delivering the SCP are covered
by insurers, the preparation time is not. Both the time and lack of reimbursement for SCPs pose barriers that need to be addressed for more widespread adoption to occur. PCPs have found the SCP to be helpful, especially regarding surveillance (Shalom, Hahn, Casillas, & Ganz, 2011). More
research is needed to evaluate the impact of SCPs (Earle, 2007; Hahn &
Ganz, 2011).
SCPs are positioned to address the key components of effective strategies
in cancer care as outlined by Epstein and Street’s 2007 report, Patient-Centered
Communication in Cancer Care: Promoting Healing and Reducing Suffering. Six
core functions of patient-provider communication interact to improve
health outcomes (Epstein & Street, 2007):
• Exchanging information
• Responding to emotions
• Managing uncertainty
• Enabling patient self-management
• Fostering healing relationships
• Making decisions.
Each of these core functions can be linked to the key features of the SCP
as described in Lost in Transition (Hewitt et al., 2006); thus, the SCP becomes
an information intervention within the context of care planning. The SCP
serves multiple functions: promote effective information exchange and de-
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cision making; promote survivor efficacy and self-management and decrease
uncertainty; and foster effective patient-provider communication. Ultimately, care planning leads to improved health outcomes over the balance of the
survivor’s life.
Adoption of SCPs in practice is occurring slowly. In 2012, six years after
the IOM recommendation, less than half (43%) of National Cancer Center
(NCI)-designated cancer centers delivered SCPs to their breast and colorectal cancer survivors (Salz et al., 2012). That may change because at least two
organizations, the American Society of Clinical Oncology (with its Quality
Oncology Practice Initiative) and the American College of Surgeons Commission on Cancer, have included SCP requirements in standards that reflect quality cancer care (see Figure 20-5 and Tables 20-1 and 20-2). These
standards require the development and delivery of an SCP to the survivor
and PCP within three months of completion of chemotherapy. However,
they do not address SCPs for patients who have undergone surgery or radiation therapy.
Impending workforce shortages in oncology and primary care are anticipated to affect the challenges in addressing the transition from cancer patient to cancer survivor. The survivor, oncology team, and PCP all have a role
in knowing about and delivering evidence-based or consensus-developed
monitoring, follow-up care, and health promotion. Survivorship care that
promotes healthy lifestyle behaviors while addressing concerns about recurrence, regardless of where and who delivers it, will contribute to survivors’ overall quality of life and well-being (Howell et al., 2011).

Figure 20-5. Institute of Medicine Survivorship Care Plan
Recommendations
Patients completing primary treatment should be provided with a comprehensive care
summary and follow-up plan that is clearly and effectively explained. This “Survivorship
Care Plan” should be written by the principal provider(s) who coordinated oncology treatment. This service should be reimbursed by third-party payers of health care.
Such a care plan would summarize critical information needed for the survivor’s longterm care:
• Cancer type, treatments received, and their potential consequences;
• Specific information about the timing and content of recommended follow-up;
• Recommendations regarding preventive practices and how to maintain health and
well-being;
• Information on legal protections regarding employment and access to health insurance; and
• The availability of psychosocial services in the community.
Note. From From Cancer Patient to Cancer Survivor: Lost in Transition (p. 151), by M. Hewitt, S.
Greenfield, and E. Stovall (Eds.), 2006, Washington, DC: National Academies Press. Copyright 2006
by the National Academy of Sciences. Reprinted with permission.
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Table 20-1. Survivorship Care Plan Standards
Organization/Source
American Society of Clinical Oncology’s
Quality Oncology Practice Initiative
http://qopi.asco.org/Documents/QOPI
-Spring-2012-Measures%20Summary.pdf

American College of Surgeons Commission on Cancer’s Cancer Program Standards 2012: Ensuring Patient-Centered
Care
www.facs.org/cancer/coc
/programstandards2012.pdf

Standard
Quality indicators in audit regarding survivorship:
• Chemotherapy treatment summary provided to patient within 3 months of chemotherapy end
• Chemotherapy treatment summary provided or communicated to practitioner(s)
within 3 months of chemotherapy end
• Chemotherapy treatment summary process completed within 3 months of chemotherapy end
Standard 3.3: Survivorship Care Plan (implementation by 2015): The cancer committee develops and implements a process
to disseminate a comprehensive care summary and follow-up plan to patients with
cancer who are completing cancer treatment. The process is monitored, evaluated,
and presented at least annually to the cancer committee and documented in minutes.
• A survivorship care plan is prepared by
the principal provider(s) who coordinated the oncology treatment for the patient with input from the patient’s other
care providers.
• The survivorship care plan is given to
the patient at completion of treatment.
• The written or electronic survivorship
care plan contains a record of care received, important disease characteristics, and a follow-up care plan incorporating available and recognized evidence-based standards of care, when
available.

The National Coalition for Cancer Survivorship was founded in 1986 and
the National Cancer Institute launched the Office of Cancer Survivorship in
1996, both important events in bringing survivorship issues to the forefront.
Oncology healthcare teams have now realized the many unmet needs of survivors and have begun addressing them. We need to educate PCPs about
these unmet needs and how to assess and address them. Lack of commitment from oncology team leadership to support practice changes is a barrier to delivering this care and in systematically instituting SCPs into this
care (Campbell et al., 2011). Further evidence regarding the benefits of
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Table 20-2. Evaluating the Impact of Cancer Survivorship Care Planning
Level of Impact

Metrics for Success

Survivor level

Improved (perceived) patient/doctor communication
Improved understanding of needed follow-up tests, their purpose
and periodicity, and who will conduct these
Better understanding of potential late effects of illness and what
symptoms might be important to report
Better adherence to recommended follow-up activities
Improved ability to identify providers and resources to address persistent effects of cancer and its treatment
Decreased cancer-related morbidity
Improved health-related quality of life and function
Improved healthy lifestyle choices
Potentially, improved overall survival

Clinician level

Improved (perceived) doctor/patient communication
Improved doctor/doctor communication
Better ability to coordinate care
Improved knowledge about and ultimately standardization of followup care behaviors
Improved ability to monitor survivor’s health and implement changes in care in response to new information about treatment exposures and follow-up needs

System level

Reduced duplication of services
Improved access to information necessary to guide follow-up care;
less time spent searching for this

Note. From “Cancer Survivorship Plans: A Paradigm Shift in the Delivery of Quality Cancer Care” (p.
180), by J.H. Rowland and P.A. Ganz in M. Feuerstein and P. Ganz (Eds.), Health Services for Cancer
Survivors: Practice, Policy and Research, 2011, New York, NY: Springer. Copyright 2011 by Springer
Science + Business Media. Reprinted with permission.

SCPs is still needed, but we must remember that this SCP recommendation was meant as a tool to facilitate communication and coordination of
care (Smith & Synder, 2011; Stricker, Jacobs, & Palmer, 2012; Stricker et
al., 2011). The dissemination of research findings and best practices to enhance communication and coordination of care needs to occur for all cancer survivors to benefit from our expanding knowledge about the issues
they face, whether they receive a SCP or not (Pollack, Hawkins, Peaker, Buchanan, & Risendal, 2011).

National Initiatives on Cancer Survivorship
Since 2011, three key initiatives have launched to move the field of survivorship forward and to help address key issues that cancer survivors face.
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These initiatives are the National Cancer Survivorship Resource Center, the
Grid-Enabled Measures (GEM) Care Planning Measures Project, and the
LIVESTRONG Essential Elements of Survivorship Care.

National Cancer Survivorship Resource Center
The National Cancer Survivorship Resource Center (The Survivorship
Center) is a collaboration between the American Cancer Society and the
George Washington Cancer Institute funded by a five-year cooperative agreement from the CDC. Its goal is to shape the future of cancer survivorship
care and improve the quality of life of cancer survivors as they transition from
treatment to recovery. Resources are being developed for both the provider and patient communities. More information can be found on the American Cancer Society’s website (www.cancer.org/Treatment/Survivorship
DuringandAfterTreatment/NationalCancerSurvivorshipResourceCenter).

Grid-Enabled Measures Care Planning Measures Project
An initiative from the NCI, the GEM database is “an interactive website
containing behavioral, social science, and other scientific measures organized by theoretical constructs. GEM enables researchers to collaborate with
others, encourages the use of common measures, and facilitates the sharing
of harmonized data” (NCI, 2012, para. 1). Specifically, GEM uses technology-mediated social participation to engage a broad group of stakeholders
in collaborative processes including consensus building, with the goal of advancing progress on priority issues in cancer prevention and control.
At the time that this chapter was being written, a specific initiative known
as GEM-CP was underway to identify and build consensus on target measures for use in studies of survivorship care planning. The goal of the ongoing GEM-CP process is to facilitate progress in survivorship care planning research by encouraging investigators to use common measures in their care
planning studies. Standardizing measures used in care planning research
will result in opportunities to harmonize data across multiple efforts so that
the care planning evidence base grows efficiently and more rapidly than if
investigators continue working in isolation (NCI, 2012).
Since the GEM-CP initiative began in February 2012, nearly 500 individuals have visited the GEM-CP workspace, which includes 123 measures nominated by the community to be considered for standardized use in care planning research. The process of building consensus around which of these
123 measures are “best” for use in care planning research is ongoing and remains open to public comment. Visit www.gem-beta.org/Public/Home.aspx
to learn more. Support is growing for measures that capture quality of life,
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functioning, care coordination, distress, health behavior, and fatigue (Beckjord & Naveed, 2012).

LIVESTRONG Essential Elements Meeting
In 2011, LIVESTRONG convened a meeting of care providers, researchers, advocates, and survivors to more specifically define such critical—or essential—elements of survivorship care. The meeting was built upon the conclusions of Lost in Transition as well as Cancer Care for the Whole Patient. The work
was informed by the existing literature related to survivorship care, the survivorship care activities documented at NCI-designated Comprehensive Cancer
Centers (NCI, 2006), and the processes of care at the LIVESTRONG Survivorship Centers of Excellence (Rechis, Eargle, Dutchover, & Berno, n.d.).
The Essential Elements meeting used a modified-Delphi process (RAND
Corporation, 1968) to drive consensus among participants on the essential elements of survivorship care. Through an iterative process, the group
moved from an initial universe of elements of survivorship care to a list of
five high-consensus essential elements of survivorship care that the vast majority of meeting participants agreed were elements that must be provided
to cancer survivors following treatment. Additionally, the group supported
an additional 15 elements of survivorship care that medical settings should or
should strive to provide to all post-treatment cancer survivors.
The elements of care were further divided into three tiers as follows (Rechis, Beckjord, Arvey, Reynolds, & Goldrick, 2012).
Tier 1: Consensus Elements
All medical settings must provide direct access to or referral for the following elements of care:
• SCP, psychosocial care plan, and treatment summary
• Screening for new cancers and surveillance for recurrence
• Care coordination strategy, which addresses care coordination with PCPs
and primary oncologists
• Health promotion education
• Symptom management and palliative care.
Tier 2: High-Need Elements
All medical settings should provide direct access to or referral for these elements of care for high-need patients and to all patients when possible:
• Late effects education
• Psychosocial assessment
• Comprehensive medical assessment
• Nutrition services, physical activity services, and weight management
• Transition visit and cancer-specific transition visit
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Psychosocial care
Rehabilitation for late effects
Family and caregiver support
Patient navigation
Educational information about survivorship and program offerings.

Tier 3: Strive Elements
All medical settings should strive to provide direct access to or referral for
these elements of care:
• Self-advocacy skills training
• Counseling for practical issues
• Ongoing quality improvement activities
• Referral to specialty care
• Continuing medical education.
Among the five high-consensus elements, the element with the most consistent support from meeting participants was the provision of an SCP, which
included a treatment summary and a psychosocial care plan. The prioritization of this element is consistent with the conclusions and recommendations of Lost in Transition and Cancer Care for the Whole Patient and highlights
the need for continued work to identify best practices for the development
and implementation of SCPs. In addition to the elements themselves, three
key additional recommendations were made as follows.
• Refine the definitions of the essential elements of survivorship care delivery.
• Conduct research to expand the evidence base supporting the essential
elements.
• Integrate survivorship care into practice.
Taken together, these recommendations can help to better define the
field of survivorship, the potential impact of these essential elements, and
the possibility for integrating survivorship into care across the country.
Many notable organizations have developed key strategies, including the
new research priorities set forth by the Oncology Nursing Society (2009–
2013 Oncology Nursing Society Research Agenda Team, 2009), and specific accreditation standards, such as the patient-centered standards set out by
the Commission on Cancer (2012). Many of these initiatives and key findings from the research were showcased and shared at the NCI, American
Cancer Society, LIVESTRONG, and CDC Biennial Survivorship Conference.
It is only through these collaborative endeavors that healthcare professionals can fully address the needs of post-treatment survivors.

Summary
Survivorship care has come to the forefront as a critical issue as the number of survivors continues to increase. To address complex issues experi-
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enced by people with cancer after treatment ends, innovative solutions that
rely on the multidisciplinary care team are necessary. The survivorship period can last for 10, 20, 30 years, or even longer for pediatric and adolescent
survivors. Although more research is needed to understand how to improve
outcomes for all cancer survivors, current literature indicates that survivorship programs that fit the patient population, setting, and political environment can have a positive impact on survivors.
However, as the cancer survivor population continues to grow and the
pool of oncologists becomes more limited, the role of other oncology professionals, such as oncology nurses, in assisting with care coordination and
provision of care will also continue to grow. Well-informed oncology nurses
and nurse practitioners can help to provide the care needed for cancer survivors after completion of treatment. Although not an all-encompassing list
of resources on survivorship, Table 20-3 includes a list of resources for nurses
and other health professionals including both patient materials and provider tools and trainings that can be helpful in implementing survivorship
care in daily practice. More in-depth information can be found in Chapter 21.
As Angie noted at the beginning of this chapter, one never knows exactly
how he or she will react to the dreaded phrase “I’m sorry; you have cancer.”
Table 20-3. Survivorship Resources
Organization

Types of Information Available

American Cancer Society (ACS)
www.cancer.org/Treatment/
SurvivorshipDuringandAfter
Treatment/index

ACS includes information and links to resources
for providers on staying active and healthy during
and after cancer treatment. Additionally, they include information on dealing with the possibility
of cancer recurrence.

American Society of Clinical Oncology (ASCO)
www.cancer.net/patient/Survivorship

ASCO’s Cancer.Net provides an introduction to
survivorship including patient information that address the recommendations made in the Institute
of Medicine report.

City of Hope and Memorial SloanKettering Cancer Center
www.cityofhope.org

City of Hope Department of Nursing Research &
Education and Memorial Sloan-Kettering Cancer
Center collaborate in providing a National Cancer Institute–funded program to educate competitively chosen professional nurses from cancer settings across the nation in cancer survivorship. This program will be offered four times
over the next five years alternating between West
Coast and East Coast settings.
(Continued on next page)
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Table 20-3. Survivorship Resources (Continued)
Organization

Types of Information Available

Commission on Cancer (CoC)
www.facs.org/cancer

CoC includes information about its new patientcentered standards as well as a repository that
contains tools and best practice resources designed to help cancer programs meet the CoC
Program Standards.

LIVESTRONG
www.livestrong.org/What-We-Do
/Our-Actions/Professional-Tools
-Training

LIVESTRONG includes information about services and materials that can help nurses support their
patients as well as information about training available to support nurses in their careers. Additionally,
LIVESTRONG includes the LIVESTRONG Care
Plan powered by Penn Medicine’s OncoLink, which
is a tool developed by nurses.

National Cancer Institute
http://dccps.nci.nih.gov/ocs

NCI offers critical information for patients and
providers and includes extensive information
about research in survivorship.

National Coalition for Cancer Survivorship (NCCS)
www.canceradvocacy.org
/resources

NCCS offers free resources on various issues for
people living with, through, and beyond cancer.
All of the resources can be useful to people diagnosed with cancer as well as their family members, friends, and caregivers

Although it may not yet be possible to take the sting out of those horrible
words, if we take a collaborative patient-centered approach, we can make the
cancer journey over the long term that much easier to survive.
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CHAPTER 20

Cancer Survivorship
Support
Ruth Rechis, PhD, Ellen Beckjord, PhD, MPH,
and Deborah K. Mayer, PhD, RN, AOCN®, FAAN

Angie Patterson: Thriving Cancer Survivor
You never know exactly how you will react to these horrible words: “I’m sorry; you have cancer.” It never crosses your mind that it may happen to you. Beginning at 40, I regularly had my annual mammograms. Yet on February 19,
2001, following a breast biopsy that my surgeon assured me was nothing to
worry about, he called and said, “Angie, the pathology report indicates that
you have infiltrating ductal carcinoma.” Stunned, my response was, “Does that
carcinoma part mean that I have cancer?” To which he responded, “I’m sorry;
you have breast cancer.” That specific moment will remain etched in my memory forever because that was the day I became a cancer survivor.
Following those horrible words, I was flooded with so many thoughts: Am
I going to die? How is this possible; I am only 44 years old and have no family history? What will happen to my 15-year-old son, Billy? At this point, I entered the cancer “twilight zone” with its new vocabulary including lumpectomy and radiation versus mastectomy, reconstruction, chemotherapy, lymph
nodes, and margins. I approached my surgery decision the same way I approached my previous marriage: You mess with me and I’m going to get rid of you;
therefore, I elected to undergo a mastectomy with reconstruction.
It was then time to talk with my 15-year-old son. Billy was a six-foot-tall
teenager with a learner’s permit and an attitude. I told him about my diagnosis and treatment plans and assured him that I would be back to “normal”
in a year. His reaction took me by surprise. He said, “Mommy, promise me
The authors would like to acknowledge Angie Patterson, BA,
for contributing her personal story to this chapter.
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you won’t die.” It had been many years since he had called me Mommy. I
promised him right then and there that I would do everything possible to be
here for him for years to come.
Following surgery, the pathology report held both good and bad news.
The good news was the lymph nodes were clear. The bad news was that because of the large size of the tumor, I had to undergo chemotherapy. If only
I had been doing my monthly breast self-exams, I might have found the tumor when it was smaller and not needed chemo. Was chemo my “fault”? I remember obsessing about losing my hair; then I would feel so guilty because
I knew that chemo would save my life and yet I was being so vain. No one
prepares you for the psychosocial impact of cancer. One night I was having
trouble sleeping and trying to figure out when my hair should be growing
back. Wanting to fall back asleep, I reached for my grandmother’s Bible on
my bedside table. A yellowed newspaper article fell out titled “The Station,”
by Robert J. Hastings, and slowly I got the message: we spend too much time
thinking about arriving at the “station” and not enjoying the ride. My grandmother was telling me to quit worrying about my hair growing back, pay attention in my cancer journey, and do something with it.
My treatment was not complete with chemo. My margins were defined as
close, so I also had to undergo 37 radiation treatments. A year after my diagnosis, I thought I had finally finished all of my treatment, only to find out
that I needed to take tamoxifen for five years. Remembering the lesson from
my grandmother, I began volunteering with many organizations, giving back
and helping survivors through their cancer journey. In 2004, I had a chance
meeting with the president of the Georgia Cancer Coalition and, to make a
long story short, I left my 17½-year information technology career at BellSouth
and started a new nonprofit career with the coalition. Every day since, I have
had an opportunity to make a difference for people who hear those horrible
words, “You have cancer.” What a blessing!
As science continues to advance, enabling earlier detection of cancers and
development of more targeted therapies and personalized medicine, the number of cancer survivors will continue to grow, which is so exciting. However, as
the survivor population continues to grow, it is important to focus on survivors’
special issues.
Cancer does not define me. But I must say that cancer has blessed and enriched me and, most importantly, has given me a “new and better normal”
ride of my life. I am truly blessed to be one of the more than 13 million cancer survivors in the United States.

Introduction
Similar to Angie’s experience, surviving cancer often comes with both a
positive and negative impact after treatment ends. This is an important con-
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sideration in the field of cancer, especially because the number of cancer
survivors is rising. One in two men and one in three women will be diagnosed with cancer during their lifetime, and more than 1.5 million new cancer cases are diagnosed each year in the United States (Horner et al., 2009).
In the past few decades, the number of cancer survivors has risen dramatically, and approximately 13.7 million cancer survivors are alive in the United States today (American Cancer Society, 2014). The large increase in the
number of people surviving cancer is due to advances in detection, prevention, and treatment, and these advances have made it possible for a cancer survivor to have an overall 64% chance of surviving five years (Hewitt,
Greenfield, & Stovall, 2006). However, as the number of cancer survivors has
increased, the late effects caused by cancer and its treatment have become
increasingly prominent (Centers for Disease Control and Prevention [CDC]
& LIVESTRONG, 2004).
Treatment for cancer varies based on the type of cancer, age at diagnosis, stage of cancer, and a number of other factors. As a result, the impact
of cancer and its treatment on a person can vary greatly (Rechis, Boerner,
Nutt, & Shaw, 2010; Rechis, Nutt, & Basimike, 2012; Rechis et al., 2011). The
aftereffects of cancer and its treatment, which will be outlined in more detail throughout this chapter, may include physical or psychosocial concerns
as well as nonmedical or practical concerns (Hoffman, McCarthy, Recklitis,
& Ng, 2009). The purpose of this chapter is to explain many of the needs of
people affected by cancer after treatment ends and to address solutions for
addressing these concerns.

Post-Treatment Concerns
In both 2006 and 2010, LIVESTRONG fielded a survey to comprehensively assess the physical, emotional, and practical needs concerning post-treatment survivorship. Furthermore, the surveys gathered information about
why some survivors did not receive post-treatment care and, if they did receive care, who provided it (Rechis et al., 2010, 2011; Rechis, Nutt, et al.,
2012). Respondents included 3,129 cancer survivors in the 2010 survey and
2,307 cancer survivors in the 2006 iteration who voluntarily participated, primarily online. The majority of respondents were Caucasian, female, younger
than age 55, insured, and employed. Although respondents had varied experiences in terms of type of cancer, type of treatment, time since treatment
had ended, and several other characteristics, for all of these survivors, life after a cancer diagnosis continued to bring changes and challenges.
An overwhelming number of cancer survivors in the LIVESTRONG surveys (98%) experienced continued physical, emotional, and practical concerns (Rechis et al., 2010, 2011; Rechis, Nutt, et al., 2012). Yet many did not
receive help for their needs. Although more than half of the 2010 survey re-
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spondents who had experienced at least one physical concern received care
(58%), only 50% of those who had experienced emotional concerns received
help, and only 20% of those with practical concerns received help (Rechis et
al., 2010, 2011; Rechis, Nutt, et al., 2012). Results from this survey are included in Figures 20-1 through 20-4. Although the results of this survey may not
represent the experiences of all post-treatment cancer survivors because of its
convenience sample, the findings make an important contribution to the scientific understanding of the needs of this group—and beg the question: how
are the traditionally underserved faring in light of these findings?

Increased Attention to Cancer Survivors’ Needs
Recognizing the growing number of cancer survivors in the United States,
several reports to date have indicated the importance of addressing cancer
survivors’ needs (Hewitt et al., 2006; Institute of Medicine [IOM] & National
Research Council of the National Academies [NRC], 2008). The most comprehensive of those reports, the IOM and NRC report From Cancer Patient
to Cancer Survivor: Lost in Transition (Hewitt et al., 2006), provided a critical

Figure 20-1. Physical Collections: Percentage of Respondents Who
Experienced Physical Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 16), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.
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Figure 20-2. Emotional Collections: Percentage of Respondents Who
Experienced Emotional Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 19), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.

look at the issues experienced by survivors and recommended next steps to
improve outcomes for them. The report recommended recognizing and establishing post-treatment survivorship as a distinct phase of the cancer continuum for all survivors and their families. In recent years, a movement to
embrace this challenge and provide effective care for the growing survivor
population has taken shape. It is worth noting that this report emphasized
care in the post-treatment period for survivors of adult-onset cancers.
Lost in Transition (Hewitt et al., 2006) defined the following four essential
components of survivorship care.
• Prevention of recurrence, new primary cancers, and late effects of cancer
treatment
• Surveillance for recurrence, metastases, new primary cancers, and physical
or psychosocial late effects of cancer treatment
• Intervention for physical (e.g., sexual problems), psychosocial (e.g., emotional distress), and practical (e.g., education or employment disruption)
consequences of cancer and its treatment
• Coordination of care to execute prevention, surveillance, and intervention,
specifically between survivors’ primary care providers (PCPs) and cancer
care specialists
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Figure 20-3. Practical Collections: Percentage of Respondents Who
Experienced Practical Concerns, 2010

Note. The percentage of respondents with school and employment concerns was calculated using
only respondents who indicated these issues were relevant.
From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 19), by R. Rechis, K.A.
Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX: LIVESTRONG.
Copyright 2011 by LIVESTRONG. Reprinted with permission.

Finally, the report offered 10 recommendations for improving post-treatment survivorship care. These recommendations addressed ways to raise awareness about post-treatment survivorship as a distinct phase of the cancer trajectory; the need for clinical practice guidelines for post-treatment survivorship care;
the barriers at the system level to deliver high-quality survivorship care; the practical, day-to-day concerns of post-treatment survivors; and the wide-scale adoption and implementation of a survivorship care plan (SCP).
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Figure 20-4. Receipt of Care: Percentage of Respondents Who Received
Care for Practical Concerns, 2010 and 2006

Note. From “I Learned to Live With It” Is Not Good Enough: Challenges Reported By Post-Treatment Cancer Survivors in the LIVESTRONG Surveys. A LIVESTRONG Report, 2010 (p. 21), by
R. Rechis, K.A. Reynolds, E.B. Beckjord, S. Nutt, R.M. Burns, and J.S. Schaefer, 2011, Austin, TX:
LIVESTRONG. Copyright 2011 by LIVESTRONG. Reprinted with permission.

IOM and NRC released two additional important publications related to
the field of survivorship. The first, Cancer Care for the Whole Patient: Meeting
Psychosocial Health Needs (IOM & NRC, 2008), did not exclusively focus on
survivors in the post-treatment period; however, the report provided a comprehensive assessment and set of recommendations regarding the state of
psychosocial care for cancer survivors, including those in the post-treatment
phase of the cancer trajectory, and how to implement psychosocial care as
a standard of practice in oncology. The second follow-up included a workshop and related summary: Implementing Cancer Survivorship Care Planning.
Both the report and the workshop summary made important recommendations for addressing the needs of cancer survivors during and after cancer
treatment, including attending to the nonmedical needs of survivors (IOM
& NRC, 2008).
On a similar timeline to the IOM and NRC reports, the CDC and
LIVESTRONG led a public health effort to address the issues faced by the
growing number of cancer survivors. Through their collaboration, the Na-
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tional Action Plan for Cancer Survivorship: Advancing Public Health Strategies was developed. According to the CDC’s website (2013, para. 1),
The National Action Plan represents the combined effort of almost 100 experts in cancer survivorship and public health. It
identifies and prioritizes cancer survivorship needs and proposes strategies for addressing those needs within four core public
health components—
• Surveillance and applied research
• Communication, education, and training
• Programs, policies, and infrastructure
• Access to quality care and services.
The National Action Plan takes a comprehensive approach, focusing on
the impact of cancer on the entire population and emphasizing collaborative, community-based activities. A public health approach includes influencing the healthcare system, providers, and policy makers who support
and can make a difference in reducing the burden of cancer on survivors.
The primary outcome of the National Action Plan was to establish a greater
awareness among the general public, policy makers, researchers, advocates,
and survivors of the role that public health can play in advancing cancer survivorship issues and to increase realization of the need to take action among
organizations (CDC, 2013). Implementing proposed strategies can ultimately improve the overall experience and quality of life of the millions of Americans who are living with, through, and beyond cancer.
Taken together, these reports created a tipping point, which pushed the
field of survivorship rapidly further. These reports have all highlighted the
fact that as the number of cancer survivors continues to increase, surveillance of the impact of cancer on long-term survivorship has never been
more relevant. These two areas, psychosocial needs and SCPs, are described
in much more depth in the following sections.

Psychosocial Needs Are a Survivorship Priority
The psychological component of cancer survivorship has been referred
to by a variety of terms, including psychological health (Andrykowski, Lykins,
& Floyd, 2008), quality of life (Bloom, Petersen, & Kang, 2007), mental health–
related quality of life (Ganz, Rowland, Desmond, Meyerowitz, & Wyatt, 1998;
Smith, Crespi, Petersen, Zimmerman, & Ganz, 2010), psychosocial factors
(Ganz, Kwan, Stanton, Bower, & Belin, 2011), depression (Bottomley, 1998),
and broader characterizations of symptoms of depression, anxiety, and posttraumatic stress disorder (PTSD) (Mehnert & Koch, 2008). Cancer Care for
the Whole Patient broadly conceptualized psychosocial challenges associated
with cancer. These certainly are not restricted to psychological or psychiatric
disorders but more generally encompass a range of emotionally relevant ex-
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periences that may cause stress, distress, or disruption in the post-treatment
period. Additionally, the report highlighted the psychosocial concerns that
are experienced by survivors’ family members and caregivers, noting the
need to address these concerns as well, for the well-being of family members,
caregivers, and survivors.
Cancer Care for the Whole Patient pointed out the degree to which psychosocial problems are intimately related to other sources of concern for cancer
survivors, such as physical and practical concerns. The report emphasized
the need for better provision of care for psychosocial concerns. The report
further highlighted the need to resolve psychosocial issues and stated that
resolution of psychosocial issues can positively influence physical and practical concerns for survivors. A central conclusion of the report was that psychosocial concerns of cancer survivors are underaddressed and undertreated. In this way, and consistent with the Lost in Transition report, the IOM and
NRC defined psychosocial care as a critical element of survivorship care and
advocated that it should be enacted following the recommendations of both
the 2006 and 2008 IOM and NRC reports.

What Are the Common Psychosocial Experiences
of Cancer Survivors?
The majority of cancer survivors do not experience clinically significant
psychological distress during or after cancer treatment. However, several (although a minority) do encounter psychological, psychosocial, and emotional concerns that are disruptive and cause for concern (Brant et al., 2011; Foster, Wright, Hill, Hopskinson, & Roffe, 2009; Gao, Bennett, Stark, Murray,
& Higginson, 2010; Harrington, Hansen, Moskowitz, Todd, & Feuerstein,
2010; Rechis et al., 2011; Rusiewicz et al., 2008; Zabora, BrintzenhofeSzoc,
Curbow, Hooker, & Piantadosi, 2001). In addition, the trajectories of survivors’ psychosocial experiences is highly variable and related to a number of
premorbid, disease, treatment, and post-treatment factors (Meyerowitz, Kurita, & D’Orazio, 2008; Stanton, 2006; Stanton, Revenson, & Tennen, 2007).
Estimates of emotional distress such as moderate to severe symptoms of
anxiety and depression among cancer survivors of multiple cancer types
range from 15%–20% (Gao et al., 2010) to 20%–30% (Deimling, Bowman,
Sterns, Wagner, & Kahana, 2006; Foster et al., 2009; Harrington et al., 2010;
van Scheppingen et al., 2011) and even up to 40% or greater (Rusiewicz et al.,
2008). Emotional issues typically rank high in lists of survivors’ unmet needs.
In a study of post-treatment ovarian cancer survivors, Kornblith et al. (2010)
found that 30% of women reported that their emotional needs were not fully met, second only to their needs regarding sexual dysfunction. A few studies have used an age-matched control design to determine whether cancer
survivors have more psychological or emotional problems than their healthy
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same-aged peers. The results of these studies have been mixed; using nationally representative data from the National Health Interview Survey, Mao et al.
(2007) found that distress was higher among people with a personal history of
cancer (26% reported emotional distress) compared to age-matched controls
with no history of cancer (16% reported emotional distress). In a study of individuals enrolled in a managed care organization, post-treatment cancer survivors were significantly more likely to have a psychiatric diagnosis (34%) than
age-matched controls (30%), driven largely by higher rates of anxiety or sleep
disorders (not including PTSD) among members with a personal history of
cancer (Earle, Neville, & Fletcher, 2007). In contrast, a study of breast cancer
survivors found that health-related quality of life did not differ between women with a history of breast cancer and age-matched controls, although menopausal symptoms and problems with sexual function were more common in
the women with a history of cancer (Ganz, Rowland, Desmond, Meyerowitz, &
Wyatt, 1998). Other studies have used instruments to measure emotional outcomes among post-treatment cancer survivors that have normative data available for comparison. These studies have generally found that the outcomes
for cancer survivors are as good as or better than population norms (Ganz et
al., 2011; Kornblith et al., 2010).
In addition to symptoms of general anxiety and depression, studies have
specifically examined symptoms of PTSD, which have been shown to be the
most commonly diagnosed psychiatric condition among newly diagnosed patients with cancer (Dausch et al., 2004). Clinically significant levels of PTSD
symptoms have been estimated at lower levels than anxiety and depression,
usually 10%–20% (Mehnert & Koch, 2008). However, in a recent study of nonHodgkin lymphoma survivors who were at least seven years post-diagnosis,
PTSD symptoms persisted or worsened over a period of five years after treatment for more than one-third of survivors (Smith, Singh-Carlson, Downie, Payeur, & Wai, 2011). In a sample of cancer survivors who were oneyear post-stem cell transplantation, Rusiewicz et al. (2008) found that PTSD
symptoms were not universally common. In fact, in their sample, some survivors reported high levels of emotional distress and symptoms of PTSD while
others reported high levels of emotional distress with no symptoms of PTSD
(i.e., symptoms of more general anxiety and depression), suggesting that
symptoms of PTSD may represent a distinct psychological experience in the
post-treatment period.
In contrast to symptoms of depression, anxiety, or PTSD, a psychological experience that often is found to be prevalent among cancer survivors
is fear of recurrence (Alfano & Rowland, 2006; McGinty, Goldenberg, & Jacobsen, 2012; Thewes et al., 2011). The percentage of post-treatment survivors who report fears of recurrence has been estimated at up to 30% (Andrykowski et al., 2008; Baker, Denniston, Smith, & West, 2005; Bloom et al.,
2007; Foster et al., 2009; Meyerowitz et al., 2008; Stein, Syrjala, & Andrykow
ski, 2008). Fears of recurrence are more common among survivors with oth-
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er psychological concerns, such as symptoms of anxiety and depression, but
interestingly, fears of recurrence have not always been shown to significantly disrupt quality of life (Deimling et al., 2006). This may be partly because
fears of recurrence occur in conjunction with follow-up tests and treatments,
thereby leaving long stretches of time when cancer survivors may be able to
keep fears of recurrence successfully at bay (Deimling et al., 2006; Hewitt
et al., 2006). Importantly, for many survivors, fear of recurrence originates
with the knowledge that a second cancer or recurrence is possible as a result
of genetics or treatment and its side effects.
Accordingly, a psychosocial concern that consistently characterizes the
end of cancer treatment is a need for information (Cappiello, Cunningham, Knobf, & Erodos, 2007). The provision of this information appears to
be related to a more positive adjustment in the post-treatment period. For
example, Jones et al. (2010) showed that self-efficacy and perceived preparedness account for significant amounts of variance in distress among
women finishing treatment for breast cancer. In this way, the SCP can be
thought of as an information intervention designed to reduce distress, improve efficacy, and meet some of the most common psychosocial needs of
cancer survivors. Further research is needed to test that conclusively. Lost
in Transition (Hewitt et al., 2006) defined the SCP as a document that includes both a treatment summary and instructions about follow-up care.
Five specific elements were identified, adapted from the President’s Cancer Panel (2004), including
• A treatment summary that identifies cancer type, treatments prescribed,
and the potential late effects of those treatments
• Detailed instructions about the content and timing of recommended follow-up care
• Preventive health recommendations beyond follow-up care specifically for
the type of cancer
• Information about practical considerations and protections related to employment and health insurance
• Information on available psychosocial resources in the survivor’s community.

The Survivorship Care Plan: A Key Strategy for Improving
Survivorship Care
Given the myriad physical, psychosocial, and practical concerns cancer
survivors face as well as the critical elements of survivorship care defined by
Lost in Transition (Hewitt et al., 2006), the SCP is naturally a multifaceted
document. One of the primary functions that the SCP is intended to serve
is to improve communication across the providers involved in the survivor’s
care and to improve care coordination.
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Coordination of care for the person with cancer is an important component of quality cancer care. This coordination should be patient centered
and include coordination within the interdisciplinary oncology team (surgery, medical oncology, radiation, nursing, and other supportive services)
and with the patient’s PCP. Different models for delivering survivorship care
have been proposed (Oeffinger & McCabe, 2006). These include care delivered by the oncology team, care delivered by a PCP, shared care from both
providers, or care provided in a specialty nurse-led survivorship clinic. To
date, research has documented better patient outcomes with shared care between primary care and specialty providers. For example, in a study of 5,965
breast cancer survivors without evidence of recurrence, the participants received more mammograms when followed by an oncologist and more noncancer preventive services when followed by a PCP. However, women did better when followed by both providers in a shared care model (Earle, Burstein,
Winer, & Weeks, 2003). In another study of 1,225 advanced colon cancer
survivors, 43% received the flu vaccination (68% of those vaccinations were
delivered by a PCP) and had fewer chemotherapy interruptions and survived longer than those patients who did not receive the vaccination (Earle, 2003). In a survey of providers at one cancer center, both oncology physicians and nurses preferred a disease-specific survivorship clinic with access
to other supportive care services. Differences of opinion exist as to when
that care should be delivered (e.g., from diagnosis onward, or at the end of
active treatment) (Gage et al., 2011). The clinical practices, patient volume,
and available resources will determine the model of care (Campbell et al.,
2011).
Care coordination is especially important as active cancer treatment
ends. Yet, care coordination has been fraught with communication problems and lack of role clarity (Grunfeld & Earle, 2010). Potosky et al. (2011)
surveyed more than 2,000 PCPs and oncologists about their views of the
cancer care continuum. Significant differences existed among the oncologists in their beliefs and attitudes about their own and each other’s ability
and role in providing care. When asked about the preferred model of cancer care delivery, oncologists ranked oncology-led care higher (57%), and
PCPs ranked shared care higher (59%) as the preferred model of cancer
care delivery (Potosky et al., 2011). Although PCPs were less confident in
their abilities to test for recurrences or to identify and manage the physical effects of treatment, both groups lacked knowledge in providing survivorship care. In another study of PCPs and oncologists, similarities and differences in role implementation were identified (Klabunde et al., 2009).
Both had roles in managing pain, establishing do-not-resuscitate status,
and making referrals to hospice. PCPs had a greater role in managing comorbid conditions and evaluating and treating depression, whereas oncologists had a greater role in establishing treatment goals and plans with the
patient.
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Lack of adult survivorship guidelines and lack of training were cited as barriers to having PCPs provide survivorship care (Bober et al., 2009).This varied by tumor type and type of problem (Smith et al., 2011). The City of Hope
National Medical Center provided survivorship care training to implement
the IOM recommendations to 204 multidisciplinary teams. The result was
significantly improved effectiveness, receptiveness, and comfort in providing
survivorship care in the teams’ practice settings 12 months after participation
(Grant, Economou, Ferrell, & Uman, 2012).
Cheung, Neville, Cameron, Cook, and Earle (2009) found discordance between patients and PCPs and oncology providers and among providers in survivorship care expectations. When survivorship care conversations occurred,
there was less discordance about expectations as to who was going to deliver
which component of care. Almost half (47.4%) of long-term survivors (more
than five years) had at least one unmet need (mean 2.8), especially concerns
about recurrence and needing to know that their healthcare providers discussed their needs and coordinated their care (Harrison et al., 2011). Survivors reflected concerns about turning to their PCP for unmet cancer-related
needs (Harrison et al., 2011). Survivors did not perceive their PCPs as experts or considered them to be too busy and difficult to talk to about longterm issues because of the gaps in PCP care during cancer treatment. At the
same time, survivors have voiced interest in having their PCP share their care
with their oncologist (Hall, Samuel, & Murchie, 2011; Mayer, Gerstel, Leak,
& Smith, 2012). Patients develop powerful relationships with their oncologist,
making the emotional shift to their PCP difficult. This is especially true if the
PCP has not remained involved during the initial cancer diagnosis and treatment (Kantsiper et al., 2009; Mayer, Gerstel, Leak, et al., 2012).
Healthcare reform has the potential to facilitate the development of medical homes for cancer survivors, which may address many of these issues.
According to the National Committee for Quality Assurance (NCQA, n.d.,
para. 2),
A patient-centered medical home is a healthcare setting that facilitates partnerships between individual patients, and their personal physicians, and when appropriate, the patient’s family.
Care is facilitated by registries, information technology, health
information exchange and other means to assure that patients
get the indicated care as needed and desired in a culturally and
linguistically appropriate manner.

Empirical and Theoretical Support for Survivorship Care Plans
Evidence is slowly accumulating about the development, implementation,
and evaluation of SCPs. Salz, Oeffinger, McCabe, Layne, and Bach (2012)
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provided an in-depth review of the existing literature about SCPs from the
survivor, PCP, and oncologist perspectives. Although most think that having an SCP is a good idea, there is greater variability regarding the amount
and type of content, format (paper or electronic), and timing and process
of delivery (Mayer, Gerstel, Leak, et al., 2012). Although some cancer programs create their own SCP templates, several templates are available, including those from the American Society of Clinical Oncology (www.cancer
.net/survivorship/asco-cancer-treatment-summaries), LIVESTRONG (www
.livestrongcareplan.org), and Journey Forward (http://journeyforward.org)
(Hausman, Ganz, Sellers, & Rosenquist, 2011).
Few studies have measured the processes related to developing and delivering SCPs or their impact on patient outcomes. In a Canadian randomized
study of 408 breast survivors in nine cancer centers, half received a 30-minute
visit with a nurse who reviewed and delivered a tailored SCP, which was
also provided to the patient’s PCP (Grunfeld et al., 2011). Patients who received the SCP were clearer about which provider was responsible for follow-up care but did not demonstrate any significant differences in levels of
distress, quality of life, or satisfaction with care. In preliminary data in patients with early-stage colon cancer, Mayer, Gerstel, Walton, et al. (2012)
found that preparing the SCP took an average of 45 minutes for patients
who only had surgery and 90 minutes for patients who had undergone surgery and chemotherapy. Other process and outcome measures are currently being analyzed. Although visits for delivering the SCP are covered
by insurers, the preparation time is not. Both the time and lack of reimbursement for SCPs pose barriers that need to be addressed for more widespread adoption to occur. PCPs have found the SCP to be helpful, especially regarding surveillance (Shalom, Hahn, Casillas, & Ganz, 2011). More
research is needed to evaluate the impact of SCPs (Earle, 2007; Hahn &
Ganz, 2011).
SCPs are positioned to address the key components of effective strategies
in cancer care as outlined by Epstein and Street’s 2007 report, Patient-Centered
Communication in Cancer Care: Promoting Healing and Reducing Suffering. Six
core functions of patient-provider communication interact to improve
health outcomes (Epstein & Street, 2007):
• Exchanging information
• Responding to emotions
• Managing uncertainty
• Enabling patient self-management
• Fostering healing relationships
• Making decisions.
Each of these core functions can be linked to the key features of the SCP
as described in Lost in Transition (Hewitt et al., 2006); thus, the SCP becomes
an information intervention within the context of care planning. The SCP
serves multiple functions: promote effective information exchange and de-

Chapter 20. Cancer Survivorship Support

●

983

cision making; promote survivor efficacy and self-management and decrease
uncertainty; and foster effective patient-provider communication. Ultimately, care planning leads to improved health outcomes over the balance of the
survivor’s life.
Adoption of SCPs in practice is occurring slowly. In 2012, six years after
the IOM recommendation, less than half (43%) of National Cancer Center
(NCI)-designated cancer centers delivered SCPs to their breast and colorectal cancer survivors (Salz et al., 2012). That may change because at least two
organizations, the American Society of Clinical Oncology (with its Quality
Oncology Practice Initiative) and the American College of Surgeons Commission on Cancer, have included SCP requirements in standards that reflect quality cancer care (see Figure 20-5 and Tables 20-1 and 20-2). These
standards require the development and delivery of an SCP to the survivor
and PCP within three months of completion of chemotherapy. However,
they do not address SCPs for patients who have undergone surgery or radiation therapy.
Impending workforce shortages in oncology and primary care are anticipated to affect the challenges in addressing the transition from cancer patient to cancer survivor. The survivor, oncology team, and PCP all have a role
in knowing about and delivering evidence-based or consensus-developed
monitoring, follow-up care, and health promotion. Survivorship care that
promotes healthy lifestyle behaviors while addressing concerns about recurrence, regardless of where and who delivers it, will contribute to survivors’ overall quality of life and well-being (Howell et al., 2011).

Figure 20-5. Institute of Medicine Survivorship Care Plan
Recommendations
Patients completing primary treatment should be provided with a comprehensive care
summary and follow-up plan that is clearly and effectively explained. This “Survivorship
Care Plan” should be written by the principal provider(s) who coordinated oncology treatment. This service should be reimbursed by third-party payers of health care.
Such a care plan would summarize critical information needed for the survivor’s longterm care:
• Cancer type, treatments received, and their potential consequences;
• Specific information about the timing and content of recommended follow-up;
• Recommendations regarding preventive practices and how to maintain health and
well-being;
• Information on legal protections regarding employment and access to health insurance; and
• The availability of psychosocial services in the community.
Note. From From Cancer Patient to Cancer Survivor: Lost in Transition (p. 151), by M. Hewitt, S.
Greenfield, and E. Stovall (Eds.), 2006, Washington, DC: National Academies Press. Copyright 2006
by the National Academy of Sciences. Reprinted with permission.
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Table 20-1. Survivorship Care Plan Standards
Organization/Source
American Society of Clinical Oncology’s
Quality Oncology Practice Initiative
http://qopi.asco.org/Documents/QOPI
-Spring-2012-Measures%20Summary.pdf

American College of Surgeons Commission on Cancer’s Cancer Program Standards 2012: Ensuring Patient-Centered
Care
www.facs.org/cancer/coc
/programstandards2012.pdf

Standard
Quality indicators in audit regarding survivorship:
• Chemotherapy treatment summary provided to patient within 3 months of chemotherapy end
• Chemotherapy treatment summary provided or communicated to practitioner(s)
within 3 months of chemotherapy end
• Chemotherapy treatment summary process completed within 3 months of chemotherapy end
Standard 3.3: Survivorship Care Plan (implementation by 2015): The cancer committee develops and implements a process
to disseminate a comprehensive care summary and follow-up plan to patients with
cancer who are completing cancer treatment. The process is monitored, evaluated,
and presented at least annually to the cancer committee and documented in minutes.
• A survivorship care plan is prepared by
the principal provider(s) who coordinated the oncology treatment for the patient with input from the patient’s other
care providers.
• The survivorship care plan is given to
the patient at completion of treatment.
• The written or electronic survivorship
care plan contains a record of care received, important disease characteristics, and a follow-up care plan incorporating available and recognized evidence-based standards of care, when
available.

The National Coalition for Cancer Survivorship was founded in 1986 and
the National Cancer Institute launched the Office of Cancer Survivorship in
1996, both important events in bringing survivorship issues to the forefront.
Oncology healthcare teams have now realized the many unmet needs of survivors and have begun addressing them. We need to educate PCPs about
these unmet needs and how to assess and address them. Lack of commitment from oncology team leadership to support practice changes is a barrier to delivering this care and in systematically instituting SCPs into this
care (Campbell et al., 2011). Further evidence regarding the benefits of
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Table 20-2. Evaluating the Impact of Cancer Survivorship Care Planning
Level of Impact

Metrics for Success

Survivor level

Improved (perceived) patient/doctor communication
Improved understanding of needed follow-up tests, their purpose
and periodicity, and who will conduct these
Better understanding of potential late effects of illness and what
symptoms might be important to report
Better adherence to recommended follow-up activities
Improved ability to identify providers and resources to address persistent effects of cancer and its treatment
Decreased cancer-related morbidity
Improved health-related quality of life and function
Improved healthy lifestyle choices
Potentially, improved overall survival

Clinician level

Improved (perceived) doctor/patient communication
Improved doctor/doctor communication
Better ability to coordinate care
Improved knowledge about and ultimately standardization of followup care behaviors
Improved ability to monitor survivor’s health and implement changes in care in response to new information about treatment exposures and follow-up needs

System level

Reduced duplication of services
Improved access to information necessary to guide follow-up care;
less time spent searching for this

Note. From “Cancer Survivorship Plans: A Paradigm Shift in the Delivery of Quality Cancer Care” (p.
180), by J.H. Rowland and P.A. Ganz in M. Feuerstein and P. Ganz (Eds.), Health Services for Cancer
Survivors: Practice, Policy and Research, 2011, New York, NY: Springer. Copyright 2011 by Springer
Science + Business Media. Reprinted with permission.

SCPs is still needed, but we must remember that this SCP recommendation was meant as a tool to facilitate communication and coordination of
care (Smith & Synder, 2011; Stricker, Jacobs, & Palmer, 2012; Stricker et
al., 2011). The dissemination of research findings and best practices to enhance communication and coordination of care needs to occur for all cancer survivors to benefit from our expanding knowledge about the issues
they face, whether they receive a SCP or not (Pollack, Hawkins, Peaker, Buchanan, & Risendal, 2011).

National Initiatives on Cancer Survivorship
Since 2011, three key initiatives have launched to move the field of survivorship forward and to help address key issues that cancer survivors face.
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These initiatives are the National Cancer Survivorship Resource Center, the
Grid-Enabled Measures (GEM) Care Planning Measures Project, and the
LIVESTRONG Essential Elements of Survivorship Care.

National Cancer Survivorship Resource Center
The National Cancer Survivorship Resource Center (The Survivorship
Center) is a collaboration between the American Cancer Society and the
George Washington Cancer Institute funded by a five-year cooperative agreement from the CDC. Its goal is to shape the future of cancer survivorship
care and improve the quality of life of cancer survivors as they transition from
treatment to recovery. Resources are being developed for both the provider and patient communities. More information can be found on the American Cancer Society’s website (www.cancer.org/Treatment/Survivorship
DuringandAfterTreatment/NationalCancerSurvivorshipResourceCenter).

Grid-Enabled Measures Care Planning Measures Project
An initiative from the NCI, the GEM database is “an interactive website
containing behavioral, social science, and other scientific measures organized by theoretical constructs. GEM enables researchers to collaborate with
others, encourages the use of common measures, and facilitates the sharing
of harmonized data” (NCI, 2012, para. 1). Specifically, GEM uses technology-mediated social participation to engage a broad group of stakeholders
in collaborative processes including consensus building, with the goal of advancing progress on priority issues in cancer prevention and control.
At the time that this chapter was being written, a specific initiative known
as GEM-CP was underway to identify and build consensus on target measures for use in studies of survivorship care planning. The goal of the ongoing GEM-CP process is to facilitate progress in survivorship care planning research by encouraging investigators to use common measures in their care
planning studies. Standardizing measures used in care planning research
will result in opportunities to harmonize data across multiple efforts so that
the care planning evidence base grows efficiently and more rapidly than if
investigators continue working in isolation (NCI, 2012).
Since the GEM-CP initiative began in February 2012, nearly 500 individuals have visited the GEM-CP workspace, which includes 123 measures nominated by the community to be considered for standardized use in care planning research. The process of building consensus around which of these
123 measures are “best” for use in care planning research is ongoing and remains open to public comment. Visit www.gem-beta.org/Public/Home.aspx
to learn more. Support is growing for measures that capture quality of life,
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functioning, care coordination, distress, health behavior, and fatigue (Beckjord & Naveed, 2012).

LIVESTRONG Essential Elements Meeting
In 2011, LIVESTRONG convened a meeting of care providers, researchers, advocates, and survivors to more specifically define such critical—or essential—elements of survivorship care. The meeting was built upon the conclusions of Lost in Transition as well as Cancer Care for the Whole Patient. The work
was informed by the existing literature related to survivorship care, the survivorship care activities documented at NCI-designated Comprehensive Cancer
Centers (NCI, 2006), and the processes of care at the LIVESTRONG Survivorship Centers of Excellence (Rechis, Eargle, Dutchover, & Berno, n.d.).
The Essential Elements meeting used a modified-Delphi process (RAND
Corporation, 1968) to drive consensus among participants on the essential elements of survivorship care. Through an iterative process, the group
moved from an initial universe of elements of survivorship care to a list of
five high-consensus essential elements of survivorship care that the vast majority of meeting participants agreed were elements that must be provided
to cancer survivors following treatment. Additionally, the group supported
an additional 15 elements of survivorship care that medical settings should or
should strive to provide to all post-treatment cancer survivors.
The elements of care were further divided into three tiers as follows (Rechis, Beckjord, Arvey, Reynolds, & Goldrick, 2012).
Tier 1: Consensus Elements
All medical settings must provide direct access to or referral for the following elements of care:
• SCP, psychosocial care plan, and treatment summary
• Screening for new cancers and surveillance for recurrence
• Care coordination strategy, which addresses care coordination with PCPs
and primary oncologists
• Health promotion education
• Symptom management and palliative care.
Tier 2: High-Need Elements
All medical settings should provide direct access to or referral for these elements of care for high-need patients and to all patients when possible:
• Late effects education
• Psychosocial assessment
• Comprehensive medical assessment
• Nutrition services, physical activity services, and weight management
• Transition visit and cancer-specific transition visit
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Psychosocial care
Rehabilitation for late effects
Family and caregiver support
Patient navigation
Educational information about survivorship and program offerings.

Tier 3: Strive Elements
All medical settings should strive to provide direct access to or referral for
these elements of care:
• Self-advocacy skills training
• Counseling for practical issues
• Ongoing quality improvement activities
• Referral to specialty care
• Continuing medical education.
Among the five high-consensus elements, the element with the most consistent support from meeting participants was the provision of an SCP, which
included a treatment summary and a psychosocial care plan. The prioritization of this element is consistent with the conclusions and recommendations of Lost in Transition and Cancer Care for the Whole Patient and highlights
the need for continued work to identify best practices for the development
and implementation of SCPs. In addition to the elements themselves, three
key additional recommendations were made as follows.
• Refine the definitions of the essential elements of survivorship care delivery.
• Conduct research to expand the evidence base supporting the essential
elements.
• Integrate survivorship care into practice.
Taken together, these recommendations can help to better define the
field of survivorship, the potential impact of these essential elements, and
the possibility for integrating survivorship into care across the country.
Many notable organizations have developed key strategies, including the
new research priorities set forth by the Oncology Nursing Society (2009–
2013 Oncology Nursing Society Research Agenda Team, 2009), and specific accreditation standards, such as the patient-centered standards set out by
the Commission on Cancer (2012). Many of these initiatives and key findings from the research were showcased and shared at the NCI, American
Cancer Society, LIVESTRONG, and CDC Biennial Survivorship Conference.
It is only through these collaborative endeavors that healthcare professionals can fully address the needs of post-treatment survivors.

Summary
Survivorship care has come to the forefront as a critical issue as the number of survivors continues to increase. To address complex issues experi-

Chapter 20. Cancer Survivorship Support

●

989

enced by people with cancer after treatment ends, innovative solutions that
rely on the multidisciplinary care team are necessary. The survivorship period can last for 10, 20, 30 years, or even longer for pediatric and adolescent
survivors. Although more research is needed to understand how to improve
outcomes for all cancer survivors, current literature indicates that survivorship programs that fit the patient population, setting, and political environment can have a positive impact on survivors.
However, as the cancer survivor population continues to grow and the
pool of oncologists becomes more limited, the role of other oncology professionals, such as oncology nurses, in assisting with care coordination and
provision of care will also continue to grow. Well-informed oncology nurses
and nurse practitioners can help to provide the care needed for cancer survivors after completion of treatment. Although not an all-encompassing list
of resources on survivorship, Table 20-3 includes a list of resources for nurses
and other health professionals including both patient materials and provider tools and trainings that can be helpful in implementing survivorship
care in daily practice. More in-depth information can be found in Chapter 21.
As Angie noted at the beginning of this chapter, one never knows exactly
how he or she will react to the dreaded phrase “I’m sorry; you have cancer.”
Table 20-3. Survivorship Resources
Organization

Types of Information Available

American Cancer Society (ACS)
www.cancer.org/Treatment/
SurvivorshipDuringandAfter
Treatment/index

ACS includes information and links to resources
for providers on staying active and healthy during
and after cancer treatment. Additionally, they include information on dealing with the possibility
of cancer recurrence.

American Society of Clinical Oncology (ASCO)
www.cancer.net/patient/Survivorship

ASCO’s Cancer.Net provides an introduction to
survivorship including patient information that address the recommendations made in the Institute
of Medicine report.

City of Hope and Memorial SloanKettering Cancer Center
www.cityofhope.org

City of Hope Department of Nursing Research &
Education and Memorial Sloan-Kettering Cancer
Center collaborate in providing a National Cancer Institute–funded program to educate competitively chosen professional nurses from cancer settings across the nation in cancer survivorship. This program will be offered four times
over the next five years alternating between West
Coast and East Coast settings.
(Continued on next page)
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Table 20-3. Survivorship Resources (Continued)
Organization

Types of Information Available

Commission on Cancer (CoC)
www.facs.org/cancer

CoC includes information about its new patientcentered standards as well as a repository that
contains tools and best practice resources designed to help cancer programs meet the CoC
Program Standards.

LIVESTRONG
www.livestrong.org/What-We-Do
/Our-Actions/Professional-Tools
-Training

LIVESTRONG includes information about services and materials that can help nurses support their
patients as well as information about training available to support nurses in their careers. Additionally,
LIVESTRONG includes the LIVESTRONG Care
Plan powered by Penn Medicine’s OncoLink, which
is a tool developed by nurses.

National Cancer Institute
http://dccps.nci.nih.gov/ocs

NCI offers critical information for patients and
providers and includes extensive information
about research in survivorship.

National Coalition for Cancer Survivorship (NCCS)
www.canceradvocacy.org
/resources

NCCS offers free resources on various issues for
people living with, through, and beyond cancer.
All of the resources can be useful to people diagnosed with cancer as well as their family members, friends, and caregivers

Although it may not yet be possible to take the sting out of those horrible
words, if we take a collaborative patient-centered approach, we can make the
cancer journey over the long term that much easier to survive.
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CHAPTER 21

Public and Professional
Cancer Resources
Paula McGuire Saunders, MSW, and
Rev. Veronica A. Clarke-Tasker, PhD, RN, MBA, MPH

Introduction
Patients and families are instantly saturated with fear and uncertainty when
their physician speaks the life-changing words that confirm a cancer diagnosis. As they work through the immediate whirlwind of emotions and numbness, public and professional cancer resources become the most important assets in their lives for endurance outside their own human spirit and zeal.
Resources cover an array of crucial components to support patients and
families during illness and treatment. Educational resources are available to
help them learn about their illness and understand treatment options. Psychosocial resources help patients and their families to cope and adjust. They aid in
normalizing lifestyle changes that patients and families face daily. Financial resources provide options to maintain household finances and personal assets.
Essentially, resources of any kind provide access to information and knowledge
that empowers patients and families to preserve their dignity and self-worth.
Public and professional cancer resources are available on many levels including community, county, state, and national. Access varies with each resource. Patients and families access resources based on their disease type,
household income, and sometimes, their culture or ethnicity. Resources can
be obtained via the Internet, with a phone call, or by a written or verbal application process. Some resources must be initiated by the healthcare professional and others by patients and families.
Patients and families will require resources of some type at some point
during the cancer experience regardless of their income level, coping skills,
cultural background, or support system. Some will gladly accept assistance,
whereas others may shun it. Some will accept the resource as soon as it is of-
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fered. Others may need to be reminded to consider previously presented options. Their willingness or lack of interest to access resources reveals a great
deal about their personality, coping style, and support system.
Patients and families depend on healthcare professionals for tangible
physical and psychosocial resources. Healthcare professionals are obligated
to learn about available resources and share them. Healthcare professionals
must know what the resources provide, be familiar with how to access them,
and decipher which ones are available and appropriate for each patient. Referring patients and families to resources encourages them to be active in
their cancer experience and maintain a sense of responsibility. Connecting
them to public and professional cancer resources helps the medical team to
provide comprehensive treatment and care.
A plethora of cancer resources are available locally, nationally, and internationally to support patients, families, caregivers, and healthcare providers.
The agencies and organizations that follow are nationally based resources and
include the following areas: public psychosocial and financial, cultural, educational and research, and professional cancer resource (see Tables 21-1–21-4).
A select list of international professional organizations is found in Table 21-5.
Table 21-1. Public Psychosocial and Financial Cancer Resources
Organization

Description

Bone Marrow Foundation
30 East End Ave
Suite 1F
New York, NY 10028
Telephone: 212-838-3029
Toll Free: 800-365-1336
Fax: 212-223-0081
www.bonemarrow.org

The Bone Marrow Foundation supports patients, their families, and caregivers throughout the bone marrow, stem
cell, or cord blood transplantation. It was founded in 1992
to improve the quality of life for children and adults who are
undergoing transplantation for leukemia and many other
cancers and genetic disorders. The foundation is the only
organization of its kind that does not limit assistance to a
specific disease, type of transplant, or age range. They offer patient aid programs, fundraising assistance, a support
line, expert assistance, and educational handbooks. All
services are offered free to patients and their families.

CancerCare, Inc.
275 7th Ave
New York, NY 10001
Telephone: 212-712-8400
Toll Free: 800-813-HOPE
(800-813-4673)
Fax: 212-712-8495
www.cancercare.org

CancerCare is a national nonprofit organization whose mission is to provide free professional support services to anyone affected by cancer, including individuals with cancer,
caregivers, children, loved ones, and the bereaved. CancerCare programs are offered by trained oncology social
workers and include counseling, education, financial assistance, and support groups. Founded in 1944, CancerCare
has more than 100 staff members who provide help to more
than 100,000 people each year, in addition to the 1.4 million
people who gain information and resources from its website.
They also host online support groups.
(Continued on next page)
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Table 21-1. Public Psychosocial and Financial Cancer Resources
(Continued)
Organization

Description

Leukemia and Lymphoma
Society
1311 Mamaroneck Ave
Suite 310
White Plains, NY 10605
Telephone: 914-949-5213
Toll Free: 800-955-4LSA
(800-955-4572)
www.lls.org

The Leukemia and Lymphoma Society reports to be the
world’s largest voluntary health organization dedicated to
funding blood cancer research, education, and patient services, including psychosocial and financial support. Its
mission is to cure hematologic malignancies, such as leukemia, lymphoma, Hodgkin lymphoma, and multiple myeloma, and improve the quality of life of patients and their
families. Local chapters are available in most states.

LIVESTRONG Cancer
Navigation Center
2201 E. Sixth St
Austin, TX 78702
Telephone: 877-236-8820
Fax: 866-673-7205
www.livestrong.org

The LIVESTRONG Cancer Navigation Center provides a
range of free services for anyone affected by cancer. This
includes people diagnosed with cancer and their families,
friends, and loved ones, as well as the healthcare professionals who work with them. They help people with any
cancer type and at any stage of treatment. Assistance is
available in both English and Spanish. The Cancer Navigation Center provides free, confidential one-on-one support to anyone affected by cancer. The center provides the
following support services: emotional support; fertility risks
and preservation options; insurance, employment, and financial concerns; and treatment concerns. They also provide training, tools, and information on issues related to
cancer to healthcare professionals, nonprofit or community
leaders, and educators.

Look Good Feel Better
1101 17th St, NW
Suite 300
Washington, DC 20036
Telephone: 202-331-1770
www.lookgoodfeelbetter
.org

Look Good Feel Better is dedicated to improving the selfesteem and quality of life of people undergoing cancer
treatment. The goal of the organization is to improve the
self-image and appearance of patients through complimentary group, individual, and self-help beauty sessions
in an effort to create a sense of support, confidence, courage, and community. The organization was created in 1989
by the Cosmetic, Toiletry, and Fragrance Association and
started with one patient. It has developed and forged a
strong partnership with the American Cancer Society and
the National Cosmetology Association.

National Breast Cancer
Foundation, Inc.
2600 Network Blvd
Suite 300
Frisco, TX 75034
www.nationalbreastcancer
.org

The National Breast Cancer Foundation is committed
to spreading knowledge and fostering hope in the fight
against breast cancer. The organization funds early detection tests and free mammograms for women who are unable to afford them. They also support research programs
in leading nationwide facilities.

(Continued on next page)
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Table 21-1. Public Psychosocial and Financial Cancer Resources
(Continued)
Organization

Description

National Coalition for Cancer Survivorship (NCCS)
1010 Wayne Ave
Suite 770
Silver Spring, MD 20910
Telephone: 301-650-9127
Fax: 301-565-9670
www.canceradvocacy.org

NCCS reports to be the oldest survivor-led cancer advocacy organization in the United States, advocating for quality cancer care for all people touched by cancer and providing tools that empower people to advocate for themselves. NCCS’s flagship program is the award-winning
Cancer Survival Toolbox, a self-learning audio series developed by leading cancer organizations to help patients
develop crucial skills to understand and meet the challenges of their illness. NCCS convenes other cancer organizations to address national public policy issues affecting cancer survivors.

National Hospice and Palliative Care Organization
(NHPCO)
1731 King St
Alexandria, VA 22314
Telephone: 703-837-1500
Toll Free: 800-658-8898
Fax: 703-837-1233
www.nhpco.org

NHPCO reports to be the largest nonprofit membership organization representing hospice and palliative care programs and professionals in the United States. The organization’s mission is to lead and mobilize social change for
improved care at the end of life. In addition to advocating
for the terminally ill and their families, NHPCO develops
public and professional educational programs and materials to enhance the understanding and availability of hospice and palliative care and works closely with other organizations that share an interest in end-of-life care.

National Marrow Donor
Program (NMDP)
3001 Broadway St, NE
Suite 100
Minneapolis, MN 55413
Telephone: 612-627-5800
Patient Services, Toll Free:
888-999-6743
General Information, Toll
Free: 800-MARROW-2
(800-627-7692)
www.marrow.org

NMDP is a nonprofit organization that considers itself the
global leader in providing bone marrow and umbilical cord
blood (UCB) transplants to patients in need. They operate
the Be The Match Registry, the world’s largest listing of potential marrow donors and donated UCB units and raise
funds to help provide transplants to all patients through the
Be The Match Foundation. They match patients with donors, educate healthcare professionals, and conduct research through their research arm, the Center for International Blood and Marrow Transplant Research in order to
save lives. Their registry currently has more than 9.5 million donors and nearly 165,000 UCB units. NMDP supports patients with resources and services, educates physicians and healthcare workers, conducts and supports
cutting-edge research, and develops innovative tools, systems, and services.

NeedyMeds, Inc.
PO Box 219
Gloucester, MA 01930
www.needymeds.com

NeedyMeds is an Internet site that provides user-friendly
links to state organizations that offer financial assistance
and prescription assistance programs across the nation.
NeedyMeds is a nonprofit organization with the mission of
helping people who cannot afford to pay for their medication.
(Continued on next page)
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Table 21-1. Public Psychosocial and Financial Cancer Resources
(Continued)
Organization

Description

Patient Advocate Foundation (PAF)
421 Butler Farm Rd
Hampton, VA 23666
Toll Free: 800-532-5274
Fax: 757-873-8999
www.patientadvocate.org

PAF is a nonprofit organization with a mission to safeguard
patients through effective mediation, ensuring access to
care, maintenance of employment, and preservation of financial instability. Their mission is to assist patients with
medical debt crisis, insurance access issues, and job retention issues. Direct patient services are provided to patients nationwide at no cost. PAF case managers are specialized in the areas of oncology nursing, coding and billing, preauthorization approvals, expedited appeals, expedited application for federal and state assistance, and disability. They resolve debt crisis related to diagnosis; mediate insurance appeals; negotiate access to pharmaceuticals agents, chemotherapy, medical devices, and surgical
procedures; and broker resources to supplement the limits
of insurance and to ensure access to care for the insured,
underinsured, and uninsured.

Social Security Administration
Office of Public Inquiries
Windsor Park Building
6401 Security Blvd
Baltimore, MD 21235
Toll Free: 800-772-1213
www.ssa.gov

The U.S. Social Security Administration is a self-governing agency of the U.S. federal government that administers
Social Security, a social insurance program consisting of
retirement, disability, and survivors benefits. To qualify for
these benefits, most American workers pay Social Security taxes on their earnings; future benefits are based on the
employee’s contributions.

Susan G. Komen for the
Cure
5005 LBJ Freeway
Suite 250
Dallas, TX 75244
Telephone: 972-855-1600
Toll Free: 877-465-6636
www.komen.org

Susan G. Komen for the Cure is a national, nonprofit volunteer organization dedicated to education and research
on breast cancer causes, treatment, and the search for a
cure. The foundation has a national and international presence, with more than 100 affiliates in the United States
alone. The organization is considered a global leader in
the fight against breast cancer and has invested more
than $1.9 billion since its inception in 1982. It has a strong
community presence and is widely known for its Susan
G. Komen Race for the Cure and Susan G. Komen 3-Day
events.

YWCA USA ENCORE
Office of Women’s Health
Initiatives
624 Ninth St, NW
3rd Floor
Washington, DC 20001
Telephone: 202-628-3636
www.ywca.org

YWCA has a several community-based outreach programs, including the YWCA USA ENCORE program that
provides support for women with breast cancer. Callers
can receive information on early detection of and screening for breast and cervical cancer. Peer support groups, a
referral program, and a special exercise program are available. The program is available in select local YWCA organizations and varies in services offered.
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Table 21-2. Culturally Specific Cancer Resources
Organization

Description

Association of American
Indian Physicians (AAIP)
1225 Sovereign Row,
Suite 103
Oklahoma City, OK 73108
Telephone: 405-946-7072
Fax: 405-946-7651
www.aaip.org

AAIP is dedicated to pursuing excellence in Native American health care by promoting education in the medical disciplines, honoring traditional healing principles, and restoring the balance of mind, body, and spirit. Services include
assisting Indian communities and providing medical education and cross-cultural training between Western and
traditional medicine. The organization motivates American Indian and Alaska Native students to remain in the academic pipeline and to pursue careers in health care and
biomedical research.

Association of Black Psychologists, Inc. (ABPsi)
7119 Allentown Rd
Suite 203
Ft. Washington, MD 20744
Telephone: 202-722-0808
Fax: 202-722-5941
www.abpsi.org

ABPsi was founded in San Francisco in 1968. The organization’s mission is to emphasize the significant social
problems and mental health needs within Black communities as well as those facing Black psychologists. The association is organized to support and advance the profession
of Black psychology. ABPsi promotes a positive impact on
mental health in the Black community through programs,
training, and advocacy. The organization’s main objectives
are to influence change and to address important social
problems affecting the Black community.

Chinese American Medical Society
41 Elizabeth St
Suite 600
New York, NY 10013
Telephone: 212-334-4760
Fax: 646-965-1876
www.camsociety.org

The American Chinese Medical Society was established.
In 1964 by a small group of Chinese physicians. In 1986,
the name was changed to Chinese American Medical Society. The society is incorporated as a nonprofit, charitable,
educational, and scientific society. The purpose of the organization is to promote the scientific association of medical professionals of Chinese descent, advance medical
knowledge and scientific research with emphasis on aspects unique to the Chinese, establish scholarships to
medical and dental students and provide endowments to
medical schools and hospitals of good standing, and promote the health status of Chinese Americans.

Intercultural Cancer Council (ICC)
Baylor College of Medicine
One Baylor Plaza
MS620 – Suite 8.68
Houston, TX 77030
Telephone: 713-798-5424
Fax: 713-798-3990
www.iccnetwork.org

ICC works to help medically underserved, ethnic, and minority populations in the United States that are unequally
affected by cancer. ICC believes that all people in the United States, particularly minorities who are medically underserved and cancer survivors, must have access to the
healthcare system. They believe cancer care starts with
prevention and encompasses detection, diagnosis, and
treatment and should include survivor programs. ICC believes that more research and control programs should be
conducted on cancers that are among racial and ethnic minorities and the medically underserved.
(Continued on next page)
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Table 21-2. Culturally Specific Cancer Resources (Continued)
Organization

Description

National Association of
Hispanic Nurses (NAHN)
1455 Pennsylvania Ave
Suite 400
Washington, DC 20004
Telephone: 202-387-2477
Fax: 202-483-7183
www.thehispanicnurses
.org

NAHN is a nonprofit association dedicated to the promotion of Hispanic nurses by providing equal access to educational, professional, and economic opportunities. NAHN
works toward recruitment and retention of Hispanic students in nursing education programs in order to increase
the number of bilingual nurses who can provide culturally
sensitive nursing care to Hispanic consumers.

National Black Nurses Association, Inc.
8630 Fenton St
Suite 330
Silver Spring, MD 209103803
Telephone: 301-589-3200
Toll Free: 800-575-6298
Fax: 301-589-3223
www.nbna.org

The National Black Nurses Association is a nonprofit association that was organized in 1971 with the mission of empowering African American nurses to investigate and define the healthcare needs of African Americans and other
minorities. Among the organization’s goals are to advocate
for culturally competent, accessible, and affordable health
care, as well as to promote the educational and professional advancement of minority nursing professionals.

Table 21-3. Educational and Research Resources
Organization
American Association
for Cancer Research
(AACR)
615 Chestnut St
17th Floor
Philadelphia, PA 19106
Telephone: 215-440-9300
Toll Free: 866-423-3965
Fax: 215-440-7228
www.aacr.org

Description
The mission of AACR is to prevent and cure cancer
through research, education, communication, and collaboration. The purposes are to foster research in cancer
and related biomedical science; accelerate the dissemination of new research findings among scientists and others dedicated to the conquest of cancer; promote science
education and training; and advance the understanding
of cancer etiology, prevention, diagnosis, and treatment
throughout the world. AACR publishes seven major peerreviewed journals and also publish Cancer Today for patients with cancer, survivors, and caregivers. They convene scientific conferences and annual meetings that
draw more than 17,000 participants from the cancer research community.
(Continued on next page)
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Table 21-3. Educational and Research Resources (Continued)
Organization

Description

American Brain Tumor Association (ABTA)
8550 W. Bryn Mawr Ave
Suite 550
Chicago, IL 60631
Telephone: 773-577-8750
Toll Free: 800-886-2282
www.abta.org

ABTA offers a network of brain tumor support groups, patient and professional education materials, and information
on treatment protocols and facilities. It publishes the Message Line, a triannual newsletter, and an online support
community, Connections, for patients, families, friends, and
caregivers.

American Cancer Society (ACS)
250 Williams St, NW
Atlanta, GA 30303
Telephone: 404-320-3333
Toll Free: 800-227-2345
www.cancer.org

ACS is a voluntary, community-based organization with offices at the local, state, national, and/or division levels.
Staffed by professional and lay volunteers, ACS is dedicated to eliminating cancer. Education, prevention and early detection, research, advocacy, and patient services are
the major programs offered. Below is a list of some of the
services. People can contact their local ACS office for additional information.
• ACS Patient Navigator—A trained navigator provides
personal assistance, support, information, and referrals
to anyone dealing with cancer.
• I Can Cope—Educational program provides patients
and their families with information about cancer, current
treatments, coping strategies, and available resources.
Classes are offered online.
• Reach to Recovery—Patients, with the approval of their
physician, are visited pre- and postoperatively by trained
volunteers who have had breast cancer and have resumed their activities.
• Road to Recovery—Volunteers provide transportation to
and from treatment sites for patients with cancer.
• Look Good Feel Better—Certified cosmetologists teach
patients cosmetic techniques to counteract appearancerelated side effects of chemotherapy and radiation treatment. Group classes, one-on-one services, and self-help
materials may be available.

American Institute for Cancer Research (AICR)
1759 R St, NW
Washington, DC 20009
Telephone: 202-328-7744
Toll Free: 800-843-8114
www.aicr.org

AICR funds cutting edge research and gives people practical tools and information to help them prevent and survive
cancer. The organization fosters research on diet and cancer prevention and educates the public about the results.
AICR offers programs and publications on cancer, nutrition,
diet, education, and research.

(Continued on next page)
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Table 21-3. Educational and Research Resources (Continued)
Organization

Description

American Lung Association (ALA)
1301 Pennsylvania Ave, NW
Suite 800
Washington, DC 20004
Telephone: 212-315-8700
Toll Free: 800-LUNG-USA
(800-586-4872)
www.lung.org

ALA is a nonprofit organization that promotes lung health
by sponsoring symposia, conferences, fellowships, and research grants. Pamphlets, films, posters, and other public education materials are listed in ALA’s free catalog and
are available to the public. Topics covered include asthma,
lung cancer, radon, secondhand smoke, and occupational lung cancer.

Association for Research
of Childhood Cancer
(AROCC)
PO Box 251
Buffalo, NY 14225-0251
Telephone: 716-681-4433
www.arocc.org

AROCC is a nonprofit organization staffed by volunteers
that was formed in 1971 by parents who had lost children
to pediatric cancer. This organization solicits funds and allocates money to research centers. They fund fellowships,
laboratory equipment and supplies, pediatric oncology
symposiums, educational newsletters for parents and children, and public awareness campaigns.

Association of Cancer Online Resources (ACOR)
173 Duane St, Suite 3A
New York, NY 10013-3334
Telephone: 212-226-5525
www.acor.org

ACOR is one of the largest social networks that offers online access to people affected by cancer to become informed patients and allows them to maximize the quality
of medical care they receive. ACOR develops and hosts
the Internet-based knowledge system that allows the public to find and use credible information relevant to their illness. ACOR aims to improve communication between patients and healthcare professionals through advocacy in a
variety of forums, including the media and professional
journals.

Centers for Disease Control
and Prevention (CDC)
National Center for Health
Statistics: A–Z Index
1600 Clifton Rd
Atlanta, GA 30333
Telephone: 404-639-3311
Toll Free: 800-311-3435
www.cdc.gov/az

CDC is the lead federal agency for protecting the health
and safety of U.S. citizens. It investigates health problems,
performs research, and develops public health policies, as
well as develops and applies disease prevention and control, including cancer. It is one of the major operating components of the Department of Health and Human Services
and comprises seven coordinating centers and the National Institute for Occupational Safety and Health. CDC has
nine U.S. locations and workers in more than 50 countries.
The organization partners with public and private entities
to improve the flow of information throughout the healthcare community.

(Continued on next page)
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Table 21-3. Educational and Research Resources (Continued)
Organization
National Cancer Institute
(NCI)
Suite 504, MSC 8316
6116 Executive Blvd
Bethesda, MD 208928316
Telephone: 301-496-8510
Fax: 301-496-9949
www.seer.cancer.gov

Description
NCI is part of the National Institutes of Health, which is one
of 11 agencies that make up the Department of Health and
Human Services. NCI is the federal government’s principal
agency for cancer research and training.
NCI coordinates several cancer programs, including the
National Cancer Program, which conducts and supports
research, training, health information dissemination, and
other programs with respect to the cause, diagnosis, prevention, and treatment of cancer, rehabilitation from cancer, and the continuing care of patients with cancer and
their families.
NCI coordinates the Surveillance, Epidemiology, and End
Results (SEER) Program, which is responsible for the collection and reporting of cancer incidence and survival data
from 15 population-based central cancer registries that
cover 26% of the U.S. population. The U.S. racial/ethnic
population coverage in SEER includes African Americans,
Hispanics, American Indians and Alaska Natives, Asians,
and Native Hawaiian and other Pacific Islanders. SEER
data include patient demographic information as well as
primary tumor site and stage at diagnosis, first course of
cancer treatment, and follow-up for vital status.

Centers for Disease Control and Prevention Tobacco Information and
Prevention Source
U.S. Department of Health
and Human Services
1600 Clifton Rd
Atlanta, GA 30333
Telephone: 770-488-5493
Toll Free: 800-311-3435
www.cdc.gov/tobacco
/index.htm

The Office on Smoking and Health (OSH) is the lead agency of the CDC for the prevention and control of tobacco.
OSH’s mission is to protect the public’s health from tobaccorelated illnesses.

Colon Cancer Alliance
1025 Vermont Ave, NW
Suite 1066
Washington, DC 20005
Toll Free: 877-422-2030
Fax: 866-304-9075
www.ccalliance.org

The mission of the Colon Cancer Alliance is to promote
public awareness about colorectal cancer and provide support for individuals affected by the disease. The organization focuses on patient support, education, research, and
advocacy surrounding colorectal cancer.

(Continued on next page)
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Table 21-3. Educational and Research Resources (Continued)
Organization

Description

International Cancer Alliance for Research and
Education (ICARE)
4853 Cordell Ave
Suite 14
Bethesda, MD 20814
Telephone: 301-656-3461
www.icare.org

ICARE is a nonprofit organization that supports cancer research and provides high-quality, focused, user-friendly,
cancer information to patients as well as their physician.
ICARE has several unique patient-centered programs
through an extensive process of collection, evaluation,
and dissemination of information, bringing the patient with
cancer in contact with top physicians and scientists from
around the world. ICARE is devoted to creating an effective
partnership for new research and dialogue.

National Center for Complementary and Alternative Medicine (NCCAM)
PO Box 7923
Gaithersburg, MD 20898
Toll Free: 888-644-6226
www.nccam.nih.gov

NCCAM is one of 27 institutes and centers of the National
Institutes of Health. NCCAM has four primary areas of focus: advancing scientific research, training complementary
and alternative (CAM) researchers, sharing news and information with professionals and the public, and supporting
integration of proven CAM therapies.

National Family Caregivers Association (NFCA)
10400 Connecticut Ave
Suite 500
Kensington, MD 208953944
Telephone: 301-942-6430
Toll Free: 800-896-3650
Fax: 301-942-2302
www.nfcacares.org

NFCA is a charitable national organization that educates,
supports, empowers, and speaks up for the more than 65
million Americans who care for loved ones with a chronic
illness or disability or the frailties of old age. The organization reaches across the boundaries of diagnosis, relationships, and life stages to help transform family caregivers’
lives by removing barriers to health and well-being.

National Ovarian Cancer
Coalition (NOCC)
2501 Oak Lawn Ave
Suite 435
Dallas, TX 75219
Toll Free: 888-OVARIAN
(888-682-7426)
Fax: 214-273-4201
www.ovarian.org

NOCC supports community and connects patients and
caregivers who are touched by ovarian cancer. The main
mission of NOCC is to increase awareness of ovarian cancer in order to increase the quality of life and survival of
women diagnosed with this disease. NOCC believes that
raising awareness and promoting education of ovarian
cancer is crucial in helping women to participate in early
screening. It also provides support for survivors.

(Continued on next page)

1006 ●

Clinical Guide to Antineoplastic Therapy: A Chemotherapy Handbook

Table 21-3. Educational and Research Resources (Continued)
Organization

Description

National Society of Genetic
Counselors (NSGC)
401 N. Michigan Ave
2nd Floor
Chicago, IL 60611
Telephone: 312-321-6834
Fax: 312-673-6972
www.nsgc.org

NSGC is one of the largest associations of genetic counselors in the world. Its membership includes genetic counselors and other healthcare professionals working in the
field of medical genetics from the United States, Canada,
and around the world. NSGC’s stated vision is to be the
leading voice, authority, and advocate for the genetic counseling profession. They seek to advance the various roles
of genetic counselors in health care by promoting education and research to ensure the availability of quality genetic services. The Journal of Genetic Counseling, a bimonthly peer-reviewed publication, is the official journal of
the NSGC.

Southwest Oncology
Group (SWOG)
24 Frank Lloyd Wright Dr
PO Box 483
Ann Arbor, MI 48106-0483
Telephone: 734-998-0114
www.swog.org

SWOG is one of the largest of the NCI-supported cancer clinical trials cooperative groups in the United States.
SWOG’s primary mission is to improve the practice of
medicine in preventing, detecting and treating cancer. Approximately 100 clinical trials are underway at any given
time.
The group’s network of almost 5,000 physician-researchers practice at more than 500 institutions. Among SWOG’s
institutions are 21 NCI-designated cancer centers. Physicians must meet strict medical and ethical requirements to
become SWOG members and to conduct the group’s protocols. More than 5,000 patients with cancer and healthy
participants are enrolled each year in group studies, and
approximately 30,000 more are involved annually in ongoing clinical trials. During the last 25 years, more than
170,000 patients have directly benefited from the group’s
trials, while millions more have received improved care as
new standards of treatment or prevention are developed by
the group.

National Institute of Nursing Research (NINR)
National Institutes of Health
31 Center Dr, Room 5B10
Bethesda, MD 20892-2178
Telephone: 301-496-0207
Toll Free: 866-910-3804
TTY: 301-594-5605
Fax: 301-480-8845
www.ninr.nih.gov

NINR’s Strategic Plan seeks to harness the strengths of
nursing science to power an ambitious research agenda
that will meet current and future healthcare needs and anticipate future health challenges and priorities. NINR-supported researchers explore and address some of the most
important challenges affecting the health of the American
people.

Chapter 21. Public and Professional Cancer Resources

●

1007

Table 21-4. Professional Cancer Resources
Organization

Description

American College of Surgeons Commission on
Cancer (CoC)
633 N. Saint Clair St
Chicago, IL 60611-3211
Telephone: 312-202-5000
Fax: 312-202-5001
www.facs.org/cancer

Established by the American College of Surgeons in 1922,
the CoC is a consortium of professional organizations dedicated to improving survival and quality of life for patients
with cancer through standard-setting, prevention, research,
education, and the monitoring of comprehensive quality
care. The commission sets standards to ensure quality, multidisciplinary, and comprehensive cancer care delivery in
healthcare settings; conducts surveys to assess compliance
with those standards; collects standardized data from CoCaccredited healthcare settings to measure cancer care quality; uses data to monitor treatment patterns an outcomes
and enhance cancer control and clinical surveillance activities; and develops effective educational interventions to improve cancer prevention, early detection, cancer delivery,
and outcomes in healthcare settings.

American Medical Association (AMA)
515 North State St
Chicago, IL 60610
Telephone: 800-621-8335
www.ama-assn.org

AMA, founded in 1847, is one of the largest physician organizations with over 250,000 members. The association’s
membership includes medical doctors and medical students within the United States. AMA’s stated mission and
vision promotes the art and science of medicine while unifying its members to work collectively on issues that affect
public health and the profession as a whole. To date, AMA
has promoted scientific advancement, improved health
outcomes, and invested in the doctor-patient relationship.

American Nurses Association (ANA)
8515 Georgia Ave
Suite 400
Silver Spring, MD 20910
Telephone: 301-628-5000
Toll Free: 800-274-4262
Fax: 301-628-5801
www.nursingworld.org

ANA was founded in 1896 and has, through its organizational and constituent nursing associations, more than 3.1
million professional registered nurses. ANA’s main focus is
on the safety, workplace rights, and patient advocacy for
the nation’s registered nurses. ANA strives to advance the
nursing profession by promoting high standards of nursing
practice and promotes the rights of nurses.

American Society of
Health-System Pharmacists (ASHP)
7272 Wisconsin Ave
Bethesda, MD 20814
Telephone: 866-279-0681
www.ashp.org

ASHP is a professional organization that represents pharmacists who practice in a variety of health facilities. ASHP
serves as a collective voice for its membership while advancing their professional practice. ASHP believes that the
mission of pharmacists is to help people make the best use
of medication. In addition, ASHP’s effort is to ensure that
there are enough competent pharmacists in hospitals and
other healthcare facilities to improve the safety and convenience of medication to patients and advocates for pharmacists to use their clinical knowledge to care for their patients.
(Continued on next page)
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Table 21-4. Professional Cancer Resources (Continued)
Organization

Description

Association of Oncology
Social Work (AOSW)
100 North 20th St
Suite 400
Philadelphia, PA 19103
Telephone: 215-599-6093
Fax: 215-545-8107
www.aosw.org

AOSW is a member organization of social workers dedicated to the enhancement of psychosocial services to
people with cancer and their families. With more than 1000
members, the organization reaches its goals through networking, education, advocacy, and research and resource
development. Publications include the Journal of Psychosocial Oncology, Oncology Social Work Toolbox, and a
quarterly newsletter.

Association of Pediatric
Hematology/Oncology
Nurses (APHON)
4700 W. Lake Ave
Glenview, IL 60025-1485
Telephone: 847-375-4724
Fax: 877-375-6478
www.aphon.org

APHON is the professional organization for pediatric hematology/oncology nurses and other pediatric hematology/
oncology healthcare professionals. Its members are dedicated to promoting optimal nursing care for children, adolescents, and young adults with cancer and blood disorders, and their families. APHON provides the leadership
and expertise to pediatric hematology/oncology nurses by
defining and promoting the highest standards of practice
to the pediatric, adolescent, and young adult communities. Publications include the Journal of Pediatric Oncology
Nursing and its quarterly newsletter, APHON Counts.

International Society of
Nurses in Cancer Care
(ISNCC)
375 West 57 Ave
Suite 201
Vancouver, BC V5Y 1J6
Telephone: 604-630-5516
Fax: 604-874-4378
www.isncc.org

Founded in 1984, the ISNCC has more than 60 member
groups. ISNCC represents cancer nursing professionals,
individual cancer nurse practitioners, researchers, and educators. The mission of ISNCC is to protect health and relieve cancer-related illnesses. ISNCC is determined to
promote and coordinate the activities of cancer nursing
through the improvement of the delivery of nursing care to
people affected by cancer. ISNCC attempts to expand the
role of nurses to reduce society’s strain of cancer and improve the health of people who are at risk for cancer or
victims of cancer.

National Medical Association (NMA)
8403 Colesville Rd
Suite 920
Silver Spring, MD 20910
Telephone: 202-347-1895
Toll Free: 800-662-0554
Fax: 202-898-2510
www.nmanet.org

NMA is one of the largest national organizations in the
United States representing the interests of African American physicians and the patients they serve. NMA aims to
improve the quality of health among disadvantaged people
through its membership, professional development, community health education, advocacy, and research. NMA
works to promote optimal health of minorities in order to
eliminate health disparities. It encourages the interests of
physicians and patients of African descent and tries to carry out its mission by serving as the collective voice of African American physicians.

(Continued on next page)
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Table 21-4. Professional Cancer Resources (Continued)
Organization

Description

Oncology Nursing Society
(ONS)
125 Enterprise Dr
Pittsburgh, PA 15275
Telephone: 412-859-6100
Toll Free: 866-257-4ONS
(866-257-4667)
Fax: 412-859-5497
www.ons.org

ONS is a professional organization of more than 35,000
registered nurses and other healthcare professionals dedicated to excellence in patient care, education, research,
and administration in oncology nursing. It is reportedly the
largest professional oncology association in the world. ONS
originated in 1973 and was incorporated in 1975. It provides
information and education to nurses around the world. The
organization plays an active role in advocacy activities at
the local, state, national, and international levels. ONS offers
useful information and opportunities for oncology nurses at
all levels, in all practice settings, and in all subspecialties.

Society of Gynecologic
Oncology (SGO)
230 W. Monroe St
Suite 710
Chicago, IL 60606
Telephone: 312-235-4060
Fax: 312-235-4059
www.sgo.org

SGO is committed to improving the care of women with
gynecologic cancer. Its purpose was to identify the principles, knowledge, and skills related to gynecologic malignancies. SGO has sought to advance the care of women with reproductive cancers by advocating for specialized
training program. SGO works to help educate other medical professionals who care for women suffering with gynecologic cancer or at risk for developing it.

Table 21-5. International Cancer Organizations
Organization

Description

European Oncology Nursing Society (EONS)
Avenue E. Mounier 83
B-1200 Brussels
Belgium
Telephone: +32 (0)2 779 9923
Fax: +32 (0)2 779 9937
www.cancernurse.eu

EONS is a pan-European organization dedicated to the support and development of cancer nurses. EONS engages in projects to help nurses develop skills, network with each other, and raise the profile of cancer nursing across Europe. EONS is an independent, nonprofit, voluntary organization registered as a charity.

International Agency for Research on Cancer (IARC)
150 Cours Albert Thomas
69372 Lyon CEDEX 08
France
Telephone: +33 (0)4 72 73 84 85
Fax: +33 (0)4 72 73 85 75
www.iarc.fr

IARC promotes international collaboration in cancer
research. It brings together skills in epidemiology,
laboratory sciences, and biostatistics to identify the
causes of cancer so that preventive measures may
be adopted and the burden of disease and associated suffering reduced. IARC has expertise in coordinating research across countries and organizations.
IARC has a particular interest in conducting research in low- and middle-income countries through
partnerships and collaborations with researchers in
these regions.
(Continued on next page)
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Table 21-5. International Cancer Organizations (Continued)
Organization
International Society of Nurses
in Cancer Care (ISNCC)
Head Office Malachite Management Inc.
375 West 5th Ave, Suite 201
Vancouver, BC V5Y 1J6
Telephone: 604-630-5516
Fax: 604-874-4378
www.isncc.org

Description
ISNCC was founded in 1984, with a coalition membership of more than 60,000 cancer nursing members from national cancer nursing societies; regional cancer nursing societies; oncology institutions;
and individual cancer nurse practitioners, researchers, and educators. Its mission is to maximize the
role of nurses to reduce the global burden of cancer.
ISNCC is a nongovernmental member of the World
Health Organization and is affiliated with the International Council of Nurses and the Union for International Cancer Control.
As an international membership organization,
ISNCC is dedicated to improving the health and
well-being of people at risk for or living with cancer. Through its strategic coalitions and partnerships,
the society influences and participates in setting directions for cancer nursing, health policy, and cancer control initiatives that are intended to improve the
health and well-being of people around the world;
and promoting the nurse’s role in improving cancer
care. The society leads a global community of cancer nurses to share, discuss, and debate strategies
and innovations that advance clinical practice, education, research, and management, and develops nursing leadership in cancer care delivery. ISNCC supports the development of current and emerging cancer nursing leaders globally.

Union for International Cancer
Control (UICC)
62 Route de Frontenex
1207 Geneva
Switzerland
Telephone: +41 22 809 1811
Fax: +41 22 809 1810
www.uicc.org

Founded in 1933, UICC is the largest cancer-fighting
organization of its kind, with more than 400 member organizations across 120 countries. With its headquarters in Geneva, Switzerland, it is the leading nongovernmental, nonprofit, nonpolitical and nonsectarian cancer organization. UICC’s mission is to eliminate
cancer as a life-threatening disease for future generations.
UICC is committed to delivering the targets of the World
Cancer Declaration through strategic partnerships involving members and other institutions interested in
fighting cancer. UICC aim to save millions of lives by focusing on what needs to be done by taking the lead in
raising awareness and education global network of influence and by taking action where it matters.

(Continued on next page)
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Table 21-5. International Cancer Organizations (Continued)
Organization
World Health Organization
(WHO)
Avenue Appia 20
1211 Geneva 27
Switzerland
Telephone: +41 22 791 21 11
Fax: +41 22 791 31 11
www.who.int/en

Description
WHO is the directing and coordinating authority for
health within the United Nations system. It is responsible for providing leadership on global health matters, shaping the health research agenda, setting
norms and standards, articulating evidence-based
policy options, providing technical support to countries, and monitoring and assessing health trends. In
the 21st century, health is a shared responsibility, involving equitable access to essential care and collective defense against transnational threats.
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506t–509t
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for CLL, 543t–544t
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881t. See also specific
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allogeneic SCT (alloSCT),
889
for CLL, 904–906
conditioning regimens
in, 896–897
for DLBCL, 906
for follicular lymphoma,
905
for mantle cell
lymphoma,
905–906
for NHL, 902–906
pretransplantation testing
for, 890, 891t
all-trans-retinoic acid. See
tretinoin
alopecia, 801–802
alteplase, 748
alternative medicine, 615–
616, 620t. See also
complementary
and alternative
medicine
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monograph, 107–109
for ovarian cancer, 534t
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989t
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984t
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Pharmacists
(ASHP), 48, 1007t
amifostine, 63, 65t
monograph, 109–112
amitriptyline, for sleepwake disturbances, 789
anastrozole, 39
for breast cancer, 516t
monograph, 318–319
androgen deprivation
therapy (ADT), 39,
874
androgens, 33t
anemia, 808–809
fatigue with, 784–785,
808
angiogenesis, 8, 83–85
angiotensin-converting enzyme inhibitors,
862
animal-assisted therapy,
634t
anorexia/cachexia, 770–
773
anthracyclines, 32t, 36, 40–
41. See also specific
agents
cardiotoxicity of, 859t,
862
antiandrogens, 34t

antiangiogenic agents,
herbal interactions
with, 595
anticipatory nausea/vomiting, 760. See also
nausea/vomiting
anticoagulants, herbal interactions with,
594–595
anticonvulsants, for hot
flashes, 871t–872t
antidepressants
for depression, 792
for hot flashes, 870, 871t
for sleep-wake
disturbances, 789
antiemetics, 758, 761, 763–
768
antiestrogens, 33t
antihypertensives, for hot
flashes, 871t
antimetabolites, 31t, 35–
36, 40
antioxidants, 594
antipsychotics, for nausea/
vomiting, 768
antitumor antibiotics, 32t,
36, 40–41. See also
specific agents
anxiety, 789–790, 846, 977–
978
apheresis catheters, 714,
722t–723t, 732t
apoptosis, 2, 28
appetite stimulants, 772–
773
aprepitant, 765, 768
area under the pharmacokinetic curve
(AUC), 58
ARIA oncology information system, 834
aristolochic acid, 595
aromatase inhibitors (AIs),
39, 874
aromatherapy, 634t
arsenic trioxide
for acute promyelocytic
leukemia, 543t
cardiotoxicity of, 860t
monograph, 112–115
arteriovenous fistulae, 739t
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arthralgia, 797–798
art therapy, 635t
asparaginase (Erwinia chrysanthemi), monograph, 115–118
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for ALL, 538t
monograph, 118–122
Association for Research of
Childhood Cancer
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(AAIP), 1000t
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(AOSW), 832, 1008t
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Oncology Nurses
(APHON), 1008t
astragalus, drug interactions with, 595
A-T-C (dose dense) regimen, for breast cancer, 511t
ATRA. See tretinoin
AT regimen, for breast cancer, 511t
auditory effects, of chemotherapy, 858t, 865
autologous SCT (ASCT),
889
for MM, 898–901,
899t–900t
for NHL, 901–902, 903t
pretransplantation
evaluation for,
890, 891t
autophagy, 8
average sales price (ASP),
667

average wholesale price
(AWP), 666
AVON Comprehensive
Breast Center
(AVONCBC), 830
axitinib, 78f
monograph, 374–376
for renal cell
carcinomas, 529t
Ayurveda, 635t
azacitidine
for AML, 540t
monograph, 122–125

B
bacillus Calmette-Guérin
(BCG) vaccine,
monograph, 376–
379
Balanced Budget Act
(1997), 665–666
barriers
to accessing cancer care,
823
to clinical trial
participation,
648, 648t
Basic Infection Control and
Prevention Plan for
Outpatient Oncology
Settings, 700
basophils, 6t
BCNU. See carmustine
BCR-ABL protein, 535
BEACOPP regimen, for
HL, 550t
Beck Depression Inventory, 791
belladonna, for hot flashes, 872t
bendamustine
for CLL, 543t–544t
monograph, 125–127
for NHL, 550t, 554t
beneficence, 850
benzodiazepines
for nausea/vomiting, 768
for sleep-wake
disturbances,
788–789
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BEP regimen, for testicular
cancer, 530t
beta-adrenergic blockers,
862
bevacizumab, 78f, 84–85
for brain tumors, 510t
for breast cancer, 513t
cardiotoxicity of,
859t–860t
for colorectal cancer,
519t–521t
herbal interactions with,
595
monograph, 379–381
for NSCLC, 547t
for ovarian cancer, 534t
for renal cell
carcinomas, 529t
bexarotene
monograph, 127–130
for NHL, 554t
bicalutamide
monograph, 320–321
for prostate cancer, 528t
billing codes, 678–679,
679f
billing systems, 676–680,
679f
Biologic License Application, 655
biologic response modifiers (BRMs), 34t, 41
biologic safety cabinets
(BSCs), 49f, 51
Biologics Control Act
(1902), 630–631
biotherapeutic agents, 41–
42. See also specific
agents
monographs for, 363–
502
bischloroethylamines, 30t
bisphosphonates, for osteoporosis, 875
bladder cancer, regimens
for, 524–526, 527t
bleomycin
for HL, 550t
for KS, 506t
monograph, 130–133
pulmonary toxicity of,
863–864
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for testicular cancer,
530t–531t
blood-brain barrier, 61,
727
B lymphocytes, 6t, 7
body surface area (BSA),
58, 702
bone loss, 874–876
bone marrow, as HSC
source, 893–894
Bone Marrow Foundation,
682t, 996t
bone marrow suppression.
See myelosuppression
bortezomib, 83
cardiotoxicity of, 859t
herbal interaction with,
600
monograph, 382–384
for multiple myeloma,
558t–559t
for NHL, 554t
peripheral neuropathy
from, 796
bosutinib, monograph,
384–386
Botanical Medicine Facts
(website), 613
botanicals, 591–592. See
also herbal supplements
brachial plexus injury, 735t
BRAF inhibitors, 78f, 86–
88
brain tumors, regimens for,
509, 510t
BRCA1/2 mutation, 8, 85
breakthrough nausea/
vomiting, 760. See
also nausea/vomiting
breast cancer, regimens
for, 509–510, 511t–
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brentuximab vedotin
for HL, 550t
monograph, 387–389
for NHL, 554t
British Columbia Patient
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829–830

bromazepam, for sleepwake disturbances, 789
Broviac tunneled catheter,
709–710
BR regimen, for NHL, 550t
busulfan, monograph,
133–137
butyrophenones, for nausea/vomiting, 766

C
cabazitaxel, monograph,
137–140
cabozantinib, monograph,
389–392
cachexia, 770–773
Cachexia Score (CASCO)
screening tool, 772
CAF regimen, for breast
cancer, 511t
calcium channel blockers, 18
CALGB regimen, for ALL,
538t
CancerCare, 682t, 996t
Cancer Care for the Whole Patient: Meeting Psychosocial Health Needs,
840, 975–977
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Network, 632t
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847
Cancer Patient Need Survey (CPNS), 847
Cancer Program Improvement Project, 671
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Evaluation System
(CARES), 847
cancer-related fatigue
(CRF). See fatigue
“Cancer State Aid” programs, 675
cancer survivorship, 970–
971
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973
coordination of care in,
980
delivery of, 980–981
national initiatives on,
985–988
post-treatment concerns
in, 971–972
psychosocial needs in,
976–979
resources on, 989t–990t
Cancer Therapy Evaluation
Program (CTEP),
658t, 757
cannabinoids, for nausea/
vomiting, 767–768
capecitabine
for adenocarcinoma
of unknown
primary, 505t
for breast cancer,
511t–513t,
516t–517t
for colorectal cancer,
519t, 522t
for gastric cancer, 524t
monograph, 140–143
for pancreatic cancer,
561t
CapeOx regimen, for
colorectal cancer,
519t
carbo-docetaxel regimen,
for ovarian cancer,
533t
carboplatin
for adenocarcinoma
of unknown
primary,
504t–505t
for bladder cancer,
527t
for breast cancer, 515t
for head and neck
cancers, 536t
monograph, 143–145
for NHL, 553t
for NSCLC, 546t–547t
for ovarian cancer,
533t–534t
for SCLC, 548t
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Carbo-Tax regimen
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of unknown
primary, 504t
for NSCLC, 546t
for ovarian cancer, 533t
cardiac glycosides, 596
cardiac ischemia, 860t
cardiac tamponade, 735t
cardiomyopathy, 858t
cardiotoxicity, 40–41, 857,
858t
assessment of, 861–862
incidence/risk factors,
859, 859t–860t,
861
management of, 862
pathophysiology of, 861
care coordination, in survivorship, 980
carfilzomib, monograph,
392–395
carmustine
for brain tumors, 510t
monograph, 145–148
carotid artery puncture,
735t
case law, 687, 688t, 689–
690
cataracts, 858t
catheters, complications
of, 735t–745t, 746–
748, 747f. See also
vascular access devices
CAV regimen, for SCLC,
548t
CDDP + CPT-11 regimen,
for SCLC, 548t
CDE regimen, for AIDSrelated lymphoma,
506t
CDE with rituximab regimen, for AIDSrelated lymphoma,
506t
CEF regimen, for breast
cancer, 512t
cell cycle, 2–5, 3f–4f, 29
cell cycle specificity, 14–17,
15t–16t
cell membrane, 17

Center for Medicare Advocacy, 682
Centers for Disease Control and Prevention
(CDC), 700, 733,
1003t–1004t
Centers for Medicare and
Medicaid Services (CMS), 666, 671,
681, 682t, 689, 826.
See also reimbursement
CenterWatch, 658t
Central Dogma of genetics, 941f
central line–associated
bloodstream infections (CLABSIs),
730–746, 737t–738t
central nervous system
(CNS) involvement,
727. See also intraventricular chemotherapy
central nervous system
(CNS) toxicity,
858t, 864–867
central VADs, 712–714,
713f, 715f–716f, 731t
insertion complications,
735t–737t
late complications,
737t–739t
cervical cancer, 526
regimens for, 532t
cetuximab, 77, 78f
for colorectal cancer,
519t–520t, 522t
for head and neck
cancers, 536t
monograph, 395–397
for NSCLC, 546t
charge capture error rate,
672
“chemobrain,” 792–793,
845–846
chemoprevention, 12
chemoprotective agents,
63, 65t. See also specific agents
chemoreceptor trigger
zone (CTZ), 760

●

1017

chemosensitizers, 18, 28
chemotherapeutic agents.
See also specific agents
cell cycle specific/
nonspecific,
15t–16t
classification of, 29–42,
30t–34t
as conditioning
regimen, 897–
898
herbal interactions with,
594
for HSC mobilization,
895–896
monographs for, 105–
315
pricing of, 673. See also
reimbursement
Chemotherapy and Biotherapy Guidelines and
Recommendations for
Practice (ONS), 67,
701, 749–750
chemotherapy-induced diarrhea (CID). See
diarrhea
chemotherapy-induced
nausea and vomiting (CINV). See
nausea/vomiting
chemotherapy-induced peripheral neuropathy
(CIPN). See peripheral neuropathy
chemotherapy orders, 56–
57, 57f
chemotherapy resistance,
18, 28–29, 955–956
Children’s Oncology
Group, 651
Chinese American Medical
Society, 1000t
chiropractic medicine,
635t
chlorambucil
for CLL, 544t
monograph, 149–150
CHOP regimen
for AIDS-related
lymphoma, 507t
for NHL, 550t–551t
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CHOP-rituximab regimen,
for NHL, 550t–551t
chromatin, 3
chromomycin, 32t
chromosomes, 939, 940f
chronic GVHD, 894, 910,
912–913
chronic lymphoid leukemia (CLL), 535,
537
alloSCT for, 904–906
regimens for, 543t–545t
chronic myeloid leukemia
(CML), 535, 537
regimens for, 545t
cisplatin
for adenocarcinoma
of unknown
primary, 504t
for bladder cancer, 527t
for cervical cancer, 532t
CNS toxicity of, 865–866
for endometrial cancer,
532t
for gastric cancer,
523t–524t
for head and neck
cancers,
536t–537t
for melanoma, 557t
monograph, 151–152
for multiple myeloma,
559t
for NHL, 552t
for NSCLC, 546t–547t
for ovarian cancer,
533t–534t
peripheral neuropathy
from, 794–795
for pleural
mesothelioma,
548t
for sarcomas, 563t
for SCLC, 548t
for testicular cancer,
530t–531t
citalopram, for hot flashes, 871t
City of Hope, 989t
civil law, 692–693, 693t
cladribine, monograph,
153–154

clinical benefit response,
13
Clinical Sleep Assessment
for Adults, 788
clinical trials
barriers to participation,
648, 648t
definition of, 645
documentation in, 697
drug development
progress in,
651–652
funding for, 646
growing challenges in,
657
informed consent in,
656–657, 696–697
NCI Cooperative Group
Program, 649–
651, 651f
participation in, 646–
649, 648t–649t
patient protection in,
652–653, 657
phases of, 646, 647f,
653–656
reasons for
discontinuing,
655
regulatory oversight of,
653
resources on, 657–658,
658t
types of, 645–646
Clinical Trials Reporting
Program (CTRP),
650
Clinical Trials Working
Group (CTWG),
649–651
clofarabine, monograph,
155–157
clonazepam, for sleep-wake
disturbances, 788–
789
clonidine, for hot flashes, 871t
closed-ended Groshong
catheter, 714, 716f,
732t
closed-system drug transfer
devices, 51

CMF regimen, for breast
cancer, 512t
CMV regimen, for bladder
cancer, 527t
Coalition of Cancer Cooperative Groups, 658t
coasting, of symptoms,
794–795
Cochrane Collaboration,
632t
codons, 940–942, 942f,
943t
CODOX-M/IVAC regimen
for AIDS-related
lymphoma, 507t
for NHL, 551t
cognitive impairment,
from chemotherapy, 792–793, 858t,
865
Colon Cancer Alliance,
1004t
colony-stimulating factors
(CSFs), 804, 894–
895, 907
colorectal cancer, regimens
for, 510–518, 519t–
522t
combination therapies, 17–
18, 28
for acute promyelocytic
leukemia,
541t–543t
for adenocarcinoma
of unknown
primary,
504t–505t
for AIDS-related KS,
506t
for AIDS-related
lymphoma,
506t–509t
for ALL, 538t–539t
for AML, 539t–540t
for bladder cancer, 527t
for brain tumors, 510t
for breast cancer,
511t–514t
for cervical cancer, 532t
for CLL, 543t–544t
for colorectal cancer,
519t–522t
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for endometrial cancer,
532t
for head and neck
cancers, 536t
for HL, 550t
for melanoma, 557t
for multiple myeloma,
558t–560t
for NHL, 550t–554t
for NSCLC, 546t–547t
for ovarian cancer, 533t
for pancreatic cancer,
561t
for primary CNS
lymphoma, 555t
for prostate cancer,
527t–528t
for renal cell
carcinomas, 529t
for sarcomas, 562t–563t
for SCLC, 548t
for testicular cancer,
530t–531t
comfrey, drug interactions
with, 594
Commission on Cancer
(CoC), 988, 990t,
1007t
common law, 687, 688t,
689–690
Common Rule, 652
Common Terminology Criteria for Adverse Events
(CTCAE), 757
for mucositis, 776–777
for nausea/vomiting, 759
for peripheral
neuropathy, 796
Community Education and
Outreach Program
(CEOP) navigation
model, 830
community health advocates (CHAs), 830
Community Oncology Alliance, 669, 682t
complementary and alternative medicine
(CAM), 615
algorithm for
communicating
about, 628, 629f

background/history of,
616–618
cost/insurance
coverage, 628
credentialing for,
634t–639t
definitions of, 615–616,
617t
domains of, 617–618,
619t–621t
future trends in, 633
informational resources
on, 631, 632t
levels of evidence for,
622t–624t,
628–630
patient decision making
and, 621–628,
622t–624t
reasons for using, 618–
619, 621
regulation of, 630–631
complete response, 13–
14, 654
complex natural products,
in CAM, 618, 621t
compounding aseptic containment isolators
(CACIs), 49f, 51
computerized order entry, 59
conditioning regimens
in alloSCT, 896–897
chemotherapeutic
agents as, 897–
898
in MM, 901
myeloablative, 896–898
nonmyeloablative,
897–898
reduced-intensity,
897–898
TBI in, 897
confidentiality, 694–695,
848–849
conjugated mAbs, 80
constipation, 781–782,
858t, 878–879
constitutional law, 687–
688, 688t
contributory negligence,
694
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Coordinating Center for
Clinical Trials
(CCCT), 649
coordination of care, in
survivorship, 980
coping strategies, 844–846
Correct Coding Initiative
for CMS, 671
costs, of cancer care, 663–
664, 673–674. See
also reimbursement
C-P regimen, for cervical
cancer, 532t
criminal law, 693t
crizotinib, 78f, 86–87
monograph, 397–400
cryotherapy (ice chips),
776t
CT regimen, for ovarian
cancer, 533t
culturally competent care,
843–844
CVD regimen, for melanoma, 557t
CVP-R regimen, for NHL,
552t
CyBorD regimen, for multiple myeloma, 558t
cycle-nonspecific chemotherapy drugs, 14,
16t, 30t–31t, 35–36
cycle-specific chemotherapy drugs, 14–17,
15t, 31t–33t, 35–36
cyclin-dependent kinases
(CDKs), 2, 4
cyclins, 2
cyclophosphamide
for AIDS-related
lymphoma,
506t–508t
for ALL, 538t–539t
for breast cancer,
511t–515t
for CLL, 544t
for HL, 550t
monograph, 157–159
for multiple myeloma,
558t–559t
for NHL, 550t–553t
for sarcomas, 563t
for SCLC, 548t
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secondary malignancies
from, 881t
cyproheptadine, for anorexia/cachexia, 773
cytarabine, 36
for acute promyelocytic
leukemia,
541t–543t
for AIDS-related
lymphoma,
507t–508t
for ALL, 538t–539t
for AML, 539t–540t
for breast cancer, 515t
intrathecal
administration
of, 61
monograph, 159–162
for NHL, 551t–553t
for primary CNS
lymphoma, 555t
cytarabine liposome,
monograph, 162–
163
cytochrome enzymes, 950t–
951t
CYP2C9, 602
CYP2D6, 959t, 959–960
CYP3A4, 602
CYP450, 593, 948–949
cytokines, 7
cytokinesis, 4
cytomegalovirus (CMV),
908–909
cytosol, 17
cytotoxic T cells, 6t

D
dabrafenib, monograph,
400–403
dacarbazine
for HL, 550t
for melanoma, 557t
monograph, 164–166
for sarcomas, 562t
dactinomycin
monograph, 166–168
for sarcomas, 563t
darbepoetin alfa, 785, 809

monograph, 403–405
dasatinib, 78f
cardiotoxicity of,
859t–860t
for CML, 545t
monograph, 406–409
daunorubicin
for acute promyelocytic
leukemia, 541t,
543t
for ALL, 538t
for AML, 540t
monograph, 168–171
daunorubicin liposomal
for KS, 506t
monograph, 171–174
daytime sleepiness, 786–
787, 789. See also
sleep-wake disturbances
DCF regimen, for gastric
cancer, 523t
decitabine
for AML, 540t
monograph, 175–177
decoctions, herbal, 592
Deficit Reduction Act
(2005), 666
degarelix, monograph,
322–324
delayed-onset nausea/vomiting, 760–761. See
also nausea/vomiting
dendritic cells, 6t
denileukin diftitox
monograph, 409–412
for NHL, 554t
denosumab, monograph,
412–414
depression, 790–791, 846
assessment of, 791, 847
causes of, 791–792
in survivorship, 977–978
treatment for, 792
DETERMINE screening
tool, for cachexia, 772
dexamethasone
for AIDS-related
lymphoma, 508t
for ALL, 538t–539t

for multiple myeloma,
558t–559t
for nausea/vomiting,
766–768
for NHL, 552t, 554t
for primary CNS
lymphoma, 555t
DEXA scan, 875
dexrazoxane, 63, 65t, 862
monograph, 177–179
DHAP regimen, for NHL,
552t
diagnosis-related groups,
665
diagnostic trials, 645–646
diarrhea, 780–781, 858t,
878–879
diazepam, for sleep-wake
disturbances, 789
Dietary Supplement
Health and Education Act (DSHEA)
(1994), 596, 631
diffuse large B-cell lymphoma (DLBCL),
alloSCT for, 906
dimerization, 77
DI regimen, for sarcomas,
562t
disposal, of cytotoxic
drugs, 50f, 55, 699–
700
distress, 63–64, 789–790,
840, 846
in survivorship, 977–
978
distress thermometer
(DT), 789, 847
distribution, of drugs, 593,
944
docetaxel, 37
for adenocarcinoma
of unknown
primary,
504t–505t
for breast cancer,
511t–517t
for gastric cancer, 523t
for head and neck
cancers, 536t
monograph, 179–182
for NSCLC, 546t

Index
for ovarian cancer,
533t–534t
for prostate cancer, 527t
for sarcomas, 562t
documentation
in clinical trials, 697
for VADs, 749
dolasetron mesylate, 764–
765
dong quai, 597
do-not-resuscitate (DNR)
orders, 697–698
dosage, 17–18
calculation of, 57–58
errors in, 702
dose-dense therapy, 18
dose intensity, 18
doxorubicin
for AIDS-related
lymphoma,
507t–508t
for ALL, 538t–539t
for bladder cancer, 527t
for breast cancer,
511t–514t
cardiotoxicity of, 40
for endometrial cancer,
532t–533t
for gastric cancer, 523t
for HL, 550t
for KS, 506t
monograph, 183–186
for multiple myeloma,
558t–559t
for NHL, 550t–553t
for sarcomas, 562t–563t
for SCLC, 548t
doxorubicin liposomal
for KS, 506t
monograph, 186–190
for multiple myeloma,
558t
for ovarian cancer,
533t–534t
dronabinol, 767–768
droperidol, 766
drug delivery, 26
drug development process,
651–652. See also
clinical trials
drug resistance, 18, 28–29,
955–956

drug transport, 949–950,
950t–951t
DT-PACE regimen, for multiple myeloma, 559t
dual-energy x-ray absorptiometry (DEXA)
scan, 875
Duke Raleigh Cancer Center, patient navigation program, 831
duloxetine, 797
dysgeusia, 779
dyspnea, 863

E
early detection and screening trials, 645
early menopause, 851,
858t, 867–868
ECF regimen, for gastric
cancer, 523t
EC regimen
for breast cancer, 512t
for SCLC, 548t
ectoderm, 10
eculizumab, monograph,
414–416
electronic data interchange, 678
ELF regimen, for gastric
cancer, 523t
elimination, drug-herb interactions affecting, 594
EMLA4-ALK fusion gene,
86–87
emotional distress, 63–64,
789–790, 840, 846,
977–978. See also
psychosocial issues
The Emperor of All Maladies:
A Biography of Cancer, 19
endoderm, 10
endometrial cancer, 526
regimens for, 532t–533t
energy conservation strategies, 785
energy therapies, in CAM,
618, 619t–620t
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engineering controls, for
drug preparation,
51
enzalutamide, monograph,
324–326
eosinophils, 6t
epidermal growth factor
(EGF) inhibitors,
adverse effects of,
87, 798–800
epidermal growth factor
receptor (EGFR),
76, 955
epidermal growth factors,
78, 78f
epigallocatechin-3-gallate
(EGCG), 600
epigenetics, 11–12. See also
genetics
epirubicin, 36
for breast cancer, 512t,
515t
for gastric cancer, 523t
monograph, 190–195
for sarcomas, 562t
“Episodes of Care” payment model, 677–
678
epithelial cancer. See ovarian cancer
EPOCH regimen, doseadjusted, for AIDSrelated lymphoma,
508t
epoetin alfa, 785, 809
monograph, 417–419
EP regimen
for adenocarcinoma
of unknown
primary, 504t
for SCLC, 548t
for testicular cancer,
530t
ErbB receptors, 77–78
erectile dysfunction, 851
eribulin
for breast cancer, 517t
monograph, 195–197
erlotinib, 78f, 561t
monograph, 419–421
erythropoiesis-stimulating
agents (ESAs), 785
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erythropoietin, 808
ESA APPRISE Oncology
Program, 785
ESHAP regimen, for NHL,
552t
Essential Elements of Survivorship Care,
987–988
essential oils, herbal, 592
estramustine
monograph, 326–328
for prostate cancer,
527t–528t
estrogens, 33t
monograph, 328–329
ethical issues, 849–850
ethylenimine, 30t
etoposide, 37
for adenocarcinoma
of unknown
primary,
504t–505t
for AIDS-related
lymphoma,
506t–508t
for AML, 538t, 540t
for gastric cancer, 523t
for HL, 550t
monograph, 197–200
for multiple myeloma,
559t
for NHL, 551t–553t
for NSCLC, 546t
for ovarian cancer, 534t
for sarcomas, 563t
for SCLC, 548t
secondary malignancies
from, 881t
for testicular cancer,
530t–531t
etoposide phosphate, monograph, 200–201
European Oncology
Nursing Society
(EONS), 1009t
everolimus, 78f, 81–82
monograph, 422–424
for renal cell
carcinomas, 529t
evidence-based practice
(EBP), for CAM,
622t–624t, 628–630

exemestane
for breast cancer, 517t
monograph, 330–331
express consent, 696. See
also informed consent
extractions, herbal, 592
extrapyramidal side effects,
766
extravasation, 40, 62–63,
64f, 744t, 793–794
eye protection, 53

F
face/eye protection, 53
FAC regimen, for breast
cancer, 512t
failure to communicate
findings, 694
False Claims Act, 703
Family Inventory of Need
(FIN), 847
FAM regimen, for gastric
cancer, 523t
FAMTX regimen, for gastric cancer, 523t
fatigue, 758, 782, 858t,
876–878
assessment of, 784
etiology of, 783
interventions for, 784–
786
patterns of, 783–784
risk factors for, 783
FCMR regimen, for NHL,
552t
FC regimen, for CLL, 544t
FCR regimen, for CLL,
544t
fear of recurrence, 978–
979
febrile neutropenia, 804.
See also neutropenia
FEC regimen, for breast
cancer, 512t
Federal Food and Drugs
Act (1906), 631
Federal Hazard Communication Standard, 55
fidelity, 850

filgrastim, 804
for AIDS-related
lymphoma,
506t–509t
for ALL, 539t
for AML, 540t
for breast cancer, 511t,
513t
for endometrial cancer,
532t
for HSC mobilization,
895
monograph, 424–426
for NHL, 551t–553t
for NSCLC, 546t
for testicular cancer, 531t
financial resources, 996t–
999t
5-FU/LV regimen, for gastric cancer, 523t
5-HT3 receptor antagonists,
764–765, 768
5 + 2 regimen, for AML,
539t
Five Rights of medication
administration,
56, 58
Five Wishes form, 698
FLAB regimen, for AML,
539t
Florida Society of Clinical
Oncology (FLASCO), 681
floxuridine, monograph,
202–204
FL regimen, for prostate
cancer, 528t
fludarabine
for AML, 540t
for CLL, 544t
monograph, 204–206
for NHL, 552t, 554t
fluoropyrimidines, cardiotoxicity of, 860t
fluorouracil, 36
for breast cancer,
511t–513t, 515t
for cervical cancer, 532t
for colorectal cancer,
519t–522t
for gastric cancer,
523t–524t

Index
for head and neck
cancers, 536t
monograph, 206–208
for pancreatic cancer,
561t
pharmacogenomics of,
951–953
fluoxetine, for hot flashes, 871t
fluoxymesterone, monograph, 331–333
flutamide
monograph, 333–335
for prostate cancer,
528t
FOLFIRI + bevacizumab
regimen, for
colorectal cancer,
520t
FOLFIRINOX regimen,
for pancreatic cancer, 561t
FOLFIRI regimen, for
colorectal cancer,
520t
FOLFOX4 + bevacizumab
regimen, for
colorectal cancer,
521t
FOLFOX4 + panitumumab
regimen, for
colorectal cancer,
521t
FOLFOX6 + bevacizumab
regimen, modified,
for colorectal cancer, 520t
FOLFOX6 + panitumumab
regimen, modified,
for colorectal cancer, 521t
FOLFOX6 regimen, for
colorectal cancer,
520t
FOLFOXIRI regimen, for
colorectal cancer,
522t
folic acid analog, 31t
follicular lymphoma,
alloSCT for, 905
fosaprepitant dimeglumine, 765

Freeman, Harold, 824–826
From Cancer Patient to Cancer Survivor: Lost in
Transition, 972–973,
977, 979, 982
FUFOX regimen, for
colorectal cancer,
522t
fulvestrant
for breast cancer, 517t
monograph, 335–336
Functional Assessment of
Cancer Therapy–
Neurotoxicity, 796
Functional Living Index–
Emesis, 758–759
FUOX regimen, for colorectal cancer, 522t
FUP regimen, for gastric
cancer, 524t
fusion genes, 86
FZ regimen, for prostate
cancer, 528t

G
gabapentin, for hot flashes, 871t
garlic, 597–598
gastric cancer, regimens
for, 518–524, 523t–
525t
gastrointestinal effects
of chemotherapy, 858t,
878–880
of GVHD, 912
gastrointestinal (GI) motility, drug-herb interactions affecting, 593
gastrointestinal stromal tumor (GIST), regimens for, 518–524,
525t
GC regimen, for ovarian
cancer, 533t
gemcitabine
for adenocarcinoma
of unknown
primary,
504t–505t
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for bladder cancer, 527t
for breast cancer, 513t,
517t
for cervical cancer, 532t
monograph, 208–210
for NSCLC, 546t–547t
for ovarian cancer,
533t–534t
for pancreatic cancer,
561t
for sarcomas, 562t
GEM database, 986–987
GEMOX regimen, for pancreatic cancer, 561t
generic chemotherapy
agents, 674
genes, 939–940. See also genetics
drug response predicted
by, 942f, 946
genetic admixture, 958–
960
genetic mutations. See mutations
genetics, 939–940, 940f,
941f
genetic variation, ethnic/
racial, 958–961,
959t–960t
genistein, interaction with
tamoxifen, 595, 604
genitourinary cancers, regimens for, 524–526,
527t–531t
genomes, 944–946
germ cell tumors, 526
germ line mutations, 945
ginkgo, 598–599
ginseng (Asian), 599–600
gloves, 49f, 52–53
glucarpidase, monograph,
211–212
glucocorticoids, 33t, 864
goals, of chemotherapy, 1,
12–13, 25, 27–28
Gompertzian kinetics, 18
gonadotropin-releasing
hormone (GnRH)
agonists, 34t
goserelin
monograph, 337–339
for prostate cancer, 528t
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gowns, 49f, 53
graft-versus-host disease
acute, 910–912, 911t
chronic, 894, 910,
912–913
grading of, 913
hyperacute, 912
granisetron, 764–765
granulocyte–colony-stimulating factor (G-CSF),
804, 894–895, 907
granulocyte macrophage–
colony-stimulating
factor (GM-CSF),
804, 895
green tea, 600–601
Grid-Enabled Measures
(GEM) care planning project, 986–
987
Groshong catheter, 714, 716f
group purchasing organizations (GPOs), 673
growth factor signaling,
9, 11t
growth fraction, 18
gynecologic cancers, regimens for, 526–531,
532t–534t

H
haloperidol, 766
hand-foot syndrome, 799–
800
haploidentical related donors, 892
Hayflick limit, 2
head and neck cancers,
535
regimens for, 536t–537t
healing touch, 635t
healthcare reform, 667–
670, 981
Health Insurance Portability
and Accountability
Act (HIPAA) (1996),
694–695, 848–849
Health Resources and Services Administration (HRSA), 674

hearing loss, 858t, 865
heavy metals, 31t
hedgehog (Hh) inhibitors, 82
hedgehog signaling, 11t
helper T cells, 6t, 7
hematopoiesis, 9
hematopoietic stem cells
(HSCs), 893–898.
See also stem cell
transplantation
hematopoietin, 808
hemodialysis catheters,
714, 722t–723t
hemothorax, 736t
hepatic artery infusions
(HAIs), 710
HER2 overexpression,
77, 85
herbal supplements, 591–
592
adverse events with,
595–596
commonly used, 596–604
drug interactions with,
592–595
herb-drug interactions,
592–595
heterocyclic compounds,
for depression, 792
heterozygous alleles, 941
Hickman catheter, 710,
715f
HiDAC, for AML, 540t
high-efficiency particulate air (HEPA) filters, 51
highly active antiretroviral
therapy (HAART),
505–506
histology, of cancer, 10–12
histone acetyltransferases
(HATs), 83
histone deacetylase
(HDAC), 83
histone deacetylase inhibitors, 83
histones, 83, 939, 940f
histrelin, monograph, 339–
340
HIV. See AIDS-related cancers

Hodgkin lymphoma (HL),
549
ASCT for, 889
regimens for, 550t
Home Caregiver Need Survey (HCNS), 847
homeopathy, 636t
homozygous alleles, 941
hormonal therapies, 33t–
34t, 38–39, 874
herbal interactions with,
595
monographs for, 316–362
hospital-acquired infections, 733. See also
infections
Hospital Anxiety and Depression Scale, 791
hot flashes, 868–873, 870f,
871t–872t
HPV vaccines, 526
Huber needles, 716
Huggins, Charles, 38
Human Genome Project, 10
human leukocyte antigen
(HLA) matching,
889–890
human papillomavirus
(HPV), 526
human subject protection,
in clinical trials,
652–653, 657
hydroxyurea, monograph,
212–214
hyperacute GVHD, 912
Hyper-CVAD regimen
for ALL, 539t
for NHL, 552t–553t
hypertrichosis, 801
hypnotics
for anxiety, 790
for sleep-wake
disturbances,
788–789

I
ibritumomab, 78f
monograph, 426–429
for NHL, 554t

Index
ibrutinib, monograph,
429–431
ICD-10 codes, 678–679,
679f
ICE regimen, for NHL, 553t
idarubicin, 36
for acute promyelocytic
leukemia,
541t–542t
for AML, 538t, 540t
monograph, 215–218
ifosfamide
for AIDS-related
lymphoma, 507t
monograph, 218–220
for NHL, 551t, 553t
for sarcomas, 562t–563t
for testicular cancer, 531t
imatinib mesylate, 78f
cardiotoxicity of, 859t
for CML, 545t
for GIST, 524, 525t
herbal interactions with,
593
monograph, 431–434
immune modulators, 41
immune system, 5–7, 6t
immunoglobulins, 7
immunoliposomes, 38
immunosuppressants,
herbal interactions
with, 595
immunotherapy, 27. See
also biotherapeutic
agents
implanted ports/reservoirs, 716–717,
717f, 722t, 731t
Implementing Cancer Survivorship Care Planning, 975
implied consent, 696. See
also informed consent
Independent Payment Advisory Board, 669
Index of Nausea, Vomiting, and Retching
(INVR), 758
infections
catheter-related, 730–746,
737t–738t, 740t

hospital-acquired, 733
prevention of, 700, 805
from SCT, 907–909
infertility, chemotherapyinduced, 851, 858t,
873–874
Information and Support
Needs Questionnaire (ISNQ), 847
informed consent, 695–696
in advance directives,
698
in clinical trials, 656–
657, 696–697
Infusion Nurses Society,
748–749
inherent resistance, 18
inhibitor of apoptosis protein (IAP), 28
iniparib, 86
innate immunity, 5, 6t
insomnia, 786–787. See also
sleep-wake disturbances
Insomnia Severity Index,
788
Institute for Patient- and
Family-Centered
Care, 841
Institute for Safe Medication Practices
(ISMP), 97
Institute of Medicine
on CAM, 617
on medication errors,
700
on reimbursement,
682t
report on clinical trials,
650
SCP recommendations,
983f
institutional review boards
(IRBs), 653
integrated delivery network (IDN), 673
integrative medicine, 615.
See also complementary and alternative
medicine
Integrative Medicine Service, 596–597, 605
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Intercultural Cancer Council (ICC), 1000t
interferon alfa
for CML, 545t
for melanoma, 557t
monograph, 434–436
for renal cell carcino
mas, 529t–530t
interleukin-2
for melanoma, 557t
for renal cell carcinomas, 529t–530t
intermediate metabolizers
(IMs), 943–944
intermittent therapy, 28–29
International Agency for
Research on Cancer (IARC), 1010t
International Cancer Alliance for Research
and Education
(ICARE), 1005t
International Conference
on Harmonisation
(ICH), 652
International Society for
Oral Oncology
(ISOO), 775
International Society of
Nurses in Cancer Care (ISNCC),
1008t–1010t
intra-arterial chemotherapy, 61–62, 710,
718–726, 723t–724t,
732t–733t
complications of,
740t–742t
intracavitary chemotherapy, 62
intraperitoneal chemotherapy, 62, 710–
711, 725t, 726–727,
743t–745t
intrathecal chemotherapy,
61, 711
intravenous (IV) chemotherapy, 60–61,
719t, 731t
intraventricular chemotherapy, 61, 711,
724t, 727–728, 729f
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invasion, of cancer cells, 9
Investigational New Drug
(IND) applications,
652
ipilimumab
for melanoma, 557t
monograph, 436–438
irinotecan
for brain tumors, 510t
for colorectal cancer,
519t–522t
herbal interactions with,
593
monograph, 221–224
pharmacogenomics of,
953–954
for SCLC, 548t
IsoMed infusion system, 726
ixabepilone
for breast cancer, 513t,
517t
monograph, 224–227

J
JAK1/2 signal transduction
pathway, 9, 11t
JAK inhibitors, 82
Joint Commission (TJC),
safe medication
practices, 97–98, 700
Journey Forward, SCP templates, 982
justice, 850

K
Kaposi sarcoma (KS), 505
regimens for, 506t
karyokinesis, 4
Knudson two-hit hypothesis, 4

L
lapatinib, 78f
for breast cancer, 512t,
516t

cardiotoxicity of, 859t
monograph, 438–442
L-asparaginase. See asparaginase (Escherichia coli)
latex sensitivity, 52–53
law, sources/types of, 687–
690, 688t, 693t
laxatives, 782, 879
lead compounds, 651–
652
left ventricular ejection
fraction (LVEF)
function, 857, 859t,
861–862
lenalidomide
monograph, 227–230
for multiple myeloma,
559t–560t
lenograstim, for HSC mobilization, 895
letrozole
for breast cancer, 517t
monograph, 341–342
leucovorin, 65t
for AIDS-related
lymphoma,
507t–508t
for ALL, 539t
for colorectal cancer,
519t–522t
for gastric cancer, 523t
monograph, 230–234
for NHL, 551t, 553t
for pancreatic cancer,
561t
for primary CNS
lymphoma, 555t
Leukemia and Lymphoma
Society, 669, 682t,
997t
leukemias, 535–537. See
also specific types
alloSCT for, 889
regimens for, 538t–545t
leukocytes, 5
leuprolide
monograph, 343–345
for prostate cancer,
528t–529t
levoleucovorin, monograph, 234–237

liability, 690–697, 691f–
692f, 699–705, 749–
750. See also safe
handling
literacy level, for patient
education, 65–66
liver, GVHD and, 912
LIVESTRONG, 990t, 997t
Essential Elements of
Survivorship
Care, 987–988
SCP templates, 982
surveys on posttreatment
concerns, 971–
972, 972f–975f
living wills, 698
lomustine
for brain tumors, 510t
monograph, 238–240
Look Good Feel Better, 997t
loperamide, 781
lorazepam, for nausea/
vomiting, 768
Lost in Transition. See From
Cancer Patient to
Cancer Survivor:
Lost in Transition
low-level laser therapy
(LLLT), 776t
lumbar puncture, 727
lung cancer, 537–545
regimens for, 546t–549t
lymphocytes, 5–7
lymphoma, 549
AIDS-related, 505–506,
506t–509t
regimens for, 550t–556t
Lymphoma Research
Foundation, 682t

M
macrobiotics, 636t
macrophages, 5
MAID regimen, for sarcomas, 562t
malignancy, cellular transformation to, 7–8
malpractice, 690, 691f,
704–705

Index
mammalian target of rapamycin (mTOR)
inhibitors, 78f, 81–
83, 87
MammaPrint® marker test,
946
managed care, history of,
664–665
manipulative and bodybased practices, in
CAM, 618, 619t–
620t
mantle cell lymphoma,
alloSCT for, 905–
906
massage therapy
in cancer care, 625,
626t–627t
credentialing for, 636t
mast cells, 6t
matched related donors
(MRDs), 890, 892
matched unrelated donors
(MUDs), 890, 892–
893
material safety data sheet
(MSDS), 53–55
maximum tolerated dose,
653
Mayo regimen, for colorectal cancer, 519t
McGill Pain Questionnaire,
778–779
mechlorethamine
for HL, 550t
monograph, 240–243
MEC regimen, for AML,
539t
Medical Expenditure Panel Surveys (MEPS),
664
medical homes, 981
medical orders for life-sustaining treatment
(MOLST), 697–699
Medicare Advantage Plus
Prescription Drugs
(MAPD), 681
Medicare Economic Index
(MEI), 665–666
Medicare/Medicaid fraud/
abuse, 703

Medicare Part A/Part B,
664–665, 681
Medicare Physician Fee
Schedule (1990),
665
Medicare Prescription
Drug, Improvement, and Modernization Act
(MMA), 666–667,
670, 680
Medicare Prescription
Drug Plan (PDP),
680–681
Medicare reimbursement.
See reimbursement
Medicare Volume Performance Standard,
665
medication errors, 56–59,
57f, 700–702, 704,
750
Medication Errors Reporting Program, 704
MedlinePlus Herbs and
Supplements, 632t
medroxyprogesterone
for anorexia/cachexia,
772
for endometrial cancer,
533t
for hot flashes, 872t
monograph, 345–346
megestrol
for hot flashes, 872t
monograph, 347–348
megestrol acetate
for anorexia/cachexia,
772–773
for breast cancer, 517t
MEK inhibitors, 85
melanoma, 556
regimens for, 557t
melphalan
monograph, 243–246
for multiple myeloma,
559t
Memorial Sloan-Kettering Cancer Center, 989t
memory cells, 6t
memory lymphocytes, 5–7
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memory T cells, 6t
mercaptopurine, 36
for ALL, 538t
monograph, 246–249
pharmacogenomics of,
954
mesna, 63, 65t
for AIDS-related
lymphoma,
507t–508t
for ALL, 539t
monograph, 249–251
for NHL, 551t, 553t
for sarcomas, 562t
for testicular cancer,
531t
mesoderm, 10
metabolism, 944
drug-herb interactions
affecting, 593
and polymorphisms, 948–
950, 950t–951t
metastasis, 9
methotrexate, 36
for acute promyelocytic
leukemia, 541t
for AIDS-related
lymphoma,
507t–508t
for ALL, 538t–539t
for bladder cancer, 527t
for breast cancer,
512t–513t, 515t
for gastric cancer, 523t
intrathecal administration of, 61
monograph, 251–254
for NHL, 551t, 553t
for primary CNS
lymphoma,
555t–556t
for sarcomas, 563t
methylprednisolone
for ALL, 539t
for CLL, 544t
for NHL, 552t
metoclopramide, 766
midline catheters, 718,
719t, 731t
mind-body interventions,
in CAM, 617, 619t–
620t
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MINE-ESHAP regimen, for
NHL, 553t
Mini Nutritional Assessment (MNA), 772
mirtazapine, for sleep-wake
disturbances, 789
mismatched related donors, 892
mitogen-activated extracellular signal-regulated kinase kinases
(MEKs), 85
mitogen-activated protein
(MAP), 86
mitomycin, 40
for gastric cancer, 523t
monograph, 255–257
mitosis, 3–4, 4f
mitotane, monograph,
348–350
mitoxantrone, 36
for acute promyelocytic
leukemia, 542t
for AML, 540t
monograph, 257–259
for NHL, 551t–554t
for prostate cancer, 528t
mobilization, of HSCs,
895–898
molecular targets, 74–87,
75f. See also targeted
therapies
monoamine oxidase inhibitors, for depression, 792
monoclonal antibodies, 38,
41, 74, 78f–79f, 79–
81. See also biotherapeutic agents
adverse effects of, 87, 798
for breast cancer,
514t–516t
mechanism of action,
80–81
nomenclature of, 80
radiolabeled, 898
monocytes, 6t
MOSAIQ information system, 834
motion-related nausea/vomiting, 761. See also
nausea/vomiting

movement therapies, in
CAM, 618, 619t–
620t
MTHFR gene, 949–950
mTOR inhibitors, 78f, 81–
83, 87
mucositis, 773–774
after SCT, 909–910
management of, 778–
779
prevention of, 775–776,
776t
risk factors for, 774–775
Multicultural Tool Kit
(ONS), 844
Multinational Association
for Supportive Care
in Cancer (MASCC),
930
multiple myeloma (MM),
558
ASCT for, 889, 898–901,
899t–900t
regimens for, 558t–560t
music therapy, 637t
mutations, 8, 86–87, 941–
943. See also targeted therapies
germ line, 945
somatic, 945
MVAC regimen, for bladder cancer, 527t
myalgia, 797–798
myeloablative conditioning
regimens, 896–898
myelodysplastic syndromes
(MDS), 889
myelosuppression, 802–
809. See also neutropenia

N
N-95 respirator, 53
nabilone, 767–768
nab-paclitaxel, monograph, 259–262
nanoparticles, 38
National Action Plan for
Cancer Survivorship, 975–976

National Association of
Hispanic Nurses
(NAHN), 1001t
National Association of
Social Workers
(NASW), 832
National Black Nurses Association, Inc.,
1001t
National Breast Cancer
Foundation, Inc.,
997t
A National Cancer Clinical
Trials System for the
21st Century (IOM),
650
National Cancer Institute
(NCI), 658t, 990t,
1004t
Cancer Information
Service, 632t
Cancer Therapy
Evaluation
Program
(CTEP), 658t,
757
Clinical Trials Working
Group (CTWG),
649–651
Community Cancer
Center Program
(NCCCP),
828–829
Coordinating Center for
Clinical Trials
(CCCT), 649
GEM database, 986–987
Office of Cancer
Survivorship, 984
Office of Cancer
Complementary
and Alternative
Medicine
(OCCAM), 616,
632t
Patient Navigator
Research
Program, 826
Physician Data Query
(PDQ), 622t,
628–630, 632t
Translational Research

Index
Working Group,
649
National Cancer Patient
Navigation Act
(2005), 826
National Cancer Survivorship Resource Center, 986
National Center for Advancing Translational Sciences, 26–27
National Center for Complementary and
Alternative Medicine (NCCAM),
613, 616, 617t, 632t,
1005t
National Coalition for Cancer Survivorship,
669, 682, 984, 990t,
998t
National Comprehensive
Cancer Network
(NCCN), 667–669,
784
National Family Caregivers Association
(NFCA), 1005t
National Health Interview
Survey (2007), 591
National Hospice and Palliative Care Organization (NHPCO),
998t
National Institute of Nursing Research
(NINR), 1006t
National Institutes of
Health
on cancer costs, 663–664
clinical trials
information, 658t
National Center for
Advancing
Translational
Sciences, 26–27
Office of Dietary
Supplements,
631, 632t
National Marrow Donor
Program (NMDP),
892–893, 998t

National Medical Association (NMA), 1008t
National Ovarian Cancer
Coalition (NOCC),
1005t
National Patient Safety
Goals (NPSGs),
97–98
National Society of Genetic Counselors
(NSGC), 1006t
natural killer cells, 6t, 7
Natural Medicines Comprehensive Database, 623t–624t,
632t
natural products, in CAM,
617–618, 619t
Natural Standard, 622t,
632t
naturopathy, 637t
nausea/vomiting, 758–769,
759f, 762f
antineoplastic agents
causing, 762f
assessment of, 758–759,
763
definitions of, 759
nonpharmacologic
management of,
768–769
pharmacologic
management of,
763–768
physiology of, 759, 759f,
760–761
risk factors for, 761–763,
762f
types of, 760
NCCN Clinical Practice
Guidelines in Oncology, 668–669, 784
Need Satisfaction Scale
(NSS), 847
Needs Evaluation Questionnaire (NEQ), 847
NeedyMeds, Inc., 998t
negligence, 690–692, 691f–
692f, 694
nelarabine
for ALL, 539t
monograph, 262–264
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neoadjuvant chemotherapy, 12–13, 27–28
Neoadjuvant T → FEC regimen, for breast
cancer, 515t
neovascularization, 83. See
also angiogenesis
neurokinin-1 (NK1) receptor antagonists, 765
neuropathic pain, 794–
796, 858t, 865, 867
neutropenia, 802–806,
803f, 957
neutrophils, 6t, 802–803
New Drug Application, 655
nilotinib, 78f
cardiotoxicity of,
859t–860t
for CML, 545t
for GIST, 524, 525t
monograph, 442–446
nilutamide
monograph, 350–351
for prostate cancer,
529t
nitrogen mustards, 30t. See
also specific agents
nitrosoureas, 30t. See also
specific agents
non-Hodgkin lymphoma
(NHL), 549, 550t–
555t
AIDS-related, 506,
506t–509t
ASCT for, 889, 901–903,
903t
nonmaleficence, 850
nonmyeloablative conditioning regimens,
897–898
nonreceptor tyrosine kinases, 76
non-small cell lung cancer
(NSCLC), 537–545
regimens for, 546t–548t
nontunneled VADs, 712–
713, 713f, 719t–
720t, 731t
Notch inhibitors, 86
Notch signaling pathway,
11t, 86
nurse practice acts, 689
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nursing liability, 690–697,
691f–692f
nutritional therapeutics, in
CAM, 620t

O
occlusions, in catheters,
741t, 746–748, 747f
octreotide, 781
monograph, 352–354
ocular toxicities, of chemotherapy, 858t, 865
ofatumumab, 78f
for CLL, 545t
monograph, 446–448
Office of Cancer Survivorship, 984
Office of Alternative Medicine, 616. See also
National Center
for Complementary and Alternative
Medicine
Office of Cancer Complementary and Alternative Medicine
(OCCAM), 616,
632t
Office of Dietary Supplements, 631, 632t
off-label use, of chemotherapy, 57–58,
674–676
olanzapine
for nausea/vomiting, 768
for sleep-wake
disturbances, 789
olaparib, 86
omacetaxine mepesuccinate, monograph,
448–450
Ommaya reservoir, 61, 711,
727–728, 729f
oncogenes, 4, 946
Oncology Nurse Navigator
Core Competencies
(ONS), 827
Oncology Nursing Society
(ONS), 704, 988,
1009t

Chemotherapy and Biotherapy Guidelines and
Recommendations
for Practice, 67,
701, 749–750
on healthcare reform,
669
levels of evidence for
CAM, 624t
on Medicare
reimbursement,
667, 681
on medication errors, 701
Multicultural Outcomes
Team, 844
on patient navigators,
826–827, 832
Putting Evidence Into
Practice (PEP),
769
on quality cancer care,
757
on survivorship, 840–841
Oncology Reimbursement
Toolbox, 671
Oncotype DX® marker test,
946
ondansetron, 764–765
open-ended VADs, 714
oprelvekin (IL-11)
monograph, 450–452
for thrombocytopenia,
807–808
oral assessment, 777–778
Oral Assessment Guide
(OAG), 777–778
oral care/hygiene, 776–
779
oral chemotherapy, 60, 88–
89, 667, 923–924
adherence to, 923–924,
928–931
barriers to adherence,
924–928
case studies on, 934–936
Oral Mucosa Rating Scale
(OMRS), 777–778
oral mucositis (OM), 774–
776, 776t. See also
mucositis
Oral Mucositis Assessment
Scale (OMAS), 778

Oral Mucositis Index
(OMI), 777–778
oral pain, management of,
778–779
Oral Toxicity Scale, 776
osteonecrosis of the jaw
(ONJ), 875
osteopathy, 638t
osteoporosis, 858t, 874–876
ototoxicity, of chemotherapy, 858t, 865
outpatient care, 667, 670–
671, 700
ovarian cancer, 526–531
regimens for, 533t–534t
ovarian failure, 851, 867–
868, 873–874
overweight/obese patients,
chemotherapy dosing for, 98
oxaliplatin
for adenocarcinoma
of unknown
primary, 505t
CNS toxicity of, 866
for colorectal cancer,
519t–522t
monograph, 264–267
for pancreatic cancer,
561t
peripheral neuropathy
from, 795, 797
oxazepam, for sleep-wake
disturbances, 788

P
paclitaxel, 37
for adenocarcinoma
of unknown
primary,
504t–505t
for bladder cancer, 527t
for breast cancer,
511t–517t
cardiotoxicity of, 860t
for cervical cancer, 532t
for endometrial cancer,
532t
for head and neck
cancers, 536t

Index
for KS, 506t
monograph, 267–270
myalgia/arthralgia from,
797–798
for NSCLC, 546t–547t
for ovarian cancer,
533t–534t
for prostate cancer,
528t
for SCLC, 548t
for testicular cancer,
531t
paclitaxel protein-bound
particles, 37
for breast cancer, 516t
pain, 793–794
oral, 778–779
pharmacogenomics and,
957–958
palifermin, 65t, 776t
palliative care, 12–13
palmar-plantar erythrodysesthesia (PPE),
799–800
palonosetron, 764, 768
pancreatic cancer, 560–561
regimens for, 561t
pancytopenia, 896–897
panitumumab, 78f
for colorectal cancer,
520t–522t
monograph, 452–455
panobinostat, 83
paronychia, 800–801
paroxetine, for hot flashes, 871t
PARP inhibitors, 85–86
partial response, 14, 654
Partnership for Prescription Assistance,
675–676
P.A.S. Port system, 717
PASV Valve, 714
pathologic complete response (pCR), 13,
654
Patient Advocate Foundation (PAF), 999t
patient and family-centered care, 841
patient assistance programs (PAPs), 675

Patient-Centered Communication in Cancer Care:
Promoting Healing
and Reducing Suffering, 982
patient confidentiality,
694–695
patient decision making,
842–843
on CAM, 621–628,
622t–624t
patient/family education,
63–66
effect on adherence,
928–929
on targeted therapies,
89
on VADs, 748–749
patient navigators (PNs),
823–825
certification for, 826
history of, 824–825
lay, 826
measuring effectiveness
of, 832–833
models for, 829–831
national programs, 832
professional, 826–827,
828f, 828–829
roles of, 825, 828f,
831–832
software for, 833–834
standards for, 828–829,
832–833
Patient Needs Assessment
Tool (PNAT), 847
patient preparation/monitoring, errors in,
702–703
patient privacy, 693–694,
848–849
Patient Protection and Affordable Care Act
(2013), 667, 668f,
849
patient protection, in clinical trials, 652–653,
657
Patient’s Bill of Rights, 849
payer mix, 672
pazopanib, 78f
monograph, 455–458
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for renal cell
carcinomas, 530t
PBC regimen, for NSCLC,
547t
PCG regimen, for bladder
cancer, 527t
PC regimen, for NSCLC,
547t
PCR regimen, for CLL,
544t
PCV regimen, for brain tumors, 510t
pegaspargase, monograph,
270–273
pegfilgrastim, 804–805
for breast cancer, 514t
for HSC mobilization,
895
monograph, 458–459
pemetrexed
monograph, 273–276
for NSCLC, 546t
for pleural
mesothelioma,
548t
pentostatin
for CLL, 544t
monograph, 276–278
percutaneous central
VADs, 712–713,
713f, 719t–720t
PE regimen, for prostate
cancer, 528t
performance adjustment
factor (PAF), 665
performance improvement
(PI) initiatives,
671–672
pericytes, 77
peripheral access devices,
711–712
peripheral blood stem cells
(PBSCs), 893–894
peripheral IV chemotherapy, 60–61, 719t, 731t
peripherally inserted central catheters
(PICCs), 710, 717–
718, 720t–721t, 731t
peripheral neuropathy
(PN), 794–796,
858t, 865, 867, 957
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peritonitis, 744t–745t
personalized medicine,
11–12, 86–87, 652,
670. See also targeted therapies
personal protective equipment (PPE), 48,
49f–50f, 51–54
pertuzumab, monograph,
459–461
PETHEMA LPA2005 regimen, for acute promyelocytic leukemia, 541t–542t
P-glycoproteins, 593
phagocytes, 6t
Pharmaceutical Research
and Manufacturers
of America, 682t
pharmacodynamic interactions, drug-herb,
594–595
pharmacodynamics (PD),
26, 944
pharmacogenomics, 939–
942, 940f–941f. See
also genetics; mutations
clinical utility of, 961–
962
fluorouracil and, 951–
953
irinotecan and, 953–954
mercaptopurine and,
954
research needs in,
962–963
side effects and, 957–958
pharmacokinetic interactions, drug-herb,
593
pharmacokinetics (PK),
26, 944, 945f
pharmacologic and biologic therapies, in
CAM, 618, 620t
pharmacology, genetics
and, 943–944, 945f
phase I studies, 18, 653–
654
phase II studies, 654–655
phase III studies, 655

phase IV studies, 656
phenothiazines, for nausea/vomiting, 766
phenotypes, 941
Pheres-Flow® tunneled
apheresis catheter, 714
Philadelphia chromosome,
535
phosphorylation, 9
photodynamic therapy, 27
Physician Data Query
(PDQ), 622t, 628–
630, 632t
physician orders for lifesustaining treatment (POLST),
697–699
phytoestrogens, herbal interactions with, 595
phytomedicinals. See herbal supplements
pimecrolimus, 799
pinch-off syndrome, 738t,
746
Pittsburgh Sleep Quality
Index, 788
plant alkaloids, 32t–33t,
36–37, 41
plasma cells, 6t
platelet-derived growth factor, 78, 78f
platelet-derived growth factor receptor (PDGFR), 76
platelet transfusion, 807.
See also thrombocytopenia
plerixafor, 894–895
monograph, 279–280
pleural mesothelioma, regimens for, 548t
pleural puncture, 736t
pneumonitis, 858t, 862
pneumopericardium,
736t
pneumothorax, 736t
podophyllotoxins, 33t
poly(ADP-ribose) polymerase, 85
polymorphisms, 941–943,
948–950, 950t–951t

polypharmacy, as adherence barrier, 925–
926
pomalidomide, monograph, 280–283
poor metabolizers (PMs),
943–944
Port-a-Cath® vascular access system, 710
post-traumatic stress disorder (PTSD), in survivorship, 978
post-treatment concerns,
971–972, 972f–975f
pralatrexate
monograph, 283–285
for NHL, 554t
prayer, 845
prednisolone, for NHL,
550t–551t
prednisone
for AIDS-related
lymphoma,
507t–508t
for ALL, 538t
for HL, 550t
for multiple myeloma,
559t
for NHL, 551t–553t
for prostate cancer,
527t–529t
for rash, 799
pregabalin, for hot flashes, 872t
preparation of chemotherapy, safe handling
during, 49f, 50–
56, 59
prevention trials, 645
primary CNS lymphoma,
regimens for, 555t–
556t
primary engineering controls (PECs), 51
primary resistance, 18
privacy, 693–694, 848–849
procarbazine
for brain tumors, 510t
for HL, 550t
monograph, 285–289
for primary CNS
lymphoma, 555t

Index
prochlorperazine, 766
prodrugs, 943–944
progestins, 33t
for hot flashes, 872t
progressive disease, 14, 654
progressive muscle relaxation (PMR), 769
promethazine, 766
prostate cancer, 525
regimens for, 527t–529t
proteasome inhibitors, 82–
83, 88
protected health information (PHI), 694–
695, 848–849
protocols, for clinical trials, 646
proto-oncogenes, 4
proxy-designation forms, 698
psychosocial issues. See also
anxiety; depression;
distress
assessment of, 846–848
resources on, 996t–999t
in survivorship, 976–979
Psychosocial Needs Inventory (PNI), 847
PubMed, 658t
Dietary Supplement
Subset, 616, 632t
pulmonary fibrosis, 858t, 862
pulmonary toxicity, 858t,
862–864
purine analog, 31t
PVB regimen, for testicular
cancer, 531t
pyrimidine analog, 31t
pyrrolizidine, 595–596

Q
QOL trials, 646
QT prolongation, 860t
quetiapine, for sleep-wake
disturbances, 789

R
radiation therapy
for ALL, 538t

for brain tumors, 510t
as chemosensitizer, 18
for gastric cancer, 523t
for primary CNS
lymphoma, 555t
radiolabeled monoclonal
antibodies, 898
raloxifene, monograph,
355–356
rash, 798–799
receptor activation, 9
receptor tyrosine kinases
(RTKs), 9, 76
recurrence, fear of, 978–
979
red blood cells (RBCs),
808. See also anemia
red clover, 601
reduced-intensity conditioning (RIC) regimens, 897–898
referrals, 672
reflexology, 638t
refractory nausea/vomiting, 760. See also
nausea/vomiting
regorafenib, monograph,
461–463
regulatory issues, 703. See
also administrative law
Reiki, 639t
reimbursement
changes in, 667–670
continuing education
on, 680
denials of, 676–680, 679f
for drugs, 673–676,
680–681
fraud/abuse in, 703
historical chronology of,
664–667, 668f
informational resources
on, 681–686, 682t
for off-label drug use,
674–676
for outpatient care,
670–671
performance
improvement
initiatives in,
671–672
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relapse, genetic variation
and, 960–961
religious practices, 845
renal cell carcinoma, 525
regimens for, 529t–530t
R-EPOCH regimen, for
NHL, 553t
resources
on billing/reimburse
ment, 682t
on CAM, 631, 632t
on cancer survivorship,
989t–990t
on clinical trials, 657–
658, 658t
culturally specific,
1000t–1001t
educational/research,
1001t–1006t
international,
1009t–1011t
professional,
1007t–1009t
psychosocial/financial,
996t–999t
respiratory protection, 53
Response Evaluation Criteria in Solid Tumors
(RECIST), 13–14
reteplase, 748
Reynolds’ Adherence Model, 928–931
R-Hyper-CVAD regimen, for
AIDS-related lymphoma, 508t–509t
RICE regimen, for NHL,
553t
risk evaluation and mitigation strategy
(REMS) for ESAs,
785
rituximab, 38, 74, 78f, 80
for AIDS-related
lymphoma,
506t–508t
for CLL, 543t–545t
monograph, 463–465
for NHL, 550t–555t
romiplostim, monograph,
465–467
ruxolitinib, 78f, 82
monograph, 467–470
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RVD regimen, for multiple
myeloma, 559t

S
safe handling, 47–48, 97–
98, 699–700
during chemotherapy
administration,
49f–50f, 56–63,
57f
during chemotherapy
preparation,
50–56, 59
of oral agents, 931–934
policies for, 55–56
sarcoma, 561–562
regimens for, 562t–563t
sargramostim, 805
for HSC mobilization,
895
monograph, 470–472
saw palmetto, 602
sclerosing encapsulated
peritonitis (SEP),
745t
secondary engineering
controls, 51
secondary malignancies,
858t, 880–882, 881t
SELECT (Selenium and
Vitamin E Cancer Prevention Trial), 603
selective serotonin reuptake inhibitors, 790,
792, 870
selenium, 603
serotonin-norepinephrine
reuptake inhibitors,
790, 792, 870
7 + 3 regimen, for AML,
539t
sexual dysfunction, 850–
852
signal transduction, 8–9,
11t, 75–76, 76f
sinecatechin, 600
single-agent therapies
for acute promyelocytic
leukemia, 543t

for AIDS-related KS,
506t
for ALL, 539t
for AML, 540t
for brain tumors, 510t
for breast cancer,
516t–518t
for cervical cancer, 532t
for CLL, 544t–545t
for CML, 545t
for colorectal cancer,
522t
for endometrial cancer,
533t
for head and neck
cancers, 536t–537t
for HL, 550t
for melanoma, 557t
for multiple myeloma,
560t
for NHL, 554t–555t
for NSCLC, 547t–548t
for ovarian cancer, 534t
for pancreatic cancer,
561t
for primary CNS
lymphoma, 556t
for prostate cancer,
528t–529t
for renal cell
carcinomas,
529t–530t
for sarcomas, 563t
for SCLC, 548t–549t
single nucleotide polymorphism (SNP), 942–
943
sipuleucel-T, monograph,
472–474
skin alterations, 798–802,
911–912
sleep diary, 788
sleep-wake disturbances,
786–787, 858t
measurement of, 787–
788
nonpharmacologic
interventions,
788
pharmacologic
interventions,
788–789

small cell lung cancer
(SCLC), 545
regimens for, 548t–549t
small molecule inhibitors,
81, 798
small molecules. See biotherapeutic agents
social media, and patient
privacy, 693, 695
Social Security Administration, 999t
Society for Integrative Oncology, 617t
Society of Gynecologic
Oncology (SGO),
1009t
somatic mutations, 945
sorafenib, 78f
cardiotoxicity of, 860t
monograph, 474–477
Southwest Oncology
Group (SWOG),
651f, 1006t
soy, 604
Specialized Programs of
Research Excellence (SPOREs),
650
spills, of cytotoxic drugs,
50f, 54. See also safe
handling
spiritual practices, 845
sprouting angiogenesis, 84
stable response, 14, 654
standard of care, 691, 701,
748–750
Stanford V regimen, for
HL, 550t
statutory law, 687–689, 688t
stem cell transplantation
(SCT), 889–890. See
also allogeneic SCT;
autologous SCT;
conditioning regimens
complications from,
892–893, 906–
913
donor types for, 892–893
steroids, for nausea/vomiting, 766–767

Index
St. John’s wort, 593, 601–
602
stomatitis, 773, 774t. See
also mucositis
storage, of hazardous
drugs, 54–55
streptozocin, monograph,
289–291
subclavian artery damage,
737t
substance P, 761, 765
substituted benzamides,
for nausea/vomiting, 766
sunitinib, 78f
cardiotoxicity of, 860t
for GIST, 524, 525t
monograph, 478–480
for renal cell
carcinomas, 530t
supportive care trials, 646
suppressor T cells, 6t
Surveillance and Control
of Pathogens of Epidemiological Importance (SCOPE)
database, 733
survivorship. See cancer
survivorship
survivorship care plans
(SCPs), 974, 979–
981
adoption of, 983, 983f,
984t–985t
impact/outcomes of,
985t
support/standards for,
981–985, 983f,
984t–985t
templates for, 982
Susan G. Komen for the
Cure, 999t
sustainable growth rate
(SGR), for reimbursement, 665–666
symptom clusters, 757, 784,
876
SynchroMed® infusion system, 726
syngeneic transplantation,
892
synthetic lethality, 85

T
TAC regimen, for breast
cancer, 514t
tamoxifen, 39
for breast cancer, 12, 74,
517t, 960–961
drug interactions with,
870
herbal interactions with,
595, 604
monograph, 356–358
secondary malignancies
from, 881t
targeted therapies, 37–38,
73. See also specific
agents
adverse effects of,
87–88
history/evolution of, 74
molecular targets of,
74–87, 75f–76f,
78f
oncology nurses’ role in,
88–89
patient/family
education on,
89
pharmacogenomics of,
954–955
taste changes, 779
taxanes, 32t, 37, 795, 797–
798, 860t. See also
specific agents
Tax Equity and Fiscal Responsibility Act
(1982), 665
tazarotene, 799
TCH regimen, for breast
cancer, 515t
TC regimen, for breast
cancer, 514t
temazepam, for sleep-wake
disturbances, 788
temozolomide
for brain tumors, 510t
for melanoma, 557t
monograph, 291–294
temsirolimus, 78f, 81–82
monograph, 481–483
for renal cell
carcinomas, 530t
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Tenckhoff catheter, 711,
724t–725t, 727
teniposide, 37
monograph, 294–296
teratogenic drug classifications, 96t
testicular cancer, 525–526
regimens for, 530t–531t
TGF-beta transduction
pathway, 9–10, 11t
thalidomide
monograph, 296–299
for multiple myeloma,
559t
peripheral neuropathy
from, 796
thioguanine
for ALL, 538t
monograph, 300–301
thiotepa, monograph, 301–
303
third-party administrators
(TPAs), 677, 679
340B Drug Pricing Program, 674
thrombocytopenia, 806–
808
thrombolysis, 747f, 748
thrombus formation, 746
tinctures, herbal, 592
tinnitus, 865
TIP regimen, for testicular
cancer, 531t
T lymphocytes, 6t, 7
Tobacco Information and
Prevention Source
(CDC), 1004t
To Err Is Human: Building
a Safer Health System, 700
Together Rx Access, 676
topoisomerase I inhibitors,
34t, 36
topotecan
for cervical cancer, 532t
monograph, 303–305
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