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Describing Symptom Burden
and Functional Status
at the Diagnosis
of Leptomeningeal Metastasis
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OBJECTIVES: To investigate the associations of
primary cancer, tumor characteristics, and cancer
treatment with symptom burden and functional status.
SAMPLE & SETTING: 52 patients with
leptomeningeal metastasis (LM) at the University of
Texas MD Anderson Cancer Center in Houston.
METHODS & VARIABLES: Records of 52 patients
were reviewed, and presenting symptoms were
recorded. Mean differences in number and specific
symptoms and functional status were explored.
Correlations between age and overall number of
symptoms with specific symptoms were assessed
with Pearson correlations.
RESULTS: Pain was the most frequently reported
symptom. Hormonal ablation therapy within six
months of LM diagnosis was associated with a
higher number of symptoms. Receiving biotherapy
more than six months prior to an LM diagnosis
was associated with pain, and cerebrospinal fluid
leukocytosis was associated with a poor Karnofsky
Performance Status score.
IMPLICATIONS FOR NURSING: Nurses caring for
patients with advanced cancer can help ensure the
highest possible quality of life by obtaining a careful
history, assessing symptoms, and noting any changes
since the last encounter.
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C

ancer brings physical and psychosocial challenges to patients. However,
when cancer metastasizes to the
leptomeninges and cerebrospinal
fluid (CSF), a unique symptom
burden arises that is further complicated by the site
of primary cancer, sites of metastasis, cumulative
treatment toxicities, and neurologic symptom burden
because of tumor involvement in the neuroaxis.
Patients with leptomeningeal metastasis (LM) typically undergo multiple treatment regimens and may
have multiple metastatic sites. In addition, multifocal
symptoms frequently occur because of the involvement of unrelated sites along the neuroaxis (Olson,
Chernik, & Posner, 1974), creating an unusual neurologic burden that may include cognitive and other
neurologic symptoms, such as radicular pain, weakness, or cauda equina syndrome.

Neurologic Symptoms of Leptomeningeal
Metastasis
The presence of multifocal neurologic symptoms is a
hallmark of LM and frequently leads to testing and
diagnosis (Olson et al., 1974). Neurologic symptoms
may be referable to the cerebrum, cranial nerves,
meninges, or spinal nerve roots. However, many
patients experience symptoms in more than one
of these areas. For example, patients have reported
cerebral symptoms in combination with cranial
nerve symptoms (Chamberlain & Kormanik, 1997), as
well as symptoms referable to the cerebrum, cranial
nerves, and spinal nerves in combination (Duan, Li, &
Sun, 2014). Frequently, symptoms may be identified
in two or three locations along the neuroaxis (Duan
et al., 2014; Wasserstrom, Glass, & Posner, 1982).
Recognizing neurologic signs or symptoms related to
the involvement of multiple sites along the neuroaxis
is key to the diagnosis of LM.
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Studies to date describe variation of presenting
symptoms in patients with LM. Cerebral symptoms
often appear first and remain conspicuous throughout
the course of the disease (Olson et al., 1974). Mental
status changes, headaches, radicular pain, impaired
ambulation, and cranial nerve deficits are also frequent findings and lead to imaging studies (Little,
Dale, & Okazaki, 1974; Theodore & Gendelman, 1981).
Symptoms described in case reports of LM include
sensorineural hearing loss (Asadollahi, Shayanfar,
Rezaiyan, & Hasibi, 2012; Duan et al., 2014; Hiraumi,
Yamamoto, Sakamoto, & Ito, 2014), facial palsy
(Hiraumi et al., 2014), dementia, dysarthria, gait disturbances (Jadav et al., 2012), extremity weakness
(Asadollahi et al., 2012; Duan et al., 2014; Jadav et al.,
2012; Quadri, Sobani, Enam, Enam, & Ashraf, 2011;
Sim et al., 2014), incontinence, aphasia (Jadav et al.,
2012), tinnitus (Asadollahi et al., 2012), diplopia and
other visual deficits (Madgula, Hemmerdinger, &
Clark, 2014; Pan et al., 2014), and urinary retention
(Sim et al., 2014).

Objective
Most LM studies are case studies, have small samples, and are concerned with efficacy and tolerability
of treatment; symptom burden and functional status
are often not primary outcomes. Describing symptom
burden and functional status at the diagnosis of LM
is important for personalized symptom management,
treatment planning, the design of future studies
aimed at symptom control, and the development of
interventions to address systemic, neurologic, and
psychosocial symptom burden. The purpose of this
study was to identify the most prevalent symptoms
at the diagnosis of LM and to investigate associations
between Karnofsky Performance Status (KPS) scores
and number of symptoms at diagnosis, type of symptoms, and patient characteristics (such as location of
LM tumor or imaging characteristics).

Methods
Sample and Setting

The study was undertaken at the University of Texas
MD Anderson Cancer Center (MDACC) in Houston.
A retrospective chart review from January 2009 to
December 2011 was completed. The protocol was
approved by the MDACC and the University of Texas
Health Science Center at Houston institutional
review boards.
The authors reviewed the medical records of 52
patients who had been newly diagnosed with LM and
were planning to undergo treatment at the MDACC
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Anne C. Brooks Brain and Spine Center from January
2009 to December 2011. Patients were included in the
study if they were aged at least 18 years, had LM from
any solid tumor except a primary brain tumor, and
had either radiographic or cytological evidence of LM.
Data were collected at LM diagnosis only.
Data Collection

Data were collected on gender, age, type of primary
cancer, sites of metastasis (other than LM), site(s) of
LM (brain, spine, or both), imaging characteristics of
LM, history of prior cranial or spinal radiation, history of other treatments (chemotherapy, biotherapy,
hormonal therapy, surgery, radiation other than to the
central nervous system [CNS]), CSF characteristics
(protein, glucose, cell counts, pathology), CSF pathway obstruction, KPS score, and type and number of
symptoms. Imaging characteristics of interest were
the presence of linear and nodular enhancement
of the CNS to determine if either was associated
with worse symptom burden or functioning. Linear
enhancement refers to thin lines of enhancement
along the leptomeninges, whereas nodular enhancement refers to bulky disease. Thirty-one patients did
not have a KPS score at diagnosis. Therefore, a KPS
score was estimated based on recorded signs and
symptoms, ambulatory status, ability to perform daily
activities, and cognitive status by the primary investigator of this study, who is a clinician at the brain and
spine center. Based on evidence previously reported
on patients with primary brain tumors (Armstrong
et al., 2006), the current authors dichotomized KPS
scores as good (90 or greater) or poor (less than 90).
Instruments

LM can involve the brain and the spine, so identification of symptoms associated with lesions in both
locations is needed. No instrument has been developed specifically for assessing symptoms in LM.
Therefore, the MD Anderson Symptom Inventory–
Brain Tumor (MDASI-BT) and MD Anderson
Symptom Inventory–Spine (MDASI-SP) were used
to collect information on the presence or absence of
symptoms from the chart review.
The MDASI-BT is a self-report Likert-type scale
of symptom burden and life interference. Evidence of
validity and internal consistency (Cronbach alpha >
0.7) have been reported in patients with brain tumors
(Armstrong et al., 2006, 2009). Part one of the
MDASI-BT has 22 items. Part two consists of a life
interference subscale with six items. Scoring is conducted on an 11-point Likert-type scale ranging from 0
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TABLE 1. Sample Characteristics and Symptoms
(N = 52)
Characteristic
Age (years)
Number of symptoms

X

—

SD

Range

51
1.87

12.26
1.3

24–76
0–6

Characteristic

n
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Gender
Female

41

KPS score
Poor (less than 90)

30

Location of leptomeningeal metastasis
Brain
Spine
Both

23
8
21

Cerebrospinal fluid pathway obstruction
Yes

1

Primary cancer
Breast
Lung
Melanoma
Other

Statistical Analysis

29
7
5
11

Metastatic sitea
Brain
Bone
Liver
Lymph node
Lung
Other
None (other than
leptomeningeal
metastasis)

33
22
14
13
12
10
2

Some participants reported more than one.
KPS—Karnofsky Performance Status
a
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Exploratory analysis was conducted using IBM SPSS
Statistics, version 22.0. Descriptive statistics were
employed to describe the sample; independent
sample t tests and one-way analysis of variance were
performed to explore the mean differences in specific symptoms, number of symptoms, and functional
status as measured by KPS scores. Pearson correlations were performed to assess relationships between
age and overall number of symptoms with specific
symptoms. Associations between categorical data
were assessed using a chi-square test.

Results
Sample Characteristics

Symptom experienceda
Pain
Numbness or tingling
Vision changes
Nausea or vomiting
Problems with comprehension
Arm or leg weakness
Memory problems or aphasia
Fatigue
Bowel or bladder control
Disturbed sleep
Dyspnea
Seizures

(not present) to 10 (as bad as you can imagine). Items
are then summed, and the mean of the total score is
calculated. The life interference subscale can be scored
separately in the same fashion. Higher scores indicate
greater symptom burden and life interference.
The MDASI-SP is scored with a self-report Likerttype scale. Evidence of validity and internal consistency
(Cronbach alpha = 0.9) have been reported in patients
with spinal tumors (Armstrong et al., 2010). Part one of
the MDASI-SP has 18 items. Part two consists of a life
interference subscale with six items.
Because this study was retrospective, the authors
collected information regarding the presence of
symptoms from medical records and dichotomized
symptoms as present or not present rather than
rate them on a scale of severity. Therefore, reported
symptoms that corresponded to the MDASI-BT or
MDASI-SP were extracted from the medical records
for analysis.

24
14
12
8
5
4
4
2
1
1
1
1

Table 1 provides a description of the sample, including symptoms experienced at the diagnosis of LM,
and Table 2 provides patient disease characteristics.
Fifty-two patients were included in the study, and
ages ranged from 24–76 years (median = 51 years).
Most patients were women with breast cancer, and
lung cancer and melanoma were the second and
third most frequent primary cancers. More than half
the patients had a KPS score of less than 90 (poor).
Most patients had parenchymal brain metastasis, and
many had received cranial radiation. LM was detected
mostly in the brain. CSF studies at diagnosis revealed
malignant cells in most patients. A review of CNS
imaging revealed that most participants had nodular
enhancement of the leptomeninges as opposed to
linear enhancement. Two patients’ medical records
did not indicate CNS imaging.
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Number of Symptoms

Patients reported, on average, 1.9 symptoms at
diagnosis, with a range of 0–6 symptoms. The most
common symptom at diagnosis was pain, followed
by numbness or tingling and vision changes. As with
KPS scores, most clinical and demographic characteristics were not associated with the number of
symptoms overall. Of note, significantly fewer symptoms were reported by patients with bone metastasis
(t = [44.25]2.77, p = 0.008) and by those who received
biotherapy six months or less prior to the diagnosis
of LM (2–6 months: t = [50]2.42, p = 0.02; 1 month or
less: t = [44]3.74, p = 0.001). Hormonal ablation therapy received six months or less prior to LM diagnosis
was associated with significantly more symptoms
(2–6 months: t = [50]–2.38, p = 0.02; 1 month or less:
t = [50]–2.54, p = 0.02).
Eight patients reported that symptoms were
associated with a significantly higher number of
symptoms overall, including memory problems (t =
[50]–4.52, p < 0.001), vision changes (t = [50]2.5, p =
0.03), any type of pain (t = [50]–2.53, p = 0.02),
vomiting (t = [50]–2.79, p = 0.007), difficulty with
comprehension (r = [50]0.29, p = 0.04), aphasia (r =
[50]0.45, p = 0.001), sleep disturbance (r = [50]0.45,
p = 0.001), and dyspnea (r = [50]0.45, p = 0.001).
Functional Status

Table 3 provides a detailed summary of associations
with KPS scores. Most patients with CSF leukocytosis (elevated level of white blood cells) had poor
KPS scores (c2 = [1]4.12, p = 0.04). One of the seven
patients who had undergone any type of cancer surgery 2–6 months prior to the diagnosis of LM had
a poor KPS score (c2 = [1]4.06, p = 0.04). However,
no significant associations between KPS scores and
demographic characteristics, symptoms, or tumor
characteristics were observed in this sample.
Specific Symptoms

Table 4 provides a detailed summary of associations
between specific symptoms with demographic characteristics, clinical characteristics, and number of
symptoms. Seizures were not associated with LM
tumor characteristics, parenchymal brain metastasis,
or treatment modalities. However, 1 of 10 patients with
metastasis to organs other than the brain, lung, bone,
liver, or lymph nodes reported seizures (c2 = [1]4.28,
p = 0.04). Fatigue was associated with having received
spinal radiation (c2 = [1]19.55, p < 0.01) and the presence of CSF lymphocytosis (c2 = [2]14.19, p < 0.01).
Interestingly, no associations existed between fatigue
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TABLE 2. Sample Disease Characteristics
(N = 52)
Characteristic

n

Treatment prior to LM diagnosis
Chemotherapy more than 6 months prior
Surgery more than 6 months prior
Chemotherapy 2–6 months prior
Biotherapy more than 6 months prior
Cranial radiation
Radiation more than 6 months priora
Chemotherapy 1 month prior
Biotherapy 2–6 months prior
Hormonal therapy more than 6 months prior
Biotherapy 1 month prior
Surgery within 6 months prior
Hormonal therapy within 6 months prior
Radiation within 6 months priora
Spinal radiation

45
39
26
24
21
21
20
19
15
13
7
6
6
5

Imaging characteristic
Nodular enhancement
Linear enhancement
No findings or missing

31
18
3

Location of tap
Lumbar
Ventricular
No tap documented

35
13
4

CSF proteinb
Normal (≤ 50 mg/dl)
High

28
21

CSF glucoseb
Normal (45–80 mg/dl)
High
Low

30
10
9

CSF white blood cellsc
Normal (0–5 cells/mcl)
High

28
22

CSF neutrophilsc
Normal (0%–5% of white blood cells)
High

35
15

CSF lymphocytesc
Normal (28%–96% of white blood cells)
Low
High

40
8
2

Other than cranial or spinal
Missing = 3
c
Missing = 2
CSF—cerebrospinal fluid; LM—leptomeningeal metastasis
a

b
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and other treatment modalities. Comprehension
was the only cognitive symptom to show significant
associations with treatment modalities or LM tumor
characteristics, including ventricular tap (as compared to lumbar tap) (c2 = [2]11.6, p = 0.01), negative
CSF pathology (c2 = [1]4.66, p = 0.03), and radiation
to any organ (other than CNS) more than six months
prior to LM diagnosis (c2 = [1]8.2, p < 0.01). Younger
patients were more likely to have vision (r = [50]
–0.31, p = 0.03) and sensory (r = [50]–0.34, p = 0.02)
changes. In addition, patients with CSF leukocytosis
were more likely to report extremity weakness (c2 =
[1]5.53, p = 0.02).

TABLE 3. Associations Between KPS Score and Number
of Symptoms
Poor KPS Score
Present

Absent

Characteristic

n

n

p

CSF leukocytosis
Surgery 2–6 months prior
to LM diagnosis

17
1

13
6

0.04
0.04

Number of Symptoms
Present

Absent

—

X

X

6
6
4.7
4.67
2.33
2.3
2.92
3.5

1.8
1.8
1.7
1.69
1.46
1.5
1.55
1.73

0.00
0.00
0.00
< 0.001
0.02
0.02
0.03
0.007

1.32

2.18

0.02

1.08
3.2

2.12
1.72

0.001
0.02

3

1.72

0.02

1.36

2.23

0.008

Characteristic

—

p

Symptom
Aphasia
Dyspnea
Memory
Memory problems
Pain
Sleep disturbance
Vision changes
Vomiting
Treatment prior to LM diagnosis
Biotherapy two to 6 months
prior
Biotherapy within 1 month
Hormonal ablation therapy
within 1 month
Hormonal therapy 2–6
months prior
Other
Bone metastasis

CSF—cerebrospinal fluid; KPS—Karnofsky Performance Status; LM—
leptomeningeal metastasis
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Discussion
The results of this study provide insight into presenting patient and tumor characteristics of LM and add
support for the occurrence of multiple and varied
symptoms in the LM population. LM affected functional status in the sample. Although most patients (n =
30) had poor functional status at diagnosis, many
patients (n = 22) had KPS scores of at least 90, indicating high functional capacity. Higher performance
status in 22 patients may be related to the recent diagnosis of LM, the relatively recent onset of associated
neurologic symptoms, or factors related to patient
referral, such as preselection of patients with high
functional status. This finding emphasizes the considerable variability in the functional presentation of
LM. Low KPS scores may be related to many factors,
including symptoms of advanced systemic disease
and cumulative toxicities from multiple treatments.
The findings of this study are congruent with the
findings of Olson et al. (1974), who found that neurologic symptoms at baseline may not be significant and
may worsen over time in patients with LM. It is also
possible there is a preselection of patients with higher
performance status when referring patients to neurooncology service for treatment, because patients with
low performance status may be transitioned to hospice prior to the actual diagnosis of LM or the first
treatment for LM. Early detection of LM by healthcare providers may partly explain higher performance
status as well. In addition, a KPS score is a measure of
overall performance. As such, cumulative effects from
advanced cancer and treatment toxicities may be of
greater significance to the score than neurologic deficits that are specific to LM.
Patients with CSF leukocytosis were more likely to
have a poor KPS score. White blood cells are a marker
of inflammation (Illán et al., 2014); therefore, it is possible that CNS inflammatory processes affected the
patients’ ability to function. In addition, although KPS
score was unrelated, many patients who reported arm
or leg weakness had CSF leukocytosis, suggesting that
this weakness may be related to CNS inflammation.
It is unclear whether this inflammation is an immune
reaction targeting malignant cells in the CSF or an
immune response to the disruption of the blood–
brain barrier by metastatic disease or radiation.
Surprisingly, no significant associations existed
between KPS score and number of symptoms, presence
of LM in the brain and spinal cord, presence of nodular
disease, or specific symptoms. This may be because of
the small sample size, lack of indication of the severity
of symptoms, and under-reporting of symptoms in the
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medical record, indicating a need for prospective studies using validated self-report instruments.
Pain was reported most frequently in the sample.
This is congruent with the findings of Little et al.
(1974). Type of pain was not differentiated in the
current study. Several associations existed between
specific symptoms and disease characteristics and
treatment modalities; however, they did not always
reveal expected associations. For example, problems
with comprehension were not associated with past
chemotherapy, which is incongruent with findings in
the literature (Miao et al., 2016; Wefel, Saleeba, Buzdar,
& Meyers, 2010), particularly because evidence supports that cognitive deficits are present early in the
course of disease, possibly related to the cancer itself
and chemotherapeutic regimens (Komaki et al., 1995).
Similarly, the lack of comprehension problems in
patients who had undergone radiation to the brain was
unexpected, because brain radiation is associated with
worsening cognitive functioning (Grosshans, Meyers,
Allen, Davenport, & Komaki, 2008). Evidence supports
that stereotactic radiosurgery is less damaging to cognitive function than whole-brain radiation (Brown et
al., 2016); however, the current study did not differentiate between the two modalities. In addition, formal
neurocognitive testing was not conducted in the
sample. Quantifying cognitive function through formal
testing might prove important in adequately describing
presenting cognitive function in patients with LM and
serve as a baseline in longitudinal studies.
In the current study, patients receiving biotherapy
had significantly fewer symptoms if received less than
six months prior to LM diagnosis, possibly because of
the anti-inflammatory properties of many monoclonal antibodies (Brennan, Chantry, Jackson, Maini, &
Feldmann, 1989; Maneiro, Salgado, & Gomez-Reino,
2013) that may target proinflammatory cytokines,
which are important factors in cancer symptom
burden (Myers, 2008; Wang et al., 2010, 2012). Why
significantly fewer symptoms were reported by
patients with bone metastasis is unclear. Fatigue
was present in 40% of patients with spinal radiation,
which is congruent with other studies investigating
fatigue and spinal radiation (Amsbaugh et al., 2012;
Katsoulakis et al., 2013; Zeng et al., 2012).
Limitations

The retrospective design of this study limited the
amount and quality of the data available for collection.
For example, symptoms may have been under-reported
in the medical record, skewing the findings on functional status and symptom burden. More women were
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TABLE 4. Significant Associations Between Symptoms
and Characteristics
Symptom
Present

Symptom
Absent

X

—

X

—

p

44

53

0.02

Age (years)

44

52

0.02

Characteristic

n

n

p

1

9

0.04

2
–

3
2

0.00
0.00

–
5
4
1

35
16
9
11

0.01
0.00
0.01
0.03

12
1

3
1

0.02
0.02

6

18

0.01

11
7

18
8

0.04
0.04

1

1

0.02

Characteristic
Numbness or tingling
Age (years)
Vision changes

Seizure
Other metastasesa
Fatigue
Spine radiation
CSF lymphocytosis
Comprehension
Lumbar tap
Radiationb
Ventrical tap
Negative CSF pathology
Arm or leg weakness
CSF leukocytosis
No metastasis
Pain
Biotherapyb
Numbness or tingling
Breast primary
Hormonal therapyb
Vomiting
No metastasis other
than LM

Other than lung, bone, liver, lymph nodes, or brain
More than 6 months prior to LM diagnosis
CSF—cerebrospinal fluid; LM—leptomeningeal metastasis
Note. The n values indicate patients who have experienced the
symptom and select characteristic.
a

b

represented in the study, reflective of breast cancer
being the most common primary cancer in the sample.
This makes it difficult to interpret findings related to
gender. In addition, the study had a small sample size
and included only patients who were presenting for
initial intrathecal treatment; therefore, patients with
worse performance status or higher disease burden
may not have been referred for therapy.
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Implications for Nursing
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Patients with advanced cancer like LM benefit from
careful symptom assessment and proactive management to improve quality of life. Nurses caring
for patients with advanced cancer can help ensure
the highest possible quality of life by obtaining a
careful history; assessing symptoms, including a
physical assessment; and noting any changes since
the last encounter. Appropriate nursing interventions
should be initiated, along with collaboration with an
advanced practice provider or physician to provide
necessary diagnostic testing or medical interventions.
The patient and family should be educated about
symptom reporting and control, including indications
for hospital emergency assessment and consultation.

Conclusion
The findings of this descriptive study indicate that
the symptom burden, number of symptoms, and
performance status of patients with LM vary widely
at diagnosis, with a surprising number of patients
presenting for treatment with high functioning and
low to moderate symptom burden. Prospective studies exploring measures to reduce the occurrence of
symptoms and preserve function during the disease
course are needed. Patients with LM have a unique
symptom burden consisting of symptoms referable to
neurologic disease, possibly at multiple points along
the neuroaxis; systemic disease; and cumulative treatment toxicities. Although this study provides needed
insight into the symptom burden of patients with LM,
no instrument is dedicated to measuring symptom
burden in this population. Neither the MDASI-BT nor
the MDASI-SP has been validated in patients with LM.
The symptoms of patients with LM should correspond
to items on one or both instruments. Therefore, the
development of a dedicated instrument for measuring
symptom burden in patients with LM and the validation of these instruments are warranted.
Although most patients demonstrated a KPS score
of less than 90, many demonstrated good performance
status. Prospective studies aimed at evaluating whether
poor performance status is related more to the cumulative effects of advanced cancer or to rapid neurologic
decline related to a new diagnosis of LM, and its effects
on the CNS, would help to clarify these findings.

KNOWLEDGE TRANSLATION
ɐɐ Patients with leptomeningeal metastasis (LM) present with variable symptoms that may progress over time.
ɐɐ Inflammation within the central nervous system is associated with
extremity weakness and lower functional status.
ɐɐ Most patients with LM report poor functional status at diagnosis.

of Texas MD Anderson Cancer Center in Houston; Elizabeth Vera,
MS, is a research analyst for Columbus Technologies & Services,
Inc., in Bethesda, MD; and Terri Armstrong, PhD, FAAN, is a senior
investigator in the Center for Cancer Research at the National
Cancer Institute, National Institutes of Health, in Bethesda.
Walker can be reached at julie.g.walker@uth.tmc.edu, with copy
to ONFEditor@ons.org. (Submitted September 2017. Accepted
December 15, 2017.)
O’Brien has participated in advisory or review activities for Monteris
and AbbVie, and has received additional support from Kadmon.
Armstrong has previously received financial support from AbbVie for
participation in advisory activities.
Walker, O’Brien, and Armstrong contributed to the conceptualization
and design and the manuscript preparation. Walker completed the
data collection. Vera and Armstrong provided statistical support.
Walker and O’Brien provided the analysis.

REFERENCES
Amsbaugh, M.J., Grosshans, D.R., McAleer, M.F., Zhu, R., Wages,
C., Crawford, C.N., . . . Mahajan, A. (2012). Proton therapy for
spinal ependymomas: Planning, acute toxicities, and preliminary
outcomes. International Journal of Radiation Oncology, Biology,
Physics, 83, 1419–1424. https://doi.org/10.1016/j.ijrobp.2011.10.034
Armstrong, T.S., Gning, I., Mendoza, T.R., Vera-Bolanos, E.,
Gilbert, M.R., Rhines, L.D., . . . Cleeland, C. (2010). Reliability
and validity of the M.D. Anderson Symptom Inventory-Spine
Tumor Module. Journal of Neurosurgery: Spine, 12, 421–430.
Armstrong, T.S., Gning, I., Mendoza, T.R., Weinberg, J.S., Gilbert,
M.R., Tortorice, M.L., & Cleeland, C.S. (2009). Clinical utility
of the MDASI-BT in patients with brain metastases. Journal of
Pain and Symptom Management, 37, 331–340.
Armstrong, T.S., Mendoza, T., Gning, I., Coco, C., Cohen, M.Z.,
Eriksen, L., . . . Cleeland, C. (2006). Validation of the M.D.
Anderson Symptom Inventory Brain Tumor Module (MDASIBT). Journal of Neuro-Oncology, 80, 27–35.

Julie Walker, PhD, APRN, FNP-C, is a clinical assistant professor
in the Cizik School of Nursing at the University of Texas Health
Science Center in Houston; Barbara O’Brien, MD, is an assistant
professor in the Department of Neuro-Oncology at the University

378

ONCOLOGY NURSING FORUM MAY 2018, VOL. 45 NO. 3

Asadollahi, M., Shayanfar, N., Rezaiyan, B., & Hasibi, M. (2012). A
rare presentation of medulloblastoma in adults as primary leptomeningeal involvement. Iranian Journal of Neurology, 11, 30–33.
Brennan, F.M., Chantry, D., Jackson, A., Maini, R., & Feldmann, M.

ONF.ONS.ORG

(1989). Inhibitory effect of TNF alpha antibodies on synovial

B. (2016). Long-term cognitive impairment of breast cancer

cell interleukin-1 production in rheumatoid arthritis. Lancet,

patients after chemotherapy: A functional MRI study. European

2, 244–247.
Brown, P.D., Jaeckle, K., Ballman, K.V., Farace, E., Cerhan, J.H.,
Anderson, S.K., . . . Asher, A.L. (2016). Effect of radiosurgery

behavior: Implications for depression and cancer-related symp-

alone vs radiosurgery with whole brain radiation therapy on

toms. Oncology Nursing Forum, 35, 802–807. https://doi.org/

cognitive function in patients with 1 to 3 brain metastases: A
randomized clinical trial. JAMA, 316, 401–409.
Chamberlain, M., & Kormanik, P. (1997). Lymphomatous meningitis
Downloaded on 08-07-2022. Single-user license only. Copyright 2022 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

Journal of Radiology, 85, 1053–1057.
Myers, J.S. (2008). Proinflammatory cytokines and sickness

in immunocompetent patients. Oncology Reports, 4, 1311–1318.
Duan, H., Li, M., & Sun, X. (2014). Clinical features of patients with
carcinomatous meningitis in the Chinese population: Report of 4
cases and review of the literature. Turkish Neurosurgery, 24, 13–18.
Grosshans, D.R., Meyers, C.A., Allen, P.K., Davenport, S.D., &
Komaki, R. (2008). Neurocognitive function in patients with
small cell lung cancer: Effect of prophylactic cranial irradia-

10.1188/08.ONF.802-807
Olson, M.E., Chernik, N.L., & Posner, J.B. (1974). Infiltration of the
leptomeninges by systemic cancer: A clinical and pathologic
study. Archives of Neurology, 30, 122–137. https://doi.org/10.1001/
archneur.1974.00490320010002
Pan, Z., Yang, G., Wang, Y., Yuan, T., Gao, Y., & Dong, L. (2014). Leptomeningeal metastases from a primary central nervous system
melanoma: A case report and literature review. World Journal of
Surgical Oncology, 12, 265. https://doi.org/10.1186/1477-7819-12-265
Quadri, S.A., Sobani, Z.A., Enam, S.A., Enam, K., & Ashraf, M.S.

tion. Cancer, 112, 589–595. https://doi.org/10.1002/cncr.23222

(2011). Primary central nervous system lymphoma causing mul-

Hiraumi, H., Yamamoto, N., Sakamoto, T., & Ito, J. (2014). Periph-

tiple spinal cord compression and carcinomatous meningitis in

eral facial palsy caused by neoplastic meningitis. Laryngoscope,
124, 2139–2143. https://doi.org/10.1002/lary.24687
Illán, J., Simo, M., Serrano, C., Castañón, S., Gonzalo, R., MartínezGarcía, M., . . . Subirá, D. (2014). Differences in cerebrospinal
fluid inflammatory cell reaction of patients with leptomeningeal involvement by lymphoma and carcinoma. Translational
Research, 164, 460–467. https://doi.org/10.1016/j.trsl.2014.03.012
Jadav, R., Sinha, S., Nagarathna, S., Bindu, P.S., Mahadevan, A.,
Bharath, R.S., . . . Taly, A.B. (2012). Carcinomatous meningitis:
Yet another cause for rapidly progressive dementia and triphasic
waves in electroencephalograph! Journal of Neurosciences in Rural
Practice, 3, 207–209. https://doi.org/10.4103/0976-3147.98253
Katsoulakis, E., Riaz, N., Cox, B., Mechalakos, J., Zatcky, J., Bilsky,

a 6-year-old: A case report. Journal of Pediatric Hematology/Oncology, 33, 312–315. https://doi.org/10.1097/MPH.0b013e3181ff0efb
Roos, K.L. (2005). Cerebrospinal fluid. In Author, Principles of neurologic infectious diseases (pp. 1–12). New York, NY: McGraw-Hill
Medical Publishing Division.
Sim, K.B., Nam, K.Y., Lee, H.J., Park, J.-W., Ryu, G.H., Chang, J., &
Kwon, B.S. (2014). Chest wall pain as the presenting symptom
of leptomeningeal carcinomatosis. Annals of Rehabilitation Medicine, 38, 861–864. https://doi.org/10.5535/arm.2014.38.6.861
Theodore, W.H., & Gendelman, S. (1981). Meningeal carcinomatosis. Archives of Neurology, 38, 696–699.
Wang, X.S., Shi, Q., Williams, L.A., Mao, L., Cleeland, C.S.,
Komaki, R.R., . . . Liao, Z. (2010). Inflammatory cytokines

M., & Yamada, Y. (2013). Delivering a third course of radiation

are associated with the development of symptom burden in

to spine metastases using image-guided, intensity-modulated

patients with NSCLC undergoing concurrent chemoradiation

radiation therapy. Journal of Neurosurgery: Spine, 18, 63–68.

therapy. Brain, Behavior, and Immunity, 24, 968–974. https://doi

https://doi.org/10.3171/2012.9.SPINE12433
Komaki, R., Meyers, C.A., Shin, D.M., Garden, A.S., Byrne, K.,

.org/10.1016/j.bbi.2010.03.009
Wang, X.S., Williams, L.A., Krishnan, S., Liao, Z., Liu, P., Mao,

Nickens, J.A., & Cox, J.D. (1995). Evaluation of cognitive func-

L., . . . Cleeland, C.S. (2012). Serum sTNF-R1, IL-6, and the

tion in patients with limited small cell lung cancer prior to and

development of fatigue in patients with gastrointestinal cancer

shortly following prophylactic cranial irradiation. International

undergoing chemoradiation therapy. Brain, Behavior, and

Journal of Radiation Oncology, Biology, Physics, 33, 179–182.
Little, J.R., Dale, A.J., & Okazaki, H. (1974). Meningeal carcinomatosis: Clinical manifestations. Archives of Neurology, 30, 138–143.
https://doi.org/10.1001/archneur.1974.00490320026003
Madgula, I.M., Hemmerdinger, C.M., & Clark P. (2014). Metastatic

Immunity, 26, 699–705. https://doi.org/10.1016/j.bbi.2011.12.007
Wasserstrom, W.R., Glass, J.P., & Posner, J.B. (1982). Diagnosis and treatment of leptomeningeal metastases from solid
tumors: Experience with 90 patients. Cancer, 49, 759–772.
Wefel, J.S., Saleeba, A.K., Buzdar, A.U., & Meyers, C.A. (2010).

breast cancer presenting as sequential cranial nerve palsy: A

Acute and late onset cognitive dysfunction associated with

case report. Journal of Medical Case Reports, 8, 430.

chemotherapy in women with breast cancer. Cancer, 116,

Maneiro, J.R., Salgado, E., & Gomez-Reino, J.J. (2013). Immunogenicity of monoclonal antibodies against tumor necrosis factor

3348–3356. https://doi.org/10.1002/cncr.25098
Zeng, L., Koo, K., Zhang, L., Jon, F., Dennis, K., Holden, L., . . .

used in chronic immune-mediated Inflammatory conditions:

Chow, E. (2012). Fatigue in advanced cancer patients attending

Systematic review and meta-analysis. JAMA Internal Medicine,

an outpatient palliative radiotherapy clinic as screened by the

173, 1416–1428. https://doi.org/10.1001/jamainternmed.2013.7430

Edmonton Symptom Assessment System. Supportive Care in

Miao, H., Li, J., Hu, S., He, X., Partridge, S.C., Ren, J., . . . Qiu,

ONF.ONS.ORG

Cancer, 20, 1037–1042. https://doi.org/10.1007/s00520-011-1179-8

MAY 2018, VOL. 45 NO. 3 ONCOLOGY NURSING FORUM

379

