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Secondary Exposure of Family Members
to Cyclophosphamide After Chemotherapy
of Outpatients With Cancer: A Pilot Study

Michiko Yuki, RN, PhD, Takashi Ishida, MD, and Satoko Sekine, MD

ntineoplastic drugs treat malignant tumor
cells, but they also affect normal cells, lead-
ing to adverse effects. Healthcare workers
such as the pharmacists and nurses who
prepare or administer these drugs are
aware of the risks of occupational exposure. The ad-
verse effects of occupational exposure to antineoplastic
drugs include acute symptoms such as allergic reac-
tions (Kusnetz & Condon, 2003; Walusiak, Wittczak,
Ruta, & Palczynski, 2002), genotoxicity (Burgaz et al.,
2002; McDiarmid, Oliver, Roth, Rogers, & Escalante,
2010), teratogenicity (Hemminki, Kyyronen, & Lind-
bohm, 1985; Meirow & Schiff, 2005), reproductive
effects (Cardonick & Iacobucci, 2004; Fransman et al.,
2007), and carcinogenicity (Althouse, Huff, Tomatis, &
Wilbourn 1979; Skov et al., 1990). Therefore, measures
should be taken to prevent occupational exposure to
these drugs.

The people at risk for exposure to hazardous drugs
are not only the healthcare workers who directly
handle them, but also those who come in contact with
the contaminated body excreta of patients with cancer.
Those who do not directly handle drugs, such as vol-
unteers, dietitians, and oncologists, also are at risk for
exposure to drugs in the healthcare environment (Hon,
Teschke, Demers, & Venners, 2014). Variable amounts of
antineoplastic agents and their metabolites are excreted
in the urine, stool, sweat, and other body excreta of
patients receiving these drugs (American Society of
Hospital Pharmacists [ASHP], 1990; Polovich, 2011).

Caregivers are at a higher risk for indirect drug ex-
posure because they generally do not wear personal
protective equipment (Nygren & Lundgren, 1997). Ex-
posure to antineoplastic drugs can occur during rou-
tine nursing tasks; levels of drugs have been detected
in patients” bedding and sweat (Fransman, Vermeu-
len, & Kromhout, 2005). A study comparing different
sources of exposure in nonhospital environments
demonstrated that workers dealing with contaminated
hospital laundry were exposed to antineoplastic drugs

Purpose/Objectives: To measure the total amount of
cyclophosphamide (CPA) excreted in the urine of patients
with cancer and their cohabitating family members seven
days after CPA administration.

Design: Biological monitoring.

Setting: Home setting with outpatients receiving chemo-
therapy.

Sample: 8 patients administered CPA, 10 cohabitating
family members, and 10 control participants.

Methods: During the first seven days after CPA administra-
tion, urine samples were collected from the participants.
The samples were analyzed for the unchanged form of
CPA using gas chromatography in tandem with mass spec-
troscopy.

Main Research Variables: CPA levels.

Findings: CPA was detected in 112 of 276 patient urine
samples. The last sample containing detectable CPA levels
was collected after more than 48 hours in 63% of the pa-
tients, with a maximum length of five days post-treatment.
In addition, 243 urine samples were collected from family
members, and CPA was detected in the samples of five
family members (17-252 ng per member). CPA was not
detected in any control participants.

Conclusions: These findings indicate that family members

in close contact with patients receiving CPA are at high risk
for drug exposure as many as seven days post-treatment.

Implications for Nursing: Nurses should educate patients
and their family members about preventing exposure to
antineoplastic drugs in the home setting.
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through inhalation. In addition, they were exposed
through their skin while cleaning toilets and wash-
ing patients in patients’” homes and nursing homes
(Meijster, Fransman, Veldhof, & Kromhout, 2006).
These findings suggest that family members living
with patients with cancer also are potentially at risk
for exposure to antineoplastic drugs.
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Anticancer chemotherapy is shifting from inpatient
to outpatient settings, and the proportion of patients
treated as outpatients is increasing. During outpatient
chemotherapy, patients spend most of their time at
home. Therefore, the risk of exposure for family mem-
bers living with patients treated with antineoplastic
agents is a concern. According to the current safety
guidelines for hazardous drug handling, care should
be taken when handling body fluids during the first 48
hours post-treatment because the majority of drugs are
excreted during this period (ASHP, 1990; Occupational
Safety and Health Administration [OSHA], 1995).

Studies on drug exposure have been limited to this
time frame only. For instance, one study reported
that family members of three patients who were ad-
ministrated cyclophosphamide (CPA) (Cytoxan®) or
5-fluorouracil (Adrucil®) were exposed to these drugs
during the first 48 hours after outpatient chemotherapy
(Yuki, Sekine, Takase, Ishida, & Sessink, 2013). How-
ever, no published report has evaluated the exposure
risks of family members living with patients treated
with CPA more than 48 hours post-treatment. Be-
cause excretion time varies between different drugs,
the period during which hazardous drug-handling
precautions should be followed needs to be defined for
each antineoplastic agent.

This study targeted women with breast cancer treated
with CPA, a commonly used antineoplastic drug. CPA
is classified as a human genotoxic carcinogen by the
International Agency for Research on Cancer ([IARC],
2013). During chemotherapy, patients received bolus
IV doses of CPA regularly through an outpatient ser-
vice. The current study was conducted with primary
objectives of (a) measuring the total amount of CPA
excreted in the urine of patients with cancer during
the first seven days after CPA administration and (b)
evaluating the risk of exposure to family members by
measuring the urine CPA levels of cohabitants during
the same period.

Methods

Eight female patients with breast cancer who peri-
odically received CPA in the outpatient chemotherapy
center at a university hospital in Japan and 10 family
members living with these patients participated in this
study. Ten healthy volunteers who matched with the
family members for gender, age, and smoking status
were enrolled as a control group. None of the par-
ticipants had comprehension issues, and they collected
their urine samples at home. The Eastern Cooperative
Oncology Group performance status for each patient
was grade 0 (Oken et al., 1982).

Ethical Considerations

This study was conducted with the approval of the
ethics committee of Fukushima Medical University in
Japan. A researcher interviewed patients with breast
cancer who had been referred by their physicians in
outpatient service. The researcher explained the objec-
tives and methods of the study to potential participants
through written and oral descriptions. After treatment,
the researcher visited patients” homes to explain the
same information to family members. It was explained
that nonparticipation would not cause any disadvan-
tages, and that they were allowed to withdraw at any
time even after they had consented to participate. Po-
tential participants were assured that privacy would be
strictly observed. Participants gave written consent if
they agreed to take part in the study.

Urine Sampling

Once patients completed chemotherapy infusion at
the outpatient center, a researcher visited them in their
homes and repeated the explanation of the tests and
procedures for urine sample collection. Patients and
their family members recorded the time and volume of
each urination for seven consecutive days at home after
chemotherapy was administered. They collected 10 ml

Table 1. Sample Characteristics and CPA Excretion in Patients

Variable 1 2 3 4 5 6 7 8

Age (years) 57 42 58 56 61 70 37 48

Amount of CPA administered (mg) 854 743 935 750 724 850 850 715

Number of samples 38 36 36 23 22 37 48 36

Total volume (ml) 10,410 7,560 6,630 7,030 5400 14,130 15,210 7,495

Positive samples (n) 27 13 12 16 7 10 13 14

Last CPA detection (hours post- 108 65 53 114 44 38 44 71
chemotherapy)

Total CPA detected (ng per seven 165.4 173.9 127.7 181.5 114.4 108.3 148.8 154.6
days)

Ratio of detected CPA to dose (%) 19 23 14 24 16 13 18 22

CPA—cyclophosphamide

Note. Participants in whom CPA was not detected presented samples with less than 0.07 ng/ml CPA in urine.
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Table 2. Sample Characteristics and CPA Excretion in Family Members

Variable D®P1) HP2 H®P3) H®P4 HP5 HP6) HP7 FP7)  S(P8) D (P8)
Age (decade) 20s 40s 60s 60s 60s 70s 30s 50s 10s 10s
Number of 30 13 34 20 20 36 18 33 17 21
samples
Total volume (ml) 3,780 4,590 8,570 5,150 5,170 6,920 4,680 11,880 2,710 3,800
Positive sam- 10 8 15 3 - - 9 7 - -
ples (n)
Last CPA detec- 75 90 64 42 - 104 154 - -
tion (hours
postchemo-
therapy)
Total CPA de- 71.5 104.2 252 17 - - 154.2 101.5 - -
tected (ng per
seven days)

CPA—cyclophosphamide; D—daughter; F—father-in-law; H—husband; P—patient; S—son

Note. Subjects in whom CPA was not detected presented samples with less than 0.01 ng/ml CPA in urine.

samples of each urination using a sampling kit, and the
samples were immediately stored in a compact freezer
used solely for the purpose of storing the samples at
—20°C. Patients also collected a test sample when they
urinated at the hospital after receiving chemotherapy.
Participants in the control group also collected urine
for seven consecutive days at home; however, collec-
tion was terminated by some patients after four days
because of personal circumstances.

Urine Sample Analyses

All samples were shipped on dry ice to a laboratory
for analysis. To determine CPA levels, the unchanged
form of CPA was detected and measured in the urine
samples of patients, their family members, and the
control subjects. The sample volume used for CPA de-
termination in urine was 5 ml. The detection limit of
CPA was 0.01 ng/ml for family members and control
subjects and 100 ng/ml for patients (samples were di-
luted 5,000-fold prior to clean-up and analysis). Urine
samples were prepared according to standard proce-
dures (Sessink, Anzion, Van den Broek, & Bos, 1992;
Sessink, Boer, Scheefhals, Anzion, & Bos, 1992; Sessink,
Scholtes, Anzion, & Bos, 1993). CPA was analyzed us-
ing gas chromatography (GC) in tandem with a mass
spectroscopy (MS) system.

GC-MS is a technique used for the qualitative and
quantitative analysis of organic compounds in which
a vaporized mixture is chromatographically separated
into its components. GC refers to a type of chromatog-
raphy that uses a gaseous mobile phase. A qualitative
analysis of GC-separated components is accomplished
by individually subjecting them to MS as they are
eluted from the chromatography column. Quantitative
analysis of the individual components is determined by
their peak intensities in the chromatogram.

Findings

During the first seven days after chemotherapy, 276
and 243 urine samples were collected from eight pa-
tients and their 10 family members, respectively (see
Tables 1 and 2). During this period, 40% of the urine
samples collected from the patients contained detect-
able levels of CPA. The total amount of CPA excreted
by patients during the seven days was 108.3-181.5 ng,
representing 13%—24% of the dose administered during
chemotherapy. The collection times for the last samples
containing CPA were 38-114 hours after chemotherapy,
and they were greater than 48 hours for 63% of patients.
None of the patients vomited during the study period.

Family members frequently were found to be con-
taminated with CPA, which was detected in 21% of
the 243 urine samples, representing six of the 10 family
members. The total amount of CPA detected in family
members’ urine was highly variable, ranging from
17-252 ng per member. The collection times for the
last samples containing detectable CPA levels ranged
from 42-154 hours after chemotherapy. The amount
of CPA excreted by most family members (four out
of six) was comparable to the amount excreted by the
patients (> 101.5 ng). None of the 204 urine samples col-
lected from the 10 control subjects contained detectable
levels of CPA. Therefore, family members living with
patients receiving chemotherapy are at a high risk for
drug exposure if they do not take appropriate personal
protective measures.

The time-course profiles of CPA excretion in the urine
samples of patients and their family members during
the first seven days after chemotherapy were compared.
The family members of patients 1, 2, 3, 4, and 7 showed
detectable CPA levels. In patients, CPA excretion gradu-
ally declined during the first four days. In contrast, the
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and their cohabiting family mem-
bers during the first seven days after
chemotherapy. The total amount of
CPA excreted by the patients dur-
ing this period was 108.3-181.5 ng,
representing 13%-24% of the total
administered dose. These data are
consistent with the findings of a
previous study, which showed that
3%—-36% of CPA is excreted in the
urine of patients after chemotherapy
(Hedmer, Tinnerberg, Axmon, &
Jonsson, 2008). In addition, as much

Excretion in Family Member’s Urine (ng)

Hours Post-Treatment

-e-Patient -#-Family member

as 30% of an IV dose of CPA is ex-
creted in the urine of patients with
cancer within two days after drug
administration (OSHA, 1995). This
large variability is explained by

Figure 1. Cyclophosphamide Levels in Case 1

profiles of family members exhibited no clear peaks.
In most cases, CPA concentration peaks were higher in
family members than in patients 48 hours post-treatment
(see Figures 1 and 2). The exposure variability among
family members could be explained by the duration of
close contact with patients in common spaces. In the case
of patient 7, both family members were exposed to the
drug but with different lag times for the first detection of
CPA in their urine (see Figure 3). CPA was continuously
excreted in the urine of patient 7’s husband 54-104 hours
post-treatment, whereas the father-in-law intermittently
excreted CPA. In contrast, the two family members of pa-
tient 8 were not exposed to the drug, which may be par-
tially explained by the fact that
they used separate bathrooms.
The family member of patient
5 showed no sign of CPA expo-
sure, perhaps because they did
not use the same bathroom and
their work shifts did not over-
lap. These data suggest that
the main factors responsible
for family members’ secondary
CPA exposure from autono-
mous patients with cancer at
home are shared bathrooms
and amount of time spent in
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individual differences in drug me-
tabolism. To minimize exposure to
hazardous drugs, safety guidelines
recommend that healthcare workers handling body
fluids or beddings use personal protective equipment
during the 48 hours after chemotherapy (ASHP, 1990;
OSHA, 1995; Polovich, 2011). However, the results of
this study showed that 63% of patients still excreted sig-
nificant amounts of CPA three days after chemotherapy.
Therefore, the recommended use of personal protective
equipment should be extended to five days for all hos-
pital personnel in close contact with patients receiving
chemotherapy.
The home environment is more problematic than
hospitals regarding secondary drug exposure because
family members do not wear protective equipment

35

Excretion in Family Member’s Urine (ng)

common space. 0.01

Discussion

This study compared the

Hours Post-Treatment

-e- Patient -#-Family member

amount of CPA excreted in the
urine of patients with cancer

Figure 2. Cyclophosphamide Levels in Case 2
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Figure 3. Cyclophosphamide Levels in Case 7

and common spaces are not sterilized on a daily basis.
Large concentrations of CPA were detected in samples
collected from the family members of most (five out
of eight) patients. Most family members (four out
of six) exposed to CPA excreted total drug amounts
comparable to those excreted by the patients (= 101.5
ng), which is comparable to the exposure level of
healthcare workers in hospital settings (Sessink et al.,
1992; Sessink, Kroese, van Kranen, & Bos, 1995).
Several studies at medical facilities reported the pres-
ence of antineoplastic drugs in the urine of healthcare
workers who had not directly handled antineoplastic
agents, indicating secondary exposure from environ-
mental contamination (Pethran et al., 2003; Wick, Slaw-
son, Jorgenson, & Tyler, 2003). Nurses are exposed to
antineoplastic drugs through their skin while removing
contaminated bed sheets belonging to patients receiv-
ing chemotherapy (Fransman et al., 2005). In the cur-
rent study, although family members did not directly
handle patients’ body fluids, six family members of
five patients were exposed to the drug. This highlights
the existence of residual body fluids containing CPA in
the home environment. An environmental monitoring
study conducted in the home bathrooms of two patients
detected drug contamination on the toilet seat, bath-
room floor, and door knobs 48 hours after CPA admin-
istration. The levels of contamination were much higher
than those in hospital areas (e.g., pharmacy) (Yuki et al.,
2013). These data are consistent with the persistently

high levels of CPA detected in this study in family
members even after CPA levels decreased to less than
80% in patients. These findings indicate that the safety
guidelines designed to prevent drug exposure during
the first 48 hours post-treatment are not appropriate for
family members of patients postchemotherapy, particu-
larly when dealing with the residual body fluids that
accumulate in the home environment.

Implications for Nursing

Patients in this study excreted large amounts of CPA
because of their chemotherapy, and the administered
drugs were detected in urine samples collected from co-
habiting family members. Although these family mem-
bers did not receive chemotherapy, CPA was detected
in their urine samples during the postadministration
period, indicating secondary exposure from environ-
mental surface contamination at home.

The prevention of contamination with antineoplastic
agents at home should be stressed to avoid the expo-
sure of family members to these toxic drugs. Yuki et al.
(2013) demonstrated the contamination of the home
setting and exposure of family members to CPA via
the drug residue (such as excreta) of patients receiving
chemotherapy.

Guidelines recommend procedures to prevent drug
exposure for healthcare workers in hospitals and
institutions (ASHP, 1990; OSHA, 1995; Polovich, 2011).
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Knowledge Translation

Patients continuously excrete a large amount of cyclophos-
phamide after chemotherapy.

At home, family members are at risk for drug exposure via
the drug residue (e.g., in excreta) of outpatients receiving
chemotherapy.

The recommended use of personal protective equipment
should be extended to five days for all hospital personnel in
close contact with patients receiving chemotherapy.

The instructions given to patients and their families to
prevent exposure to antineoplastic drugs at home are
based on these procedures. However, patients and fam-
ily members rarely use disposable gloves and gowns
when handling potentially contaminated blood, urine,
feces, or vomit. These guidelines also state that caution
should be exercised when flushing the toilet (performed
twice after appropriately lowering the toilet seat lid) fol-
lowing the disposal of excreta of patients administered
cytotoxic drugs within the previous 48 hours. Applying
measures to prevent drug contamination of the toilet
environment, including the toilet seat, floor around the
toilet, door knob, and washbasin, and taking precautions

when handling clothing and linens that have been in
contact with the patient’s urine and other body fluids,
is necessary.

Conclusion

The findings of this study raise an important public
health issue. As anticancer chemotherapy in outpatient
settings is more commonly practiced, family members
may be exposed to high doses of antineoplastic drugs
for as many as five days post-treatment. Therefore, an
urgent need exists for the development of safety guide-
lines adapted to the home environment to prevent the
secondary exposure of cohabiting family members.
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