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Abstract

Purposes: (a) To measure the urinary excretion of antineoplastic drugs of three patients during 48 h after the administration
of cyclophosphamide (two patients) and 5-fluorouracil {(one patient). (b) To evaluate environmental contamination with
antineoplastic drugs via excreta of patients in the home setting. (c) To evaluate exposure of family members to antineoplastic
drugs by measuring the drugs in their urine during the 48h after completion of the chemotherapy by the patients.
Methods: Two patients were administered cyclophosphamide by iv. bolus injection. One patient was administered
S-fluorouracil by iv. bolus injection and thereafter immediately administered the same drug by continuous infusion for
46 h. Urine samples from the patients administered cyclophosphamide and their family members, and wjpe samples from
their home environment, were analysed for the unchanged form of cyclophosphamide. For 5-fluorouracil, the urine samples
from the patient and the family member were analysed for the 5-fluorouracil metabolite a-fluoro-f-alanine. Wipe samples
were analysed for 5-fluorouracil. Drugs were detected and quantified with gas chromatography in tandem with mass
spectroscopy-mass spectroscopy or by high-performance liquid chromatography with ultraviolet-light detection.
Results: A total of 35 and 16 urine samples were collected from the three patients and their family members, respect-
ively. The drugs were detected in all samples.

Cyclophosphamide was detected at levels of 0.03-7.34 nglcm? in 8 of the 12 wipe samples obtained from the homes of
the patients administered cyclophosphamide. For the patient administered 5-fluorouracil, drug levels in his home envir-
onment were below the limit of detection.

Conclusion: We demonstrated contamination of the home setting and exposure of family members to cyclophospha-
mide via the excreta of outpatient receiving chemortherapy. Exposure of the family member of the patient administered
S-fluorouracil was also demonstrated. These findings indicate the Importance of strict precautions by the members of
treated cancer patients as well as healthcare workers, to reduca the risk of exposure to antineoplastic drugs.

Keywords
Drug exposure, antineoplastic agents, drug contamination, cyclophosphamide, 5-fluorouracil

Corresponding author:

Michiko Yuki. Public Health and Home Care Nursing, Fukushima
Medical University, | Hikarigaoka, Fukushima, 960-1295, fapan.
Email: yukimek@fmu.acjp

> f 2, by Michiko Yuki on October 14, 2012

— 240 —



Introduction

With the development of antineoplastic drugs. the
treatment of malignant tumours has been advancing
rapidly. Antincoplastic drugs primarily cxert cytotoxic
cffccts on tumour cells, but often also affeet normal
cells. In other words, most antineoplastic drugs are
harmful to all cells in cancer patients, causing both
beneficial and toxic cffects. These drugs not only cxert
therapeutic effects in cancer patients but also have the
potential to harm healthcare workers who prepare and
administer antincoplastic drugs, such as pharmacists
and nurses. as a result of occupational exposure to
these drugs. To date, numerous studies have demon-
strated the occurrence of adverse effeets due to occupa-
tional exposure to antincoplastic drugs, including acute
allergic reactions, carcinogenicity, genotoxicity, fetal
abortion and congenital anomalics.' **

Antincoplastic drugs arc classificd as hazardous
drugs that exhibit cytotoxicity. Vurious guidelines have
been issued to ensure their safe use (National Institute
for Occupational Safety and Health:"* Occupational
Safety and Health Administration;'s American Society
of Health System Pharmacists;'® Oncology Nursing
Socicty:'” Health, & Safety Exccutive'™). The guidelines
recommend adopting preventive measures for 48 h ufter
drug administration, because the unchanged form of an
administered cytotoxic antineoplastic drug (or its active
metabolites) may be part of the substances exereted by
the patient. The guidelines also stress that drug-specific
durations are desirable, as the duration of excretion of
hazardous drugs varics. These guidelines also recom-
mend that one should wear protective clothing/equip-
ment (gloves, gown, goggles and a tace shield if any
scattering of bodily fluids is likely) while handling
urine, [acces, blood or vomitus. Furthermore. these
guidelines state that caution should be exercised during
flushing the toilet (performed twice) after appropriately
placing the toilet scat cover following disposal of the
excreta of the patients administered cytotoxic drugs
within the previous 48 h. However, no studies have pro-
vided evidence supporting the cfficacy of flushing the
toilet twice

The aforementioned guidelines provide an out-
line for procedures, which healthcare professionals.
janitoria! stafl and the family members of patients
should conform to, in the hospital and at home.

The administration of chemotherapy in the hospital
setting is different from that of an outpatient setting.
Administration methods for outpatient chemotherapy
(such as FOLFOX and FOLFIRYI) include bolus i.v.
administration of an antincoplastic and also continu-
ous infusion of 5-fluorouracil (5-FU) for approximately
46h. In the latter case, the antineoplastic drug is con-
tinuously administered over a long period of time
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including while the patient is at home. This further
increases the risk of exposure of the patient’s family
members and associates to the antineoplastic drug via
the patient’s excreta. Following outpatient chemother-
apy administration. cancer patients spend most of their
time at home or in the workplace. The exposure of the
associates of a cancer patient to an antineoplastic drug
via the patient’s excreta can negatively affect their
health, similarly as in the case of occupational exposure
to these hazardous drugs. Thus, it is necessary to con-
sider that the people at risk of exposure to antineoplas-
tic drugs not only include healtheare workers but also
the family members and associates of the patient. As far
as we know. no papers have published the antineoplas-
tic drug contamination of the homes of cancer patients
via their excreta, and at present, it remains unclear
whether the family members of these patients are
exposed to these drugs.

The present study wius conducted with the following
three objectives: (1) 1o meusure the urinary excretion of
antincoplastic drugs of three treated patients during
48h after the administration of cyclophosphamide
(CPM: two patients) and S-fluorouracil (5-FU: one
patient). (b) to evaluate environmental contamination
with antincoplastic drugs via excreta of patients in the
home setting and (¢) 1o eviluate exposure of family
members 1o antineoplastic drugs by measuring the
drugs in their urine during the 48 h afler completion
of the chemotherapy by the paticnts.

The antineoplastic drugs used in the current study
have been extensively and frequently used in therapy.
CPM has been used for adjuvant chemotherapy after
breast cancer surgery. During chemotherapy, patients
receive a bolus i.v. dose of CMP once every 3 to 4 weeks
for several cyeles at an outpatient facility, CPM is an
alkylating agent, which is converted to its active meta-
bolite, phosphoramide mustard, and has been classi-
fied as a genotoxic carcinogen in humans by the
International Agency for Rescarch on Cancer.'® 5-FU
is used to treat colon cancer. For FOLFOX and
FOLFIRI therapies using 3-FU, patients are first
administered 4 bolus i.v. dose of 5-FU at un outpatient
fucility. followed by continuous iv. infusion for 46 h.
This procedure is repeated every 2 weeks. 5-FU is
administered by continuous i.v. infusion. making it
necessary to manage long-term administration of the
drug in a patient’s home, which increases the risk of
exposure of the family members and associates of the
patient.

Patients and methods

Three cancer putients who were receiving chemother-
apy at the Outpatient Chemotherapy Center of
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University Hospital A in Japan were enrolled in this
study. Each patient and their family members provided
informed written consent 1o participate in the study.
The antineoplastic drug administered in Patients |
and 2 was CPM and in Patient 3 was 5-FU.

Case |

Patient | was a 538-vear-old female diagnosed with breast
cancer. This was her third course of chemotherapy. and
she was administered CPM 700 mg (500 mg m?) via an
i.v. bolus on an outpatient basis. Her hushand (Family
Member 1). who was in his 60s. underwent biological
monitoring to measure CPM in his urine. Her husband
was mandatorily retired and was often away from home
pursuing his hobbics. Hence. his urine sumples were col-
lected only when he was at home during the 48-h post-
administration period.

Case 2

Patient 2 was a 4d-year-old female diagnosed
with breast cancer. This was her {ifth course of chemo-
therapy. and she was administered CPM 712mg
(500 mg:’hﬁ) vig an Lv. bolus on an outpaticnt basis.
CPM was measured in the urine of her husband
(Family Member 2). who was in his 40s. The husband
was away from home, at work, during the day and
therefore, his urine samples were collected only during
the time when he was at home. from approximately
19:00 in the evening until about 7:00 in the morning
when he left for work (on two consceutive days).

Case 3

Patient 3 was a 78-year-old male diagnosed with rectal
cancer who had undergone a colostomy. This was his
eighth course of chemotherapy. and he was adminis-
tered 5-FU 349mg (400mg.m7) via an iv. bolus on
an outpatieni basis. Immediately thereafter. a continu-
ous i.v. infusion of 5-FU 3293mg was initiated that
lasted 46 h.

The patient’s wife (Family Member 3) was in her 70s
and her urine samples were analysed for x-lluoro-§-
alanine (FBAL). The wife remained at her husband’s
side throughout his outpaticnt treatment. At home.
both the patient and his wife spent most of their time
at a small table in their living room. including sleeping
at the same site cach night in Jupanese-style beds. Their
toilet was Japanese style, having no toilet seat lid. The
collection of the wife’s urine samples was stoppad at
32 h due to personal circumstances.

The performance status was Grade 0 for all patients
according to the Eastern Cooperative Oncology Group
criterin.™

This survey was conducted with the approval
of the Ethies Committee of Fukushima Medical
University.

Urine sampling (biological monitoring) and wipe
sampling (environmental monitoring)

After cach patient completed outpatient chemotherapy
in the hospital. the surveyor visited their homes and
repeated the explanations of these tests and the urine
sample collection method to the patients and their
family members. A second visit was made to cach
patient’s home 48 h afier the completion of outpatient
chemotherapy. during which time wipe sampling of the
home environment was performed and the urine sam-
ples were collected.

Each patient and family member collected their own
urine samples during the 48-h  post-administration
period. Each patient and family member was respon-
sible for recording the frequency and time of voiding
and measuring the urinary output at each urination.
Ten millilitres of urine were collected (urine sample
kit provided) and stored in a small freeczer solely used
for this purpose.

Wipe sunveys were conducted in the homes of the
three cancer patients to clarify the status of drug con-
tamination during 48 h after administration. The sur-
vevor visiting the patients” homes asked them how
many umes they had urinated and defecated alter
administration. and asked for information about
vomiting. if occurred.

The survevor identified possible arcas of drug con-
tamination based on the answers provided by euch
patient and conducted wipe surveys of these areas.
The wipe samples were taken from 17 areas in the
homes of the three patients. The arcas from which
wipe sumples were taken included the toilet seat,
toilet seat cover, flush handle. toilet door knob, fioor
around the toilet, toilet paper holder. toilet handrail
and sink faucets. The wipe samples were collected in
the following manner. After measuring the size of
cach target arca. 17mL of a 0.03M NaOH solution
were applied to cach target arca using a wipe kit to
detect CPM and 5-FU. For target areas that were not
flut. the solution was poured over the arca and subse-
quently. the samples were collected using two picces of
nonwoven cloth, placed at a downhill location to soak
up the solution,

All urine and wipe sumples were immediately stored
frocen at ~20 C after saumpling and during transport
until sample preparation and analysis by Exposure
Control Sweden AB (Bohus-Bjorkd. Sweden). The
urine and wipe sumples were collected using Cyto
Urine kits and Cyto Wipe kits with Exposure Control
Sweden AB. The methods to collect. store and exact
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!
urine sampling and wipe sumpling were performed

hed

according to standard procedures.? ¥

Analyses of the samples

Analyses were performed to deteet the unchanged form
of CPM in the urine samples of the patients adminis-
tered CPM and their family members. and in the wipe
samples from their home environment. Analyses were
performed to detect FBAL in the urine samples col-
lected by the patient administered 5-FU and his
family member, Wipe samples were analysed for 5-FU.

The wipe samples were prepared for unalysis by
adding a 0.03M NaOH solution (total volume:
160mL). After extraction. a portion of the extract
was further purified according to the standurd proced-
ure.>'2* The contamination per square centimetre was
calculated by assuming 100% recovery and wipe effi-
cicney. The limits of detection of CPM and 3-FU were
0.1 and 20 ng/mL NaOH, respectively.

The sample volume used for the determination of
CPM and FBAL in urinc wats SmL. The limits of detee-
tion of CPM and FBAL were 0.01 and 5ng/mL urine.
respectively.>'

CPM and FBAL were analysed with gas chromatogra-
phy in tandem with mass spectroscopy-mass spectroscopy
and 5-FU was analysed by high-performance liquid chro-
matography with ultraviolet-light detection.” ™™

Results

There were 35 and 16 urine samples collected for the
three patients and their fumily members. respectively.
Antineoplastc drugs were detected in alt samples.

For Case 1. patient | urinated eight times (total
volume: 1870 mL) und delecated twice during the 48-h
post-administration period (Figure 1). The detected
amount of CPM per urine sample ranged from 0.04
to 62.64mg. The highest CPM excretion occurred at
3h after drug administration. Thereafter. the amount
excreted decreased gradually over time to 0.04 mg in the
finul urine sumple. The total amount of CPM excreted
in the urine during the 48-h post-administration period
was 170.10 mg. representing 24.3% of the total admin-
istered dose.

Family Member | collected five urine samples (total
volume: 1800mL) during the 48-h post-administration
period. CPM was detected in all samples. The detected
amount of CPM per urine sample ranged from 24.0 to
35.0ng. and the total detected amount was 152.0ng.

For Case 2, patient 2 urinated 12 times (total
volume: 1830 mL) iand defecated twice during the 48-h
post-administration period (Figure 2). The amount of
CPM per urine sumple ranged from 0.30 to 32.84 mg.
The total amount of CPM during the 48-h post-
administration  period  was 140,93 mg.  representing
19.8% of the total administered dose.

Family Member 2 collected four urine samples (total
volume: 900mL) during the 48-h post-udministration
period. CPM was detected in all samples. Urine CPM
levels ranged trom 0.07 1o 0.65mg. and the total
amount detected in the four samples was 1.81 mg.

For Case 3. patient 3 urinated 15 times (lotal
volume: 1240 mL) during the 48-i post-administration
period following outpatient 3-FU  administration
(including continuous infusion of 3-FU for 46h)
(Figure 3). This patient had a colostomy bug.
The amount of FBAL per urine sample ranged from
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Figure |, Time-course profiles of CPM excretion in urine samples of Patient | and Family Member 1. CPM: cyclophosphamide.
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0.1 to 2.2mg. The total amount of FBAL excreted in
the urine was 16.9mg, comprising 0.44% of the total
administered dose.

Family Member 3 urinated eight times (total
volume: 1120mL) during the 32-h monitoring period.
The amount of FBAL per urine sample ranged from
19.0 to 117.0pug: the total amount in the urine was
421.0 pg. ’

The results from the wipe samples are presented in
Table 1. For Case 1, wipe samples [rom four out of six

positions were positive for CPM contamination. Of
these arcas. sumples taken from the sink faucets and
toilet seat exhibited the highest level of contamination
of 3.02 and 0.57 ng;cm”. respectively. The level of con-
tamination on the floor around the toilet and toilet
dour knob was 0.03 and 0.09 ng:cm?. respectively.

For Case 2. CPM contamination was detected on
four out of the six positions. The levels of contamin-
ation were between 0.18 and 7.34ngsem®. The toilet
seal was the mosl contaminated position. ’

CPM eacrenion in patient’s urine (mg) CPM cveretion in Tamily member™s urine (myg)
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Figure 2. Time-course profiles of CPM excretion in urine samples of Patient 2 and Family Member 2. CPM: cyclophosphamide.
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Figure 3. Time-course profiles of FBAL excretion in urine samples from Patient 3 and Family Member 3. FBAL: z-fluoro-B-alanine.
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Table 1. Wipe test results: Surface levels of CPM and 5-FU.

Surface description Surface area (cm?) CPM (ng/mL NaOH}) CPM (ng) CPM (ng/cm?)
Case | Toilet seat 1960 7.03 1H32s 0.57

Control panel 490 ND - -

Flush handle 30 ND - ~

Toilet door knob 319 0.8 29 0.09

Toilet floor 4000 0.63 101 0.03

Sink faucets & surroundings 208 393 629 3.02
Case 2 Toilet seat 700 3212 5139 7.34

Toilet seat cover 1440 2.01 322 0.22

Flush handle 100 ND - -

Toitet door knob 260 0.30 48 0.18

Toilet floor 1000 116 186 0.19

Sink faucets & surroundings 100 ND - -

Surface Description Surface area {cm?) 5-FU {ng/mL NaOH) 5-FU (ng) 5-FU (nglem?)
Case 3 Toilet seat 3200 ND - -

Toilet handrail 210 ND - -

Toilet door knob 225 ND - -

Portable pail 400 ND - -

Paper holder 150 ND - -

CPM: cyclophosphamide; 5-FU: S-fluorouracil NaOH: sedium hydroxide; ND: not detected (CPM - 0.10 ng/mL NaOH, 5-FU <20 ng/mk NaOH).

The level of contamination on the toilet seat cover,
floor around the toilet and toilet door knob was 0.22.
0.19 and 0.18 ng!‘cmz. respectively.

For Case 3, wipe samples were taken from five pos-
itions and the level of 5-FU was below the limit of
detection at cach site.

None of the three patients vomited during the 48-h
post-administration period.

Discussion

The present study assessed the amount of cytotoxic
drug excreted in the urine of paticnts and their cohabit-
ing family members during 48 h after the patients have
received chemotherapy in an outpatient setting. The
study also demonstrated environmental contamination
with antincoplastic drugs at patients” home via exereta
of the treated patients.

The percentage of the dose unchanged CPM in the
urine of paticnts | and 2 during the 48-h post-admin-
istration period was approximately 24 and 19, respect-
ively. According to previous studies. the percentage of
CPM cxcreted in the urine during the 24-h period afier
CPM administration ranged from approaimately 14 to
20 of the administrated dose.*®*” Moreover. the present
study demonstrated thut CPM continued to be excreted
at low levels in the urine of treated patients for at least
48h after administration. Bagley et al.™ injected radi-
olabelled CPM by iv. and found that 62% of the

administered dose was excreted in the urine within 2
daws, whereas 1.8% and 1.2% were excreted in the
facces and expired air within 4 days afier dosing.
respectively.

Another important finding of the present study is
that the administered cytotoxic drugs were detected in
all urine samples collected by each cohabiting family
member. Although the family members did not receive
chemotherapy. CPM was detected in their urine sam-
ples collected during the post-administration period,
indicating exposure to CPM. All five urine samples col-
lected by Family Member | tested positive for CPM
(range: 24.0 35.0 ng). However. urine sumples were col-
lected by Family Member 1 only when he was at home
and thus. the number of samples was approximately
half of the expected number. Therefore, it can be sur-
mised that the actual level of exposure to the drug was
higher than measured. Similarly. Family Member 2 col-
leeted four urine samples during the time that he was at
home. and CPM was detected in all samples. The pre-
sent study is the first to demonstrate CPM exposure of
a family member of a patient at home.

The time-course profiles of CPM exerction in the
urine of the Family Members 1 and 2 was also an inter-
esting observation. Although the amount of CPM
exereted by Patients | and 2 deereased over time fol-
lowing patient treatment. the urinary drug excretion
remained fairly constant in Family Member 1. whereas
it gradually decrcased in Family Member 2, only 1o

Downloaded from opp.sagipub.com by Michko Yuk on Ociober 14, 2012

— 245 —



Yuki et al,

rebound to a higher excretion later. These time-course
profiles of CPM excretion by the family members can
be ascribed 10 their continued exposure to the drug in
their homes. Previous studies found that urinary CPM
excretion by paticnts peaked at approximately 6 10h
after administration, ™ whereas in patients 1 and 2.
the peaks occurred at approximately 3h following
administration. On the other hund. the time-course pro-
files of CPM cxcrction in the urine of the fumily mem-
bers exhibited no clear peaks during the 48h of
monitoring.

In scveral studies, exposure to CPM was investigated
using the urinary excretion of CPM as a biomarker. The
mean amounts of CPM detected in the urine of workers
due to occupational cxposure were 3.2 pg day in phar-
macy personnelsinurses.” 1.36 pgiduy in pharmacy
technicians,’® 0.79 pg;day in nurses, pharmacy techni-
cians/cleaning  women,™ 047 pg.day in nurses.™
0.39 pgiday in hospital workers,” 0.18 pg:day in phar-
macy technicians®® and 0.035 ug:day in pharmacy techni-
cians,'nurses.22 It can be assumed that the variation in
these valucs reflects differences in the occupations and
strict observance of precautions 1o prevent eaposure (o
antineoplastic drugs. However, in our study. it is note-
worthy that higher levels of CPM were detected in the
urine samples of family members than in those of health-
care workers. Moreover. there is an important diflerence
in the route of exposure to cytotoxic drugs between the
previous reports and the present study. That is. in the
case of healthcure workers, direct exposure via inhal-
ation, skin contact. skin absorption and;/or oral intake
oceurs during handling of the drugs. On the other hand.
exposure of the family members at home occurred via
contact with patient excreta containing the drug.

We cstimated the areas in the patients’ homes where
CPM would likely be present. Our cfforts at detecting

the drug successfully confirmed the extent and level of

CPM contamination in the home environment. Drug
contamination was confirmed at four arcas for both
Patients 1 and 2. The areas with the highest levels of
CPM contamination were the toilet seat. floor around
the toilet, toilet door knob and sink faucets.

Yuki et al.*” investigated CPM contumination in the
homes of five temale patients with breast cancer at 48h
after outpatient bolus i.v. administration of the drug.
CPM was detected in 17 of 30 sumples tuken from the
target areas. The toilet seat was contaminated by CPM
in all the cases, and it also had the highest level of
contamination ranging from 0.04 to &.3Sngem”.
CPM contamination was also conlirmed for the {loor
around the toilet (0.19-1.53ng:cm”), toilet door knob
.79 ng:"cmz) and toilet seat lid (0.22ng em?). The sites
and levels of CPM contumination in “patients’ homes™
and the “dose of unchanged CPM™ in this study are
similar to those reported by Yuki et al.”’

In the US and Europe, reports have documented the
detection of antineoplastic drugs in surface wipe exam-
ination of the handling sites of antineoplastic drugs in
hospitals.™ ' The present survey data cannot be com-
pared with those from previously reported studics since
no previous study has investigated antineoplastic drug
contamination in the home environment of cancer
paticnts receiving outpatient chemotherapy. In Japan,
the vilues obtained from two surveys conducted 1o
assess the extent of environmental CPM contamination
in hospitals via the same wipe test method used in the
present study were used as reference values. In the
study conducted by Tanimur: et al. involving six
target areas in the chemotherapy preparation room.
CPM contamination was demonstrated at levels of
0.01 0.09ngxm” in all six target arcas in the first
wipe test. Sugiura and colleagues performed a
survey of environmental CPM contamination at six
hospitals in Japan and reporied low contamination
levels of <0.1ngiem® in the outpatient chemotherapy
room. 0.01 ng;cm? on the table used for handling anti-
ncoplastic drugs and 0.04 ng:cm” on the floor under the
drip in the fusion stand at half of the hospitals stu-
died.* Compared with the results reported by these
two studies. the CPM contamination levels detected
in the present study were significantly greater, indicat-
ing a higher degree of environmental CPM contamin-
ation in the outpatient setting than in hospitals.

The high values of our lindings for CPM contamin-
ation of the toilet seats. sink faucets, [loor around the
toilet and toilet door knobs at the patients home indi-
cate that urine and facces of the paticnts containing
CPM contaminated the toilet environment due to splat-
tering, and that this was further spread via the patients’
hands, which had been contaminated during the pro-
cess of cleaning themselves after urination/defecation.
Variable amounts of hazardous drugs and their metab-
olites are excreted in the urine, stool. sweat and other
bodily cxcreta of patients receiving the drugs.'” Bed
sheets of patients who were treated with CPM appeared
to be contaminated by the drug.** Thus, we can surmise
that they were repeatedly exposed to the drug,

Patient 3 was administered 5-FU via an i.v. bolus on
an outpatient basis and then immediately started on a
continuous kv, infusion of 3-FU that lasted 46 h. The
amount of FBAL per urine sample ranged from 0.1 10
2.0mg. The total amount of FBAL excreted in the
patient’s urine during the 48-h post-administration
period represented 0.44% of the total administered
dose. FBAL was also detected in all urine samples col-
lected by Family Member 3. demonstrating that she
had been exposed to the 5-FU excreted by Patient 3.
The concentration of FBAL cxcreted in the urine of
Family Member 3 fluctuated greatly during the sam-
pling period. and the total amount collected over a
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32-h period was 421.0pug. Several studics investigated
the exposure of hospital workers und pharmacy techni-
cians to 5-FU using the urinary excretion of FBAL as a
biomarker. Two studies of pharmaceutical plant work-

ers involved in the production of 5-FU found their

levels of urinary FBAL cxcretion to be 12,57 and
56.3 pg/day.>® The amount of FBAL excreted in the
urine of Family Member 3 was higher than that
reported previously and was cven higher thun the
exposure of pharmaceutical plant workers dealing dir-
ectly with 5-FU.

5-FU contamination of all wiped sites in the home of
Patient 3 was below the limit of detection. Nevertheless.
Family member 3 was exposed to the drug. Flushing
the toilet has shown to produce aerosols of microbial
agents, It is assumed that chemicals can also be spread
in this manner, particularly in totlets without covers. A
previous study indicated that splashing or serosol gen-
cration during toilet Aushing may spread infectious par-
ticles onto contact surfaces such as toilet seats or flush
handles.* Therefore, aerosols produced by Hushing of
domestic toilets may be an important route of exposure
to family members.

As described previously. our present siudy demon-
strated that family members of cancer outpatients being
administered CPM or 5-FU expericnced exposure to
these antineoplastic drugs in their homes and that the
patients’ homes were contaminated via their bodily
cxcretions containing CPM. Sceveral published guide-
lines directed at healthcare workers provide practical
methods for handling excretory products of patients
administered antincoplastic drugs. The guidelines
were crealed mainly from the standpoint of occupa-
tional safety with regard to preventing the on-the-job
exposure of healthcare workers who handle untinco-
plastic drugs and/or work with the patients who receive
them. The guidelines stipulate procedures {or health-
care workers in hospitals and institutions. Persons
handling the excreta of patients receiving antincoplas-
tics or equipment soiled by the excreta may be exposed
to cytotoxic centamination. Instructions should be
given on how to keep toilets in the patient’s home
free of antincoplastic material.* However, in Japan.
patients at home rarely use disposable gloves and
gowns when handling potentially contaminated urine,
facces, vomit or excreta. This reflects the inadequate
education of patients and their families regurding pre-
ventive measures for exposure to antineoplastic drugs.
Some patients will be treated several times with this
treatment protocol and could repeatedly expose
family members.

Furthermore, in patients’ homes, only flushing the
toilet twice is inadequute for preventing exposure to
antineoplastic drugs. It will at least be necessary 1o
apply mcasures to prevent drug contamination of the

toilet environment. including the toilet seat. floor
around the toilet, toilet door knob and washbasin, as
well as to take precautions when handling clothing and
linen that have been in contact with the patient’s urine
and other body fluids. There is also a need to develop
and adhere to appropriate measures for preventing
exposure of the patients’ family members and associates
to antincoplustic drugs. The existing guidelines need to
be modificd to include the home environment while
framing the guidelines to protect family and [riends
from exposure to antineoplastic drugs.

Conclusions

Contamination of the home environment of two cancer
paticnts administered CPM outpatient was demon-
strated at 48 h after administration. Three family mem-
bers of the putients administered CPM or 3-FU were
exposed at home by contaminated excreta from the
patients. Outpatient administration of antineoplastic
drugs can be expected to become more pervisive in
the future, The present findings show the need for add-
itional measures to prevent healtheare workers and
family members of patients from exposure to antineo-
plastic drugs.
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