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Abstract 
Purpose: To monitor the urinary excretion of cyclophosphamide by five patients during the first 48 hours after 
cyclophosphamide administration and to evaluate surface contamination with cyclophosphamide in the patients’ homes 
via their excreta 48 hours after the completion of chemotherapy.  

Methods: Urine samples were taken from five female patients with breast cancer at their homes during the 48 hours after 
administration of cyclophosphamide. Wipe samples were also collected from their home settings. All samples were 
analyzed for cyclophosphamide using gas chromatography with mass spectroscopy-mass spectrometry. 

Results: Fifty-three urine samples were collected from the five patients during two days after cyclophosphamide treatment. 
Cyclophosphamide was positive in all urine samples. The quantity of cyclophosphamide excreted in each urine sample 
ranged from 0.09 to 65.99 mg. The urinary excretion of cyclophosphamide accounted for 9%–34% of the dose for four of 
the patients. Cyclophosphamide was measured at levels of 0.01–8.35 in 17 of the 28 wipe samples from all five patients. 
The areas contaminated with cyclophosphamide, common to all patients, were the toilet seat (0.04–8.35 ng/cm2) and the 
toilet floor (0.08–1.53 ng/cm2). 

Conclusions: Surface contamination of the home settings of outpatients treated with cyclophosphamide was demonstrated 
48 hours after cyclophosphamide administration. Contamination of the home setting with antineoplastic drugs admini- 
stered to outpatients risks exposure to family members.  

Key words 
Antineoplastic drugs, Cyclophosphamide, Biological monitoring, Environmental monitoring  

1 Introduction 
Antineoplastic drugs are effective against malignant cells; however, they also affect normal cells, which can lead to toxic 
adverse effects. Antineoplastic drugs are classified as hazardous drugs that cause adverse health effects. Acute allergic 
reactions, genotoxicity, reproductive effects and carcinogenicity are adverse health effects caused by exposure to 
antineoplastic drugs that have been reported [1-12]. Healthcare workers such as pharmacists and nurses who prepare and/or 
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administer antineoplastic drugs are at risk of occupational exposure to these drugs. Although many reports have described 
these exposures and measures have been taken to minimize occupational exposure for healthcare workers, most of them 
were preventive measures and surveys conducted in hospitals [13-17]. 

The people at exposure risk are not only limited to workers in hospitals, who directly handle antineoplastic drugs. 
Exposure to antineoplastic drugs occurred during routine nursing tasks and the drug could be detected on patients’ bedding 
and their chair seats [18]. Furthermore, a previous study reported that the routes of exposure to antineoplastic drugs in 
nonhospital environments was investigated [19]. The highest exposure levels were detected in industrial laundry facilities 
due to inhalation by workers dealing with contaminated hospital laundry, as well as due to cleaning toilets and washing 
treated patients in homecare and nursing home sectors. However, in this study, it was unclear how much time had elapsed 
since patients received treatment. Moreover, although drug contamination of cleaning cloth and cleaning water was 
confirmed, the specific location within the house that was contaminated was not identified.  

Safe guidelines have been developed to prevent exposure to these drugs [20-23]. According to these guidelines, the excreta 
(e.g., urine, sweat, and feces) of patients who have received anticancer drug treatment may be contaminated with cytotoxic 
metabolites. It is recommended that patient excreta should be safely handled during the 48 hour period after drug 
administration. However, the excretion time varies for different types of drugs; therefore, it is important to consider the 
duration of specific drug excretion profile. Anticancer chemotherapy has shifted from the inpatient (involving an 
overnight stay in hospital) to the outpatient setting, and the proportion of patients treated as outpatients is increasing. 
Patients treated with antineoplastic drugs in the outpatient setting spend a lot of time at home, and few investigations have 
focused on the surface contamination with antineoplastic drugs in the patients’ homes via their excreta 48 hours after the 
completion of chemotherapy [24].  

In the present study, we selected patients with breast cancer treated with cyclophosphamide (CPA) (classified by the 
International Agency for Research on Cancer as a genotoxic carcinogen in humans) in an outpatient setting. The aims of 
the present study were: (a) to measure the quantity of CPA excreted in urine during the 48-hour period after CPA 
administration to patients in an outpatient setting and (b) to evaluate surface contamination with cyclophosphamide in the 
home setting that may have occurred during the 48-hour period following administration via the excreta of patients. 

2 Methods 

2.1 Patients  
Five Japanese patients with breast cancer who periodically received CPA at the Outpatient Chemotherapy Center of 
University Hospital A were enrolled. All patients were administered an intravenous bolus dose of cyclophosphamide. A 
list of patients was as follows: 

Patient 1: 58 years old, CPA 753 mg (500 mg/m2)  

Patient 2: 66 years old, CPA 700 mg (581 mg/m2)  

Patient 3: 61 years old, CPA 712 mg (500 mg/m2)  

Patient 4: 43 years old, CPA 796 mg (500 mg/m2)  

Patient 5: 51 years old, CPA 800 mg (497 mg/m2)  

The performance status was assessed as grade 0 in all patients according to Eastern Cooperative Oncology Group  
criteria [25]. This criteria is popular in Japan. This study was approved by the Ethics Committee of Fukushima Medical 
University. 
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2.2 Urine sampling (biological monitoring) 
After each patient received a cycle of CPA chemotherapy in the outpatient center, the surveyor visited the home of the 
patient and explained the test to patients. Patients conducted their urine sample collection during the 48 hours after CPA 
administration at their home and recorded the time and volume of every urination. Ten milliliters of urine sample were 
collected each time using a Cyto Urine Kit (Exposure Control Sweden AB, Bohus-Björkö, Sweden). The collected 
samples were immediately stored in a compact freezer (SC-DF25, TWINBIRD, Japan) solely used for the purpose of 
storing urine samples, at -20°C.  

2.3 Wipe sampling (environmental monitoring) 
Wipe surveys were conducted to detect possible contamination with CPA in the patients’ homes during the 48-hours after 
CPA administration. At the 48-hour time point after CPA treatment, the surveyor revisiting the homes of the patients asked 
them the following questions: 

“How many times did you pass urine at home during the last 48 hours after receiving chemotherapy at the 
outpatient service?” and “Have you experienced vomiting during the last 48 hours after receiving chemotherapy, 
and if so, where did you vomit at home and how did you dispose of the vomitus?”  

The surveyor identified possible sites of drug contamination based on the responses of the patients. Wipe sampling was 
conducted in the bathrooms of patients’ homes. Depending on the home setting, five to six areas were selected for each 
patient focusing on the space around the toilet; i.e., the toilet seat, lid of the toilet seat, flush handle, toilet door knob, toilet 
floor under the seat, control panel for toilet flush, and wash basin lever. Collection of the wipe samples was performed in 
the following manner. Each target area was measured prior to collecting the wipe samples. For wipe survey, 17 mL of 0.03 
M NaOH solution was dripped over the surface of each target area using a Cyto Wipe Kit (Exposure Control Sweden AB) 
to detect CPA. After pouring the solution over the target area, the wipe samples were collected using two pieces of 
nonwoven cloth to be soaked up the resulting solution. All samples were stored frozen at -20°C after sampling and during 
transport until sample preparation and analysis. 

2.4 Analysis of the samples 
All samples remained frozen during shipment to Exposure Control Sweden AB for analysis. Urine samples from the 
patients administered with CPA and wipe samples from surfaces of the home settings were analyzed for the unchanged 
form of CPA. Five mL in each urine sample was used for the determination of CPA. The limit of detection of CPA was 
0.01 ng/mL urine. The urine samples were prepared according to standard procedure [26-28]. 

The wipe samples were prepared by adding a 0.03 M NaOH solution (total volume: 160 mL) [26-28]. After extraction, a part 
of the extract was further cleaned up according to standard procedures [26-28]. The contamination with CPA per square 
centimeter was calculated by assuming 100% recovery and wipe efficiency [26-28]. The limits of detection of CPA in urine 
and in wipe sample were 0.01 ng/mL and 0.10 ng/mL of extract, respectively [26-28]. Each sample was analyzed using gas 
chromatography with mass spectroscopy-mass spectroscopy. Descriptive analysis was performed. 

3 Results 

3.1 Urine samples 
A total of 53 urine samples were collected from five patients during the 48-hour period after CPA administration; CPA 
was detected in all samples (see Figure 1). The number of samples per patient ranged from one to 19, and the amount of 
CPA excreted in each urine sample ranged from 0.09 to 65.99 mg. Peak urinary excretion varied among patients: patient 1 
(peak after 32 hours), patient 2 (6 hours), patient 3 (2 hours), and patient 4 (7 hours). The urinary excretion of CPA 
accounted for 9.4%, 23.4%, 34.2%, and 19.3% of the dose for patients 1-4, respectively. Owing to personal circumstances, 
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3.2 Wipe samples 
A total of 28 wipe samples were obtained from the five patients; 17 samples were positive for CPA surface contamination 
(see Table 1). Toilet seats and toilet floor surfaces were the two locations contaminated with CPA for all patients surveyed. 
The most and least contaminated toilet seats were those of patient 3 (8.35 ng/cm2) and patient 4 (0.04 ng/cm2), respectively. 
The surface contamination of toilet floors ranged from 0.08 to 1.53 ng/cm2. Two out of three samples collected from toilet 
seat covers were contaminated with CPA: patient 2 (0.01 ng/cm2) and patient 5 (0.04 ng/cm2). CPA was also detected in 
two out of five samples from toilet door knobs, and one out of three samples from the toilet wash basin levers and toilet 
control panels. None of the patients vomited during the two days after CPA administration. 

4 Discussion 
We examined the amount of CPA excreted in urine during the 48-hour period following outpatient chemotherapy; CPA 
was detected in all samples. Surface contamination with CPA in the home setting was evident in samples obtained 48 
hours after the administration of chemotherapy, which implied that the urinary excretion of CPA continued at least 48 
hours after administration. It is known that approximately 13% of the unchanged form of CPA used to treat patients is 
excreted in urine following chemotherapy, but the value varies with individual metabolism, ranging from 3% to 36% [29]. 
Our findings were consistent with the results by Hedmer et al. [29]: the dose of unchanged CPA ranged from 9% to 34% 
(based on the samples obtained from four of our five patients during the 48-hour period after chemotherapy). 

Routes of excretion of CPA include urine, feces, as well as exhaled air, sweat, and breast milk. We conducted wipe surveys 
to detect surface contamination with CPA in various locations around the toilet focusing on the two routes, which account 
for the majority of body excretion: urine and feces. The locations contaminated with CPA that were common to all 
surveyed patients were the toilet seat and toilet floor. In addition, the level of surface contamination in these two locations 
was highest. 

A previous study demonstrated that during home care of patients who recently received chemotherapy in the home setting, 
no dermal exposure to antineoplastic drugs was detected in healthcare workers who undertook nursing tasks [19]. Residues 
of antineoplastic drugs were found only on the gloves used by workers during cleaning as well as on cloths and water used 
for cleaning. They concluded that the risk of contamination of healthcare workers in the home care setting was equal to 
that for those who work in hospitals. Our findings suggested that not only healthcare workers in hospitals but also family 
members of the patients are at potential risk of exposure. Furthermore, Yuki, et al. reported that the degree of surface 
contamination due to CPA 48 hours after the administration of outpatient chemotherapy was equal to or higher than that 
reported for hospitals in previous studies [24]. The levels of contamination were 0.57-7.34 ng/cm2 and 0.03-0.19 ng/cm2 for 
toilet seats and toilet floors, respectively. In addition, Yuki et al. showed that the family members of the two patients 
evaluated were also exposed to the drug in the 48-hour period after patients were treated with CPA. Findings of the present 
study were in accordance with those by Yuki et al., although surface contamination levels were comparable or even higher. 
These findings suggested that family members of patients are at a high risk of drug exposure. 

There is a major difference in contamination by antineoplastic drugs between hospitals and patients’ homes. The potential 
source of exposure at the hospital arises primarily from direct contact with antineoplastic drugs by healthcare workers 
handling such drugs. Conversely, the source of exposure at home is patients’ bodily excretions containing antineoplastic 
drugs. The drug residues, excreta (urine, feces, vomit, and inhalation) of patients, are exposing family members. It should 
be noted here that the preparation and/or administration of drugs was not conducted by the patients at home. Therefore, 
there was no direct contamination in the home setting, e.g., by accidental spills. 

It has also been pointed out that there is no correlation between the urinary excretion of CPA as a biomarker of exposure by 
healthcare workers and the degree of surface contamination in hospitals. The results of the study by Sugiura et al. showed 
that no healthcare staff were exposed despite the degree of environmental contamination in hospitals, and they explained 
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that this was because of several preventive measures that were utilized by individual healthcare staff (e.g., wearing  
gloves) [30]. Similarly, there was no correlation between the amounts of CPA handled and the urinary excretion of CPA [31]. 
Furthermore, a study conducted among 30 hospital pharmacies in the USA in which they showed that surface 
contamination by antineoplastic drugs significantly decreased if they utilized PhaSeal® closed-system drug transfer 
devices instead of standard drug preparation techniques during drug preparation [32]. These findings suggest that it is 
possible to minimize occupational exposure to healthcare workers by adopting appropriate engineering controls and using 
appropriate personal protective equipment (PPE) and handling procedures. Unfortunately, in Japan, the level of under- 
standing among cancer patients concerning protecting their home setting against exposure to antineoplastic drugs is 
insufficient. Currently, patients and family members usually do not use disposable gloves or gowns when handling excreta, 
which may include potentially contaminated urine, feces, and vomit. When drug contamination is present in patients’ 
homes where protective measures against contamination are not prioritized, family members of patients undergoing 
chemotherapy may be at an increased risk of drug exposure. In the present study, surface contamination was detected in 
the homes of all five patients. The toilet seat and toilet floor surfaces were the two locations in which surface 
contamination was noted for all patients. For patient 3, all samples were found to be positive for CPA surface contami- 
nation (and also highly contaminated). 

In our study, we have shown that patients treated with CPA continue to excrete CPA in their urine during the 48-hour 
period following the completion of chemotherapy and confirmed the presence of surface contamination in the patient’s 
toilet environment. Therefore, suggesting improvements in preventive measures for patients in domestic settings, e.g., 
flushing the toilet twice is not sufficient. At the very least, guidelines on the handling of potentially contaminated sites and 
objects (including toilet seats, floors, and door knobs, as well as linen/clothing that may have come in contact with urine 
and other body fluids of treated patients) are required. Because each cycle of chemotherapy is repeated several times, the 
family members of patients who share the same living space are also at a risk of repeated exposure to antineoplastic drugs. 
Furthermore, long-term exposure to low levels of antineoplastic drugs cannot be estimated [33], and its health effects are 
unknown. These results emphasized the need for implementation of appropriate measures against drug exposure, 
including patients as well as their family members, and the importance of following protocols. 

A limitation of this study is that the sample size was small. In addition, the number of target drug was limited. Further 
studies should be conducted with a large number of subjects and various kinds of antineoplastic agents to generalize our 
results. 

5 Conclusions 
Urine samples were collected from five patients during the 48-hour period after receiving CPA chemotherapy. CPA was 
detected in a continuous manner during these 48 hour in four patients. Only one urine sample was available from patient 5 
(48 hours from the completion of treatment) and urine excretion of CPA was also observed in this sample. After urine 
sampling, wipe surveys were conducted 48 hours after the completion of treatment in the home setting of each patient. 
Surface contamination with CPA was detected in the toilet environment in all cases. Thus, we can conclude the importance 
of adopting preventive measures, not only for healthcare workers but also to protect patients’ family members from being 
exposed to antineoplastic drugs. 
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