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RESEARCH LETTER

Biological Monitoring of 4 Antineoplastic
Drugs in Health Care Workers from 
2 Adult Hospitals: A Pilot Study

Up to 75 000 Canadian workers are exposed to antineoplas-
tic drugs, especially pharmacists, pharmacy technicians, and
nurses.1 Adverse effects include risk of genotoxicity (evidenced by
increases in genotoxicity biomarkers), reproductive risks (congenital
malformations, miscarriages), and cancers.2,3 Canadian and US
guidelines recommend environmental monitoring.4-7 Biological
monitoring is mainly used in research settings, but could also help
to confirm whether workers are free of contamination. 

In a previous pilot project conducted in a mother–child 
hospital,8 no contamination was found in the urine of 101 
workers tested. Although this finding was reassuring, it is recognized
that results from a single centre may not be representative, 
especially given the lower doses prepared and the different drugs
used for pediatric populations. We therefore sought to evaluate
the feasibility of additional study and to explore potential 
differences for workers in adult care settings.

The study was conducted in 2 adult health care centres 
(750 beds [including 30 oncology beds] and 700 beds [including
28 oncology beds], respectively). Neither of the centres used
closed-system drug transfer devices for compounding or admin-
istration of drugs. At one centre, all vials were washed upon receipt
from the manufacturer; at the other centre, some vials were
washed upon receipt. At one centre, IV tubing was primed in the
pharmacy; at the other centre, IV tubing was primed by nurses
on the various health care units. 

The study protocol was approved by both institutional 
review boards in 2016. During the prestudy period, information
sessions were presented (in January and June 2017, respectively)
to describe the study and to increase workers’ awareness and
knowledge of the risks involved in working with antineoplastic
drugs. 

Workers who agreed to participate in the study provided 
informed consent. Each worker documented tasks performed and
associated use of personal protective equipment by filling out a
diary over a period of 5 days (the sampling day and the preceding
4 days). For each worker, 1 urine sample was collected in a 
100-mL polypropylene container at the end of the work shift.
Samples were kept at –20 °C and were later analyzed for 
cyclophosphamide (limit of detection 9.0 pg/mL), ifosfamide
(limit of detection 9.7 pg/mL), methotrexate (limit of detection
75 pg/mL), and �-fluoro-�-alanine (FBAL, the main urinary
metabolite of 5-fluorouracil; limit of detection 120 pg/mL).

Drugs were quantified in positive electrospray multiple-reaction
monitoring mode by ultra-performance liquid chromatography
tandem mass spectrometer (Waters Xevo TQ-S system) by staff
of the Centre de toxicologie du Québec. Pooled data are 
presented. The detailed method was published previously.8

Samples were collected in January and February 2017 at one
centre and in June 2017 at the other centre. Twenty-eight workers
were recruited at each centre, for a total of 56 participants 
(15 pharmacy technicians, 17 pharmacists, and 24 nurses). Most
participants (54/56) had worked in hematology–oncology on the
sampling day, and almost as many (49/56) had also worked in
this setting on the previous day. Most participants were women
(51/56), 41 participants were between 30 and 49 years of age, and
overall the participants had worked a mean of 6.5 years (standard
deviation 5.8 years) in oncology. Most of the nurses (23/24) had
worked in the outpatient clinic on the sampling day, and 3 had
also worked with inpatients. All of the pharmacists and pharmacy
technicians worked in the oncology pharmacy. Half of the 
pharmacists (9/17) had visited inpatients on the day before 
sampling or on the sampling day. 

The tasks related to antineoplastic drugs that were performed
by participants are listed in Table 1. One technician reported a
slight spill on his gloves; no other incidents related to antineoplastic
drugs were reported. None of the participants reported any 
difficulties or concerns regarding their participation in the study. 

Most workers wore at least gloves for the majority of activities
related to handling antineoplastic drugs (Table 2). The pharmacy
technicians more often wore other personal protective equipment
in addition to gloves. However, for some activities, such as storing
vials, working in offices, transporting drugs, flushing the IV 
tubing, and other nontechnical activities, some workers wore no
protection. 

None of the 56 urine samples had any detectable concentra-
tions of any of the 4 drugs. 

This pilot project was successfully implemented in 2 adult
health care centres. The results were similar to those previously
obtained in a mother–child centre.8 No workers had detectable
concentrations of antineoplastic drugs in their urine after their
work shift. A wide variety of tasks were performed. Although
gloves were frequently worn, many workers reported not wearing
personal protective equipment. We suggest that whenever 
biological monitoring is conducted, it should be accompanied by
information sessions for the workers, to remind them of safe 
handling practices and the use of protective equipment.

The absence of contamination in the urine of workers from
these 2 adult centres can be explained by good handling practices,
low surface contamination, the regular use of gloves, and the fact
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that both centres have participated in environmental monitoring
studies for many years, such that workers from these centres may
have increased awareness of the risks associated with antineoplastic
drugs. 

Four drugs with differing half-lives (ranging from about 2 to
about 10 h) were used in the study centres and tested in this pilot
study. It is not possible to identify a single point during a shift
when a worker is exposed to antineoplastic drugs; rather, exposure
to small amounts likely occurs throughout the day. Identifying a
single sampling method that would be optimal for all drugs and
all workers is potentially challenging. Spot urine sampling at the
end of a shift was chosen previously to evaluate a convenient and
cost-effective method that could become part of a national 
program.8 Similar results were obtained in 2 studies that 
implemented routine monitoring programs with spot urine 
sampling, one in Italian hospitals (0% positive samples)9 and one
in French hospitals (4% positive samples).10

Although spot sampling is less cumbersome and less costly,
24-h sampling covers a longer span of time and might increase
the chances of finding contamination, if present. However, a
longer sampling period might not be needed if the intention is 
to perform routine evaluation in a specified work setting. Both 
methods have been used previously by research groups from many

countries, but the results have not been formally compared.
Maeda and others11 found no positive urine samples with either
24-h sampling or spot sampling. In their recent study, Koller and
others12 found no urine samples testing positive for cyclophos-
phamide or 5-fluorouracil with spot pre-shift and post-shift 
sampling for 5 consecutive days. Conversely, Sabatini and 
others13 found that up to 36% of workers had positive urine 
samples (with spot sampling). However, the rate of contamination
declined to 0% over time,13 a finding similar to that of Sottani
and others14 (who also used spot sampling). Using 24-h sampling,
another Canadian group found that 55% of urine samples tested
positive.15 Thus, we cannot know with certainty whether the 
results of the current study would have been different if a different
sampling method had been used. 

No issues of concern were reported by pharmacy technicians,
pharmacists, and nurses participating in this study, which is a good
indication that a national monitoring program would be feasible.
For this exploratory study, workers were briefed before their 
participation. We recruited centres that performed regular 
environmental monitoring and that expressed an interest in this
topic, so the results may not be representative of all Canadian centres. 

In conclusion, none of the workers evaluated in 2 Canadian
adult health care centres had detectable concentrations of 

Table 1. Potential Exposure to 4 Antineoplastic Drugs (Cyclophosphamide, Ifosfamide,
Methotrexate, and 5-Fluorouracil)

Profession and Source of Exposure              Timing of Exposure                   Mean ± SD 
                                                                                                                             or Total No.*
Pharmacy technicians (n = 15)                            
Time in oncology setting (hours)               On sampling day                                     7.0 ± 1.7
(mean ± SD)                                               On day before sampling                          5.0 ± 3.7
No. of vials handled                                   On sampling day                                          53
                                                                  On day before sampling                               33
No. of preparations compounded             On sampling day                                        30†
                                                                  On day before sampling                               23
Pharmacists (n = 17)                                            
Time in oncology setting (hours)               On sampling day                                     7.2 ± 2.0
(mean ± SD)                                               On day before sampling                          7.0 ± 2.6
No. of patients seen during rounds            On sampling day                                          10
                                                                  On day before sampling                               29
No. of preparations validated                     On sampling day                                        57‡
                                                                  On day before sampling                               81
No. of preparations packaged                    On sampling day                                        41‡
Nurses (n = 24)                                                     
Time in oncology setting (hours)               On sampling day                                     7.1 ± 2.2
(mean ± SD)                                               On day before sampling                          7.4 ± 1.6
No. of IV tubing connections                     On sampling day                                          45
                                                                  On day before sampling                               34
No. of IV tubing disconnections                 On sampling day                                          25
                                                                  On day before sampling                               19
SD = standard deviation.
*Single values represent the total number for all personnel in each category. 
†The 30 preparations entailed the following total amounts of drugs prepared on the sampling
day: ifosfamide 0 mg, methotrexate 555 mg, cyclophosphamide 15 050 mg, and 5-fluorouracil
39 685 mg. 
‡The 57 preparations validated and the 41 preparations packaged entailed the following 
total amounts of drugs validated and packaged on the sampling day: ifosfamide 2701 mg,
methotrexate 536 mg, cyclophosphamide 27 640 mg, and 5-fluorouracil 155 385 mg. 
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4 antineoplastic drugs in their urine. This absence of detectable
contamination in exposed workers contrasts with the findings of
other researchers, who have reported such contamination, and is
a good indication of the effectiveness of measures in place in the
2 study centres. Further research is needed to evaluate the need
for biological monitoring and to optimize the method before 
routine monitoring is offered outside the research context. Future
studies will focus on determining the optimal time of sampling
and eventually establishing whether there is a threshold amount
of contamination that can be tolerated. Workers need to be 
reminded of the importance of wearing all recommended protective
equipment to reduce their risk of adverse health effects. 
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