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Determination of Urinary Cyclophosphamide in Oncology
Nurses Handling Antineoplastic Drugs by Gas Chromatog-
raphy-Mass Spectrometry
Summary : The aim of the study was to detect exposure to an-
tineoplastic drugs, using cyclophosphamide (CP) as the model
compound, in nurses who worked in oncology departments of
hospitals. Chemotherapy with antineoplastic agents is often used
in the treatment of cancer. When handling antineoplastic drugs,
nurses and physicians may face certain health risks. Many anti-
neoplastic agents directly or indirectly react with DNA. Conse-
quently, the proliferation of tumor cells is decreased. CP, one of
the most commonly used antineoplastic drugs, is known to be a
human carcinogen [Group 1 class according to International
Agency for Research on Cancer (IARC)]. CP is known to be a
model compound for the identification of potential exposure si-
tuations in the various phases of its manufacture and hospital
use. A sensitive gas chromatographic method for the determina-
tion of CP in urine is used. In the present study, after liquid-liqu-
id extraction with diethyl ether and derivatization with trifluoro-
acetic anhydride, CP was identified and quantified with gas
chromatography-mass spectrometry (GC-MS). The urinary exc-

retion rate ranged from 0-2.12 ug CP/ 24 h.
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Antineoplastik ilaglar1 uygulayan onkoloji hemgirelerinde

Gaz Kromatografi-Kiitle Spektrometrisi yontemiyle Idrar

. siklofosfamid diizeylerinin tayini
Ozet: : Calismamin amaci, hastane ortaminda antineoplastik
ilaglara potansiyel maruziyeti oldugu diisiiniilen onkoloji hem-
sirelerinde, siklofosfamid model bilesik olarak kullanarak
maruziyetin boyutu tespit edilmektedir. Antineoplastik ilaglar-
la yapian kemoterapi, kanser tedavisinde siklikla kullanilmak-
tadwr. Antineoplastiklere maruz kalan hemsire ve doktorlar bir
cok saghk riski ile karslasmaktadirlar. Antineoplastik ajanlar
dogrudan yada dolayli olarak DNA ile reaksiyona girmektedir.
Sonug olarak tiimor hiicrelerinin proliferasyonunu azaltmak-
tadirlar. CP, antineoplastik ilaclar arasinda en yaygin kulla-
nilan ve insan karsinojeni olan bir  ilactr (IARC’e gore
Grup 1, insan karsinojeni). CP'nin hastane ortami ve iireti-
min  gesitli asamalarinda potansiyel maruziyeti tammlamada
model bilesik oldugu bilinmektedir. Idrarda CP tayini icin du-
yarl bir kromatografik yontem mevcuttur. Sunulan ¢calismada
dietileter ile sivi-swvi ekstraksiyon ve trifloroasetikasit ile tiirev-
lendirilmeden sonra Gaz Kromatografi-Kiitle Spektroskopisi
(GC-MS) ile CP'nin izolasyonu ve kantitaf tayini yapumustr.
Idrar CP atilimi 0.2-2.12 ug CP/24 saat dir.
Anahtar kelimeler: Antineoplastik ilaglar, Hemsireler, Siklo-

fosfamid, Gaz Kromatografi - Kiitle
Spektroskopisi

INTRODUCTION

Many widely used chemotherapeutic agents are
known to be mutagens and carcinogens in animals,
humans and in patients treated with therapeutic
doses!. Cyclophosphamide (CP) is widely used in
cancer chemotherapy, mostly in combination with
other antineoplastic agents, and as an immunosup-
pressant?3. CP is known to be a human carcinogen
according to the International Agency for Research
on Cancer (IARC: Group 1). CP is a well-document-
ed reference mutagen expressing its genotoxicity
when metabolically activated!. The main metabo-

lites of CP are 4-hydroperoxycyclophosphamide,
phosphoramide mustard and acrolein. Further con-
version to non-nitrogen mustard may also occur?.
The therapeutic antitumor activity of CP is most
probably due to phosphoramide mustard®®.

The primary source of human exposure to anti-
cancer drugs is from their use in the therapy of can-
cer. However, persons employed in the manufac-
ture, preparation and administration of the drugs to
patients and in the care of patients may also be
exposed. In Turkey, the major exposure group to
these drugs is nurses. Nurses are exposed much
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more than physicians since they apply them to
patients. Several studies have reported health haz-
ards associated with occupational exposure to these
drugs. When handling antineoplastic drugs, nursing
personnel may face certain health risks. There is suf-
ficient evidence that several antineoplastic drugs are
carcinogenic to humans and CP, one of the alkylat-
ing antineoplastic agents, is one of them (Group 1)°>°.
Thus CP is used as an important indicator for many
antineoplastic drugs. We determined urinary CP
excretion rate in oncology nurses and tried to evalu-
ate possible risk to them.

Materials and Methods
Subjects

Our study group (n=24) consisted of female nurses
handling antineoplastic drugs. Administration of
drugs to patients is performed by nurses. Nurses
prepare and apply antineoplastic drugs for at least
two months, 15 times a week. All nurses applied
safety precautions, including the use of a vertical
laminar air-flow hood, protective gowns, and latex
gloves in Oncology and Ibn-i Sina Hospitals in
Ankara,Turkey. We previously reported a similar
study. In this current study, nurses explained that
they had improved safety precautions, in particular;
they used very protective vertical laminar air-flow
hood (safety cabinet) (Three of them did not use the
safety cabinet without explanation). The nurses
expressed that since they were curious about their
exposure level after using the cabinet, they volun-
tarily wanted to be involved in this study.

Table 1 shows the general characteristics of nurses
and Table 2 shows the CP excretion rates and use
of protective equipment while preparing and apply-
ing antineoplastic drugs. Each person was inter-
viewed and a questionnaire was completed.
Twenty-five percent of the nurses did not use a
mask; all of the nurses wore both glove and gown.
However they claimed to use the same gloves
throughout the day.

Preparation of urine samples
Total 24 h urine was collected in portions starting

from the end of a work period of at least four days.
No urine samples were taken from the controls
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because pre-studies had demonstrated that CP
could not be detected in the subjects who were not
exposed to antineoplastic drugs. Collected urine
samples were coded and stored at —20°C until sam-
ple preparation. Materials and reagents and the
sample preparation were described by Sessink et al.”

Briefly, sample preparation was carried out as fol-
lows: 5 ml urine samples were extracted three times
with 10 ml ethyl ether and the ether layers were
combined and dried under nitrogen. The residue
was mixed with 100 pl of ethyl acetate. 200 pl of tri-
fluoroacetic anhydride was used for derivatization.
After derivatization, the samples were dried under
nitrogen at 30°C. 100 pl toluene was added and the
samples were stored in vials at -20°C until analysis.

Calibration

Calibration curves were constructed from the
analysis by standard curve samples, which were
freshly prepared by adding CP to blank urine. The
CP concentrations of the standard urine samples
were 0.01, 0.05, 0.08, 0.2 and 0.3 pg/ml urine.

Instrumental and analytical conditions

Gas chromatography-mass spectrometric (GC-MS)
analysis was performed on HP 6890 GC-HP 5972
AMS GC-MS system. Separation was carried out on
a cross-linked methyl siloxen capillary column (30 m
x 0.25 mm, film thickness 0.25 pm). The initial injec-
tor temperature was 50°C. The initial oven tempera-
ture was 50°C. After 2 mins, the temperature was
increased by 200°C/min to 250°C, where it
remained constant for 10 mins!0. Helium was used
as carrier gas (column inlet pressure 8.2 psi). The
interface temperature was 250°C. Electron impact
(EI) was used as ionization mode. Identification was
carried out by the combination of retention time [CP
and iphosphamide; (IP)] and MS spectrum.
Retention times of derivatized CP and IP were 15.88
and 15.54, respectively. Quantification of the N-tri-
fluoroacetyl derivatives was performed on the
selected-ion fragment m/z 213 for CP and m/z 211
for IP, which was abstracted from the full-scan spec-
tra. (signal/noise> 4).The limit of detection was
0.005 pg/ml. For quantification, the peak height
ratio of CP/IP was calculated. Quantification of the
trifluoroacetyl derivatives was carried out by refer-
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ence to calibration curves constructed from the
analysis of freshly prepared reference urine samples
containing CP dissolved in blank urine.”

Table 1. General Characteristics of Nurses

Parameter Nurses
n 24
Age (mean+SD) 32.41+6.25
Duration of exposure 5.09+4.05
(mean=SD, years)
Range 0.2-15
Smoking habits
Non-smokers 10
Smokers 14

Table 2. CP Excretion Rate in Oncology Nurses in
Relation to Several Parameters of Exposure

No Smoking Frequency of handling Use of Urinary CP
habits antineoplastics  cabinet/mask/glove/ excretion rate
(S/NS) (times/week) gown (ng/24h)

1 S 25 +/-/+/+ 0.07

2 NS 30 +/-/+/+ 0.05

3 NS 15 +/-/+/+ ND

4 S 25 +/+/+/+ 1.2

5 S 25 +/-[+]+ 212

6 NS 25 +/+/+/+ 0.07

7 S 20 -[+/+/+ 0.13

8 S 20 ++/+]+ 0.07

9 NS 75 +/+/+/+ 0.05

10 NS 100 ]+ 003

1 S 100 -J+/+]+ 002

12 NS 25 +/+/+/+ 0.23

13 S 25 +/+/+/+ 0.03

14 S 25 +/+/+/+ 0.04

15 S 20 +/+/+/+ ND

16 S 25 +/-/+/+ 0.05

17 S 25 +/+/+/+ ND

18 S 25 +/-/+/+ 0.34

19 NS 25 +/+/+/+ ND

20 NS 25 +/+/+/+ 0.01

21 S 15 +/+/+/+ ND

2 NS 25 +/+/+/+ ND

23 NS 25 +/+/+/+ 0.21

24 S 25 +/+/+/+ 0.07

S: smokers, NS: non-smokers, ND: not detected, CP: cyclophosphamide.

Results

As indicated in Table 1, the present study group
(n=24) consisted of female nurses handling antine-
oplastic drugs. Table 2 shows the CP excretion rates
and other related data of the nurses including the
use of protective equipments and frequency of
handling antineoplastic agents (times/week). Ac-
cording to their questionnaires, all of the nurses wo-
re gloves and gowns; however, they claimed to use
the same gloves during the whole day and did not
take them off during other activities (e.g. drinking,
eating, smoking, etc). Obviously, there isno sense in
using gloves during handling antineoplastic drugs
under these conditions. When preparing and appl-
ying these antineoplastic drugs, chemical-barrier fa-
ce and eye protection (especially for sprays or aero-
sols of antineoplastic agents) must be provided. Ho-
wever, nurses did not apply such a face and eye pro-
tection in this study. Cabinet and mask were used
by 87.5% and 75% of the nurses, respectively (3 did
not use the cabinet without any explanation). They
used surgical masks during preparation and appli-
cation. However, surgical masks are not appropriate
since they do not prevent aerosol inhalation. The sa-
fety cabinet should be cleaned according to the ma-
nufacturer’s instructions. In the present study, nur-
ses explained that they had no information about
the cleaning of safety cabinets (cleaning, regularly
changing HEPA filters, etc.), and thus did not regu-
larly check cleanliness of the safety cabinets.

The excretion rates ranged from 0 to 2.12 pg CP/24
h. In our previous study, we found that CP excretion
rates were much higher!l. This difference may be a
result of safety cabinet use because nurses in the
previous study did not use the safety cabinet, but,
did use the other protective equipment. In the pre-
sent study, nurses used vertical safety cabinets. We
obtained reduced CP levels since exposure to drugs
by inhalation may have been decreased by safety
cabinet use.

There is no correlation between CP excretion rates
and frequency of handling antineoplastic agents.
Nurses handling CP showed a urinary excretion of
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CP. Nurses with a nondetectable CP excretion rate
took all preventive measures or did not handle CP
(expressed as a ND, nondetectable in Table 2).

Table 3. Urinary CP Excretion in Smoker and Non-
Smoker of Nurses Applying Antineoplastic

Agents
n  Urinary CP excretion rate
Mean+SD (mg/24 h)
Smokers 11 0.30+0.61*
Non-smokers 7 0.07+0.09

*p<0.0001 (Unpaired t test)

Table 4. Urinary CP Excretion According to Using of

Safety Cabinet and Mask
n  Urinary CP excretion rate
Mean+SD (mg/24 h)
Safety Cabinet (-) 3 0.06+0.06
Safety Cabinet (+) 21 0.22+0.5
Mask (-) 6 0.30+0.61
Mask (+) 18 0.07+0.09

P>0.05 (Unpaired t test)

We also compared the levels of CP excretion in
smoker versus to non-smoker nurses. The levels of
CP excretion in smokers (0.30+0.61) were approxi-
mately four times higher than in non-smokers
(0.07+0.09, p<0.0001, Table 3). These data suggest
that there was a significant contamination through
the glove causing oral exposure. Our results showed
that urinary CP levels in nurses who used safety
cabinets were higher than in nurses who did not use
safety cabinets. This result was opposite of expected
data; however, could be due to the small size used
for statistical analysis. We also compared nurses
according to mask usage and our results showed
that mask usage may prevent exposure (Table 4).

Discussion

In our study, exposure of oncology nurses to at least
one antineoplastic agent was assessed from levels of
urinary CP. In urine samples of 24 exposed nurses
the CP excretion rate was found to range from 0-2.12
png CP/24h. Most of the nurses handling antineo-
plastic drugs used gloves, mask and gowns, and
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drugs were prepared in laminar vertical flow hoods.
Our results of the analysis of CP in urine demon-
strate that when the nurses were handling CP (and
other antineoplastic drugs) this particular com-
pound (CP) was observed in urine. CP is absorbed
by dermal, oral and inhalation routes. Nurses were
exposed to oral CP from contaminated hands
through dermal penetration, which is one of the
absorption routes. The CP levels of nurses who
smoke were about four times higher than the CP lev-
els of those who did not. (p<0.0001, Table 3). We
found smoking to be a confounding factor in our
study. We did not find a statistically significant dif-
ference between groups in terms of taking protec-
tive measurements (p>0.05, Table 3). Our results
demonstrated a significant decrease in the levels of
CP excretion compared to our earlier study. It can be
suggested that the use of the protective vertical lam-
inar air-flow hood had an active protective effect in
this study. All nurses wore gloves; however, they
claimed to use the same gloves during the whole
day and did not take them off during other activi-
ties (e.g. drinking, eating, smoking etc.).Obviously,
there is no sense in using gloves during the handling
of antineoplastic drugs under these conditions.
Frequent changing of the gloves would prevent der-
mal permeability and decrease exposure. The possi-
bility of a carcinogenic hazard for nurses handling
antineoplastic agents has been discussed in several
publications®12. Pyy et al8. detected CP on the
HEPA filters of flow hoods used in antineoplastic
drug preparation, demonstrating aerosolization of
the drug. Sessink et al!3. found CP excretion rates in
urine samples of six pharmacy technicians ranged
from 0.2 to 19.4 mg. CP was found in the urine of
technicians who did (n=3) and did not (n=3) prepare
CP. No CP was detected in the urine of four techni-
cians or the control urine samples. In another study,
results of Sessink et all4. were similar to those of our
study. They analyzed 35 urine samples and in 35
samples of eight workers CP was detected in a range
of 0.1-2.9 pg /24h. Ensslin et all>. determined via
GC the urinary excretion of the unmetabolized sub-
stances in hospital personnel occupationally
exposed to cytostatic drugs. They found that excre-
tion of CP ranged from 35 to 38 ng /24h (mean 11.4
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png/24h) urine and ifosphamide from 5 to 12.7 pg
/24h (mean 9 pg /24h) urine. Sessink et all®. inves-
tigated the occupational exposure to CP, IP, 5-fluo-
rouracil (5-FU), and methotrexate (MTX) of 25 phar-
macy technicians and nurses. CP or IP was detected
in the urine of eight of them, ranging from less than
0.01 to 0.5 pg.

In our previous study, we investigated genotoxic
activity of antineoplastic agents in oncology nurses.
For this reason, we analyzed urinary CP excretion
using GC-MS and assessed genotoxic effect in
peripheral lymphocytes and in exfoliated buccal
epithelial cells using micronucleus (MN) frequen-
cies. Urinary CP excretion was detected in 20 nurses
(range from 0.02-9.14 ug CP/24h) and MN frequen-
cies were higher in the exposed group compared to
the control group!l. Grummt et al.l” found a signif-
icant increase in frequencies of structural chromo-
some aberrations of persons occupationally exposed
to antineoplastic drugs without adequate protection
compared to an adequate control population
(3.3+£0.1 vs 0.6+0.1, respectively). Sister chromatid
exchanges (SCEs) in peripheral blood lymphocytes
and mutagenicity of urine (Ames test) were mea-
sured in a group of 21 nurses occupationally han-
dling antineoplastic drugs and in a group of 21
unexposed controls by Barale et all8. They detected
no differences in SCE frequencies and in urinary
mutagenic activity between exposed and unexposed
groups. Ensslin et all?. quantified CP, IP, and plat-
inum by the determination of urinary concentration
to evaluate the risk borne by hospital pharmacy per-
sonnel exposed to antineoplastic agents. CP was
found in two urine samples (5 and 9 ng/1 urine). In
all samples, the IP concentration was below the
detection limit. Urinary platinum concentration was
comparable with that of the non-exposed control
group (4.35+5.6 versus 2.3+10.4 pg/g creatinine).

Undeger et al?0 assessed DNA damage in nurses
handling antineoplastic drugs by the alkaline Comet
assay. They found that the DNA damage observed
in the lymphocytes of the nurses was significantly
higher than in the controls (p<0.0001). In another
study, the frequencies of chromosome aberrations,

SCEs and MN in blood lymphocytes were compared
among six non-smoking female pharmacists before
and after one year of working with cytostatic drugs.
They found a significant difference among groups?1.
In contrast, Stiller et al.22 did not find a statistically
significant difference between the controls and the
persons handling cytostatic drugs.

To minimize the risk to these nurses several safety
recommendations were issued. In response to
numerous inquiries, OSHA (Occupational Safety
and Health Administration) published guidelines
for the management of antineoplastic agents in the
work place in 1986. Approximately four years later,
the European Society of Clinical Pharmacy (1990)
recommended the usage of laminar down flow
(Class II) safety hoods, latex surgical gloves of suffi-
cient thickness, gowns, surgical masks, and hair cov-
ers for employees handling agents. Rooms for con-
stitution of antineoplastic agents should be exclu-
sively used for this purpose. An outdoor exhaust
system for the safety cabinets is recommended.

All possible precautions should be taken to avoid
exposure to antineoplastic agents, including proper
protective clothing and a monitored, negative-pres-
sured working environment with vertical laminar
flow cabinet.
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