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Background: Unintended occupational exposure to antineoplastic drugs (ANDs) may occur in medical 
personnel. Some ANDs are known human carcinogens and exposure can be monitored by genotoxic 
biomarkers.
Objective: To evaluate the obstacles to obtaining conclusive results from a comet assay test to determine DNA 
damage among AND exposed healthcare workers.
Methods: We systematically reviewed studies that used alkaline comet assay to determine the magnitude and 
significance of DNA damage among health care workers with potential AND exposure. Fifteen studies were eligible 
for review and 14 studies were used in the meta-analysis.
Results: Under random effect assumption, the estimated standardized mean difference (SMD) in the DNA 
damage of health care workers was 1.93 (95% CI: 1.15–2.71, p < 0.0001). The resulting SMD was reduced to 
1.756 (95% CI: 0.992–2.52, p < 0.0001) when the analysis only included nurses. In subgroup analyses based 
on gender and smoking, heterogeneity was observed. Only for studies reporting comet moment, I2 test results, 
as a measure of heterogeneity, dropped to zero. Heterogeneity analysis showed that date of study publication 
was a possible source of heterogeneity (B = −0.14; p < 0.0001).
Conclusions: A mixture of personal parameters, comet assay methodological variables, and exposure 
characteristics may be responsible for heterogenic data from comet assay studies and interfere with obtaining 
conclusive results. Lack of quantitative environmental exposure measures and variation in comet assay protocols 
across studies are important obstacles in generalization of results.
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Introduction
Antineoplastic drugs (ANDs), also known as cytostatic drugs, 
are a heterogeneous group of chemicals used to control the 
growth of neoplastic cells. Mustard gas was the first chem-
ical used in the treatment of bone marrow and lymph nodes 
malignancy in the late 1940s. Subsequently, mustard gas was 
applied as a therapeutic agent in non-Hodgkin’s lymphoma.1 
ANDs are classified into five groups based on the source 
and mechanisms of action: (a) alkalinating (b) antimitotic 
(c) antibiotics (d) antimetabolites and (e) miscellaneous 

agents.2 Most ANDs interfere with cell proliferation through 
DNA destruction, RNA synthesis, or duplication process.3 
Unfortunately, ANDs do not distinguish cancer cells from 
normal ones, leading to unwanted adverse effects in patients 
receiving chemotherapy. The International Agency for 
Research on Cancer (IARC) classifies some ANDs as human 
carcinogens.4 In addition to patients, health care providers 
such as nurses, physicians, laboratory personnel, and phar-
macists who prepare, handle, and administer ANDs or deal 
with patients’ excreta are also at risk of exposure to ANDs.5, 6

Biological monitoring can estimate occupational expo-
sure to hazardous agents. Considering the extensive use of 
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ANDs, it is difficult to select an exposure biomarker that 
encompasses the total potential exposure to various classes 
of these compounds. However, because most ANDs inter-
fere with cell genomes, biomarkers of genotoxic effect can 
serve as a surrogate to determine exposure. Genotoxicity 
endpoints are preferred due to potential role of ANDs in 
development of cancer.7 Falck et al.8 first investigated 
occupational exposure to ANDs by measuring the urine 
mutagenicity in occupationally exposed nurses. Since then, 
tens of studies have explored the genotoxic risk of working 
with ANDs using different genotoxicity tests. During the 
last three decades, numerous studies have used various 
genotoxic endpoints as the biomarker of effect for expo-
sure to ANDs.9, 10 Singh et al.12 developed the comet assay 
(or single-cell gel electrophoresis) test to assess DNA dam-
age. The simplicity and availability of the comet assay test 
make it a good choice for screening in occupational and 
environmental genotoxicity studies. Valverde and Rojas.13 
recently reviewed the applicability of the comet assay in 
occupational biomonitoring. Ündeğer et al.14 performed 
the first study on DNA damage in health care workers by 
the comet assay. Since that time, several articles using 
comet assay to examine the extent of DNA damage in var-
ious job categories with potential exposure to ANDs have 
been published.15 However, results are inconclusive. An 
important issue in the interpretation of results obtained by 
comet assay is personal and methodological confounders. 
In other words, direct comparison of comet assay studies 
on the similar subjects exposed to the same compound are 
relatively difficult to perform due to differences in popu-
lation characteristics, agents analyzed, exposure metrics, 
and differences in the parameters of comet assay.13

There are also concerns about the comparison of comet 
assay results across studies. Factors such as inter- and 
intra-laboratory variations and the use of different pro-
tocols may explain the observed heterogeneity in comet 
assay results.16 Most comet assay studies use pure labora-
tory settings for optimization of comet assays as a source 
of their reviews on the effect of various parameters on 
comet assay results. To the best of our knowledge, there 
is only one meta-analysis on comet assay and smoking.17 
This manuscript examines the field applicability of the 
comet assay as a biomonitoring tool in occupational 
genotoxicology. We found that more than three-quarters 
of articles related to application of comet assay are for 
occupational biomonitoring. We identified only one study 
which narratively reviewed the global application of comet 
assay in occupational and environmental biomonitoring.13 
However, Valverde and Rojas13 did not publish a system-
atic evaluation of studies based on exposure situations. 
Accordingly, we systematically reviewed and quantita-
tively analyzed published resources of comet assay to 
determine the occurrence of DNA damage in health care 
providers occupationally exposed to ANDs. This review 
evaluates the magnitude and significance of DNA damage 
in health care providers working with ANDs compared to 

non-occupationally exposed control subjects. It also iden-
tifies the challenges these studies encountered in obtaining 
conclusive results.

Data from studies were used to: (a) to calculate the 
effect size of potential occupational exposure to ANDs in 
health care providers, (b) to critically evaluate exposure 
assessment procedures in the case of ANDs, and (c) to 
evaluate the methodological aspects of comet assay and 
their effects on drawing conclusions from the data.

Materials and methods
Search strategy
We searched PubMed, Scopus, CINAHL, Google scholar, 
American society of clinical oncologists (ASCO), 
Cochrane library, and HealthStar for relevant published 
studies between 1960 and September 1, 2014. A grey lit-
erature search was performed at System for Information on 
Grey Literature in Europe-SIGLE (http://www.opengrey.
eu/) and the health management information consortium 
(HMIC) databases. References were checked to identify 
additional publications. Search criteria were prepared by 
combining a ‘exposed population’ AND ‘intervention’ 
(exposure) AND ‘outcome.’ Relevant words and headings 
describing health care providers (e.g. health care person-
nel, hospital personnel, occupational exposure, oncology 
service, workplace, and pharmacy service) were used 
as population proxies. Antineoplastic agents and related 
synonyms such as chemotherapy, chemotherapeutic, anti-
cancer, cytostatic, ANDs, and the 12 mostly used ANDs 
were searched as exposures. Examples of outcome terms 
for DNA damage genotoxicity included: DNA damage, 
DNA breaks, comet assay, biological monitoring, and 
single-cell gel electrophoresis. A complete list of search 
keywords based on PICO (population, intervention, con-
trol, and outcome) is shown in Table 1. Three authors 
(MJZS, MM, and MH) were responsible for the system-
atic search. Additional details of the review methodol-
ogy are available on PROSPERO (Registration number: 
CRD42014009075).

Eligibility criteria and data extraction
All accessible studies examining the role of ANDs poten-
tial exposure with primary DNA damage via comet assay 
in health care providers (ward and cancer day clinic 
nurses, physicians, pharmacists, pharmacy technicians, 
and attendants) between 1970 and September 1, 2014 were 
eligible for systematic review and subsequent meta-analy-
sis. Abstracts, editorials, case reports, and review articles 
were excluded, as were studies on drug production facility 
workers, laboratory animals, and in vitro studies. Only 
resources with English full text were reviewed. However, 
non-English resources were all assessed for their English 
language availability. For meta-analysis, only studies 
reporting quantitative results of alkaline comet assay on 
PBLs were included. All relevant data including author(s) 
name, publication date, country, sample size (cases and 
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controls), matching, age, sex, the use of personal protec-
tive equipment (PPEs), safety measures, drug types, comet 
assay results, statistical tests, and any significance in results 
were organized into a spreadsheet. Comet assay test results 
can be presented in different forms. Therefore, we used 
hierarchal selection process of the best comet parameter 
to include into meta-analysis similar to the meta-analysis 
performed by Hoffman et al.17 Briefly, percent of DNA in 
the comet tail was selected as a priori measure.18 In the 
case of absence of percent of DNA in tail, comet moment 
and comet length were selected, respectively.

Statistical analysis
Relevant data from selected studies were imported into 
comprehensive  meta-analysis (CMA) software version 
2 (CMA, Biostat, Englewood, NJ).19 For each study, the 
sample size, mean value, and standard deviations (SD) for 
both cases and controls were entered into the software. In 
cases where standard error (SE) was reported in lieu of SD, 
SD was calculated using the formula: SD = SE × (N)1/2.20 
In studies where findings were reported as mean and a 
range, SD was calculated for both case and control groups 
by dividing the range by four according to the procedure 
described by Hozo et al.21 Because there is no way to com-
pare different comet parameters to each other, all results 
were computed for standardized mean difference (SMD). 
Pooled data were first analyzed according to fixed effect 
model, however due to heterogeneity, analysis was subse-
quently performed using a random effect model (results of 
fixed effect analysis are accessible upon request). Funnel 
plot was used to demonstrate publication bias. Funnel plot 
represents SMD in the selected model against standard 
error of results.22 Studies with wider confidence intervals 
and smaller sample sizes fill the bottom of funnel.23 To 
investigate the source of heterogeneity, data were extracted 
and analyzed separately based on smoking status, comet 
parameter, and gender.

Results
Titles and abstracts of 813 retrieved studies were reviewed 
and 19 articles were selected for full-text assessment (Fig. 
1). One of these 19 articles24 was based on alkaline elu-
tion method, which is different from comet assay, and 
was subsequently not considered. The population of 
two studies was drug production workers and both were 
excluded.25, 26 Another study27 did not report any new data, 
and only reanalyzed previous published studies and was 
excluded. Table 2 summarizes the general characteristics 
of 15 studies included in the systematic review. All 15 
studies included cases from hospitals’ nurses, pharmacists, 
and medical doctors who were potentially occupationally 
exposed to ANDs. Three studies combined results for 
nurses, medical doctors, and pharmacists.10, 28, 29 Controls 
were selected from different job classes including hospi-
tal personnel,14, 28–34 office workers, students,35, 36 and the 
general population.10, 38, 39 All studies matched cases and 
controls by age and gender, and some studies matched 
on additional parameters including coffee consumption, 
lifestyle, medical history, alcohol consumption, and radi-
ation exposure history.38 In one study, the smoking rate in 
controls was higher than cases, and a significant increase 
in tail length but not in tail moment was observed in cases 
with the history of working with ANDs.38

Exposure assessment
Nine of studies collected exposure data via partici-
pant questionnaires and relied on employment in an 
oncology unit as a surrogate for AND exposure. Table 
3 shows exposure information including participants’ 
task, workload, urine, or air sampling and work expe-
rience. Two studies performed air sampling as an expo-
sure assessment method.28 Four studies also measured 
surface contamination via wipe or pad sampling.28, 33, 34, 

39 Duration of exposure to ANDs varied by study. In the 

Table 1  Keywords used for search in databases based on PIO (population, intervention, and outcome) search strategy

Element Keywords

Population ‘Health personnel’[Mesh] OR ‘occupational exposure’[Mesh] OR ‘Oncology Service, Hospital’[Mesh] OR ‘Medical 
Staff’[Mesh] OR ‘Oncology Nursing’[Mesh] OR ‘Professional Role’[Mesh] OR ‘Occupational Groups’[Mesh] OR 
‘Pharmacy Service, Hospital’[Mesh] OR ‘Workplace’[Mesh] OR ‘Nurses’[Mesh] OR ‘professional Practice’[Mesh] OR 
‘Pharmacy technicians’[tiab] OR ‘occupational setting’[tiab] OR ‘Hospital personnel’[tiab] OR ‘Personnel’[tiab] OR 
‘Occupationally’[tiab] OR ‘Occupational’[tiab] OR ‘Oncology personnel’[tiab] OR ‘Oncology department’[tiab] OR 
‘Health care staff’[tiab] OR ‘Health care staff’[tiab] OR ‘health care personnel’[tiab] OR ‘Health care personnel’[tiab] 
OR ‘Medical staff’[tiab] OR ‘Worker’[tiab] OR ‘Health care workers’[tiab] OR ‘Hospital staff’[tiab] OR ‘Professional-
ly’[tiab] OR ‘Health care workers’[tiab] OR ‘work environment’[tiab] OR ‘oncologic nurses’[tiab] OR ‘oncology work-
er’[tiab] OR ‘medical worker’ [tiab] OR ‘oncology’[tiab] OR ‘pharmacists’ [tiab] OR ‘workstation’ [tiab]

Intervention ‘Antineoplastic Agents’[Mesh] OR ‘drug Therapy’[Mesh] OR ‘Cytostatic Agents’ [Mesh] OR ‘Electrochemother-
apy’[Mesh] OR ‘Mutagenicity Tests’[Mesh] OR ‘Drug Compounding’[Mesh] ‘Cytotoxic’[tiab] OR ‘Chemotherapy’[tiab] 
OR ‘Antineoplastic drug’[tiab] OR ‘Antineoplastic’[tiab] OR ‘anti cancer’[tiab] OR ‘Chemotherapeutic’[tiab] OR 
‘chemotherapy’[tiab] OR ‘anti-cancer’[tiab] OR ‘cytostatic’[tiab] OR ‘anticancer’[tiab] OR ‘genotoxic agent’ [tiab] OR 
‘antitumor’ [tiab] OR ‘ANPD’[tiab] OR ‘Cyclophosphamide’[Mesh] OR ‘Doxorubicin’[Mesh] OR ‘Chlorambucil’[Mesh] 
OR ‘tamoxien’[Mesh] OR ‘cisplatin’[Mesh] OR ‘bleomycin’[Mesh] OR ‘merphalan’[Mesh] OR ‘mitomycin’[Mesh] OR 
‘etoposide’[Mesh] OR ‘cytarabine’[Mesh] OR ‘fluorouracil’[Mesh] OR ‘nitrosourea’[tiab] DNA Damage’[Mesh] OR 
‘DNA Breaks’[Mesh] OR ‘toxicity’[Mesh] OR ‘Mutation’[Mesh] OR ‘DNA damage’[tiab] OR ‘mutagenic’[tiab] OR ‘mu-
tagens’[tiab] OR ‘mutagenicity’[tiab] OR ‘genotoxic’[tiab] OR ‘Comet Assay’ [Mesh] OR ‘Mutation’[tiab] OR ‘adverse 
effects’[Mesh] OR ‘comet assay’ [tiab] OR ‘micronucleus’[tiab] OR ‘Cytogenetics’[Mesh] OR ‘cytogenetics’[tiab] OR 
‘carcinogenic’[tiab] OR ‘Carcinogenesis’[Mesh] OR ‘genome damage’[tiab] OR ‘biological monitoring’[tiab] OR ‘toxi-
cological’[tiab] OR ‘teratogens’[tiab] 

Outcome
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eight studies that reported it. Among selected studies, 
lysis time varied from 45 min to overnight. However, four 
studies did not mention their lysis time. In 12 studies, the 
preferred lysis time was one hour, although 3 studies used 
45 min34, 90 min33, and overnight.30 Unwinding time in 
six studies was 20 min14, 30, 31, 33, 36, 39, was 40 min in two34, 
and was 30  min in one study.29 Remaining studies did 
not report unwinding time. Electrophoresis time varied 
between 20 and 40 min, however most studies, adjusted 
this time to 20  min. Electrophoresis in Yoshida et al.34 
lasted 40 and 60 min in Sasaki et al.38 Eight studies set 
their electrophoresis current at 300 mA and current was 
not reported in other papers. Different methodologies were 
used for visual scoring of DNA damage in the comet assay 
tests. Three studies used subjective visual scoring system 
for their evaluations (Table 2). However, there was also 
inconsistency in the studies according to their procedure 
for conducting microscopic evaluations. Microscopic eval-
uations were performed in the range of 200–1000 magni-
fications (Table 3).

Findings from meta-analysis
Among 15 selected studies for systematic review, 14 stud-
ies with 620 health care providers and 558 controls were 
included in the meta-analysis. One study did not have 
quantitative results.33 Genetic damage index (GDI)41 was 
used to prepare results for inclusion.14 into the meta-anal-
ysis. Accordingly, GDI was calculated by merging results 
of DNA damage in different levels as follows:

The smallest sample size for health care providers and 
controls was 12.29 Maximum sample sizes for health care 
providers and controls were 8331 and 7430, respectively. 

GDI = (Type I + 2 × Type II + 3 × Type III)∕(Type 0 + I + II + III)

study of Undeger et al.,14 cases were employed ranging 
from 6 months to 13  years, whereas in the study by 
Rekhadevi et al.38 cases were employed between 6 and 
23 years. Buschine et al.30 used duration of employment 
as the surrogate of exposure duration and calculated 
the exposure of subjects as a function of the number of 
preparations plus the number of administration mul-
tiple by maximum number of daily drug preparation. 
However, they found no significant correlation between 
calculated frequency and observed damage. In the 
selected studies, subjects were heterogenic in accord-
ance with their job. For example, cases in Villarini et 
al.39 performed transportation, preparation, administra-
tion, and handling body fluids, whereas in the Laffon et 
al.32 and Undeger et al.14 cases only performed prepara-
tion and administration of ANDs.

Assessment of DNA damage
All studies selected for systematic review included exam-
inations of PBLs. However, two also incorporated the 
results of the comet assay of buccal cells.27, 33 Four stud-
ies sampled blood sampling in the morning, 10, 33, 38 three 
sampled blood at the end of shift14, 30, 39, one at mid-day29, 
and the rest of the studies did not mention the time of 
blood sampling. There was no consistency in reporting 
comet assay parameters across studies. Most of the studies 
reported tail length, however different units for reporting 
were common.10, 32, 34, 36, 38 Mader et al.33 reported the tail 
factor while five studies reported percent of DNA in tail.28, 

30, 31, 36, 39 One study reported DNA damage index29 and 
another study reported total comet score.35 Comet param-
eter values varied widely across studies.

We also evaluated the methodological variables (Table 
4). The composition of lysis buffer was the same in the 

813 of searched records after duplicates were 
removed

22 of records were selected by 
title and abstract screening

791 of records were 
excluded

19 of full-text articles were 
assessed for eligibility

15 of studies were included in 
qualitative synthesis 

4 of full-text articles were 
excluded, with reasons

2# were performed in drug 
production industry [1, 2]
1#Used data from 3 other 

studies [3]
1# used alkaline elution 

method [4]

14 of studies were included in 
quantitative synthesis (meta-

analysis)

1# study excluded because 
of no quantitative data[6]

Figure 1  The flow diagram of search strategy and study selection process
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Among the studies selected for meta-analysis, three 
reported mean and standard error of mean (SE).10, 30, 32 In 
one study, results were presented as mean and range.34 
Only one study reported a P-value and sample size34, 
therefore, the effect size was calculated using P-value 
and sample size. The rest of studies reported their results 
as mean and SD.

Under the random effect assumption, the SMD of all 
studies was 1.93 (95% CI: 1.15–2.71, p < 0.0001) (Fig. 
2). Table 5 provides calculated SMDs of all studies and 
the corresponding weight of each study under the random 
effect model. Studies by Cornetta et al.31 and Buschini  
et al.30 showed the highest weight (7.52 and 7.51%, respec-
tively). These studies had larger sample sizes compared to 
the other studies. However, their findings were not con-
sistent with each other. Cornetta et al.31 reported a signif-
icant effect of potential exposure on the increase of DNA 
damage, while Buschini et al.30 reported a non-significant 
effect. To explore the source of heterogeneity, subgroup 
analysis was performed based on smoking status and gen-
der of participants. Even under subgroup analysis based 
on smoking status, large heterogeneity was observed 
(I2 = 96.65, p < 0.001) (Fig. 3) and there was no significant 
association between smoking status and increased DNA 
damage (Q test: Q = 0.007, df = 1, p = 0.931). However, 
the observed mean effect size for studies with smokers 
was higher than the studies with non-smokers (m = 2.45, 
95% CI = 1.19–3.71 vs. m = 2.42, 95% CI = 1.44–3.41). 
Subgroup analysis of gender showed no significant asso-
ciation between gender and increased DNA damage (Q 
test: Q = 0.353, df = 1, p = 0.553) (Fig. 4). Meta-analysis 
was performed on 11 studies that provided explicit data 
for nurses (Fig. 5). Under random effect assumption, 
the estimated SMD of these studies was 1.756 (95% CI: 
0.992–2.52, p < 0.001). To investigate the role of comet 
assay reporting parameters as a possible methodological 
variable on observed heterogeneity, selected studies were 
evaluated separately based on reported comet parameter 
(Table 6). Separating findings based on comet parameters 
reduced the observed heterogeneity.

Publication bias and sensitivity analysis
Under the random effects model, sensitivity analysis 
(n = 14) showed that removing the Buschini et al.30 study 
increased the effect size from 1.93 to 2.11. On the other 
hand, removing the Kopjar and Garaj-Vrhovac36 and 
Laffon et al.32 studies, led to a significant decrease of over-
all effect size to 1.50 and 1.56, respectively. Sensitivity 
analysis on studies with explicit data for nurses (n = 11) 
under the random effects model showed that removing 
Buschini et al.30 study resulted in an increase of the effect 
size from 1.756 to 1.965. On the other hand, the removal 
of the Laffon et al.32 and Rekhadevi et al.38 studies signifi-
cantly decreased the overall effect size to 1.296 and 1.426 
respectively. An asymmetry was seen in Begg’s funnel plot A
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symmetry using five studies, the effect size was reduced 
to 0.464 (95% CI = −0.439 to 1.367) (Fig. 6). Studies by 
Laffon et al.32 and Kopjar et al.10 considerably modified 
the effect size. In studies with nurses, asymmetry was also 

when analysis was carried out for health care providers 
data (n = 14). Using Egger’s test, we found significant 
evidence of publication bias (P for bias = 0.0003). Trim 
and fill tests on studies showed that after adjustment for 

Table 4  Exposure-related characteristics of cases in the selected studies

Author Duty Drugs Protection Exposure parameters Remarks 

Buschini et al. 
(2013)

Preparation, 
handling

50 different drugs, from 
1,2A,2B,3, and not classi-
fied IARC group

— Questionnaire, Duration of 
employment as a surrogate 
for duration of exposure. 
Calculated frequency score

No relation between calculat-
ed exposure frequency and 
DNA damage

Villarini et al. 
(2011)

Transportation, 
Preparation, admin-
istration, handling 
body fluids

16 different drug from 
1,2A,2B,3,and not classi-
fied IARC group

Glove, mask Wipe sample (surface 
contaminant) Pad sample 
(dermal exposure) Urine CP 
(exposure biomarker)

Higher but not significant DNA 
damage in those without per-
sonal protection. Urinary CP 
in 17.5% of nurses. 29.3% of 
wipe samples were positive. 

Connor et al. 
(2010)

Preparation, 
Handling, adminis-
tration

Different classes of 
ANDs include: Paclitaxel, 
5-fluorouracil, cyclophos-
phamide, cytarabine, 
ifosfamide.

NIOSH safety 
recommendation, 
class II BSC, 
CSTD

Surface Wipe Sampling, 
Area and Personal Air 
Sampling, Urine Sample 
(cyclophosphamide and pa-
clitaxel) work load = 106.72/
week

No significant associations 
were observed considering 
different exposure variables. 
Positive contamination in 60% 
of wipe samples. Nearly no air 
contamination.

Izdes et al. 
(2009)

Preparation, Han-
dling,

Mostly cyclophospha-
mide, cisplatin, etoposide, 
5 Fluorouracil, vinblastine, 
Bleomycin, Doxorubicin

Gloves and masks 
for preparation, 
vertical flow safety 
cabinet 

No exposure assessment. 
Cases had at last two year 
exposure with ANDs. 

No significant difference 
observed between cases and 
controls. 

Kopjar et al. 
(2009)

Preparation, admin-
istration, handling 
of body fluids 

Different drugs from 1, 2A, 
2B, 3 IARC group. Mostly 
2A and 3 groups. 

Varied across cas-
es (glove, mask, 
and hood). 

1 to 6 h a day work 
with ANDs. Exposure 
history ranged from 1 to 
30 years(mean = 12.9 years)

The use of appropriate pro-
tective equipment significantly 
reduce the level of DNA 
damage.

Sasaki et al. 
(2008)

Preparation, 
Handling

No relevant data No relevant data Self-rated questionnaire Cases had significantly higher 
tail length but no tail moment. 

Cornetta et al. 
(2008)

Handling More than twelve drugs Gloves, overalls, 
goggles, masks, 
vertical air-flow 
cabinet

Weekly working time = 36 h/
week, 12.2 ± 7.3 years of 
work history

—

Rekhadevi  
et al. (2007)

Preparation, 
Administration, 
handling body fluids 

Mostly cisplatin, carbopla-
tin, adriamycin, bleomycin 
and endoxane

No protective 
measures 

Questionnaire. 8 h/day 
for 6 days a week (ANDs 
handling = 4.06 ± 0.73 h/d). 
Work history >5 years. Uri-
nary cyclophosphamide

Positive but not significant 
association between duration 
handling anti-neoplastic 
drugs per day and urinary CP 
concentrations. 

Yoshida et al. 
(2006)

Preparation, admin-
istration

19 drugs Only latex glove Questionnaire Umu assay 
of wipe samples

Level of DNA damage 
increased with increase of 
contamination of surface

Ursini et al. 
(2006)

Preparation, admin-
istration

35 drugs Personal protective 
Equipment, 
including gloves, 
caps, overalls, and 
goggles.

Urine and wipe sample 
Workload = 300 prepara-
tion/week, 

Relationship between the 
amount of ANDs handled, 
Surface contamination, and 
DNA damage. Surface pollu-
tion = 18 μg/m2 

Laffon et al. 
(2005)

Preparation, admin-
istration

6 drug (from 1,2A,2B,3 
IARC group)

Laboratory coat, 
mask, gloves, use 
of laminar airflow 
hoods while Pre-
paring the drugs. 

Questionnaire —

Kopjar et al. 
(2001)

Preparation, 
handling

More than 5 drug, from 
1,,2B,3, and not classified 
IARC group 

– Self-report of occupational 
exposure to ANDs, use of 
safety precaution during 
handling, daily exposure 
time (1–6hr/day)

1–30(M = 12.9)

Maluf et al. 
(2000)

— — — No relevant exposure 
information Work histo-
ry = 3.42 ± 2.02

—

Undeger et al. 
(1999)

Preparation, admin-
istration

10 drugs from 
1,2A,2B,3,and not classi-
fied IARC group

Use of protec-
tive equipment, 
ventilation hoods, 
existence of 
policies governing 
antineoplastic 
exposure

Questionnaire Exposure 
history = 0.5–13y(m = 3.73)

Nurses who had taken the 
necessary individual safety 
precautions have less DNA 
damage.

Mader et al. 
(2008)

— — — Questionnaire, Air sampling 
(5- fluorouracil or anthracy-
clines)regular contact with 
cytostatics and patients, 
classification and frequency 
of handling cytostatic drugs

No traces of airborne 5- fluo-
rouracil or anthracyclines were 
detected.

List of abbreviations: BSC: biosafety cabinet, IARC: International Agency for Research on Cancer,.
CSTD: closed-system drug transfer device, CP: Cyclo Phosphamide.
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in this study, 1.93, is threefold larger than the effect 
size in the meta-analysis on smokers and non-smok-
ers using comet assay.17 However, in a study on PBLs 
treated with therapeutic doses of ANDs (Bleomycin 
0.39 μg/mL; Mitomycin C 0.31 μg/mL), the calcu-
lated SMD for combined treatment of cells with both 
drugs was 1.971, similar to our finding. The calcu-
lated SMD for observed tail length in control PBLs 
and the ones treated with Bleomycin was 1.378, how-
ever the observed SMD for Mitomycin C was 1.083.42 
In a study of patients exposed to a therapeutic dose 
of cyclophosphamide (50–200 mg/day), the observed 
SMD was 2.28.43 Results lead to the conclusion that 
DNA damage in people occupationally exposed to 
ANDs is higher than smokers, however the effect is 
lower than therapeutic doses. There was considera-
ble heterogeneity under the random effects analysis, 
with no reduction in heterogeneity after subgroup 

observed in Begg’s funnel plot (Egger’s test p = 0.0013). 
We also examined publication bias for subgroups, but 
even under this situation, asymmetry was observed in all 
conditions. To examine whether the publication date, as a 
proxy for date of exposure measurement, contributed to 
the between-study heterogeneity, we used meta-regression 
with the time of publication as a covariate. This analysis 
showed that date of publication was a possible source of 
heterogeneity (B = −0.14; p < 0.0001).

Discussion
In this review, 15 studies reporting comet assay 
results from health care providers occupationally 
exposed to ANDs were identified and evaluated. 
Fourteen studies were eligible for inclusion in the 
meta-analysis. Pooled data indicated that DNA dam-
age in cases working with ANDs was significantly 
higher than control groups. The observed effect size 

Figure 2  Forest plot of studies that assessed the difference between DNA damage (according to comet assay test) in all health 
care workers working with antineoplastic drugs

Table 5  Reported effect size of studies included in the meta-analysis (n = 14)

Results reported as mean and range. SD was calculated for both case and control groups through dividing the reported range by 4;  
*P < 0.05.

Study name 

Exposed Control SMD (95%CI)

Random (%)N Mean SD N Mean SD SMD Lower limit Upper limit

Undeger (1999) 30 0.49 0.38 30 0.19 0.15 1.05 0.51 1.59 7.35
Maluf (2000) 12 20.83 10.19 12 8.08 5.16 1.58 0.66 2.49 6.89
Kopjar (2001) 50 81.49 4.31 20 76.01 3.70 1.32 0.76 1.88 7.33
Laffon (2005) 29 46.46 0.48 22 42.68 0.47 7.91 6.28 9.54 5.72
Yoshida (2006)* 19 8.80 2.27 18 6.00 1.70 1.39 0.67 2.11 7.16
Ursini (2006) 30 16.03 8.71 30 16.10 8.10 −0.01 −0.51 0.50 7.38
Rekhadevi (2007) 60 13.66 2.37 60 6.21 0.92 4.14 3.51 4.78 7.25
Sasaki (2008) 57 2.05 1.79 46 1.79 1.73 0.15 −0.24 0.54 7.47
Cornetta (2008) 83 1.16 0.82 73 0.77 0.47 0.57 0.25 0.90 7.52
Izdes (2009) 19 19.89 4.84 19 6.84 3.16 3.19 2.23 4.15 6.83
Kopjar (2009) 50 17.46 0.65 50 14.00 0.14 7.35 6.26 8.44 6.63
Connor (2010) 66 53.06 7.32 52 53.12 7.50 −0.01 −0.37 0.36 7.49
Villarini (2011) 52 2.73 2.02 52 1.67 1.01 0.66 0.27 1.06 7.47
Buschini (2013) 63 0.95 0.24 74 0.99 0.26 −0.16 −0.50 0.18 7.51
Total 620 558
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Lack of quantitative inhalational exposure assess-
ment (air sampling), dermal exposure (pad or wipe 
sampling), or biomarkers of exposure is a weakness 
of selected studies from an occupational health point 
of view. Variation in comet assay protocols and lack 
of reporting important parameters of the comet assay, 
such as electrophoresis field strength, was another 
weakness of the studies. In the following sections, 
we discussed the possible confounders and sources of 
heterogeneity in four groups: (a) work environment 

analysis based on gender and smoking status. The 
observed effect size and coefficient of variation 
of studies by Laffon et al.32 and Kopjar et al.10 are 
distinct from the rest of the studies (approximately 
1%; the mean coefficient of variation for the other 
studies is 45%). It is difficult in the comet assay to 
have little variation and large effect between groups. 
However, sensitivity analysis showed that removing 
these studies from the meta-analysis did not change 
the significance and direction of total effect size. 

Figure 3  Forest plot of studies that assessed the difference between DNA damage (according to comet assay test) in health 
care workers working with antineoplastic drugs based on subgroup analysis for smoking status of participants

Figure 4  Forest plot of studies that assessed the difference between DNA damage (according to comet assay test) and in 
health care workers working with antineoplastic drugs based on subgroup analysis for sex of participants
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necessarily indicate ANDs exposure. It can be concluded 
that exposure allocation based on job title could be used 
as a proxy of exposure occurrence to ANDs, but it is not 
an ideal measure for examination of exposure intensity 
and dose response studies. The actual magnitude of such 
exposures largely depends on tasks, workload, use of PPE, 
type of drug administration system, use of specific safety 
protocols, and workplace safety culture.46 Type and level 
of protection was different among studies. A high level of 
personal protection (such as application of NIOSH rec-
ommendations or simultaneous use of various PPEs) was 

and exposure characteristics, (b) personal variability, 
(c) study design and methodological confounders, 
and (d) comet assay methodological variability.

Exposure allocation in most studies was based on indi-
rect methods of exposure assessment (self-report question-
naires with determinants such as job title, use of PPE, and 
daily workload in work with ANDs). Different levels of 
contamination with ANDs are found in occupational envi-
ronments and subsequent exposure to these compounds 
reported in oncology personnel.44, 45 Therefore, work-
ing in oncology departments (or similar units) does not 
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Figure 6  Begg’s funnel plots (with pseudo 95% CIs) of the difference in means (DMs) vs. the standard error of the SMDs 
(standardized mean differences) for studies that assessed the effect of working with antineoplastic drugs in health care workers 
and DNA damage by comet assay; open circles represent retrieved studies; solid circles represent trim and filled studies; open 
diamond represent observed SMD for retrieved studies; dark diamond represents the SMD of studies after trim and fill test.

Table 6  Calculated effect size and observed heterogeneity after meta-analysis based on reported comet parameter

Reported Factor N studies N cases N controls SMD (95% CI) I2

Tail length 6 261 216 3.94 (1.91–5.97) 97.96
Tail momentum 3 153 128 0.066 (-0.17–0.30) 0.00
Tail density 5 314 271 0.448 (-0.01–0.90) 85.87
GDI 1 30 30 1.05 (0.51–1.59) –

Figure 5  Forest plot of studies that assessed the difference between DNA damage (according to comet assay test) in nurses 
working with antineoplastic drugs
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group members and hence the level of DNA damage may 
be related to severity and frequency of smoking, tobacco 
type, and smoking style. Another consideration is the 
selection of controls. Control group members likely had 
varying levels of baseline DNA damage, a problem also 
relevant to the exposed groups, influenced by factors such 
as geographical area and proximity to industrial sources 
of outdoor pollutants.50 The use of older controls may also 
mask differences in the results of the exposed group. This 
condition may be responsible for the similarity between 
results of cases and controls in Sasaki et al.38 However, 
duration of exposure to ANDs and age did not signifi-
cantly influence levels of DNA damage in the Kopjar  
et al. study.10 The effect of age as an influential param-
eter in comet assay results is questionable. Two studies 
found that age had no effect on endogenous single-strand 
break levels and repair capacity,51, 52 whereas other stud-
ies reported an increase in DNA damage in comet assay 
with an increase in age.53–55 The study by Tsilimigaki et 
al. found baseline DNA damage to be relatively similar 
(with low coefficient of variance) in a younger popula-
tion. However, in subjects older than 40, the observed 
mean and coefficient of variation of baseline DNA damage 
determined by the comet assay was significantly higher.56 
Buschine et al.30 used duration of employment as a surro-
gate for exposure duration. Therefore, considering cases as 
a homogenous exposure group (HEG) is not feasible due 
to the large variation in employment durations (e.g. one to 
30 years of employment in Kopjar et al.36). However, other 
studies found no significant association between duration 
of employment or age with ANDs and the observed DNA 
damage by comet assay.14, 39 Buschine et al. calculated the 
exposure of subjects as a function of the number of prepa-
rations plus the number of administrations multiplied by 
the maximum number of daily drug preparations. They 
found no significant correlation between calculated fre-
quency and observed damage.30

Comet assay methodological variation across studies 
is also an important issue in interpretation and generaliza-
tion of results. The use of different comet assay protocols, 
different visual scoring procedures, various systems for 
reporting of DNA damage, and different types of statisti-
cal analysis for interpretation of data are methodological 
confounders and possible causes of inter-laboratory var-
iability observed across studies. The ranges of observed 
comet parameters across studies were large. Even in the 
case of the same comet formation procedure, the use of 
different visual scoring systems prohibits direct compari-
son of reported values across studies. Other meta-analyses 
on comet assay studies (e.g. comet assay and smoking17 
or sperm DNA fragmentation57 had the same problem. 
Inter-laboratory variation is the strongest contributor 
(56.7%) to observed variation in comet assay tests.16 
Concentration of low melting agarose, alkaline treatment 
time, and electrophoresis time are among the most impor-
tant methodological variables that may be responsible for 

associated with no significant difference in DNA damage 
between cases and controls.14, 28, 33 The use of inappropriate 
or single PPE by itself should not be regarded as measure 
of prevention against ANDs. Most ANDs can permeate 
through latex and polyethylene gloves.47 Villarini et al.39 
found no significant difference in DNA damage between 
hospital personnel wearing masks or gloves compared to 
those without.

Use of ANDs for chemotherapy requires preparation, 
transportation, administration, and handling of patient’s 
body fluids. Nurses or other health care personnel, com-
pletely or in part, typically perform these activities. For 
example, Cornetta et al.31 reported exposed subjects duties 
as handling of ANDs. In contrast, workers in Rekhadevi 
et al.38 study, performed various duties such as prepara-
tion, administration, and handling of patient body fluids. 
Accordingly, the lower workload may explain the lower 
effect size in two of the studies.31, 33 Villariani et al.39 found 
that variation in magnitude of DNA damage in cases who 
handle ANDs could be due to job title and tasks. Use of 
different classes of ANDs is also an important factor. Milic 
and Kopjar42 applied therapeutic doses of Bleomycin 
and Mitomycin C in vitro alone and in combination in 
human lymphocytes. They found significant differences 
in increased primary DNA damage between alone and 
combined administration of drugs. Exposure to ANDs can 
occur via several routes including inhalation, injection, 
dermal, and ingestion. However, there is no consistency 
between results and most studies showed no AND con-
tamination in breathing air, but several showed varying 
levels of contamination of work surfaces and outside of 
ANDs vials and storage containers which could result in 
dermal exposure.28, 48, 49 Surface contamination differs by 
location and is positively correlated with the number of 
handling events.28 ANDs have low vapor pressure resulting 
in a higher chance of exposure through surface contam-
ination compared to airborne fraction. Contamination of 
food and beverages from these drugs is also a source of 
ingestion. Widespread contamination of workrooms with 
ANDs, even when personnel are not involved in the prepa-
ration and handling of these drugs, they result in additional 
exposures.5

History of medication use, hormone therapy, smok-
ing, age, employment in radiology wards, alcohol con-
sumption, gene polymorphism, area of residency, and job 
history are potential individual-level confounders. DNA 
repair ability differs among individuals and some of the 
observed variations in studies maybe due to this inter-per-
sonal variation. Gene polymorphism as found in Laffon 
et al.32 also has a significant effect on comet assay results. 
Most studies in this review adjusted for personal confound-
ers such as gender, age and medication usage. Subgroup 
analysis based on smoking status did not reduce the heter-
ogeneity. There are no conclusive results on the effect of 
smoking on DNA damage in comet assay test.17 Smoking 
status did not indicate the same level of DNA damage in 
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In conclusion, we found that health care personnel occu-
pationally exposed to ANDs showed significant increases 
in DNA damage according to comet assay results compared 
to their non-occupationally exposed counterparts. There is 
a need for additional research to quantify the exposure 
intensity and effect of these drugs in developing countries. 
The perceived risk toward ANDs and behavior of nurses 
also may influence results. If nurses working with ANDs 
are knowledgeable about the effects of ANDs, they may be 
more likely to practice preventative measures, result in less 
DNA damage as detected by comet assay. However, the 
results of meta-regression suggest that in recent years the 
observed SMD in studies decreased, implying increased 
safety precautions or exposure prevention measures. The 
use of comet assay as a universal DNA damage biomarker 
and biomarker of effect is a good choice for risk assessment 
purposes in the case of occupational biomonitoring activi-
ties. Ease of use and consistency between comet assay and 
tests such as the micronuclei (MN) test or sister chromatid 
exchanges (SCEs) are strengths. Due to the use of differ-
ent drugs in each setting, it is impossible to ascertain the 
observed effects of specific drugs. Since some ANDs are 
human carcinogens (Group 1 carcinogens by IARC) and 
also the cytogenetic biomarkers were positively correlated 
with risk of cancer, it is advisable to increase the current 
level of safety in health care personnel who handle these 
drugs.70, 71 Use of uniform protocols across studies, such 
as those recommended by The International Programme 
on Chemical Safety (IPCS), will help reduce the hetero-
geneity of results.72 The role of environmental variability 
in work practice, daily fluctuations of work load is likely 
responsible for a considerable portion of variation across 
studies. Precise description of exposure and control groups 
and thorough documentation and measurement of exposure 
characteristic and magnitude are also recommended.
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the observed heterogeneity in the results.58, 59 However, 
lysis time in Triton and high salt solution in the studies of 
this review was in the range of 45 min to 24 h. However, 
it is believed that variation in lysis time has no significant 
effect on the result of comet assay test.60, 61 Green et al.62 
examined the effect of lysis at one and five hours and 
found no significant difference in the results. Conversely, 
unwinding time has a large effect on tail parameter forma-
tion in the comet assay test even for untreated cells.60 In 
another study, tail parameter in cells exposed for 20 was 
the same as control cells with 8 hour unwinding time.63 
In this review, Yoshida et al.34 used the longest unwinding 
time (40 min) and the calculated SMD in their study was 
considerably higher than 10 of 14 studies evaluated in 
our meta-analysis. Yoshid et al.34 also used larger dura-
tion of electrophoresis compared to other studies, possibly 
explaining their findings. In general, the electrophoresis 
condition is the major technical variable affecting the 
sensitivity of the comet assay depending on the type 
of cell and the damage being investigated.64 Yoshida  
et al.34 and Sasaki et al.38 employed the largest electropho-
resis time and had some of the largest observed SMDs. 
Unfortunately, most studies did not reported electropho-
resis parameters in detail. Of the 15 studies, only four 
reported voltage gradient. Increases in electrophoresis time 
and voltage could lead to increases in comet parameters.61 
The use of electrophoresis chambers with different config-
urations could results in significant difference in observed 
results across laboratories.59, 65 The use of different param-
eters in reporting DNA damage in the comet assay may 
be another source of observed heterogeneity in selected 
studies. Different comet assay parameters such as comet 
length and comet tail should not be considered endpoints 
with the same sensitivity and different scales. Sasaki  
et al.38, found a significant increase in tail length but not in 
tail moment in cases with a history of working with ANDs. 
The use of tail length for assessment of DNA damage 
is not recommended in studies examining the effect of 
prolonged past exposures since it is only useful for nar-
row exposure times and low levels of damage..60 Although 
there are no clear guidelines for the selection of the best 
comet parameter, international expert groups recommend 
the use of percent DNA in the tail for practical and the-
oretical reasons (Collins 2004; Møller 2006). The per-
cent DNA in the tail is also highly correlated with human 
visual scoring systems.66, 67 We found that when studies 
were analyzed separately based on reported parameters, 
heterogeneity was reduced, and in the case of tail moment, 
heterogeneity reached zero. However, there is evidence of 
a strong correlation between comet assay results and comet 
parameters.18 Time of sampling is important in macro and 
micro scale. Several studies found seasonal variation in 
baseline DNA damage.68, 69 In the case of acute exposures, 
even the time window between the end of exposure and 
DNA damage measurement is important, as an increase in 
the time window increases the observed DNA damage.13
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