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Abstract

Background: Occupational exposure to antineoplastic drugs causes the production of free radicals and their reaction with macro-
molecules in the body.
Objectives: The present study was conducted to evaluate the effectiveness of the educational intervention by using urinary oxida-
tive stress indices of the oncology staff in Iranian hospitals.
Methods: Healthy full-time oncology and pharmacy staff (n = 45) participated in this prospective interventional study. The training
of the personnel for proper handling of the antineoplastic drugs was given. During their work shift, their performance was recorded
in a checklist. Urinary oxidative stress indices of the staff and scores of their performances were obtained before and after their
training.
Results: The mean performance score of all oncology staff was statistically higher than after 2 months of educational intervention
(P < 0.001). The mean activity levels of Superoxide Dismutase and Catalase enzymes of all oncology staff was statistically lower than
after 2 months of educational intervention (P < 0.001). The mean level of Malondialdehyde of all oncology staff was statistically
lower than after 2 months of educational intervention (P < 0.05).
Conclusions: Educational intervention increased oncology staff performance score and it affected the level of the oxidative stress
parameters 2 months after the educational intervention by decreasing the activity of enzymes and the level of malondialdehyde.
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1. Background

Increased cancer screening activity in hospital staff has
led to early detection and identification of cancer among
them; in this regard, the widespread use of antineoplas-
tic drugs with potent cytotoxic effects has raised concerns
about occupational exposure of oncology staff and their
health issues (1-3). Due to the length of working hours
of the hospital personnel in the oncology unit, they have
been exposed to antineoplastic drugs for a long time. Oc-
cupational exposure to antineoplastic drugs in different
ways, including inhalation, absorption through skin con-
tact during drug preparation or injection, and exposure to
human stools have been reported (4-6).

Some antineoplastic drugs, after being absorbed in var-

ious ways, can produce oxygen radicals and disrupt the
structure of adipose, protein, and cellular DNA (7, 8). There
are reports of some antineoplastic drugs causing oxidative
stress, as well as a variety of diseases such as leukemia, ab-
normal reproductive activities, spontaneous abortion, cy-
totoxicity, cancer, and DNA damage in people involved in
the preparation and transfer of antineoplastic drugs (3).
Exposure to antineoplastic drugs and the consequence of
the emergence of oxygen radicals and reaction with body
macromolecules such as lipoxygenase (LPX) and protein
and DNA can suppress antioxidant enzymes such as super-
oxide dismutase (SOD) and catalase (CAT), as well as the
production of malondialdehyde (MDA), one of the popu-
lar secondary products of lipid oxidation after exposure to
reactive oxygen species and free radicals in the body (9-11).
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For those working in the health care services, who
are exposed to these drugs daily, control measures to re-
duce staff exposure have been recommended by interna-
tional organizations such as the Centers for Disease Con-
trol (CDC) and the US National Occupational Safety and
Health Organization (NIOSH) (12). Protective measures
against toxic drugs in dangerous exposures are influenced
by individual factors, level of knowledge and awareness
of risks, risk perception, use of personal protective equip-
ment, and individual differences (13). Complications of ex-
posure to antineoplastic drugs in the oncology staff are
due to a lack of specific knowledge and training in its ad-
ministration, preparation, and management of antineo-
plastic drugs (12).

A study has also shown a gap between the knowledge of
oncology staff and their actual behavior about the poten-
tial risks of carcinogens and the use of protective measures
(14). National Institute for Occupational Safety and Health
issued the latest guidelines for the protection of personnel
against exposure to cytotoxic compounds called "ALERT".
This and other guidelines emphasize the importance of
training personnel involved with antineoplastic drugs to
minimize the risk of exposure to these drugs (15). The goals
of education are to raise and create awareness, change atti-
tudes and create healthy attitudes, and ultimately change
people’s behavior. According to Hazardous Waste Opera-
tions and Emergency Response (HAZWOPER) standard, on-
cology staff must be trained 40 hours a year and have 3 days
of field experience at the start of work, and repeat these
pieces of training annually (16).

Oxidative stress monitoring in humans can be done in-
directly by examining its damage to clinical specimens or
by examining the antioxidant potential in tissue or body
fluids (17). Therefore, biological monitoring such as moni-
toring of oxidative stress indices of hospital oncology per-
sonnel has been recommended to ensure compliance with
safety protocols for treatment with antineoplastic drugs.
Biological monitoring can also provide information on the
quality of individual occupational health compliance and
the effectiveness of control measures such as the use of per-
sonal protective equipment (18).

2. Objectives

Due to the lack of systematic training and non-
compliance with antineoplastic drug safety protocols in
Iran and for the lack of credible evidence to support the
role of oxidative stress in the etiology of various cancers,
this study aimed at evaluating the performance and the ef-
fectiveness of the educational intervention on the level of
some oxidative stress parameters in oncology staff in Iran.

3. Methods

3.1. Selection of Subjects

This study is a prospective interventional study con-
ducted in the oncology unit of a hospital in Tehran, Iran,
from March to October 2019. The study population was se-
lected from the staff of the oncology department of the
hospital according to the principles of the Helsinki Decla-
ration. Sampling was a survey census, including 45 healthy
staff, 11 of whom were engaged in drug preparation person-
nel, 9 general service personnel along with, and 25 nurses
participated in the study (Table 1). Subjects were selected
from a cohort of 46 oncology staff. Participants should
not have been exposed to radiography or chemotherapy
in the past 12 months. They should not have thyroid disor-
ders, not be smokers, and eventually, have a year of oncol-
ogy experience. One male was also excluded because of us-
ing thyroid medicine. Before this study, their full consent
was obtained. Then, based on the designed questionnaire,
the personal characteristics of the personnel and their edu-
cational background in dealing with antineoplastic drugs
were recorded.

Table 1. Characterization of Hospital Workers Exposed to Anti-neoplastic Drugs

Professionals Values

Drug preparation 11

Nurses 24

Service personnel 10

Sex

Men 11

Women 34

Age (women)

Mean ± SD (y) 34.68 ± 5.93

Range 24 - 46

Age (men)

Mean ± SD (y) 36.82 ± 9.09

Range 29 - 58

3.2. Performance Assessment

The behavior of 45 personnel exposed to chemother-
apy drugs was assessed by a checklist before and 2 months
after the intervention. The individual performance check-
list that was considered in each of the 28 behaviors was ob-
served and recorded for service personnel groups, nurses,
and drug preparation personnel. Completion of the per-
formance checklist was done secretly by the researcher and
the presence of the researcher in the process of staff did
not interfere. The performance checklists for each study
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group were different and unique. A total of 28 behaviors
were collected from medication during the preparation
process and drug waste disposal. A checklist was com-
pleted 2 months after the intervention. The second check-
list was also filled out according to the number assigned to
each individual so that it was possible to compare the be-
havior before and after the intervention of each staff mem-
ber.

3.3. Biological Assessment

Urine samples were taken from participants at the be-
ginning of summer 2019 to measure the enzyme activity
of CAT, SOD, and MDA levels. CAT, SOD activities, and MDA
levels were measured by a microplate reader ELISA (DANA
DA3200 model, Iran manufactured) in urine samples. All
stages of urine sample preparation and standard curve
drawing and measurement of CAT, SOD enzyme activity,
and MDA level were performed according to the instruc-
tions provided in the used kits of the Navand Health Com-
pany Catalog (NalondiTM kit, Navand Salamat co. Urmia-
Iran).

The basis of CAT activity measurement is the perox-
idative activity of the CAT enzyme in the urine sample.
In this reaction, CAT first formaldehyde in the presence
of hydrogen peroxide and methanol, and then the result-
ing formaldehyde, in combination with a chromogen, was
measured at 550 nm by spectroscopy. Based on the stan-
dard curve plotted the activity of the CAT enzyme was ob-
tained (19).

Briefly, MDA was measured as a biomarker with Thio-
barbituric Acid Reactive Substances (TBARS) Test (20). SOD
activity is determined by ELISA microplate reader urine
samples and is based on the autooxidation of pyrogallol,
a process highly dependent on O-2, the substrate of SOD,
and that can be measured spectrophotometrically at 405
nm. In the presence of SOD, pyrogallol autooxidation is
inhibited so that the activity of the enzyme can be mea-
sured indirectly. SOD activity assay was performed, using
the NalondiTM kit (Navand Salamat Co. Urmia-Iran) (19).

3.4. Training Intervention

The intervention of proper training on how to work
with antineoplastic drugs and taking on-the-job safety
measures, based on guidelines provided by the NIOSH and
the American Community Health System (ASHP) pharma-
cists (21, 22). The educational program was designed for 3
educational groups (nurses, drug preparation personnel,
and service personnel) according to their activity and level
of education. And educational pamphlets were used. Ac-
cording to Table 2, training sessions consisted of 3 lecture
sessions with 2-hour question-and-answer sessions with

instructional videos and slides, face-to-face training, and
leaflets in each hospital for 3 consecutive weeks.

Finally, after 2 months, these parameters were mea-
sured and recorded again.

3.5. Statistical Analysis

To evaluate the effect of educational intervention on
performance, the activity of CAT, SOD, and MDA levels of
nurses and drug preparation personnel and service per-
sonnel in each hospital, SPSS software 21 was used. After col-
lecting the data, Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to determine their normality. Then, due to
the normality of the data, a paired-sample t test was used
to compare the mean of the data obtained before and after
the educational intervention to prove the significant effect
of the educational intervention on them.

3.6. Ethical Considerations

The study was approved by the Research Ethics Com-
mittee of Shahid Beheshti University of Medical Sciences,
Tehran, Iran (IR.SBMU.PHNS.REC.1397.116). Informed con-
sent was obtained from all participants and each one re-
ceived a code to be unknown.

4. Results

The main characteristics of the oncology staff exposed
to antineoplastic drugs are shown in Table 1. The results
(mean ± standard deviation) of the analyses of the score
of performance, CAT enzyme activity, SOD enzyme activity,
and MDA level are shown in Tables 3 - 6.

4.1. Performance of Group

The educational intervention increased the perfor-
mance score of oncology staff and most of the perfor-
mance after the educational intervention was under the
guidelines for working with antineoplastic drugs. The
educational intervention increased the performance of
nurses, drug preparation personnel, and service personnel
by 7.16, 11, and 9.20, respectively. According to Table 3, there
was a significant difference between the mean scores of on-
cology staff exposure to antineoplastic drugs before and 2
months after the educational intervention (P < 0.001).

4.2. Analysis of Oxidative Stress Parameters

According to Table 4, the difference between the mean
score of CAT activity before and after the intervention was
11.49 (nmol/mL) for nurses, 12.86 (nmol/mL) for drug prepa-
ration personnel, and 11.62 (nmol/mL) for service person-
nel. Since the level of significance (P < 0.001) in all groups
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Table 2. Training Plane for Nurses, Drug Preparation, and Service Personnel

Row Educational Group Educational Subject Teaching Method Number of
Training Sessions

1 Nurses Introduction, nurses’ exposure potential,
ways of exposure, exposure conditions,
effects of exposure, existing standards and
recommendations, case reports,
supplementary recommendations,
prescribing high-risk drugs, and
summarizing the above

Lecture with slides and questions and
answers, showing educational videos, give
pamphlets

3

2 Drug preparation Introduction, drug preparation’ exposure
potential, ways of exposure, exposure
conditions, effects of exposure, existing
standards and recommendations, case
reports, supplementary
recommendations, prescribing high-risk
drugs and summarizing the above

Lecture with slides and questions and
answers, showing educational videos, give
pamphlets

3

3 Service personnel Introduction, service personnel’ exposure
potential, ways of exposure, exposure
conditions, effects of exposure, existing
standards and recommendations, case
reports, supplementary
recommendations, prescribing high-risk
drugs and summarizing the above

Lecture with slides and questions and
answers, showing educational videos, give
pamphlets

3

Table 3. Mean Score of Oncology Staff Performance Before and After Educational Intervention Group Oncology Staff Performance

Measuring Steps Mean ± SD Significance Level (P)

Nurses(n = 24) < 0.001

Before educational intervention 13.12 ± 3.66

After educational intervention 20.29 ± 4.02

Drug preparation (n = 11) < 0.001

Before educational intervention 13.09 ± 3.36

After educational intervention 24.09 ± 3.04

service personnel (n = 10) < 0.001

Before educational intervention 10.60 ± 3.53

After educational intervention 19.80 ± 3.35

Table 4. Mean Level of Oncology Staff CAT (nmol/mL) Enzyme Activity Before and After Educational Intervention

Groups/Measuring Step
Oncology Staff CAT (nmol/mL) Enzyme Activity

Mean ± SD Significance Level (P)

Nurses (n = 24) 0.001

Before educational intervention 25.80 ± 7.22

After educational intervention 14.31 ± 9.03

Drug preparation (n = 11) 0.001

Before educational intervention 33.59 ± 10.39

After educational intervention 20.72 ± 12.67

Service personnel (n = 10) 0.001

Before educational intervention 24.68 ± 11.31

After educational intervention 13.06 ± 10.15
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Table 5. Mean Level of Oncology Staff SOD (U/mL) Enzyme Activity Before and After Educational Intervention

Groups/Measuring Step
Oncology Staff SOD (U/mL) Enzyme Activity

Mean ± SD Significance Level (P)

Nurses (n = 24) 0.001

Before educational intervention 159.81 ± 15.17

After educational intervention 145.54 ± 15.25

Drug preparation (n = 11) 0.001

Before educational intervention 164.30 ± 14.96

After educational intervention 151.70 ± 18.46

Service personnel (n = 10) 0.001

Before educational intervention 161.69 ± 16.55

After educational intervention 148.01 ± 14.57

Table 6. Mean Amount of Oncology Staff MDA (nmol/mL) Before and After Educational Intervention

Groups/Measuring Step
Oncology Staff MDA (nmol/mL)

Mean ± SD Significance Level (P)

Nurses (n = 24) 0.05

Before educational intervention 114.45 ± 36.54

After educational intervention 108.81 ± 35.51

Drug preparation (n = 11) 0.05

Before educational intervention 198.24 ± 58.75

After educational intervention 188.80 ± 56.81

Service personnel (n = 10) 0.05

Before educational intervention 98.57 ± 25.91

After educational intervention 90.74 ± 23.19

of nurses, drug preparation personnel, and service person-
nel were less than the level of error (α= 0.05) Therefore, the
difference between the mean score of CAT enzyme activity
level before and after the educational intervention was sig-
nificant.

The difference between the mean score of SOD en-
zyme activity before and after the educational intervention
was 14.26 (U/mL) in nurses, 12.60 (U/mL) in drug prepara-
tion personnel, and 13.68 (U/mL) in-service personnel. Ac-
cording to Table 5, there was a significant difference be-
tween the mean scores of SOD enzyme activity before and
2 months after the educational intervention in oncology
staff (P < 0.001) (Table 4).

According to Table 6, the difference between the mean
score of MDA level before and after the intervention was
5.64 (nmol/mL) for nurses, 9.43 (nmol/mL) for drug prepa-
ration personnel, and 7.83 (nmol/mL) for service person-
nel. The level of significance in the groups of nurses, drug
preparation personnel, and service personnel was smaller
than the level of error level considered (α = 0.05); so, the

difference between the mean MDA level was significant
before and after the educational intervention (P < 0.05).
The mean level of MDA was statistically lower than after 2
months of educational intervention.

5. Discussion

The chemotherapy drugs used to treat cancer cannot
detect the difference between cancer cells and normal
cells, which can lead to impaired growth and function of
both healthy and diseased cells, as a result, toxic effects oc-
cur for both treated patients and healthcare workers (23).
Oncology staff needs specialized knowledge and skills to
ensure patient safety, as well as their safety (7). In stud-
ies of Gómez-Oliván et al. and Rombaldi et al., the activ-
ity of CAT and SOD enzymes was significantly increased
compared to the control group, indicating that the oncol-
ogy staff was at risk for antineoplastic drugs. Studies show
the usefulness of oxidative stress assessment in oncology
staff over other biological assessments, such as genotoxic
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risk assessment because both events often result from the
same factors (3, 7). Due to the lack of systematic train-
ing and non-compliance with antineoplastic drug safety
protocols in Iran, this study aimed at evaluating the ef-
fectiveness of the educational intervention on the level of
some oxidative stress parameters in oncology staff in Iran.
Our study showed that oncology staff, who have received
training on how to work with antineoplastic drugs, have
performed similarly to international guidelines. We also
showed that educational intervention affected the level
of some oxidative stress parameters in oncology staff. In
studies of Al-Ghamdi (24) and Chaudhary (25) as in our
study, the mean score of oncology staff performance be-
fore educational intervention based on the performance
checklists showed non-compliance with NIOSH guidelines
and training videos provided by the Canadian Pharmacists
Association. In this study, the educational intervention
increased the performance score mean of oncology staff
like the study of Mahdy et al. to evaluate the effect of cy-
totoxic drugs safe-handling guidelines on nurses’ perfor-
mance (26). In this study, most of the performance after
the educational intervention was under the guidelines for
working with antineoplastic drugs. The educational inter-
vention had a significant effect on the enzyme activities
of CAT, SOD, and MDA level, which was not found in other
studies similar to this study.

The decrease in MDA, SOD, and CAT is due to the fol-
lowing lessons learned: (1) individual workplace hazard as-
sessment that includes the evaluation of equipment (such
as ventilator/cabin, isolation systems, gloves, needle-free
systems, and personal protective equipment), the physi-
cal layout of the workplace, type of medication, volume,
frequency, and shape of drugs used (tablets, coated and
uncoated drugs, powder, liquid, etc.), equipment main-
tenance, cleaning and disinfection, waste treatment, po-
tential occupational exposure to high-risk drugs, blood
pathogens, inactive chemicals manufacturing of high-risk
medicines or cleaning surfaces contaminated with drugs,
routine operations, actions during spills or mess, waste
segregation, containment and disposal of antineoplastic
drugs and equipment; (2) determining specific policies
and procedures for working safely with anti-neoplastic
drugs such as labeling of high-risk drugs, drug storage,
staff-related problems (such as exposure of pregnant work-
ers), leakage and drug spillage control, precise and de-
tailed procedures for preparation, prescription disposal of
high-risk drugs; (3) use and maintenance of equipment
properly.

5.1. Conclusions

At least in this study, the educational intervention in-
creased the staff performance of oncology score and it af-

fected the level of the oxidative stress parameters 2 months
after the educational intervention by decreasing the activ-
ity of enzymes and the level of MDA. Due to time and cost
constraints, the control group was not considered and ex-
amined only the effect of training on some parameters of
oxidative stress in oncology personnel before and after the
intervention. It is suggested that further studies be per-
formed on the biological monitoring of oncology staff by
evaluating drugs, their metabolites, and exposure effects.
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