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Abstract

Obijective: The aim of this work was to investigate the effect of low radiation doses on
tumor markers tests. And to follow up the policy that carrying out the tests for Radiation
Workers. Also, demonstrate the effect of independent variables such the cumulative

dose, Hospital location, and type of work on tumor markers.

Method: the researcher reviews a retrospectively collected database of tumor marker tests
in four governmental hospitals +between 2013- 2019, to following the patterns of tumor
marker over the years. The cumulative doses records were taken from energy department
in ministry of health. Additionally to distribute a questionnaire to correlate independent
variables with tumor markers records and also to demonstrate the policy following of

carrying out these tests among RWs. 78 radiation workers participated.

Results: after several years of following tumor markers, all tumor markers tend to increase
in a normal range, especially the CEA; approximately 57% of radiation workers have an
increase in CEA. The smoking workers have a statistically significant change in CEA, also
the study not shown any relationship between the radiation doses and tumor markers.
While a measure of the knowledge level of policy show 73% of worker answered that no
one is responsible for following tests results. Further, 91% of workers admit no action was

taken in the event of an abnormal result found.

Conclusion: Until now all tumor markers results was in a normal range, even if they tend
to a little increase from year to year, but that still prove nothing without repeat this study
and comparing this group of worker with another different type of workers, to understand
if this increase that have noticed here in this study come from radiation or not. Otherwise
highlight the role of policy officer who’s responsible for monitoring the carrying out these

tests and follow up what happen on radiation workers tests results.
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Chapter One

Introduction

1.1 Introduction

Cancer in radiation workers has increased over the years (Choi et al. 2013). This facts lead
to build a recommendation in cancer detection and protection of RWSs. According to that,
tumor marker (TM) tests are effective in indicating the presence of a tumor. The term
usually refers to a molecule that can be detected in plasma or other body fluids (Nagpal et
al. 2016). The researcher studied the relationship between low radiation doses and their
effects on tumor markers among RWs. And believes this study contribute to understand
the effect of chronic low radiation doses that occupational worker exposed to.

1.2 Problems Statement

The biggest reason for following a TM test is to highlight the effect of low radiation doses
on tumor markers, which helps to understand how radiation effects on radiation workers.
Besides, early cancer diagnosis will manage treatments especially among RWSs, who need
more protection. Alternatively, in order to measure how much the policy of carrying out
TMs test followed by our hospitals.

1.3 Objective

1.3.1 General Objective:

The main purpose was to study the low radiation doses effects on TMs, especially cancer, which

may occur as a stochastic effect from occupational radiation work.



1.3.2 Specific Objectives:

e Explore the knowledge level of following TMs policy among RWs.
e Assess TM tests over several years of working in radiation department.

e Correlate TMs with independent variables such as (the cumulative dose, Hospital,

type of work).

1.4 Research Hypothesis

Hypothesis 1: there is no correlation between the cumulative dose and TMs.

Hypothesis 2: there is no correlation between the Hospitals and TMs.

Hypothesis 3: there is no correlation between the type of work and TMs.



Chapter Two

Literature Review

This chapter reviews some literature, published studies and an analysis of the low radiation
dose effects on medical radiation workers. Specifically the cancer which conceder a
stochastic effects that come from radiation exposure. Also address the tumor markers as a

tool used for detection of cancer.

2.1 Introduction

Occupational radiation workers are more likely to receive low doses of radiation over a
long period of time. The basic of low doses radiation effect is non-lethal mutations, with
the biggest concern being the induction of cancer. The concern comes from that some
radiation risks are correlated to dose by a linear, no-threshold model. Briefly LINEAR
means, there is a proportional relationship between the dose and the risk. And NO-
THRESHOLD means, any dose, no matter how small, may cause some risk (Calabrese
and O'Connor 2014). Actually, the low radiation doses effect is still under discussion,
ICRP (2005) reveals that; estimation of radiation-related risk at low doses is based on
extrapolation of risk observations at moderate to high doses. Also, the risk of mortality and
morbidity from cancers is proportional to radiation dose down to about 100 mSv, the
Epidemiological data are useful about radiation-related risks at acute doses, and to some
extent, low (~10 mSv) dose ranges, but not in the very low (~1 mSv) and extremely low
(~0.1 mSv) ranges. The most important single problem in radiation risk protection is how
to extrapolate the risk of lower radiation dose levels that are of greater concern in our life
(Valentin J. 2005). In this study the doses were (less than 10 mSv) also it's so important to

understand the effect of these range of doses that RWs chronically exposed to.

Several recent studies have shown evidence on cancer among occupational worker. One
study using human peripheral blood lymphocytes to asses the DNA damage and
antioxidant status show the chronic low radiation dose exposure is an unavoidable hazard
leading to oxidative stress, increased genomic instability, and a rise in cancer among RWs

(Siama et al 2019). In addition, the incidence of thyroid cancer rates is higher among
3



Korean RWs than the general population (Lee et al. 2018; Lee et al.2019). Also study on
health risks shows an increase in all of skin lesions, orthopedic illness, cataract,
hypertension, and hypercholesterolemia in cardiac catheterization workers (Andreassiet
al. 2016). Another study focused on reliable cancer mortality risks from a low-dose in a
nuclear industry, show evidence of stochastic effects and statistical significance for lung
cancers. (Qu et al. 2018). Based on that, this leads you to conclude this population needs
more intensive protective measures and development tools for early detection cancer that
being proven, safe, and acceptable test (Schiffman et al. 2015). Tumor biomarker
considered as one of most important tools, referred to secreted molecule in blood from
tumor in case of cancer presence. Although radiation detection field show that, an
assessment of absorbed dose by using a protein with gene expression, will consider a good
biomarker of radiation. But the insufficient sensitivity and specificity of tumor marker test
make a positive result does not necessary indicate the presence of a cancer. That means
additional procedures (such as biopsy or x-rays...etc) is needed in conjunction with these
tests. (Sahoo 2018; Kayaba 2003; Rana et al.2010)

Some tumor markers are used for screening such as Carcinoembryonic antigen (CEA) is a
glycoprotein, the elevated levels found in colorectal, breast, lung, or pancreatic cancer and,
in smokers (Bhatt et al.2010) But have special sensitivity among markers for colorectal
cancer (Gao et al. 2018 ) Another is Cancer Antigen 19-9 is most commonly used for
pancreatic cancer (Scara 2015). While the regular CA19-9 measurements show improve
in early detection of biliary tract cancer. Also, Carbohydrate Antigen 125 is tumor marker
for ovarian cancer. However, study shown a combining betweenCA125 with human
epididymis protein 4 (HE4) improve the sensitivity and specificity to ovarian cancer
(Wannhoff 2019)

However, several studies have reported that multiple markers are more useful in detection
of some cancer. Some study reported that the combining of CA 19-9, CEA and others
markers will increase sensitivity and specificity in Gastric cancer, additionally other
studies have shown that combining them also contributes to diagnoses and predicting of
pancreatic cancer. Also combing of CA19-9 and CA125 has shown to encouraging
sensitivity for pancreatic cancer. ( Kotzev et al. 2018; Li et al. 2013; Meng et al. 2017;
O'Brien et al. 2015)



2.2 Previous Studies

The effect of some tumor markers also the effect of high background radiation on them
has been studied. A Study in 2019 in the field of Biomarkers present that, the serum 8-
OHdG which is a biomarker oxidative stress, levels was found to be significantly higher
in interventional radiology workers. (Gao et al. 2019) also study in Ramsar (Iran) shown
that there is significant alteration in Cyfra21, CEA, and Tag72 levels due chronic exposure
to high background radiation. (Taeb et al. 2014) Although a study monitoring cytogenetic
using micronucleus assay among RWs shows that the chromosomal damage leading to
micro-nucleated lymphocytes is more frequent between exposed workers (Sari-Minodier
et al . 2007). The researcher believes the study of tumor markers might help highlight on
low radiation effects, especially cancer, among the workers who’s exposed to chronic low

doses.



Chapter Three

The Method

This chapter provides the framework of the study, including the statistics that were done for

TM tests over the years, in addition to an evaluation of other factors related to TMs.

3.1 Study Design

A retrospective study was performed by collected data about the patterns of TM tests over

Years the questionnaire was structured to determine the factors affecting test results, also

assessing the policy of carrying out these tests were studied.

3.2 Study Population

The study populations in this study are the RWs working in the four governmental

Hospitals in Palestine.

3.3 Study Sample

The sample was 78 RWs, who responded to questionnaires

3.4 Inclusion Criteria

Work with diagnostic modalities that utilize ionizing radiation.

3.5 Exclusion Criteria

1. Worker with disease was avoided to accuracy the results, (some disease elevated
TMs value like hepatic disorders, diabetic.....etc. because of that any kind of

disease was excluded).



2. Work with diagnostic modalities that do not utilize ionizing radiation (like MR,
u/s).

3.6 Data Collection

After institutional review board approval, the researcher reviewed retrospectively collected
database of tumor marker tests in four Governmental Hospitals between 2013- 2019, to
following the patterns of TM tests over the years. The test records are distributed as
follows, 42 record of CEA, 45record of CA 19-9, 35 record of CA125 that done over the
years of the study. Reach to independent variables such as Hospital location, smoking
status and the type of work by structured questionnaire, also the knowledge level
assessment of following the policy done by the questionnaire. While the dose recorded was

taken from database of Energy Department in Palestinian Ministry of Health.

3.7 Statistical Analysis

The researcher analysed the collected data by using SPSS program version 22. Student’s
t-test and one-way ANOVA was used for testing the equality of the means in the groups.
P value <0.05 was considered as significant. Descriptive statistical analysis was using to
determine the tumor marker behavior along several years and to assessment the following

of policy among RWs.

3.8 Ethical Consideration

Approvals were taken by formal letters that were sent from Al-Quds University to the
Ministry of Health (MoH), in which the study purpose was explained. Official permission
was given to visit the Hospitals to distribute the questionnaires and to facilitate data
collection procedures. The participants’ Consent form was a one-page information sheet
attached to the questionnaire. Participants take full explanations about the research,
including the purpose and nature of the study before submitting the questionnaire. Also,
the participants were assured confidentiality of the information and their privacy by
communicating using code instead of using their real names. The researcher gave total

freedom to accept or reject participation in this research (Appendix 1 & 2)
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Chapter Four

Results and Discussion

This chapter introduces results, including means, percentages, and frequencies of
responses for each item. Achieving the purpose of the study requires many questions to be
answered and discussed.

4.1 Socio-Demographic Characteristics of the Respondents

In the beginning, this study reached to ninety-three RWs, but only seventy-eight (78)
questionnaires filled, giving a response rate of 83.8 %. The characteristics of RWs are
shown in figure (4.1). Briefly, Hospital A occupied 34%. While 66% of participants were
distributed equally by Hospitals B, C, and D. 60% of RWs were less than 35 years of age,
51% had less than ten years of working experience. Approximately 88% of participants
have bachelor degrees. Also 91% of study participants were a male. And 59% of them non-
smokers. These ratios are normal because the distribution of universities leads to a rise in
education. The male dominance is understandable because females have an apprehension
from working in a hazardous workplace, especially during her pregnancy. All this leads to
the fact that most sample was from men, so the effect of gender was not studied. Also, the
CA- 125 it considers as marker for ovarian cancer but combined with others marker show
elevated in pancreatic cancer (O'Brien et al. 2015). When look back at our goals, the
researcher finds that 63% worked with CT scans and X-rays, in fact, the X-ray faculty

require more staff than interventional procedures.

The figure (4.1) also illustrates one of the most important questions of this research which
is, how much do you undergo TMs examination?? As seen more than half of RWs have no
systemic of performing a test. Only 49% of RWs are carrying out TMs every year as they
should do, this question was done to compare it to another question that will mention

below.



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0% — — — 1

22922%22%
21% g0y
S
<@ vollyuw w e e &5 g v £ £ 85 £ 5 ¢ °
< g n g < Y ¥ © © & S 9 £ c 3 6 2
W i [ o <)
S s = o O g ¢ = s 5 8 g > £ =
e € h o s 2 nw o 9 5 8 X & o X
w ) v own - - T o S W g e <©
< O c 1 c © > [}
a8 z |8 g S |z 2% 38
c © g (@) < < - [ 4
< ™ 2 - = (7] > ©
w a o < o o
> Q 5 o >
" 2
- E - (o]
Hospital SEX Age smoking | experience education no. of
Location status level Undergo TMs
test

91%

34%

60%

59%

49%
41% 42%
| 1 |

49%

42%
9%

49%

| 15917%
3

Figure (4.1) Distribution of the characteristics data by percentages for each independent variable

4.2 Measurement of Tumor Markers Policy among Radiation Workers

At First, short questions of the compliance with TM policy performance. With a total of 78
respondents. As shown in table (4.1) use of an electronic system in governmental Hospitals
make 67% of RWs said their tests saved in records, also 73% of RWs answered that, TMs
results are not followed by anyone, which brings researcher to the point, there is no
responsible person or even a policy officer to follow what is happening or even to see if
tests are being performed. In addition, 53% of RWs claim that they do TM tests regularly,

and this, however, goes against the records which show irregularly performing



of test. 74% of RWSs known about their results, but that leads researcher to conclude; it’s not
necessarily informed by a responsible person, and this is because RWs can follow with

laboratory.

Moreover, 63% of RWs think that radiation affects TM results, this corresponds to the
elevated level of education among RWs (88% had B.Sc.) as mentioned above which mean
there is some awareness on the low doses effect, but unfortunately to the best of our
knowledge there is lack of research especially in Palestine on radiation biology field and
how low radiation doses effect our body. Finally, 91% of RWs admit that if they acquire
an abnormal result, no policy is there to act or to investigate what is happening, which is
the same point, mentioned above, there is no policy-officer responsible for monitoring test

results in the radiation department.

Table (4.1) Percentages of knowledge level of tumor markers policy among radiation workers

Yes No | don’t know
Items
Number % Number % Number %
Are you informed about
17
your test result no matter 58 74% 13 7 9%
%
what it is?
Is this test saved in the
52 67% 6 8% 20 26%
technical records?
Are the test results followed 36
21 27% 28 29 37%
by responsible people? %
Are you carrying out this test 32
41 53% 25 12 15%
regularly? %
Do vyou think radiation
14
exposure may affect the 49 63% 11 18 23%
%
results of this test?
Is there any action taken if
36
there is a variation in the 7 9% 28 43 55%
%
result?
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4.3 Assessment of Tumor Markers Test through Years

One of the most important questions asked in this study; what happens to TM test over
several years of work in the radiation department? According to table (4.2) which
represents the percentages of how TM tests behave over the years (from 2013 -2019). The
TM test pattern is expressed by scale levels (decrease, increase, and stable). The unstable
state, however, is ignored because of unclear behaviour. When return to table (4.2) the
researcher found that 57% have an increased in CEA TMs, but within the normal rangeof
(0-5 ng /ml) see figure (4.2 A). Just one RW has abnormal results in the CEA. This reminds
us on the alteration occurrence in CEA levels in a high radiation background. (Taeb etal.
2014). These finding may highlight on CEA as a most sensitive TM to radiation, due to
the highest percentage of increase among TMs, being more stable and having the lowest
percentage of decrease over the years. The elevated CEA may appear in case of lung cancer
(Bhatt et al.2010), while the lung considers as the organ sensitive to radiation with risk
factor at 2.0 *10° Sv! (Till & Grogan 2008), also as shown in table (4.3) the smoking
have significantly different (p=0.01) in CEA TM. This significant differences was in favor
of the RWs who are smokers, thus, coinciding with other studies that proved that smoking
affect CEA markers (Bhatt et al. 2010; Nan et al. 2017) and that may be little interpreted

this increase.

However, CA-19-9 and CA125 have an increase about 46% and 54%, respectively. Also
find a tendency for a decrease of 31% and 37%, respectively, with a very low percentage
of stability in CA-19-9 and CA125 as TMs. but all the increase and decrease over the years
for all TMs within the normal range as see in figure (4.2 A, B and C). Overall, the
increased pattern was the most behaviour TMs have followed. Although, as mentioned in
more than one study, the combination of TMs has shown to be encouraging sensitivity, for
detecting several types of cancer, like colorectal cancer (Gao et al. 2018), Gastric cancer
(Kotzev et al. 2018; Li et al. 2013) and pancreatic cancer (Meng et al. 2017; O'Brien et
al. 2015).
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Lastly, may be the effect of low radiation on TMs behaviour presented as little increase
from years to years, but a lot of investigation is needed to accurate the finding. It should
take into account this study is retrospective, so the researcher could not neither consider
the systematic errors of equipment nor use any different types of equipment through years,

which, as a matter of fact, can affect the accuracy of the results.

Table (4.2) Percentages of each pattern of tumor markers during the years

*Decrease | * Increase *stable
Tumor markers % % %
CEA

Normal range (0-5 ng/ml) 9% 57% 34%
CA19-9

Normal range( 0-37 ng/ml) 31% 46% 23%
CAl125

Normal range (0-35 ng/ml) 37% 54% 9%

**Note that the increase, decrease and stable value was within normal range to all type of TM.

Table (4.3) correlation between tumor markers according to smoking (T-test)

Tumor markers smoking status Mean | Std. Deviation | T Sig

CEA Smoking 171|084 288 | 0.01
Not Smoking 1.21 0.59

CA19-9 Smoking 599 | 6.07 039 [0.70
Not Smoking 5.47 4.13

CA125 Smoking 1114|454 0.77 | 0.45
Not Smoking 1012537

12
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4.4 Correlation between Tumor Markers and Independent VVariables

Determining how different variables can affect TMs is vital since it can help to understand
how TMs are affected by radiation, after isolating the effects of other variables. The
following tables illustrate significant differences at the level of (p < 0.05) due to TMs
effects according to independent variables such as the cumulative dose, Hospital location,
and type of work. The researcher tested the hypotheses for each variable separately as

follows:

4.4.1 The Cumulative dose & TMs:

The researcher divided the RWs into two groups according to cumulative dose. Group had
a registered radiation dose about 1mSv or less, and second group above 1 mSv. Comparing
their average means to each tumor markers. The independent-sample t-test is used, as
shown in table (4.4), the result shows no significant mean difference according to
cumulative dose. However, when reveal to average doses for each years from 2019, 2018,
2017, 2016, and 2015 with an annual average dose found to be at 0.50, 0.67, 0.77, 0.5, and
0.72 mSv, respectively. The maximum doses found to be 2.021, 4.519, 4.266, 2.679, 4.875
mSv, respectively, which means that the average dose for most RWs did not exceed the
annual dose limit of 20 mSv for occupational workers. Although an enhancement in the
field of protection makes the annual average dose decrease over the years of work, more
noticeably in the last three years. Regular reading of the cumulative doses and carrying out
TMs tests make more accurate observations on how radiation affects TMs or other tests
that are done for RWs.

Finally, one of biggest concern in this study is informed the RWSs about their doses, as seen
in figure (4.3), where just 27% answered correctly about their receiving dose, 15% did not

14



even know how much their dose was, and the rest of the workers, suspected a higher dose,
rather than the dose they were actually exposed too. This perhaps illustrates why
Palestinian RWs predict the worst from radiation, even if an exposure dose is within a
limit. In the absence of a policy-officer in most Hospitals, no one reporting or following

up on what may happen makes them confused about the monitoring system.

Table (4.4) correlation between tumor markers according to a cumulative dose (T-
test)

Tumor markers | Annual Cumulative dose | Mean | Std. Deviation | T Sig

CEA less than 1msv 1.38 |0.82 -0.59 | 0.56
more than 1msv 742 |6.40

CA19-9 less than 1msv 11.34 | 5.11 -0.40 | 0.69
more than 1msv 138 |0.82

CA125 less than 1msv 742 |6.40 1.03 | 031
more than 1msv 11.34 | 511

Range of Dose

3%
/ BT don’tno
® more than 20 msv
820,10 msv
‘ @5 10 msv
E1,5msv

B0.1 msv

Figure (4.3) Percentages of technicians’ answers about the doses of radiation they think
receive annually.
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4.4.2 Hospital location & TMs:

The researcher links an average for each TM with the Hospital location to figure out if the
background radiation in West Bank is effective factor as mentioned in the previous study
(Taeb et al. 2014). By using (One Way ANOVA) test, and when revered to table (4.5) the
result shows that; there is no significant differences, according to the Hospital location.
Perhaps the reason for this is because the background radiation in different Palestine cities
is within global normal range around 2.4 mSv per year and that indicated in several
previous studies (UNSCEAR, 2008; Lahham et al., 2009; Houshia et al., 2012 ;
Thabayneh & Jazzar 2012).

Table (4.5) Correlation between tumor markers according to Hospital location
(ONE-WAY ANOVA).

Domain  Source of Sum of d.f Mean Square F Sig.(P
variation Squares )
CEA | Between Groups, 4.12 3 1.37 2.61 0.06
Within 32.63 62 0.53
Groups
Total 36.75 65
CA19-9| Between 93.37 3 31.12 1.09] 0.36
Groups
Within 1764.18 62  28.46
Groups
Total 1857.55 65
CA125 Between 21.43 3 7.14 0.28 0.84
Groups
Within 1374.52 53| 25.93
Groups
Total 1395.94 56

16



4.4.3 Work type & TMs:

The researcher tried to find if there was a relationship between two groups of workers on
different devices, the x-ray/CT group and the interventional group, and compare the means
average to each tumor marker for each group. As shown in table (4.6), Furthermore, based
on the results of the independent-sample t-test, the means of two groups were not
significantly different. In fact, because the rotation system in the radiation department (no
specific RW to any type of equipment), that benefits to distribute a dose while working
with high dose procedures (like interventional) among RWs. According to the World
Health Organization which reported “Where higher doses are possible, careful use of

worker rotations will reduce the risks” (World Health Organization 2003).

Table (4.6) correlation between tumor markers according to type of work (T-test)

Tumor
markers type of work Mean Std. Deviation T Sig
CEA CT, x-ray 1.35 0.72 -1.05 |0.30
Interventional 1.55 0.80
CA19-9 CT, x-ray 6.51 6.48 1.39 |0.17
Interventional 4.68 3.22
CA125 CT, x-ray 10.29 4.81 -0.50 | 0.62
Interventional 10.96 5.29

17



Chapter Five

Conclusions and Recommendations

5.1 Conclusions

the researcher believes this study contribute to ‘gap-filling’ in low doses radiation effects
which is today a big concern because the effect of low radiation doses is difficult to notice
and not long ago it just extrapolating from the high doses of radiation, all these facts
demonstrate the importance of laboratory medical tests in assessing and monitoring the

low doses in radiation worker.

Also, the results of this study show the CEA as TMs having the highest percentages of
increase over years about 57% of the RWSs have an increase in it. But do not forget that;
all TMs did not increase beyond the normal range, also not shown any effected with
cumulative dose. The effect of radiation maybe presented as little increase from years to
years. the increase is the most pattern that TMs is behaved, but more investigation are need
like repeat this study and comparing this group of worker with another type of workers, to
understand if this increase that have noticed here come from radiation or not . The
Insufficient data on TMs and irregularity in carrying out tests over years makes observing
the radiation effects on TMs tests inaccurate. The retrospective study causes the researcher

to not take into account equipment errors.

The results of this study showed that 73% responded that their tests were not followed by
anyone. Additionally, 91% admit that no action was taken in the event of an abnormal
results appear. And just 27% of RWs know about their received doses. all of this lead to
conclude ; there is need to a policy officer to follow what is happening, or what should be

done in the event of a test result being abnormal.
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5.2 Recommendations:

1. Hiring a radiation safety officer whose responsibility is organizing TM tests in hospitals
regularly, follow-up and taking the necessary procedures with the worker in case of any

abnormal results.

2. Repeat this study after a few years to reach real facts, concerning what radiation actually

does to our body.

3. The rotation system is not just for training the RWs to work with different types of
procedures but also to help distribute high doses to all workers, thus, making everyone in

an safer environment.
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Appendix 1: Questionnaire

The researcher Areej Najib Dahdol, a student in the Master of Medical Imaging
Technology Program, Al-Quds University, and this study was conducted for scientific

research in the service of the community,

This questionnaire was designed to examine the tests (tumor markers) for radiation
workers, it’s includes several questions and themes about the research objectives, and will
correlated to TMs record and exposure dose record, the information received from it will

be treated for research purposes only and strictly confidential.

Thank you for your cooperation

Social and demographic factors
. Age: ( )
. Place of living: ( )
Please answer the following questions by circle the appropriate answer:
1. Sex
A. Male
B. Female
2. Smoking status:
A. Smoker
B. Non-smoker
3. Years of working:
a. Less than 5 years
B. 5- 10 years
C. 10 years and over.

Academic level
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a. Diploma degree.
b. Bachelor's degree.
c. Postgraduate.

5. Which of the following devices is used in your field (Note: if you are working on

more than one device choose more than one answer):

A. CT scanner

B. X-Ray Radiography

C. Dental X-ray

D. Interventional Radiology

E. Nuclear Radiation (Gamma Camera, SPECT, PET)

F. Fluoroscopy

G. Radiation therapy

H. Angiography

Radiation Knowledge and Prevention: Section 11

6. Have you heard of a laboratory test called tumor marker?
A. Yes

B. No

7. How many times have you undergone a tumor marker?
A. Not once

B. Every 6 months

C. Once a year

D. Every two years and more

E. 1 do not know

8. The cumulative radiation dose you receive as an ionizing agent (yearly) ranges
24



from:

1.0-1 mSv

2. 1-5mSv

3. 5-10mSv

4.10-20mSv

5. More than 20mSv

9. Check the appropriate answer intended for tumor marker tests

Items

Yes

No

I don’t know

Are you informed about your test result no matter what it is?

Is this test saved in the technical records?

Are the test results followed by responsible people?

Are you carrying out this test regularly?

Do you think radiation exposure may affect the results of this test?

Is there any action taken by officials if there is a variation in the result?

10. What action (if any) is taken by the officials if there is a change in the results of

this

examination:

Thank you for your cooperation in answering these questions, this will help us to

better serve you.
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Appendix 2: Approval to facilitate the task for students from the Palestinian Ministry
of Health

) dabis) H3uY) 5 puaa
: daall

iy 9 dygle Lya3
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Abstract

Understanding the impact of radiaton on ocowpational
workers has beenm a homge comcern; particolarly when it
comes to cancer, which is considered a stochastic effect from
radiation. This paper aims af investigating the effects of low
radiation doses on tumor markers tests among Eadiation
Workers (BEWs). It also aims at demonstrating the effect of
independent variables, such exposed dose, smolong statos,
and the type of work on tomor markers. The researchers re-
viewed the collected database of tnmor marker tests im foar
Governmental Hospitals between the period (2013 201%) in
order to frace the patterns of tumor marker over the vears.
The exposed dose record was taken from the Ensrgy De-
partment. Additionally, a questionnaire was distributed to
acquire correlated independent variables with tumor mark-
ers records and 78 EW: participated in this stody. Besolts
indicated that after several years of tracing tumor markers,
they all femd to increase in 3 normal range. Sizmificanthy,
the Carcinocembryonic anfizen (CEA) has imcreased by ap-
promimately $704% in BEWs. Moreover, the smoldng worlers
have a statistically sigmificant change in CEA. Finally, the
stody has not shown any relationship between the radis-
fion doses and mmor markers. In conclusion, to the best of
the researchers’ kmowledge, this is the first study to imvest-
gate the correlated tomor markers with low radiation doses
among occopational worker. The researcher: believe that
theze finding: will contribute to “zap-flling’ in low dose ef-
fects, and demonstrate the importance of laporatory medi-
cal tests in prediction of low doses effect. However, further
imvestizations are meeded in order to achieve more accorate
resmlfs.

Keywords: Low dose, Badistion workers, Tumor markers,
Cancer, Stochastic effects, Feoospeciive.

* Cormresponding author: Areej dahdols (@ gmail com

Introduction

Ocoupational radiztion workers (FWs) are more likely to
receive low doses of radiation over a long period. The basic of
lowy dioses radiation effect is non-lethal mumstions, with the big-
Zest concern being the induction of cancer. This CONCSTN CoMmas
from the fact that some radiation rsks are associated with dose
by a linear, no-threshold model. In brief, linear means a propo-
tional relatonship between the dose and the n=k Addidonslly,
any dose -no matier how small this does is-, which may cause
some risks is called no-threshold (Calzbrese and O°Connor,
2014). Furthermaore, the smdy reported that cancer in FW's has
sigmificantly increased over the years (Chod et al., 2013).

Several recent studies have shown evidence of cancer among
oooupational worker Cme stsdy used hmnsn’s peripheral blood
hmophocytes o sssess the DIMNA damage Antoxidant stams
shiowes that the chromic low dose exposure i an unanvoddable
harard, which would lead to an oxidatve stess, increased ge-
nomie instability, and 3 rise in cancer among FWs (Siama et al.,
2019). Moreover, the incidence of thyroid cancer rates is hizgher
smonz Fomean FWs than the zenersl populadon (Lee et al.,
2018; Les et al., 2019). Another stady on health nsks shows an
increase in all of skin lesions, orthopedic illmess, cataract, hy-
pertension, and hypercholesterplamiz in cardiac catheterization.
workers (Andreassiet al | 2014). Cme smdy, which focused on
reliable cancer ruvortality risks from a low-dose in 2 maclear in-
dusiry, showed an evidence of stochastc effects and satistcal
sigmificance for hmg cancers (Co et al., 2018). Based on that
it iz crucial fo provide the populston with more intensive and
protectve measures, safe development tools, and acceptable
tests for the early detection of cancer (Schiffman et al , 2015

Tumor bicmarker is one of the most inmportant teols, refemad
2z a secreted moleculs in the bloed ansing out of & tumor in
cace of cancer presence. Althongzh the field of radianon detec-
won shows that, an assessment of absorbed dose using & protein
with gene expression will be considered as a good biormarker
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of radiation, the insufficient sensitvity and specificity of umor
merker fests Fpenerats positve results, yet this does not neces-
sanly mmdicate the presence of cancer This mesns that sddi-
tionsl procedures, such as blopsy, T-Tays, of eic., are needed in
conjuncion with these tests. (Sahoo, 2018; Esyaba, 20{3; Fana
et al., 20000
Some mmor markers, such 2z CEA glycoprotein, are nsed
for screeming the elevated levels found in colorectal, breast,
lhmg, or pancreatic cancer and in smokers (Bhatt et al | 20000,
Hiowever, it has special sensitivity among markers for colonec-
tal cancer (Gao et al. 2018). Another marker is Cancer Ann-
gen 19-9, commionly used for pancreatic cancer (Scara, 2015).
TWhile the regular CA 199 mesmurements show an Improvement
i early detection of biliary tract cancer, the last one will inchod-
ed in this stwdy is a Carbobrydrate Anfizen 125, a temor markes
for ovarian cancer. However, siudy shows that 8 combination
of CA125 and buman epididymis protein 4 (HE4) improves the
sensitivity and specificity of ovaran cancer (Wannhodf, 20197
Um the other hand, several sdies have repored that mml-
tple markers are more usefiol in the detecton of some cancers.
Some other smdies reportad that the combination of CA 1820,
im Gastric cancer. Moreover, other stadies have shoam that the
combination conibutes o diagnoses and prediction of pancre-
atic cancer. The combinstion of CA19-9 and CA 125 has shown
i encourage sensitivity for pancrestic cancer (Fofzevet al.,
2018; Lietal, 20013; Meng et al |, 2017; O'Brien et al |, 2015]).
Simnilarty, the impact of occupational radiation on some -
mor marksrs, and the effect of high backzround radistion on
them have been smudied. A Smdy in 2019 in the field of Bio-
markers indicates that levels of serum §-OHJAG which is a
biomarker resulted in conidative soess, were found to be siz-
nific antly higher in mterventional BWs (Gao et al., 2019). Like-
wise, 3 sindy in Famear (Iran) has showm that there i sigmifi-
cant alteration in Cyfra 21, CEA and Tag 72 levels due chromic
exposure 1o high backsround radizdon (Taeb etal | 2014).
The researchers believe that smudying and inwvest gating m-
mor markers might halp highlisht low radiztion effects, espe-
cially cancer, among the workers are exposed o chromic low
dosas,

Materials and AMethods
Srudy Pardcipanis

For the stady approval, Al-Cuds Uniwversity sent lefiers
imcluding the pupose of the smdy to the Mimstry of Health
(MdoH). Oificizl permission was obmined to visit the Hospitals
and dismibute the questionnaires in addition to Scilitate data
collection procedures. 4 one-page paricipants’ Consent Fomm
was arached to the guestionnaire. The researchers gave total
freedom to ACCEPT Of Ieject partcipation in this research (T8)
Bz participated. Workers with diseases, such 2= (hepatic dis-
orders, diabetes or any other kind of dizease), were excluded for
the scouracy of the resulis. A wordker with dispnostic modalities
that did mot utilize ionizing radiation (Jike MBI, T'S) was also
exchnded.
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Daa Collection

remospeciively reviewsd a collected database of nowor marker
tests in four Governments] Hospitals between 2003 and 2019
o wace the pamems of T tests over the years. Commercial
Architect kits had been used to mezmore the semum levels of
CALZS, CEA, and CAI9Y mumor markers. The test records
are distributed as follows, 42 records of CEA 45 records of
CA 199 and 35 records of CAL2ZS conducted over the years
of the smdy. Independent variables, such as smoking stams and
the type of work, were reached and obtzined by the distritated
questonnaire. while the dose recorded was taken from a data-
raze of the Energy Deparimsnt.

Collected data were anslyzed by nsing SPSS, Version 22.
Srudent’s -testwas used for testing the equality of the means in
the groups. Povalue <00.05 was considered significant. Descrip-
dve stagstcal analysis was wsed to determine the fumor merker
behavior slong several years.

Results and Discussion
Assessment of Thmor Markers Test throngh Fears

Ag the beginning the researchers tried to sdy whether the
exposed dose had an effect on This by dividing PAWs inm two
Eroups according to the exposed dose. One group had a regiz-
tered radiagon dose of abowt ImSv or less, while the secomd
had gver 1 mSv. Then the researchers compared their average
mesns w0 each mmor markers. Ac noted the averaze doses for
each year from 2019, 2018, 2017, 2014, and 2015 with an an-
ozl average dose found to be at 050, 0.67, .77, 0.5, and 0.72
mSv, respectively. The maximmm doses were fund to be 2,021,
4519, 4268, 2.679, 4875 mSv, respectively. Thiz means that
the averagze dose for most BV did not exceed the anmmal dose
limit of 20 mSv for ocoupatonal workers.

As shown in Table 1, the independent-sample t-test is nsed to
investizate whether the exposed dose had an effect on This. The
result shows no significant mesn difference sccording to the
exppsed dose Acmally, the immegunlar readines of the exposed
doses make the results inscourate Therefore, the researchers
decided to explore what is zoing to happen to the T through
years of exposure fo the radistion.

Apcordingly, one of the most IMpoTtant questions in this
stady is: whar happens 1o Th{s test over seversl years of work
in the Fadiation Department? According to Table 2 which rep-
resenis the percentages of how TH tests of FWs behave over
the years (fom 2013 tw 2019), the Th test pattem iz expressad
by zcale levels (decrease, incresse. and stable). However, the
unstable sate 15 ignored duoe to an unclear behavior In addition
the average number of each behawior according fo specific year
is demonsirated in (Figures 1, 2, and 3}, for each type of fomor
markers separately. These figures show how the averaze value
was for each tomor merker and its behavior fom the first year
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Table 1. Safistically siznificant relationship between fumor markers according to an exposed dose
(independsnt T-test).

Tomor Markers Aonual Exposure Dose  Mean Std Dewation T sig

CEA kssthan losv 138 0382 0350 056
more than losv 742 640

CAl199 kssthan lmsvy 1132 511 040 040
more than lnsy 138 0.82

CAlXS kssthan sy 742 640 103 031
more than lnsv 1134 5.11

Table 2. Percentazes of the behavior parterns of numor markers during the years.

Tumor markers *Decrease * Increase *Stable
CEA Percent®s % 57% R
Normal range (0-5 ng/mi)

CAl99 Percent®s 31% 5% 2%
Normal range( 0-37 ne/ml)

CAl125 Percent®s 37% 4% %
Normal range (0-35 nz/mi)

**Note thatthe ineroans, doorcass and stable vloe wm withn omal nage tosll ypeaf M

CEA among years

Wincreds
<

- docreas

™ stable

the avreage no.of each behawior by year

2019 201% 2047 2016 201% 2014 2013
years

Figure 1. Demonstration of the average value for CEA behaviors by the year. The average CEA
vakue was (0.75 ng'ml) in the first year (2013), which illustrates the average of the RW's who have
an increass (whi rgaunabmS?’/;ofmeRWs.seenblﬂ)mdmewmgeofmbe-
came (2.0 ng'ml) m the last year (2019). This shows the rate of increasa over the years. It is worth
mention that this example apphes to all behaviars.
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Ca 19.9 among years

-
ks

12,623
11,7728 132

-
~N
<

10.26

28,8375

-
o

WinCrease
B deoroase

= stalde

the average no, of each behavior by year

years

Figure 2. Demonstradion of the average value for CA 199 behaviors by the year The average
vake was (2 nz'mi) m the first year (2013), which dlnstrates the average of the RWs who have

an mcrease (which represent about £6%: of the RWs, s=e table 2), then the average of increase
becm(llOng‘ml)mmehst)w(.’Dlg) Thas shows the rate of increase over the years Itis
worth mention that this example applies to all behaviors.

Ca 125 among years

year

the average no. of each behavior by

2019 2018 2017 2016 2015 2014

years
minrease wdecrease W stable

Figure 3. Demonstration of the average value for CA 125 behaviors by year. The average value
was (6.0 nz/ml) in the first year 2014), which illusmates the average of the RW's who have an in-
crease (which represent about 54% of the RWs, s=e table 2). then the average of increase became
(140ngm)mthehstve:(2019) This shows the rate of increase over the years. It is worth
mention that this example apples to all behaviors.
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Table 3. Statizfically sipnificant relabonship between tumor markers according to smak-

inz (Indspendsnt T-test).

Tomor Markers smoking Stater  Mean  Std Desiation T sig
CEA Smoliing 1.7 0.8 288 0m
Now-smoking 1.1 058
CAlme Smoliing 500 507 03 0%
Now-smoking 547 47
CA125 Smoliing 11.14 44 077 045
Now-smoking 10.12 537
Table 4. Statistically significant relationship between tumor markers according fo fype of

wark (Independent T-fest).

Toumor Markers Type of Work Adean  Std Deviation T Sig

CEA CT ,zray 135 o -6 030
Inferventional 1.55 0.20

CAlnn CT ,zray §.51 648 134 017
Inferventional 4.68 3

CA125 CT ,zray 1029 481 050 062
Inferventional 1086 M

1o the last year

As shown in Table 2, we found & 57% incresse m CEA Ths
but within the normal range of -5 ng'ml (Table 2, Figure 1).
Chly one FOW had abnomal results in the CEA. This reminds us
of the alteration ocowrence in CEA levels in 3 hizgh backeround
radiztion (Taeb et al., 2014). These indings may highlight CEA
a5 the most sensitive TH o radiation, due to the highest per-
centage of increase among This, being more stable and having
the lowsst percentage of decrease over the years. The elavated
CEA may appear in case of hmg cancer as mentioned by Bhatt
et al (Bhart et al , 2010). In fact hmgs are considered as one
of the sensitive organs to radiadon with 3 nsk factor at 2.0 *10
-3 Sv-1 (Till and Grogan, 2008). Moreover, it is importnt o
mention the effact of smoking i CEA (a5 will be discussed
below), which may help in the interpretation of this increase. In
amy case, more ivestigation is needed to accurate the findings.
However, CA-10.9 and CAYTZS have an increasze of (46%5) and
(54%2) within the nommal range (fizures 2 and 3) respectdvaly.
Addinonally, there is a tendsncy for 2 decresse of (31%) and
(37%a), respactvely, with 3 very low percentage of stability in
CA-19.9 and CA125 ag Ths. Onerall, the incressed patterm was
the most behavior This have followed. This is despite the fact
that, &z mentoned in more than onse smdy, the combination of
Thls has showm to be an encourazing sensitivity, for detecting
several types of cancer, such as colorectal cancer (Gao et al.,
2018 ), Gasmic cancer (Eomer eral., 2018; Li st al| 2013}, and
pancrestic cancer. (Meng et al | 2017; O'Boen et al | 2015).

Lastly, the effect of low radistion on ThIs behavior may have
shown a litfle ncrease gver the years, but a lot of imvestiza-
ton is needed to obtain resalts that are more acoarate. It should
be taken into account that this smdy is rerospectve; therefora,
the researchers have neither considered the systematic emmors of
equipment nor used any different types of equipment over the
vears, which, in fact, can affect the accuracy of the resulis.

The Effect of Tumor Markers by Independent Variables

The determination of how different varisbles can affact Tz
is vital It can belp to understand how This are affected by radia-
ton, after isolating the effects of other variables. The following
tables illnstrate significant differences at the level of (p < 0L05)
e to This effects according to the independent vanables, such
a5 sIoking stams, and type of work. The researchers fested the
hypotheses for each varisble separmately as follows:

Smolking & TMs

The researchers compared the average means o each nonor
miarker for the two groups of FAW:, smokers and non-smokers.
The indspendent-zample t-test is used (mble 3) the resuls
shiow that only the means of CEA concentrafon betaeen other
markers have significant differences (p=0.01). The siznificant
differences wem in favor of the BWs who are smokers, thus,
coinciding with other smdiss that proved that smoking affect
CEA markers (Bhatt et al, 2010; Nan et al., 2017). Accord-
ing to that, smoking may canse the effects of radiaton on BWs
o be worse On the other hand; smoking does not affect the
CAIQ-9 & CAL2S. This was suspected becass smoking is not
considered as an important fctor in these martkers, according
to previous stadies.

Wark npe & TMs

The researchers tmied o find if there was a elatdonship be-
maeen the two zroups of workers who work on different de-
vices, the x-ray [ CT group and the interventdonsl zroup. They
condnct this by comparing the mesn averages to each nmmor
marker for each group. Based on the results of the independent-
sample t-test (table 4), the means of the two goups were not
sigmificantly different This may be atiributed to the rotation
system in the Badistion Depariments (there is no spectic AW
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to any type of equipment). It benefits to distribute a dose while
working with high dose procedures (like interventional) among
RWs. World Health Orgamization (WHO) reported, “Where
higher doses are possible, careful use of worker rotations will
reduce the risks™ (World Health Organization, 2003).

Conclusion

The researchars believe that these findings will conmibute
to ‘gap-filling’ m low dose effects, and demonstrate the mpor-
tance of laboratory medical tests in the prediction of low doses
effect. The effect of radiation may be presented as little increase
from years to years, as the increase 1s the most pattern that TMs
15 behaved However, further investgaton is still needed It is
important to repeat this study after few years in order to un-
derstand how radiation affects our bodies. Smoking workers
have a significant difference in CEA tumor marker A recom-
mendation must be 1ssued to reduce smoking when working
with radiation because it mizht make the effects of the radiation
worse for RWs. The rotation systam does not only aim to ain
RWs to work with different types of procedures, but also helps
distribute hizh doses to all workers, thms, making everyone ina
maccurate for the early detection of CA as mentionad earlier in
previous studies. According to that, workers m this field may
need more accurate tests, or we may consider radiation to be
safer than what we really think. In light of this, studying tumor
markers helps policymakers decide if they should approve poli-
cies to decrease the nradistion of occupational radistion work,
or recommended better laboratory tests that monitor the chronic
low doses effect on RWs.

Finally, the researchers state that due to chronic low doses of
radiation received by occupational RWs, an effectve remedial
acnon program to protect this population should be of the hizh-
€5t COnCern.
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