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Abstract

Background: B-cell non-Hodgkin lymphoma (B-NHL) has been raising concerns
worldwide and in the Middle East for years. The global incidence of NHL has been
increasing annually by 1-2% since the 1990s. Among Palestinians, the incidence of NHL
in 2010 was 1 per 100,000 population. Within 5 years the incidence of NHL tripled and it
became the 8" most common cancer with an incidence rate of 3.5 per 100,000 population.
The etiology of NHL is largely unknown, but the available evidence suggests that
environmental factors and industrialization are involved. In this study, occupational risk
factors of B-NHL among adult Palestinians were assessed as compared to cancer-free
controls. In addition, occupational exposures and their association with B-NHL were

investigated.

Methodology: We designed a case-control study in order to investigate the risk factors of
B-NHL among Palestinians. The study was conducted between 2009 and 2014 in which a
total of 307 histologically confirmed B-NHL cases and 394 cancer-free controls were
recruited. Cases were ascertained through three hospitals in Jerusalem and the West Bank,
in addition to the Palestinian Cancer Registry and Palestinians being treated in Hadassah
University Hospital. Controls were cancer-free Palestinians, >18 years old, recruited
through the collaborating hospitals, Al-Makassed Blood Bank and 13 Ministry of Health
primary health centers distributed throughout the West Bank. Data were collected using a
previously validated interview-based questionnaire by International Lymphoma
Epidemiology Consortium (InterLymph). The questionnaire focused on several risk factors
of the disease but the current study assessed the history of the occupations that the cases
were employed in compared to the controls and the exposures in each occupation. In
addition, to confirm that self-reported exposures were in line with the expected exposures,
we conducted a workplace walkthrough in which we compared the exposures reported by

the subjects with those from the walkthrough.

Results: In our case-control study, the median age at diagnosis for B-NHL cases was 52
years, and the male to female ratio was 1:1. In addition, the two most common histological
subtypes of NHL were diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma.
The median age at recruitment for cases and controls respectively was 53 and 51 years.

Approximately 68% of the controls had at least 7 years of schooling, whereas only 42% of



cases completed less than 7 years of schooling. Furthermore, 31.9% of cases were from
south Palestine, 39.5% were from the middle and 24.7% were from the north. As for
controls, 44.9% were from the south, 32.9% were from the middle and only 19.9% were
from the north. As for residential exposures, application of pesticides indoors and contact
with domestic animals were both associated with increased risk of B-NHL. Regarding the
history of occupations and occupational exposures, comparison between the cases and the
controls revealed several associations. Several exposures were associated with increased
B-NHL risk. These exposures included: pesticides (OR=2.7, 95%CI: 1.5-4.9), glues
(OR=3.5, 95%CI: 1.1-11), infections (OR=2.7, 95%CI: 1.5-4.9), hair dyes (OR=2.7,
95%Cl: 0.6-11.8), radiation (OR=2.1, 95%CI: 1.3-3.3) and sunlight (OR=2.1, 95%ClI: 1.3-
3.4). Controversially, exposure to animals and animal products and medicine showed
negative association with B-NHL risk. In addition, being involved in agricultural activities
such as gardening and subsistence farming were found to increase the risk of B-NHL.
Furthermore, housewives who had farming duties and used pesticides were found to be at
increased risk compared to those who were not. As for occupational history, ever
employment in these industries was non-significantly associated with increased B-NHL
risk: agriculture industry (OR=1.7, 95%CI: 0.8-3.9), textile industry (OR=1.9, 95%ClI: 0.9-
4.1), protection services (OR=2.7, 95%CI: 0.8-9.1), and personal services (OR=2.5,
95%CI: 0.6-10.2). In contrast, employment in health and social work industry was
associated with decreased B-NHL risk (OR=0.2, 95%CI: 0.1-0.6).

Conclusions: The findings of this work point to an association between the risk of B-NHL
and occupational exposure to pesticides, radiation, hair dyes and infectious agents among
Palestinians. Further investigations to confirm these findings and to determine their role in
lymphomagenesis are required.

Keywords: Occupational exposure, occupational history, non-Hodgkin lymphoma, case—

control study, Palestine.
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Chapter One: Introduction

This chapter focuses on the research background, research problem and study justification.
In addition, this chapter demonstrates the investigated aim and study objectives of the

study.

1.1 Background

Cancer constitutes a large scale problem worldwide being the second leading cause of
mortality with about 14.1 million new cases and 8.2 million deaths reported worldwide in
2012 (Torre et al., 2015). Non-Hodgkin lymphoma (NHL) is a group of heterogeneous
lymphoid malignancies that arise from B, T, or natural killer (NK) lymphocytes.
Worldwide, NHL is associated with increasing morbidity; with an estimated 386,000 new
cases and 200,000 deaths worldwide (Globocan, 2012).

Incidence rates of NHL in the Middle East have also been increasing (Freedman et al.,
2006). NHL incidence rate in Egypt was reported to be 8.8 per 100,000 population, and
rates of NHL increased 50% between 1973 and 1987 in Alexandria (Abdel-Fattah &
Yassine, 2007; lIbrahim et al., 2014). In addition, among the Gulf Cooperation Council,
NHL was the most commonly diagnosed cancer in both Kuwait and Saudi Arabia, while in
the United Arab Emirates, NHL was the third common type of cancer, and in Oman and

Qatar it was reported as the forth common cancer (Al Hamdan et al., 2009).



Among Palestinians cancer is the second leading cause of death. NHL is the 8" most
common cancer with an incidence rate of 3.5 per 100,000 population (MOH, 2016). The
current knowledge about the etiology of NHL couldn’t explain the increasing incidence of
NHL. The available evidence suggests that genetic factors, in addition to lifestyle,
environmental and occupational factors and industrialization are involved. Exposure to
several environmental agents such as pesticides, organic solvents, radiation, and infectious
agents has been reportedly suspected to increase the risk of NHL. Occupations are sources
for condensed environmental exposures, as a result, studying occupational risk factors
serves as a useful tool to generate hypothesis and identify environmental agents that might
cause NHL ('t Mannetje et al., 2016).

In this study, occupational risk factors of B-NHL among adult Palestinians were
investigated through a case-control study. In addition, occupational exposures and their
association with B-NHL were investigated.

1.2 Problem Statement

Among Palestinians, the incidence of NHL in 2010 was 1 per 100,000 population (MOH,
2011), a rate that has tripled by 2015. Neither the revised classification, nor the
improvement in diagnostic tests could account for the rise in the rates of NHL (Kharroubi
& Abu Seir, 2016; Muller et al., 2005).

Multiple occupations were postulated to contribute to the risk of NHL; therefore, the
current study aimed at assessing occupational risk factors of non-Hodgkin lymphoma of B-
cell origin among the Palestinian population. Up to our knowledge, this is the first study to
investigate the role of occupational exposures in NHL etiology in Palestine. The study was
a part of a large scale case-control study to investigate the etiological factors involved in

B-cell non-Hodgkin lymphoma (B-NHL) development among Palestinians.

1.3 Study Justification

Non-Hodgkin lymphoma (NHL) has been associated with high morbidity and mortality
worldwide. In Palestine, the incidence rates of NHL have been increasing (Figure 1.1). The
etiology of NHL is largely unknown. The association between hepatitis B infection and

NHL risk (Kleinstern et al., 2016), and the role of medical and lifestyle factors such as

2



cigarette smoking, use of hair dyes, alcohol consumption, hospitalization for infection,
blood transfusion and autoimmune diseases in the etiology of NHL in Palestine have been
studied (Kleinstern et al., 2017). On the other hand, occupational exposures are important

part of the postulated risk factors which are not yet studied in Palestine.

3.5

2.5 -

1.5

Incidence rate (per 100,000)

0.5 -

2010 2011 2012 2013 2014 2015
Year

Figure 1.1: NHL incidence rates (2010-2015) in the West Bank, Palestine. (Source: Health
annual report (2010-2015)).

1.4 Research Hypotheses

In the workplace, workers are exposed to various chemical, physical and biological agents.
Several of the exposures in the workplace have been identified as either mutagenic,

carcinogenic or immunomodulators, all of which can increase the risk of NHL.

Ho: There is no association between occupational exposures and B-NHL among
Palestinians.
Hi: There is an association between occupational exposures and B-NHL among

Palestinians.

1.5 Study Aim

This study aims to examine the possible association between ever held occupations and the
risk of B-NHL among Palestinians, in addition to identifying possible occupational

exposures associated with B-NHL.



1.6 Study Objectives

e To investigate the association between sociodemographic characteristics and the
risk of B-NHL.

e To assess the association between lifestyle factors and B-NHL risk.

e To identify priori risk occupations that might contribute to the risk of B-NHL.

e To assess the exposures in each priori risk occupation.

e To assess the association between occupational exposures and B-NHL risk.

e To assess the association between ever employment in priori risk industries and the
risk of B-NHL.

1.7 Study Expected Outcomes

This study describes the characteristics of NHL and investigates the etiological factors
among Palestinians focusing on the occupational risk factors of the disease. Furthermore,
the study describes the Palestinian workforce and sheds the light on the exposures that

workers experience in different industrial settings.

1.8 Limitations of the Study

Upon designing and conducting the study we faced a number of limitations that might have
affected the strength of the design. Regarding controls, no screening tests for NHL is
available; therefore, we relied on the self-reporting to ensure the controls were cancer-free
individuals. In addition, randomization in control selection might have strengthened the
study, but it could not be done. Furthermore, since the cancer registry in Palestine is
incomplete and computerization of health information system is still under development, it
was hard ascertaining cases. Moreover, the diagnosis of NHL is not based on state-of-the-
art immunostaining, as a result, misclassification of NHL subtypes is common. Finally, and

as in all case-control studies, recall bias is considered to be a major limitation.

1.9 Summary of Thesis Chapters

This document is divided into six chapters. The first chapter describes the problem we
examined, the importance of this research and the objectives of it. Chapter two focuses on

the literature review regarding the research problem. As for chapter three, study framework



and variables of the study are described. Chapter four demonstrates the methodology of the
study, while chapter five contains the results. In the results we started by describing the
disease and demographic characteristics, family history of cancer and residential
exposures. In addition, the last part, which is the focus of the study, covered aspects of
occupational risk factors and B-NHL risk results. Finally, in chapter six, the findings of the
study are discussed with the recommendations and the limitations.



Chapter Two: Literature Review

In this chapter we provide an overview of the literature available on the epidemiology and
etiology of NHL, focusing on the occupational risk factors postulated to be involved in

lymphomagenesis.

2.1 Non-Hodgkin Lymphoma

Non-Hodgkin lymphomas (NHLs) are a group of heterogeneous tumors arising from
lymphoid tissue. They are characterized by clonal expansion of malignant immune cells at
different stages of differentiation, and varies in their cellular origin, clinical behavior
(highly aggressive, aggressive or indolent), morphologic appearance, immunologic and
molecular phenotypes (CancerResearchUK, 2016; FDA, 2015; Lenz & Staudt, 2010).

Lymphocytes originate from hematopoietic stem cells in the bone marrow. Precursor B-
cells complete most of their development in the bone marrow, while precursor T-cells
migrates to the thymus to differentiate and maturate there. Antigen specificity of
lymphocytes is determined early in differentiation when gene segments from variable
regions of immunoglobulins in B-lymphocytes and T-cell receptors in T-lymphocytes are
assembled. Antigen affinity and specificity of receptors determines the fate of immature
lymphocytes. Development of a malignant lymphoma is a multistep process, where
progressive accumulation of genetic abnormalities results in clonal expansion of malignant
cells. DNA rearrangements in variable regions of T- and B-lymphocytes during normal
developmental stages make them genetically vulnerable to develop cancer. Mutations that

result in dysregulation of cell growth, apoptosis and cell signaling pathway or



immunosuppression allows for clonal expansion (Fisher & Fisher, 2004; Janeway et al.,
1997; Smedby & Hjalgrim, 2011).

Several classifications for NHL have been developed over the years; the most commonly
used were the International Working Formulation (IWF), which used morphology and
clinical behavior to group lymphomas. In addition, the Revised European-American
(REAL) classification that used immunophenotypic and genetic characteristics to classify
NHLs. Recently, the World Health Organization (WHO) established a new classification
system that grouped lymphomas based on morphological, immunological, genetic and
clinical features. The committee concluded that each and every subtype of lymphoma
needs to be treated as a distinct entity in the course of treatment and in studying risk factors
(FDA, 2015; Jaffe, 2009; Patel & Hernandez-Ilizaliturri, 2015; Vardiman, 2010).

WHO classification of NHLs divides NHLs based on their cellular origin into B-cell, T-
cell, and lymphoid disorders not otherwise specified. The major and most common among
these are B-cell lymphomas. Furthermore, there are 36 subtypes of NHL, 21 of which are
B-cell lymphomas. Among B-NHL the major subtypes are: diffuse large B-cell lymphoma
(DLBCL), follicular lymphoma (FL), mantle cell lymphoma (MCL), marginal zone
lymphoma (MZL), and Burkitt lymphoma (BL) (CancerResearchUK, 2016). Other
subtypes of B-NHL include mucosa associated lymphoid tissue (MALT), small
lymphocytic lymphoma (SLL) / chronic lymphocytic leukemia (CLL).

Upon studying NHL, it is important to be aware to the heterogeneity of these subtypes.
Moreover, in NHL studies comparative analysis has been challenging due to presence of
different classification systems until the recent years. Yet, the accuracy of diagnosis and
coding remains problematic for epidemiologists and pathologists, even after introducing
the WHO classification, due to the need for histopathologic expertise, in addition to precise
immunophenotyping, molecular and cytogenic studies, and clinical information (Huh,
2012; Smith et al., 2015).

2.2 Epidemiology of NHL

The incidence of NHL has been showing increased rates. In the 1970s and 1980s NHL

incidence rate increased at an annual rate of 3-4% and during the 1990s NHL stabilized for



few years. Since then NHL rates have been increasing by a rate of 1-2% each year
(Alexander et al., 2007; Muller et al., 2005).

NHL is most commonly diagnosed among white males, >55 years old (Muller et al.,
2005). According to the WHO, in 2012, there was an estimated 386 thousand new cases
and 200 thousand deaths of NHL worldwide (Globocan, 2012), it was the 8™ most
frequently diagnosed cancer among men and the 10™ among women worldwide (Jemal et
al., 2011). Between 2002 and 2008 the 5-year relative survival for NHL patients was 69%
and the 10-year relative survival was 58% according to the National Cancer Institute’s

SEER database (http://www.cancer.org/).

B-NHLs constitute 85-90% of NHL cases and the rest of the cases originates from either T
or natural killer (NK)-lymphocytes (Shankland et al., 2012). Moreover, 60% of NHL cases
are high-grade lymphomas. DLBCL, an aggressive subtype of NHL, is the most common
(~30%). Other aggressive NHL subtypes include BL, lymphoblastic lymphoma, central
nervous system lymphoma, MCL and acquired immunodeficiency syndrome (AIDS)
associated lymphoma. FL is the most common subtype of indolent (low grade) NHLs,
accounting for 20-25% of NHL cases. MZL, cutaneous T-cell lymphoma, MALT, and
SLL/CLL are types of low-grade lymphomas (LLS, 2013).

Figure 2.1: World map of the estimated age-standardized incidence (ASR) rates (per 100,000 WHO
world standard population) of non-Hodgkin lymphoma. Source: (Globocan, 2012).

NHL is considered as a disease of industrialization; it is found to be more frequent in the
developed countries except for regions of Africa where endemic Burkitt lymphoma is
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common (Figure 2.1). In fact, the resemblance between the world GDP per capita map and
lymphoma map demonstrates the correlation with economic development. Economic
development is linked to changes in dietary patterns, hygiene, family size, lifestyle, access
to healthcare, and industrialization. Europe, North America, and Australia have the highest
rates in the world, while the lowest rates are seen in Eastern and South Central Asia
(Ekstrom-Smedby, 2006; Huh, 2012; Muller et al., 2005).

The distribution of NHL subtypes varies by race, age, gender and geographic location.
While DLBCL is the worldwide most common subtype of NHL is more frequent in middle
age men, FL is distributed equally in both sexes, being twice more common among whites
than blacks and more frequent in Western Europe and North America, constituting
approximately 30% of all NHL cases in North America, London and Capetown as
compared to less than 20% in other regions. On the other hand, peripheral T-NHL is the
only subtype that has higher incidence in blacks, and thyroid lymphoma has the higher
rates in females. Rare T-NHLs are found to be more common in Asia than other areas
(Alexander et al., 2007; Ekstrom-Smedby, 2006; Evans & Hancock, 2003; Muller et al.,
2005; Shankland et al., 2012).

2.2.1NHL in the developing countries and the Arab world

In the third world countries (developing countries), 80% of NHL cases are of B-cell type
and 18% are of T-cell. DLBCL constitutes about one third of all NHL cases, and in some
region is even more frequent. FL constitutes ~15%, and precursor T-cell lymphoblastic
lymphoma forms 6-7% of all NHL cases with >90% males, being the predominant T-
NHL, mostly observed during the first two decades of life (median age = 16 years) and
accounting for 32% of all NHL cases among pediatrics. In addition, 25% of pediatric NHL
is DLBCL, and 11% are Burkitt lymphoma (Naresh et al., 2004).

NHL rates are showing high rates in the surrounding countries too. In Jordan the incidence
of NHL was reported to be 8.6 per 100,000 people (Almasri et al., 2004). Furthermore, in
2012, NHL was reported to be the 10™ most common cancer among Palestinians in the
West Bank and climbed up to become the 8" by 2015. The incidence rate of NHL was 2.8
case per 100,000, comprising 3.7% from all new cancer cases, and increased to become 3.5
per 100,000 population. Moreover, NHL ranked the 3" among children after leukemia and

brain and nervous system malignancies (MOH, 2013, 2016).
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2.3 Etiological factors of NHL

Neither the revised classification, nor the improvement in diagnostic and therapeutic
strategies, or the HIV pandemic could explain the increased incidence of NHL worldwide.
This increase is thought to be due to increased exposure to existing risk factors, or that new

etiological factors are emerging (Muller et al., 2005; Weir, 2001).

2.3.1 Immune modulation

2.3.1.1 Immunosuppression

Both congenital and acquired immunodeficiency disorders are the best described risk
factors of NHL. among immunosuppressed persons, the relative risk measures of NHL
varied between 10-100 folds or more (Grulich & Vajdic, 2005). NHL is the most
commonly diagnosed malignancy in patients with immunosuppression disorders such as
ataxia-telangiectasia, common variable immunodeficiency, Wiskott-Aldrich syndrome
(WAS) and severe combined immunodeficiency (SCID) accounting for 48.6% of cancer
cases (Kersey et al., 1988; Vajdic et al., 2010).

Furthermore, NHL is considered as the defining illnesses of AIDS (Biggar, 2001), where it
accounts for 23-30% of AIDS-related mortality (Nolen et al., 2014). The increase in NHL
incidence in the 1970s-1980s has been partially linked to the AIDS epidemic, especially in
developed countries (Aboulafia, 1998). The pathogenesis of AIDS related cancers was
related to immunosuppression rather than HIV infection (Hooper et al., 2001; Muller et al.,
2005; Nolen et al., 2014).

Moreover, treatment with immunosuppressive drugs, especially after organ transplantation
to prevent graft rejection was found to increase the risk of NHL, the intensity of the
regimen is an important variable in the process. Basically, this association is explained by
the inadequate host response to transforming pathogens such as Epstein—Barr virus (EBV)
infection in the immunologically disordered individuals (Aboulafia, 1998; Grulich et al.,
2007).

2.3.1.2 Autoimmune diseases
Autoimmune diseases are a range of conditions characterized by dysregulation of immune

response leading to loss of tolerance to self-antigens. The chronic immune stimulation and
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treatment with immunosuppressive drugs, in addition to shared genetic and environmental
factors are plausible explanations of interaction between NHL and autoimmune diseases
(Fallah et al., 2014; Mellemkjaer et al., 2008). Epidemiological studies reported significant
increase in the risk of NHL in people with autoimmune diseases, this association was
found for subtypes of autoimmune diseases such as rheumatoid fever, Sjogren disease,
celiac disease, systemic lupus erythematosus (SLE), rheumatoid arthritis, systemic
sclerosis, Hashimoto/hypothyroidism, psoriasis and hemolytic anemia (Ekstrom Smedby et
al., 2008; Fallah et al., 2014; Grulich et al., 2007; Mellemkjaer et al., 2008; Morton et al.,
2014).

2.3.2 Genetic predisposition

Family history provides an evidence of genetic factors’ role in the etiology of NHL.
Increased risk of NHL was reported to be associated with family history of hematological
malignancies; the odds ratio increased by about 50% for history of lymphoma (Mensah et
al., 2007).

Moreover, several single nucleotide polymorphisms (SNPs) were identified by
epidemiologic studies to be associated with risk of NHL. The SNPs associated with NHL
were in genes involved in the metabolism and homeostasis in the body, DNA synthesis and
methylation, production and trafficking of cytokines, immune and inflammatory response
and immune pathways (Alexander et al., 2007; Cerhan & Slager, 2015; Gemmati et al.,
2004; Lan et al., 2006; Lightfoot et al., 2005; Lincz et al., 2003; Rothman et al., 2006;
Skibola et al., 2004; Soucek et al., 2002; Willett et al., 2005).

In light of the current knowledge, it is reasonable to hypothesize that the association
between NHL and environmental factors will differ with the presence of gene
susceptibility to the disease, relatively few studies examined this interaction, and increased
risk was found in some studies (Alexander et al., 2007; Chiu et al., 2004; Vineis et al.,
2007; Zhu et al., 2001).

2.3.3 Lifestyle and medical history factors
2.3.3.1 Medical history
Cancer treatments have negative effects on the body caused by radiation and chemotherapy

including immunosuppression, therefore history of cancer is considered a risk factor of
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NHL. Additionally, the inherited susceptibility to malignancy and exposure to agents
associated with risk of both cancers are possible explanations of the increased risk of
developing NHL as a secondary malignancy, especially with history of another
hematopoietic malignancy (Alexander et al., 2007; C. H. Lu et al., 2013; Tanaka et al.,
2001; Wassberg et al., 1996).

Findings regarding the association between NHL risk and blood transfusion have been
inconsistent. It is hypothesized that blood transfusion causes NHL through inducing
Immunosuppression, or engraftment of lymphoma cells from donor with asymptomatic
NHL, or transferring oncogenic viruses from donor to recipient (Castillo et al., 2010; Chow
& Holly, 2002; Zhang et al., 2004).

2.3.3.2 Lifestyle factors

Tobacco is known as a human carcinogen for about 15 cancer sites, and also to contain
components known to affect the immune system such as benzene, lead and polonium
(Diver et al., 2014; Fernberg et al., 2006). Results have been inconsistent regarding a
causal association for tobacco smoking with NHL. The contradiction might be in part
related to difference in design, size, type, and subjects of studies (Besson et al., 2003,;
Bracci & Holly, 2005; Diver et al., 2012; Fernberg et al., 2006; Lu et al., 2011; Morton et
al., 2014; Schollkopf et al., 2005; Talamini et al., 2005; Wong et al., 2010).

Alcohol consumption is responsible for approximately 3.3 million deaths annually
worldwide, constituting 5.9% of the overall mortality. Statistics shows that 12.5% of these
deaths are cancer related (WHO, 2014). Evaluation of cellular and humoral immune
responses has so far shown that moderate consumption of alcoholic beverages might be
beneficial, particularly those containing antioxidants (e.g. red wine), and therefore
considered protectors against immune cell damage (Diaz et al., 2002). Nieters and his
colleagues reported risk of lymphoma to be 53% lower among men who consumed alcohol
compared to men who drank rarely or never during the last 10 years before interview
(Nieters et al., 2006). Further, a pooled analysis of 9 studies on alcohol consumption and
risk of NHL found that drinkers had lower risk than non-drinkers (OR=0-8, 95% CI1=0-8-
0-9), and current drinkers OR was lower than former drinkers (0-7 vs 1, respectively)
(Morton et al., 2005).
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Regarding dietary intake, increased risk has been linked to increased intake of proteins and
fats of animal sources, while fruits and vegetables have been linked to risk reduction
(Blinder et al., 2008), but findings were inconsistent. Several studies examined the
association between NHL and nutritional patterns by examining energy intake, intake of
animal proteins, consumption of milk and dairy products, high intake of fruits and
vegetable, fat intake, and carbohydrate intake (Ali et al., 2013; Chang, Smedby, Zhang, et
al., 2005; Daniel et al.,, 2012; Purdue et al., 2004; Zheng et al., 2004). A positive
association between the risk of NHL and intake of animal proteins, consumption of milk,
fat intake and carbohydrate intake was observed by Zheng and his colleagues. On the other
hand, a reduction in the risk was associated with high intake of fruits and vegetables
(Zheng et al., 2004). Furthermore, in Oman, Ali and his colleagues reported increased
association between risk of NHL and increased energy intake, meat consumption and
carbohydrate intake, while consumption of dairy products was not associated with NHL
and intake of fruit and vegetables significantly reduced NHL risk (Ali et al., 2013).

Overweight and obesity have been linked to NHL risk and several studies have examined
this association. Obesity is a global major health issue since it is related highly to
morbidity and mortality. Obesity is linked to chronic, low-grade inflammation and some
immune alteration that may alter immune responses. In addition, dysregulation of leptin, or
obesity associated hormone that is released from adipocytes, was found to be associated to
breast cancer, thyroid, endometrial cancer and gastrointestinal cancer and to influence pro-
inflammatory responses. In vitro studies showed that leptin suppressed apoptosis and
promoted proliferation of DLBCL (Bassig et al., 2012; Dutta et al., 2012; Fernberg et al.,
2006; Han & Wang, 2015). Several studies examined the association between obesity and
NHL (Ali et al., 2013; Kelly et al., 2012; Morton et al., 2014; Pan et al., 2005; Troy et al.,
2010; Wong et al., 2010).

Exercise was found to affect the immune status. The type of influence depends on intensity
and duration of activity relative to fitness level. Moderate training increases NK activity,
while hard training decreases it; therefore, moderate training is hypothesized to enhance
resistance against tumors and protects against certain types (Kelly et al., 2012; Pan et al.,
2005).
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2.3.4 Environmental and occupational exposures
The continuing global and unexplained increase in NHL incidence and mortality, along
with the different patterns seen in different regions of the world suggests a possible partial

role for environmental and occupational exposures (Zheng et al., 2002).

2.3.4.1 Environmental exposures
Various environmental exposures have been found to influence the risk of NHL; these
exposures might occur at different settings and at different stages of life and might be

physical, chemical or biological.

Among physical environmental exposures, it is hypothesized that increased exposure to
sunlight results in DNA damage, which triggers immunosuppression that plays a role in the
etiology of NHL (Blinder et al., 2008). The epidemiologic evidence regarding such an
association between exposure to sunlight and NHL has been weak and indirect, it is even
suggesting protective association between recreational sun exposure and NHL (Armstrong
& Kricker, 2007; Bassig et al., 2012; Soni et al., 2007; Weir, 2001).

The health effects associated with contamination of ground water with nitrates from the
misuse of fertilizers are becoming a growing problem. Nitrates are reduced to nitrites, and
with further reaction in the body system, N-nitroso carcinogenic compounds are produced.
Weisenburger conducted an ecological study in Nebraska and found that contamination of
water by nitrate was associated with increased incidence of NHL (Weisenburger, 1993).
On the other hand, there were other studies that haven't found such an association (Cocco
et al., 2003; Ward et al., 2006; Weyer et al., 2001).

Regarding infectious agents, 18% of global cancer burden have been attributed to specific
chronic infections including HBV, HCV, human papilloma virus and H. pylori (WHO,
2011). Apart from HIV infection, several infectious agents have been reported to increase
risk of NHL such as EBV infection (Alexander et al., 2007; De Roos et al., 2013), but the
exact role of EBV in common types of NHL (e.g. DLBCL and FL) is still not clear.
Seemingly, reduced immune function (in its more mild forms; i.e. psychological stress and

aging) can reactivate the latent virus and increase the risk of NHL (Teras et al., 2015).
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Furthermore, hepatitis C virus (HCV) infection constitutes a major global public health
problem. Its prevalence was estimated by about 170 million people worldwide, with
geographic variability in the prevalence estimates of the infection ranging from 1-2% in
developed countries to 5-10% in other countries such as Japan, Italy, Egypt (Alexander et
al., 2007; de Sanjose et al., 2008; Gisbert et al., 2003). The virus’s role in inducing
immune mediated processes including hematologic disorders suggested a link with
lympho-proliferative diseases and lymphomagenesis; the replication of the virus in the
peripheral blood mononuclear cells and the E2 membrane protein has been suggested to
explain its implication (Alexander et al., 2007; de Sanjose et al., 2008; Ekstrom-Smedby,
2006; Gisbert et al., 2003).

Other infectious agents have also been hypothesized to play a role in the etiology of NHL;
other viruses such as hepatitis B Virus (HBV), human herpes virus 8 (HHV8), in addition
to human T-cell lymphotropic virus- type | (HTLV-I), which is the established cause of
adult T-cell leukemia/lymphoma. There are also some bacterial infections involved in the
etiology of NHL such as Plasmodium falciparum, Helicobacter pylori and Borrelia afzelii
(Engels, 2007; Kleinstern et al., 2016).

2.3.4.2 Occupational exposures

Many occupational exposures have been defined as either confirmed or possible
carcinogens to humans. Exposures occupationally experienced are generally more intense
than those experienced by the general population. Several studies focused on finding

occupational agents that contribute to the etiology and risk of NHL.

2.3.4.2.1 Chemical agents

Exposure to carcinogenic, immunotoxic and mutagenic chemicals in many occupations has
been addressed in occupational health and safety programs as a priority. Evidence has
suggested that exposure to pesticides is potentially linked to increased risk of lymphoma
(Jones et al., 2014). Specific families of pesticides have attracted researchers such as
phenoxy acids, triazine, organochlorines, organophosphate pesticides and carbamates
(Dreiher & Kordysh, 2006; Hoar Zahm et al., 1993; Wiklund et al., 1988).

Organic solvents are a wide group of chemicals that are suspected to exert immunotoxicity

in the human body (Vineis et al., 2007). Organic solvents have various uses in a wide
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number of industries. Occupations that entail the risk of exposure to organic solvents
include those in the chemical industries, benzene related occupations, printing industry,
wood industries and carpenters, cleaners, painters, rubber and plastic industries, shoe
workers, drivers, mechanics, electrical and electronic repairs, petroleum refining industry,
chemists, dry cleaners, highway workers and hairdressers. Furthermore, solvent containing
agents and organic solvents include styrene, trichloroethylene, perchloroethylene, benzene,
chlorophenols and phenoxy acids, lacquers and varnishes, engine exhaust fumes, dyes,
paints and paint aerosols, gasoline, glues, benzene, toluene, xylene, fuels, petroleum
products (Orsi et al., 2010; Rego, 1998; Vineis et al., 2007).

Furthermore, polychlorinated biphenyls (PCBs) are organochlorines that started to be used
since the 1930s in various industries until their use was banned in 1977, 36 out of the
possible 209 congeners were found of potential importance to public health and animal
studies supported a carcinogenic effect (Engel et al., 2007). PCB118, 138, 153, 156, 170,
180, and 194 were most reportable with significant associations in the literature (Kramer et
al., 2012). Capacitor manufacturing workers and electric utility workers are examples of

occupationally exposed people to PCBs (Engel et al., 2007).

Other chemical exposures have carcinogenic effect, therefore suggested to contribute to the
risk of hematopoietic disorders. Cancer was reported as the leading cause of female
chemists in the US with a mortality odds ratio of 1.5 (95%CI=1.1-2.1), with increased risk
of death from lymphohematopoietic malignancies (MOR=2.2, 95%CI=1.2-4.5) (Walrath et
al., 1985). Moreover, some studies found increased risk associated with exposure to heavy
metals such as arsenic, nickel, cadmium, lead, chromium, and mercury in welders and
solderers ('t Mannetje et al., 2008; Band et al., 2004; Karunanayake, McDuffie, Dosman,
Spinelli, & Pahwa, 2008; Zheng et al., 2002), miners (Band et al., 2004), technicians,
mechanists and electricians (Band et al., 2004; Karunanayake et al., 2008). In addition,
those exposed to fumes and gases (Karunanayake et al., 2008), dyes and hair permanent
solutions in hairdressers ('t Mannetje et al., 2008; Karunanayake et al., 2008), leather
(Amadori et al., 1995; Scherr et al., 1992), and rubber and plastic production (Miligi et al.,
1999). Increased risk of NHL was also found in those working in construction and
engineering ('t Mannetje et al., 2008), cleaners and drycleaners , painters and decorators ('t
Mannetje et al., 2008; Band et al., 2004; Scherr et al., 1992), wood workers (Boffetta & de
Vocht, 2007), publishing and printers (Band et al., 2004; Boffetta & de Vocht, 2007), and
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food industry (La Vecchia et al., 1989); therefore many chemical substances have been
associated to increased risk of NHL.

2.3.4.2.2 Physical agents

Occupational exposure to radiation and electromagnetic fields, whether ionizing or non-
ionizing, has been hypothesized to cause cancer, therefore, its role in etiology of NHL has
been suggested and investigated, but results were inconsistent and not strong enough to

support such evidence (Band et al., 2004; Freedman et al., 1997).

2.3.4.2.3 Biological agents

Continuous exposure to prolonged antigenic stimulation may act in combination with other
factors to induce cancer of lymphoid tissue. Exposure to animal proteins and grains, in
livestock farmers, animal breeders, meat processing workers in industrial plants,
slaughterhouses, butchers, and dairy workers may entail such risk ('t Mannetje et al., 2008;
Boffetta & de Vocht, 2007).

Several infections have been associated to increased risk of NHL; therefore, occupations
that increase the susceptibility to such infections were suggested as factors contributing to
the etiology of NHL. Additionally, exposure to zoonotic oncogenic viruses has also been
under investigation. Workers that interact with the public (Svec et al., 2005), such as
teachers (Boffetta & de Vocht, 2007; Zheng et al., 2002), especially of primary levels ('t
Mannetje et al., 2008), health and social workers (Band et al., 2004), salesmen and
secretaries (Linet et al., 1993), hairdressers and cosmetologists (Lamba et al., 2001; Svec et
al., 2005) were found at increased risk. Also workers who reported exposure to animals or
animal products were found in several studies to be at increased risk of NHL (Svec et al.,
2005).

2.4 Occupation and Cancer

Studying how work affects morbidity and mortality in the population is defined as
occupational epidemiology. The main objective of occupational epidemiology is
identifying health outcomes of occupational exposures for prevention both in occupational
and community settings (ILO, 2017). The beginning of occupational epidemiology and
occupational medicine goes back to the Italian physician Bernardino Ramazzini in the

early 17™ century, whose work led to identifying several health hazards encountered by
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workers. After that , Pott came in the late 1700s with his findings on the association
between cancer of scrotum and exposure to soot among chimney sweepers (Herr, 2011).

Since then many occupational exposures have been linked to carcinogenesis (ILO, 2017).

Since then, the International Agency for Research on Cancer (IARC) has so far identified
119 agents as carcinogenic to humans (Group 1), examples are benzene and asbestos.
Furthermore, 81 agents have been identified as probably carcinogenic to humans (Group
2A), 292 are considered possibly carcinogenic to humans (Group 2B), and 505 agents are
in Group C. At least 45 of Group 1 carcinogens are workplace chemicals (WHO, 2016).
The contribution of occupational factors to cancer morbidity was estimated to be 4%
(range: 2-8%), but given the number of possible carcinogens (Group 2B) this might be an
underestimation for occupational cancer (Purdue et al., 2015). Further investigations on
occupation and specific types of cancer estimated that occupational exposures were related
to 6.3-13% of lung cancer, 3-19% of bladder cancer and 0.8-2.8% of leukemia cases
(Steenland et al., 2003).

Identifying the causal agents that are associated with the disease is the main objective in
occupational studies. Exposure assessment is the process of estimation of exposure.
Exposure assessment is problematic in epidemiologic studies, and methods of exposure
assessment vary. In retrospective case-control studies the issue of exposure assessment for
past exposures is even more problematic. Work history is a useful source for exposure data
through listing all the jobs that were performed using job titles to describe the job. But with
job titles being general and not specific to tasks, using job titles as a proxy of exposure can
lead to misclassification. Another issue in occupational studies is the large number of jobs
out there and the small number of subjects in each class. To overcome this issue in
research, grouping of jobs/exposures based on similarities is a common approach, but it
masks the heterogeneity of exposure between subjects which shifts the association towards
the null. To overcome this issue, utilizing more detailed description of each job in terms of
duties and processes may improve the coding of jobs. Moreover, using a standardized

classification better predicts the exposure (Nieuwenhuijsen, 2015).
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2.4.1 Occupational Health in Palestine

Most knowledge about the Palestinian work force is achieved through censuses held by the
Palestinian Central Bureau of Statistics (PCBS). Last report on labor force reported that
among the Palestinian population aged 15 years and above, 45.8% were enrolled in the
workforce, and that males had higher rates of participation than females (71.9% compared
to 19.1%, respectively (PCBS, 2016b).

By economic activity, 20.6% of employed persons were employed in commerce, hotels
and restaurants sector, 15.5% in construction, 13% in mining, quarrying and manufacturing
economic branches and only 8.7% are in the agriculture, hunting and fishing branches. The
majority of the Palestinian workforce (36.4%) are employed in the branches of services
that include health and education among other (PCBS, 2016b).

In agriculture, hunting and fishing, and economic activities, a higher participation rates
were seen among females and the same applies for the services activities. On the other
hand, activities of transportation, storage and communication, construction, and commerce,

hotels and restaurants had higher participation rates among males (PCBS, 2016b).

To our knowledge, very few studies on occupational morbidity and mortality were done in
Palestine (Al-Khatib et al., 2006; Al-Sari & Al-Khatib, 2012; Al Zabadi & Nazzal, 2014;
Khlaif & Qumsiyeh, 2017; Milhem, 2004; Nemer et al., 2015; Nemer et al., 2013). Most of
them focused on single exposure or single occupation, but they were limited by sample
size and geographic area, and used indirect exposure assessment techniques (Al Zabadi &
Nazzal, 2014; Milhem, 2004; Nemer et al., 2015; Nemer et al., 2013). In addition, there
were some studies that focused on the knowledge, perception and application of safety
practices in certain settings rather than health outcomes of occupational exposures (Al-Sa'
ed et al., 2011; Al-zain & Mosalami, 2014; Issa et al., 2010; Milhem, 2004; Yassin et al.,
2002; Zyoud et al., 2010).

The PCBS adopted the International Standardized Classification of Occupation-08 and
modified it to be suitable to the Palestinian population. The use of international
classifications enables comparability between studies but it requires clear job description

*and responsibilities. Among Palestinian workforce there’s a lack in clear job
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description, which limits the ability to proper classification of jobs in epidemiologic
studies (PCBS, 2014).

Occupational health and safety remains a neglected area in developing countries on the
level of research and regulation due to the social, economic and political challenges
(Nuwayhid, 2004; Sweileh et al., 2015). Furthermore, it was estimated that only 5-10% of
workers in developing countries have proper access to occupational health services
(Elgstrand, 1985; Nuwayhid, 2004). Furthermore, among Palestinians, it was reported that
in 2013 the mortality rate from occupational carcinogens was 1 per 100,000, an increase by
11% since 1990 (HealthGrove, 2013).

2.5 Summary

In this chapter NHL etiological factors and epidemiology are reviewed focusing on the
basis of the association between occupation and cancer, specifically NHL. Further, the
chapter gives an overview on NHL, workforce and occupational health in Palestine,

providing clarity for the study hypothesis and framework.
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Chapter Three: Study Framework

This chapter shows the conceptual framework for our study and the dependent and

independent variables included and their definitions.

3.1 Conceptual Framework

Occupational exposures can be either chemical, Physical, or biological. Occupational
exposures are among several risk factors that have been proposed to be associated with the
increased risk of B-NHL,; these exposures have been hypothesized to alter the immune
system’s function by immune suppression, chronic stimulation, and oncogenic alterations
in B-lymphocytes, all of which are mechanisms contributing to lymphomagenesis
(Alexander et al., 2007).
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3.2 Study Variables

Table 3.1 below shows the variables of this study. The outcome variable was B-NHL. In
addition, independent variables included demographic variables, family history, lifestyle

and occupational history.

Table 3.1a: Study variables and operational definitions.

Study Definition Source Scale/ Category
variable

Dependent variable

B-cell non- Any man or woman aged | Medical Nominal:

Hodgkin 18 years or older with charts/pathology | Case/Control

lymphoma pathological reports
conformation of first
diagnosis of B-NHL

Independent variables

Gender Gender of the participants | Q3 Nominal:

Male / Female

Age at Number of years between | Computed from Continuous

recruitment birthdate and interview | Date of interview
date and date of birth

reported by
participant (Q4)

Age at Number of years between | Computed from Continuous

diagnosis birthdate and date of | date of birth and
diagnosis date of diagnosis

from pathology
report

Years of Number of years Q13 Ordinal:

schooling completed in school 0/1-6/7-9/10-12/

>12

Region Region where the Q20 Nominal:
participant was living in North: Nablus, Jenin,
at time of recruitment Tubas, Qalqilya,

Tulkarem, Salfit.
Middle: Ramallah,
Jericho and
Jerusalem.

South: Bethlehem,
Hebron.

Marital status | The social status of the Q5 Nominal:
participant at time of Single / First marriage
recruitment / Other

(divorced/widowed)

Employment | Lifetime relationship of | Q20 and Q21 Nominal:

status participant to workforce Never / Ever
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Table 3.1b: Study variables and operational definitions.

Study Definition Source Scale/ Category
variable
Family Having first-degree Q100 and 101 Dichotomous :
history of relative (parent, sibling, Yes/ No
cancer or child) or second
degree relative
(grandparent, uncle, aunt,
cousin, or nephew/niece)
with any type of cancer
Gardening as | Reporting practicing Q55 Nominal:
a hobby agriculture as a Yes/No
recreational activity
Type of Type of gardening Q55 and Q56 Nominal:
gardening activity in relation to Never / Indoor /
place of practicing Outdoor / Indoor and
Outdoor
Frequency of | Number of weekly hours | Q55 and Q58 Ordinal:
gardening spent on gardening Never / < 20 hours per
week /> 20 hours per
week
Gardening Application of pesticide | Q 59 Nominal
use of on the cultivated plants Yes/ No
pesticides during gardening
Indoor use of | Frequency of application | Q55 and 56 Ordinal:
pesticides of pesticides inside or in Never / Few times per
the surroundings of the year / > 1 per month - <
household 1 per week / >1 per
week
Occupational | Chemical, physical, Part I1- Q22 - Nominal

exposures

biological or other
exposures of interest that
a person had been
touching, breathing,
ingesting or in near
vicinity of while at a
particular occupation

column exposures

A list of 22 type of
hazard

Employment
in industry

Ever employed: are
participants who reported
working in an occupation
related to the industry.
Never employed :cases
and controls not
employed in the
particular industry

being evaluated but have
been ever enrolled in the
work force

Part I1- Q22-
Column job title

Dichotomous:
Never / Ever
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Chapter Four: Methodology

This study is part of a large case-control study that was conducted between 2009 and 2014
to investigate the genetic, lifestyle, environmental and medical risk factors associated with
the risk of B-NHL among Palestinians. The methodology of the study was previously
published elsewhere in details (Kleinstern et al., 2017; Kleinstern et al., 2016). In
summary, this case-control study included 307 B-NHL cases and 394 cancer-free controls.
A questionnaire was used for the data collection. In addition, blood samples were collected
for the purposes of genetic testing and serology study. Furthermore, a workplace
walkthrough was held for exposure assessment. This chapter provides more details

regarding the occupational part of the study.

4.1 Study Design

A multicenter case-control study of pathologically-confirmed incident B-NHL cases and
cancer-free controls was conducted between 2009 and 2014 to investigate which

occupations and which occupational exposures were associated with risk of B-NHL.

4.2 Study Sample and Power

The study subjects were recruited through the study centers; those who met the inclusion
criteria and consented on participation were approached and recruited. A sample size of
307 cases and 394 controls provided the study with at least 80% power to detect an OR of

2.5 based on rates of exposure in controls of >5% and a two sided a-level of 0.05.
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4.3 Study Population

Cases: 389 cases were recruited initially to participate in the study, 82 of which were
excluded for not meeting one or more of the inclusion criteria.
Inclusion criteria:

e Pathological confirmation of B-NHL diagnosis.

e Palestinian adults (>18years old).

¢ Incident cases (< 24 months of diagnosis).

e Consent on participation.

Controls: A total of 394 hospital and clinic based controls were recruited for this study. For
each case at least one control who met the eligibility criteria of controls was recruited from
the participating centers. The controls were frequency-matched to cases by gender, age
(x5years) and region.
Inclusion criteria:

e Cancer-free at time of recruitment as reported by the controls themselves.

e Palestinian adults (>18years old).

e Consent on participation.

e Not related by blood to cases or other controls.

4.4 Study Centers

Cases were identified through medical records and the Palestinian Cancer Registry.
Participating hospitals included: Al-Hussain Hospital in Beit-Jala, Augusta Victoria
Hospital (AVH) in Jerusalem and Al-Watani Hospital in Nablus. In addition, Palestinian
cases referred for treatment in Hematology day care centers and clinics in Hadassah—
Hebrew University Medical Center both in Mount Scopus and Ein-Kerem were also
recruited.

Controls were recruited from the previous participating hospitals. In addition, controls
were also recruited from Al-Makassed Blood Bank and thirteen Ministry of Health primary
health-care centers distributed all over the West Bank as the following: Southern Hebron,
Hebron, Bethlehem, Jericho, Ramallah, Northern Ramallah, Jenin, Qalqilya, Jerusalem,
Nablus, the Old City of Nablus, Salfit and Tulkarim.

25



4.5 Sample Recruitment

B-NHL cases were identified through medical and the Palestinian Cancer Registry records.
After identification, the study was introduced to cases by either the treating doctor or a
field worker. If the patient showed interest, the study was explained by a trained field
worker. After consenting, participants were administered a face-to-face interview-based

questionnaire.

Regarding controls, potential participants were approached by trained interviewers. The
participants were asked if they have been diagnosed with cancer prior to the interview, and
if they answered yes the interviewer did not proceed with the interview. After the eligible
controls consented they were administered the same interview-based questionnaire as

Ccases.

4.6 Study Tools

1. Pathology report: Confirmation of pathological diagnosis for B-NHL cases was
achieved through acquiring pathology report that was filled by the patients’ oncologists
(appendix 4.1).

2. Questionnaire: An extensive interview-based questionnaire (appendix 4.2 and 4.3) was
used to collect data from study subjects. The questionnaire was originally developed and
validated by the International Lymphoma Epidemiology Consortium (InterLymph)
(Besson et al., 2006). The questionnaire was translated from English into Arabic by
forward and back translation and a pilot study (n=30) was conducted to test the
questionnaire for local use in Palestine. Amendments on the questionnaire were made,
accordingly, then interviewers were trained on the interview prior to data collection to

ensure the quality of the data.

The 19-pages questionnaire was composed of six sections enquiring data regarding
demographic characteristics and other possible risk factors, such as lifestyle factors,
medical history, family history of cancer, residential history, in addition to occupational

history.
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The demographic characteristics part included data regarding: gender, date of birth, marital
status, place of residence, and years of schooling. Furthermore, the occupational history,
included questions regarding current and previous relationship to workforce, in addition to
a list of jobs held by the respondent for at least 6 months. The period of 6 months was
determined so that it takes into consideration a minimum duration for exposure
accumulation and the instability in jobs among Palestinians. For each job, information on
job title, start date, end date, breaks and self-reported exposures were collected. Moreover,
the questionnaire included questions regarding family history of cancer, practicing
gardening as a hobby, subsistence farming, and housewife role and the risk of B-NHL as

semi-occupational exposures.

3. Workplace walkthrough survey: A workplace walk-through was conducted for the
purpose of confirming that the self-reported exposures were in line with those expected in
each of the pre-identified priori risk occupations. Exposure data were collected through an
explicit structured interview. Data regarding the participant’s job title, job description,

tasks description and the use of machines and materials were collected.

Subjects were Palestinians >18 years old that were at the time of interview employed for at
least 1 year in the industry of interest. The exposures in the workplace might be associated
with certain tasks that might not be regularly performed. Also, some jobs have seasonal
variability in the tasks, such as in construction, thus a minimum of 1 year was estimated to

be necessary to ensure the exposure data in each job was comprehensive.

Occupations of interest were selected to cover the major industries held by study subjects.
Jobs were classified by industry to be grouped. Industries of major focus were those related
to agriculture, construction, leather and textile, health, education, wood industry, cleaning
services, personal services such as hairdressers and beauticians, mechanics, metal and

metal fabricating industry, and electrical and electronic repairing.

Moreover, subjects were asked if they had any agricultural activities beside their current
occupation. They were asked to describe: 1) their practice by the type of crops, 2) having
farm animals, 3) whether the products were consumed for the household or sold, 4) in

addition to related exposures such as the use of pesticides and exposure to sunlight.
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After listing the exposures in each workplace, they were grouped. Exposure status
(exposed vs. unexposed) to the exposure groups predetermined in the questionnaire in each
job was confirmed. Exposure groups of interest in this study included: pesticides, organic
solvents, radiation (ionizing or non-ionizing), cleaning agents, animals and animal
products, infectious agents, medicines, flour and wood dust. Some exposure sub-groups
were also examined independently such as gasoline, paints, glues, meat products and

sunlight.

Self-reported exposures were one by one compared to the walkthrough exposures in each
industry to confirm their agreement. Unrelated exposures were excluded from the analysis.

4.7 Ethical Considerations

The participants’ signed a consent form (appendix 4.3) that confirm upon the
confidentiality of the obtained data and every participant was assured the freedom to
accept or refuse participation in the study without intimidations. The project was ethically
approved by the institutional review board (IRB) committee of Al-Quds University. In

addition, the questionnaires and the databases were securely stored on a safe drive.

4.8 Statistical Analysis

Data was coded, entered and analyzed using IBM SPSS statistics (\V20.0.0). Data cleaning
and checking was required prior to analysis which necessitated re-entry of data for many

participants and recoding certain variables.

Descriptive statistics for cases and controls were presented as frequencies and percentages
for categorical variables and medians and standard deviations for continuous variables.
Descriptive statistics were computed using cross-tabulation and chi-square test was used to
compare cases and controls regarding demographic variables, family history of cancer,
residential exposures and gardening. P-values <0.05 were considered statistically

significant.

Job titles were coded based on the International Standardized Classification of Occupations
08 (ISCO-08) (ILO, 2008). The occupational codes were recoded and grouped into

industrial groups that were constructed based on the International Standard Industrial
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Classification of All Economic Activities (ISIC), revision 4 (UN, 2008). New composite
dichotomous variables were created for ever being employed or exposed. Industries were
selected for analysis if at least 2% of controls reported being ever employed in that

industry for at least 6 months or for industries showing excess risk.

Binary logistic regression was used to examine the association between the risk of B-NHL
and ever employment in industry or ever exposure. Subjects who have never been
employed in the industry of focus in each analysis were used as the reference category.
Crude and adjusted odds ratios (ORs) and 95% confidence intervals (95%CI) were
computed. The final multivariate model was adjusted for gender, age, region, years of
schooling and family history of cancer. Other potential confounders as marital status and
ever employment did not substantially affect risk estimates, therefore, were not included in

the final model.

Among study subjects, 19 did not disclose their occupational history and thus were treated
as missing data (9 controls and 10 cases). Furthermore, a total of 629 job titles were
reported, which were coded to 156 ISCO-08 codes. In addition, 71 subjects reported
working in subsistence agriculture either as subsistence crop farmers or subsistence mixed

crop and livestock farmers.

For the walkthrough data, we first coded the job titles according to ISCO-08 classification.
We further grouped the exposures reported in each job according to list of exposures of

interest. The final outcome was a list of “possible” exposures in each industrial group.

Comparison between self-reported exposures and walkthrough obtained exposures was
made. Exposures reported in each job for study subjects were one by one reviewed and
compared to its parallel industry. If the subject reported an exposure that wasn’t included
in the list of exposures, the literature was well searched to identify the possible sources for

these exposures. Completely irrelevant exposures were excluded prior to the analysis.
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Chapter Five: Results

Here, we provide an overview of characteristics of study subjects and demonstrate our

findings regarding occupational risk factors of B-NHL in addition to other related

exposures.

5.1 Characteristics of Study Population and Family History

In this study, the median age at diagnosis for B-NHL cases was 52 years with a male-to-

female ratio of 1:1 (Table 5.1). Regarding histological subtype the most common subtype

was DLBCL with approximately 70% of the cases. In addition, FL comprised about 14%

of cases and was the second most common subtype among cases (Figure 5.1).

Frequency (n)
= (3] ] = n
= = (=] =] = =]
I

Figure 5.1: Distribution of B-NHL cases by histologic subtype.
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By examining the distribution of cases and controls by recruitment center it was found that
the majority of cases (31.3%) were recruited from AVH, 22.5% from Hadassah University
Hospital, 12.4% from Al-Hussain Hospital, 16.6% from Al-Watani Hospital and 17.8%
were recruited through MOH clinics. Regarding controls, approximately 82% were
recruited through 13 MOH primary health care centers distributed all over the West Bank,
the rest were recruited through AVH, Al-Watani Hospital and Al-Makassed Blood Bank

(Table 5.1).

Table 5.1: Demographic characteristics of study subjects.

. Controls (n=394) | Cases (n=307)
Variable Category n (%) n (%)
Recruitment center AVH 32 (8.1) 96 (31.3)
Hadassah 0 (0) 69 (22.5)
Al-Hussain 0 (0) 38 (12.4)
Al-Watani 13 (3.3) 51 (16.6)
MOH clinics 322 (81.7) 53 (17.8)
Makassed 27 (6.9) 0 (0)
Age at diagnosis (median + SD) 52+16.6 -
Age at recruitment (median+SD) 51+15.14 53+16.52
Gender Male 168 (42.6) 152 (49.5)
Female 226 (57.4) 155 (50.5)
Age (Years) 18-34 53 (13.5) 53 (17.3)
35-54 176 (44.7) 107 (34.9)
55-74 136 (34.5) 114 (37.1)
75+ 29 (7.4) 33 (10.7)
Years of schooling 0 55 (14.3) 43 (14.4)
1t06 66 (17.2) 82 (27.5)
7t09 83 (21.6) 54 (18.1)
10to 12 119 (31) 75 (25.2)
12+ 61 (15.9) 44 (14.8)
Region North 78 (19.9) 75 (24.7)
Middle 129 (32.9) 120 (39.5)
South 176 (44.9) 97 (31.9)
Other 9 (2.3) 12 (3.9)
Marital status Single 34 (8.6) 41 (13.4)
Married 333 (84.5) 232 (76.1)
Other 27 (6.9) 32 (10.5)
Employment Status Never 155 (40.3) 105 (35.4)
Ever 230 (59.7) 192 (64.6)
Employment Status Never 5(3.1) 4(2.7)
(males) Ever 157 (96.9) 143 (97.3)
Employment Status Never 150 (67.3) 101 (67.3)
(females) Ever 73 (32.7) 49 (32.7)
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Considering the sociodemographic characteristics of study subject, the median age at
recruitment of cases was 53 years and that of controls was 51 years. In addition,
approximately 42% of controls were at least 55 years old and only 13.5% were younger
than 35 years old. Regarding cases, approximately 48% were 55 years or older and 17.3%
were younger than 35. Furthermore, about 42% of the cases had less than 7 years of
education, whereas among controls approximately 47% had 10 years or more of schooling.
Moreover, 44.9% of the controls were from the south and 32.9% were from the middle.
Among cases, 31.9% were from the south, 39.5% were from the middle and 24.7% were
from the north. The majority of both study groups were married with higher proportion
among controls. As for employment history, 60% of controls reported being ever enrolled
in the workforce; 97% among males and 33% among females. Relatively higher overall
employment rates were seen among cases (Table 5.1). Additionally, more cases reported
history of cancer in their families, family history of cancer was associated with 70%
increased risk of B-NHL (Table 5.2).

Table 5.2: Family history of cancer and association with B-NHL risk.

. Controls Cases
Variable Category n (%) n (%) OR (95%CI)
Family history of No 212 (61.6) 143 (48.4) 1(-)
cancer Yes 132 (38.4) 150 (51.2) 1.7 (1.2-2.3)
Table 5.3: Association between B-NHL risk and residential exposures.
Residential Controls Cases OR OR*
exposure Category N(%) | n(%) | (95%Cl) | (95%CI)
Pesticide use | Never 137 (43.5) | 79 (31.9) 1(9) 1(-)
indoors Few Times/ year 109 (34.6) | 88(35.5) | 1.4(0.9-2.1) | 1.4(0.9-2.2)
> 1/month - < 1/week | 26(8.3) | 28(11.3) | 1.9(1-34) | 1.9(1-35)
>1/week 43 (13.7) | 53(21.4) | 2.1(1.3-35) | 2.1 (1.2-3.6)
Contact with | No 265 (68.7) | 165 (54.1) 1(-) 1(-)
animals Yes 121(31.3) | 140 (45.9) | 1.9 (1.4-25) | 1.7 (1.2-2.4)
Housewives © | Never 41 (18.4) | 26 (17.3) 1() 1()
Ever 182 (81.6) | 124 (82.7) | 1.1 (0.6-1.8) | 0.8 (0.4-1.5)

* OR adjusted for gender, age (5 years intervals), years of schooling (categorical), region and

family history of cancer.
€ Analysis excluded women employed in agriculture.

5.2 Residential Exposures and Risk of B-NHL

Our result showed that indoor use of pesticides was associated with an increase in the risk

of B-NHL. In addition, a positive dose-response relationship was found between frequency
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of pesticide application and B-NHL risk. Furthermore, contact with domestic animals was
significantly associated with 1.7-folds increase in the risk of B-NHL. In addition, In
addition, 306 females out of 381 reported ever being housewives. Housewives were not at
risk of B-NHL (Table 5.3).

5.3 Occupational Risk Factors of B-NHL

This part of the study focused on the occupational risk factors of B-NHL. First, a
description of occupational history of subjects was demonstrated, then, we examined the
association between B-NHL risk and occupational exposures and ever held occupations. A
total of 629 job titles were reported by 230 controls and 192 cases who have ever
participated in the workforce. In addition, 71 study subjects reported practicing subsistence

farming.

Table 5.4 describes the distribution of the reported job titles among major occupational
groups. Approximately 27% of cases reported being ever employed in elementary
occupations, and another 26% were employed in occupations related to crafts. On the other
hand, controls reported being more commonly employed in groups 2,3 and 4; these groups
include occupations in education, health, engineering, business and finance services, legal

professionals, in addition to clerical support occupations like secretaries.

Table 5.4: Distribution of ever held occupations by case and control status in major group
according to ISCO-08.

Group Group Name Controls | Cases
code P n (%) n (%)
Groupl Managers 18(5.1) 4(1.4)

Group2,3,4 | Professionals, Technicians and Associate

Professionals, Clerical Support Workers 135(38.5) | 66(23.8)

Group5 Services and Sales Workers 26(7.4) | 33(11.9)
Group6 Skilled Agricultural, Forestry and Fishery Workers 4(1.1) 4(1.4)
Group? Craft and Related Trades Workers 73(20.8) | 72(25.9)
Group8 Plant and Machine Operators and Assemblers 34(9.7) | 19(6.8)
Group9 Elementary Occupations 59(16.8) | 74(26.6)
Group0 Armed Forces Occupations 2(0.6) 6(2.2)

Occupations were then grouped and recoded into industries. Industries that had at least 2%

of the controls were selected for the analysis.
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5.3.1 Workplace walkthrough

A total of 133 workplace walkthrough data were collected. In addition, 23 participants
practiced subsistence farming and their exposure data were also collected (Table 5.5). We
compared self-reported exposures reported from the case-control study to the list of

exposures found in each industrial group confirmed by the walkthrough.

Table 5.5: Distribution of walkthroughs by industry and identified exposures of priori high

risk.
Industry n Exposures
Crop farmers 9 | Pesticide, sunlight, gasoline, organic solvents
Mixed and 6 | Pesticide, sunlight, gasoline, organic solvents, animals and
livestock farmers animal products, infectious agents
Textile 4 | Infectious agents, organic solvents
Wood 5 | Wood dust, paints, organic solvents, glues, sunlight, gasoline
Metal production 3 | Radiation, electromagnetic field
Mechanics 4 | Organic solvents, sunlight, gasoline
Construction 33 | Wood dust, organic solvents (paints), inorganic solvents,
sunlight
Painter 1 | Paints, glues, organic solvents
Trade 16 | Infectious agents, EMF
Education 6 | Infectious agents, organic solvents
Health and social 5 | Cleaning agents, infectious agents, organic solvents,
work radiation ( radioactive radiation, EMF), medicine
Protection services | 4 | Varied by workplace
Office based 10 | Infections
occupations
Cleaners 8 | Infectious agents, cleaning agents, inorganic solvents,
sunlight
Transportation 10 | Gasoline, sunlight, infectious agents
Food production 6 | Meat products, flour, infectious agents
Gas station 1 | Gasoline, organic solvents, sunlight
attendant
Electrical and 2 | Asbestos, electromagnetic fields, radiation
electronic repair
Subsistence 23 | Pesticides, sunlight, animals, infections, gasoline
farmers

5.3.2 Occupational self-reported exposures and risk of B-NHL

We started the investigation of occupational risk factors by examining the association
between occupational exposures and the risk of B-NHL and several exposures showed
positive association with B-NHL risk. Exposures to pesticides and infections were both
associated significantly with increased risk of B-NHL with an odds ratio of 2.7. In
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addition, exposure to radiation showed significantly increased odds of B-NHL risk, types
of radiation included exposure to sunlight, electromagnetic fields and ultraviolet light. The
association between specific exposure to sunlight and the risk of B-NHL was further
examined and showed a significant positive association with an adjusted odds ratio of 2.1
(Table 5.6). Moreover, exposure to organic solvents was found to be non-significantly
associated with slightly increased risk of B-NHL (adjusted OR=1.4, 95%CI: 0.8-2.4).
Additionally, exposure to glues was associated with significantly increased risk (adjusted
OR=3.5, 95%CI: 1.1-11), but neither did paints nor benzene show any association (Table
5.6).

Table 5.6: Association between B-NHL risk and self-reported exposure to certain agents.

Occupational | Exposure Controls Cases OR*
exposure status (n=385) (n=297) | OR (35%Cl) (95%CI)
n (%) n (%)
Pesticides Unexposed | 362 (94) | 253 (85.2) 1(-) 1(-)
Exposed 23 (6) 44 (14.8) | 2.7 (1.6-4.6) | 2.7 (1.5-4.9)
Infections Unexposed | 362 (94) | 253 (85.2) 1(-) 1(-)
Exposed 23 (6) 44 (14.8) | 2.7 (1.6-4.6) | 2.7 (1.5-4.9)
Animals and Unexposed | 363 (94.3) | 280 (94.3) ) 1(-)
animal products | Exposed 22 (5.7) 17 (5.7) 1(0.5-1.9) 0.6 (0.4-0.9)
Hair dyes Unexposed | 378 (98.2) | 292 (98.3) 1(-) 1(-)
Exposed 7 (1.8) 5(1.7) 0.9 (0.3-2.9) | 2.7 (0.6-11.8)
Flour Unexposed | 362 (94) | 287 (96.6) ) 1(-)
Exposed 23 (6) 10 (3.4) 0.5(0.3-1.2) | 0.8(0.3-1.8)
Cleaning agents | Unexposed | 293 (76.1) | 223 (75.1) ) 1(-)
Exposed 92(23.9) | 74(24.9) | 1.1(0.7-15) | 1.2(0.8-1.9)
Wood dust Unexposed | 373 (96.9) | 283 (95.3) ) 1(-)
Exposed 12 (3.1) 14 (4.7) 1.5(0.7-3.4) | 1.2(0.5-2.9)
Medicine Unexposed | 373 (96.9) | 295 (99.3) ) 1(-)
Exposed 12 (3.1) 2 (0.7) 0.2 (0.05-1) | 0.2 (0.05-1.1)
Radiation Unexposed | 341 (88.6) | 231 (77.8) ) 1(-)
Exposed 44 (11.4) | 66(22.2) | 2.2(1.5-3.4) | 2.1(1.3-3.3)
Sunlight Unexposed | 343 (89.1) | 235 (79.1) 1(-) 1(-)
Exposed 42 (10.9) | 62(20.9) | 2.2(1.4-3.3) | 2.1(1.3-3.4)
Organic Unexposed | 345 (89.6) | 254 (85.5) ) 1(-)
Solvents Exposed 40 (10.4) | 43(14.5) | 1.5(0.9-2.3) | 1.4(0.8-2.3)
Glues Unexposed | 381 (99) | 284 (95.6) 1(-) 1(-)
Exposed 4 (1) 13 (4.4) | 44(1.4-135) | 35 (1.1-11)
Paints Unexposed | 364 (94.5) | 278 (93.6) 1(-) 1(-)
Exposed 21 (5.5) 19 (6.4) 1.2 (0.6-2.2) | 1.2(0.6-2.4)
Gasoline Unexposed | 365 (94.8) | 284 (95.6) 1(-) 1(-)
Exposed 20 (5.2) 13 (4.4) 0.8 (0.4-1.7) | 0.7 (0.3-1.5)

* OR adjusted for gender, age (5 years intervals), years of schooling (categorical), region and
family history of cancer.
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Regarding exposure to medicine, a non-significant negative association was found with B-
NHL risk (adjusted OR=0.2, 95%CI: 0.05-1.1). Further, occupational exposure to animals
was not associated significantly with the risk of B-NHL, but exposure to meat products and
animal skin both non-significantly reduced the risk of NHL (Table 5.6). As for other
exposures considered in this analysis, neither exposure to wood dust, nor exposure to flour
or cleaning agents were associated with risk of B-NHL. Controversially, exposure to hair

dyes was non-significantly associated with increased B-NHL risk (Table 5.6).

5.3.3Agricultural activities and the risk of B-NHL

Gardening as a hobby

Practicing gardening as a hobby was found to be associated with significant increase in the
risk of B-NHL (adjusted OR=1.6). Moreover, outdoor gardening increased the risk of B-
NHL by 2 folds and there was a significantly increased dose response relationship between
number of weekly hours spent gardening and the risk of B-NHL, but neither the type of
crops nor the use of pesticide showed significant associations (Table 5.7).

Table 5.7: Association between B-NHL and practicing gardening as a hobby.

Controls Cases OR OR*
n (%) n (%) (95%CI) (95%Cl)
Gardening as a hobby | No 226 (58.4) | 138 (45.5) 1(-) 1(-)
Yes 161 (41.6) | 165 (54.5) | 1.7 (1.2-2.3) | 1.6 (1.1-2.2)
Type of gardening Never 226 (58.9) | 138 (45.7) 1(-) 1(-)
Indoor 50 (13) 29(9.6) | 1.0(0.6-1.6) | 0.7 (0.4-1.3)
Outdoor | 101 (26.3) | 127 (42.1) | 2.1(1.5-2.9) | 2.1(1.4-3)
Both 7 (1.8) 8 (2.6) 1.9(0.7-5.3) | 1.8 (0.3-5.8)
Frequency Never 226 (60.6) | 138 (46.3) 1(-) 1(-)
(hours/week) <20 130 (34.9) | 130 (43.6) | 1.6 (1.2-2.3) | 1.6 (1.1-2.2)
>20 17 (4.6) 30 (10.1) | 2.9(1.5-5.4) | 2.7 (1.4-5.3)
Grow fruit & Other 35(22.7) | 44 (27.2) 1(-) 1(-)
vegetable Crops 119 (77.3) | 118 (72.8) | 0.8 (0.5-1.3) | 0.8 (0.5-1.4)
Pesticide use in No 73 (47.4) | 73(48.3) 1(-) 1(-)
gardening Yes 81(52.6) | 78(51.7) | 1.0(0.6-1.5) | 0.9 (0.5-1.5)

* OR adjusted for gender, age (5 years intervals), years of schooling (categorical), region and family

history of cancer.

Subsistence farming

Table 5.8 shows the association between B-NHL risk and practicing subsistence farming

and some of the related exposure to this practice. There was a non-significant association

for practicing subsistence agriculture among Palestinians, but
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pesticides and animals elevated the risk almost 3 times for pesticides and 4.5 times for
animals, although non-significantly. In addition, exposure to sunlight was significantly
associated with elevated risk of B-NHL (adjusted OR=14.3, %95ClI: 2.8-71.7).

Table 5.8: Association between B-NHL and subsistence farming.

Cg?ﬁ/ro‘;'s E"z‘g‘/i‘;’ OR (95%CI) | OR* (95%CI)

Subsistence | Ever 335 (89.8) | 243 (88) 1(-) 1(-)
agriculture”™ | Never 38(10.2) | 33(12) 1.2 (0.7-2) 1.2 (0.7-2.2)

Pesticide | Unexposed | 27 (71.1) | 16 (48.5) 1(-) 1(-)
Exposed 11(28.9) [17(51.5) | 2.6(1-6.4) | 2.8(0.8-10.2)

Animal | Unexposed | 33(86.8) | 26 (78.8) 1(-) 1(-)
Exposed 5(13.2) | 7(21.2) | 1.8(0.5-6.2) | 4.5(0.8-26)

Sunlight | Unexposed | 32 (84.2) | 16 (48.5) 1(-) 1(-)
Exposed 6 (15.8) | 17 (51.5) | 5.7 (1.9-17.2) | 14.3 (2.8-71.7)

* OR adjusted for gender, age (5 years intervals), years of schooling (categorical), region and
family history of cancer.
**analysis excluded agricultural workers.

Table 5.9: Risk of B-NHL among housewives.

Controls Cases R*
Category n (%) n (%) OR (95%CI) (9?%CI)

Subsistence | Unexposed” | 167 (91.8) | 112 (90.3) 1() 1()
farming Exposed 15 (8.2) 12(9.7) | 1.2(0.5-2.6) | 1.6 (0.6-4.1)

Cleaning Unexposed 114 (62.6) | 67 (54) 1(-) 1(-)
agents exposed 68 (37.4) 57 (46) 1.4 (0.9-2.3) | 1.6 (0.9-2.6)

Meat Unexposed 177 (97.3) | 123 (99.2) 1(-) 1(-)
Products exposed 5(2.7) 1(0.8) 0.3(0.03-2.5) | 2(0.1-34.9)

Flour Unexposed 168 (92.3) | 117 (94.4) 1(-) 1(-)
exposed 14 (7.7) 7 (5.6%) | 0.7 (0.3-1.8) | 1.6 (0.5-4.7)

Farming and | Unexposed 166 (91.2) | 113 (91.1) 1(-) 1(-)
sunlight exposed 16 (8.8) 11 (8.9) 1(0.5-2.3) |1.3(0.5-3.1)

Farming and | Unexposed 213 (95.5) | 129 (86) 1(-) 1(-)
pesticides exposed 10 (4.5) 21 (14) 3.5(1.6-7.6) | 3.3(1.3-8.2)

Farming and | Unexposed 172 (94.5) | 119 (96) 1(-) 1(-)
animals exposed 10 (5.5) 5(4) 0.7 (0.2-2.2) | 0.9 (0.2-3.2)

* OR adjusted for age (5 years intervals), years of schooling (categorical), region and family

history of cancer.

** Unexposed group include housewives who never practiced agriculture.

Housewives

Although Palestinian housewives were not found to be at risk of B-NHL, those who
reported being involved in subsistence farming duties had a 60% increase in the risk of B-
NHL. In addition, exposure to cleaning agents, meat products and flour among housewives
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non-significantly increased the risk of B-NHL, and exposure to sunlight and animals along
with being a housewife and practicing subsistence agriculture wasn’t associated with risk
of B-NHL. Additionally, exposure to pesticides along with being a housewife practicing

subsistence agriculture significantly increased the risk of B-NHL to 3.3 (Table 5.9).

Table 5.10: Association between B-NHL and ever employment in different industries.

*
Industry | Category Cg'g};(;'s r??;e); OR (95%Cl) (9?02(:')
Agriculture Never 218 (94.8) 171 (89.1) 1(-) 1(-)
Ever 12 (5.2) 21 (10.9) 2.2 (1.1-4.7) 1.7 (0.8-3.9)
Crop farming Never 222 (96.5) 175 (91.1) 1(-) 1(-)
Ever 8 (3.5) 17 (8.9) 2.7 (1.1-6.4) 2.4 (0.9-6.2)
Livestock or Never 225 (97.8) 187 (97.4) 1(-) 1(-)
mixed farming | Ever 5(2.2) 5 (2.6) 1.2 (0.3-4.2) 0.5(0.1-2.2)
Textile Never 212 (92.2) 169 (88) 1(-) 1(-)
Ever 18 (7.8) 23 (12) 1.6 (0.8-3.1) 1.9 (0.9-4.1)
Wood Never 219 (95.2) 182 (94.8) 1(-) 1(-)
Ever 11 (4.8) 10 (5.2) 1.1 (0.5-2.6) 0.8 (0.3-2.2)
Metal production | Never 219 (95.2) 184 (95.8) 1(-) 1(-)
Ever 11 (4.8) 8(4.2) 0.9 (0.3-2.2) 0.9 (0.3-2.2)
Electrical & Never 221 (96.1) 185 (96.4) 1(-) 1(-)
electronic repair Ever 9 (3.9) 7 (3.6) 0.9 (0.3-2.5) 1.1 (0.4-3.3)
Mechanics Never 222 (96.5) 185 (96.4) 1(-) 1(-)
Ever 8 (3.5) 7 (3.6) 1.1 (0.4-3) 0.8 (0.3-2.4)
Construction Never 173 (75.2) 142 (74) 1(-) 1(-)
Ever 57 (24.8) 50 (26) 1.1 (0.7-1.7) 0.8 (0.5-1.4)
Painters Never 221 (96.1) 187 (97.4) 1(-) 1(-)
Ever 9 (3.9 5 (2.6) 0.7 (0.2-2) 0.8 (0.2-2.6)
Trade Never 212 (92.2) 175 (91.1) 1(-) 1(-)
Ever 18 (7.8) 17 (8.9) 1.1 (0.6-2.3) 1.3 (0.6-2.6)
Education Never 197 (85.7) 169 (88) 1(-) 1(-)
Ever 33 (14.3) 23 (12) 0.8 (0.5-1.4) 1.1 (0.6-2.2)
Health and social | Never 192 (83.5) 183 (95.3) 1(-) 1(-)
work Ever 38 (16.5) 9 (4.7 0.2 (0.1-0.5) 0.2 (0.1-0.6)
Protection Never 225 (97.8) 180 (93.8) 1(-) 1(-)
services Ever 5(2.2) 12 (6.2) 3(1.-8.7) 2.7 (0.8-9.1)
Office based Never 195 (84.8) 177 (92.2) 1(-) 1(-)
occupations Ever 35 (15.2) 15 (7.8) 0.5 (0.2-0.9) 0.05 (0.2-1)
Cleaners Never 212 (92.2) 178 (92.7) 1(-) 1(-)
Ever 18 (7.8) 14 (7.3) 0.9 (0.4-1.9) 0.9 (0.4-2)
Transportation Never 206 (89.6) 181 (94.3) 1(-) 1(-)
Ever 24 (10.4) 11 (5.7) 0.5(0.2-1.1) 0.5(0.2-1.3)
Food production | Never 215 (93.5) 182 (94.8) 1(-) 1(-)
Ever 15 (6.5) 10 (5.2) 0.8 (0.3-1.8) 0.7 (0.3-1.6)
Personal services | Never 225 (97.8) 187 (97.4) (-) ()
Ever 5(2.2) 5 (2.6) 1.2(0.3-4.2) | 25(0.6-10.2)
Hairdressers Never 227 (98.7) 187 (97.4) 1(-) 1(-)
and beauticians | Ever 3(1.3) 5 (2.6) 2 (0.5-8.6) 5.3 (0.9-30.6)

* OR adjusted for gender, age (5 years intervals), years of schooling (categorical), region and
family history of cancer.
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5.5.4 Occupational history and risk of B-NHL

Table 5.10 shows the distribution of study subjects in the various industries and the
association with B-NHL. Employment in agriculture was associated with non-significantly
increased risk of B-NHL. The risk of B-NHL was even higher for crop farmers. In contrast,

livestock farmers were found to have decreased risk.

Several other industries showed positive association with B-NHL risk, but most were
insignificant. Those include employment in the textile industry, personal services and
protection services. Interestingly, hairdressers and beauticians had 5-folds increased risk
for B-NHL, although the numbers were very small.

On the contrary, employment in the health sector was found to be associated with
significantly decreased risk of B-NHL and employment in office based (white collar) jobs
showed decreased risk with borderline-significance. The risk of B-NHL was also found to
be lower among those employed in transportation sector, although the association was not

statistically significant.
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Chapter Six: Discussion, Conclusions, Limitations and Recommendations

This case-control study of 307 cases and 394 controls was designed and conducted to study
the occupational risk factors and other risk factors of B-NHL for the first time in Palestine.
The results of this study shed light on the urgent needs for occupational health programs
for assessment and identification for areas for intervention and prevention. This chapter
highlights and discusses the major findings and the conclusions derived based on the study,

in addition to the limitations of the study and our recommendations.

6.1 Discussion

6.1.1 Characteristics of study subjects and family history

The study included 307 cases from the major Palestinian hospitals providing services to
cancer patients. Palestinian NHL cases were found to have a median age at diagnosis
almost 10 years younger than in developed countries (CancerResearchUK, 2016; Smith et
al., 2015).These finding have been consistent with reports from Asian countries (Mozaheb,
2012), India (Nair et al., 2016), Egypt (Abdel-Fattah & Yassine, 2007), Jordan (Almasri et
al., 2004), Saudi Arabia (Rauf et al., 2015), Iraq (Yaqo et al., 2011), Kuwait (Ameen et al.,
2010) and other developing countries (Perry et al., 2016b).

Furthermore, although DLBCL is the most common NHL subtype worldwide, the higher
rates of DLBCL in the developing countries along with lower rates of FL compared to
developed countries suggests involvement of genetic factors, or progression of less
aggressive lymphomas such as FL and MZL to more aggressive forms of the disease
(Mozaheb, 2012; Perry et al., 2016a).
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Gender and age are established risk factors for NHL worldwide. Males are at greater risk
of NHL, and the risk after the age of 60 is almost three times higher (Alexander et al.,
2007; Boffetta, 2011). In our analysis the male-to-female ratio was 1:1. Previous reports
reported 50% higher risk among men in USA (Fisher & Fisher, 2004), approximately 1.2:1
in the UK (CancerResearchUK, 2016). In addition, in Oman the male to female ratio was
1.7 (Nooyi & Al-Lawati, 2011), and similar ratios were also reported in Kuwait, Qatar,
Saudi Arabia and United Arab Emirates (Al Hamdan et al., 2009).

As an indicator for socioeconomic status we considered years of schooling. Cases had
significantly lower education level compared to controls. National surveys showed that
about 9% of Palestinians never attended school by the end of 2016, whereas 13.5% had
between 1 to 6 years of schooling in the primary education level, 38% had between 7-9
years, 21% had between 10-12 and 18% had at least 13 years of schooling (PCBS, 2016c).

Family history of cancer is a strong indicator for genetic predisposition and genetic
susceptibility to NHL; family history resembles the interaction between genetic
susceptibility and shared behaviors and environmental exposures (Wang et al., 2007). In
this study having a family history of cancer among first or second degree relative
significantly increased the risk of NHL. The Scandinavian Lymphoma Etiology (SCALE)
study reported an association between risk of NHL and having a father or sibling with
history of cancer but not a mother, in addition, family history of hematopoietic malignancy
was associated with risk of NHL with an OR of 1.8, the odds of the disease increased 2-
folds when that family member was a sibling. Among parental history, having a father with
hematopoietic malignancy was a better predictor for NHL risk (Chang, Smedby, Hjalgrim,
et al., 2005). Furthermore, an Italian study reported a significant increase in the risk of
NHL by 3-folds among people with first degree relative history of hematopoietic
malignancy, and a history of any cancer among first degree relatives was associated with
increased NHL risk, a dose response relationship with the number of relatives affected was
observed (Negri et al., 2006). Another study of NHL risk and family history did not find
any association between family history of any site of cancer and the risk of NHL
(Chatterjee et al., 2004).

Furthermore, only half of the study subjects reported ever being enrolled in the workforce

and males had higher employment rates. Last workforce reports among Palestinians
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reported 46% participation rate during 2014 and 2015, among males the participation rate
was approximately 72% while among females the rates did not reach 20% (PCBS, 2016b).
The higher employment rates among the control group in both males and females might be
due to the fact that in the study we examined both job history and current employment

therefore it reflects prevalence.

6.1.2 Residential exposures

We examined the association between indoor use of pesticide and the risk of B-NHL and
found that application of pesticides for at least once per month significantly increased the
risk of B-NHL. In addition, as the frequency of use increased, the risk increased
significantly. In a case-control study done in lowa, Los Angeles County, and the Detroit -
and Seattle metropolitan areas home and garden use of pesticide was examined and a
positive association between house treatment for termites and the risk of NHL was found,
but not for all or other insect treatments (Colt et al., 2006). Furthermore, Buckley and his
colleagues found that using pesticides at home with increased frequency increased the risk
of NHL by 7-folds (Buckley et al., 2000).

Moreover, contact with pets or large domestic animals was found to be significantly
associated with increased risk. Similar findings for contact with domestic animals during
childhood were observed in a study held in Denmark and Sweden, the reported OR was 1.1
(95%ClI: 1-1.2) (Smedby et al., 2007). Moreover, a Canadian study found a positive
association between raising farm animals including pigs, bison, elks and ostriches and the
risk of NHL (McDuffie et al., 2002). In contrast, exposure to household pets was not found
to be associated with NHL risk in a study in Sweden (Dryver et al., 2004). Contact with
animals is a proxy for infections. Infections that occur early in life are crucial in the
development of immune system. Increased susceptibility to infections has shown
contradicted results (Goldin et al., 2011; Grulich et al., 2005).

6.1.3 Occupational risk factors of B-NHL

Identification of the specific agents in each occupation is the main goal in occupational
studies, but it is hard to obtain accurate exposure data by self-reporting, especially for past
exposures since they are prone to recall bias or might be never even known. Therefore, two
aspects of exposures that complete each other were considered in this study. The first was

to look into classes of exposures that might influence the risk of the disease. The second
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was to classify exposures by industry, which makes identifying specific etiologic factors
more difficult to identify but overcome the disadvantages of recall bias (Scherr et al.,
1992) . In addition, differential misclassification as a result of reliance on self-reporting is

hard to be estimated; cases generally tend to recall their past exposures better than controls.

ISCO-08 classification depends in its structure on skill level and skill specialization, which
are connected to the level of knowledge and education required in the occupation (ILO,
2008). Regarding occupational characteristics of subject, cases in our analysis were found
to be more likely employed in elementary occupations, services and sales, and trades and
related occupations, but less likely to be employed in occupations that require higher skill
levels (major groups 1-4). This distribution is consistent with the previous finding of low

educational level among cases.

Furthermore, odd exposures that were not in line with those expected after conducting the
walkthrough were excluded. It is noteworthy to point to the possibility of under-reporting
for some exposure classes that are not well known among the general population such as
inorganic solvents, EMF, and ionizing radiation. Therefore, exposures with low counts

were either grouped to a relevant major exposure category, or not included in this analysis.

6.1.3.1 Pesticides, radiation, animals, flour and the risk of B-NHL

The association between pesticide exposure and NHL has been long studied. Our findings
supported the presence of an association between exposure to pesticides and NHL risk on
more than one level. First, a significantly increased association between occupational
exposure to pesticide and B-NHL risk was found (Table 5.6). Second, employment in
agriculture increased the risk of B-NHL, especially among those who reported employment
in agriculture as vegetable and crop farmers (Table 5.9). The risk of NHL among farmers
was continuously reported to be increased ('t Mannetje et al., 2008; La Vecchia et al.,
1989; Zheng et al., 2002). In addition, a study in Canada reported increased risk among
farmers that have worked for more than 10 years (Karunanayake et al., 2008) and another
study conducted among men and women in northern Germany reported an increased risk
between being an agricultural worker and risk of both high and low grade NHL
(Richardson et al., 2008). Furthermore, several previous investigations of pesticide
exposure and NHL risk observed a positive association (Mao et al., 2000; Pahwa et al.,

2012; Salem et al., 2014). Genotoxic and non-genotoxic mechanisms of pesticide-induced
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lymphomagenesis have been proposed. Demonstrated causes of the association included
contamination with byproducts such as polychlorinated biphenyls (PCBs), dioxins, and
furans. In addition, the role of pesticides themselves as carcinogens and their role in
hepatotoxicity, immunotoxicity and endocrine disruption were reported (Dreiher &
Kordysh, 2006). Contrary to our findings, other studies found no association between
working in agriculture and the risk of NHL (Chia et al., 2012; Dryver et al., 2004; Mester
et al., 2006; Schenk et al., 2009; Zheng et al., 2002), or exposure to pesticide and the risk
of NHL (Dryver et al., 2004; McDuffie et al., 2001).

The Palestinian society is known to be an agricultural society rather than an industrial one.
The household farming survey of 2015 that looked into the availability of garden in
Palestinian households and its use in agricultural activities and keeping domestic breeding
stock reported that 33% of households in the West Bank have gardens, and that
approximately 94.1% utilized them for agricultural activities. They also reported that the
most cultivated crops were horticultural trees including olive trees and citrus trees, and
temporary (vegetables and field) crops. In addition, 10% of households in Palestine reared
domestic livestock such as sheep, goats, poultry and bee hives. Furthermore, 98% of those
using gardens in agricultural activities consumed the products for household (PCBS,
2016a). Another report by the PCBS indicated that 58.1% of holders’ main occupation was
not agriculture and that one third of the employees were permanent unpaid family
members, whereas, approximately 40% were temporary unpaid family members. As for
waged employees, they comprised 27% of laborers of which only 2.4% were permanent
(PCBS, 2012). Moreover, only 8.7% of the Palestinian labor force are employed in the
agriculture industry (PCBS, 2016b). Domestic farming and utilizing unpaid family
members in farm work were considered in our analysis; we examined the association
between subsistence farming generally and among housewives, and the risk of B-NHL. In
addition, we further studied the risk of exposures encountered among these groups. No
significant increase in the risk of B-NHL was found among subsistence farmers, but
housewives involved in farming were found to have 60% increase in the risk of B-NHL
compared to ordinary housewives. Furthermore, no significant association between B-NHL
risk and pesticide use in gardening was found (Table 5.7), but pesticide exposure among
subsistence farmers increased B-NHL risk by 2.8-folds (Table 5.8) and among housewives
who reported exposure to pesticides and having farming duties as part of their domestic

tasks the risk increased by 3.3-folds (Table 5.9). In a population-based case-control study
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conducted in eastern Nebraska among women no increased risk was associated with ever
living or working in a farm, but among women who reported personally mixing or
applying pesticides a small increase in the risk was found. In addition, handling
organophosphate insecticides increased the risk of lymphoma by 4.5-folds, and use of
chlorinated hydrocarbon insecticides on dairy cattle increased the risk by 3-folds (Zahm et
al., 1993). Similarly, a positive association with a significant dose-response relationship
among women who were exposed to pesticides was observed by a Canadian study (Mao et
al., 2000).

Moreover, in a recent study on farming practices in the West Bank, it was found that two-
thirds of crop farmers reported using herbicides and fungicides to sterilize the soil, and a
common use of chemically treated seeds with fungicides. The study also reported irrational
use of pesticides among Palestinian farmers (Harb et al., 2016). Other studies in Palestine
reported overuse of pesticides, not considering the appropriate pre-harvest interval after
pesticide application, and poor knowledge and use of personal protective equipment.
Furthermore, pesticide misuse is reported as a major health problem in most developing
countries (Al-Sa' ed et al., 2011; Al-zain & Mosalami, 2014; Harb et al., 2016; Issa et al.,
2010; Yassin et al., 2002; Zyoud et al., 2010).

Farmers are subject to a wide range of exposures that may also be related to NHL risk. In
addition, to pesticides; exposure to sunlight, fertilizers, organic and inorganic dusts, engine
fuels, animals and zoonotic infections are common among farmers. Harb and his
colleagues reported, in addition to pesticide use among Palestinian farmers, that in 68% of
farms chemical fertilizers such as (25% P,0s) and 21% NH,4 were added, and 80% used
organic fertilizers. The misuse of these materials was also reported. Moreover, it was
common to use hormones to get better harvest (Harb et al., 2016). Furthermore, among
Palestinians, the Household Survey reported that 10% of households in Palestine reared
domestic livestock such as sheep, goats, poultry and bee hives (PCBS, 2016a).

Occupational exposure to radiation and electromagnetic fields, whether ionizing or non-
ionizing, has been hypothesized to cause cancer, therefore, its role in etiology of NHL has
been suggested and investigated, but results were inconsistent and not strong enough to
support such evidence (Band et al., 2004; Freedman et al., 1997; Pearce & Bethwaite,

1992). On the other hand, Exposure to ionizing radiation was found to be insignificantly
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associated with NHL risk in a previous case-control study in Sweden and exposure to low
frequency magnetic fields was associated with an increased risk with borderline
significance (Dryver et al., 2004). In this study exposure to radiation was associated with
2-folds increased risk. Radiation exposure pooled several radiation types including UV,
ionizing radiation, electromagnetic fields and exposure to sunlight, the latest was the most
reported therefore we looked into it separately from the other types of radiation. Sunlight
exposure was significantly associated with increased risk of B-NHL, and among
subsistence farmers who reported exposure to sunlight the risk was 14 times higher, but not
among housewives with agricultural duties. The association between sunlight exposure and
NHL risk was supported by a previously held population based case-control study
(Hakansson et al., 2001; Zhang et al., 2007), but the current evidence does not support
these findings. The increased risk for NHL among those with history of melanoma and
skin cancers and the immunosuppressive effect of sunlight exposure led researchers to
hypothesize that sun exposure increase the risk of NHL but recent studies contradicted this
hypothesis and reported 25-40% reduction in the risk of NHL for sun exposure.
(Armstrong & Kricker, 2007; Bassig et al., 2012; Hakansson et al., 2001).

Workers in metal manufacturing and fabricating occupations and workers in electrical and
electronic repair industry are occupationally exposed to various types of radiation. Our
study was not able to detect an association between metal workers and the risk of B-NHL.
Previous studies reported increased risk welders and solderers, this association was found
to be related to exposure to heavy metals such as arsenic, nickel, cadmium, lead,
chromium, and mercury ('t Mannetje et al., 2008; Band et al., 2004; Karunanayake et al.,
2008; Zheng et al., 2002). In addition, in a population-based case-control study in
Germany, elevated risk among blacksmiths, toolmakers, and machine tool operators for
low grade lymphomas was observed (Richardson et al., 2008). Furthermore, employment
in metalworking industries was found to be associated with a significantly increased risk of
NHL among men in Kansas and Nebraska. Exposure to metals and organic solvents
welding fumes, metal fumes and electromagnetic fields were suggested to explain this
association ('t Mannetje et al., 2016; Zheng et al., 2002). Controversially, exposure to
welding fumes was not found to be associated with risk of NHL in a study in southern
Sweden, but employment as a welder was associated with 40% increased NHL risk.

Furthermore, exposure to nickel, zinc and cadmium were not found to be associated with
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NHL risk and neither did employment in smithwork industry or silver plating (Dryver et
al., 2004).

Similarly, ever employment as an electrical and electronic repairer was not found to be
associated with B-NHL risk in this study. Previous studies among repair workers were
inconsistent, some studies found increased risk among technicians and electricians (Band
et al., 2004; Karunanayake et al., 2008). Furthermore, an increased risk among male
electrical and electronic equipment repairers who had worked at their job for at least 10
years for all NHL subtypes was also observed previously. Exposure to electromagnetic
fields, solvents and polychlorinated biphynels were reported as possible causal agents in
this association ('t Mannetje et al., 2016; Mester et al., 2006; Neasham et al., 2011; Zheng
etal., 2002).

Exposure to animals and animal products was suggested to increase farmer’s risk to
lymphoproliferative malignancies. Explanations for this association included exposure to
zoonotic infectious agents (Svec et al., 2005). Furthermore, contact with animals and meat
products leads to prolonged antigenic stimulation which in combination with other factors
may act to induce cancer of lymphoid tissue ('t Mannetje et al., 2008; Boffetta & de Vocht,
2007). In our investigation, no association between exposure to animals and B-NHL risk
was found, and among livestock and mixed crop and livestock farmers, a 50% reduction in
NHL risk was found (Table 5.9). Additionally, animal exposure among housewives who
reported subsistence farming activities was not associated to NHL risk (Table 5.8). On the
other hand, contact with domestic animals increased the risk of B-NHL by 1.9-folds (Table
5.3) and animal exposure among subsistence farmers increased the risk by 4.5-folds (Table
5.8). Exposure to farm animals was reported to be associated with 25% reduction in the
risk of NHL in southern Sweden (Dryver et al., 2004). In contrast, several studies reported
increased risk among livestock farmers, animal breeders and veterinarians ('t Mannetje et
al., 2008; Boffetta & de Vocht, 2007; Svec et al., 2005).

Upon considering agricultural exposures, it is important to keep in mind that exposure to
these agents is not restricted to farmers, but workers in other industries experience these
exposures too. Exposure to meat products is common among butchers, cooks and other
food preparation occupations, in addition to housewives. Exposure to meat products was

associated with non-significant 60% reduction in NHL risk in our analysis and workers in
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food manufacturing and preparation industries experienced marginal reduction in B-NHL.
Controversy, a 2-folds increase in the risk was found among exposed housewives, although
this finding was based only on one exposed case. Theories suggest that zoonotic viruses
such as bovine leukemia virus might explain the possible association between NHL and
meat exposure. Other theories related it to chronic antigenic stimulation caused by animal
proteins (Neasham et al., 2011; Svec et al., 2005). Furthermore, both housewives and
workers in food production industry are susceptible to exposure to flour too, which was not
associated with risk of B-NHL in this analysis. Further, individual analysis of housewives
revealed 60% increase in B-NHL risk among housewives who reported exposure to flour.
Employment in food industry was previously reported to be associated with slightly
decreased risk of NHL mortality (Svec et al., 2005). On the other hand, a multicenter
prospective cohort study of 348,555 European subjects, in addition to several other studies,
found a statistically significant increased OR among butchers ('t Mannetje et al., 2016;
Boffetta & de Vocht, 2007; McLean et al., 2004; Neasham et al., 2011; Zheng et al., 2002).

6.1.3.2 Infections, cleaning agents, medicine, hair dyes and B-NHL risk

Triggers of immune responses, possibly stimulate lymphocyte proliferation, leading
consequently and as a result of recurrent exposure, to increased risk of NHL (Svec et al.,
2005). Several infectious agents have been linked to NHL risk and occupations that
increase the susceptibility to infections through contact with public, animals, and body
fluids have also been investigated (Svec et al., 2005). Exposure to infections was
significantly associated with risk of B-NHL in our study (adjusted OR=2.7, 95%CI: 1.5-
4.9) (Table 5.6). Furthermore, previously published analysis on the association between
infection with HBV and risk of B-NHL among Palestinians supports the current finding
(Kleinstern et al., 2016).

In this analysis, ever employment as a teacher or in the trade sector was not found to
contribute to the risk of NHL. Moreover, the risk among hairdressers was elevated, and a
negative association between B-NHL risk and ever employment in office-based
occupations with borderline significance was found, and employment in health and social
work services was significantly associated to decreased risk (Table 5.10). Previous studies
have reported increased risk among teachers (Boffetta & de Vocht, 2007; Miligi et al.,
1999; Zheng et al., 2002), especially teachers of primary levels ('t Mannetje et al., 2008).

In addition, health and social workers (Band et al., 2004), salesmen and secretaries (Linet
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et al., 1993), hairdressers and cosmetologists (Lamba et al., 2001; Svec et al., 2005) were
found at increased risk.

Among healthcare workers it was hypothesized that the increased risk is associated to
exposure to solvents, antineoplastic drugs, night shifts, ionizing and nonionizing radiation,
sterilizing agents in addition to infectious agents ('t Mannetje et al., 2016; Ji & Hemminki,
2006; Mester et al., 2006). In our study a significant decrease among healthcare workers in
the risk of B-NHL was found (Table 5.10) and exposure to medicine reduced the risk non-
significantly to 0.2 (Table 5.6). Furthermore, occupational exposure to infected blood is
one of the strongest risk factors of hepatitis infections (Alter, 2007). Possible association
between HCV infection and NHL considering its association to lympho-proliferative
diseases and the virus’s role in B-cell regulation has been studied extensively (Gisbert et
al., 2003; Matsuo et al., 2004). Prevalence of both HCV and HBV are higher in the
developing countries and experiencing steady increase (Alter, 2007).

Hair dyes were proven by animal studies to contain possible mutagenic or carcinogenic
aromatic amines (de Sanjose et al., 2006; Takkouche et al., 2005). Previous studies
showed positive relationship between hair dyes and bladder cancer (Gago-Dominguez et
al., 2001). As for NHL, results have been inconsistent, and have been reported to vary by
type of product, period, duration, and intensity of use, in addition to variations of
association with different NHL subtypes. Moreover, hairdressers are prone to exposure to
infectious agents as a result of contact with the public, and exposure to hair permanent
solutions, various solvents and ammonia all of which are hypothesized as etiologic factors
of NHL ('t Mannetje et al.,, 2016; Karunanayake et al., 2008; Miligi et al., 1999).
Exposure to hair dyes was found to increase B-NHL risk by 2.7 folds (Table 5.6) and
hairdressers and beauticians had 500% increase in the risk of B-NHL according to our
findings (Table 5.10). These findings are consistent with previously published findings on
the association between personal use of black hair dyes and overall risk of B-NHL among
Palestinians (Kleinstern et al.,, 2017). Furthermore, contrary to our findings, several
previous studies did not find association for exposure with hair dyes (Dryver et al., 2004;
Mao et al., 2000). Among Palestinian hairdressers a cross-sectional study found that in
Hebron city hairdressers had adverse respiratory symptoms, and through checking the

workplace conditions they reported that most salons lacked proper ventilation to reduce
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exposure to hazardous materials, and that very few salons provided proper protective
equipment (Nemer et al., 2013).

Exposure to cleaning agents wasn’t associated with significant increase of B-NHL risk,
neither was employment in cleaning and building services. On the contrary, among
housewives, 60% increase in B-NHL risk was found for exposed housewives. Several
epidemiological studies have reported increased risk among launderers and dry-cleaners
that may come in contact with aliphatic chlorinated solvents and aromatic organic solvents
with potentially carcinogenic effects such as trichloroethylene, tetrachloroethylene,
chloroform, carbon tetrachloride, and methylene chloride ('t Mannetje et al., 2016; 't
Mannetje et al., 2008; Lynge et al., 2006; Schenk et al., 2009; Zheng et al., 2002).

6.1.3.3 Wood dust, organic solvents and risk of B-NHL

Exposure to wood dust and ever employment in wood industry were not found to be
associated to NHL risk (Tables 5.6 and 5.10). On the contrary, an Australian study
observed significant association between exposure to wood dust and NHL risk (Fritschi et
al., 2005). Furthermore a pooled analysis of 10 international case-control studies and other
previous studies did not support an evidence for association between employment in wood
industry and NHL risk (Boffetta & de Vocht, 2007). Among wood workers, exposure to
arsenic compounds was reported to be a predictor of NHL risk (Richardson et al., 2008).
Arsenic insecticides are basically used to protect farm fencing materials in addition to use
in vineyards and sheep-dips, and has been established as a human carcinogen (Pearce &
McLean, 2005). Risk of NHL among wood workers has also been attributed to exposure to
solvents including benzene and formaldehyde and to treatments used during processing or
preservation such as fungicides, coal-tar derivatives, arsenic pesticides, wood proofing, and
lacquers and varnishes ('t Mannetje et al., 2016; Band et al., 2004; Boffetta & de Vocht,
2007; Dryver et al., 2004; Mao et al., 2000). Furthermore, exposure to wood dust was also
reported among workers in pulp and paper industries, lumber and sawmill industry,
furniture industry, carpenters, fencing workers, forestry workers and some construction
workers but with lower levels (Mao et al., 2000). Contamination of wood dust should be

considered in assessment of association between wood dust and NHL risk.

Construction workers are prone to a wide range of exposures and exposure status might

change between tasks and sites. Exposure to sunlight, paints, paint thinners and strippers,
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dusts, asbestos are plausible agents in the association. In our analysis no association
between employment in construction and NHL risk was found (Table 5.10). Results of
previous studies were not consistent. Increased risk of NHL was reported previously
among workers in construction and engineering ('t Mannetje et al., 2008; Richardson et al.,
2008).

Several studies have reported causative relationship between NHL and exposure to organic
solvents (Mao et al.,, 2000; Tatham, Tolbert, & Kjeldsberg, 1997). The suggested
mechanism of action includes immunotoxicity (Vineis et al., 2007). Exposure to organic
solvents in our study was not found to be associated with B-NHL risk. A French study that
investigated the association between lymphoid neoplasms and occupational exposure to
organic solvents in men observed a marginal association for exposure with NHL risk
(OR=1.4, 95%CI: 1.0 to 2.0), but neither intensity nor frequency of exposure showed
trends with risk (Orsi et al., 2010). Furthermore, a large population-based case-control
study of 1,591 cases and 2,515 controls in San-Francisco Bay Area observed no
association to support a role for solvent exposure as an etiologic factor for NHL (Bassig et
al., 2012). Moreover, a review of epidemiologic literature reported supportive evidence for
the association between NHL risk and exposure to organic solvents, the review included 45
studies and found significant associations in 55.5% of them (Rego, 1998). Among
commonly used organic solvents we examined the association between exposure to paints
and glues. We did not find an evidence for an association between paint exposure or ever
employment as a painter, but exposure to glues was significantly associated with an OR of
3.3. Similarly, Increased risk among painters and decorators has been previously reported
('t Mannetje et al., 2008; Band et al., 2004; Dryver et al., 2004).

Furthermore, gasoline is a petroleum product used mainly as a fuel. Benzene is a
component of gasoline and an established leukemogenic agent; IARC has classified it as
group 1 carcinogen in 1982. In addition, in its recent updates, IARC considered
reassessment of benzene’s association with ALL, CLL, NHL and multiple myeloma (Lan
et al., 2004; Smith et al., 2007; Vlaanderen et al., 2011). In this study gasoline exposure
was more common among controls and a non-significant decrease in the risk of NHL was
observed, but scientific evidence supports a relationship between exposure to benzene and
the risk of lymphoma given its ability to cause chromosomal and genetic changes that are

linked to lymphomagenesis in addition to damaging the bone marrow. Benzene is also used
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commonly in shoe manufacturing, petroleum refining, rubber manufacturing as an
industrial solvent (Smith et al., 2007). A systematic review of 43 case-controls studies of
lymphomas and 26 cohort studies of petroleum refinery workers reported supportive
evidence for a positive association between NHL and exposure to benzene; some elevation
was observed in 93% of the case-control studies and 53% reported statistically significant
associations. Furthermore, 88% of the cohorts reviewed reported higher morbidity and
mortality rates of lymphoma among petroleum workers (Smith et al., 2007). Another
review of 44 cohorts found a meta-relative risk (mRR) of 1 for association between NHL
and benzene exposure (Vlaanderen et al., 2011). Moreover, a case control study in
Southern Sweden reported an increased risk among workers who were exposed to gasoline
(Dryver et al., 2004). Additionally, a previous cross-sectional study of 250 workers
exposed to benzene and 140 controls to study the impact of exposure to low levels of
benzene found significantly low white blood cell and platelet counts and two genetic
variants were found to influence the susceptibility to benzene hematotoxicity providing an

evidence for gene environment interaction (Lan et al., 2004).

Moreover, ever employment as a mechanic was not found to be associated with NHL.
Previous studies among repair workers were inconsistent, some studies found increased
risk among mechanists (Band et al., 2004; Karunanayake et al., 2008). In addition, car
repair workers were found to have 50% increase in the risk of NHL in a cohort study in
Europe (Neasham et al., 2011). Another case-control study in Southern Sweden reported
increased risk among workers in automobile repair who were exposed to gasoline and
aromatic hydrocarbons. In addition, exposure to heavy metals and exhaust fumes among
mechanic was reported to increase the odds of the disease ('t Mannetje et al., 2016; Dryver
et al., 2004; Neasham et al., 2011; Zheng et al., 2002).

Drivers are exposed to automobile emissions and fuels which are hypothesized to increase
their risk of NHL ('t Mannetje et al., 2016; 't Mannetje et al., 2008; Cano & Pollan, 2001;
Richardson et al., 2008; Smith et al., 2007). Yet, employment in transport industry was not
associated with NHL risk in our study (Table 5.10).

Textile workers were found to be at increased risk of B-NHL in our study although the
association wasn’t statistically significant. Multiple specific occupations are classified in

this industry including both garment makers and fabric makers. Textile workers might be
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exposed to solvents, dyes, electromagnetic fields, formaldehyde and infectious agents as a
result of exposure to public ('t Mannetje et al., 2016; Svec et al., 2005).

Furthermore, our findings pointed to an association between employment in protective
services and the risk of NHL (Table 5.10). Upon examining the exposures entailed by
workers it was found that exposures varied from person to another by the workplace,

therefore we were not able to relate this association to a common exposure.

In this study we were able to identify several exposures that were associated with NHL risk
including pesticides, infections and hair dyes. In addition, we identified several industries
that were associated with NHL risk. Farming activities and employment in agriculture
industry apparently entails high risk to NHL. Furthermore, ever employment as a

hairdresser or in protection services was associated with higher NHL risk.

6.2 Conclusions

Farming practices and the uncontrolled use of pesticides are evidently a threat to the health
of Palestinians. Furthermore, the lack of proper occupational health and safety programs
and regulations put workers at the line of danger from suffering of both acute and chronic

health problems; therefore, urgent calls must be made to prevent further harm.

6.3 Limitations

This study is the first to investigate occupational risk factors of B-NHL in Palestine. In
addition, to our knowledge it is the first occupational study that covers the West Bank and
the Palestinian labor force at various industries with different patterns of exposures.
Furthermore, we used two approaches to investigate the association between occupation
and B-NHL. First, we looked directly into specific occupational exposures for association
with NHL, and then we indirectly looked for etiologic factors through looking into the

association between industry and the risk of NHL.

Despite all the efforts provided to strengthen the design and outcomes of this study, there
remain some limitations that may affect the outcomes and the generalizability of this study.
Recall bias in retrospective case-control studies is a universal problem. Although it is
unlikely that recall have significantly affected job history, differential and non-differential

misclassification of exposure status might have affected the ability to detect true

53



associations since it is hard to recall past exposures and that subjects may have been
unaware of being ever exposed. In addition, cases may recall their past exposures better
than controls. In our design we tried to reduce the possibility of differential bias by using

face-to-face interviews rather than self-administered questionnaires.

Moreover, relying on job titles in classification of occupations rather than using task
description might have resulted in a non-differential misclassification between industrial
classes and shifting the association towards the null. In addition, grouping of jobs into
industrial groups masks the heterogeneity of exposure among workers in the same industry
limiting the ability to draw significant associations.

Given the relatively small numbers in each group and the large number of comparisons
made, caution should be taken in the interpretation of our findings since findings are
susceptible to chance. Furthermore, we were unable to stratify the analysis by histologic
subtype, which, as a result of their etiologic heterogeneity, some subtype specific

associations might have skipped our attention.

6.4 Recommendations

For Public Health Practitioners: Occupational health and safety is a goal that can only be
achieved through the practice of each and every individual. Occupational health and safety
promotion programs for workers and employers should be organized. Furthermore, training
programs for workers on safe practices and use of personal protective equipment should
take place regularly and in a workplace specific manner. In addition, the misuse of
pesticides is addressed as a major public health issue among Palestinian farmers; therefore,
education programs are necessary to promote rational use of pesticides for the protection of

workers in the agricultural industry, consumers and the environment.

For Researchers: Further investigations to confirm the current findings with larger
numbers and more reliable exposure assessment approaches should be performed. These
approaches should be based on real biological and environmental measurements of
exposure levels. In addition, further research should examine the total exposure effect and

the association with NHL risk.
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For Decision Makers: Occupational health and safety should be a priority. Regulations
should be developed and implemented and workplace specific safety trainings should be
compulsory for employers to protect the workforce, which is the productive proportion of

the community

For the Ministry of Health: The health information system should be further developed
to facilitate research. Cancer registry is still underdeveloped and requires more attention. In
addition, the most recent recommendations for cancer diagnosis require utilization of state-
of-the-art immunostaining, which provide more accurate diagnosis, and as a result better
treatment plans. Furthermore, occupational health is a neglected area in Palestine that
needs to be prioritized. Specialized practitioners of occupational medicine should be
recruited. In addition, occupational hygienists specialized in all industrial sectors should be

trained.
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Appendix 4.1

Pathology Questionnaire
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Pathology questionnaire:

Patient Name:

Patient Code:

1. Date of Diagnosis: __ [ [/
2. Age at Diagnosis (years) :

3. Date of last follow up: /
4

Hospital of diagnosis:

1. Augusta Victoria
3. Cancer Registry

5. Histological diagnosis:

2.Nablus (National)
4.Beit Jalab.other:

1. DLBCL (large 6. SLL 11. Mycosis fungoides
cell)

2. Follicular 7. Lymphoblastic 12. NHL

3. MALT 8. Low grade lymphoma 13. Hodgkin lymphoma
4. MANTLE 9. B-cell NHL 14. others:

5. Burkitt 10. T-cell lymphoma

6. Immunostain:

A. T cell B.BcellC.unspecified.

1. IHC (P-Positive N- Negative)

2.CD20 (P-Positive N- Negative)
3.CD10 (P-Positive N- Negative)

4.BCL6 (P-Positive N- Negative)

|© |0 I\I o o I

|I—‘
.o

. BCL2 (P-Positive N- Negative)
. CD43(P-Positive N- Negative)
.CD79A (P-Positive N- Negative)
.CD5 (P-Positive N- Negative)
.CD23(P-Positive N- Negative)
kappa (P-Positive N- Negative)

11.lambda (P-Positive N- Negative)
12. CD22 (P-Positive N- Negative)
13. CD19 (P-Positive N- Negative)
14. CD30 (P-Positive N- Negative)
15. CLA (P-Positive N- Negative)
16. ALK (P-Positive N- Negative)
17. CD3 (P-Positive N- Negative)
18. CD2 (P-Positive N- Negative)

70




7. Site of biopsy:

1. Lymph Nodes (LN):
1.1. Cervical LN
1.2. Axillary LN
1.3. Mediastinal &Hylum
1.4. Para aortic LN
1.5. Abdominal LN
1.6. Inguinal LN
1.7. Submandibular LN
1.8. Other LN:

2. Lymphoid Organs:
1. Tonsils

2. Spleen

3. Organs:

3.1. Nasopharynx
3.2. Oropharynx
3.3. Thyroid
3.4. Lungs
3.5. Breast
3.6. Stomach
3.7. Colon
3.8. Small Intestine
3.9. Pancreas
3.10. testes
3.11. Ovaries
3.12. skin
3.13. Brain
3.14. Bone Marrow

3.15. Others organs:

8. Spread of disease:
1. Nodal

9. Stage:
1.1 2. 11

2. Ext

ra nodal 3. Undefined

3. 1 4.1V

10. Presence of B-symptoms (fever, weight loss, night sweat)

1. Yes
11. Treatment received:
1. CHOP

Rituximab

. Other Chemotherapy:

2

3

4. Radiotherapy
5. Surgery

2. No

6. Transplantation:
12. LDH at diagnosis:

3. Unknown

6.1.Autologus
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English Study Questionnaire
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Non-Hodgkin Lymphoma

Interviewer name: Code OO0 O

Date of Interview: / /

Time Started Finishedat _ :

Site of Interview: 1. Home 2. Hospital 3. Clinic 4. others

Part |: Demoqgraphic Information

I would like to ask you about your sociodemographic information including
your marital status, education, place of birth, and others

Q1) 1D Number

Q2) Interviewee Name:

Q3) Gender: 1.Male O 2. Female O

Q4) Date of Birth Year Month Day

Q5) Marital status:

Single

First marriage

Second marriage or more OJ
Divorced or separated
Widowed

SHESECN
oo oOd

Q6) How many births did you have? (including all living and dead)

Q7) How many are alive? \:l

Q8) What were the causes of death
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Q9) I would like to ask about the sex and birthdates of your children?

Child Sex Date of Birth
Number Day/Month/Year
1
2
3
4
5
6
7
8
9
10

1.Male 2.Female

Q10) How many siblings do you have?

Q11) What is your birth order in the family

Q12) What is your religion?

1. Muslim O
2. Jewish O
3. Christian 0O
4. others O

Q13) How many years did you complete in school?

Q14) Before kindergarten did you go to:

1. Day care

2. Nursery school

3. Baby sitter who takes care of more than one child
4. Baby sitter at home

5. Mother stayed home

Q15) Did you go to kindergarten?
1.Yes O 2.No O

Q16) What is your highest diploma?

1. Never went to school OO | 2. Partial Primary (< 6" grade) | 3. Primary school
O completed

4. Partial Secondary O | 5. High school completed 6. Diploma
O O

7. Bachelor degree [ | 8. Higher research degrees
O

Primary school: 1% grade-6" grade, Secondary school: 7" grade-12" grade)
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Q17)Did you receive technical training? (If no go to 20)
1.Yes O 2.No 0O

Q18) How long did you train?

Q19) What was the profession that you trained for?

Q20) Where were you, your parents and grandparents born?

Relative Country City

Interviewee

Mother

Father

Grandfather (father side)

Grandmother (father side)

Grandfather (mother side)

Grandmother (mother side)

Part I1: Job Information

I would like to ask you about your previous jobs and about your current ones,
what type of exposures did you have in that work? Please report if you switched
positions within the same employer. Please report periods of unemployment,
military services, maternity leave etc.),

Q21) Are you currently employed?

1.Yes O 2.No O
Q22) Before your illness, did you have a regular job?
1.Yes O 2.No O
Occupation Start time | Finish time | Breaks | Place | Exposures

1)What is your
current occupation:

2) What were your
former jobs

a.

b.

C

3) Were you ever
occupied in one of the
following?

1. Agriculture &
gardening

1. Pesticides 2. Meat products 3. Organic solvents 4. inorganic Solvents 5. Gasoline 6. UV radiation
7.Cosmic radiation 8. lonizing radiation 9. electromagnetic radiation 10. Infectious agents /
microorganisms 11. Animals  12. Antibiotics 13. Paints 14. Hair dyes 15. Asbestos 16. animal skin
17. Glues 18. sunlight 19. medicines (pharmaceticals) 20 flour dust 21 cleaning materials  22.
wood dust  23.Other
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2. Teacher

3. Textile

4. Wood industry

5. Flour workers

6. Dry cleaning

7. Chemical Industry

8.Gasoline/ petroleum
workers

9. Lab technicians

10.Health care provider
a. doctors
b. nurses
c. physiotherapist

11. Photoimager

12. Veterinary

13. Air crew

14. Butcher

15. Hair dresser

16.Asbestos worker

17. Leather worker

18. Construction Workers

19 Cleaners

20. House wives

21. others:

Exposures codes:

1. Pesticides 2. Meat products 3. Organic solvents 4. inorganic Solvents 5. Gasoline 6. UV radiation
7.Cosmic radiation 8. lonizing radiation 9. electromagnetic radiation 10. Infectious agents /
microorganisms 11. Animals  12. Antibiotics 13. Paints 14. Hair dyes 15. Asbestos 16. animal skin
17. Glues 18. sunlight 19. medicines (pharmaceticals) 20 flour dust 21 cleaning materials  22.
wood dust  23.0Others
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Part 111: Housing

I would like to have some information about your current and previous residences
Q23) What type of residence have you lived in?

(do not include residence of less than 3 years)

Addresses | Type of | House | Which Water | # of # of Bath- } From
settle- type storey source | persons rooms § room | what
ment did you residing year to

live on in the what
house year?

Current

Residence

Previous

1.

2.

3.

4.

5.

» Type of settlement :1. City >100000 persons 2.Town 20000-99999 persons 3.Small
town 5000-19999 persons 4. village <5000 persons 5. agricultural settlement 6.private
farm or rural dwelling 7. Other

» House type: 1. a private house 2. A multifamily (10 families) house 3. an apartment
building (>10 families) 4. tent 5.agricultural settlement

» Storey: 1. ground floor 2. second floor 3.third floor 4. higher floor
» Drinking water source: 1. pipes 2. awell 3. cisterns 4. mineral water 5. don’t know

» Bathroom: 1. indoors 2. outdoors
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Part 1V: Habits

I would like to ask you about some of your personal characteristics as your measurements,
and other habits as smoking, hair dying, sun exposure, and your diet

Q24) What are your measurements?

Parameter Measurement Measurement(before 10yrs)
Height
Weight
1:the same 2: much higher 3:somewhat higher (<10%) 4:much lower somewhat
lower(10%)

Q25) Have you ever smoked? (if never, go to Q31)

O

Cigarettes

Nargilah O
Pipes O
Tobacco O
Never smoked O

agrwbdE

Q26) Are you a smoker now?

1.Yes O 2.No 0O
Q27) Have you stopped smoking?

1.Yes O 2.No O

Q28) How many years did you smoke?

Q29) How many cigarettes do (did) you smoke per day?

Period of time Number of cigarettes

Average of smoking before illness
Current level of smoking
1: less than 10 2: 11-20 3:21-40 4:more than 40

Q30) What is the average of your smoking, before illness and currently?

Period if time Nargilah pipes Tobacco
Before illness
Currently

1: everyday 2: more than once/week  3: less than once/week

Q31) Did you ever dye your hair?(if No go to37)
1.Yes O 2.No O
Q32) Do you dye your hair regularly?
1.Yes O 2.No 0O
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Q33) At what age did you begin to dye your hair?

Q34) On average, how many times do you dye your hair?

1. less than once/yr 2. one-three times/yr 3. four-six times/yr 4. more than
seven times/yr

Q35) What color do you use in general?

1. black?2. brown 3. blonde 4. henna color 5. others
Q36) Is the dye that you use artificial?

1.Yes O 2.No 0O
Q37)Did you ever have a severe sun burn in childhood?

1.Yes O 2.No O

Q38) How many hours per week do (did) you expose to sunlight
outdoor not as part of your work but including your leisure time and
your travelling to and from the work?

Q39) When you are out of door, is your head covered?
1. always 2. most of the times 3. sometimes 4. Never

Q40) When you are out of door, do you wear long sleeves?

1. always 2. most of the times 3. sometimes 4. Never
Q41) Do you use sun screen when you go out in the sun

1. always 2. most of the times 3. sometimes 4. Never
Q42) Were you breast fed?

1. Yes O 2.No ° O 3. Don’tknow [

Q43) Have you ever been vegetarian? (if no, go to Q45)

1. Yes O 2. No O
Q44) How many years have you been vegetarian? ]
Q45) Do you eat meat regularly ?

1. Yes O 2. No O
Q46) How many times a week do you eat met? ]

Q47) How many fruits per day do you eat on average?
1:zero 2:1-3 3:4-7 4: more than 7
Q48) How many vegetables do you eat per day on average?
l:zero 2:1-3 3: 4-7 4:more than 7
Q49)What kind of oil do you mainly cook with?

1. olive 2: soya 3: canola 4:sunflower 5:other
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Q50) How often do you usually eat or drink...? Please tick one box for each line

1) 2) 3) 4) 5) 6) 7) 8)
Number of
servings
per day

<1 1 | 2-4X/ | 5-6X/ 1 >1

NEVET | vk | ik | week | week /day | /day

Fruits

Vegetables

Meat or chicken

Fish

Whole milk
What about
reduced fat milk

Other milk
products (like
yogurt, cheese,
chocolate milk,
pudding

drink water ___glasses

Other non-
alcoholic drinks ___glasses
(hot or cold)

Alcoholic drinks ___glasses

Part VV: Hobbies

We would like to ask you about your hobbies that you used to practice, like the physical
activities, arts, and others.

Q51) During the last 10 years, have you practiced regular physical activity? (if not, go to
Q55)

1. Yes O 2. No O
Q52) What type of activity have you practiced?

1. Strenuous (like Jogging) O

2. Moderate (like walking) O

3. Light (like gardening) O

Q53) How often did you perform physical activity ?

1. Three times a week or more [

2. Two times a week O
3. Once a week O
4. Less than this O
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# Physical Activities hoowe) 223
activity § month or
more
seldom

About
once a
week

2 times a
week or
more

I | Football, handball, basketball,
tennis, hockey or other ball
games

Athletics, gymnastics

Aerobics / fitness club
exercise/Trade mill at home

4 | Jogging, running

5 | Karate, Judo taeckwondo

6 | Wrestling

7 | Boxing/Kick boxing

8 | Weightlifting/Weight-training

9 | Dancing (disco, techno,
folkdance, line dance, ballet)

10 | Camping

11 | swimming

12 | Cycling

13 | Climbing

14 | skateboarding, roller skating

15 | Hiking, fishing

16 | Water activities (sailing, surfing,
water-skiing)

Q54) Did you practice any of the following physical activities, and how often?

Q55) Do you keep a garden as a hobby? (if not, go to Q64)

1. Yes O 2. No O
Q56) What type of gardening do you perform?

1. Indoor O 2. Outdoor O
Q57) How many years have you practiced gardening?
Q58) How many hours per week did you practice gardening?

1. less than 10 hours/week O
2. 10-20 hours/week O
3. more than 20 hours/week O

Q59) Do (did) you grow fruits and vegetables?
1. For your own use O

81




2. For sale
3. Do not grow fruits and vegetables

oo

Q60) Do (did) you use pesticides? (if not, go to Q64)
1. Yes O 2. No O
Q61)Do (did) you wear protective gloves and wearing when you use pesticides?
1.all the time  2.most of the time 3.sometime 4. never
Q62)Do (did) you wash your hands after using pesticides?
1.all the time  2.most of the time 3.sometime 4. never
Q63) Your pesticides are (were) against:
1.weeds O  2.insects O 3.fungus O 4. don’tknow O
Q64) Do (did) you spray insecticides in your house?

1.>1time/week 2.<1time/week-1time/month 3. few times/year 4,
never

Q65)Do you remember the name of the pesticide(s) whether being used in the house or in
gardening? (if No go to 67)

1. Yes O 2. No O

Q66) What is(are) the name of the pesticide(s) did you use?

Name of Pesticide

Q67) When you were a baby or a small child, did you go to the agricultural field with your
parents or older siblings?

1. Yes O 2. No O
Q68) Do (did) you practice art as a hobby? (if not, go to Q75)
1. Yes O 2.No O
Q69) What type of art do (did) you practice?

1. painting

2. sculpture

3. pottery and ceramics
4. glasswork

5. lithography and prints
6. iron work

7. Model making

Ooo0oooono

82



Q70) In your hobbies were (are) you exposed to any of the following chemicals?
1. oil paints
2. acrylic paints
3. other paints
4. Solvents (as turpentine, kerosene, glues, dust, lead)

Q71) How many years did you practice this art? |

Q72) At what age did you start practicing this art?

Q73) At what age did you stop practicing this art?

Q74) How many hours per week did you practice this art?

1. less than 10 hours/week O
2. 10-20 hours/week O
3. more than 20 hours/week O

Q75) Do (did) you have other hobbies that involve the use of chemicals? (if not, go to Q80)
1. Yes O 2. No O

Q76) What is this hobby?

Q77) What type of chemical is involved in this hobby?

Q78) At what age did you practice this hobby?

Q79) How many hours per week do (did) you practice this hobby?

1. less than 10 hours/week O
2. 10-20 hours/week O
3. more than 20 hours/week O
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Part V: Health

Now | am going to ask you about your health

Q80) Have you ever suffered form diarrhea lasting more than two days? (if not, go

to Q82)
1. Yes O 2. No O 3.Don’t remember

Q81) Did you have any serious diarrhea from any of the following agents:

Number of | When was your

Causative agent times last infection

. Salmonella O
. Shigella O
. Campylobacter O
. Yersinia O
. Strongiloidosis O
Ameba O
O
O
O
O

. Other parasitic infection
. E.coli
. I was told it was a viral infection

10. They did not find the causative agent

11. They didn’t check
12.Other

Q82) Did you have a serious infection that required hospitalization during infancy
(before the first year of age)?
1. Yes 2. No

Q83) Did you ever have any other serious infections that required hospitalization
(like pneumonia)?(if no go to Q86)
1. Yes 2. No

Q84) How many times were you hospitalized for infections and at what age?

Age # of times Type of infection
1.more than 46 yrs
2. 21-40yrs
3.11-20 yrs
4.1-10 yrs
5. less than 1yr

Infection codes

1. sinusitis 2. bronchitis 3. enteritis 4. gall bladder infection

5. urinary tract infection 6. prostatitis (men only) 7. anal infection 8.
dermatitis 9. gynecologic infection (women only) 10: meningitis 11. appendicitis
12.other
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Q85) Apart from infections requiring hospitalization, did you suffer from any of
the following disease(s)? If yes, when?

Disease Yes No Don't remember Age

. Hepatitis A

. Hepatitis B

. Hepatitis C

. Herpes: lips, nose, ear, other

. Infectious Mononucleosis

. Asthma

. Eczema

. Tonsillitis

O ool Nffofjofblwin] -

. Measles

10. Mumps

11. Rubella

12.Rhreumatic fever

13. Arthritis

14. Tuberculosis

15. Brucellosis

16. Sinusitis

17. Enteritis

18. Polio

19. Typhus

20. Ulcer

21. Allergy

22. other

Infection time code:
1.more than 40yrs 2. 21-40yrs 3. >11-20yrs 4. 1-10yrs 5. less than 1yr
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Q86) Did you receive vaccinations to the following microorganisms?

Disease Yes | No Don't Age of the | Age of the
remember first last
vaccination | vaccination

. Tetanus

. Small Pox

. Typhoid

. measles

Mumps

. Rubella

. Whooping cough
8. Polio injection

9. Polio drinking
10. TB/BCG

11. Yellow Fever
12. Viral meningitis
13. Cholera

14. Hepatitis A

15. Hepatitis B

16. Hemophilus
17. Pneumococcus
18. Influenza

19. others

~N o U~ wN P

Q87) Did you undergo tonsillectomy? (if not, go to Q89)
1. YesO 2.No O

Q88) At what age ?

Q89) Were (have) you ever administered antibiotics ? (if not, go to Q91 )
1. YesO 2.No O 3. Don't know O

Q90) On average, how many times per year were you administered antibiotics and at
what age?

Age # of times
1.more than 40 yrs
2. 21-40yrs
3.11-20 yrs
4.1-10 yrs
5. less than 1yr
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Q91) Did you ever have an X-ray?
1. YesO 2.No O

Q92) Why did you perform an X-ray?

3. don’t remember

X-ray

# of times

1. dental x-rays

2. Chest x-rays

3. Mammorgraphy
(women)

4. Bone Xx-rays

5. Other

1. >40yrs 2. 21-40yrs 3. >11-20yrs 4. 1-10yrs

Q93)Which one of the following sentences describes your childhood the best up to

18?

agrwdE

Q94) Did you have pets or large animals at home or on the grounds of your home?

(if not, go to Q96)
1. YesO 2.No O

| was sick more often than my friends
| was away from school more than my friends
I got more medications than my brothers and sisters

| was a healthy child other than the normal childhood diseases
I was sick much less often than my siblings and friends

Q95)What type of animal (do) did you have?

. cat

. dog

. bird

. horse
cow

. camel

. goat

. Sheep

. donkey
10. pig
11. others

©ONOUTAWNR
OOoOooooo0ooo
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Q96) Have (were) you ever prescribed any of the following medications? if yes, at
what age and how many times?

1. Yes O 2. NoO 3. Don’t Know[
Medication Never | Occasional Regular
<lwk  |'Year Year ended
started
1. Steroids

2. Contraceptives

3. Hormone replacement
therapy

4. Other hormones

5. Antifungal (oral)
6. Non-steroidal anti-
inflammatory

7. Paracetamols

8. Antidepressants

9. Anti-parasitic

10. Anti-anxiety

11. Antiviral

12. antihistamines
13. B-Blockers

14. Diuretics

15. Anti-hypertensive
drugs

16. Thyroid replacement
17.Anticoagulants
18. Aspirin
19.Chemotherapy
20. Others

Q97) Were you ever transfused with blood?
1. YesO 2.No O 3.Don’t know

Q98) Prior to your current illness, did you ever have cancer? (if not, go to Q100)
1. YesO 2.No O

Q99) What was the treatment you received?
1. Chemotherapy |
2. Surgery O
3. Radiotherapy |
4. Don’t know O
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Q100) Did any of your first degree relatives have cancer? If yes, what was the
cancer type and who was that?

1. Yes O 2.No O 3. Don’t Know[d

Cancer type Sibling_;]s Mother | Father | Child 1 | Child 2 | Child 3

1. Any Cancer

2. Non Hodgkins
Lymphoma

3. Hodgkins
Lymphoma

4. CLL

5. ALL

6. Multiple Myeloma

7. Acute Myeloid
Leukemia (AML)

8. CML

9.Blood cancer

10. Other blood
problems

Q101) Did any of your second degree relatives have cancer? If yes, what was the
cancer type and who was that?
1. Yes O 2.No O 3. Don’t Know O

Cancer type GM/ | GF/m | GM/f | GF/f | Uncle | aunts | Cousin/ | Nieces
m nephew

1. Any Cancer

2. Non Hodgkins
Lymphoma

3. Hodgkins
Lymphoma

4. CLL

5. ALL

6. Multiple Myeloma

7. Acute Myeloid
Leukemia (AML)

8. CML

9.Blood cancer

10. Other blood

problems
GM(m): grandmother on mother’s side GF(m): grandfather on
mother’s side
GM(f) : grandmother on father’s side GF(f) : grandfather on father’s
side
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Q102) Did any of your first degree relatives suffer from any of the following

diseases? (If yes, who was that)
1.Yes O 2.No O

3. Don’t Know

Disease Siblings Mother | Father

Child 1

Child 2

Child 3

1. Frequent Infection

2. Allergy

3. Rheumatoid
Arthritis

4. Autoimmune
diseases

5. Other immune
problems

Q103) Did any of your second degree relatives suffered from any of the following

diseases? (If yes, who was that?)
1. YesO 2. NoO

3. Don’t KnowO

Disease GM | GF/ | GM/ | GF | Uncl
/m m f /f e

aunts

cousins/
nephew

Niece

1. Frequent Infection

2. Allergy

3. Arthritis

4. Autoimmune
diseases

5. Other immune
problems

GM(m): grandmother on mother’s side
GF(m): grandfather on mother’s side
GM(f) : grandmother on father’s side
GF(f) : grandfather on father’s side

Q104) How often do you go to the dentist?
1. For regular check-ups (at least once a year)
2. For regular check-ups (less than once a year)
3. Only when I have a toothache or other problem
4. Never

Q105) Do you own a car?
1. Yes O 2.No O
Q106) How did you get to the hospital today?
1.Walk O 2. Private car O 3. Taxi O
5.0therO

oooan

4.Public

Q107) When is your next visit? \

Thank you very much for you co-operation.

Q108) Interviewer rating of interview

1. Highly reliable O
2. Somewhat reliable O
3. Somewhat unreliable O
4. Unreliable O
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Appendix 4.3

Arabic Study Questionnaire
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