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Resume
Contexte: Le cancer du poumon est la deuxieme cause de décés par cancer chez les femmes

mondialement. Peu d'études ont examiné les facteurs de risque professionnel potentiel de ce cancer chez

celles-ci.

Objectif: Cette thése vise a déterminer si certaines expositions professionnelles sont associées au risque

de cancer du poumon chez les femmes. L' objectif principal est composé de trois sous-objectifs:

1) Etudier les associations entre les expositions professionnelles prévalentes telles qu'évaluées
par des experts et le risque de cancer du poumon chez les femmes dans une étude cas-témoin

Montréalaise.

2) Comparer la concordance des attributions d'exposition entre la matrice emploi-exposition

canadienne (CANJEM) et I'évaluation d'experts pour les emplois occupés par des femmes.

3) Etudier les associations entre des expositions professionnelles prévalentes et le risque de
cancer du poumon chez les femmes dans un ensemble de données internationales combinées de

dix études cas-témoins de ce cancer, en utilisant CANJEM pour évaluer les expositions des femmes

Méthodes : Pour le sous-objectif 1, nous avons utilisé des modeles de régression logistique multivariée
pour examiner les associations entre les expositions professionnelles prévalentes et le risque de cancer
du poumon chez les femmes (361 cas et 521 témoins) dans I'étude de Montréal. Pour le sous-objectif 2,
nous avons comparé la concordance des expositions entre CANJEM et les experts pour 69 expositions
professionnelles en utilisant les données de la méme étude montréalaise. Pour le sous-objectif 3, nous
avons utilisé une approche méta-analytique pour examiner les associations entre des expositions

professionnelles prévalentes et le risque de cancer du poumon chez les femmes (3040 cas et 4187 témoins)

a partir de dix études cas-témoins menées en Europe, au Canada et en Nouvelle-Zélande. En I'absence de
la disponibilité de données sur les expositions des femmes, nous avons appliqué CANJEM pour estimer les

expositions professionnelles.

Résultats: Nous n'avons pas observé de risque accru de cancer du poumon chez les femmes exposées
professionnellement a 22 agents prévalents évalués dans I'étude de Montréal. Nous avons constaté que

la capacité de CANJEM a reproduire I'évaluation des expositions par des experts variait selon I'agent.



Compte tenu de ces résultats, nous avons sélectionné 15 agents susceptibles d'étre évaluables a I'aide de
CANJEM qui étaient également répandus dans I'ensemble de données internationales. Il n'y avait aucune
association entre la plupart des agents examinés et le cancer pulmonaire; cependant, les expositions a la
poussiére métallique, aux composés de fer, a l'isopropanol et aux solvants organiques étaient associées a

des risques légerement élevés.

Conclusions: Cette thése a estimé I'exposition professionnelle des femmes a un large éventail d'agents et
a examiné leurs associations avec le cancer du poumon. Dans I'étude de Montréal, aucun des agents
évalués par les experts n'était associé a ce cancer. CANJEM s'est avéré capable de reproduire des
évaluations d'exposition similaires a celles des experts, bien que sa fiabilité dépende de I'agent. Les
expositions professionnelles évaluées par CANJEM ont suggéré des risques plus élevés de cancer du
poumon chez les femmes exposées a la poussiere métallique, aux composés de fer, a l'isopropanol et aux

solvants organiques.

Mots clés: cancer du poumon, femmes, expositions professionnelles, matrice emploi-exposition,

évaluation des experts, métaux



Abstract

Background: Worldwide, lung cancer is the second leading cause of cancer death among women. Few

studies have examined possible occupational risk factors for lung cancer in women.

Objective: This thesis aims to investigate whether selected occupational exposures are associated with

lung cancer risk among women. The main objective consists of three sub-objectives:

1) To investigate associations between prevalent occupational exposures as assessed by experts

and lung cancer risk among women in a Montreal lung cancer case-control study

2) To compare exposure assignment concordance between the Canadian Job-Exposure Matrix

(CANJEM) and expert assessment for jobs held by women

3) To investigate associations between prevalent occupational exposures and lung cancer risk
among women in a combined international dataset of ten lung cancer case-control studies, with

exposure assessed by CANJEM.

Methods: For sub-objective 1, we used multivariate logistic regression models to examine the associations
between prevalent occupational exposures as assessed by experts and lung cancer risk among women
(361 cases and 521 controls) in the Montreal study. For sub-objective 2, we compared exposure
assignment concordance between CANJEM and expert assessments for 69 occupational exposures using
data from the same Montreal study. For sub-objective 3, we used meta-analysis to examine the
associations between prevalent occupational exposures and lung cancer risk among women (3040 cases
and 4187 controls) from ten case-control studies conducted in Europe, Canada, and New Zealand. In the

absence of available expert-assessed exposures, we applied CANJEM to estimate occupational exposures.

Results: We did not observe a clearly increased risk of lung cancer among women occupationally exposed
to 22 prevalent agents assessed by experts in the Montreal study. We found that CANJEM’s ability to
replicate expert assessment of exposures varied by agent and by specific configurations of CANJEM.
Considering these findings, we selected 15 agents suitable to evaluate using CANJEM — which were also
prevalent in the international dataset of ten studies — and examined their risks for lung cancer. There
was no association between most agents examined in this analysis and lung cancer; however, exposures
to metallic dust, iron compounds, isopropanol, and organic solvents were associated with suggestive

higher risks.



Conclusions: This thesis estimated women's occupational exposure to a wide range of agents and
examined their associations with lung cancer. In the Montreal study, none of the expert-assessed
prevalent agents was associated with lung cancer. CANJEM was shown to be able to reproduce exposure
assessments similar to those of the experts, although its reliability was agent dependent. Occupational
exposures assessed by CANJEM in the international dataset of ten studies indicated slightly higher risks of

lung cancer among women exposed to metallic dust, iron compounds, isopropanol, and organic solvents.

Key words: lung cancer, women, occupational exposures, job-exposure matrix, expert assessment,

metals
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Chapter 1: Context of the thesis

1.1 General introduction

In 1898, Marie and Pierre Curie discovered radium, a chemical element that is often referred to
at the time as “beautiful radium” because of its shimmering glow (1, 2). Not long after its discovery, radium
was widely used as a glow-in-the-dark paint and there was a high demand in the U.S. during World War |
to produce glowing watches and airplane instruments for U.S. soldiers. Radium companies preferred to
hire women than men for detailed work such as watch dial painting due to their smaller hands compared
to men’s. Young women working as watch dial painters, often called the radium girls, were exposed to a
high level of radium due to constant close and direct contact with the agent, that they started to glow in
the dark. Beautiful as it seemed, radium is also highly radioactive. Many workers started to fall ill within a
few years of employment at the factories and bone cancer followed. More and more female workers died
but the radium company dismissed the issue and attributed the deaths to the workers’ unhealthy
lifestyles, it was not until the death of a male employee that the company finally hired a pathologist to
investigate the link between excessive deaths and the dial painting occupation, and then it was concluded
that radium was responsible for poisoning the factory workers. Due to a lack of proper worker’s health
and safety protection, and compensation, the radium girls had to fight lengthy legal battles, even on their
death beds, to demand occupational compensation. They finally succeeded in winning the case, and this
has resulted in new safety standards being introduced at the workplace in the US to protect future watch
dial painters, and the passing of the law which granted workers the rights to compensation for
occupational illnesses. In addition, this legacy has ultimately led to the establishment of the Occupational

Safety and Health Administration (OSHA) in the US (1, 2).

Fast forward to over half a century later, enormous progress has been made by researchers in
occupational epidemiology and experimental carcinogenesis in identifying other occupational
carcinogens. However almost all of the epidemiological work has been carried out among male workers.
With the increasing participation of women in the workforce over the past 50 years, the paucity of
research on occupational cancer among women represents a glaring absence. In this thesis, we will
examine the role of selected common exposures among women at the workplace and their associated

lung cancer risk.



1.2 Organization of this thesis

This thesis is comprised of 9 chapters. The first chapter provides a general introduction and
context for the thesis. An overview of the literature on the state of knowledge of lung cancer in women,
occupational and other risk factors of lung cancer in women, and various occupational exposure
assessment methods commonly used in epidemiologic studies is presented in Chapter 2, while Chapter 3
presents the main thesis objective and its three specific sub-objectives. This thesis includes three separate
manuscripts, each addressing one of the three specific sub-objectives. Chapter 4 lays out the methodology
used in each manuscript, including data source; design and study population; measures for exposures,
covariates, and outcome; and statistical analysis strategies. Chapter 5 provides a brief introduction to the
three manuscripts and some complementary information. The three manuscripts are presented in
Chapters 6, 7, and 8, separately. Finally, Chapter 9 includes a summary of the main findings of this thesis,
a description of the thesis contributions to epidemiology and public health, a discussion of the strengths

and limitations of the research, and finally, a general conclusion.
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Chapter 2: Overview of the literature

2.1 Lung cancer in women

2.1.1 Histology of Lung cancer

Primary lung cancer is a malignant tumor that originates from epithelium, bronchioles,
alveoli, or bronchial mucous glands (3) in the lung. A new classification of lung tumors was
published by the World Health Organization in 2015, in which lung cancer is divided into two main
subtypes: small-cell lung carcinoma (SCLC) and non-small-cell lung carcinoma (NSCLC) (4). NSCLC
accounts for approximately 85% of all lung cancer cases in North America in 2019 (5) and is further
classified into: adenocarcinoma, squamous cell carcinoma, adenosquamous carcinoma, large cell
carcinoma, and large cell neuroendocrine carcinoma. Adenocarcinoma, which forms from
glandular cells of bronchial mucosa, has now surpassed squamous cell carcinoma to become the
most common lung cancer subtype and represents about 40% of all lung cancers (6).
Adenocarcinomas comprise a larger fraction of all lung cancers among women than among men
(7, 8). It is thought that the increasing incidence of adenocarcinoma in women seen in recent
years is related to the preference in the types of cigarettes smoked by women (including filtered
and low-tar cigarettes) in addition to possible environmental exposures and genetic
predisposition (9). Adenocarcinoma is also the most common lung cancer subtype diagnosed

among people who have never smoked (6).

2.1.2 Incidence and mortality trends in lung cancer in women

Worldwide, lung cancer is the third most diagnosed malignant cancer and the second
leading cause of cancer death in women, after breast cancer (10-12). It has been estimated that
in 2022, 15 000 Canadian women would have been diagnosed with lung and bronchus cancer, and

that 10 100 Canadian women would have died of this cancer (13).

Historically, lung cancer deaths were much higher in men than in women. Over time, the
gap between sex-specific lung cancer death rates began to diminish, largely due to the narrowing
gap of prevalence of smoking between men and women (14). In Canada, the lung cancer mortality
rate started to level off in the late 1980s in men and has been declining ever since; while this rate

was still increasing in women until 2006, and has only started to decrease since then (10).



On a global scale, the highest female lung cancer incidence rates have been observed in
North America, Europe, Australia/New Zealand and Eastern Asia (12). Lung cancer incidence and
mortality rates among women continue to increase worldwide, especially in developing countries
(12). Figure 1 below presents the lung cancer age-standardized incidence rates by sex and region
as of 2020 (12) and Figure 2 presents the time trends of lung cancer incidence rates in women by

histological type and country from 1973 to 2002 (9).

Figure 1. Lung cancer incidence age-standardized rates by sex and region.

Figure adapted from Sung et al., 2021 (12). Permission was granted by the licensed content

publisher John Wiley & Sons (license number: 5597930767881).
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Figure 2. Lung cancer age-adjusted (world standard) incidence rates in women over time, by

population and histological subtype, for ages 35-74.

Figure modified from Lortet-Tieulent et al. 2014 (9). Permission was granted by the licensed
content publisher Elsevier (license number: 5597940328156).
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2.1.3 Lung cancer treatment and survival

Despite the advancement in our knowledge of lung cancer at the genetic and molecular
levels, the prognosis for lung cancer survival remains very poor. Although women tend to have a
higher chance of survival than men, the overall survival for lung cancer cases remains, nonetheless,
very low in both sexes, with the five-year survival rate being 22% in women and 15% in men in
Canada (10). Survival is better when lung cancer is diagnosed at an earlier stage. Among lung
cancer patients, nonsmokers have better survival than smokers, possibly as a result of better

response to therapy (15).

Treatment for lung cancer is generally ineffective at late stages and, unfortunately, most
lung cancers are only diagnosed in later stages, due in part to the lack of effective screening
techniques (16). In addition to cancer stage at diagnosis, treatment for lung cancer also depends
on the histological subtype diagnosed. In general, Stage IA NSCLC only requires surgical re-section,
stages IB to IlIA require surgical resection followed by adjuvant chemotherapy, and stage IV is
treated with chemotherapy, and surgical resection in the presence of a solitary metastasis or for
symptom control. SCLC is treated with platinum and etoposisde, either alone or combined with

radiation therapy (11).

2.2 Non-occupational Risk factors for lung cancer in women

2.2.1 Tobacco smoking

Tobacco smoking is the most important risk factor for lung cancer among both women
and men; with an observed relative risk in the order of 10 for all smokers and 20 to 50 among
lifelong heavy smokers, when compared to never smokers (17). The strength of the association
between smoking and lung cancer differs by histological subtype; stronger associations (i.e. higher
relative risks) have been observed for squamous cell carcinoma and small cell carcinoma than for
adenocarcinoma and large cell carcinoma (18, 19). Although risk of lung cancer starts to decline
soon after quitting smoking, it does not fully return to the baseline lung cancer risk observed in
never-smokers even decades after smoking cessation (19). In Canada, it was estimated that 86%

of lung cancer cases can be prevented and that 72% are attributable to tobacco smoking (10).

In the past several decades, parallel to a drastic reduction in smoking, mainly in developed
countries and among male smokers, there was a rapid reduction in lung cancer risk for small cell
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and squamous cell carcinomas — two lung cancer subtypes strongly associated with smoking;
however, the reduction in adenocarcinoma risk was less rapid (20). Women are more likely to
develop adenocarcinoma than men; the reason underlying this sex difference is not fully
understood (21). Over the past decades, potentially due to a rising number of female smokers on
a global scale and other occupational and environmental risk factors, the incidence of
adenocarcinoma has increased dramatically and has since replaced squamous cell carcinoma as

the most prevalent histological subtype of lung cancer in both sexes (22, 23).

Although tobacco smoking is one of the most important factors contributing to lung
cancer, only a minority of smokers develop lung cancer, and lung cancer can occur among never-

smokers. This suggests that smoking is not the only cause of lung cancer.

2.2.2 Environmental, genetic, hormonal, and other risk factors for lung cancer in women
There is evidence that some environmental, genetic, and hormonal factors, as well as viral

infections may be associated with lung cancer in women.

Numerous environmental risk factors for lung cancer have been identified, including
exposure to environmental tobacco smoke (ETS), asbestos, arsenic, radon, ionising radiation,
outdoor air pollution, indoor emissions from household combustion of fuels including coal, gas,
oil, and biomass (primarily wood) for heating and cooking, and emissions from high-temperature

frying (17, 21, 22, 24, 25).

A history of lung cancer in the family appears to confer an increased level of risk for lung
cancer, and it was reported that non-smoking women with a family history of lung cancer in a first
degree relative have a greater risk of developing lung cancer when compared to non-smoking
men with the same family history (15, 21, 26). In addition, genetic risk factors including the
increased expression of the CYP1A1 gene, as well as the presence of the glutathione S-transferase
M1 mutation, were also reported to be associated with carcinogenesis of the lung (21, 27).
Genome-wide association studies (GWAS) have identified certain germline mutations
differentially represented in lung cancer cases. Single-nucleotide polymorphisms (SNPs) at
6p21.33, 15p15.33, 15915.2, 15925.1, and 22q12 in European populations, and SNPs at 3g28,
5p15.33, 13912.12, 17924.3, and 22q12.2 in Asian populations, have been associated with
elevated lung cancer risks (11).
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Hormonal effects of estrogen have also been linked to tumorigenesis of the lung. In vitro
studies have observed that estrogen promotes the growth of both healthy and malignant lung
tissue and anti-estrogen treatments are able to suppress growth in some tumors (28). Female
lung cancer risks associated with lifetime exposure to estrogen were examined in various
publications with conflicting findings. Both an increased and a decreased risk of lung cancer has
been observed in relation to age at menarche, age at menopause, parity, and use of hormone

replacement therapy (21, 26, 27, 29-31).

There is evidence that lung cancer risk decreased with an increase in fruit consumption,
irrespective of smoking status. In addition, among smokers, lung cancer risk also decreased with

an increase in vegetable consumption (27, 32).

Human papilloma virus (HPV) infection was reported to be associated with an increased
risk of lung cancer in studies of East Asian women. An increased expression of high-risk HPV
haplotypes was found in lung tissue of women diagnosed with lung cancer (33). Two mechanisms
were proposed to explain the presence of HPV in women’s lung tissue. The first hypothesized
mechanism posits that cervical infection of HPV leads to circulating virus, which then disseminates
the HPV virus inside the lung tissue; and the second hypothesized mechanism posits that oral-
genital sexual behaviour can lead to oral infection of the HPV virus followed by lung squamous
cell infection (26, 34). HPV presence in the lung were much more prevalent in Asian populations
versus in European, or North and South American populations. The reason for this large
geographical heterogeneity in the presence of HPV DNA in lung tumor tissues is yet to be

understood (35).

2.3 Occupational risk factors for lung cancer in women

Apart from smoking as the major risk factor for lung cancer, the most fruitful area for
research on lung cancer risk factors has been the occupational environment. Since the mid-1900s,
research has identified a large number of occupational lung carcinogens or occupations that lead
to an excess risk of lung cancer (36). However, almost all the evidence was generated using data
from industrial workforces in male-dominated occupations. Table 1 below presents a list of
occupational exposures, occupations, industries, and manufacturing processes classified as Group

1 definite lung carcinogens by the International Agency for Research on Cancer (IARC).
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Table 1. Occupational exposures, occupations, industries, and manufacturing processes
classified as definite lung carcinogenic exposures (Group 1) by the IARC Monographs, Volumes
1-120 (37-39).

Agent

lonizing Radiation

Bis(chloromethyl)ether (BCME) and technical-grade chloromethyl methyl ether
(CMME)

Benzo[a]pyrene

Sulfur mustard

Coal-tar pitch

Soot

Diesel engine exhaust

Arsenic and Inorganic Arsenic Compounds
Beryllium and Beryllium Compounds
Cadmium and Cadmium Compounds
Chromium (V1) Compounds

Nickel Compounds

Asbestos (All Forms)

Silica Dust, Crystalline, in the Form of Quartz or Cristobalite
Tobacco smoke, secondhand

Hematite mining (underground)

Welding fumes

Occupations, industries, and manufacturing processes

Coal gasification

Coke production

Iron and steel founding
Aluminum production
Painting

Rubber production industry
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There is little empirical evidence on occupational cancer risks incurred by women. The
search for literature on occupational risk factors for lung cancer among women is also not
straightforward, as most studies do not explicitly state in the title or the abstract whether their
study population includes women. Among the limited studies identified that assessed risks
specifically amongst women, a majority only examined occupational exposure at the job-title or
industry levels, and lung cancer risk associated with specific occupational agents was rarely
examined, often due to a lack of agent exposure assessment and low statistical power. In the
following paragraphs, we present the estimated burden of lung cancer in women due to
occupational exposures, and existing knowledge regarding occupations, industries and
occupational agents associated with lung cancer in women. We also identify some gaps in

knowledge of occupational risk factors for lung cancer in women in the literature.

2.3.1 Burden of lung cancer in women due to occupational exposures

Attributable fraction estimates are often used in epidemiology and public health to
qguantify the health burden of a disease. In 1981, as part of a landmark report estimating the
proportional attributable fractions of US cancer mortality due to various environmental and
lifestyle factors, Doll and Peto estimated that approximately 5% of lung cancer deaths in women
could be attributed to occupational exposures to arsenic, asbestos, bischloromethyl ether,
chromium, ionizing radiations, mustard gas, nickel, and polycyclic hydrocarbons in soot, tar and
oil (40). Similar results were reported for occupationally-attributable lung cancer incidence risk
among female workers in a study conducted in northern Germany in the 1990s (41). The
occupational lung carcinogens selected in this study were based on a published list of jobs and
industries with sufficient evidence for lung cancer as determined by the IARC at the time of the
study. In 2003, as part of an assessment of the magnitude of US mortality due to selected causes
of death associated with occupational exposures, Steenland et al. estimated a population
attributable fraction of 2% for lung-cancer death in women due to occupational exposures to
arsenic, asbestos, beryllium, cadmium, chromium, diesel fumes, nickel, silica, environmental
tobacco smoke, and radon (42). A French study also concluded that lung cancer was the cancer
site most impacted by ten recognized occupational carcinogens (asbestos, benzene, chromium VI,
diesel engine exhaust, formaldehyde, nickel compounds, polycyclic aromatic hydrocarbons, silica

dust, trichloroethylene, and wood dust), and accounted for 2.1% of all incident lung cancer cases
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among women in France in 2017 (43). These estimates likely underestimate the real burden of
occupational risk factors for lung cancer in women, since risks were only estimated for a very

limited number of known carcinogens.

2.3.2 Evidence of occupations and industries associated with lung cancer

Several occupational studies have examined associations between occupations and
industries, and lung cancer risk among women. Depending on the country in which the studies
were conducted, they were coded into different occupational and industrial classification systems.
Some examples of common national occupational classifications include the Canadian
Classification and Dictionary of Occupations (CCDO) version 1971 (44), the Canadian National
Occupational Classification (NOC) version 2011 (45), and the United States Standardized
Occupational Classification (SOC) version 2010 (46). To facilitate comparison of jobs across
countries, many studies have also coded jobs into the International Standardized Classification

(ISCO) version 1968 (47).

The Nordic Occupational Cancer (NOCCA) project, using data from a general population
cohort of 15 million people in five Nordic countries with record linkage of census job titles and
cancer data from national cancer registries, reported standardized incidence ratios (SIRs) for lung
cancer by occupational category using 45-year follow-up data on cancer incidence (48). Individual
information on smoking were not available in this study. The authors reported that, among
women, occupations including engine operators, tobacco workers and “Other construction
workers” were associated with the highest significant SIRs (SIRs > 2.00). Other occupations
including painters, waitresses, beverage workers, transport workers, electrical workers, printers,
welders, mechanics, packers, chemical process workers, drivers and glass makers also had
significantly elevated SIRs (SIRs > 1.40). In addition, SIRs significantly above the null but below
1.40 were found for clerical workers, sales agents, shop workers, textile workers, smelting
workers, wood workers, food workers, cooks and stewards, building caretakers, hair dressers, and
launderers (48). On the other hand, occupations including farmers, gardeners, teachers (all three
SIRs < 0.56), and nurses (SIR = 0.69) were found to be associated with a significantly below the
null SIR in the NOCCA project. Economically inactive women also had a lower lung cancer risk than
those in the workforce (48). To our knowledge, this is so far the largest study in terms of sample

size and follow-up duration that reported associations between occupational job titles and lung
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cancer in women. This study used a modified version of the first large scale job exposure matrix,
FINJEM, which had been modified by a team of hygienists to better reflect exposure to the 75
agents included in FINJEM as applied to the four participating countries. However, results of agent
specific analyses have not yet been published. Another cohort study in Finland followed
economically active Finns for lung cancer during 1971-95 (49). Participants’ occupations were
ascertained cross-sectionally using the 1970 census occupation data. In this study, elevated SIRs
for lung cancer were found among women working in the transport industries. Considering that
smoking data was only obtained between the mid- and end stages of the follow-up, the authors
of this study stated that the smoking adjustment for women might be inaccurate. During the
1960s to 1970s, Finnish women's smoking habits changed from being a habit associated with high
social class to being a habit associated with low education, implying that the smoking data
gathered might not be an accurate proxy for determining women's prior smoking status, which is

more etiologically relevant to tumor development (49).

Positive associations with lung cancer incidence were reported in two population-based
case-control studies of women with long-term employment in the domestic service sector (50,
51); clerical-sales; service; and transportation-material handling occupations (50). A population-
based case-control study in Germany reported positive associations between lung cancer
incidence and ever employment in a variety of occupations including chemical processors and
related workers; assemblers and unskilled metal workers; and stock clerks and related workers
(52). Positive associations were also reported for ever employment in chemical and oil industries;
pottery and glass; engine and vehicle building; paper, wood and print; and cleaning service,
hairdressing, housekeeping or waste disposal (52). Lowered lung cancer incidence was found in
women working in education, health, cultural, and sporting activity industries (52). Results from

all these case-control studies were adjusted for smoking and other covariates.

In a study that examined occupational lung cancer mortality in US women who died
between 1984 to 1998 in 27 States, the authors found significantly elevated proportionate
mortality ratios for lung cancer among women working in manufacturing; transportation; retail
trade; agriculture, forestry, and fishing; and nursing/personal care industries (53). The result of
smoking adjusted analyses of high-risk occupations showed that women who were employed

during their lifetime in industrial/blue collar and agricultural (including forestry and fishing)
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occupations were more likely to have died from lung cancer. In addition, technical, professional,
administrative support, and managerial occupations were also associated with an increased

proportionate lung cancer mortality among women in this study (53).

Summary of evidence on occupations / industries associated with lung cancer among women

There was some evidence to suggest that women working in industrial, manufacturing,
transportation, and service occupations were at greater risk of developing lung cancer than
women working in other occupations, whereas certain occupations in the health and teaching

fields were associated with a lower risk of lung cancer.

Although the studies mentioned above provided some insights to identify potentially
high-risk occupations or industries regarding lung cancer incidence or mortality among women,
these studies are limited in their ability to identify specific exposures responsible for lung cancer
because the occupational and industrial classifications are very general, and exposure within the
same occupation or industry code may vary substantially. Confounding is another source of
concern. Studies could suffer from confounding due to a lack of information on important
confounders such as smoking (48), or from residual confounding due to inaccurate smoking
adjustment (49). In addition, the use of proportionate mortality ratios is often criticized as a crude
and potentially biased risk estimate, and thus has limited use to contribute to identifying causal
occupational risk factors (54). This may partially explain why lung cancer is not consistently

associated with any one occupation or industry across studies.

2.3.3 Evidence of occupational agents associated with lung cancer

Most occupational studies of lung cancer with data available for women only investigated
lung cancer incidence or mortality associated with job titles or industry sectors (e.g., textile
workers, dry-cleaners, and waiters/waitresses); moreover, not all studies provided female-
specific risk estimates. Very few studies estimated the risk of lung cancer in women associated
with specific occupational agent exposures. Among the limited number of studies that provided
female-specific estimates for associations between occupational agent(s) and lung cancer, most
included only one or very few agents and some used rather simplistic exposure assessment (i.e.,
self-reported exposure) and crude exposure parameterization (i.e., ever/never exposure). In the

following paragraphs | summarize the epidemiological evidence concerning lung cancer risks of
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women exposed to selected agents for which there are multiple published studies. Agents not

listed here may have evidence of carcinogenicity from studies of mainly male workers.
Textile dusts

Exposure to textile dusts is common among female workers as women comprise roughly
half of the workforce employed in the textile manufacture or clothing production and sales
industries, and are regularly exposed to various fabric dusts including natural textile materials
such as cotton and wool and different sources of man-made synthetic textile dusts (55). While
occupational exposure to textile dusts has been associated with certain non-neoplastic lung
diseases including chronic obstructive pulmonary disease (COPD) and asthma (56), evidence
regarding the effect of such dusts on lung cancer remains unclear. A meta-analysis examined
occupational cotton dust exposure in women and reported a meta-RR of 0.77 (95%Cl, 0.67-0.89)
associated with lung cancer risk among women based on nine studies from Asia, North America,
or Europe (57). Thus, it has been proposed that exposure to cotton dust is protective against lung
cancer, and a mechanism has been proposed. Namely, it has been hypothesized that exposure to
endotoxins, a class of pathogens that are found in organic textile products including cotton dust,
may exert a protective effect against lung cancer (58, 59). Using data from a cohort of women
textile workers in China, it was reported that textile worker’s endotoxin exposure level was
inversely associated with the risk of lung cancer after adjustment for age and smoking (59) and
that occupational exposure to wool, silk, or synthetic fibre dusts, which do not contain cotton or
endotoxin, is not associated with lung cancer (60). Increased lung cancer mortality was reported
in a study of two US cohorts of female and male asbestos textile workers in North and South
Carolina. Increased rates of lung cancer mortality were associated with cumulative chrysotile
asbestos fibre exposure after model adjustment for age, sex, race, birth cohort and decade of

follow-up (61).

Diesel and gasoline engine exhausts

IARC has concluded that there is sufficient evidence in humans that diesel engine exhaust
causes cancer of the lung, and that there is inadequate evidence in humans for the carcinogenicity
of gasoline engine exhaust (62). This conclusion is based largely on evidence from occupational

studies of male workers. Among studies that reported risk estimates for female workers, null (63)
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or suggestively elevated (49) risks have been reported for Swedish or Finnish women
occupationally exposed to diesel engine exhaust. Smoking was either unadjusted for or poorly
adjusted for in these two studies. The same Finnish study also reported a positive association
among women occupational exposed to gasoline engine exhaust but cautioned that this finding

may be biased due to inaccurate smoking adjustment (49).

Formaldehyde

Formaldehyde has been classified as a group 1 carcinogen by IARC, based on sufficient
evidence that it causes nasopharyngeal cancer and leukemia in humans; however, its association
with lung cancer is unclear (64). Two case-control studies conducted in North America using either
expert-assessed or self-reported occupational exposure to formaldehyde did not find an increase
in lung cancer risk among exposed women (65, 66). Smoking was controlled for in both studies
via either the inclusion of only non-smokers or model adjustment. One case-cohort study
reported a statistically imprecise hazard ratio of 2.1 (95% Cl 0.4 -11.0) after smoking adjustment
among Chinese women with at least 10 years of exposure to formaldehyde working as textile

workers (60).

Chlorinated solvents

A case-control study in France examined workers’ occupational exposure to five
chlorinated  solvents  (trichloroethylene, perchloroethylene, carbon tetrachloride,
dichloromethane, and chloroform) using a job-exposure metrics named Matgéné, and observed
a positive association between lung cancer and women ever exposed to perchloroethylene, a
widely used chlorinated solvent, especially in the dry-cleaning sector. No associations were
observed for the other chlorinated solvents (67). All models were adjusted for smoking and other

confounders in this study.

Crystalline silica

Suggestive increased lung cancer risks among women associated with ever or over 10
years of occupational exposure to silica were reported in two studies, one conducted in China and
another in multiple countries in Europe (60, 68), both studies have adjusted for smoking; however,

the confidence intervals in these studies were very wide due to low statistical power.
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Workplace Environmental tobacco smoke (ETS) in the workplace

Active tobacco smoking and exposure to environmental tobacco smoke (ETS) have long
been proven as major risk factors for lung cancer in both women and men (17), and there is
abundant literature showing an increased lung cancer risk among women who were exposed to
tobacco smoke in the workplace. Most occupational studies assessed workplace ETS through self-
report (65, 69-74). Studies conducted in North America, Europe, and Asia have all reported
positive associations between women’s ETS exposure in the workplace and lung cancer; a majority
reported statistically significant increased lung cancer incidence or mortality by at least two-fold
among women exposed to ETS in the workplace compared to unexposed women (65, 69-73).
Higher lung cancer risks were observed among women with higher duration or intensity of

exposure to ETS in the workplace (65, 69-74).

Summary of evidence on occupational agents associated with lung cancer among women

The evidence of lung carcinogenicity among women is quite strong for diesel engine
exhaust and crystalline silica. There is weak evidence among women workers supporting the
potential lung carcinogenicity of chlorinated solvents, and the potential protective effect of
cotton dust. We did not find any clear evidence in previous studies in support of an increased risk
among women occupationally exposed to gasoline engine exhaust or formaldehyde. There is
strong evidence supporting that ETS is a risk factor for lung cancer in women, whether the

exposure occurs in the workplace or elsewhere.

2.4 Occupational exposure assessment methods

Most epidemiologic research on occupational risk factors for cancer have either
employed a retrospective industrial cohort design or a retrospective population-based case-
control design. The methods of occupational exposure assessment employed in these studies
largely depend on the study design (i.e., whether the study is of prospective or retrospective
nature and whether it is industry-based or population-based) and the sample size of an
epidemiologic study (i.e., it might be difficult to employ certain exposure assessment methods to

a large study sample due to considerations of cost, practicality, or efficiency) (75). In prospective
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and cross-sectional studies, it is possible to directly measure some occupational exposures as they
occur via biological monitoring or personal monitoring tools, however this is not an option for
retrospective studies (unless such data have already been collected in the past, which is rarely the
cases in most studies). In industry-based studies, which tend to employ an occupational cohort
design or a nested case-control within an occupational cohort, workers’ exposures are assessed
based on their employment history within a particular occupational cohort, information on jobs
held elsewhere is usually unavailable. Using this design, it might be possible to obtain past
exposure measurements from historic surveillance data for a limited number of agents with high
worker exposure prevalence. However, the incomplete coverage of a given worker’s lifetime job
history can be problematic for lifetime exposure assessment, particularly for workers in cohorts
with high turnover rates, as this would lead to an underestimation of worker’s lifetime cumulative
exposure. In addition, it is often challenging to identify study subjects as the list of workers from
company files might have been decades old, and thus many of the workers have retired, moved
away, or died when the investigators tried to contact them. It is also difficult to collect
information on important confounders such as one’s lifetime smoking history and other factors.
Health outcomes of investigation of such studies were often ascertained through linkages to
databases such as the national mortality registry, which might not provide accurate cause of death.
In population-based studies, which tend to recruit cases of a disease and controls from the general
population residing in a specific geographic region, worker’s lifetime occupational history and
other relevant information including potential confounders can be collected through interviewing
the participants, and exposures can be assessed using different indirect methods (more discussion
on this in the next section); however, it is rarely feasible to obtain direct measurement of past

occupational exposures using this study design (75).

The retrospective industrial cohort design is most appropriate when there is a clear
hypothesis about a particular putative risk factor in a particular industry or occupation, while the
retrospective population-based case-control design is most appropriate when the investigator
wishes to explore a wide range of possible risk factors that can occur in different occupations or
industries. A true prospective cohort design is rarely contemplated in this context because it
implies the passage of many years or even decades before the research can reveal potential risks.

The type of study we can contemplate for a study of occupational risk factors among women is
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the retrospective population-based case-control study design. Consequently, the sub-sections

below will describe some of the issues regarding exposure assessment in that context.

2.4.1 Methods for occupational exposure assessment

In population-based case-control epidemiological studies, common methods used for
retrospectively assessing occupational exposure include: subjects’ self-report of their industry or
job history; subjects’ self-report of their occupational exposure to chemical or physical agents;
expert-assessment of occupational exposures based on subject’s self-reported job history; and
exposure assessment using a job-exposure matrix (JEM) based on subject’s self-reported job
history (76). Self-reported exposure has been identified as the most frequently used exposure
assessment method in a review by Ge et al. on assessment method trends from 1975 to 2016 in
occupational cancer case-control studies in the general population; followed by expert-
assessment and JEMs (77). Overall, the use of these methods has remained rather stable over the
past four decades. Since 2010 and beyond, the use of self-reported exposure has declined and
the use of expert-assessment and JEMs has increased; most studies assessed in the review by Ge
et al. relied on one of the aforementioned methods to assess occupational exposure (77). Other
exposure assessment methods, including modeling of exposure using historical measurement
data, and using machine-learning algorithms to link self-reported questionnaire responses to

expert-assigned exposure estimates, have also emerged in the past decade (77).

2.4.2 Validity of occupational exposure assessment methods

Retrospective assessment of occupational exposures is a major challenge in occupational
epidemiology. This is particularly problematic in the context of population-based case-control
studies of diseases with long latency and induction periods, where lifetime occupational exposure
needs to be estimated for each subject to better represent the cumulative exposure to
occupational agents. It is very challenging to accurately assess lifetime exposure to any
occupational agent in a sample of workers drawn from a cross-section of occupations and
industries, as it is quite common for subjects to work in different occupations in different
industries across different time periods. The nature of retrospective exposure assessment
requires information on past workplace processes and exposures. However, data such as
historical exposure measurements across the wide spectrum of workplaces are very scarce,

except for a few exposures such as asbestos, benzene, crystalline silica, and ionizing radiation,
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that were commonly found in traditional blue-collar manual jobs held by men. Consequently,
retrospective population-based occupational studies often employ qualitative or semi-
guantitative methods, including self-reported occupation, self-reported occupational exposure,

case-by-case expert assessment, and JEMs, to assess past occupational exposures (77, 78).

Self-reported occupation title histories have been shown to be reasonably accurate; and
the analysis of job titles has contributed useful leads in identifying at-risk situations (76). However,
the analysis of risk in relation to job titles does not necessarily provide good leads in identifying
the particular chemical agents that may be responsible for an observed risk, and it fails to bring
together all the workers exposed to a given agent in different occupations (79). Some studies
assess chemical exposures through subject self-report. Although providing a relatively cheap and
fast method to assess occupational chemical exposure, this method suffers from considerable
error in terms of a given subject’s ability to correctly identify specific agents used in the workplace
due to lack of knowledge of the presence of specific chemicals contained in products or due to
the complexity of the work environment and tasks (80). Another drawback associated with this
method is the potential for differential recall bias in case-control studies: controls do not have the
same incentive as cases who may be attempting to deduce exposures that may have contributed

to their disease (76).

Initially developed in the early 80s, expert assessment of occupational exposure to
chemicals and physical agents is a method by which experts in fields such as occupational hygiene,
chemistry and engineering, assess each job held and reported by each subject, to assign a level of
exposure for each job to a selected list of agents based on their expertise and relevant literature
(79, 81). Compared to subjects’ self-reported occupational exposure, this method generally
provides more accurate and valid estimates of exposure, and it is “usually the best approach” for
retrospective occupational exposure assessment in case-control studies (76). This approach
requires detailed occupational histories to be collected, preferably in face-to-face interviews,
using well-designed questionnaires and interview techniques. Further, the expert-assessment
method is very costly and time consuming, making it almost impossible to implement in large-
scale population-based occupational studies, particularly those involving multiple exposures of
interest (82). A less costly and time-prohibitive method, which has gained popularity since the

1990s, is to use a JEM built on either expert assessment or existing routinely collected
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measurement data to assess lifetime exposure to specific occupational agents based on the
subject’s job history. JEMs are basically cross-tabulations with at least two axes: one occupational
axis containing a list of occupation or industry titles, and an agent axis containing a list of agents
(83). Some JEMs also include a time period axis with two or more time periods. For each
combination of an occupation/industry and an agent, and when available a time period, JEMs can
provide information on one or more exposure estimates including: the intensity, frequency
and/or the probability of exposure. However, as JEMs provide aggregated estimates of exposure,
they are unable to account for exposure heterogeneity within one specific job title and/or time

period (76).

Ge et al. reviewed 34 reliability studies that compared concordance agreement between
two or more occupational exposure assessment methods, namely self-reported exposure, expert-
assessed exposure, JEM-assessed exposure, and quantitatively measured exposure (77). Cohen’s
kappa statistic (k) was often used by reliability studies included in the review to evaluate
concordance agreement between categorical measures of exposure (e.g., presence/absence of

exposure) (84).

All studies included in this review compared candidate assessment method(s) against one
or more assessment method(s) selected as the comparison method(s) (77). In addition to kappa,
some studies also reported agent sensitivity and specificity values using their selected comparison
method as the reference method. Case-by-case expert assessment was the most frequently used
assessment method among the reviewed reliability studies and was often used as the reference
comparison method against other exposure assessment methods (since expert-assessment is
often considered as the “best-available approach” for retrospective exposure assessment in the
absence of a true gold standard method). Some studies compared exposure assessments between
different experts. Among the studies that compared agreements between various exposure
assessment methods, concordance results vary greatly depending on the choice of agent(s) to
examine and the exposure assessment methods being compared. Overall, using expert-
assessment as the reference comparison method, Ge et al. found slightly higher median kappa
agreement between different experts (k=0.6) than between expert-assessment and self-reported

exposures (k=0.5) or JEMs (k=0.4).

33



A few of the reliability studies included in Ge et al.’s review compared reliability between
expert-assessed exposures and some of the emerging exposure assessment methods, which
employ various statistical learning/clustering machine-learning algorithms to predict exposure
based on self-reported questionnaire responses (77). These studies compared reliability
agreement for very few agents and a majority focused on predicting exposure to diesel engine
exhaust, followed by asbestos and polycyclic aromatic hydrocarbons (PAHs). Reported kappa
values comparing exposure probabilities estimated with machine-learning algorithms vs. expert-
assessment ranged between 0.49 and 0.82 in three of the studies that assessed reliability for
diesel engine exhaust, asbestos, or PAHs. Agreement between these algorithm-based methods
tended to be higher for agents with high probability of exposure in a few occupations (e. g., diesel
engine exhaust) compared to agents with low probability of exposure across many occupations

(e.g., PAHs).

Most of the reliability studies identified in the current literature focus on occupational
exposures that are known or suspected carcinogens, and most of these studies validate exposure
reliability for male workers. There is a lack in literature regarding information on the reliability of
different exposure assessment methods for occupational agents that are commonly encountered

in jobs held by women.

2.5 Gaps in knowledge on occupational risk factors for lung cancer

In women
Almost all the evidence on occupational risk factors for lung cancer has been generated

among male workers. In part, this is due to the historic job markets and occupational profiles of
men and women and/or due to the choices made by researchers (85). During most of the period
from 1950s to 1990s when much of the occupational epidemiological research took place, there
were proportionately fewer women compared to men who were employed for long durations of
time in industries/occupations that involved heavy industrial work. This meant that there was
very low statistical power to detect elevated risks among women even if there had been elevated
risks. Given the limited resources available for occupational research, earlier studies tended to

focus on the more numerous and heavily exposed (to chemicals) occupations where male workers
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predominated, in an effect to improve statistical power to detecting risks. There were some
occupational lung cancer studies that included female workers, but exposure assessment
methods and statistical analyses of female data tended to be of inferior quality (i.e., less detailed
occupational exposure assessment, less in-depth statistical analysis) compared to many analyses

of male data (85-87).

The lack of empirical evidence regarding occupational cancer risks among women is an
important concern. As the historic differential in incidence of lung cancer between men and
women has diminished (88), and as the historic differential in workforce participation has likewise
diminished (89), it becomes more important to evaluate workplace influences on lung cancer
among women, without assuming that the effects are identical among men and women. Women
may have different biological responses to the same occupational exposures that have been
investigated in men; this may be due to different genetic, hormonal, or environmental co-factors,
or it might be due to differences in the ways in which men and women are exposed. A 2017 study
of toxicokinetics has shown that absorption rate, metabolism and bioavailability of chemicals are
likely to differ by sex (90) and previous studies have observed a sex difference in the level of

particle deposition in human lungs (91, 92).

Aside from sex differences, gender differences may also influence the tasks performed by
men and women, leading to possible differences in exposure within the same occupation (93). In
addition, due to the different occupational/industrial profiles of men and women, there are likely
agents to which women are more likely to be exposed than men. For example, it has been
reported that women were 30% more likely to report occupational exposure to disinfectants, hair
dyes and textile dust when compared to men; while men were two to four times more likely to
report occupational exposure to dust and chemical substances, loud noise, and vibrating tools
when compared to women (93). Indeed, previous occupational cancer studies tended to focus on
exposures in jobs that have historically been mostly occupied by men (i.e., jobs in the construction,
mining, forestry and heavy manufacturing settings) while exposures in jobs mostly occupied by
women such as those in the service sector, which have employed increasing numbers of women
over the past 70 years, have rarely been studied. Scarselli et al. examined gender differences in
occupational exposure among ltalian workers (94). Exposed female workers were more likely than

male workers to have higher exposure levels to formaldehyde, vinyl chloride monomer, propylene

35



oxide, trichloroethylene, cadmium, nickel, and chromium IV compounds, after adjusting for age
at exposure. The risk of having high or medium exposure levels was significantly higher in exposed
women (versus that in exposed men) employed as blue collar workers, hired either in small (10—
19 workers) or medium-large firms (> 50 workers), and working in firms manufacturing fabricated
metal products, construction, and retail trade (mainly furniture and hardware) (94). The presence
of high-exposure groups of female workers in many industrial sectors makes it vital to conduct

further research in this field.

It has always been a recognized challenging endeavor to validate retrospective exposure
assessments in occupational epidemiological studies. It is even more problematic for studies
attempting to study female occupational risk factors for diseases since data on the validity of
exposure assessment tools for women's exposure are very sparse. Previous validation studies
were often limited in available resources and thus were only able to evaluate a few agents, and

most of those were agents commonly found in male-dominated occupations.

To improve these identified research gaps, this thesis was conceptualized to further our
knowledge on occupational risk factors of lung cancer among women using detailed occupational
exposure assessment methods to agents and large databases of lung cancer case-control studies
of women. The associations between lung cancer risk and exposure to a large list of agents that

are prevalent in jobs held by women were assessed.
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Chapter 3: Thesis objective

The overarching objective of the proposed thesis is to investigate whether selected

occupational exposures are associated with lung cancer risk among women.

To address this research question, we used two lung cancer datasets of women. There
are different strengths and limitations associated with each dataset regarding its exposure
assessment tool and its statistical power to detect lung cancer risks. Namely, we have access to a
Montreal-based case-control study of lung cancer, where female workers’ occupational
exposures were estimated using expert assessment, which is considered the best available
retrospective exposure assessment method; however, this study is somewhat limited in its power
to detect lung cancer associations due to its relatively small number of female participants. We
also have access to a multicenter, international case-control dataset of lung cancer with a very
large sample size of women, which was created by combining the women from ten individual
case-control studies. All of those individual studies collected job histories of the women, but there
were no available individual expert-assessed occupational exposure histories. To estimate
occupational exposures, we decided to use a Canadian Job-Exposure Matrix (CANJEM) which had
been developed by our team. In order to use CANJEM optimally, we wished to focus on those
agents in CANJEM that provide similar exposure estimates to that of the expert assessment. This
led to an attempt to quantify the ability of CANJEM to reproduce expert assessment, which

resulted in an investigation of concordance between CANJEM and expert assessment.

Within this context, the main objective of this thesis is further divided into three specific

sub-objectives:

1) To investigate associations between prevalent occupational exposures as assessed by
experts and risk of lung cancer among women in the Montreal lung cancer case-control
study.

2) To compare exposure assignment concordance between the Canadian Job-Exposure
Matrix (CANJEM) and expert assessment for jobs held by women in the Montreal lung

cancer case-control study.



3) To investigate associations between CANJEM-assessed prevalent occupational exposures
and risk of lung cancer among women in a combined dataset of ten lung cancer case-

control studies from Europe, Canada, and New Zealand.
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Chapter 4: Methodology

The overarching aim of this thesis was to explore the role of occupational exposures in
lung cancer risk among women. Three manuscripts were produced, and each addressed one of
the three sub-objectives of the thesis. The first manuscript examined the associations between
prevalent occupational exposures assessed by experts and risk of lung cancer among women in
the Montreal lung cancer case-control study. The second manuscript compared exposure
assignment concordance between CANJEM and expert assessment for jobs held by women in the
Montreal study. Finally, the last manuscript examined the associations between CANJEM-
assessed prevalent occupational exposures and risk of lung cancer among women in a combined
dataset of ten lung cancer case-control study centers from Europe, Canada, and New Zealand. The

methodologies for these analyses are presented below.

4.1 Sub-objective 1 —Occupational exposures assessed by experts and lung cancer
risk among women in the Montreal study

The first specific sub-objective of the thesis was to examine potential associations
between prevalent occupational exposures as assessed by a team of experts and lung cancer risk

in women, using data from a Montreal-based case-control study.

4.1.1 Data source

The Montreal lung cancer case-control study

The population-based Montreal lung cancer case-control study was conducted from 1996
to 2001, with the primary objective of studying the associations between a wide range of
occupational, environmental and lifestyle factors and lung cancer etiology (95). Incident lung
cancer cases were ascertained from all major hospitals in the Montreal area during the study
period. Cases (n=1,203; 781 men and 422 women) included subjects aged 35-75 years, with
histologically confirmed incident primary lung cancer, who were Montreal residents and Canadian
citizens. Controls (n=1,513; 936 men and 577 women) were also Montreal residents and Canadian
citizens and were randomly selected from the population-based electoral lists and were frequency
matched to cases by age, sex and area of residence. Response proportions were 82% and 69% for

female cases and population controls, respectively.



Data collection for cases and controls involved in-person interviews with trained
interviewers. Next-of-kin provided responses for 34% of female cases and 5% of female controls
that were too ill or had died. Information on the subject’s socio-demographic characteristics,
lifestyle, medical history, family history of cancer, and detailed lifetime smoking history was
collected using a structured questionnaire. Then a semi-structured questionnaire was
administered to obtain a lifetime job history; namely, a detailed description for each job ever held
by the subject, including information about the company, its products or main activities, the
nature of the work site, the primary and subsidiary tasks of the subject and additional information
on the use of protective equipment, equipment maintenance, and activities of co-workers.
Supplementary specialized questionnaires with detailed technical probing questions were also
administered for many specific occupations (e.g., sewing machine operators, nurses, cooks,

construction workers, and welders).

Ethics approval was obtained from the Institutional Review Boards of the Institut Armand-
Frappier, McGill University, the Université de Montréal and all participating hospitals (see

Appendix 1); all study participants provided informed consent.

4.1.2 Design and study population

This study used a population-based case-control design to examine lung cancer risk in
women. The data were available for both male and female participants in a Montreal lung cancer
case-control study. In this study, we limited the analysis to women who had ever worked, which
resulted in 361 female incident lung cancer cases and 521 female population-based controls that

were frequency-matched to the age distribution of cases.

4.1.3 Outcome measure
The outcome of interest in this study was histologically confirmed incident primary lung
cancer and cases were ascertained from all major hospitals in the Montreal area during the study

period.

4.1.4 Exposure assessment method

Expert assessment of occupational exposures
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The research group directed by Dr. Jack Siemiatycki has contributed to the
methodological development of occupational exposure assessment for community-based case-
control studies over the past several decades. In the 1980s, they developed an approach to
assessing occupational exposures that involves a team of experts reviewing each job described by
interviewed cases or controls in their job histories, an approach which became known as the
expert assessment method (96-98). Detailed lifetime occupational histories include job title,
performed tasks, work environment, products or equipment used for any job that lasted for more
than six months. Duration of each job was derived from the reported start and end date provided
by the subjects during in-person or telephone interview. A team of trained experts in chemistry
and industrial hygiene, blinded to subject’s case-control status, coded each job according to
standardized occupational and industrial coding systems and reviewed each job to determine
possible occupational exposure to a list of 294 chemical, biological and physical agents. It is
noteworthy that the exposure assignment to an agent was based not only on the reported job

titles, but also on the unique characteristics of the workplace and the tasks reported.

Three experts participated in the expert assessment of occupational exposures in the
Montreal lung study. A consensus approach was adopted during the coding process. Each job was
reviewed by at least two experts: the first one would conduct an in-depth assessment of potential
exposure to all 294 agents on the list and one or two other experts would review and validate the
assessments. Disagreements on the presence of an exposure or the level of exposure to an agent
would be resolved by discussion until a consensus was reached. For each agent to which the
experts considered the subject had been exposed in a given job, three indicators of the
assessment were recorded: the degree of reliability or confidence in the assessment (possible,
probable, or definite); the presumed concentration or intensity of exposure (low, medium, or
high); and the presumed frequency of exposure during a typical workweek (the number of hours
a subject was exposed). The presumed intensity of exposure was assigned in reference to certain
a priori benchmarks based on the background level of exposure to each agent in the general
population. It is established that for the agents under study, the level of exposure in the workplace
would need to exceed that in the general environment to be considered as “exposed”. A low
intensity represents a slightly higher level of exposure to an agent above what one would be

exposed to in a non-occupational setting during the relevant time period. A high intensity
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represents the highest intensity of exposure one would be exposed to in the workplace during
the relevant time period. A medium intensity represents an intensity of exposure in between low
and high, on a relative scale. The varying level of intensity (low, medium, high) can be transformed
into numerical values depending on the approximate ratios of concentration that the experts had
in mind when coding intensity for a particular agent. Naturally, the concentration of exposure
differs by agent, thus the intensity of exposure level is not meant to be compared between agents.

However, within each agent, the intensity levels can be compared across jobs.

A number of trials were carried out throughout the years by the team to assess reliability
and validity of this expert assessment method. A previous inter-rater reliability study involving
the same team of experts revealed high agreement between experts, with a kappa value around
0.8 (99). An exposure validity study was also carried out to compare the exposure assessments
from the same team of experts with previously recorded industrial hygiene air sampling
measurements in Australia (gold-standard measurement) for 19 occupational agents, and the
average sensitivity was 73% for experts to detect true presence of exposures (100). Among agents
coded as present by the experts, the raters were also quite accurate in rating the relative
concentration and frequency of exposure (100). From 1980 to 2011, this expert assessment
method was used in five cancer case-control studies in Canada, mainly in the Montreal area; one
study on multiple cancer sites (101), one study on lung cancer (102), one study on brain cancer
(103), and two studies on breast cancer (1996-1997 and 2008-2011) (104, 105), with a stable set
of experts in chemistry and industrial hygiene as the exposure assessors. In aggregate, the team

of experts has spent over 50 expert-years in assessing exposures in these five studies.

4.1.5 Selection of occupational agents and exposure variables of interest

The number of exposed women in this study, as in most population-based case-control
studies, is limited. To ensure a reasonable level of power to detect any association, if it exists, we
established the following criteria for an agent to be included. Included agents needed to satisfy
two conditions among the cases in our study sample: at least 30 cases exposed, where exposure
was rated as ‘probable’ or ‘definite’; and at least 10% of those exposed cases were substantially
exposed (i.e., exposed at medium or high concentration and over 2 hours of exposure per week,
and over 5 years of duration). This led to the selection of the following 22 agents for analysis:

cotton dust, wool fibres, synthetic fibres, polyester fibres, treated textile fibres, cellulose,
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ammonia, formaldehyde, cooking fumes, isopropanol, toluene, synthetic adhesives, organic
solvents, volatile organic liquids, alkanes C5-C17, aliphatic alcohols, aliphatic aldehydes, polycyclic
aromatic hydrocarbons (PAHs), mononuclear aromatic hydrocarbons (MAHSs), cleaning agents,

biocides, and micro-organisms.

For each agent, we estimated lung cancer risk associated with ever exposure and
cumulative exposure (CE) to that agent. The reference unexposed category for computation of
the ORs for a given agent comprised women who were never exposed to that agent. Women’s CE
was calculated using the formula: CE = Z?:l%X% where j represents the ith year, d
represents the total number of years exposed, /i represents the intensity of exposure in year i,
and Fi represents the number of hours exposed per week in year i. The values of /i were
transformed from (low, medium, high) to (1, 5, 25) as these were the approximate ratios of
intensity that the experts had in mind when coding intensity for most agents. This formula for CE
assigns equal weights to the concentration and frequency of exposure through dividing each
measure by their highest value. Because we do not assume that the risk of lung cancer is linearly
associated with each unit of increase in CE for every agent, the continuous measure of CE was

further divided into three categories (never, < median CE, > median CE), based on median

distribution of CE values for each agent among exposed controls.

4.1.6 Selection of occupations and exposure variables of interest

Although the main purpose of the analysis was to examine the association between
selected occupational agents and lung cancer risk among women, we also took the opportunity
of the available data to analyze the association between selected prevalent occupations and lung
cancer risk among women in this study. Six occupations categorized at the three-digit level of the
International Standard Classification of Occupations, version 1968 (ISCO-68) satisfied the criterion
of a minimum of 30 exposed cases and were selected for the job title analysis. These occupations
include stenographers, typists and teletypists; bookkeepers and cashiers; correspondence and
reporting clerks; waitresses, bartenders and related workers; maids and related housekeeping
service workers not elsewhere classified; and sewers and embroiderers. For each selected

occupation, we analyzed lung cancer risk associated with ever exposure, and with over 10 years
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in that occupation, using women who had never worked in that occupation as the reference

unexposed category.

4.1.7 Analyses
Odds ratios (ORs) and 95% confidence intervals (Cls) between exposure to each selected
occupational agent, or an occupation, and lung cancer risk among women were estimated using

separate unconditional logistic regression models, adjusted for selected covariates.

The selection of covariates to include in the models was based on the following
considerations. We were limited to variables that had been collected in the original case-control
study conducted in the late 1990’s. Because the number of participants in this study was rather
small, we avoided over-loading the list of covariates in the statistical models. In every model we
forced three variables that are strongly associated with lung cancer and that differ by exposure
status in our study population: age (continuous), ethnicity (French Canadian, Others) and smoking.
The dataset included a rich lifetime smoking history. Previous methodologic work by our team
(106) showed that a single continuous variable composed of different dimensions of the smoking
history (incorporating smoking status, duration, time since cessation and intensity), dubbed the
comprehensive smoking index (CSI), provides as good a basis for controlling confounding by
smoking as including the different dimensions separately in the model. This CSI variable has
previously been used in this Montreal lung cancer case-control study and has been shown to be
a valid and parsimonious alternative to conventional modeling of different aspects of smoking
history (106). For this thesis, | conducted a sensitivity analysis to explore the impact of using more
conventional tactics instead of the CSI, namely including three separate smoking dimensions as

covariates (smoking status, cigarette pack-year, and time since quitting smoking).

In addition to the core covariates, we explored whether adding the following additional
covariates to the model modified the estimates of relative risk of the examined occupational
agents with lung cancer: education, family income, and domestic exposure to traditional (wood,

coal, biomass, etc.) heating and cooking fuels.

Finally, the proportion of proxy respondents were higher in cases than in controls in this

study, which can result in differential exposure misclassification if the quality of the information
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provided by proxy respondents differ from that of self-respondents. To examine this, we

conduced additional sensitivity analyses restricted to self-respondents only.

Statistical analyses were conducted using R (V3.5.3).

4.2 Sub-objective 2 — The concordance of exposure assignment between CANJEM

and Expert assessment

The second specific sub-objective of the thesis was to compare exposure assignment
concordance between the Canadian Job-Exposure Matrix (CANJEM) to expert assessment for jobs
held by women, using data from the Montreal lung cancer case-control study (described in section
4.1). This methodological investigation was conducted to aid in the selection of agents suitable
for use in CANJEM for exposure assessment, in an international combined dataset of case-control
studies of lung cancer among women, without expert-assessed exposure histories (sub-objective

3).

4.2.1 Occupational exposure data source

The Montreal lung cancer case-control study

Details of occupational exposure data from this study have already been described

previously in section 4.1.1. In total, 3403 jobs were held by female participants in this study.

4.2.2 Exposure assessment methods

In this methodological investigation, we compared the concordance of assignment of
exposure for prevalent occupational agents among jobs held by women in the Montreal study
using two exposure assessment methods: expert assessment, which is considered as the best
available method for retrospective exposure assessment in case-control studies, and CANJEM, a
Canadian general-population JEM proposed as an alternative to expert assessment of

occupational exposures.

4.2.2.1 Expert assessment

Details of the expert assessment method have been described previously in section 4.1.4.
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4.2.2.2 The Canadian Job Exposure Matrix (CANJEM)

CANJEM: Background

CANJEM was developed by the team directed by Dr. Siemiatycki and Dr. Lavoué, using
expert assessment data on occupational exposures from multiple case-control studies (one of
which is the Montreal lung cancer study described previously in section 4.1.1) (107). At the time
of the analysis for manuscript two, CANJEM exposure source data came from four Montreal-based
case-control studies (i.e., the study of multiple cancers, lung, brain and breast (1996-1997)) which
provided a total of 31,673 jobs from 8,912 subjects (107). Expert assessment of occupational
exposure data from a second breast cancer case-control study (2008-2011) was later incorporated
into CANJEM estimates and an updated CANJEM was then applied in manuscript three, but this
data was not ready at the time of manuscript two. The data collection procedures were the same
for all studies that provided source exposure data for CANJEM: in-person interviews with cases
and controls to obtain detailed job histories which were then evaluated by a team of specially
trained exposure experts to assign exposure using a checklist of up to 294 agents, as described
above in section 4.1.4. They also coded the jobs according to various occupational and industrial

classification systems.

The team of experts evaluated about 9000 subjects’ work histories, and this comprised
about 32,000 distinct jobs reported by the participants in the four case-control studies mentioned
above. Given the huge database and rich information on the presence or absence of each agent
on the checklist for each job, as well as indicators of the level of confidence in the assessment and
the intensity and frequency of exposure assessed by the experts, and the dates of the job, the
team took advantage of all this information and created a general-population job exposure matrix

called CANJEM (http://www.canjem.ca/) (107, 108).

Construction of CANJEM: source data

CANJEM was built using the information from the expert assessment of jobs in four
Canadian case-control studies. Table 2 below presents the study period, number of cases and
controls, subject age range and the number of jobs assessed by the experts in these four studies.
Studies 1, 2 and 3 were conducted in the Greater Montreal area and Study 4 was conducted in
the greater Montreal, Ottawa and Vancouver areas, although the expert assessment of

occupational exposures was only carried out for participants from the Montreal and Ottawa
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centers. The same protocol for obtaining subject’s occupational history was used in all studies (in-

depth subject interviews with trained interviewers), and the same expert assessment approach

was carried out in all studies.

Table 2. Information on the case-control studies included in the CANJEM source data

(103)

No. Age

No. cancer
Study Study period population range No. jobs

cases

controls (yrs)

Study 1
(multi-site 1979-1986 3,726 men 533 men 35-70 15,067 (men)
cancer) (101)
Study 2

739 men & 925 men & 10,371 (6,877 men
(lung cancer) 1996-2001 35-75

466 women 616 women & 3,494 women)
(102)
Study 3
(breast cancer) 1996-1997 608 women 667 women  50-75 3,510 (women)
(104)
Study 4

124 men & 198 men & 2,725 (1,461 men
(brain cancer) 2000-2005 30-59

121 women 216 women & 1,264 women)

The agents that were evaluated in each of the studies varied slightly; consequently, 36

out of the 294 agents were excluded from the CANJEM database as exposure assessments for

those agents were not available in all four studies. In the end, CANJEM provides exposure

estimates for 258 agents. The full list of agents and their descriptions can be found at:

https://expostats.ca/chems/.
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Construction of CANJEM: harmonization of source data

As mentioned previously, the same protocol for expert assessment of occupational
exposures was used in all four studies, although there was a minor difference in how frequency
of exposure was recorded in each study. In Study 1, the frequency of exposure to an agent in a
given job was recorded in categories (exposed for: 0%, <5%, 5-30%, and 230% per week, assuming
a 40-h workweek). While in Studies 2 through 4, the frequency of exposure was recorded as the
number of hours exposed to an agent in a given job. In order to harmonize the data from all
studies together, it was decided that a quantitative measure of frequency of exposure would be
created for Study 1. This was achieved by applying the computed agent-specific median value of
frequency of exposure (in number of hours) in Study 2 for each category of frequency of exposure
in Study 1, and to assign these median values to the matching combination of agent, job and
frequency category in Study 1. The median exposure values were computed from Study 2 because
this is the largest study among Studies 2, 3 and 4 and the most similar to Study 1 in terms of the

study population characteristics.

Construction of CANJEM: three-axes structure

There are three axes available in CANJEM: an occupational code axis, a time period axis,
and an agent axis. These axes form the framework of CANJEM. Each cell within the matrix provides
exposure metrics for a given agent within a specific combination of occupational code and time

period.

The occupational code axis

CANJEM offers linkage via one international and three North American occupational
classification systems, and one international and two North American industrial classification
systems. The list of occupational and industrial coding systems available in CANJEM, as well as the

coding resolutions and the number of groups in each classification can be found in Table 3 below.
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Table 3. Available occupational and industrial coding systems in CANJEM.

Table adapted from Sauvé et al. 2018 (109).

Classification Resolution Level Number of groups
in classification
(A) Occupations
Intemational Standard Classification of Occupations (ISCO), 1968+° I digit Major group 8
2 digits Minor group 81
3 digits Unit group 282
5 digits Occupation 1504
Canadian Classification and Dictionary of Occupations (CCDO), 1971¢ 2 digits Major group 23
3 digits Minor group 81
4 digits Unit group 500
7 digits Occupation 7907
Canadian National Occupational Classification (NOC), 20114 1 digit Division 10
2 digits Maijor group 40
3 digits Minor group 140
4 digits Unit group 500
United States Standardized Occupational Classification (SOC), 2010¢ 2 digits Major group 23
3 digits/ Minor group 97
5 digits Broad occupation 461
6 digits Detailed occupation 840
(B) Industries
International Standard Industrial Classification (ISIC) revision 2, 1968#" 1 digit Major division 9
2 digits Division 33
3 digits Major group 71
4 digits Group 159
Canadian Standardized Industrial Classification (SIC), 1980/ 1 digit Division 18
2 digits Major group 76
3 digits Minor group 318
4 digits Unit group 860
North American Industry Classification System (NAICS), 2012/ 2 digits Sector 20
3 digits Subsector 102
4 digits Group 323
5 digits Industry 711
6 digits Canadian industry 922

International Labour Office (ILO) {1969,

"Includes Armed Forces as a category in each level of resolution.

‘Dominion Burcau of Statistics (1970),

“Statistics Canada (2012a).

AU.S. Bureau of Labor Statistics (2014).

Level includes two 4-digit codes: 15-11 (compurer oceupations) and S1-51 (printing workers).
"Major division 0 {Activities not Adequately Defined) and nested subgroups omitted.

"United Nations (1971).

Each system has its own hierarchical structure and differs in terms of resolution (number

of digits for the codes) and the total number of occupational codes within each resolution. In all
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systems, lower resolution (fewer digits) job codes aggregate multiple higher resolution job codes
into one broader job code. As the number of digits in the job code resolution increases, the job
description gets more precise. As illustrated in Figure 3 below, a subject who had reported
working as a dry cleaner and reported main job tasks of setting up and operating machinery to
dry-clean clothing and other items in one of her jobs would have this job coded by the experts
under different resolutions within each occupational coding system. Using the ISCO-68 system as
an example, a 3-digit code (5-60) would only be able to define this job as “Launderers, dry-cleaners
and pressers” while a higher resolution 5-digit code (5-60.30) would provide a more precise

description of the job as being “Dry-cleaning machine operator”.

Figure 3. Example of job description precision under different resolutions of job code.

Although higher resolutions provide more detailed job descriptions, there is a trade-off.

CANJEM estimates for higher resolution job codes were generated from fewer source jobs
compared to estimates generated from lower resolution job codes. When the number of source
jobs is very low, the generated estimates of exposure might not be as accurate or representative

as when a lower resolution was used.

The time period axis
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At the time of analysis for manuscript two, CANJEM provided estimates of exposure for
jobs reported from 1930 to 2005. Across the large time span, technology and industrial
regulations have changed and consequently exposures to certain agents within a given occupation
could have varied with time. Depending on the era when the population under study was
economically active and the agent(s) being studied, CANJEM users have the freedom to customize
their time interval for the time period axis of CANJEM in order to obtain exposure estimates that

they judge to be the most suitable for their study population.

The agent axis

A list of the 258 agents available in CANJEM can be found on the CANJEM website at

http://canjem.ca/. Descriptive statistics for each of these agents are available from

http://expostats.ca/chems. The list of agents includes specific chemicals, broader mixtures,

physical agents, and agents grouped together based on use. On the CANJEM website, the agents
are presented in a hierarchical order, under the five main categories: inorganic substances,
organics substances, inorganic and organic mixtures, general categories, and ionizing radiation,
electric and magnetic fields. It is important to note that some of the agents could partially overlap
with other agent(s) due to the hierarchical agent structure. For example, benzene is part of the

agent mononuclear aromatic hydrocarbons, which in itself is part of the agent organic solvents.

Construction of CANJEM: available metrics

For each combination of occupational code, time period, and agent, CANJEM provides
information on close to 50 variables (see Appendix 2). Among them, the most essential variables
for epidemiologists encompass the probability of exposure, the certainty of exposure, and if the

probability of exposure is above zero, the frequency and intensity of exposure.

Probability of exposure

The probability of exposure is a continuous measure ranging from 0-100%. It was derived
by calculating the proportion of jobs that were classified as exposed by the experts to a given
agent at any frequency or intensity among all jobs with the same occupational code in CANJEM.

Unlike the expert assessment method which attributes different exposure assessments to each
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job on an individual basis, CANJEM, as any other JEM, would attribute the same level of exposure
to an agent in all jobs with the same occupational code. This would not be an issue when the
probability of exposure is either 0% or 100%, indicating that none or all of the assessed jobs
sharing an occupational code were unexposed or exposed to an agent in a given time period.
However, when the probability of exposure is somewhere in between, the exposure status for
those jobs becomes less clear. In order to classify jobs into the exposed or un-exposed group, a
threshold percentage for the probability of exposure variable needs to be chosen. The selection
of probability cutpoints to define exposure status for epidemiologic analysis will be discussed later

in section 4.2.4.

Frequency of exposure

CANJEM provides the median or mean frequency of exposure to an agent within an
occupation code. The frequency of exposure is presented as the number of exposed hours per 40-
hour workweek. To minimize the effect of outliers when computing the frequency, it is

recommended that the median frequency of exposure be used in epidemiological studies (110).

Intensity of exposure

CANJEM provides the median intensity and mean frequency-weighted intensity of
exposure to an agent within an occupation code. Intensity of exposure has three categories of
low, medium and high, and is represented using four ratios (1:2:3, 1:3:9, 1:5:25, and 1:10:100).
For epidemiological studies, it is recommended that the median intensity of exposure be used
with the 1:5:25 ratio, unless otherwise specified. The median value of intensity is recommended
over the mean to minimize the effect of outliers and the ratio of 1:5:25 is recommended because
it is judged by the experts to be the best estimate of the low, medium and high concentration for

the majority of agents in CANJEM.

Sample partial output of CANJEM for a select cell

Table 4 below provides an example of a partial CANJEM output representing the
combination of ISCO-68 occupational code of 7-55.30 ‘Knitting-Machine Operator (Hosiery),’ for
the agent fabric dust, during the time period of 1950-2005.
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Table 4. Selected CANJEM output representing the combination of ISCO-68 code 7-55.30

Knitting-Machine Operator (Hosiery), for the agent fabric dust, covering the time period from

1950 to 2005.
Variable Value
Occupational agent code (ISCO-68) 7-77.30
Occupational agent name Fabric dust
Number of jobs within an occupation code 17
Number of exposed job within an occupation code 11
Probability of exposure 64.71
Median intensity of exposure using a ratio of 1:5:25 5
Median frequency of exposure (hours/week) 40

CANJEM: various versions

Users have the options to configurate different versions of CANJEM based on their choice.
Different versions can be constructed depending on the selected occupational and industrial
classification systems and the selected time periods to estimate exposures for agents. For
example, within a given occupational classification system, users can choose multiple
occupational code resolution(s) (e.g., users can download CANJEM's estimates for selected agents
linked to the ISCO-68 three-digit and the ISCO-68 five-digit resolutions). For agents with a clear
change in exposure profile during a specific time period, users can stratify by time periods and
obtain CANJEM’s estimates for those agents for each selected period. Users can also create
different versions of CANJEM based on their preference in how exposure estimates with different
levels of certainty should be treated. The expert assessment of the original five case-control
studies that provided the exposure data for CANJEM assigned each exposure with a notation of
their confidence of exposure (No, Possible, Probable or Definite exposure). CANJEM allows the

user to select any level of confidence as a threshold for defining exposure. Namely, the following
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versions of CANJEM can be created based on user configuration: 1) possible exposure treated as
exposed, 2) possible exposure treated as not exposed, 3) possible exposure removed from
CANJEM estimates, 4) possible and probable exposures treated as not exposed, and 5) possible
and probable exposures removed from CANJEM estimates. Finally, users can also customize the
minimum frequency, intensity, number of jobs and number of subjects required to generate

estimates in CANJEM.

4.2.2 Application of CANJEM: linkage strategies

Ideally, estimates of agents generated with the highest resolution within each
occupational and industrial system and within a more specific time period should provide the best
estimates of exposure, when there are enough jobs and subjects to populate each cell of CANJEM.
When this is not the case, as it is in most situations, users need to come up with a strategy to
maximize the linkage of subjects’ jobs to CANJEM and to link those jobs at the highest resolution

as far as possible.

A previous investigation examining various CANJEM linkage strategies (110) suggested
that it is best to first prioritize linking jobs to the highest resolution within a chosen occupational
system using a wider interval of time period, and then to link the un-linked jobs using a lower

resolution of the occupational code, again using a wider interval of time period.

As mentioned earlier, CANJEM estimates for higher resolution job codes were generated
from fewer source jobs compared to estimates generated from lower resolution job codes. When
the number of source jobs is very low, the generated estimates of exposure might not be as
accurate or representative as when a lower resolution is used. For manuscript two of the thesis,
we decided to construct CANJEM estimates using the following two rules: 1) Source jobs from the
four case-control studies with at least probable or definite confidence of exposure and with a
minimal input of 10 jobs per cell coming from a minimum of 3 subjects were used to calculate
estimates of exposure in a given cell (jobs with possible exposure were treated as not exposed).
2) Estimates of exposure were calculated within the time period from 1950 to 2005, as this roughly
represents the period where the women in the study population were economically active. Once
estimates of CANJEM were constructed, we linked women’s jobs from the Montreal case-control

study to CANJEM using the following procedure: Jobs were linked to CANJEM using the ISCO-68
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classification system. Each job was first linked at the highest resolution (ISCO-68 five-digit); the
unlinked jobs were then linked at the second highest resolution (ISCO-68 three-digit). Any jobs
that could not be linked using these two resolutions were excluded from the analysis. This
algorithm allowed us to maximize the job linkage while ensuring the accuracy of the estimates for
the linked jobs. Using this strategy, we were able to link 99.95% of all jobs in our study population
to CANJEM.

4.2.3 Selection of agents for exposure concordance comparison

For manuscript two on concordance between expert assessment and CANJEM in
assessing exposures, a large list of prevalent exposures among jobs held by women were selected
for comparison. Among the 258 agents that are available in CANJEM, we selected for this analysis
those agents that had been listed by expert assessment as exposed in at least 30 of the 3403 jobs
held by women in the Montreal case-control study of lung cancer. A total of 69 agents were
selected based on this criterion. We evaluated the concordance between the CANJEM-derived
assessment and the expert-derived assessment for each agent. The expert assessment method
assigned a binary exposure status to an agent in a given job, whereas CANJEM provides the user
with a continuous probability of exposure, and users can select a cutpoint of probability of
exposure to dichotomize the exposure status. To reduce the influence of trivial exposures, for
both methods, ever exposure to an agent was limited to jobs with probable or definite exposures
(jobs with a possible exposure were considered unexposed), and that exposed jobs need to reach
a minimum exposure frequency of 0.5 h per week and a frequency-weighted intensity ( a
continuous index that combines intensity and frequency of exposure) (108) corresponding to at

least 2 h per week at low intensity.

4.2.4 Selection of CANJEM probability of exposure cutpoint

To define exposure status to an agent within a given job title, unlike the binary (exposed
vs not exposed) exposure estimate output from the expert assessment, the output from CANJEM
is a probability of exposure ranging from 0 to 100%. Although users have the option to configurate
different versions of CANJEM as described in the section above, the output of exposure estimates
for agents would always remain a probability of exposure. In epidemiologic studies, it is useful to
categorize the exposure status as exposed or not exposed to an occupational agent for

estimations of relative risks of diseases associated with that agent. The classification of a binary
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exposure status to an agent within a job held by a worker can be achieved using the continuous
probability of exposure provided by CANJEM and choosing a probability of exposure cutpoint,
below which we would consider the worker as not exposed, and above which we would consider

the worker as exposed.

There is no universally established probability of exposure cutpoint to define ever
exposure in occupational epidemiologic studies, this decision needs to be made by users of
CANJEM for their individual projects. Ideally, if all the probabilities of exposure to an agent are
either 0% or 100%, then we could simply categorize the 0% as not exposed and the 100% as
exposed. However, the reality is that the probabilities fall along the range from 0% to 100%. If the
empirical frequency distribution of the probability of exposure is bimodal, then this would lead to
a natural “valley” between the two peaks where a cutpoint can be chosen; while if the empirical
frequency distribution is not bimodal, then it is more arbitrary to decide on where to set the
cutpoint. Figures 4 and 5 show examples in CANJEM of two agents that exemplify those two
scenarios. Figure 4 provides a demonstration of a good scenario in which setting the probability
of exposure cutpoint to around 25% would differentiate quite well occupations exposed and
unexposed to cotton dust; while Figure 5 provides a less optimal scenario with far more
occupations having a probability of exposure around the cut-off threshold, making it harder to

correctly classify occupations exposed and unexposed to carbon monoxide.
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Figure 4. Frequency distribution of probability of exposure to cotton dust in all ISCO-68 jobs
with a probability > 0% assigned by CANJEM.
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Figure 5. Frequency distribution of probability of exposure to carbon monoxide in all ISCO-68
jobs with a probability >0% assigned by CANJEM.
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Some exposure misclassification is unavoidable when using any JEM including CANJEM,
regardless of the choice of probability of exposure cutpoint. If we were to assume that the expert
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assessed exposure status is the gold standard, a selection of a lower probability of exposure
cutpoint in CANJEM would entail a higher sensitivity and a lower specificity; indicating that we
would likely be able to correctly identify all the “truly exposed” but there may be many “false
positives” that would be put in the exposed group. While vice-versa, a selection of a higher
probability threshold would entail a lower sensitivity and a higher specificity; indicating that we
are more likely to miss some of the “truly exposed” but there would not be as many “false
positives” included in the exposed group. There is no consensus on where the probability cutpoint
should be. However, the two most frequently used cut-off thresholds of probability of exposure
in epidemiological studies are 225% or >50% to define ever exposure to an agent (111-113).
Consider that the proportion of exposed jobs to an agent in all jobs in CANJEM is relatively very
small; the specificity values tend to be quite high and much less influenced by a given probability
threshold than do the sensitivity values. To minimize exposure misclassification, we would want
to maximize the number of truly unexposed jobs below the threshold and also to maximize the
number of truly exposed jobs above the threshold. To address the 2nd sub-objective of this thesis,
which is to compare exposure assignment concordance between CANJEM and expert assessment
for agent exposures in jobs held by women, we used two probability cutpoints: 25% probability
of exposure (CANJEM-25%) and 50% probability of exposure (CANJEM-50%), to determine
whether jobs are exposed or unexposed to an agent based on CANJEM. Jobs with a probability of
exposure above or equal to the chosen cutpoint were classified as "exposed", while jobs below

the cutpoint were classified as "unexposed".

4.2.5 Analyses
This study uses expert assessment as the reference “gold standard” for retrospective

exposure assessment, and CANJEM as a proxy to mimic expert assessment.

We calculated CANJEM's sensitivity and specificity for each agent (using CANJEM-25% and
CANJEM-50%, separately) to examine how well it replicated expert-assigned exposures. In
addition, Cohen’s Kappa was calculated to evaluate the exposure concordance not due to chance
(84), and Kendall's T coefficients were calculated to measure the correlation between expert-
assessed prevalence of exposure to that assessed by CANJEM-25% and CANJEM-50%. We also
plotted the empirical cumulative distribution functions (ECDF) of the prevalence for each

exposure assessment method. The units of observation used to estimate prevalence and
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concordance of each agent were the 3403 jobs. In addition, we calculated and compared the loss
in statistical power associated with the use of a proxy (CANJEM) instead of the “gold standard”
expert assessment. We made the supposition that there would be a hypothetical case-control
study with 1000 cases and 1000 controls (assuming one job per participant), and that there would
be a fixed two-fold association between occupational agent exposure and lung cancer. To
demonstrate the impact of statistical power loss to detect an association under varying exposure
misclassification scenarios, we selected combinations of three levels of the following parameters:
sensitivity (0.30, 0.50, and 0.80), specificity (0.90, 0.95, and 0.99), and true prevalence of exposure
(2%, 5%, and 15%). As a result of using an exposure assessment method with imperfect sensitivity

and specificity, the estimated prevalence of exposure and the OR can be described as follows
(114, 115):
Pr=PU+(1-P)(1-V)

[URP+(1 -V -P)][A-U)P+V(1-P)]
[UP+(1-V)Q1-P)][QA1-U)RP+V(1—-P)]

*

Where:

P = Prevalence of exposure estimated by the gold standard
U = Sensitivity

V = Specificity

R = Hypothetical true risk (OR) of 2.0

P"= Misclassified prevalence of exposure

R’= Misclassified OR after exposure misclassification

We first calculated the power of the “gold standard” expert assessment to detect a two-fold risk
under varying levels of exposure prevalence. We then calculated the power under varying
scenarios of exposure misclassification by replacing P with P*, and R with R". The proportional
difference between the two calculated powers is the loss in statistical power due to exposure

misclassification.
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All statistical analyses were conducted using R.

4.3 Sub-objective 3 —Occupational exposures assessed by CANJEM and lung
cancer risk in women in a combined dataset of international case-control studies

of lung cancer

The third specific sub-objective of this thesis was to examine the associations between
CANJEM-assessed prevalent occupational exposures and risk of lung cancer among women, using

data combined from ten lung cancer case-control studies from Europe, Canada, and New Zealand.

4.3.1 Data source

An International combined study of lung cancer among women

This analysis included data on 7,227 female participants combined from ten case-control
studies of lung cancer from Europe, Canada, and New Zealand; all participating study centers
originally collected lifetime working and smoking histories, and information on socio-
demographic factors such as education (116-124). Seven of the included studies were from
Europe (France (120), Germany (117, 119), Italy (118, 124), Poland (121), and the United Kingdom
(121)), two were from Canada (116, 123), and one from New Zealand (122). Data collection
periods for these studies ranged from 1988 to 2008. The occupational data were coded or recoded
from national classifications in each original study center into the International Standard
Classification of Occupations (ISCO-68). Lifetime occupational and smoking information was
mainly collected using face-to-face interviews (approximately 80%), the remainder by telephone
interviews. In total, the 7,227 women in the combined study population had held 25,679 jobs for

at least one year.

4.3.2 Design and study population

This study used data from ten population- or hospital-based case-control studies of lung
cancer. Analyses were restricted to women in each of the study centers who had ever worked for
at least a year, leading to a total of 3,040 lung cancer cases and 4,187 controls. Cases were incident
lung cancer cases confirmed by histology or cytology, ascertained from local hospitals, clinics, or

cancer registries. Controls were frequency-matched (approximately 96%) or individually-matched
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to cases by age and were recruited from the local general population. Two study centers recruited
additional hospital controls (121, 123). Participation rates in the different study centers ranged

from 53% to 89% among cases and 41% to 87% among controls.

4.3.3 Outcome measure
The outcome of interest in this study was incident, histologically confirmed, primary lung

cancer.

4.3.4 Exposure assessment method

CANJEM assessment of occupational exposures

We estimated occupational exposures of women from ten lung cancer studies CANJEM.
Details of CANIJEM, including the background of this general-population-based JEM, its
construction and application have been discussed in Section 4.2.2.2. As CANJEM continues to
evolve, additional occupational source data of over 4000 jobs held between 1951 and 2011 among
1,297 women participating in a second Canadian breast cancer study conducted from 2009 to
2011 in Montreal, Canada (105) was added to CANJEM following the publication of manuscript
two of this thesis. This newly added breast cancer study was conducted by the same group of
researchers involved in the first breast cancer study (125) already included as source data during
the initial construction of CANJEM, and used the same protocol for obtaining participant’s
occupational histories, and the same expert-assessment method, used in their first breast cancer
study. Therefore, all five studies that formed the basis of the current CANJEM used the same
expert assessment method to assess occupational exposures. Given the data collection periods of
the ten lung cancer studies of female participants examined in this manuscript, we customized
CANJEM to produce occupational exposure estimates using source data covering 1950 to 2011,
which best reflected the period during which the combined study population was economically

active.

A total of 25,679 jobs held by the combined study population from the combined dataset
were linked to CANJEM using the ISCO-68 occupation code. Using the linkage strategy developed
for the 2" sub-objective of the thesis, which has been presented in manuscript two, we first
attempted to link the jobs to the highest resolution (5-digit) of ISCO-68; if unlinked at the highest

resolution, we then linked them at the second highest resolution (3-digit) of ISCO-68. We were
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able to link CANJEM and provide estimates for 96.5% of all jobs using this strategy; 83.6% of jobs
were linked at the 5-digit resolution and 12.9% were linked at the 3-digit resolution. Following the

job linkage, exposure to each of 258 occupational agents available in CANJEM was derived.

4.3.5 Selection of occupational agents and exposure variables of interest

It would have been untenable to present in this manuscript lung cancer risk estimates in
relation to exposure to each of 258 agents generated by linkage with CANJEM. Some types of
criteria were needed to reduce the number of agents for analysis. We reduced the number of
agents using three criteria based on the prevalence of a given agent; the reliability of CANJEM in
assigning exposure to an agent when compared to the expert assessment; and the hierarchical
redundancy among the agents. Specifically, our operational decision was to only include agents
with a lifetime ever exposure prevalence of 5% or higher in either cases or controls. Lifetime ever
exposure to an agent was assigned if a participant was exposed in at least one of her jobs. This
prevalence criterion led to the elimination of 232 agents from the investigation list. Manuscript
two of this thesis was conducted to inform the current analysis regarding the selection of suitable
agents to examine in this combined dataset. Agents that exhibited poor exposure assignment
concordance between CANJEM and expert assessment for jobs held by women in the Montreal
lung cancer study were eliminated from the list of agents to examine using CANJEM in manuscript
three. Based on concordance results provided in manuscript two, we further eliminated five
agents with kappa values less than 0.30. There were four agents that were not assessed in
manuscript two because they were not prevalent in the Montreal study and those were also
excluded from the current analysis. Finally, regarding the hierarchical redundancy among the
agents, two agents that hierarchically overlapped with other more specific agents were further
excluded (i.e., the agent “fabric dusts” was excluded because it overlapped with two other more
specific agents “cotton dust” and “synthetic fibers”; the agent “aliphatic aldehydes” was excluded
because it overlapped with the more specific “formaldehyde”). As a result of these eliminations,
15 agents satisfied all the inclusion criteria. These agents are: cleaning agents, biocides, cotton
dust, synthetic fibers, formaldehyde, cooking fumes, organic solvents, cellulose, polycyclic
aromatic hydrocarbons (PAHs) from petroleum, ammonia, metallic dust, alkanes C18+ (e.g.,

petroleum jelly), iron compounds, isopropanol, and calcium carbonate.
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Three exposure variables of interest (ever exposure, duration of exposure, and
cumulative exposure (CE)) were created for each of the 15 selected agents. In order to categorize
an agent’s exposure status (exposed or unexposed), we selected within CANJEM a probability
cutpoint of 50% (CANJEM-50%) for establishing the “ever exposure” variable. For each
combination of ISCO code and agent, when the probability of exposure was at least 50%, the job
was considered as exposed, when the probability of exposure was less than 10%, the job was
considered as unexposed, and when the probability was between 10% and 50%, the job was
considered as “uncertainly exposed”. A participant was classified as "ever exposed" to an agent if
any of her jobs exposed her to that agent. The “duration of exposure” variable was calculated as
the sum of self-reported duration of each job in which the participant was classified as ever

exposed to an agent; it was then categorized into three groups (unexposed, 1-10 years, >10

. . I, _F; .
years). Finally, the cumulative exposure (CE) was calculated as: CE = Z?ﬂixj,f where i

represents the jth year, d represents the total number of years that a participant was classified as
ever exposed, /i represents the intensity of exposure in year i, and Fi represents the number of
hours exposed per week in year i (detailed justification for using this formula was discussed in
Section 4.1.5). This CE variable was then categorized into three groups (unexposed, < median CE, >
median CE) based on agent-specific median values among ever exposed controls. Participants

with uncertain exposure were excluded from the duration or CE analyses.

4.3.6 Analyses

We first conducted unconditional logistic regression models to estimate odds ratios (ORs)
and 95% confidence intervals (Cls) of lung cancer associated with each agent’s various exposure
metrics estimated using CANJEM-50% in each of the ten case-control studies, separately. The
reference unexposed category for each analysis contained women who were never exposed to
the particular agent under scrutiny. Each of the logistic regression models was adjusted for the
following covariates: age (log-transformed), cigarette pack-years (log [pack-years +1]; the
cigarette pack-year was calculated as follows: Y duration (years) X average cigarette smoking
intensity per day/20), years since quitting smoking cigarettes, ever employed in a blue-collar job
(defined as jobs with an ISCO-68 first digit of 7, 8, or 9), and socio-economic status (SES). In all
study centers except New Zealand, education (no formal education, some primary, primary/some

secondary, secondary/some college, and university) was used as the proxy for SES covariate
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adjustment. The New Zealand Socio-Economic Index (NZSEI) was used as the proxy for SES
adjustment for the New Zealand study (126). Additional adjustment for ever employed in a list of
occupations known to be associated with lung cancer (127, 128) and additional smoking
adjustment for never-, former-, or current-smoking status did not meaningfully change the ORs
for agent estimates and therefore these two covariates were not retained in the final model.

Analyses were conducted for each agent among all participants using CANJEM-50%.

The main analyses were conducted to assess lung cancer risks associated with exposure
to each agent in all participating women, by smoking stratum, and by lung cancer histological
subtypes in each of the ten participating study centers. Smoking stratified analyses were
conducted among never-, light-, and heavy-smokers, separately. Light- and heavy-smokers were
categorized based on the median value of pack-years among ever-smokers. lung subtype analyses
were conducted for the three most prevalent lung cancer histological subtypes: adenocarcinoma,
squamous cell carcinoma, and small cell lung carcinoma. Once the ORs and 95% Cls for each agent
from each separate study center were calculated, we then agglomerated the individual study
results using random-effects meta-analysis and assessed heterogeneity among studies using /?

statistics. The Fis interpreted as the percentage of the total variability in a set of effect sizes due

to between-study variability; and is calculated as * 100% for when the Q statistic is

Q—(k-1)
Q
greater than its degrees of freedom (k-1) where k being the number of studies, and /?is truncated

to 0% when the Q statistics is smaller or equal to its degrees of freedom (129).

As sensitivity analyses, meta-analyzed lung cancer risks associated with exposure to each
selected agent estimated using CANJEM-25%, instead of CANJEM-50%, were estimated for all
women, and by smoking stratum. When categorizing agent exposure status using CANJEM-25%,
any exposure with a probability >25% would be considered as “ever exposed”, between 0% to
<10% considered as “unexposed”, and between 10% to <25% considered as “uncertainly exposed”.
Sensitivity analyses replacing the meta-analytic approach with the pooled approach were also
conducted. Pooled analyses on the association between exposure to each agent and lung cancer
in women from all ten participating study centers were performed. The pooled analysis for each

agent was adjusted for the same set of covariates included in the meta-analysis. Because
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education data were unavailable in the New Zealand study, a category called “unavailable data”

was assigned to all observations from this study center for the “education” covariate.

Over the past decades, epidemiologists have debated on whether occupational
epidemiologic studies should be adjusted for SES (130). This is largely because occupations and
their related occupational exposures are often associated with SES. There are two sides to this
argument. On one hand, if SES is also a predictor for the outcome, then it would be reasonable to
adjust for SES. On the other hand, if some occupational exposures are strongly tied to a
socioeconomic level (e.g., asbestos exposure and working as a blue-collar worker), then
conditioning on SES could cause an over-adjustment of the model, and thus may lead to a reduced
statistical precision and/or an attenuated risk estimate of the main occupational exposure of
interest. To explore whether there is a potential of over-adjustment in our modeling due to the
adjustment of SES, we performed sensitivity analyses adjusting for a reduced set of covariates
(only age and smoking) for the meta-analysis of associations between ever exposure to each agent

and lung cancer risk among all women.

All statistical analyses were performed with R, version 4.3.0. Meta-analyses were

performed with the “meta” package in R (131).
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Chapter 5: Organization and complementary information for

Chapters 6to 8

This PhD project was conceptualized to explore occupational risk factors of lung cancer in
women. As most previous occupational studies of cancer have been heavily focused on men, aside
from studies focusing on female-specific cancer sites, women’s occupational exposure to
carcinogens has been long overlooked. We believe that it is equally important to study
occupational exposures in women since women and men may have different carcinogenic
responses to the same chemicals. Further, due to the difference in occupational/industrial profiles
in women and men, some occupational exposures may only be found or found with sufficient
prevalence in women, and these would not have been evaluated for possible carcinogenicity in
past male-based studies. With this main objective in mind, three separate research projects were

carried out and have subsequently led to three manuscripts.

The first study used in this thesis is a population-based Montreal case-control study of
lung cancer conducted in the late 1990s to early 2000s by our own research team, where a team
of experts have evaluated each subject’s reported lifetime job history and assigned exposure to a
list of close to 300 occupational agents to each job. Using this expert assessment approach, which
is often considered as the best available approach for retrospective occupational exposure
assessment, we examined the association between lung cancer risk and the 22 most prevalent
agents that the women in this study population were exposed to. The results of this research are

presented in Chapter 6 (manuscript 1).

Although the expert assessment approach is perhaps the best available method to
retrospectively assess lifetime occupational exposure given that there is no real gold standard
method for this; it is extremely costly and time-consuming. Therefore, our team has since then
been working on developing a general-population JEM called CANJEM, which uses input from
expert-assessed data, to provide a useful and cost-effective tool for studies that wish to
retrospectively assess occupational exposures to potentially a large list of agents. An initial
publication regarding the availability of CANJEM for epidemiologic and occupational medicine
purposes was published in 2018 (107). CANJEM was built using expert-assessed exposure data

from both male and female workers. Approximately 35% of jobs coded in those studies pertained



to female workers. Some occupations were predominantly held by males and some by
females, and some by both. Because we were interested to know whether CANJEM would be
suitable to examine occupational exposures among a large sample of women from ten case-
control studies where expert-assessed exposures were unavailable, there was a need to first
validate CANJEM'’s performance in replicating expert-assessed occupational exposures among
jobs held by women. Since both expert-assessed and CANJEM-assessed data are available for
female occupational exposures in the Montreal lung cancer study, we took this unique
opportunity and conducted a methodological investigation comparing concordance measures
between CANJEM and the expert assessment for a large list of agents. This research is presented

in Chapter 7 (manuscript 2).

Our findings from manuscript 2 indicate that CANJEM’s ability to reproduce expert
assessment is highly agent-dependent. Therefore, in Chapter 8 (manuscript 3), we selected 15
agents that are suitable to examine using CANJEM and are prevalent in jobs held by the combined
sample of women from ten case-control studies of lung cancer, and examined potential lung

cancer risk associated with exposure to each of these agents.
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Chapter 6: Manuscript 1

The published manuscript can be found online at:

doi: http://dx.doi.org/10.1136/0emed-2020-106470
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What this paper adds

1. What is already known about this subject?
e Lung cancer is the most common cause of cancer death among women.
e Occupational risk factors for lung cancer have been extensively studied among male
workers; however hardly any research has been conducted to study possible occupational

risk factors for lung cancer among female workers.

2. What are the new findings?

Among the 22 occupational agents evaluated among working women, most exhibited no evidence
of lung carcinogenicity. However for four of the agents, there were suggestive indications of
possible excess risk. Because of limited numbers of exposed women in this study and very little

prior research on working women, none of the results are conclusive.

3. How might this impact on policy or clinical practice in the foreseeable future?

These results have no immediate impact on policy, but they suggest that further research is

needed on occupational risk factors among women.
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Abstract

Objectives: To explore possible associations between selected occupational agents and lung

cancer risk among women.

Methods: A population-based case-control study on lung cancer was conducted from 1996 to
2001 in Montreal, Canada. Cases were individuals diagnosed with incident lung cancer and
population controls were randomly selected from electoral lists and frequency-matched to age
and sex distributions of cases. Questionnaires on lifetime occupational history, smoking and
demographic characteristics were collected during in-person interviews. As part of a
comprehensive exposure assessment protocol, experts reviewed each subject’s work history and
assessed exposure to many agents. The current analysis, restricted to working women in the study,
includes 361 cases and 521 controls. We examined the association between lung cancer and each
of 22 occupational exposures, chosen because of their relatively high prevalences among these
women. Each exposure was analyzed in a separate multivariate logistic regression model,

adjusted for smoking and other selected covariates.

Results: There were few elevated OR estimates between lung cancer and any of the agents, and
none were statistically significant, although the limited numbers of exposed women engendered

wide confidence intervals.

Conclusions: There was little evidence to suggest that women in this population had experienced
excess risks of lung cancer as a result of their work exposures. However, the wide confidence

intervals preclude any strong inferences in this regard.

Keywords: Women; Exposure assessment; retrospective exposure assessment; Cancer;

Epidemiology
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Introduction

Worldwide, lung cancer is the most diagnosed malignant cancer and has been the
principal cause of cancer death in women since 1987, surpassing mortality associated with breast
cancer and colon cancer combined, which are the second and third leading cause of cancer death
in women, respectively (21, 132). Although smoking is the primary risk factor for lung cancer
among women, approximately 20% of women who develop lung cancer have never smoked (21).
Among men, the most fruitful area for research on lung cancer risk factors apart from smoking
has been the occupational environment. However, there has hardly been any evidence on
occupational risk factors for lung cancer among women. This may be due to the historic roles of
men and women and/or to the choices of researchers (85). Those few studies that have been
conducted among women have suffered from inferior exposure assessment and statistical

analysis methods compared to analyses of male data (85-87).

It is not sufficient to simply assume that knowledge gained through research on men will
automatically apply to women. It is possible that women may have different carcinogenic
responses to the same occupational exposures that have been investigated in men; this may be
due to different genetic, hormonal or environmental co-factors, or it might be due to differences
in the ways men and women are exposed. In addition, there are occupations that, in the past,
were held primarily by women, and the exposures in these occupations would not have been
evaluated for possible carcinogenicity in past male-based studies. It is thus important to devote
attention to possible occupational risk factors for lung cancer among women. The aim of this
present analysis is to explore the potential associations between selected occupational agents
and occupations, and lung cancer risk among women using data from a case-control study of lung

cancer conducted in Montreal, Canada.

Methods

Study design and subjects

A population-based lung cancer case-control study was conducted from 1996 to 2001,
with the primary objective of studying the associations between a wide range of occupational,
environmental and lifestyle factors and lung cancer etiology. A detailed description of the study

has been published previously (95). Briefly, incident lung cancer cases were ascertained from all
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major hospitals in the Montreal area during the study period. Cases (n=1,203; 781 men and 422
women) included subjects aged 35-75 years, with histologically-confirmed incident primary lung
cancer, who were Montreal residents and Canadian citizens. Controls (n=1,513; 936 men and 577
women) were also Montreal residents and Canadian citizens, and were randomly selected from
the population-based electoral lists and were frequency matched to cases by age and sex.
Response rates were 82% and 69% for female cases and controls, respectively. Ethics approval
was obtained from the Institutional Review Boards of the Institut Armand-Frappier, McGill
University, the Université de Montréal and all participating hospitals; all study participants

provided informed consent.

This present analysis was limited to female subjects who had ever worked outside the
home between the ages of 18 and 65 and within 35 years to 5 years prior to study recruitment;

361 cases and 521 controls satisfied these criteria.
Data collection and occupational exposure assessment

Data collection for cases and controls involved in-person interviews with trained
interviewers. Next-of-kin provided responses for 34% of female cases and 5% of female controls
that were tooill or had died. Information on subject’s socio-demographic characteristics, lifestyle,
medical history, family history of cancer, and detailed lifetime smoking history was collected using
a structured questionnaire. In addition, a semi-structured questionnaire was administered to
obtain subject’s lifetime job history; namely, a detailed description for each job ever held by the
subject, including information about the company, its products or main activities, the nature of
the work site, subject’s primary and subsidiary tasks and any additional information (i.e. use of
protective equipment, equipment maintenance, activities of co-workers). Supplementary
specialized questionnaires with detailed technical probing were also collected for many specific

occupations (e.g. sewing machine operators, cooks, welders).

The detailed lifetime job history provided the starting point for the exposure assessment.
A specially trained and uniquely experienced team of experts, comprised of chemists and
occupational hygienists, and blinded to subjects’ case control status, reviewed each job in each
subject’s lifetime job history. They coded the occupation according to the International Standard

Classification of Occupations, Rev. 1968 (ISCO-68) (133). Further, based on a methodology
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developed by our team (97, 98), they translated each job of each subject into a list of potential
exposures using a checklist of 294 agents, including broad chemical families, mixtures and specific
chemicals. Exposure to each agent on our checklist was assessed by our three experts through a
consensus process; one expert initially assessed exposure and one or two of the other experts
reviewed the coding and discussed any points of disagreement. While the three experts had some
pre-existing areas of expertise, they acquired sufficient expertise in all areas to opine about
exposures in all areas. A previous inter-rater reliability study involving the same team of experts
revealed high agreement between experts, with a kappa around 0.8. More information about the
exposure assessment methods have been previously presented (98, 99). A worker was considered
occupationally exposed to an agent if this exposure was thought to be above the background level
of exposure in the general public (that is, in non-occupational settings). If the experts believed the
worker was exposed to an agent, they indicated their degree of confidence in that belief by
indicating if exposure was possible, probable, and definite. They also assigned semi-quantitative
measures of concentration and frequency of exposure. Concentration was assigned on a low,
medium, high scale; with the scale tailored to each specific agent. Frequency referred to the
number of hours (up to 40 hours) a worker was exposed to an agent per week. It is noteworthy
that the exposure assignment to an agent was based not only on subjects’ job titles, but also on
the unique characteristics of the workplace and the tasks reported. In addition to those indices of
exposure, the reported work history gave information about the duration of each job, and thus

the duration of exposures in each job.
Selection and parameterization of exposure variables for analyses

Although the study database contained information on possible exposure of each subject
to 294 agents, for most of these agents, the numbers exposed in our study sample were so low
that it would be almost hopeless to conduct analyses and report mainly uninformative results. In
order to maintain a reasonable level of power to detect elevated risks and to provide meaningful
confidence intervals on risk estimates, we restricted our analysis to a subset of the agents in our
database, based on the prevalence and degree of exposure in our study population. The criterion
we chose required that the agent should satisfy two conditions among the cases in our study
sample: at least 30 cases exposed, where exposure was rated as “probable” or “definite”, and at

least 10% of those exposed cases had medium or high concentration of exposure and over 2 hours
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of exposure per week, and over 5 years duration. Using this criterion led to the earmarking of 22

agents for analysis. (The list of agents is shown in tables described below.)

For each agent we defined a cumulative exposure variable as follows:

@ G Fi
=125 " 40

(1)

Cumulative Exposure = ),

where i represents the jth year, d represents the total number of years exposed, Ci represents the
concentration of exposure in year i, and Fi represents the number of hours exposed per week in
year j. The values of Ci were transformed from (low, medium, high) to (1, 5, 25) as these were the
approximate ratios of concentration that the experts had in mind when coding concentration. The
formula for cumulative exposure assigns equal weights to the concentration and frequency of

exposure through dividing each measure by their highest value.

The association between lung cancer and each selected occupational agent was analyzed
using two metrics of exposure: a) any exposure and b) cumulative exposure above the agent-

specific median value.

While the main purpose was to analyze possible associations with specific occupational
exposures that can cut across different occupations and industries, we also took advantage of the
opportunity to analyze possible associations between job titles and lung cancer. But given the
rather small number of subjects who appear in each occupation category at the 3-digit level of
the ISCO-68 classification, only six occupations satisfied the criterion of minimum 30 exposed

cases. (The selected occupations are shown below.)
Statistical analysis

Separate unconditional logistic regression models were fitted to estimate the odds ratios
(ORs) and 95% confidence intervals (Cls) between exposure to an occupational agent, or an
occupation, and lung cancer risk among women. Each set of analytical models included the
following covariates: age (continuous), ethnicity (French Canadian, Others) and smoking. Smoking
was measured with the comprehensive smoking index (CSl), which is a continuous measure that
represents subject’s lifetime smoking history, incorporating smoking status, duration, time since

cessation and intensity. The CSI has previously been validated for use in this Montreal lung cancer
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case-control study,(106) and as recommended by Leffondre,(106) we computed CSI discounting
the subject’s smoking history during two years prior to cancer diagnosis for cases and interview
for controls, in order to reduce the chance of reverse causality bias. Because of the rather small
numbers of cases and controls, we were reluctant to include too many covariates in the models.
We conducted sensitivity analyses to explore the impact of including two other socioeconomic
covariates (education and family income), as well as replacing the CSI covariate with three other
smoking covariates (smoking status, pack-year, time since quitting smoking) in each regression
model. We intentionally avoided adjustment for exposure to recognized occupational lung
carcinogens as these exposures have not been empirically demonstrated to be female lung
carcinogens and because the likely correlation in error of exposure assessment among different
occupational exposures would lead to over-adjustment in multi-exposure models. The exclusion
of other occupational exposures from the models is a conservative strategy; if an association is
demonstrated, it indicates that there is an occupational risk factor, though it may require further
research to ascertain whether it is the putative one we have analyzed, or another with which it is
strongly correlated. It is not a strategy that induces an ostensible occupational association where

there is none. All statistical analyses were conducted using R (Version 3.5.3) (134).

Results

Table 1 presents selected socio-demographic and lifestyle characteristics of 361 female
lung cancer cases and 521 female controls in our Montreal population-based study. Median age
was 60 years old for cases and 61 for controls. Compared to controls, lung cancer cases tended to
have lower income and years of education, to use more often proxy respondents during
interviews, to more likely be French Canadian and a current smoker, and to smoke more. Lifetime

total working duration tended to be shorter in cases than in controls.
Occupational agents and lung cancer risk

Table 2 shows the 22 agents that satisfied our inclusion criteria, and it shows the main
occupations in which each of these agents were assigned in our study population. In this table,
the denominator for percentages exposed to each agent is not the total number of subjects
(n=882 women); rather it is the total number of exposed jobs to a particular agent that were held

by all subjects. Some occupational agents were widely spread across different occupations while
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others were concentrated in certain specific occupations. For example, exposure to cellulose,
ammonia, toluene, synthetic adhesives, organic solvents, alkanes C5-17, aliphatic alcohols and
many other agents can be described as widespread agents; while exposure to various textile dusts

were mainly found in women working as sewers and embroiderers.

Table 3 presents the association between each selected occupational agent and lung
cancer among women. Sensitivity analyses adjusting for additional socioeconomic covariates
(education and family income) or replacing the CSI smoking covariate with three other smoking
covariates (smoking status, pack-year, time since quitting smoking) in each regression model had
no meaningful impact on our occupational exposure and lung cancer estimates; therefore results
presented in the rest of the paper were adjusted for age, ethnicity and CSI only. For each
occupational agent, two metrics of exposure were analyzed in relation to cancer risk: “Any
exposure” and “Cumulative exposure above the agent-specific median value”. For each agent the
reference unexposed group comprised those subjects unexposed to that particular agent. While
there were some point estimates of OR that departed from 1.0, none were significantly above 1.0.
Using as a criterion that the point estimate should be 1.4 or greater and the lower confidence
limit should be 0.8 or greater, the most suggestive associations were with formaldehyde (OR=1.4),
cooking fumes (OR=1.5), toluene (OR=1.6) and MAHs (OR=1.9) among women with above median
cumulative exposure to each of the agents. Three of the agents, cellulose, biocides and
microorganisms, exhibited ORs that were below the null, particularly among women with above
median cumulative exposure. The remaining agents did not exhibit remarkable OR point
estimates, and the confidence limits were quite wide and the corresponding results are

inconclusive.

To provide some perspective on these results among women, we conducted analogous
analyses adjusting for the same set of covariates on the 730 male cases and 898 male controls
who were part of the same Montreal study and who underwent the same exposure assessment
protocol. The purpose was not to make a best estimate of each OR among males, but rather it
was to compare the male and female results using the same models. In general, the results in men
were rather similar to those found among women (male results not shown). That is, most OR
estimates for the 22 agents analyzed here were close to the null. A positive association between

above median cumulative exposure to synthetic adhesives and lung cancer was observed in men
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(OR(95%CI) = 1.6(1.1-2.6)) but not in women (OR(95%Cl) = 1.1(0.5-2.4)). Exposure to
formaldehyde yielded quite different OR results by sex; for cumulative exposure above the

median, the OR was 1.4 (0.8-2.4) among women and 0.5 (0.3-0.9) among men.
Occupations and lung cancer risk

There were only six occupations at the ISCO-68 3-digit level with at least 30 women
exposed in our population. Table 4 presents the associations between these occupations and lung
cancer risk, using as exposure metrics, ever exposure and more than 10 years of exposure, and
using women who had never worked in the selected occupation as the reference category. Most
of these job titles were not associated with lung cancer in women; however, a significantly
increased risk was observed among women who had worked as waitresses, bartenders and

related workers for over 10 years (OR = 2.7 (1.2-6.5).

Discussion

Most previous publications on occupational risk factors of lung cancer focused on male
workers. Among those that included female workers and that reported results separately for
women, most were analyses of risk by job titles. Among the very few studies that attempted to
examine associations between occupational agents or chemicals and lung cancer,(49, 58, 60, 63,
66, 68-73, 135-137) most included only one or very few agents and some used rather simplistic
and crude exposure assessment methods (i.e., self-reported exposure) and crude exposure
metrics (ever/never exposure). The most commonly assessed agent was occupational exposure

to environmental tobacco smoke (69-73).

In our study, there were no significantly elevated risks of lung cancer among female workers
who were exposed to any of the selected occupational agents. We did, however, observe some
suggestive elevated point estimates for cooking fumes, toluene, MAHs and formaldehyde.
Cooking fumes can be both an occupational and domestic exposure. While there is no direct
evidence that women exposed to cooking fumes at work are at risk of lung cancer, there is
evidence, synthesized in a meta-analysis, that non-smoking Chinese women exposed to cooking
fumes at home were at increased lung cancer risk (OR=1.7) (138). The relevance of these findings

in Chinese women for the risks in Canadian women exposed to cooking fumes at work is not clear,

78



since the circumstances of exposure (types of oils or fuels used, cooking temperatures, styles of
cooking, types of substances cooked, kitchen design and ventilation) may be very different
between the two populations (139). Toluene has been classified by the International Agency for
Research on Cancer as a Group 3 agent (agents that cannot be classified as to its carcinogenicity
to humans) (140); the evidence base regarding lung cancer consisted of solely one American study
that demonstrated an elevated mortality in male shoe factory workers and a suggestively elevated
mortality in female workers from the same cohort (141). From our own study in the Montreal
population among the male subjects, there were suggestive excess lung cancer risks in men
exposed to toluene and some other specific MAHs (142). Regarding formaldehyde exposure and
risk of lung cancer there is an extensive body of evidence regarding risks among exposed male
workers, including an analysis from our Montreal study (66), and the consensus is that there is no
association (143). Although our motivation was to uncover evidence of carcinogenic agents
among female workers, we found some agents that exhibited inverse associations. Exposure to
cellulose, which is associated with handling of paper products and certain textiles, showed ORs
below the null, as did the two broad and heterogeneous families that we call biocides and
microorganisms. There may be some overlap between exposure to these agents and exposure to
endotoxins, a class of pathogens that are found in some textile products and which have been

hypothesized, inconclusively, of having protective actions against lung cancer (58, 135, 136).

Among the few occupation titles we were able to assess, the only remarkable result was a
significant increased risk of lung cancer among women who had worked in waitressing for more
than 10 years. This finding of an increased lung cancer risk among women working in waitressing
jobs is consistent with findings from previous studies. Two European studies also found a more
than twofold risk of lung cancer among waitresses (52, 144). It is likely that this increased risk is
partially explained by waitresses’ exposure to passive smoking at work. Before the ban of indoor
smoking in public spaces in Montreal in 2016, it was common for servers to be routinely exposed
to environmental tobacco smoke in restaurants and bars. We did not have data on each person’s
occupational exposure to environmental tobacco smoking. It is also possible that excess risks

among waitresses may be related to exposure to cooking fumes.
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Around 18% of women in our study had never worked outside the home during their adult
lives and, compared to women who had worked, non-working women tended to be less educated,
to have a lower household income, and to smoke more. Our strategy of excluding such women
from these analyses may be questioned. But we believe that there may be such differences
between women who have been in the workforce and those that have never worked that may
confound the estimates of risk associated with all occupational exposures, and that may not be
ascertained among the conventional covariates that we have collected. We believe that our
strategy of restricting to working women allows us to make “fair” estimates of the ORs for
occupational exposures. In fact we noted that women in our population who never worked had
paradoxically higher lung cancer risks than women who had worked. Risk factors among those

women will be explored in a subsequent paper.

The major strength of our study lies in the expert assessment of detailed lifetime occupational
exposure for each participating woman. This allowed us to go beyond conventional job title
analysis and provided a rare opportunity to explore the association between a large number of
prevalent occupational agents and lung cancer risk in women. The use of expert exposure
assessment method is generally considered as the best possible method for retrospective
assessment of lifetime occupational exposures, when compared to other retrospective exposure
assessment methods such as job title analysis or subject’s self-reported exposure or job-exposure
matrices, typically derived in different populations (145). Further, the data collected on degree of
exposure allowed us to create a metric of exposure above the median of cumulative exposure.
Additional strengths include the collection of a wide variety of personal covariates, including
notably a lifetime smoking history that allowed us to implement detailed control for potential

confounders.

Some exposure misclassification is unavoidable in any occupational study including ours.
Exposure misclassification could arise from subject’s self-reported job history, and/or during
expert assessment of occupational exposures. These misclassifications were likely to be non-
differential since it is unlikely that the validity of subjects’ self-reported job histories would differ
based on both their exposures and lung cancer status and since experts were blinded to subject’s

case control status when coding exposures.
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Although our study is to date one of the largest studies that went beyond job titles to
examine occupational agents in relation to lung cancer in women, the power to detect risks was
still limited by sample size, by prevalence of exposure to each agent and by relatively low numbers
of highly exposed women. Nonetheless, we believe these results contribute to the sparse
empirical epidemiological body of evidence on potential occupational lung carcinogens in women.

We intend to conduct analogous studies using larger samples of women workers.

Conclusion

There was little evidence to suggest that women in our population had experienced
excess risks of lung cancer as a result of their work exposures. Additional evidence is required to
discover occupational risk factors among women or to provide reassurance about lack of risk; such

studies should be based on larger sample sizes and detailed exposure assessment methods.
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Tables

Table 1. Characteristics of female workers in the Montreal population-based case-control study of
lung cancer

Selected characteristics Cases (n=361) Controls (n=521)
Median age (years) 60 61
Median income (Cdn$) 30,340 36,343
Median years of education 9 12
Use of proxy respondents 31.6% 2.9%
Ethnicity
French Canadians 77.6% 70.4%
Others 22.4% 29.6%

Smoking status

Never smoker 6.4% 47.6%
Ex-smoker 19.4% 29.7%
Current smoker 74.2% 22.7%
Pack-years (mean among smokers) 52.5 37.1

Working duration

1to 10 years 22.7% 14.6%
11 to 20 years 31.0% 28.8%
21 to 30 years 31.3% 39.0%
More than 30 years 15.0% 17.7%

83



Table 2. Number of jobs in our female study population in which each of the 22 selected occupational agents was considered exposed, and
the occupations (3-digit ISCO-68 job titles) in which they most frequently occurred

Agent?

Total No. of
exposed jobs °

Prevalent occupations with exposure to selected agent (% of exposed jobs that were in top-ranked
occupations) ¢

Cotton dust 388 Sewers and Embroiderers (47.9%); Launderers, Dry-Cleaners and Pressers (9.0%)
Wool fibers 116 Sewers and Embroiderers (53.4%)
Synthetic fibers 314 Sewers and Embroiderers (53.8%)
Polyester fibers 203 Sewers and Embroiderers (56.2%)
Treated textile fibers | 465 Sewers and Embroiderers (47.3%); Launderers, Dry-Cleaners and Pressers (9.2%)
Cellulose 214 Dockers and Freight Handlers (18.2%); Bookkeepers and Cashiers (8.4%); Bookbinders and Related
Workers (7.9%); Stock Clerks (6.1%); Salesmen, Shop Assistants and demonstrators (5.6%)
Waiters, Bartenders and Related Workers (20.9%); Maids and Related Housekeeping Service Workers
Ammonia 339 (13.9%); Bookkeepers and Cashiers (6.5%); Charworkers, Cleaners and Related Workers (6.5%);
Salesmen, Shop Assistants and demonstrators (5.9%)
Formaldehyde 374 Sewers and Embroiderers (28.1%); Waiters, Bartenders and Related Workers (17.6%); Cooks (7.2%)
Cooking fumes 345 Waiters, Bartenders and Related Workers (41.4%); Cooks (19.1%)
lsopropanol 391 Professional Nurses (16.5%); Maids and Related Housekeeping Service Workers (15.6%); Other
prop Service Workers (11.8%); Waiters, Bartenders and Related Workers (8.1%)
Waiters, Bartenders and Related Workers (25.0%); Shoe Cutters, Lasters, Sewers and Related
Toluene 188 Workers (11.2%); Bookkeepers and Cashiers (4.8%); Stenographers, Typists and Teletypists (4.3%);

Sewers and Embroiderers (3.7%)
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Total No.

Prevalent occupations with exposure to selected agent (% of exposed women’s jobs that

Agent ? of exposed
8 . bp occurred in these occupations) ¢
jobs
Shoe Cutters, Lasters, Sewers and Related Workers (15.8%); Bookbinders and Related Workers
Synthetic adhesives 133 (10.5%); Primary Education Teachers (6.8%); Sewers and Embroiderers (6.0%); Dockers and Freight
Handlers (6.0%)
Maids and Related Housekeeping Service Workers (8.7%); Bookkeepers and Cashiers (8.2%);
Organic solvents 575 Stenographers, Typists and Teletypists (6.3%); Primary Education Teachers (4.9%); Waiters,
Bartenders and Related Workers (4.7%)
. o Professional Nurses (7.5%); Maids and Related Housekeeping Service Workers (7.5%); Bookkeepers
Volatile Organic Liquids 756 . ) . .
and Cashiers (6.9%); Stenographers, Typists and Teletypists (5.3%); Other Service Workers (5.3%)
Maids and Related Housekeeping Service Workers (13.1%); Shoe Cutters, Lasters, Sewers and
Alkanes C5-C17 160 Related Workers (12.5%); Bookkeepers and Cashiers (6.3%); Dockers and Freight Handlers (5.6%);
Sewers and Embroiderers (5.0%)
Professional Nurses (11.9%); Maids and Related Housekeeping Service Workers (11.2%); Other
Aliphatic alcohols 445 Service Workers (8.8%); Primary Education Teachers (6.5%); Waiters, Bartenders and Related
Workers (5.8%)
, , Sewers and Embroiderers (21.9%); Waiters, Bartenders and Related Workers (21.0%); Cooks
Aliphatic aldehydes 485 .
(5.8%); Salesmen, Shop Assistants and demonstrators (4.9%)
PAHS 310 Sewers and Embroiderers (30.0%); Waiters, Bartenders and Related Workers (15.8%);
Stenographers, Typists and Teletypists (3.9%)
Mononuclear aromatic 102 Shoe Cutters, Lasters, Sewers and Related Workers (20.6%); Sewers and Embroiderers (5.9%);

hydrocarbons (MAH:s)

Printing Pressperson (4.9%); Bookkeepers and Cashiers (3.9%); Leather Goods Makers (3.9%)
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Total No. . . e i
Prevalent occupations with exposure to selected agent (% of exposed women’s jobs that
Agent? of exposed ) . .
C b occurred in these occupations)
jobs
. Waiters, Bartenders and Related Worker (18.2%); Maids and Related Housekeeping Service
Cleaning agents 769 . )
Workers (14.2%); Other Service Workers (9.8%); Professional Nurses (7.7%)
Biocides 513 Maids and Related Housekeeping Service Workers (15.8%); Professional Nurses (13.5%); Other
Service Workers (13.5%); Charworkers, Cleaners and Related Workers (8.6%)
. . Professional Nurses (14.2%); Other Service Workers (12.7%); Primary Education Teachers (11.9%);
Microorganisms 480 . . . .
Maids and Related Housekeeping Service Workers (8.1%); Secondary Education Teachers (7.3%)

2The ordering of agents in this and subsequent tables follows an ordering in our internal checklist which is intended to group agents on the basis

of chemical and/or usage characteristics.
®This column presents the number of exposed jobs (any exposure) for each agent; there were a total of 3384 jobs in the sample of 882 subjects.

¢Top exposed occupations to each agent are presented in a descending order based on the number of exposed jobs to that agent. Due to limited
space, we only presented the top exposed occupations that, when aggregated, represented at least half of the total number of exposed jobs to
each agent. For example, among 388 jobs exposed to cotton dust, 47.9% were sewers and embroiderers, and 9.0% were launderers, dry-cleaners

and pressers.
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Table 3. Occupational exposure to agents and lung cancer risk in women

Any exposure ?

Cumulative exposure above median *°

Agent (Ref: Unexposed) (Ref: Unexposed)

No. exposed | No. exposed | OR LCL® UCL® | No. exposed No. OR LCL® UCL®

cases controls cases exposed
controls

Cotton dust 79 108 1.1 0.7 1.7 38 54 1.3 | 0.7 2.3
Wool fibers 30 43 1.1 0.6 2.1 23 23 1.6 | 0.7 3.5
Synthetic fibers 64 109 0.9 0.6 1.5 30 55 1.0 | 0.5 1.8
Polyester fibers 45 77 0.9 0.6 1.6 27 39 14| 0.7 2.7
Treated textile fibers 87 132 1.0 0.7 1.5 39 69 1.1 | 0.6 1.8
Cellulose 40 81 0.4 0.3 0.7 23 43 05| 0.3 1.0
Ammonia 89 93 1.1 0.7 1.6 41 47 09| 05 1.5
Formaldehyde 92 107 1.1 0.7 1.6 48 54 1.4 | 0.8 2.4
Cooking fumes 89 72 1.3 0.8 1.9 48 36 15| 0.8 2.6
Isopropanol 78 93 1.0 0.7 1.6 23 48 0.6 0.3 1.1
Toluene 56 56 1.2 0.7 2.0 36 28 16| 0.8 3.0
Synthetic adhesives 32 45 1.1 0.6 2.0 17 23 1.1 ]| 05 2.4
Organic solvents 131 168 1.1 0.8 1.6 70 86 1.2 | 0.7 1.8
Volatile Organic Liquids 147 215 0.9 0.7 1.3 71 108 09| 0.6 1.4
Alkanes C5-C17 42 54 1.2 0.7 2.1 24 27 14| 0.7 2.9
Aliphatic alcohols 102 137 1.0 0.7 1.5 36 69 0.7 | 04 1.2
Aliphatic aldehydes 116 138 1.0 0.7 1.5 66 69 1.2 | 0.7 1.9
Polycyclic aromatic hydrocarbons 64 97 0.8 0.5 1.2 47 49 1.0 | 0.6 1.7
(PAHs)
Mononuclear aromatic hydrocarbons 32 30 1.6 0.8 3.1 15 15 19| 0.8 4.6
(MAHSs)
Cleaning agents 151 181 1.0 0.7 1.4 85 92 1.1 0.7 1.7
Biocides 105 138 1.0 0.7 1.5 32 69 0.6 | 0.3 1.0
Microorganisms 80 156 0.9 0.6 1.3 26 78 0.6 | 0.3 1.0
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2 All models were adjusted for: age (continuous), ethnicity (French Canadian, Others) and comprehensive smoking index (CSI).
® Cumulative exposure defined in Formula (1).

¢ LCL: Lower 95% confidence limit. UCL: Upper 95% confidence limit.
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Table 4. Exposure to 3-digit ISCO-68 job titles ? and lung cancer risk among women

Occupations

Any exposure ®

(Ref: Unexposed)

> 10 years of exposure °

(Ref: Unexposed)

No. No. No. No.
3-digit ISCO-68 job titles exposed exposed OR LCI© UCI¢ | exposed exposed OR LCI¢ ucCl ¢
cases controls cases controls
3.21 Stenographers, typists and teletypists 62 92 1.1 0.7 1.7 31 51 1.1 0.6 2.0
3.31_Bookkeepers and cashiers 59 98 0.8 0.5 1.2 25 43 0.8 0.4 1.5
3.93 Correspondence and reporting clerks 33 30 1.4 0.7 2.6 14 9 1.6 0.6 4.4
5.32_ Waitresses, bartenders and related
56 33 14 0.8 2.5 32 12 2.7 1.2 6.5
workers
4 i i
5-40_Maids and related housekeeping 34 39 1.1 0.6 21 |12 11 13 0.5 4.0
service workers not elsewhere classified
7.95_Sewers and embroiderers 43 65 1.2 0.7 2.1 14 34 0.9 0.4 2.0

2These occupations were selected because they were relatively prevalent in our study sample.

® All models were adjusted for: age (continuous), ethnicity (French Canadian, Others) and comprehensive smoking index (CSl).

¢ LCL: Lower 95% confidence limit. UCL: Upper 95% confidence limit.
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Supplementary material

In addition to the logistic regression models that were fitted to estimate the ORs and 95% Cls
between exposure to an occupational agent and lung cancer risk among women in the published
manuscript, we also conducted additional principal component analyses to identify major patterns of
women’s occupational exposure profile in this study population. We then explored lung cancer risks
associated with each identified major pattern of exposure. The following texts were not retained in the

final published manuscript due to word limit restriction.

Methods and results of the principal component analysis
Methods

We conducted principal component analysis (PCA) to identify major patterns of women’s
occupational exposure profiles (146, 147). PCA is suitable for data with a large number of potentially
correlated exposure variables. It seeks to identify exposure patterns which explain a majority of the total
variance in the exposure data. Each pattern is represented by a principal component (PC). In this analysis,
we selected major patterns of women’s exposure profile based on Kaiser’s criterion (148), and explored
these patterns and their associations with lung cancer using a logistic regression model; each included PCs
were mutually adjusted for each other in the model and in addition, we also adjusted for the same set of

covariates as in the individual agent analysis.
Results

The first 10 PCs were selected as each PC had an eigenvalue greater than 1 and altogether they
contributed to explaining 70.4% of the total variance in our exposure data. We observed that a PC
representing a pattern with heavy presence of cellulose, was associated with lung cancer with an OR
(95%Cl) of 0.8 (0.7-0.9). In addition, another PC representing a pattern with heavy presence of synthetic
adhesives and mononuclear aromatic hydrocarbons was borderline associated with lung cancer (OR

(95%Cl) = 1.2 (1.0-1.4)).
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What’s important about this paper

Job-exposure matrix (JEM) is an attractive tool to use in population-based case-control studies of
occupational risk factors, but the validity of exposure estimates derived from a JEM remains uncertain.
We compared the exposure assessments regarding 69 occupational agents generated by using the
Canadian job-exposure matrix (CANJEM) with exposure assessments generated by experts, for 3403 jobs
held by Canadian women. Among female workers, concordance between CANJEM and expert assessment
varied greatly by agent; our results indicate which agents provide exposure assessments that mimic those
obtained with expert assessment. Potential users of CANJEM can benefit from knowing for which of the
many occupational agents CANJEM performs well and for which ones it performs poorly. Creators of other
JEMs may gain insights into some decisions that they can make in determining the characteristics of their

JEM.
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Abstract

Objectives: To compare the exposure data generated by using the Canadian job-exposure matrix (CANJEM)

with data generated by expert assessment, for jobs held by women.

Methods: We selected 69 occupational agents that had been assessed by experts for each of 3403 jobs
held by 998 women in a population-based case-control study of lung cancer. We then assessed the same
agents among the same jobs by linking their occupation codes to CANJEM and thereby derived probability
of exposure to each of the agents in each job. To create binary exposure variables, we dichotomized
probability of exposure using two cutpoints: 25% and 50% (referred to as CANJEM-25% and CANJEM-50%).
Using jobs as units of observation, we estimated the prevalence of exposure to each selected agent using
CANJEM-25% and CANJEM-50%, and using expert assessment. Further, using expert assessment as the

gold standard, for each agent, we estimated CANJEM'’s sensitivity, specificity, and kappa.

Results: CANJEM-based prevalence estimates correlated well with the prevalences assessed by the
experts. When comparing CANJEM-based exposure estimates with expert-based exposure estimates,
sensitivity, specificity, and kappa varied greatly among agents, and between CANJEM-25% and CANJEM-
50% probability of exposure. With CANJEM-25%, the median sensitivity, specificity, and kappa values were
0.49, 0.99, and 0.46, respectively. Analogously, with CANJEM-50%, the corresponding values were 0.26,
1.00, and 0.35, respectively. For the following agents, we observed high concordance between CANJEM-
based and expert-based assessments (sensitivity 20.70 and specificity 20.99): fabric dust, cotton dust,
synthetic fibers, cooking fumes, soldering fumes, calcium carbonate, and tin compounds. We present

concordance estimates for each of 69 agents.

Conclusions: Concordance between CANJEM and expert assessment varied greatly by agents. Our results

indicate which agents provide data that mimic best those obtained with expert assessment.

Keywords: retrospective exposure assessment; expert assessment; exposure assessment; JEM; CANJEM;

women; exposure misclassification; concordance
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Introduction

Retrospective assessment of occupational exposures is a major challenge in occupational
epidemiology. In the particular context of community-based case-control studies of diseases with long
latency, several methods have been used to assess past occupational exposure to specific agents. These
include: expert assessment of occupational exposures based on self-reported job histories, and job-
exposure matrices (JEMs) (76, 98, 149). Each method has advantages and disadvantages, with trade-offs
between validity and feasibility (80, 83). Well-trained and experienced experts would have access to
similar sources of information as creators of a JEM, but they are able to take into account the
idiosyncracies of each evaluated job. Expert assessment of occupational exposures, based on worker’s
description of the job, generally would provide more valid estimates of exposure than a JEM. However,
expert assessment is a very costly and time-consuming approach (76, 150). Using a well-founded JEM is
attractive since it is usually inexpensive to implement, but the validity of exposure estimates derived from
a JEM and assigned to a particular worker is uncertain, for at least two distinct reasons. First, the validity
of the summary data provided for an occupation depends on the quality of the expertise and the data
that went into the creation of the JEM. Second, a JEM provides summary data for workers who share a

given occupation title, and thus is unable to account for within-occupation exposure heterogeneity.

Although occupational epidemiologic studies have contributed greatly to identifying workplace
risk factors, these findings were mostly identified in male workers (86, 87). In addition to under-
representation of women in past studies, exposure assessment of women’s jobs also tended to be less
detailed than that of men’s jobs (85-87). Due to the gender difference in occupational profiles, some
occupational exposures may only be prevalent in women’s jobs and hence less likely to have been
evaluated in past occupational studies (94, 151-153). Thus, it is important to evaluate women’s

occupational exposures with quality exposure assessment methods.

A team of experts assessed occupational exposures, derived from lifetime occupational histories
of women and men, reported within a population-based case-control study of lung cancer in Montreal,
Canada (97, 98). The expert-assessed exposure data in this study, along with three other studies that
shared a common expert-assessment protocol, was later used to develop the Canadian job-exposure
matrix (CANJEM). To evaluate the validity of CANJEM for women, we compared exposure assessment of

a selected list of 69 agents, using CANJEM and our expert assessments in jobs held by women in our
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Montreal case-control study of lung cancer. Specifically, we used the following measures of concordance:
similarity of the estimated prevalence of exposure, and the sensitivity, specificity, and kappa of the

CANJEM-derived estimates vis-a-vis expert-derived estimates.

Methods

Data sources

The Montreal case-control study

A population-based case-control study was conducted from 1996 to 2001 in Montreal, Canada to
study occupational, environmental and lifestyle factors and lung cancer risk (154). Eligible participants
were Montreal residents aged 35 to 75 years; incident lung cancer cases ascertained across all major
Montreal area hospitals and randomly-sampled population controls, frequency-matched to cases by age
group and sex. Trained interviewers conducted in-depth interviews with the participants and elicited
detailed job histories and information on potential confounding factors. Lifetime job history was collected
using a semi-structured questionnaire concerning each job including the company, its products and main
activities, the nature of the worksite, primary and subsidiary tasks, the use of protective equipment,
machine maintenance, and activities of coworkers. For certain specific occupations (e.g., sewing machine
operators, cooks, nurses), a supplementary questionnaire with detailed technical questions was used (97,
98, 154). The Montreal case-control study included 430 female cases and 568 female controls who held
at least one job; resulting in a total of 3403 jobs. Ethics approval was obtained from Institutional Review
Boards of Institut Armand-Frappier, McGill University, Université de Montréal and all participating

hospitals; all study participants provided informed consent.

Expert assessment data on occupational exposure

A team of specially trained and experienced experts including chemists and occupational
hygienists, blinded to participants’ case-control status, reviewed each job. Each occupation was coded to
the International Standard Classification of Occupations, Rev. 1968 (ISCO-68) (133), and the 1971
Canadian Classification and Dictionary of Occupations (CCDO-71) (155). Further, through a consensus
process, the experts assessed potential exposures in each job using a checklist of nearly 300 agents.
Potential exposure was categorized as possible, probable, or definite. Semi-quantitative measures of
intensity and frequency of exposure were assigned. The assessment was based not only on participant’s

occupation, but also on the unique characteristics of the workplace and the tasks reported (98, 156). This

96



expert assessment was the “gold standard” with which we compared the assessments provided by
CANJEM. Although expert assessment does not necessarily represent the absolute truth of participants’

past occupational exposure, we believe it is closer to the truth than any JEM can be.

CANJEM data on occupational exposure

CANJEM is a general population JEM built from expert assessment data of 31,673 jobs held by
8,760 participants in four Montreal case-control studies that used the same expert assessment approach
(157, 158), including the lung cancer case-control study described above. CANJEM was created to provide

other researchers a cost-effective alternative to the expert approach.

CANJEM is comprised of three axes: occupation code, time period and agent. CANJEM offers
multiple occupation classifications (157, 158). For the present project, we used an international
classification system, ISCO-68, that is used in many countries and that is included in CANJEM. ISCO-68 has
a 5-digit resolution which can also be meaningfully analyzed at 2-digit or 3-digit resolutions. The time axis
allows customized time periods ranging from the year 1930 to 2005. The agent axis includes 258 agents.
Each unigue combination of those three axes defines a cell in CANJEM. Each cell (i.e. for a specific
occupation-time-agent combination) includes information on the probability of exposure; when the
probability is above 0%, it also provides estimates of confidence (possible, probable, definite), intensity

(low, medium, high), and frequency (number of hours per week).

Linking the Montreal case-control study to CANJEM

We linked each of the 3403 jobs held by our female study participants to CANJEM. We chose the
1950-2005 time period in CANJEM, which corresponded to the period of jobs held by most of our study
participants. We first linked the jobs at the highest resolution (5-digit) of ISCO-68 occupation codes. For
jobs that could not be linked at the 5-digit resolution, we used the 3-digit resolution. Using this strategy,
we linked 99.95% of all jobs in our study population to CANJEM. The remaining un-linkable jobs were

excluded from this analysis.

Selection of agents and selection of CANJEM probability of exposure cutpoint

Of the 258 agents in CANJEM, we selected for the present analysis those agents that had been
listed as probably or definitely exposed in at least 30 of the 3403 jobs held by women in our study

population. Sixty-nine agents satisfied this criterion.
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We compared the estimated prevalence of exposure status to each agent and evaluated the
concordance between the CANJEM-derived assessment and the expert-derived assessment. The expert
consensus assessment method assigned a binary exposure status (exposed / unexposed) to an agent
within a given job. CANJEM provides the user with a probability of exposure to an agent, and users can
select a cutpoint of probability of exposure to dichotomize the exposure status. For both methods, in
order to reduce the influence of trivial exposures, ever exposure to an agent was restricted to jobs with a
probable or definite exposure. Jobs with a possible exposure were considered as unexposed. Exposed jobs
were required to have a minimum exposure frequency of 0.5 h/week, and a frequency-weighted intensity
corresponding to at least 2h/week at low intensity.

The use of any JEM, including CANJEM, would inevitably involve some degree of exposure
misclassification, regardless of the choice of probability of exposure cutpoint. It is difficult to choose a
cutpoint, partly due to the lack of a real gold standard, and partly because the most suitable cutpoint
would likely differ among agents. We used two probability cutpoints to distinguish exposed from
unexposed jobs, 25% probability of exposure (CANJEM-25%) and 50% probability of exposure (CANJEM-
50%). These two cutpoints have often been used in previous studies using JEMs (111-113). Jobs with a
probability of exposure above or equal to the chosen cutpoint were classified as “exposed” and jobs below
the cutpoint were classified as “unexposed”. Hereafter, the methods being compared in this paper will be

referred to as “expert assessment”, “CANJEM-25%" and “CANJEM-50%".

Statistical analyses

To evaluate the performance of CANJEM in replicating expert-assigned exposure, sensitivity and
specificity were calculated for each agent. In our study, the expert assessment is the reference “gold
standard” method and CANJEM is the proxy that aims to mimic expert assessment. We present
information on agents’ sensitivity and specificity values in various formats, sometimes by citing the
numerical estimates of those parameters and sometimes by referring to the estimates as "high" or "low".
There is no objective criterion or convention to categorize sensitivity or specificity as "high" or "low"; the
two concordance measures should be interpreted with each other into account. Cohen’s kappa was also
calculated for each agent to evaluate the exposure concordance not due to chance (84). Kendall's T
coefficients were calculated to measure the correlation between expert-assessed prevalence of exposure

to that assessed by CANJEM-25% and CANJEM-50%. Further, we plotted the empirical cumulative
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distribution functions (ECDF) of the prevalence for each approach. For semantic simplicity, we refer to
percent of all jobs in our study that were considered exposed to the agent as “prevalence of the agent”.

The units of observation used to estimate prevalence and concordance of each agent were the 3403 jobs.

We also examined the loss of statistical power to detect a risk due to exposure misclassification
when using a proxy for a gold standard method. We assumed a hypothetical case-control study of 1000
cases and 1000 controls, where the association between exposure to an occupational agent and lung
cancer was fixed to be two-fold (odds ratio (OR)=2.0). We simplified the hypothetical situation to posit
one job per participant. To demonstrate the impact under varying exposure misclassification scenarios,
we selected combinations of three levels of the following parameters: true prevalence of exposure (2%,
5%, and 15%), sensitivity (0.30, 0.50, and 0.80), and specificity (0.90, 0.95, and 0.99). The impact of using
an exposure assessment method with imperfect sensitivity and specificity on estimated prevalence of

exposure and on the OR can be described in the following formulas (114, 115):
PP=PU+(1-P)1-V) (1)

[URP + (1= V)(1 = P)][(1 = V)P + V(1 = P)]

R*= [UP+ (1 —V)(1=P)][(1=U)RP + V(1 —P)] @

Where:

P = Prevalence of exposure estimated by the gold standard

U = Sensitivity

V = Specificity

R = Hypothetical true OR

P"= Misclassified prevalence of exposure after exposure misclassification

R’= Misclassified OR after exposure misclassification

We first calculated the power of the “gold standard” expert assessment to detect a two-fold risk (OR =
2.0) under varying levels of exposure prevalence (159, 160). We then calculated the power under varying
scenarios of exposure misclassification by replacing P with P*, and R with R". The proportional difference
between the two calculated powers is what we call the loss in statistical power due to exposure

misclassification.
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Results

Comparison of estimated prevalence of exposure between CANJEM vs. expert-assessment

In Table 1, our selected 69 agents are grouped by their chemical nature and by use, and sorted in
descending order based on the prevalence of exposure within each grouping of agents. Estimated
prevalence of exposure to these agents ranged from 0.9% to 21.5% based on expert assessment; from
0.0% to 23.2% based on CANJEM-25%, and from 0.0% to 20.8% based on CANJEM-50%. “Cleaning agents”
was the most prevalent agent across all exposure assessment methods. For most agents, the prevalence
estimated, using either cutpoint of CANJEM, correlated quite well with that estimated by the experts. The
Kendall's t coefficients, between expert-assessed prevalence and prevalence assessed by CANJEM-25%
and CANJEM-50%, were 0.62 and 0.53 respectively. Overall, CANJEM-25% tended to produce similar or
slightly higher than expert-assessed prevalence and CANJEM-50% tended to produce lower than expert-
assessed prevalence (Appendix 1). For some agents, estimated prevalence was quite similar between the
two versions of CANJEM (e.g., fabric dust, cooking fumes, cleaning agents) while some other agents
dropped sharply in estimated prevalence when switching from CANJEM-25% to CANJEM-50% (e.g.,

organic solvents, ashes, polyester fibres).

Concordance between CANJEM vs. expert-assessment — sensitivity, specificity, and kappa

Sensitivity, specificity, and kappa values are presented in Table 1 for each agent, separately for
CANJEM-25% and CANJEM-50%. Tables 2 and 3 present two complementary summarizations of the agent-

by-agent results shown in Table 1.

Across all agents shown in Table 1, with CANJEM-25%, the median sensitivity, specificity, and
kappa values were 0.49, 0.99, and 0.46, respectively. Analogously, with CANJEM-50%, the median
sensitivity, specificity, and kappa values were 0.26, 1.00, and 0.35, respectively. As we move from
CANJEM-25% to CANJEM-50%, we observed a decrease in sensitivity and an increase in specificity for most
agents. This was particularly pronounced for some agents (polyester fibres, nylon fibres, wool fibres, ashes,
cosmetic talc, and anaesthetic gases). The kappa values tended to be greater with CANJEM-25% than with
CANJEM-50%, but not always. Particularly low kappa values (<0.10) were observed using both versions of
CANJEM for silk fibres, acrylic fibres, ozone, propane combustion products and methanol. Using either
CANJEM cutpoint, there was good concordance in sensitivity and specificity between CANJEM and expert

assessment for several agents (e.g., fabric dust, cotton dust, synthetic fibres, cooking fumes, soldering
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fumes, calcium carbonate, tin compounds, etc.). Concordance was poor using both CANJEM cutpoints for
around a quarter of our selected agents. For the other agents, the degree of concordance differed
depending on which CANJEM cutpoint was used. Figure 1 provides a visual demonstration of sensitivity
and specificity for each agent when comparing CANJEM-25% to expert assessment. Given the generally
low prevalences of exposure that we experience in this study, the specificity of CANJEM-based exposure
estimates vs Expert assessment was rarely lower than 0.90. By contrast, the sensitivity was rarely higher

than 0.90. It is not meaningful to compare absolute level of sensitivity with absolute level of specificity.

Table 2 shows the joint categorical distribution of sensitivity and specificity values among the 69
agents, with each of the two CANJEM assessments vs. the expert assessment. Most agents had relatively
low sensitivity and quite high specificity using both versions of CANJEM. Three of 69 agents (fabric dust,
calcium carbonate, and soldering fumes) had both high sensitivity (0.70-0.89) and high specificity (20.99)
in both CANJEM versions; tin compounds had high sensitivity and specificity in CANJEM-25%, while
cooking fumes had high sensitivity and specificity in CANJEM-50%. A much larger proportion of agents had
high sensitivity (0.70-0.89) but lower specificity (0.90-0.98) in CANJEM-25% than in CANJEM-50% (17
percent vs. 4 percent); while a much smaller proportion of agents had lower sensitivity (<0.70) but high

specificity (20.99) in CANJEM-25% than in CANJEM-50% (58 percent vs. 84 percent).

Table 3 shows selected summary concordance statistics between CANJEM-based assessment and
expert assessment of exposure across the agents. Although agent-specific statistics vary, in general,
CANJEM-25% tended to mimic expert-assessed prevalence of exposure more closely than did CANJEM-
50%. Specificity values were generally over 0.90 using both CANJEM cutpoints; with CANJEM-50%
reaching a specificity of 1.00 for around half of the agents. CANJEM-25% tended to produce higher

sensitivity values and higher kappa values on average than CANJEM-50%.

Hypothetical scenarios of exposure misclassification and their impact on power loss in epidemiological

studies

As one measure of the impact of measurement error involved in the use of CANJEM instead of
the “gold standard” expert assessment, we calculated and compared the loss in statistical power
associated with the use of CANJEM. Table 4 presents various levels of loss of power to detect a two-fold
risk under different scenarios of exposure misclassification in a hypothetical case-control study of 1000

cases and 1000 controls. The table also shows the impact of misclassification on estimates of prevalence
101



and OR, and illustrates the known phenomenon that non-differential misclassification of binary exposure
status will lead to attenuated ORs. We chose exposure misclassification scenarios that mostly represent
patterns of misclassification observed in our own study; three levels of prevalence that are common for
occupational exposures; and a hypothetical true OR of 2.0 which is plausible in occupational exposure and
cancer research. Departure from a sensitivity of 1.00 will have the effect of artificially reducing the
estimated prevalence; departure from a specificity of 1.00 will artificially increase the estimated
prevalence. When there is imperfect sensitivity and imperfect specificity, there are countervailing effects:
the net effect may be to increase or decrease the estimated prevalence. The extent of the impact depends
on the true prevalence. Table 4 shows how these countervailing pressures play out under various plausible
scenarios. At lower true prevalence a smaller gain in specificity, compared to a larger gain in sensitivity,
tended to yield better power and to produce an OR estimate closer to the true OR. As true prevalence
increases, an improvement in sensitivity would have more influence on improving the OR estimates and
power. Within the same level of exposure misclassification, there was less dilution of the ORs toward the

null and less power loss when the true prevalence was relatively high (i.e., 15% vs. 2%).

Discussion

On the basis of our CANJEM vs expert assessment comparison, it is not straightforward to
determine which agents assessed by CANJEM have sufficient validity to be included in epidemiologic
analyses of risk. Ideally, we would hope that the CANJEM-derived estimates of exposure are perfectly
correlated with the expert assessments (i.e., sensitivity and specificity and kappa all equal to 1.0), but this
was never expected and it does not occur for any agent. The further the values of these parameters drift
from the ideal of 1.0, the less reliable is the CANJEM-derived estimate as a proxy for the expert assessment.
If the values of concordance parameters exceed 0.0, as they do for all the agents in our study, there is
some opportunity for the CANJEM-derived estimates to absorb sufficient information to reflect a real risk,
should there be one. We have not drawn any arbitrary cutpoints on the scales of sensitivity, specificity, or
kappa to designate agents with high concordance, but we do list those agents that had the highest
concordance values, and that consequently have the best chance that the CANJEM-derived estimates

would replicate the expert assessments.

We compared the prevalence and concordance measures for occupational exposure to 69 agents

in jobs held by women using CANJEM with those derived using an expert assessment approach. For most
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agents, the prevalence estimated using either CANJEM-25% or CANJEM-50% cutpoint correlated well with
the prevalence based on the expert assessments. Using expert assessment as the gold standard, CANJEM
performed well under both probability of exposure cutpoints in terms of sensitivity, specificity, and kappa
for several agents, including fabric dust, cotton dust, synthetic fibers, cooking fumes, soldering fumes,
calcium carbonate, and tin compounds; for many other agents, the CANJEM-based assessments did not

perform well in one or both versions of CANJEM.

As we reported elsewhere (161), the most prevalent occupations in our sample of Montreal
women include various office jobs, service industry jobs such as waitresses, maids and housekeepers, and
jobs in the textile industry such as sewers and embroiderers. Many of the agents with good agreement
between expert assessment and CANJEM were also prevalent exposures in those occupations (e.g., fabric
dust, cotton dust, synthetic fibers, and cooking fumes). A few previous studies have compared
occupational exposure assessments between JEMs and expert assessments (162-164). The occupational
agents examined included asbestos (163, 164), diesel motor emissions (164), crystalline silica (164),
polycyclic aromatic hydrocarbons (163), welding fumes (163), aromatics (162), chlorinated aliphatics (162),
lead (162), formaldehyde (162) and insecticides (162). The kappa values for a JEM-based exposure
assessment compared to expert assessment varied somewhat across these comparisons, but they were
almost all below 0.50. It is not clear whether these observations reflected characteristics of the agent
under investigation, or the specific characteristics of the JEM and experts being compared. Similarly, we
observed kappas below 0.50 for crystalline silica and for polycyclic aromatic hydrocarbons; formaldehyde
and lead had a slightly higher kappas (around 0.50) in our analysis than in previous studies. A majority of

our selected 69 agents had kappas below 0.50.

The impact of the observed misclassification would be a reduction in power to detect real relative
risks. The hypothetical exercise that we undertook demonstrated that the power loss could be quite
substantial under a variety of hypothetical scenarios of exposure misclassification, exposure prevalence,
and relative risk. This exercise highlighted the importance of choosing agents for analysis that manifest
relatively high values of sensitivity and specificity. Flegal et al. (115) proposed that if the prevalence of
exposure is less than 1/(1+VR), which translates to 41% prevalence given an OR of 2.0, specificity values

would tend to have a larger impact than sensitivity on biasing the risk estimates. The choice of
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occupational agents to examine using CANJEM should prioritize agents with high specificity; since

prevalence of exposure to many agents tends to be low, accompanied by a low to moderate effect size.

In contrast with previous attempts to evaluate performance of JEMs, we focused on female
workers, a neglected but growing part of the workforce. In order to ascertain whether the results we
observed among women were relevant only to women, we also conducted a supplementary analysis
among male workers that was analogous to the one reported in this paper, though less extensive. This
analysis among men was restricted to the following five agents that were also part of the present analysis
among women: fabric dust, cotton dust, cleaning agents, cooking fumes, and organic solvents. We
compared kappas of CANJEM against expert assessment for those five agents between women and men.
Using either CANJEM cutpoint, kappas calculated using men's data are over 0.10 lower than those
calculated using women's data for fabric dust and cotton dust, close to 0.20 lower for cleaning agents,

over 0.10 higher for organic solvents, and about the same for cooking fumes.

We presented CANJEM'’s ability to replicate expert assessment using our 2-step approach to
linkage of occupation titles, two different cutpoints in the probability of exposure in CANJEM, and our
definition of exposure status to an agent, but results may vary if these settings differ. Although the agents
we assessed were the most prevalent ones in our sample of women’s jobs, a majority of our participants
were unexposed to most of the studied agents. Inclusion of a large number of unexposed jobs leads to an
overall high specificity. CANJEM generally performs better for more broadly defined exposures (e.g., fabric
dust) than more specific exposures (e.g., silk dust), although there were some exceptions to this
generalization. We presented in this paper the concordance between CANJEM vs. our expert assessment
in assessment of the binary exposure status variable (exposed / unexposed); it is likely that the
concordance between the two methods would be lower in assessing more refined exposure parameters

(e.g., intensity of exposure) as there would be more opportunity for exposure misclassification to occur.

We consider that our comparison of CANJEM-derived estimates with expert assessment method
represents a “best-case scenario” for CANJEM-derived estimates. Namely, the CANJEM-derived estimates
were not entirely independent of the expert assessments, as CANJEM was built from the database of
expert assessments conducted as part of four case-control studies in Montreal, one of which was the same
lung cancer case-control study linked to CANJEM in this paper. But we are unable to estimate how much

lower the sensitivity and specificity would be if we applied CANJEM to a different population for which
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expert assessments of exposure were available. The generalizability of our findings to studies that might
use CANJEM in other female populations would depend on how similar occupational exposure profiles
are in those populations to that of the Canadian female population, conditional on occupation.
Notwithstanding the theoretical, financial and feasibility advantages of using a JEM instead of expert
assessment, it might not be a suitable exposure assessment tool for some agents (162-164). Like any JEM,
CANJEM cannot assign distinct exposure information based on idiosyncratic features of a particular job or
worker that are not captured by distinct occupation codes. Agents with low probability of exposure across
many occupations would generally have poorer JEM performance compared to agents with high
probability of exposure in a few occupations. For example, although cooking fumes and organic solvents
displayed overall similar levels of prevalence in our study, the sensitivity, specificity, and kappa values
were much higher for cooking fumes than they were for organic solvents. Exposure to cooking fumes was
predominantly present with high probability of exposure in a few occupations including
waitresses/bartenders and cooks, whereas exposure to organic solvents was spread with lower
probabilities of exposure among many occupations. Users of CANJEM need to carefully evaluate whether
the agents are widespread or concentrated in a limited number of occupations and how CANJEM

performed in their study.

Conclusion

In conclusion, among female workers, concordance between CANJEM and expert assessment
varied greatly by agent. Our results indicate which agents provide data that mimic best the exposure

assessments that would be obtained with expert assessment.
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Tables

Table 1. Concordance between CANJEM and Expert assessments of exposure for each of 69 occupational agents?® in each of 3403 jobs® held by
women in the Montreal lung cancer case-control study.

Expert
CANJEM-25%¢ CANJEM-50%°
Agents? assessment
jo';e;:i::); d jo':oesr:izig: d Sensitivityd Specificity  Kappa jopbir::;:: d Sensitivity® Specificity!  Kappa
Organic solids
Fabric dust 14.8% 12.5% 0.77 0.99 0.81 11.0% 0.71 0.99 0.78
Cotton dust 12.0% 11.7% 0.79 0.98 0.78 11.2% 0.77 0.98 0.77
Synthetic fibres 9.2% 11.0% 0.79 0.96 0.69 9.4% 0.71 0.97 0.68
Cellulose (paper fibre) 6.5% 6.3% 0.60 0.97 0.58 2.4% 0.30 1.00 0.42
Polyester fibres 5.9% 9.6% 0.79 0.95 0.57 1.3% 0.13 0.99 0.19
Nylon fibres 4.1% 8.6% 0.76 0.94 0.46 0.6% 0.04 1.00 0.05
Wool fibres 3.3% 9.2% 0.84 0.93 0.42 1.5% 0.20 0.99 0.26
Rayon fibres 2.0% 0.9% 0.15 0.99 0.19 0.0% 0.00 1.00 0.00
Organic dyes and pigments 1.8% 1.9% 0.49 0.99 0.47 0.9% 0.30 1.00 0.39
Silk fibres 1.8% 0.6% 0.07 1.00 0.09 0.0% 0.00 1.00 0.00
Flour dust 1.7% 2.5% 0.67 0.99 0.52 0.7% 0.32 1.00 0.43
Sugar dust 1.5% 0.8% 0.37 1.00 0.48 0.6% 0.35 1.00 0.48
Starch dust 1.5% 1.8% 0.42 0.99 0.38 0.3% 0.19 1.00 0.32
Leather dust 1.4% 1.3% 0.63 1.00 0.63 1.3% 0.63 1.00 0.63
Plastic dusts 1.1% 1.2% 0.36 0.99 0.33 0.3% 0.19 1.00 0.30
Flax fibres 1.0% 0.5% 0.11 1.00 0.15 0.0% 0.00 1.00 0.00
Acrylic fibres 1.0% 0.3% 0.06 1.00 0.09 0.0% 0.00 1.00 0.00
Carbon black 0.9% 0.9% 0.56 1.00 0.56 0.3% 0.22 1.00 0.32
Inorganic solids
Ashes 5.3% 6.5% 0.77 0.98 0.68 0.0% 0.00 1.00 0.00
Calcium carbonate 4.2% 5.0% 0.89 0.99 0.80 4.0% 0.79 0.99 0.80
Cosmetic talc 2.6% 5.6% 0.80 0.96 0.49 0.1% 0.02 1.00 0.04
Abrasive dust 2.1% 1.8% 0.21 0.99 0.21 0.8% 0.10 0.99 0.13
Metallic dust 2.0% 2.4% 0.49 0.99 0.43 1.1% 0.31 1.00 0.40
Cristalline silica 1.9% 1.0% 0.14 0.99 0.17 0.1% 0.03 1.00 0.06
Inorganic pigments 1.8% 1.5% 0.48 0.99 0.52 0.9% 0.34 1.00 0.44
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Expert

CANJEM-25%¢

CANJEM-50%°¢

Agents? assessment
joiir:i:::: d jozir:i::zg: d Sensitivity Specificity  Kappa joiir:i::):: d Sensitivity? Specificity!  Kappa
Mild steel dust 1.0% 1.2% 0.55 0.99 0.49 0.5% 0.30 1.00 0.40
Organic gases
Formaldehyde 11.0% 18.4% 0.75 0.89 0.49 10.7% 0.47 0.94 0.41
Propellant gases 1.6% 0.6% 0.31 1.00 0.44 0.6% 0.31 1.00 0.45
Anaesthetic gases 1.0% 2.8% 0.89 0.98 0.47 0.0% 0.00 1.00 0.00
Inorganic gases
Ozone 6.6% 0.4% 0.01 1.00 0.01 0.0% 0.00 1.00 0.00
Ammonia 5.2% 4.6% 0.48 0.98 0.48 1.6% 0.26 1.00 0.37
Hydrogen chloride 1.1% 1.2% 0.61 0.99 0.57 0.7% 0.34 1.00 0.41
Fumes and smokes
Cooking fumes 10.8% 12.7% 0.84 0.96 0.74 9.0% 0.71 0.99 0.75
Engine emissions 1.8% 3.2% 0.45 0.98 0.31 1.1% 0.24 0.99 0.29
Natural gas combustion products 1.7% 2.1% 0.26 0.98 0.22 0.0% 0.00 1.00 0.00
Plastics pyrolysis fumes 1.5% 0.3% 0.06 1.00 0.10 0.2% 0.06 1.00 0.10
Soldering fumes 1.1% 1.3% 0.87 1.00 0.79 1.0% 0.76 1.00 0.80
Propane combustion products 1.1% 0.0% 0.00 1.00 0.00 0.0% 0.00 1.00 0.00
Metal oxide fumes 0.9% 1.4% 0.33 0.99 0.26 0.5% 0.07 1.00 0.08
Organic liquids and vapours
Organic solvents 13.0% 13.8% 0.51 0.92 0.42 5.4% 0.29 0.98 0.35
Isopropanol 6.7% 7.5% 0.52 0.96 0.45 2.2% 0.22 0.99 0.31
Synthetic adhesives 3.7% 3.1% 0.50 0.99 0.53 2.3% 0.46 0.99 0.55
Toluene 2.3% 1.9% 0.46 0.99 0.49 1.4% 0.43 1.00 0.53
Inks 1.7% 1.6% 0.47 0.99 0.47 0.4% 0.17 1.00 0.27
Methanol 1.5% 0.1% 0.00 1.00 0.00 0.1% 0.00 1.00 0.00
Acetone 1.1% 0.9% 0.28 1.00 0.30 0.0% 0.00 1.00 0.00
Benzene 1.1% 2.1% 0.61 0.99 0.41 0.6% 0.34 1.00 0.44
Xylene 1.1% 1.5% 0.58 0.99 0.49 0.7% 0.34 1.00 0.41
Acetic acid 1.1% 0.4% 0.18 1.00 0.27 0.2% 0.13 1.00 0.22
Waxes, polishes 1.0% 0.4% 0.09 1.00 0.12 0.1% 0.03 1.00 0.05
Ethanol 0.9% 0.6% 0.47 1.00 0.55 0.6% 0.47 1.00 0.57
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Expert
CANJEM-25%¢ CANJEM-50%°
Agents® assessment
joiir:i::’g: d joi::i:::g: d Sensitivity Specificity  Kappa joiir:i::):: d Sensitivity? Specificity!  Kappa
Inorganic liquids and vapours
Inorganic acid solutions 1.6% 2.2% 0.69 0.99 0.56 0.5% 0.26 1.00 0.39
Caustic alkali solutions 1.1% 0.5% 0.11 1.00 0.14 0.1% 0.08 1.00 0.14
Chemical families
Aliphatic aldehydes 11.5% 19.6% 0.76 0.88 0.49 12.0% 0.51 0.93 0.43
Aliphatic alcohols 9.1% 8.3% 0.45 0.95 0.43 3.2% 0.21 0.99 0.28
Hypochlorites 4.1% 1.4% 0.20 0.99 0.28 0.8% 0.14 1.00 0.23
PAHs from any source 3.1% 5.7% 0.44 0.96 0.28 1.6% 0.23 0.99 0.29
Mononuclear aromatic hydrocarbons 2.9% 3.7% 0.56 0.98 0.47 1.9% 0.44 0.99 0.53
Alkanes C5-C17 2.6% 3.4% 0.42 0.98 0.34 1.4% 0.28 0.99 0.36
PAHs from petroleum 2.2% 5.0% 0.55 0.96 0.31 1.6% 0.28 0.99 0.31
Alkanes C18+ 2.0% 2.5% 0.50 0.99 0.43 0.8% 0.24 1.00 0.33
Lead compounds 1.4% 3.1% 0.81 0.98 0.49 1.4% 0.64 1.00 0.63
Aromatic amines 1.4% 1.3% 0.46 0.99 0.46 0.6% 0.35 1.00 0.48
Iron compounds 1.3% 1.4% 0.52 0.99 0.49 0.7% 0.39 1.00 0.50
Aliphatic ketones 1.2% 1.1% 0.28 0.99 0.27 0.1% 0.00 1.00 0.00
Tin compounds 1.0% 1.5% 0.89 0.99 0.72 0.8% 0.60 1.00 0.69
General categories
Cleaning agents 21.5% 23.2% 0.84 0.94 0.75 20.8% 0.77 0.94 0.72
Biocides 13.8% 14.6% 0.74 0.95 0.67 11.3% 0.65 0.97 0.67
Bleaches 1.4% 1.2% 0.43 0.99 0.45 0.7% 0.34 1.00 0.45

a. We selected all agents with at least 30 exposed jobs based on the expert assessment of jobs held by our study population; this led to the selection of 69 agents
among all 258 agents available in CANJEM. In this table the agents are ordered by two features. First, they are grouped into chemical-physical-use categories.
Within each category they are ordered by percent of exposure in our sample of jobs.

b. The 3,403 jobs were derived from 998 women. The unit of observation is jobs held by women. There were no adjustments for multiple jobs per woman.
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c. Two different cutpoints were used to define ever exposure in CANJEM: 1) CANJEM-25%: jobs with probability of exposure of at least 25% were categorized as
exposed to a selected agent and jobs with probability of exposure below 25% were categorized as unexposed, and 2) CANJEM-50%: jobs with probability of
exposure of at least 50% were categorized as exposed to a selected agent and jobs with probability of exposure below 50% were categorized as unexposed.

d. Sensitivity and specificity were computed considering expert assessment as the gold standard.
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Table 2. Joint categorical distribution of sensitivity and specificity among the 69 agents, with each of the two CANJEM assessments (25% or
50%) vs. the expert assessment?.

CANJEM-25% CANJEM-50%

Sensitivity Specificity Number (%) of agents Number (%) of agents
0.00-0.29 0.88-0.89 0 (0.0%) 0 (0.0%)
0.00-0.29 0.90-0.98 1 (1.4 %) 1 (1.4%)
0.00-0.29 0.99-1.00 16 (23.2 %) 37 (53.6 %)
0.30-0.49 0.88-0.89 0 (0.0%) 0 (0.0%)
0.30-0.49 0.90-0.98 5 (7.2%) 1 (1.4 %)
0.30-0.49 0.99 - 1.00 13 (18.8%) 18 (26.1 %)
0.50 - 0.69 0.88 —0.89 0 (0.0%) 0 (0.0%)
0.50 - 0.69 0.90-0.98 5 (7.2 %) 2 (2.9%)
0.50 - 0.69 0.99 - 1.00 11 (15.9 %) 3 (4.3%)
0.70-0.89 0.88 —0.89 2 (2.9%) 0 (0.0%)
0.70-0.89 0.90-0.98 12 (17.4 %) 3 (4.3%)
0.70-0.89 0.99 - 1.00 4 (5.8%) 4 (5.8%)
Total number of agents (%) 69 (100%) 69 (100%)

a. We have sliced the range of sensitivity estimates into four categories (0.00 — 0.29), (0.30 — 0.49), (0.50 — 0.69), (0.70 — 0.89), and we sliced
the range of specificity estimates into three categories (0.88 — 0.89), (0.90 — 0.98), (0.99 — 1.00). This was based on our “eye-ball”
perception of the empirical distributions of these parameters in our dataset, rather than on any a priori notion of the significance of these

cutpoints.

111



Table 3. Frequency distribution of exposure prevalence, sensitivity, specificity, and kappa across 69 agents reported in Table 1, for CANJEM-
25% and CANJEM-50% compared with Expert assessment

Exposure assessment Comparison parameters Min? 25%-ile? Median® 75%-ile? Max?
method
Expert - reference method
% jobs exposed 0.9% 1.1% 1.8% 4.1% 21.5%
CANJEM-25%"
% jobs exposed 0.0% 1.1% 1.9% 5.6% 23.2%
Sensitivity© 0.00 0.31 0.49 0.74 0.89
Specificity® 0.88 0.98 0.99 0.99 1.00
Kappa® 0.00 0.28 0.46 0.53 0.81
CANJEM-50%"
% jobs exposed 0.0% 0.2% 0.7% 1.6% 20.8%
Sensitivity© 0.00 0.07 0.26 0.39 0.79
Specificity® 0.93 0.99 1.00 1.00 1.00
Kappa® 0.00 0.10 0.35 0.48 0.80

a. Median, minimum value, 25" percentile, 75" percentile, and maximum value among 69 agents in Table 1.
b. CANJEM probability of exposure transformed to binary exposure status with cutpoint at 25% or 50% probability of exposure.
c. Sensitivity and specificity computed with reference to expert assessment.

d. Kappa between CANJEM assessment and expert assessment.
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Table 4. Loss of statistical power to detect an association under various scenarios of exposure
misclassification in a hypothetical case-control study.

Assumptions: 1000 cases and 1000 controls; the reference (“gold standard”) expert assessment entails an
OR of 2.0; prevalence of exposure as indicated in each panel.

Sensitivity® Specificity® ORpmiss© Prevalencemiss Powermiss® Relative Lofss
of power
Panel A assumption Exposure prevalence = 2%
1.00 1.00 2.0 2% 0.72 n.a.
0.30 0.90 11 10% 0.06 91.7%
0.30 0.95 1.1 6% 0.08 88.9%
0.30 0.99 14 2% 0.16 77.8%
0.50 0.90 1.1 11% 0.09 87.5%
0.50 0.95 1.2 6% 0.13 81.9%
0.50 0.99 1.5 2% 0.29 59.7%
0.80 0.90 1.1 11% 0.16 77.8%
0.80 0.95 1.2 7% 0.25 65.3%
0.80 0.99 1.6 3% 0.48 33.3%
Panel B assumption Exposure prevalence = 5%
1.00 1.00 2.0 5% 0.97 n.a.
0.30 0.90 11 11% 0.15 84.5%
0.30 0.95 1.2 6% 0.23 76.3%
0.30 0.99 1.6 2% 0.45 53.6%
0.50 0.90 1.2 12% 0.30 69.1%
0.50 0.95 1.3 7% 0.45 53.6%
0.50 0.99 1.7 3% 0.71 26.8%
0.80 0.90 13 14% 0.55 43.3%
0.80 0.95 1.5 9% 0.73 24.7%
0.80 0.99 1.8 5% 0.90 7.2%
Panel C assumption Exposure prevalence = 15%
1.00 1.00 2.0 15% 1.00 n.a.
0.30 0.90 1.3 13% 0.65 35.0%
0.30 0.95 1.5 9% 0.81 19.0%
0.30 0.99 1.8 5% 0.94 6.0%
0.50 0.90 1.5 16% 0.92 8.0%
0.50 0.95 1.6 12% 0.97 3.0%
0.50 0.99 1.9 8% 0.99 1.0%
0.80 0.90 1.6 21% 0.99 1.0%
0.80 0.95 1.7 16% 1.00 0.0%
0.80 0.99 1.9 13% 1.00 0.0%

a. Hypothesized sensitivity vs. expert assessment.
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Hypothesized specificity vs. expert assessment.

Expected OR after misclassification, as per Formula 2 in the text.

Expected prevalence of exposure after misclassification, as per Formula 1 in the text.

Expected power under the conditions of an unmatched case-control study with 1000 cases and
1000 controls to detect an association with OR=0Riss and Prevalence=Prevalencemiss and sample
sizes (2x1000) and alpha of 0.05.

Relative loss of power = (Powerorig - Powermiss) / Powerorig
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Figure

Figure 1. Sensitivity and specificity values (CANJEM-25% versus expert assessment) for 69 agents with at least 30 exposed jobs in our study
population.
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Supplementary material

Appendix 1. Empirical cumulative distribution function (ECDF) of estimated prevalence of exposure to
our selected 69 agents; using expert assessment, CANJEM-25%, and CANJEM-50%.
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Novelty and Impact

There is little research on occupational risk factors for lung cancer among women. This study
examined the associations between 15 prevalent occupational exposures and lung cancer risk among
women. This is one of the largest epidemiological studies on occupational causes of lung cancer in women,
combining evidence from ten case-control studies in seven countries. None of the agents assessed showed
consistent and compelling associations with lung cancer. In some of the main or subgroup analyses, the
following agents indicated possible elevated ORs: metallic dust, iron compounds, isopropanol, and organic

solvents.

List of abbreviations

IARC, International Agency for Research on Cancer; ISCO-68, International Standard Classification of
Occupations, Revised Edition 1968; CANJEM, Canadian job-exposure matrix; JEM, job-exposure matrix;
PAHSs, polycyclic aromatic hydrocarbons; CE, cumulative exposure; ORs, odds ratios; Cls, confidence

intervals; SES, socio-economic status
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Abstract

Worldwide, lung cancer is the second leading cause of cancer death in women. The present study explored
the associations between occupational exposures that are prevalent among women, and lung cancer.
Data from ten case-control studies of lung cancer from Europe, Canada, and New Zealand conducted
between 1988 and 2008 were combined. Lifetime occupational history and information on non-
occupational factors including smoking were available for 3040 incident lung cancer cases and 4187
controls. We linked each reported job to the Canadian Job-Exposure Matrix (CANJEM), which provided
estimates of probability, intensity, and frequency of exposure to each selected agent in each job. For this
analysis, we selected 15 agents (cleaning agents, biocides, cotton dust, synthetic fibers, formaldehyde,
cooking fumes, organic solvents, cellulose, polycyclic aromatic hydrocarbons from petroleum, ammonia,
metallic dust, alkanes C18+, iron compounds, isopropanol, and calcium carbonate) that had lifetime
exposure prevalence of at least 5% in the combined study population. For each agent, we estimated lung
cancer risk in each study center for ever exposure, by duration of exposure, and by cumulative exposure,
using separate logistic regression models adjusted for smoking and other covariates. We then estimated
the meta-odds ratios using random-effects meta-analysis. None of the agents assessed showed consistent
and compelling associations with lung cancer among women. The following agents showed elevated ORs
in some analyses: metallic dust, iron compounds, isopropanol, and organic solvents. Future research into

occupational lung cancer risk factors among women should prioritize these agents.

Key words: Lung cancer; Women; Occupational exposures; Job-exposure matrix; Metals
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Introduction

Worldwide, lung cancer is the third most diagnosed malignant cancer and the second leading
cause of cancer death in women(12). Tobacco smoking is the leading risk factor for lung cancer in women,
as well as in men. However, in Western countries, around 20% of women diagnosed with lung cancer had
never smoked(21). Numerous occupational exposures have been identified as risk factors for lung
cancer(165). Among all cancers attributed to exposure to an occupational agent by the International
Agency for Research on Cancer (IARC), lung cancer was the most commonly associated cancer site(166).
As early as the 1970s, Doll and Peto estimated that approximately 5% of lung cancer mortality in US
women was attributable to occupational factors(40). Similar results were reported for occupationally-
attributable lung cancer risk among female workers in Germany in the 1990s(41). A 2017 study concluded
that a set of ten recognized occupational carcinogens accounted for 2% of all incident lung cancer cases
among French women(43). These estimates likely underestimate the real burden of occupational risk
factors for lung cancer in women, since risks were only estimated for a limited number of known

carcinogens.

Despite the progress in identifying occupational lung carcinogens over the past decades,
epidemiologic evidence of possible carcinogenicity is still sparse or entirely lacking for many occupational
exposures. Moreover, much of past occupational cancer research focused on industrial workforces in
male-dominated occupations; consequently, there has been little empirical evidence on occupational
exposures incurred by women and the associated cancer risks, and published studies concerning women
workers tended to be small and rather underpowered(167). In addition, it is potentially misleading to
assume that women and men exposed to the same occupational agent would have the same level of risk
for cancer, given the biological sex-differences in absorption rate, metabolism, and cellular response(90,

168).

In this study, we aim to explore associations between occupational exposures prevalent in women

and lung cancer risk using data of female workers from ten case-control studies of lung cancer.

Methods

Study population
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The current analysis includes female participants from ten case-control studies of lung cancer
from Europe, Canada, and New Zealand, which collected lifetime working and smoking histories of study
participants, including males and females(116, 117, 119-124, 169). Data collection periods for these
studies ranged from 1988 to 2008. Seven of the included studies were from Europe (France(120),
Germany(117, 119), ltaly(124, 169), Poland(121), and the United Kingdom(170)), two were from
Canada(116, 123), and one from New Zealand(122). Lifetime occupational and smoking information was
mainly collected using face-to-face interviews (approximately 80%), the rest was collected using
telephone interviews. Cases in each study were incident lung cancer cases confirmed by histology or
cytology, ascertained from local hospitals, clinics, or cancer registries. Controls were frequency-matched
(approximately 96%) or individually-matched to cases by age and were recruited from the local general
population. Two studies recruited additional hospital controls(121, 123). Participation proportions in the
different study centers ranged from 53% to 89% among cases and 41% to 87% among controls. The
current analysis included 3040 female lung cancer cases and 4187 female controls. Online Table S1
presents the number of cases and controls in each of the ten study centers and the time period during
which the fieldwork was conducted. In aggregate, the 7227 female workers in the combined study
population had held 25,679 jobs that lasted at least one year. The principal investigator(s) of each of the
ten original studies obtained ethical approval from local institutional ethics review boards, and all

participants gave informed consent.

Occupational exposure assessment

Participants’ jobs were coded according to the International Standard Classification of
Occupations, Revised Edition 1968 (ISCO-68)(133). Occupational exposure to specific agents was assigned

by linking participant’s job titles to the Canadian job-exposure matrix (CANJEM).

Detailed methodological descriptions of CANJEM (http://canjem.ca/) have been published(157,

158). Briefly, CANJEM is a general population job-exposure matrix (JEM) built from expert assessment of
jobs held by participants in the time period 1950-2011 in five Montreal-based case-control studies (multi-

site cancers(171), lung cancer(116), breast cancer(104, 105), and brain cancer(172)).

The same expert assessment method and the same team of experts was used in all of the studies
on which CANJEM was built. When the team inferred that an agent was present in a worker’s workplace,

they noted the following dimensions of exposure: confidence that the worker really was exposed (possible,
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probable or definite exposure); intensity (on a semi-quantitative scale by agent, where “low” represented
a concentration above the background environmental level, and “high” represented the highest levels of
concentration to that agent encountered in the Montreal work environment), and frequency of exposure

(number of hours per week).

The exposure indices provided by CANJEM are formed by three axes: occupational code, time
period, and agent. Each cell within CANJEM presents the proportion of all workers with a given occupation
code who were considered exposed to a given agent. Further, mirroring the original expert decisions
about each agent in each job, each cell describes the frequency distributions of confidence, intensity, and

frequency of exposure among the workers who were considered to have been exposed.

CANJEM was built based on jobs held by all participants in the five case-control studies mentioned
above, including 65% of male jobs and 35% of female jobs. Some occupations were predominantly held
by males and some by females, and some by both males and females. In an analysis of male-female
differences in exposure assignment for job titles in which both sexes were present, it was found that for
most of those job titles, there was considerable concordance in the exposure profiles between male and
female workers(173). For the present analysis, to benefit from the much larger sample, the CANJEM

estimates were based on all workers, males and females.

For each of the 25,679 jobs held by women combined from the ten study centers, we linked the
ISCO-68 occupation code to CANJEM. We first attempted to link the jobs to the highest resolution (5-digit)
of ISCO-68; if unlinkable at the highest resolution, we then linked them at the second highest resolution
(3-digit) of ISCO-68. We were able to link CANJEM and provide estimates for 96.5% of all jobs using this
strategy (83.6% of jobs were linked at the 5-digit resolution and 12.9% at the 3-digit resolution); the
remaining jobs were excluded from the analysis. For each linked job, CANJEM provides the probability of
exposure (ranging from 0% to 100%) to each of 258 occupational agents that were part of a checklist
evaluated by the expert exposure assessors in the original case-control studies used to build CANJEM. This
probability of exposure was calculated as the proportion of jobs with a given occupation code in the
CANJEM source database that were considered by the experts to be exposed to the agent. When the
probability of exposure to an agent is above 0%, CANJEM also provides estimates of confidence, intensity,
and frequency of exposure based on the distributions of these parameters among workers who were

considered exposed in the original Montreal studies. CANJEM allows the user to select any level of
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confidence as a threshold for considering the worker to have been “exposed”, and we chose for the
present analysis to include as “exposed” those exposure situations noted by the experts as Probable or

Definite.

In order to categorize an agent’s exposure status in a given job as exposed or unexposed, so as to
be able to compute odds ratios, it was necessary to select a cutpoint on the probability of exposure scale.
We chose a probability cutpoint of 50% (referred to as CANJEM-50%). For each combination of ISCO code
and agent, when the probability of exposure was at least 50%, the job was considered as exposed to the
agent, when the probability of exposure was less than 10%, the job was considered as unexposed to the
agent, and when the probability of exposure was between 10% and 50%, the job was considered as
“uncertainly exposed”. We also conducted sensitivity analyses changing the probability of exposure
cutpoint to 25% (referred to as CANJEM-25%), where jobs with a probability of exposure of at least 25%
were considered exposed, those with less than 10% were considered unexposed, and those between 10%

and 25% were considered “uncertainly exposed”.

Selection of agents

It would have been untenable to present results in the present paper for all 258 agents present
in CANJEM. It was necessary to significantly reduce the number of agents to be investigated. Three criteria
were used: prevalence of the agent in the combined study sample, validity of CANJEM in assigning
exposure to the agent, and redundancy among agents. To reduce statistical imprecision, we eliminated
all agents that had very few exposed women in the combined dataset for the present analysis; the
operational decision was to only include agents with a lifetime ever exposed prevalence of 5% or higher
in either cases or controls. When combining the ten case-control studies and applying CANJEM-50%, this
led to elimination of 232 agents. The validity of exposure assessment via CANJEM is difficult to ascertain,
and it undoubtedly varies by agent. While we do not have data on the validity of the CANJEM-based
assessments, we do have some data on the reliability of the assessments. Namely, using one of the
Montreal case-control study datasets used to construct CANJEM as a testing ground, we applied CANJEM
to the dataset and we compared the resulting exposure estimates with those that had been produced
originally in the case-by-case assessment of exposures by a team of experts(174). Based on those results
we further eliminated five agents with kappa values less than 0.30. Four agents were not assessed in our
previous investigation(174) and were therefore excluded from the current analysis. Finally, we excluded

two agents that hierarchically overlapped with other more specific agents (i.e., fabric dusts overlapped
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with cotton dust and synthetic fibers; aliphatic aldehydes overlapped with formaldehyde). Following these
exclusions, we were left with the following 15 agents that form the focus of the present paper (listed in
descending prevalence among cases): cleaning agents, biocides, cotton dust, synthetic fibers,
formaldehyde, cooking fumes, organic solvents, cellulose, polycyclic aromatic hydrocarbons (PAHs) from
petroleum, ammonia, metallic dust, alkanes C18+ (e.g., petroleum jelly), iron compounds, isopropanol,
and calcium carbonate. As can be seen, this is an eclectic list that contains specific well-defined chemicals,
families of chemicals and general use categories. The agents were not selected based on previous
evidence of lung carcinogenicity; thus, we adopted an attitude of pure exploration, allowing the data to
drive the results. For the selected agents, Kappa values calculated from our above-mentioned
investigation were above 0.70 for four agents, between 0.40 and 0.69 for six agents, and between 0.30 to

0.39 for five agents(174).

Exposure variables

For each of the 15 selected agents we conducted risk analyses in relation to the following metrics
of exposure: ever exposure (never, uncertain, ever); duration of exposure (never, 1-10 years, >10 years);
and cumulative exposure (CE). A participant would be considered "ever exposed" to an agent if any of her

jobs exposed her to that agent. Duration of exposure was calculated as the sum of self-reported duration

a L Fi
=135 " 40’

of each job in which the participant was exposed to an agent. CE was calculated as: CE = ),
where j represents the ith year, d represents the total number of years exposed, /i represents the intensity
of exposure in year i, and Fi represents the number of hours exposed per week in year i. The values of /i
were transformed from low, medium, high to ratios of 1, 5, 25 as these were the approximate ratios of
intensity that the experts had in mind when coding intensity of exposure for most agents. The formula for
cumulative exposure assigns equal weights to the intensity and frequency of exposure through dividing
each measure by their highest value. We further categorized CE into three groups (never, < median CE, >

median CE) based on agent-specific median values among exposed controls. Participants with uncertain

exposure were excluded from the duration or CE analyses.

Statistical analysis

Unconditional logistic regression models were used to estimate odds ratios (ORs) and 95%

confidence intervals (Cls) of lung cancer associated with each agent’s various exposure metrics in each of
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the ten case-control studies, separately. The reference unexposed category for computation of the ORs
for a given agent comprised participants who were never exposed to that agent. Models were adjusted
for age (log-transformed), cigarette pack-years (log [pack-years +1]; pack-year was calculated as duration
(years) x average cigarette smoking intensity per day/20)(175), years since quitting smoking cigarettes,
ever employed in a blue-collar job (defined as jobs with an ISCO-68 first digit of 7, 8, or 9), and socio-
economic status (SES). In all study centers except New Zealand, education (no formal education, some
primary, primary/some secondary, secondary/some college, and university) was used as the proxy for SES
covariate adjustment, and in New Zealand, the Socio-Economic Index (NZSEI) was used as the proxy for
SES(126). The main analyses were conducted to assess ORs associated with exposure to each agent and
lung cancer risk in all participating women, by smoking stratum, and by lung cancer histological subtypes.
Smoking stratified analyses were conducted among never-, light-, and heavy-smokers, separately. Light-
and heavy-smokers were categorized based on the median value of pack-years among controls who were
ever-smokers. lung subtype analyses were conducted for the three most prevalent lung cancer histological
subtypes: adenocarcinoma, squamous cell carcinoma, and small cell lung carcinoma. ORs and 95% Cls for
each agent from each separate study center were then agglomerated using random-effects meta-analysis,

and heterogeneity among studies was assessed using I statistics(129).

As sensitivity analyses, meta-analyzed lung cancer risks associated with exposure to each selected
agent estimated using CANJEM-25%, instead of CANJEM-50%, were estimated for all women, and by
smoking stratum. In addition, we also performed pooled analyses on the association between exposure
to each agent and lung cancer, including women from all ten participating study centers. Pooled analysis
for each agent was adjusted for the same set of covariates included in the main meta-analysis. Because
education data were unavailable in the New Zealand study, a category called “unavailable data” was
assigned to all observations from this study center for the “education” covariate. Finally, we performed
sensitivity analyses adjusting for a reduced set of covariates (only age and smoking) for the meta-analysis

of associations between ever exposure to each agent and lung cancer risk among all women.

Note on "statistical significance". The concept of "statistical significance" is frequently misused
and misinterpreted(176). In the context of this study, the use of accurate wording that avoids the
somewhat clichéd and objectionable "statistical significance" terminology would significantly burden the
text. Our use of that terminology here is a convenient and widely understood shorthand for much longer

and more accurate phrases to indicate that an observed OR estimate deviates from 1.0 in a way that is
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highly unlikely to be explained by natural statistical variability. We do not impute a causal interpretation

on the use of this terminology.

Analyses were performed with R (V 4.3.0). Meta-analyses were performed with the “meta”

package(131).

Results

Selected socio-demographic, smoking, and occupational characteristics of 3040 female lung
cancer cases and 4187 female controls in the ten case-control studies are presented in Table 1. Both cases
and controls had a median age of 61 years. Socioeconomic status represented by education was available
in nine study centers and was lower in cases than in controls. In all study centers, lung cancer cases were
more likely to be smokers and to smoke more than controls. The median number of jobs held was three
for both cases and controls; however, the proportion of women who had ever held blue-collar jobs was

higher in cases.

Selected occupational agents

Online Table S2 shows the definition of each included agent, up to five most prevalent
occupations (ISCO-68 job titles) classified as ever exposed to that agent based on CANJEM-50% in our
study sample of women, and the prevalence of lifetime exposure to each agent. Comparing the crude
prevalence between cases and controls, we note that most of the prevalence estimates were higher
among cases, and noticeably so for the following agents: alkanes C18+, iron compounds, metallic dust,

organic solvents, cooking fumes, isopropanol, and PAHs from petroleum.

Occupational agents and lung cancer risk among women in ten case-control studies, overall and among

never-smokers

Counting the main analyses and all the sensitivity and subgroup analyses, we derived 330
estimates of the OR between each agent and lung cancer. Most of these results are presented in the
Online Tables S3 to S8. Table 2 presents six of the results for each agent that we believe are most
informative in inferring whether there is evidence of an association. The selected results in Table 2 include

results for ever exposure to each agent estimated using CANJEM-50% and CANJEM-25%, and ORs
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estimated using meta- and pooled-analysis. Meta-ORs are presented separately for all participants and
for non-smokers only. Additional meta-ORs for >10 years of exposure and high CE exposure are presented

for all participants.

The analysis of each agent was conducted in models with all covariates mentioned above, but
without any of the other occupational agents. Thus, mutual confounding among the agents cannot be

excluded. Never exposure to an agent under investigation was used as the referent category in all analyses.

In our main meta-analyses where exposure to agents were estimated using CANJEM-50%, there
were no clear associations between any of the 15 agents and lung cancer in all women combined. But on
the other hand, many of the OR results were compatible with some indication of an increase in risk. To
flag those agents that exhibited “suggestive” evidence of a possible association, we implemented the
following threshold criteria: the point estimate should be at least 1.10 and the lower 95%Cl at least 0.90;
and for inverse associations, the point estimate should be at most 0.90 and the upper 95%Cl at most 1.10.
With these criteria, the following agents exhibited suggestive elevated meta-ORs: isopropanol and organic
solvents. There were no clear suggestive inverse associations. Sensitivity analysis re-defining agent
exposure using CANJEM-25% instead of CANJEM-50% resulted in overall similar meta-ORs; for some
agents, the results were more towards the null. Sensitivity analysis replacing meta-analysis with pooled
logistic regression (with study center as a covariate) also yielded overall similar results; with the exception
that exposures to calcium carbonate and cellulose became statistically significantly below the null.
Sensitivity analyses adjusted only for age and smoking produced overall similar but slightly further from

the null results to the meta-analyses that also included some socio-economic covariates (online Table S8).

Among never-smokers, there was an increased risk of lung cancer in women exposed to metallic
dust (meta-OR, 95% Cl=1.78 (1.12 - 2.81)) vs. those that were never exposed, and a below-the-null OR in
women who were exposed to calcium carbonate (meta-OR, 95% CI=0.61 (0.39 — 0.98)). In addition, there
was also a suggestive positive OR in never-smokers with exposure to iron compounds. In the sensitivity
analysis using CANJEM-25% to categorize exposure status (online Table S7), there were statistically
significant increased risks of lung cancer in never-smokers with exposure to metallic dust and iron

compounds.
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Occupational agents and lung cancer risks by histological subtypes

Table 3 presents the meta-ORs between ever exposure to each agent and each of the following
histological subtypes of lung cancer: adenocarcinoma, squamous cell carcinoma, and small cell carcinoma.
For alkanes C18+, there were elevated ORs of both squamous cell and small cell carcinomas. For
isopropanol, cleaning agents, biocides and cooking fumes, there were elevated ORs of squamous cell
carcinoma; and for metallic dust and iron compounds, there were elevated OR of small cell carcinoma. A
below-the-null association was observed between formaldehyde and small cell carcinoma. None of the
15 examined agents exhibited suggestively increased risks with lung adenocarcinoma, the most prevalent

lung cancer subtype in our study population.

Discussion

We estimated exposure to fifteen relatively prevalent occupational agents, using CANJEM, in an
analysis that combined data from ten case-control studies of lung cancer in women. Despite the fact that
this was one of the largest datasets ever assembled on a variety of occupational agents and cancer among

women, the power to detect risks was modest and many of the OR estimates were quite imprecise.

None of the agents analyzed manifested a pattern of results that persuasively argued for a causal
association with lung cancer in our study population. The following agents exhibited some suggestively
increased ORs in some of the main or subgroup analyses: metallic dust, iron compounds, isopropanol, and
organic solvents. None of the associations showed high heterogeneity in OR estimates among the ten

participating centers.

The paucity of previous research on occupational exposures and cancer among women makes it
hard to compare our results with prior knowledge; so, for some agents, we will compare our results with

prior evidence of carcinogenicity among male or female workers.

Metallic dust and iron compounds: Past occupational studies have shown excess lung cancer risk
among workers exposed to compounds of chromium, nickel, beryllium, cadmium, and arsenic(177, 178).
However, previous evidence regarding associations between lung cancer and iron, lead, titanium and
many other metallic compounds were inconclusive or lacking(177, 178). These studies did not focus on

metallic dust specifically but rather on metal compounds in general, and they mostly included male
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workers. Our research team had previously conducted expert assessment of occupational exposure to a
large list of agents including metallic dust in women and men from a Montreal-area population-based
case-control study(161). The experts assigned exposure to metallic dust to jobs with exposure to any
metal dusts. The specified metallic dust considered include dust from bronze, brass, stainless steel, mild
steel, aluminum alloy, chrome, iron, nickel, copper, zinc, cadmium, tin, and lead. In this Montreal-based
study, men who were assigned exposure to metallic dust tended to work in heavy industries with large
machine tools, whereas commonly exposed jobs among women include punch press operator and sheet
metal worker in light industries. The main sources of exposure for women determined by the experts for
the Montreal study were dusts from mild steel, brass, and bronze; iron compounds; and occasionally arc
or gas welding fumes. In the present study, we observed elevated ORs among women occupationally
exposed to metallic dust and iron compounds. The elevated risk seen for metallic dust might be partially
attributable to exposure to iron compounds. Occupational exposures during iron and steel founding, and

welding fumes, have been classified as causes of lung cancer by IARC(166).

Organic solvents: Occupational exposure to organic solvents was associated with a weakly
suggestive elevated risk of lung cancer in our study. An occupational case-control study conducted in
France has reported a positive association between lung cancer risk and women ever exposed to

perchloroethylene, a common chlorinated solvent(67).

Isopropanol: We observed a suggestive positive risk among women occupationally exposed to

isopropanol, but no prior publications were identified for this agent among women.

Calcium carbonate: There were below-the null ORs associated with exposure to calcium
carbonate among our study population of women. Teaching is the predominant occupation with this
exposure, because of chalk use, and female teachers have been reported to have a lower lung cancer risk
when compared to those in other occupations. In the large NOCCA study with 45-year follow-up data on
cancer incidence by occupational category for 15 million people, the standardized incidence ratio of lung
cancer among female teachers was 0.55 (95%Cl, 0.53-0.58)(48). It is thought that non-occupational
confounders (namely, smoking) may be responsible for low lung cancer risks among teachers(179), and

this may also explain a low risk among women exposed to calcium carbonate.

Cotton dust: It has been hypothesized that the presence of endotoxin in cotton textile

manufacturing and agriculture industries could be protective for lung cancer(180). In our analysis, the
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association between cotton dust and lung cancer was rather null. Most women exposed to cotton dust in
our study population were sewers, tailors and dressmakers, and hence had only worked with finished
products of chemically treated cotton textiles; whereas endotoxin is mostly found at earlier stages of

textile manufacturing where workers are exposed to raw cotton.

In our lung cancer histological subtype analyses, there were statistically significant positive
associations between exposure to several agents (isopropanol, alkanes C18+, cleaning agents, and
biocides) and risk for squamous cell carcinoma or small cell lung carcinoma, but not for adenocarcinoma.
Since adenocarcinoma is less strongly associated with smoking compared to the other two examined
subtypes(19), it is possible that the increased risks observed for different agents and squamous cell
carcinoma or small cell lung carcinoma could be partially attributed to residual confounding due to

smoking or to the particular susceptibility of these cell types of tumours to chemical carcinogenesis.

We chose to use random-effects meta-analysis instead of pooled logistic regression as the main
analysis to examine lung cancer association with each agent. The choice between the two modeling
approaches represents a trade-off between bias and precision. Compared to pooled analysis, meta-
analysis provides a better control for confounding since it allows the effect of confounders to differ by
study center, and therefore reduces bias at the cost of increasing variance(181). The meta-analysis
approach also allowed the use of all available information for model adjustment, including different SES
proxies in participating centers. Given that we have a relatively large sample of women in most of the
study centers, we were able to carry out separate logistic regression analysis in each center and derive
informative ORs for the meta-analyses. However, depending on the agent, for some subgroup meta-
analyses, small numbers led to imprecise OR estimates. We also performed sensitivity analysis examining
agent-lung cancer associations using the pooled logistic regression approach, which yielded similar results

to those observed in the meta-analyses.

For the present study, separate models were conducted for our meta-analyses of lung cancer risk
associated with each agent. Since models were not mutually adjusted for the presence of other
occupational agents under investigation, there may be some mutual confounding if there are true risk

factors among the selected agents.

We estimated women’s occupational exposure to each agent using three exposure metrics: ever

exposure, duration of exposure, and cumulative exposure. In the present analysis, we did not examine

131



the effects associated with lagged exposure to each agent, nor did we examine peak exposure, which
might also be a factor for lung carcinogenesis for some agents. We reasoned that there were already a
huge number of analyses presented in this paper and that the further proliferation of models and results,

at a cost of numbing the reader’s attention, would do little to clarify possible causal associations.

Using CANJEM, we were able to assess women’s lifetime occupational exposures to various agents
for a large-scale analysis of ten case-control studies of lung cancer. Such an endeavour of assigning agent-
specific exposure in a large study population with lifetime occupational histories would not have been
feasible using case-by-case expert assessment due to cost and time constraints. CANJEM, like other JEMs,
represents a reproducible and efficient tool which offers a transparent and systematic way to translate
job titles into specific exposures, guaranteeing a standardized exposure assessment within and between
different studies(182-184). But there are certainly limitations to the validity of deriving exposure data

from any JEM such as CANJEM.

The construction of a JEM can be accomplished in many ways with different degrees of expertise
and data-based evidence. The validity of JEM entries depends on these factors, and they are difficult to
discern, as JEM builders themselves are usually unable to objectively estimate the validity of the data in
the JEM given a lack of available true gold standard measurement of past exposures. CANJEM was built
from a large database of exposure assessments by “experts” in a series of case-control studies conducted
in Montreal and involving job histories spanning about 50 years. The team of experts used a variety of
information sources to derive their exposure estimates. Still, like any other JEM, CANJEM is premised on
the notion that workers with the same job title, as encapsulated in a given occupational classification
system, share similar occupational exposures. This may be true for some occupations and agents, but not
all. There is exposure variability among workers who have the same occupation, and this is not normally
captured in a JEM. To partially remediate the magnitude of exposure misclassification in our study, we
classified exposures with a probability below but relatively close to the chosen cutpoint as “uncertain
exposures” and removed them from the reference category in all regression analyses. In addition, we
carried out sensitivity analyses replacing CANJEM-50% with a lower probability cutpoint (CANJEM-25%)

to define exposure and obtained similar results.

The use of a JEM built in a particular population to estimate exposure in different populations is

another potential source of error. CANJEM was built from information about the Montreal working
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population during the second half of the 20t century. In the present analysis, we applied CANJEM to ten
different populations in Europe, Canada, and New Zealand. We chose participating centers in countries
that underwent industrialization in similar time periods, in hope that the workplace exposure profiles in

given occupations would be roughly similar.

A final source of potential error in the exposure assessment is that since CANJEM was built using
source exposure data from both male and female workers, the exposure estimate output of CANJEM
would not be able to distinguish any potential exposure differences, if it exists, between a female or a

male worker with the same job title.

All of these sources of error would create exposure misclassification, which is expected to be non-
differential by disease status since both cases and controls would be assigned the same exposure for a

given job title, and therefore it would likely lead to attenuated estimates of ORs.

Conclusion

None of the agents assessed here manifested consistently increased lung cancer risks in women.
However, the following agents showed elevated ORs in some of the main or subgroup analyses: metallic
dust, iron compounds, organic solvents, and isopropanol. Future research into occupational lung cancer

risk factors among women should prioritize these agents.
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Tables

Table 1. Characteristics of women included in the ten case-control studies of lung cancer; frequency

distributions among cases and among controls.

Selected characteristics Cases (n=3040) Controls (n=4187)
Study centers
Canada-Montreal 14.1% 13.6%
Canada-Toronto 6.4% 11.8%
France (10 departments) 20.0% 18.0%
Germany-Munich plus selected regions 16.8% 12.9%
Germany-Bremen 5.4% 3.9%
Italy-Lombardy 11.8% 10.9%
Italy-Turin and Veneto 4.9% 6.0%
New Zealand 7.5% 8.5%
Poland-Lodz and Warsaw 7.8% 6.2%
United Kingdom-Liverpool 5.2% 8.2%
Age (Median in years [25% —75% percentile]) 61 [53 - 68] 61 [53 - 69]
Education?
University 11.6% 18.3%
Secondary / Some college (10-13 yrs) 20.5% 23.6%
Primary/ Some secondary (6-9 yrs) 42.3% 33.2%
Some primary (<6 yrs) 14.6% 13.7%
No formal education 0.8% 0.9%
Not available 10.1% 10.3%
Ever held blue-collar job(s) 48.6% 38.5%
Number of jobs held for at least a year (median) 3 3
Smoking status
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Never smoker 23.8% 58.9%
Former smoker 22.8% 22.0%
Current smoker 52.7% 18.4%
Missing 0.7% 0.7%
Pack-years (median among smokers) 31.5 14.7

a. Information on education was available for all study centers except for New Zealand. For New Zealand,
as a proxy socioeconomic status variable, we used a variable derived from the occupational class of the
longest held occupation of the participant. Occupational class was determined using a classification of
New Zealand occupations based on average levels of income and education in national census data. Values
ranged from 10 (lowest class) to 90 (highest class). The median values of this variable among the New

Zealand study participants were: 38.3 among cases and 34.0 among controls.
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Table 2. Odds ratio between exposure to each of 15 selected agents, estimated using CANJEM-50% and CANJEM-25%, and lung cancer risk

among All women and Never-smoker women, combined analysis of ten studies.

. L. N N never- N never-
Agent Population Expo:sure CAN.J EM Statistical exposed N exposebd exposed exposed OR 95% CI
metric version approach ® b controls b b
cases cases controls
All Ever exposed CANJEM-50% Meta-analysis 214 190 2421 3569 1.08 0.74 -1.58
All Ever exposed CANJEM-50% Pooled analysis 214 190 2421 3569 1.13 0.89 -1.45
Metallic All Ever exposed  CANJEM-25% Meta-analysis 310 277 2421 3569 1.09 0.81 -1.48
dusts Never-smokers Ever exposed = CANJEM-50% Meta-analysis 46 92 608 2161 1.78 1.12 -2.81
All > 10 years CANJEM-50% Meta-analysis 68 60 2421 3569 1.17 0.63 -2.18
All High CE CANJEM-50% Meta-analysis 116 96 2421 3569 126 0.87 -1.81
All Ever exposed CANJEM-50% Meta-analysis 109 330 2757 3625 0.77 0.44 -1.34
All Ever exposed  CANJEM-50% Pooled analysis 109 330 2757 3625 0.62 0.47 -0.80
Calcium All Ever exposed CANJEM-25% Meta-analysis 183 460 2757 3625 0.82 0.53 -1.26
carbonate Never-smokers Ever exposed CANJEM-50% Meta-analysis 35 209 658 2113 0.61 0.39 -0.98
All > 10 years CANJEM-50% Meta-analysis 75 214 2757 3625 0.89 0.48 -1.65
All High CE CANJEM-50% Meta-analysis 55 168 2757 3625 0.81 0.42 -1.56
All Ever exposed = CANJEM-50% Meta-analysis 606 721 2062 3005 092 0.73 -1.17
All Ever exposed CANJEM-50% Pooled analysis 606 721 2062 3005 0.87 0.73 -1.03
Cotton dust All Ever exposed  CANJEM-25% Meta-analysis 672 823 2062 3005 091 0.72 -1.14
Never-smokers Ever exposed CANJEM-50% Meta-analysis 133 448 510 1775 0.87 0.58 -1.30
All > 10 years CANJEM-50% Meta-analysis 234 327 2062 3005 0.87 0.68 -1.12
All High CE CANJEM-50% Meta-analysis 288 365 2062 3005 0.93 0.71 -1.22
All Ever exposed CANJEM-50% Meta-analysis 521 655 2149 3137 091 0.75 -1.10
All Ever exposed CANJEM-50% Pooled analysis 521 655 2149 3137 0.88 0.74 -1.06
Synthetic All Ever exposed CANJEM-25% Meta-analysis 609 734 2149 3137 095 0.77 -1.18
fibers Never-smokers Ever exposed CANJEM-50% Meta-analysis 123 415 534 1845 0.84 0.58 -1.23
All > 10 years CANJEM-50% Meta-analysis 208 305 2149 3137 0.87 0.68 -1.10
All High CE CANJEM-50% Meta-analysis 231 328 2149 3137 0.89 0.71 -1.12
All Ever exposed CANJEM-50% Meta-analysis 296 399 2383 3390 0.82 0.61 -1.11
Cellulose All Ever exposed CANJEM-50% Pooled analysis 296 399 2383 3390 0.73 0.60 -0.89
All Ever exposed CANJEM-25% Meta-analysis 446 584 2383 3390 0.84 0.66 -1.07
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- N N never- N never-
Agent Population Expo:sure CAN.J EM Statistical exposed N exposeLd exposed exposed OR 95% CI
metric version approach ® b controls N b
cases cases controls

Never-smokers Ever exposed CANJEM-50% Meta-analysis 47 198 612 2063 099 0.65 -1.50
All > 10 years CANJEM-50% Meta-analysis 90 132 2383 3390 093 0.61 -1.40
All High CE CANJEM-50% Meta-analysis 153 200 2383 3390 090 0.63 -1.31
All Ever exposed CANJEM-50% Meta-analysis 272 293 1930 2954 1.09 0.88 -1.37
All Ever exposed CANJEM-50% Pooled analysis 272 293 1930 2954 1.11  0.90 -1.37
Ammonia All Ever exposed CANJEM-25% Meta-analysis 893 952 1930 2954 1.06 0.90 -1.25
Never-smokers Ever exposed = CANJEM-50% Meta-analysis 74 188 461 1721 1.09 0.78 -1.52
All > 10 years CANJEM-50% Meta-analysis 92 119 1930 2954 099 0.71 -1.39
All High CE CANJEM-50% Meta-analysis 129 147 1930 2954 1.08 0.80 -1.45
All Ever exposed CANJEM-50% Meta-analysis 514 645 1662 2515 0.92 0.77 -1.09
All Ever exposed = CANJEM-50% Pooled analysis 514 645 1662 2515 0.88 0.75 -1.05
Formaldehy | All Ever exposed CANJEM-25% Meta-analysis 915 1011 1662 2515 1.01 0.87 -1.17
de Never-smokers Ever exposed CANJEM-50% Meta-analysis 107 389 443 1548 091 0.68 -1.21
All > 10 years CANJEM-50% Meta-analysis 199 280 1662 2515 095 0.72 -1.24
All High CE CANJEM-50% Meta-analysis 239 328 1662 2515 0.93 0.74 -1.18
All Ever exposed  CANJEM-50% Meta-analysis 485 498 2135 3164 1.03 0.86 -1.24
All Ever exposed CANJEM-50% Pooled analysis 485 498 2135 3164 1.03 0.88 -1.21
Cooking All Ever exposed CANJEM-25% Meta-analysis 784 869 2135 3164 1.00 0.85-1.16
fumes Never-smokers Ever exposed CANJEM-50% Meta-analysis 77 270 540 1884 0.95 0.70 -1.28
All > 10 years CANJEM-50% Meta-analysis 209 188 2135 3164 1.08 0.75 -1.56
All High CE CANJEM-50% Meta-analysis 247 252 2135 3164 1.08 0.85 -1.37
All Ever exposed CANJEM-50% Meta-analysis 159 163 2011 2970 1.19 0.90 -1.57
All Ever exposed = CANJEM-50% Pooled analysis 159 163 2011 2970 1.16 0.89 -1.51
Isobrobanol All Ever exposed CANJEM-25% Meta-analysis 666 796 2011 2970 1.00 0.87 -1.15
prop Never-smokers Ever exposed CANJEM-50% Meta-analysis 30 79 503 1784 146 0.89 -2.42
All > 10 years CANJEM-50% Meta-analysis 69 78 2011 2970 1.14 0.67 -1.95
All High CE CANJEM-50% Meta-analysis 84 82 2011 2970 133 0.81 -2.18
Oreanic All Ever exposed CANJEM-50% Meta-analysis 449 435 1197 1881 1.07 0.88 -1.31
solients All Ever exposed CANJEM-50% Pooled analysis 449 435 1197 1881 1.01 0.84 -1.22
All Ever exposed CANJEM-25% Meta-analysis 1240 1334 1197 1881 0.98 0.84 -1.15
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i N N never- N never-
Agent Population Expo:sure CAN.J EM Statistical exposed N exposeLd exposed exposed OR 95% CI
metric version approach ® b controls N b
cases cases controls
Never-smokers Ever exposed CANJEM-50% Meta-analysis 74 213 335 1130 098 0.70 -1.39
All > 10 years CANJEM-50% Meta-analysis 157 161 1197 1881 1.18 0.88 -1.58
All High CE CANJEM-50% Meta-analysis 222 219 1197 1881 1.16 092 -1.47
All Ever exposed CANJEM-50% Meta-analysis 160 140 2584 3733 1.10 0.75 -1.61
All Ever exposed CANJEM-50% Pooled analysis 160 140 2584 3733 1.09 0.82 -1.43
Iron All Ever exposed CANJEM-25% Meta-analysis 239 215 2584 3733 1.09 0.79 -1.51
compounds | Never-smokers Ever exposed CANJEM-50% Meta-analysis 34 64 638 2240 159 094 -2.70
All > 10 years CANJEM-50% Meta-analysis 50 47 2584 3733 1.15 0.54 -2.45
All High CE CANJEM-50% Meta-analysis 80 73 2584 3733 1.13 0.75 -1.71
All Ever exposed CANJEM-50% Meta-analysis 183 159 2288 3350 1.14 0.86 -1.51
All Ever exposed = CANJEM-50% Pooled analysis 183 159 2288 3350 1.10 0.84 -1.43
Alkanes All Ever exposed CANJEM-25% Meta-analysis 340 349 2288 3350 0.98 0.80 -1.21
C18+ Never-smokers Ever exposed CANJEM-50% Meta-analysis 36 82 564 1980 1.30 0.81 -2.07
All > 10 years CANJEM-50% Meta-analysis 63 50 2288 3350 137 0.85 -2.19
All High CE CANJEM-50% Meta-analysis 98 85 2288 3350 1.19 0.82 -1.72
All Ever exposed  CANJEM-50% Meta-analysis 279 295 1964 2868 092 0.72 -1.17
All Ever exposed CANJEM-50% Pooled analysis 279 295 1964 2868 0.89 0.72 -1.11
PAHs from | All Ever exposed CANJEM-25% Meta-analysis 558 644 1964 2868 0.87 0.73 -1.02
petroleum Never-smokers Ever exposed CANJEM-50% Meta-analysis 54 156 491 1709 1.05 0.72 -1.53
All > 10 years CANJEM-50% Meta-analysis 96 105 1964 2868 1.04 0.68 -1.59
All High CE CANJEM-50% Meta-analysis 164 155 1964 2868 1.06 0.78 -1.45
All Ever exposed CANJEM-50% Meta-analysis 1288 1508 1146 1779 0.98 0.85 -1.12
All Ever exposed = CANJEM-50% Pooled analysis 1288 1508 1146 1779 0.96 0.84 -1.09
Cleaning All Ever exposed CANJEM-25% Meta-analysis 1428 1721 1146 1779 098 0.85 -1.12
agents Never-smokers Ever exposed CANJEM-50% Meta-analysis 259 855 305 1056 0.83 0.67 -1.04
All > 10 years CANJEM-50% Meta-analysis 747 828 1146 1779 1.06 091 -1.22
All High CE CANJEM-50% Meta-analysis 755 783 1146 1779 1.09 0.92 -1.29
All Ever exposed CANJEM-50% Meta-analysis 966 1096 1544 2383 1.03 0.89 -1.18
Biocides All Ever exposed CANJEM-50% Pooled analysis 966 1096 1544 2383 1.01 0.89 -1.16
All Ever exposed CANJEM-25% Meta-analysis 1126 1334 1544 2383 1.03 0.90 -1.17
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Agent

i N N never- N never-
Population Expo:sure CAN.J EM Statistical exposed N exposeLd exposed exposed OR 95% CI
metric version approach ® b controls N b
cases cases controls
Never-smokers Ever exposed CANJEM-50% Meta-analysis 206 610 401 1413 0.96 0.77 -1.20
All > 10 years CANJEM-50% Meta-analysis 518 589 1544 2383 1.06 0.90 -1.25
All High CE CANJEM-50% Meta-analysis 489 550 1544 2383 1.07 0.91 -1.26

The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years

since quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center). The Meta-OR and 95%Cl for each

agent-lung cancer association was calculated using random-effects meta-analysis. The pooled OR was calculated including study center as

an additional covariate. Results are not shown for 1-10 years of exposure, or low CE to each agent (available on request).

The number of never exposed and ever exposed women to an agent does not add up to the total number of participants, as there were

also women with uncertain exposure, which are excluded here.
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Table 3. Odds ratio between ever exposure to each of 15 selected agents, estimated using CANJEM-50%, and lung cancer in women by histological

subtypes, meta-analysis of ten studies.

Lung cancer histological subtypes
Agent Exposure Metrics Adenocarcinoma Squamous cell carcinoma Small cell lung carcinoma
No. Meta-OR No. Meta-OR No. Meta-OR
cases Meta-OR 95% ClI cases Meta-OR 95% ClI cases Meta-OR 95% ClI

Metallic dust Never exposed (Ref) ® | 1076 Ref - 465 Ref - 363 Ref -

Ever exposed 69 1.08 0.74-1.56 | 55 1.45 0.80-2.65 45 1.65 0.88-3.13
Calcium Never exposed (Ref) ® | 1192 Ref - 545 Ref - 442 Ref -
carbonate Ever exposed 55 0.70 0.42-1.17 | 19 0.82 0.33-2.02 15 0.81 0.37-1.75
Cotton dust Never exposed (Ref) # | 911 Ref - 388 Ref - 321 Ref -

Ever exposed 248 0.92 0.71-1.18 | 141 0.98 0.63-1.51 100 0.74 0.51-1.07
Synthetic fibers | Never exposed (Ref) ? | 943 Ref - 406 Ref - 336 Ref -

Ever exposed 222 0.99 0.78-1.26 | 114 0.93 0.61-1.42 82 0.78 0.52-1.16
Cellulose Never exposed (Ref) | 1052 Ref - 467 Ref - 358 Ref -

Ever exposed 120 0.85 0.65-1.12 | 63 0.93 0.62-1.38 60 1.06 0.55-2.01
Ammonia Never exposed (Ref) ® | 888 Ref - 347 Ref - 295 Ref -

Ever exposed 97 0.90 0.68-1.20 | 59 1.42 0.94-2.13 62 1.28 0.83-1.98
Formaldehyde Never exposed (Ref) @ | 732 Ref - 307 Ref - 251 Ref -

Ever exposed 218 0.97 0.77-1.21 | 126 1.21 0.82-1.80 78 0.68 0.47 - 0.99
Cooking fumes Never exposed (Ref) | 948 Ref - 405 Ref - 320 Ref -

Ever exposed 194 1.02 0.82-1.28 | 106 1.27 0.92-1.76 93 1.20 0.84-1.73
Isopropanol Never exposed (Ref) | 893 Ref - 374 Ref - 314 Ref -

Ever exposed 64 1.16 0.82-1.65 | 36 1.99 1.04 - 3.80 30 1.40 0.80-2.45
Organic Never exposed (Ref) ? | 565 Ref - 210 Ref - 174 Ref -
solvents Ever exposed 174 0.97 0.75-1.24 | 86 1.06 0.64-1.75 80 0.97 0.65-1.47
Iron Never exposed (Ref) ® | 1138 Ref - 499 Ref - 393 Ref -
compounds Ever exposed 50 1.09 0.73-1.63 | 42 1.33 0.76 - 2.33 38 1.99 0.94-4.25
Alkanes C18+ Never exposed (Ref) @ | 1037 Ref - 424 Ref - 344 Ref -

Ever exposed 53 0.95 0.64-1.41 | 48 1.49 0.93-2.40 42 1.90 1.13-3.19
PAHs from Never exposed (Ref) ® | 911 Ref - 368 Ref - 280 Ref -
petroleum Ever exposed 92 0.75 0.52-1.08 | 70 1.14 0.77-1.69 58 1.28 0.82-2.00
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Lung cancer histological subtypes
Agent Exposure Metrics Adenocarcinoma Squamous cell carcinoma Small cell lung carcinoma
No. Meta-OR No. Meta-OR No. Meta-OR
cases Meta-OR 95% CI cases Meta-OR 95% ClI cases Meta-OR 95% ClI
Cleaning agents | Never exposed (Ref)? | 541 Ref - 190 Ref - 166 Ref -
Ever exposed 513 0.85 0.72-1.01 | 283 1.42 1.08 - 1.86 225 0.88 0.63-1.22
Biocides Never exposed (Ref) @ | 713 Ref - 271 Ref - 234 Ref -
Ever exposed 389 0.95 0.80-1.13 | 217 1.38 1.01-1.88 170 0.96 0.72-1.29

a. The number of never exposed and ever exposed cases to an agent does not add up to the number of cases for each lung cancer subtype,

as there were also cases with uncertain exposure, which are excluded here.
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Online Supplementary Tables

Table S1. Number of cases and controls in each of ten study centers and fieldwork period.

Select Canada- Canada- France(12 Germany- Germany- Italy- Italy- New Poland(1  United
characteristics Montreal( Toronto(1 0) Munich(1 Bremen(l Lombardy Turin and Zealand 21) Kingdom(
116) 23) 17) 19)° (169) Veneto(1l (122) 170)
24)
Fieldwork period 1996- 1997- 2001- 1990- 1988—- 2002- 1990- 2007- 1998- 1998-
2001 2002 2007 1996 1993 2005 1992 2008 2002 2002
No. Cases 430 194 608 510 165 360 149 227 238 159
Squamous Cell 77 28 95 125 32 40 74 34 50 46
Carcinoma
Small Cell 73 13 78 129 45 36 9 34 59 16
Carcinoma
Adenocarcinoma 208 74 337 169 60 193 42 99 65 62
Other cancer 72 79 98 87 28 91 24 60 64 35
sub-types
No. controls 568 496 752 540 164 457 251 357 259 343

a. The Germany-Bremen sample included a small number of participants from Frankfort.
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Table S2. Definition of each of the 15 selected agents and top occupations considered exposed to each agent in 7227 women from ten case-control

studies of lung cancer.

Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
NI C of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
agent ® among among (among (among
cases © controls¢  controls) controls)
Inorganic solids
Metallic dust ~ Any metal dusts generated, regardless Machinery Fitter, 7.0% 4.5% Canada- United
of the specific metals involved or Machine Assembler Toronto Kingdom
whether they are known or unknown. and Precision- (1.2%) (13.1%)
Most metals will have undergone a Instrument Maker;
certain amount of surface oxidation but Metal-Press
exposure to specific metal oxides (e.g.,,  Operator; Machine-
lead oxides; iron oxides) was coded only Tool Operator;
when the main exposure was to the Compositor and Type-
oxide itself and not to the metal dust. Setter; Mechanical
Products Inspector
and Tester
Calcium A mineral occurring naturally in a great  Primary Education 3.6% 7.8% Germany- New Zealand
carbonate variety of calcite rocks which are Teacher; Secondary Bremen (15.7%)
collectively known as limestone. It has Education Teacher (1.2%)

been used as a flux in the melting of
iron, as a filler in asphalt, putty,
crayons, paints, rubber, plastics and
linoleum, for writing on blackboards
and as a mild abrasive in polishes.
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
. s . of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . .
cases controls controls) controls)
Organic solids
Cotton dust Dust generated during carding, Sewing-Machine 19.8% 17.1% Canada- Italy-Turin
spinning, weaving, cutting, sewing or Operator; Hand and Toronto and Veneto
handling of cotton or cotton-containing  Machine Sewer; (4.6%) (27.5%)
textiles. Cotton is a natural fiber Tailor and
obtained from the Gossypium plant; Dressmaker;
chemically it is about 90% cellulose and  Chambermaid
6% moisture, the remainder being
impurities. The textile may have been
treated with starches, dyes, inks, sizing
or other finishing materials, which may
have been coded separately.
Synthetic Dust generated during the Sewing-Machine 17.0% 15.5% Canada- Italy-
fibers manufacturing, spinning, weaving, Operator; Hand and Toronto Lombardy
cutting sewing or handling of artificial Machine Sewer; (4.8%) (63.1%)

or truly synthetic fibers or of textiles
containing artificial or synthetic fibers.
Artificial fibers are those in which the
fiber-forming material is of natural
origin (eg., viscose rayon which is

Tailor and
Dressmaker; Knitter
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
NI C of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . c
cases controls controls) controls)
regenerated cellulose and celluose
acetate fibers) and the true synthetic
fibers are those in which the fiber-
forming material is derived from
petrochemicals or coal chemicals. They
are often treated with starches, dyes,
inks, sizing or other finishing materials,
some of which were coded separately.
Cellulose The main constituent of the cell walls Hand Packer; 9.0% 9.5% Italy- United
of plants. Industrial cellulose is made Librarian; Mail Sorting Lombardy Kingdom
from wood or cotton pulp. It is used for  Clerk; Mailperson; (2.0%) (29.7%)

paper making but also as a starting
material for cellulose acetate and
cellulose nitrate. Exposure has been
mainly coded to workers exposed to
paper fibres.

Library Clerk
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
. s . of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . c
cases controls controls) controls)
Inorganic gases
Ammonia A by-product of coal distillation and is Farm Helper; 8.9% 6.9% Italy- Germany-
also produced by passing nitrogen, Women's Lombardy Bremen
hydrogen and a catalyst through an Hairdresser; (1.5%) (17.1%)

electric arc. It is an important source of
various nitrogen containing
compounds. An enormous quantity of
ammonia is used in the production of
fertilizers. As a gas it has been used in
refrigeration and in nitriding, bright
annealing, and for sintering metals. As
an aqueous solution (NH40H), it has
been used in the textile and
pharmaceutical industries, in medicine,
in trade sale paints, in fire

extinguishers, and in consumer cleaning

products.

Chambermaid; Farm

Worker
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
NI C of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . .
cases controls controls) controls)
Organic gases
Formaldehyde A colorless gas obtained by the Sewing-Machine 16.8% 15.3% Canada- Canada-
oxidation of methyl alcohol, it is Operator; Women's Toronto Montreal
marketed as a 37% solution by weight Hairdresser; Cook; (8.5%) (22.0%)

under the name of formalin.
Formaldehyde has been mainly used for
plastics and resin manufacture (see
urea-formaldehyde, melamine-
formaldehyde, and phenol-
formaldehyde), as a disinfectant and
fumigant, and as a preservative and
hardener of tissues in embalming fluids.
Exposure to formaldehyde in the
workplace can result from the use of
formaldehyde gas or formaldehyde
solutions, from outgassing or thermal
decomposition of formaldehyde resins
or from thermal decomposition of
other resins, plastics or organic
materials.

Tailor and
Dressmaker
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
. s . of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . .
cases controls controls) controls)
Fumes and smokes
Cooking A mixture of volatile substances of Waitress; Cook; Other 15.9% 11.8% Italy- New Zealand
fumes variable composition resulting from the  Waitress, Bartender Lombardy (21.0%)
thermal degradation of fats and other and Related Worker; (5.5%)
food constituents. Significant quantities Working Proprietor
of aliphatic aldehydes (formaldehyde (Restaurant)
and acrolein) have been measured. The
temperature and method used for
cooking (deep-frying, roasting, charcoal
broiling), the type of fat involved, and
the number of times it has previously
been heated can influence the level of
contaminants present in the resulting
fumes.
Organic liquids and vapours
Isopropanol A colorless, flammable, mobile liquid, Women's 5.2% 3.9% Italy- Canada-
produced by the hydration of propylene Hairdresser; Nurse; Lombardy Montreal
from cracked gases. It has been used Chambermaid; (1.3%) (6.0%)

mainly in the manufacture of acetone,
but is also used in extraction processes,
as a solvent (chiefly for oils, perfumes
and synthetic resins), in liniments, skin
lotions, cosmetics and pharmaceuticals.

Hairdresser, Barber,
Beautician and
Related Worker;
Offset Pressperson
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
NI C of of lowest highest
Agent Agent definition job titles) ever
exposure exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . c
cases controls controls) controls)
It has been used in rubbing alcohols and
as an antistalling agent in winter grade
motor fuels.
Organic Organic liquids used as paint thinners, Women's 14.7% 10.3% Poland (6.9%) United
solvents spot removers, dry cleaning agents, Hairdresser; Medical Kingdom
diluents, degreasers, chemical reagents, Science Technician; (14.3%)

liquid extraction agents, and for many
other purposes. Among the first organic
liquids used for this purpose were
turpentine, benzene, gasoline and
naphtha. More recently, non-flameable
chlorinated hydrocarbons came into
wider use.

Chambermaid;
Solderer; Leather
Goods Maker
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
NI C of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . .
cases controls controls) controls)
Chemical families
Iron Comprises iron (Fe) dust, iron oxides Machinery Fitter, 5.2% 3.3% Canada- United
compounds and iron fumes (all of which were also Machine Assemblers Toronto Kingdom
coded separately), dust from iron- and Precision- (0.8%) (12.0%)

containing alloys (mild and stainless
steel were also coded separately), iron-
containing ores and all other iron-
containing substances. Iron is the most
common of the commercial metals and
forms a large group of materials known
as ferroalloys. Several iron compounds
have been used as paint pigments,
polishing compounds, and coatings for
magnetic tapes while the soluble salts
have been used as dyeing mordants,
catalysts, fertilizers, in sewage
treatments, and in feeds.

Instrument Maker;
Metal-Press
Operator; Machine-
Tool Operator;
Welder and flame-
Cutter
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
. s . of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . c
cases controls controls) controls)
Alkanes C18+ Includes all saturated hydrocarbons Spinner and Winder; 6.0% 3.8% Canada- United
having more than 18 carbon atoms, Metal-Press Toronto Kingdom
with the general formula CnH2n+2. Operator; Cloth (0.8%) (9.6%)
They are all solids at standard Weaver; Machine-
conditions. One mixture of these long- Tool Operator
chained hydrocarbons, known as
petroleum jelly, is widely used in
lubricating oils and greases and for
compounding in rubber and resins.
Highly refined, it is used in the
pharmaceutical industry. Paraffin
waxes, which were also coded
separately, also fall into this category.
PAHs from Polycyclic aromatic hydrocarbons area  Nursery Worker and 9.1% 7.0% Canada- United
petroleum group of chemicals made up of three or  Gardener; Montreal Kingdom
more benzene rings interlinked in Salesperson, Shop (2.8%) (13.7%)

various arrangements. They are
naturally present in fossil fuels or can

be formed by thermal decomposition of

any organic material containing carbon
and hydrogen. Crude oil, certain
petroleum-derived substances (e.g.,
heavy fuel oil, asphalt, etc.) and their
combustion products contain PAHs,
albeit in smaller quantities than similar
coal-derived products. Furthermore,

Assistant and
Demonstrator;
Spinner and Winder;
Metal-Press Operator
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Lifetime Lifetime Study center  Study center
Most prevalent . .
. prevalence prevalence with the with the
occupations (ISCO-68 .
. s . of of lowest highest
Agent Agent definition job titles) ever
exposure  exposure prevalence prevalence
exposed to selected
b among among (among (among
agent . c
cases controls controls) controls)
concentrations of PAHs may increase in
some of these products during use (e.g.,
used motor oils).
General categories
Cleaning Materials which have cleansing action Charworker; 42.1% 35.7% Italy- Germany-
agents such as soap. Their main function is to Housemaid; Nurse; Lombardy Bremen
aid water in the cleaning process. They ~ Waitress (21.2%) (48.2%)
may be simple sulphonated fatty acids
or complex synthetic materials. Organic
solvents were excluded here and have
been coded separately.
Biocides Includes all products used to disinfect, Charworker; 31.6% 26.0% Poland Germany-
deodorize, sterilize and sanitize. This Housemaid; Nurse; (15.8%) Bremen
implies the capability of killing micro- Women's Hairdresser (39.6%)

organisms (algae, bacteria, viruses,
etc.). This group therefore includes
bactericides, algicides, fungicides,
germicides and preservatives.
Agricultural pesticides were coded
separately.

a. Definition for each agent can be found at: http://canjem.ca/.
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Up to five most prevalent ISCO-68 job titles assigned as exposed to each agent using CANJEM-50%, among our study population of

7227 women.

We refer to percent of all women in our study population that were considered exposed to the agent as lifetime prevalence of

exposure to the agent.
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Table S3. Odds ratio between exposure to each of 15 selected agents, estimated using CANJEM-50%, and lung cancer in women, meta-analysis of

ten studies, using three exposure metrics.

Agent Exposure Metrics No. of | No. of Meta-OR? 95% ClI @ P
cases | controls
Metallic dust Never exposed (Ref) ® 2421 3569 Ref -
Ever exposed 214 190 1.08 0.74 -1.58 47.8%
Duration of exposure: >10 years 68 60 1.17 0.63 -2.18 30.1%
Cumulative exposure: high 116 96 1.26 0.87 -1.81 6.3%
Calcium carbonate Never exposed (Ref) ® 2757 3625 Ref -
Ever exposed 109 330 0.77 0.44 -1.34 | 64.8%
Duration of exposure: >10 years 75 214 0.89 0.48 -1.65 61.5%
Cumulative exposure: high 55 168 0.81 0.42 -1.56 | 60.6%
Cotton dust Never exposed (Ref) ® 2062 3005 Ref -
Ever exposed 606 721 0.92 0.73 -1.17 | 39.0%
Duration of exposure: >10 years 234 327 0.87 0.68 -1.12 12.2%
Cumulative exposure: high 288 365 0.93 0.71 -1.22 | 28.7%
Synthetic fibers Never exposed (Ref) 2149 3137 Ref -
Ever exposed 521 655 0.91 0.75 -1.10 0.2%
Duration of exposure: >10 years 208 305 0.87 0.68 -1.10 0.0%
Cumulative exposure: high 231 328 0.89 0.71 -1.12 0.0%
Cellulose Never exposed (Ref) ® 2383 3390 Ref -
Ever exposed 296 399 0.82 0.61 -1.11 | 45.1%
Duration of exposure: >10 years 90 132 0.93 0.61 -1.40 28.1%
Cumulative exposure: high 153 200 0.90 0.63 -1.31 | 40.0%
Ammonia Never exposed (Ref) ° 1930 2954 Ref -
Ever exposed 272 293 1.09 0.88 -1.37 0.0%
Duration of exposure: >10 years 92 119 0.99 0.71 -1.39 0.0%
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Agent Exposure Metrics No. of | No. of Meta-OR? 95% ClI ® P
cases | controls
Cumulative exposure: high 129 147 1.08 0.80 -1.45 0.0%
Formaldehyde Never exposed (Ref) ® 1662 2515 Ref -
Ever exposed 514 645 0.92 0.77 -1.09 0.0%
Duration of exposure: >10 years 199 280 0.95 0.72 -1.24 16.4%
Cumulative exposure: high 239 328 0.93 0.74 -1.18 7.3%
Cooking fumes Never exposed (Ref) ® 2135 3164 Ref -
Ever exposed 485 498 1.03 0.86 -1.24 11.3%
Duration of exposure: >10 years 209 188 1.08 0.75 -1.56 46.0%
Cumulative exposure: high 247 252 1.08 0.85 -1.37 9.1%
Isopropanol Never exposed (Ref) 2011 2970 Ref -
Ever exposed 159 163 1.19 0.90 -1.57 0.0%
Duration of exposure: >10 years 69 78 1.14 0.67 -1.95 28.5%
Cumulative exposure: high 84 82 1.33 0.81 -2.18 | 28.2%
Organic solvents Never exposed (Ref) ® 1197 1881 Ref -
Ever exposed 449 435 1.07 0.88 -1.31 0.0%
Duration of exposure: >10 years 157 161 1.18 0.88 -1.58 10.4%
Cumulative exposure: high 222 219 1.16 0.92 -1.47 0.0%
Iron compounds Never exposed (Ref) ® 2584 3733 Ref -
Ever exposed 160 140 1.10 0.75 -1.61 | 32.0%
Duration of exposure: >10 years 50 47 1.15 0.54 -2.45 38.6%
Cumulative exposure: high 80 73 1.13 0.75 -1.71 0.0%
Alkanes C18+ Never exposed (Ref) ® 2288 3350 Ref -
Ever exposed 183 159 1.14 0.86 -1.51 0.0%
Duration of exposure: >10 years 63 50 1.37 0.85 -2.19 0.0%
Cumulative exposure: high 98 85 1.19 0.82 -1.72 0.0%
PAHs from petroleum | Never exposed (Ref) ® 1964 2868 Ref -

157




Agent Exposure Metrics No. of | No. of Meta-OR? 95% ClI ® P
cases | controls
Ever exposed 279 295 0.92 0.72 -1.17 15.5%
Duration of exposure: >10 years 96 105 1.04 0.68 -1.59 22.0%
Cumulative exposure: high 164 155 1.06 0.78 -1.45 14.9%
Cleaning agents Never exposed (Ref) ® 1146 1779 Ref -
Ever exposed 1288 1508 0.98 0.85 -1.12 0.0%
Duration of exposure: >10 years 747 828 1.06 0.91 -1.22 0.0%
Cumulative exposure: high 755 783 1.09 0.92 -1.29 | 20.0%
Biocides Never exposed (Ref) ® 1544 2383 Ref -
Ever exposed 966 1096 1.03 0.89 -1.18 0.0%
Duration of exposure: >10 years 518 589 1.06 0.90 -1.25 6.1%
Cumulative exposure: high 489 550 1.07 091 -1.26 0.0%

a. The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years
since quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center). The Meta-OR and 95%Cl for each
agent-lung cancer association was calculated using random-effects meta-analysis.

b. The number of never exposed and ever exposed women to an agent does not add up to the total number of participants, as there were

also women with uncertain exposure, which are excluded here.

158



Table S4. Odds ratio between ever exposure to each of 15 selected agents, estimated using CANJEM-50%, and lung cancer in women by smoking

category, meta-analysis of ten studies.

Stratum of No. of No. of
Agent . exposed exposed Meta-OR? 95% Cl ®
Smoking
cases controls
Metallic dust Never smokers 46 92 1.78 1.12 -2.81
Light smokers 56 64 1.05 0.65 -1.69
Heavy smokers 110 34 0.85 0.45 -1.59
Calcium carbonate Never smokers 35 209 0.61 0.39 -0.98
Light smokers 21 97 0.46 0.21 -1.01
Heavy smokers 53 24 0.76 0.32 -1.80
Cotton dust Never smokers 133 448 0.87 0.58 -1.30
Light smokers 103 167 0.94 0.66 -1.32
Heavy smokers 321 103 0.99 0.69 -1.42
Synthetic fibers Never smokers 123 415 0.84 0.58 -1.23
Light smokers 114 146 0.94 0.64 -1.37
Heavy smokers 279 90 1.07 0.73 -1.57
Cellulose Never smokers 47 198 0.99 0.65 -1.50
Light smokers 78 115 0.94 0.63 -1.41
Heavy smokers 171 83 0.68 0.33 -1.37
Ammonia Never smokers 74 188 1.09 0.78 -1.52
Light smokers 74 72 1.19 0.70 -2.02
Heavy smokers 124 31 0.94 0.57 -1.56
Formaldehyde Never smokers 107 389 0.91 0.68 -1.21
Light smokers 119 157 0.93 0.65 -1.31
Heavy smokers 286 95 0.85 0.59 -1.21
Cooking fumes Never smokers 77 270 0.95 0.70 -1.28
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Stratum of No. of No. of
Agent . exposed exposed Meta-OR? 95% Cl ®
Smoking
cases controls
Light smokers 126 143 1.11 0.75 -1.64
Heavy smokers 278 79 1.06 0.77 -1.48
Isopropanol Never smokers 30 79 1.46 0.89 -2.42
Light smokers 46 60 1.23 0.74 -2.04
Heavy smokers 83 22 0.99 0.55 -1.78
Organic solvents Never smokers 74 213 0.98 0.70 -1.39
Light smokers 130 147 1.30 091 -1.86
Heavy smokers 244 73 1.06 0.71 -1.59
Iron compounds Never smokers 34 64 1.59 0.94 -2.70
Light smokers 40 48 0.99 0.57 -1.73
Heavy smokers 85 28 0.74 0.40 -1.37
Alkanes C18+ Never smokers 36 82 1.30 0.81 -2.07
Light smokers 47 47 1.12 0.64 -1.96
Heavy smokers 98 30 0.93 0.53 -1.63
PAHs from petroleum | Never smokers 54 156 1.05 0.72 -1.53
Light smokers 75 90 0.89 0.58 -1.39
Heavy smokers 147 46 0.90 0.57 -1.42
Cleaning agents Never smokers 259 855 0.83 0.67 -1.04
Light smokers 180 442 1.22 0.94 -1.57
Heavy smokers 659 199 0.91 0.60-1.38
Biocides Never smokers 206 610 0.96 0.77 -1.20
Light smokers 142 329 1.16 0.88 -1.54
Heavy smokers 473 149 1.02 0.68 -1.52

a. The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years

since quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center). Smoking covariates were not

160



adjusted for in analyses of never-smokers. The Meta-OR and 95%Cl for each agent-lung cancer association was calculated using random-

effects meta-analysis.
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Table S5. Odds ratio between exposure to each of 15 selected agents, estimated using CANJEM-25%, and lung cancer in women, meta-analysis of

ten studies, using three exposure metrics.

Agent Exposure Metrics No. of cases | Meta-OR? 95% ClI ? b
Metallic dust Never exposed (Ref) P 2421 Ref -
Ever exposed 310 1.09 0.81 -1.48 44.0%
Duration of exposure: >10 years 104 0.94 0.55 -1.60 49.4%
Cumulative exposure: high 172 1.19 0.89 -1.60 5.4%
Calcium carbonate Never exposed (Ref) ® 2757 Ref -
Ever exposed 183 0.82 0.53 -1.26 65.1%
Duration of exposure: >10 years 114 0.84 0.47 -1.52 71.2%
Cumulative exposure: high 77 0.73 0.39 -1.35 64.6%
Cotton dust Never exposed (Ref) P 2062 Ref -
Ever exposed 672 0.91 0.72 -1.14 35.7%
Duration of exposure: >10 years 267 0.87 0.68 -1.13 19.5%
Cumulative exposure: high 325 0.94 0.72 -1.22 31.0%
Synthetic fibers Never exposed (Ref) P 2149 Ref B
Ever exposed 609 0.95 0.77 -1.18 19.8%
Duration of exposure: >10 years 244 0.91 0.72 -1.14 0.0%
Cumulative exposure: high 272 0.97 0.74 -1.26 25.5%
Cellulose Never exposed (Ref) P 2383 Ref -
Ever exposed 446 0.84 0.66 -1.07 43.8%
Duration of exposure: >10 years 151 0.97 0.71 -1.32 23.8%
Cumulative exposure: high 225 0.90 0.64 -1.27 53.4%
Ammonia Never exposed (Ref) 1930 Ref -
Ever exposed 893 1.06 0.90 -1.25 16.4%
Duration of exposure: >10 years 437 1.09 0.90 -1.33 13.4%
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Agent Exposure Metrics No. of cases | Meta-OR? 95% ClI ? b
Cumulative exposure: high 436 1.11 0.93 -1.33 0.0%
Formaldehyde Never exposed (Ref) 1662 Ref -
Ever exposed 915 1.01 0.87 -1.17 0.0%
Duration of exposure: >10 years 439 1.07 0.89 -1.28 0.0%
Cumulative exposure: high 450 1.04 0.87 -1.25 0.0%
Cooking fumes Never exposed (Ref) ® 2135 Ref -
Ever exposed 784 1.00 0.85 -1.16 14.2%
Duration of exposure: >10 years 326 1.14 0.93 -1.40 0.0%
Cumulative exposure: high 444 1.06 0.86 -1.30 22.2%
Isopropanol Never exposed (Ref) P 2011 Ref -
Ever exposed 666 1.00 0.87 -1.15 0.0%
Duration of exposure: >10 years 314 1.02 0.82 -1.27 21.3%
Cumulative exposure: high 308 1.00 0.83 -1.21 0.0%
Organic solvents Never exposed (Ref) ° 1197 Ref -
Ever exposed 1240 0.98 0.84 -1.15 0.0%
Duration of exposure: >10 years 641 1.08 091 -1.28 0.0%
Cumulative exposure: high 659 1.10 093 -1.31 0.0%
Iron compounds Never exposed (Ref) P 2584 Ref i
Ever exposed 239 1.09 0.79 -1.51 38.1%
Duration of exposure: >10 years 76 0.98 0.58 -1.68 30.5%
Cumulative exposure: high 120 1.05 0.69 -1.59 25.7%
Alkanes C18+ Never exposed (Ref) P 2288 Ref -
Ever exposed 340 0.98 0.80 -1.21 0.0%
Duration of exposure: >10 years 105 0.87 0.59 -1.29 20.7%
Cumulative exposure: high 189 1.01 0.71 -1.44 36.7%
PAHs from petroleum Never exposed (Ref) P 1964 Ref -
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Agent Exposure Metrics No. of cases | Meta-OR? 95% ClI ? b
Ever exposed 558 0.87 0.73 -1.02 0.0%
Duration of exposure: >10 years 209 0.82 0.62 -1.09 25.0%
Cumulative exposure: high 281 0.86 0.70 - 1.06 0.0%
Cleaning agents Never exposed (Ref) ® 1146 Ref i
Ever exposed 1428 0.98 0.85 -1.12 0.0%
Duration of exposure: >10 years 869 1.05 0.89 -1.23 20.6%
Cumulative exposure: high 807 1.06 0.90 -1.24 16.0%
Biocides Never exposed (Ref) P 1544 Ref -
Ever exposed 1126 1.03 0.90 -1.17 0.0%
Duration of exposure: >10 years 628 1.07 0.92 -1.25 0.0%
Cumulative exposure: high 567 1.06 091 -1.24 0.0%

a. The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years since
quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center). The Meta-OR and 95%Cl for each agent-
lung cancer association was calculated using random-effects meta-analysis.

b. The number of never exposed and ever exposed cases to an agent does not add up to 3040 cases, as there were also cases with uncertain

exposure, which are excluded here.

164



Table S6. Odds ratio between exposure to each of 15 selected agents, estimated using CANJEM-50%, and lung cancer in women, pooled-analysis

of ten studies, using three exposure metrics.

Agent Exposure Metrics No. of | Pooled Pooled
cases OR 95% Cl @
Metallic dust Never exposed (Ref) ® 2421 Ref -
Ever exposed 214 1.13 0.89 -1.45
Duration of exposure: >10 years 68 1.25 0.83 -1.89
Cumulative exposure: high 116 1.27 092 -1.76
Calcium carbonate Never exposed (Ref) ® 2757 Ref -
Ever exposed 109 0.62 0.47 -0.80
Duration of exposure: >10 years 75 0.64 0.47 -0.88
Cumulative exposure: high 55 0.60 0.42 -0.85
Cotton dust Never exposed (Ref) ® 2062 Ref -
Ever exposed 606 0.87 0.73 -1.03
Duration of exposure: >10 years 234 0.88 0.70 -1.09
Cumulative exposure: high 288 0.91 0.74 -1.12
Synthetic fibers Never exposed (Ref) 2149 Ref -
Ever exposed 521 0.88 0.74 -1.06
Duration of exposure: >10 years 208 0.87 0.69 -1.09
Cumulative exposure: high 231 0.88 0.71 -1.10
Cellulose Never exposed (Ref) ® 2383 Ref -
Ever exposed 296 0.73 0.60 - 0.89
Duration of exposure: >10 years 90 0.82 0.60 -1.12
Cumulative exposure: high 153 0.79 0.61 -1.02
Ammonia Never exposed (Ref) ® 1930 Ref -
Ever exposed 272 1.11 0.90 -1.37
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Agent Exposure Metrics No. of | Pooled Pooled
cases OR 95% Cl #
Duration of exposure: >10 years 92 0.98 0.71 -1.35
Cumulative exposure: high 129 1.07 0.81 -1.41
Formaldehyde Never exposed (Ref) ® 1662 Ref -
Ever exposed 514 0.88 0.75 -1.05
Duration of exposure: >10 years 199 0.93 0.74 -1.16
Cumulative exposure: high 239 0.94 0.76 -1.16
Cooking fumes Never exposed (Ref) ® 2135 Ref -
Ever exposed 485 1.03 0.88 -1.21
Duration of exposure: >10 years 209 1.14 0.90 -1.44
Cumulative exposure: high 247 1.09 0.88 -1.34
Isopropanol Never exposed (Ref) ® 2011 Ref -
Ever exposed 159 1.16 0.89 -1.51
Duration of exposure: >10 years 69 1.12 0.76 -1.64
Cumulative exposure: high 84 1.22 0.85 -1.74
Organic solvents Never exposed (Ref) 1197 Ref -
Ever exposed 449 1.01 0.84 -1.22
Duration of exposure: >10 years 157 1.19 0.92 -1.55
Cumulative exposure: high 222 1.13 0.90 -1.42
Iron compounds Never exposed (Ref) ® 2584 Ref -
Ever exposed 160 1.09 0.82 -1.43
Duration of exposure: >10 years 50 1.12 0.70 -1.79
Cumulative exposure: high 80 1.05 0.72 -1.53
Alkanes C18+ Never exposed (Ref) ® 2288 Ref -
Ever exposed 183 1.10 0.84 -1.43
Duration of exposure: >10 years 63 1.32 0.86 -2.04
Cumulative exposure: high 98 1.23 0.87 -1.73
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Agent Exposure Metrics No. of | Pooled Pooled
cases OR 95% Cl #
PAHs from petroleum | Never exposed (Ref) ® 1964 Ref -
Ever exposed 279 0.89 0.72 -1.11
Duration of exposure: >10 years 96 0.98 0.71 -1.37
Cumulative exposure: high 164 1.06 0.81 -1.38
Cleaning agents Never exposed (Ref) ® 1146 Ref -
Ever exposed 1288 0.96 0.84 -1.09
Duration of exposure: >10 years 747 1.05 0.91 -1.20
Cumulative exposure: high 755 1.05 091 -1.21
Biocides Never exposed (Ref) ® 1544 Ref -
Ever exposed 966 1.01 0.89 -1.16
Duration of exposure: >10 years 518 1.04 0.89 -1.21
Cumulative exposure: high 489 1.05 0.90 -1.23

The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years since
quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center).

The number of never exposed and ever exposed cases to an agent does not add up to 3040 cases, as there were also cases with uncertain

exposure, which are excluded here.
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Table S7. Meta-analysis on the association between ever exposure to each selected agent estimated using CANJEM-25% and lung cancer risk in

women by smoking stratum.

Agent (Ever exposure) | Stratum of No. Meta-OR ? 95% ClI ®
Smoking exposed
cases
Metallic dust Never smokers 60 1.65 1.11 - 2.46
Light smokers 83 1.19 0.75 -1.87
Heavy smokers 165 0.91 0.52 -1.60
Calcium carbonate Never smokers 52 0.71 0.42 -1.20
Light smokers 45 0.65 0.38 -1.10
Heavy smokers 86 1.04 0.57 -1.93
Cotton dust Never smokers 145 0.83 0.57 -1.21
Light smokers 170 0.91 0.65 -1.27
Heavy smokers 354 1.06 0.74 -1.52
Synthetic fibers Never smokers 136 0.83 0.58 -1.20
Light smokers 147 1.04 0.72 -1.49
Heavy smokers 323 1.17 0.80 -1.71
Cellulose Never smokers 72 0.91 0.61 -1.36
Light smokers 119 0.96 0.68 -1.35
Heavy smokers 252 0.69 0.45 -1.07
Ammonia Never smokers 204 0.96 0.72 -1.28
Light smokers 242 1.23 0.88 -1.73
Heavy smokers 441 1.00 0.73 -1.35
Formaldehyde Never smokers 179 0.95 0.74 -1.21
Light smokers 229 1.09 0.82 -1.44
Heavy smokers 501 0.92 0.68 -1.24
Cooking fumes Never smokers 163 0.96 0.75 -1.23
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Agent (Ever exposure) | Stratum of No. Meta-OR ? 95% ClI ®
Smoking exposed
cases
Light smokers 211 1.08 0.74 -1.56
Heavy smokers 406 0.97 0.73 -1.29
Isopropanol Never smokers 152 1.08 0.84 -1.40
Light smokers 204 1.15 0.84 -1.57
Heavy smokers 307 0.81 0.59 -1.11
Organic solvents Never smokers 241 0.81 0.63 -1.06
Light smokers 354 1.37 1.03 -1.82
Heavy smokers 635 0.88 0.64 -1.22
Iron compounds Never smokers 50 1.60 1.02 -2.51
Light smokers 60 1.06 0.68 -1.68
Heavy smokers 127 0.78 0.48 -1.25
Alkanes C18+ Never smokers 62 1.01 0.71 -1.45
Light smokers 93 1.05 0.69 -1.58
Heavy smokers 182 0.91 0.61 -1.38
PAHs from petroleum | Never smokers 113 0.91 0.70 -1.20
Light smokers 156 0.85 0.63 -1.16
Heavy smokers 285 0.82 0.59 -1.16
Cleaning agents Never smokers 304 0.83 0.67 -1.03
Light smokers 407 1.27 0.99 -1.63
Heavy smokers 708 0.86 0.65 -1.14
Biocides Never smokers 245 0.96 0.78 -1.19
Light smokers 324 1.16 091 -1.47
Heavy smokers 550 0.97 0.73 -1.28
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The final model for each study center was adjusted for age (log-transformed), cigarette smoking (log [lifetime pack-years +1], and years since
quitting), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center). Smoking covariates were not adjusted for

in analyses of never-smokers. The Meta-OR and 95%CI for each agent-lung cancer association was calculated using random-effects meta-
analysis.
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Table S8. Comparison of odds ratios between ever exposure to each of 15 selected agents, estimated using CANJEM-50%, and lung cancer in

women, using different covariate adjustments, meta-analysis of ten studies.

Agent
(Ever exposure)

Meta-OR and 95%Cl (age
and smoking adjusted ?)

Meta-OR and 95%ClI (fully
adjusted ®)

Metallic dust

1.28 (0.89 - 1.83)

1.08 (0.74 -1.58)

Calcium carbonate

0.54 (0.39-0.76)

0.77 (0.44 -1.34)

Cotton dust

1.14 (0.97 - 1.33)

0.92 (0.73 -1.17)

Synthetic fibers 1.14 (0.98 - 1.32) 0.91(0.75 -1.10)
Cellulose 0.97 (0.73 - 1.28) 0.82(0.61 - 1.11)
Ammonia 1.28 (1.04 - 1.58) 1.09 (0.88 - 1.37)

Formaldehyde

1.09 (0.94 - 1.28)

0.92 (0.77 -1.09)

Cooking fumes

1.15 (0.94 - 1.41)

1.03 (0.86 - 1.24)

Isopropanol

1.22 (0.93 - 1.60)

1.19(0.90 -1.57)

Organic solvents

1.27 (1.05 - 1.52)

1.07 (0.88 - 1.31)

Iron compounds

1.31(0.91 - 1.89)

1.10(0.75 - 1.61)

Alkanes C18+

1.38(0.99-1.92)

1.14 (0.86 - 1.51)

PAHs from petroleum

1.10 (0.85 - 1.44)

0.92 (0.72 - 1.17)

Cleaning agents

1.12 (0.98 - 1.29)

0.98 (0.85 -1.12)

Biocides

1.16 (1.02 - 1.32)

1.03 (0.89 - 1.18)

a. Models were adjusted for age (log-transformed), and cigarette smoking (log [lifetime pack-years +1], and years since quitting)

b. Additionally adjusted for ever employed in a blue-collar job (yes/no), and socio-economic status (education or NZSEI (in OCANZ study center)).
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Chapter 9: General discussions and conclusion

The overarching objective of this thesis is to contribute knowledge on occupational risk factors
for lung cancer in women. To achieve this, three separate projects were conducted. We first examined
the associations between prevalent occupational exposures as assessed by experts and risk of lung cancer
among women in a Montreal lung cancer case-control study. We then carried out a methodological
investigation to compare the exposure assignment concordance between CANJEM to that of the “gold-
standard” expert assessment for prevalent occupational exposures in women from the same Montreal
study. Finally, in the absence of available expert-assessed exposures, we analyzed lung cancer risks among
women associated with occupational exposures estimated by CANJEM, using information from a

combined international dataset of ten case-control studies of lung cancer.

9.1 Summary of main findings

In our first manuscript (Chapter 6), using the expert assessment method, which is considered as
the “gold-standard” approach for retrospective assessment of lifetime occupational exposures to agents
in case-control studies, we explored possible associations between lung cancer and 22 agents that were
prevalent in jobs held by 882 women using data from a population-based Montreal case-control study of
lung cancer. Overall, most agents exhibited no evidence of lung carcinogenicity. Although we observed a
few elevated ORs including cooking fumes and mononuclear aromatic hydrocarbons for lung cancer, none
of those elevated ORs was statistically significant. In addition, we also examined the associations between
occupations held by women and their subsequent lung cancer risk and found that women who had
worked over 10 years as waitresses, bartenders and related workers experienced over two-fold risk of
lung cancer compared to women working in other occupations. Because of the limited numbers of
exposed women in this study and very little prior research on women’s occupational risk factors for lung

cancer, none of our observed results are conclusive.

Ideally, future studies of occupational risk factors for lung cancer among women should entail
much larger sample sizes than what has been done and should be based on more valid retrospective
exposure assessment protocols than what has been achieved in the past. However, due to financial and
time restraints, it is questionable whether such studies will be conducted. To nevertheless provide some
informative data for detecting lung cancer risks among women, we assembled a large combined

international dataset (sub-objective 3), with close to 10 times the sample size of the Montreal study. To



support that analysis, we examined in manuscript two (Chapter 7) the validity of using an alternative to
expert assessment - the Canadian job exposure matrix (CANJEM) - to assess occupational exposures. In
this manuscript, we compared concordance of the exposure assessment of a large list of occupational
agents generated using CANJEM vs. the expert assessment, for all jobs held by the 882 Montreal women
examined in our first manuscript. We found that concordance between CANJEM and the “gold-standard”
expert assessment varied greatly by agent and by specific configurations of CANJEM (i.e., the choice of
probability of exposure cutpoint for defining ever exposure). In general, either choice of probability
cutpoint to define exposure in CANJEM (CANJEM-25% or CANJEM-50%) yielded very high specificity values
for all examined agents when compared to the expert assigned exposure status, indicating that both
versions of CANJEM can be confidently used to correctly identify a majority of truly unexposed jobs.
CANJEM-50% performed even better than CANJEM-25% in terms of specificity, while CANJEM-25% tended
to produce higher sensitivity and kappa values compared to CANJEM-50%. In addition, we carried out an
exercise to demonstrate the impact of varying degrees of power loss under different hypothetical
scenarios of exposure misclassification, exposure prevalence, and relative risk of disease. The findings
from this exercise highlighted the key point that using agents with high specificity is important to avoid
significant loss of statistical power when detecting an association, especially when the prevalence of
exposure is low. This exercise also revealed that as exposure prevalence increases, higher sensitivity
increases the power of a study. Based on our findings, we proposed that future users of CANJEM should
prioritize agents with high specificity, since prevalence of exposure to many agents tends to be low,
accompanied by a low to moderate effect size. This manuscript includes detailed lists of the sensitivity,
specificity, and kappa values of all 69 agents to aid potential users of CANJEM in choosing which agents

to examine in their own occupational studies.

Lastly, based on the results from manuscript two regarding the agent-specific exposure
concordance between CANJEM and expert assessment, in our third manuscript (Chapter 8), we chose to
use CANJEM to evaluate 15 occupational agents with minimally adequate exposure concordance to expert
assessment and reasonably high prevalence of exposure in a pooled study of lung cancer involving data
from ten study centers in Europe, Canada, and New Zealand. Using this combined large dataset containing
7,227 women, which had held a total of 25,679 jobs through their entire work history, we observed that
most of the 15 examined agents were not associated with lung cancer. Exposure to metallic dust was

significantly associated with an increased risk of lung cancer among female workers who had never
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smoked. In addition, some other agents, including alkanes C18+, organic solvents, isopropanol, and iron
compounds, have also shown elevated point estimates of risk. By contrast, exposure to cotton dust and
synthetic fibers manifested below-the-null point estimates of OR. None of the agents assessed manifested

consistent and statistically significant association with lung cancer in women.

Overall, lung cancer risk analyses from our first and third manuscripts provided rather consistent
findings. Most of our examined occupational agents were not associated with lung cancer risk among
women. Both the Montreal study and the international pooled study found some slightly elevated ORs
associated with exposure to cooking fumes and organic solvents, but none of the observations were
statistically significant. Certain agents revealing elevated ORs in the pooled study, including metallic dust,
iron compounds, and alkanes C18+, were unfortunately not examined in the Montreal study due to limited

number of exposed women.

9.2 Contribution and originality of the thesis

Women's occupational risk factors for lung cancer have been overlooked in the past. Using
detailed occupational exposure assessments, this thesis identified a large list of prevalent occupational
exposures in women - many of which have never been assessed in previous studies - and conducted
subsequent lung cancer risk analyses. Methodologically, this thesis contributes to exploring the reliability
of using CANJEM as an alternative approach to expert assessment for assessing occupational exposures
to alarge list of agents among women. Concordance of exposure assignment between CANJEM and expert
assessment for each agent assessed using data from a Montreal-based case-control study of lung cancer
was provided as a reference for future users of CANJEM when choosing suitable agents that best mimic
expert-assessed exposures to examine in their own occupational epidemiologic studies. Finally, the results
of this thesis' lung cancer risk analyses suggest that occupational exposure to metallic dust, iron
compounds, alkanes C18+, isopropanol, and organic solvents may increase lung cancer risk in women. In
light of the scarcity of literature on women's occupational lung cancer risk factors, this thesis identified

some exposures to prioritize for future research on occupational risk factors in women.
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9.3 Limitations of the thesis

9.3.1 Selection bias

Sources of selection bias could arise in case-control studies from biased sampling or participation
of cases and controls into the study. That is, cases and controls in the study population are un-
representative of the distribution of exposure and outcome of all cases and controls in the source
population of interest. This results in a systematic error that threatens the internal validity of a study and
can either bias the study results towards or away from the null. This potential bias could be applicable to

manuscripts 1 and 3.

In manuscript 1, we analyzed incident lung cancer cases — who were Montreal residents and
Canadian citizens — ascertained from all major hospitals in the Montreal area during the study period. To
ensure that both the case and control groups come from the same catchment population, controls were
also restricted to Montreal residents and Canadian citizens and were randomly selected from the
population-based electoral lists, and were frequency matched to cases by age and sex. Therefore, the
potential for selection bias due to biased sampling is low. The response proportions in this study were
rather high, reaching 82% and 69% for female cases and controls, respectively. Nonetheless, a potential
for nonresponse bias, a source of selection bias, cannot be ruled out. A previous occupational case-control
study of lung cancer conducted in Italy with available census information on education, marital status,
and size of apartment of respondent and non-respondent cases and controls found that less educated
cases and more educated controls were more likely to participate in their study (185). We do not have
characteristics information on non-respondents in our study. If we assume that less educated cases and
more educated controls were also more likely to participate in the Montreal lung cancer study, and that
education is also associated with agent exposures, then our estimated ORs could be slightly biased away

from the null.

Compared to manuscript 1, the ascertainment and participation of cases and controls in
manuscript 3 were more complicated. Since manuscript 3 used data combined from ten separately
conducted case-control studies across different countries, during different time periods, and using
different sampling strategies, the potential for selection bias due to sampling selection varies by study
center. Cases in each study center were female incident lung cancer cases confirmed by histology or

cytology, who were ascertained either from local hospitals, clinics, or cancer registries. Female controls
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were frequency-matched (approximately 96%) or individually-matched to cases by age and were recruited
from the local general population. Two study centers recruited additional hospital controls (121, 123). The
response proportions in the study centers ranged from 53% to 89% among cases and 41% to 87% among
controls. It is not possible to rule out the potential for nonresponse bias in this combined database;
however, one cannot deduce the likelihood of selection bias solely based on response proportions (186-
188). A combined set of case-control studies has the advantage over an individual study in that it is unlikely
for most or all of the ten component studies to be biased in exactly the same manner, so the result of the

combined dataset is less likely to be biased than any individual study.

More information contrasting the characteristics of the participating cases and controls to that of
the source population is required to fully assess the magnitude of non-response bias. Unfortunately, such

information is rarely available in observational case-control studies.

9.3.2 Information bias

In occupational cancer research, information bias in the form of exposure misclassification, has
long been one of the greatest concerns (76). This is especially challenging for the retrospective assessment
of occupational exposures in case-control studies in the general population. For chronic diseases such as
lung cancer with decade-long induction periods, it is necessary that occupational exposures be
reconstructed for a participant’s entire work history. However, this is a very difficult endeavor as
participants may have occupied different occupations across different industries throughout their working
years. Except for a few agents (e.g., asbestos, crystalline silica) that have relevant and available historical
exposure measurements, most occupational exposures lack quantitative exposure data. Thus, qualitative
or semi-quantitative methods of assessment have been widely used in population-based case-control
studies of chronic diseases (78). The two exposure assessment methods used in this thesis, the expert
assessment and the JEM-based assessment are both semi-quantitative assessment methods that face the
potential of misclassification bias. For both methods, there is a risk that participants would not provide an
accurate recall of their job history (i.e., self-reported job titles), however, this source of misclassification
was likely to be non-differential since it is unlikely that the validity of participants’ self-reported job
histories would differ based on both their exposures and lung cancer status. In our first manuscript,
another source of misclassified exposure could arise due to the use of next of kin as proxy respondents
for cases and controls who were too ill or had died at the time of interview. A higher proportion of proxy

respondents was used to recall job history and other information for cases than for controls. This could
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potentially lead to a differential exposure misclassification; however, we initially explored restricting our
analysis to self-respondents and found no meaningful differences in agent and cancer associations other
than widened confidence intervals caused by a smaller sample size of women included in the analyses.
Hence, both self and proxy respondents' data were included in the final results presented in manuscript
1. Exposure misclassification by the experts from reviewing participants’ job histories and specific job tasks
could also arise during the expert assessment of occupational exposures, but since the experts were
blinded to participant’s case control status when coding exposures, this source of misclassification was
also considered non-differential. A previous publication on the inter-rater reliability study involving the
same team of experts implicated in the Montreal lung cancer study revealed high inter-rater agreements
(kappa=0.8) between the experts for exposure assessment (98, 99). In our second manuscript, we focused
on assessing the ability for CANJEM to mimic expert assessment of occupational exposures. The calculated
sensitivity and specificity values for CANJEM provided in this investigation were compared against the
expert assessments, not against the “real exposure” to the participants decades prior, as there is no way
of obtaining such data retrospectively. In this manuscript, although the agents we assessed were the most
prevalent ones in our sample of women’s jobs from the Montreal lung cancer study, a majority of our
participants were unexposed to most of these agents. Inclusion of a large number of unexposed jobs leads
to an overall high specificity. We found that the level of exposure misclassification due to the use of
CANIJEM as a replacement for expert assessment differs greatly by agent. CANJEM, like any JEM, cannot
assign distinct exposure information based on idiosyncratic features of a particular job or worker that are
not captured by distinct occupation codes, therefore, agents with low probability of exposure across many
occupations would generally have poorer JEM performance (i.e., higher exposure misclassification)
compared to agents with high probability of exposure in a few occupations. The concordance comparison
between CANJEM and expert assessment was conducted for ever/never exposure to an agent; it is likely
that the concordance between the two methods would be lower if we were to assess more refined
exposure parameters (e.g., intensity of exposure) as there would be more opportunity for exposure
misclassification to occur. Finally, our comparison of CANJEM-derived estimates with expert assessment
method is considered as a “best-case scenario” for CANJEM-derived estimates. This is because CANJEM
was built from the database of expert assessments conducted as part of several case-control studies in

Montreal, one of which was the Montreal lung cancer study. We do not have data to estimate how much
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lower the sensitivity and specificity would be if we applied CANJEM to a different study population for

which expert assessments of exposure were available.

In our third manuscript, we used CANJEM to assess lifetime occupational exposures to 15 prevent
agents exposed by women from ten case-control studies of lung cancer. As mentioned previously,
exposure misclassification ensues when using a JEM to assign occupational exposure based on job titles.
Still, misclassification resulting from use of a JEM (CANJEM in this case) can be expected to be non-
differential by disease status since both cases and controls would be assigned the same exposure for a
given job title. In this study, to partially remediate the magnitude of exposure misclassification introduced
by CANJEM, we classified exposures with a probability below but relatively close to the chosen cutpoint
as “uncertain exposures” and removed them from the reference unexposed category in all lung cancer
regression analyses. In addition, we carried out sensitivity analyses replacing CANJEM-50% with a lower
probability cutpoint (CANJEM-25%) to define exposure and obtained very similar results. Nonetheless,
some exposure misclassification would remain, and this would likely lead to attenuated risk estimates for
associations between ever exposure to an agent and lung cancer risk. Another methodological limitation
pertains to the use of the current version of CANJEM to estimate female occupational exposures. Since
the version used in this thesis was built using source exposure data from both male and female workers,
the exposure estimate output of CANJEM would not be able to distinguish any potential exposure
differences, if it exists, between a female or a male worker with the same job title. Therefore, exposure
misclassification within certain jobs held by women in this pooled study might occur, but still, this

misclassification should be non-differential by disease status.

In our lung cancer risk analyses using the Montreal and the international pooled studies
(manuscripts 1 and 3), we analyzed women’s lung cancer risks associated with ever exposure, duration of
exposure, and cumulative exposure to occupational agents. The ever exposure parametrization does not
allow the differentiation of lung cancer risks associated with different levels of exposure, and while the
cumulative exposure and duration of exposure metrics allowed for a more detailed examination of
potential varying cancer risks associated with different levels of exposure to agent, they do not capture
all aspects of exposure characteristics. The cumulative exposure (CE) metric, as an example, does not
allow the distinction between patterns of exposure that ultimately resulted in the same level of lifetime
cumulative exposure to agents, since it includes considerations for intensity, frequency, and duration of

exposure. A worker can be classified as having a high CE exposure to an agent either through a long
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duration of exposure at a low or median intensity, or through a short duration of exposure at a high
intensity, as long as their lifetime exposure level is above the median level in the exposed group. Although
cumulative exposure has been used as the default exposure metrics for cancer risk assessments (189), it
is possible that, given the different modes of action for carcinogenicity, the peak exposure level for some
agents is a more significant determinant of future cancer risks (189). An assessment of cancer risk based
on CE might be biased in this scenario. One aspect of occupational exposure assessment that has rarely
been discussed in studies examining lung cancer risk factors from male-dominated occupations is the
discussion on whether to include homemakers in the agent-cancer regression analysis of interest; due to
historically gender roles, men have been assumed to be the main breadwinner of a household and thus it
is unlikely for them to be homemakers. However, this is a challenge faced by studies of occupational
exposures among women. Women who are homemakers — although without an assigned job title
according to occupation classification systems — share many similar chemical exposures in the domestic
setting to women at work in service occupations, including cooks, waitresses, and cleaning maids, while
the measures of exposure would be very particular to any individual homemaker. In our agent-lung cancer
analyses (manuscripts 1 and 3), we excluded from the analyses women who were lifelong homemakers
because data from the Montreal study have revealed a heightened lung cancer risk among female
homemakers when compared to women who had worked outside the home, after adjustment for
smoking and socioeconomic status (manuscript in preparation). This indicates that there are likely other
lung cancer risk factors that homemakers are more exposed to than working women, however, we had
limited information regarding women’s domestic exposure. This lack of consideration of domestic
exposure would also impact the exposure assessment of working women that we had included in our
analyses of the Montreal study and the pooled study. Women were only assigned exposure had it come
from a recognized job title based on the International Standard Classification of Occupations (ISCO), any
similar exposures occurred from performing homemaking activities, were not considered to be exposed,

which, could lead to an underestimation of exposure to certain chemicals.

9.3.3 Confounding
Confounding is another potential source of systematic bias that could have occurred during the

analyses of manuscripts 1 and 3 on the associations between occupational exposures among women and
lung cancer risks. Since cancer is a multifaceted chronic disease, there exist many other factors that could

affect the disease outcome and are also associated with occupational risk factors. Smoking is one of the
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most important risk factors for lung cancer, in both sexes. In both manuscripts, we were able to adjust for
participant’s lifetime smoking history in all of our analyses using a comprehensive approach; however, we
did not have data regarding involuntary smoking (second-hand or environmental tobacco smoking), which,
is carcinogenic to humans (190). In manuscript 1, we observed an increased risk of lung cancer among
women working in waitressing jobs in the Montreal case-control studies. It is possible that this increased
risk is partially explained by their exposure to passive smoking at work. Before the ban of indoor smoking
in public spaces in Montreal in 2016, it was common for servers to be routinely exposed to environmental
tobacco smoke in restaurants and bars. There are also possibilities for residual confounding due to
smoking or uncontrolled confounding due to not adjusting for other occupational exposures in our agent-
cancer analyses. In our manuscript 3 lung cancer histological subtype analyses, there were statistically
significant positive associations between exposure to several agents and risk for squamous cell carcinoma
(SqCC) or small cell lung carcinoma (SCLC), but not for adenocarcinoma (AdCa). AdCa is less strongly
associated with smoking compared to the other two examined lung subtypes (19). It is possible that the
increased risks observed for different agents and SqCC or SCLC were partially attributed to residual

confounding due to smoking.

There is also a possibility of uncontrolled confounding due to other factors in the analyses of
manuscripts 1 and 3. In manuscript 1, to minimize the potential for confounding bias, we initially explored
whether adding additional potential confounders including domestic exposures to traditional heating and
cooking fuels, as well as more SES covariates including education and income to the statistical models
would modify the OR estimates of any of the examined occupational agents with lung cancer. But since
none of these additional adjustments changed the OR by more than 10%, they were dropped from the
final models. Because we had access to many variables in the Montreal study, and fewer variables in the
international dataset of ten studies, we used slightly different sets of covariate adjustments in
manuscripts 1 and 3. For both analyses, however, the most important potential confounders (i.e., age and
smoking) were available and adjusted for. We lacked information regarding participants’ family history of
lung cancer in the Montreal study and the international dataset of ten studies. Although family history of
lung cancer is identified in the thesis literature review as a risk factor for lung cancer, it is unlikely to be a
confounder in our analyses of manuscripts 1 and 3, as this factor is not known to be associated with our
exposures of interest (i.e., occupational agents). In manuscript 1, we observed that cases in this study

tended to have a shorter lifetime work duration than controls, but we have decided not to adjust for
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participants’ lifetime work duration as a confounder in statistical analyses. Although this factor is
associated with occupational exposures, it is not directly associated with lung cancer, other than through
its association with age (i.e., longer lifetime work duration can be a proxy for older age), which has already
been adjusted for in the models. For both manuscripts 1 and 3, we did not adjust for exposure to
occupational lung carcinogens identified in the thesis literature review, as the prevalences of exposure to
these agents are very low in both of our study populations of female workers. We also chose not to
mutually adjust each of our examined occupational agents for each other in our analyses. Since there is a
possible correlation of exposure among different agents of interest, the inclusion of exposure to other
agents in the covariate list could lead to over-adjustment in multi-exposure models. However, we are
aware that by not mutually adjusting for the agents, there may be confounding if there are true risk factors
among the selected agents. For example, the elevated risk seen in women exposed to metallic dust in
manuscript 3 might be partially attributable to co-exposure to iron compounds. Given the hypothesis-
generating nature of the agent-cancer analyses presented in manuscripts 1 and 3, as empirical data from
women is sparse, our priority was to identify any potential associations between prevalent occupational
exposure in women and their lung cancer risk; acknowledging that there might be possibility for type 1

error. Further research using other databases are needed to confirm our findings.

9.3.4 Statistical precision

In manuscript 1, we examined the association between prevalent occupational agents and lung
cancer in women using data from the Montreal case-control study, which included 422 cases and 577
controls. This study is one of the few to examine the associations between occupational agents and lung
cancer among women that went beyond job title analysis. However, the small sample size limited the
study's statistical power to detect risks. Due to the moderate to low prevalence of exposure to selected
agents and the relatively low number of highly exposed participants, lung cancer risk estimates were

imprecise with wide confidence intervals.

9.3.5 Generalizability

Our findings regarding the exposure concordance performance between different exposure
assessment methods and the estimated lung cancer risks associated with selected occupational agents
only apply to female occupational exposures and female workers. Findings from this thesis should not be

generalized to that for male workers without careful validation.
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The generalizability of our findings to studies that might use CANJEM to assess these agents in
other female populations would depend on how similar occupational exposure profiles are in those
populations to that of the Canadian female population, conditional on occupation. Since not all Job
Exposure Matrices (JEMs) are built using the same methodology, the concordance performance for each
agent reported in this manuscript should not be generalized to determine whether the use of other JEMs
can serve as suitable alternatives to expert assessment of these agents. In the third manuscript, CANJEM
was used to assess occupational exposures among participants from Canada, Europe, and New Zealand,
all of which went through industrialization during similar time periods and thus share comparable
occupational exposures within a given job title. Depending on the agent of interest, occupational
exposure estimated using CANJEM might not be generalizable to developing countries; in fact, due to a
general lack of or less stringent occupational health and safety measures and regulations, the exposure
level to many occupational agents is likely much higher in many developing countries than that seen in

Canada.

9.4 Strengths

The major strength of manuscript 1 lies in the expert assessment of detailed lifetime occupational
exposure of women in this Montreal case-control study of lung cancer. Given the lack of a real gold
standard method for retrospective occupational exposure assessment, this expert assessment approach
is considered as the best available method for assessing occupational exposures in case-control studies,
when compared to other retrospective exposure assessment methods such as job title analysis or
subject’s self-reported exposure or JEMs, typically derived in different populations (145). The expert
assessed exposures allowed us to go beyond conventional job title analysis and provided a rare
opportunity to explore the association between a large number of prevalent occupational agents among
women and lung cancer risk. An additional strength of the study is the use of a comprehensive smoking
index (CSI) for lifetime smoking history adjustment. The CSl is a parsimonious measure of lifetime smoking
history, incorporating smoking status, duration, time since cessation and intensity, and this measure has

previously been validated for use in this Montreal lung cancer study (106).

The unique strength of manuscript 2 when compared with previous attempts to evaluate the

performance of JEMs in published literature, is the focus on common occupational exposures among
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women, a long-neglected but growing part of the workforce. This manuscript is also an important
reference publication because it provides useful insights for future users of CANJEM when choosing

occupational exposures in women that are suitable to examine using this exposure assessment tool.

The final manuscript of this thesis examined women'’s lifetime occupational exposures to various
agents using a large-scale combined dataset of ten case-control studies of lung cancer. This is so far one
of the largest occupational case-control studies of lung cancer among women. Using CANJEM, we were
able to assess lifetime occupational exposures from 25,679 jobs held by participants. Such an endeavour
of assigning agent-specific exposure in a large study population with lifetime occupational histories would
not have been feasible using case-by-case expert assessment due to cost and time constraints. Moreover,
the use of CANJEM, provides a reproducible methodology which offers a transparent and systematic way
to translate job titles into specific exposures, guaranteeing a standardized exposure assessment within
and between different studies (182). Given that the lung cancer data was combined from different case-
control studies, we opted to use random-effects meta-analysis instead of pooled logistic regression as the
main analysis to examine lung cancer association with each agent. Compared to pooled analysis, meta-
analysis provides a better control for confounding since it allows the effect of confounders to differ by
study center (181); in addition, the meta-analysis approach also allowed the use of all available
information for model adjustment, including different socio-economic proxy variables collected in
participating centers. In sensitivity analysis, we repeated our agent-cancer analyses using pooled logistic
regression models, and similar results to the main analyses were observed. The application of both
statistical analyses enabled the confirmation of consistent results across statistical approaches and lent

greater credibility to the study’s findings.

Finally, all three studies contribute to paving the way in identifying potential female occupational
risk factors for lung cancer for future research. This thesis provided a portrait of women’s prevalent
occupational exposures and generated hypotheses on potential lung carcinogens to women at the

workplace, which can be tested in future occupational cancer research.

9.5 Future perspectives

This thesis explored the validity of using CANJEM as an alternative to expert assessment of
occupational exposures in women, and the subsequent association between exposure to prevalent agents

and female workers’ risk of lung cancer. Much remains to be understood regarding women’s occupational
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risk factors for lung cancer and this thesis is the first attempt to explore the validity of using CANJEM to

assess female occupational exposures.

One important aspect of CANJEM that we could not examine in this thesis is the comparison of
exposure concordance between the “gold-standard” expert assessment and a female-specific CANJEM,
which would be built on occupational source data exclusively from female workers. At the time of analyses
for manuscript two, a parallel project working to incorporate female occupational source data from a
Montreal-based breast cancer study (105) into CANJEM was underway and the version of CANJEM with
this new data added only became available during the analyses of manuscript three. However, the number
of female occupational source data available in CANJEM is still limited compared to that of male
occupational source data. With more female data added to CANJEM in the future, it would then be
feasible to construct a female-specific CANJEM with enough data points to produce more precise
estimates of women’s occupational exposures. In addition, it would be interesting to compare whether
exposure differs between women and men within the same job title, using the female-specific vs. the

male-specific CANJEM.

Given the hypothesis-generating nature of our lung cancer analyses, there is a need for future
studies to replicate our findings of the potentially increased risks of lung cancer associated with exposure
to metallic dust, iron compounds, isopropanol, and organic solvents, perhaps through conducting
occupational cohorts of women working in light manufacturing industries. Furthermore, it is equally vital
to produce additional evidence on lung cancer risks associated with agents that we did not find an
association with, as well as to expand the research to include agents beyond the list examined in this
thesis. It would also be interesting to study co-exposures to multiple correlated agents assessed using
CANJEM and their associated lung cancer risk among female workers. In our first manuscript on expert-
assessed occupational exposures and lung cancer risk, we conducted additional Principal Component
Analysis to explore the pattern of women’s occupational co-exposures and their association with lung
cancer. However, this additional analysis did not provide a clear insight into women’s exposure patterns
and were thus not included in the manuscript. Future studies, perhaps with the use of more advanced
methods to assess co-exposures/mixtures, could shed more light on women’s occupational exposure risk

profiles.
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9.6 General conclusion

Over the past decades, occupational research had mainly focused on “dirty” blue-collar jobs
mostly held by male workers due to gender segregation in the workforce. However, many occupational
exposures that could be potentially carcinogenic in prevalent jobs held by women but not men have never
been thoroughly examined in occupational epidemiological studies. A lack of publication on women’s
occupational risk factors to diseases such as lung cancer does not mean that women are not exposed to
potentially dangerous chemicals or physical agents at work. Unfortunately, women’s occupations are less
likely to be unionized, and are often less subjected to occupational hygiene inspections and the same
levels of protection and regulation to occupations held by men in the “dirty industries” (191). These
problems are even more precarious in developing countries where a sharp increase of women joining the
workforce has been observed over the past decades (191). Enormous number of women are now working
in insalubrious conditions without proper workplace protective measures and worker’s compensation for
job-related diseases. The implication of occupational risk factors of lung cancer among women is not
limited within the occupational arena, as many of the chemicals to which workers are exposed at work
found their way to the general environment, either via industrial emissions or discharges, or the use in
consumer products, continuous effects into hazard identification of lung carcinogens in women remain

crucial to improving public health.

| want to end this thesis going back to the case of the radium girls. Without their brave fights
raising awareness for worker’s protection and compensation and demands for justice, more women
would have suffered from radium poisoning. Scientists from all fields of medicine and occupational health
and safety played a crucial part in aiding these women in winning the case against the radium corporation
and banning radium use for painting watch dials. Unfortunately, in spite of the fact that more women are
entering the workforce, occupational risk factors for women, especially for chronic illnesses, are still
largely overlooked in the scientific community. Since the 1990s, electronic waste (e-waste) recycling has
become a fast-growing business and most of the e-wastes were illegally dumped or traded and ended up
in informal e-waste recycling communities in developing countries such as China, India, Ghana, and
Nigeria, where e-waste workers — who are often women and their children — use primitive recycling
methods including sorting (often improperly), heating, and burning using acid baths to extract precious
metals such as gold and silver to resell (192-194). Because these are largely informal part-time jobs, the

working women and their children are rarely supplied with proper personal protective equipment and are
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thus exposed to a high level of heavy metals detrimental to health, such as lead, cadmium, nickel, and
lithium (193). Our mission as occupational epidemiologists is to identify occupational hazards so that harm
can be reduced or prevented and health can be promoted, and to hold industry accountable for its actions.
In addition to scientific efforts to identify occupational hazards, a lot more effort in the social and political
realm is needed to achieve this goal. As scientists, workers, and conscious citizens, we must continue to

fight together on this issue.
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Appendices

Appendix 1. Ethics approval for the Montreal case-control study of lung cancer.

T McGill

Faculty of Medicine

3 William Osler #533

Faculté de médecine

William Osler #533

December 10, 2019

Dr. Jack Siemiatycki

CHUM - Pavillon 5

850, rue 5t-Denis, Bureau S03-448
Montreal (Québec) H2X 0A9

RE: IRB Study Number A12-E06-99A
Case-Control Study of Occupational Risk Factors for Lung Cancer

Dear Dr. Siemiatycki,

Thank you for submitting an application for Continuing Ethics Review for the above-referenced
study.

The study progress report underwent review, and Full Board re-approval was provided on
December 9, 2019. The ethics certification renewal is valid until December 7, 2020.

The Investigator is reminded of the requirement to report all IRB approved protocol and consent
form modifications to the Research Ethics Offices (REOs) for the participating study sites, when
applicable. Please contact the individual research ethics offices for instructions on how to
proceed. Research funds may be withheld, and/or the study’s data may be revoked for failing to
comply with this requirement.

Please promptly notify the IRB office of any study modifications or unanticipated events that may
occur to the study prior to the next annual renewal. Study modifications cannot be implemented
prior to an ethics review and approval by the Board.

Regards,

Roberta Palmour, PhD
Chair
Institutional Review Board

cc: Natasha Graham
SMH-REB
A12-E0B-99A
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Appendix 2. List of variables available in CANJEM for each combination of occupation, time period, and

agent.
Variable Description
idchem Agent code
agent.label Agent label
isco.code Occupation code
isco.label Occupation label
ntot Number of individual jobs with this occupation code
nsub Number of individual subjects with this occupation code
nexp Number of individual jobs with this occupation code that are exposed
nexp.s Number of individual subjects with this occupation code who are exposed
p Proportion of jobs with this occupation code that are exposed (nexp / ntot)
n.R1 Number of exposed jobs in this occupation code with low reliability
n.R2 Number of exposed jobs in this occupation code with medium reliability
n.R3 Number of exposed jobs in this occupation code with high reliability
n.Cl Number of exposed jobs in this occupation code with low intensity
n.C2 Number of exposed jobs in this occupation code with medium intensity
n.C3 Number of exposed jobs in this occupation code with high intensity
n.F1 Number of exposed jobs in this occupation code with less than 2 hours exposed per week
n.F2 Number of exposed jobs in this occupation code with 2-12 hours exposed per week
n.F3 Number of exposed jobs in this occupation code with 12-39 hours exposed per week
n.F4 Number of exposed jobs in this occupation code with 40 hours or more exposed per week
p.R1 Proportion of jobs in this occupation code with low reliability
p.R2 Proportion of jobs in this occupation code with medium reliability
p.R3 Proportion of jobs in this occupation code with high reliability
p.C1 Proportion of jobs in this occupation code with low intensity
p.C2 Proportion of jobs in this occupation code with medium intensity
p.C3 Proportion of jobs in this occupation code with high intensity
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p.F1
p.F2
p.F3
p.F4
Cmoy.1
Cmoy.3
Cmoy.5
Cmoy.10
Dmoy.1
Dmoy.3
Dmoy.5
Dmoy.10
Cmed.1
Cmed.3
Cmed.5
Cmed.10
Dmed.1
Dmed.3
Dmed.5
Dmed.10
Fmoy

Fmed

Proportion of jobs in this occupation code with less than 2 hours exposed per week
Proportion of jobs in this occupation code with 2-12 hours exposed per week
Proportion of jobs in this occupation code with 12-39 hours exposed per week
Proportion of jobs in this occupation code with 40 hours or more exposed per week
Mean intensity (1-2-3 scale)

Mean intensity (1-3-9 scale)

Mean intensity (1-5-25 scale)

Mean intensity (1-10-100 scale)

Mean frequency weighted intensity (1-2-3 scale)

Mean frequency weighted intensity (1-3-9 scale)

Mean frequency weighted intensity (1-5-25 scale)

Mean frequency weighted intensity (1-10-100 scale)

Median intensity (1-2-3 scale)

Median intensity (1-3-9 scale)

Median intensity (1-5-25 scale)

Median intensity (1-10-100 scale)

Median frequency weighted intensity (1-2-3 scale)

Median frequency weighted intensity (1-3-9 scale)

Median frequency weighted intensity (1-5-25 scale)

Median frequency weighted intensity (1-10-100 scale)

Median frequency (continuous)

Mean frequency (continuous)
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