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Novelty and Impact 
Hardly any research has been conducted to study possible occupational risk factors for lung cancer among women. This large international study explored the associations between 15 prevalent female occupational exposures and the risk of lung cancer. Most selected agents were not associated with lung cancer. There was an elevated risk seen in non-smoking women exposed to metallic dust. None of the agents assessed showed consistent statistically significant associations with lung cancer in all analyses. Further research should be conducted on the possible associations between lung cancer in women and these agents.
Abstract (235 words)
[bookmark: _Hlk121068470]Worldwide, lung cancer is the second leading cause of cancer death in women. This paper aimed to explore associations between occupational exposures among women and the risk of lung cancer. Data from ten case-control studies of lung cancer from Europe, Canada, and New Zealand conducted between 1988 and 2008 were pooled. Lifetime occupational history and information on non-occupational factors including smoking were available for 3040 incident female lung cancer cases and 4187 female controls. We linked each reported job to the Canadian Job-Exposure Matrix (CANJEM), which provided a probability of exposure to each of 258 agents in each job. For this analysis, we selected 15 agents with a lifetime exposure prevalence of at least 5% in our study population. We considered a job to be exposed to an agent if the probability of exposure was at least 50%. We calculated lung cancer risk in each study center for ever exposure, by duration of exposure, and by cumulative exposure to each agent, using separate multivariate logistic regression models adjusted for smoking and other covariates. We then estimated the meta-odds ratios and 95% CIs using random-effects meta-analysis. Stratified analyses were conducted by smoking and by lung cancer histological subtypes. None of the agents assessed showed consistent and statistically significant associations with lung cancer among women in all analyses.  Among never-smokers, there was a statistically significant elevated risk with exposure to metallic dust (OR (95%CI) = 1.78 (1.12-2.81)). There were some suggestively elevated ORs in some other subgroup analyses.
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Introduction 
Worldwide, lung cancer is the third most diagnosed malignant cancer and the second leading cause of cancer death in women1. Tobacco smoking is the leading risk factor for lung cancer in women, as well as in men. However, in most developed countries, around 20% of women diagnosed with lung cancer had never smoked2. Numerous occupational exposures have been identified as risk factors for lung cancer3.  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 site4. Doll and Peto estimated that, as early as the 1970s, approximately 5% of lung cancer mortality in US women was attributable to occupational factors5. Similar results were reported for occupationally-attributable lung cancer risk among female workers in a German study conducted in the 1990s6.  A French study concluded that a set of ten recognized occupational carcinogens accounted for 2% of all incident lung cancer cases among women in France in 20177. 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, most of the existing evidence was generated using data from male workers, and there is hardly any empirical evidence of lung cancer risk factors for female workers. 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 leading to different susceptibility to cancer8 9. Moreover, there also exist differences in working conditions and assigned-tasks by gender which may lead to differing occupational exposure profiles between women and men10. Much of past occupational cancer research focused on industrial workforces in male-dominated occupations; consequently, there has been little empirical evidence on occupational cancer risks incurred by women, and published studies tended to be small and rather underpowered10. 
In this study, we aim to explore associations between relatively prevalent occupational exposures among women and their lung cancer risk using data from ten case-control studies of lung cancer.

Methods
Study population 
[bookmark: _Hlk118490410][bookmark: _Hlk110000968]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 male and female participants11-19. Data collection periods for these studies ranged from 1988 to 2008. Seven of the included studies were from Europe (France15, Germany12 14, Italy13 19, Poland16, and the United Kingdom16), two were from Canada11 18, and one from New Zealand17. 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 controls16 18. Participation rates 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. In aggregate, the 7227 women in the combined study population had held 25,679 jobs that lasted at least one year. The PI 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)20. Occupational exposure to specific agents were evaluated by linking participant’s job titles to the Canadian job-exposure matrix (CANJEM).
Detailed methodological descriptions of CANJEM (http://canjem.ca/) have been published21 22. Briefly, CANJEM is a general population JEM built from expert assessment of jobs held by participants in multiple Canadian case-control studies (multi-site cancers23, lung cancer11, breast cancer24 25, and brain cancer26).The same expert assessment method was used in all of the studies on which CANJEM was built.
The exposure metrics of CANJEM are formed by three axes: occupational code, time period, and agent. Each cell within CANJEM represents an estimate of exposure to an agent for a specific occupational code and time period. The CANJEM version we used was built based on expert-assessed exposures from the five case-control studies mentioned above, and jobs held in the time period 1950-2011. The experts who coded the original five case-control studies assigned each exposure with a notation of the likelihood of exposure as No, Possible, Probable or Definite exposure. CANJEM allows the user to select any level of likelihood as being “exposed”, and we chose for the present analysis to include as “exposed” those exposure situations noted as Probable or Definite. For each of the 25,679 jobs, 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; 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. When the probability of exposure to an agent is above 0%, CANJEM also provides estimates of intensity (low, medium, high), and frequency of exposure (number of hours per week). 
In order to categorize an agent’s exposure status (exposed or unexposed) within a given occupational code and time period, it is necessary to select a cutpoint on the probability of exposure scale. We chose a probability cutpoint of 50% (referred to as CANJEM-50%) for establishing an “ever exposed” variable for each agent. For any given agent, job titles with a probability ≥50% were considered as “ever exposed”, those with 0% to <10% were considered as “unexposed”, and those with 10% to <50% were considered as “uncertainly exposed”. We also conducted sensitivity analyses changing the probability of exposure cutpoint to 25% (referred to as CANJEM-25%), where 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”. A participant would be considered "ever exposed" to an agent if any of her jobs exposed her to that agent. Duration of exposure to an agent was calculated as the sum of self-reported duration of each job in which the participant was exposed. 
Selection of agents 
[bookmark: _Hlk118490487]It would have been totally 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, validity of CANJEM in assigning exposure to the agent, and redundancy among agents. To maximize the chance of discovering an association, should there be one, we eliminated all agents that had very few women exposed; the operational decision was to only include agents with a lifetime ever exposed prevalence of 5% or higher in either cases or controls. When pooling the ten case-control studies and applying CANJEM-50%, this led to elimination of 232 agents. Regarding validity, we used results from a previous investigation comparing exposure assignment concordance (measured by kappa) between CANJEM and expert assessment for jobs held by women27. Based on those results we further eliminated five agents with kappa values less than 0.30. Four agents were not assessed in our previous investigation27 and were excluded from the current analysis. Finally, we excluded two agents that hierarchically overlapped with other agents and hence were highly correlated with those other agents (i.e., fabric dusts overlapped 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. 

Exposure variables
[bookmark: _Hlk118490640]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) calculated as:   ,   where i represents the ith year, d represents the total number of years exposed, Ii represents the intensity of exposure in year i, and Fi represents the number of hours exposed per week in year i. The values of Ii were transformed from low, medium, high to approximate ratios of 1, 5, 25. The formula for CE 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 not included in the duration or CE analyses.
Statistical analysis
[bookmark: _Hlk118491067]Unconditional logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) of lung cancer associated with each agent’s various exposure metrics in each of the ten case-control studies, separately. The reference group for each analysis contained unexposed participants to a particular agent. Models were adjusted for age (log-transformed), ever employed in a blue-collar job (defined as jobs with an ISCO-68 first digit of 7, 8, or 9), cigarette pack-years (log [pack-years +1]; the cigarette pack-year was calculated as follows: ∑ duration (years) X average cigarette smoking intensity per day/20), time since quitting smoking cigarettes (in years), 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 the New Zealand Socio-Economic Index (NZSEI) was used as the proxy for SES adjustment in the New Zealand study28. We initially considered additional adjustments for ever employed in a “List A” job known to present an excess risk of lung cancer29 30 and additional smoking adjustment for never-, former-, or current-smoking status, but these two covariates were not retained in the final models because their inclusion did not meaningfully change the ORs for agent estimates. The main analyses were conducted for each agent among all participants. Stratified analyses were also 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. Smoking was not adjusted for in analyses among never-smokers. We further analyzed the associations between agents and each of the three most prevalent lung cancer histological subtypes: adenocarcinoma (AdCa), squamous cell carcinoma (SqCC), and small cell lung carcinoma (SCLC). 
ORs and 95% CIs for each agent from each separate study center were then agglomerated using random-effects meta-analysis, and heterogeneity among studies was assessed using I2 statistics. The I2 is interpreted as the percentage of the total variability in a set of effect sizes due to between-study variability; and is calculated asfor when the Q statistics is greater than its degrees of freedom (k-1) where k being the number of studies, and I2 is truncated to 0% when the Q statistics is smaller or equal to its degrees of freedom31.  
As a further sensitivity analysis, 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 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). 
All analyses were performed with R, version 4.1.1. Meta-analyses were performed with the “meta” package in R32.

Results
Selected socio-demographic, smoking, and occupational characteristics of 3040 female lung cancer cases and 4187 female controls in the ten case-control studies from Europe, Canada, and New Zealand 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 tended to be higher in controls than in cases. The socio-economic index, a proxy for socio-economic status in the New Zealand study, was found to be similar for cases and 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. Online supplementary table 1 presents the number of cases and controls in each of the ten study centers and the time period during which the fieldwork was conducted. 
Selected occupational agents 
Table 2 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 population, and the prevalence of lifetime exposure to each agent. Comparing the crude prevalence between cases and controls, without significance testing, we note that most of the 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
Table 3 presents the adjusted odds ratio between each selected occupational agent and lung cancer, obtained in a meta-analysis of the ten case-control studies and analyzing each agent in a separate model. Results are presented for ever exposure, over 10 years of exposure, and high cumulative exposure (CE) to each agent where never exposed was used as the referent group in all analyses (results not shown for 1–10 years of exposure, or low CE to each agent; available on request). There were no statistically significant associations between exposure to any of the 15 agents and lung cancer in women. There were suggestively positive associations among women with exposure to metallic dust (high CE), isopropanol (ever exposure), organic solvents (over 10 years of exposure; high CE), and alkanes C18+ (ever exposure). Exposure to cotton dust (over 10 years of exposure), synthetic fibers (over 10 years of exposure; high CE), and cellulose (ever exposure) exhibited a suggestively below the null relative risk of lung cancer. Re-defining agent exposure using CANJEM-25% instead of CANJEM-50% yielded very similar meta-analysis results (online supplementary table 2). Sensitivity analysis replacing meta-analysis with pooled logistic regression also yielded similar results for most agents (online supplementary table 3); with the exception that exposure to calcium carbonate (ever, duration, and cumulative) and cellulose (ever) became statistically significantly below the null. Similar suggestively positive associations for metallic dust, isopropanol, organic solvents, and alkanes C18+, and below-the-null associations for cotton dust and synthetic fibers observed in meta-analysis were also found in the pooled analyses. 

Occupational agents and lung cancer risk among women stratified by smoking
Table 4 presents the smoking-stratified meta-analysis results for ever exposure to an agent and lung cancer risk. Among never-smokers, there was a statistically significant increased risk of lung cancer in women exposed to metallic dust (meta-OR, 95% CI=1.78 (1.12 - 2.81)) vs. those that were unexposed, and a statistically significant 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 were also elevated ORs in never-smokers who were exposed to isopropanol and iron compounds, but those results did not reach statistical significance. Meta-OR was below the null for exposure to cleaning agents in never-smokers but above the null in light smokers. Among light smokers, there were elevated but non-significant ORs in women exposed to organic solvents and biocides, and a non-significant below-the-null OR among women exposed to calcium carbonate. Among heavy smokers, no association was observed between any of the agents and lung cancer. In the sensitivity analysis using CANJEM-25% to define exposed/unexposed status (online supplementary table 4), among never smokers, there were statistically increased risks of lung cancer in women exposed to metallic dust or iron compounds, but exposure to calcium carbonate was no longer significant. Among light smokers, exposure to organic solvents was associated with a significantly increased lung cancer risk. Among heavy smokers, there was no evident occupational agent-lung cancer association.
Occupational agents and lung cancer risks by histological subtypes among women
Table 5 presents the meta-analysis ORs between ever exposure to an agent and lung cancer by histological subtypes. Separate results are presented for AdCa, SqCC, and SCLC, respectively. For AdCa — the most prevalent lung cancer subtype in our study population — no statistically significant increased risk was observed. For SqCC, statistically significant increased risks were observed for isopropanol, cleaning agents, and biocides. Suggestively elevated meta-ORs were also observed for metallic dust, ammonia, cooking fumes, iron compounds, and alkanes C18+. Finally, for SCLC, a statistically significant increased risk was observed for alkanes C18+; and a below-the-null association was observed for formaldehyde. Borderline or suggestive increased risks were also observed for metallic dust, ammonia, isopropanol, iron compounds and PAHs from petroleum. 

Discussion
We estimated exposure to occupational agents, using CANJEM, in one of the largest pooled case-control studies of lung cancer in women. Among the more prevalent agents analyzed, most were not strongly associated with lung cancer in our study population. The following agents exhibited some suggestively increased ORs: metallic dust, alkanes C18+, isopropanol and iron compounds. The following agents exhibited some suggestively below-the-null ORs:  calcium carbonate, cotton dust and synthetic fibers.  As shown in the result tables, some showed elevated or below-the-null ORs in the main analysis and some only in a smoking stratum-specific analysis or for specific histological subtypes. As judged by I2, most of the associations showed little to low heterogeneity in OR estimates between studies31.   
Past occupational studies have examined lung cancer risk among workers exposed to various specific metallic compounds and showed elevated risk with exposure to metals including some compounds of chromium, nickel, beryllium, cadmium, and arsenic33 34. However, previous evidence regarding associations between lung cancer and iron, lead, titanium and many other metallic compounds were inconclusive or lacking33 34. These studies did not focus on metallic dusts but rather on metal compounds, and they mostly included male workers. Men’s exposure profiles differed from those of women. Our research team had conducted in the past expert assessment of occupational exposure to metallic dust and other agents in women and men from a Montreal-area population-based case-control study35. 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.  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 were dusts from mild steel, brass, and bronze; iron compounds; and occasionally arc or gas welding fumes. The analyses among never-smoking women showed an increased risk of lung cancer in those exposed to metallic dust. Similar effect estimates were also seen in women exposed to iron compounds, albeit not reaching statistical significance. Since the OR estimates for each agent were derived from separate models and were not mutually adjusted for the presence of other agents, there may be some mutual confounding if there are true risk factors among the selected agents. The elevated risk seen in women exposed to metallic dust might be partially attributable to exposure to iron compounds. Occupational exposures during Iron and steel founding has been classified as a cause of lung cancer by IARC4. 
	In our lung cancer histological subtype analyses, there were statistically significant positive associations between exposure to several agents (alkanes C18+, isopropanol, cleaning agents, and biocides) and risk for SqCC or SCLC, but not for AdCa. Since AdCa is less strongly associated with smoking compared to the other two examined subtypes36, it is possible that the increased risks observed for different agents and SqCC or SCLC could be partially attributed to residual confounding due to smoking. 
There was a less-than-null OR between lung cancer risk and calcium carbonate among never-smoking 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, a standardized incidence ratio of 0.55 (95%CI, 0.53-0.58) was reported for female teachers37.
It has been hypothesized that the presence of endotoxin in cotton textile manufacturing and agriculture industries could be protective for lung cancer38. While we did not find strong evidence in support of a protective effect of textile related cotton dust exposure on women’s risk of lung cancer, there was about a 10% lower point estimate in the OR for exposed vs unexposed women, in the overall analysis and in some strata of subgroup analyses, albeit with wide confidence intervals. 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 study, there was no indication of an elevated lung cancer risk among women occupationally exposed to formaldehyde, a suspected lung carcinogen. A recent systematic review and meta-analysis also concluded that no significant increase in lung cancer risk was evident among workers exposed to formaldehyde, even in higher exposure groups39. 
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 variance40. 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 for all centers and produce informative ORs for the main meta-analyses examining the association between ever, duration and cumulative exposure and lung cancer in all women. However, depending on the agent, for some subgroup meta-analyses, small numbers still 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.
Using CANJEM, we were able to assess lifetime occupational exposures of participants to various agents for a large-scale analysis of ten case-control studies of lung cancer among women. 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 methodology which offers a transparent and systematic way to translate job titles into specific exposures, guaranteeing a standardized exposure assessment within and between different studies41. The studies included in this analysis came from Europe, Canada, and New Zealand, all of which went through industrialization during similar time periods and thus share comparable occupational exposures within a given job title.  
Exposure misclassification ensues when using any JEM to assign occupational exposure based on job titles. CANJEM, like other JEMs, cannot assign distinct exposure information based on idiosyncratic features of a particular job held by a worker that are not captured by distinct occupational codes. Still, misclassification resulting from use of a JEM 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. 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 group 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 very similar results. However, some exposure misclassification is unavoidable when using a JEM, and this would likely lead to attenuated risk estimates for associations between ever exposure to an agent and lung cancer risk. 

Conclusion
[bookmark: _Hlk121067825]None of the agents assessed here manifested consistent and statistically significant increased lung cancer risks in women. However, the following agents showed elevated point estimates of OR either in the main analyses including all women or in one or more subgroup analyses: metallic dust, alkanes C18+, organic solvents, isopropanol, and iron compounds.  Women with exposure to cotton dust and synthetic fibers exhibited below-the-null point estimates. Further research should be conducted on the possible associations between lung cancer and these agents.
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Tables

[bookmark: _Hlk109120991]Table 1. Characteristics of women included in the ten case-control studies of lung cancer.
	[bookmark: _Hlk121072620]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)
	61
	61

	Education a
	9
	12

	      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%

	      Missing
	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
	 
	 

	       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.

1

Table 2. Definition of each of the 15 selected agents and top occupations considered exposed to each agent in 7227 women pooled from ten case-control studies of lung cancer. 
	Agent
	Agent definition a
	Most prevalent occupations (ISCO-68 job titles) ever exposed to selected agent b
	Lifetime prevalence of exposure among cases c
	Lifetime prevalence of exposure among controls c

	Inorganic solids
	
	
	

	Metallic dust
	Any metal dusts generated, regardless of the specific metals involved or whether they are known or unknown. Most metals will have undergone a certain amount of surface oxidation but exposure to specific metal oxides (e.g., lead oxides; iron oxides) was coded only when the main exposure was to the oxide itself and not to the metal dust.
	Machinery Fitter, Machine Assembler and Precision-Instrument Maker; Metal-Press Operator; Machine-Tool Operator; Compositor and Type-Setter; Mechanical Products Inspector and Tester
	7.00%
	4.50%

	Calcium carbonate
	A mineral occurring naturally in a great variety of calcite rocks which are collectively known as limestone. It has 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.
	Primary Education Teacher; Secondary Education Teacher
	3.60%
	7.80%

	Organic solids
	
	
	
	

	Cotton dust
	 Dust generated during carding, spinning, weaving, cutting, sewing or handling of cotton or cotton-containing textiles. Cotton is a natural fiber obtained from the Gossypium plant; chemically it is about 90% cellulose and 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.
	Sewing-Machine Operator; Hand and Machine Sewer; Tailor and Dressmaker; Chambermaid
	19.80%
	17.10%

	Synthetic fibers
	 Dust generated during the manufacturing, spinning, weaving, cutting sewing or handling of artificial 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 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.
	Sewing-Machine Operator; Hand and Machine Sewer; Tailor and Dressmaker; Knitter
	17.00%
	15.50%

	Cellulose
	 The main constituent of the cell walls of plants. Industrial cellulose is made from wood or cotton pulp. It is used for 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.
	Hand Packer; Librarian; Mail Sorting Clerk; Mailperson; Library Clerk
	9.70%
	9.50%

	Inorganic gases
	
	
	

	Ammonia
	A by-product of coal distillation and is also produced by passing nitrogen, hydrogen and a catalyst through an 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 (NH4OH), it has been used in the textile and pharmaceutical industries, in medicine, in trade sale paints, in fire extinguishers, and in consumer cleaning products.

	Farm Helper; Women's Hairdresser; Chambermaid; Farm Worker 
	8.90%
	6.90%

	Organic gases
	
	
	
	

	Formaldehyde
	 A colorless gas obtained by the oxidation of methyl alcohol, it is marketed as a 37% solution by weight 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.

	Sewing-Machine Operator; Women's Hairdresser; Cook; Tailor and Dressmaker 
	16.80%
	15.30%

	Fumes and smokes
	
	
	

	Cooking fumes
	A mixture of volatile substances of variable composition resulting from the thermal degradation of fats and other food constitutents. Significant quantities of aliphatic aldehydes (formaldehyde 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.

	Waitress; Cook; Other Waitress, Bartender and Related Worker; Working Proprietor (Restaurant)
	15.90%
	11.80%

	Organic liquids and vapours
	
	
	

	Isopropanol
	A colorless, flammable, mobile liquid, produced by the hydration of propylene from cracked gases. It has been used 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. It has been used in rubbing alcohols and as an antistalling agent in winter grade motor fuels.
	Women's Hairdresser; Nurse; Chambermaid; Hairdresser, Barber, Beautician and Related Worker; Offset Pressperson
	5.20%
	3.90%

	Organic solvents
	Organic liquids used as paint thinners, spot removers, dry cleaning agents, diluents, degreasers, chemical reagents, 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.
	Women's Hairdresser; Medical Science Technician; Chambermaid; Solderer; Leather Goods Maker
	14.70%
	10.30%

	Chemical families
	
	
	

	Iron compounds
	Comprises iron (Fe) dust, iron oxides and iron fumes (all of which were also coded separately), dust from iron-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.

	Machinery Fitter, Machine Assemblers and Precision-Instrument Maker; Metal-Press Operator; Machine-Tool Operator; Welder and flame-Cutter
	5.20%
	3.30%

	Alkanes C18+
	Includes all saturated hydrocarbons having more than 18 carbon atoms, with the general formula CnH2n+2. They are all solids at standard conditions. One mixture of these long-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. Parrafin waxes, which were also coded separately, also fall into this category.
	Spinner and Winder; Metal-Press Operator; Cloth Weaver; Machine-Tool Operator
	6.00%
	3.80%

	PAHs from petroleum
	Polycyclic aromatic hydrocarbons are a group of chemicals made up of three or more benzene rings interlinked in 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, concentrations of PAHs may increase in some of these products during use (e.g., used motor oils).
	Nursery Worker and Gardener; Salesperson, Shop Assistant and Demonstrator; Spinner and Winder; Metal-Press Operator
	9.10%
	7.00%

	General categories
	
	
	

	Cleaning agents
	Materials which have cleansing action such as soap. Their main function is to aid water in the cleaning process. They may be simple sulphonated fatty acids or complex synthetic materials. Organic solvents were excluded here and have been coded separately.
	Charworker; Housemaid; Nurse; Waitress
	42.10%
	35.70%

	Biocides
	Includes all products used to disinfect, deodorize, sterilize and sanitize. This implies the capability of killing micro-organisms (algae, bacteria, viruses, etc.). This group therefore includes bactericides, algicides, fungicides, germicides and preservatives. Agricultural pesticides were coded separately.
	Charworker; Housemaid; Nurse; Women's Hairdresser
	31.60%
	26.00%



a. Definition for each agent can be found at: http://canjem.ca/.
b. 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.
c. 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.


Table 3. Odds ratio between exposure to each selected agent estimated using CANJEM-50% and lung cancer in women, meta-analysis of ten studies.
	[bookmark: _Hlk110203694]Agent
	Exposure Metrics
	No. of cases
	Meta-OR a
	95% CI a
	I2  b

	Metallic dust
	Never exposed (Ref) c
	2421
	Ref
	-
	

	
	Ever exposed 
	214
	1.08
	0.74  - 1.58
	47.8%

	
	     Duration of exposure: >10 years
	68
	1.17
	0.63  - 2.18
	30.1%

	
	     Cumulative exposure: high
	116
	1.26
	0.87  - 1.81
	6.3%

	Calcium carbonate
	Never exposed (Ref) c
	2757
	Ref
	-
	

	
	Ever exposed 
	109
	0.77
	0.44  - 1.34
	64.8%

	
	     Duration of exposure: >10 years
	75
	0.89
	0.48  - 1.65
	61.5%

	
	     Cumulative exposure: high
	55
	0.81
	0.42  - 1.56
	60.6%

	Cotton dust
	Never exposed (Ref) c
	2062
	Ref
	-
	

	
	Ever exposed 
	606
	0.92
	0.73  - 1.17
	39.0%

	
	     Duration of exposure: >10 years
	234
	0.87
	0.68  - 1.12
	12.2%

	
	     Cumulative exposure: high
	288
	0.93
	0.71  - 1.22
	28.7%

	Synthetic fibers
	Never exposed (Ref) c
	2149
	Ref
	-
	

	
	Ever exposed 
	521
	0.91
	0.75  - 1.10
	0.2%

	
	     Duration of exposure: >10 years
	208
	0.87
	0.68  - 1.10
	0.0%

	
	     Cumulative exposure: high
	231
	0.89
	0.71  - 1.12
	0.0%

	Cellulose
	Never exposed (Ref) c
	2383
	Ref
	-
	

	
	Ever exposed 
	296
	0.82
	0.61  - 1.11
	45.1%

	
	     Duration of exposure: >10 years
	90
	0.93
	0.61  - 1.40
	28.1%

	
	     Cumulative exposure: high
	153
	0.90
	0.63  - 1.31
	40.0%

	Ammonia
	Never exposed (Ref) c
	1930
	Ref
	-
	

	
	Ever exposed 
	272
	1.09
	0.88  - 1.37
	0.0%

	
	     Duration of exposure: >10 years
	92
	0.99
	0.71  - 1.39
	0.0%

	
	     Cumulative exposure: high
	129
	1.08
	0.80  - 1.45
	0.0%

	Formaldehyde
	Never exposed (Ref) c
	1662
	Ref
	-
	

	
	Ever exposed 
	514
	0.92
	0.77  - 1.09
	0.0%

	
	     Duration of exposure: >10 years
	199
	0.95
	0.72  - 1.24
	16.4%

	
	     Cumulative exposure: high
	239
	0.93
	0.74  - 1.18
	7.3%

	Cooking fumes
	Never exposed (Ref) c
	2135
	Ref
	-
	

	
	Ever exposed 
	485
	1.03
	0.86  - 1.24
	11.3%

	
	     Duration of exposure: >10 years
	209
	1.08
	0.75  - 1.56
	46.0%

	
	     Cumulative exposure: high
	247
	1.08
	0.85  - 1.37
	9.1%

	Isopropanol
	Never exposed (Ref) c
	2011
	Ref
	-
	

	
	Ever exposed 
	159
	1.19
	0.90  - 1.57
	0.0%

	
	     Duration of exposure: >10 years
	69
	1.14
	0.67  - 1.95
	28.5%

	
	     Cumulative exposure: high
	84
	1.33
	0.81  - 2.18
	28.2%

	Organic solvents
	Never exposed (Ref) c
	1197
	Ref
	-
	

	
	Ever exposed 
	449
	1.07
	0.88  - 1.31
	0.0%

	
	     Duration of exposure: >10 years
	157
	1.18
	0.88  - 1.58
	10.4%

	
	     Cumulative exposure: high
	222
	1.16
	0.92  - 1.47
	0.0%

	Iron compounds
	Never exposed (Ref) c
	2584
	Ref
	-
	

	
	Ever exposed 
	160
	1.10
	0.75  - 1.61
	32.0%

	
	     Duration of exposure: >10 years
	50
	1.15
	0.54  - 2.45
	38.6%

	
	     Cumulative exposure: high
	80
	1.13
	0.75  - 1.71
	0.0%

	Alkanes C18+
	Never exposed (Ref) c
	2288
	Ref
	-
	

	
	Ever exposed 
	183
	1.14
	0.86  - 1.51
	0.0%

	
	     Duration of exposure: >10 years
	63
	1.37
	0.85  - 2.19
	0.0%

	
	     Cumulative exposure: high
	98
	1.19
	0.82  - 1.72
	0.0%

	PAHs from petroleum
	Never exposed (Ref) c
	1964
	Ref
	-
	

	
	Ever exposed 
	279
	0.92
	0.72  - 1.17
	15.5%

	
	     Duration of exposure: >10 years
	96
	1.04
	0.68  - 1.59
	22.0%

	
	     Cumulative exposure: high
	164
	1.06
	0.78  - 1.45
	14.9%

	Cleaning agents
	Never exposed (Ref) c
	1146
	Ref
	-
	

	
	Ever exposed 
	1288
	0.98
	0.85  - 1.12
	0.0%

	
	     Duration of exposure: >10 years
	747
	1.06
	0.91  - 1.22
	0.0%

	
	     Cumulative exposure: high
	755
	1.09
	0.92  - 1.29
	20.0%

	Biocides
	Never exposed (Ref) c
	1544
	Ref
	-
	

	
	Ever exposed 
	966
	1.03
	0.89  - 1.18
	0.0%

	
	     Duration of exposure: >10 years
	518
	1.06
	0.90  - 1.25
	6.1%

	
	     Cumulative exposure: high
	489
	1.07
	0.91  - 1.26
	0.0%



a. The final model for each study center was adjusted for age (log-transformed), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center), cigarette pack-years (log [pack-years +1]), and time since quitting smoking cigarettes (in years). 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. 
b. The I2 index is calculated as I2 = for when Q statistic is larger than its degrees of freedom (k-1). When Q is less than or equal to its degrees of freedom, then I2 is truncated to zero.
c. 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. 










Table 4. Odds ratio between ever exposure to each selected agent estimated using CANJEM-50% and lung cancer in women by smoking, meta-analysis of ten studies.
	Agent 
	Stratum of Smoking
	No. of exposed cases
	Meta-OR a
	95% CI a

	Metallic dust
	Never smokers
	46
	1.78
	1.12  - 2.81

	
	Light smokers
	56
	1.05
	0.65  - 1.69

	
	Heavy smokers
	110
	0.85
	0.45  - 1.59

	Calcium carbonate
	Never smokers
	35
	0.61
	0.39  - 0.98

	
	Light smokers
	21
	0.46
	0.21  - 1.01

	
	Heavy smokers
	53
	0.76
	0.32  - 1.80

	Cotton dust
	Never smokers
	133
	0.87
	0.58  - 1.30

	
	Light smokers
	103
	0.94
	0.66  - 1.32

	
	Heavy smokers
	321
	0.99
	0.69  - 1.42

	Synthetic fibers
	Never smokers
	123
	0.84
	0.58  - 1.23

	
	Light smokers
	114
	0.94
	0.64  - 1.37

	
	Heavy smokers
	279
	1.07
	0.73  - 1.57

	Cellulose
	Never smokers
	47
	0.99
	0.65  - 1.50

	
	Light smokers
	78
	0.94
	0.63  - 1.41

	
	Heavy smokers
	171
	0.68
	0.33  - 1.37

	Ammonia
	Never smokers
	74
	1.09
	0.78  - 1.52

	
	Light smokers
	74
	1.19
	0.70  - 2.02

	
	Heavy smokers
	124
	0.94
	0.57  - 1.56

	Formaldehyde
	Never smokers
	107
	0.91
	0.68  - 1.21

	
	Light smokers
	119
	0.93
	0.65  - 1.31

	
	Heavy smokers
	286
	0.85
	0.59  - 1.21

	Cooking fumes
	Never smokers
	77
	0.95
	0.70  - 1.28

	
	Light smokers
	126
	1.11
	0.75  - 1.64

	
	Heavy smokers
	278
	1.06
	0.77  - 1.48

	Isopropanol
	Never smokers
	30
	1.46
	0.89  - 2.42

	
	Light smokers
	46
	1.23
	0.74  - 2.04

	
	Heavy smokers
	83
	0.99
	0.55  - 1.78

	Organic solvents
	Never smokers
	74
	0.98
	0.70  - 1.39

	
	Light smokers
	130
	1.30
	0.91  - 1.86

	
	Heavy smokers
	244
	1.06
	0.71  - 1.59

	Iron compounds
	Never smokers
	34
	1.59
	0.94  - 2.70

	
	Light smokers
	40
	0.99
	0.57  - 1.73

	
	Heavy smokers
	85
	0.74
	0.40  - 1.37

	Alkanes C18+
	Never smokers
	36
	1.30
	0.81  - 2.07

	
	Light smokers
	47
	1.12
	0.64  - 1.96

	
	Heavy smokers
	98
	0.93
	0.53  - 1.63

	PAHs from petroleum
	Never smokers
	54
	1.05
	0.72  - 1.53

	
	Light smokers
	75
	0.89
	0.58  - 1.39

	
	Heavy smokers
	147
	0.90
	0.57  - 1.42

	Cleaning agents
	Never smokers
	259
	0.83
	0.67  - 1.04

	
	Light smokers
	180
	1.22
	0.94  - 1.57

	
	Heavy smokers
	659
	0.91
	0.60 - 1.38

	Biocides
	Never smokers
	206
	0.96
	0.77  - 1.20

	
	Light smokers
	142
	1.16
	0.88  - 1.54

	
	Heavy smokers
	473
	1.02
	0.68  - 1.52


a. The final model for each study center was adjusted for age (log-transformed), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center), cigarette pack-years (log [pack-years +1]), and time since quitting smoking cigarettes (in years). 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. 
[bookmark: _Hlk115710842]

Table 5. Odds ratio between ever exposure to each selected agent estimated using CANJEM-50% and lung cancer in women by histological subtypes, meta-analysis of ten studies.
	Agent
	Exposure Metrics
	Lung cancer histological subtypes

	
	
	Adenocarcinoma (AdCa)
	Squamous cell carcinoma (SqCC)
	Small cell lung carcinoma (SCLC)

	
	
	No. cases
	Meta-OR
	Meta-OR 95% CI
	No. cases
	Meta-OR
	Meta-OR 95% CI
	No. cases
	Meta-OR
	Meta-OR 95% CI

	Metallic dust
	Never exposed (Ref) a
	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 carbonate
	Never exposed (Ref) a
	1192
	Ref
	-
	545
	Ref
	-
	442
	Ref
	-

	
	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) a
	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) a
	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) a
	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) a
	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) a
	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) a
	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) a
	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 solvents
	Never exposed (Ref) a
	565
	Ref
	-
	210
	Ref
	-
	174
	Ref
	-

	
	Ever exposed
	174
	0.97
	0.75 - 1.24
	86
	1.06
	0.64 - 1.75
	80
	0.97
	0.65 - 1.47

	Iron compounds
	Never exposed (Ref) a
	1138
	Ref
	-
	499
	Ref
	-
	393
	Ref
	-

	
	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) a
	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 petroleum
	Never exposed (Ref) a
	911
	Ref
	-
	368
	Ref
	-
	280
	Ref
	-

	
	Ever exposed
	92
	0.75
	0.52 - 1.08
	70
	1.14
	0.77 - 1.69
	58
	1.28
	0.82 - 2.00

	Cleaning agents
	Never exposed (Ref) a
	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) a
	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. 








Online supplementary tables

[bookmark: _Hlk117092402]Online supplementary table 1. Number of cases and controls in each of ten study centers and fieldwork period. 
	Select characteristics
	Canada-Montreal11
	Canada-Toronto18
	France15
	Germany-Munich12
	Germany-Bremen14
	Italy-Lombardy13
	Italy-Turin and Veneto 19
	New Zealand17
	Poland16
	United Kingdom16

	Fieldwork period
	1996–2001
	1997–2002
	2002–2006
	1990–1996
	1988–1993
	2002–2005
	1990–1992
	2007–2008
	1998–2002
	1998–2002

	No. Cases
	430
	194
	608
	510
	165
	360
	149
	227
	238
	159

	Squamous Cell Carcinoma
	77
	28
	95
	125
	32
	40
	74
	34
	50
	46

	Small Cell Carcinoma
	73
	13
	78
	129
	45
	36
	9
	34
	59
	16

	Adenocarcinoma
	208
	74
	337
	169
	60
	193
	42
	99
	65
	62

	Other cancer sub-types
	72
	79
	98
	87
	28
	91
	24
	60
	64
	35

	No. controls
	568
	496
	752
	540
	164
	457
	251
	357
	259
	343














[bookmark: _Hlk115715418]Online Supplementary Table 2. Meta-analysis on the association between exposure to each selected agent estimated using CANJEM-25% and lung cancer risk in women.
	Agent
	Exposure Metrics
	No. of cases
	Meta-OR a
	95% CI a
	I2  b

	Metallic dust
	Never exposed (Ref) c
	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) c
	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) c
	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) c
	2149
	Ref
	-
	

	
	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) c
	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) c
	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%

	
	     Cumulative exposure: high
	436
	1.11
	0.93  - 1.33
	0.0%

	Formaldehyde
	Never exposed (Ref) c
	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) c
	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) c
	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) c
	1197
	Ref
	-
	

	
	Ever exposed
	1240
	0.98
	0.84  - 1.15
	0.0%

	
	     Duration of exposure: >10 years
	641
	1.08
	0.91  - 1.28
	0.0%

	
	     Cumulative exposure: high
	659
	1.10
	0.93  - 1.31
	0.0%

	Iron compounds
	Never exposed (Ref) c
	2584
	Ref
	-
	

	
	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) c
	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) c
	1964
	Ref
	-
	

	
	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) c
	1146
	Ref
	-
	

	
	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) c
	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
	0.91  - 1.24
	0.0%


a. The final model for each study center was adjusted for age (log-transformed), ever employed in a blue-collar job (yes/no), education or NZSEI (in OCANZ study center), cigarette pack-years (log [pack-years +1]), and time since quitting smoking cigarettes (in years). The Meta-OR and 95%CI for each agent-lung cancer association was calculated using random-effects meta-analysis. 
b. The I2 index is calculated as I2 = for when Q statistic is larger than its degrees of freedom (k-1). When Q is less than or equal to its degrees of freedom, then I2 is truncated to zero.
c. 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. 
Online Supplementary Table 3. Pooled-analysis on the association between exposure to each selected agent estimated using CANJEM-50% and lung cancer risk in women from ten participating study centers.


	Agent
	Exposure Metrics
	No. of cases
	Pooled OR
	Pooled 95% CI a

	Metallic dust
	Never exposed (Ref) b 
	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
	0.92  - 1.76

	Calcium carbonate
	Never exposed (Ref) b
	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) b
	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) b
	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) b
	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) b
	1930
	Ref
	-

	
	Ever exposed 
	272
	1.11
	0.90  - 1.37

	
	     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) b
	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) b
	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) b
	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) b
	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) b
	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) b
	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

	PAHs from petroleum
	Never exposed (Ref) b
	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) b
	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
	0.91  - 1.21

	Biocides
	Never exposed (Ref) b
	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



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












Online Supplementary Table 4. Meta-analysis on the association between ever exposure to each selected agent estimated using CANJEM-25% and lung cancer risk in women by smoking.

	Agent (Ever exposure)
	Stratum of Smoking
	No. exposed cases
	Meta-OR a
	95% CI a

	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

	
	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
	0.91  - 1.47

	
	Heavy smokers
	550
	0.97
	0.73  - 1.28


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