Context:

The principal risk factor for lung cancer is by far tobacco smoke, however occupational exposures deserve a special interest because they are the 2 nd main etiology of this cancer. Little information is currently available on the relationship between lung cancer risk and occupational exposure to solvents that are widely used in several industries. Certain jobs such as painters, who are particularly exposed to solvents, are known to be at increased risk of lung cancer, but the causative agent is still unknown or unproven.

Objectives:

The aim of the present work was the evaluation of the role of occupational exposure to different organic solvents on lung cancer risk. Initially we studied the effect of occupational exposure to chlorinated solvents; then the analysis integrated exposure to two other solvent families, namely fuels and petroleum solvents and oxygenated solvents, always taking into account the main risk factors for lung cancer, including cigarette smoking and occupational exposure to asbestos.

Population and methods:

This work was based on a large population-based case-control study, ICARE. Detailed data on the lifelong occupation was collected. A total of 2,926 cases of lung cancer (2,276 men and 650 women) and 3,555 controls (2,780 men and 775 women) were included. Exposure to solvents was assessed by job exposure matrices, developed separately for each substance by industrial hygienists. In addition, exposure to certain solvents was directly reported by subjects in the questionnaire. First we followed a classical statistical regression analysis approach to investigate the role of chlorinated solvents. In the analysis that included three families of solvents, we followed a multidimensional complex methodological approach. Bayesian profile regression method enabled us to overcome traditional analysis limits due to high multicollinearity between solvents.

Results and conclusions:

The analysis focused on chlorinated solvents suggested an association between lung cancer and occupational exposure to perchloroethylene (PCE), especially in women. While, no association with lung cancer risk could be demonstrated in the second analysis, incorporating the three families of solvents (chlorinated, petroleum and oxygenated). However, as we had increased the specificity of exposure definition, PCE was not included in the studied solvents anymore, preventing us from confirming or denying the association suggested above. Although solvents were not associated with lung cancer, we identified two groups of subjects whose risk of lung cancer was higher than the average. In particular, one of these groups included a high concentration of painters, however our analysis does not advocate the role of solvents to explain this excess. Despite the lack of association between solvent exposure and risk of lung cancer, the Bayesian approach allowed us to analyze the effect of joint exposure to a relatively large number of substances, which is a fairly common situation in occupational exposures. Thanks to this innovative method, our intention is now to look at the role of joint exposure to substances recognized as carcinogenic for the lung such as asbestos, silica dust and diesel engine exhaust, that are frequently found for instance in construction industry.

Résumé

Contexte: Bien que le tabagisme soit de loin le facteur de risque majeur de cancer de poumon, les expositions professionnelles, qui représentent la 2 eme étiologie majeure de ces cancers, méritent un intérêt particulier. Peu d'information existe actuellement sur le risque de cancer du poumon associé aux expositions professionnelles aux solvants. Ces substances sont largement utilisées dans différentes industries et certaines professions comme les peintres par exemple, particulièrement exposés aux solvants, sont reconnues à risque de cancer du poumon, sans identification de l'agent cancérogène en cause. Objectifs : L'objectif de mon travail de thèse est l'évaluation du rôle de l'exposition à différents solvants organiques (groupés en solvants chlorés, carburants et solvants pétroliers, solvants oxygénés) sur le risque du cancer du poumon. Dans un premier temps nous avons étudié l'effet de l'exposition professionnelle aux solvants chlorés; ensuite l'analyse a intégré l'exposition aux deux autres familles de solvants, toujours en tenant en compte des principaux facteurs de risque de cancer du poumon, y compris le tabac et l'exposition professionnelle à l'amiante. Population et méthode: Ce travail est basé sur les données d'une large étude de type castémoins en population générale, ICARE. Des données détaillées sur l'activité professionnelle vie entière ont été recueillis. Au total, 2,926 cas de cancer de poumon [START_REF] Christensen | Risk of Selected Cancers due to Occupational Exposure to Chlorinated Solvents in a Case-Control Study in Montreal[END_REF]276 hommes et 650 femmes) et 3,555 témoins (2,780 hommes et 775 femmes) ont été inclus. L'exposition aux solvants a été évaluée par des matrices emplois-expositions, élaborés séparément par chaque substance par des hygiénistes industriels. En outre, l'exposition à certains solvants était directement déclarée par les sujets dans le questionnaire. Nous avons d'abord suivi une approche d'analyse statistique classique par régression afin d'étudier le rôle des solvants chlorés. Lors de l'analyse qui intégrait les trois familles des solvants, nous avons suivi une approche méthodologique complexe multidimensionnelle. La méthode bayésienne profil regression nous a permis de contourner les limites de l'analyse classique, dues à la forte multicollinéarité qui existe entre les solvants. Résultats et conclusions: L'analyse focalisée sur les solvants chlorés a suggéré une association entre le cancer du poumon et l'exposition professionnelle au perchloroethylene (PCE), en particulier chez les femmes. En revanche, aucune association avec le risque de cancer du poumon n'a pu être mise en évidence par la seconde analyse intégrant les trois familles de solvants (chlorés, pétroliers et oxygénés). Cependant, parce que nous avons augmenté la spécificité de la définition de l'exposition le PCE n'était pas inclus dans les solvants étudiés, nous empêchant de confirmer ou infirmer l'association mise en évidence précédemment. Bien que les solvants ne soient pas associés au cancer du poumon, nous avons identifié deux groupes de sujets avec un risque de cancer du poumon supérieur à la moyenne. L'un de ces groupes incluait notamment une forte concentration de peintres. Notre analyse ne plaide pas en faveur du rôle des solvants pour expliquer cet excès. Malgré l'absence d'association entre l'exposition aux solvants et le risque de cancer du poumon l'approche Bayésienne utilisée nous a permis d'analyser l'exposition conjointe à un nombre relativement important de substances, ce qui est une situation assez courante en matière d'expositions professionnelles. Notre souhait est maintenant grâce à cette nouvelle méthodologie de nous pencher sur l'étude du rôle des expositions conjointes de substances reconnues cancérigènes pour le poumon comme l'amiante, la poussière de silice et les gaz d'échappement du moteur diesel, toutes trois retrouvés très fréquemment dans l'industrie de la construction par exemple.
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Background and aims

Epidemiology of lung cancer

Incidence and mortality worldwide

Cancer is a leading cause of death worldwide, with 14 million new cases per year and 8.2 million deaths in 2012 [WHO, 2014].

Lung cancer is the most frequently occurring cancer, with 1.8 million cases, 12.9% of the world's total cancer incidence [WHO, 2014], and the most common cause of cancer death, with 1.6 million deaths, 19.4% of the world's total [START_REF] Ferlay | GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide[END_REF].

In men, lung cancer is by far the most common cancer, both in terms of incidence, with more than 1.2 million of new cases in 2012 (GLOBOCAN 2012) and an estimated age-standardized incidence rate (world population) of 34.2 per 100,000 person-years (PY), and in terms of mortality, with one million of deaths. Its geographic distribution showed marked regional variation (Figure 1): it tended to be most common in developed countries, in particular in North America and in some

Eastern and Central European countries, and less common in developing countries, particularly in Africa and Southern Asia.

In women, more than 580,000 new cases of lung cancer were reported all over the world in 2012. With an estimated age-standardized incidence rate (world population) of 13.6 per 100,000 PY, lung cancer was the 4 th most common cancer, after breast, colorectal and cervix uteri cancers, but ranked 2 nd as cause of death, with around 490,000 of deaths, because of the high case fatality. The geographic pattern was somewhat different as compared to men (Figure 3), chiefly reflecting different historical patterns of tobacco smoking. Thus, the highest incidence rates were observed in North America, North West Europe (U.K., Iceland, Denmark), Australia, New Zealand and China.

Because of lung cancer high fatality and the relatively low variability in survival in different world regions, mortality geographical patterns closely follow incidence (Figure 2 and Figure 4). Source: GLOBOCAN 2012 (IARC), Section of Cancer Surveillance (18/8/2015).

Figure 2. Estimated lung cancer mortality worldwide in 2012, men.

Source: GLOBOCAN 2012 (IARC), Section of Cancer Surveillance (18/8/2015). Figure 3. Estimated lung cancer incidence worldwide in 2012, women.

Source: GLOBOCAN 2012 (IARC), Section of Cancer Surveillance (18/8/2015). Source: GLOBOCAN 2012 (IARC), Section of Cancer Surveillance (18/8/2015).

Incidence and mortality in France

In France, lung cancer is the 3 rd most common cancer in term of incidence for the entire population (2 nd for men and 3 rd for women). In 2012, the estimated age-standardized incidence rates were 52.0 per 100,000 PY for men and 20.2 per 100,000 PY for women [START_REF] Ferlay | GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide[END_REF].

The estimated age-standardized mortality rates were 39.9 per 100,000 PY for men and 12.9 per 100,000 PY for women, and reflected the disease severity: lung cancer was the 1 st cause of cancer death for men and the 2 nd for women.

In contrast to women, men lung cancer incidence has been rather stable in the last decades (Figure 5). Men average annual world-standardized incidence rate was + 0.1% in 1980 -2012, whereas it was + 5.3% for women. This gender difference has been even stronger in 2005-2012: among women, the number of new cases increased from 7,111 to 11,284, rising around 59% with an average annual rate of + 5.4%. As regards men, on the other hand, a downward trend was observed, with 25,337 new cases in 2005 and 28,211 in 2012, a 11% growth in 7 years but a -0.3% average annual rate [START_REF] Binder-Foucard | Estimation nationale de l'incidence et de la mortalité par cancer en France entre[END_REF]. This difference was mainly due to divergent changes in smoking habits: tobacco consumption, the main risk factor for lung cancer, declined among men while increasing among women. Therefore, it has been estimated that women have not yet reached their peak of incidence, contrary to men. 
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Source: Institut de veille sanitaire [START_REF] Binder-Foucard | Estimation nationale de l'incidence et de la mortalité par cancer en France entre[END_REF].
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Lung cancer geographic distribution in France shows marked regional variation, for both men and women (Figure 6). Between 2008 and 2010, men world-standardized incidence rate ranged from 42.7 to 63.5/100,000 PY, while it was 11.6 -24.3 for women [INCa, 2008[INCa, -2010]]. A North-South gradient was evident for men, whereas for women the highest incidence was in large urban agglomerations. In particular, men highest rates were found in Nord Pas de Calais, Lorraine, Haute Normandie, Picardie, Champagne Ardennes, while the lowest rates were in Limousin, Pays de la Loire, Midi Pyrénées. This geographical distribution could be explained with socio-economic and socio-cultural arguments: the North-East of France is characterized by the highest presence of industries, including those entailing exposures that are associated with lung cancer risk (i.e. coal and iron mines, steel industry, car manufacturing), and by a strong tobacco consumption.

For women, the regions with the highest incidence rates were Corse, Languedoc Roussillon, Ile de France and Aquitaine, and those at lowest incidence were Nord Pas de Calais, Pays de la Loire and Bretagne. Except for Corse, these differences paralleled the changes in tobacco consumption, which typically increased first in urban areas. 

Histology

Lung cancer is the uncontrolled growth of abnormal cells in one or both lungs. It can start in the cells lining the bronchi and parts of the lung, such as bronchioles or alveoli.

There are two main lung cancer histologies, according to malignant cell size and appearance:

small cell lung cancer and non-small cell lung cancer.

About 10% to 15% of all lung cancers are small cell lung cancer, named after the size of the cancer cells when seen under a microscope. This histology is characterized by rapid growth and aggressive natural course, and, the overall survival at 5 years is 5% to 10%, despite high response rates to both chemotherapy and radiotherapy [START_REF] Johnson | Ten-year survival of patients with small-cell lung cancer treated with combination chemotherapy with or without irradiation[END_REF][START_REF] Lassen | Long-term survival in smallcell lung cancer: posttreatment characteristics in patients surviving 5 to 18+ years--an analysis of 1,714 consecutive patients[END_REF]. The primary and most important intervention to decrease mortality is undoubtedly smoking prevention [START_REF] Cuffe | Characteristics and outcomes of small cell lung cancer patients diagnosed during two lung cancer computed tomographic screening programs in heavy smokers[END_REF], as small cell lung cancer is very rare in never smokers [ACS, 2014].

About 85% to 90% of lung cancers belong to the non-small cell histology. They can be classified in three main subtypes, according to cell size and shape: squamous cell (epidermoid) carcinoma (about 25-30%), adenocarcinoma (about 40%), and large cell carcinoma (about 10-15%).

They are grouped together because they share similar treatment approaches and prognosis [ACS, 2014]. General indications for treatment vary according to the stage: surgery for early stages, chemotherapy with concurrent radiation for some locally advanced cancers, and palliative chemotherapy for metastatic disease. Non-small cell lung cancer has a severe prognosis, carrying a 5-year survival rate of 15%, better than small cell lung cancer [START_REF] Molina | Non-small cell lung cancer: epidemiology, risk factors, treatment, and survivorship[END_REF].

Lung cancer histological distribution differs by gender. According to an epidemiological study carried out in general hospitals in France in 2000 [START_REF] Blanchon | Epidemiologic of primary bronchial carcinoma management in the general French hospital centers[END_REF], squamous cell carcinoma was the most frequent histological type among men (43%), followed by adenocarcinoma (27%) and small cell lung cancer (17%). Among women, the main type was adenocarcinoma, representing the 45% of diagnosed tumors. Squamous cell carcinoma was diagnosed in 23% of cases and small cell lung cancer was in the same proportion as for men.

These gender differences are probably due to differential exposure to risk factors between men and women, at least partly. In particular, tobacco smoking increases the risk of all major histological types of lung cancer, but the histological types most related to tobacco consumption are squamous cell carcinoma and small cell lung cancer, with attributable risk not far from 90% (64% for adenocarcinoma) [START_REF] Jedrychowski | Effect of tobacco smoking on various histological types of lung cancer[END_REF]. This can partially explain the higher prevalence of adenocarcinoma among women, who tend to smoke less than men (among lung cancer patients, never-smokers are 32% of women versus 2.5% of men [START_REF] Blanchon | Epidemiologic of primary bronchial carcinoma management in the general French hospital centers[END_REF]). As regards occupational exposures, the hypothesis that some of them may have more specific associations with particular histologic types remains controversial [START_REF] Vena | Occupation and lung cancer risk. An analysis by histologic subtypes[END_REF][START_REF] Paris | Relationships between lung adenocarcinoma and gender, age, smoking and occupational risk factors: A case-case study[END_REF]. In particular, factors such as arsenic in copper smelters [START_REF] Wicks | Arsenic exposure in a copper smelter as related to histological type of lung cancer[END_REF], chemicals in synthesis plants [START_REF] Waxweiler | Excess lung cancer risk in a synthetic chemicals plant[END_REF], radon and silicosis [START_REF] Taeger | Role of exposure to radon and silicosis on the cell type of lung carcinoma in German uranium miners[END_REF] and mineral dust [START_REF] Jedrychowski | Effect of tobacco smoking on various histological types of lung cancer[END_REF] have been suspected to be more specifically associated with adenocarcinoma, although these findings were not conclusive.

The occupational exposure the most studied in this regard has been asbestos. Old studies reported associations with lung cancer histology , and some of them showed increased risk of adenocarcinoma [START_REF] Hueper | Occupational and environmental cancers of the respiratory system[END_REF][START_REF] Raffn | Incidence of lung cancer by histological type among asbestos cement workers in Denmark[END_REF][START_REF] Karjalainen | Asbestos exposure and the risk of lung cancer in a general urban population[END_REF][START_REF] Mollo | Lung adenocarcinoma and indicators of asbestos exposure[END_REF][START_REF] Stefani | Occupational exposures and risk of adenocarcinoma of the lung in Uruguay[END_REF].

Nonetheless, more recent studies have not found any relationship between asbestos exposure and adenocarcinoma [START_REF] Brodkin | Lobe of origin and histologic type of lung cancer associated with asbestos exposure in the Carotene and Retinol Efficacy Trial (CARET)[END_REF][START_REF] Lee | Association of cigarette smoking and asbestos exposure with location and histology of lung cancer[END_REF][START_REF] Mollo | The attribution of lung cancers to asbestos exposure: a pathologic study of 924 unselected cases[END_REF][START_REF] Paris | Relationships between lung adenocarcinoma and gender, age, smoking and occupational risk factors: A case-case study[END_REF]. In a recent pooled analysis with more than 11,500 lung cancer cases, including the ICARE subjects, a positive association emerged with squamous cell carcinoma rather than adenocarcinoma (unpublished). These discrepancies in the literature may be explained by the decreasing level of asbestos exposure over time [START_REF] Kauffer | Occupational exposure to mineral fibres: analysis of results stored on colchic database[END_REF] and the increasing frequency of adenocarcinoma according to changes in smoking behavior [START_REF] Thun | Health impact of "reduced yield" cigarettes: a critical assessment of the epidemiological evidence[END_REF]. As a consequence, it is difficult to establish definitely if a differential association by histology exists really.

Non-occupational risk factors of lung cancer

Carcinogenesis is a multifactorial process, where the interaction among hereditary, genetic, and environmental factors leads to uncontrolled cell growth.

Because of its physiological function, lung is particularly exposed to air, hence to several pollutants possibly present in the environment, which penetrate into the organism by inhalation.

In this section we describe in detail the main non-occupational risk factors of lung cancer, including tobacco smoking, that is by far the most important and accounts for approximately 90% and 60% of the lung cancer risk, respectively for men for women in Europe [START_REF] Simonato | Lung cancer and cigarette smoking in Europe: an update of risk estimates and an assessment of inter-country heterogeneity[END_REF].

However, there are also other causes, and some of them act in concert with smoking to synergistically increase the risk. Lung cancer is more affected by occupational exposure than any other cancer type, and we will devote a specific chapter to its occupational etiology.

Tobacco smoking

Active smoke

Tobacco has been widely used all over the world for centuries. The present lung cancer pandemic followed the introduction of manufactured cigarettes with addictive properties, which resulted in a new pattern of sustained exposure of the lung to inhaled carcinogens [START_REF] Hhs Usdohahs | Reducing the Health Consequences of Smoking: 25 Years of Progress: A Report of the Surgeon General: 1989 Executive Summary[END_REF].

Tobacco smoking contains over 2,500 different chemicals, including around 60 that have been identified as carcinogens or possibly carcinogens.

The carcinogenic effect of tobacco smoking has been demonstrated in the 1950s [IARC, 2004]. Lung cancer relative risk is about 8-15 fold for smokers compared to never-smokers among men, and 2-10 fold among women [START_REF] Adami | Textbook of Cancer Epidemiology[END_REF]. This risk reflects the contribution of several dimensions in smoking habit: average consumption, duration, time since cessation, age at starting smoking, type of tobacco and inhalation. According to Doll and Peto evaluations [START_REF] Doll | Cigarette smoking and bronchial carcinoma: dose and time relationships among regular smokers and lifelong non-smokers[END_REF], the most important dimension that affects lung cancer risk in smokers was the duration of regular smoking, although risk also increased with the amount of cigarettes smoked. In particular, they found that a tripling of the number of cigarettes smoked per day tripled the risk, whereas a tripling of smoking duration increased the risk 100-fold. The effect of smoking cessation has been evaluated by a large number of analytical studies showing a significant lung cancer risk reduction, and the magnitude of the reduction increased with time since cessation. However, former smokers' risk remains elevated compared with never-smokers [IARC, 2004].

Secondhand smoke

Secondhand tobacco smoking comprises the smoke released from the burning tip of a cigarette (or pipe or cigar) and the smoke exhaled by the smoker. It is also referred as environmental tobacco smoke, passive smoking or involuntary smoking. Since 2004, it has been classified as known human carcinogen by the International Agency for Research on Cancer (IARC) [IARC, 2004]. The U.S.

Surgeon General estimated that living with a smoker increases a nonsmoker's chance of developing lung cancer by 20 to 30 percent [START_REF] Hhs Usdohahs | The Health Consequences of Involuntary Exposure to Tobacco Smoke: A Report of the Surgeon General[END_REF]. There is sufficient evidence to infer a causal relationship between secondhand smoke exposure and lung cancer among lifetime nonsmokers, regardless of location of exposure (house, workplace, or other sources) [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF].

Familiarity and genetic susceptibility

Although lung cancer causes are almost exclusively environmental, it is likely that substantial individual variation in susceptibility to respiratory carcinogens exists. Indeed, only a small proportion of smokers (fewer than 20%) develop lung cancer [START_REF] Brennan | High cumulative risk of lung cancer death among smokers and nonsmokers in Central and Eastern Europe[END_REF].

A recent meta-analysis showed that individuals with a first-degree relative with lung cancer had a 1.51-fold increase in risk of lung cancer compared to individuals without such a family history, after adjustment for smoking and other potential confounders [START_REF] Cote | Increased risk of lung cancer in individuals with a family history of the disease: a pooled analysis from the International Lung Cancer Consortium[END_REF]. Moreover, family history of lung cancer has been associated with lung cancer also among never smoking individuals [START_REF] Matakidou | Systematic review of the relationship between family history and lung cancer risk[END_REF][START_REF] Lissowska | Family history and lung cancer risk: international multicentre case-control study in Eastern and Central Europe and metaanalyses[END_REF][START_REF] Cote | Increased risk of lung cancer in individuals with a family history of the disease: a pooled analysis from the International Lung Cancer Consortium[END_REF]. This suggests that factors such as genetic susceptibility may contribute to increased risk of lung cancer.

Genetic susceptibility has been studied since the early '90, and the gene-candidate approach was followed at first. Afterwards, this approach has been criticized because of non-replication of results and limited ability to include all possible causative genes and polymorphisms. Some enzymes involved in the metabolism of tobacco smoke constituents have been investigated thoroughly. For example, the polymorphisms of CYP1A1, GSTM1 and GSTT1 genes were the object of several studies aimed at assessing if subjects carrying variant alleles had higher lung cancer risk. The cytochrome P450 enzymes (CYP) play a central role in the metabolism of many xenobiotics and endogenous compounds including food additives, industrial solvents and pollutants, sometimes converting them to reactive metabolites [START_REF] Lieber | Cytochrome P-4502E1: its physiological and pathological role[END_REF]. In particular, CYP2E1 plays a role in the metabolism and bio-activation of many solvents that are present in tobacco smoke, notably benzene, styrene, vinyl chloride and trichloroethylene, but also N-dimethylnitrosamines, [START_REF] Chen | Activation and Detoxification Enzymes: Functions and Implications[END_REF]. Several epidemiological studies reported the association of CYP2E1 RsaI polymorphism (the most investigated) with lung cancer risk, but a recent meta-analysis indicated a negative association among Asians, and none in Caucasians [START_REF] Ye | Association between the CYP2E1 polymorphisms and lung cancer risk: a meta-analysis[END_REF]. Research in genetic susceptibility has been developed

widely over the last thirty years, but results are generally considered somehow disappointing. Till now, several genes have been found to be associated with a modest increase in the risk of cancer and no evidence emerged for gene-environment interactions, in particular for lung cancer [Vineis, 2009].

Previous respiratory diseases

Increased lung cancer susceptibility may result from underlying lung diseases, e.g. those that obstruct airflow, such as chronic obstructive pulmonary disease (COPD), and fibrotic disorders that restrict lung capacity, such as pneumoconiosis [START_REF] Cotran | Robbins pathologic basis of disease: 5th ed. 5[END_REF]. Nevertheless, their association with lung cancer is a complex topic. For example, cigarette smoking is the principal cause of both COPD [START_REF] Hhs Usdohahs | The health consequences of smoking: chronic obstructive lung disease; a report of the Surgeon General[END_REF] and lung cancer, consequently inadequate control for smoking could result in spurious findings. However, one case-control study looked at the prevalence of COPD in newly diagnosed lung cancer patients, matched for age, sex, and smoking history with the control subjects, and it found that the prevalence of COPD in cases (50%) was six-fold greater than in the control group (8%) [START_REF] Young | COPD prevalence is increased in lung cancer, independent of age, sex and smoking history[END_REF].

In addition, the link between emphysema and lung cancer has been shown in several studies, and small associations emerged with other lung diseases, such as asthma, tuberculosis, and pneumonia [START_REF] Littman | Prior lung disease and risk of lung cancer in a large prospective study[END_REF][START_REF] Brenner | [END_REF]. Furthermore, a pooled analysis conducted by the International Lung Cancer Consortium (ILCCO) on more than 100,000 subjects showed that previous lung diseases influence lung cancer risk independently of tobacco use [START_REF] Brenner | Annex 6. Publications stemming from this thesis work Exposure to chlorinated solvent and lung cancer: Results of the ICARE study Francesca Mattei 1,2 , Florence Guida 1,2[END_REF].

Radon

Radon is a chemically inert, naturally occurring radioactive gas, present in the environment.

It is produced from the radioactive decay of uranium which is found in rocks and soil. It escapes easily into the air and tends to concentrate in enclosed spaces, such as underground mines and houses.

It is present in particular in volcanic areas or in regions rich in granite and uranium (such as Massif-Central, Bretagne, Vosges and Corse).

Radon has been classified by IARC as a cause of lung cancer since 1988 [IARC, 1988], and has been indicated as the second leading cause of lung cancer, after cigarette smoking, by the U.S.

Environmental Protection Agency [START_REF] Pawel | Environmental Protection Agency's assessment of risks from indoor radon[END_REF]. A synergistic effect between radon and smoking has also been recognized [ [START_REF] Barros-Dios | Exposure to residential radon and lung cancer in Spain: a population-based case-control study[END_REF].

A pooled analysis of European studies on residential radon exposure and lung cancer resulted in a RR of 1.08 (95% CI: 1.03-1.16) for a 100 Bq/m 3 increase [START_REF] Darby | Radon in homes and risk of lung cancer: collaborative analysis of individual data from 13 European case-control studies[END_REF]. In France, Catelinois et al. examined the exposure-response relations derived from cohorts of miners and from joint analyses of residential case-control studies, and suggested that 2.2% to 12.4% of lung cancer deaths may be attributable to indoor radon [START_REF] Catelinois | Lung cancer attributable to indoor radon exposure in france: impact of the risk models and uncertainty analysis[END_REF].

Air pollution

The effect of air pollution on lung cancer risk is an important issue because large proportions of the population are concerned globally.

Air pollution consists mainly of gases (sulfur dioxide -SO2, Nitrogen dioxide -NO2, Nitrogen oxides -NOx, Ozone -O3), as well as fine particles (PM2.5), which are largely emitted by vehicles fitted with diesel engines. However, the constituent of air pollution vary by site and over time depending on the pollution sources. Consequently, problems in epidemiologic investigations of air pollution in association with lung cancer arise from the difficulty of estimating the exposure, and precise estimations of associations measures remains uncertain [IARC, 2013]. In an attempt to overcome these difficulties, a meta-analysis was conducted recently on 21 cohort studies: the risk of lung cancer resulted positively associated with long-term exposure to PM2.5 (7.23%/10 μg/m increase), NO2

(13.17%/10 parts per billion increase), NOx (0.81%/10 ppb increase) and SO2 (14.76%/10 ppb increase), although the RR magnitude was relatively small [START_REF] Yang | An evidence-based assessment for the association between long-term exposure to outdoor air pollution and the risk of lung cancer[END_REF].

In addition, several other studies, mostly conducted on cohorts, found that air pollution (transportation-related or industry-related) actually was a risk factor for lung cancer, although a minor one when compared to tobacco smoking [INSERM, 2008;[START_REF] Demetriou | Biomarkers of ambient air pollution and lung cancer: a systematic review[END_REF]. IARC classified outdoor air pollution as a Group 1 carcinogen [START_REF] Iarc | Agents Classified by the IARC Monographs[END_REF].

Socio-professional categories

Several studies have reported higher lung cancer incidence and mortality in individuals with lower socio-economic status, in particular in North America and in Europe [START_REF] Mao | Socioeconomic status and lung cancer risk in Canada[END_REF][START_REF] Mackenbach | Inequalities in lung cancer mortality by the educational level in 10 European populations[END_REF]. However, socio-economic status cannot be considered as a risk factor by itself, and its role in lung cancer development is still widely debated. Other factors certainly underlie social inequalities, such as strong tobacco consumption first of all, but also high level of occupational exposures or unhealthy diet [START_REF] Menvielle | The role of smoking and diet in explaining educational inequalities in lung cancer incidence[END_REF][START_REF] Rajer | Pollution in the working place and social status: co-factors in lung cancer carcinogenesis[END_REF].

Environmental exposure to asbestos

Several sources of exposure to asbestos for members of the general public still exist, even in the countries where it has been banned. Just to mention some of them, friable asbestos may be released from older building materials and insulation, from brake linings, during demolition of older buildings or during poorly contained asbestos removal operations. Asbestos exposure may occur simply because of living near asbestos-containing waste sites or asbestos-related industries, or using asbestos-contaminated vermiculite or talc containing asbestiform fibers. "Bystander exposure" can even take place by contact with asbestos workers or their clothes. Non-occupational exposure to asbestos may explain about 20% of the mesotheliomas in industrialized countries, but it is difficult to estimate the proportion of attributable lung cancers [START_REF] Goldberg | The health impact of nonoccupational exposure to asbestos: what do we know?[END_REF].

Occupational risk factors for lung cancer

The principal risk factor for lung cancer is by far tobacco smoking, however also the workplace may provide an environment where the risk of carcinogenic exposure is present. Many substances are well recognized occupational carcinogens, such as asbestos, silica, nickel, chromium VI [START_REF] Siemiatycki | Listing occupational carcinogens[END_REF].

Inhalation is an easy route of entry into the body for many carcinogenic agents occurring in the workplace, and lung is the target organ that has been linked to occupational carcinogens most often [START_REF] Doll | The causes of cancer: quantitative estimates of avoidable risks of cancer in the United States today[END_REF].

In the following paragraphs, we will firstly give an overview about agents determined by the International Agency for Research on Cancer (IARC) to be definite (Group 1), probable (Group 2A)

or possible (Group 2B) lung carcinogens, and the corresponding weight in cancer developing, estimated through the attributable risk fraction, reported in literature. A description of occupational risk factors of interest for our study is provided.

Secondly, we will describe organic solvents, grouped into three main categories: chlorinated solvents; fuels and petroleum-based solvents; oxygenated solvents.

Known or suspected risk factors

Among the agents classified by the IARC as human carcinogens in Group 1, Group 2A and Group 2B, 45 are associated with increased lung cancer risk. Some of them are specific substances, while others represent groups with an excess of risk whose causative agent is still unknown or unproven. The most important occupational risk factors for lung cancer are asbestos, diesel engine exhaust, and several metals, i.e. chromium, nickel, beryllium, cadmium, arsenic and crystalline silica

dust. An increased risk of lung cancer in association with occupational exposure to radon and its progeny among underground miners is also well established [BEIR, 1999].

In the early 1980s, two lists of industrial activities and occupations known (list A, Table 1) or suspected (list B, Table 2) to be associated with lung carcinogens were developed [Simonato, 1983] and repeatedly updated [START_REF] Boffetta | Current Perspectives on Occupational Cancer Risks[END_REF][START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF][START_REF] Mirabelli | Database of occupations and industrial activities that involve the risk of pulmonary tumors[END_REF][START_REF] Consonni | Lung cancer and occupation in a population-based case-control study[END_REF], in order to easily take into account the burden of occupational exposures in lung cancer studies. The starting point was the IARC evaluation of carcinogenic risks. These lists are easy to apply because it is only needed the knowledge of the lifelong occupational history of the subjects, an information which is regularly collected in epidemiological studies and can be considered as reliable. The lists have been translated into international codes of jobs and activity sectors (International Standard Classification of Occupations, ISCO, and International Standard Industrial Classification of All Economic Activities, ISIC) [START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF]. To facilitate the comparability with our data, ISIC codes have been recoded into French Nomenclature of Activities codes (NAF) [START_REF] Guida | Rôle de l'exposition professionnelle aux laines minérales dans les cancers broncho-pulmonaires: analyse de l'etude cas-témoins ICARE[END_REF]. 

Attributable risk fraction

In 1980s, Doll estimated that 10-15% of lung cancer cases among men and 5% among women were of occupational etiology in USA [START_REF] Doll | The causes of cancer: quantitative estimates of avoidable risks of cancer in the United States today[END_REF]. Imbernon reported an attributable fraction to occupational exposures varying from 13% and 30% for men, in industrialized countries [START_REF] Imbernon | Estimation du nombre de cas de certains cancers attribuables à des facteurs professionnels en France[END_REF]. In 2004, the burden of lung cancer due to past occupational exposure in UK was estimated to be 16.5% among men and 4.5% among women, for established carcinogens (Group 1 in IARC classification); and 21.6% and 5.5% respectively for carcinogens of IARC groups 1, 2A and 2B

together [START_REF] Rushton | The burden of cancer at work: estimation as the first step to prevention[END_REF]. In France, Boffetta et al. estimated that 12.5% of men lung cancer cases could be attributed to known occupational risk factors, and the estimate among women was around 6.5% [Boffetta, 2010].

It is important to consider that, by definition, attributable fractions are calculated on acknowledged occupational risk factors only. This probably leads to underestimate the role of occupational exposure in lung cancer development. This underestimation concerns especially women, whose overall attributable fractions are lower than men's. Typically, women are not much affected by the occupational exposures that are known to be lung carcinogens. In addition, very few studies have been carried out yet with the aim of investigating occupational exposures at risk of lung cancer in women-dominated jobs or activity sectors.

In conclusion, although an important part of lung cancer cases is certainly due to occupational exposures, the exact proportion is difficult to estimate because the attributable risk fractions in literature vary greatly in time and space: ranges from 0 to 40% have been shown in 32 studies conducted within the last 30 years [De Matteis, 2008]. In addition, given the multifactorial etiology of lung cancer, synergistic interactions among risk factors may have substantial consequences for lung cancer risk. As a consequence, an interesting question could be the relative contribution of these factors to the overall burden of lung cancer.

Organic solvents

Chemistry and exposure conditions

A solvent can be defined as a substance that dissolves another substance. The dissolving ability depends on chemical groups that make up the solvent molecule. -Oxygenated solvents: alcohol (Alc), ketone/esters (KetEst), diethyl ether (Et2O), ethylene glycol (Glycol) and tetrahydrofuran (THF).

In Table 3 the distribution of solvent use in France in 2004 is shown for each category. Details about solvents definition and characteristics are provided in the following paragraphs. [START_REF] Triolet | Panorama de l'utilisation des solvants en France fin 2004[END_REF]. 1.13.1.1 Chlorinated solvents Chlorinated solvents are hydrocarbons containing chlorine atoms in their molecular structure and belong to halogenated hydrocarbons family.

The main chlorinated solvents are described in the Table 4: They are the most commonly used in chemical industry for feedstock uses. Generally speaking, their wide use in many industrial and commercial applications is due to their excellent ability to dissolve oils, their fast evaporation rates and their chemical stability (they are not flammable). Therefore, they are particularly used as cleaning products and degreasers for textiles and metals.

Most chlorinated solvents are toxic and irritant. Acute effects could concern depression of the central nervous system, damage to lung, heart, kidney or liver, and also skin irritations. Chronic effects appear as damage to the nervous system whose symptoms are headache, memory disorders, asthenia. Some solvents are also considered carcinogens. However, the health effects depend on the specific type of solvent.

In Table 5, for each of the five chlorinated solvents selected by the InVS for the evaluation of occupational exposure we give a brief description according to their widespread use, their regulations and their toxicity. Most of these substances are mainly used as fuels, as solvents and diluent (e.g. for paints and glue)

or as degreasing agents (e.g. for metal tools). They have in common acute and chronic toxic effects, which consist essentially of skin, mucous membranes and central nervous system damages. However, generally petroleum solvents are mixtures, whose health effects are often difficult to determine precisely, because they vary according to the specific composition.

In Table 6 we present a brief description of each of the five categories of petroleum products selected by the InVS, according to their composition (aromatic hydrocarbons content), main use (as solvent or as fuel), and toxicity. 

Oxygenated solvents

Oxygenated solvents are hydrocarbons containing oxygen atoms in their molecular structure.

They are mostly derived from petrochemicals, but some of them are produced after fermentation of agricultural products, such as ethanol and some esters. Oxygenated solvents are divided in aliphatic (do not contain a benzene ring) and aromatic (do contain at least one benzene ring) solvents. They are classified in several families according to their chemical structure, as is shown in Table 7. Oxygenated solvents represented 52% of the solvents used in France in 2004. The majority was used in the manufacture of solvent-based formulations and the remaining as solvent per se [START_REF] Triolet | Panorama de l'utilisation des solvants en France fin 2004[END_REF]. Formulations are mixtures of substances containing one or more solvents belonging to different chemical families. Generally they have low toxicity, however they are highly flammable, creating dangerous explosive atmospheres. Most of them are comprised in the group of volatile organic compounds (VOCs), and they are covered by the European Directive on solvent emissions adopted in 1999 and by certifications aimed at reducing VOC emissions.

On the basis of their large use in industry, the InVS has developed and provided five JEMs:

two for aliphatic oxygenated solvents, namely (i) ketones and esters (grouped in a unique family, because they are mixed in many formulations) and (ii) alcohols (except glycol); and three for specific aliphatic oxygenated solvents, (iii) ethylene glycol; (iv) diethyl ether and (v) tetrahydrofuran (see Table 8). The two last solvents belong to the same family, those of ethers, but their use is completely different. JEMs for aromatic oxygenated solvents and glycol ethers have not been developed. 

Occupational exposure to organic solvents and cancer

Epidemiologic evidence on the relationship between organic solvent occupational exposure and cancer (all sites) is reviewed in the following paragraphs, with reference to IARC classification.

Chlorinated solvents

In 2012, IARC classified TCE as carcinogenic for humans (Group 1) because of convincing evidence regarding an association with renal-cell carcinoma [Scott, 2011;Guha, 2013;Purdue, 2013;Rusyn, 2014]. Less consistent epidemiologic evidence was found regarding associations with liver cancer and non-Hodgkin's lymphoma (NHL) [Guha, 2013].

Numerous case-control studies have been conducted in order to evaluate the association between occupational exposure to PCE and various cancers: few studies assessed PCE specifically, with exposure assessment ranging from simple job-title determinations to quantitative assessments, while the majority evaluated occupations and industries with potential exposure to this solvent, such as dry-cleaning and aircraft workers. IARC classified PCE as a probable carcinogen (Group 2A) in 2012 [Guha, 2013]. Epidemiologic evidence showed consistent patterns of association between PCE and bladder cancer across studies, and some positive associations have been reported also for cervical, kidney, esophageal cancer, and NHL [Mundt, 2003;Guha, 2013].

Among the other chlorinated solvents, DCM, CF and CT are considered to be possibly carcinogenic (Group 2B) [IARC, 1999[IARC, , 1999]].

Fuels and petroleum-based solvents

A causal association between exposure to benzene and an increased risk of leukemia has been well-established since 1982, when the IARC concluded there was sufficient evidence for its carcinogenicity in humans [IARC, 1982]. In 1987 it was classified as a Group 1 carcinogen, reporting additional evidence of an increased incidence of acute non-lymphocytic leukemia [IARC, 1987].

As regards the other fuels and petroleum solvents, in 1989 the IARC concluded that there was inadequate evidence for their carcinogenicity in humans. Inadequate evidence was provided also for the carcinogenicity of high-boiling aromatic solvents in animal experiments; and no data were available on the carcinogenicity of special boiling range solvents or white spirits in experiments on animals. As a consequence, fuels and petroleum solvents are not classifiable as to their carcinogenicity to human (Group 3) [IARC, 1989].

Oxygenated solvents

Very few oxygenated solvents have been evaluated by the IARC in relation to their potential carcinogens effects. In particular, no ester or ketone solvent has been classified into any group, except cyclohexanone in the ketone family that has been included in Group 3 [IARC, 1999]. None of these solvents has been evaluated in our study.

In the alcohol family, ethanol in alcoholic beverages has been classified into IARC Group 1, while isopropanol belongs to Group 3 (but we did not take into account these kinds of exposure in our study). No other alcohol commonly employed in occupational settings has been classified by the IARC.

Finally, three specific oxygenated solvents that are included in our study, namely ethylene glycol, diethyl ether and tetrahydrofuran, are not present in IARC classification.

Occupational exposure to organic solvents and lung cancer

Few studies in scientific literature investigated the role of solvent exposure expressly in lung cancer. Most studies focused rather on multiple cancer sites or on specific professional categories of workers, e.g. dry-cleaners and painters that are exposed to several substances, including solvents.

Nearly all workplaces entail multiple exposures, and this makes it difficult to interpret the study findings. In addition, studies on exposure to unspecified solvents were considered by the IARC uninformative.

Chlorinated solvents

As previously presented in Table 5. Description of selected chlorinated solvents.Table 5, the chlorinated solvents, and in particular TCE and PCE, have been or are mainly used as cleaning products and degreasers for textiles and metals, so the main specific activity sectors that can entail expose workers are dry cleaning and metallurgical industry, just to mention a few.

Evidence for lung carcinogenicity of chlorinated solvents in humans is inconclusive [START_REF] Chen | A meta-analysis of mortality among workers exposed to organic solvents[END_REF]IARC, 1999IARC, , 1999[START_REF] Iarc | Trichloroethylene, tetrachloroethylene and some other chlorinated agents[END_REF]. Several epidemiological studies have been conducted on this issue but they showed heavy limitations, such as weak exposure assessment and poor control of potential confounding factors, notably smoking. from both studies, which included a total of 2,016 cases and 2,001 controls [Vizcaya, 2012]. This research has been used for several studies on solvents exposure and lung cancer risk and will be referred to as "the Montreal case-control study" in the following paragraphs. Interviews were used to collect socio-demographic data, detailed smoking history (age at beginning and at cessation, and intensity and duration of the smoking habit) and information on occupational exposure to six specific chlorinated solvents (PCE, TCE, 1,1,1-trichloroethane, CT, CT and DCM). The methodology of exposure assessment was similar in both studies: a semi-structured questionnaire was used to obtain details of each job that lasted at least 6 months during the subject's working lifetime (type of employer, nature of the products used or manufactured, subject's tasks and those of nearby workmates, and use of protective devices). A team of industrial chemists and hygienists, blinded to case-control status, examined each subject's questionnaires and translated each job into potential exposures from a list of 294 substances. The exposure assessment was based on both worker's occupation and industry, and on the individual characteristics of the workplace and tasks, as reported by the subject or as inferred by the experts from independent knowledge of the company or industry.

If an exposure was coded, the experts also rated the exposure according to (i) their confidence that the exposure actually occurred (possible, probable and definite); (ii) the frequency of exposure during a normal working week (<5%, 5-30% or >30% of the time); and (iii) the relative concentration of the substance (low, medium or high) with reference to certain benchmark occupations in which the substance is found. In statistical analyses, they included only exposures which were coded by the experts with confidence levels of probable or definite. They defined 'substantial' exposure to a particular agent an exposure to medium or high concentration levels lasting at least 5 years, for ≥2h per week. Exposures that did not meet these criteria were defined as 'not substantial'. Odds ratios were 1.7 (95% CI, 0.9-3.4) for any level of exposure to TCE and 1.1 (95% CI: 0.5-2.7) for substantial exposure. Estimates were adjusted for age, smoking habits, education, socio-economic status, ethnicity, exposure to eight known carcinogens and study period. When stratified by histological subtype, a significantly increased risk of adenocarcinoma was reported for substantial exposure to TCE (OR: 2.7; 95% CI: 1.0-7.6) [Vizcaya, 2012].

Apart from Montreal case control study, there is no substantial epidemiological literature on lung cancer and TCE. TCE has been used in dry-cleaning as the main solvent (from the 1930s to the 1950s) and is still used as a spotting agent to remove stains. From the 1940s, it began to be replaced by PCE. Dry-cleaning workers active in this early period may have been exposed to TCE, as well as to CT, PCE and other petroleum-derived solvents. Since use of these chlorinated solvents overlapped, and since all of them continued to be used as spotting agents, the literature contains few reports about cohort studies on the health effects and cancer outcomes among dry-cleaning workers exposed exclusively to TCE [START_REF] Iarc | Trichloroethylene, tetrachloroethylene and some other chlorinated agents[END_REF]. In a small study of 65 male dry-cleaning workers heavily exposed to TCE in Prague, Czech Republic, starting in the 1950s, six men were diagnosed with cancer after a 5-50 year follow-up, and in three cases the cancer site was the lung [START_REF] Malek | An epidemiological study of hepatic tumour incidence in subjects working with trichloroethylene. II. Negative result of retrospective investigations in dry-cleaners[END_REF] [Mundt, 2003]. The most important studies are described below.

The NCI (National Cancer institute) cohort was assembled through union records, because of the large number of small shops with a few employees each and the high turnover in this industry [START_REF] Blair | Causes of death among laundry and dry cleaning workers[END_REF]Blair, 1990;[START_REF] Blair | Extended mortality follow-up of a cohort of dry cleaners[END_REF]. This study enrolled members of a union of dry-cleaning workers in Missouri, USA, which had 11,062 members between 1945 and 1978, of whom 5,790 had held membership for 1 year or more. After exclusion of 425 members for whom information on race, sex, or date of birth was unavailable, the analysis was restricted to 5,365 members who were followed from entry to the union or on 1 January 1948 (whichever came later) until 1 January 1979. Followup was extended to 31 December 1993 for the most recent update and included 5,369 members. The cohort provided 146,082 years of follow-up until 1993 and expected numbers of deaths were calculated from national rates. An excess of mortality was found for lung cancer (SMR: 1.4; 95% CI:

1.1-1.6; 125 deaths). An important limitation of this study is the lack of information on potential confounding factors, such as tobacco smoking, that can lead to misclassification.

The NIOSH (National Institute for occupational Safety and Health) cohort included 1,704 unionized dry-cleaning workers from four cities, respectively in California, Illinois, Michigan and New York, USA [START_REF] Brown | Retrospective cohort mortality study of dry cleaner workers using perchloroethylene[END_REF][START_REF] Ruder | Cancer mortality in female and male dry-cleaning workers[END_REF]Ruder, , 2001;;[START_REF] Calvert | Mortality and end-stage renal disease incidence among dry cleaning workers[END_REF]. The inclusion criteria were: employment for at least 1 year before 1960 in a shop where PCE was the primary solvent used, and no known exposure to CT. Monitoring data about solvent use and level and the job-title information were collected in order to verify exposure to PCE and other solvents used in dry-cleaning, and to exclude workers who had been exposed to CT or TCE. In the analyses, two sub-cohorts were defined: people employed only in shops where PCE was the primary solvent used, and people whose work also involved exposure to other solvents. The most recent update added mortality follow-up until 31

December 2004, accounted for 94% of the women and 97% of the men, and generated 63,426 personyears at risk, but did not extend employment follow-up [START_REF] Calvert | Mortality and end-stage renal disease incidence among dry cleaning workers[END_REF]. The mean duration of employment in dry-cleaning shops until 31 December 1990 was 6.4 years for those exposed only to PCE and 11.4 years for those also exposed to other solvents; the latter group had a mean duration of 6.0 years of exposure to PCE. Expected numbers of deaths were calculated from the national death rates. The SMRs were significantly increased for cancers of the lung (SMR: 1.3; 95% CI: 1.0-1.6; 77 deaths), however information on possible confounders such as smoking was not available.

Seldén et al. [Selden, 2011] A cohort of 3,974 workers in Finland who were biomonitored for occupational exposure to halogenated hydrocarbons, including PCE, during 1974-1983 was followed for cancer incidence from 1967 to 1992. These workers were exposed to PCE in dry-cleaning, and to a small extent also in degreasing and in the graphics industry. Among workers exposed to PCE, there was increased risk of lung cancer, but based on a small number of cases (SIR, 1.92; 95% CI: 0.62-4.48; 5 cases) [START_REF] Anttila | Cancer incidence among Finnish workers exposed to halogenated hydrocarbons[END_REF].

Other studies reported results only for "laundry and dry-cleaning workers" combined, such as [Andersen, 1999;[START_REF] Travier | Cancer incidence of dry cleaning, laundry and ironing workers in Sweden[END_REF][START_REF] Pukkala | Occupation and cancer -follow-up of 15 million people in five Nordic countries[END_REF] but are considered to be uninformative with regards to PCE exposure by the IARC [START_REF] Iarc | Trichloroethylene, tetrachloroethylene and some other chlorinated agents[END_REF].

A case-control study of lung cancer investigated occupational exposure to PCE, reporting increased risks of lung cancer after adjusting for age, smoking and previous lung disease [START_REF] Brownson | Occupational risk factors for lung cancer among nonsmoking women: a case-control study in Missouri (United States)[END_REF]. Incident cases (n = 429) were identified through the Missouri Cancer Registry for the period 1986 through 1991, and included lifetime nonsmokers and ex-smokers (who had stopped at least 15 years prior to diagnosis or had smoked for less than one pack-year). Controls (n = 1,021) were selected through driver's license and Medicare files. Increased risk of lung cancer was found in female drycleaning workers (OR: 1.8; 95%CI: 1.1-3.0). Finally, also the Montreal case control study showed a positive association of PCE exposure with lung cancer, but with very large confidence intervals (OR:

2.54; 95% CI: 1.25-5.26, for any exposure; and OR: 2.4; 95% CI: 0.8-7.7, for substantial exposure) [Vizcaya, 2012].

DCM, CF, CT

Very few studies investigated the remaining chlorinated solvents. No evidence emerged supporting the associations of the exposure to DCM [START_REF] Siemiatycki | Risk Factors for Cancer in the Workplace[END_REF], CF [START_REF] Siemiatycki | Risk Factors for Cancer in the Workplace[END_REF] and CT [START_REF] Bond | Nested case-control study of lung cancer among chemical workers[END_REF] with lung cancer. Only in one study, the Montreal case control study, CT was associated with increased lung cancer risk (OR: 2.5; 95% CI: 1.1-5.7) [Vizcaya, 2012]. 1.13.3.2 Petroleum-based solvents

Benzene

More than twenty cohort studies were conducted to collect information on potential or estimated benzene exposure and lung cancer. Although most of them showed no association, evidence of a dose-response relationship was found in two cohorts with quantitative exposure-assessment [START_REF] Hayes | Mortality among benzene-exposed workers in China[END_REF][START_REF] Collins | Lymphohaematopoeitic cancer mortality among workers with benzene exposure[END_REF]. The first was conducted on 74,828 benzene-exposed and 35,805 nonexposed workers employed in twelve cities in China, between 1972 and1987. The other study included 4,417 workers at a chemical plant, followed between 1940 and 1977 in Illinois. In two others statistically significant increases in risk of lung cancer were observed [START_REF] Lynge | Risk of cancer and exposure to gasoline vapors[END_REF][START_REF] Sorahan | Cancer risks in a historical UK cohort of benzene exposed workers[END_REF].

None of these studies adjusted the main results for smoking.

The Montreal case-control study showed no association of exposure to benzene with lung cancer overall or with the main histological subtypes [START_REF] Gerin | Associations between several sites of cancer and occupational exposure to benzene, toluene, xylene, and styrene: results of a case-control study in Montreal[END_REF].

Kerosene/Diesel oil/fuel oil Two ancient large cohorts of Japanese workers were followed respectively during the period 1957-59 [START_REF] Tsuchiya | The relation of occupation to cancer,especially cancer of the lung[END_REF] and 1966-68 [START_REF] Okubo | An epidemiological study on the cancer mortality in various industries in Japan[END_REF]. Information on exposures and on cancer deaths was obtained from questionnaires distributed to health supervisors in each factory. The first study included 400,000 workers (1, 200,000 person-years). An excess of lung cancer (55 deaths and newly-diagnosed cases) was observed among workers described as having been exposed to kerosene, diesel oil, crude petroleum and mineral oil (OR: 2.7, 95% CI: 1.4-5.3) when considered as a group.

The second study covered a population of about 1,200,000 employees at 515 factories in Japan. No excess of lung cancer risk was found in industries where kerosene, paraffin oil or petroleum combustibles were reported as having been used or produced. However, these results are difficult to interpret due to the very general assessment of exposure and to the lack of information on expected numbers and on confounding variables.

A significant association between exposure to heating oil and small cells lung cancer was observed (OR: 1.7, 95%CI: 1.2-3.4) in the previously mentioned Montreal case-control [START_REF] Siemiatycki | Associations between several sites of cancer and twelve petroleum-derived liquids. Results from a case-referent study in Montreal[END_REF].

Three case-control studies that were carried out to investigate the high incidence of lung cancer in women in Hong Kong in relation to use of kerosene cooking stoves in last '1970s concluded on a positive and strong association [START_REF] Leung | Cigarette smoking, the kerosene stove and lungcancer in Hong Kong[END_REF][START_REF] Chan | Bronchial cancer in Hong Kong, 1976-1977[END_REF][START_REF] Le | Do cooking fuels pose a risk for lungcancer? A case-control study of women in Hong Kong[END_REF]. However the IARC working Group considered that the predominant inhalation exposure of the women in these studies would have been to the combustion products of kerosene and not to the product itself.

Mineral spirits

Based on the Montreal case-control study, 739 men were classified as having been potentially exposed to 'mineral spirits' (term 'mineral spirits' included white spirits, Stoddard solvent, VM & P naphtha, rubber solvent, benzene and ligroin). Those with long ( > 20 yeas) and substantial potential exposure were found to have a RR for squamous-cell cancer of the lung of 1.7 (90% CI, 1.2-2.3), based on 44 cases. Of the 739 exposed men, 21% had been employed in the construction trade, mostly as painters. The risks were adjusted for age, socio-economic status, ethnic group, cigarette smoking and blue/white-collar job history, and for all potential confounders on which information was available [START_REF] Siemiatycki | Associations between several sites of cancer and twelve petroleum-derived liquids. Results from a case-referent study in Montreal[END_REF].

Painters

Occupational exposure as a painter was classified as a Group-1 carcinogen by the IARC in 1989 [IARC, 1989]. Many independent cohort studies of painters have investigated the association with lung cancer, between 1958 and 2009. Overall, these studies have shown a significantly increased incidence or mortality from lung cancer, with a magnitude of effect that was relatively consistent between studies. However, only few of them were adjusted for tobacco smoking [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF].

More than thirty independent case-control studies of lung cancer also demonstrated consistent increased risks for occupation as a painter (generally ranging between 1.10 and 2.70), albeit sometimes contrasting or inconclusive results were found. The increased risk persisted after adjusting for the potential confounding by smoking [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF]. Guha et al. recently conducted a metaanalysis [START_REF] Guha | Lung cancer risk in painters: a metaanalysis[END_REF], performed on 47 independent cohort, record linkage and case-control studies.

They demonstrated a 35% increased risk of lung cancer in painters after adjusting for smoking (meta-RR = 1.35;95%CI,). This association was stronger for population-based case-control studies (meta-OR: 1.34; or studies that adjusted for other potentially confounding occupational exposures (meta-RR = 1.57; 95%CI: 1.21-2.04). Furthermore, exposure-response analyses suggested that the risk increased with duration of employment. Another meta-analysis was conducted in 2010 by Bachand et al [START_REF] Bachand | Meta-analyses of occupational exposure as a painter and lung and bladder cancer morbidity and mortality 1950-2008[END_REF]. Overall lung cancer summary risk estimates were 1.29 for case-control and 1.22 and 1.36 for cohort morbidity and mortality studies. However, non-significant summary estimates resulted when controlling for SES, or externally adjusting for smoking.

Painters are exposed to many known and suspected lung carcinogens through inhalation or dermal contact [IARC, 1989;[START_REF] Siemiatycki | Listing occupational carcinogens[END_REF], such as talc containing asbestos fibers, chromium VI compounds, chlorinated solvents, and cadmium compounds [IARC, 1982, 1995, 1999;[START_REF] Straif | A review of human carcinogens--Part C: metals, arsenic, dusts, and fibres[END_REF]. The main organic solvents used in paints are toluene, xylene, aliphatic compounds, ketones, alcohols, esters, and glycol ethers. The great variability and complexity in painting environments complicates the interpretation of epidemiologic studies of lung cancer risks in painters and very few studies reported results for specific suspected causative agents. In particular, [START_REF] Van Loon | Occupational exposure to carcinogens and risk of lung cancer: results from The Netherlands cohort study[END_REF]] reported a positive exposure-response relationship with paint dust and Siemiatycki et al.

[ [START_REF] Siemiatycki | Associations between several sites of cancer and twelve petroleum-derived liquids. Results from a case-referent study in Montreal[END_REF] found a suggestive association with mineral spirits, whereas Alexander et al.

[ [START_REF] Alexander | Lung cancer in chromateexposed aerospace workers[END_REF] did not find an increased risk of lung cancer in a cohort of painters and other employees in the aerospace industry, exposed to chromium VI compounds. In more recent decades, a number of hazardous chemicals (such as benzene, some other solvents, phthalates (plasticizers), and lead oxides) have been reduced or replaced in paint by the increasing use of water-based paints and powder coatings. However, this has not yet resulted in lower relative risks for lung cancer in painters, as reported in the more recent observational epidemiologic studies. This may be partly due to the role that other substances may play in increasing the risk of lung cancer among painters.

Oxygenated solvents

No studies have been conducted on the effect of the exposure to these substances on lung cancer risk.

Occupational cancer epidemiology 1.14 Population-based versus industry -based studies

The health effects of occupational exposure can be studied in specific settings, where the source population can be a cohort of workers from one or more industries. In alternative, populationbased case-control study can be focuses on a certain health outcome, and seek to identify multiple potential occupational risk factors [Checkoway, 2007].

In term of exposure assessment, the major advantage of industry-based studies is that usually it is possible to obtain high quality exposure information, collected during the subjects' working life (or the period of the study). On the other hand, case-control studies based on the general population offer the opportunity to account for multiple exposures throughout a subject's lifetime, as well as for medical and lifestyle factors that may confound or modify an exposure-disease association:

information on such a broad range of exposures generally is not available in industry-based cohort studies. However, it is difficult to ensure that the exposure assessment in case-control studies are accurate over such a variety of workplaces and times [START_REF] Bouyer | Epidémiologie Principes et méthodes quantitatives[END_REF]. In the following paragraph, we raise the issue of retrospective exposure assessment in population-based case-control studies. A wrong assessment is known to lead to differential or non-differential misclassification [START_REF] Flegal | Differential misclassification arising from nondifferential errors in exposure measurement[END_REF]Pearce, 2007]. Non-differential misclassification usually biases ratio measures of association towards to the null, causing a risk underestimation and a loss of power. In contrast, differential misclassification of exposure can bias the relative risks either toward or away from the null value.

This type of misclassification is typically thought of as more of a concern in case-control studies, because information on exposure is often obtained after diagnosis of disease [START_REF] Flegal | Differential misclassification arising from nondifferential errors in exposure measurement[END_REF][START_REF] Armstrong | Effect of measurement error on epidemiological studies of environmental and occupational exposures[END_REF][START_REF] Checkoway | Research Methods in Occupational Epidemiology[END_REF]Blair, 2007;Pearce, 2007].

Retrospective assessment of occupational exposure in general population

In occupational epidemiology of cancer, focusing on past exposure is needed. This because latency period between exposure and cancer occurrence commonly can last several years. In general population, the direct exposure measurement is not applicable and often does not allow to estimate past exposures. Thus, studies in general population need to trace retrospectively lifelong occupational exposures. This retrospective assessment is often complicated because of the changes over time of industrial processes, jobs and tasks. Workplace conditions are altered as technologies change, product demand shifts, and new regulations are put in place. There may be changes in product formulations and seasonal production patterns in many industries. Employees also may be trained to perform multiple jobs and then be rotated among jobs as production demands change. All of these circumstances add complexity to the exposure profiles of employees, and to the identification and measure of occupational exposures. The problematic consequence of these difficulties is lower sensitivity of epidemiological tools, due to the inaccurate exposure classification.

Furthermore, carcinogens at high risk of pathologies have been in general already identified [START_REF] Goldberg | Occupational epidemiology and assessment of exposure[END_REF]. Exposure assessment becomes thus essential in those context where, on one side, unknown risk factors have probably a lower effect on the increasing risk of cancer, but on the other side, they could involve large proportion of population and therefore have an important health impact.

Occupational epidemiology is currently faced with several difficulties, such as [START_REF] Goldberg | Occupational epidemiology and assessment of exposure[END_REF]:

 the study of effect on health of chronic exposure at low levels;

 the identification of specific pathogenic components in industries or in occupations with complex exposures to a mixture of several different substances;

 the confirmation of the carcinogenic role of factors for which the expected effect is weak;

 the study of rare pathologies, such as kidney cancer or leukemia.

In summary, the aim of individuals' retrospective exposure assessment is the estimation of subjects' exposure, taking into account the entire working life. It has to be realized accurately in order to improve the power and reduce or contain classification bias. Various approaches have been proposed to assess level of exposures. Two kind of information are generally used: jobs histories and questionnaires. These can be used separately, i.e. when jobs' title is used as proxy for exposure assessment, or when information about the exposure are derived from the self-reported occupational histories as reported on the questionnaire. Alternatively, these information can be integrated by data present in literature or by experts knowledge in industrial hygiene, i.e. in case of jobs exposure matrices (JEM), or exposure assessment made by a team of experts.

The principles of these methods and their respective advantages and disadvantages will be outlined in the following paragraphs.

Use of jobs' title

The complete lifelong working history is the basic information that is usually collected in the questionnaires used in epidemiological studies about occupational factors. It is a list of all the employments held during working life, and for each of them, job, activity sector, starting and ending dates are collected. Sometimes, instead of the complete lifelong working history, only the last job held or the job with the longest duration are of interest. Often, it is used as proxy of exposure estimate.

The main advantage is its ease of use. It is relatively inexpensive because it is based on information collected in a simple questionnaire, allowing to conduct large-scale analyses. Moreover, the agreement between the occupational history described by subjects and the data provided by involved enterprises is considered as valid, also for longtime histories [START_REF] Baumgarten | Validity of work histories obtained by interview for epidemiologic purposes[END_REF][START_REF] Stewart | The validity of questionnaire-reported work history in live respondents[END_REF][START_REF] Teschke | Occupational exposure assessment in case-control studies: opportunities for improvement[END_REF][START_REF] Kromhout | Application of job-exposure matrices in studies of the general population: some clues to their performance[END_REF].

This type of analysis is useful for epidemiological surveillance of occupational risks. It has been frequently used as exploratory tool for more in-depth studies, because it can help to identify jobs at high risk of mortality or morbidity and therefore to put forward hypotheses [START_REF] Goldberg | Occupational epidemiology and assessment of exposure[END_REF].

However, the use of this method alone is rather imprecise in distinguishing exposure to specific agents, and likely to result in a lot of misclassification.

The simple knowledge of occupational history does not guarantee the data quality. Indeed, even if the job is well described and detailed by the subject, job and activity sector coding may affect the exposure assessment. It is thus important having access to the whole information (if possible) about the tasks and the enterprise, in order to correctly assign the most appropriate coding. In addition, the coding procedure require (i) a deep and wide knowledge of jobs and activity sectors, and (ii) to be trained and able to use several coding guides. Finally it is important also a regular check of coding quality and reproducibility, in order to ensure good classification and contain bias.

Subjects' report in questionnaires

In occupational epidemiological studies, questionnaires commonly ask about more than a subject's occupational history, querying materials handled or service provided, job title and usual duties. Often subjects have been directly asked to self-report exposures [START_REF] Siemiatycki | Costs and statistical power associated with five methods of collecting occupation exposure information for population-based case-control studies[END_REF].

A typical approach is asking multiple-choices questions about particular techniques and specific products. It is a very simple and quick method, but has also several disadvantages. Subjects may be exposed to one or more substances without knowing it. This can happen for several reasons, such as (i) ignoring the composition of used products, their diversity, complexity, variability over time and the corresponding commercial name, (ii) moving to a different workplace or (iii) techniques evolution. In this context, it is possible that workers may know the common names of substances, but in general the ability to report the names of individual chemical substances can be very limited [START_REF] Teschke | Effect of different questionnaire formats on reporting of occupational exposures[END_REF]. For this reason, asking direct questions about products use or technique application only can induce recall bias, especially if reporting is influenced by disease status [START_REF] Bouyer | Epidémiologie Principes et méthodes quantitatives[END_REF][START_REF] Checkoway | Research Methods in Occupational Epidemiology[END_REF]. Indeed, cases may be more likely than controls to remember exposures in past jobs in attempt to understand what may have caused their condition. On the other side, a relative concern is that controls may underreport exposure. All this would result in exaggerated risk estimates [Blair, 1990]. In order to reduce recall bias, self-reported information obtained from questionnaires should not be used on its own to assess occupational exposure, but should be integrated with the collection of factual information about the exposure easy to remember, such as working place, jobs tasks, products manufactured. Moreover, a detailed description of real tasks allow a better analysis of exposure variability between and within subjects.

In order to complete occupational history without discouraging subjects because of the questionnaire size, detailed job specific questionnaires on tasks performed can be developed [START_REF] Tielemans | Assessment of occupational exposures in a general population: comparison of different methods[END_REF]. This kind of questionnaire allows to filter the most appropriate question for the interviewed subject. The questions, indeed, correspond to his/her job activities, and those that do not relate can be previously evaded, thanks to multiple-choice questions. However, few standardized questionnaires exist or are validated in this field [START_REF] Coggon | Questionnaire based exposure assessment methods[END_REF].

Another important point regarding the quality of collected information is about the modality of questionnaire submission. Self-administered questionnaire is certainly the cheapest and the easiest tool, but generally the response rate is lower than those of the others data collection modalities, and the number of missing data is often high. Questionnaires can also be submitted by telephone. In this case trained interviewers allow a more complex questionnaire. Anyway, face-to-face interviews are the best means to collect high complexity data in an accurate way. These generally entail the highest response rate and the lowest number of missing data. The inconvenient is that they require long times and high costs, especially if the number of subjects involved is large.

Experts evaluation

The expert assessment method is considered the most accurate way to attribute exposure in population-based case-control studies [START_REF] Siemiatycki | Costs and statistical power associated with five methods of collecting occupation exposure information for population-based case-control studies[END_REF]. It is a long and structured procedure that involves the administration of a detailed questionnaire, on one side, and the knowledge and expertise of one or more experts, on the other. The expert or the team of experts classify the subjects as exposed or not exposed to each substance in exam, or define categories and levels of exposure.

This method works at individual level. It allows a case-by-case evaluation, which takes into account real subjects tasks and actual exposure conditions. Therefore, it is supposed to be the most accurate assessment method, and to restrain classification bias. However misclassification may occur.

It would be non-differential if experts are blinded to case-control status.

Other several concerns exist when using expert evaluators to assess occupational exposure.

This method is dependent on questionnaire responses which are susceptible to non-differential and differential reporting errors. In addition, the lower the quality of the questionnaire and the training of the interviewers, the poorer and more biased are the data. Thus, validity depends partly on the validity of the subjects' reporting and partly on the experts' judgements. Another source of concern is given by the "learning phenomena": the knowledge of the expert changes during the expertise process, as a consequence the way to classify subjects at the beginning and at the end of the study may not be the same. In addition, the expert assessment may be seen as subjective, non-reproducible, and nontransparent. Often, the explicit definition of the classification criteria, indeed, does not exist, and it leads to drift in judgment during the expertise process [Bouyer, 1993]. Another major concern is the cost associated with using experts to assess occupational exposures, and given the many employers for each subject, and the time which may have passed since the job, doing so is not practicable in most large studies. Finally, the main problem is the scarcity of qualified experts. In order to appropriately perform this kind of assessment, the required expertise has to be very large, because it should include several industrial sectors, techniques, enterprises, and evolution of risks and substances use over time and space.

While not perfect, expert assessment is considered to be the gold standard method, the most accurate for assessing chemical exposure in population-based case-control studies [Stewart, 1994;Stewart, 1994]. Indeed, it is assumed that thanks to their knowledge, the experts have a better knowledge about subjects' exposure than subjects themselves [START_REF] Teschke | Occupational exposure assessment in case-control studies: opportunities for improvement[END_REF]. However, few validation studies have been published. These often showed that the agreement between experts varied according to studies and to which substances were examined [START_REF] Siemiatycki | Reliability of an expert rating procedure for retrospective assessment of occupational exposures in community-based case-control studies[END_REF][START_REF] Stewart | Comparison of industrial hygienists' exposure evaluations for an epidemiologic study[END_REF][START_REF] Teschke | Occupational exposure assessment in case-control studies: opportunities for improvement[END_REF][START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF]. This suggests that even though the expert assessment is considered as reliable, it is not so in all the situations and with all the substances. It is evident that expert assessment's validity depends on one side on the quality of collected data, and on the other on competences, knowledge and experience of the experts. A study published in 1993 compared the performance of solvents exposure assessment obtained with the two methods, experts and job exposure matrix. It was concluded that "beyond the choice of assessment methods, the definition of criteria for exposure is critical in estimating solvent exposure prevalence" [START_REF] Stengel | Retrospective evaluation of occupational exposure to organic solvents: questionnaire and job exposure matrix[END_REF]. Actually the widespread application and complex nature of solvents make it difficult to identify groups of homogeneously exposed subjects.

Job Exposure Matrices

In order to overcome the inconveniences led by the use of job titles only, in the 1980s a movement in occupational epidemiology started to develop job-exposure matrices (JEMs) [START_REF] Hoar | Job exposure matrix methodology[END_REF]. JEMs can be seen as a cross table, which lists a wide range of occupations and/or industries on one axis, a wide range of exposure agents on the other, and the cells indicate the index of exposure to a specific agent in a specific job. Therefore, exposures could automatically be linked to subjects, on the basis of their job titles [START_REF] Siemiatycki | Costs and statistical power associated with five methods of collecting occupation exposure information for population-based case-control studies[END_REF]. The innovative idea was, thus, to create JEMs which could describe exposures across the range of jobs and industries that might be observed in a population based study, with the aim to aggregate workers on the basis of common exposure [Bouyer, 1993]. When introduced, exposure indexes used in JEMs were simple, providing a dichotomous information about the exposure status (exposed/non-exposed). The use of such a binary matrix results in misclassification of exposure, involving an estimation of odds ratio biased towards 1 [START_REF] Dewar | Loss of statistical power associated with the use of a job-exposure matrix in occupational case-control studies[END_REF]. Today, JEMs include more complex indexes, such as probability, intensity, and frequency of exposure, semi-quantitative or quantitative indexes. Often, calendar period is also considered, being such a third axis that allows to account for changes in exposure over time.

JEMs can be differently developed according to their different context of use, such as in general population, or in specific population or activity sectors or industries. However, regardless of the finality, it is necessary to choose a jobs classification system. This choice influences the degree to which the matrix can be used in other studies or in other countries. Indeed, if a national code is used, it makes difficult for researchers in other countries to use the matrix as it needs a time consuming and costly translation of job titles. In addition, it could lead to loss of information if the job title cannot be translated or it can induce supplementary misclassification due to overlapping of jobs. General consensus exists on the use of an international coding system, such as International Labour Office-International Standard Industrial Classification (ILO-ISIC) [ILO, 1968;ISIC, 1971].

Including the probability and the level of exposure in the matrix enables to rate subjects into semi-quantitative classes according to the potential of exposure. One extreme way to use this matrix would be to consider only those exposed persons who have a high probability and level of exposure.

This approach is strict as to the exposure assignment because it accepts only relatively certain exposure, and thus it maximizes the specificity of the exposure assessment at the cost of sensitivity.

The other extreme is to consider everyone exposed whose probability of exposure is nonzero according to the matrix. This second approach is liberal in accepting all potentially exposed persons and thus maximizes sensitivity at the cost of specificity [START_REF] Kauppinen | Magnitude of misclassification bias when using a job-exposure matrix[END_REF].

The first advantage of JEM method is that occupational exposures are assigned automatically, allowing to reduce the cost of the study and to provide a reliable way of evaluating exposures in the sense that it produces the same exposure assessment for identical job histories. Secondly, it overcomes the shortage of expert qualified in a wide range of exposure types. Moreover, it can be used in circumstances in which the traditional methods for assessing occupational exposures may be impossible to implement, such as in very large-scale studies. Finally it is not particularly subject to differential recall bias, since exposure is performed blinded to disease status [START_REF] Goldberg | The use of job exposure matrices for cancer epidemiology research and surveillance[END_REF].

Some methodological limitations can be identified. First of all, it does not allow to take into account the exposure variability within the same job [START_REF] Mcguire | Assessment of occupational exposures in community-based case-control studies[END_REF]. Indeed grouping subjects by job, some loss of information cannot be avoided. The consequence may be a biased estimation of the OR and or a decrease of the statistical power of the OR test. The classification bias would be nondifferential, because the exposure assessment do not depend on subjects' status included in the study.

JEMs performances have been discussed, as regards mainly their use in general population.

Many authors compared their validity to those of other methods [Bouyer, 1993;[START_REF] Teschke | Occupational exposure assessment in case-control studies: opportunities for improvement[END_REF].

Generally, these studies recognize good specificity, low sensibility and also low agreement with the method JEMs were compared to. However, often these comparisons concerned matrices applied in contexts (or countries) different from those they have been developed for, and the exposure differences between the contexts were not always taken into account. In addition, in some cases old JEMs have been used and no variation over time has been considered. In other cases, the agreement between methods depended also on the substance in exam. Indeed, low agreement in exposure classification was not always associated with a loss of information in risk estimation (at least regarding recent JEMs).

JEMs can be used for etiological studies, as well as for the description of exposure in a population. In order to limit the misclassification introduced by the variety of tasks within the same job, and consequently the exposure variability, the development of matrices based on tasks rather than job titles is strongly encouraged [START_REF] Benke | Beyond the job exposure matrix (JEM): the task exposure matrix (TEM)[END_REF]. Another proposal has been the combination and integration of several methods, such as matrices, specific questionnaires and eventually expert assessment [Bouyer, 1994;[START_REF] Benke | Beyond the job exposure matrix (JEM): the task exposure matrix (TEM)[END_REF][START_REF] Semple | Exposure assessment for a population-based case-control study combining a job-exposure matrix with interview data[END_REF].

Environmental measures, biomarkers of exposure

At the present time, due to the long latency of cancer, it is very difficult to use environmental measures or biomarkers of exposure to improve the assessment of subjects exposure, in particular in case-control studies. Environmental toxicologists have long sought specific biomolecules able to indicate actual exposures, both in individuals and in populations. New technologies that are generally known as "-omics" are expected to allow more refined and sensitive assessments through the measurement of a wide range of changes in genes and in protein expression, and through the identification and quantification of a variety of metabolites [National Research Council, 2007]. As enunciated by Vineis, "the new "-omics" can be extremely useful in tracing the "history" of such insults (environmental contaminants) and to reflect the cumulative effect of differential exposures" [Vineis, 2009].

Thesis objectives

In conclusion, the role of occupational exposure to some organic solvents in risk of lung cancer is still the object of debate. These substances are widely used in several industries and consequently a large number of workers is exposed to them. To date, results of epidemiological and biological studies has allowed the IARC to classify only few of them according to their carcinogenicity and a clear association with lung cancer did not emerge for any solvent.

Multiple solvents have been often used simultaneously, sometimes as components of mixtures. In addition, asbestos exposure has been relevant in many workplaces and tobacco smoking is still a very common habit. As a consequence, it is difficult to assess the role of individual solvents, and disentangle their effect from that of other known risk factors.

The first part of this thesis is focused on the role of occupational exposure to chlorinated solvents on the risk of lung cancer. We followed a traditional statistical approach, carefully taking into account the known risk factors and evaluating whether socio-economic status was a confounding factor.

Secondly, we extended the analyses to a large group of organic solvents, integrating the information about the occupational exposure to chlorinated solvents with that about oxygenated solvents and fuels and petroleum-based solvents. In order to overcome the analytical difficulties created by the presence of multiple correlated exposures, we followed a methodological path, which complements a traditional analysis approach, based on stepwise logistic regressions, with a Bayesian approach, based on profile regression. Thanks to this innovative statistical technique, we aimed to take into account the exposure to all solvents at the same time and define groups of subjects who shared both exposure characteristics and lung cancer risk.

STUDY POPULATION AND METHODS

STUDY DESIGN

The ICARE (Investigation of occupational and environmental causes of respiratory cancers) study is a large multicenter, population-based, case-control study, conducted in France between 2001and 2007[START_REF] Luce | Investigation of occupational and environmental causes of respiratory cancers (ICARE): a multicenter, population-based case-control study in France[END_REF]. A group of lung cancer cases, a group of head and neck cancer cases and a common control group were included. Incident cases were identified in collaboration with the French network of cancer registries (FRANCIM) in almost all of the healthcare establishments in each département. Ten general cancer registries, out of the 11 registries operating at the time of study implementation, agreed to collaborate: Bas-Rhin (67), Calvados ( 14), Doubs and territoire de Belfort (25 and 29), Haut-Rhin (68), Hérault [START_REF] Ruder | Mortality in dry-cleaning workers: an update[END_REF], Isère (38), Manche (50), Somme (80), Loire Atlantique (44), and Vandée (85) (Figure 7). These registries overall gather about 13% of the French population (7.6 million inhabitants). The distribution of the main occupational and economic activity characteristics of the active population of these regions is similar to their distribution in France (Table 9). The control group was a random sample of the population of these areas. Due to the poor survival for lung cancer, a procedure was set up to expedite case identification, in order to reduce the delay between diagnosis and interview of cases. Cases were identified from pathology laboratories, which are the first to know of a case's diagnosis, and from hospital departments. A list of health services that had reported lung and head and neck cancer cases in the two previous years was established by each registry. Interviewers contacted these laboratories and hospitals regularly to collect names and addresses of eligible patients and their physicians.

Once the interviewer had contacted the physician and obtained permission to include their patients in the study, a letter was then sent to the patients' home, or handed to them at the hospital if they were hospitalized, informing them about the study and requesting their participation. If the patients agreed, direct contact was then made with them to arrange an interview and to collect written consent. The face-to-face interview was carried out by trained interviewers at patient's home or at the hospital, after the signature of the consent, and it ended with the collection of a buccal cell sample.

Each case was interviewed within 3 months of diagnosis on average.

The participation rates were as follows: of the 4,865 eligible lung cancer cases identified, 489 (10%) could not be located, 781 (16%) died before any contact and 238 (5%) could not be interviewed because of their health status. Among the 3,357 remaining subjects, 2,926 agreed to participate: 2,276 men and 650 women (87% for both genders).

Selection of controls

Population-based controls, with no history of previous respiratory cancer, were randomly selected in the same départements as cases through incidence density sampling. A polling institute experienced in this type of procedure, first randomly extracted a base of 53 000 listed phone numbers from the national telephone directory. By incrementing each number by one, they generated a new set of 53,000 numbers, which included private home numbers, unlisted numbers, companies numbers as well as unallocated numbers.

Telephone calls were handled automatically through a special system that allows to define the number of calls to a selected number and to establish the date of the next call depending on the result of the previous calls. Each telephone number was called up to ten times before dropping. Phone calls have been made in the evening on weekdays and during the day on Saturdays, in order to have the same probability of answer for all contacted homes. This procedure was realized by trained recruiters belonging to the polling institute who had followed a half-day specific training session, in order to better understand the objectives of the study and be able to answer to any questions asked by contacted subjects.

When an eligible subject was contacted at home, the objectives of the study and terms of participation (notably duration of interview, donation of buccal cells) were explained and agreement to participate was sought. If contacted persons agreed to participate, they were informed that an ICARE study interviewer would contact them soon, and an information letter was sent. Face-to-face interviews were carried out at subject's home.

In each département controls were frequency-matched to the cases by gender and age (with 4 age groups: younger than 40, 40-54, 55-64, and 65-74 years). The distribution by gender and age among the controls was initially based on estimates given by the registries for all cases (lung and head and neck cancers) in the 2 years preceding the launch of the study. Then it was adjusted as necessary, depending on the age and gender distribution of cases and controls recruited at that time.

A further stratification was performed to make the socio-economic distribution comparable to that of the general population living in the départements. The socio-economic distribution, taking age and gender into account, was obtained in each département from the annual surveys on employment of the French National Institute of Statistics and Economical Studies (INSEE). Seven categories of socio-economic status were used, according to the standard French classification [INSEE, 1994]:

farmers; self-employed workers; managers; intermediate white-collar workers; office and sales employees; blue-collar workers; inactive. Unemployed jobseekers or retired workers were classified according to the category of their last job held.

Of the 4,673 eligible controls, 4,411 (94%) were contacted (230 could not be located, 5 died before they could be contacted and 27 could not be interviewed because they were too sick) and 3,555 (81%) agreed to participate. Among men, 3,406 eligible controls were contacted and 2,780 accepted to participate (82%); among 1,005 eligible women, 775 agreed to participate (77%).

Data collection

Subjects were interviewed face-to-face with a standardized questionnaire, collecting the following information: socio-demographic characteristics; residential history; anthropometric characteristics; history of cancer and various other diseases; history of cancer among first-degree relatives; lifelong smoking history; passive smoking; alcohol consumption, and detailed occupational history. The parts of the questionnaires used for analyses are described in detail in the following paragraphs

Socio-demographic data

The following socio-demographic characteristics were collected:

-gender, -birth date, -highest education level (elementary school or less, middle school, high school, university).

Smoking history

The questionnaire part relative to the lifelong smoking history allowed to determine cigarette consumption of each subject.

History of cigarette smoking was collected in detail and included information about the age at beginning of consumption, smoking status at interview, and, if appropriate, the age when stopped smoking. Then for each smoking period more detailed information were collected, such as quantity per day, type of cigarette (blond or brown tobacco, filtered or not, brand). Once one of these information changed, a new smoking period was defined. Cessation periods of at least 1 year were also collected. A subject was defined smoker if he/she had smoked at least 100 cigarettes in his/her lifetime.

Smoking intensity of cigar or pipe smokers was very low (1 and 0.5 pack-years equivalent respectively) and the large majority of them were cigarette smokers as well (95% and 90%), so we decided to focus only on cigarette smoking.

Occupational history

The occupational history questionnaire was designed with the collaboration of an industrial hygienist (J. Fevotte).

In the first part of the questionnaire, each job held for at least one month from the beginning of professional life up to the interview was described. All different activities held during professional life were considered, such as unpaid jobs, non-official jobs, jobs carried out during military service and stages in the framework of technical training. For each professional episode the questionnaire collected information about (i) dates of beginning and end, (ii) job title, and (iii) name and address of the enterprise.

Any change resulted in a new professional episode. Any inactivity period was also collected.

In the second part of the questionnaire, each professional episode was described in detail, including (i) information on the company production and activities, (ii) a description of tasks performed (nature, frequency, material used) and (iii) description of the work environment.

In addition, specific questionnaires were designed concerning tasks or occupations frequently encountered or of special interest for this study, in order to help the interviewer for more technical questioning. These specific questionnaires covered the following tasks, occupations or industry branch: (1) painting, ( 2) welding/gas cutting/soldering, (3) insulation, ( 4) tool makers and machinists,

(5) foundry workers, ( 6) furnace-men and coke production workers, ( 7) hairdressers, ( 8) tannery, (9) leather workers, ( 10) wood workers, (11) printing, ( 12) agriculture, ( 13) glass industry, ( 14) miners and quarrymen, ( 15) rubber industry, ( 16) construction workers, ( 17) garage workers/ motor vehicle mechanics, ( 18) plumbers and pipefitters, ( 19) textile industry and ( 20) chemical industry. For the same professional episode, the interviewer could submit more than one specific questionnaire.

Reduced version of the questionnaire

When subjects were too sick to reply the complete questionnaire, interviewers used a questionnaire reduced form, either for in-person interviews or to interview a next-of-kin. This was submitted to 262 men (202 cases and 60 controls) and 54 women (40 cases and 14 controls), who represented respectively 5% and 4% of the men and women in the sample.

This reduced version included mainly information on smoking and occupational history. Each job held for at least one month was described as in the first part of the complete questionnaire.

However, no questions included in the second part of complete questionnaire, neither specific questionnaires were submitted.

Jobs and activity sectors coding

For each subject, all jobs held during the entire working life were coded, according to ISCO for occupations [ILO, 1968] and to NAF for industries [INSEE, 1999]. Indeed, jobs related tasks can vary widely among the different sectors of activity, entailing possible variations in the level of exposure to the same substance. Coders received special training to ensure standardized coding and they were blind as to case/control status. More than 44,000 jobs have been coded, on average 4.9 jobperiods per subject ( § 1.25.1).

International Standard Classification of Occupations (ISCO, 1968 revision) of International

Labour Organization (ILO) provides a systematic classification structure covering the occupations of the whole civilian working population. It's a five-digit code, essentially based on a technical criterion that allows a hierarchical occupation classification structured on four levels providing successively finer detail, as follows: major groups ( 8), minor groups (83), unit groups (284) and occupational categories (1,506). The first digit represents the major group that includes all civilian occupations.

Minor groups are identified by code numbers of two digits, where the first digit indicates the major group in which the minor group falls. These take into account workers' tasks and differ according to the activity sector involved or technical level required. Unit groups are groups of occupations related to each other by similarity of the characteristics of the work they entail. They are identified by code numbers of three digits, where the first two represent the minor group to which the unit group belongs.

Occupation is the narrowest occupational category (i.e. the smallest segment of work) and is defined by a five-digit code number, where the first three represent the unit group in which the occupation is included.

For example: Thus, a job title according to the ISCO 1968 revision includes a set of occupations whose tasks, levels of qualification and responsibility are very similar. ISCO 1968 revision is the only international classification that allows a very good differentiation of technical aspects of occupations, and it includes old professions that are not always found in the most recent classifications. For this reason, this classification is the most appropriate for epidemiological studies interested in long-latency diseases and harmful substances present in the workplace. It is, indeed, widely used in occupational epidemiology: in particular, InVS JEMs and list A occupations are based on it [START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF]Fevotte, 2011].

French Nomenclature of Activities (NAF, 2000 revision) 

Special codes

For long periods with no occupational activity, special codes have been assigned according to the reason of inactivity: military service, long-lasting illness, periods without employment, unemployment. In ISCO classification, military career is not included. However, if a technical craft of a military was known (e.g. mechanical or administrative), then the task was marked as if he/she was a civilian, otherwise a special code for a military career has been assigned. Similarly, in certain cases, information on job titles was not complete enough to encode precisely the professional episode.

In these cases, professional episode could be only partially coded, with X replacing the missing digits.

Assessment of occupational exposure 1.22 Job Exposure Matrices

Occupational exposure to organic solvents has been assessed through the application of specific job exposure matrices (JEMs) for each substance in exam.

The MATGENE job exposure matrices

The JEMs that we used in the present work had been developed by the Department of Occupational Health (DST) of the French Institute for Public Health Surveillance (InVS) under MATGENE program. A team of industrial hygienists draw up JEMs adapted to the general population in France [Fevotte, 2011]. Each JEM is specific to one substance (or family of substances), and, assesses exposure for the full set of occupation/activity combinations existing in various classifications, in order to be exhaustive and applicable to all workers. They used ISCO 1968 for occupations and NAF 2000 for activities. For each substance, different exposure periods have been considered, in order to account for regulation evolution and variation in use over time.

For each JEM, the MATGENE program assesses three dimensions of exposure [Fevotte, 2011]:

-Probability of exposure (PJEM): it is the annual probability of workers in a given job being exposed to the agent in question. When the job-exposure probability was <1%, the job was considered non-exposed.

-Frequency of exposure (FJEM): it is the average proportion of work-time given over to the various exposure-linked tasks (daily, weekly, etc.). Frequencies <2% of work-time were not taken into account.

-Intensity of exposure (IJEM): corresponds to the concentration to which the worker was exposed, averaged according to the normal tasks performed and the working environment.

The job was considered non-exposed when existing exposure was less than a threshold, determined if possible with reference to the general environmental level.

An additional JEM for each group of solvents is also provided to represent the exposure to at least one solvent. For this JEM, the MATGENE program does not assess frequency and intensity of exposure but the level of exposure. It is an average exposure level of a working day, which combines the intensity and frequency of exposure attributed to five solvents, by favoring the assessment of the solvent that is mainly involved in the exposure.

Job exposure matrices of chlorinated solvents

JEMs of chlorinated solvents assess the exposure by inhalation or by dermal route over the period 1950 -2007. Five chlorinated solvents have been chosen according to their widespread industrial use, their regulations and their toxicity: trichloroethylene (TCE), perchloroethylene (PCE), methylene chloride (DCM), chloroform (CF) and carbon tetrachloride (CT). Five JEMs have been developed, each corresponding to one solvent, while a sixth JEM synthetizes the information about the exposure to at least one chlorinated solvent [START_REF] Gdt | Eléments techniques sur l'exposition professionnelle aux carburants et solvants pétroliers[END_REF].

Job exposure matrices of carburant and petroleum-based solvents

JEMs of carburant and petroleum-based solvents assess the exposure by inhalation or by dermal route over the period 1947 -2007. Five categories of products have been grouped according to their composition (aromatic hydrocarbons content), their main use (as solvent or as fuel), or their toxicity: benzene (BZ), mineral spirits (white spirits) and other light aromatic fractions (WS), gasoline (GL), kerosene/diesel oil/fuel oils (KDF) and special-boiling-point spirits and other aliphatic petroleum-based solvents (SBPs). Six JEMs have been developed, one for each category and another for comprehensive assessment of the exposure to at least one of them [START_REF] Gdt | Eléments techniques sur l'exposition professionnelle aux carburants et solvants pétroliers[END_REF].

Job exposure matrices of oxygenated solvents

JEMs of oxygenated solvents assess the exposure by inhalation or by dermal route over the period 1950 -2012. According to their large industrial use, the InVS has developed and provided six JEMs: two for groups of aliphatic oxygenated solvents, ketones and esters (KetEst), and alcohols (Alc); three for specific aliphatic oxygenated solvents, ethylene glycol (Glycol); diethyl ether (Et2O)

and tetrahydrofuran (THF); and a sixth JEM synthetizes the information about the exposure to at least one oxygenate solvent [START_REF] Matgéné | Éléments techniques sur l'exposition professionnelle à cinq solvants ou familles de solvants oxygénés aliphatiques[END_REF].

In Table 10 all parameters and corresponding classes are presented for the three groups of solvents. 

Subjects' report in questionnaires

Information collected through the complete version of the questionnaire included also a list of substances that subjects had to report whether they had been exposed to, for each job held. TCE, WS and gasoline were listed among solvents, and gasoline and diesel oil among fuels. In addition, there was the possibility to report other substances not included in the list, and some subjects reported PCE.

Analyses 1.24 Analyses plan

 In the first part of this work, we conducted an analysis of the lung cancer risk associated with occupational exposure to chlorinated solvents, separately for men and women.

In particular:

-we studied the risk of lung cancer associated with the exposure to each chlorinated solvent, as assessed through JEMs;

-we studied the risk of lung cancer associated with the exposure to various combinations of specific solvents, as assessed through JEMs (only in the groups where enough subjects were available);

-we studied the risk of lung cancer associated with self-reported exposure to chlorinated solvents;

-we described the distribution of the jobs entailing the highest prevalence of exposure to chlorinated solvents.

 In the last part of this work, we followed a complex methodological path to conduct a multidimensional analysis of the lung cancer risk associated with a larger set of solvents (chlorinated, petroleum-based and oxygenated solvents). First we established a cut-off for the probability of exposure assigned by JEMs to each solvent, in order to improve the accuracy of exposure definition, and we restricted the analyses to solvents with a minimum number of exposed subjects. Then we conducted the following analyses, separately for men and women:

-we explored the correlation between solvents;

-we studied the association between solvent exposure and lung cancer risk, following a traditional analysis approach based on stepwise logistic regression;

-we applied the Bayesian profile regression method to identify clusters at increased risk of lung cancer;

-we described the job distribution in high risk clusters;

-finally we studied the risk of lung cancer associated with self-reported exposures.

Definition of variables used in the analyses

Adjustment variables

Départements

The 11 départements (i.e. French administrative regions) corresponded to subjects' place of residence at inclusion. After Doubs and Territoir de Belfort have been merged, the départements have been inserted in models as categorical variable in 10 classes.

Age at interview

Subjects' age at interview was calculated as the difference between the date of the interview and the date of birth, as reported in the questionnaire. A 4-classes variable was defined: < 50, 50 -60, 61 -70, 71 -75 years.

Tobacco smoking

Lifetime cigarette consumption was represented by the comprehensive smoking index (CSI), a single aggregate measure able to synthesize the smoking history in a unique variable. A particular version of CSI was proposed by Leffondré et al. in 2006 for use in epidemiological studies on lung cancer [Leffondre, 2006]. This index incorporates total duration of cigarette smoking (D), time since smoking cessation (TSC), average number of cigarettes smoked per day (Q), as follows:

𝐶𝑆𝐼 = (1 -0.5 (𝐷 * /) )(0.5 (𝑡𝑠𝑐 * /) )ln (𝑄 + 1)

where:

𝑡𝑠𝑐 * = max (𝑡𝑠𝑐 -, 0) 𝐷 * = max (𝐷 + 𝑡𝑠𝑐 -, 0) -𝑡𝑠𝑐  is a lag parameter;  is a half-life parameter.
The half-time parameter, , gives information on the form of the dose-response curve between duration (or TSC) and the risk of lung cancer. The lag time parameter  accounts for the increase in lung cancer risk that has been observed in the first years after having stopped smoking. This risk increase is likely due to the lag-time between smoking cessation for health reasons (first symptoms) and disease detection.

The application of this index in ICARE data was the subject of a previous thesis [START_REF] Papadopoulos | Facteurs de risque de cancer du poumon chez la femme[END_REF]. In our data, CSI varied linearly with lung cancer risk, thus it has been used as a continuous adjusting variable.

Number of job-periods

The number of job-periods held during working life has been calculated for every subject.

Periods of inactivity, military service and periods of training have not been taken into account. A 6class variable was defined: 0, 1, 2, 3, 4,  5 job-periods.

Socio-economic status

As indicator for socio-economic status, we used the occupational category of the longest jobperiod held, according to the standard classification of the INSEE: farmers, self-employed workers, managers, intermediate white collar workers (assumed as reference group in logistic regression models), office and sales employers, and blue-collar workers.

Occupational exposure to asbestos

Asbestos exposure was assessed using a specific JEM, following the same methodological procedure described for solvent exposure. In this case, JEM provided two indices for frequency and intensity of exposure according to whether the exposure was due to the working environment or to the specific job tasks. To account for changes in exposure over time, indices were provided for different calendar periods from 1947 to 2007. For adjustments, we used tertiles or quartiles of the CEI distribution among controls.

Exposure variables

Job Exposure Matrices

The oldest collected job in ICARE dates back to 1937. All JEMs start after this date, thus exposure information on the first year of each JEM was applied to jobs held before. This decision was taken in agreement with MATGENE group at InVS. Moreover, this concerned very few subjects (3.3% to 3.8% depending on the solvent), and very short job durations. For each substance, indeed, most concerned subjects had been exposed during 3 years before the first JEM year.

In the first part of the analyses, a subject was considered as occupationally exposed to a substance if at least one of his/her job-periods was defined as exposed by the JEM: in other words, if at least one job-period had probability of exposure to the substance greater than zero. Similarly, we defined as non-exposed those subjects that were never exposed to any chlorinated solvents. In the second part, since it involved several substances, we decided to improve the JEMs specificity, fixing an arbitrary cut-off for exposure to solvents and asbestos. As a consequence, we considered as exposed only the jobs which had probability of exposure greater than a cut-off (30% for asbestos, chlorinated and oxygenated solvents, and 50% for fuels and petroleum-based solvents), while the jobs below the cut-offs were regarded as non-exposed. We also dropped the subjects whose exposure could not be defined for the whole set of solvents (five men), so the analyses were performed on 5040 men and 1379 women.

For each solvent, the following exposure variables were computed:

-the maximum value of probability, frequency and intensity of exposure achieved by each subject during his/her professional career;

-the cumulative duration of exposure (in years), calculated as the sum of all durations of the jobs exposed to the substance of interest -the cumulative exposure index (CEI), obtained by summing the product of the weight of exposure probability (p), frequency (f), intensity (i), and duration (d) of each job-period (i), over the entire work history:

𝐶𝐸𝐼 = ∑ 𝑝 𝑖 * 𝑓 𝑖 * 𝑖 𝑖 * 𝑑 𝑖 𝑖
The CEI was expressed in parts per million-years (ppm-y) for TCE, PCE, DCM, BZ, SBPs and GL; and in milligram per cubic meter-years (mg/m 3 -y) for CF, CT, WS and KDF.

The CEI for exposure to at least one solvent for each group of solvents was calculated in a different way, because we had the information about the level of exposure instead of frequency and intensity. Consequently, the CEI was obtained by summing the products of the weight of exposure probability (p), level (l), and duration (d) of each job-period (i), over the entire work history:

𝐶𝐸𝐼 = ∑ 𝑝 𝑖 * 𝑙 𝑖 * 𝑑 𝑖 𝑖
The CEI for exposure to asbestos was expressed in fibers per cubic centimeter-years (f/cm 3y), and it was calculated as follows:

𝐶𝐸𝐼 𝐴𝑠𝑏𝑒𝑠𝑡𝑜𝑠 = ∑{𝑝 𝑖 * [(𝑓 𝑠𝑖 * 𝑖 𝑠𝑖 ) + (𝑓 𝑎𝑖 * 𝑖 𝑎𝑖 )] * 𝑑 𝑖 𝑖
where:

fsi and iai: weights of frequency and intensity of exposure due to specific tasks of job i fai and iai: weights of frequency and intensity of exposure due to working environment of job i.

Weights corresponded to the center of classes of each exposure parameter and are reported in Table 10 for all solvents and Table 11 for asbestos.

The CEI of each solvent was categorized according to the median, tertiles or quartiles of the distribution of the controls. 

Self-reported exposure

In a subset of the analyses, cases and controls were classed as exposed or non-exposed to each substance according to the subjects' self-report in the questionnaire, namely: TCE, WS, PCE, gasoline and diesel oil.

Statistical methods

All statistical analyses were performed using SAS software (V.9.3) and R (version 3.1.2). We used package "Hmisc" (version 3.15-0) for Spearman correlations; package "PReMiuM" (version 3.0.32) for profile regression [START_REF] Liverani | PReMiuM: An R package for Profile Regression Mixture Models using Dirichlet Processes[END_REF].

Common to both parts of the thesis were multivariable unconditional logistic regression models, performed to estimate ORs of lung cancer and their corresponding 95% CIs for all exposure variables, in both men and women populations [START_REF] Breslow | I. The analysis of case-control studies[END_REF]. All models have been systematically

adjusted on stratification variables: age at interview and département of residence. All p-values were two-sided and a p-value ≤0.05 was the threshold for statistical significance.

A subject was defined as exposed to a solvent if at least one of his/her job-period was considered exposed (i.e. probability of exposure greater than 0). Given that this definition was quite large, because it mixed subjects with high and low probability of exposure, the percentage of subjects exposed to a substance did not reflect the real lifelong exposure prevalence to this substance. For this reason, we estimated the prevalence of lifelong exposure to each solvent, by weighting the number of subjects exposed in each class of maximum probability by the median values of the classes (ie, 0.05 for subjects with maximum probability between 1% and 10%; 0.15 for 10-20%, etc). Nonexposed subjects were then recalculated accordingly.

We excluded from analyses the subjects whose working history was unknown and those who had never worked.

Study of the association between chlorinated solvents and lung cancer

For the study of chlorinated solvents, we adjusted ORs for lifetime cigarette consumption (CSI), number of job-periods (1, 2, 3, 4,  5), occupational exposure to asbestos (CEI in classes according to the quartiles of the control distribution) and socio-economic status (SES, social occupational category of the longest held job), in addition to age at interview (<50, 50 -60, 61 -70, 71 -75) and residence's département, subjects never exposed to any chlorinated solvent were used as the reference group.

Dose-response relationships were tested with maximum likelihood estimates based on the categorical variables, after testing the linearity of the relationship. In particular, we generated a continuous variable attributing the median value of each modality of categorical variable to all subjects included in that modality. The hypothesis of linearity was tested through maximum likelihood test, which compared the model including the variable as categorical and the model including the variable as continuous. If the hypothesis of linearity was not rejected, then the dose-response relationship was tested estimating the slope of original continuous variable (H0: β=0). The rejection of the null hypothesis lead to the conclusion of the existence of the dose-response relationship.

We applied multinomial logistic regression models in order to investigate the main histological types of lung cancer (squamous cell carcinoma, small cell carcinoma and adenocarcinoma). We limited this analysis to the exposure to at least one solvent, TCE or PCE, because of the low prevalence of exposure to CT and CF. All exposure dimensions were studied.

Sensitivity analysis

In order to test the robustness of our results, we performed sensitivity analyses:

-we took into account a temporal dimension of exposure, repeating the analyses with different hypothetical lag times, that is, when the last 5 and 10 years of employment before interview were considered as unexposed;

-we excluded subjects who replied to the reduced version of the questionnaire.

The distribution of men and women who replied to the complete or reduced questionnaire are presented in Table 12. Only subjects who reported at least one job-period are included.

Study of the association between organic solvents and lung cancer

For the analysis on the whole set of organic solvents, we first checked for multicollinearity through Spearman correlations. Because of the presence of multicollinearity, we followed a methodological path, which complements a traditional analysis approach, based on stepwise logistic regressions, with a Bayesian approach, based on profile regression. As this is a new methodological approach, it warrants a deepening that will be developed in the following paragraphs.

Traditional approach: Stepwise logistic regression

In our analysis, each solvent was first introduced separately in a simple univariate logistic regression analysis, to assess individually how well each predicts the outcome. Next, the main inference proceeded by including all solvents in a multivariate logistic regression model and using stepwise forward and backward selection. Forward selection starts with a model that only contains an intercept, and then sequentially adds into the model the covariate that most improves the fit. Backward selection starts with the full model that includes all covariates, and sequentially deletes the covariate that has the least impact on the fit. We used stepwise selection with Akaike's information criterion (AIC) for weighing the choices: at each step an add or drop is performed that minimizes the AIC score [START_REF] Hastie | The Elements of Statistical Learning[END_REF].

Bayesian approach: Profile regression

In order to explore the associations between occupational exposure to solvents (the covariates, Xi) and the risk of lung cancer (the outcome, Yi) we used a semi-parametric Bayesian approach. In this method, a statistical mixture model is designed to flexibly group subjects into clusters, allowing the clusters to be jointly determined by both covariates and outcomes. Once the clusters are built, they are defined by both probabilities of covariate values (called profile) and the average risk of disease. In particular, the unit of inference is not an individual risk factor, but an individual's covariate profile that is a particular sequence of categorical covariate values, 𝑥 𝑖 = (𝑥 𝑖1 , 𝑥 𝑖2 , …, 𝑥 𝑖𝑝 ) (where i is the subject and p is the number of covariates). These are clustered into groups and associated via regression model to an outcome, so that the outcome and the clusters mutually inform each other [Hastie, 2013].

Model processing

The model is fitted using Markov chain Monte Carlo (MCMC) sampling methods and outputs a different clustering (or partition) of data at each iteration of the sampler, making variable the number of clusters. The method allows to examine the "best" partition of the data (i.e. those mostly supported by the data) and then to assess the uncertainty associated with subgroups contained within the best partition, through model-averaging techniques [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF].

The approach consists of two sub-models: (i) assignment sub-model, which assigns individual profiles to clusters, and (ii) disease sub-model, which links clusters of profiles to an outcome of interest, via a regression model. As introduced above, both models are fitted jointly using MCMC methods.

The assignment sub-model is the model of the probability that a subject is assigned to a particular cluster. It is a standard discrete mixture model that incorporates a Dirichlet process prior on mixing distribution (for example see [START_REF] Escobar Mdaw | Bayesian density estimation and inference using mixtures[END_REF]).

Mathematically [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF]:

To each subject i corresponds:

 a covariate profile 𝑥 𝑖 = (𝑥 𝑖1 , 𝑥 𝑖2 , …, 𝑥 𝑖𝑝 ), consisting of p categorical covariates of interest, and for the 𝑝 𝑡ℎ covariate there are 𝑀 𝑝 categories;

 an allocation variable 𝑧 𝑖 = 𝑐, indicating the 𝑐 𝑡ℎ cluster to which subject i belongs.

At cluster level we define:

 𝜓 𝑐 , the probability of subjects to be assigned to the 𝑐 𝑡ℎ cluster (i.e. proportion of subjects included in cluster c); it represents the mixture weight of cluster c;

 φ 𝑧 𝑖 𝑝 (𝑥 𝑖𝑝 ), the probability that 𝑝 𝑡ℎ covariate is equal to x for subject i in cluster c; φ 𝑐 represents the prototypical profile for cluster c.

The basic mixture model for the assignment is:

Pr(𝑥 𝑖 ) = ∑ Pr ( 𝐶 𝑖=1 𝑧 𝑖 = 𝑐) ∏ Pr (𝑥 𝑖𝑝 𝑃 𝑝=1 |𝑧 𝑖 = 𝑐) = = ∑ ψ 𝑐 𝐶 𝑖=1 ∏ φ 𝑧 𝑖 𝑝 (𝑥 𝑖𝑝 ) 𝑃 𝑝=1
As is typical with discrete mixture models, covariates are assumed to be independent conditional on cluster assignment and they are dependent if unconditionally considered.

The disease sub-model allows to quantify the association between the presence of disease and cluster profiles, and also to adjust for known confounders, because a number of fix covariates can be included.

Mathematically [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF]:

As above, to each subject i correspond:

-an allocation variable, 𝑧 𝑖 = 𝑐;

-a set of p confounding covariates 𝜔 𝑖 , (𝜔 𝑖𝑝 , 𝑝 = 1, … , 𝑃)

-a binary outcome, 𝑦 𝑖 and a corresponding probability Pr (𝑦 𝑖 =1)

At cluster level:

-𝜃 𝑐 represents the parameter that measures the influence of the 𝑐 𝑡ℎ cluster on the outcome.

In order to avoid that an empty cluster is associated with a particular 𝜃 𝑐 , a t density function with 7 degrees freedom and scale 2.5 is assigned as proper prior [START_REF] Gelman | A weakly informative default prior distribution for logistic and other regression models[END_REF].

The disease model is:

𝑙𝑜𝑔𝑖𝑡(𝑝 𝑖 ) = 𝜃 𝑧 𝑖 + 𝛽𝜔 𝑖
where logit denotes the standard logistic link function, and 𝛽 = (𝛽 1 , …, 𝛽 𝑝 ) denotes the regression parameter coefficients associated with the confounding covariates 𝜔 𝑖 = (𝜔 𝑖1 , …, 𝜔 𝑖𝑝 ).

𝜃 𝑧 𝑖 is a cluster-level intercept term that can be seen as the baseline log odds for subject i, i.e.

the log odds obtained when all confounders are set to their reference value (zero). At each iteration of the MCMC sampler:

-a new clustering is produced and the number of clusters change from iteration to iteration;

-individual profiles are assigned to clusters;

-subjects assigned to the same cluster will be assigned the same baseline log odds;

-each subject is assigned the risk associated with the cluster to which the subject belongs;

However when the sampler is complete each subject have its own unique distribution for 𝜃 𝑧 𝑖 .

Post processing

Following step was obtaining the optimal partition of data able to summarize the sample as a single representative clustering estimate. The method is based on the construction of a posterior similarity matrix (S). The method builds at each iteration a score matrix with entries equal to 1 for pairs belonging to the same cluster and 0 otherwise. Averaging all the matrices defined over the whole MCMC, a similarity matrix is defined (S). In order to identify the optimal partition, the procedure "partitioning around medoids" (PAM) [START_REF] Kaufman | Finding groups in data: an introduction to cluster analysis[END_REF] on the dissimilarity (1-S) was implemented [START_REF] Liverani | PReMiuM: An R package for Profile Regression Mixture Models using Dirichlet Processes[END_REF]. A final representative cluster is then chosen by maximizing an associated clustering score [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF].

In order to assess the uncertainty associated with clusters of the optimal partition, the idea is to examine by post-processing whether or not the model consistently clusters subjects in a manner similar to the optimal partition. If the clustering is consistent, clusters' parameters estimates (e.g.

disease risk) are more certain leading to narrower posterior credible intervals. For example, in a data set with a strong clustering "signal," the model may cluster subjects slightly differently at each iteration of the MCMC sampler, but, thanks to the strength of the signal in the data, subjects are clustered with a good degree of repeatability over the iterations of the sampler. Whereas, if the data are "noisy", subjects do not tend to be grouped into the same clusters, consequently the clustering obtained from the model tends to be haphazard and highly variable. However, the optimal clustering is determined also in noisy data, and in this case it is useful a reexamination of the entire MCMC output. It reveals, indeed, little confidence in this clustering as it does not generally coincide with the way subjects are clustered at each iteration of the sampler [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF].

At each iteration of the sampler, the average of baseline log odds among all subjects within a particular cluster c, of the optimal partition, was computed [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF]. To better interpret the association of exposure profile with disease status we calculated the log odds ratio (logOR) for each cluster of the optimal partition at each iteration, comparing the estimated log odds for the cluster and the log odds for the baseline reference cluster (we assumed the cluster of non-exposed subjects), with the corresponding 95% credible intervals [START_REF] Papathomas | Examining the joint effect of multiple risk factors using exposure risk profiles: lung cancer in nonsmokers[END_REF]:

𝑙𝑜𝑔𝑂𝑅 𝑐 = 𝑙𝑜𝑔[𝜃 𝑐 (1 -𝜃 𝑟𝑒𝑓 )]/[𝜃 𝑟𝑒𝑓 (1 -𝜃 𝑐 )]
In Figures 12 to 18 of results this average corresponds to the central horizontal lines of boxplots.

In order to uncover subgroups of subjects who are clearly different in terms of their risk from the rest of the sample we calculated the average logOR associated with the whole sample in study, weighted with clusters size, logOR mean.

We displayed logOR mean as horizontal lines of the graphic (Figures 12 to 18 of results).

Hence, we have first identified the "baseline cluster", baseline in so far as their 95% CI* logORs contained the logOR mean. Then we looked at clusters that have logOR significantly higher than the logOR mean, meaning that the association with lung cancer was significantly stronger in these clusters than for the others.

We displayed box in different color: green for baseline subgroups and red for cluster with significantly higher logOR (Figures 12 to 18 of results).

Similarly, clusters parameter values corresponding to probabilities of covariate values were also computed. In particular, an estimation of the cluster-specific proportions for each category of exposure, the "exposure profile of the cluster" was also given, and it is useful for understanding the main characteristics of each cluster. For example, some clusters may be characterized by a high probability of exposure to BZ and GL and much smaller probability of other exposures, while for a different cluster other solvent combinations are predominant.

Pseudo profiles

In order to understand the role of a particular covariate or group of covariates, the method allows to specify a number of predictive scenarios (pseudo-profiles, s) that capture the range of possibilities for the covariates of interest, and to compute predicted responses for each of these predicted scenarios. At each iteration of MCMC sampler, the predictive subjects are assigned to one of the current cluster according to their covariate profile, and thus it is possible to understand the risk associated with these profiles. In details, at each iteration, r, a new allocation variable is defined, 𝑍 ̃𝑝 𝑟 , which corresponds to each predictive scenario. This variable does not affect the fit of the model, which is entirely determined by the observed data. For each predictive scenario, the posterior probability is computed:

𝑝(𝑍 ̃𝑠 𝑟 = 𝑐|𝑥 𝑠 , 𝛩 𝑟 , 𝑦, 𝑥 1 , … , 𝑥 𝑃 )
Where 𝛩 𝑟 represents the global set of parameters and (𝑦, 𝑥 1 , … , 𝑥 𝑃 ) corresponds to observed data. With these probabilities, a cluster-averaged estimate of the log odds 𝜃 for each pseudo-profile at each iteration can be computed:

𝜃 ̂𝑠𝑟 = ∑ 𝑝( 𝑍 ̃𝑠 𝑟 = 𝑐|𝑥 𝑠 , 𝛩 𝑟 , 𝑦, 𝑥 1 , … , 𝑥 𝑁 )𝜃 𝑐 𝑟 𝐶 𝑖=1
Looking at the density of these log odds (or the logOR with respect to the non-exposed reference pseudo-profile) over MCMC iterations gives an estimate of the effect of a particular pseudoprofile [Hastie, 2013;[START_REF] Liverani | PReMiuM: An R package for Profile Regression Mixture Models using Dirichlet Processes[END_REF].

When performing pseudo-profiles, the remaining covariates can be set equal to zero (meaning non-exposed to the concerned solvent, for example) or equal to missing value. Missing values reflect the covariate pattern present in the main sample, consequently results of pseudo-profiles computations should be interpreted as population average effect, over a population with similar characteristics to that under the study [START_REF] Liverani | PReMiuM: An R package for Profile Regression Mixture Models using Dirichlet Processes[END_REF].

Statistical power of the study

In Table 13 results of the statistical power calculation are shown. The minimum detectable ORs, corresponding to a positive association, were calculated according to ICARE sample size, for a statistical power of 80%, with a two-tailed test and a type I error of 5%, and are shown for an exposure prevalence among controls ranging between 1 and 50%. Age distribution was different between cases and controls: male cases were slightly older than controls, while the opposite was found for women. This difference was mainly due to the fact that an unique control group was recruited in ICARE for the two cancers in study (lung and UADT).

RESULTS

Characteristics of cases and controls

Education level, socio-economic status and lifelong smoking history

Table 15 summarizes cases and controls education level, socio-economic status and cigarette smoking habits. As expected, men cases had a lower educational level than their controls (p<0.001).

A similar but weaker association was found for women (p>0.05). An increased risk of lung cancer was found among men and women who spent the longest period of their working life as self-employed workers, office and sales employees or blue-collar workers. Smoking habits data were known for 99.7% of the subjects, among whom 59 men (2.6%) and 188 women (28.9%) cases were never smokers.

In Table 16 means of pack-years and of other tobacco-related dimensions that define CSI are reported by CSI quartiles. As expected, the CSI increased with duration and intensity of smoking, and with pack-years, and decreased with time since cessation. A strong association emerged between lung cancer and CSI, with a clear dose-response effect (p-value for trend <0.001). 

Cancer histology

The histology distribution was different in men and women (Table 17). In men, squamous cell carcinoma and adenocarcinoma were found in similar proportions (35%), while 15% were small cell carcinoma. Among women, more than half of the cases had adenocarcinoma (54%), 16% squamous cell carcinoma and 15% small cell carcinoma. 

Occupational history

The total number of jobs was 27,658 [START_REF] Leffondre | Modelling smoking history using a comprehensive smoking index: application to lung cancer[END_REF]702 by men and 4,956 by women). Men had an average of 4.5 jobs during their working life, and women 3.5 (Table 18). Controls reported more jobs than cases (statistically significant only for men). As expected, mean duration of employment was longer for men than women. On average, men cases worked longer than controls, while the opposite was observed among women. First employment dated more frequently to the fifties and the sixties for men and was shifted approximately one decade later for women. 
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A small percentage of subjects replied to the reduced version of the questionnaire: 8.9% of cases and 2.2% of controls among men, and respectively 6.2% and 1.8% among women (Table 19).

On average, they reported less jobs and shorter working lives than those who responded to the complete questionnaire (Table 18). Men controls reported more jobs than cases (p=0.047), while the duration of their lifetime employments showed no statistically significant difference. No difference was shown among women cases and controls on these regards. Overview of the occupational exposure to organic solvents Figure 8 represents an overview of lifelong exposure to organic solvents: estimated prevalence of controls exposure are provided. As introduced in method section ( §1.25.2.1), we considered those subjects who had not null probability of exposure to the substance in exam as potentially exposed.

The distribution of maximum probability of exposure to each substance was defined in classes, and we estimated the prevalence of exposure by weighting the number of exposed subjects in each class by the median value of the class itself (i.e. 0.05 for subjects with maximum probability between 1% and 10%; 0.15 for 10-20%, etc.). Given the similar percentages of each socio-economic category and activity sector in French population and in that living in the selected départements, the controls estimates can be interpreted as the exposure prevalence in the entire French population (Table 9).

Exposure to oxygenated solvents was the most prevalent for both men and women. The lifelong prevalence of exposure to at least one oxygenated solvent was higher for women (one in four)

than for men (one in five). Figures were much lower for the other solvents, particularly for females:

2% of women and 9% of men were exposed to at least one chlorinated solvent, and 3% and 13% respectively to petroleum-based solvents.

More in detail, the most frequently used chlorinated solvent was by far TCE, followed by DCM for men and by PCE for women. The exposure prevalence to the remaining chlorinated solvents was very low. Prevalence of exposure to petroleum-based solvents was 4 to 10 fold higher for men than for women, with the exception of SBPs, for which frequencies of exposed were almost similar for both genders. Considering oxygenated solvents, the prevalence of exposure to Alc and Et2O were substantially higher in women, while exposure to the remaining solvents in this subgroup was more frequent among men. 

Occupational exposure to chlorinated solvents and lung cancer

The current chapter is dedicated to the evaluation of the role of occupational exposure to chlorinated solvents in lung cancer risk. The study population was composed by subjects with known occupational history,who held at least one job during their working life and with at least one known exposure: 5,040 men and 1,379 women. First, we present results of the analyses performed on the occupational exposure to each substance, as assessed with job exposure matrices, and the role of various combinations of specific solvents is showed in addition. Then we present the association between TCE and PCE exposure and lung cancer, as evaluated according to the subjects' replied to the questionnaire. Finally, distributions of jobs with the highest prevalence of exposure are shown graphically.

1.31 Exposure assessment through jobs exposure matrices

Observed prevalence of exposure in ICARE population

Assuming as ever exposed all those subjects who had probability of exposure greater than zero, 37% of cases (44% men and 16% women) and 32% controls (38% men and 10% women) resulted to have ever been exposed to any chlorinated solvents (Table 20). TCE and DCM showed the highest proportions of exposed subjects for both men (39.7% to TCE and 9.5% to DCM) and women (10.5% and 4.6% respectively). Exposure to PCE was assessed for about 4% of men, while the women percentages were 4.2% of cases and 1.7% of controls. CT and CF exposures concerned proportions of subjects comprised between 1% and 2%.

The mean duration of exposure to TCE was 15.7 years (sd = 12.7) for men and 9.8 years (sd = 9.6) for women. For the remaining substances, the exposure length was around 10 years for both genders, except for subjects who had been exposed to DCM (15 years (sd = 11.1) and 18 years (sd=14.4) for men and women respectively).

The overall probability of exposure was rather low for all solvents. More in detail, the probability of exposure was less than 10% for 92% of men and 46% of women in the case of PCE, for 52% and 77% respectively as regards DCM, and 100% for both genders as far as CT and CF are concerned. As regards TCE, 42% of men and 65% of women had less than 20% of maximum probability of exposure (Annex 1a and Annex 1b).

Exposure intensity was medium or low for all subjects exposed to CF and CT. The level of exposure was medium-high (>50 ppm) for half group of those exposed to PCE and 38% in the case of TCE, while 78% and 63% of men and women respectively were exposed to more than 50 ppm of DCM (Annex 1a and Annex 1b).

Risk of lung cancer associated with the exposure to single solvents

Results of unconditional logistic regression performed to evaluate the role of each chlorinated solvent (ever exposure and CEI) on lung cancer risk are shown in Table 20.

Exposure to at least one solvent was statistically significantly associated with an increased risk of lung cancer (men: OR=1.42, 95% CI 1.23 to 1.64; women: OR=1.52, 95% CI 1.03 to 2.23).

Looking at the single solvents, as regards men, statistically significant positive associations were found with exposure to TCE, DCM, and PCE. ORs for all CEI levels of exposure to at least one solvent, TCE, PCE and DCM were higher than unit (statistically significant for all levels of exposure to at least one solvent and to TCE). However, no dose-response relationship could be demonstrated for any of the solvents. Moreover, these associations were no longer found after adjustment for exposure to asbestos, except for the association with PCE, whose ever exposed OR was borderline significant (OR=1.41, 95% CI 0.98 to 2.05). Adjustment for SES further decreased the ORs slightly, leaving PCE as the only solvent with an OR for ever exposed >1.00, although not statistically significant. A similar pattern was shown after the analysis for maximum probability, maximum intensity and cumulative duration of exposure that is reported in Annex 2.

Among women, statistically significant positive associations with lung cancer were found for some levels of exposure to TCE, PCE and DCM. A dose-response relationship was shown according to the CEI levels of the categories of at least one solvent, TCE and DCM, that persisted after adjustment for occupational exposure to asbestos and SES, although with slightly decreased ORs. In addition, we observed increased risk for increased probability of exposure only for the exposure to DCM, and for increasing intensity of exposure to PCE and DCM (Annex 2).

No statistically significant association emerged for CF or CT exposure in both genders.

Analyses restricted to subjects never exposed to asbestos were based on numbers too small to obtain precise estimates, except for TCE, where no association was found for men or women. In men, we found positive and significant associations for almost all the exposure dimensions, but they resulted to be confounded by exposure to asbestos. Indeed, after the adjustment for this substance, all ORs decreased approximately to 1.00 and were no longer significant. Among women, we observed only a weak association with minimal confounding by asbestos exposure. In both genders, adjustment for SES further reduced the ORs.

To elucidate whether these results could be due to over adjustment for asbestos exposure, we selected the subgroup of subjects that had never been exposed to asbestos: 1,719 men and 1,042

women, 110 and 33 out of whom, respectively, had ever been exposed to TCE. After logistic regression analysis, no association between TCE exposure and lung cancer was observed neither for men nor for women. 
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111 Furthermore, we considered that subjects exclusively exposed to TCE had much lower mean CEI, as compared to those exposed to combinations of multiple solvents including TCE, as is shown in Table 23. Hence, we selected the subjects with TCE CEI values higher than the highest CEIs means that were found in the combined exposure groups (99 ppm*years for men and 70 ppm*years for women). Again, we found no statistically significant association with lung cancer, after adjustment for asbestos exposure (Table 22). 

Combinations of exposure to different chlorinated solvents

Results of logistic regression analysis performed on subgroups of subjects exposed to combinations of chlorinated solvents are shown in Table 24.

Among men, results for the combined exposure to TCE and DCM, reflected those for exposure to TCE alone, as expected considering that almost all subjects exposed to DCM were also exposed to TCE. No association was observed among women.

Suggestions of a positive association with lung cancer risk were found for subjects exposed to both combinations of solvents that included the exposure to PCE: TCE-PCE, and TCE-DCM-PCE.

These associations were stronger for women than for men, but the confidence intervals were particularly large, due to the small number of exposed subjects. Adjustment for asbestos exposure and socio-economic status reduced the ORs, especially for men. However, for women exposed to the TCE-DCM-PCE combination these associations remained statistically significant (although with large confidence intervals).

No association was found for men or women exposed to the combination of DCM, CT and CF. 

Sensitivity analysis

In order to test the robustness of our results, we performed sensitivity analyses. As explained in method section ( § 1.26.1), we considered two exposure lag periods of 5 and 10 years. The exposure status was modified for a very small number of subjects, as shown in Table 25. Analysis results remained unchanged (data not shown). We stratified the analyses by response to the complete or reduced version of the questionnaire.

Because of the small proportion of subjects who replied to the reduced version (5% of men and 4% of women), analyses were feasible only for the group of subjects who replied to the complete version.

Results were similar to those previously presented (data not shown).

Analyses for histological subtypes

We performed separate analyses according to the three most frequent histological subtypes:

squamous cell carcinoma, small cell carcinoma and adenocarcinoma, for both men and women. As regards the solvents, we focused only on the exposure to at least one solvent, to TCE and to PCE, because of the low number of subjects in the other subgroups. All exposure indices were studied, but here we report only the results for exposure status and CEI, for the sake of simplicity (Table 26 andTable 27).

The results reflected those reported in Table 20 but were less precise: no association emerged between the exposure to any solvent and each histological type of lung cancer for men. On the other hand, for women exposed to TCE and to at least one solvent risk of small cell carcinoma increased with CEI. As explained in the method section ( § 1.23), in the complete version of the questionnaire for each job subjects had to report whether they had been exposed or not to a list of substances, including TCE. Some subjects reported in addition to have been exposed to PCE Table 28 presents the results of the analysis performed on the self-reported exposures. The association of lung cancer with exposure to TCE among men was no longer statistically significant, after adjustment for exposure to asbestos. No association emerged among women.

As regards PCE, on the other hand, although very few subjects reported this exposure, our findings suggested a more than three-fold increased lung cancer risk for both genders, (statistically significant for men) and not substantially affected by adjusting for asbestos exposure and SES. 

Jobs potentially exposed

We investigated which were the jobs entailing a non-null probability of exposure to chlorinated solvents. We focused only on exposure to TCE and PCE, because they represented the most common exposures in our population, and on the jobs where at least 5% of the exposed workers were employed (Figure 9 and Figure 10). As regards DCM, the distribution of the jobs reflected that of TCE (not reported).

Men exposed to TCE were mainly employed in jobs related to metal works, known to be characterized also by the presence of asbestos, e.g. machinery fitters and assemblers ISCO code), plumbers and welders (8-7 ISCO code), blacksmiths and toolmakers . In contrast, in the case of TCE women's jobs were distributed across several other job categories in addition to the metals sector, such as laundry and dry cleaning (5)(6) and the shoe and leather industry (8-0 ISCO code) (Figure 9).

For PCE exposure, we identified jobs that unlikely entail exposure to asbestos: 53% of the women's jobs were in laundry and dry-cleaning (5-60 ISCO code) and 29% of men's in printing (9-22 ISCO code) (Figure 10).
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The first part of our analyses was devoted to investigate the association of exposure to a particular family of solvents, chlorinated solvents, with the risk of lung cancer. In this second part, we expanded our focus by adding petroleum-based and oxygenated solvents to those containing chlorine.

As explained in method section ( § 1.22.1), we assessed exposures by applying JEMs provided by the InVS. These are particularly sensitive in terms of exposure assignment, as a job is defined exposed if its probability of exposure is greater than zero. So, given the large number of solvents of interest, we decided to restrict the study to those jobs which entail a medium-high probability of exposure. We re-defined the exposure, and the jobs with a probability of exposure below an arbitrary cut-off were considered as non-exposed. Table 29 and Table 30 show the distribution of men and women respectively, according to the initial and the novel definition of exposure. 
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We adopted a traditional unconditional logistic regression approach, followed by a new profile regressions Bayesian approach, intended to address the multicollinearity of our data. In order to make our analyses uniform, we re-defined also the exposure to asbestos, and we performed all statistical analyses on the new variables of exposure. For the sake of simplicity, exposure was expressed through the cumulative score CEI.

Analyses were performed on a population composed by subjects with known working history, who held at least one job during their working life and with at least one known exposure: 5,041 men (analyses on CEI are performed on 5,040 men because for one of them the duration of exposure was unknown) and 1,379 women.

Substances were excluded from analyses when less than 15 subjects were exposed, namely:

 CT, CF, PCE and DCM for men,  TCE, DCM, CT, CF, KDF, Ga, Glycol and THF for women.

The distribution of cases and controls ever exposed to the selected solvents is presented in Table 31. Men were most frequently exposed to KetEst (20% of cases and 16% of controls), BZ (15% of cases and 11% of controls), Alc (15% of cases and 14% of controls) and KDF (14% of cases and 12% of controls), while few subjects were exposed to THF (1.2%) and Et2O (1.4%). Women were more frequently exposed to oxygenated solvents than men, indeed about 40% was exposed to Alc (43% of cases and 37% of controls) and almost 10% to Et2O and KetEst. Less than 30 women were exposed to each of the remaining solvents.
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Evaluation of correlation among substances

Given their properties, generally organic solvents find applications in several industries and large proportions of workers are exposed to many of them. As a consequence, it is seldom possible to disentangle the role of exposure to a single solvent. In our sample, we performed Spearman correlations on CEI of each substance, including asbestos. We found particularly strong correlations (p<0.001) between occupational exposures to Glycol and GL (ρ=0.78), BZ and GL (ρ=0.62), BZ and Glycol (ρ=0.60), BZ and WS (ρ=0.58) for men; BZ and WS (ρ=0.59), BZ and SBPs (ρ=0.52) for women (Figure 11). 

Traditional approach: logistic regression results

In order to conduct logistic regression analyses, we categorized the CEI of each solvent and of asbestos according to the tertile distribution of controls. We assumed controls exposure distribution as representative of exposure in entire population.

We followed the same analysis strategy for both genders: first, we incorporated into the models the exposure to one solvent at a time; secondly we included in the same model all the solvents; finally, in order to avoid an arbitrary choice of solvents we also performed a selection based on stepwise forward and backward methods. All logistic regression models were adjusted for stratification variables, such as age and département, and occupational exposure to asbestos.

Distribution of men cases and controls according to occupational exposure to solvents and asbestos and results of unconditional logistic regressions are shown in Table 32.

The analysis performed on one solvent at a time resulted in no statistically significant association for any solvent, except for medium levels of WS exposure (ORmedium = 1.66, 95% CI 1.12 to 2.46). Borderline significant associations emerged for high level of exposure to WS (ORhigh = 1.36, 95% CI 0.92 to 2.02), low level of exposure to BZ (ORlow = 1.29, 95%CI = 0.92 -1.80) and medium level of SBPs (ORmedium = 1.78, 95 CI: 0.90 -3.51). No dose-response relationship was observed.

When we included all solvents in the model, overall ORs decreased, with the exceptions of GL, KetEst and KDF, whose ORs were unchanged or slightly increased. Overall, the regression did not show any statistically significant association of exposure to organic solvents with lung cancer.

Stepwise forward and backward approaches selected the same solvents for the final model, with confidence intervals very similar to those obtained in the univariate analysis, namely: WS, which showed a statistically significant association with lung cancer for the CEI medium level and a weaker association for the high level; and THF, which was not significantly associated. 
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In Table 33 results for women are reported. No significant association was found in the analysis performed on one solvent at a time, as well as including all the solvents. Finally, stepwise approach did not select any solvent. 

A Bayesian approach: profile regression models

The association between occupational exposure to organic solvents and risk of lung cancer was also investigated with an alternative approach, which allows to estimate risk in the present of multidimensional exposures, providing us with better understanding of the important drivers of the risk, profile regression model (PR). As explained in method section ( § 1.26.2.2), PR refers to a Bayesian clustering method, which partitions observations into clusters with respect to risk factor characteristics and to outcome status jointly. Each cluster is associated via a logistic link to the outcome of interest.

Results obtained using three different models are shown in the following paragraphs:

 in the first model ( § 

Profile regression for exposure to solvents and asbestos

As explained in method section ( § 1.26.2.2), covariates included into the model only contribute to cluster definition, while fixed effects contribute in association measure estimation. Because our focus was on the role of occupational exposure to solvents in lung cancer risk, in this first model we performed the profile regression assuming cigarette smoking as a fixed effect. In this way we could adjust the logOR estimate on this confounding factor and base the clustering solely on the exposure to solvents and asbestos.

The male population was split into 14 clusters. Each of them was characterized by a specific exposure profile summarized in Table 34, which shows the posterior mean of the associated exposure probabilities together with 95% credible intervals for the corresponding logORs, with respect to a baseline cluster.

We highlighted in bold every substance modal probability in each cluster. The clusters were characterized by different levels of exposure to specific solvents, e.g. in cluster 6, 46% of subjects were highly exposed to Alc, 74% to KetEst and negligible percentages to other solvents; in cluster 8, 37% of subjects were exposed to medium level of BZ, 65% to high level of WS, 49% to high level of Alc, and 89% to high level of KetEst. We assumed cluster 5 as the baseline for logORs estimation, as it was made up by non-exposed subjects, and all remaining clusters were ranked in logOR ascending order, Two clusters showed statistically significant logORs for lung cancer, namely number 12 and 14. (0.83) 1.20 (0.73) 1.00 (0.88) 1.23 (0.86) 1.07 (0.83) 1.03 (0.82) 1.10 (0.76) 1.24 (0.81) 1.10 (0.76) 1.17 (0.73) 1.17 (0.71) 1.14 (0.80) 1.15 (0.90) 1 Figure 12 shows boxplots of the logORs distribution for each cluster (relative to the nonexposed cluster 5), with the corresponding 95% Credible Intervals (CI*). The horizontal bold line represents the logOR mean that is the average logOR of the whole population, weighted among clusters. This representation allowed us to use the clustering as a guide to uncover subgroups of subjects who were clearly different from the rest of the sample, both in terms of their exposure and their risk.

Hence, we colored in green what we defined as "baseline subgroups", whose 95% CI* logORs contained the logOR mean, and we did not discuss in detail their profiles.

Two clusters, on the other hand, had logORs statistically significantly higher than the logOR mean, meaning that their association with lung cancer was significantly stronger than that of the other clusters. They were clusters 12 and 14, displayed in red in Figure 12. Number 13 can be neglected, despite its high logOR, because its CI* was so wide that included the logOR mean, as the cluster was composed by few subjects. The cluster at highest risk, number 14, was composed of subjects characterized by exposure to high level of asbestos and WS, and to low level of BZ. Cluster 12 was made up of subjects with strong exposure to asbestos and low exposure to KetEst (Table 34). However, exposure to these solvents (BZ, WS and KetEst) was found also in other clusters that were not at high risk of lung cancer. As a consequence, the statistically significant associations may be interpreted as mainly due to asbestos exposure. In addition, in Table 34 the CSI mean of each cluster is also reported.

The smoking history of subjects grouped in some clusters, such as cluster 14, was particularly strong, and it was low in others, such as cluster 1 or 6: a residual confounding could be responsible of the associations with lung cancer that we observed.

When the profile regression model was fitted to the women data, the population was split in 4

clusters, but no one was statistically significantly associated with lung cancer (Annex 3 and Annex 4). RESULTS 138

Profile regression for exposure to solvents, asbestos and smoking history

An alternative to the previous model was to include tobacco smoking as covariate in profile regression. Clustering was based on solvents CEI (4 categories), on asbestos CEI (4 categories) and on CSI, as divided into 5 categories according to the percentiles distribution. LogORs were adjusted for age at interview (in classes) and départements.

Male sample was split into 14 clusters. The specific exposure profile that characterized each of them is summarized in Table 35, and we highlighted in bold the modal probability for every substance as previously. We assumed cluster 1 as baseline for logORs estimation, as it was made up by nonexposed subjects. Elevated and statistically significant logORs for lung cancer were found for all remaining clusters that have been ranked in logOR ascending order. We observed a clear positive trend:

the modal CSI categories grew as the logORs increased. Such a trend was not observed for any solvent, except possibly for WS. Figure 13 shows boxplots of logORs distribution for each cluster (relative to the nonexposed cluster 1), with the corresponding 95% CI*. Only the last two clusters, i. e. clusters 13 and 14 (displayed in red in Figure 13), had logORs statistically significantly higher than the logOR mean. The highest risk cluster 14 was the largest, and was composed of subjects characterized by high smoking history and not exposed to any solvents. Cluster 13 was made up of subjects with high CSI and exposure to high level of asbestos and WS, and to low level of BZ (Table 35). We considered this cluster 13 as comparable to the cluster 14 obtained in previous model (Table 34). With this model, overall the logORs were much higher, as compared to previous results.

For example, the logOR of the highest cluster 14 obtained fitting the previous model was 0.73 (95%CI*: 0.31 -1.15), instead here it was 3.90 (95%CI*: 3.28 -4.67); logOR for cluster 13 was 0.67 (95%CI*: -0.27 -1.67) in the previous model, and 2.66 (95%CI*: 2.10 -3.18) here.

This is mainly due to the different level of tobacco smoking indices in the reference cluster of the two models. Indeed, the previous model reference cluster was composed of subjects with higher CSI than the reference cluster of the current model.
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Given the lower number of observations in female population, a lower number of clusters was defined, namely five (Table 36). We assumed cluster 1 as baseline for logORs estimation, because it was composed by non-exposed subjects. All the remaining 4 clusters showed statistically significant associations with lung cancer risk. Central clusters, from 2 to 4, had similar logORs estimates and similar smoking histories.

Only the last cluster logORs was significantly higher than the logOR mean (Figure 14).

It was composed of subjects characterized by high smoking history and not exposed to any solvents.
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Adjustment for socio-economic status

We re-ran the latter profile regression on the same model, except that logORs were now adjusted also on the subjects' SES. Since we adopted the same covariates, the model produced the same number of clusters with the same exposure profiles, as shown in Table 35. In Table 37 we present solely the clusters logORs (relative to cluster 1), estimated in both models. As expected, a reduction of all associations was observed after adjustment for SES: for example, cluster 4 was not significantly at risk anymore. Boxplots of the logORs distribution for each cluster confirm that number 13 and 14 had logORs significantly higher that logOR mean (Figure 15a and Figure 15b). .24-2.53] [1.27-2.53] [1.29-2.82] [1.67-2.74] [1.38-3.06] [1.51-3.06] [1.60-2.98] [1.32-3.35] [2.00 3.27] [3.17-4. Figure 15a. Log odds ratios of clusters relative to the non-exposed cluster, not adjusted for socio-economic status, men (model with cigarettes smoking as covariate).

Figure 15b. Log odds ratios of clusters relative to the non-exposed cluster, adjusted for socio-economic status, men (model with cigarettes smoking as covariate).

Figure 15a is the same as Figure 13. The baseline cluster is cluster number 1. The bold horizontal line represents the logOR mean. The clusters whose 95% CI* include the logOR mean are colored in green and the rest in red.

Also in women we observed an overall reduction of logORs after adjustment for SES, but less strong than in men (Table 38). Cluster 5 was confirmed as associated with lung cancer, with logOR statistically significantly higher than the logOR mean (Figure 16a and Figure 16b). Figure 16a. Log odds ratios of clusters relative to the non-exposed cluster, not adjusted for socioeconomic status, women (model with cigarettes smoking as covariate).

Figure 16b. Log odds ratios of clusters relative to the non-exposed cluster, adjusted for socioeconomic status, women (model with cigarettes smoking as covariate).

Figure 16a is the same as Figure 14. The baseline cluster is cluster number 1. The bold horizontal line represents the logOR mean. The clusters whose 95% CI* include the logOR mean are colored in green and the rest in red.

Profile regression for exposure to solvents, asbestos and smoking history in never and light smokers group

Analyses with cluster definition based on exposure to solvents and asbestos and smoking history were finally repeated in the never and light smokers' subpopulation. The distribution of cases and controls ever exposed to solvents was quite similar to that observed in the entire population (Table 39). Unfortunately, the low number of remaining women precluded any analysis for this group. In Table 40, socio-demographic characteristics of cases and controls are described. As for the entire male sample (Table 14), cases were slightly older than controls (p<0.001). A lower number of jobs was reported, as compared to the whole study group (Table 18), but the difference between cases and controls was still statistically significant. Among never and light smokers, we observed an increased lung cancer risk only for men who had spent the longest period of their working life as blue-collars, while in the entire male sample difference statistically significant association was found also for self-employed workers, and office and sales employees (Table 15). Mean duration of employment was about one year longer in cases than in controls, both in the whole study group (Table 18) and in the never and light smoker subgroup (statistically significant). 
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Profile regression analyses were repeated using tobacco history as covariate. The never and light smoker sample was split into 6 clusters (Table 41), and we chose the cluster 3 as baseline, because it was composed of non-exposed subjects. Three clusters resulted to be statistically significantly associated with lung cancer: for cluster 1 the association was negative, for clusters 5 and 6, positive. However, as shown in Figure 17, only cluster 5 and 6 logORs showed a statistically significant difference from the logOR mean, so all the others could be considered as baseline clusters.

Cluster 5 was characterized by exposure to high level of asbestos and low level of KetEst. The solvent exposure profile of cluster 6 was comparable to that of cluster 13 previously defined on the whole sample (exposure to WS and BZ) (Table 35). 

Adjustment for socio-economic status

We re-ran profile regression model in never and light smoker population adjusting logORs also on the SES. As in § 1.36.2.1, here we present solely the logORs for each cluster (relative to cluster 1), estimated both with and without the adjustment for SES (Table 42). An overall reduction of all associations was observed. Cluster 1 was negatively associated with lung cancer, with logOR statistically significantly lower than the logOR mean. Cluster 1 resulted to be composed by subjects characterized by slightly lower CSI than those in the other clusters. Cluster 6 was the only cluster positively associated with lung cancer, and its logOR was still significantly higher than logOR mean (Figure 18a and Figure 18b). 

Figure 18b. Log odds ratios of clusters relative to the non-exposed cluster, adjusted for socioeconomic status in never and light smokers, men (model with cigarettes smoking as covariate).

Figure 18a is the same as Figure 17. The baseline cluster is cluster number 3. The bold horizontal line represents the logOR mean. The clusters whose 95% CI* include the logOR mean are colored in green, those with 95% CI* higher than logOR mean in red and those with 95% CI* lower than logOR mean in blue

Clusters and jobs

We cross-classified clusters according to their subjects' jobs, for both the entire population and the never and light smoker subgroup. In Figure 19, we compared the job distribution in the highrisk clusters. The job distribution of cluster 14 (analysis on entire population) encompasses several job categories, such as motor vehicle drivers, production supervisor and construction workers, each with very low frequencies. Interestingly, cluster 13 for the analysis on the entire sample, and cluster 6 for the analysis restricted to never and light smokers had in common the presence of a large proportion of painters in the construction field (36% and 12% respectively). In cluster 5 (analysis on never and light smokers), plumbers represented 14% and carpenters and joiners 12% of all jobs. RESULTS 155

Pseudo profiles

The PR model and the Bayesian output allow to carry out predictive inference and to quantify the range of risk associated with pre-specified combinations of covariates. We were interested in investigating if and how the exposure to WS and BZ affected the risk, because the exposure to these substances was common to high-risk clusters in our dataset. With this purpose, we set up a number of simulated predictive scenaria of covariate patterns, the so-called pseudo-profiles, which are summarized in Table 43. The posterior predictive logOR density (relative to pseudo-profile 1) for different combinations of WS and BZ CEI levels is shown in Figure 20a for the entire population and in Figure 20b for never and light smokers. CSI was set equal to 1 (i.e. light smokers), and CEI of asbestos and other solvents reflected the covariate patterns present in the main sample, meaning that these variables do not contribute to allocation of the pseudo-profiles to a given cluster. In each plot mean log odds ratio and corresponding credible interval at 95% are reported.

Log odds ratios relative to pseudo-profile 1, defined in Table 43.
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These plots allow to understand visually how logOR changed as these covariates varied from low to high exposures. We can observe that posterior risk distribution was wide in both populations, meaning that there was weak information in the data on these specific patterns. A small shift of logOR to the right emerged for both populations, stronger for the entire sample. Pseudo-profiles logORs for entire sample were higher than those of never and light smokers. This was not unexpected because pseudo-profile logORs reflect the logORs of clusters to which the pseudo-profiles were assigned.

However no trend clearly resulted as the strength of the exposures increased and 95% CI* for the predicted risks are very wide.

Analysis of self-reported exposure

As explained in method section ( § 1.23) some substances were listed in the self-reported questionnaires, namely WS and gasoline among solvents, and gasoline and diesel oil among fuels, and we investigated their association with lung cancer risk.

Only men exposed to WS were significantly at risk of lung cancer (OR=1.25, 95% CI 1.03 to 1.53), after adjustment for exposure to asbestos and socio-economic status, while the association with exposure to gasoline (as solvent) was of borderline significance (OR=1.17, 95% CI 0.96 to 1.44) (Table 44). No substance was significantly associated with lung cancer among women.

The association of occupational exposure to a number of organic solvents with the lung cancer risk has been evaluated, taking advantage of the ICARE population-based case-control study. A complex methodological path was followed in order to overcome the analytical difficulties created by multiple correlated exposures.

In this chapter, first we discuss the potential biases due to the study design, i.e. selection, classification and confusion bias, and we evaluate the power of the study. Then we summarize and interpret the principal results, and finally we present future perspectives.

Study population

In overall terms, the validity of an epidemiological study relies primarily in absence of bias in sample definition. In the following paragraphs we will first consider the possible selection biases, which could have been introduced in case and control definition. Then we will evaluate their potential consequences.

Cases selection

The ICARE study was realized in collaboration with FRANCIM, which allowed to recruit lung cancer cases in almost all the different health care establishments (public and private) in the départements covered by the registries. However, cancer registers usually work with a three-year delay between the diagnosis and the validation of a case of cancer, and lung cancer survival is quite poor. Thus, in order to reduce bias due to survival and expedite case identification, cases were identified in all public hospitals or private clinics where patients were treated, and in pathology laboratories, which are the first to know of a case's diagnosis. ICARE interviewers regularly contacted these structures to collect names and addresses of eligible patients (and their physicians).

Consequently, the delay between cancer diagnosis and interview was reduced to 3 months on average, although the validation step took 3 more years to be completed.

However, more than 40% of eligible cases could not be included:

-among all identified cases, 16% had died before they could be interviewed, 5% were too sick to participate and 10% could not be reached;

-among all contacted cases, 13% refused to participate.

Several sources of selection bias can be hypothesized. In general, survival bias occurs when dead cases (not included in the study) have different exposure characteristics, as compared to included cases, so the question to ask is: was there any difference in occupational exposure between dead and included cases, in our study? It is well known that distinct lung cancer histologies have different prognoses, in particular small cell lung cancer and squamous cell carcinoma have worse survival than adenocarcinoma, on average. However, the hypothesis that occupational exposure to specific carcinogens may be associated with particular histologic types is controversial [START_REF] Paris | Relationships between lung adenocarcinoma and gender, age, smoking and occupational risk factors: A case-case study[END_REF], and our results indicate a lack of such association, consequently we are led to believe that survival bias was very unlikely.

Another source of missing cases was given by patients not identified by ICARE interviewers.

Because they have not been identified, we cannot compare their age, sex and histology distributions with those of included cases. However, these missing subjects can cause a selection bias only under the hypothesis that their occupational exposures differed from those of included cases. The nonidentification of cases could be due to the fact that patients were not signaled by structures, or that interviewers did not reach those structure which recruited a too low number of patients, as in nonurban areas. These areas could reflect lower socio-economic categories that could be associated with a higher probability of having a job that exposes to professional pollutants. However, if this bias existed, it would result in a deficit of low socio-economic category among cases, which was probably not the case, since the comparison between cases and controls showed that cases were more frequently blue collar workers.

Finally, the last source of missing cases is represented by those subjects who refuses to participate. The study was proposed to subjects as an investigation focused on the exposure to environmental factors and health in general, without mentioning neither patients' disease nor the interest in occupational exposures. It is unlikely that the majority of refuses was due to the fact that subjects thought that their professional history was the origin of their disease. However, generally subjects of lower socio-economic categories tend to participate less to this kind of studies, thus a socio-economic determinant cannot be neglected. In addition, the low refusal rate among both men and women (around 13%) and the large proportion of subjects with low socio-economic status that we included (Table 15) leads us to believe that this potential selection bias alone cannot explain our results.

The formal comparison of cases distribution between lung cancer patients included in ICARE study and those of cancer registers is planned. It was made only for UADT cases, for which the distribution for sub-localization was very similar to those observed in cancer registers (data for 2000-2004 period) [START_REF] Paget-Bailly | Facteurs de risque professionnels des cancers des voies aéro-digestives supérieures: Synthèse des données épidémiologiques et analyse d'une étude cas-témoins[END_REF].

Controls selection

Controls must fulfil all the eligibility criteria defined for the cases, apart from those relating to diagnosis of the disease of interest. They constitute the group of reference and should represent the population from which the cases are drawn, i.e. they should provide an estimate of the exposure prevalence in the population from which the cases arise. If not, the results of the study are likely to be distorted because of selection bias.

In our study, controls have been randomly selected in the general population of the same département as cases. They have been recruited by a polling institute that ensured good representativeness of controls as compared to cases according to age and sex distribution in each département. Controls were also representative of the general population of the département according to socio-economic status. Telephone calls procedure allowed to contact people with the same probability, and also to reach people included in the so-called "red-list" (Do-Not-Call registry).

At the same time, this procedure allowed to select only people with landline, which possibly introduced a selection bias. However, during the inclusion period, the proportion of people without the landline was low, in particular in the age class of interest (e.g. less than 5% of 60-64 years old in 2004) [START_REF] Bigot | La diffusion des technologies de l'information et de la communication dans la société française[END_REF].

The participation rate of controls was quite good (88% among men and 77% among women).

Despite the stratification by age, we found a statistically significant age difference between cases and controls, for both men and women. This was due to the unique control group assumed for the two groups of cancer cases included in ICARE study, lung and UADT. However, the large sample dimension in both cases and controls allowed to correctly adjust the analyses for this variable.

The socio-economic difference observed between cases and controls was expected. It reflects, indeed, the higher prevalence of lung cancer cases in socially disadvantaged groups.

This was an etiological study, and as such it required that controls would represent the population from which the cases arise and not the whole French population. However, we compared the socio-economic status of controls and French general population, for information purposes only.

As already introduced, the control group was stratified according to age and sex distribution of cases, and an additional stratification ensured controls' socio-economic distribution comparable to that of the general population living in the départements. In order to indicate the quality of controls sampling, this comparison had to take into account of age. The percentages of each socio-economic category (age-standardized) among controls and in general population living in the départements were similar (Table 45). We used data from the 2006 Census of INSEE.

In summary, the socio-economic status of our control group was rather similar to that of the general population living in the départements. 

Subject exposure 1.40 Data collection

Interviewers were not blinded to case-control status of subjects. Nevertheless, they had received specific training and the standardized questionnaire was mainly based on tasks description, which allowed to minimize bias due to the interviewer as well as recall bias of the subject. However, as already discussed, patients ignored the specific hypothesis of the study, because it was presented (to both cases and controls) as an investigation about "environment and health" and not explicitly focused on occupational exposures. In addition, the interviewers were not aware of the specific study hypothesis.

In general, we assume that occupational history is quite reliable and it does not represent an important source of recall bias [START_REF] Mcguire | Assessment of occupational exposures in community-based case-control studies[END_REF]. The total number of reported job-periods was similar between cases and controls, but slightly lower among cases (4.4 vs 4.6 for men and 3.4 vs 3.6 for women). On the contrary, the entire duration of working history was on average longer among cases than controls for men (respectively 36.6 vs 35.5), but not for women (25.0 vs 27.3). It can be assumed that among cases the fragmentation of occupational episodes was slightly less important than among controls, probably due to the fatigue that the disease involves. However, the small difference allow to consider this potential bias as not very important. As expected, women declared fewer job-periods, as compared to men.

The reduced version of the questionnaire collected lifelong occupational history as the complete form, but the questions were less detailed and a next-of-kin could reply. Cases replied more frequently to the reduced version than controls and the number of reported jobs was lower with the short questionnaire, as compared to the complete version. We therefore verified that excluding subjects who replied to the reduced version did not modify the results of the analyses.

In summary, although it is not possible to exclude totally any bias that could have been introduced during data collection, we believe that bias due to the interviewer would have been non differential between cases and controls, and recall bias could be assumed as limited

Jobs' and activity sectors' coding

Lifelong occupational history has been collected using a standardized and detailed questionnaire that was designed with the collaboration of industrial hygienists. The large quantity of collected information, in particular description of the main tasks, allowed a precise coding of occupations and activity sectors. Coders received special training and their work was regularly verified to ensure standardized and homogenous coding. Moreover, coders were blind as to casecontrol status in order to minimize the possibility of differential misclassification.

Occupational exposure assessment

The strength and credibility of evidence from occupational case-control studies largely depend on the validity and precision with which the work history is reported and the exposure is assessed. In population-based studies, as in our case, the range of potential jobs and associations is large, and within a given job there is a great possible variation of exposures. One of the principal pitfall in casecontrol studies is the exposure assessment. It depends on the ability of the subjects to remember the exposure that are of interest for the study, but also on the quality of the questionnaire to help to remember these exposures, and finally on the fact that questions are asked after disease onset.

JEMs provide a rapid mean with which it is possible to convert the combination of coded occupational titles and activity sectors into potential exposures. A good quality and standardized coding of jobs and activity sectors are therefore essential to minimize errors in exposure assessment.

As previously explained, in our study particular attention and rigor were applied to the coding phase and allowed us to be confident that it was accurate. However, the JEMs do not take into account the variability of exposure within a given employment/activity sector combination, and therefore may result in false positive and negative exposure assignments. This misclassification of exposure, nondifferential because independent of subjects disease status, tends to mute the observed risk estimates towards unity. Several authors discussed also about the difficulty of using JEMs in countries different from that where they have been built [Bouyer, 1993;[START_REF] Tielemans | Assessment of occupational exposures in a general population: comparison of different methods[END_REF]. We used JEMs that have been developed in France by the InVS. These JEMs, by construction, are extremely sensitive in term of exposure assignment: a job was considered not exposed when the proportion of workers exposed to the substance was less than 1%. In order to increase the JEMs specificity, we considered in the second part of this work as exposed only those jobs with a probability of exposure higher than a cut-off that was fixed to 30% or 50% according to the substance. However, we are aware that misclassifications could still exist. Previous findings in the ICARE dataset were consistent with the literature, for example those obtained using JEMs for asbestos and silica dust [Guida, 2013], and this made us confident on the use of JEMs for studying the occupational exposures of our interest.

In addition, our questionnaires allowed us also to analyze self-reported exposures. These can be suspected to give rise to differential misclassification because of the recall bias, as explained previously. This is particularly true when a substance is known to be associated with the disease of interest that is not at all the case for exposure to solvents and lung cancer. Another limit of this method is represented by the fact that sometimes workers know the common names and broad families of the substances which they have worked with, but in general they ignore their precise chemical name [START_REF] Teschke | Effect of different questionnaire formats on reporting of occupational exposures[END_REF]. For these reasons we believe that subjects likely underreported their exposures, but in the same proportion in cases and controls. Nevertheless, analyses performed on exposure reported by subjects should be considered complementary to those performed on JEMs application.

(15%). However, the only available variable to assess it was a binary one (exposed vs non-exposed).

Considering the small impact of secondhand smoke on lung cancer, and the poor sensibility of our variable, we decided to exclude it from the analyses.

Number of job-periods held

As seen in results section ( § 1.30), cases declared on average a lower number of job-periods than controls. Consequently the variable 'number of job-periods' was negatively associated with lung cancer. A weak positive correlation existed between number of job-periods and exposure to asbestos or chlorinated solvents. For these reasons, in the analyses regarding the exposure to chlorinated solvents we adjusted logistic regressions for the number of job-periods held during the working life, and adjusted odds ratios were slightly different from the crude ones.

Regarding the second part of this work, given the complexity of the Bayesian PR method we decided to simplify the model and included only the major confounders (e.g. age, département, smoking habit and asbestos exposure) as adjusting factors. In order to make the analyses homogeneous, the number of job-periods was not included when using the traditional approach by logistic regression as well.

Socio-economic status

Adjustment for SES in occupational cancer studies is debated, because SES is strongly associated with a number of occupational risk factors [START_REF] Richiardi | Analysis of nonresponse bias in a population-based case-control study on lung cancer[END_REF]Richiardi, 2008]. SES is a complex index that comprises different elements such as education, diet, smoking habits and jobs, and consequently also occupational exposures, for example to asbestos. Adjustment for SES is sometimes performed in order to take into account some unmeasured occupational confounding factors or for correcting a possible difference in cases and controls selection [Brisson, 1987].

However, the possible over adjustment that it can imply may lead to underestimate the association [Brisson, 1987;Richiardi, 2008].

As indicator for SES, we used the occupational category of the longest held job-period, according to the standard classification of the INSEE. Education level is sometimes preferred as a proxy for SES [START_REF] Beane Freeman | Cancer incidence among male pesticide applicators in the Agricultural Health Study cohort exposed to diazinon[END_REF][START_REF] Stefani | Occupational exposures and risk of adenocarcinoma of the lung in Uruguay[END_REF], but in our data this information was collected only in the complete version of the questionnaire, so we preferred not to use it, in order to avoid a statistical power reduction.

The practical rules proposed by Richiardi et al. have been consulted, in order to decide if adjusting or not for SES was required [Richiardi, 2008]. These rules are based on the directed acyclic graphs, as is shown in Figure 21. The scenario was slightly different: in Richiardi's article the aim was to investigate the association between having worked in a particular job and cancer risk, instead in the present work we focused on occupational exposure and cancer risk. We report below an example of the answers to the questions asked in Figure 21, where:

-"SES" is represented by the occupational category of the longest held job-period;

-"cancer under study" is lung cancer (LC);

-"occupation under the study" is represented by the exclusive exposure to trichloroethylene (TCE);

-"other occupations" is represented by the exposure to asbestos (Asb);

This illustration concerns the men subgroup.

Q1. Does SES cause lung cancer? A4. Yes, exposure to asbestos was significantly and positively associated with lung cancer, and a dose-response trend was apparent.

Q5. Is more relevant the association between SES and lung cancer or the association between exposure to asbestos and lung cancer?

A5. Both associations are important, because that between SES and LC was 2.03 (for bluecollar workers) and those between asbestos and LC ranged between 1.54 and 2.45.

Following this flow chart and according to these results, Richiardi et al. suggested to present both estimates, adjusted for SES and not. After the adjustment, we observed a generalized decrease of all ORs, on average more pronounced in men. This reduction indicates that adjustment for smoking habits and occupational exposure to asbestos was not sufficient to take into account all dimensions behind SES. However, the complex links between SES, exposure to an agent widely used in the working environment such as asbestos and the job itself may lead to over-adjustment when SES is considered. For this reason, results with and without adjustment have been presented, and it would be wise to consider that real estimates are in between.

Occupational exposure to asbestos

Overall analyses took into account information about occupational exposure to asbestos. In the analyses performed on chlorinated solvents, we adjusted logistic regression models for asbestos CEI. Several ways to encode this variable have been tested. Continuous variables (CEI continuous and ln(CEI+1) continuous) did not vary linearly with lung cancer risk and were not able to change the associations, after adjustment. For these reasons, we categorized the asbestos CEI variable in classes according to the quartiles of the control distribution.

In the second part of the analyses, we categorized asbestos CEI according to the tertiles of control distribution, in order to define homogeneously all the covariates used in profile regressions.

Genetic susceptibility factors

The ICARE study was not designed to collect genetic material in order to explore the existence of genetic susceptibility to lung cancer, neither at the level of polymorphisms in candidate genes nor in genome wide association studies. However, to date results of such studies have been rather

disappointing, revealing no clear and strong association of any polymorphism with lung cancer. In particular, the CYP2E1 gene could have been potentially interesting, because it encodes an enzyme that is involved in solvent metabolism, however its most studied polymorphism has been found not to be associated with lung cancer risk in Caucasians [START_REF] Ye | Association between the CYP2E1 polymorphisms and lung cancer risk: a meta-analysis[END_REF]. For this reason, we do not consider the lack of inclusion of genetic susceptibility factors in our analysis responsible of the absence of association.

Statistical power

Nowadays, the ICARE study is one of the largest case-control studies aimed at evaluating occupational exposures as risk factor for lung cancer, at international level. The number of subjects was large enough to reach the adequate statistical power to detect even modest increases in risk. More in detail, in Table 46 the minimum odds ratios that may be detected with 80% power at the 5% level of significance (one-tailed test) is reported for each substance, according to the lifelong estimated prevalence.

As for men, the statistical power was adequate for most of the substances investigated, except for some chlorinated solvents (CT and CF). On the other hand, for women the statistical power was acceptable only in the case of few substances. The association found for PCE was high enough to be detected with our data. Moreover, we could not study exclusive exposures because of the overlapping solvent exposures in most working places. 

Risk of lung cancer and occupational exposure to organic solvents

Millions of workers are exposed to organic solvents due to their wide application in practically all branches of modern industry, such as the manufacture of surface coating (paints, varnishes, and printing inks), the manufacture of synthetic fibers, the cleaning sector and the construction industry.

Because different solvents are often used simultaneously, and sometimes as components of solvent mixtures, it is difficult to assess the role of individual substances. For diseases such as lung cancer, an additional source of complexity for teasing out the role of occupational exposures is the need to account for their well-known set of risk factors, the most predominant being tobacco smoke and asbestos.

The discussion of our results will be presented separately for the two main part of the present work: first those regarding the exposure to chlorinated solvents and then those concerning the exposure to all organic solvents.

1.48 Occupational exposure to chlorinated solvents

Interpretation of main results

The first part of this thesis work was dedicated to investigate the role of occupational exposure to five chlorinated solvents in lung cancer. We performed separate logistic regression models for each substance of interest, and results showed statistically significant increased risk of lung cancer for exposure to TCE, DCM and PCE in men. Asbestos exposure represented a confounding factor for all the associations except for PCE, whose adjusted OR was reduced but still at the limit of significance.

Among women, borderline significant associations emerged for the same three solvents, not confounded by asbestos exposure.

To overcome the limitations due to solvent exposures overlap, additional analyses were performed on mutually exclusive exposures. Exposure to TCE was the most prevalent among both men and women. Analyses performed on subjects exposed solely to TCE showed statistically significant associations with lung cancer that were no longer observed after adjustment for asbestos exposure, even for the highest class of each exposure dimension. To elucidate whether these results could be due to over-adjustment for asbestos exposure, we restricted the analysis to subjects never exposed to asbestos and again we found no association with TCE, neither in men nor in women. The effects of exclusive exposure to PCE and to DCM could not be studied because each of them concerned only five subjects each.

Forty-two subjects had been exposed only to PCE and TCE, while 153 only to PCE, TCE, and DCM, and a positive association with lung cancer risk was found for both combinations. For the latter, in particular, the association was found among both men and women and held after adjustment for asbestos exposure, although only women maintained statistical significance, with high ORs and wide confidence intervals. Because we grouped PCE, TCE and DCM together, it was not possible to identify which of the three was responsible for the observed association. However, considering that no association was found for exposure to TCE alone or to TCE and DCM combined, we were led to believe that the observed increase of lung cancer risk was likely due to PCE. Moreover, women combined PCE-TCE exposure was characterized by longer duration, stronger probability and higher frequency for PCE than TCE (e.g. duration mean equal to 6.7 years for PCE and 3.8 years for TCE), while intensities were similar. On the other hand, in the PCE-TCE-DCM combination, probability of exposure was low for PCE, with medium-low frequency and intensity of exposure, while the exposure to TCE was more probable and longer, and that to DCM was more intense. Despite this unequal contribute of exposure to TCE and DCM on one side and PCE on the other, the association with lung cancer was strong (the OR was around 5). In addition, one could speculate that any carcinogenic effect was stronger after the combined exposure, due to chemical interaction or biological synergy of PCE, TCE and DCM yet to be elucidated. However, these considerations should be treated with caution because of the low number of subjects exposed. All estimates were indeed quite instable with large confidence intervals.

Overall, adjustment for SES affected the analyses less among women than among men. The association between TCE-PCE-DCM and lung cancer was clearly visible in women with ORs around 5, although with large confidence intervals (Table 24), while among men the association was much weaker. This modest result in men might be explained by residual confounding by asbestos exposure or smoking habit, but this is unlikely among women, given the strength of the association. Overall, these two independent results suggest that PCE, alone or in combination with other solvents, may increase the risk of lung cancer.

Analysis based on self-reported exposure to specific agents in the questionnaire confirmed the association between lung cancer and exposure to PCE, despite the reduced sample size, while the analysis of self-reported TCE again did not show any association. Furthermore, the magnitude of the association was similar in men and women. It might be suspected that cases tend to over-report their occupational exposure in comparison with controls, but we believe that the lack of information and knowledge on the effects of exposure to PCE on lung cancer exclude this possibility almost entirely.

In addition, the percentage of controls who declared having been exposed to PCE reflected the lifelong exposure prevalence expected according to InVS estimation, thus we are confident about the reliability of this self-report.

Multiple tests comparison

Large numbers of analysis raise concerns about multiple testing. This could also apply to the multiple hypotheses explored in the ICARE study, and in particular to our results for PCE. Whether or not adjustment for multiple comparisons is required in epidemiological studies has been extensively debated, although no obvious solution has been found [Savitz, 1995]. We preferred to focus on the consistency of the results rather than their statistical significance. For exposure to PCE, we observed indications for an association with lung cancer (i) for ever exposure, as assessed by a JEM and (ii) for self-reported exposure; (iii) we identified a dose-response relationship with cumulative duration of exposure and (iv) when investigating exposure to a combination of substances, the group of solvents including PCE almost always resulted in association. On the other hand, although we followed the same statistical analysis strategy, we almost never found that exposure to TCE was associated with lung cancer, despite all the analyses performed.

Comparison with published literature

Browsing scientific literature on the relationship between occupational exposure to organic solvents and lung cancer, the most common findings are exploratory studies focused on jobs/activity sector belonging to List A or List B [START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF][START_REF] Richiardi | Occupational risk factors for lung cancer in men and women: a population-based case-control study in Italy[END_REF][START_REF] Zeka | Lung cancer and occupation in nonsmokers: a multicenter case-control study in Europe[END_REF][START_REF] Consonni | Lung cancer and occupation in a population-based case-control study[END_REF],

or, in alternative, systematic analyses by job titles. These studies are not very informative, since no job reflects exposure to one specific solvent. For example rubber industry, classified as Group 1 by the IARC for lung cancer [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF], entails exposures including some chlorinated solvents [START_REF] Kromhout | Empirical modelling of chemical exposure in the rubber-manufacturing industry[END_REF] but also some known lung carcinogens, like asbestos and polycyclic aromatic hydrocarbon (PAHs), not allowing to disentangle the effects of single substances.

Increased incidence of lung cancer in association with TCE exposure occurred only in studies on animals [Fukuda, 1983]. Some evidence has emerged about the potential TCE carcinogenicity in human populations. The 2012 IARC evaluation about TCE carcinogenicity concluded that in the epidemiologic literature there was convincing evidence of a positive association with kidney cancer, and limited evidence of an association with liver cancer and NHL; thus, the substance was classified into Group 1 [Guha, 2013]. The only study that directly investigated the role of chlorinated solvents, including TCE, on lung cancer risk was those conducted by Vizcaya et al. (Montreal case control study), which showed absence of association [Vizcaya, 2012]. Our findings are consistent with it.

It is difficult to disentangle the role of DCM, because it was not possible to isolate enough subjects exposed only to this solvent. Eighty-seven percent of the subjects exposed to DCM had also been exposed to TCE, and the results of analyses on subjects who had ever been exposed to DCM in at least one job exactly reflected those of TCE, indicating a lack of association with lung cancer.

As regards PCE, various cancer sites associated with exposure to this solvent have been identified in literature, such as bladder, esophagus, kidney, cervix, and NHL, but only findings on bladder cancer were consistent across studies [Mundt, 2003;Guha, 2013]. IARC classified PCE as carcinogenic to animals with sufficient evidence, and possibly carcinogenic to humans (Group 2A) [Guha, 2013], but the lung was not considered a likely target organ [IARC, 1995]. Interestingly, the

Montreal case control study [Vizcaya, 2012] suggested an association with lung cancer risk for "substantial" levels of exposure to PCE, although the number of subjects was rather low [Vizcaya, 2012].

Because of the large use of PCE in the dry-cleaning sector, several cohort studies were conducted on subjects employed in dry-cleaning as a proxy for PCE exposure. Unfortunately, few occupational studies can be considered as having a relatively strong exposure assessment methodology. The results from three of them provide support for an increased lung cancer risk in the dry-cleaning cohorts with a relative risk of 1.4 (95% CI: 1.1, 1.6) [START_REF] Blair | Extended mortality follow-up of a cohort of dry cleaners[END_REF], 1.31 (95% CI: 1.04, 1.64) [START_REF] Calvert | Mortality and end-stage renal disease incidence among dry cleaning workers[END_REF], and in other settings 1.92 (95% CI: 0.62, 4.48) [START_REF] Anttila | Cancer incidence among Finnish workers exposed to halogenated hydrocarbons[END_REF]. In another publication, Seldén and et al. [Selden, 2011] distinguished dry cleaners who used PCE and laundry workers who did not, and they found similar, but slightly higher, relative risks for laundry compared with dry-cleaning workers. However, none of the above cohort studies assessed exposure to PCE directly, and the controlling of confounding factors, such as smoking habits and asbestos exposure, was often inadequate. In agreement with the literature, we found in our study that PCE was the primary solvent in the dry-cleaning sector (64% of women in this sector were exposed exclusively to PCE and TCE). However, as reported above, assessing the effects of PCE exposure alone was not achievable because almost every subject was simultaneously exposed to other solvents, which always included TCE.

The jobs' distribution among subjects exposed to PCE and TCE showed that a large percentage of men was employed as printing pressmen. Occupational exposure in printing processes has been classified by the IARC as possibly carcinogens to humans, with sparse and limited evidence for the association with lung cancer (Group 2B) [IARC, 1996]. However, because printing inks are composed by complex mixtures of several substances, including solvents (e.g. chlorinated solvents, WS, BZ, Alc, hexane, toluene, xylene), it is not possible to trace back the causative agent.

1.49 Occupational exposure to organic solvents

Traditional approach versus Bayesian profile regression models

Our data were characterized by multiple highly correlated exposures, as often occurs in environmental epidemiological studies. In presence of multicollinearity, maximum likelihood estimates may be unstable and achieved results may be difficult to interpret. In particular, multicollinearity has no impact on the overall regression model, because it does not reduce the predictive power or reliability of the model as a whole; it only affects estimates of each covariate, or the identification of which covariate is redundant with respect to others. It results in increased inaccuracy, as expressed through bias within the regression coefficients, and in increased uncertainty, as expressed through coefficient standard errors [START_REF] Baguley | Serious Stats: A guide to advanced statistics for the behavioral sciences[END_REF]. Actually, a consequence of multicollinearity is that covariates demonstrating no significant relationship with the outcome when considered one at a time, become highly significant in conjunction with collinear variables, yielding an elevated risk of false-positive results (Type I error). Alternatively, multiple regression coefficients might show no statistical significance due to incorrectly estimated wide confidence intervals, yielding an elevated risk of false-negative results (Type II error) [Yu- [START_REF] Tu | Statistical Thinking in Epidemiology[END_REF]. Consequently, if two or more covariates are correlated, then it is inherently difficult to tease apart their effects.

Multicollinearity reduces the effective amount of information available to assess the unique effects of a covariate, thus its fundamental statistical impact is to lower effective sample size and statistical power for estimates of individual covariates [START_REF] Baguley | Serious Stats: A guide to advanced statistics for the behavioral sciences[END_REF]. Multicollinearity could have had a role in the lack of statistical association with lung cancer that we found in our data, when all exposure variables were included in the model. On the other hand, multiple logistic regression models incorporating one exposure variable at a time do not allow to control for the other exposure variables, which could be confounding factors [START_REF] Greenland | Causal diagrams for epidemiologic research[END_REF]. In addition, when a study generates a large number of test, as in our case, multiple comparison issues arise and should be addressed [Savitz, 1995].

We tried to identify the best subset of solvents to include in the model, performing a variable selection based on two variants of the stepwise method: forward selection and backward elimination.

However, in case of redundant predictors the stepwise procedure does not find always the best model [START_REF] Judd | Data Analysis: A Model Comparison Approach[END_REF][START_REF] Ratner | Variable selection methods in regression: Ignorable problem, outing notable solution[END_REF], and in the presence of collinearity it has severe problems. In our population, stepwise forward and backward approaches selected for the final model the same solvents, which were very similar to those obtained from the univariate final model. They returned two solvents, WS and THF, which were respectively weakly and not significantly associated with lung cancer.

Profile regression is a Bayesian statistical approach conceived to examine the effect of combinations of variables that structure the variability of the data. This approach allows to overcome several limitations of traditional regression methods, like the large number of parameters required when all possible interactions are investigated and the problems with inference and interpretation of the results in the presence of collinearity [START_REF] Maclehose | Bayesian methods for highly correlated exposure data[END_REF][START_REF] Papathomas | Examining the joint effect of multiple risk factors using exposure risk profiles: lung cancer in nonsmokers[END_REF].

An important difference between the two approaches arises in the main unit of inference: logistic regression models the risk of individual subjects, while profile regression infers the risk of covariate patterns, or profiles [START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF]. In particular, profile regression groups profiles into clusters, which can avoid problems of instability in picking out a small number of so-called significant covariates among a larger set of multicollinear ones. Using forward selection in our study revealed only one statistically significant but weak single effect estimate, that of WS. In contrast, profile regression identified several combinations of covariates that formed subgroups associated with higher risks.

Interpretation of main results

The association previously found between lung cancer risk and chlorinated solvent exposure were impossible to confirm or reject, due to the too low size of the sample remaining after the imposition of a cut-off to redefine the exposure, in order to increase JEMs specifity. On one side, the cut-off allowed to limit misclassification, but on the other side it obviously resulted in a generalized reduction of the number of exposed subjects. Subjects were overall exposed with low probability to chlorinated solvents, so that after the cut-off application, most subjects were redefined as not exposed.

In particular, no one was exposed to CT and CF anymore, only three men were still exposed to DCM, 102 men and 11 women were still exposed to TCE and 11 men and 20 women to PCE.

Occupational exposure to organic solvents and lung cancer risk among men Profile regression clustering based on exposure to solvents and asbestos ( § 1.36.1), performed on the entire male sample, identified two clusters at risk of lung cancer with quite weak associations (logORcluster 12 = 0.54 [0.19 -0.90] and logORcluster 14 = 0.73 [0.31 -1.15], model with CSI as fixed effect). Subjects grouped in these clusters were exposed to asbestos and few solvents (Ket/Est in cluster 12, WS and BZ in cluster 14). These solvents, however, characterized also other clusters that

were not significantly at risk of lung cancer (e.g. cluster 8). Solvent exposures seemed to be distributed over all clusters without any particular trend for any of them, leading us to question the impact of smoking history in the clustering and how it was distributed among these clusters. The average smoking history was high in the two highest clusters (12 and 14) and although tobacco smoking was considered as fixed effect, we wanted to verify how a model could perform when including CSI as a covariate instead of an adjustment factor. This second model (i.e. including smoking as covariate, § 1.36.2) showed similar clustering in terms of solvents profiles as the first one, and confirmed the absence of association between solvents exposure and lung cancer. Since smoking was now a covariate, the highest risk cluster was composed by heavy smokers only. Cluster 12 of the previous model corresponded to cluster 13 of the current model (low BZ and high WS exposure).

Regarding the distribution of smoking history in the clusters, we could see clearly that the highest the proportion of subjects in maximum CSI levels, the highest the logORs. Such trend was not observed for any solvent, except possibly for WS. One of the consequences of having included smoking as covariate into the model was a different level of tobacco smoking in the reference cluster: now there were mainly light smokers, while in the other model (smoking as fixed effect) it included both light and heavy smokers. This entailed different association estimates, but did not modify our conclusions regarding the absence of association of solvent exposure with lung cancer.

To finally confirm that the lack of association between solvent exposure and lung cancer risk was not due to residual confounding by tobacco smoking, we re-ran profile regression on the subgroup of never and light smokers ( § 1.36.3). We obtained less clusters because of the lowered number of subjects, but again no evidence of an association between solvent exposure and lung cancer emerged.

In all models, we included occupational exposure to asbestos as a covariate, since this wellestablished lung carcinogen is present in many workplaces. Subjects exposed to high level of asbestos were generally grouped in high risk clusters. An exception was cluster 2 that was at low risk in the model with CSI as fixed effect, although 93% of the subjects had medium-high asbestos CEI. Looking at the single exposure dimensions, we learned that for 76% of the subjects the exposure intensity was quite low (0.01 -0.1f/ml), but all subjects had probability of exposure higher than 30% and duration was long (32 years on average). A cumulative score gives the same weight to the different dimensions of exposure, while it is very likely that intensity and duration do not have the same impact on the risk, as it has been demonstrated for example in the case of tobacco smoking.

In summary, no evidence of association between organic solvent occupational exposure and lung cancer risk emerged. The only residual doubt concerned exposures to WS and BZ, which were grouped in clusters at high risk. Another clue, WS was the only solvent retained by stepwise logistic regression. Thus, we performed pseudo-profiles on WS and BZ, with the aim to understand their role on lung cancer risk. An important feature of the profile regression approach is the computation of predicted responses for pseudo-profiles, which are predicted scenarios of the range of possibility for the covariates that we are interested in. At each iteration of MCMC sampler, predicted subjects are assigned to one of the current clusters, according to their covariate profiles. According to how these predicted subjects are allocated, it is possible to estimate the posterior predictive distribution and consequently the risk associated with these profiles. Pseudo-profile performed on WS and BZ revealed a weak shift of predicted logORs with large 95% CIs*, but without an evident trend for increasing level of exposure, suggesting a lack of association with lung cancer risk. We also re-ran pseudo-profiles on exposure to WS only: overall predicted logORs were higher, but not statistically significant and the 95% CIs* were still large. Moreover, posterior predictive distribution is not defined only by those subjects who exactly reflect the pseudo-profiles, but also by those who have similar covariate profiles. At each iteration of MCMC sampler, subjects are newly allocated to clusters, consequently subjects who exactly contributed to predictive distribution estimate cannot be traced back. However, to check if estimates were reliable, we looked at the variance of predictive distributions that were small. For these reasons, we cannot draw any firm conclusion in support of the carcinogenicity of any of the organic solvents investigated, neither for WS and BZ.

Whenever a lack of association between exposure and disease is apparent, one important point is the choice of the variable resuming the exposure. Actually we expressed the level of exposure to solvents as CEI, an index that integrates maximum probability, intensity and duration of exposure, as explained before. Therefore, in order to deepen the characteristics of subjects belonging to clusters at high risk, we checked the different dimensions of exposure to WS and BZ. Most of subjects (80%)

were exposed with the same and high probability of exposure to both WS and BZ (Pmax > 90%), 93% experienced medium intensity WS exposure (20-50 ppm), 70% were exposed to low level of BZ

(1-5 ppm) and the remaining subjects were exposed with lower intensity. The average duration of exposure to WS was approximately double respect to BZ (22 years vs. 11 years). Hence, misclassifications due to weak probability of exposure seemed to be limited, because it was rather strong instead, particularly for WS. A different approach would have been the introduction of the three above-mentioned dimensions of exposure in the model, but this would have resulted in too many clusters, making difficult any interpretation of the results

We did not observe any significant association between organic solvent exposure and lung cancer, but on the other hand the method identified some clusters that were positively associated with lung cancer. We looked at how job titles were distributed among these clusters, and we found that they were related to occupations that are known to be at risk of developing lung cancer. Actually in the high risk clusters we found considerable proportions of painters (ISCO-68 931), construction workers (ISCO-68 959), plumbers and pipe fitters (ISCO-68 871), carpenters, joinery and parquetry workers (ISCO-68 954), and motor vehicle drivers (ISCO-68 985). These results are in agreement with previous analyses of occupations performed on the same study population: statistically significant associations have been obtained in ICARE for painters (in construction field), with an OR estimated at 2.68; for construction workers with an OR of 1.92; for plumbers and pipe fitters with an OR of 2.27 and for carpenters and joiners with an OR of 1.45 [Guida, 2011].

Occupational exposure to organic solvents and lung cancer risk among women Evident and systematic absence of association between exposure to organic solvents and lung cancer was observed for women. In particular, profile regression performed assuming cigarette smoking history as fixed effect split women population into 4 clusters, but no one was significantly associated with lung cancer. Whereas, the model including tobacco smoking as covariate, defined 6 clusters: four were statistically associated with lung cancer risk, but only one had risk significantly higher than the mean risk of the population. However, it was composed of subjects characterized by high CSI but not exposed to any solvents. Unfortunately, we could not perform analyses in the never and light smokers' subpopulation, because of the low number of remaining women exposed to the majority of solvents.

Comparison of results and literature

As previously discussed regarding chlorinated solvents, we did not retrieve any publication on the association of solvent exposure as such and lung cancer risk. Instead, we found several studies conducted on occupations or activity sectors that entail exposure to organic solvents, to investigate their association with lung cancer. This kind of studies can identify occupational risk factors linked to the job or the activity sector but not to a specific substance.

The case of painters was typical, as epidemiological studies could not identify a particular agent as the specific cause of the observed excess of lung cancer. According to the IARC, it is improbable that the presence of asbestos in paints would completely explain the excess of lung cancer, because if this had been the case, a more pronounced excess of mesothelioma would have been observed in parallel [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF]. Many cohort and case-control studies have been conducted in painters, the magnitude of the effect was consistent across them and the elevated risks persisted after controlling for other occupational exposures and for tobacco smoking. Increased risks of lung cancer were also observed in never smokers and non-smokers. Several studies that demonstrated significant positive duration-response relationships support this evaluation [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF]. Under this point of view, our results are coherent with the literature but our work suggests that organic solvent exposure is not responsible for this excess.

We found other jobs in high risk clusters, e.g. construction workers, plumbers and pipe fitters or motor vehicle drivers. These jobs are known to be at high risk of lung cancer due to exposure to substances, such as asbestos and welding fumes, more than organic solvents, that are not predominant in these jobs. Carpenters and joiners, instead, are exposed to high level of solvents but published studies on their risk of lung cancer are focused on exposure to wood dust more than solvents [IARC, 1995].

In summary, in our analysis organic solvents did not appear to be substantial contributors to these jobs occupational risk of lung cancer. These occupations entail exposure to a number of other substances which are known or suspected carcinogens for the lung, such as cadmium and chromium compounds for painters, [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF] silica dust [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF] and wood dust [START_REF] Jayaprakash | Wood dust exposure and the risk of upper aero-digestive and respiratory cancers in males[END_REF] for wood industries [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF], diesel engine exhaust for transport workers [IARC, 1989], and welding fumes [IARC, 1990] and asbestos for plumbers and pipe fitters [IARC, 1989[IARC, , 1990]]. The question of which of these agents contributes more to the increased risk of lung cancer for these

occupations is still open.

Strength and limits of Bayesian approach

In order to stabilize multivariate regression, we could have employed more sophisticated traditional statistical approaches [START_REF] Maclehose | Bayesian methods for highly correlated exposure data[END_REF], or the localized regression techniques where splines are used to allocate similar individuals to clusters [START_REF] Tutz | Localized classification[END_REF]. But our aim was the interpretation of subgroups and their associated risk of lung cancer, and not focusing only on cluster assignment and variable selection. drive the disease risk. Clearly, this method provides additional insight to that provided by a classical analysis using logistic regression, which is the reference method to demonstrate the importance of each covariate. However, profile regression should not be seen as an approach aimed at replacing classical logistic regression but rather as a complementary approach. Indeed, logistic regression aims at estimation of main effects and interaction terms, while profile approach at the examination of a combination of variables that structure the variability of the data. Since the two approaches address different characteristics of association, both should be used in a complementary fashion to progress the understanding of the association between an outcome and a set of correlated covariates.

Prospects and Conclusions

Prospects

In this work we applied the profile regression with the purpose of investigating the role in lung cancer risk of substances whose effect was unknown. Our intent was explorative, aimed at finding clusters at risk of lung cancer, composed by subjects characterized by a particular profile of exposure that could elucidate the role of specific substances. In particular, we used the CEI to synthesize the information about exposure, because it combines different dimensions of exposure and makes easier the interpretation of results. Nevertheless, obviously using a cumulative score does not allow to discriminate whether intensity or duration mostly contribute in increasing the risk. As a consequence, before affirming total absence of association between organic solvents and lung cancer, it would be interesting to carry out profile regressions using the single dimensions of exposure instead of CEI, intensity first of all. We could also include into the model both duration and intensity of exposure for each solvent, but again it would give results difficult to interpret. Consequently, our intent now is to conduct novel analyses in order to see how subjects would be assigned to clusters and what would be their risk, only considering one dimension of exposure at once.

Profile regression has been previously used in environmental epidemiology [START_REF] Papathomas | Examining the joint effect of multiple risk factors using exposure risk profiles: lung cancer in nonsmokers[END_REF], as well as for looking for gene-gene interactions [START_REF] Papathomas | Exploring data from genetic association studies using Bayesian variable selection and the Dirichlet process: application to searching for gene x gene patterns[END_REF]. An interesting application of this method was conducted by Hastie et al. in the study of the relationship between different smoking characteristics and lung cancer. The aim was to derive a multi-dimensional risk estimate to understand the important drivers of the risk, linking the exposure history to the disease [Hastie, 2013].

In a similar manner, our perspective is to apply the same methodology in a context of well known occupational lung carcinogens, like asbestos, silica dust and diesel engine exhaust, that have been classified in Group 1 by the IARC [START_REF] Iarc | of the carcinogenic risks to humans (Vol 100E)[END_REF][IARC, , 2013]]. We would tease out more subtle relationships between combined exposure to these substances and the risk of lung cancer, since they are present simultaneously in several jobs and activity sectors, in particular in the construction industry. As we already discussed, traditional logistic regression becomes unreliable in similar situations. Alternatively, we could follow an approach based on job-titles, but it would not reveal the role of single specific exposures. Therefore, our next step will be to perform profile regressions on asbestos, silica dust and diesel engine exhaust, and we expect to obtain several clusters, covering a range of disease risks, each with different profiles, reflecting various exposures.

Conclusions

This thesis work was realized on the dataset of ICARE, a French population-based casecontrol study, in order to explore the role of occupational exposure to several organic solvents in lung cancer onset.

The first part was dedicated to investigate occupational exposure to chlorinated solvents, highlighted the absence of effect on lung cancer of four out of five solvents of interest, namely TCE, DCM, CT, and CF. However, for the latter two solvents the low prevalence of exposure resulted in a lack of power that prevented us from detecting ORs of practical significance. The considerable overlap of exposures to chlorinated solvents did not allow to study them separately, except TCE.

Analyses performed on this solvent resulted in estimates confounded by the exposure to asbestos, and no association emerged among subjects never exposed to asbestos. Indications of a positive association of PCE exposure and lung cancer emerged in all comparisons, including when evaluated in different combinations of solvents, in particular among women. Interestingly, the study of job distribution revealed that most occupations entailing exposure to PCE (e.g. dry-cleaning for women and printing for men) did not involve a high probability of exposure to asbestos that could have confounded our results. Thus, we were led to believe that the exposure to PCE might be a risk factor for lung cancer. However, the prevalence of exposure to PCE was low in our data, and we can only suggest such a positive association: further investigations in larger exposed populations are needed to replicate our results.

In the second part of this thesis work, we performed a multidimensional comprehensive analysis, in order to dissect a complex pattern of exposure to a larger group of solvents. We integrated into the analyses the exposure to two more groups of solvents, and this raised an important issue of multicollinearity, which required to be addressed with a complex methodological procedure. Overall we did not detect a strong effect of any solvent on lung cancer risk. The large sample size and the careful study design aimed at reducing the different sources of bias give additional weight to our findings. Actually we imposed a cut-off on exposure definition, with the aim of limiting misclassification, and it reduced so much the prevalence of exposure, that there were not enough subjects left with PCE exposure. As a consequence, we could not perform analyses on PCE and replicate our previous results.

Although we did not found any organic solvent exposure associated with lung cancer, we were able to identify some groups of subjects at increased risk, e.g. the painters. Previous studies already highlighted the association of this occupation with lung cancer, so that it has been classified as Group 1 by the IARC. However, published studies could not identify a particular agent as the specific cause of the excess of lung cancers, and our results do not play in favor of a role of exposure to organic solvents. As the presence of asbestos in paint is not sufficient to completely explain this excess, hypotheses regarding for example other well-known lung carcinogens like chromium and cadmium should be tested in dedicated epidemiological studies.

This work opens new perspectives in the study of other occupational exposures of interest for lung cancer. In particular, thanks to profile regression approach we have the possibility to explore the joint effect of exposure to several known or suspected lung carcinogens, paying special attention to the combination of exposure levels. In particular, we plan to assess the association of lung cancer risk with combined exposure to asbestos, silica dust and diesel engine exhaust, with a Bayesian approach.

In a larger perspective, these results could have important implications in public health, promoting and shaping specific prevention initiatives. Total does not add up in some cells due to missing data. Annex 2 (continued). Association between lung cancer and exposure to five chlorinated solvents (probability, intensity and duration), separately for men and women. [START_REF] Mao | Socioeconomic status and lung cancer risk in Canada[END_REF][START_REF] Mackenbach | Inequalities in lung cancer mortality by the educational level in 10 European populations[END_REF].

Cependant, la catégorie socioprofessionnelle n'est pas un facteur de risque en soi, ces différences sociales étant très certainement sous-tendus par d'autres facteurs de risque, notamment la consommation tabagique plus élevée dans les catégories socioprofessionnelles basses, ou des expositions professionnelles plus élevées, ou encore une alimentation différente [START_REF] Menvielle | The role of smoking and diet in explaining educational inequalities in lung cancer incidence[END_REF][START_REF] Rajer | Pollution in the working place and social status: co-factors in lung cancer carcinogenesis[END_REF].

En dehors du tabagisme, le cancer du poumon est le cancer le plus concerné par les expositions professionnelles. Les facteurs de risque professionnels les plus importants de cancer du poumon sont l'amiante, les gaz d'échappement de moteur diesel, et de plusieurs métaux, notamment le chrome, le nickel, le béryllium, le cadmium, l'arsenic et la poussière de silice cristalline. Dans les années 1980, deux listes d'activités industrielles et de professions connues (liste A) ou soupçonnées (liste B) d'être associées à des substances cancérogènes pulmonaires ont été développés [Simonato, 1983] et mises à jour à plusieurs reprises [START_REF] Boffetta | Current Perspectives on Occupational Cancer Risks[END_REF][START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF][START_REF] Mirabelli | Database of occupations and industrial activities that involve the risk of pulmonary tumors[END_REF][START_REF] Consonni | Lung cancer and occupation in a population-based case-control study[END_REF]. Pour pouvoir les appliquer, il suffit de connaître l'histoire professionnelle vie entière des sujets, une information qui est régulièrement recueillies dans les études épidémiologiques et peut être considéré comme fiable. Ces listes ont été traduites en codes internationaux des emplois et des secteurs d'activité (Classification internationale type des professions, CITP et Classification internationale type par industrie de toutes les activités économiques, CITI) [START_REF] Ahrens | A standard tool for the analysis of occupational lung cancer in epidemiologic studies[END_REF].

Chez les hommes, les fractions de risque attribuables aux expositions professionnelles estimées pour les pays industrialisés varient entre 13 et 30% [START_REF] Imbernon | Estimation du nombre de cas de certains cancers attribuables à des facteurs professionnels en France[END_REF]. En France ces valeurs sont autour de 12.5% pour les hommes et 6.5% pour les femmes [Boffetta, 2010] [START_REF] Roy | Enquête Sumer 94[END_REF].

Dans notre étude, nous nous sommes concentrés sur 15 solvants, regroupés en trois grandes catégories:

-solvants chlorés: trichloréthylène (TCE), perchloroéthylène (PCE), chlorure de méthylène Pour chaque substance nous disposions d'une matrice emploi-exposition (JEM) développée par l'Institut de Veille Sanitaire (InVS).

Le TCE a toujours été l'un des solvants chlorés le plus utilisé. En 2012, le CIRC l'a classé comme cancérogène pour l'homme (groupe 1) en raison de preuves convaincantes concernant une association avec un carcinome de cellules rénales [Scott, 2011;Guha, 2013;Purdue, 2013;Rusyn, 2014]. Des preuves épidémiologiques moins consistantes ont été observées en ce qui concerne les associations avec le cancer du foie et le lymphome non hodgkinien (NHL) [Guha, 2013].

Le PCE est un autre solvant chloré largement utilisé notamment dans le secteur du nettoyage à sec. Il a été classé comme cancérogène probable (groupe 2A) en 2012 [Guha, 2013]. Les données épidémiologiques ont montré des indications pour une association entre le PCE et le cancer de la vessie, bien que certaines associations positives aient également été signalées pour le col de l'utérus, le rein, l'oesophage et le NHL [Mundt, 2003;Guha, 2013]. Une revue critique résumant les résultats de diverses études de cohorte principalement axées sur le secteur du nettoyage à sec, a montré des associations faibles avec le cancer du poumon [Mundt, 2003]. Une étude de cohorte sur les teintureries et les travailleurs de la blanchisserie a montré une incidence élevée de cancer du poumon, mais pas de données sur les habitudes tabagiques étaient disponibles [Selden, 2011]. À notre connaissance, une seule étude cas-témoins réalisée au Canada a recherché le rôle de l'exposition aux solvants chlorés dans le cancer du poumon. Cette étude suggère que l'exposition au PCE et le tétrachlorure de carbone (CT) peuvent augmenter le risque de cancer du poumon [Vizcaya, 2012].

Parmi les autres solvants chlorés, le chlorure de méthylène (DCM), CT, et CF sont considérés comme possiblement cancérogène (groupe 2B) [IARC, 1999[IARC, , 1999]].

Une association de causalité entre l'exposition au BZ et un risque accru de leucémie a été établie depuis 1982, lorsque le CIRC a conclu qu'il y avait suffisamment de preuves pour sa cancérogénicité chez l'homme [IARC, 1982]. En 1987, il a été classé comme cancérogène du groupe 1, à cause de certaines preuves supplémentaires d'une augmentation de l'incidence de la leucémie aiguë non lymphocytaire [IARC, 1987]. Des études de cohorte ont été menées sur l'effet de l'exposition au BZ sur le cancer du poumon. Bien que la plupart d'entre eux ne montraient aucun lien, une relation dose-réponse a été trouvée dans deux cohortes [START_REF] Hayes | Mortality among benzene-exposed workers in China[END_REF][START_REF] Collins | Lymphohaematopoeitic cancer mortality among workers with benzene exposure[END_REF].

En ce qui concerne les autres solvants pétroliers et les carburants le CIRC en 1989 a conclu que les preuves de leur cancérogénicité chez l'homme étaient insuffisantes et donc que ces substances n'étaient pas classables quant à leur cancérogénicité pour l'homme (groupe 3) [IARC, 1989].

Très peu de solvants oxygénés ont été évalués par le CIRC et aucune étude n'a été menée sur l'effet de l'exposition à ces substances sur le risque de cancer du poumon. [START_REF] Luce | Investigation of occupational and environmental causes of respiratory cancers (ICARE): a multicenter, population-based case-control study in France[END_REF][START_REF]International Classification of Diseases for Oncology[END_REF]. Pour comprendre leur rôle dans le risque de cancer du poumon, nous avons construit des pseudo-profiles qui combinaient l'exposition à des différents niveaux de BZ et WS (Figure 20). Nous avons observé une petite augmentation du log OR, mais aucune tendance n'a émergée clairement par rapport à l'augmentation de la force de l'exposition. Bien que nous n'ayons trouvé aucun solvant organique associé au cancer du poumon, nous avons pu représenter la répartition des emplois des sujets dans les groupes à haut risque: une grande proportion des sujets à risque était des peintres. Chez les femmes, les profile regressions n'ont pas permis d'identifier un groupe à risque de cancer du poumon pour aucune combinaison d'exposition aux solvants (Annexe 3 et 4, Table 36 et Figure 14).

Les analyses de l'exposition déclarée par les sujets dans le questionnaire ont montré absence d'association pour tous les solvants sauf pour le PCE, en particulier pour les femmes mais avec des intervalles de confiance très larges (Table 28 et 44).

Discussion

Cette analyse a été réalisée en utilisant les données de l'une des plus grandes études cas-témoin en population générale sur les facteurs de risques professionnels dans le cancer du poumon, l'étude ICARE.

Le recrutement des cas a été réalisé en collaboration avec le réseau français des registres du cancer (Francim) dans presque tous les établissements de soins de santé dans chaque département. [Guida, 2013]. C'est en cela que l'utilisation des JEMs nous a semblé cohérente et fiable pour étudier les expositions professionnelles de notre intérêt.

L'ajustement sur le SES dans les études de risque professionnel de cancer est débattu, parce que le SES est fortement associé à un certain nombre de facteurs de risque professionnels [START_REF] Richiardi | Analysis of nonresponse bias in a population-based case-control study on lung cancer[END_REF]Richiardi, 2008]. Cet ajustement est parfois effectué afin de tenir compte de certains facteurs de confusion non mesurés ou pour corriger une différence possible dans la sélection des cas et des témoins [Brisson, 1987]. Cependant, la possibilité d'un sur-ajustement peut conduire à sous-estimer l'association [Brisson, 1987;Richiardi, 2008]. Selon les indications de Richiardi et al. [Richiardi, 2008] Toutes les estimations sont en effet assez instables avec de grands intervalles de confiance. Le CIRC a classé le PCE comme cancérogène pour les animaux avec des éléments de preuve suffisants, et peutêtre cancérogène pour l'homme (groupe 2A), mais le poumon n'a pas été considéré comme un organe cible [Guha, 2013]. Une étude récemment publiée a suggéré une association avec le risque de cancer du poumon pour les niveaux "substantiels" d'exposition au PCE, même si le nombre de sujets était plutôt faible [Vizcaya, 2012]. En raison de la grande utilisation du PCE dans le secteur du nettoyage à sec, plusieurs études de cohorte ont été menées sur des sujets employés dans le nettoyage à sec comme un proxy pour l'exposition au PCE [Andersen, 1999;Ruder, 2001;Selden, 2011] 

What this paper adds

-In 2012, IARC classified trichloroethylene (TCE) as carcinogenic for humans (Group 1), but no epidemiological evidence has been observed regarding association with lung cancer.

-Only one study has investigated the role of chlorinated solvent exposure in lung cancer, and suggested that exposure to perchloroethylene (PCE) and carbon tetrachloride (CT) may increase the risk of lung cancer.

-Our findings suggest that the exposure to PCE may constitute a risk factor for lung cancer.

-Unlike other solvents, exposure to PCE may also be more frequent in some sectors, such as dry-cleaning for women.

-No positive association has been observed for other chlorinated solvents.

-These results contribute to improving prevention of lung cancer.

Introduction

In the 1950s, chlorinated solvents were utilized substantially in industry, especially in sectors where degreasing products were used. During the 1970s, some regulations were introduced leading to the reduction of their utilization, [1]. Today, chlorinated solvents are still utilized in a variety of work places and industries because of their good solvency and low flammability, [START_REF] Christensen | Risk of Selected Cancers due to Occupational Exposure to Chlorinated Solvents in a Case-Control Study in Montreal[END_REF].

Trichloroethylene (TCE) has always been one of the most used chlorinated solvents. In 1990, 95% of TCE production in Europe was for metal cleaning or degreasing. In 2012, IARC classified TCE as carcinogenic for humans (Group 1) because of convincing evidence regarding an association with renal-cell carcinoma, [START_REF] Scott | Trichloroethylene and cancer: systematic and quantitative review of epidemiologic evidence for identifying hazards[END_REF][START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF][5][6]. Less consistent epidemiologic evidence was observed regarding associations with liver cancer and non-Hodgkin's lymphoma (NHL), [START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF].

Perchloroethylene (PCE), another widely used chlorinated solvent especially in the dry-cleaning sector, was classified as a probable carcinogen (Group 2A) in 2012, [START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF]. Epidemiologic evidence showed consistent patterns of an association across studies for PCE and bladder cancer, although some positive associations have also been reported for cervical, kidney, esophageal cancer, and NHL, [7,[START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF]. A critical review summarizing the results of various cohort studies, mainly focused on the dry-cleaning sector, showed weak associations with lung cancer, [7]. Subsequently, a cohort study among dry-cleaners and laundry workers showed an elevated incidence of lung cancer, but no data on smoking habits were available, [START_REF] Selden | Cancer morbidity in Swedish dry-cleaners and laundry workers: historically prospective cohort study[END_REF]. To our knowledge, only one case-control study from Canada has investigated the role of chlorinated solvent exposure in lung cancer. This study suggested that exposure to PCE and carbon tetrachloride (CT) may increase the risk of lung cancer, [9].

Among the other chlorinated solvents, methylene chloride (DCM), CT, and CF are considered to be possibly carcinogenic (Group 2B), [START_REF]Re-evaluation of some organic chemicals, hydrazine and hydrogen peroxide[END_REF]11].

A large case-control study, ICARE, was conducted in France to investigate the association between main occupational exposures and respiratory tract cancers (lung and upper aero digestive tract (UADT)). Using ICARE's data, we focused in this study on the risk of lung cancer for subjects occupationally exposed to chlorinated solvents.

Methods

Study design and population

The ICARE study is a French multicenter, population-based, case-control study, conducted from 2001 to 2007, [START_REF] Luce | Investigation of occupational and environmental causes of respiratory cancers (ICARE): a multicenter, population-based case-control study in France[END_REF]. The study was set up in 10 administrative départements including a cancer registry.

Case recruitment was performed in collaboration with the French network of cancer registries (FRANCIM) in almost all of the healthcare establishments in each département All new histologically confirmed lung cancer cases, [START_REF]International Classification of Diseases for Oncology[END_REF], aged 18 to 75 years, who were diagnosed during the study period were eligible for the study. Population-based controls were selected through incidence density sampling. In each département, controls were frequency matched to cases by gender and age (< 40, 40-54, 55-64, ≥ 65 years). A further stratification was performed to make the socioeconomic distribution comparable to that of the general population living in the departments.

Of the 4865 eligible cases identified, 489 (10%) could not be located, 781 (16%) died before any contact, and 238 (5%) could not be interviewed because of their health status. Among the 3357 remaining subjects, 87% agreed to participate. Of the 4673 eligible controls, 4411 (94%) were contacted and 81% agreed to participate. The study thus included 6481 subjects: 2926 cases and 3555 controls. More details about subjects' selection are available elsewhere, [14][15][START_REF] Tarnaud | Body mass index and lung cancer risk: results from the ICARE study, a large, population-based case-control study[END_REF][START_REF] Radoi | Tobacco smoking, alcohol drinking and risk of oral cavity cancer by subsite: results of a French population-based case-control study, the ICARE study[END_REF][START_REF] Guida | Risk of Lung Cancer Associated With Occupational Exposure to Mineral Wools: Updating Knowledge From a French Population-Based Case-Control Study, the ICARE Study[END_REF]. Ethics approval was obtained from the Institutional Review Board of the French National Institute of Health and Medical Research (IRB-Inserm, no. 01-036 & CNIL no. 90120).

Data collection

Data were collected by trained interviewers during face-to-face interviews using standardized questionnaires. Information included socio-demographic characteristics, smoking history, and lifetime occupational history (covering all jobs held for at least one month). For each job, we collected information about the company, the subjects' tasks, and specific exposures of interest. TCE was the only chlorinated solvent specifically listed, but subjects could report other agents not specified; PCE was one of the agents that was self-reported.

Occupations and branches of industry were coded blinded to case-control status according to the International Standard Classification of Occupation (ISCO), [START_REF]International Standard Classification of Occupations[END_REF] and the French Nomenclature of Activities (NAF), [START_REF]Nomenclature d'activités françaises[END_REF].

subjects with maximum probability between 1% and 10%; 0.15 for 10% -20%, etc.). Non-exposed subjects were then recalculated accordingly.

Statistical Analysis

Multivariable unconditional logistic regression models were applied to estimate odds ratios (OR)

of lung cancer and their corresponding 95% confidence intervals (CI) for all exposure variables. Analyses were stratified by gender and systematically adjusted for age at interview (<50, 50-60, 61-70, > 70 years), departments, number of jobs held (1, 2, 3, 4, > 5), and cigarette smoking history, which was summarized using the Comprehensive Smoking Index (CSI), [START_REF] Leffondre | Modelling smoking history using a comprehensive smoking index: application to lung cancer[END_REF]. This index combines duration of smoking, time since cessation, and intensity. It is null in never smokers. Previous analyses reported that the CSI varied linearly with lung cancer risk in these data; thus, it was included as a continuous variable for adjustment purposes, [14,[START_REF] Tarnaud | Body mass index and lung cancer risk: results from the ICARE study, a large, population-based case-control study[END_REF][START_REF] Guida | Risk of Lung Cancer Associated With Occupational Exposure to Mineral Wools: Updating Knowledge From a French Population-Based Case-Control Study, the ICARE Study[END_REF].

CEI of each solvent was categorized according to the median, tertiles or quartiles of the control's distribution.

Additional adjustments were performed on exposure to asbestos (CEI in quartiles) and socioeconomic status (SES) assessed by the longest held occupation, according to the standard classification of the French National Institute of Statistics (INSEE). Exposure to asbestos had been previously assessed using a specific JEM, [14,[START_REF] Guida | Risk of Lung Cancer Associated With Occupational Exposure to Mineral Wools: Updating Knowledge From a French Population-Based Case-Control Study, the ICARE Study[END_REF].

Sensitivity analyses were performed among subjects never exposed to asbestos (1828 men and 1096 women), and separately for subjects who answered the short-form or complete questionnaire (respectively 262 men, 54 women; 4794 men, 1371 women). Additionally, we repeated the analyses using lag periods of 5 and 10 years between exposure and cancer diagnosis.

We also analyzed the association between exposure to TCE and PCE and lung cancer according to subjects' answers in the questionnaire.

Dose-response relationships were tested with maximum likelihood estimates based on the categorical variables, after testing the linearity of the relationship. Multinomial logistic regression models were applied to investigate the main histological types of lung cancer.

Statistical analyses were performed in SAS (© SAS Institute Inc.; North Carolina, USA; version 9.3). All p values were two-sided, and a p value ≤ 0.05 was the threshold for statistical significance.

Results

Main socio-demographic characteristics of the study population are reported in Table 1. Male cases were slightly older than male controls, while the opposite was observed among women due to the unique control group for the two groups of cancer cases (lung and UADT). An increased risk of lung cancer was observed among men and women who had spent the longest period of their working life as self-employed workers, office and sales employers, and blue-collar workers.

Among women, more than half of the cases had adenocarcinoma (54%) while in men squamous cell carcinoma and adenocarcinoma were in similar proportion (35%).

to at least one solvent showed an increased risk of lung cancer (OR=1.42, 95% CI: 1.23, 1.64; OR=1.52, 95% CI: 1.03, 2.23, respectively). Among men, positive associations emerged between lung cancer and ever exposure to TCE, DCM, and PCE, and for some of their various levels of CEI, intensity, and duration of exposure. However, these associations were no longer observed after adjustment for asbestos exposure except for the association for PCE, whose ever exposed OR was borderline significant (OR=1.41, 95% CI: 0.98, 2.05). Adjustment for SES further slightly decreased ORs, leaving PCE the only solvent with an OR for ever exposed greater than 1.00, although not statistically significant. Among women, borderline significant positive associations were found for subjects exposed to TCE, PCE, and DCM.

Although adjustment for occupational exposure to asbestos and SES slightly decreased the ORs, doseresponse relationships were still observed. No statistically significant associations emerged for CF or CT exposure, but some ORs were greater than 1.00. Analyses restricted to subjects never exposed to asbestos were based on numbers too small to obtain precise estimates, except for TCE, where no association was observed for men or women. (b) and PER. We represented only jobs where at least 5% of exposed workers were employed. Men exposed to TCE were mainly employed in jobs related to metal works, known to be characterized also by the presence of asbestos, e.g. machinery fitters and assemblers, plumbers, welders, blacksmiths, and toolmakers. In contrast, women's jobs were distributed across several job categories in addition to the metals sector, such as laundry and dry cleaning, and the shoe and leather industry.

Regarding PCE exposure, the majority of exposed jobs were in laundry and dry-cleaning for women, and printing for men, both unlikely to entail exposure to asbestos.

Because of sample size, analyses stratified by complete or short-form questionnaire were achievable only for the group of subjects who answered the complete questionnaire, and the results remained unchanged.

When 5-and 10-years lag periods were taken into account, the exposure status was modified for a small number of subjects and the results of statistical analyses remained unchanged (data not shown).

Results on exposure to TCE and PCE self-reported by subjects are presented in Table 4. After adjustment for asbestos exposure, exposure to TCE was not associated with lung cancer risk in men or women. Although very few subjects reported exposure to PCE, findings suggested increased lung cancer risk, and the strength of the association was similar for men and women (OR=3.25, 95% CI:

1.23, 8.59; OR=3.12, 95% CI: 0.50, 19.28, respectively) and was not affected by adjusting asbestos exposure. solvent. All exposure indices were studied. The results reflected those reported in Table 2 but were less precise (eTable 2 and eTable 3). No specific relationship with any histology was observed.

Discussion

This analysis was conducted using data from one of the largest population-based, case-control studies investigating occupational risk factors in respiratory cancer, the ICARE study.

Misclassification inevitably occurs when retrospectively assessing occupational exposures.

Using specific JEMs based on subjects' lifelong occupational history allows exposure assessment to be accomplished in an automatic and reproducible way, [START_REF] Bouyer | Les matrices emplois-expositions. (Job-exposure matrices, French)[END_REF]. Additionally, occupational coding was assigned blinded to case and control status which also prevents differential misclassification, [START_REF] Blair | Methodological issues regarding confounding and exposure misclassification in epidemiological studies of occupational exposures[END_REF].

However, non-differential misclassification could result in an average bias toward the null. Previous findings using asbestos or silica dust JEMs on the ICARE dataset were consistent with the literature, [START_REF] Guida | Risk of Lung Cancer Associated With Occupational Exposure to Mineral Wools: Updating Knowledge From a French Population-Based Case-Control Study, the ICARE Study[END_REF] and allowed us to be rather confident in the quality of the jobs' coding. Furthermore, lifelong exposure prevalence to at least one solvent estimated among controls was similar to that found by the National Institute of Health Surveillance (InVS; 8.5% vs. 9.3% for men; 2.1% vs. 1.7%

for women), [1].

When solvents were investigated separately, the results showed weak associations often confounded by asbestos, except for PCE. To overcome the limitation of overlap between solvent exposures, analyses were performed on mutually exclusive exposures. TCE was the most prevalent chlorinated solvent used among men and women. More than 40% of men had a probability of exposure to TCE greater than zero, and among them 75% were never exposed to any other type of solvent. Analyses performed on subjects exposed solely to TCE (eTable 4) showed associations with lung cancer that were no longer observed after adjustment for asbestos exposure, even for the highest class of each index of exposure. To elucidate whether these results could be due to over adjustment for asbestos exposure, we restricted the analysis to subjects never exposed to asbestos and again found no association with TCE in men or women. However, while it is better to analyze the role of a substance by isolating subjects only exposed to it, we found these subjects had the lowest mean CEI of TCE compared to those exposed to other combinations of solvents (i.e., 98.9 (SD=129.7), 71.2 (SD=108.7), 27.0 (SD=30.3) for men exposed to TCE,PCE,and DCM;to TCE and PCE;and to TCE only;and 70.1 (SD=84.8),42.7 (SD=105.3),15.24 (SD=24.5) for women, respectively). For this reason, we investigated the associations for men with CEI of TCE >99 (ppm*years) and >70

(ppm*years) for women, finding again, after adjustment for asbestos, no association with lung cancer (eTable 4). Finally, no evidence of differential effects by tumor histology emerged from multinomial logistic regression analyses. The number of subjects was large enough to detect a minimum OR of 1.3, considering a lifelong exposure prevalence of 9% and statistical power of 80%, suggesting that failure to observe an association between lung cancer and TCE is not due to low statistical power.

Increased incidence of lung cancer in association with TCE occurred only in studies on animals, [START_REF] Fukuda | Inhalation carcinogenicity of trichloroethylene in mice and rats[END_REF].

Some evidence has emerged about the potential TCE carcinogenicity in human populations for the kidney, [START_REF] Wartenberg | Trichloroethylene and cancer: epidemiologic evidence[END_REF][START_REF] Charbotel | Case-control study on renal cell cancer and occupational exposure to trichloroethylene. Part II: Epidemiological aspects[END_REF][START_REF] Moore | Occupational trichloroethylene exposure and renal carcinoma risk: evidence of genetic susceptibility by reductive metabolism gene variants[END_REF][START_REF] Scott | Trichloroethylene and cancer: systematic and quantitative review of epidemiologic evidence for identifying hazards[END_REF], liver, [START_REF] Hansen | Risk of Cancer Among Workers Exposed to Trichloroethylene: Analysis of Three Nordic Cohort Studies[END_REF], and NHL, [START_REF] Chiu | Human health effects of trichloroethylene: key findings and scientific issues[END_REF][START_REF] Raaschou-Nielsen | Cancer risk among workers at Danish companies using trichloroethylene: a cohort study[END_REF]. The 2012 IARC evaluation about TCE carcinogenicity concluded that there was convincing evidence in the epidemiologic literature of a positive association with kidney cancer, and limited evidence for the association with liver cancer and NHL; thus, the substance was classified into Group 1, [START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF]. Our findings do not suggest any association between TCE and lung cancer.

Because it was not possible to isolate enough subjects exposed only to DCM, it is difficult to identify its role. Eighty-seven percent of the subjects exposed to DCM had also been exposed to TCE, and the results of analyses on subjects who had ever been exposed to DCM in at least one job exactly reflected those of TCE, as well.

The effects of exclusive exposure to PCE could not be studied because only five subjects were included. Forty-two subjects had been exposed only to PCE and TCE, and 153 only to PCE, TCE, and DCM. For these combinations, we found positive associations with lung cancer both among men and women, which remained after adjustment for asbestos exposure, although statistical significance was reached (with a wide confidence interval) only for women. However, because we grouped TCE, PCE and DCM together it is more difficult to identify which of the three is responsible for the observed association. No association was observed for exposure to TCE or exposure to TCE and DCM leading us to believe that PCE is likely responsible for the observed increased risk of lung cancer.

We observed that the associations were slightly stronger among women than among men.

However, before drawing any conclusion, it is important to keep in mind that the number of exposed women was much smaller than the number of men, leading to large confidence intervals. In addition, asbestos was not a confounding factor for the association between lung cancer and PCE exposure in women, whereas asbestos adjustment among men slightly decreased the observed associations.

The analysis based on self-reported exposure to specific agents in the questionnaire confirmed the association between lung cancer and PCE exposure, despite the reduced sample size, while the analysis of self-reported TCE again did not show any association. Furthermore, it is interesting to note that the magnitude of the association was similar in men and women. It may be suspected that cases tend to over report their occupational exposure more than controls, but we believe that the lack 
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 1 Figure 1. Estimated lung cancer incidence worldwide in 2012, men.
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 4 Figure 4. Estimated lung cancer mortality worldwide in 2012, women.
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 5 Figure 5. World-standardized incidence and mortality rate for 100,000 person-years in France, separately for men and women, 1980-2012.

Figure 6 .

 6 Figure 6. World-standardized incidence rate for 100,000 person-years in French region, separately for men and women, 2008-2010.

TCEA

  Canadian population-based case-control study has investigated the role of chlorinated solvent exposure in lung cancer. Siemiatycki study was conducted from 1980 to 1986, included men aged 35-70 years, and was designed in order to evaluate various cancer sites, including the lung. Subsequent data collection was conducted from 1995 to 2001 and included both men and women aged 35-75 years, and was focused on lung cancer only. Vizcaya et al. presented results of analyses

Figure 7 .

 7 Figure 7. Geographical area covered by the ICARE study (10 départements).

 3 :

 3 Clerical and related workers (major group)  3-2: Stenographers, typists and card and tape punching machine operators (minor group)  3-21: Stenographers, typists and tele typists (unit group)  3-21.40: Typist (occupational category)

  of the INSEE was used for activity sectors' coding. It's a national classification based on Statistical Classification of Economic Activities in the European Community (NACE). NAF is a code composed by three digits and one letter that allows a hierarchical classification of activity sectors structured on four levels: (17) sections (the categories at the highest level); (60) divisions (identified by the first two digits of the code); (220) groups (identified by the first three digits of the code); and (696) classes (identified by the entire code). For example:  Manufacturing industry (section)  27: Metallurgy (division)  27.5: Foundry (group)  27.5A: Cast Iron Foundry (class)

Finally

  the joint model is defined as following: 𝑓(𝑋 𝑖 , 𝑌 𝑖 |𝜃, 𝜙, 𝜓, 𝛣) = ∑ ψ 𝑐 𝑝( 𝑥 𝑖 |𝑧 𝑖 = 𝑐, 𝜙 𝑐 ) 𝐶 𝑖=1 * 𝑝(𝑦 𝑖 |𝑧 𝑖 = 𝑐, 𝜃 𝑐 , 𝛽, 𝜔 𝑖 )
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 11 Figure 11. Image plot for Spearman's correlation coefficients calculated among selected substances' CEI, separately for men and women.
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 12 Figure 12. Log odd ratios of clusters relative to the non-exposed cluster, men (model with cigarettes smoking as fixed effect).
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 13 Figure 13. Log odds ratios of clusters relative to the non-exposed cluster, men (model with cigarettes smoking as covariate).
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 14 Figure 14. Log odds ratios of clusters relative to the non-exposed cluster, women (model with cigarettes smoking as covariate).
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 17 Figure 17. Log odd ratios of exposed clusters relative to the non-exposed cluster in never and light smoker subpopulation, men (model with cigarettes smoking as covariate).
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 18a Figure 18a. Log odds ratios of clusters relative tothe non-exposed cluster, not adjusted for socioeconomic status in never and light smokers, men (model with cigarettes smoking as covariate).
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 19 Figure 19. Distribution of the three most common occupations in the clusters with statistically significant log odd ratios, men.
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 20 Figure 20. Density estimates of predicted log odds ratio for different combinations of CEI of white spirits and benzene, men. a. Entire sample.
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 21 Figure[START_REF] Fevotte | Matgene: a program to develop job-exposure matrices in the general population in France[END_REF]. Practical rules to decide on whether adjustment for socio-economic status in occupational cancer studies is appropriate.

  Consequently, we needed to deal with multicollinearity by highlighting coherent patterns and combinations of variables influencing the risk of lung cancer. In this perspective, one of the main advantages of profile regression model is the added flexibility it offers to disentangle the role of several covariates. Because it combines different exposure characteristics, it facilitates a quantitative understanding of what substances of exposure (covariates)

(

  DCM), chloroforme (CF) et tétrachlorure de carbone (CT); -carburants et solvants pétroliers: benzène (BZ), white spirits et autres coupes légères aromatiques (WS), essences carburants (GL), kérosène/gazole/fiouls (KDF) et essences spéciales (SBPs); -solvants oxygénés: alcool (Alc), cétone/esters (KetEst), diéthyléther (Et2O), éthylène glycol (Glycol) et tétrahydrofurane (THF).
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 1 Figure 1 compares the distribution of jobs in which men and women are exposed to (a) TCE,
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 1 Figure 1. Comparison Between Men and Women Distribution of the Most Common Occupations Exposed to (a) Trichloroethylene and (b) Perchloroethylene; according to ISCO Classification, France.

  

  

  

  

  

Table 1 .

 1 List of occupations known to be associated with lung carcinogens (list A).

	Industry	Job / Process	NAF 2000	ISCO 1968
	Agriculture	Vineyard workers using arsenical	011*, 012*, 013*	623.30
		insecticides (before 1970)		
	Mining and quarrying	Arsenic/uranium/iron	103*, 12*, 13*, 141*,	038.10/90, 700.20, 711**
		ore/asbestos/	142*, 143*, 145*	(excluding 71140),
		granite mining, talc		712.20/30/40/50/60/90,
		mining/milling		973.45
	Ceramic and refractory brick Ceramic and pottery workers	262*, 263*, 264*	blue-collar or
			or any industry	892**, 893.50/60/90,
				899.30/40/50/60
	Asbestos production	Insulated material production	172J,175E, 175G,	741.90, 751**, 752**
			247Z, 265*, 266*,	754.15/20/25/70/,75/90,
			267*, 268*	755** 756.70 or 943.30
			or any industry	
	Granite production	Cutting, polishing etc, of granite	172J, 175E, 175G,	820.20/30/40/50/90
		stones	247Z, 265*, 266*,	
			267*, 268*	
	Metals	Iron and steel founding	271**, 272**, 273**,	724**, 725**
	(iron and steel basic		275A, 275C	
	industries)			
	Metals	Copper/zinc/cadmium/aluminum/	274, 275E, 275G, 281*,	blue-collar worker
	(nonferrous, basic	nickel/	282*, 283*, 284*, 285A	or 72440/ 50/90
	industries: smelting,	chromate/beryllium	or any industry	
	alloying, refining, rolling,			
	drawing, costing)			
	Any industry	Pickling operations	-	729.40
	Any industry	Chromium plating	-	728**,729.40
	Any industry	Electroplating (cadmium)	-	728.20/90, 729.40
	Any industry	Brazing	-	872.45
	Shipbuilding, motor vehicle,	Shipyard/dockyard, motor vehicle,	351**, 352**	blue-collar worker
	railroad equipment	railroad manufacture workers	or any industry	or 841.25/30, 871.30
	manufacturing			
	Gas	Coke plant and gas production workers	231*, 232*, 1G,402* or any industry	74**, (excluding 745**) or 7492**
	Construction	Insulators and pipe coverers	-	956**
		Roofers	-	953.20/30/40/90
		Asphalt workers	-	953.40,974.50/60
	Other	Painters (construction)	-	931**
		Painters (automotive industry, and other users)	-	939**

Table 2 .

 2 List of occupations suspected to be associated with lung carcinogens (list B).

	Industry	Job / Process	NAF 2000	ISCO 1968
	Food industry	Butcher and meat worker	151*, 152*	blue-collar or 45130
			or any industry	or 773**
	Leather	Tanner and processors	191* or any industry	blue-collar or 761**
	Wood and wood products	Carpenters, joiners	Any industry	81**, 954**
	Printing	Rotogravure/machine-room	221*, 222*	921.10, 922**,
		workers, printing pressmen,		926.30/50
		binders, and other jobs		
	Rubber	Various occupations in rubber	241N, 251* or	blue-collar or 9012**,
		manufacture	any industry	9013**, 901.40, 901.90,
				902**
	Glass workers	Glass workers (art glass, container	261* or any industry	blue-collar or
		and pressed ware)		891**, 893.20/30/40,
				894.40, 899.20/70/90
	Motor vehicle	Machine-tool operators	34*, 502*, 504*	831**, 832.20/30, 833**,
	manufacturing and repair			834**, 839.60
		Mechanics	34*, 502*, 504* or 34*	843** or 849.85
		Welders and flame-cutters	34*, 502*, 504*	872** not 872.45
	Transport	Railroad workers	-	983**, 984.40
		Bus and truck drivers	-	985.40 to 985.60
		Operator of excavating machines	-	974.20 to 974.45, 974.55,
				974.70, 974.90
	Other	Launderers, dry-cleaners and pressers	-	560**

ISCO, International Standard Classification of Occupations; NAF, French Nomenclature of Activities. * All 4-digit codes within that code were considered. **All 5-digit codes within that code were considered.

  In our study, we focused on 15 solvents, for which job exposure matrices were available, as they have been developed by the French Institute for Public Health Surveillance (Institut de Veille Sanitaire, InVS). The solvents are grouped in three large categories:

	-Chlorinated solvents: trichloroethylene (TCE), perchloroethylene (PCE), methylene
	These groups can impart chloride (DCM), chloroform (CF) and carbon tetrachloride (CT);
	hydrophilic (i.e. capable of dissolving in water) or lipophilic (i.e. capable of dissolving in lipids) or -Fuels and petroleum-based solvents, including benzene (BZ), mineral spirits (white
	amphiphilic (i.e. capable of dissolving in both water and lipids) properties. Solvents can be broadly spirits) and other light aromatic fractions (WS), gasoline (GL), kerosene/diesel oil/fuel
	classified as either aqueous (water-based) or organic (hydrocarbon-based) and within each oils (KDF) and special-boiling-point spirits and other aliphatic petroleum-based solvents
	classification, further classifications are necessary to account for differences in structure and physical (SBPs);
	properties. In this work, the attention is focused on organic solvents, given their widespread industrial
	use.

Organic solvents are largely used to dissolve and disperse fats, oils, waxes, pigments, varnishes, rubber and many other substances. They are used in almost all manufacturing process in a wide variety of application, thus practically all branches of modern industry uses solvents, as in the case of cleaning industry (e.g. dry cleaners and floor cleaning), plastic industry, metallurgical industry (e.g. surface treatment and degreasing of metal), food and pharmaceutical industry (e.g. extraction of oils), agriculture (in pesticide products), building sectors (e.g. use of paints and glues), besides obviously chemical industry. This results in millions of workers exposed to organic solvents, which are absorbed by the human body by dermal route or inhalation. In 1994, one third of French employed population was exposed to chemical substances, mostly belonging to the solvents family [Heran-

[START_REF] Roy | Enquête Sumer 94[END_REF]

. Besides occupational exposure, indeed many of the products used in everyday living contain solvents. For example, they represent important components of many beauty and cosmetic products, such as nail polish and nail polish remover, and they are also present in several household products, to clean and dissolve dirt. According to the French National Institute of Research and Security (Institut National de Recherche et de Sécurité, INRS), organic solvents in industry can be classified into eight principal groups according to their chemical similarities: (i) aromatic hydrocarbons, (ii) petroleum solvents, (iii) alcohols, (iv) esters, (v) ketones, (vi) ethers, (vii) glycol ethers, (viii) halogenated hydrocarbons. Another group contains all other solvents that are not included in any of the group above.

Table 3 .

 3 Distribution of solvent use,[START_REF] France | Les taux de mortalité standardisés sur l'âge sont proches des taux d'incidence (39.9 pour 100,000 PA chez les hommes et 12.9% pour 100,000 PA chez les femmes), et reflète la gravité de la maladie qui est au 1er rang des décès par cancer chez l'homme et au 2eme chez la femme. Globalement le cancer du poumon est un cancer dont le diagnostic est très défavorable: seulement 15% des malades survivent à 5 ans du diagnostic[END_REF] 

	Chlorinated solvents	Fuels and petroleum-based solvents	Oxygenated solvents
	Overall solvent consumption (100% = 548,000 tons)	
	< 5%	41%	52%
	Consumption according to solvent categories	
	46% Methylene chloride	62% Non-aromatic solvents	45% Alcohol
	38% Perchloroethylene	38% Aromatic solvents	20% Ester
	15% Trichloroethylene		20% Ketone
	1% Chlorobenzene		8% Glycol ether
			7% Other ethers

Source: Panorama de l'utilisation des solvants en

France fin 2004, INRS 

Table 4 .

 4 Main chlorinated solvents.

	Denomination	Common name	Formula
	CHLORINATED METHANES		
	Chloromethane	Methyl chloride	CH3Cl
	Dichloromethane	Methylene chloride (DCM)	CH2Cl2
	Trichloromethane	Chloroform (CF)	CHCl3
	Tetrachloromethane	Carbon tetrachloride (CT)	CCl4
	CHLORINATED ETHANES		
	1,1,1-Trichloroethane	T111,methylchloroform	CH3-CCl3
	CHLORINATED ETHENES		
	Trichloroethylene	Trichloroethylene (TCE)	CHCl=CCl2
	Tetrachloroethylene	Perchloroethylene (PCE)	CCl2=CCl2
	Solvents of interest are highlighted in bold.		

Source: InVS, Éléments techniques sur l'exposition professionnelle à cinq solvants chlorés, 2009.

Table 5 .

 5 Description of selected chlorinated solvents.

	Chlorinated solvents	Use	Regulation	Cancer site	IARC classification
	Trichloroethylene TCE	-industries for metal and textile degreasing -for cleaning and removing paint, adhesives, glue, plastic or rubber	Since '70s its use has been reduced, because suspected to be carcinogen	-convincing evidence for renal-cell carcinoma studies on animals -less consistent evidence for liver cancer and -increased incidence of lung cancer only in non-Hodgkin's lymphoma (NHL)	Group 1 (2012)
	Perchloroethylene PCE	-dry-cleaning sector -for metal degreasing, and removing paint, adhesives, glue, plastic or rubber	In France, PCE production reached its maximum in the late '80s and then declined	-consistent patterns across studies for bladder esophageal cancer, and NHL cancer -some positive associations with cervical, kidney,	Group 2A (2012)
		-in plastic and rubber production ('40s)			
		-as anaesthetic and liquid refrigerant			
		('40s)			
		-in chemical and pharmaceutical			
		industries ('70s -'80s)			
	Methylene chloride DCM	-in food industry ('70s -'80s) -in textile industry ('70s -'80s)	Not available	-liver and biliary tract cancers (suggested excess) -leukemia (suggested excess)	Group 2B (1999) Group 2A (in prep.)
		-in cellulose ester industry			
		(cinematographic and photographic films)			
		('70s -'80s)			
		-as metal degreaser in the airline and			
		electronic industry ('70s -'80s)			
		-as anaesthetic (until the '60s)			
	Chloroform CF	-as extraction agent in the chemical and pharmaceutical industries	Not available	-kidney and liver tumors (studies on animals)	Group 2B (1999)
		-in the synthesis of Freon (refrigerant gas)			
		-in rubber industry ('50s)			
		-in textile industry ('50s)			
	Carbon tetrachloride CT	-in pharmaceutical industry ('50s) -as a component of pesticides ('50s) -as metal degreaser ('50s)	Its use has been strongly regulated over time	-liver cancer (studies on animals)	Group 2B (1999)
		-in chemistry and biology sectors ('90s)			
		-in dry-cleaning ('90s)			

  Fuels and petroleum-based solvents category covers those fuels and organic solvents that are produced by crude oil refining. They correspond to petroleum fractions obtained by petroleum distillation, and they are made up of hydrocarbons. Petroleum-based solvents are generally defined and differentiated by certain physical properties and by chemical composition. However, some of these properties are interrelated and they may be measured differently in different industries or geographic regions. As a consequence, the same name may be used for solvents that are not identical, and different classification systems or names may be more common in one industry or geographic region than another. 'White spirits', for example, is a common term in Europe but is seldom used in the USA.

 

Petroleum solvents can be divided into two classes: (i) aromatic solvents, composed of one or more benzene rings (benzene, toluene, xylenes) with an excellent solvating power; and (ii) nonaromatic solvents, composed of linear (aliphatic) or cyclic hydrocarbon with a lower solvating power.

Table 6 .

 6 Description of selected fuels and petroleum-based solvents.

Table 7 .

 7 Oxygenated solvent families.

	Family	Example of solvent
	Alcohols	Ethanol, Methanol, Isopropanol, n-butanol,
	Ketones	Acetone, MEK (Methyl ethyl ketone), MIBK (Methyl isobutyl ketone)
	Esters	Ethyl acetate, n-propyl acetate, n-butyl acetate
	Ethers	Diethyl ether, Tetrahydrofurane (THF)
	Glycols Ethers	Ethylene glycol

Source: InVS, Éléments techniques sur l'exposition professionnelle à cinq solvants ou familles de solvants oxygénés aliphatiques, 2015..

Table 8 .

 8 Description of selected oxygenated solvents.

	Oxygenated solvents	Use	Regulations	Cancer site	IARC classification
	Ketones and Esters KetEst	-in chemistry as feedstock and extraction solvents -in many formulations (paint industry, varnishes,	Not available	Not appropriate	Cyclohexanone: Group 3 (2012)
		inks, adhesives)			
		-in chemistry, as raw materials or synthetic			
		intermediates, reaction media or extraction agents			Among alcohols, the IARC classified:
	Alcohols Alc	-in pharmaceutical industry -in cosmetic industry and perfumery	Not available	Not appropriate	Ethanol in alcoholic beverages: Group 1 (exposure not evaluated in our work)
		-in medical field (only those which have			Isopropanol: Group 3
		disinfectant properties)			
	Ethylene glycol	-in chemistry			
	Glycol	-in the formulation of antifreeze	Not available	Not appropriate	Not classified
		-in vehicle maintenance			
			It is one of the first inhaled		
	Diethyl ether Et2O	-in medical community for cleansing the skin industry and in laboratory -as reaction and extraction solvent in chemical	anesthetics known (1846), but due quickly replaced by other to its unpleasant side effects, it was	Not appropriate	Not classified
			substances		
		-as solvent or reaction intermediate in chemical			
	Tetrahydrofuran THF	industry (especially pharmaceutical industry) -as solvent, primarily for rigid PVC resins	Not available	Not appropriate	Not classified
		-in some adhesive formulations			

Table 9 .

 9 Distribution of the active population by socio-economic status and economic activity, in whole France and in the geographical area covered by the ICARE study.

	France (%)	Geographical area covered by ICARE (%)

Enrollment of cases and controls 1.16 Selection of cases

  Cases were all patients newly diagnosed with a primary malignant tumor of lung and organs of upper-aerodigestive tract (UADT), such as oral cavity, pharynx, sinonasal cavities, larynx, bronchi (International Classification of Diseases, 10 th Revision, codes C30-C34; C00-C14). All histological types diagnosed between 2001 and 2007 in the designated département were accepted. Histologically confirmed cases aged 75 or less at diagnosis were eligible. In the present work, we focused only on lung cancer cases.

Table 10 .

 10 Categories of exposure indexes for all substances of interest.

	Probability of exposure	Weight	Frequency of exposure	Weight	Solvent	Intensity of exposure	Weight	At least one solvent Level of exposure Weight
	Chlorinated solvents								
	≤ 1%	0	≤ 1%	0	TCE,	≤ 5 ppm	0	not exposed	0
	-10% -20%	0.05 0.15	2 -10% 11 -20%	0.05 0.15	PCE, DMC	(5 -25] ppm (25 -50] ppm	15.0 37.5	very low low	1 2
	-30%	0.25	21 -30%	0.25		(50 -100] ppm	75.0	medium	3
	-40%	0.35	31 -40%	0.35		> 100 ppm	150.0	strong	4
	-50%	0.45	41 -50%	0.45	CF	not exposed	0		
	-60%	0.55	51 -60%	0.55		very low	3.125		
	-70%	0.65	61 -70%	0.65		low	9.375		
	-80%	0.75	71 -80%	0.75		medium	18.750		
	-90%	0.85	81 -90%	0.85		strong	50.0		
	> 90%	0.95	> 90%	0.95	CT	not exposed	0		
						very low	1.5		
						low	4.5		
						medium	9.0		
						strong	24.0		
	Fuels and Petroleum-based solvents							
	≤ 1%	0	≤ 0.5%	0	BZ	not exposed	0	not exposed	0
	-10%	0.05	(0.5 -5%]	0.025		≤ 1 ppm	0.5	low (1 -6 ppm)	3.5
								medium (6 -40	
	-50%	0.3	(5 -30%]	0.175		(1 -5] ppm	3	ppm)	18.0
								strong (40 -100	
	-90%	0.7	(30 -70%]	0.5		(5 -15] ppm	10	ppm)	70.0
	91 -100%	0.95	> 70%	0.85		>15 ppm	20		
					WS	≤ 1 ppm	0		
						(1 -20] ppm	10		
						(20 -50] ppm	35		
						> 50 ppm	65		
					GL	≤ 1 ppm	0		
						(1 -50] ppm	25		
						(50 -150] ppm	100		
						> 150 ppm	200		
					SBPs,	not exposed	0		
					KDF	low	10		
						medium	35		
						strong	65		
	Oxygenated solvents								
	< 1%	0	< 1%	0	Alc,	not exposed	0	not exposed	0
	-10%	0.05	1 -10%	0.05	KetEst	very low	1	very low	1
	-20%	0.15	11 -20%	0.15		low	4	low	4
	-30%	0.25	21 -30%	0.25		medium	8	medium	8
	-40%	0.35	31 -40%	0.35		strong	16	strong	16
	-50% -60%	0.45 0.55	41 -50% 51 -60%	0.45 0.55	Et2O, Glycol, THF	not exposed low	0 1		
	-70%	0.65	61 -70%	0.65		medium	3		
	-80%	0.75	71 -80%	0.75		strong	6		
	-90%	0.85	81 -90%	0.85					
	> 90%	0.95	> 90%	0.95					

Alc, alcohol; BZ, benzene; CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene glycol

; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics. a. Weights have been used to calculate cumulative exposure indices (CEIs), presented below

( § 1.25.2.1)

.

Table 11 .

 11 Dimensions of exposure to asbestos and weights used to calculate CEI.

	Asbestos

Intensity of exposure due to specific tasks Intensity of exposure due to working environment Probability of exposure Frequency of exposure due to working environment and specific tasks Active exposure

  

					Indirect				
					exposure				
	<0.0001 f/ml	0	<0.0001 f/ml	0	0	≤ 1%	0	0	0
	0.0001 -0.01 f/ml 0.005 0.0001 -0.01 f/ml	0.005	0.0025	1 -5%	0.025	(0 -5%]	0.025
	0.01 -0.1 f/ml 0.05	0.01 -0.1 f/ml	0.05	0.025	6 -30%	0.175	(5 -30%]	0.175
	0.1 -1 f/ml	0.5	0.1 -1 f/ml	0.5	0.25	31 -70%	0.500	(30 -70%]	0.500
	1 -10 f/ml	5	1 -10 f/ml	5	2.5	> 71%	0.850	> 70%	0.850
	> 10 f/ml	20	> 10 f/ml	20	10				
	f/ml, fibers per milliliter.								

Table 12 .

 12 Distribution of subjects who replied to the complete or reduced questionnaire, separately for casecontrol status, and for men and women.

			Men				Women	
		Cases		Controls	Cases		Controls
		n	%	n	%	n	%	n	%
	Version of the questionnaire								
	Complete	2063	91.1	2720	97.8	584	94.3	746	98.2
	Reduced	202	8.9	60	2.2	35	5.7	14	1.8

Table 13 .

 13 Statistical power of the study according to exposure prevalence among controls.

	Minimum detectable OR

1.27 Stratification variables: age and département

  

	Distribution of stratification variables among cases and controls is shown in Table 14. The
	study group included 6,481 subjects: 2,926 cases (45.1%) and 3,555 controls (54.9%), and 5,056 men
	(78.0%) and 1,425 women (22.0%).

Table 14 .

 14 Comparison of cases and controls according to stratification variables, separately for men and women.

	Men

Table 15 .

 15 Comparison of cases and controls according to education level, socio-economic status and cigarette smoking habits, separately for men and women.

	Men

f. Subjects who stopped smoking at least two years before diagnosis (if cases) or the interview (if controls).

98

Table 16 .

 16 Comparison of cases and controls of cigarette smoking-related dimensions by CSI quartiles, separately for men and women (mean and standard deviation).

	CSI	Intensity (cig/day)	Duration (years)	TSC (years)	Pack-Years	n	Cases	%	n	Controls %	OR a	95% CI
	Men					2276	100.0	2780	100.0	
	0	0 (0.0)	0 (0.0)	0 (0.0)	0 (0.0)		59	2.6	813	29.2	1.00	-
	0 -0.72	12.2 (10.4)	14 (8.7)	26.1 (11.0)	8.2 (7.7)	198	8.7	844	30.4	3.16	[2.33 -4.30]
	0.73 -1.39	17.0 (9.0)	28.3 (8.1)	10.7 (8.6)	22.6 (12.3)	441	19.4	594	21.4	10.36	[7.73 -13.89]
	1.40 -1.89	19.8 (7.9)	35.8 (7.0)	2.9 (4.2)	34.2 (12.4)	679	29.8	354	12.7	28.40	[21.10 -38.24]
	> 1.89	27.3 (10.5)	44.0 (6.8)	0.9 (1.8)	58.9 (21.5)	874	38.4	166	6.0	70.53	[51.47 -96.65]
	Unknown	-	-	-	-		25	1.1		9	0.3	-	-
	P-valuetrend											< 0.0001
	Women					650	100.0	775	100.0	
	0	0 (0.0)	0 (0.0)	0 (0.0)	0 (0.0)	188	28.9	513	66.2	1.00	-
	0 -0.83	7.3 (6.4)	13.2 (9.5)	19.8 (13.7)	4.4 (4.6)		51	7.8	125	16.1	0.98	[0.67 -1.44]
	0.84 -1.42	14.0 (7.5)	27.2 (7.5)	3.2 (5.4)	17.9 (9.6)	102	15.7		78	10.1	3.62	[2.49 -5.25]
	1.42 -1.81	18.4 (5.9)	33.2 (5.7)	1.3 (2.8)	29.6 (7.6)	143	22.0		37	4.8	9.65	[6.36 -14.62]
	> 1.81	23.9 (10.4)	38.9 (6.6)	0.7 (1.8)	51.9 (19.0)	162	24.9		20	2.6	20.40	[12.35 -33.69]
	Unknown	-	-	-	-		4	0.6		2	0.3	-	-
	P-valuetrend											< 0.0001

CI, confidence interval; cig/day, cigarettes per day; CSI, Comprehensive Smoking Index; OR, odds ratio; TSC, time since cessation. a. OR adjusted for age at interview and département.

Table 17 .

 17 Cases histology, separately for men and women.

	Men			Women
	n	%	n	%
	2276	100.0	650	100.0

Table 18 .

 18 Comparison of cases and controls according to occupational history, separately for men and women.

	Men

Table 19 .

 19 Comparison of cases and controls according to occupational history as reported in the reduced version of the questionnaire, separately for men and women (n=316).

	Cases	Controls

p, p-value; SD, standard deviation. a. Percentage of the total of cases (men=2265, women=650). b. Percentage of the total of controls (men=2780, women=775). c.

Student's ttest (two-sided)

.

  Figure 8. Estimated prevalence of lifelong exposure to organic solvents among controls, separately for men and women.
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Alc, alcohol; BZ, benzene; CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics.

Table 20 .

 20 Association between lung cancer and exposure to five chlorinated solvents, separately for men and women.

	Men
	Exposure

CEI, cumulative exposure index; CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. d: A subject was considered "Ever exposed" if the probability of exposure to the solvent was not null. e: CEI classes: At least one solvent: quartiles for men, median for women; TCE: quartiles for men, median for women; PCE: median for both men and women. Total does not add up in some cells due to missing data. 107

Table 20 (

 20 continued). Association between lung cancer and exposure to five chlorinated solvents, separately for men and women.

	Men
	Exposure

CEI, cumulative exposure index; CF, chloroform; CI, confidence interval; CSI, comprehensive smoking index; CT, carbon tetrachloride; DCM, methylene chloride; OR, odds ratio. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. d: A subject was considered "Ever exposed" if the probability of exposure to the solvent was not null. e: CEI classes: DCM: tertiles for men, median for women; CT: median for both men and women; CF: median for both men and women. Total does not add up in some cells due to missing data.

1.

31.3 Exposure to combinations of solvents

  Because exposure to one solvent did not preclude exposure to others, subjects were categorized into mutually exclusive exposure groups according to various combinations of specific solvents. The distribution of combined exposures is presented in Table21. We investigated only

	groups including at least 50 subjects: 288 subjects exposed to TCE and DCM (259 men and 29
	women); 153 exposed to TCE, DCM and PCE (138 men and 15 women); 51 exposed to TCE and
	PCE (42 men and 9 women); 51 exposed to DCM, CT and CF (38 men and 13 women). TCE was the
	only exclusive exposure we could attribute to a considerable number of subjects, 1,594 (1513 men
	and 81 women).

Table 21 .

 21 Combined exposures over working life.We present in Table22results obtained fitting a logistic regression model to the data, in order to test the association of exclusive TCE exposure with lung cancer risk, separately for gender.

					Solvents	
	Exposure combination	Number of subjects				
			TCE	DCM	PCE	CT	CF
	5 solvents					
		17					
	4 solvents						
		9					
		1				
	3 solvents					
		153				
		51					
		12				
		3					
		2					
	2 solvents					
		288				
		51				
		15					
		11				
		1					
	1 solvent					
		1594				
		5				
		5				
		0				
		0					
	CF, chloroform; CT, Carbon Tetrachloride; DCM, methylene chloride; PCE, perchloroethylene; TCE, trichloroethylene.

Table 22 .

 22 Association between lung cancer and exposure to trichloroethylene, separately for men and women.

	Men
	Exposure

Exclusive exposure to TCE and no exposure to asbestos

  

	Ever exposed to TCE	41	6.7	69	6.2 1.01 [0.62-1.67]	-	-	0.84 f [0.50-1.39]	17	3.7	16	2.8 0.88 [0.40-1.96]	-	-	0.75 f [0.33-1.70]

Exclusive exposure to TCE with CEI > highest mean in combined exposures

  

	Ever exposed to TCE	254 17.0 262 13.3 1.34 [1.06-1.70] 0.99 [0.76-1.29] 0.83 [0.63-1.09]	13	2.5	7	1.02 2.54 [0.82-7.93] 2.41 [0.74-7.85] 2.35 [0.70-7.84]
	Ever exposed to TCE and never exposed to asbestos	9	1.5	5	0.5 2.05 [0.49-8.54]	-	-	1.36 f [0.31-5.51]	1	0.2	3	0.4	-	-	-	-	-	-
	: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status.				
	d: CEI classes: quartiles for men, and median for women.														
	e: A subject is considered "Ever exposed" if the probability of exposure to the solvent is higher than zero.										
	f: OR not adjusted for occupational exposure to asbestos.														

CEI, cumulative exposure index; CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. cTotal does not add up in some cells due to missing data.

Table 23 .

 23 Trichloroethylene cumulative exposure index for different exposure combinations, separately for men and women.

			CEI of TCE		
	Exposure	Men		Women	
		Mean	SD	Mean	SD
	TCE	27.0	30.3	15.2	24.5
	TCE & PCE	71.2	108.7	42.7	105.3
	TCE & DCM & PCE	98.8	129.7	70.1	84.4

CEI, cumulative exposure index; SD, standard deviation; DCM, methylene chloride; PCE, perchloroethylene; TCE, trichloroethylene.

Table 24 .

 24 Association between lung cancer and exposure to different combinations of chlorinated solvents, separately for men and women.

	Men
	Exposure

a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status.

Table 25 .

 25 Number of subjects for different lag periods according to solvent exposure, separately for men and women.

				Men			Women	
		Time	Never exposed to any solvent	Ever exposed	Not exposed anymore a	Never exposed to any solvent	Ever exposed	Not exposed anymore a
	Exposure to single solvents					
	TCE	t	2948	2007		1229	149	
		t-5y	2953	2004	3	1230	149	0
		t-10y	2958	2001	6	1234	147	2
	PCE	t	2948	201		1229	39	
		t-5y	2953	201	0	1230	38	1
		t-10y	2958	200	1	1234	33	6
	DCM	t	2948	481		1229	65	
		t-5y	2953	476	5	1230	65	0
		t-10y	2958	472	9	1234	63	2
	CF	t	2948	76		1229	20	
		t-5y	2953	75	1	1230	20	0
		t-10y	2958	75	1	1234	19	1
	CT	t	2948	81		1229	24	
		t-5y	2953	81	0	1230	24	0
		t-10y	2958	81	0	1234	24	0
	At least one	t	2948	2061		1229	172	
		t-5y	2953	2056	5	1230	171	1
		t-10y	2958	2051	10	1234	167	5
	Exposure to combination of solvents					
	TCE	t	2948	1513		1229	81	
		t-5y	2953	1513	0	1230	81	0
		t-10y	2958	1513	0	1234	81	0
	TCE and	t	2948	42		1229	9	
	PCE	t-5y	2953	42	0	1230	9	0
		t-10y	2958	41	1	1234	8	1
	TCE and	t	2948	259		1229	29	
	DCM	t-5y	2953	256	3	1230	29	0
		t-10y	2958	254	2	1234	32	3
	TCE and	t	2948	138		1229	15	
	PCE and	t-5y	2953	138	0	1230	15	0
	DCM	t-10y	2958	138	0	1234	12	3
	DCM and CF	t	2948	38		1229	13	
	and CT	t-5y	2953	38	0	1230	13	0
		t-10y	2958	38	0	1234	13	0

CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; PCE, perchloroethylene; t, time of interview (if controls) or of diagnosis (if cases); TCE, trichloroethylene; y, years. a. as compared to t.

Table 26 .

 26 Association between lung cancer and exposure to at least one chlorinated solvent, trichloroethylene and perchloroethylene, by histological type, men.

	Exposure	Controls n %	Squamous cell carcinoma Cases OR a 95% CI n %	n	Small cell carcinoma Cases OR a 95% CI %	n	Adenocarcinoma Cases OR a 95% CI %	P-value Heterogeneity
		2780 100.0	794 100.0		333 100.0	100.0
	Never exposed to any chlorinated solvent 1704 61.3	422 53.1 1.00	-	194 58.3 1.00	-	54.0 1.00	-
	At least one								
	Ever exposed b to at least one solvent 1065 38.3	355 44.7 0.99 [0.79 -1.24]	136 40.8 0.97 [0.73 -1.31]	44.6 1.03 [0.83 -1.28]	0.949
	CEI c								
	1	264	9.5	79	9.9 1.09 [0.78 -1.54]	26	7.8 0.82 [0.51 -1.34]	10.3 1.00 [0.72 -1.39]	0.360
	2	272	9.8	89 11.2 0.69 [0.07 -6.52]	29	8.7 1.09 [0.78 -1.53]	11.5 0.88 [0.55 -1.41]	0.643
	3	263	9.5	80 10.1 0.96 [0.68 -1.36]	31	9.3 0.95 [0.60 -1.52]	9.9 0.98 [0.70 -1.36]	0.918
	4	266	9.6	106 13.4 0.86 [0.63 -1.19]	50 15.0 1.17 [0.77 -1.76]	12.4 1.00 [0.73 -1.38]	0.256
	TCE								
	Ever exposed b to TCE	1024 36.8	352 44.3 0.99 [0.79 -1.24]	135 40.5 0.98 [0.73 -1.33]	44.1 1.03 [0.83 -1.29]	0.879
	CEI c								
	1	250	9.0	77	9.7 1.08 [0.76 -1.53]	30	9.0 0.97 [0.61 -1.55]	9.8 0.98 [0.70 -1.36]	0.850
	2	261	9.4	91 11.5 1.17 [0.84 -1.64]	30	9.0 0.96 [0.60 -1.53]	11.6 1.16 [0.84 -1.59]	0.669
	3	257	9.2	87 11.0 0.92 [0.66 -1.29]	32	9.6 0.90 [0.57 -1.42]	9.9 0.90 [0.65 -1.26]	0.655
	4	256	9.2	96 12.1 2.78 [0.64 -12.0]	43 12.9 0.84 [0.60 -1.17]	12.2 1.09 [0.70 -1.68]	0.249
	PCE								
	Ever exposed b to PCE	94	3.4	40	5.0 1.32 [0.82 -2.11]	15	4.5 1.27 [0.67 -2.40]	5.5 1.50 [0.96 -2.33]	0.355
	CEI c								
	1	47	1.7	16	2.0 1.15 [0.57 -2.30]	4	1.2 0.73 [0.24 -2.21]	2.7 1.51 [0.82 -2.79]	0.955
	2	47	1.7	24	3.0 1.46 [0.80 -2.66]	11	3.3 1.73 [0.81 -3.69]	2.8 1.48 [0.82 -2.68]	0.253

CEI, cumulative exposure index; CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. b: A subject was considered "Ever exposed" if the probability of exposure to the solvent was different from zero. c: CEI classes: At least one solvent: quartiles; TCE: quartiles; PCE: median. Total does not add up in some cells due to missing data. 117

Table 27 .

 27 Association between lung cancer and exposure to at least one chlorinated solvent, trichloroethylene and perchloroethylene, by histological type, women.

	Exposure		Controls n %	n	Squamous cell carcinoma Cases OR a 95% CI %	n	Small cell carcinoma Cases OR a 95% CI %	n	Adenocarcinoma Cases OR a 95% CI %	P-value Heterogeneity
			760 100.0	96 100.0		91 100.0	338 100.0
	Never exposed to any chlorinated solvent 678 89.2	78 81.3 1.00	-	64 70.3 1.00	-	285 36.3 1.00	-
	At least one										
	Ever exposed b to at least one solvent 72	9.5	15 15.6 1.36 [0.62 -2.98]	25 27.5 2.50 [1.17 -5.31]	45	5.7 1.25 [0.76 -2.05]	0.120
	CEI c	1	35	4.6	4	4.2 0.65 [0.19 -2.19]	12 13.2 1.86 [0.71 -4.89]	14	1.8 0.65 [0.31 -1.37]	0.069
		2	37	4.9	10 10.4 1.92 [0.76 -4.86]	13 14.3 3.25 [1.28 -8.26]	31	3.9 1.90 [1.05 -3.45]	0.422
	TCE										
	Ever exposed b to TCE		60	7.9	14 14.6 1.53 [0.67 -3.53]	24 26.4 3.24 [1.43 -7.38]	38	4.8 1.22 [0.71 -2.09]	0.100
	CEI c	1	30	3.9	3	3.1 0.72 [0.18 -2.88]	12 13.2 2.98 [1.06 -8.37]	14	1.8 0.87 [0.41 -1.87]	0.137
		2	30	3.9	10 10.4 2.04 [0.76 -5.47]	12 13.2 3.77 [1.35 -10.56]	24	3.1 1.59 [0.81 -3.13]	0.123
	PCE										
	Ever exposed b to PCE		13	1.7	3	3.1 1.74 [0.38 -7.94]	4	4.4 3.7 [0.84 -16.32]	16	2 3.19 [1.36 -7.50]	0.059
	CEI c	1	7	0.9	3	3.1 3.11 [0.59 -16.49]	3	3.3 4.43 [0.80 -24.55]	13	1.7 4.36 [1.54 -12.36]	0.099
		2	6	0.8	0	0.0 <0.001	[0.00 -I]	1	1.1 3.46 [0.26 -45.81]	3	0.4 1.65 [0.37 -7.45]	0.577 d

CEI, cumulative exposure index; CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. b: A subject was considered "Ever exposed" if the probability of exposure to the solvent was different from zero. c: CEI classes: At least one solvent: median; TCE: median; PCE: median. d: Test performed only on small cell and adenocarcinoma histology types. Total does not add up in some cells due to missing data. RESULTS 118 1.

32 Exposure assessment through self-reported questionnaires

  

Table 28 .

 28 Association between lung cancer and self-reported exposure to trichloroethylene and perchloroethylene, separately for men and women.

	Men
	Exposure

CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status.

  Figure 9. Distribution of the most common occupations with exposure to trichloroethylene, separately for men and women.

	RESULTS RESULTS							
	Figure 10. Distribution of the most common occupations with exposure to perchloroethylene, separately
	for men and women.							
	56. Launderers, drycleaners and pressers 560. Launderers, drycleaners and pressers	0.1 3.8		11.2			52.9
	853. Electrical Fitters and Related Electrical and 80. Shoemakers and Leather Goods Makers Electronics Workers	0.0	1.2 5.3		12.1		
	90. Rubber and Plastics Product Makers 729. Metal processors n.e.c.		1.8 5.3	7.8	13.7		
	85. Electrical Fitters and Related Electrical and Electronics Workers 728. Metal platers and coaters	0.0	7.5 6.4	16.0		
	83. Blacksmiths, Toolmakers and MachineTool Operators 700. Production supervisors and general foremen	0.0		9.8	16.6 14.1		
	87. Plumbers, Welders, Sheet Metal and Structural Metal Preparers and Erectors 901. Rubber and Plastics Product Makers		5.8 7.8	10.6	20.6	
	84. Machinery Fitters, Machine Assemblers and Precision Instrument Makers (except Electrical) 922. Printing pressmen			9.7 9.8		28.9 28.7	
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Table 29 .

 29 Distribution of men according to the different definitions of exposure to organic solvents (n=5040).

	Definition

of exposure maximum probability > 0 Definition of exposure maximum probability > cut-off a

  

	Chlorinated solvents													
		Pmax (%)	TCE	PCE	DCM	CT	CF		Pmax (%)	TCE	PCE	DCM	CT	CF
	Never exposed	0	3000	4795	4515	4915	4920	Never exposed	≤ 30	4905	4985	4993	4996	4996
	Ever exposed	> 0	2007	201	481	81	76	Ever exposed	> 30	102	11	3	0	0
								Not exposed anymore		1905	190	478	81	76
	Petroleum-based solvents												
		Pmax (%)	BZ	WS	KDF	SBPs	GL		Pmax (%)	BZ	WS	KDF	SBPs	GL
	Never exposed	0	3855	2466	3130	4550	3959	Never exposed	≤ 50	4348	4575	4351	4876	4600
	Ever exposed	> 0	1150	2548	1874	451	1039	Ever exposed	> 50	657	439	653	125	398
								Not exposed anymore		493	2109	1221	326	641
	Oxygenated solvents													
		Pmax (%)	Alc	KetEst	Et2O	Glycol	THF		Pmax (%)	Alc	KetEst	Et2O	Glycol	THF
	Never exposed	0	3349	3763	4866	4640	4857	Never exposed	≤ 30	4277	4101	4923	4665	4937
	Ever exposed	> 0	1654	1238	130	357	139	Ever exposed	> 30	726	900	73	332	59
								Not exposed anymore		928	338	57	25	80
	Asbestos													
		Pmax (%)	Asb						Pmax (%)	Asb				
	Never exposed	0	1828					Never exposed	≤ 30	3013				
	Ever exposed	> 0	3212					Ever exposed	> 30	2027				
								Not exposed anymore		1185				

Alc, alcohol; BZ, benzene; CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene 

glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; Pmax, maximum probability of exposure; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics. a. Cut off: 30% for chlorinated and oxygenated solvents, 50% for petroleum-based solvents. 125

Table 30 .

 30 Distribution of women according to different definitions of exposure to organic solvents (n=1379).

	Definition

of exposure maximum probability > 0 Definition of exposure maximum probability > cut-off a

  

	Chlorinated solvents													
		Pmax (%)	TCE	PCE	DCM	CT	CF		Pmax (%)	TCE	PCE	DCM	CT	CF
	Never exposed	0	1208	1316	1291	1331	1335	Never exposed	≤ 30	1346	1335	1356	1355	1355
	Ever exposed	> 0	149	39	65	24	20	Ever exposed	> 30	11	20	0	0	0
								Not exposed anymore		138	19	65	24	20
	Petroleum-based solvents													
		Pmax (%)	BZ	WS	KDF	SBPs	GL		Pmax (%)	BZ	WS	KDF	SBPs	GL
	Never exposed	0	1261	877	1290	1257	1338	Never exposed	≤ 50	1331	1336	1343	1340	1350
	Ever exposed	> 0	96	483	66	100	16	Ever exposed	> 50	26	24	13	17	4
								Not exposed anymore		70	459	53	83	12
	Oxygenated solvents													
		Pmax (%)	Alc	KetEst	Et2O	Glycol	THF		Pmax (%)	Alc	KetEst	Et2O	Glycol	THF
	Never exposed	0	669	1183	1182	1347	1346	Never exposed	≤ 30	811	1250	1221	1349	1354
	Ever exposed	> 0	690	174	172	7	8	Ever exposed	> 30	548	107	133	5	0
								Not exposed anymore		142	67	39	2	8
	Asbestos													
		Pmax (%)	Asb						Pmax (%)	Asb				
	Never exposed	0	1096					Never exposed	≤ 30	1295				
	Ever exposed	> 0	283					Ever exposed	> 30	84				
								Not exposed anymore		199				

Alc, alcohol; BZ, benzene; CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene glycol

; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; Pmax, maximum probability of exposure; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics. a. Cut off: 30% for chlorinated and oxygenated solvents, 50% for petroleum-based solvents.

Table 31 .

 31 Distribution of cases and controls ever exposed to organic solvents, according to the cut-off-based definition of exposure, separately for men and women.

			Men					Women	
		Cases		Controls		Cases	Controls
		n	%	n	%		n	%	n	%
		2261	100.0	2270	100.0		619 100.0	760 100.0
	Chlorinated solvents									
	TCE	50	2.2	52	1.9	PCE	10	1.6	10	1.3
	Fuels and petroleum-based solvents								
	BZ	345	15.3	312	11.2	BZ	12	1.9	14	1.8
	WS	246	10.9	193	6.9	WS	15	2.4	9	1.2
	SBPs	66	2.9	59	2.1	SBPs	8	1.3	9	1.2
	KDF	309	13.7	344	12.4					
	GL	187	8.3	211	7.6					
	Oxygenated solvents									
	Alc	339	15.0	387	13.9	Alc	268 43.3	280	36.8
	KetEst	446	19.7	454	16.3	KetEst	56	9.0	51	6.7
	Et2O	24	1.1	49	1.8	Et2O	59	9.5	74	9.7
	Glycol	154	6.8	178	6.4					
	THF	30	1.3	29	1.0					

Alc, alcohol; BZ, benzene; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene 

glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics.

Table 32 .

 32 Association between lung cancer and exposure to organic solvents, men.

	CEI	Cases n %	Controls n %	OR a	95% CI	OR b	95% CI	OR c	95% CI
	TCE								
	Low	14 0.6 17 0.6	1.04 [0.45 -2.39]	0.83 [0.34 -2.02]
	Medium	14 0.6 16 0.6	1.53 [0.64 -3.66]	0.95 [0.37 -2.48]	Not selected
	High	22 1.0 19 0.7	1.15 [0.55 -2.41]	0.91 [0.43 -1.94]
	BZ								
	Low	108 4.8 103 3.7	1.29 [0.92 -1.80]	1.01 [0.59 -1.71]
	Medium	106 4.7 103 3.7	1.14 [0.80 -1.60]	0.86 [0.45 -1.65]	Not selected
	High	129 5.7 106 3.8	0.97 [0.70 -1.35]	0.95 [0.44 -2.04]
	WS								
	Low	52 2.3 65 2.3	0.92 [0.58 -1.45]	0.89 [0.52 -1.51]	0.94	[0.59 -1.48]
	Medium	87 3.8 62 2.2	1.66 [1.12 -2.46]	1.53 [0.87 -2.67]	1.67	[1.13 -2.48]
	High	106 4.7 66 2.4	1.36 [0.92 -2.02]	1.52 [0.77 -3.01]	1.40	[0.94 -2.09]
	KDF								
	Low	104 4.6 116 4.2	0.97 [0.69 -1.35]	0.98 [0.69 -1.38]
	Medium	99 4.4 111 4.0	1.14 [0.81 -1.60]	1.16 [0.80 -1.67]	Not selected
	High	104 4.6 117 4.2	0.77 [0.55 -1.07]	0.79 [0.48 -1.29]
	SBPs								
	Low	19 0.8 20 0.7	1.16 [0.54 -2.49]	1.24 [0.53 -2.92]
	Medium	25 1.1 19 0.7	1.78 [0.90 -3.51]	1.55 [0.70 -3.46]	Not selected
	High	22 1.0 20 0.7	1.33 [0.61 -2.89]	1.13 [0.46 -2.76]
	GL								
	Low	57 2.5 71 2.6	0.75 [0.49 -1.17]	0.74 [0.45 -1.21]
	Medium	61 2.7 68 2.4	1.11 [0.73 -1.70]	1.23 [0.55 -2.75]	Not selected
	High	67 3.0 72 2.6	0.68 [0.45 -1.03]	1.10 [0.43 -2.82]
	Alc								
	Low	121 5.4 128 4.6	1.10 [0.80 -1.51]	1.00 [0.71 -1.40]
	Medium	91 4.0 127 4.6	0.90 [0.63 -1.27]	0.91 [0.60 -1.37]	Not selected
	High	122 5.4 131 4.7	1.23 [0.90 -1.68]	1.26 [0.85 -1.88]
	KetEst								
	Low	163 7.2 150 5.4	1.21 [0.91 -1.61]	1.28 [0.91 -1.80]
	Medium	149 6.6 150 5.4	1.16 [0.86 -1.56]	1.32 [0.92 -1.90]	Not selected
	High	132 5.8 154 5.5	0.89 [0.66 -1.20]	0.81 [0.55 -1.20]
	Et2O								
	Low	11 0.5 16 0.6	1.02 [0.40 -2.61]	1.04 [0.38 -2.85]
	Medium	8	0.4 16 0.6	0.80 [0.29 -2.18]	0.73 [0.26 -2.06]	Not selected
	High	5	0.2 17 0.6	0.38 [0.12 -1.28]	0.36 [0.11 -1.25]
	Glycol								
	Low	55 2.4 59 2.1	1.12 [0.71 -1.76]	0.98 [0.49 -1.97]
	Medium	54 2.4 58 2.1	0.91 [0.57 -1.44]	0.74 [0.38 -1.46]	Not selected
	High	43 1.9 61 2.2	0.57 [0.35 -0.92]	0.63 [0.27 -1.48]
	THF								
	Low	3	0.1 10 0.4	0.22 [0.05 -0.94]	0.19 [0.04 -0.79]	0.24	[0.06 -1.00]
	Medium	13 0.6	9	0.3	2.07 [0.71 -5.99]	1.71 [0.56 -5.20]	2.22	[0.76 -6.44]
	High	12 0.5 10 0.4	1.37 [0.44 -4.21]	1.14 [0.36 -3.65]	1.47	[0.47 -4.53]
	Alc, alcohol; BZ, benzene; CEI, cumulative exposure index (Low, CEI ≤ 1 st tertile; Medium, 1 st tertile < CEI ≤ 2 nd tertile;
	High, CEI > 2 nd tertile); CI, confidence interval; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene glycol; KDF, kerosene/diesel
	oil/fuel oils; KetEst, ketones/esters; OR, odds ratio; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene;

THF, tetrahydrofuran; WS, white spirits and other aromatics. All models were systematically adjusted for age at interview, département, smoking history (CSI) and occupational exposure to asbestos (CEI). a. Logistic regression model performed separately for each substance. b. Logistic regression model performed on all substances at a time. c. Logistic regression model performed with stepwise backward and stepwise forward variable selection.

Table 33 .

 33 Association between lung cancer and exposure to organic solvents, women.

	CEI	Cases n %	Controls n %	OR a	95% CI	OR b	95% CI	OR c	95% CI
	PCE									
	Low	6	1.0	3	0.4	2.52	[0.49 -12.89]	1.25	[0.21 -7.44]	
	Medium	1	0.2	3	0.4	0.39	[0.03 -6.09]	0.20	[0.01 -3.37]	Not selected
	High	3	0.5	4	0.5	1.72	[0.34 -8.66]	2.56 [0.37 -17.84]	
	BZ									
	Low	7	1.1	5	0.7	1.01	[0.26 -3.9]	0.38	[0.06 -2.55]	
	Medium	4	0.6	4	0.5	1.00	[0.20 -4.84]	0.78	[0.08 -7.38]	Not selected
	High	1	0.2	5	0.7	0.37	[0.04 -3.45]	0.11	[0.01 -2.28]	
	WS									
	Low	7	1.1	3	0.4	0.89	[0.18 -4.49]	0.92	[0.16 -5.31]	
	Medium	7	1.1	3	0.4	1.66	[0.40 -6.89]	4.86	[0.6 -39.15]	Not selected
	High	1	0.2	3	0.4	0.66	[0.06 -7.02]	1.32 [0.05 -35.36]	
	SBPs									
	Low	4	0.6	3	0.4	1.09	[0.17 -6.78]	1.38 [0.15 -12.56]	
	Medium	2	0.3	3	0.4	1.61	[0.25 -10.41]	2.14 [0.26 -17.41]	Not selected
	High	2	0.3	3	0.4	0.51	[0.06 -4.27]	1.51	[0.1 -23.81]	
	Alc									
	Low	72 11.6 90 11.8	0.98	[0.65 -1.47]	1.01	[0.67 -1.54]	
	Medium	89 14.4 94 12.4	1.36	[0.93 -1.98]	1.38	[0.92 -2.06]	Not selected
	High	105 17.0 95 12.5	1.27	[0.88 -1.83]	1.75	[1.09 -2.81]	
	KetEst									
	Low	21	3.4 17 2.2	1.86	[0.88 -3.95]	1.83	[0.71 -4.71]	
	Medium	18	2.9 17 2.2	0.83	[0.37 -1.86]	0.45	[0.17 -1.19]	Not selected
	High	17	2.7 17 2.2	1.08	[0.48 -2.41]	0.79	[0.3 -2.05]	
	Et2O									
	Low	23	3.7 25 3.3	1.11	[0.58 -2.12]	0.78	[0.39 -1.57]	
	Medium	18	2.9 24 3.2	0.64	[0.30 -1.35]	0.43	[0.19 -0.98]	Not selected
	High	18	2.9 25 3.3	0.79	[0.38 -1.64]	0.51	[0.22 -1.15]	
	All models were systematically adjusted for age at interview, département, smoking history (CSI) and occupational
	exposure to asbestos (CEI).								
	a. Logistic regression model performed separately for each substance.			
	b. Logistic regression model performed on all substances at a time.			

Alc, alcohol; BZ, benzene; CEI, cumulative exposure index (Low, CEI ≤ 1 st tertile; Medium, 1 st tertile < CEI ≤ 2 nd tertile; High, CEI > 2 nd tertile); CI, confidence interval; Et2O, diethyl ether; KetEst, ketones/esters; PCE, perchloroethylene; OR, odds ratio; SBPs, special petroleum products and other aliphatics; WS, white spirits and other aromatics. c. Logistic regression model performed with stepwise backward and stepwise forward variable selection.

Table 34 .

 34 Summary of cluster profiles obtained assuming cigarettes smoking as fixed effect, men.

	Cluster	1	2	3	4	5	6	7	8	9	10	11	12	13	14	
	n	162	94	98	46	3760	136	103	89	75	38	55	196	21	139	Cases Controls
	LogOR	-0.20	-0.19	-0.18	-0.09	0.00	0.05	0.08	0.32	0.34	0.50	0.51	0.54	0.67	0.73	
	95%CI*	[-0.57-0.16] [-0.66-0.28] [-0.65-0.3] [-0.8-0.65] [0.00-0.00] [-0.36-0.46] [-0.39-0.55] [-0.18-0.84] [-0.19-0.86] [-0.28-1.27] [-0.07-1.11] [0.19-0.90] [-0.27-1.67] [0.31-1.15]	
	CSI mean (SD) 0.98														n	n

Table 34 (

 34 continued). Summary of cluster profiles obtained assuming cigarettes smoking as fixed effect, men.

	.32 (0.74)

Alc, alcohol; CEI, cumulative exposure index; Et2O, diethyl ether; Glycol, ethylene glycol; KetEst, ketones/esters; THF, tetrahydrofuran. All substances CEI in classes according to controls' tertile distribution. Every substance's modal probability in each cluster is highlighted in bold.

Table 35 .

 35 Summary of cluster profiles obtained assuming cigarettes smoking as covariate, men.

	Cluster n		1 2214	2 65	3 74	4 178	5 127	6 151	7 47	8 161	9 38	10 46	11 87	12 19	13 141	14 1692	Cases Controls
	LogOR 95% CI*		0.00 [0.00-0.00] [0.63-1.86] [0.74-1.85] [1.09-2.07] [1.35-2.43] [1.38-2.44] [1.41-2.7] [1.76-2.66] [1.52-2.94] [1.64-2.94] [1.72-2.87] [1.48-3.18] [2.10-3.18] [3.28-4.67] 1.25 1.30 1.60 1.91 1.93 2.07 2.22 2.23 2.29 2.31 2.33 2.66 3.90	n	n
	CSI																	
		0	0.30	0.15	0.19	0.22	0.13	0.15	0.18	0.16	0.14	0.08	0.18	0.21	0.09	0.03	59	
		1	0.31	0.31	0.27	0.22	0.17	0.20	0.16	0.17	0.18	0.26	0.12	0.15	0.16	0.08	197	
		2	0.21	0.23	0.21	0.23	0.26	0.26	0.12	0.22	0.26	0.24	0.18	0.17	0.22	0.19	440	
		3	0.12	0.16	0.07	0.16	0.28	0.25	0.34	0.27	0.24	0.28	0.27	0.12	0.25	0.30	677	
		4	0.06	0.15	0.25	0.17	0.16	0.14	0.20	0.17	0.18	0.14	0.25	0.35	0.28	0.40	868	
	Mean (SD) 0.61 (0.67) 0.96 (0.78) 0.96 (0.88) 0.95 (0.81) 1.17 (0.73) 1.07 (0.75) 1.25 (0.85) 1.07 (0.75) 1.17 (0.73) 1.13 (0.66) 1.24 (0.81) 1.26 (0.99) 1.33 (0.74) 1.69 (0.59)		
	Asbestos																	
		0	0.75	0.77	0.30	0.52	0.04	0.07	0.65	0.15	0.83	0.29	0.38	0.51	0.04	0.61	1191	1824
		1	0.09	0.08	0.27	0.13	0.06	0.49	0.12	0.12	0.11	0.26	0.12	0.24	0.09	0.10	253	
		2	0.08	0.09	0.23	0.20	0.63	0.26	0.09	0.21	0.03	0.24	0.21	0.08	0.20	0.12	332	
		3	0.08	0.06	0.20	0.14	0.28	0.17	0.15	0.52	0.03	0.20	0.29	0.17	0.67	0.17	476	
	Chlorinated solvents																
	TCE	0	0.99	0.93	0.97	0.94	0.97	0.95	0.72	0.97	0.42	0.85	0.90	0.88	0.97	0.98	2183	2717
		1	0.00	0.04	0.01	0.01	0.01	0.02	0.22	0.01	0.09	0.05	0.03	0.04	0.01	0.00	14	17
		2	0.00	0.02	0.01	0.03	0.01	0.01	0.03	0.01	0.33	0.07	0.02	0.04	0.01	0.00	14	16
		3	0.00	0.01	0.01	0.02	0.01	0.02	0.03	0.01	0.17	0.04	0.05	0.04	0.01	0.01	22	19
	Petroleum-based solvents															
	BZ	0	0.99	0.96	0.83	0.96	0.01	0.03	0.14	0.97	0.03	0.19	0.04	0.09	0.06	1.00	1892	2454
		1	0.00	0.01	0.10	0.02	0.02	0.18	0.67	0.02	0.36	0.57	0.35	0.08	0.39	0.00	108	
		2	0.00	0.02	0.04	0.01	0.14	0.52	0.13	0.01	0.47	0.19	0.23	0.21	0.34	0.00	106	
		3	0.00	0.01	0.02	0.01	0.83	0.27	0.06	0.01	0.14	0.04	0.37	0.63	0.21	0.00	129	
	GL	0	0.99	0.96	0.70	0.88	0.01	0.03	0.91	0.91	0.92	0.93	0.87	0.10	0.95	0.99	1994	2577
		1	0.01	0.02	0.23	0.11	0.02	0.21	0.04	0.07	0.02	0.03	0.08	0.07	0.03	0.01	52	65
		2	0.00	0.02	0.06	0.01	0.08	0.71	0.02	0.01	0.03	0.02	0.03	0.22	0.01	0.00	87	62
		3	0.00	0.01	0.02	0.01	0.90	0.05	0.02	0.01	0.03	0.02	0.02	0.61	0.01	0.00	106	66
	SBPs	0	1.00	0.95	0.97	0.96	0.97	0.96	0.14	0.98	0.03	0.89	0.76	0.70	0.96	1.00	1925	2421
		1	0.00	0.02	0.01	0.01	0.02	0.02	0.49	0.01	0.03	0.05	0.02	0.05	0.01	0.00	104	
		2	0.00	0.02	0.01	0.02	0.01	0.01	0.25	0.01	0.50	0.04	0.05	0.12	0.01	0.00	99	
		3	0.00	0.01	0.01	0.01	0.01	0.01	0.12	0.01	0.43	0.02	0.17	0.13	0.01	0.00	104	
	KDF	0	0.93	0.95	0.16	0.92	0.20	0.47	0.60	0.92	0.19	0.84	0.84	0.13	0.86	0.91	2168	2708
		1	0.04	0.02	0.06	0.05	0.05	0.14	0.05	0.04	0.02	0.07	0.07	0.13	0.05	0.05	19	20
		2	0.03	0.01	0.40	0.02	0.07	0.18	0.30	0.03	0.16	0.04	0.03	0.09	0.04	0.03	25	19
		3	0.00	0.02	0.38	0.01	0.68	0.20	0.05	0.01	0.62	0.05	0.05	0.64	0.05	0.01	22	20
	WS	0	0.99	0.96	0.90	0.70	0.96	0.93	0.42	0.93	0.04	0.09	0.03	0.71	0.02	0.99	2043	2554
		1	0.00	0.02	0.06	0.22	0.02	0.02	0.36	0.04	0.05	0.30	0.03	0.04	0.13	0.01	57	71
		2	0.00	0.01	0.03	0.06	0.01	0.04	0.16	0.02	0.55	0.50	0.27	0.13	0.26	0.01	61	68
		3	0.00	0.01	0.02	0.02	0.02	0.01	0.06	0.01	0.37	0.10	0.67	0.12	0.59	0.00	67	72

BZ, benzene; CEI, cumulative exposure index; CI*, credible interval; CSI, comprehensive smoking index; GL, gasoline; KDF, kerosene/diesel oil/fuel oils; LogOR, log odds ratio; SBPs, special petroleum products and other aliphatics; SD, standard deviation; TCE, trichloroethylene; WS, white spirits and other aromatics. CSI in classes according to quartile distribution, all substances CEI in classes according to controls' tertile distribution. Every substance's modal probability in each cluster is highlighted in bold. 140

Table 35 (

 35 continued). Summary of cluster profiles obtained assuming cigarettes smoking as covariate, men.

	Cluster	1	2	3	4	5	6	7	8	9	10	11	12	13	14	Cases Controls
	Oxygenated solvents															
	Alc	0.94	0.03	0.90	0.15	0.91	0.89	0.42	0.78	0.11	0.25	0.08	0.82	0.90	0.92	1895	2380
		0.02	0.30	0.04	0.12	0.05	0.06	0.20	0.14	0.07	0.55	0.07	0.08	0.05	0.04	121	128
		0.02	0.35	0.04	0.35	0.03	0.03	0.28	0.05	0.12	0.14	0.36	0.05	0.03	0.01	91	127
		0.02	0.32	0.01	0.39	0.01	0.01	0.10	0.02	0.71	0.06	0.50	0.05	0.02	0.02	122	131
	KetEst	0.97	0.85	0.73	0.09	0.06	0.17	0.53	0.16	0.85	0.19	0.05	0.71	0.89	0.94	1786	2313
		0.01	0.08	0.16	0.10	0.16	0.51	0.09	0.49	0.05	0.19	0.02	0.08	0.04	0.04	163	150
		0.01	0.04	0.10	0.21	0.54	0.29	0.04	0.30	0.05	0.49	0.04	0.14	0.05	0.02	149	150
		0.01	0.04	0.01	0.60	0.24	0.03	0.35	0.04	0.05	0.13	0.90	0.07	0.02	0.01	132	154
	Et2O	1.00	0.20	0.96	0.96	0.97	0.98	0.94	0.98	0.91	0.92	0.96	0.85	0.98	1.00	2208	2715
		0.00	0.25	0.02	0.02	0.01	0.01	0.02	0.01	0.02	0.05	0.01	0.07	0.01	0.00	11	16
		0.00	0.28	0.01	0.01	0.01	0.01	0.02	0.01	0.05	0.02	0.01	0.04	0.01	0.00	8	16
		0.00	0.27	0.01	0.01	0.01	0.01	0.02	0.01	0.02	0.02	0.01	0.04	0.01	0.00	5	17
	Glycol	0.99	0.96	0.54	0.97	0.02	0.05	0.93	0.96	0.92	0.94	0.94	0.67	0.97	0.99	2079	2586
		0.00	0.01	0.12	0.01	0.03	0.60	0.02	0.02	0.02	0.02	0.02	0.16	0.01	0.00	55	59
		0.00	0.01	0.21	0.01	0.31	0.30	0.03	0.01	0.03	0.02	0.02	0.10	0.01	0.00	54	58
		0.00	0.01	0.13	0.01	0.64	0.05	0.02	0.01	0.02	0.02	0.01	0.06	0.01	0.00	43	61
	THF	1.00	0.96	0.95	0.96	0.98	0.98	0.94	0.72	0.93	0.93	0.97	0.87	0.98	0.99	2202	2735
		0.00	0.01	0.02	0.01	0.01	0.01	0.02	0.06	0.02	0.02	0.01	0.04	0.01	0.00	3	10
		0.00	0.01	0.01	0.01	0.01	0.01	0.02	0.12	0.02	0.02	0.01	0.04	0.01	0.00	13	9
		0.00	0.01	0.02	0.01	0.01	0.01	0.02	0.11	0.02	0.03	0.01	0.06	0.01	0.00	12	10

Alc, alcohol; CEI, cumulative exposure index; Et2O, diethyl ether; Glycol, ethylene glycol; KetEst, ketones/esters; THF, tetrahydrofuran. All substances CEI in classes according to controls' tertile distribution. Every substance's modal probability in each cluster is highlighted in bold.

Table 36 .

 36 Summary of cluster profiles obtained assuming cigarettes smoking as covariate, women.

	Cluster	1	2	3	4	5		
	n	844	131	49	21	334	Cases	Controls
	LogOR	0.00	0.74	1.09	1.10	3.12	n	n
	95% CI*	[0.00-0.00] [0.28-1.16] [0.52-1.65] [0.25-1.96] [2.25-4.23]		
	CSI							
		0.65	0.43	0.39	0.34	0.13	177	500
		0.16	0.11	0.18	0.13	0.04	48	125
		0.09	0.20	0.18	0.25	0.18	102	76
		0.06	0.12	0.12	0.17	0.30	137	37
		0.04	0.14	0.13	0.10	0.35	153	20
	Mean (SD) 0.23 (0.49)	0.75 (0.8)	0.67 (0.79) 0.69 (0.69) 1.71 (0.38)		
	Asbestos							
		0.96	0.94	0.68	0.60	0.92	567	728
		0.01	0.02	0.17	0.12	0.02	20	11
		0.01	0.02	0.08	0.05	0.02	10	10
		0.02	0.01	0.07	0.23	0.04	21	11
	Chlorinated solvents							
	PCE	0.99	0.98	0.65	0.83	0.99	596	739
		0.00	0.01	0.15	0.06	0.01	6	3
		0.00	0.01	0.08	0.05	0.00	1	3
		0.00	0.01	0.12	0.06	0.00	3	4
	Fuels and petroleum-based solvents						
	BZ	0.99	0.98	0.87	0.23	0.99	594	737
		0.00	0.01	0.07	0.37	0.00	7	5
		0.00	0.01	0.03	0.25	0.00	4	4
		0.00	0.01	0.04	0.15	0.00	1	5
	SBPs	0.99	0.97	0.88	0.52	0.99	597	742
		0.00	0.01	0.04	0.15	0.01	4	3
		0.00	0.01	0.05	0.14	0.00	2	3
		0.00	0.01	0.03	0.19	0.00	2	3
	WS	0.99	0.98	0.80	0.39	0.98	591	743
		0.00	0.01	0.10	0.16	0.01	7	3
		0.00	0.01	0.07	0.27	0.00	7	3
		0.00	0.01	0.02	0.18	0.00	1	3
	Oxygenated solvents							
	Alc	0.72	0.04	0.13	0.40	0.60	340	471
		0.11	0.08	0.22	0.14	0.14	72	90
		0.11	0.20	0.42	0.26	0.12	89	94
		0.06	0.68	0.23	0.20	0.14	105	95
	KetEst	0.96	0.95	0.22	0.29	0.92	551	699
		0.01	0.01	0.47	0.17	0.02	21	17
		0.01	0.02	0.25	0.20	0.03	18	17
		0.02	0.02	0.06	0.33	0.03	17	17
	Et2O	0.98	0.16	0.89	0.84	0.97	546	675
		0.01	0.29	0.04	0.07	0.01	23	25
		0.01	0.27	0.04	0.04	0.01	18	24
		0.01	0.29	0.03	0.04	0.01	18	25
	Alc, alcohol; BZ, benzene; CEI, cumulative exposure index; CI*, credible interval; Et2O, diethyl ether; KetEst,
	ketones/esters; PCE, perchloroethylene; LogOR, log odds ratio; SBPs, special petroleum products and other
	aliphatics; SD, standard deviation; WS, white spirits and other aromatics.			
	CSI in classes according to quartile distribution, all substances CEI in classes according to controls' tertile
	distribution. Every substance's modal probability in each cluster is highlighted in bold.		

Table 37 .

 37 Comparison of cluster logORs adjusted and not adjusted for socio-economic status, men (model with cigarettes smoking as covariate).

	Cluster	1	2	3	4	5	6	7	8	9	10	11	12	13	14
	Not adjusted for SES													
	n	2214	65	74	178	127	151	47	161	38	46	87	19	141	1692
	LogOR	0.00	1.25	1.30	1.60	1.91	1.93	2.07	2.22	2.23	2.29	2.31	2.33	2.66	3.90
	95% CI*	[0.00-0.00] [0.51-1.97] [0.64-1.94] [1.00-2.16] [1										

  [0.00-0.00] [0.39-1.62] [0.5-1.87] [0.86-1.89] [1.02-2.19] [1.09-2.22] [1.13-2.58] [1.12-2.72] [1.46-2.43] [1.31-2.58] [1.27-2.74] [1.09-3.05] [1.81-2.97] [2.91-3.95] 

															86]
	Adjusted for SES														
	n	2121	72	65	178	127	152	47	38	164	87	46	19	141	1766
	LogOR	0.00	1.02	1.20	1.39	1.63	1.68	1.87	1.93	1.96	1.96	2.01	2.06	2.41	3.39
	95% CI*														

CI*, credible interval; LogOR, log odds ratio; SES, socio-economic status.

Table 38 .

 38 Comparison of cluster logORs adjusted and not adjusted for socio-economic status, women (model with cigarettes smoking as covariate).

	Cluster	1	2	3	4	5
	Not adjusted for SES					
	n	844	131	49	21	334
	LogOR	0.00	0.74	1.09	1.10	3.12
	95% CI*	[0.00-0.00]	[0.28-1.16]	[0.52-1.65]	[0.25-1.96]	[2.25-4.23]
	Adjusted for SES					
	n	841	130	49	22	332
	LogOR	0.00	0.74	1.02	1.01	2.99
	95% CI*	[0.00-0.00]				

[0.25-1.20] [0.42-1.61] [0.13-1.85] [2.20-4.18] 

CI*, credible interval; LogOR, log odds ratio; SES, socio-economic status.

Table 39 .

 39 Distribution of cases and controls ever exposed to organic solvents in never and light smokers, separately for men and women.

			Men						Women			
		Cases	Controls	Total		Cases	Controls	Total
		n	%	n	%	n	%		n	%	n	%	n	%
		256 100.0 1657 100 1913 100.0		225 100.0 625 100.0 850 100.0
	Chlorinated solvents													
	TCE	7	2.7	27	1.6	34	1.8	PCE	5	2.2	9	1.4	14	1.6
	Fuels and petroleum-based solvents											
	BZ	37	14.5 167 10.1 204 10.7	BZ	2	0.9	12	1.9	14	1.6
	WS	25	9.8 106	6.4 131	6.8	WS	2	0.9	5	0.8	7	0.8
	SBPs	8	3.1	30	1.8	38	2.0	SBPs	1	0.4	8	1.3	9	1.1
	KDF	28	10.9 189 11.4 217 11.3							
	GL	16	6.3 115	6.9 131	6.8							
	Oxygenated solvents													
	Alc	33	12.9 228 13.8 261 13.6	Alc	83 36.9 224 35.8 307 36.1
	KetEst	51	19.9 255 15.4 306 16.0	KetEst	15	6.7	40	6.4	55	6.5
	Et2O	3	1.2	30	1.8	33	1.7	Et2O	20	8.9	53	8.5	73	8.6
	Glycol	12	4.7	97	5.9 109	5.7							
	THF	4	1.6	17	1.0	21	1.1							

Alc, alcohol; BZ, benzene; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene 

glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; PCE, perchloroethylene; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics.

Table 40 .

 40 Comparison of cases and controls according to age at interview, occupational history and socioeconomic status in never and light smoker, men (n=1913).

	n	Cases %	Controls n %	OR a	95% CI
	256 100.0 1657	100.0	

CI, confidence interval; OR, odds ratio; p, p-value; SD, standard 

deviation. a. OR adjusted for age at interview and département. b. Student's ttest (two-sided). c. Represented by the longest held occupation. d. Including housewives.

Table 41 .

 41 Summary of cluster profiles obtained assuming cigarettes smoking as covariate in never and light smoker subpopulation, men.

	Cluster n	1 47	2 139	3 1506	4 54	5 67	6 100	Cases	Controls
	LogOR 95% CI*	-1.17 [-2.49 --0.06] [-0.53-0.34] [0.00-0.00] [-0.29-0.9] [0.23-1.17] [0.32-1.13] -0.08 0.00 0.33 0.72 0.74	n	n
	CSI								
		0.50	0.46	0.46	0.42	0.46	0.44	59	813
		0.50	0.54	0.54	0.58	0.54	0.56	197	844
	Mean (SD)	0.17 (0.24)	0.20 (0.25) 0.19 (0.23) 0.23 (0.25) 0.20 (0.26) 0.23 (0.26)		
	Asbestos								
		0.19	0.68	0.74	0.11	0.17	0.38	145	1138
		0.45	0.09	0.09	0.11	0.1	0.14	23	171
		0.28	0.13	0.08	0.52	0.27	0.17	36	171
		0.09	0.1	0.09	0.26	0.46	0.31	52	177
	Chlorinated solvents								
	TCE	0.93	0.95	0.99	0.93	0.96	0.83	245	1623
		0.02	0.03	0	0.02	0.02	0.05	3	9
		0.02	0.01	0	0.02	0.01	0.09	2	9
		0.04	0.01	0	0.04	0.01	0.04	2	9
	Petroleum-based solvents								
	BZ	0.04	0.97	0.99	0.03	0.93	0.05	216	1482
		0.37	0.01	0.00	0.03	0.03	0.51	17	57
		0.43	0.01	0.01	0.22	0.02	0.26	10	53
		0.17	0.01	0.00	0.72	0.02	0.18	10	57
	GL	0.06	0.96	0.98	0.03	0.87	0.94	229	1545
		0.26	0.03	0.01	0.03	0.09	0.03	6	34
		0.63	0.01	0.00	0.19	0.02	0.01	8	36
		0.06	0.01	0.00	0.75	0.02	0.02	11	36
	SBPs	0.94	0.96	1.00	0.91	0.96	0.68	226	1459
		0.02	0.01	0.00	0.03	0.01	0.06	10	65
		0.02	0.01	0.00	0.03	0.01	0.13	9	61
		0.02	0.01	0.00	0.02	0.01	0.12	9	63
	KDF	0.39	0.94	0.92	0.28	0.78	0.77	244	1619
		0.15	0.03	0.04	0.04	0.07	0.05	0	10
		0.27	0.01	0.03	0.12	0.05	0.06	5	10
		0.19	0.01	0.01	0.56	0.1	0.12	3	10
	WS	0.93	0.80	0.99	0.93	0.90	0.1	237	1532
		0.02	0.13	0.01	0.02	0.06	0.13	4	38
		0.03	0.06	0.00	0.03	0.03	0.32	5	38
		0.02	0.01	0.00	0.02	0.01	0.45	7	39
	Oxygenated solvents								
	Alc	0.86	0.15	0.95	0.91	0.78	0.43	220	1421
		0.08	0.21	0.02	0.04	0.13	0.14	5	75
		0.03	0.32	0.01	0.03	0.05	0.19	9	76
		0.04	0.32	0.02	0.02	0.04	0.24	18	77
	KetEst	0.3	0.46	0.96	0.13	0.2	0.52	202	1394
		0.47	0.1	0.01	0.17	0.53	0.04	18	84
		0.18	0.13	0.01	0.52	0.24	0.1	17	84
		0.05	0.31	0.01	0.18	0.03	0.33	16	87
	Et2O	0.93	0.81	0.99	0.95	0.95	0.95	249	1617
		0.04	0.06	0.00	0.02	0.02	0.02	2	10
		0.02	0.06	0.00	0.02	0.02	0.02	1	10
		0.02	0.06	0.00	0.02	0.02	0.01	0	10
	Glycol	0.14	0.98	0.99	0.09	0.87	0.96	241	1550
		0.6	0.01	0.00	0.04	0.03	0.01	2	32
		0.21	0.01	0.00	0.43	0.05	0.02	8	33
		0.05	0.01	0.00	0.44	0.04	0.01	2	32
	THF	0.94	0.97	1.00	0.95	0.72	0.96	248	1630
		0.02	0.01	0.00	0.02	0.1	0.01	1	6
		0.02	0.01	0.00	0.02	0.11	0.01	2	6
		0.02	0.01	0.00	0.02	0.08	0.02	1	5

Alc, alcohol; BZ, benzene; CEI, cumulative exposure index; CI*, credible interval; CSI, comprehensive smoking index; Et2O, diethyl ether; GL, gasoline; Glycol, ethylene 

glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; LogOR, log odds ratio; SBPs, special petroleum products and other aliphatics; SD, standard deviation; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics. First CSI class according to quartile distribution, all substances CEI in classes according to controls' tertile distribution. Every substance's modal probability in each cluster is highlighted in bold.

Table 42 .

 42 Comparison of clusters logORs estimates adjusted and not adjusted for socio-economic status in never and light smokers, men (model with cigarettes smoking as covariate).

	Cluster	1	2	3	4	5	6
	Not adjusted for SES					
	n	47	139	1506	54	67	100
	LogOR	-1.17	-0.08	0.00	0.33	0.72	0.74
	95% CI*	[-2.78-0.12]	[-0.61-0.43]	[0.00-0.00]	[-0.41-1.00]	[0.14-1.28]	[0.24-1.21]
	Adjusted for SES					
	n	47	139	1504	54	66	100
	LogOR	-1.25	-0.13	0.00	0.18	0.56	0.57
	95% CI*						

[-2.79 --0.01] [-0.67-0.36] [0.00-0.00] [-0.57-0.87] [-0.06-1.13] [0.06-1.06] CI*, credible interval; LogOR, log odds ratio; SES, socio-economic status.

Table 43 .

 43 Pseudo-profiles definition.

	Pseudo-profile	Smoking habit	Exposure to asbestos and solvents other than WS and BZ	Exposure to WS and BZ a
	1.	light	population's average	never exposed
	2.	light	population's average	low
	3.	light	population's average	medium
	4.	light	population's average	high

CEI, cumulative exposure index; CSI, comprehensive smoking index; WS, white spirits and other aromatics; BZ, Benzene. Light smoking habit represented by CSI equal to 1. a. CEI of WS and BZ in classes according to tertile distribution.

Table 45 .

 45 Distribution of controls in ICARE study and population living in the départements (2006) according to socio-economic status, separately for men and women.

	Age	Men % ICARE % INSEE	Women % ICARE % INSEE
	Farmers	6.1	3.7	2.5	2.1
	Self-employed workers	5.8	10.5	5.3	4.5
	Managers	23.2	20.4	14.9	10.3
	Intermediate white-collars	21.6	22.2	22.0	23.6
	Office and sales employees	9.5	9.5	41.9	47.0
	Blue-collar workers	33.8	33.8	13.4	12.4
	Source: INSEE -Census data of 2006 (http://www.recensement-2006.insee.fr).	

Table 46 .

 46 Statistical power of the study according to lifelong prevalence estimated in ICARE data among controls.

		Men	Women	Total
		Lifelong prevalence	Smallest detectable OR	Lifelong prevalence	Smallest detectable OR	Lifelong prevalence	Smallest detectable OR
	Chlorinated solvents						
	TCE	0.078	1.32	0.013	2.77	0.063	1.31
	PCE	0.003	2.98	0.009	3.23	0.004	2.42
	DCM	0.012	1.86	0.003	5.62	0.010	1.83
	CT	0.001	5.09	0.001	11.34	0.001	4.44
	CF	0.002	3.57	0.001	11.34	0.001	4.44
	At least one	0.087	1.30	0.023	2.26	0.072	1.29
	Petroleum-based solvents						
	BZ	0.057	1.37	0.010	3.08	0.045	1.37
	WS	0.083	1.31	0.024	2.23	0.068	1.30
	DKF	0.044	1.43	0.002	7.16	0.033	1.43
	SBPs	0.014	1.79	0.009	3.23	0.012	1.75
	GL	0.074	1.33	0.005	4.26	0.057	1.33
	At least one	0.129	1.25	0.030	2.08	0.103	1.25
	Oxygenated solvents						
	Alc	0.101	1.28	0.251	1.39	0.133	1.22
	KetEst	0.086	1.31	0.039	1.94	0.076	1.28
	Et2O	0.012	1.86	0.048	1.84	0.020	1.57
	Glycol	0.060	1.37	0.005	4.26	0.048	1.36
	THF	0.006	2.29	0.000	-	0.005	2.24
	At least one	0.188	1.22	0.269	1.38	0.205	1.18
	Alc, alcohol; BZ, benzene; CF, chloroform; CT, carbon tetrachloride; DCM, methylene chloride; Et2O, diethyl ether;
	GL, gasoline; Glycol, ethylene glycol; KDF, kerosene/diesel oil/fuel oils; KetEst, ketones/esters; OR, odds ratio; PCE,

perchloroethylene; SBPs, special petroleum products and other aliphatics; TCE, trichloroethylene; THF, tetrahydrofuran; WS, white spirits and other aromatics.

  IARC. Some Industrial Chemicals and Dyestuffs. IARC monographs on the evaluation of the carcinogenic risks to humans(Vol 29). 1982.IARC. Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs (Vol 1 to 42). 1987.Annex 2. Association between lung cancer and exposure to five chlorinated solvents (probability, intensity and duration), separately for men and women. OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. Total does not add up in some cells due to missing data.Annex 2 (continued). Association between lung cancer and exposure to five chlorinated solvents (probability, intensity and duration), separately for men and women.

	At least one solvent	TCE	Men	PCE	DCM	CT	Women	CF
	IARC. Man-made Mineral Fibres and Radon. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 43). 1988. IARC. Diesel and Gasoline Engine Exhausts and Some Nitroarenes. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 46). 1989. IARC. Some organic Solvents, Resin Monomers and Related Compounds, Pigments and Occupational Exposures in Paint Manufacture and Painting. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 47). 1989. IARC. Chromium, Nickel and Welding. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 49). 1990. IARC. Dry Cleaning, Sorne Chlorinated Solvents and Other Industrial Chemicals. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 63). 1995;63. IARC. Dry Cleaning, Sorne Chlorinated Solvents and Other Industrial Chemicals. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 63). 1995. IARC. Wood dust and formaldehyde. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 62). 1995. IARC. Printing Processes and Printing Inks Carbon Black and some Nitro Compounds. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 65). 1996. IARC. Re-evaluation of some organic chemicals, hydrazine and hydrogen peroxide. IARC monographs on the evaluation of the carcinogenic risks to humans (Vol 71). 1999. Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) ≤ 10 236 11.5 ≤ 10 261 13.0 ≤ 10 185 92.0 ≤ 10 251 52.2  1 81 100.0 11 -20 553 26.8 11 -20 576 28.7 > 10 16 8.0 > 10 230 47.8 21 -30 1060 51.4 21 -30 1068 53.2 > 30 212 10.3 > 30 102 5.1 Maximum Intensity Maximum Intensity (ppm) Maximum Intensity (ppm) Maximum Intensity (ppm) Maximum Intensity Very low 1231 59.7 5 -50 840 41.9 5-50 87 43.3 25 -50 104 21.6 Low 54 66.7 Low 737 35.8 > 50 1167 58.1 > 50 114 56.7 50 -100 328 68.2 Medium 27 33.3 Medium-Strong 93 4.5 > 100 49 10.2 Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) ≤ 10 940 45.6 ≤ 10 932 46.4 ≤ 10 116 57.7 ≤ 10 276 57.4 ≤ 10 59 72.8 11 -20 412 20.0 11 -20 394 19.6 11-20 46 22.9 11-20 83 17.3 > 10 22 27.2 21 -30 335 16.3 21 -30 327 16.3 > 20 39 19.4 21 -30 64 13.3 > 30 369 17.9 > 30 349 17.4 > 30 57 11.9 n % n % n % n % n % Ever exposed Ever exposed Ever exposed Ever exposed Ever exposed 172 100.0 149 100.0 39 100.0 65 100.0 24 100.0 Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) Maximum Probability (%) ≤ 10 43 25.0 ≤ 10 58 38.9 ≤ 10 18 46.2 ≤ 10 50 76.9  1 24 100.0 11 -20 53 30.8 11 -20 39 26.2 > 10 21 53.8 > 10 15 23.1 21 -30 40 23.3 21 -30 52 34.9 > 30 36 20.9 > 30 Maximum Intensity Maximum Intensity (ppm) Maximum Intensity (ppm) Maximum Intensity (ppm) Maximum Intensity Very low 91 52.9 5 -50 92 61.7 5-50 19 48.7 25 -50 24 36.9 Low 16 66.7 Low 56 32.6 > 50 57 38.3 > 50 20 51.3 50 -100 27 41.5 Medium 8 33.3 Medium-Strong 25 14.5 > 100 14 21.5 Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) Cumulative duration (years) ≤ 10 107 62.2 ≤ 10 99 66.4 ≤ 10 25 64.1 ≤ 10 38 58.5 ≤ 10 13 54.2 11 -20 26 15.1 11 -20 24 16.1 11-20 6 15.4 11-20 9 13.8 > 10 11 45.8 21 -30 23 13.4 21 -30 25 16.8 > 20 8 20.5 21 -30 8 12.3 > 30 15 8.7 > 30 > 30 10 15.4 Exposure Cases Controls OR a 95% CI OR b 95% CI OR c 95% CI Cases Controls OR a 95% CI OR b n % n % n % n Men Women % 2260 100.0 2780 100.0 619 100 760 100.0 Never exposed to any chlorinated solvent 1242 55.0 1704 61.3 1.00 -1.00 -1.00 -508 82.1 678 89.2 1.00 -1.00 At least one Maximum Probability (%) ≤ 10 117 5.2 119 4.3 1.57 [1.12 -2.18] 1.19 [0.84 -1.68] 1.14 [0.81 -1.61] 25 4.0 18 2.4 1.41 [0.69 -2.87] 1.35 [0.63 -2.89] 1.18 [0.54 -2.56] Maximum Probability (%)  1 76 100.0 Maximum Intensity Very low 9 11.8 Low 40 52.6 Medium 27 35.5 Cumulative duration (years) ≤ 20 52 68.4 > 20 24 31.6 n % Ever exposed 100.0 Maximum Probability (%)  1 100.0 Maximum Intensity Very low 2 10.0 Low 50.0 Medium 8 40.0 Cumulative duration (years) ≤ 20 50.0 > 20 50.0 95% CI OR c 95% CI -1.00 -11 -20 259 11.5 294 10.6 1.32 [1.05 -1.67] 0.97 [0.75 -1.24] 0.94 [0.73 -1.21] 30 4.8 23 3.0 1.12 [0.58 -2.17] 1.11 [0.57 -2.17] 1.17 [0.59 -2.32] 21 -30 504 22.3 556 20.0 1.37 [1.14 -1.64] 1.01 [0.82 -1.24] 0.91 [0.74 -1.12] 20 3.2 20 2.6 1.02 [0.47 -2.18] 1.00 [0.46 -2.20] 0.90 [0.40 -2.01] > 30 116 5.1 96 3.5 1.86 [1.30 -2.64] 1.47 [1.03 -2.12] 1.30 [0.90 -1.87] 25 4.0 11 1.4 3.99 [1.77 -9.02] 3.80 [1.63 -8.88] 3.43 [1.45 -8.08] Maximum Intensity Very low 589 26.1 642 23.1 1.46 [1.23 -1.73] 1.06 [0.87 -1.29] 0.99 [0.81 -1.21] 52 8.4 39 5.1 1.25 [0.76 -2.08] 1.18 [0.68 -2.05] 1.08 [0.62 -1.89] Low 357 15.8 380 13.7 1.35 [1.10 -1.67] 1.06 [0.85 -1.33] 0.97 [0.77 -1.22] 32 5.2 24 3.2 1.53 [0.80 -2.91] 1.47 [0.76 -2.86] 1.37 [0.70 -2.69] Medium-Strong 50 2.2 43 1.5 1.44 [0.86 -2.42] 1.07 [0.63 -1.81] 0.98 [0.58 -1.67] 16 2.6 9 1.2 2.92 [1.14 -7.50] 2.81 [1.07 -7.38] 3.17 [1.19 -8.41] Cumulative duration (years) ≤ 10 428 18.9 512 18.4 1.31 [1.08 -1.59] 1.17 [0.97 -1.43] 1.00 [0.81 -1.23] 55 8.9 52 6.8 1.05 [0.65 -1.69] 1.00 [0.60 -1.67] 0.94 [0.56 -1.57] 11 -20 201 8.9 211 7.6 1.58 [1.22 -2.05] 1.25 [0.96 -1.63] 1.07 [0.81 -1.41] 17 2.7 9 1.2 1.83 [0.71 -4.71] 1.70 [0.64 -4.50] 1.69 [0.62 -4.59] 21 -30 160 7.1 175 6.3 1.35 [1.02 -1.79] 0.98 [0.73 -1.31] 0.86 [0.64 -1.17] 15 2.4 8 1.1 2.83 [1.04 -7.72] 2.72 [0.97 -7.63] 2.58 [0.90 -7.38] > 30 202 8.9 167 6.0 1.50 [1.14 -1.98] 1.08 [0.81 -1.44] 0.94 [0.70 -1.27] 12 1.9 3 0.4 6.64 [1.61 -27.3] 6.22 [1.50 -25.8] 7.23 [1.71 -30.6] P-valuetrend ---0.001 0.001 0.003 TCE Maximum Probability (%) ≤ 10 137 6.1 124 4.5 1.70 [1.24 -2.33] 1.28 [0.92 -1.78] 1.22 [0.87 -1.69] 34 5.5 24 3.2 1.76 [0.95 -3.27] 1.68 [0.86 -3.29] 1.51 [0.76 -2.98] 11 -20 277 12.3 299 10.8 1.31 [1.05 -1.65] 0.94 [0.73 -1.20] 0.89 [0.69 -1.14] 23 3.7 16 2.1 1.36 [0.64 -2.92] 1.35 [0.62 -2.94] 1.21 [0.55 -2.67] 21 -30 519 23.0 549 19.7 1.44 [1.21 -1.73] 1.08 [0.88 -1.33] 0.97 [0.79 -1.20] 32 5.2 20 2.6 1.76 [0.88 -3.51] 1.69 [0.82 -3.47] 1.52 [0.72 -3.17] > 30 50 2.2 52 1.9 1.46 [0.90 -2.39] 1.22 [0.74 -2.00] 1.05 [0.64 -1.73] Maximum Intensity (ppm) 5 -50 391 17.3 449 16.2 1.40 [1.15 -1.71] 1.04 [0.84 -1.29] 0.97 [0.78 -1.21] 58 9.4 34 4.5 1.81 [1.09 -3.01] 1.74 [0.99 -3.04] 1.56 [0.88 -2.77] > 50 592 26.2 575 20.7 1.46 [1.23 -1.75] 1.09 [0.90 -1.33] 0.99 [0.81 -1.21] 31 5.0 26 3.4 1.40 [0.73 -2.67] 1.36 [0.70 -2.67] 1.22 [0.61 -2.42] Cumulative duration (years) ≤ 10 428 18.9 504 18.1 1.31 [1.08 -1.59] 1.00 [0.81 -1.24] 0.99 [0.80 -1.22] 52 8.4 47 6.2 1.14 [0.70 -.87] 1.14 [0.68 -1.93] 1.05 [0.62 -1.79] 11 -20 196 8.7 198 7.1 1.59 [1.22 -2.08] 1.17 [0.88 -1.55] 1.06 [0.80 -1.41] 17 2.7 7 0.9 2.62 [0.94 -.29] 2.57 [0.90 -7.36] 2.41 [0.82 -7.05] 21 -30 157 6.9 170 6.1 1.35 [1.01 -1.79] 1.00 [0.74 -1.35] 0.84 [0.62 -1.14] 19 3.1 6 0.8 5.18 [1.81 -4.81] 5.10 [1.69 -15.3] 4.45 [1.44 -13.8] > 30 197 8.7 152 5.5 1.62 [1.22 -2.15] 1.19 [0.88 -1.61] 1.00 [0.74 -1.36] P-valuetrend ---0.001 0.002 0.006 CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; ppm, part per million; TCE, trichloroethylene. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. Cases Controls OR a 95% CI OR b 95% CI OR c 95% CI Cases Controls OR a 95% CI OR b 95% CI OR c 95% CI n % n % n % n % 22060 100.0 2780 100.0 619 100 760 100.0 Never exposed to any chlorinated solvent 1242 55.0 1704 61.3 1.00 -1.00 -1.00 -508 82.1 678 89.2 1.00 -1.00 -1.00 -PCE Maximum Probability (%) ≤ 10 100 4.4 85 3.1 1.76 [1.21 -2.56] 1.42 [0.97 -2.09] 1.27 [0.86 -1.86] 15 2.4 3 0.4 6.55 [1.73 -24.8] 6.30 [1.65 -24.1] 5.78 [1.49 -22.4] > 10 7 0.3 9 0.3 1.55 [0.45 -5.40] 1.28 [0.37 -4.49] 1.12 [0.31 -4.06] 11 1.8 10 1.4 1.95 [0.72 -5.30] 1.85 [0.67 -5.13] 1.68 [0.60 -4.68] Maximum Intensity (ppm) 5-50 46 2.0 41 1.5 1.97 [1.15 -3.37] 1.45 [0.84 -2.52] 1.33 [0.76 -2.31] 11 1.8 8 1.1 1.96 [0.71 -5.42] 1.88 [0.67 -5.30] 1.74 [0.61 -4.94] > 50 61 2.7 53 1.9 1.6 [1.01 -2.55] 1.39 [0.86 -2.22] 1.21 [0.75 -1.94] 15 2.4 5 0.7 5.49 [1.75 -17.2] 5.22 [1.64 -16.6] 4.67 [1.44 -15.1] Cumulative duration (years) ≤ 10 58 2.6 58 2.1 1.78 [1.11 -2.87] 1.43 [0.88 -2.33] 1.30 [0.80 -2.11] 16 2.6 9 1.2 2.39 [0.94 -6.07] 2.33 [0.90 -6.02] 2.15 [0.83 -5.60] 11-20 25 1.1 21 0.8 1.23 [0.62 -2.44] 0.99 [0.49 -2.00] 0.86 [0.43 -1.75] 5 0.8 1 0.1 5.06 [0.49 -51.7] 4.67 [0.44 -49.2] 4.34 [0.41 -46.5] > 20 24 1.1 15 0.5 2.59 [1.18 -5.70] 2.12 [0.95 -4.70] 1.80 [0.82 -3.95] 5 0.8 3 0.4 5.28 [1.13 -24.5] 4.97 [1.06 -23.3] 4.32 [0.89 -20.8] P-valuetrend 0.004 0.063 0.163 0.004 0.004 0.006 DCM Maximum Probability (%) ≤ 10 133 5.9 118 4.2 1.82 [1.32-2.51] 1.48 [1.06-2.06] 1.38 [0.99-1.92] 25 4.0 25 3.3 1.13 [0.58 -2.20] 1.12 [0.56 -2.23] 1.16 [0.58 -2.32] > 10 102 4.5 128 4.6 1.15 [0.82-1.62] 0.83 [0.59-1.18] 0.76 [0.53-1.08] 10 1.6 5 0.7 2.57 [0.77 -8.57] 2.47 [0.71 -8.55] 2.58 [0.72 -9.19] Maximum Intensity (ppm) 25 -50 59 2.6 45 1.6 2.69 [1.64 -4.42] 2.07 [1.24 -3.45] 2.05 [1.22 -3.42] 11 1.8 13 1.7 0.71 [0.27 -1.83] 0.65 [0.25 -1.74] 0.63 [0.23 -1.69] 50 -100 150 6.6 178 6.4 1.20 [0.90 -1.60] 0.93 [0.69 -1.25] 0.84 [0.62 -1.13] 15 2.4 12 1.6 1.77 [0.73 -4.25] 1.76 [0.72 -4.31] 1.69 [0.68 -4.18] > 100 26 1.1 23 0.8 1.57 [0.79 -3.15] 1.24 [0.61 -2.51] 1.21 [0.60 -2.44] 9 1.5 5 0.7 2.54 [0.73 -8.84] 2.47 [0.70 -8.77] 3.36 [0.93 -12.1] Cumulative duration (years) ≤ 10 134 5.9 142 5.1 1.59 [1.17 -2.18] 1.21 [0.88 -1.67] 1.13 [0.81 -1.56] 17 2.7 21 2.8 0.89 [0.42 -1.92] 0.85 [0.38 -1.89] 0.83 [0.37 -1.86] 11-20 38 1.7 45 1.6 1.35 [0.79 -2.33] 1.08 [0.63 -1.88] 1.02 [0.59 -1.78] 4 0.6 5 0.7 0.66 [0.14 -3.01] 0.62 [0.14 -2.82] 0.60 [0.13 -2.87] 21 -30 31 1.4 33 1.2 1.12 [0.60 -2.10] 0.92 [0.49 -1.72] 0.83 [0.45 -1.55] 6 1.0 2 0.3 4.74 [0.80 -28.1] 4.97 [0.82 -30.2] 5.68 [0.89 -36.4] > 30 31 1.4 26 0.9 1.40 [0.75 -2.62] 1.05 [0.56 -1.98] 0.94 [0.50 -1.79] 8 1.3 2 0.3 6.26 [1.14 -34.4] 5.85 [1.06 -32.2] 7.56 [1.34 -42.4] P-valuetrend ---0.016 0.015 0.020 CI, confidence interval; CSI, comprehensive smoking index; DCM, methylene chloride; OR, odds ratio; PCE, perchloroethylene; ppm, part per million. a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. b: Exposure c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status.
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  4. Log odds ratios of clusters relative to the non-exposed cluster, women (model with cigarettes smoking as fixed effect). baseline cluster is cluster number 1. The bold horizontal line represents the logOR mean. The clusters whose 95% CI* include the logOR mean are colored in green and the rest inLe radon est un gaz radioactif incolore et inodore naturellement présent dans l'environnement.Il est reconnu comme cancérogène pour l'homme par le CIRC depuis 1988[IARC, 1988].Une association entre le risque de survenue du cancer du poumon et le niveau socioéconomique est décrite en Europe et Amérique du Nord, avec des incidences les plus élevées généralement observées au sein des classes sociales défavorisées

					Men							Women			
	Exposure	n	Cases %	Controls n %	OR a 95% CI OR b	95% CI	OR c	95% CI	Cases n %	Controls n %	OR a	95% CI	OR b	95% CI	OR c	95% CI
		2260 100.0 2780 100.0					619 100 760 100.0						
	Never exposed to any chlorinated solvent 1242 55.0 1704 61.3 1.00 CT Maximum Probability (%)  1 32 1.4 49 1.8 0.98 [0.55-1.75] 0.87 [0.48-1.55] 0.96 [0.53-1.73] -1.00 -1.00 -Maximum Intensity Low 24 1.1 30 1.1 1.38 [0.69-2.78] 1.21 [0.59-2.45] 1.32 [0.65-2.69] Medium 8 0.4 19 0.7 0.48 [0.17-1.34] 0.43 [0.15-1.23] 0.50 [0.18-1.41] Cumulative duration (years) ≤ 10 23 1.0 36 1.3 1.07 [0.55-2.07] 0.93 [0.47-1.83] 1.00 [0.50-1.96] > 10 9 0.4 13 0.5 0.77 [0.25-2.38] 0.70 [0.23-2.18] 0.87 [0.28-2.68] P-valuetrend ---CF Maximum Probability (%)  1 24 1.1 52 1.9 0.80 [0.43-1.49] 0.74 [0.39-1.40] 0.86 [0.46-1.64] Maximum Intensity Very low 1 0.0 8 0.3 0.77 [0.08-7.83] 1.05 [0.10-10.50] 1.31 [0.13-13.32] Low 15 0.7 25 0.9 1.14 [0.49-2.62] 1.02 [0.44-2.37] 1.20 [0.52-2.79] Medium 8 0.4 19 0.7 0.48 [0.17-1.35] 0.43 [0.15-1.23] 0.50 [0.18-1.41] Cumulative duration (years) ≤ 20 17 0.8 35 1.3 1.12 [0.54-2.35] 1.03 [0.48-2.18] 1.18 [0.55-2.53] > 20 7 0.3 17 0.6 0.38 [0.12-1.16] 0.38 [0.12-1.16] 0.46 [0.15-1.41] P-valuetrend ---CF, chloroform CI, confidence interval; CSI, comprehensive smoking index; CT, carbon tetrachloride; OR, odds ratio. 508 82.1 678 89.2 1.00 12 1.9 12 1.6 1.41 [0.54-3.63] 1.40 [0.54-3.62] 1.80 [0.69-4.66] -1.00 -1.00 -9 1.5 7 0.9 2.52 [0.82-7.75] 2.48 [0.80-7.73] 2.78 [0.90-8.57] 3 0.5 5 0.7 0.37 [0.06-2.10] 0.39 [0.07-2.23] 0.64 [0.11-3.76] 6 1.0 7 0.9 1.28 [0.34-4.73] 1.32 [0.35-4.94] 1.64 [0.45-5.98] 6 1.0 5 0.7 1.56 [0.40-6.08] 1.48 [0.38-5.77] 2.00 [0.51-7.92] 0.724 0.693 0.661 10 1.6 10 1.3 0.88 [0.31-2.53] 0.90 [0.31-2.56] 1.30 [0.44-3.83] 1 0.2 1 0.1 0.2 [0.01-4.01] 0.19 [0.01-3.91] 0.22 [0.01-5.18] 6 1.0 4 0.5 2.18 [0.52-9.11] 2.20 [0.52-9.33] 2.99 [0.69-13.02] 3 0.5 5 0.7 0.37 [0.06-2.11] 0.39 [0.07-2.23] 0.64 [0.11-3.77] 3 0.5 7 0.9 0.27 [0.06-1.27] 0.28 [0.06-1.29] 0.35 [0.07-1.74] 7 1.1 3 0.4 3.08 [0.65-14.55] 3.21 [0.67-15.40] 5.08 [1.03-24.99] ---a: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, département, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socio-economic status. Total does not add up in some cells due to missing data. d'azote (NO2) et l'ozone (O3) ou aux particules en suspension de certaines fumées et figure également parmi les facteurs de risque environnementaux. Le CIRC a classé en 2015 la pollution de l'air The La pollution atmosphérique est due à des gaz (comme le dioxyde de soufre (SO2), le dioxyde extérieur comme cancérogène certain [IARC, 2015].

Annex

  . Cependant, la proportion exacte est difficile à estimer car les fractions de risque attribuables dans la littérature varient considérablement dans le temps et l'espace. En plus, compte tenu de l'étiologie multifactorielle du cancer du poumon, les interactions synergiques entre les facteurs de risque peuvent avoir des conséquences importantes sur le risque de cancer du poumon. Finalement, par définition, les fractions attribuables sont calculées sur les facteurs de risque professionnels reconnus seulement, et cela conduit probablement à sous-estimer le rôle de l'exposition professionnelle dans le développement du cancer du poumon. Peu d'information existe actuellement sur le risque de cancer du poumon associé aux expositions professionnelles aux solvants. Ces substances sont largement utilisées dans différentes industries pour dissoudre et disperser les graisses, les huiles, les cires, les pigments, les vernis, le caoutchouc et de nombreuses autres substances. Ils sont utilisés dans l'industrie chimique et également dans pratiquement toutes les branches de l'industrie moderne, tels que l'industrie du nettoyage, l'industrie plastique, métallurgique, alimentaire et pharmaceutique, l'agriculture, le secteur de la construction. Cela se traduit par des millions de travailleurs exposés aux solvants organiques qui sont absorbés par le corps humain par voie cutanée ou par inhalation. En 1994, un tiers de la population française salariée a été exposé à des substances chimiques, la plupart appartenant à la famille des solvants [Heran-

  Le rôle de l'exposition professionnelle à certains solvants organiques dans le risque de cancer du poumon est essentiellement encore l'objet de débat. À ce jour, les résultats des études épidémiologiques et biologiques ont permis au CIRC de classer seulement quelques uns d'entre eux en fonction de leur cancérogénicité mais aucune association claire avec le cancer du poumon n'a été mise évidence lorsque l'ensemble des solvants étaient considérés. Beaucoup de solvants sont souvent utilisés simultanément, parfois en tant que composants de mélanges. En outre, l'exposition à l'amiante a été retrouvée dans de nombreux lieux de travail et la consommation de tabac est encore une habitude très commune. En conséquence, il est difficile d'évaluer le rôle propre des solvants et de distinguer leur effet de celui des autres facteurs de risque connus.L'objectif de mon travail de thèse est l'évaluation du rôle de l'exposition à différents solvants organiques (groupés en solvants chlorés, carburants et solvants pétroliers, solvants oxygénés) sur le risque de cancer du poumon. Dans un premier temps nous avons étudié l'effet de l'exposition professionnelle aux solvants chlorés; ensuite l'analyse a intégré l'exposition aux deux autres familles de solvants, toujours en tenant en compte des principaux facteurs de risque de cancer du poumon, y compris le tabac et l'exposition professionnelle à l'amiante. Dans ce travail de thèse, nous avons considéré seulement les cas de cancer du poumon. Les témoins ont été tirés au sort dans les mêmes départements que les cas, par une procédure d'appels téléphoniques au hasard. Le recrutement a été stratifié de façon à obtenir une répartition par âge et sexe des témoins comparable à celle des cas, et une répartition par catégorie socioprofessionnelle conforme à celle du département. 'histoire résidentielle, les antécédents médicaux et familiaux, les consommations de tabac et d'alcool et une description très détaillée de tous les emplois exercés pendant la vie active. Une version résumée du questionnaire était utilisée dans le cas où les sujets étaient trop fatigués pour répondre au questionnaire complet, ou si un proche répondait à la place du sujet (5% des hommes et 4% des femmes ont répondu à ce questionnaire). Cette version incluait principalement des questions sur la consommation tabagique et l'histoire professionnelle vie entière. Pour chaque substance, différents périodes d'exposition ont été considérés afin de tenir compte de la règlementation et des changements dans la pratique d'utilisation de ces substances. Nous avons d'abord redéfini l'exposition à chaque substance: le sujet a été considéré exposé si pour au moins un emploi la probabilité d'exposition était superiore à une seuil (30% pour l'amiante, les solvants chlorés et oxygénés; 50% pour les carburants et solvants pétroliers). Les solvants auxquels moins de 15 sujets étaient exposés ont été exclus de l'analyse. Afin de surmonter les difficultés d'analyse créés par la présence des expositions multiples corrélées, nous avons suivi une approche méthodologique complémentaire à une approche traditionnelle d'analyse, basée sur des régressions logistiques stepwise, avec une approche bayésienne, basée sur le profile regressions. Grâce à cette technique, nous avons pu prendre en compte l'exposition à tous les solvants en même temps et définir des groupes de sujets qui partageaient à la fois les caractéristiques d'exposition et le risque de cancer du poumon. Dans la dernière étape d'analyse bayésienne, nous avons défini des pseudo-profiles (éventail de possibilités pour les variables d'intérêt) et estimé le risque de cancer du poumon pour chacun d'entre eux. Toutes les analyses ont été stratifiées sur le genre. Chez les femmes, des associations positives et à la limite de la significativité ont été trouvés pour les sujets exposés au TCE, PCE, et DCM. Bien que l'ajustement sur le SES et sur l'exposition professionnelle à l'amiante ait légèrement diminué les ORs, les relations dose-réponse ont persisté. Aucune association n'a été trouvée entre l'exposition aux CT et CF et le cancer du poumon (Table20). Le TCE était le seul solvant que nous avons pu isoler avec un nombre suffisant de sujets (Table21). Chez les hommes, nous n'avons observé aucune association avec le cancer du poumon après ajustement sur l'exposition à l'amiante, résultat qui a été confirmé chez les hommes jamais exposés à l'amiante (Table22). Chez les femmes, nous avons observé en association faible avec une confusion minimale par l'exposition à l'amiante. Cependant, aucune association n'a été trouvée chez les femmes jamais exposés à l'amiante (Table22). Les résultats pour l'exposition au TCE et DCM, chez les hommes reflétaient ceux obtenus par l'exposition au TCE seulement. Chez les femmes, aucune association n'a été observée. La majorité des emplois concernés par l'exposition au PCE étaient ceux du nettoyage à sec et de la blanchisserie pour les femmes, et les métiers des presses à imprimer pour les hommes.Nous avons également appliqué des régressions logistiques stepwise backward et forward qui ont sélectionné les mêmes solvants pour le modèle final et les intervalles de confience étaient très similaires à ceux obtenus dans l'analyse univariée: (i) WS, qui était statistiquement associé au cancer du poumon pour un niveau d'exposition moyen et faiblement associé à la limite de significativité pour un niveau d'exposition élevé; (ii) THF, qui n'était pas significativement associé au cancer du poumon (Table32). Chez les femmes, aucune association n'a été observée (Table33).Les profile regressions ont été effectuées sur l'exposition aux solvants et à l'amiante. Le tabagisme, représenté par un index qui tient en compte des différents dimensions du tabac, le comprehensive smoking index (CSI), a été introduit dans le modèle à la fois comme effet fixe, c'està-dire en ajustant les log ORs, et comme covariate, c'est-à-dire en tant que contributeur à la définition des clusters. Les modèles ont été répétés sur le groupe de non-fumeurs et fumeurs légers.Chez les hommes, tous les modèles ont identifié deux groupe de sujets avec un risque significativement élevé de cancer du poumon. L'un caractérisés par une importante histoire tabagique, l'autre par l'exposition à un niveau faible de BZ et élevé de WS (Tables34, 35 et Figures

	Etant donné que l'exposition à un solvant n'empêchait pas l'exposition aux autres solvants, les
	sujets ont été répartis en groupes d'expositions mutuellement exclusives selon diverses combinaisons
	Des études qui ont examiné précisément le rôle de l'exposition aux solvants dans les cancers du poumon sont plutôt rares. La plupart portent plutôt sur des sites multiples de cancer (études de Population et méthode Pour chaque sujet, toutes les périodes d'emplois exercés pendant la vie active ont été codées, avec la Classification Internationale Type des Professions (ISCO, version 1968) du Bureau International Du Travail pour la profession; et la Nomenclature d'Activités Française (NAF, version 2000) de l'Insee pour la branche d'activité. Au total, plus de 44,000 périodes d'emplois ont été codés, soit une moyenne de 4,9 périodes d'emplois par sujet. Nous avons également considéré l'exposition déclarée par les sujets dans le questionnaire, soit En ce qui concerne la partie de la thèse centrée sur les solvants chlorés, le TCE et le DCM étaient les solvants les plus prévalents chez les hommes (39.7% au TCE et 9.5% au DCM) et les femmes (10.5% et 4.6% respectivement) exposés. L'exposition au PCE concernait environ 4% des hommes, tandis que pour les femmes les pourcentages étaient de 4.2% pour les cas et 1.7% pour les témoins. Les proportions de sujets concernés par les expositions aux CF et CT étaient comprises entre d'expositions. En ce qui concerne l'analyse de l'ensemble des solvants organiques, nous avons d'abord cohorte) ou sur des catégories professionnelles spécifiques des travailleurs, notamment les en question fermée (exposition au TCE, WS, essence, gasoil), soit en question ouverte (certains sujets 1% et 2%. étudié la corrélation entre eux, et avons trouvé particulièrement forte et significative l'exposition au teintureries et les peintres qui sont exposés à plusieurs substances, y compris les solvants. Cependant, en considérant que presque tous les lieux de travail comportent des expositions multiples, Au total, parmi les 3,357 cas de cancer du poumon et 4,411 témoins qui ont été contactés, ayant déclaré une exposition au PCE). Chez les hommes, des associations positives ont émergées entre le cancer du poumon et Glycol et GL (ρ=0.78), BZ et GL (ρ=0.62), BZ et Glycol (ρ=0.60), et BZ et WS (ρ=0.58) (Figure 11).
	l'interprétation des résultats de ces études est difficile. En particulier, l'exposition professionnelle en 2,926 cas (2,276 hommes et 650 femmes) et 3,555 témoins (2,780 hommes et 775 femmes) ont La première partie de cette thèse s'est concentrée sur le rôle de l'exposition professionnelle certaines dimensions de l'exposition aux TCE, DCM, et le PCE. Cependant, ces associations n'étaient Nous avons initialement intégré dans le modèle de régression logistique l'exposition à un
	tant que peintre a été classé dans le groupe 1 par le CIRC en 1989 [IARC, 1989] mais il est impossible accepté de participer. Les taux de participation étaient de 87% des cas (hommes et femmes), 82% des aux solvants chlorés sur le risque de cancer du poumon. Nous avons suivi une approche statistique plus observées après ajustement sur l'exposition à l'amiante, sauf pour l'exposition au PCE, pour solvant à la fois. Les résultats chez les hommes ont montré des associations avec le cancer du poumon
	témoins chez les femmes, 77% des témoins chez les hommes.

d'identifier l'agent causal en raison de la grande variabilité et complexité des expositions dans l'environnement de la peinture. L'étude ICARE (Investigations sur les cancers respiratoires et Environnement) est une étude cas-témoins en population générale, multicentrique, mise en place en France entre 2001 et 2007 [Luce & Stucker, 2011]. Les cas ont été identifiés avec la collaboration des registres français du cancer. Les cas étaient des patients atteints d'une tumeur maligne primitive des voies aéro-digestives supérieures (VADS) et du poumon, diagnostiquée dans les départements concernés. Seuls les cas confirmés histologiquement et âgés de moins de 75 ans au moment du diagnostic étaient éligibles, tous les types histologiques ont été pris en compte. Les sujets ont été interrogés en face à face par des enquêteurs formés, à l'aide d'un questionnaire standardisé comportant notamment les caractéristiques sociodémographiques, lPour reconstruire l'exposition professionnelle vie entière, en premier lieu, nous avons appliqué les JEMs développées dans le cadre du programme Matgéné de l'InVS. Une JEM peut être décrite comme un tableau donnant la correspondance entre des intitulés d'emplois et des indices d'exposition à une ou plusieurs substances. Lorsque ces matrices sont croisées avec des histoires professionnelles individuelles, les expositions sont attribuées automatiquement aux individus en fonction de leurs intitulés d'emploi. Tous les emplois exercés pendant au moins un mois au cours de la vie professionnelle ont été codés à l'aveugle du statut cas-témoins, selon les classifications ISCO et NAF. Ces matrices assignent à chaque combinaison des deux codes (ISCO et NAF) une probabilité, une intensité et une fréquence d'exposition. A partir de ces dimensions, nous avons défini des variables d'exposition pour le sujet: le statut d'exposition, la probabilité maximale, la fréquence maximale et l'intensité maximale d'exposition, et avons estimé la durée cumulée et l'indice cumulé d'exposition (CEI). Un sujet a été défini exposé si pour au moins un emploi la probabilité d'exposition était superiore à 0.

traditionnelle, qui prend en compte les variables de stratification et les facteurs de risque connus. En second lieu, nous avons étendu l'analyse à un grand groupe de solvants organiques, en intégrant les informations sur l'exposition professionnelle aux solvants chlorés, carburants at solvants pétroliers et solvants oxygénés.

Résultats

L'échantillon comprenait 78% d'homme et 22% de femmes. Parmi les hommes, les cas étaient légèrement plus âgés que les témoins, en revanche la situation était inversée chez les femmes (Table

14

). Cette différence était principalement due au fait que le groupe de témoins était commun aux deux groupes des cas (cancer du poumon et cancer des VADS). Les cas étaient plus souvent fumeurs que les témoins, chez les hommes comme chez les femmes (Table

15

). Un risque accru de cancer du poumon a été observée chez les hommes et les femmes qui avaient passé la période la plus longue de leur vie professionnelle en tant que artisans, employés et ouvriers (Table

15

). lequel l'association était à la limite de la significativité. En ajustant sur le statut socioéconomique (SES) les ORs ont encore légèrement diminués, le PCE restant le seul solvant avec un OR supérieur à 1.00 (mais non significatif). Nous avons trouvé des indications pour une association positive chez les hommes et les femmes exposés au TCE, PCE, et DCM. L'ajustement sur l'exposition à l'amiante et le SES a réduit les associations. Cependant, elles étaient encore significatives chez les femmes et à la limite de la significativité chez les hommes. Aucune association n'a été observée pour les hommes ou les femmes exposées à la combinaison de CF, DCM et CT (Table 24). Nous avons représenté la distribution d'emplois concernés par l'exposition au TCE et au PCE (Figure 9 et 10). Les hommes exposés au TCE avaient été employés plutôt dans des travaux de métaux, tel que monteurs de machines, soudeurs, plombiers et forgerons. Par contre, les emplois des femmes étaient répartis sur plusieurs métiers, comme le nettoyage à sec, l'industrie des chaussures et du caoutchouc. significative et à la limite de la significativité pour l'exposition à des niveaux respectivement moyen et élevé de WS, mais aucune relation dose-réponse a été observée. Lorsque nous avons inclus tous les solvants dans le modèle, la régression n'a pas montré d'association avec le cancer du poumon.

  le fait que certains types histologiques de cancer du poumon soient associés de façon préférentielle aux cancérogènes pulmonaires professionnels. Deuxièmement, la comparaison entre la distribution des types histologiques des cas décédés avant de pouvoir être interrogés et celle des cas inclus dans l'étude n'étaient pas significativement différentes. En ce qui concerne les sujets malades non identifiés par nos enquêteurs et ceux qui ont refusé de participer à l'étude, généralement il s'agit de individus appartenant plutôt à des catégories socio-professionnelles plus basses. Cela aurait dû entraîner une fréquence d'exposition professionnelle inferieur chez les cas, mais la comparaison entre les cas et les témoins a montré que les cas étaient plus fréquemment ouvriers. Les témoins ont été sélectionnés à partir de la population générale des départements dont ont été issus les cas, à l'aide d'un institut de sondage qui a permis d'assurer une bonne représentativité des témoins par rapport aux cas en termes de sexe et âge, et par rapport à la population générale en termes de catégories socioprofessionnelles. Les taux de participation des cas et des témoins étaient satisfaisants (87% pour les cas hommes et femmes, 82% pour les témoins chez les femmes, 77% pour les témoins chez les hommes).

	Pour évaluer les expositions à partir de l'intitulé d'emploi nous avons utilisé les JEM
	développés en France par l'InVS, qui par construction sont très sensibles en termes d'affectation de
	l'exposition et entraînent des erreurs de classement à cause de la variabilité des expositions au sein
	d'une même profession. Afin d'augmenter la spécificité des JEMs, dans la deuxième partie de ce
	travail nous n'avons considéré exposés que les emplois avec une probabilité d'exposition supérieure
	à un seuil (fixé à 30% ou 50% selon la substance), mais nous sommes conscients que des erreurs de
	classement pourraient encore exister. Cependant, des précédents résultats obtenus sur les données

Nous pouvons vraisemblablement exclure l'existence d'un biais de survie lié à des expositions professionnelles différentes entre les cas décédés et les cas inclus. Il n'y a en effet pas d'hypothèses particulières sur Bien que ce ne soit pas possible d'exclure complètement des biais d'information qui ont pu être introduits au moment du recueil des données, nous pensons que le biais dû à l'enquêteur était non-différentiel entre les cas et les témoins, et le biais de mémoire des sujets limité. L'histoire professionnelle vie entière a été recueillie à l'aide d'un questionnaire standardisé et détaillé qui a été conçu avec la collaboration des hygiénistes industriels. Chaque emploi a été codé à l'aveugles du statut cas ou témoins par des codeurs expérimentés, afin de minimiser la possibilité d'erreurs de classement différentielles. Cependant, nous ne pouvons pas totalement exclure la possibilité d'erreurs de classement non-différentielles, pouvant amener à sous-estimer les associations. ICARE étaient compatibles avec la littérature, par exemple ceux obtenus en utilisant les JEMs sur l'exposition à l'amiante et à la poussière de silice

  basées sur les directed acyclic graphs, nous avons présenté à la fois les résultats ajustés et non ajustés sur le SES. Dans l'ensemble, l'ajustement sur SES a affecté les résultats chez les femmes moins que ceux chez les hommes.Pour la première partie des analyses, lorsque les solvants ont été étudiés séparément, les résultats ont montré des faibles associations souvent confondues par l'amiante, à l'exception du PCE.Pour surmonter la limitation du chevauchement entre les expositions aux solvants, nous avons effectué des analyses sur les expositions mutuellement exclusives. Le TCE était le seul solvant chloré qui a pu être étudié séparément. Les analyses ont montré que les associations avec le cancer du

	confiance). Comme nous avons regroupé TCE, PCE et DCM ensemble, il était impossible d'identifier
	lequel des trois était responsable de l'association observée, mais étant donné que il n'y avait pas
	d'association avec l'exposition au TCE ni au DCM, nous pouvons faire l'hypothèse que l'association
	était probablement due au PCE. Néanmoins, on pourrait s'interroger sur l'hypothèse d'un effet
	cancérogène plus fort après l'exposition combinée à l'interaction chimique ou biologique des 3
	solvants PCE, TCE et DCM, qui reste encore à élucider dans la recherche scientifique. Toutefois, ces
	considérations doivent être traitées avec prudence en raison du faible nombre de sujets exposés.

poumon n'étaient plus observées après ajustement sur l'exposition à l'amiante et aucune association n'est apparue non plus chez les non exposés à l'amiante. Dans la littérature, une augmentation de l'incidence du cancer du poumon en association avec le TCE a été observée seulement dans les études animales

[Fukuda, 1983]

. En 2012 le CIRC a classé le TCE dans le groupe 1 à cause des évidences épidémiologiques d'une association positive avec le cancer du rein et des preuves limitées de l'association avec le cancer du foie et du lymphome non hodgkinien

[Guha, 2013]

. Nous n'avons observé aucune association entre l'exposition à la combinaison de TCE et DCM, alors que nous avons trouvé des associations positives avec le cancer du poumon chez les hommes et les femmes exposés à PCE, TCE et DCM. Ces associations ont persisté après ajustement sur l'exposition à l'amiante, bien que la signification statistique n'ait été atteinte que pour les femmes (avec un large intervalle de

  et ont signalé une augmentation modérée du risque de cancer du poumon. Toutefois, selon une revue critique sur l'exposition professionnelle au PCE et le risque de cancer, le contrôle des facteurs de confusion tels que le tabagisme et l'exposition à l'amiante était souvent inadéquate[Selden, 2011].Conformément à la littérature, dans ICARE le PCE pouvait être considéré comme le solvant principal dans le secteur du nettoyage à sec. Soixante quatre pourcents (64%) des femmes dans ce secteur ont été exposées exclusivement aux PCE et TCE. Toutefois, dans notre étude l'évaluation des effets de l'exposition exclusive au PCE n'était pas réalisable parce que presque la totalité des sujets a été également exposée à d'autres solvants, comprenant toujours le TCE. Dans nos données, aucune association statistiquement significative n'a émergé lorsque toutes les variables d'exposition ont été incluses dans le modèle. régression logistique modélise le risque de sujets individuels, tandis que la profile regression infère le risque de groupes de sujets[START_REF] Molitor | Bayesian profile regression with an application to the National Survey of Children's Health[END_REF]. Les différents modèles de profile regressions que nous avons réalisés ont montré une absence d'association entre les solvants et le cancer du poumon. En particulier chez les hommes nous avons quasiment toujours identifié deux clusters de sujets avec un risque de cancer du poumon supérieur à la moyenne. L'un de ces clusters incluait seulement les grands fumeurs sans aucune exposition aux solvants. L'autre incluait des sujets exposés à un niveau faible de BZ et élevé de WS. Avec les pseudo-profiles nous avons pu exclure un rôle des solvants pour expliquer cet excès de risque. En regardants la distribution des emplois des sujets regroupés dans le cluster à risque qui était caractérisé par l'exposition à BZ et WS, nous avons observé cependant une forte concentration de peintres, qui sont connus pour être à risque de cancer du poumon[IARC, 1989].

	Abbreviations: CEI, cumulative exposure index; CF, Chloroform; CI, confidence interval; CSI,
	Comprehensive Smoking Index; CT, Carbon Tetrachloride; DCM, methylene chloride; FRANCIM,
	French network of cancer registries; ISCO, International Standard Classification of Occupation; InVS,
	National Institute of Health Surveillance; JEM, job-exposure matrices; NAF, French Nomenclature of
	Activities; NHL, non-Hodgink's lymphoma; OR, odds ratio; P, p-value; PCE, perchloroethylene; SES,
	socio-economic status; SD, standard deviation; TCE, trichloroethylene; UADT, upper aero digestive
	tract.
	Lorsque nous avons effectué une sélection de variable basée sur les méthodes stepwise, le modèle
	final a identifié deux substances, WS et le THF, qui étaient respectivement faiblement et pas
	significativement associés au cancer du poumon. Il est connu que, en présence de multicollinéarité,
	les estimations du maximum de vraisemblance peuvent être instable [Myers, 1990]. La profile

Aucune association avec le risque de cancer du poumon n'a pu être mise en évidence par la seconde analyse intégrant les trois familles des solvants (chlorés, pétroliers et oxygénés). Comme nous avons augmenté la spécificité de la définition de l'exposition, le PCE n'était pas inclus dans les solvants étudiés, nous empêchant de confirmer ou infirmer l'association mise en évidence précédemment.

Comme cela se produit souvent dans les études épidémiologiques environnementales, nos données étaient caractérisées par de multiples expositions fortement corrélées, ce qui a conduit à des problèmes connus pour les analyses statistique

[START_REF] Maclehose | Bayesian methods for highly correlated exposure data[END_REF]

. Les regressions logistiques qui intégraient une variable d'exposition à la fois ne permettaient pas de contrôler les autres variables d'expositions qui pourraient être des facteurs de confusion

[START_REF] Greenland | Modeling and variable selection in epidemiologic analysis[END_REF]

. Alternativement, l'intégration de toutes les variables d'exposition dans le même modèle de régression pouvait amener à des résultats difficiles à interpréter. regression, au contraire, est une approche statistique bayésienne conçue pour examiner l'effet des combinaisons de variables qui structurent la variabilité des données, permettant de surmonter plusieurs limitations de méthodes de régression traditionnelle

[START_REF] Maclehose | Bayesian methods for highly correlated exposure data[END_REF][START_REF] Papathomas | Examining the joint effect of multiple risk factors using exposure risk profiles: lung cancer in nonsmokers[END_REF]

. Une différence importante entre les deux approches se pose dans l'unité principale d'inférence: la Malgré l'absence d'association entre l'exposition aux solvants et le risque de cancer du poumon l'approche Bayésienne utilisée nous a permis d'analyser l'exposition conjointe à un nombre relativement important de substances, ce qui est une situation assez courante en matière d'expositions professionnelles. Notre souhait est maintenant grâce à cette nouvelle méthodologie de nous pencher sur l'étude du rôle des expositions conjointes de substances reconnues cancérigènes pour le poumon comme l'amiante, la poussière de silice et les gaz d'échappement du moteur diesel, toutes trois retrouvés très fréquemment dans l'industrie de la construction par exemple.

Table 2 . Association Between Lung Cancer and Exposure to Five Chlorinated Solvents, Separately for Men and Women, France.

 2 Abbreviations: CEI, cumulative exposure index; CF, chloroform; CI, confidence interval; CSI, comprehensive smoking index; CT, Carbon Tetrachloride; OR, odds ratio; PCE, perchloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos. b: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status. c: A subject is considered "Ever exposed" if the probability of exposure to the solvent is different from zero.

	Men
	Exposure

d: CEI classes: PCE: median for both men and women; CF: median for both men and women; CT: median for both men and women.

Table 3 . Association Between Lung Cancer and Exclusive Exposure to Combination of Chlorinated Solvents, Separately for Men and Women, France.

 3 Abbreviations:CF, chloroform; CI, confidence interval; CSI, comprehensive smoking index; CT, Carbon Tetrachloride; DCM, methylene chloride; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos. b: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status.

	Men
	Exposure

Table 4 . Association Between Lung Cancer and Exposure to Trichloroethylene and Perchloroethylene, According to Subjects Declaration in the Generic Questionnaire, Separately for Men and Women, France.

 4 

Supplementary Material eTable 1. Association Between Lung Cancer and Exposure to Five Chlorinated Solvents, Separately for Men and Women, France.

  

							Men										Women				
	Exposure	Cases (n=2274)	Controls (n=2780)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%	Cases (n=622)	Controls (n=760)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%
		n	%	n	%							n	%	n	%						
	Never exposed to any chlorinated solvent	1242	54.6	1704	61.3	1.00	-	1.00	-	1.00	-	508	81.7	678	89.2	1.00	-	1.00	-	1.00	-
	At least one																				
	Maximum Probability (%)																				
	<= 10	117	5.1	119	4.3	1.57	1.12, 2.18	1.19	0.84, 1.68	1.14	0.81, 1.61	25	4.0	18	2.4	1.41	0.69, 2.87	1.35	0.63, 2.89	1.18	0.54, 2.56
	11 -20	259	11.4	294	10.6	1.32	1.05, 1.67	0.97	0.75, 1.24	0.94	0.73, 1.21	30	4.8	23	3.0	1.12	0.58, 2.17	1.11	0.57, 2.17	1.17	0.59, 2.32
	21 -30	504	22.2	556	20.0	1.37	1.14, 1.64	1.01	0.82, 1.24	0.91	0.74, 1.12	20	3.2	20	2.6	1.02	0.47, 2.18	1.00	0.46, 2.20	0.90	0.40, 2.01
	> 30	116	5.1	96	3.5	1.86	1.30, 2.64	1.47	1.03, 2.12	1.30	0.90, 1.87	25	4.0	11	1.4	3.99	1.77, 9.02	3.80	1.63, 8.88	3.43	1.45, 8.08
	Missing	36	1.6	11	0.4	-	-	-	-	-	-	14	2.3	10	1.3	-	-	-	-	-	-
	Maximum Level																				
	Very low	589	25.9	642	23.1	1.46	1.23, 1.73	1.06	0.87, 1.29	0.99	0.81, 1.21	52	8.4	39	5.1	1.25	0.76, 2.08	1.18	0.68, 2.05	1.08	0.62, 1.89
	Low	357	15.7	380	13.7	1.35	1.10, 1.67	1.06	0.85, 1.33	0.97	0.77, 1.22	32	5.1	24	3.2	1.53	0.80, 2.91	1.47	0.76, 2.86	1.37	0.70, 2.69
	Medium-Strong	50	2.2	43	1.5	1.44	0.86, 2.42	1.07	0.63, 1.81	0.98	0.58, 1.67	16	2.6	9	1.2	2.92	1.14, 7.50	2.81	1.07, 7.38	3.17	1.19, 8.41
	Missing	36	1.6	11	0.4	-	-	-	-	-	-	14	2.3	10	1.3	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	428	18.8	512	18.4	1.31	1.08, 1.59	1.17	0.97, 1.43	1.00	0.81, 1.23	55	8.8	52	6.8	1.05	0.65, 1.69	1.00	0.60, 1.67	0.94	0.56, 1.57
	11 -20	201	8.8	211	7.6	1.58	1.22, 2.05	1.25	0.96, 1.63	1.07	0.81, 1.41	17	2.7	9	1.2	1.83	0.71, 4.71	1.70	0.64, 4.50	1.69	0.62, 4.59
	21 -30	160	7.0	175	6.3	1.35	1.02, 1.79	0.98	0.73, 1.31	0.86	0.64, 1.17	15	2.4	8	1.1	2.83	1.04, 7.72	2.72	0.97, 7.63	2.58	0.90, 7.38
	> 30	202	8.9	167	6.0	1.50	1.14, 1.98	1.08	0.81, 1.44	0.94	0.70, 1.27	12	1.9	3	0.4	6.64	1.61, 27.3	6.22	1.50, 25.86	7.23	1.71, 30.61
	Missing	36	1.6	11	0.4	-	-	-	-	-	-	14	2.3	10	1.3	-	-	-	-	-	-
	P-valuetrend					-		-		-						0.001		0.001		0.003	
	TCE																				
	Maximum Probability (%)																				
	<= 10	137	6.0	124	4.5	1.70	1.24, 2.33	1.28	0.92, 1.78	1.22	0.87, 1.69	34	5.5	24	3.2	1.76	0.95, 3.27	1.68	0.86, 3.29	1.51	0.76, 2.98
	11 -20	277	12.2	299	10.8	1.31	1.05, 1.65	0.94	0.73, 1.20	0.89	0.69, 1.14	23	3.7	16	2.1	1.36	0.64, 2.92	1.35	0.62, 2.94	1.21	0.55, 2.67
	21 -30	519	22.8	549	19.7	1.44	1.21, 1.73	1.08	0.88, 1.33	0.97	0.79, 1.20	32	5.1	20	2.6	1.76	0.88, 3.51	1.69	0.82, 3.47	1.52	0.72, 3.17
	> 30	50	2.2	52	1.9	1.46	0.90, 2.39	1.22	0.74, 2.00	1.05	0.64, 1.73										
	Missing	36	1.6	11	0.4	-	-	-	-	-	-	14	2.3	11	1.4	-	-	-	-	-	-
	Maximum Intensity (ppm)																				
	5 -50	391	17.2	449	16.2	1.40	1.15, 1.71	1.04	0.84, 1.29	0.97	0.78, 1.21	58	9.3	34	4.5	1.81	1.09, 3.01	1.74	0.99, 3.04	1.56	0.88, 2.77
	> 50	592	26.0	575	20.7	1.46	1.23, 1.75	1.09	0.90, 1.33	0.99	0.81, 1.21	31	5.0	26	3.4	1.40	0.73, 2.67	1.36	0.70, 2.67	1.22	0.61, 2.42
	Missing	36	1.6	11	0.4	-	-	-	-	-	-	14	2.3	11	1.4	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	428	18.8	504	18.1	1.31	1.08, 1.59	1.00	0.81, 1.24	0.99	0.80, 1.22	52	8.4	47	6.2	1.14	0.70-1.87	1.14	0.68, 1.93	1.05	0.62, 1.79
	11 -20	196	8.6	198	7.1	1.59	1.22, 2.08	1.17	0.88, 1.55	1.06	0.80, 1.41	17	2.7	7	0.9	2.62	0.94-7.29	2.57	0.90, 7.36	2.41	0.82, 7.05
	21 -30	157	6.9	170	6.1	1.35	1.01, 1.79	1.00	0.74, 1.35	0.84	0.62, 1.14	19	3.1	6	0.8	5.18	1.81-14.81	5.10	1.69, 15.37	4.45	1.44, 13.82
	> 30	197	8.7	152	5.5	1.62	1.22, 2.15	1.19	0.88, 1.61	1.00	0.74, 1.36										
	Missing	41	1.8	11	0.4	-	-	-	-	-	-	15	2.4	11	1.4	-	-	-	-	-	-
	P-valuetrend					-		-		-						0.001		0.002		0.006	

Abbreviations: CI, confidence interval; CSI, comprehensive smoking index; OR, odds ratio; TCE, trichloroethylene.
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Association Between Lung Cancer and Exposure to Five Chlorinated Solvents , Separately for Men and Women, France.

  Abbreviations: CI, confidence interval; CSI, comprehensive smoking index; DCM, methylene chloride; OR, odds ratio; PCE, perchloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status.

	eTable 1 (																				
							Men										Women				
	Exposure	Cases (n=2274)	Controls (n=2780)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%	Cases (n=622)	Controls (n=760)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%
		n	%	n	%							n	%	n	%						
	Never exposed to any chlorinated solvent	1242	54.6	1704	61.3	1.00	-	1.00	-	1.00	-	508	81.7	678	89.2	1.00	-	1.00	-	1.00	-
	DCM																				
	Maximum Probability (%)																				
	<= 10	100	4.4	85	3.1	1.76	1.21, 2.56	1.42	0.97, 2.09	1.27	0.86, 1.86	25	4.0	25	3.3	1.13	0.58, 2.20	1.12	0.56, 2.23	1.16	0.58, 2.32
	> 10	7	0.3	9	0.3	1.55	0.45, 5.40	1.28	0.37, 4.49	1.12	0.31, 4.06	10	1.6	5	0.7	2.57	0.77, 8.57	2.47	0.71, 8.55	2.58	0.72, 9.19
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	16	2.6	10	1.3	-	-	-	-	-	-
	Maximum Intensity (ppm)																				
	25 -50	59	2.6	45	1.6	2.69	1.64, 4.42	2.07	1.24, 3.45	2.05	1.22, 3.42	11	1.8	13	1.7	0.71	0.27, 1.83	0.65	0.25, 1.74	0.63	0.23, 1.69
	50 -100	150	6.6	178	6.4	1.20	0.90, 1.60	0.93	0.69, 1.25	0.84	0.62, 1.13	15	2.4	12	1.6	1.77	0.73, 4.25	1.76	0.72, 4.31	1.69	0.68, 4.18
	> 100	26	1.1	23	0.8	1.57	0.79, 3.15	1.24	0.61, 2.51	1.21	0.60, 2.44	9	1.4	5	0.7	2.54	0.73, 8.84	2.47	0.70, 8.77	3.36	0.93, 12.18
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	16	2.6	10	1.3	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	134	5.9	142	5.1	1.59	1.17, 2.18	1.21	0.88, 1.67	1.13	0.81, 1.56	17	2.7	21	2.8	0.89	0.42, 1.92	0.85	0.38, 1.89	0.83	0.37, 1.86
	11 -20	38	1.7	45	1.6	1.35	0.79, 2.33	1.08	0.63, 1.88	1.02	0.59, 1.78	4	0.6	5	0.7	0.66	0.14, 3.01	0.62	0.14, 2.82	0.60	0.13, 2.87
	21 -30	31	1.4	33	1.2	1.12	0.60, 2.10	0.92	0.49, 1.72	0.83	0.45, 1.55	6	1.0	2	0.3	4.74	0.80, 28.1	4.97	0.82, 30.22	5.68	0.89, 36.44
	> 30	31	1.4	26	0.9	1.40	0.75, 2.62	1.05	0.56, 1.98	0.94	0.50, 1.79	8	1.3	2	0.3	6.26	1.14, 34.4	5.85	1.06, 32.22	7.56	1.34, 42.45
	Missing	43	1.9	16	0.6	-	-	-	-	-	-	16	2.6	10	1.3	-	-	-	-	-	-
	P-valuetrend					-		-		-						0.016		0.015		0.020	
	PCE																				
	Maximum Probability (%)																				
	<= 10	100	4.4	85	3.1	1.76	1.21, 2.56	1.42	0.97, 2.09	1.27	0.86, 1.86	15	2.8	3	0.4	6.55	1.73, 24.86	6.30	1.65, 24.10	5.78	1.49, 22.44
	> 10	7	0.3	9	0.3	1.55	0.45, 5.40	1.28	0.37, 4.49	1.12	0.31, 4.06	11	2.1	10	1.4	1.95	0.72, 5.30	1.85	0.67, 5.13	1.68	0.60, 4.68
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	16	-	11	-	-	-	-	-	-	-
	Maximum Intensity (ppm)																				
	5 -50	46	2.0	41	1.5	1.97	1.15, 3.37	1.45	0.84, 2.52	1.33	0.76, 2.31	11	1.8	8	1.1	1.96	0.71, 5.42	1.88	0.67, 5.30	1.74	0.61, 4.94
	> 50	61	2.7	53	1.9	1.60	1.01, 2.55	1.39	0.86, 2.22	1.21	0.75, 1.94	15	2.4	5	0.7	5.49	1.75, 17.2	5.22	1.64, 16.61	4.67	1.44, 15.10
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	16	2.6	11	1.4	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	58	2.6	58	2.1	1.78	1.11, 2.87	1.43	0.88, 2.33	1.30	0.80, 2.11	16	2.6	9	1.2	2.39	0.94, 6.07	2.33	0.90, 6.02	2.15	0.83, 5.60
	11 -20	25	1.1	21	0.8	1.23	0.62, 2.44	0.99	0.49, 2.00	0.86	0.43, 1.75	5	0.8	1	0.1	5.06	0.49, 51.7	4.67	0.44, 49.20	4.34	0.41, 46.50
	> 20	24	1.1	15	0.5	2.59	1.18, 5.70	2.12	0.95, 4.70	1.80	0.82, 3.95	5	0.8	3	0.4	5.28	1.13, 24.5	4.97	1.06, 23.37	4.32	0.89, 20.85
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	16	2.6	11	1.4	-	-	-	-	-	-
	P-valuetrend					0.004		0.063		0.163						0.004		0.004		0.006	
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  Abbreviations: CF, chloroform ; CI, confidence interval; CSI, comprehensive smoking index; CT, Carbon Tetrachloride; OR, odds ratio. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status.

	eTable 2.																				
							Men										Women				
	Exposure	Cases (n=2274)	Controls (n=2780)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%	Cases (n=622)	Controls (n=760)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%
		n	%	n	%							n	%	n	%						
	Never exposed to any chlorinated solvent	1242	54.6	1704	61.3	1.00	-	1.00	-	1.00	-	508	81.7	678	89.2	1.00	-	1.00	-	1.00	-
	CF																				
	Maximum Probability (%)																				
	>= 1	24	1.1	52	1.9	0.80	0.43, 1.49	0.74	0.39, 1.40	0.86	0.46, 1.64	10	1.3	10	1.3	0.88	0.31, 2.53	0.90	0.31, 2.56	1.30	0.44, 3.83
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	Maximum Intensity																				
	Very low	1	0.0	8	0.3	0.77	0.08, 7.83	1.05	0.10, 10.50	1.31	0.13, 13.32	1	0.2	1	0.1	0.20	0.01, 4.01	0.19	0.01, 3.91	0.22	0.01, 5.18
	Low	15	0.7	25	0.9	1.14	0.49, 2.62	1.02	0.44, 2.37	1.20	0.52, 2.79	6	1.0	4	0.5	2.18	0.52, 9.11	2.20	0.52, 9.33	2.99	0.69, 13.02
	Medium	8	0.4	19	0.7	0.48	0.17, 1.35	0.43	0.15, 1.23	0.50	0.18, 1.41	3	0.5	5	0.7	0.37	0.06, 2.11	0.39	0.07, 2.23	0.64	0.11, 3.77
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 20	17	0.7	35	1.3	1.12	0.54, 2.35	1.03	0.48, 2.18	1.18	0.55, 2.53	3	0.5	7	0.9	0.27	0.06, 1.27	0.28	0.06, 1.29	0.35	0.07, 1.74
	> 20	7	0.3	17	0.6	0.38	0.12, 1.16	0.38	0.12, 1.16	0.46	0.15, 1.41	7	1.1	3	0.4	3.08	0.65, 14.5	3.21	0.67, 15.40	5.08	1.03, 24.99
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	P-valuetrend					-		-		-						-		-		,	
	CT																				
	Maximum Probability (%)																				
	>= 1	32	1.4	49	1.8	0.98	0.55, 1.75	0.87	0.48, 1.55	0.96	0.53, 1.73	12	1.9	12	1.6	1.41	0.54, 3.63	1.40	0.54, 3.62	1.80	0.69, 4.66
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	Maximum Intensity																				
	Low	24	1.1	30	1.1	1.38	0.69, 2.78	1.21	0.59, 2.45	1.32	0.65, 2.69	9	1.4	7	0.9	2.52	0.82, 7.75	2.48	0.80, 7.73	2.78	0.90, 8.57
	Medium	8	0.4	19	0.7	0.48	0.17, 1.34	0.43	0.15, 1.23	0.50	0.18, 1.41	3	0.5	5	0.7	0.37	0.06, 2.10	0.39	0.07, 2.23	0.64	0.11, 3.76
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	23	1.0	36	1.3	1.07	0.55, 2.07	0.93	0.47, 1.83	1.00	0.50, 1.96	6	1.0	7	0.9	1.28	0.34, 4.73	1.32	0.35, 4.94	1.64	0.45, 5.98
	> 10	9	0.4	13	0.5	0.77	0.25, 2.38	0.70	0.23, 2.18	0.87	0.28, 2.68	6	1.0	5	0.7	1.56	0.40, 6.08	1.48	0.38, 5.77	2.00	0.51, 7.92
	Missing	42	1.8	16	0.6	-	-	-	-	-	-	17	2.7	10	1.3	-	-	-	-	-	-
	P-valuetrend					-		-		-						0.724		0.693		0.661	
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  Abbreviations: CI, confidence interval; CEI, cumulative exposure index; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status. b: A subject is considered "Ever exposed" if the probability of exposure to the solvent is different from zero. c: CEI classes: At least one solvent: quartiles; TCE: quartiles; PCE: median.

	eTable 3.														
	Exposure	Controls n %	n	Squamous Cell OR a IC 95% % Cases	n	Cases %	Small Cell OR a	IC 95%	n	Adenocarcinoma Cases OR a IC 95% %	P-value Heterogeneity
	Men		794				333					785
	Never exposed to any chlorinated solvent	61.3	422	53.1	1.00	-	194	58.3	1.00	-	424	54.0	1.00	-
	At least one														
	Ever exposed b to at least one solvent	38.3	355	44.7	0.99	0.79, 1.24	136	40.8	0.97	0.73, 1.31	350	44.6	1.03	0.83, 1.28	0.949
	Missing	0.4	17	2.1	-	-	3	0.9	-	-	11	1.4	-	-
	CEI c														
	1	9.5	79	9.9	1.09	0.78, 1.54	26	7.8	0.82	0.51, 1.34	81	10.3	1.00	0.72, 1.39	0.360
	2	9.8	89	11.2	0.69	0.07, 6.52	29	8.7	1.09	0.78, 1.53	90	11.5	0.88	0.55, 1.41	0.643
	3	9.5	80	10.1	0.96	0.68, 1.36	31	9.3	0.95	0.60, 1.52	78	9.9	0.98	0.70, 1.36	0.918
	4	9.6	106	13.4	0.86	0.63, 1.19	50	15.0	1.17	0.77, 1.76	97	12.4	1.00	0.73, 1.38	0.256
	Missing	0.4	18	2.3	-	-	3	0.9	-	-	15	1.9	-	-
	TCE														
	Ever exposed b to TCE	36.8	352	44.3	0.99	0.79, 1.24	135	40.5	0.98	0.73, 1.33	346	44.1	1.03	0.83, 1.29	0.879
	Ever exposed b to other solvents	1.5	3	0.4	0.87	0.23, 3.26	1	0.3	0.50	0.06, 3.90	4	0.5	0.75	0.25, 2.28	0.512
	Missing	0.4	17	2.1	-	-	3	0.9	-	-	11	1.4	-	-
	CEI c														
	1	9.0	77	9.7	1.08	0.76, 1.53	30	9.0	0.97	0.61, 1.55	77	9.8	0.98	0.70, 1.36	0.850
	2	9.4	91	11.5	1.17	0.84, 1.64	30	9.0	0.96	0.60, 1.53	91	11.6	1.16	0.84, 1.59	0.669
	3	9.2	87	11.0	0.92	0.66, 1.29	32	9.6	0.90	0.57, 1.42	78	9.9	0.90	0.65, 1.26	0.655
	4	9.2	96	12.1	2.78	0.64, 12.04	43	12.9	0.84	0.60, 1.17	96	12.2	1.09	0.70, 1.68	0.249
	Missing	0.4	18	2.3	-	-	3	0.9	-	-	15	1.9	-	-
	PCE														
	Ever exposed b to PCE	3.4	40	5.0	1.32	0.82, 2.11	15	4.5	1.27	0.67, 2.40	43	5.5	1.50	0.96, 2.33	0.355
	Ever exposed b to other solvents	34.7	314	39.5	0.95	0.76, 1.21	119	35.7	0.94	0.69, 1.28	306	39.0	0.98	0.79, 1.23	0.861
	Missing	0.6	18	2.3			5	1.5	-	-	12	1.5	-	-
	CEI c														
	1	1.7	16	2.0	1.15	0.57, 2.30	4	1.2	0.73	0.24, 2.21	21	2.7	1.51	0.82, 2.79	0.955
	2	1.7	24	3.0	1.46	0.80, 2.66	11	3.3	1.73	0.81, 3.69	22	2.8	1.48	0.82, 2.68	0.253
	Missing	0.6	18	2.3	-	-	5	1.5	-	-	12	1.5	-	-
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	Exposure	Controls n %	n	Cases %	Squamous Cell OR a	IC 95%	n	Cases %	Small Cell OR a	IC 95%	n	Adenocarcinoma OR a IC 95% % Cases	P-value Heterogeneity
	Women	760		96						91				338
	Never exposed to any chlorinated solvent	678	89.2	78	81.3	1.00		-	64	70.3	1.00	-	285	36.3	1.00	-
	At least one															
	Ever exposed b to at least one solvent	72	9.5	15	15.6	1.36		0.62, 2.98	25	27.5	2.50	1.17, 5.31	45	5.7	1.25	0.76, 2.05	0.120
	Missing	10	1.3	3	3.1	-		-	2	2.2	-	-		8	1.0	-	-
	CEI c															
	1	35	4.6	4	4.2	0.65		0.19, 2.19	12	13.2	1.86	0.71, 4.89	14	1.8	0.65	0.31, 1.37	0.069
	2	37	4.9	10	10.4	1.92		0.76, 4.86	13	14.3	3.25	1.28, 8.26	31	3.9	1.90	1.05, 3.45	0.422
	Missing	10	1.3	4	4.2	-		-	2	2.2				8	1.0
	TCE															
	Ever exposed b to TCE	60	7.9	14	14.6	1.53		0.67, 3.53	24	26.4	3.24	1.43, 7.38	38	4.8	1.22	0.71, 2.09	0.100
	Ever exposed b to other solvents	11	1.4	1	1.0	0.69		0.07, 6.42	1	1.1	0.60	0.06, 5.62		7	0.9	1.50	0.51, 4.42	0.866
	Missing	11	1.4	3	3.1	-		-	2	2.2	-	-		8	1.0	-	-
	CEI c															
	1	30	3.9	3	3.1	0.72		0.18, 2.88	12	13.2	2.98	1.06, 8.37	14	1.8	0.87	0.41, 1.87	0.137
	2	30	3.9	10	10.4	2.04		0.76, 5.47	12	13.2	3.77	1.35, 10.56	24	3.1	1.59	0.81, 3.13	0.123
	Missing	11	1.4	4	4.2	-		-	2	2.2	-	-		8	1.0
	PCE															
	Ever exposed b to PCE	13	1.7	3	3.1	1.74		0.38, 7.94	4	4.4	3.70	0.84, 16.32	16	2.0	3.19	1.36, 7.50	0.059
	Ever exposed b to other solvents	58	7.6	11	11.5	1.09		0.47, 2.55	21	23.1	2.15	0.98, 4.73	28	3.6	0.90	0.51, 1.59	0.318
	Missing	11	1.4	4	4.2	-		-	2	2.2	-	-		9	1.1	-	-
	CEI c															
	1	7	0.9	3	3.1	3.11	0.59, 16.49	3	3.3	4.43	0.80, 24.55	13	1.7	4.36	1.54, 12.36	0.099
	2	6	0.8	0	0.0	<0.001		0.00, I	1	1.1	3.46	0.26, 45.81		3	0.4	1.65	0.37, 7.45	0.577 d
	Missing	11	1.4	4	4.2	-		-	2	2.2	-	-		9	1.1	-	-

Abbreviations: CI, confidence interval; CEI, cumulative exposure index; CSI, comprehensive smoking index; OR, odds ratio; PCE, perchloroethylene; TCE, trichloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status. b: A subject is considered "Ever exposed" if the probability of exposure to the solvent is different from zero. c: CEI classes: At least one solvent: median; TCE: median; PCE: median. d: Test performed only on small cell and adenocarcinoma histology types. eTable 4.

Association Between Lung Cancer Risk and Exclusive Exposure to Trichloroethylene, Separately for Men and Women, France.

  : OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos, socioeconomic status. d: CEI classes: quartiles for men, and median for women. e: A subject is considered "Ever exposed" if the probability of exposure to the solvent is different from zero.

							Men										Women				
		Cases	Controls							Cases	Controls						
	Exclusive Exposure to TCE	(n=2274)	(n=2780)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%	(n=622)	(n=760)	OR a	IC 95%	OR b	IC 95%	OR c	IC 95%
		n	%	n	%							n	%	n	%						
	Never exposed to any chlorinated solvent	1242	61.8	1704	68.0	1.00	-	1.00	-	1.00	-	508	91.2	678	90.5	1.00	-	1.00	-	1.00	-
	Maximum Probability (%)																				
	<= 10	98	4.9	102	4.1	1.44	1.01, 2.06	1.06	0.73, 1.54	1.02	0.70, 1.48	19	3.4	11	1.5	1.79	0.76, 4.23	1.73	0.71, 4.20	1.52	0.61, 3.78
	11 -20	211	10.5	226	9.0	1.33	1.03, 1.71	0.93	0.71, 1.23	0.89	0.68, 1.18	13	2.3	7	1.0	1.42	0.48, 4.21	1.36	0.45, 4.10	1.29	0.42, 3.94
	> 20	417	20.7	459	18.3	1.41	1.16, 1.71	1.03	0.83, 1.29	0.94	0.75, 1.17	17	3.1	14	2.0	1.06	0.43, 2.59	1.01	0.40, 2.55	0.90	0.35, 2.30
	Missing	42	2.1	16	0.6	-	-	-	-	-	-	0	0.0	0	0.0	-	-	-	-	-	-
	Maximum Intensity (ppm)																				
	5 -50	280	13.9	333	13.3	1.35	1.08, 1.68	0.97	0.76, 1.24	0.92	0.72, 1.17	32	5.7	18	2.5	1.58	0.80, 3.13	1.53	0.74, 3.16	1.37	0.65, 2.88
	> 50	446	22.2	454	18.1	1.42	1.17, 1.72	1.03	0.83, 1.28	0.95	0.76, 1.18	17	3.1	14	2.0	1.12	0.46, 2.77	1.08	0.43, 2.71	0.98	0.39, 2.48
	Missing	42	2.1	11	0.4	-	-	-	-	-	-	0	0.0	0	0.0	-	-	-	-	-	-
	Cumulative duration (years)																				
	<= 10	326	16.2	395	15.8	1.25	1.01, 1.54	0.93	0.74, 1.18	0.93	0.74, 1.18	32	5.7	25	3.5	1.01	0.53, 1.92	1.00	0.51, 1.95	0.89	0.45, 1.76
	10 -20	144	7.2	157	6.3	1.52	1.13, 2.05	1.07	0.78, 1.47	0.99	0.72, 1.36	10	1.8	3	0.4	4.37	1.04, 18.31	4.26	0.98, 18.49	4.25	0.95, 19.13
	21 -30	119	5.9	127	5.1	1.45	1.05, 2.01	1.05	0.75, 1.49	0.89	0.63, 1.26	6	1.1	4	0.6	2.08	0.42, 10.36	2.01	0.39, 10.38	1.69	0.32, 8.86
	> 30	132	6.6	108	4.3	1.49	1.06, 2.08	1.05	0.73, 1.50	0.88	0.61, 1.26										
	Missing	47	2.3	16	0.6	-	-	-	-	-	-	1	0.2	0	0.0	-	-	-	-	-	-
	CEI d																				
	1	155	7.7	192	7.7	1.23	0.92, 1.63	0.90	0.67, 1.21	0.88	0.65, 1.19	22	3.9	14	2.0	1.32	0.60, 2.91	1.27	0.56, 2.91	1.11	0.48, 2.58
	2	211	10.5	212	8.5	1.57	1.20, 2.04	1.15	0.87, 1.52	1.13	0.85, 1.50	26	4.7	18	2.5	1.45	0.69, 3.06	1.38	0.64, 3.00	1.27	0.58, 2.81
	3	174	8.7	197	7.9	1.38	1.05, 1.82	0.97	0.72, 1.30	0.89	0.66, 1.20										
	4	181	9.0	186	7.4	1.31	0.99, 1.72	0.96	0.71, 1.29	0.81	0.60, 1.09										
	Missing	47	2.3	16	0.6	-	-	-	-	-	-	1	0.2	0	0.0	-	-	-	-	-	-
	Ever exposed e with CEI > 99 (men) or 70 (women)	36	2.8	28	1.6	1.01	0.54, 1.87	0.78	0.42, 1.48	0.60	0.31, 1.13	1	0.2	3	0.4	-	-	-	-	-	-

Abbreviations: OR, odds ratio; CI, confidence interval; CEI, cumulative exposure index; TCE, trichloroethylene. a: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held. b: OR adjusted for age at interview, department, smoking history (CSI), number of jobs held, occupational exposure to asbestos. c

Annex 1b. Distribution of women according to the exposure to five chlorinated solvents.

les noms communs et les grandes familles des substances avec lesquelles ils ont travaillé, mais en général, ils ignorent leur nom chimique précis[START_REF] Teschke | Effect of different questionnaire formats on reporting of occupational exposures[END_REF]. Pour ces raisons, nous pensons que les sujets ont probablement sous-déclaré leurs expositions, mais dans la même proportion chez les cas et les témoins. Néanmoins, les analyses effectuées sur l'exposition déclarée par les sujets ont été considérés comme complémentaires à celles effectuées sur l'application JEMs.En ce qui concerne les biais de confusion qui peuvent affecter les résultats, nous avons pris en compte le tabagisme (exprimé en CSI), le nombre des périodes d'emplois exercés par les sujets au cours de leur vie professionnelle, le statut socioéconomique (SES, représenté par la catégorie socioprofessionnelle de la période d'emplois la plus longue) et l'exposition professionnelle à l'amiante. Les résultats des analyses de régressions logistiques effectuées sur les solvants chlorés étaient légèrement confondus par le tabagisme chez les hommes, tandis que pour les femmes toutes les associations ont été systématiquement réduites après cet ajustement. Cela était dû au fait que la distribution de la consommation de tabac chez les hommes exposés et non exposés à des solvants chlorés était similaire, ce qui n'était pas le cas chez les femmes. En ce qui concerne les non-fumeurs et fumeurs légers, des analyses séparées ont été possibles seulement pour l'exposition au TCE. Nous avons trouvé de nouveau une absence d'association avec le cancer du poumon. Dans la deuxième partie de ce travail de thèse, nous avons traité le tabagisme en effectuant différents modèles bayésiens: premièrement, le CSI a été incorporé comme un effet fixe, puis en tant que covariable. Ce dernier modèle a été exécuté à la fois sur l'ensemble des données et dans le sous-groupe de non-fumeurs et fumeurs légers.Nous avons ajusté les analyses de la première partie de la thèse sur le nombre des périodes d'emplois car il était associé négativement au cancer du poumon, puisque les cas ont en moyenne décrit un peu moins de périodes d'emploi que les témoins, et positivement aux expositions. Les ORs ajustés étaient légèrement différents des ORs bruts. Pour la deuxième partie, compte tenu de la complexité de la méthode bayésienne profile regression, nous avons décidé de simplifier le modèle en considérant uniquement les principaux facteurs de confusion (âge, département, tabagisme et exposition à l'amiante).
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DISCUSSIONS Confounders 1.43 Tobacco smoking

Residual confounding by tobacco smoking is always a concern for studies on lung cancer, but the low number of never smokers in our database prevented us from performing separate analyses in this subgroup. Special attention has been paid to the modeling of tobacco consumption: in particular, we used detailed information about cigarette consumption. The three most important components of smoking history have been incorporated into the CSI, namely number of cigarettes smoked per day, duration of smoking and time since cessation. As explained in method section ( § 1.25.1), this index has been previously validated in the context of a study on lung cancer [Leffondre, 2006], and it was the object of a thesis work realized on the ICARE database [START_REF] Papadopoulos | Facteurs de risque de cancer du poumon chez la femme[END_REF]. For the sake of completeness, CSI has been compared to other combinations of, intensity, duration and time since cessation, as well as to pack-years. The CSI assured the best performance in terms of quality of the model, as evaluated with the lower AIC, and in terms of parsimony of the model [START_REF] Papadopoulos | Facteurs de risque de cancer du poumon chez la femme[END_REF]. Since tobacco smoking is a classical risk factor for lung cancer, all results were systematically adjusted for the cumulative smoking consumption, and whenever possible we re-ran the analyses among never and light smokers, with the aim to appreciate to what extent adjustment for smoking was complete.

Results of logistic regression performed on chlorinated solvents were slightly confounded by smoking consumption among men, while for women all associations were systematically reduced after this adjustment. This was due to the similar distribution of tobacco smoking among men exposed and not exposed to chlorinated solvents, making the association between tobacco consumption and exposure quite weak. On the other hand, in the women group the proportion of never and light smoker was larger than in men, and there was a sharper contrast between not exposed and never and light smokers on one side and exposed and smokers on the other. As regards never and light smokers, separate analysis was possible only for exposure to TCE, and we found again a lack of association with lung cancer.

In the second part of the work, we dealt with tobacco smoking consumption by performing different Bayesian models: first CSI was incorporated as a fixed effect, then as a covariate. The latter model was run both in the whole dataset and in the subgroup of never and light smokers.

Secondhand smoke has not been taken into account. Among men, it represents an issue of relatively small importance, as only 3% of never smoker cases were exposed to secondhand smoke.

On the contrary, for women it could be a source of concern, as this proportion was more elevated 

Abstract

Objectives: We aimed to investigate the role of occupational exposure to chlorinated solvents in lung cancer etiology.

Methods: ICARE is a French, multicenter, population-based, case-control study. Information on lifelong work history for 2926 cases and 3555 controls was collected using standardized questionnaires.

Occupational exposures were assessed using job-exposure matrices (JEM) for five chlorinated solvents.

Solvents were studied separately and in combinations. ORs were computed using unconditional logistic regression models adjusted for classical risk factors including cigarette smoking history and asbestos exposure. Adjustment for socio-economic status (SES) was also performed.

Results: After adjustment for asbestos exposure, we observed a positive, statistically significant association with lung cancer for men and women exposed to a combination of perchloroethylene (PCE), trichloroethylene (TCE), and methylene chloride (DCM). Further adjustment for SES slightly decreased this association. In contrast, no statistically significant associations were found for other solvent combinations.

Conclusions: These results suggest that exposure to PCE may constitute a risk factor for lung cancer, especially among women, who seem to have a higher prevalence of exposure than men.

A short-form questionnaire which was used for proxy respondents and subjects too sick or too tired (5% of men and 3% of women) collected mainly smoking data and occupational history, but did not include detailed questions on each job held.

Exposure assessment

Occupational exposure to TCE, DCM, PCE, CF, CT, and at least one chlorinated solvent was assessed using job-exposure matrices (JEM), [START_REF] Fevotte | Matgene: a program to develop job-exposure matrices in the general population in France[END_REF]. For each combination of ISCO and NAF code, JEM assigned three indices of exposure: (i) a probability of exposure expressed by the percentage of exposed workers (<1, 1 to 10, 11 to 20, 21 to 30, up to 91 to 100%) (ii) an intensity of exposure (<5, 5 to [START_REF] Fukuda | Inhalation carcinogenicity of trichloroethylene in mice and rats[END_REF][START_REF] Wartenberg | Trichloroethylene and cancer: epidemiologic evidence[END_REF] to 50, 51 to 100, >100 ppm for PCE, TCE, and DCM or not exposed, very low, low, medium, and strong for CT and CF); and (iii) a frequency of exposure (<1, 1 to 10, 11 to 20, 21 to 30, up to 91 to 100% of working time). For exposure to at least one solvent, the frequency and intensity of exposure were not assessed separately, and the JEM provided an average level of exposure during a usual working day. To account for changes in exposure over time, indices were provided for different calendar periods from 1947 to 2007. Exposure information of 1947 was used for the proportion of jobs held before this date (3.8%).

In all analyses, subjects never exposed to any chlorinated solvents were used as the reference group. The following exposure variables were computed: ever exposed to a specific solvent (subjects having at least one job-period with probability of exposure greater than zero); maximum probability of exposure; maximum frequency of exposure; maximum intensity of exposure; cumulative duration; and cumulative exposure index (CEI). For exposure to at least one solvent, the level of exposure was used rather than the frequency and intensity of exposure. CEI was obtained by summing the product of the exposure probability, frequency, intensity, and duration of each job period, over the entire work history, using the median value of the classes. The CEIs were transformed into categorical variables according to deciles of the distribution among the controls.

Because exposure to one solvent did not preclude exposure to the others, subjects were categorized into mutually exclusive exposure groups according to various combinations of specific solvents. Only groups with the largest number of subjects were investigated. Distributions of jobs with the highest prevalence of exposure were graphically shown.

We estimated lifelong exposure prevalence to chlorinated solvents by weighting the number of subjects exposed in each class of maximum probability by the median values of the classes (i.e., 0.05 for Lifetime exposure prevalence to chlorinated solvents among controls was 8.5% for men and 2.1% for women. TCE was the solvent with the highest prevalence of exposure (7.6% for men and 1.1% for women). Among men it was followed by DCM (1.1%), PCE (0.3%), CF (0.2%), and CT (0.1%) and among women by PCE (0.9%), DCM (0.3%), CF (0.1%) and CT (0.1%).

Table 2 shows the ORs of lung cancer for exposure to each chlorinated solvent (ever exposure and CEI). The results for maximum probability, maximum intensity, and cumulative duration of exposure are reported in supplementary materials (eTable 1). Among both men and women, ORs for ever exposure of information and knowledge on PCE exposure effects on lung cancer excludes, almost entirely, this possibility. The percentage of controls who declared having been exposed to PCE reflected the lifelong exposure prevalence expected according to InVS estimation. This is likely because only subjects who were used to using this substance knew that they were exposed to it, making this selfreport fairly reliable.

Various cancer sites associated with PCE exposure have been identified in the literature, such as bladder, esophagus, kidney, cervix, and NHL, but only bladder cancer findings were consistent across studies, [START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF]7]. IARC classified PCE as carcinogenic to animals with sufficient evidence, and possibly carcinogenic to humans (Group 2A), [START_REF] Guha | Carcinogenicity of trichloroethylene, tetrachloroethylene, some other chlorinated solvents, and their metabolites[END_REF]. The lung was not considered a likely target organ, [START_REF]Dry Cleaning, Sorne Chlorinated Solvents and Other Industrial Chemicals[END_REF]. Interestingly, one study recently published also suggested an association with lung cancer risk for "substantial" levels of exposure to PCE, although the number of subjects was rather low, [9].

Because of the large use of PCE in the dry-cleaning sector, several cohort studies were conducted on subjects employed in dry-cleaning as a proxy for PCE exposure, [START_REF] Andersen | Work-related cancer in the Nordic countries[END_REF][START_REF] Ruder | Mortality in dry-cleaning workers: an update[END_REF][START_REF] Selden | Cancer morbidity in Swedish dry-cleaners and laundry workers: historically prospective cohort study[END_REF] and reported a moderately increased risk of lung cancer. However, according to a critical review on occupational exposure to PCE and cancer risk, the controlling of confounding factors, such as smoking habits and asbestos exposure, was often inadequate, [7]. In the current study, we also found that PCE is a solvent typically found in sectors such as dry-cleaning or printing press. However, assessing the effects of exclusive exposure to PCE was not achievable because almost everybody was simultaneously exposed to other solvents. .

Adjustment for SES in occupational cancer studies is debated because SES is strongly associated with occupational risk factors, [START_REF] Richiardi | Using directed acyclic graphs to consider adjustment for socioeconomic status in occupational cancer studies[END_REF][START_REF] Brisson | Is social class standardisation appropriate in occupational studies?[END_REF]. According to the practical rules proposed by Richiardi et al. based on directed acyclic graphs, [START_REF] Richiardi | Using directed acyclic graphs to consider adjustment for socioeconomic status in occupational cancer studies[END_REF], all results not adjusted and adjusted for SES are presented in the tables. SES is a complex index that comprises different elements, e.g., education, diet, smoking habits, and jobs, and consequently also occupational exposures including asbestos.

While we had previously carefully adjusted our results for smoking habits using the CSI index, which accounts for the three main smoking characteristics that affect lung cancer risk (i.e., intensity, duration and time since quitting), and for asbestos exposure, using a lifelong cumulative exposure index, all the associations decreased with adjustment for SES. This indicates that confounding by SES cannot be excluded even after adjustment for smoking habits and occupational exposure to asbestos. Adjustment for SES should therefore be considered. On the other hand, the strong intricacy between SES, exposure to an agent widely used in the working environment such as asbestos, and the job itself runs the risk of over-adjustment when SES is considered. For this reason, results with and without adjustment have been presented.

Overall, adjustment for SES affected the analyses among women less than those among men.

The association between TCE, PCE, and DCM and lung cancer was clearly visible in women (model not adjusted for SES: OR: 3.86, 95% CI: 1.36, 11.01; model adjusted for SES: OR: 3.54, 95% CI:

1 .23, 10.18). Among men, the association decreased from 1.47 (95% CI: 1.00, 2.17) to 1.29 (95% CI: 0.87,1.91). Although this modest result might be explained by residual confounding among men, this is unlikely among women given the strength of the association. Overall, these two independent results

suggest that PCE alone or in combination with other solvents may increase the risk of lung cancer.

The large number of analyses raises the issue of multiple testing. This could also apply to the multiple hypotheses explored in the ICARE study. Whether or not adjustment for multiple comparisons is required in epidemiological studies has been extensively debated, although not obvious solution emerged , [START_REF] Savitz | Multiple comparisons and related issues in the interpretation of epidemiologic data[END_REF]. We preferred to focus on the consistency of the results rather than their statistical significance. Regarding exposure to PCE, we observed indications for an association with lung cancer (i) for ever exposure, as assessed by a JEM, and (ii) for self-reported exposure; (iii) we identified a dose-response relationship with cumulative duration of exposure, and (iv) when investigating the combination of exposure, the group of solvents including the PCE resulted almost always in association. On the other hand, although we followed the same strategy for statistical analysis, we have almost never found exposure to TCE to be associated with lung cancer, despite all the analyses performed.

In conclusion, our findings suggest that the exposure to PCE may constitute a risk factor for lung cancer. Exposure to PCE was less frequent than exposure to TCE, and was more typical of sectors such as dry-cleaning for women, and printing for men. Nevertheless, further investigations are necessary to replicate these results in a larger exposed population.
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The aim of the present work is the evaluation of the role of occupational exposure to different organic solvents (chlorinated, petroleum and oxygenated) on lung cancer risk.

Initially we studied the effect of occupational exposure to chlorinated solvents; then the analysis integrated the exposure to two other solvent families, taking into account the main risk factors for lung cancer. A total of 2,926 cases of lung cancer (2,276 men and 650 women) and 3,555 controls (2,780 men and 775 women) were included. Exposure to solvents was assessed by job exposure matrices.

We followed a classical statistical regression approach to investigate the role of chlorinated solvents, which suggested an association between lung cancer and occupational exposure to perchloroethylene, especially in women. In the second analysis, incorporating the three families of solvents, we applied Bayesian profile regression and no association with lung cancer risk could be demonstrated. However, we identified a group of subjects at risk of lung cancer that included a high concentration of painters, who are known to be at risk of lung cancer.

In conclusion, our analysis does not advocate the role of solvents to explain this excess of risk.