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Abstract

Complex exposure situations are frequent at the workplace, but few studies have characterized
multiple occupational carcinogenic exposures (MOCE) and their gendered differences across
jobs’ characteristics. We assessed MOCE separately in male and female jobs, and identified
patterns of MOCE at job level.

Participants (834 men and 183 women) were cancer patients recruited between March 2002
and December 2010 in the ongoing SCOP93 cohort study, Seine-Saint-Denis department,
France. Job histories were collected through personal interviews and carcinogenic exposures
were assessed by a multidisciplinary expert committee using a list of 53 carcinogens.
Proportion of MOCE (i.e. > 2 carcinogens) was assessed for male and female jobs separately.
Principal Component Analysis combined with Hierarchical Ascendant Classification was used
to identify patterns of MOCE.

Among the 5,202 male jobs and 885 female jobs, respectively 42% and 9% were multi-
exposed. Blue-collar workers and jobs in the construction and industry sectors had the highest
rates of MOCE, contrasting with jobs held in recent periods (>1997) and by patients aged >45
y/o at job start. A gradient of MOCE was also observed according to occupational segregation
for both men and women. Eight patterns of MOCE were identified among male jobs:
widespread carcinogens, mixed silica dust, heavy metals/combustion products, organic
compounds/radiation, metal working, solvents/heavy metals, wood
dust/formaldehyde/pesticides, and fuel exhausts. Three patterns of MOCE were found among
female jobs: biological/organic compounds, industrial working, and fuel exhausts. Some
patterns of MOCE were job-specific, while other patterns were found across different

occupations.

These results suggest that patterns of MOCE partly differ between men and women. They
stress the importance of gendering multiple exposure assessment studies and point out the
inadequacy of occupational disease compensation systems based on a single factor and non-
gendered approach of carcinogenesis, ignoring differences between men and women in

complex occupational exposure situations.
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Introduction

While thousands of chemicals are used over the world without any proper testing, a small
fraction has at least partially been evaluated for carcinogenicity. The International Agency for
Research on Cancer (IARC) has classified around 230 agents found in the workplace as
carcinogenic to humans (group 1, n=65), probably carcinogenic (group 2A, n=45) or possibly
carcinogenic to humans (group 2B, n=120) (International Agency for Research on Cancer,
2017). However, despite this well-established classification, the monitoring of occupational
exposures to known carcinogens is too often lacking at a national level. This knowledge gap
has repeatedly been pointed out as a major limitation to both the prevention of occupational
cancer (Kauppinen et al., 2000; Hall et al., 2014) and the assessment of the burden of work-
related cancer, which may be considered as a “strategic step” to prevention (Straif, 2012).

Notable exceptions do exist, starting with the CAREX (CARcinogen EXposure) initiative in
Europe, which has produced national estimates of the number of workers exposed to 85
agents over the 1990-93 period in 15 EU countries, with distribution by carcinogen and
industry sectors (Kauppinen et al., 2000). A CAREX-Canada initiative followed, which
provided estimates for 44 carcinogens in 2006 (Peters et al., 2015). In France, the periodic and
national SUMER (“Surveillance médicale des risques professionnels”) survey was set in
1987. In 2010, 24 chemical carcinogens were assessed, plus ionizing radiation and night work
for women (Fréry et al., 2016). Such studies or surveillance systems usually report estimates
of prevalence of exposure by carcinogen or the prevalence of exposure to at least one
carcinogen among those listed. Yet, the real working life experience of many blue collar
workers has been and - for some - remains that of multiple exposures encountered repeatedly
across different types of jobs, activity sectors and periods (RESEAU SCOP93, 2005).
Methodologically, multiple exposures make it difficult to isolate the effect of a single
exposure on health, as most of epidemiological studies try to do (Momoli et al. 2010).
Documenting real working life situations of MOCE might help moving from the risk factor
paradigm to the study of combined effects of specific exposure profiles (Papathomas et al.,
2011). This is in line with the rising attention given to “exposome” and its potential relevance
for reflecting workplace exposures (Siemiatycki et al., 2004; Wild, 2005). This concept also
raises other concerns, including the assessment of both the carcinogenic potential of low-dose
exposures to chemical mixtures (Goodson et al., 2015) and the dose-additive carcinogenicity
of mixtures (Walker et al., 2004). This is, of course, of particular importance not only in terms
of hazard identification and risk assessment, but also when it comes to target interventions to



prevent occupational cancer at the workplace. As the knowledge gap is even deeper when it
comes to documenting typical co-occurrence of carcinogenic agents linked to specific
positions, tasks, side activities and work and/or site organization, there is a special need to
explore real working life patterns of MOCE in relation to specific locations of cancer
(Faisandier et al., 2011).

Another striking feature of the (M)OCE knowledge gap is the deficit of exposures
documented among female compared to male workers. Many studies have been conducted in
men only, based on the strong belief that women’s work was generally safer (Messing, 1998).
When mixed studies have been reported, including results stratified on sex, OCE have
systematically been far higher in men, with few exceptions such as antineoplastic agents, hair
dyes, textile dust or shift work (EU-OSHA, 2014). In France, the estimated prevalence of
MOCE among men was 6 times higher than among women in 2010 (6% versus 1% exposed
to multiple occupational carcinogens, based on a selection of 24 chemical carcinogens
assessed, ionizing radiation, and night work for women) (Fréry et al., 2016). Substantial
gendered differences in occupational exposures (not only to carcinogens) have been shown
between and within occupations, raising interpretation issues about the extent to which such
differences between men and women would be due to differences in jobs held, differences in
tasks performed within the same job, and/or differences in self-report (where applicable)
(Quinn, 2011). As previously pointed out by Kennedy & Koehoorn (2003), the scope of
gender differences in OCE and MOCE at the job level still needs to be evaluated if we want to
understand gender differences in occupational morbidity. Yet, we need more gender-sensitive
approaches of exposure assessment if we want to avoid differential information bias among
women as compared to men (Vogel, 2003). Observations that men and women matched on
occupation still may experience different exposures should warn us against the use of job
titles as surrogates for exposure assessment (Eng et al., 2011).

Our study aimed at evaluating the prevalence of OCE and MOCE at the job level, separately
for men and women suffering from lung, urinary tract and hematological cancer, and then
identifying patterns of MOCE among jobs held by men compared to women.

It is based on an interdisciplinary action-research program (RESEAU SCOP93, 2005) which
developed a gender-sensitive approach to retrospective exposure assessment, firstly by
expanding and adapting the list of known or suspected occupational carcinogens to better
match women’s exposure situations and secondly by collecting detailed description of real-
work activities and using expert judgment rather than directly questioning workers about their

exposures.



Methods
Study population

This study is based on a cohort of cancer patients conducted by the Giscop93 (Groupement
d’Intérét Scientifique sur les Cancers d’Origine Professionnelle), a scientific network
exploring work-related cancer in Seine-Saint-Denis (SSD). SSD is a French district (humber
93) with strong industrial past and presently a lot of suppliers in metallurgy and construction
sectors. SSD has experienced excess mortality rate by cancer in both men and women since
the 1980°s. The detailed survey methodology has been previously described (RESEAU
SCOP93, 2005). The present analysis includes data from histologically confirmed incident
cancer cases for patients suffering from primary tumors of the respiratory or urinary tract,
more rarely leukemia, and that was collected in specialized services of three public SSD
hospitals from March 2002 to December 2010.

Each subject gave written informed consent. The study was approved by the Institutional
Review Board of the French National Institute of Health and Medical Research (no 10.672),
and by the French Data Protection Authority (CNIL no. 911121).

Collection and coding of medical information and patients’ occupational histories

Information on the date and type of diagnosis, histologic confirmation and staging of cancer
were retrieved from hospital medical records. Job histories were instead collected from the
patients by sociologists, with a focus on activity at each job held over the occupational life
course (Thébaud-Mony, 2006; Lanna, 2013). In this approach, the patients are interviewed as
experts of their own work, not of their exposures; they are thus asked to describe their real-
work activity in terms of various tasks performed, including process, equipment and
chemicals used/handled; also, tasks performed by co-workers and nearby processes to assess
the possibility of indirect exposures. Job periods were coded using the 4-digit code of the
French Classification of Occupations - Professions et catégories socioprofessionnelles (PCS) -
, While industry sectors (of employers) were coded using the 4-digit French classification for
economic activities - Nomenclature des Activités Francaises (NAF). NAF is a slightly more

detailed version of the European classification (NACE).



Assessment of occupational exposures to known or suspected carcinogens

Detailed job descriptions were submitted to a multidisciplinary expert committee blind to the
exact diagnosis (stage and tumor site). Experts assessed the characteristics of OCE in terms of
substance/agent, probability of occurrence (3 categories), intensity (5 categories), frequency
(4 categories), peaks (yes/no) and duration (years or months). They checked OCE against a

list of 53 agents (or group of agents) recognized as either “certainly,” “probably”, or
“possibly” carcinogenic by the European Union and/or the International Agency for Research
on Cancer (IARC) (Table S1). That list was susceptible to be amended following the

evolution of IARC and/or UE classification and relevance for the expertise.

Statistical analyses
e Data handling and descriptive analyses

The variables included to describe the study population were: sex, age at diagnosis, cancer
location, metastasis, the year of career’s start, main activity sector, number of jobs held and
number of occupational carcinogens encountered over the career. The variables used to assess
jobs’ characteristics were: occupational category, activity sector, period and age at job start
and sex segregation. For the purpose of this study, detailed occupational categories were
grouped into 13 groups: 1) professionals and managers, 2) associate professionals, 3) services,
sales and administration workers, 4) technicians, 5) agricultural, fish and forestry workers, 6)
drivers, transport and supply chain workers, 7) construction workers, 8) electrical and
electronic trades workers, 9) wood, confection and printing workers, 10) metal and
mechanical workers, 11) industrial processing workers, 12) other workers (including workers
in butchery, bakery, as kitchen assistants; cleaners and other workers whose jobs were not
clearly identified), and 13) army. Industry sectors were also grouped as: 1) agriculture, fishing
and forestry, 2) construction, 3) services, 4) industry . Occupational (sex) segregation was
based on 1983 national data (Argouarc’h and Calavrezo, 2013) and defined following Hakim
(Hakim, 1993) as: men-dominated occupations where the proportion of women is lower than
the average across all occupations minus 15% e.g. proportion of women < 26.7%; women-
dominated occupations where the proportion of women in the occupation is higher than the
average across all occupations plus 15% e.g. proportion of women > 56.7%; and mixed

occupations where the proportion of women lies between 26.7 and 56.7%.



Description of study population and jobs’ characteristics were performed by gender. Due to
potential low number of observations, the Fisher exact test (with alpha = 5%) was used to

compare between men and women participants as well as their relative jobs characteristics

e Identification of MOCE patterns at the job level.
Jobs were considered as multi-exposed to OCE if the experts had rated at least two
carcinogens of the list as having a non-zero probability (rescaled from 0.1 to 1.0) of
occurrence during this specific job. Because our aim was to estimate main co-occurrences of
OCE, the probability criterion was the fitted predictor to identify patterns of MOCE whatever
their associated frequency, intensity, duration or peaks. MOCE patterns were identified
separately in male and female multi-exposed jobs by using a two-step method that consisted
in using Principal Component Analysis (PCA) as a pre-processing step before performing the
clustering method, which provided more statistical stability and robustness to the clustering
process, thus minimizing the risk of individual misclassification (Ben-Hur and Guyon, 2003;
Husson et al., 2010). Briefly, the 53 variables - assessing the probability of exposure to the 53
carcinogens - were first combined into a smaller number of uncorrelated factors called
principal components that account for most of the variance in the initial 53 variables. The
positions of each observation (i.e. multi-exposed jobs) in this new coordinate system of
principal components are called scores. The latter were then used as input to the clustering
procedure, a Hierarchical Ascendant Classification (HAC) based on the Euclidean distance
between observations and Ward’s algorithm (Lebart et al., 2000). The v-test parameter (See
definition and formula in supplementary materials) was used for MOCE patterns
interpretation. Carcinogens associated with a positive and significant v-test (with a= 5%)

were retained for the patterns’ interpretation (Tables S2 and S3).

e Occupational diversity index
An occupational diversity index (ODI) was developed based on the Shannon entropy formula
to assess the heterogeneity of occupational categories among each MOCE pattern (Martin,
2000). The Shannon entropy was estimated by using the 4-digit code of the French
classification of occupations (PCS) distribution among each pattern of MOCE identified in
male or female jobs. A pattern associated with low entropy (closer to 0) is mainly composed
of homogeneous occupational categories (i.e. occupation/job-specific MOCE pattern) while a
high entropy (closer to 1) suggests a MOCE pattern that is observed among heterogeneous

occupational categories/jobs.



Descriptive analysis and MOCE patterns’ elaboration were performed with STATA SE
version 14 (College Station, TX, StataCorp LP). ODI was elaborated by coding the Shannon
entropy function in R software.

Results
Study population characteristics

Table 1 presents the medical and sociodemographic characteristics of the 1,017 cancer
patients (834 men and 183 women) included in the analyses. Participants (both men and
women) were mostly diagnosed with respiratory tract cancer (94%, p=0.20) at an advanced
stage of their disease (45% had metastasis, p=0.96). However, men included in the cohort
were older at time of diagnosis as compared to women (p<0.001) and accordingly women
started their career later in the 20th century (p<0.001). Men held a higher number of jobs (6.3
vs. 4.9 for women p<0.001) and were on average exposed to more occupational carcinogens

(6.3 min-max: 0-12 vs. 1.4 min-max: 0-7 for women, p<0.001) during their career.
Job characteristics

Table 2 presents the jobs’ characteristics of men and women. Occupational histories of
patients included a total of 5,202 jobs held by men and 885 jobs held by women.
Characteristics of jobs differed depending on participants’ gender. While more than half of
the men’s and women’s jobs were in the manufacturing and extractive industry sector, other
men’s jobs distributed equally between the construction sector (23.9%) and services (21.5%),
whereas most of the remaining jobs held by women corresponded to services activities
(46.1%), p<0.001. Among blue-collar men’s jobs, metal and mechanical industrial jobs were
particularly frequent (19.0%) while industrial processing jobs represented 8.7% of jobs held
by women (p<0.001). Finally, jobs recorded from women more often started in the 1970s and
thereafter (64.2%), as compared to those recorded from men (49.4%, p<0.001). Occupational
segregation was observed (p<0.001), with 63.1% of jobs held by men considered as men-
dominated occupations and 58.7% of jobs held by women considered as women-dominated

occupations.
Occupational carcinogenic exposures and multiple exposures

The five most prevalent carcinogens found in men’s jobs were asbestos, silica, PAHS
(Polycyclic aromatic hydrocarbons), chlorinated solvents, and welding fumes, while in jobs



held by women, asbestos, passive smoking, chlorinated solvents, formaldehyde and PAHs

were the most prevalent ones (Table S1).

Table 3 presents the results of OCE and MOCE by gender and job characteristics.
Occupational exposure to at least one carcinogen was frequent among both men and women,
but higher proportions were observed among jobs held by men (61.1% vs 26.7%, p<0.001).
The gender gap was even more pronounced for MOCE, which was observed in 41.8% of jobs
held by men (2,173 jobs) and 9.3% of jobs held by women (82 jobs, p<0.001).

Among men’s jobs, those in the construction were the most frequently exposed and multi-
exposed jobs (89.9% and 64.2%, respectively), together with metal and mechanical workers
(88.1% and 70.0% respectively), but many other occupations were found to be multi-exposed,
such as wood, confection and printing workers (48.0%), technicians (41.4%) and electrical
and electronic trades workers (38.0%). The lowest proportions of MOCE were found among
professionals and managers (8.1%), services, sales and administration workers (8.4%) and
army (9.8%). MOCE were also particularly observed among men’s jobs that started during the
1950-1969 period (44.9% of MOCE) and remained high among jobs starting between 1970
and 1995 (41.2%), but were already reported for jobs which started before 1950 (38.1%).
They substantially decreased in men's jobs which started after 1997, but remained high
(27.2%, p<0.001).

Among women’s jobs, higher proportions of MOCE were found among metal and mechanical
workers (41.3%), followed by far by electrical and electronic trades workers (18.2%), wood,
confection and printing workers (16.7%), the group of “other workers” (13.0%) and industrial
processing workers (9.1%). Lower occurrence of MOCE was reported for women’s jobs
starting after 1997 (e.g. 4.4%), yet the time trend was not significant (p=0.187).

Interestingly, whatever the sex of patient, a significant gradient was observed for both OCE
and MOCE depending on occupational (sex) segregation (Table 3). MOCE reached 54.8% in
jobs held by men classified as “men-dominated occupations”, 26.6% in “mixed occupations”,
and 8.5% in “women-dominated occupations” (p<0.001). In jobs held by women, these
figures, though lower, respectively reached 24.2%, 11.0% and 5.8% (p<0.001).

MOCE patterns
MOCE patterns were defined for men’s and women’s jobs separately and are described in

Table 4. These patterns were labeled based on the most representative carcinogens of each



cluster (Table S2-S3) and described following the distribution of sectors and occupations
(Figure 1, Table S4-S5 and Figure S1).

Among multi-exposed jobs recorded in men (n=2173), nine principal components were
retained after PCA, which explained 35.3% of the total inertia. Each individual score on these
nine principal components were directly inputted in the HAC, from which 8 clusters were
identified corresponding to 8 patterns of MOCE. The first pattern named “widespread
carcinogens” (n=548, 25.2%) was particularly observed among construction and metal and
mechanical jobs but a wide spectrum of occupational sectors and categories were also
associated with such pattern (occupational diversity index, ODI=0.60). The “mixed silica
dust” pattern (n=401, 18.5%) was mostly observed among men’s jobs in the construction
sector (ODI=0.37). The third pattern (n=64, 2.9%) characterized by numerous “heavy metals
and combustion products” included a more limited type of men’s jobs (ODI=0.17)
specifically exposed to such substances. The fourth pattern (n=90, 4.1%) included jobs mostly
exposed to “organic compounds and radiation” which covered jobs spanning from the
metallurgy to those in the car industry or maintenance (mechanics and electro-mechanics)
(ODI=0.27). The “metal working” pattern (n=532, 24.5%) mainly gathered jobs from the
metal and mechanical industry or others that shares common exposures to the work or use of
such materials found in many types of jobs (ODI=0.61). The sixth pattern (n=139, 6.4%) -
characterized by the association of “solvents and painting related compounds” - concerned
mostly painters and renderers from the construction sector or from the manufacturing industry
(car or printing) but also activities that required the manipulation and work of painted surfaces
(ODI1=0.07). The “wood dust, formaldehyde and pesticides” pattern (n= 226, 10.4%) was
typically associated with jobs either in the manufacturing and extractive industry, construction
based on woodworking or wood processing (ODI=0.42), and included 88% of the jobs in
agriculture (Table S4). Finally, the last pattern included men’s jobs exposed to “fuels
exhausts” (n=173, 8.0%) that were mainly jobs of drivers or jobs in transport and supply
chains (ODI=0.31).

Among multi-exposed jobs recorded in women (n= 82), eight principal components were
retained after the PCA, which explained 64.1% of the total variability. Three clusters were
identified from the HAC based on those eight principal components, corresponding to three
MOCE patterns. The first pattern (n=48, 58.5%) was characterized by women’s jobs exposed
conjointly to “passive smoking, and biological or organic compounds”. It included a diversity

of occupations that stretched from the manufacturing and extractive industry to services
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sectors (ODI=0.49). The “industrial work” pattern (n=26, 31.7%) concerned mostly women’s
jobs as blue-collar workers among which 53% came from the metal and mechanical industry
(ODI=0.35). The last pattern concerned the few jobs (n=8, 9.8%; ODI=0.15) with MOCE to
“fuel exhausts” mainly in the services sector which suggest that contrary to the “fuel
exhausts” pattern in men's jobs, the exposure was mostly indirect, due to the workplace
environment (i.e. not due to the tasks performed). As shown in Figure 2, while men-
dominated occupations represented only 26.8% of multiply-exposed jobs among women, they
were over-represented in the “industrial work” pattern (53.9%) and under-represented in the
“passive smoking, and biological or organic compounds” pattern (12.5%), indicating
specificities in MOCE patterns encountered by women depending on occupational

segregation.

Discussion

This study based on a French case-only cohort highlights proportions and situations of MOCE
at job level among both men and women cancer patients with mostly lung cancer. It suggests
different patterns of MOCE patterns by gender.

Firstly, The specificities, and also somehow the strengths of this study, lie in the hospital-
based approach that allowed the tracing of (M)OCE backwards from cancer patients
diagnosed in the oncology services of public hospitals. This is more likely to uncover various
exposure situations as in France patients are referred to consultations specialized in
occupational medicine only once a GP or specialist first suspects a link with occupation; a
role for which they receive barely any formal training, apart from very few and typical
exposure-cancer combinations. In our study, cancer is thus considered a so-called “sentinel
event” to uncover such potentially unrecognized situations of former occupational exposures
to carcinogens in a French district known for its intense industrial past and its actual labor
market based on supply chains in manufacturing, construction and services. Our study
population was therefore tailored towards blue-collar occupations greater exposed to
carcinogens, in relation to the increasing flexibility in employment, as well as the social
division of labor and hazards over the last thirty years (RESEAU SCOP93, 2005). Second, the
multidisciplinary expertise of OCE based on the reconstruction of jobs’ histories by
sociologists led to the provision of an enlarged vision of MOCE. The wide list of occupational
carcinogens fits the progression of scientific knowledge about carcinogenicity and trends in

the labor market across the different periods covered by patients’ jobs histories. It notably
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includes carcinogens particularly relevant for women. Finally, MOCE patterns were
elaborated based on the probabilities of exposure of the job to each carcinogen, allowing
identification of realistic multiple exposure patterns.

Nevertheless, this interesting and innovating study design has its own inherent limits. The
cancer case-only cohort developed in collaboration with 3 to 4 SSD hospitals was not
representative of the French working population. Nevertheless, a comparative qualitative
study between Giscop93 patients and healthy workers who have been identified as exposed in
the SUMER study 2003 (same age, same qualification, same economic sector) did not show
differences in relation to exposed job histories (Thébaud-Mony and Daubas-Letourneux,
2009). The industrial past of SSD (e.g. predominance of construction workers and metal and
mechanical workers) has also probably driven the type of MOCE patterns identified. Yet, the
present structure of the labor market is concentrating chemical hazards in workers with the
most precarious status and working conditions (Thébaud-Mony, 2006; Counil, 2015).
Although we believe the collection and coding of job histories by trained sociologists of work
and industry allowed informed choices about the most appropriate coding of occupations
based on each specific real-work situation, it may have introduced some variability in the
coding of occupations at the finest level (e.g. 4-digit), while most of the present analysis was
based on 2 digits, except for the calculation of the OCI. Also, to avoid complex interpretation
of  classifications  based on  multidimensional  scores  (e.g. such  as
probability*intensity*frequency*duration), only the probability criterion for exposure
assessment was used to weigh each carcinogenic agent in the analytic procedure to identify
MOCE patterns. Furthermore, the cancer site specificity was not taken into account in our
analysis (i.e. all carcinogens were considered, without grouping those for which the level of
evidence is strong for different locations, starting with lung). Finally, a low proportion of
women (18%) was included in this cohort, mainly due to the recruitment process (mostly lung
cancer cases, with a man to woman ratio of 6.1 in the year 2000 in France — Molini¢ et al.,
2006) but maybe also due to self-selection based on the scope of the study (occupational
cancer, which is considered socially as more frequent among men). The limited number of
participating women certainly explains the lower diversity in MOCE patterns observed (3
MOCE patterns among jobs held by women versus 8 among jobs held by men). However,
stratifying our sample on the sex of the patient who held the job conversely allowed us to
identify a pattern specific to women’s jobs (e.g. the “biological and organic compounds”
pattern).

12



Our findings suggest that a high proportion of jobs were multi-exposed to carcinogens. Jobs
held by men were more frequently multi-exposed to OCE (42%), as well as men-dominated
occupations, both among jobs held by men and women, though to a lesser extent in the later
(55% vs. 24%). Yet, circa 10% of women’s jobs were exposed to at least two carcinogens,
and MOCE was reported for respectively 9% and 6% of jobs held by men and women in
women-dominated occupations. It is interesting to note that however imprecise the definition
of sex segregation might be in our study, with the women-dominated group including
occupations with up to 43% of men, the gradient of (M)OCE was consistent across genders.
In the French representative and cross-sectional SUMER 2010 survey, the prevalence of
MOCE observed was much lower: almost 6% of men and 1% of women were exposed to
multiple occupational carcinogens (Fréry et al., 2016). This large difference between the two
studies may be explained by different factors. First, the proportion of blue-collar jobs is high
in the Giscop93 cohort (72% of men’s jobs and 34% of women’s jobs), while they represent
only 29% of the 2010 French active population (43% of men’s jobs and 11% of women’s
jobs). This occupational concentration is reinforced among men who often worked in the
construction sector. Second, only 24 occupational carcinogens were assessed in the SUMER
2010 survey, while at least 53 carcinogens (with an extra open-ended category) were
considered in the Giscop93 multidisciplinary expertise. Third, many of the Giscop93 patients
worked during a significant part of their career in SSD, a district known for its particular
tissue of small and medium-sized enterprises, where (M)OCE are more frequent (Cavet &
Léonard, 2013). Lastly, OCE were assessed across the full job histories in the Giscop93
cohort (spanning from 1922 to 2010). We observed that OCE and MOCE tended to decrease
in the recent periods, particularly after 1997, the year of the asbestos ban in France. This
result highlights the beneficial impact of the asbestos ban for occupational exposures

prevention and safety at work.

OCE was also shown to decrease with age at job start, especially among male workers older
than 45 years-old. The reasons which might account for this finding are complex: better
occupational health and safety as well as prevention, upward occupational trajectories that
could lead to more qualified and less exposed jobs, but also the fact that the division of work
and hazards is concentrating exposure in the most precarious and less qualified workers, who

are basically young people.

MOCE were mostly observed among the most disadvantaged occupational categories which

confirms that working conditions may highly contribute to social health inequalities
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(Niedhammer et al., 2008). Jobs held by both male and female workers from either the metal
and mechanical industry, wood industry or processing industry were highly exposed to
carcinogens. Interestingly, though to a lesser extent, men’s and women’s jobs in the services,
sales and administration were also exposed to OCE (respectively 22.4% and 20.0% of jobs)
which emphasizes the ubiquity of OCE. We also found that men in the construction sector

were highly exposed to multiple carcinogens.

Furthermore, among both men’s and women’s jobs, a gradient of (M)OCE according to
occupational segregation was found, men-dominated occupations being the most exposed.
This result suggests that beyond the social etiology of MOCE, gender also matters. As
previously suggested, there is a high degree of heterogeneity in OCE by gender, partly due to
the specific places occupied by men and women on the labor market (Eng et al., 2011; Quinn,
2011). Eight patterns of MOCE were found among jobs held by men while only three patterns
were identified among jobs held by women. Co-occurrences of occupational carcinogenic
exposures were therefore mostly gendered. For example, the ‘mixed silica dust’ pattern was
exclusively found among jobs held by men which corroborated with the men-oriented
construction sector (only 14 jobs held by women) mainly represented in this MOCE pattern
(76% of jobs). The ‘fuel exhausts’ pattern was found in both men's and women’s jobs,
underlining the systematic co-occurrence of the two carcinogenic agents (gasoline and diesel
exhausts), even if associated to very different exposure situations. While exposures in men’s
jobs were mainly due to their jobs’ tasks (drivers, car mechanic or technician...), in women’s
jobs they were mostly induced by their work environment (i.e. secretaries working in a
garage). This distinction between work task and work environment related exposures partly
explained the heterogeneity of occupations in the MOCE patterns identified. Similarly, the
inspection of the distribution of occupational categories by MOCE patterns showed that some
patterns were job/occupation specific, such as “wood dust, formaldehyde and pesticides”
including 87.5% of the agricultural jobs, or the “fuel exhausts” pattern including 67% of
drivers, transport or supply chain workers (Table S4). Conversely, other occupational
categories were equally distributed among different patterns, particularly among men’s jobs.
Industrial processing workers could for instance be associated with diverse exposure profiles
corresponding to each of the 8 patterns, though to a different extent, in particular “metal

working”, “wood dust, formaldehyde and pesticides” and “solvents and heavy metals”.

The identification of MOCE patterns also confirmed the recurrence of two or more

concomitant carcinogens across different types of jobs, stressing the need to assess the
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prevalence of MOCE and their potential effects on health. Occupational exposures used to be
studied separately from one another. However, many workers are simultaneously exposed to
various hazards (Wild, 2005). And yet, studies exploring MOCE are still lacking. A better
knowledge of multiple occupational exposures, and in particular to carcinogens, is necessary
in order to improve occupational risks assessment and prevention at the workplace. It is a
necessary step in the risk prevention process, in order to preserve health and safety at work
and to inform public policies. Following that challenge, the Giscop93 cohort, tracing
occupational exposures backwards from cancer patients, is a very important and interesting
retrospective approach to identifying carcinogens which, though regulated, are still present in
workplaces and generate multiple exposures among most disadvantaged occupational
categories. It therefore provides a clear logic to understand how cancer can be prevented
through the elimination of carcinogenic exposures (Takala, 2015). Furthermore, the
prospective phase of the Giscop93 cohort that follows patients during the notification and
compensation procedure, points out the inadequacy of the occupational disease compensation
systems based on a single factor and non-gendered approach of carcinogenesis, ignoring
differences between men and women in complex occupational exposure situations (Marchand,
2016).

Conclusion

Occupational exposures are of particular interest for cancer prevention, as workers usually
have low latitude in avoiding them and they are of greater magnitude than those encountered
in the general environment. The growing use of minerals, chemicals and radioactive sources
after World War 11, together with the changes in work organization and social division of
occupational risks from the 1970s, progressively challenged the simplistic vision of a blue-
collar man, holding over the years the same job in the same company, where he would be
heavily and directly exposed to a single agent or a stable set of agents, which health
consequences could be monitored through meticulous follow-up or retrospective cohorts. This
model, in addition to prevailing in many occupational cancer epidemiology studies over
decades, presently dominates many occupational disease compensation systems, notably the
French compensation system. This system is based on a limited number of “single agent -
tumor site” combinations, usually defined based on traditionally working situations in male
workers, and the necessity for workers to provide evidence of significant if not massive

exposure to one of the listed agents (if any) compatible with their disease status.
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Our results based on a case-only cohort and using a gender-sensitive approach of exposure
assessment suggest that multiple OCE has occurred regularly among the most disadvantaged
occupational categories, and more frequently among men than among women. Beyond OCE
differences by gender, they also describe patterns of MOCE that partly differ between men
and women, but also according to the level of occupational segregation. They stress the
importance of conducting multiple exposure assessment studies which account for gendered
differences. More broadly, they point the inadequacy of occupational disease compensation
systems that are based on a single factor and non-gendered approach of carcinogenesis. To
avoid “one-eyed science” (Messing, 1998) and the related unequal prevention and
compensation of occupational cancer between men and women, the degree of heterogeneity in

OCE by gender should also be taken into account.
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Table 1: Characteristics of participants included in the study (n=1017) by gender, the GISCOP cohort, Seine-Saint-Denis, France, 2002—

2010.
Men (n= 834) Women (n=183)
. X p-value
n % Mean (min-max) n % Mean (min-max)
Age at diagnosis p=0.002°
<50vy/o 76 9.11 33 18.03
>50 & <65y/o 381 45.68 84 4590
>65ylo 377 45.20 66  36.07
Type of cancer p=0.20°
Respiratory® 784 94.00 173 9454
Urinary® 35 4.20 4 2.19
Hematological® 15 1.80 6 3.28
Metastasis at diagnosis p=0.96"
Yes 381 45.68 82 4481
No 352 42.21 78  42.62
Unknown 101 12.11 23 1257
Period at career start p<0.001°
<1950 201 24.10 32 1749
Between 1950 and 1959 239 28.66 38  20.77
Between 1960 and 1969 248 29.74 49  26.78
>1970 146 17.51 64  34.97
Main industry sector p<0.001%
Agriculture, fishing 10 1.20 2 1.09
Construction 199 23.86 4 2.19
Services 321 38.49 121 66.12
Manufacturing and extractive industry 304 36.45 56  30.60
Number of jobs held 6.25 (1-32) 4.87 (1-37) p<0.001"
Number of occupational carcinogens 3.64 (0-12) 1.36 (0-7) p<0.001"
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? Fisher exact test comparing characteristics according to gender

® Student test comparing characteristics according to gender

“International Classification of Diseases and Related Health Problems, 10" revision: code C30 to C39, C12, C45 to C49
dInternational Classification of Diseases and Related Health Problems, 10" revision: C64-C68

®International Classification of Diseases and Related Health Problems, 10" revision: C81 to C96, D45-D46
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Table 2: Jobs’ characteristics (n=6087) by gender, the GISCOP cohort, Seine-Saint-Denis, France, 2002-2010.

Men (n=5202)

Women (n=885)

p-value?
N % N %
Industry sector p< 0.001
Agriculture, fishing and forestry 128 25 11 1.2
Construction 1243 239 14 1.6
Services 1116 215 408 46.1
indI\L/JI:ltr:;factur|ng and extractive 9715 5.2 452 511
Occupational category p< 0.001
Professionals and managers 124 2.4 27 3.1
Associates professionals 227 44 70 7.9
Wosrig\;lsces, sales and administration 557 107 475 537
Technicians 319 6.1 8 0.9
Woﬁgg:gultural, Fish and forestry 135 26 11 19
Wol?lile\;grs, transport. supply chain 488 9.4 9 10
Construction workers 1263  24.3 4 0.5
onrILi:Crtsncal and Electronic trades 163 31 11 19
WOVr\l/((;(r)Sd, confection and printing 219 49 54 6.1
Metal, mechanical workers 988 19 46 5.2
Industrial processing workers 207 4.0 77 8.7
Other workers” 267 5.1 92 104
Army 245 4.7 1 0.1
Period at job start p< 0.001
<1950 396 7.6 60 6.8
> 1950 & <1970 2237 43 257 29.0
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> 1970 & < 1996

>1997
Age at job start

<20ylo

>20 & <30ylo

>30 &<45ylo

>45ylo
Occupational segregation®
Men-dominated occupations
Mixed occupations
Women-dominated occupations

2282
287

1498
1818
1377

509

3282
1164
756

43.9
5.5

28.8
34.9
26.5
9.8

63.1
224
145

499
69

293
317
203

72

91
274
520

56.4
7.8

33.1

35.8

22.9
8.1

10.3
31.0
58.7

0.014

p<0.001

# Fisher exact test comparing jobs’ characteristics according to gender
® Other workers category include workers in butchery, bakery, as kitchen assistants; cleaners and other workers whose jobs were not clearly identified.

¢ As of 1983: men-dominated occupations: < 26,7% of women in the occupation; women-dominated occupations: > 56,7% of women; mixed occupations:

between 26,7 and 56,7% of women.
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Table 3: Proportion of OCE and MOCE among jobs by gender and jobs’ characteristics (n=6087), the GISCOP cohort, Seine-Saint-

Denis, France, 2002—-2010.

Men (n=5202)

Women (n=885)

Exposed Multi-exposed Exposed Multi-exposed

n % p-value® n % p-value’ n % p-value® n % p-value’
Study population 3180 61.1 2173 41.8 236 26.7 82 93

Industry sector p<0.001 p<0.001 p=0.007 p<0.001
Agriculture, fishing and forestry 43 336 16 125 3 273 0 00
Construction 1100 88.5 798 64.2 4 286 2 143
Services 353 31.6 195 17.5 87 21.3 20 49
Manufacturing and extractive industry 1684 62.0 1164 42.9 142 314 60 13.3

Occupational category p<0.001 p<0.001 p<0.001 p<0.001
Professionals, managers 24 194 10 8.1 2 7.4 2 74
Associates professionals 62 27.3 23 10.1 20 256 5 7.1
Services, sales and administration workers 125 22.4 47 8.4 95 20.0 26 55
Technicians 179 56.1 132 414 1 125 0 00
Agricultural, Fish and forestry workers 47 34.8 16 11.9 3 273 0 00
Drivers, transport, supply chain workers 221 45.3 132 27.1 1 11.1 0 0.0
Construction workers 1136 89.9 810 64.1 0 0.0 0 0.0
Electrical and Electronic trades workers 117 71.8 62 38.0 7 63.6 2 182
Wood, confection and printing workers 153 69.9 105 48.0 30 55.6 9 16.7
Metal, mechanical workers 870 88.1 692 70.0 35 761 19 413
Industrial processing workers 91 44.0 48 23.2 19 247 7 91
Other workers* 115 43.1 72 27.0 23 250 12 13.0
Army 40 16.3 24 9.8 1 100.0 0 0.0

Period at job start p<0.001 p<0.001 p<0.001 p=0.187
<1950 243 614 151 38.1 19 317 6 10.0
> 1950 & <1970 1446 64.6 1005 44.9 89 346 31 121
> 1970 & <1996 1373 60.2 939 41.2 120 24.1 42 84
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> 1997 118
Age at job start
<20vylo 903
>20 & <30ylo 1140
>30 & <45ylo 882
>45ylo 255
Occupational segregation®
Men-dominated occupations 2473
Mixed occupations 540
Women-dominated occupations 167

41.1

60.3
62.7
64.1
50.1

75.4
46.4
22.1

p<0.001

p< 0.001

78

630
752
628
163

1800
309
64

27.2

42.1
41.4
45.6
32.0

54.8
26.6
8.5

p<0.001

p< 0.001

91
85
53

44
91
101

11.6

311
26.8
26.1

9.7

48.4
33.2
19.4

p=0.002

p< 0.001

3

30
33
17

2

22
30
30

4.4

10.2
104
8.4
2.8

24.2
11.0
5.8

p=0.174

p< 0.001

# Fisher exact test comparing exposed vs. non-exposed jobs.

® Fisher exact test comparing multi-exposed jobs (> 2 occupational carcinogenic exposures) vs. non-multi-exposed jobs (< 1 occupational carcinogenic

exposure)

¢ Other workers category include workers in butchery, bakery, as kitchen assistants; cleaners and other workers whose jobs were not clearly identified
¢ As of 1983: men-dominated occupations: < 26,7% of women in the occupation; women-dominated occupations: > 56,7% of women; mixed occupations:

between 26,7 and 56,7% of women.
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Table 4: Description of men and women’s patterns of multiple occupational carcinogenic exposures, the GISCOP cohort, Seine-Saint-

Denis, France, 2002—-2010.

Occupational

H a
Patterns N % Medlan diversity ~ Main carcinogenic agents*
(min-max) . b
index
Among men’s jobs (n=2173)
. . welding fumes, asbestos, lead, diesel exhausts, HAH, PAH and iron

Widespread carcinogens 548 252  3(2-8) 0.60  mines
Mixed silica dust 401 18.5 3(2-7) 0.37 as silica dust, asbestos, bitumen and PAH
Heavy metals and combustion products cobalt, nickel, cadmium, chromium, lead, welding fumes, PAH,

64 2.9 6 (2-8) 0.17 inorganics acids and irons mines
0 . ds and radiati mineral and aqueous oil, ionizing radiation, styrene, acrylonitrile,

rganic compounds and radiation acrylamide, composites materials, refractory ceramics fibers,

90 4.1 3(3-8) 0.27 radionucleotides, acetamide and butadiene
Metal working 532 245 3 (2-6) 0.61 chlorinated solvents, metal dust, cutting oil, beryllium, PAH and amines
Solvent and painting related compounds chromium, inorganic acids, lead, benzene pure, developing bath,

139 6.4 4 (2-7) 0.30 cadmium, hydrazine, silica dust, arsenic and chlorinated solvents
Wood dust, formaldehyde, pesticides wood dust, formaldehyde, pesticides, nitrosamines, arsenic, mycotoxins,
226 104 3(2-7) 0.42 Methyl Chloride
Fuels exhausts 173 8 2 (2-6) 0.31 Gasoline and diesel fuel exhausts
Among women’s jobs (n=82)
Bioloaical and oraanic compounds passive smoking, formaldehyde, amines, benzene and biological
9 9 P 48 585  2(2-4) 0.49 compounds
metal dust, chlorinated solvents, PAH, inorganic acids, welding fumes,

Metal working cutting oil, silica dust mineral oil, nickel, asbestos, developing bath,

26 31.7 3(2-7) 0.35 cobalt, chromium
Fuel exhausts 8 9.8 2 (2-3) 0.15 Gasoline and diesel fuel exhausts

*median (min-max) number of occupational carcinogenic exposures observed on jobs by pattern.
® estimated using Shannon entropy (see methods section for formula and interpretation).
‘carcinogens are presented by descending v-test [See supplementary Table 2 and 3], (i.e. the higher v-test the most representative are the carcinogens to a

specific pattern
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Figure 1. Industry sectors’ distribution among men’s MOCE patterns (A) and women’s MOCE patterns (B).
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