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Abstract

Lung cancer generally has a poor prognosis with a five-year survival rate ranging from 10% to
20%, depending on the country. It has the highest mortality of all cancers, with 1.8 million
deaths worldwide estimated in 2020. While tobacco use and radon exposure are considered
the two main risk factors, occupational exposures are another important risk factor for lung
cancer. The population attributable fraction for occupational lung cancer was estimated to be
between 18% and 25% for men and between 2% and 6% for women. Moreover, lung cancer
accounted for 86% of all occupational cancers. Before this thesis work, Switzerland had no
exhaustive publically available report on occupational cancers. The last epidemiological study
on cancer risk by occupation and socioeconomic group was conducted 20 years ago and was
limited to men aged 25 to 65 years.

The objective of this thesis was therefore to produce estimates of mortality risk and survival of
lung cancer by sex for occupation and other work-related variables in Switzerland. For
mortality, we first evaluated whether the distribution of mortality rates was homogeneous
according to both occupation and economic activity by comparing three risk estimates of lung
cancer mortality: the Standardized Mortality Ratio (SMR), the Causal Mortality Ratio (CMR)
and the relative SMR. We then assessed the effect of occupational exposures on lung cancer
mortality in Switzerland after adjustment for non-occupational lung carcinogens, using the
occupation as a proxy for occupational exposures. For survival, our objective was to determine
whether three different occupational-based measures (occupation, skill level required for the
occupation and socio-professional category) were associated with lung cancer survival. We
used the relative survival, which allowed estimating the survival that would be observed if the
only possible underlying cause of death was lung cancer.

Our results demonstrated the existence of significant differences in both mortality and survival
across different occupational groups. Overall, we were able to identify that 18 out of 95
occupations in men, 10 out of 55 occupations in women and 3 economic activities/industries
in each sex had a significantly higher risk of lung cancer mortality than the general Swiss
population. After adjustment, male machine operators and workers in mining, stone working
and building materials manufacturing showed the highest risk. Women working in electrical
engineering, electronics, watchmaking, vehicle construction and toolmaking, and transport
occupations also remained at high risk. Predicted radon exposure showed no effect on lung
cancer mortality, while smoking demonstrated a significant effect in both sexes. Regarding
survival, we observed that male workers in paid employment but without specific occupational
information had lower net survival than those in top management positions and independent
professions. Women working as technicians and associate professionals had higher survival
than senior officials and managers. The skill level required for occupation had no statistically
significant effect.

In conclusion, this thesis work allowed us to calculate the first Swiss estimates of mortality and
survival according to work-related variables and to demonstrate the existence of significant
differences between occupational groups. We believe that future studies should focus on
identified high-risk groups to better define the impact of occupational factors on lung cancer.
For mortality and survival, individual data on smoking status are needed for a more accurate
adjustment of this confounding factor. For survival, the treatment received by the patient after
diagnosis should also be considered. The inclusion of potential occupational carcinogens, their
dose and potency should also be taken into account for mortality. For survival, this pre- and
post-diagnosis information are also essential, along with changes in working conditions after
diagnosis.



Résumeé

Le cancer du poumon a généralement un mauvais pronostic, avec un taux de survie a cinq ans
allant de 10% a 20%, selon les pays. Il présente la mortalité la plus élevée de tous les cancers,
avec 1,8 million de décés dans le monde en 2020. Si le tabagisme et I'exposition au radon sont
considérés comme les deux principaux facteurs de risque, les expositions professionnelles
constituent un autre facteur de risque important pour le cancer du poumon. En effet, la fraction de
la population attribuable au cancer professionnel du poumon a été estimée entre 18% et 25% pour
les hommes et entre 2% et 6% pour les femmes. De plus, le cancer du poumon représentait 86%
de tous les cancers professionnels. Avant ce travail de thése, la Suisse ne disposait d'aucun
rapport public exhaustif récent sur les cancers professionnels. La derniére étude épidémiologique
disponible, réalisée il y a 20 ans, fournissait des résultats par profession et groupe socio-
économique et était limitée aux hommes agés de 25 a 65 ans.

L'objectif de cette thése était donc de produire des estimations du risque de mortalité et de survie
par sexe en fonction de la profession et d’autres variables liées au travail en Suisse. Pour la
mortalité, nous avons d'abord évalué si la distribution des taux de mortalité était homogéne en
fonction de la profession et de l'activité économique en comparant trois estimations du risque de
mortalité par cancer du poumon : le ratio standardisé de mortalité (SMR), le ratio de mortalité
causale (CMR) et le SMR relatif. Nous avons ensuite évalué I'effet des expositions professionnelles
sur la mortalité par cancer du poumon en Suisse aprés ajustement pour les carcinogénes
pulmonaires non professionnels, en utilisant la profession comme proxy pour les expositions
professionnelles. Pour la survie, notre objectif était de déterminer si les différentes variables liées
a la profession (profession, niveau de compétence requis pour la profession et catégorie
socioprofessionnelle) étaient associées a la survie aprés le diagnostic d’'un cancer du poumon.
Pour ce faire, nous avons utilisé la survie relative, qui permet d'estimer la survie qui serait observée
si la seule cause sous-jacente possible de déces était le cancer du poumon.

Nos résultats ont démontré I'existence de différences significatives tant au niveau de la mortalité
que de la survie entre les différents groupes professionnels. Globalement, nous avons pu identifier
que 18 professions sur 95 chez les hommes, 10 professions sur 55 chez les femmes et 3 activités
économiques/industries dans chaque sexe présentaient un risque significativement plus élevé de
mortalité par cancer du poumon que la population générale suisse. Aprés ajustement, les
opérateurs de machines et les travailleurs des mines, du travail de la pierre et de la fabrication de
matériaux de construction présentaient le risque le plus élevé. Les femmes travaillant dans les
secteurs de I'électrotechnique, de I'électronique, de I'horlogerie, de la construction de véhicules et
de la fabrication d'outils, ainsi que dans les transports, présentaient également un risque élevé.
L'exposition prédite au radon n'a eu aucun effet sur la mortalité par cancer du poumon, alors que
le tabagisme a eu un effet significatif chez les deux sexes. En ce qui concerne la survie, nous
avons observé que les hommes exergant un emploi rémunéré mais ne disposant pas
d'informations professionnelles spécifiques avaient une survie nette plus faible que ceux occupant
des postes de direction et des professions indépendantes. Les femmes travaillant comme
techniciennes et professionnelles associées avaient un taux de survie plus élevé que les hauts
fonctionnaires et les cadres. Le niveau de compétence n'avait pas d'effet statistiquement significatif
sur la survie nette.

En conclusion, ce travail de thése nous a permis de calculer les premiéres estimations suisses de
mortalité et de survie selon les variables liées au travail et démontrer 'existence de différences
significatives entre les groupes professionnels. Les études suivantes devraient se concentrer sur
les groupes a haut risque identifiés, afin de mieux définir I'impact des facteurs professionnels sur
le cancer du poumon. Pour la mortalité et la survie, des données individuelles sur le statut
tabagique sont nécessaires pour un ajustement plus précis de ce facteur de confusion. Pour la
survie, le traitement regu par le patient aprés le diagnostic est aussi a considérer. L'inclusion de
cancérogenes professionnels potentiels, de leur dose et de leur puissance sont aussi a prendre en
compte pour la mortalité. Pour la survie, ces informations avant et aprés le diagnostic sont
également essentielles, de méme que les changements dans les conditions de travail aprés le
diagnostic.
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|. Concept definition and State of knowledge

l.I. General introduction to cancer epidemiology and carcinogenesis

Cancer epidemiology

Cancer is considered as a leading cause of death worldwide and accounts for about 10 million
deaths in 2020 (IARC 2021b). While cardiovascular disease remains the leading cause of
death in high socio-demographic index (SDI) regions, the most recent Global Burden of
Disease (GBD) estimates demonstrated that neoplasms accounted for 28.9% (95%-I1C: 26.4-
30.2) of all deaths (GBD 2022a). Both cancer incidence and mortality rates per 100’000 people
were higher in men than in women, with 348.7 versus 246.1 cases and 156.1 versus 99.9
deaths, respectively (GBD 2022b). Moreover, between 2010 and 2019, cancer incidence in

both sexes combined decreased by 1.1% and mortality by 5.9% (Table 1).

Table 1 Global prevalence, incidence and deaths in counts and age-standardized rates in 2019, with
percentage change between 2010 and 2019 (Global Burden of Disease, 2022b)

Prevalence Incidence Deaths
Cases Cases Deaths
(millions) Rate (per 100 000) (millions) Rate (per100000) (millions) Rate (per 100 000)
2019
Both Sexes 858 10467 236 2905 10-0 1247
(803 (977-6 (222 (2740 (926 (1164
t0921) to1122.0) t0249) t03071) t0106) t0132.0)
Females 452 1056-0 10-6 2461 434 999
(41-8 (975-2 (9-92 (2298 (3-97 (915
t0486) t011341) tol114) t02631) 104-66) 10107-3)
Males 406 10585 129 3487 5-69 1561
(373 (9755 (121 (3273 (5-25 (143-9
t044-5) t01159-2) t013-8) 0 370-8) t0 6-10) 10167-2)
Percentage change 2010-19
Both Sexes 28.7% 2-7% 263% -1-1% 20-9% -5-9%
(212 (32 (203 (58 (14-2 (-11.0
t0363) t087) t0323) to03:5) t027-6) to-09)
Females 26-0% 1.7% 24-7% -1-2% 22-2% -4-4%
(17-6 (51 (18-0 (65 (142 (<107
t0348) t087) t0315) t042) t0301) tol7)
Males 31.9% 3-8% 27-6% -1.5% 19-9% -7-3%
(221 (36 (19-9 (71 (110 (<137
10421) to 11.5) t035-7) 10 4-4) 10293) t0-05)

Numbers in parentheses are 95% uncertainty intervals.



Among men, lung and colorectal cancers were the two most common causes of cancer death.
In women, breast and lung cancer were the most frequent. Both sexes combined, lung cancer
remained the most deadly cancer, with 1.8 million deaths worldwide and accounted for 18% of
all cancer deaths (Fig. 1) (IARC 2022c). This was the cancer with the highest incidence in men.
In women, it was breast cancer. In both sexes combined, breast and lung cancers accounted

for 2.26 million and 2.21 million cases in 2020, respectively.

Lung
1796 144 (18%)

Other cancers
3932 768 (39.5%)

Colorectum
935 173 (9.4%)

Liver
830 180 (8.3%)

Stomach
768 793 (7.7%)

Pancreas
466 003 (4.7%)

Oesophagus Breast
544 076 (5.5%) 684 996 (6.9%)

Total : 9 958 133

Figure 1 : estimated number of deaths in 2020, worldwide in both sexes, all ages (IARC 2022c)

Overall, the burden of cancer is increasing rapidly worldwide, reflecting both aging and
population growth, but also changes in the prevalence and distribution of major cancer risk
factors, many of which are associated with socioeconomic development (Sung et al. 2021).
The distribution of incidence and mortality varies, however, by geographic region. Although
breast cancer was the cancer with the highest mortality in 108 countries, dying from cervix
uteri cancer was the leading cause of cancer death in many countries in Africa, Central and
South America, Kyrgyzstan and Nepal in women. Lung cancer was also the first cause of
cancer death in 28 countries, including USA, Canada, China and Australia (IARC 2022b).
Among men, lung cancer was the leading cause of cancer death in 93 countries, while prostate

cancer demonstrated the highest cancer mortality in 57 countries, mostly in Africa.



Exposome and carcinogens

Cancer results from complex interactions between exogenous and endogenous factors. Toxic
effects are mediated by chemicals that affect critical molecules, cells and physiological
processes in the body, but exposures are not limited to chemicals that enter the body
(Rappaport and Smith 2010). It also includes chemicals produced by inflammation, oxidative
stress, infections and other natural processes. To represent all the environmental exposures,
i.e., nongenetic, drivers of health and disease, that an individual can be exposed to,

Christopher Wild (Wild 2005) developed the concept of exposome (Fig. 2).

Ecosystems Physical-Chemical
Food outlets, alcohol outlets

Built envi +ail Temperature/humidity
Elrb:r?\llalarn);umsins an Electromagnetic fields
Ambient light

Population density
Walkability
Green/blue space

Odor and noise

Point, line sources, e.g,
factories, ports

Lifgstyle N O;L)lgljlﬁ%g ind indoor air
Physica aCtI-Vlty Agricultural activities,
Sleep behavior e
Bl:;[ use Pollen/mold/fungus
Smfkmg Pesticides
Alcohol use Fragrance products

Flame retardants (PBDEs)
Social Persistent organic pollutants
Household income Plastic and plasticizers
Inequality Fond contaminants
Social capital Soil contaminants

Social networks Drinking water contamination
Cultural norms Groundwater contamination
Cultural capital Surface water contamination
Psychological and mental stress Occupational exposures

Figure 2: the exposome concept (Vermeulen et al. 2020)

The exposome comprises all environmental exposures over the course of a lifetime, from the
prenatal period onward, and is divided into three broad categories of exposures (internal,
specific external and general external). The internal exposures encompass all the endogenous
processes such as metabolism, endogenous circulating hormones, body morphology, physical
activity, gut microbiota, inflammation, and aging. The specific external exposome contains

different environmental and lifestyle factors, including radiation, infection, chemical



contaminants and pollutants, diet, smoking, alcohol, occupation, and medical interventions.
Lastly, the broader social, economic, and psychological influences on the individual constitute
the third part of the exposome and include, for example, social capital, education, financial
status, urban and rural environment, and climate. These three exposome domains overlap, so
it can be difficult sometimes to place a particular exposure in one particular domain, but this
description helps to illustrate the full scope of the exposome and the variety of exposures to

which the individual is subject to (Wild et al. 2013).

Some factors or their combination may act as carcinogens. To be classified as a human
carcinogen, a specific chemical, biological, or physical agent must have the capacity to cause
cancer in people exposed to it (NIH 2022a). It can be natural or manmade, and works by
interacting with a cell's DNA and/or inducing genetic mutations. The International Agency for
Research on Cancer (IARC) is responsible for classifying substances considered carcinogenic
for humans. In its monographs, IARC has classified nearly 200 exposures as carcinogenic
(Group 1) or probably carcinogenic to humans (Group 2A) (IARC 2022a). In 2010, an IARC
working group recorded all cancer sites associated with each agent and listed the known and
suspected causes for each cancer site (Cogliano et al. 2011). Authors classified carcinogenic
agents with sufficient evidence in humans in seven main categories: chemicals and mixtures,
occupations, dusts and fibers, radiation, biological agents, personal habits and
pharmaceuticals. This approach was essential to determine which exposures were associated
with which cancers and to improve primary prevention. The latter is a particularly relevant mean
in the fight against cancer, since between 30% and 50% of cancers can be prevented (Vineis

and Wild 2014).



Carcinogenesis

With advances in molecular biology and analytical technologies, carcinogenesis, the formation
of cancer, is demonstrated to be much more complex than the simple clonal evolution of a cell
that has been subjected to one or two genetic "hits" by a carcinogen or an inherited genetic
susceptibility. The multi-step model of carcinogenesis comprises numerous mutations or
functional alterations in genes, with at least 80 cancer gene mutations or alterations according
to some reports (Malarkey et al. 2018). Some of these are considered to be drivers of cancer
growth pathways, the results of which are manifested in the form of the well-accepted
characteristics of carcinogenesis. Initially, six biological characteristics were described (Fig 3):
sustaining proliferative signaling, evading growth suppressors, resisting cell death, enabling
replicative immortality, inducing angiogenesis, and activating invasion and metastasis

(Hanahan and Weinberg 2000).

Sustaining proliferative
signaling

Resisting Evading growth
SUPPressors

Inducing
angiogenesis

Enabling replicative
immortality

Figure 3 : hallmarks of cancer (Hanahan and Weinberg 2011)

In addition to the dysregulated control of cell proliferation, corresponding adjustments in energy
metabolism to fuel cell growth and division have been observed. Because these alterations in
energy metabolism are as prevalent in cancer cells as many other cancer-associated features,
deregulation of cellular energy metabolism was proposed as another key characteristic in
2011. Evading the immune system was also added as such. Under normal conditions, the

immune system constantly monitors the tissues and is responsible for recognizing and

5



eliminating the vast majority of incipient cancer cells and thus nascent tumors. However,
emerging solid tumors somehow manage to avoid detection by the various branches of the
immune system or to limit the extent of immunological destruction, thus escaping eradication.
It should also be noted that all the characteristics defined above are underpinned by genome
instability, which generates the genetic diversity that accelerates their acquisition, and by
inflammation, which promotes the appearance of multiple characteristic functions (Hanahan

and Weinberg 2011) (Fig. 4).

Emerging Hallmarks

Deregulating cellular a Q Avolding Immune
energetics destruction

Genome instability y Tﬂﬂ'l)l‘ ting
and mutation = i Inflammation

L(Enabling Characteristics)—/

Figure 4: emerging hallmarks of cancer (Hanahan and Weinberg 2011)

In a simpler description of the carcinogenesis, the three main steps are: initiation, promotion
and progression (Oliveira et al. 2007). During the initiation phase, irreversible genetic changes
happen, which predispose susceptible normal cells to malign evolution and immortality. DNA
damage has been established as the initiation event of carcinogenesis. The initiated cells are
not neoplastic yet and can remain latent for a long period. The promotion is defined by the
selective clonal expansion of initiated cells. Since the accumulation rate of mutations is
proportional to the one of cell division, or at least to the one of stem cell replacement, clonal
expansion of initiated cells therefore produces a larger population of cells that are likely to
undergo further genetic changes and become malignant cells. Tumor progression, the final
stage, is characterized by the expression of the malignant phenotype and the tendency of the

malignant cells to develop more aggressive characteristics over time (Weston and C. Harris



2003). This stage marks the transition from precancerous to malignant lesions, involving
independent cell proliferation, invasive spread of the tumor and its ability to metastasize. The
cancer cells will progressively develop a number of properties that differentiate them from

normal cells (Oliveira et al. 2007).



I.Il. Occupational cancer, burden and recognition

Occupational cancer and its burden

Occupational cancer is caused, in whole or in part, by exposure to carcinogens at work, or by
a particular set of circumstances at work (IOSH 2022). Occupational exposure is defined as
any contact between the human body and a potentially hazardous agent or environment in the
workplace. Specific exposures are associated to the type of work people do (i.e., occupation),
where they do it (i.e., the economic sector), but also to the direct or indirect measures that are
taken to limit the exposure to a given carcinogen. Moreover, the total dose of carcinogen
received, the potency of the carcinogen, the presence of other exposures (including smoking),
and individual susceptibility are also important factors that influence the likelihood that a worker

will develop cancer (Driscoll et al. 2004).

Occupational cancer has been shown to be associated with a significant disease burden at the
global, regional, and national levels (Stanaway et al. 2018). New estimates of the GBD have
stressed that the population impact of occupational exposures appears to exceed that of other
important risk factors, including ambient air and household pollution, high body mass index,
passive smoking outside the workplace, and each individual dietary component assessed in
recent GBD reports (GBD 2018; GBD 2020; Loomis 2020). In 2016, 349°000 (95%-IC:
282’000-414°000) was the estimated number of cancer deaths attributable to exposure to the
occupational carcinogens worldwide (GBD 2020). This represented 3.9% of all cancer deaths,
79% of which were in men. The majority of deaths occurred in Western Europe, East Asia, and
North America. The highest mortality rates were observed in Western Europe, Australasia,
North America, and high-income Asia-Pacific, while Western, Central, and Eastern sub-

Saharan Africa were regions with the lowest mortality rates.



As shown in Figure 5, the number of death per 100’000 persons mainly occurred in high SDI
countries. However, exposures to occupational carcinogens in middle- and low-income
countries may be less controlled and more widespread than the figures showed, due to the

lack of automatic monitoring and self-protection equipment in the workplace (Li et al. 2021).

Global

Low SDI
Low-middle SDI

Middle SDI

Region

High-middle SDI

High SDI

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0
Deaths per 100,000 persons

Figure 5: occupation-attributable cancer deaths by SDI, 2016 (per 100 000 persons) (adapted from (GBD, 2020))

Of all the chemical or biological agents classified by the International Agency for Research on
Cancer as known (Group 1) or probable human carcinogens (Group 2A), many occur in
occupational settings (Driscoll et al. 2004). A review of occupational exposures and cancer
showed that out of 118 Group 1 and 75 Group 2A carcinogens, 37 exposures and 73 exposure-
cancer site pairs were relevant. This means that a given occupational carcinogen can be linked
to several cancer sites, while, similarly, a cancer site may be associated with many
occupational carcinogens (Marant Micallef et al. 2018). Occupational lung cancer accounted
for the majority of deaths, with 86% of total occupational cancer mortality (Table 2). This
represented 299'998 deaths worldwide, with an estimated population attributable fraction
(PAF) of lung cancers due to occupational exposures of 17.6%. In comparison, mesothelioma
and laryngeal cancer, the second and third leading causes of occupational cancer death,
showed 27°'612 and 7'213 deaths, respectively. Their PAFs related to occupational exposures

were 91.4% and 6.5%, respectively (GBD 2020).



Table 2 Global occupation-attributable cancer deaths and PAFs by cancer type, 2016
(adapted from (GBD 2020))

Type of cancer Number of deaths % of deaths PAF

Breast cancer 4864 (1195-8401) 14 (0.3-24) 0.9 (0.2-1.6)
Kidney cancer 58 (13-108) 0.0 (0.0-0.0) 0.0 (0.0-0.1)
Larynx cancer 7213 (4437-10 462) 2.1 (1.3-3.0) 6.5 (4.1-9.5)
Leukaemia 2495 (1181-3734) 0.7 (0.3-1.1) 0.8 (0.4-1.2)
Lung cancer 299998 (233 708-365 251) 86.0 (67.0-100.0) 17.6 (13.8-21.3)
Mesothelioma 27 612 (25 559-29 341) 7.9 (7.3-8.4) 91.4 (89.2-93.2)
Nasopharynx cancer 448 (330-685) 0.1 (0.1-0.2) 0.8 (0.5-1.1)
Ovary cancer 6022 (2984-9404) 1.7 (0.9-2.7) 3.7 (1.8-5.7)
Total 348741 (269 406—427 386) 100 3.9 (3.2-4.6)

Although occupational exposures on cancer burden are a pressing health issue for many
countries, the occupational risk is often overlooked as a contributor to burden of cancer
(Labréche et al. 2019). In 2017, a study on the cost of occupational cancer in the EU-28 was
conducted to quantify the monetary value of the burden of occupational cancer in Europe. It
was aiming at assessing the economic or social costs, but did not take into account the
financial impacts reflecting transfers between different groups in society (ETUI contributors

2020). The cost analysis was based on three main criteria:

o direct costs: the medical costs related to the treatment and its context, such as the
cost of hospitalization, surgery, physician visits, radiation therapy and chemotherapy/
immunotherapy (Jongeneel et al. 2016);

¢ indirect costs: the monetary losses during the treatment, including productivity losses
due to sick leave or other usual activities and lost productivity due to premature death.
It also encompassed informal care that is the working and/or leisure time that relatives
provide;

¢ intangible or human costs: all the non-financial human losses associated with cancer,
such as reduced quality of life, pain, suffering or grief. Authors defined intangible or

human costs as the sum of value of statistical life (VSL) and value of cancer morbidity
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(VCM). VSL is used to measure both the public's willingness to pay for fatality risk
reduction and the marginal cost of improving safety (Kniesner and Viscusi 2019) and
VCM is the individual stated willingness to pay for reducing the chance of getting cancer
(Jongeneel et al. 2016). In this study, the authors used a VSL of €4 million, which was
an approximate midpoint of prior studies and a VCM of €400°000 (ETUI contributors

2020).

Table 3 shows the total costs in value of annual occupational cancer registrations for the
central-core scenario. They were estimated between 348 and 438 billion euros, or between
1.8 and 4.1 of EU gross domestic product (GDP), depending on the data used. While the
intangible or human costs were the most significant driver of the economic cost, direct cost
(healthcare) and indirect costs (loss of working days and informal care) only accounted for less

than 2%. Occupational cancer therefore carries significant financial and health costs.

Table 3 Total cost in billions euros of annual occupational cancer in Europe (ETUI contributors, 2020)"

Scenario/ Source
of data for
calculation of AN

Group bearing the Total present Share of total

cost value costs costs

Healthcare Government/taxpayers
Lost working days Worker/ family 0.3 0.1%
Central-core Informal care Worker/ family 1 0.3%
EUREG+GCO+UK VSL Worker/ family 311 89.3%
VCM Worker/ family 31 8.9%
TOTAL 348
Healthcare Government/taxpayers 6 1.3%
Lost working days Worker/ family 0.4 0.1%
Central-core/ Informal care Worker/ family 1| 0.3%
EUCAN+UK VSL Worker/ family 394 90.3%
VCM Worker/ family 35 8%
TOTAL 436

1 EUREG : European Network of Cancer Registries
UK: United Kingdom
GCO : Global Cancer Observatory
EUCAN: European Cancer Estimates
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In Switzerland, such estimates do not exist. To our knowledge, the only figure available is the
one on the costs of disability pensions and death due to occupational cancers recognized by
the Swiss National Accident Insurance Fund (Suva). For the period 2015-2019, the total
average annual costs were estimated at 92.2 million for 9 pensions and 124 deaths together

(SUVA 2021).

Occupational cancer recognition

The link between work and cancer is not easy to establish, since a tumor caused by
occupational exposures is indistinguishable from another (ETUI contributors 2021). The long
latency period between exposure and first symptoms also complicates the identification of any
occupational exposures and other risk factors. The recognition of a cancer as an occupational
cancer is further hindered by the fact that physicians often give little importance to the patient's
work history (ETUI contributors 2021). From the patient’s perspective, the context of the
disease is a big obstacle to claiming the entitlement. The persons fighting cancer often have
other priorities than trying to access a right with a very uncertain outcome (Marchand 2016).
However, even a reported cancer that meets all the criteria will not necessarily be recognized
as an occupational cancer. Occupational cancer is not a distinct medical category, but a
disease negotiated in a highly conflictive framework (ETUI contributors 2021). Moreover, there
is also an unequal balance of power between representatives of employers, employees and
the state in the conditions for the construction of occupational disease lists. Listing of some
cancer and/or carcinogens is one of the first structural obstacles to the recognition of
occupational cancers, with a large gap between scientific and medical knowledge and what is
considered in these lists (Marchand 2016). In France, for example, about 15 carcinogens are
included in the list of occupational diseases, while IARC identifies more than 100 agents in
Group 1 and more than 60 in Group 2 A (ETUI contributors 2021). In addition, the occupational
disease lists are unsuited to the real world of work, as they do not take into account the

character of multi-exposure, but generally consider only a single carcinogen. All of this leads
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to a significant rate of "under-reporting" of occupational diseases that has been emphasized
repeatedly for over 30 years in a series of studies and administrative reports. Health insurance
data illustrate remarkably well the social invisibility of carcinogenic risks in the workplace with
less than 2’000 cancers recognized as occupational diseases each year in France, whereas,
according to data from the Santé publique France, between 14’000 and 30’000 new cases are

attributable each year to occupational exposure (Marchand 2016).

Occupational cancer in Switzerland

In Switzerland, according to the Federal Law on Accident Insurance (LAA), occupational
diseases are exclusively or mainly due to harmful substances or to certain occupational
activities in the workplace. The Federal Council is responsible for establishing the list of
hazardous substances and diseases related to occupational activities (Ordinance on Accident
Insurance (OLAA)). Occupational diseases are listed in annex 1, under article 9.1 of LAA
and are recognized as such if they are exclusively or predominantly due to the exercise
of professional activity, or exposure to certain harmful work situations. This means that
the disease is caused by working conditions by 50% at least, or that the relative risk is
equal or superior to 2. Under the article 9.2 of the LAA, there is the possibility for
diseases not included in the list to be recognized as occupational, but the causation
threshold is higher. The exclusive or predominantly preponderant causation implies that
the disease is caused by working conditions by 75% at least, or that relative risk is
equal or superior to 4 (Graczyk et al. 2021). Although the list of hazardous substances and
diseases related to occupational activities is fairly comprehensive, it has been shown that a
number of occupational diseases including cancer, even if listed, are likely to be non-
recognized. Currently, the Swiss National Accident Insurance Fund (Suva) recognizes less
than 200 cases yearly as occupational cancer, most of which are mesotheliomas (Suva 2017;
Suva 2019). In 2016, an international report showed that Switzerland had a ratio of recognized

occupational cancers of 4.41 per 100’000 insured workers, far behind Germany (15.1) and
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France (11.39) (EUROGIP 2018). However, the extent of underreporting is difficult to assess

in Switzerland, as no comprehensive research has been conducted (Graczyk et al. 2021).

In addition to the lack of comprehensive, publicly available reporting on occupational cancers
and exposures, the way cancer data are collected has not always been consistent. In
Switzerland, the cantonal cancer registers are responsible to gather data of adults with cancer.
Each registry is required to register all new cases of cancer diagnosed in the population of its
canton. To retrieve data on cancer, cancer registries work closely with hospitals, anatomy and
pathology laboratories and all other organizations that can provide information on cancers.
However, each registry has its own organizational structure (ONEC 2022). Moreover, data
collection began at different points in time depending on the registries. The oldest cancer
registry created was the one in Basel in 1969, while other registers, like the one in Jura or
Bern, were only created in the years 2000-2010. There is, though, a national institute, the
National Institute for Cancer Epidemiology and Registration (NICER), that is responsible for

national coordination and harmonization of data from cantonal registries (NICER 2022).

While some Swiss cancer registries have conducted some research on occupation-related
cancers and collected information on patients' occupations, the latter was mainly used for
investigating socioeconomic differences in incidence, in stage at diagnosis and in survival for
breast and colorectal cancers from public health and healthcare perspectives (Feller et al.
2017; Feller et al. 2018). No information other than the occupation has been collected by
cancer registries. To our knowledge, the last epidemiological study on occupation and cancer
risk using cancer registry data was conducted 20 years ago and provided only odds ratios by

occupation and socioeconomic group for men aged 25 to 65 years (Bouchardy et al. 2002).

Another important source for which information on occupation and economic activity is
available is the Swiss National Cohort (SNC). The SNC is a long-term, population based

multipurpose cohort and research platform and it is based on federal census data from 1990
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and 2000. Censuses were mandatory, with population coverage estimated at 98.6% (SFSO
2004). These data were linked to mortality, life birth and emigration records until 2019. All
death records contain socio-demographic information as well as information about causes of
death (OFS). Regarding occupation, the initial coding in both censuses was based on the
Swiss classification of occupations (abbreviated as NSP, from Nomenclature Suisse des
Professions), subsequently recoded using the four-digit codes of the International Standard
Classification of Occupations, version 1988 (ISCO-88). For the economic activity, the coding
was based on the National Classification of Economic Activities (abbreviated as WART from
Allgemeine Systematik der Wirtschaftszweige), version 1985 in German in the 1990 census
and on the National Classification of Economic Activities (abbreviated as NOGA from
Nomenclature Générale des Activités) version 1995 in the 2000 census. Although the SNC
provides information on work-related variables, information was only available at two different

points in time (1990 and 2000).

Apart from these data sources, Switzerland does not have a systematic data collection strategy
to address the issues of occupational exposures and diseases. This hinders the development
of Swiss research in occupational cancers. For this research, the occupational history of each
individual must be reconstructed , listing all occupations, their duration and the calendar period

over the entire career to enable the assessment of occupational exposures (Plys et al. 2022).
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[.IIl. Lung cancer

Lung cancer usually has a poor prognosis. The five-year survival varies considerably across
countries with estimates between 10% and 20% (Allemani et al. 2018). In countries with a high
and very high human development index (HDI), lung cancer is the most frequent cancer in
men, with an incidence of 39 cases per 100°'000 people, and the one with the highest mortality
with 31.6 deaths (per 100°000 people). In women, it ranks third with 18.2 new cases (per
100°000) and first in mortality (13.7 deaths per 100°000 people) (Sung et al. 2021). However,
regional differences exist. While IARC statistics showed that lung cancer mortality was similar
among men in Europe and the US, accounting for 24.2% and 23.1% of total cancer mortality,
respectively, it was much higher among women in Europe (22.9%) than in the US (14.3%)
(IARC 2022d). Within the EU, the overall lung cancer mortality rate was about 54 per 100’000
people, but there were variations between countries of more than threefold or fourfold in

women (Fig. 6) (OECD 2020).
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Figure 6 : lung cancer mortality rates by sex in EU, estimates for 2020 (OECD 2020)

Until recently, there has been a steady increase in overall lung cancer mortality in women in
most European countries, as well as worldwide. Conversely, men have experienced a decline
in lung cancer mortality in most countries and this trend is expected to continue in the near
future (Malhotra et al. 2016). In terms of incidence, it has been higher in men than in women
in all European countries, although the gender gap has narrowed with incidence declining

faster in men in most countries in the last decades (Fidler-Benaoudia et al. 2020). Overall,
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trends in lung cancer can be interpreted according to changes in smoking prevalence, meaning
that an increase in tobacco use is accompanied by an increase in lung cancer incidence and
mortality a few decades later, and a decrease in use is followed by a decrease in incidence.
Similarly, the difference in lung cancer mortality between women and men mostly reflects

historical differences in smoking habits (Malhotra et al. 2016).

Lung cancer in Switzerland

Compared to other European countries, Switzerland has lower incidence and mortality rates
for lung cancer. A report comparing several European countries showed that only Sweden had
lower estimates in men (Figure 7). Among women, Italy and Sweden had lower incidence than

Switzerland, whereas for mortality, only Italy had lower rates.
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Figure 7: international comparison of lung cancer incidence and mortality, 2018 (Cirillo et al. 2021)

Between 2013 and 2017, an average of just over 2’700 new cases of lung cancer were
diagnosed each year in men and just over 1’800 in women. This represented 11.9% of cancers
in men and 9.3% of cancers in women. It was the second most frequently diagnosed cancer
in men and the third in women, with men being 1.6 times more likely to develop lung cancer.
Half of new cases were diagnosed before age 71 in men and before age 70 in women. During
the same period, lung cancer caused an average of nearly 2’000 deaths per year among men

and about 1’200 among women, which makes it the leading cause of cancer death in men
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(21.3% of cancer deaths) and second in women (16.2%). Half deaths occurred before 72 years

of age in both sexes (Cirillo et al. 2021).

Between 1988 and 2017, lung cancer incidence and mortality continuously decreased in men,
by 34% and 47%, respectively. In women, the incidence rate nearly doubled from
approximately 16 to 30 cases per 100°000 people (Fig. 8). Mortality also increased with a rise

of 75% compared to the period 1988-1992 (Cirillo et al. 2021).
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Figure 8: lung cancer in Switzerland: time trend (1988-2017) (Cirillo et al. 2021)

Classifications of lung cancer

In cancer epidemiology, it is essential that the collection and recording of cancer data be as
complete and accurate as possible. It is also necessary to standardize the recording of cancer
cases so that the data can be compared. There are several standardized classifications for
tumor diseases, the two most commonly used of which are presented below: the International
Classification of Diseases for Oncology and the TNM staging system. These are also the ones

used by the Swiss cancer registries.

International Classification of Diseases for Oncology (ICD-O)

Principally used in cancer registries, the ICD-O has been used for nearly 35 years to code the

site (topography) and the morphology of the neoplasm in a standardized way (WHO 2013).
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The topography code indicates the site of origin of a neoplasm; in other words, where the tumor
originated. In addition, the structure of the morphology code records the type of cell that has
become neoplastic and its biological activity (i.e. the type of tumor that has developed and its
behavior). It is a 6-digit code composed of three distinct parts: histology, behavior and grade
(Fig. 9) (NIH 2022b). Histology, a 4-digit code, gives an indication of the microscopic structure
of cells and tissues. The behavior of a tumor is how it acts in the body and can be coded as
no risk of spread (0, benign); uncertain if benign or malignant (1) malignant but growing in
place (2, noninvasive or in situ); it can invade surrounding tissues (3, malignant, primary site);
or it can even spread from its point of origin and begin to grow at another site (6, metastatic).
Lastly, the tumor grade describes a tumor based on how abnormal the tumor cells and the
tumor tissue look under a microscope. It is an indicator of how quickly a tumor is likely to grow
and spread. If the cells of the tumor and the organization of the tumor's tissue are close to
those of normal cells and tissue, the tumor is called "well-differentiated." These tumors tend to
grow and spread at a slower rate than tumors that are "undifferentiated" or "poorly
differentiated," which have abnormal-looking cells and may lack normal tissue structures (NIH

2022¢).
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Figure 9: structure of a morphology code (adapted from (WHO 2013))

For lung cancer, the topography code is C34. There are two main histological types, namely
small cell lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC) (Inamura 2017).
About 80% to 85% of lung cancer are NSCLC and are subcategorized into adenocarcinoma,
squamous cell carcinoma (SqCC), and large cell carcinoma. The remaining 10% to 15% are

SCLC (Houston et al. 2018).
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TNM staging system

The TNM staging system is a second classification used for the evaluation of any patient with
cancer. This is a standardized nomenclature that aims to define the anatomical extent of the
disease (Feng and Yang 2019) and provides a common language for consistent
communication (Tanoue 2020). Accurate tumor staging is of paramount importance for patient
treatment, as incorrect clinical staging may lead to definitive non-surgical therapy and

inappropriate palliative treatment options (Jantz 2019).

For lung cancer, the T (Tumor) component describes the extent of the primary tumor and
includes five categories (T0-T4), with the tumor size being the major factor (T1 (<3 cm) / T2
(>3and<5cm)/ T3 (>5and <7)/ T4 (>7 cm)) (Tanoue 2020). Both the location and the satellite
lesions have also significant impact on assigning the T component. The N (Node) describes
whether the cancer has spread to the lymph nodes and goes from NO to NX (NO-no regional
lymph node involvement / N1-involvement of ipsilateral intrapulmonary or hilar nodes / N2-
involvement of ipsilateral mediastinal or subcarinal nodes / N3-involvement of contralateral
hilar or mediastinal nodes or supraclavicular nodes / NX-status not able to be assessed).
Lastly, the M component (Metastasis) describes whether the cancer has spread to a different
part of the body (MO — no-distance metastases / M1a — Malignant pleural/pericardial effusion
or malignant pleural-pericardial nodules, separate tumor nodule(s) in a contralateral lobe / M1b
- single extrathoracic metastasis (oligometastasis) / M1c - multiple extrathoracic metastases

(1 or >1 organ)) (Feng and Yang 2019).

Overall, there are 64 different TNM combinations for lung cancer (Tanoue 2020), but those

that share similar survival outcome with treatment are often grouped into four main stages

(Cancer Research UK 2020; OFS 2011):
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o stage | - the tumor is usually small and has not grown out of the organ in which it
originated;

o stages Il - the tumor is larger than stage 1, but the cancer has not started to spread to the
surrounding tissue;

o stages lll - the cancer is larger. It may have started to spread into the surrounding tissue;

o stage IV - the cancer has spread through the blood or lymphatic system to a distant

location (metastatic spread).

Major risks for lung cancer

In addition to the ability to define the stage and classify the tumor in a standardized manner, it
is also essential to be able to recognize the risk factors leading to cancer. While smoking is
considered as the main factor in lung carcinogenesis, there are other important risk factors
including environmental and occupational exposures or genetic susceptibility (Malhotra et al.
2016). In the following section, we will focus on the major preventable risks regarding the onset

of lung cancer.

Tobacco consumption

A global review on the fractions of cancer attributable to modifiable factors estimated that
smoking is the leading risk factor for lung cancer, with estimated PAFs of 81% and 58% for
men and women, respectively (Whiteman and Wilson 2016). A pooled analysis of case-control
studies showed that age-adjusted odds ratios (ORs) were elevated for all metrics of cigarette
smoke (Pesch et al. 2012). The authors demonstrated that men smoking more than 30
cigarettes a day had an OR of 103.5 (95% CI 74.8-143.2) for squamous cell carcinoma, 111.3
(95% CIl 69.8-177.5) for small cell lung cancer, and 21.9 (95% CI 16.6-29.0) for
adenocarcinoma. In women, odds ratios were 62.7 (95% CI 31.5-124.6), 108.6 (95% CI 50.7-
232.8), and 16.8 (95% CI 9.2-30.6), respectively. Although the ORs declined after quitting

smoking, the risk was still higher than that observed in never smokers, even after 35 years of
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cessation. In addition, the duration of smoking should be considered as the strongest
determinant of lung cancer risk in smokers (Doll et al. 2004). For second-hand smoke,
epidemiological evidence and biological plausibility also support a causal association with lung
cancer risk in non-smokers, with primarily spousal and workplace exposure (Malhotra et al.
2016). However, other risks besides smoking are also to be considered. Estimates of
worldwide burden of cancer showed that about 25% of all cases occur in non-smokers (Torres-

Duran et al. 2015).

Radon

Radon, a colorless, odorless and tasteless noble radioactive gas, often called "the silent killer",
is produced by the natural radioactive decay of uranium, which is found in all rocks and soils,
and sometimes in water (Lorenzo-Gonzalez et al. 2019). As it decays in the air, it produces
other radioactive particles, which, when inhaled, can be deposited on the cells lining the
airways, where they can damage DNA and potentially cause lung cancer. It is considered as
the second leading cause of lung cancer in smokers after tobacco use and as the leading
cause in non-smokers (Torres-Duran et al. 2015; WHO 2009b). Outdoors radon dilutes quickly
to very low levels and is generally not a problem, with averages radon level ranging from 5 to
15 Becquerel per cubic metre (Bq/m3). However, indoor radon concentrations can be much
higher, especially in locals with minimal ventilation. In buildings, radon concentrations can vary
widely from 10 Bg/m3 to over 10’000 Bg/m3. A collaborative analysis of individual data from
13 European case-control studies showed that the risk of lung cancer increases by about 16%
for every 100 Bg/m3 increase over a long period of time, with a linear dose-response
relationship (Darby et al. 2005). Moreover, radon is much more likely to cause lung cancer in
people who smoke. They are 25 times more at risk from radon than non-smokers (WHO 2021).
This agent is classified by IARC as a Group 1 carcinogen for lung cancer (IARC 1988) and is
responsible to cause between 3% and 15% of all lung cancers worldwide according to WHO.

This percentage may even be higher in regions with high radon concentrations (WHO 2009a).
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Air pollution

Outdoor pollution is another risk factor for lung cancer. As defined by IARC, outdoor air
pollution is a complex mixture of pollutants from natural and anthropogenic sources, including
transportation, power generation, industrial activity, biomass burning, home heating and
cooking (IARC 2016). Particulate matter (PM) 2.5 and PM 10 concentration are often used as
an indicator of air pollution levels. Results of a systematic review and meta-analysis of 15
studies on PM 2.5 exposure showed a relative risk (RR) of lung cancer of 1.16 (95% CI 1.09-
1.23) for an increase of 10 yg/m3 (Ciabattini et al. 2021). In addition, of seven studies with
results on PM10 exposure, the risk was of 1.23 (95% CI 1.05-1.40) for comparable increase in
PM10 exposure. Authors also identified that the risk for exposure to both PM 2.5 and PM 10
was higher in studies on lung cancer mortality (RR 1.17; 95% CI 1.10-1.25) than incidence
(RR 1.11; 95% CI 0.85-1.37). If this is confirmed, it could indicate a possible effect of air
pollutants on disease severity or response to treatment. Another explanation could be
confounding by factors, such as socioeconomic status, that may be associated with both air

pollution exposure and lung cancer outcome (Ciabattini et al. 2021).

Occupational exposures

Of all the chemical or biological agents classified by IARC as known or probable human
carcinogens, many occur in occupational settings. A recent study updated the list of
occupational carcinogens identified by IARC (Loomis et al. 2018). Included were the IARC
monographs from 1971 to 2017 that used specific criteria to ensure occupational relevance
and provide high confidence in the causality of the observed exposure-disease associations.
IARC Group 1 agents were selected from studies of exposed workers and with documented
evidence of occupational exposure in exposed workers in the relevant monograph. Twenty-
three percent of all occupational carcinogens were associated with lung cancer, making it the
cancer associated with the largest number of occupational carcinogens. In comparison, skin,
bone, and bladder cancers, the three other cancers most associated with occupational
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carcinogens, were linked to 10%, 9%, and 6% of all occupational carcinogens, respectively.
Occupational pulmonary carcinogens can be different in nature, including metals and metal
compounds, airborne particles, chemicals or chemical mixtures, and radiation and
radionuclides (Loomis et al. 2018). Because the occupational risk is often overlooked
(Labréche et al. 2019), the following section will further describe the impact of occupational

carcinogens and its burden on lung cancer.

Occupational lung cancer

Lung cancer is the cancer with the second highest PAF related to occupational exposures. The
PAF is higher in men with an estimate ranging between 19.3% and 24.4% compared to 2.6%
to 5.3% in women. In both sexes combined, about 15% of lung cancer cases are due to
occupational lung carcinogens (Olsson and Kromhout 2021).Occupational exposure to
asbestos is the largest contributor to occupational lung cancer and was recognized as a
carcinogen in 1973 by IARC (Loomis et al. 2018). Exposures to respirable crystalline silica,
diesel exhaust, and welding fumes also have a significant impact and together account for half
of the occupational PAF for lung cancer (Olsson and Kromhout 2021). Silica dust was
recognized as a carcinogen in 1997. However, diesel exhaust and welding fumes have only
recently been added by IARC, in 2013 for the former and in 2017 for the latter (Loomis et al.

2018) (Table 4).

Whereas many carcinogens have been identified in mining industry, other occupational
settings can be affected (Loomis et al., 2018). As described in Table 4, people working in
medical or veterinary industry, as well as in agriculture may be exposed to arsenic. Workers in
manufacture of electrical equipment, electronic components, aerospace materials or dental
laboratories may be exposed to beryllium. Railway workers, truck drivers and mechanics may
be exposed to diesel exhaust. Workers in foundries, ceramics or cement, and construction

workers may be exposed to silica dust. These few examples illustrate the extend of potential
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Table 4 Occupational lung carcinogens evaluated in the IARC Monographs volumes 1-120 (adapted from (Loomis et al. 2018))

Agent Year Occupational exposure settings

Arsenic and inorganic arsenic compounds 1973 Mgnyfacture of glass, lpesticides aqd other chemicals; agricultural settings; mining, smelting and
refining of metals; medical and veterinary procedures

Asbestos 1973 Mining, processing, .transportation and handling of asbestos; work in shipyards; manufacture and use
of asbestos-containing products
Beryllium extraction, processing and fabrication; manufacture of electrical equipment, electronic

Beryllium and beryllium compounds 1993 components, aerospace materials; dental laboratory procedures

Bis(chloromethyl)ether; chloromethyl methyl

ether (technical grade) 1974 Manufacture of chemicals; laboratory procedures

Cadmium and cadmium compounds 1993 P.roduction, refining, and processing of cadmium and its alloys; manufacture of batteries and
pigments

Chromium (VI) compounds 1987 Production and use of chromate pigments and paints; chrome plating; work in chrome-alloy foundries

Coal-tar pitch 1985 Production of coal-tar products; roofing and surface coating activities

Engine exhaust, diesel 2013 Rail, truck, and bus operation and mechanical maintenance; mining; firefighting

Ni Mining, smelting and refining of nickel; production of nickel alloys, stainless steel and batteries;

ickel compounds 1990 LI .

electroplating; paint production and use

Outdoor air pollution 2016 Where majority of working time is spent in polluted outdoor environments (eg, urban traffic police,

Particulate matter in outdoor air pollution 2016 professional drivers, street vendors)

Plutonium 2001 Nuclear industry workers

Radon-222 and its decay products 1988 Mining and other underground work; mineral processing

Silica dust, crystalline, in the form of quartz or 1997 Mining and quarrying operations; foundries; ceramics, cement and glass industries; construction

cristobalite activities

Soot 1973 Industries and tasks with exposure to combustion products (eg, coke-making, chimney cleaning,
incineration)

Sulfur mustard (see also mustard gas) 1975 Manufacture of mustard gas; military service in WWI

Tobacco smoke, secondhand 2004 Work in public settings where smoking occurs (eg, restaurants, bars, casinos, planes)

Welding fumes 2017 Various work environments where welding is performed

X _r . Nuclear industry workers; human and veterinary medicine; workers involved in nuclear accident

-radiation and gamma-radiation 2000

clean-up
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occupational exposures to carcinogens. It is noteworthy that the impact of an exposure on lung
cancer varies between occupational carcinogens. A review on occupational carcinogens and
risk relations to cancer in high-income countries, using France as a reference, showed that the
highest risk was for exposure to bis(chloromethyl) ether (RR: 7.6 (95%-IC: 4.3-13.5) (Table 5)
(Marant Micallef et al. 2018). For other agents, authors demonstrated that the risk of lung
cancer increased in line with the dose of carcinogen received. For example, workers exposed
to beryllium at a level between 2.0 and 50.0 pg/m3 had a risk of 4.9 (95%-IC: 2.6-9.6) higher
compared with those exposed at a level <0.6 ug/m 3. Those exposed to arsenic had a risk of
1.02 (95%-1C: 0.9-1.2) higher for an exposure of 0.29 mg/m3, whereas the risk increased to 2
(95%-1C: 1.7-2.4) with an exposure level of 250 mg/m3. Women who worked in the rubber

industry also showed an elevated relative risk (1.8, 95%-IC: 1.1-2.8).

Table 5 Relative risk estimates (RR) for occupational carcinogenic agents with sufficient evidence
in humans for lung cancer (adapted from (Marant Micallef et al. 2018))

Agents Exposure definition .RR 95% ClI
estimates
Engine exhaust diesel Increase of 100 ug/m3 in elemental carbon 1.1 1.06 t0 1.2
Nickel Any exposure 1.3 1.03t0 1.7
PAHs <0.01pg/m3 1.0 1.0t01.0
0.01-0.75pg/m3 1.0 1.01t0 1.03
0.75-2.00pg/m3 1.1 1.04t0 1.1
=22.00ug/m3 1.3 11t0o1.4
Painters Ever exposed as painter 14 1.2t01.5
Rubber industry Men ever worked in rubber industry 1.2 1.1t01.4
Women ever worked in rubber industry 1.8 111028
Iron and steel Any exposure 1.4 1.3t01.5
founding
Silica All estimates combined 1.2 1.11t01.3
0.4 -2.0 mg/m3 1.0 091t01.3
2.0-5.4 mg/m3 1.3 1.1t0 1.7
5.4 -12.8 mg/m3 1.5 1.2t01.9
>12.8 + mg /m3 1.6 1.3t02.1
Asbestos All combined, Europe 1.6 14t01.9
Arsenic 0.29 mg/m3 1.02 09to1.2
0.30-0.39 mg/m3 1.3 1.1t0 1.7
0.40-0.49 mg/m3 1.5 1.0to0 2.1
=50 mg/m3 2.0 1.7t02.4
Beryllium < 0.6 pg/m3 1.0
0.6-2.0 yg/m3 23 1.3t04.3
2.0-8.0 pg/m3 2.8 1.5t05.5
8.0-12.0 pg/m3 5.7 27t012.4
12.0- 50.0 pg/m 3 4.9 261t09.6
=50 pyg/m3 41 21t0 84
Bis(chloromethyl)ether Any exposure 7.6 431t013.5
Cadmium 250-500 pg/m3 year 1.0
Ever exposed to >500 ug/m3 year 1.2 1.11t01.3
Chromium VI Risk increase by mg/m3 0.6 0.2t01.3
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Of the more than 2 million people dying from lung cancer worldwide ever year, 299'998 deaths
are estimated to be associated to occupational exposures (95% Cl 233'708-365°251). About
60% of them (181’450 deaths) were due to exposure to asbestos, 16 % (47°999) to silica and
15% to secondhand smoke. Other carcinogens such diesel engine exhaust, nickel and arsenic
were responsible for 17’500, 8’101 and 8073 lung cancer deaths, respectively (GBD 2020),

while the impact on morality for beryllium (259) and cadmium (605) was lower.

Using Swiss data form NICER for the period 2011-2015, 12’946 men and 8’314 women were
diagnosed with lung cancer, 11.9% and 8.9% of the overall cancer cases, respectively. Within
the same period, lung cancer death accounted for 21.6% of all cancer deaths among men
(n=10'017) and 15.7% among women (n=5'872) (NICER 2021). If we assume that the
proportion of people exposed to occupational carcinogens in the population is the same as in
France, we can apply the French PAFs of lung cancer related to occupational exposures to
the Swiss cancer statistics for the period 2011-2015 (Marant Micallef et al. 2019). Doing so,
we observed that the lung cancer burden would have diminished by 2’500 and 740 cases of
lung cancer in men and women, respectively, in absence of occupational exposures to lung
carcinogens. These expected numbers contrast with those of Suva that recognizes less than
200 cases (mainly mesotheliomas) ever year as occupational cancers (Suva 2017; Suva
2019). To our knowledge, SUVA only classifies exposure to nickel, crystalline silica, asbestos,
bis(chloromethyl)ether and chromium VI compounds as lung carcinogens to humans (SUVA

2022).

Therefore, further studies should be undertaken to update and better develop estimates of
occupational lung cancer. This is especially paramount, since a 2006 report on occupational
health showed that Switzerland lagged behind other European countries in terms of research
in occupational health (Bauer et al. 2006). The main explanation for this situation is the quasi
absence of occupational and industrial cohorts and data on occupational exposures, even for

very common occupational hazards, including IARC Group 1 carcinogens (Bovio et al. 2019).
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Occupation and lung cancer survival after diagnosis

Overall survival, also known as all-cause survival, estimates the probability of remaining alive
a certain time after diagnosis. The five-year overall lung survival has been shown to vary
across countries with estimates ranging from 10% to 20% (Allemani et al. 2018). In countries
with similar health care structures, differences in survival have also been observed (Coleman
et al. 2011). Because it uses all-cause death as a criterion, overall survival, while reliable, is
not specific enough to provide information about survival associated with a cancer diagnosis,
such as lung cancer. Differences in survival following a diagnosis may be due to other causes
than the diagnosed cancer. The net survival is used to estimate the chances of surviving
cancer while eliminating possible distortions due to competing causes of death (Mariotto et al.
2014). It measures the net effect of a cancer diagnosis after removing the effects of competing
causes of death. Differences in cancer survival will reflect differences in cancer rather than

competing causes of death.

A recent meta-analysis explored the effect on lung survival of different socioeconomic
measures including occupation, but this variable could not be assessed because of the
heterogeneity of the measures across studies (Finke et al. 2018). In this meta-analysis, only
two studies used net survival to investigate the influence of occupational context on lung
cancer survival. The first was a Danish study that assessed the social class of patients
(creative core, creative professional, bohemian, service, manual and agricultural workers).
Authors found no statistically significant difference for both 1-year and 5-year net lung cancer
survival (Dalton et al. 2008). The second study identified was conducted in Sweden and found
that blue collar and low level white collar workers had a lower net lung cancer survival
compared to intermediate and high level white collar workers and self-employed (Berglund et
al. 2010). The 1- and 5-year survival for blue collar and low level white collar workers was 20%
and 41%, respectively, while those with a higher position presented a net survival of 22% and

46%. Nevertheless, the proportional hazard model adjusted for age, sex and stage at diagnosis
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yielded no statistically significant differences in lung cancer survival, with a hazard ratio of 0.93
(IC-95%: 0.85-1.01) for those with a higher position compared to blue collar and low level white
collar workers. A more recent study conducted on occupational disparities in survival in Japan
showed that manual workers had statistically significant lower 5-year net lung cancer survival,
with a rate ratio of 1.23 (95%-1C: 1.02-1.49), compared to upper non-manual worker and
manual workers (Zaitsu et al. 2022). However, after adjusting for stage and treatment, this

result turned out non-significant.

In Switzerland, the five-year net survival of lung cancer was 24% for women and 19% for men,
compared with 15% and 11% at ten years after diagnosis, respectively (Galli et al. 2019). The
higher the stage at diagnosis, and the older the patient, the lower was the survival, in both men
and women. As with mortality, further research is needed to understand whether and to what
extent occupational factors can significantly influence survival after a lung cancer diagnosis in

the Swiss working population, with or without adjustment for stage at diagnosis.
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ll. Thesis aims and specific objectives

The large differences between international PAFs and the number of cases recognized as
occupational lung cancer in Switzerland raised questions. This suggested either a difference
in the incidence pattern of lung cancer among Swiss workers, due, for example, to very
effective prevention and exposure control measures in Swiss workplaces, or a failure of the
Swiss system of occupational disease reporting and recognition. Because “we act on what we
know” (Espina et al. 2015), launching an occupational epidemiological study on lung cancer
risk according to occupational settings in Switzerland was paramount and urgent to generate

reliable epidemiological data and hypotheses on their etiology, and protective and risk factors.

Therefore, my thesis aimed at producing sex-specific lung cancer mortality risk and survival
estimates by work-related variables in Switzerland. In addition, a preliminary work focused on
the approximation of unavailable data on occupational exposures and on the need and quality
of occupation registration in Swiss cancer registries. Ultimately, we hope that this work will

help to target the most at-risk occupational groups and allow tailoring effective interventions.

To assess the sex-specific mortality risk and the survival with lung cancer across work-related
variables, we

o evaluated whether the distribution of mortality rates is homogeneous according to both

occupation and economic activity by comparing three risk estimates of lung cancer
mortality: the Standardized Mortality Ratio (SMR), the Causal Mortality Ratio (CMR) and
the relative SMR;

o estimated the effect of occupational exposures on lung cancer mortality in Switzerland
after adjustment for non-occupational lung carcinogen, using the occupation as a proxy
for occupational exposures to lung carcinogens;

o determined whether the occupation—related variables were associated with lung cancer

survival, using net survival settings.
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lll. Studies of lung cancer mortality

[ll.I. Preparatory work — automatic re/coding of occupations and industries

In Switzerland, data on most occupational exposures are rare and not publically available.
Thus, a preliminary work to find solutions to approximate individual exposure data using more
easily available data was necessary. The Swiss National Cohort (SNC) was identified as the
most informative source, providing data on occupation and economic activity for 82% of Swiss

population (5'628’965 adults).

The initial coding of occupations in both censuses was based on the Swiss classification of
occupations (abbreviated as NSP, from Nomenclature Suisse des Professions), subsequently
recoded using the four-digit codes of the International Standard Classification of Occupations,
version 1988 (ISCO-88) by the Swiss Federal Statistical Office (SFSO). As occupations were
in German, we first translated them into English. In addition, since ISCO-88 is a multi-tiered
classification, we also created new variables for both censuses for each level (Major Group
(one digit), Sub-major Group (two digits) and Minor Group (three digits). The coding of
economic activity/industry was initially based on the National Classification of Economic
Activities (abbreviated as WART from Allgemeine Systematik der Wirtschaftszweige), version
1985 in German in the 1990 census and on the National Classification of Economic Activities
(abbreviated as NOGA from Nomenclature Générale des Activités) version 1995 in the 2000
census. To harmonize the coding, we recoded economic activity of 1990 into NOGA-1995,
using a computer algorithm based on the crosswalk between the two systems. For both
censuses, we then created two variables with the first and second major groups of the multi-
tiered NOGA-95 classification. These new standardized variables on occupation and economic
activity were not only valuable for this project, but were also used in studies on suicide among
Swiss workers (Guseva Canu et al. 2021; Guseva Canu et al. 2019b; Schmid et al. 2020; Wild

et al. 2021).
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However, manual recoding is time-consuming. In order to be more efficient and to be able to
use other sources of occupational data in the future, we developed a software, named
Procode. This is a free of charge web-tool that allows automatic coding of occupational data
(free-texts) by implementing Complement Naive Bayes (CNB) as a machine-learning
technique. We published an article on this work in Annals of Work Exposures and Health in

January 2022.

Own contribution: performed the data management (searched for crosswalks between
standardized classifications of occupation or economic activity and provided data sets), tested

the tool and revised the manuscript.
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Abstract

This paper describes the algorithm, performance evaluation and future goals regarding the
development for Procode. The tool incorporates Complement Naive Bayes as a machine-
learning technique to support automatic coding of free-texts against classifications established
for occupations and industries. Almost 30’000 free-text entries with manually assigned
classification codes of French classification of occupations (PCS) and French classification of
activities (NAF) were available. 5-fold cross-validation found 57-81% and 63-83% predictions
agreed with the manually assigned codes for PCS and NAF, respectively, depending on the
level of classification codes. Procode support also recoding between two classifications. For
its first release, however, focus was mainly on the free-text coding. Regarding both operations,
more data available for different classification and in different languages is curtail for future

development and testing of the tool's performance.
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Introduction

Large occupational exposure databases and job exposure matrices (JEM) exist and could be
of a meaningful value in studies that associate different exposures (e.g. chemical) to specific
occupations, industries or populations worldwide (Fadel et al. 2020). Their use, however, is
limited due to prerequisite of translating the data into a usable format. JEMs include free-text
entries, which must be in alignment with the job or industry titles defined in different national
or international classifications. This task, however, is time-consuming, expensive and requires

adequate skills (Koeman et al. 2013; Peters 2020).

Several tools have been developed to provide support to the users coding the free-texts (De
Matteis et al. 2017; Patel et al. 2012; Remen et al. 2018; Russ et al. 2016; Warwick Institute
for Employment Research 2018). Some of these tools assign classification code to the job
entries automatically, while the others are rather (manual) search assistants. For example,
OSCAR (De Matteis et al. 2017) is a web-tool for coding the workers’ job history, which
provides a tree structure of UK SOC (Standard Occupational Classification) to help the users
in selecting the appropriate job titles. Another tool, CAPS-Canada (Remen et al. 2018), assign
automatically the most likely classification code and title for a free-text entry designating a job.
This tool supports seven classifications, i.e. four occupational and three of industries. For each
job title defined in a classification, CAPS-Canada calculates a score depending if it finds the
word(s) of a free-text in the job title, its definition or synonyms. SOCcer (Russ et al. 2016) and
CASCOT (Warwick Institute for Employment Research 2018) apply more advanced
approaches. SOCcer, for example, combines multiple classifiers based on training datasets to
derive the most probable outcome for the entered free-text criteria. CASCOT was trained to
automatically assign job titles of SOC and ISCO-08 (International Standard Classification of
Occupations) and industry of SIC (Standard Industrial Classification). The tool also supports a

variety of languages (e.g. English, French, Finish, Slovak, etc.).
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The authors of this manuscript aimed at designing a new approach, which is expected to
overcome the limitations identified for the existing tools. Also, the special efforts were done to
mitigate issue of small or unavailable training data for certain classifications. This was

embodied in a tool named Procode (available at URL: http://www.pro-code.ch) that is offered

to the users free of charge for unlimited time.

Methodology
Procode is intended to support both coding (free-text assignment to job title) and recoding (job
title translation from one to another classification). For the first release, the focus was on the

former, while the later was integrated in a simplified manner.

Coding algorithm

Figure 1 illustrates the workflow of the coding algorithm integrated in Procode. A training
dataset must include free-text entries with corresponding manually assigned job codes. The
first task is data preparation, which includes a formatting operation known as lemmatization

and word filtering by importance. Lemmatization (Bird et al. 2009) is a linguistic operation that

is used to group together different forms of a word (i.e. lemma) in order to facilitate their
analysis. For example, “walk” and “walking” have the same lemma, i.e. “walk”. In this study,
the goal is to reduce the number of these predictors or, in other words, to increase frequency
of the given lemmas. If an entered free-text is misspelled (e.g. “enginner” instead of
“engineer”), the algorithm fails to find lemma and a warning message is displayed in Procode.
Not all lemmas are processed. For example, those of no importance, such as “and”, “although”,
“or”, “anyone”, etc, which are known as stop words, are discarded. For others, their importance
was evaluated using the method called term-frequency — inverse-document-frequency (id-idf).
For example, word “assistant” likely appears in many free-texts, while it can be associated with

a variety of job titles. This word is thus bad predictor and was thus discarded. The formatted

data is then used to train a machine-learning algorithm, which is used to predict job codeftitle
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for a new free-text entry. The lemmas in free-texts are used as independent predictors (x) of

assigned job codes—depending variable (y).

Figure 1. Coding algorithm workflow
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Procode is designed to support four languages, i.e. English, German, French and Italian. If no
data exists to train the algorithm in the language of the free-text entries, the contained words
are translated (e.g. English “restaurant manager” to French “gérant de restaurant”). This is

done automatically in the background without consulting the end-user.

It is unlikely to expect that a training dataset may cover the whole universe of different
possibilities. Therefore, Procode may fail to assign a job codeltitle to a given “exotic” free-text
entry. In these situations, the algorithm would create a longer string including synonyms and

the definitions of those words in the given free-text entry. After formatting this new entry, the
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coding is repeated. It is assumed that the new text would include important words that appear

as well in the training dataset.

Finally, the predictions are displayed to the user. In case of multiple job codes assigned to a
given entry, they are ordered by the probability that they match the coded criteria. Their
probabilities outputted by the algorithm are used to calculate the corresponding scores
depicting the prediction uncertainties. The users of Procode are then provided with the
possibility to judge the displayed predictions. Biased or incorrect predictions can be reported
together with providing “the best match” jobs manually. This information is then added to the
training data and used to improve future prediction. The system thus constantly learns from its

mistakes.

Machine-learning classifiers

Procode integrated Complement Naive Bayes (CNB) (Bird et al. 2009; Ikonomakis et al. 2005)
as a machine-learning classifier due to its performance evaluated in this study. Alongside CNB,
the authors evaluated performance of Support Vector Classifier (SVC) (Ikonomakis et al. 2005)

and Random Forest Classifier (RFC) (Cutler et al. 2011).

The authors considered the three mentioned methods due to their domain of application that
fits the text classification intention of this project (Bird et al. 2009; lkonomakis et al. 2005; Korde
2012). All three methods are supervised learning models, which use the lemmas defined above
as predictors of job titles/classes. They are suitable imbalanced datasets (Rennie et al. 2003)—
training dataset contains unequal distribution of records per outcome (e.g. job code). CNB
applies the Bayesian inference to calculate likelihoods that different words of a free-text
determine jobs of a classification. While SVC tries to separate the defined universe of words
with a dimensional hyperplane, RFC establishes a set of random decision trees that contribute

differently to the final prediction.
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Technologies applied

Procode is designed to be a web application. Its back- and front-end sides are decoupled,
where the former was developed using Django (Foundation 2020)—Python web framework,
while the later using ReactJS (Facebook 2020)-JavaScript library. Natural Language Took Kit
(NLTK) (Bird et al. 2009) was used for text formatting (e.g. lemmatization), while the language
translations were enabled by using “translate” package of Python (Yin and Henter 2020).
Finally, the text-classifiers (e.g. CNB) are part of “sklearn” package of Python (Pedregosa et

al. 2011).

Evaluation

Cross-validation

A 5-fold cross-validation used 30’000 free-text entries from Constance cohort (Goldberg et al.
2017; Zins et al. 2015). The data was in French language and included manually assigned
occupational job codes of PCS-2003 (fr. Professions et catégories socioprofessionnelles) and
industry codes of NAF (fr. Nomenclature d’activités francaise). Because the data included
job/industry codes of different precision level (i.e. from major groups to subgroups holding
different level of detail; usually different number of code digits), the evaluation was performed
for each of them separately. The prediction results were compared with the previously

manually assigned codes and the percentage agreement was calculated.

End-user test

The authors invited an external tester, who had experience in the occupational coding, to
perform a coding operation using own dataset. Using Procode, the tester performed the task
on 10°000 free-texts. The dataset was again in French and had already PCS and NAF codes
assigned manually. It is important to note that the data was not part of the previous cross-

validation. The tester thus calculated percentage accuracy and reported the results.
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Language translation test

To test the agreement between coding of free-texts given in different languages (see Figure
1), the authors generated two lists, i.e. in English and in French, each with 200 job free-texts.
The data in one corresponded to that in the second list. Since the first release of Procode is
based only on the data in French, the entries in other languages must thus be translated to
French prior to the coding operation. Both lists were coded and the agreement between the
predicted outputs calculated.

Results

Table 1 summarizes the percentage agreement between the predicted and manually coded
jobs obtained for the cross-validation and external text. Depending on the coding level, 57-
81% of PCS predictions and 63-83% of those for NAF agreed with manually coded jobs. As
expected, the best agreement was when predicting the major groups (i.e. top-level codes or
those with one digit in their codes) of these two classifications. The external tester reported
results (given in brackets in Table 1) that were very similar to those from the cross-validation

test.

Table 1. Percentage agreement between predicted and manually coded outputs

PCS 2003 NAF 2008

Code level Number of Number of

Accuracy, % different Accuracy, %
different codes

codes

Cross-validation based on 30’000 entries (external test on 10’000 entries)

1 8 81 (83) 21 83 (83)
2 24 73 (72) 88 79 (80)
3 42 70 (71) 272 68 (80)
4 497 57 (60) 615 66 (71)
5 - - 732 63 (71)

The obtained results for the other two considered classifiers, i.e. support vector and random

forest, are given in supplementary material. Somewhat lower values (1-2%) were observed for
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the former (Table S1). The later (Table S2), however, showed much lower performance, where,

in the best case, it accurately predicted 31% classification codes.

Finally, for 200 job free-texts in English and French, the coded PCS predictions agreed 95%.
In other words, Procode assigned different job codesftitles only for ten entries, which

designated the same occupations, but in the two different languages.

Discussion

The “gold standard” is the manual coding and manually coded data, which can be used to train
different machine-learning classifiers. Such data are usually unavailable due to confidentiality
issues or simply lack of willingness of different institutes to share their data voluntarily. The
available data, however, are usually limited in size or variability of free-text records. Moreover,
the entries are often given in one language (e.g. English). To overcome to some extent the

mentioned issues, Procode was designed with a special focus on the lack of good data.

Currently, CNB classifier of Procode is trained on currently available data (i.e. 30’000 records
for PCS and NAF). Using corresponding crosswalks, assigned PCS job codest/titles can be
easily translated to ISCO-88. Procode integrates also re-coding of jobs between classifications
for which crosswalks are available. In its first release, the tool supports also re-coding between

ISCO-88 and NSP (Swiss national occupational classification).

The use of the tools that are not based on a training data, such as, for example, CAPS-Canada,
is limited to the free-texts containing terms existing in job titles or additional job information
(e.g. their descriptions). For the tools trained on dataset features (e.g. SOCcer), their
predictions are strongly affected by the given data collected upon to the tool’'s development.
By keeping the training data constant, a prediction bias that occurs once for one user would

thus repeat for the others whenever similar entries are coded. Finally, CASCOT, which is the
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most comprehensive tool, is not a freeware, except its online version that lacks the features of
the standalone version. The online version of CASCOT, for example supports only English and

cannot be used to code files containing multiple free-text entries.

Unlike these tools, Procode is freeware with a modern interface (see Supplementary material,
Figures S1-S3) that operates in multiple languages and allow the users to code up to 10’000
entries in a single iteration. Support of the users’ feedbacks is expected to make its internal
database constantly increasing. This is especially important for those coding outcomes when
Procode must consult dictionary (see Figure 1). Although using this approach, a coding result
is guaranteed in most cases, the validity of this approach is unknown. The erroneous
predictions observed once, if reported, may not appear in the next integration. To prevent
biased feedbacks, Procode differentiates “trusted end-users” from the others. For a given user,
the administrator periodically verifies the received feedback data and, if valid, the user is

labelled as trusted.

Limitations and Outlook

Procode is not finalized and more efforts are needed to improve different aspects of the tool
and perform additional validation tests. As already mentioned, the focus in the first release was
on coding. Only 100% agreement between predictions and the manually coded jobs would
mean an automatic coding approach in its full picture. This, however, is not the case with the
current version of Procode and additional studies are expected to reveal in which domains the
data must be additional enriched or which parts of the coding algorithm should be revised.
When more data becomes available in different languages, the use of the language
translations and the dictionary sub-algorithm (Figure 1) will be less used. For the moment,
these two are necessary to mitigate the lack of data. An in-depth investigation of their

performance is thus essential.
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Re-coding between two classifications, although supported, is only possible if a crosswalk
exists online or can be established based on a dataset. This is, however, only the case for a
limited number of crosswalks. An idea that has not yet been embodied is to create a semi-
automatic system that would, based on similarity between the job titles in two classifications,
define translation links. The users would then score different outputs based on their validity.
Some translations would thus become more valid (i.e. less uncertain) than others.
Simultaneously, the recoding algorithm would then learn on how different job titles should be

linked and would improve its performance.
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Supplemental Material

Procode: a machine-learning tool to support (re-)coding of free-texts of
occupations and industries

Nenad Savic, Nicolas Bovio, Fabian Gilbert and Irina Guseva Canu

Table S1. Performance overview for PCS and NAF obtained using SVC

PCS 2003 NAF 2008
. Number of
Level of precision Number of
Accuracy (%) different Accuracy (%)
different codes
codes
1 8 79 21 83
2 24 72 88 80
3 42 70 272 68
4 497 55 615 65
5 - - 732 62

Table S2. Performance overview for PCS and NAF obtained using RFC

PCS 2003 NAF 2008
Level of precision Number of Number of
Accuracy (%) different Accuracy (%)
different codes
codes
1 8 26 21 31
2 24 17 88 21
3 42 14 272 16
4 497 14 615 15
5 - - 732 9
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Figure 1. Coding of a single free-text
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Figure 2. Coding results against PCS 2003 for a file containing three free-text entries. The

entered free-text in English was correctly coded using PCS jobs in French
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Figure 3. Recoding the PCS results shown in Figure 2 to ISCO-88

Recoding file data
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[II.11. Descriptive study of lung cancer mortality per occupation and economic

activity in Switzerland — comparison of three different methods

To our knowledge, no public reporting on occupational lung cancer incidence was available at
the national level in Switzerland. In addition, the number of lung cancer cases recognized as
occupational diseases by SUVA (OFSP 2015), about 50 cases per year, was much lower than
the figures observed internationally (Olsson and Kromhout 2021). Based on these findings, the
launch of a national study was strongly needed to better understand the risk of occupational
lung cancer. We therefore conducted a first descriptive study to estimate the risk of lung cancer
across occupations and economic activities/industries in Switzerland, using three
complementary indicators. We published this work in Occupational & Environment Medicine in

April 2020.

Own contribution: co-authored the research protocol according to the Human Research Law
(project-ID 2018-02077), performed the data management, performed the statistical analyses

and wrote the manuscript.
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ABSTRACT

Objectives: To assess lung cancer mortality across occupations and economic
activities/industries in Switzerland using three statistical estimates.

Methods: All Swiss residents aged 18-65 during the 1990 or 2000 censuses were followed
through 2014 to ascertain information on date and cause of death. For every occupation and
economic activity/industry, Causal Mortality Ratios (CMR) and Standardized Mortality Ratios
(SMR) were computed using national cause-specific mortality rates. We also calculated
relative SMR (rSMR) and conducted analyses stratified by socio-economic variables, job-skill
level, and calendar periods.

Results: The study sample comprised 5'834'618 participants (111'162'348 person-years).
SMR and CMR led to similar results, while rSMR were generally higher. We found 18
occupations in men, 10 occupations in women and 3 industries in each sex with an excess of
lung cancer mortality. Among men, rubber- and plastic-products machine operators, and
workers in mining and quarrying, and construction industries were at high risk. Among women,
motor vehicle drivers and workers in trade, repair of motor vehicles and of domestic articles,
and manufacture of goods industries showed the highest risks. In both sexes, hotel and
restaurant workers presented an excess of lung cancer mortality.

Conclusion:

Most of the activities and occupations in which we observed excess lung cancer mortality have
previously been observed to involve occupational exposure to lung carcinogens. These
findings suggest that the number of occupational lung cancer is likely underestimated by the
official Swiss statistics. Further research should address this question and the exposure-effect

relationships in the most at-risk occupational groups.
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Key messages
What is already known about this subject?
e Lung cancer is the most common cause of cancer death worldwide;
e The population attributable fraction of lung cancer due to occupational exposures is
estimated at 19.3% in men and 2.6% in women;

¢ In Switzerland, there is no relevant data on the burden of occupational lung cancer

What are the new findings?

o The occupational activities at highest risk of lung cancer mortality in Switzerland are
construction, mining and quarrying industries, and rubber- and plastic-products machine
operations for men, and trade, repair of motor vehicles, manufacture of goods industries,
and motor vehicle driving for women;

e Using CMR and rSMR, in addition to SMR, enables more consistent estimates of
occupational lung cancer mortality;

¢ Our estimation of the number of occupation-related lung cancer differs from the official

statistics on the lung cancer recognized as occupational disease in Switzerland.

How might it impact on policy or clinical practice in the foreseeable future?

o These findings question the effectiveness of the current Swiss system for reporting and
recognizing lung cancer cases as occupational disease;

e The occupational groups at high risk of lung cancer mortality, identified in this study,

should be targeted for further investigation and tailored prevention.
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Introduction

Lung cancer was the leading cause of cancer in 2016, accounting for 2.0 million incident cases
and 1.7 million deaths worldwide (GBD 2018). In Switzerland, 12°946 men and 8’314 women
were diagnosed with lung cancer between 2011 and 2015, representing respectively 11.9%
and 8.9% of the overall cancer cases. Over the same period, 21.6% of all cancer deaths among
men (n=10'017) and 15.7% among women (n=5'872) were from lung cancer (NICER 2021).
While smoking is a leading cause of lung cancer, the International Agency for Research on
Cancer (IARC) recently estimated that the population attributable fraction (PAF) of lung
cancers due to occupational exposures was 19.3% in men and 2.6% in women (Jung et al.
2018; Rushton et al. 2012). To date, Switzerland has no public reporting on occupational lung
cancer incidence (Bouchardy et al. 2002). By applying the PAF estimated by IARC to the
number of lung cancer which occurred between 2011-2015 in Switzerland, about 2500 and
740 lung cancer cases should be considered occupational among men and women,
respectively. However, the Swiss National Accident Insurance Fund (Suva) in charge of
compensation and prevention of occupational injuries and diseases only recognized around
50 occupational lung cancer cases over this period (OFSP 2015). Such a difference may
suggest either a difference in incidence profile from lung cancer among Swiss workers, due,
for example, to highly effective preventive measures and exposure control in Swiss
workplaces, or a failure in the Swiss system of declaration and recognition of occupational

diseases (Guillemin 2018; Guseva Canu et al. 2019b).

Since lung cancer is associated with a poor prognosis and has an estimated 5-year relative
survival of only 18%, mortality is as relevant as incidence to study lung cancer risk (de Groot
et al. 2018). Therefore, the goal of this study was to estimate the risk of lung cancer across
occupations and economic activities/industries in Switzerland using three complementary

indicators.
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Methods

Data sources

The data of the Swiss National Cohort (SNC) were used to examine lung cancer rates in the
Swiss adult population. The SNC is a national longitudinal research platform of the entire
resident population of Switzerland. The records of the 1990 and 2000 Swiss censuses were
linked to mortality, life birth and emigration records until 2015, using a combination of
deterministic and probabilistic methods (Spoerri et al. 2010). Censuses were mandatory, with
population coverage estimated at 98.6% (SFSO 2004). National mortality rates were obtained

from the Swiss Federal Statistical Office (SFSO).

Study sample

All active or former Swiss workers were considered at risk with respect to occupation-related
lung cancer. In Switzerland, the minimum legal age of employment is 15 and the age of majority
is 18. The statutory retirement age is 65 for men and 64 for women. Since employment start
and end dates were unavailable, our study sample included all adults aged 18-65 years

registered either in the 1990 or 2000 census.

Coding of occupation and economic activity/industry

Occupations were coded using the International Standard Classification of Occupations,
version 1988 (ISCO-88) by the SFSO. Economic activities/industries were coded based on the
Statistical classification of economic activities in the European Communities (NACE) in the
1990 census and on the General Classification of Economic Activities (NOGA-95), in the 2000
census, a Swiss adaptation of the NACE, 1strevision. A more detailed description of coding

and transcoding of these variables is available elsewhere (Guseva Canu et al. 2019a).
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Follow-up and identification of lung cancer deaths
Mortality follow-up started either on December 4th 1990 (for the 1990 census) or on December
4th 2000 (for the 2000 census). We followed all participants aged 18 to 65 at the beginning of
follow-up up to the earliest date of their 85th birthday, emigration, death or end of the study
(December 31st 2014). As occupation and economic activity/industry are time-dependent
variables, we assigned person-years as follows:
e participants with a single occupation/industry contributed to this occupation/industry for
the entire period of their follow-up;
e participants who changed occupation/industry between 1990 and 2000 census,
contributed to the first occupation/industry between 1900 and 2000, and to the second

one after 2000.

Depending on the socio-professional status, we also distinguished the unemployed/job-
seekers from those with unknown occupation and considered the former as an additional
occupational category.

Cases were identified as deaths from lung cancer based on the death certificate. Causes of
death were recoded using ICD8 before 1995 and ICD10 thereafter. Only deaths with initial
causes coded 162 and primary causes coded C33-C34 according to the International

Classification of Disease 8™ and 10™ edition, respectively, were selected.

Statistical analysis

To identify occupations or economic activities/industries with lung cancer mortality statistically
different from that of the general Swiss population, we computed Standardized Mortality Ratios
(SMR) and Causal Mortality Ratios (CMR) in men and women. Both methods have the same
interpretation and compare the observed deaths in the occupational cohort with the one
expected in the absence of occupational exposure(s). The main difference lies in the way
expected deaths are calculated. In SMR, expected deaths are the result of a product of

constant hazard rates of the reference population (in our case the general Swiss population)
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and the person-times accrued in the exposed occupation cohort. In CMR, expected deaths are
also the product of rates of the reference population and person-times, but they are adjusted
at an individual level with the survival probability throughout the follow-up (Richardson et al.
2017). Therefore, CMR are considered less biased compared to SMR as it does not assume
that occupational exposures do not influence the cohort's person time, unlike SMR
(Richardson et al. 2017; Shrestha et al. 2019). For both methods, 95% confidence intervals
were calculated using the exact Poisson formula (Breslow and Day 1987). The national cause-
specific rates stratified by age and calendar period (both 5-year groups) were applied to the
person-years of every occupation and economic activity/industry. In addition, we calculated
relative SMR (rSMR), defined as the ratio of the SMR for lung cancer to the SMR for all causes
other than lung cancer using Poisson regression. Assuming a comparable bias for all causes,
this measure may reduce bias of the true mortality rate ratio and, thus, the healthy worker
effect (Shrestha et al. 2019). CMR, SMR and rSMR were computed over the entire study

period.

Moreover, SMR were computed for five calendar periods (1990-1994, 1995-1999, 2000-2004,
2005-2009, 2010-2014) and compared using heterogeneity and trend tests (Breslow and Day
1987). Lastly, we computed SMR and CMR stratified by work-related variables — nationality,
socio-professional status (SPS) defined in the SNC as an 8-class variable (OFS 2016), number
of workings hours per week, occupation skill-level (ILO 2012), marital status and linguistic

region. All analyses were run on STATA version 15 (StataCorp LP; TX, USA).

Results
Cohort description

In total, 5’834'618 Swiss residents were included in this study (111'162'348 person-years),
49% of whom were women. A total of 558’098 individuals died (9.6%) during the follow-up.

Men were twice as likely to die from lung cancer as women with 32’910 and 14’447 deaths,
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respectively. The mean age at death from lung cancer was 64.9 £ 10.2 years in women and
65.6 + 9.4 years in men. The mean duration of follow-up was 19.5 + 6.5 years and 18.6 £ 9.4
years in women and men, respectively (Table 1). At study end-point, 20 % of men and 16 %
of women were lost to follow-up. Participants lost to follow-up were younger at enrolment, with
a mean age at baseline of 33.0 £ 11.8 years in men and 32.3 £ 12.0 years in women, compared
to 37.5 £ 12.9 years and 38.0 £ 12.0 years, respectively, for the rest of the cohort. Moreover,
elementary occupations in both sexes were overrepresented with a frequency four times higher

for those lost to follow-up, compared to those with a complete follow-up.
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Table 1 Characteristics of the study sample and number of deaths due to lung cancer : the Swiss National Cohort (1990-2014)

Female Male
No. of lung No. of lung
Characteristics n (%) cancer (%) n (%) cancer (%)
deaths deaths
Total 2,876,625 (100) 14,477 (100) 2,957,993 (100) 32,910 (100)
Person-years (in 100,000) 560.31 551.31
Nationality (binary)
Swiss 2,287,618 (80) 13,244 (91) 2,197,892 (74) 27,105 (82)
Non-Swiss 589,007 (20) 1,233 (9) 760,101  (26) 5,805 (18)
Socio-professional category
Top management and independent professions 30,124 (1) 73 (1) 103,434 (3) 593 (2)
Other self-employed 103,812 (4) 505 (3) 262,966 9) 3,108 (9)
Professionals and senior management 87,334 (3) 228 (2) 247,788 (8) 1,319 (4)
Supervisors/low level management and skilled labour 829,073  (29) 2,497 (17) 1,000,766  (34) 8,232 (25)
Unskilled employees and workers 264,046 9) 1,330 (9) 283,168 (10) 3,159 (10)
In paid employment, not classified elsewhere 437,975 (1) 1,477 (10) 475,647 (16) 3,723 (11)
Unemployed/job-seeking 90,812 (3) 300 (2) 77,181 (3) 748 (2)
Not in paid employment 1,032,828 (36) 8,066 (56) 506,491 (17) 12,028 (37)
Unknown 621 (0) 1 (0) 552 (0) 0 (0)
1-digit ISCO-88
0 Armed forces 63 (0) 0 (0) 2,367 (0) 17 (0)
1 Legislators, senior officials and managers 73,883 (3) 368 (3) 245,778 (8) 1,860. (6)
2 Professionals 128,431 (4) 286 (2) 277,934 9) 1,293 (4)
3 Technicians and associate professionals 320,958 (11) 752 (5) 316,521  (11) 2,421 (7)
4 Clerks 278,755  (10) 1,148 (8) 129,867 (4) 1,393 (4)
5 Service workers and shop and market sales workers 278,598 (10) 1,114 (8) 140,681 (5) 974 (3)
6 Skilled agricultural and fishery workers 23,560 (1) 48 (0) 78,861 (3) 890 (3)
7 Craft and related trades workers 42,916 (1) 144 (1) 415,594  (14) 3,845 (12)
8 Plant and machine operators and assemblers 18,383 (1) 95 (1) 140,088 () 1,883 (6)
9 Elementary occupations 100,573 (3) 559 (4) 116,164 (4) 1,957 (6)
Unemployed/job-seeking 90,812 (3) 300 (2) 77,181 (3) 748 (2)
Unknown 1,519,693 (53) 9,663 (67) 1,016,957 (34) 15,629 (47)
Skill level (based on ISCO)
Lowest 100,573 (3) 559 (4) 116,164 (4) 1,957 (6)
Second lowest 642,212 (22) 2,549 (18) 905,091 (31) 8,985 (27)
Second highest 320,958 (11) 752 (5) 316,521  (11) 2,421 (7)
Highest 202,314 (7) 654 (5) 523,712 (18) 3,153 (10)
Unknown 1,610,568 (56) 9,963 (69) 1,096,505 (37) 16,394 (50)
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Table 1 continued

Female Male
No. of lung No. of lung
Characteristics n (%) cancer (%) n (%) cancer (%)
deaths deaths

Weekly working hours

1 to 5 hours per week 72,085 (3) 247 (2) 12,235 (0) 171 (1)

6 to 19 hours per week 261,797 9) 947 (7) 36,613 (1) 420 (1)

20 to 27 hours per week 234,092 (8) 976 (7) 45,249 (2) 646 (2)

28 to 35 hours per week 171,602 (6) 644 (4) 54,282 (2) 414 (1)

36 to 39 hours per week 49,534 (2) 171 (1) 35,729 (1) 190 (1)

40 to 45 hours per week 709,850 (25) 2,119 (15) 1,580,518 (53) 13,105 (40)

46 and more hours per week 110,340 (4) 434 (3) 447,302 (1) 3,294 (10)

Unknown 1,267,325 (44) 8,939 (62) 746,065 (25) 14,670 (45)
Language region

German 2,042,499 (71) 9,733 (67) 2,120,386 (72) 22,695 (69)

French 694,517 (24) 3,931 (27) 699,753  (24) 8,274 (25)

Italian 130,461 (5) 766 (5) 127,912 (4) 1,806 (5)

Rhaeto Romansch 9,148 (0) 47 (0) 9,942 (0) 135 (0)
Vital status at end-point

Alive 2,187,271 (76) 2,030,220 (68)

Lost to follow-up 472,074 (16) 586,955 (20)

Dead 217,280 (8) 340,818 (12)

From lung cancer 14,477 (100) 32,910 (100)
Age (years) : mean + standard deviation

At study entry 37.1 £13.1 36.6 +12.8

At study end 56.6 £15.3 55.2 +14.8

At death from lung cancer 64.9+10.2 65.6 +9.4
Duration (years) : mean + standard deviation

Follow-up 19.5 +6.2 18.6 +6.6

Between the last occupational information 75438 6.8+38

and death from lung cancer

58



Risk of lung cancer by occupational group

Table S1 presents CMR and SMR for each occupation (3-digit ISCO-88) with at least 10
observed deaths due to lung cancer in both sexes. Overall, CMR and SMR results were very
similar. The absolute difference (A) between CMR and SMR never exceeded 0.03, except for
unemployed/job-seekers (A=0.11), garbage collectors and related labourers (ISCO-88=916)

(A=0.05) and manufacturing labourers (ISCO-88=932) (A=0.05) in men.

In men, 46 occupations out of 95 presented a statistically significant deficit in mortality from
lung cancer (Fig. 1), compared to the general Swiss male population. Physicists, chemists and
related professionals (ISCO=211), religious professionals (ISCO=246), and college, university
and higher education teaching professionals (ISCO=231) were identified as the most protected
occupations. In contrast, rubber- and plastic-products machine operators (ISCO=823), other
machine operators (ISCO=829), unemployed/job-seeking men, garbage collectors and related
labourers (ISCO=916) and plant and machine operators and assemblers (ISCO=800) were the
five occupational groups with the highest excess of lung cancer mortality. Comparisons of SMR
across the five calendar periods by 2-digit ISCO-88 showed a statistically significant
decreasing trend in lung cancer mortality in sales and services elementary occupations
(ISCO=91), with the highest SMR found over 1990-1994 (SMR=1.34, 95%-Cl=1.11-1.61)

(Table S2).

In women, a statistically significant deficit in lung cancer-mortality was observed in 13 out of
55 occupations (Fig. 3). Crop and animal producers (ISCO=613), primary education teaching
associate professionals (ISCO=331) and other teaching associate professionals (ISCO=334)
presented the lowest CMR. The five occupations with the highest risk of lung cancer mortality
were motor vehicle drivers (ISCO=832), computer associate professionals (ISC0O=312),
precision workers in metal and related materials (ISCO=731), material-recording and transport
clerks (ISCO=413) and unemployed/job seeking women. Corporate managers (ISCO=12)

were identified with an increasing trend in lung cancer mortality over the study period with the
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highest statistically significant SMR found over 1995-1999 (SMR=1.88, 95%-Cl|=1.54-2.30);
afterwards an important decrease was observed in 2000-2004, followed by a slight increase

of lung cancer mortality (Table S3).

CMR by occupation o 025 0.5 0.75 1 125 15 175 2 225 n
823. Rubber- and plastic-products machine operators _— 26
829. Other machine operators not elsewhere classified —_— 129
Unemployed/job-seeking —— 748
916. Garbage collectors and related labourers —_————— 40
800. Plant and machine operators and assemblers —_— 99
812. Metal-processing plant operators —_— 49
833. Agricultural and other mobile plant operators —_— 126
931. Mining and construction labourers —_— 122
832. Motor vehicle drivers —— 848
413. Material-recording and transport clerks —— 768
828. Assemblers —_—— 103
713. Building finishers and related trades workers —— 701
712. Building frame and related trades workers —— 616
512. Housekeeping and restaurant services workers —— 272
821. Metal- and mineral-products machine operators —_— 136
914. Building caretakers, window and related cleaners —_— 335
932. Manufacturing labourers = 1276
722. Blacksmiths, tool-makers and related trades workers —— 356
714. Painters, building structure cleaners and related trades workers —— 276
522. Shop, stall and market salespersons and demonstrators —— 324
611. Market gardeners and crop growers ——| 154
742. Wood treaters, cabinet-makers and related trades workers —— 261
344, Customs, tax and related government associate professionals —— 213
741. Food processing and related trades workers —— 190
311. Physical and engineering science technicians —_— 462
419. Other office clerks —— 79
347. Artistic, entertainment and sports associate professionals —_— 101
516. Protective services workers —— 194
411. Secretaries and keyboard-operating clerks —— 304
514. Other personal services workers —— 121
421. Cashiers, tellers and related clerks —— 152
831. Locomotive engine drivers and related workers —— 106
245. Writers and creative or performing artists —— 129
613. Crop and animal producers i 665
313. Optical and electronic equipment operators —— 129
341. Finance and sales associate professionals > 837
122. Production and operations managers i 570
131. Managers of small enterprises —_— 338
513. Personal care and related workers — 34
743. Textile, garment and related trades workers [ 37
310. Physical and engineering science associate professionals —— 64
343. Administrative associate professionals —— 184
342. Business services agents and trade brokers —— 53
123. Other specialist managers —— 311
511. Travel attendants and related workers —— 29
213. Computing professionals —— 187
334. Other teaching associate professionals —— 56
241. Business professionals = 260
323. Nursing and midwifery associate professionals —_— 26
100. Legislators, senior officials and managers —— 141
322. Health associate professionals (except nursing) —_— 43
121. Directors and chief executives Ll 419
242, Legal professionals —— 49
221. Life science professionals —_— 10
314. Ship and aircraft controllers and 16
214. Architects, engineers and related professionals = 271
244, Social science and related professionals —— 43
112. Senior government officials —— 72
331. Primary education teaching associate professionals —— 57
232. Secondary education teaching professionals i 138
222. Health professionals (except nursing) —»— 104
243. Archivists, librarians and related information professionals —_— 10
231. College, university and higher education teaching professionals —— 28
246. Religious professionals —— 25
211. Physicists, chemists and related professionals —— 20

Figure 1: Causal Mortality Ratios (CMR) for mortality due to lung cancer by occupation (3-digit ISCO-88) among males aged 18-
85 in the Swiss National Cohort (1990-2014). Only statistically significant results based on at least 10 deaths are presented.
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832, Motor vehicle drivers —_— 28
312. Computer associate professionals —_————% 13
731. Precision workers in metal and related materials —T T 30
413. Material-recording and transport clerks — 53
Unemployed/job-seeking ——1 300
122. Production and operations managers —— 104
514, Other personal services workers —— 105
512. Housekeeping and restaurant services workers —— 305
343. Administrative associate professionals =—t 136
522, Shop, stall and market salespersons and demonstrators fo 14
411, Secretaries and keyboard-operating clerks il 2
513, Personal care and related workers —— 170
743. Textile, garment and related trades workers ——t 38
244, Social science and related professionals ——i 39
234. Special ion teaching professional 16
611. Market gardeners and crop growers — 13
232. Secondary education teaching professionals —— 7
323. Nursing and midwifery associate professionals o 103
332. Pre-primary education teaching associate professionals —— 19
322, Health associate professionals (except nursing) e 68
222. Health professionals (except nursing) —— 20
334. Other teaching associate professionals —e— 23
331. Primary education teaching associate professionals —.— 48
613. Crop and animal producers —.—
CMR by economic activity/industry o o5 o5 s 125 15 175 2
H Hotels and restaurants —— 464
D Manufacture of goods el 776
G Trade; repair of motor vehicles and of domestic articles o 1189
N Health and social activities Lo 665
M Education - 299
A Agriculture,hunting, forestry et 105

Figure 2: Causal Mortality Ratios (CMR) for mortality due to lung cancer by economic activity/industry (ISCI 3 and NACE 1
revision) among females aged 18-85 in the Swiss National Cohort (1990-2014). Only statistically significant results based on at

least 10 deaths are presented.

Results on rSMR (2-digit ISCO-88) were generally higher than CMR and SMR in both sexes
(Table 2). Among men, plant and machine operators, and drivers (ISCO=80-83) were identified
with the highest rSMR. Among women, drivers and plant operators (ISCO=83) presented the
highest risk (rSMR=2.34, 95%-Cl=1.62-3.39). Relative SMR also brought to light some aspects
potentially masked by SMR in women. We identified female managers of small enterprises
(ISCO=13), physical and engineering science associate professionals (ISCO=32) and other
precision, handicraft, craft printing and related traded workers (ISCO=73) with increased risks
of lung cancer mortality of 43%, 50% and 50%, respectively, compared to the general

population.
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Table 2 Standardized mortality ratios® (SMR), causal mortality ratios® (CMR), relative SMR (rSMR) for lung cancer* by occupation® in both
sexes aged 18-85 : the Swiss National Cohort (1990-2014)

2-digit ISCO 88 (COM) (0] SMR  (95%Cl¥ CMR  (95%Cl) rSMR (95%Cl)
Male
01. Soldiers 17 0.77 (0.45-1.23) 0.77 (0.45-1.24) 1.00 (0.62-1.61)
10. Legislators, senior officials and managers 141 0.59 (0.50-0.69) 0.59 (0.50-0.70) 0.82 (0.70-0.97)
11. Legislators and senior officials 78 0.42 (0.33-0.52) 0.43 (0.34-0.53) 0.84 (0.67-1.05)
12. Corporate managers 1303 0.62 (0.58-0.65) 0.62 (0.59-0.66) 0.93 (0.88-0.98)
13. Managers of small enterprises 338 0.69 (0.62-0.77) 0.70 (0.62-0.78) 1.00 (0.90-1.11)
pf(:féssli?)r;yasllscal‘ mathematical and engineering science 481 048 (0.43-052) 049 (0.45:054) 078 (0.71-0.85)
22. Life science and health professionals 114 0.35 (0.29-0.42) 0.37 (0.30-0.44) 0.67 (0.56-0.81)
23. Teaching professionals 181 0.35 (0.31-0.41) 0.37 (0.31-0.42) 0.71 (0.61-0.82)
24. Other professionals 517 0.56 (0.51-0.61) 0.57 (0.52-0.62) 0.80 (0.73-0.87)
31. Physical and engineering science associate professionals 789 0.76 (0.71-0.82) 0.77 (0.72-0.83) 1.04 (0.97-1.12)
32. Life science and health associate professionals 81 0.58 (0.46-0.72) 0.59 (0.47-0.73) 0.78 (0.63-0.97)
33. Teaching associate professionals 113 046 (0.38-0.55) 0.47 (0.39-0.56) 0.79 (0.66-0.95)
34. Other associate professionals 1437  0.71 (0.68-0.75) 0.72 (0.68-0.76) 0.95 (0.90-1.00)
41. Office clerks 1214 1.06 (1.01-1.13) 1.06 (1.00-1.12) 1.14 (1.08-1.21)
42. Customer services clerks 171 0.77 (0.66-0.89) 0.77 (0.66-0.90) 0.99 (0.85-1.15)
51. Personal and protective services workers 650 0.90 (0.83-0.97) 0.90 (0.83-0.97) 1.01 (0.94-1.09)
52. Models, salespersons and demonstrators 324 0.89 (0.80-1.00) 0.89 (0.80-1.00) 1.07 (0.96-1.20)
61. Skilled agricultural and fishery workers 890 0.75 (0.70-0.80) 0.77 (0.72-0.82) 0.96 (0.90-1.02)
71. Extraction and building trades workers 1620 1.23 (1.17-1.29) 1.23 (1.17-1.29) 1.33 (1.27-1.40)
72. Metal, machinery and related trades workers 1430 1.04 (0.98-1.09) 1.04 (0.99-1.09) 1.17 (1.11-1.24)
WZ?;kelr:’sremsmn, handicraft, craft printing and related trades 276 090 (0.80-1.02) 092 (0.81-1.03) 1.16 (1.03-1.31)
74. Other craft and related trades workers 512 0.81 (0.75-0.89) 0.82 (0.75-0.90) 0.97 (0.89-1.06)
80. Plant and machine operators and assemblers 99 1.58 (1.30-1.93) 1.56 (1.26-1.89) 1.64 (1.35-2.00)
81. Stationary plant and related operators 110 117 (0.97-1.42) 1.17 (0.96-1.41) 1.26 (1.04-1.52)
82. Machine operators and assemblers 592 1.23 (1.13-1.33) 1.22 (1.12-1.32) 1.35 (1.24-1.46)
83. Drivers and mobile plant operators 1082 1.27 (1.20-1.35) 1.27 (1.20-1.35) 1.34 (1.27-1.43)
91. Sales and services elementary occupations 494 1.18 (1.08-1.29) 1.17 (1.07-1.28) 1.25 (1.14-1.36)
92. Agricultural,fishery and related labourers 62 1.30 (1.01-1.66) 1.27 (0.97-1.63) 1.17 (0.92-1.51)
93. trl;t;t;tg:rs in mining, construction, manufacturing and 1401 127 (1.20-1.34) 122 (1.15-1.28) 099 (0.94-1.04)
Unemployed/job-seeking 748 1.69 (1.58-1.82) 1.58 (1.47-1.70) 0.95 (0.88-1.02)
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Table 2 continued

2-digit ISCO 88 (COM) o} SMR  (95%CIlF CMR  (95%Cl) rSMR (95%Cl)
Female
10. Legislators, senior officials and managers 43 0.95 (0.70-1.28) 0.95 (0.69-1.28) 1.20 (0.89-1.61)
11. Legislators and senior officials 12 0.94 (0.49-1.64) 0.94 (0.49-1.64) 1.11 (0.63-1.95)
12. Corporate managers 202 1.29 (1.12-1.48) 1.29 (1.12-1.48) 1.52 (1.32-1.74)
13. Managers of small enterprises 111 117 (0.97-1.41) 1.16 (0.96-1.40) 1.43 (1.19-1.73)
23. Teaching professionals 106 0.57 (0.47-0.69) 0.58 (0.48-0.70) 0.94 (0.78-1.13)
24. Other professionals 132 0.68 (0.58-0.81) 0.69 (0.58-0.82) 0.93 (0.79-1.11)
31. Physical and engineering science associate professionals 97 1.18 (0.96-1.43) 1.18 (0.96-1.44) 1.50 (1.23-1.84)
32. Life science and health associate professionals 171 0.53 (0.46-0.62) 0.54 (0.46-0.62) 0.75 (0.65-0.88)
33. Teaching associate professionals 90 045 (0.37-0.55) 0.45 (0.36-0.56) 0.75 (0.61-0.92)
34. Other associate professionals 394 1.02 (0.93-1.13) 1.03 (0.93-1.13) 1.31 (1.19-1.45)
41. Office clerks 969 1.06 (1.00-1.13) 1.07 (1.00-1.14) 1.35 (1.27-1.44)
42. Customer services clerks 177 1.10 (0.95-1.28) 1.11 (0.95-1.28) 1.33 (1.15-1.54)
51. Personal and protective services workers 600 1.06 (0.97-1.14) 1.06 (0.98-1.15) 1.25 (1.16-1.36)
52. Models, salespersons and demonstrators 514 1.09 (1.00-1.19) 1.10 (1.00-1.20) 1.32 (1.21-1.44)
61. Skilled agricultural and fishery workers 48 0.40 (0.30-0.53) 0.40 (0.30-0.53) 0.56 (0.43-0.75)
72. Metal, machinery and related trades workers 29 1.16 (0.78-1.66) 1.16 (0.78-1.67) 1.46 (1.01-2.10)
73. WPorri(;fslon, handicraft, craft printing and related trades 54 133 (1.02-1.73) 133 (1.00-1.73) 1.50 (1.15-1.95)
74. Other craft and related trades workers 54 0.69 (0.53-0.90) 0.70 (0.52-0.91) 0.93 (0.71-1.21)
82. Machine operators and assemblers 62 1.10 (0.86-1.41) 1.10 (0.84-1.40) 1.21 (0.94-1.55)
83. Drivers and mobile plant operators 28 215 (1.43-3.10) 2.14 (1.42-3.09) 2.34 (1.62-3.39)
91. Sales and services elementary occupations 293 1.02 (0.91-1.15) 1.02 (0.91-1.15) 1.25 (1.12-1.40)
93. trl;t;(;grr?rs in mining, construction, manufacturing and 264 115 (1.02-1.30) 1.4 (1.01-1.29) 1.05 (0.93-1.18)
Unemployed/job-seeking 300 1.38  (1.24-1.55) 1.35 (1.20-1.52) 0.91 (0.81-1.01)

*Only results based on at least 10 deaths from lung cancer for each category are presented.? Based on the mortality rates of Swiss population
(15-85y), ®based on the International Standard Classification of Occupations (3-digit ISCO 88), ° 95%-Confidence interval.
O, observed number of deaths, rSMR, relative SMR
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Risk of lung cancer by economic activity/industry

Table S4 presents CMR, rSMR and SMR for each economic activity/industry in both sexes.
Our results showed that working in hotel and restaurant was associated with a higher risk of
death by lung cancer in both sexes (Fig. 2-3). Among men, working in construction industry
was identified with an excess of lung cancer mortality, though the highest risk was observed
in mining and quarrying industry (CMR=1.68, 95%-Cl=1.36-2.06). A statistically significant
trend was also observed in men working in construction, with the highest statistically significant
SMR found over the period 1990-1994 (SMR=1.27, 95%-Cl=1.17-1.39) (Table S2). Among
women, industries of trade, repair of motor vehicles and of domestic articles, and manufacture

of goods were observed with CMR and SMR significantly higher than one (Table S4).

Moreover, rSMR identified men working in manufacture of goods, and in transport and
communication at higher risk of lung cancer mortality with, respectively, a 14% and 12%
increased risk, compared to the general Swiss male population. Female workers in
construction (rSMR=1.33, 95%-CI=1.11-1.58) and in domestic services (rSMR=1.72, 95%-

Cl=1.18-2.51) were also found to have significantly increased rSMR.

CMR by economic activity/industry

0.25 05 0.75 1 125 15 175

n

€ Mining and quarring —_— 92

H Hotels and restaurants —— 643
F Construction = 2258
D Manufacture of goods - 4858
G Trade; repair of motor vehicles and of domestic articles > 2573
E Electricity, gas and water supply —_—— 228

A Agriculture,hunting, forestry i 989

O Other community, sacial and personal service activities —— 516
LA Public administration —— 700
K Real estate, renting, it activities; research and development; other business services = 1344
N Health and social activities = 572

1 Financial intermediation; insurance et 645

LB Defence ——i 155

M Education - 431

Q Extra-territorial organizations and bodies —_— 34

Figure 3: Causal Mortality Ratios (CMR) for mortality due to lung cancer by occupation (3-digit ISCO-88) and economic
activity/industry (ISCI 3@ and NACE 1 revision) among men aged 18-85 in the Swiss National Cohort (1990-2014). Only

statistically significant results based on at least 10 deaths are presented.
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Risk of lung cancer by work-related variables

The stratified analyses showed that non-Swiss men had a higher risk of mortality from lung
cancer compared to the general Swiss population (CMR=1.10, 95%- Cl= 1.07-1.13) (Table
S5). Conversely, non-Swiss women presented a deficit of mortality (CMR=0.77, 95%-CI=0.73-
0.82), while Swiss women were identified with an excess (CMR=1.07, 95%-CI=1.06-1.09). In
men, we observed an increased risk of lung cancer mortality when the occupation’s skill-level
decreased. In women, only occupations with the second lowest skill-level presented a 4%-

increased risk of lung cancer mortality.

Discussion

Nationwide studies comparing the risk of lung cancer mortality across occupations and
economic activities/industries were recently conducted in Korea and Japan. Lee et al. (Lee et
al. 2020) found that Korean men working in services/sales and blue-collar occupations had the
highest lung cancer rates, while in Japan, the highest rates were observed in unemployed men
(Eguchi et al. 2017). Occupational inequalities in female were also identified in Japan, with
lower risk of lung cancer among women with high socioeconomic status, even after adjusting
for smoking (Zaitsu et al. 2018). In Switzerland, the last epi-study (conducted 20 years ago)
only provided odd ratios by occupation and socioeconomic group for males aged 25 to 65
(Bouchardy et al. 2002). In our study, we used three risk estimates of lung cancer mortality;
the SMR — to enable comparison of the results with other national and international studies;
the CMR — to enable a less bias estimation of mortality; and the rSMR — to control for the

healthy worker effect often present in occupational cohorts.

Occupational groups at risk
Our results confirmed an invert socio-economic gradient in lung cancer mortality (Hovanec et
al. 2018; Pukkala et al. 2009). In both sexes, the risk increased as the skill level decreased.

Previous studies showed that this gradient remained after adjusting for smoking and education,
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although the effect was greater among men than women (Hovanec et al. 2018). Prior findings
(Vanthomme et al. 2017) also showed that unemployed individuals were at higher risk of lung

cancer mortality than the general population.

In line with previous reports (EU-OSHA 2014a; Jung et al. 2018), male and female motor
vehicle drivers were identified with an excess of lung cancer mortality. A more detailed analysis
by 4-digit ISCO-88 identified female car, taxi and van drivers with the highest mortality excess.
Despite a relatively small number of observed deaths (n=10), lung cancer mortality was more
than three times higher than in the general population (CMR=3.34, 95%-Cl=1.60-6.14) (Table
S6). This may partly be explained by exposure to diesel exhaust (Silverman 2017), classified
as Group 1 human carcinogens by IARC but as group 2A (probable human carcinogens) by
SUVA (Shankar et al. 2019; SUVA 2018). We found no studies assessing risk for female
workers in metal and related materials. Further investigation would be necessary. In men, the
highest excess of lung cancer mortality found in rubber- and plastic-products machine
operators is also consistent with prior studies, although the evidence of aromatic amines
carcinogenicity in humans is still limited (Brown et al. 2012). In addition, four other occupational
groups of operators were identified in the ten most at-risk groups (Fig. 1). Previous studies
revealed that the risk remained in these groups even after adjusting for sex, age, smoking, and
socio-economic status, except for motorised farm machinery operators identified with a non-
significant deficit of lung cancer mortality (Corbin et al. 2011; Pukkala et al. 2009). Thus, the
54%-increased risk of lung cancer mortality we found in agricultural and other mobile operators
(ISCO=833) deserves further analyses. Lastly, the extent to which garbage collectors are
exposed to carcinogens is less clear. There is considerable potential for hazardous exposure

through waste management (Rushton 2003).

Economic activities/industries at risk
Each industry/economic activity is likely to have its own combination of potentially carcinogenic

exposures, which can be related to the excess of lung cancer mortality identified in this study.
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For instance, the high prevalence of smoking among men and women working in hotels and
restaurants might explained the increased risk of lung cancer mortality compared to the
general population (Daly et al. 2010; Lopez et al. 2006). In contrast, the deficit of lung cancer
mortality observed among workers in agriculture, hunting and forestry might be related to a

low smoking frequency in this industry (Boulanger et al. 2018).

The significant excess of lung cancer mortality identified in men working in mining, quarrying
and construction is probably due to workplace exposures to carcinogens such as silica dust,
asbestos, radon and diesel engine exhaust (Brown et al. 2012; Jung et al. 2018; Pukkala et al.
2009). Moreover, the decreasing trend of lung cancer mortality we observed across calendar
periods in men working in construction, especially after asbestos prohibition in 1990 in
Switzerland is in line with previous findings showing that construction workers at higher risk of
asbestos-related lung cancer presented the same risk as the general population a few decades
after cessation of exposure (Jarvholm and Astrom 2014). However, male construction workers

remained at risk over 2010-2014, which deserves further analysis.

In women, the excess of lung cancer mortality observed in trade, repair of motor vehicles and
of domestic articles was in line with prior reports (EU-OSHA 2014a; Pukkala et al. 2009).
Moreover, a more detailed analysis of the economic activity of manufacture of goods revealed
that manufacture of electrical and electronic equipment, manufacture of machinery and
equipment, and manufacture of chemicals and chemical products presented statistically
significant increased risks of lung cancer mortality of 22%, 31% and 65%, respectively.
Exposures to IARC Group 1 carcinogens, including strong inorganic acid mists, hexavalent
chromium, cobalt, crystalline silica, lead or benzo(a)pyrene and beryllium, were previously

identified in these activities and may partially explain this finding (Brown et al. 2012).
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Potential underreporting of lung cancer for recognition as occupational disease

Although the Swiss Ordinance of Accident Insurance lists quite exhaustively occupational
carcinogenic agents, mesothelioma constitutes the large majority of cancers recognized as
occupational by Suva (OFSP 2015). No study has ever evaluated the extent of underreporting
and resulting underestimation of number occupational diseases, including lung cancer.
However, Swiss physicians acknowledge an underreporting of cases, namely because of too
stringent conditions enabling Suva to recognize a case as occupational disease. Swiss
physicians also ignore or underestimate the Suva recognition rates (Graczyk et al. 2021).
Despite a descriptive nature of this study, we showed that the most at-risk occupations are
those, where exposure to lung carcinogens were consistently documented. Therefore, the

underreporting of lung cancers to Suva raises a concern, which should be addressed.

Limitations and strengths

One of the main strengths of this study lies in the use of standardized national and international
classifications, which allowed us to compare our results with other studies (Guseva Canu et
al. 2019a). Moreover, using one of the largest longitudinal datasets worldwide with a 24-year
long follow-up at the population level was another strength of this study. We defined
occupational settings to approximate the exposure to occupational carcinogens before the
outcome of interest occurred, limiting any information bias. Lastly, information on Swiss death

certificates was found to be satisfactory with most of malignant neoplasms (Spoerri et al. 2010).

In terms of limitations, we were not able to classify 34% and 53% of occupations in men and
women, corresponding to 67% and 47% of all lung cancer deaths, respectively. A prior report
comparing participants with known and unknown occupations by main sociodemographic
variables did not find any potential for selection bias (Guseva Canu et al. 2019a). This bias
might, though, come from the overrepresentation of elementary occupations in participants lost

to follow-up. However, a potential underestimation of the number of lung cancer deaths in this
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occupational group is unlikely, as participants lost to follow-up were on average too young to
die from lung cancer, with a mean age at baseline of 33.0 + 11.8 years in men and 32.3 £ 12.0
years in women. Having only two time points for defining occupations is another limitation,
which raises the concern of exposure misclassification. Indeed, information on the longest-
held occupation might better reflect long-term exposure to carcinogens (Zaitsu et al. 2019),
although information on occupation and industry, when available, was found to be accurate
(Vienneau et al. 2017). Lastly, our results should be interpreted with caution as no adjustment
for smoking was applied in the analyses, which may have led to an overestimation of lung
cancer mortality in occupational or industrial groups with a high smoking prevalence. A job-
exposure matrix (JEM) of the lifestyle factors in different occupations was recently developed
in Denmark (Bondo Petersen et al. 2018). However, Danish estimates of smoking prevalence
differ from those in Switzerland (OFS 2018). Therefore, the need of prior validation of this JEM
for Switzerland precluded its use in this study. Given the PAF of lung cancer due to
occupational exposures (19.3% in men and 2.6% in women) (Jung et al. 2018; Rushton et al.
2012), improving data quality on occupation and potential confounders is particularly important

to identify more accurately the most at-risk occupational groups.

Concluding remarks

This study reports the risk of lung cancer mortality across occupational and industrial groups
by sex at a national level. It is descriptive in nature but provides some important insights from
both methodological and public health perspectives. It demonstrates that SMR remains a good
approximation of mortality in both occupational and general cohorts, though rSMR helped to

correct the healthy worker effect, which is usually present in SMR.

Our results, based on both SMR and CMR estimates, demonstrate that 18 out of 95
occupations in men, 10 out of 55 occupations in women and 3 economic activities/industries
in each sex present significantly higher risk of lung cancer mortality than the general Swiss

population. Occupational exposures to lung carcinogens were consistently documented in
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most of these activities and occupations. Moreover, our study demonstrated that Swiss
workers had no particular profile of mortality from lung cancer by occupational group and sex,
compared to other developed countries (Corbin et al. 2011; EU-OSHA 2014a; Hovanec et al.
2018; Jung et al. 2018; Pukkala et al. 2009; Silverman 2017). This suggests that part of the
excessive lung cancer mortality observed in these groups could be due to occupational
carcinogens. However, further analyses are needed to examine the extent to which the excess
of mortality observed in most at-risk occupational groups is due to active smoking, second
hand smoking, occupational or environmental exposures. This would allow tailoring effective
interventions targeted at the most at-risk groups and the assessment of the efficacy of the

current system of reporting and recognizing occupational lung cancers.
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Table S1 CMR?® and SMRP for lung cancer* by occupation®: the Swiss National Cohort (1990-2014)

Female Male
3-digit ISCO 88 Mo.of oMR (es%cl SMR (@s%ch  No.of cMR  (esuch  sMR(es%c)
010. Armed forces - - - - - 17 0.77 (0.45-1.24) 0.77 (0.45-1.23)
100. Legislators, senior officials and managers, nos® 43 0.95 (0.69-1.28) 0.95 (0.69-1.28) 141 0.59 (0.50-0.70) 0.59 (0.49-0.69)
112. Senior government officials - - - - - 72 0.44 (0.34-0.55) 0.43 (0.33-0.54)
121. Directors and chief executives 49 1.35 (1.00-1.78) 1.35 (1.00-1.78) 419  0.53 (0.48-0.58) 0.52 (0.47-0.57)
122. Production and operations managers 104 133 (1.09-1.61) 1.33 (1.09-1.62) 570 0.70 (0.64-0.76) 0.69 (0.64-0.75)
123. Other specialist managers 49 1.16 (0.86-1.54) 1.17 (0.86-1.54) 311 065 (0.58-0.73) 0.65 (0.58-0.72)
131. Managers of small enterprises 111 1.16 (0.96-1.40) 1.17 (0.96-1.40) 338 0.70 (0.62-0.78) 0.69 (0.62-0.77)
211. Physicists, chemists and related professionals - - - - - 20 0.28 (0.17-0.44) 0.27 (0.17-0.42)
213. Computing professionals 21 1.45 (0.90-2.21) 1.45 (0.90-2.21) 187 0.64 (0.55-0.73) 0.62 (0.54-0.72)
214 Architects, engineers and related professionals - - - - - 271 0.44 (0.39-0.50) 0.43 (0.38-0.48)
221. Life science professionals - - - - - 10 0.50 (0.24-0.92) 0.49 (0.24-0.90)
222. Health professionals (except nursing) 20 0.50 (0.31-0.78) 0.49 (0.30-0.76) 104 036 (0.29-0.43) 0.34 (0.28-0.41)
231. College, university and higher education teaching professionals - - - - - 28 0.33 (0.22-0.48) 0.32 (0.21-0.47)
232. Secondary education teaching professionals 77 0.56 (0.44-0.70) 0.56 (0.44-0.70) 138 0.36 (0.31-0.43) 0.35 (0.30-0.42)
234. Special education teaching professionals 16 0.58 (0.33-0.95) 0.58 (0.33-0.94) - - - -
241. Business professionals 46 0.86 (0.63-1.14) 0.86 (0.63-1.14) 260 0.61 (0. 54 0.69) 0.60 (0.53-0.68)
242. Legal professionals 10 1.14 (0.55-2.10) 1.14 (0.55-2.09) 49 0.50 (0.37-0.67) 0.48 (0.36-0.64)
243. Archivists, librarians and related information professionals - - - - - 10 0.35 (0.17-0.64) 0.34 (0.16-0.63)
244. Social science and related professionals 39 0.62 (0.44-0.85) 0.62 (0.44-0.84) 43 0.44 (0.32-0.59) 0.43 (0.31-0.58)
245. Writers and creative or performing artists 28 0.72 (0.48-1.04) 0.72 (0.48-1.03) 129 0.74 (0.62-0.88) 0.73 (0.61-0.87)
246. Religious professionals - - - - - 25 0.31 (0.20-0.45) 0.29 (0.19-0.43)
310. Physical and engineering science associate professionals, nos - - - - - 64 0.68 (0.52-0.86) 0.67 (0.52-0.86)
311. Physical and engineering science technicians 45 1.04 (0.76-1.39) 1.03 (0.75-1.38) 462 0.78 (0.71-0.86) 0.77 (0.70-0.84)
312. Computer associate professionals 13 209 (1.11-3.57) 210 (1.12-3.59) 30 0.90 (0.60-1.28) 0.90 (0.61-1.29)
313. Optical and electronic equipment operators 20 1.35 (0.82-2.08) 1.34 (0.82-2.07) 129 0.70 (0.59-0.83) 0.70 (0.58-0.83)
314. Ship and aircraft controllers and technicians - - - - - 16 0.50 (0.28-0.81) 0.49 (0.28-0.79)
315. Safety and quality inspectors 12 091 (0.47-1.58) 0.90 (0.47-1.58) 88 0.95 (0.76-1.17) 0.95 (0.76-1.17)
321. Life science technicians and related associate professional - - - - - 12 0.57 (0.30-1.00) 0.56 (0.29-0.98)
322. Health associate professionals (except nursing) 68 0.51 (0.40-0.65) 0.51 (0.39-0.64) 43 0.59 (0.42-0.79) 0.58 (0.42-0.78)
323. Nursing and midwifery associate professionals 103 0.56 (0.46-0.68) 0.55 (0.45-0.67) 26 0.60 (0.39-0.88) 0.59 (0.38-0.86)
331. Primary education teaching associate professionals 48 0.43 (0.32-0.57) 0.43 (0.31-0.57) 57 0.38 (0.29-0.49) 0.37 (0.28-0.48)
332. Pre-primary education teaching associate professionals 19 0.55 (0.33-0.85) 0.54 (0.33-0.85) - - -
334. Other teaching associate professionals 23 0.44 (0.28-0.66) 0.44 (0.28-0.66) 56 0.62 (0.47-0.80) 0.61 (0.46-0.79)
340. Other associate professionals, nos 18 0.75 (0.44-1.18) 0.75 (0.44-1.18) 30 0.98 (0.66-1.40) 0.98 (0.66-1.39)
341. Finance and sales associate professionals 169 1.06 (0.91-1.23) 1.06 (0.90-1.23) 837 0.70 (0.65-0.75) 0.69 (0.64-0.74)
342. Business services agents and trade brokers - - - - - 53 0.66 (0.49-0.86) 0.66 (0.49-0.86)
343. Administrative associate professionals 136 1.22  (1.03-1.45) 1.22 (1.02-1.44) 184 0.67 (0.58-0.78) 0.67 (0.57-0.77)
344. Customs, tax and related government associate professionals 28 1.07 (0.71-1.54) 1.07 (0.71-1.55) 213 0.84 (0.73-0.96) 0.84 (0.73-0.96)
347. Artistic, entertainment and sports associate professionals 20 0.73 (0.45-1.13) 0.73 (0.44-1.12) 101 0.78 (0.63-0.95) 0.76 (0.62-0.93)
348. Religious associate professionals - - - - - 15 0.73 (0.41-1.20) 0.71  (0.40-1.17)
411. Secretaries and keyboard-operating clerks 772 1.10 (1.02-1.18) 1.09 (1.01-1.17) 304 0.77 (0.69-0.87) 0.78 (0.69-0.87)
412. Numerical clerks 15 1.25 (0.70-2.06) 1.25 (0.70-2.06) - - - -
413. Material-recording and transport clerks 53 1.38 (1.03-1.80) 1.38 (1.03-1.80) 768  1.30 (1.21-1.39) 1.31  (1.22-1.41)
414. Library, mail and related clerks 13 1.03 (0.55-1.76) 1.03 (0.55-1.76) 58 1.00 (0.76-1.29) 1.00 (0.76-1.29)
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Table $1 continued

Female Male

3-digit ISCO 88 Mool oMR (esucl sMR (@such  No.of oMR  esuch  sMR (eswc)
419. Other office clerks 116 0.84 (0.69-1.00) 0.84 (0.69-1.00) 79 0.78 (0.62-0.97) 0.78 (0.62-0.97)
421. Cashiers, tellers and related clerks 110 1.17  (0.96-1.41) 1.17 (0.96-1.41) 152  0.76 (0.65-0.89) 0.76 (0.64-0.89)
422. Client information clerks 67 1.01 (0.78-1.28) 1.01 (0.78-1.28) 19 0.88 (0.53-1.37) 0.89 (0.53-1.38)
511. Travel attendants and related workers - - - - - 29 0.64 (0.43-0.92) 0.63 (0.42-0.91)
512. Housekeeping and restaurant services workers 305 1.25 (1.11-1.40) 1.25 (1.11-1.40) 272 124 (1.10-1.39) 125 (1.11-1.41)
513. Personal care and related workers 170 0.80 (0.69-0.93) 0.80 (0.68-0.93) 34 0.69 (0.48-0.97) 0.69 (0.48-0.97)
514. Other personal services workers 105 129 (1.05-1.56) 1.28 (1.05-1.55) 121 0.77 (0.64-0.92) 0.76 (0.63-0.90)
516. Protective services workers 17 1.06 (0.62-1.70) 1.06 (0.62-1.70) 194 0.78 (0.67-0.89) 0.77 (0.66-0.88)
522. Shop, stall and market salespersons and demonstrators 514 1.10 (1.00-1.20) 1.09 (1.00-1.19) 324 0.89 (0.80-1.00) 0.89 (0.80-1.00)
611. Market gardeners and crop growers 13 0.57 (0.30-0.98) 0.57 (0.30-0.97) 154 0.85 (0.72-0.99) 0.83 (0.71-0.98)
612. Animal producers and related workers - - - - - 31 112 (0.76-1.58) 1.13 (0.77-1.60)
613. Crop and animal producers 33 0.36 (0.25-0.50) 0.35 (0.24-0.50) 665 0.73 (0.67-0.79) 0.71 (0.66-0.77)
614. Forestry and related workers - - - - - 34 1.29 (0.90-1.81) 1.31 (0.90-1.82)
711. Miners, shotfirers, stone cutters and carvers - - - - - 27 111 (0.73-1.62) 1.13 (0.74-1.64)
712. Building frame and related trades workers - - - - - 616 125 (1.15-1.35) 1.25 (1.15-1.35)
713. Building finishers and related trades workers - - - - - 701 1.25 (1.16-1.34) 1.25 (1.16-1.34)
714. Painters, building structure cleaners and related trades workers - - - - - 276 116 (1.03-1.31) 1.16  (1.03-1.30)
720. Metal, machinery and related trades workers, nos - - - - - 140 1.00 (0.84-1.18) 1.01 (0.85-1.19)
721. Metal moulders, welders, sheet-metal workers, structural-metal

preparers, and related trades workers B B B B B o1 114 (0.92-140) 115 (0.92-1.41)
722. Blacksmiths, tool-makers and related trades workers - - - - - 356 1.19 (1.07-1.32) 1.19 (1.07-1.32)
723. Machinery mechanics and fitters 11 1.52 (0.76-2.72) 1.52 (0.76-2.73) 623 0.98 (0.90-1.06) 0.98 (0.90-1.06)
724. Electrical and electronic equipment mechanics and fitters 10 1.35 (0.65-2.48) 1.35 (0.65-2.48) 220 0.97 (0.84-1.10) 0.97 (0.84-1.10)
731. Precision workers in metal and related materials 30 1.51  (1.02-2.16) 1.51 (1.02-2.16) 171 1.01 (0.86-1.17) 0.99 (0.85-1.15)
732. Potters, glass-makers and related trades workers - - - - - 11 0.78 (0.39-1.39) 0.78 (0.39-1.39)
733. Handicraft workers in wood, textile, leather and related materials - - - - - 12 0.78 (0.41-1.37) 0.77 (0.40-1.34)
734. Craft printing and related trades workers 14 1.04 (0.57-1.74) 1.04 (0.57-1.74) 82 0.82 (0.65-1.01) 0.80 (0.64-1.00)
741. Food processing and related trades workers - - - - - 190 0.83 (0.72-0.96) 0.82 (0.71-0.95)
742. Wood treaters, cabinet-makers and related trades workers - - - - - 261 0.84 (0.74-0.95) 0.83 (0.73-0.94)
743. Textile, garment and related trades workers 38 0.65 (0.46-0.89) 0.64 (0.46-0.88) 37 0.68 (0.48-0.94) 0.67 (0.47-0.93)
744. Pelt, leather and shoemaking trades workers - - - - - 24 0.82 (0.53-1.22) 0.81 (0.52-1.21)
800. Plant and machine operators and assemblers, nos - - - - - 99 1.56 (1.26-1.89) 1.58 (1.29-1.93)
812. Metal-processing plant operators - - - - - 49 155 (1.15-2.05) 1.58 (1.17-2.08)
815. Chemical-processing-plant operators - - - - - 17 1.16 (0.68-1.86) 1.17 (0.68-1.87)
816. Power-production and related plant operators - - - - - 35 0.96 (0.67-1.33) 0.95 (0.66-1.33)
821. Metal- and mineral-products machine operators - - - - - 136 1.24 (1.04-1.46) 1.25 (1.05-1.48)
822. Chemical-products machine operators - - - - - 29 1.38  (0.93-1.98) 1.40 (0.94-2.01)
823. Rubber- and plastic-products machine operators - - - - - 26 1.81 (1.18-2.65) 1.84 (1.20-2.70)
825. Printing-, binding- and paper-products machine operators 14 1.76  (0.96-2.96) 1.77 (0.97-2.97) 94 0.92 (0.75-1.13) 0.92 (0.74-1.12)
826. Textile-, fur- and leather-products machine operators 27 0.87 (0.58-1.27) 0.87 (0.58-1.27) 33 0.83 (0.57-1.17) 0.84 (0.58-1.18)
827. Food and related products machine operators - - - - - 37 0.94 (0.66-1.30) 0.94 (0.67-1.30)
828. Assemblers - - - - - 103 1.28 (1.04-1.55) 1.30 (1.06-1.57)
829. Other machine operators not elsewhere classified - - - - - 129 1.73 (1.45-2.06) 1.78 (1.48-2.11)
831. Locomotive engine drivers and related workers - - - - - 106 0.76 (0.62-0.92) 0.76 (0.62-0.91)
832. Motor vehicle drivers 28 242 (1.61-3.49) 243 (1.62-3.51) 848 1.35 (1.26-1.45) 1.36 (1.27-1.45)
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Table $1 continued

Female Male

3-digit ISCO 88 Mool oMR (esucl sMR (@such  No.of oMR  esuch  sMR (eswc)

833. Agricultural and other mobile plant operators - - - - - 126 154 (1.29-1.84) 1.58 (1.31-1.88)
913. Domestic and related helpers, cleaners and launderers 133 0.93 (0.78-1.11) 0.94 (0.78-1.11) 30 1.34 (0.91-1.92) 1.38 (0.93-1.97)
914. Building caretakers, window and related cleaners 131 111 (0.93-1.31) 111 (0.93-1.32) 335 1.20 (1.08-1.34) 1.20 (1.08-1.34)
915. Messengers, porters, doorkeepers and related workers 28 1.10 (0.73-1.59) 1.10 (0.73-1.59) 89 0.95 (0.76-1.16) 0.96 (0.77-1.18)
916. Garbage collectors and related labourers - - - - - 40 1.58 (1.13-2.15) 1.63 (1.16-2.22)
921. Agricultural, fishery and related labourers - - - - - 62 1.27 (0.97-1.63) 1.30 (0.99-1.66)
931. Mining and construction labourers - - - - - 122 142 (1.18-1.70) 1.45 (1.20-1.73)
932. Manufacturing labourers 258 1.13  (1.00-1.28) 1.14 (1.01-1.29) 1,276 120 (1.13-1.27) 1.25 (1.18-1.32)
Unemployed/job-seeking 300 1.35 (1.20-1.52) 1.38 (1.23-1.55) 748 158 (1.47-1.70) 1.69 (1.57-1.82)

*Only results based on at least 10 deaths from lung cancer for each category are presented.? Causal mortality ratios, based on the mortality rates of Swiss population (15-85y), ®
standardized mortality ratios, based on the mortality rates of Swiss population (15-85y), ° based on the International Standard Classification of Occupations (3-digit ISCO 88), ¢ 95%-
Confidence interval, © not otherwise specified.
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Table S2 Trend and heterogeneity test on SMR?® from lung cancer* by occupation® and economic activity/industry® in men aged 15-85

: the Swiss National Cohort (1990-2014)

SMR SMR SMR SMR SMR
Characteristics No.of  1990-  (95%Cl) 1995-  (95%CI)  2000-  (95%CI)  2005-  (95%Cl)  2010- @5%C) a4 pe
deaths 1994 1999 2004 2009 2014 H T

2-digit ISCO 88
1. Soldiers 17 0.86  (0.232.20) 112 (0.45-2.30) - 071 (0.15-2.08) 071  (0.15-2.07) 0.53 0.52
11. Legislators and senior officials 78 042  (0.25-067) 044  (0.28-0.65) 043 (0210.80) 048  (027-077) 031  (015057) 087 062
12. Corporate managers 1303  0.63  (0.56-0.70) 072  (0.66-0.79) 0.51  (0.43-061) 054  (0.47-062) 055  (0.47-0.63) 0.00 0.00
13. Managers of small enterprises 338 088  (0.18-257) 043  (0.05-1.57) 0.58  (0.46-0.72)  0.68  (0.57-0.81) 079  (0.67-0.94) 0.23 0.04
21. ;';’;Zf;(') N alrs”athemat'ca' and  engineering  science 481 044  (0.35-0.55) 046  (0.38-0.55) 046  (0.37-0.59) 049  (0.40-0.59) 052  (0.43-0.62) 0.81 0.21
22. Life science and health professionals 114 037  (0.23-057) 051  (0.37-0.70) 024  (0.13-0.41)  0.37  (0.24-053) 024  (0.14-0.38) 0.05 0.06
23. Teaching professionals 181 032  (0.21-046) 037  (0.27-0.49) 045 (0.32-0.62) 028  (0.19-0.39) 038  (0.28-0.52) 0.36 0.88
24. Other professionals 517 061  (0.50-0.76)  0.65  (0.54-0.78) 0.44  (0.35-0.56) 055  (0.46-0.65) 054  (0.45-0.65) 0.12 0.18
31. Physical and engineering science associate professionals 789 0.81 (0.70-0.95) 0.85 (0.75-0.97) 0.64 (0.53-0.79) 0.70 (0.60-0.82) 0.75 (0.64-0.87) 0.13 0.12
32. Life science and health associate professionals 81 0.46 (0.22-0.85) 0.74 (0.46-1.13) 0.64 (0.36-1.06) 0.47 (0.27-0.76) 0.58 (0.35-0.90) 0.62 0.79
33. Teaching associate professionals 113 040  (0.23-0.67) 043  (0.27-0.65) 0.30 (0.15-0.52)  0.60  (0.44-0.84) 048  (0.32-0.69) 0.25 0.26
34. Other associate professionals 1437 064  (0.57-0.72) 077  (0.70-0.84) 065 (0.56-0.76) 075  (0.67-0.84) 072  (0.64-0.81) 0.08 0.31
41. Office clerks 1214 1.03  (0.91-1.16)  1.18  (1.06-1.30) 0.91  (0.77-1.08)  1.13  (0.99-1.28)  0.98  (0.85-1.13) 0.05 0.47
42. Customer services clerks 171 0.83  (0.63-1.10) 075  (0.58-0.97) 0.84  (0.50-1.33)  0.51  (0.29-0.83) 090  (0.60-1.30) 0.41 0.72
51. Personal and protective services workers 650 0.68  (0.56-0.83) 092  (0.79-1.07) 0.81  (0.66-1.00)  1.04  (0.89-1.21)  1.00  (0.85-1.18) 0.01 0.00
52. Models, salespersons and demonstrators 324 0.84 (0.66-1.07) 1.00 (0.82-1.21) 0.96 (0.73-1.28) 0.62 (0.46-0.84) 1.04 (0.82-1.31) 0.06 0.95
61. Skilled agricultural and fishery workers 890 071  (0.62-0.81) 0.84  (0.75-0.95) 0.66 (0.54-0.80) 0.82  (0.71-0.95) 065  (0.55-0.77) 0.03 0.45
71. Extraction and building trades workers 1620 131 (1.19-1.45) 123  (1.12-1.34) 1.07  (0.93-1.24) 122  (1.09-1.37) 124  (1.10-1.39) 0.30 0.42
72. Metal, machinery and related trades workers 1430  1.00  (0.90-1.12)  1.10  (1.00-1.21)  1.03  (0.89-1.19)  0.96  (0.85-1.09)  1.05  (0.93-1.19) 0.51 0.77
73. V'Dvg‘?l‘(’fr';’” handicraft, craft printing and related trades 75 598 (076.1.25) 086  (0.68-1.08) 073 (0.51-1.03) 084  (0.64-1.11) 109  (0.85-140) 034 063
74. Other craft and related trades workers 512 076  (0.63-0.91) 085  (0.73-0.99) 070 (0.54-0.92) 0.85  (0.70-1.05)  0.87  (0.70-1.07) 0.64 0.42
81. Stationary plant and related operators 110  0.88  (0.48-1.48) 151  (1.01-217) 092  (0.50-1.54)  1.41  (0.99-200) 103  (0.65-1.56) 0.26 0.89
82. Machine operators and assemblers 592 116  (0.98-1.37) 137  (1.19-1.58) 0.91  (0.70-1.18)  1.20  (0.99-1.45)  1.35  (1.12-1.63) 0.06 0.71
83. Drivers and mobile plant operators 1082 147  (1.02-1.33) 145  (1.30-1.60) 1.09  (0.91-1.31) 129  (1.12-148) 126  (1.09-1.45) 0.04 0.96
91. Sales and services elementary occupations 494 134  (1.11-161) 130  (1.09-1.55) 121  (0.98-1.51) 096  (0.78-1.18)  1.10  (0.90-1.35) 0.13 0.03
92. Agricultural,fishery and related labourers 62 127  (0.71-210) 140  (0.85-2.19) 1.30  (0.59-2.47) 141  (0.73-2.46)  0.99  (0.40-2.05) 0.95 0.70
Unemployed/job-seeking 748 162 (1.26-2.00)  1.89  (1.53-2.34) 1.54  (1.32-1.79) 146  (1.27-1.67)  2.07  (1.82-2.35) 0.00 0.13
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Table S2 Continued

SVR
Characteristics No. of SMR  (95%CIy SMR (95%Cl)  2000-  (95%Cl) SMR (95%Cl) SMR (95%Cl)
deaths  1990-1994 1995-1999 2004 2005-2009 2010-2014 P P
ISIC Rev.3/NACE Rev.1/NOGA 95
A Agriculture, hunting, forestry 989 069  (059-079) 084  (0.74-094) 062  (0.52-074) 085  (0.75-097) 072  (0.62:0.83) 001 068
C Mining and quarrying 92 104  (056-1.78) 196  (1.37-2.80) 141  (0.67-2.58) 223  (1.40-338)  1.84  (1.07-2.94) 021 0.14
D Manufacture of goods 4858 089  (0.84-095) 097  (0.92102) 083  (077-0.90) 089  (0.830.95) 097  (0.91-1.03) 001 062
E Electricity, gas and water supply 228 081  (061-107) 085  (0.67-1.09) 069  (045-1.02) 088  (0.66-1.17) 071  (0.520.97) 077 062
F Construction 2258 127  (117-139) 125 (115135 105  (093-1.17) 112  (1.021.23) 114  (1.04-125) 003 002
G Trade; repair of motor vehicles and of domestic 5573 083 (0.76:091)  1.00  (0.93-107) 078  (0.700.87)  0.86  (0.790.94) 089  (0.82:0.97) 000 0.74
H Hotels and restaurants 643 114  (093-140) 119  (1.00-142) 103  (0.84-126) 130  (1.12-151) 125  (1.07-147) 040 0.29
| Transport and communication 1477 092  (0.82-1.02) 098  (0.89-1.08) 095  (0.82-1.10) 096  (0.85-1.08)  0.90  (0.80-1.02) 0.83 0.73
J Financial intermediation; insurance 645 060  (050-073) 068  (0.58-079) 052  (042-065)  0.68  (0.58-0.80) 059  (0.50-0.70) 023 0.82
K Real estate, renting, it activities; research 1344 069  (0.61-0.79) 074  (0.66-0.83) 060  (0.53-0.69)  0.60  (0.54-068) 073  (0.66-0.81) 002 0.68
and development; other business services
LA Public administration 700 070  (0.60-0.81) 081  (0.72-092) 068  (0.53-0.86) 069  (0.57-0.84) 075  (0.62:0.90) 044 0.83
M Education 431 041  (0.32052) 054  (0.45-065) 046  (0.36-0.58) 046  (0.37-056) 044  (0.35:0.54) 042 0.68
N Health and social activities 572 063  (051-0.78) 067  (0.56-0.81) 059  (0.48-073) 073  (0.62-0.86)  0.67  (0.56-0.79) 059 0.50
Oa?;:ir\‘/i[ecsomm“”'ty’ social and personal service 516  0.61  (0.48-0.76) 078  (0.65-093) 065  (0.52-0.82)  0.84  (0.71-099) 080  (0.67-0.96) 0.3 0.7
Q Extra-territorial organizations and bodies 34 038 (015079) 055  (0.29-094) 018  (0.02-0.64) 043  (0.17-0.89)  0.69  (0.23-1.62) 046 0.68

*Only results based on at least 10 deaths from lung cancer for each category are presented, 2 Standardized mortality ratio, based on the mortality rates of Swiss working-age (15-68y) population, ®based on the International
Standard Classification of Occupations (3-digit ISCO 88 (COM)), °based on the main categories of the International Standard Industrial Classification of All Economic Activities (ISIC Rev.3), the Statistical classification of
economic activities in the European Community (NACE Rev.1) and the General Classification of Economic Activities (NOGA 95), 495% Confidence interval, ¢ p-value for heterogeneity test across SMR (1990-2014), p-
value for trend test across SMR (1990-2014)

79



Table S3 Trend and heterogeneity test on SMR? for lung cancer* by occupation® and economic activity/industry® in women aged 18-85 : the Swiss National Cohort (1990-2014)

L No.of  SMR e SMR . SMR S SMR ) SMR . b po
Characteristics deaths 1990-1994 (9%CI° 49951999  (9%CN 50002004  (5%CD  onps.0000  (99%CD  5p10.0014  (95%CD) W
2-digit ISCO 88

11. Legislators and senior officials 12 171 (021-616) 055  (0.01-3.06) - - 140  (0.45326) 100  (0.27-2.56) 042 0.82
12. Corporate managers 202 133 (0.99-179) 188  (1.54-2.30)  0.68  (0.34-121) 092  (0.60-136) 092  (0.61-1.33) 000 0.00
13. Managers of small enterprises 111 - ] 137 (0283.99) 105  (0.66-1.60)  1.31 (0.97-176) 113 (0.84-1.53) 064 0.59
21. Physical, mathematical and ~engineering 7 1.25 (0.26-3.65) 1.20 (0.39-2.80) 077 (0.16-2.26) 1.02 (0.41-2.11) 114  (052-2.17) 097 0.93
science professionals
22, Life science and health professionals 21 112 (0.31-2.88) 034  (0.04-1.22) 068  (0.22-159) 024  (0.050.71) 050  (0.20-1.03) 026 0.29
23. Teaching professionals 106 067  (0.36-115) 082  (0.54-120) 040  (0.21-0.70) 045  (0.28-0.68)  0.60  (0.42-0.84) 016 0.27
24. Other professionals 132 0.86  (0.46-148) 098  (0.631.46) 068  (0.43-1.01) 059  (042-083) 062  (0.45-0.85) 029 0.07
31. ;2}’955";?(')”1?2 engineering science associate g7 064  (0.26-133) 137  (0.882.04) 100  (0.52-1.75)  1.36 (090-1.98) 120  (0.79-1.75) 039 0.34
32. :;p:;essﬁfr']‘;?sce and  health  associate 47 056  (0.33-094) 054  (0.35-0.80) 030  (0.17-048) 057  (044-075) 060  (0.46-0.76) 0.14 0.39
33, Teaching associate professionals 90 037  (0.12087) 065  (0.36-1.07) 045  (0.26:0.73) 049  (0.33-0.70) 036  (0.23-053) 046 0.29
34. Other associate professionals 394 125  (0.94-165) 093  (0.72-1.21) 102  (0.80-1.30) 097  (0.80-1.18) 104  (0.87-1.24) 062 062
41. Office clerks 969 098  (0.81-1.18) 126  (110-143) 106  (0.90-1.25)  1.01 (0.88-1.14) 102  (0.91-1.15 010 0.25
42. Customer services clerks 177 100  (0.60-157) 110  (0.79-155)  0.97  (0.62-1.44) 125  (0.95165 108  (0.82-143) 084 0.66
51. Personal and protective services workers 600 0.97 (0.75-1.26) 1.23 (1.02-1.47) 1.00 (0.81-1.22) 0.96 (0.82-1.13) 1.11 (0.96-1.28) 0.28 0.95
52. Models, salespersons and demonstrators 514 1.32 (1.06-1.63) 1.06 (0.87-1.29) 0.97 (0.77-1.23) 112 (0.94-1.33) 1.05 (0.88-1.24) 0.37 0.30
61. Skilled agricultural and fishery workers 48 031  (0.12064) 046  (0.260.75) 036  (0.12:0.84) 053  (027-092) 031  (0.13-0.60) 0.67 0.9
72. Metal, machinery and related trades workers 29 094  (0.26242) 123  (0.53242) 031  (0.01-1.74) 133  (053274) 155  (0.71-2.94) 054 0.38
73. Precision, handicraft, craft printing and refated 5, 210  (1.01-387) 093  (037-1.92) 110  (044-226) 202  (125:308) 077  (0.35147) 005 0.32
74. Other craft and related trades workers 54 047  (017-1.03) 059  (0.291.05) 074  (0.32-1.46) 076  (041-131) 085  (0.49-1.38) 073 0.16
82. Machine operators and assemblers 62 043  (012-1.10) 116  (0.66-1.88) 104 (045205 139  (081-223) 126  (0.74-2.02) 027 0.08
83. Drivers and mobile plant operators 28 238 (049-696) 199  (0.54-511) 226  (0.73526) 195  (078402) 227  (1.04-430) 1.00 1.00
91. Sales and services elementary occupations 293 0.97 (0.70-1.34) 1.24 (0.98-1.57) 0.73 (0.52-1.03) 1.05 (0.84-1.32) 1.03 (0.83-1.28) 0.17 0.87
Unemployed/job-seeking 300 240  (152359) 148  (0.71-1.84) 122  (0.941.60) 135  (1.11-165) 142  (1.18-1.72) 0.7 0.52
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Table S3 Continued

— No.of  SMR o SMR , SMR . SMR ) SMR . X :

Characteristics deaths 1990-1994  (9%C° 49951900  (9%CD  oo00.2004  B%CD ongs 009 BPCD  op1g.014 (99%CH P Py

ISIC Rev.3/NACE Rev.1/NOGA 95
A Agriculture,hunting, forestry 105 03¢  (0.16-065 052 (0.32:0.80) 056  (0.320.90)  0.69 (0.49-098)  0.51 (0.34-074) 041 0.29
D Manufacture of goods 776 096  (0.78-1.18)  1.21 (1.04-1.40) 097  (0.80-1.18) 1.1 (0.97-129) 119  (1.05-1.36) 0.20 0.26
E Electricity, gas and water supply 16 068  (0.02-3.79) 174  (0.48-4.47)  1.16  (0.24-3.40)  0.71 (0.15-2.08)  1.05  (0.34-2.45) 0.78 0.72
F Construction 123 1.04  (0.521.86)  1.14 (068-1.77) 146  (0.98-210)  0.93 (065-1.33) 093  (0.67-1.31) 039 0.32
G Trade; repair of motor vehicles and of domestic 4189 428 (1.10-1.48) 108 (0.04-123) 094  (0.81-1.10) 111 (0.99124) 104  (0.93-1.15) 0.08 0.15
H Hotels and restaurants 464 114  (0.83-157)  1.78 (1452.18) 147  (1.17-1.84) 158 (1.33-1.87) 133  (1.12-1.59) 0.10 0.7
I Transport and communication 205 0.68  (0.37-1.14)  1.09 (0.78-1.51) 082  (0.54-1.20)  1.04 (0.80-1.35) 113 (0.90-1.43) 0.34 0.14
J Financial intermediation; insurance 289 108  (0.75-1.54)  1.16 (0.88-152) 117  (0.89-1.56)  1.01 (0.80-128)  1.16  (0.94-1.43) 091 0.98
K Real estate, renting, it activities; research and 4, 088  (0.62-124) 130  (1.04-163) 090  (0.71-1.15) 094  (0.78-1.13) 093  (0.78-1.11) 0.1 028

development; other business services

LA Public administration 159 068  (0.38-1.11)  1.06 (0.76-1.46) 103  (0.69-148)  0.80 (058-1.10) 077  (0.57-1.05) 0.4 0.54
M Education 299 0.86  (0.62-1.18)  0.89  (0.69-1.13) 052  (0.38-0.70)  0.54 (043-069) 057  (0.46-0.70) 0.00 0.00
N Health and social activities 665 074  (0.58-0.96)  0.80 (0.66-0.97) 062  (0.51-0.75)  0.70 (061-0.81) 072  (0.63-0.82) 045 0.67
0o gctt?ﬁ[i::mm””'ty' social and personal service 45 0.88 (0.59-1.26) 1.22 (0.95-1.56) 0.92 (0.69-1.22) 1.01 (0.82-1.25) 1.02 (0.83-1.24) 053 0.94
P Domestic services 27 1.57 (0.81-2.74) 1.35 (0.75-2.22) - - - - - - 0.99 0.66
Q Extra-territorial organizations and bodies 15 1.94  (0.63454) 050  (0.06-1.79) 125  (0.34-3.19)  0.38 (0.051.39) 054  (0.07-1.94) 0.14  0.09

*Only results based on at least 10 deaths from lung cancer for each category are presented, @ Standardized mortality ratio, based on the mortality rates of Swiss working-age (15-85y) population, ® based on the
International Standard Classification of Occupations (3-digit ISCO 88), ° based on the main categories of the International Standard Industrial Classification of All Economic Activities (ISIC Rev.3), the Statistical
classification of economic activities in the European Community (NACE Rev.1) and the General Classification of Economic Activities (NOGA 95), ¢95% Confidence interval, © p-value for heterogeneity test across SMR
(1990-2014), p-value for trend test across SMR (1990-2014).
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Table S4 Standardized mortality ratios® (SMR), causal mortality ratios? (CMR), relative SMRs (rSMR) for lung cancer* by economic activity/industry®: the Swiss National Cohort
(1990-2014)

ISIC Rev.3/NACE Rev.1/NOGA 95 (0] Es SMR (95%CI) Ec CMR (95%Cl) rSMR (95%Cl)

Female
A Agriculture, hunting, forestry 105 195 0.54 (0.45-0.65) 193 0.54 (0.45-0.66) 0.77 (0.63-0.93)
D Manufacture of goods 776 697 111 (1.04-1.20) 693 1.12 (1.04-1.20) 1.32 (1.23-1.42)
E Electricity, gas and water supply 16 15 1.05 (0.60-1.70) 15 1.05 (0.60-1.70) 1.37 (0.84-2.23)
F Construction 123 116 1.06 (0.89-1.27) 115 1.07 (0.89-1.27) 1.33 (1.11-1.58)
G Trade; repair of motor vehicles and of domestic articles 1189 1105 1.08 (1.02-1.14) 1098 1.08 (1.02-1.15) 1.32 (1.25-1.40)
H Hotels and restaurants 464 314 148 (1.35-1.62) 314 148 (1.34-1.62) 1.59 (1.45-1.74)
| Transport and communication 205 204 1.01 (0.88-1.15) 203 1.01 (0.88-1.16) 1.24 (1.08-1.42)
J Financial intermediation; insurance 289 259 112 (0.99-1.25) 258 1.12 (0.99-1.26) 1.35 (1.20-1.51)
K Real estate, renting, it activities; research and development; other business services 412 423 0.97 (0.88-1.07) 421 0.98 (0.89-1.08) 1.24 (1.13-1.37)
LA public administration 159 185 0.86 (0.74-1.01) 184 0.86 (0.74-1.01) 1.11  (0.95-1.30)
LB Defence 36 43 0.84 (0.61-1.17) 43 0.84 (0.59-1.16) 1.06 (0.76-1.46)
LC Compulsory social security 10 10 0.97 (0.47-1.79) 10 0.97 (0.47-1.79) 1.18 (0.63-2.19)
M Education 299 476 0.63 (0.56-0.70) 470 0.64 (0.57-0.71) 0.97 (0.87-1.09)
N Health and social activities 665 938 0.71 (0.66-0.76) 931 0.71 (0.66-0.77) 0.90 (0.84-0.97)
O Other community, social and personal service activities 320 314 1.02 (0.91-1.14) 312 1.02 (0.92-1.14) 1.32 (1.18-1.47)
P Domestic services 27 19 1.44 (0.95-2.09) 19 1.43 (0.94-2.08) 1.72 (1.18-2.51)
Q Extra-territorial organizations and bodies 15 19 0.80 (0.45-1.32) 19 0.80 (0.45-1.33) 1.05 (0.63-1.75)

Male
A Agriculture, hunting, forestry 989 1311 0.75 (0.71-0.80) 1281 0.77 (0.72-0.82) 0.94 (0.89-1.00)
C Mining and quarring 92 54 1.70 (1.39-2.09) 55 1.68 (1.36-2.06) 1.74 (1.42-2.14)
D Manufacture of goods 4858 5287 0.92 (0.89-0.95) 5219 0.93 (0.90-0.96) 1.14 (1.11-1.17)
E Electricity, gas and water supply 228 285 0.80 (0.70-0.91) 281 0.81 (0.71-0.92) 1.05 (0.92-1.20)
F Construction 2258 1919 1.18 (1.13-1.23) 1908 1.18 (1.14-1.23) 1.32 (1.27-1.38)
G Trade; repair of motor vehicles and of domestic articles 2573 2916 0.88 (0.85-0.92) 2875 0.89 (0.86-0.93) 1.07 (1.02-1.11)
H Hotels and restaurants 643 537 120 (1.11-1.29) 540 1.19 (1.10-1.29) 1.17 (1.08-1.26)
| Transport and communication 1477 1564 0.94 (0.90-0.99) 1554 0.95 (0.90-1.00) 1.12 (1.07-1.18)
J Financial intermediation; insurance 645 1036 0.62 (0.58-0.67) 1017 0.63 (0.59-0.69) 0.91 (0.84-0.98)
K Real estate, renting, it activities; research and development; other business services 1344 1996 0.67 (0.64-0.71) 1953 0.69 (0.65-0.73) 0.92 (0.87-0.97)
LA Public administration 700 946 0.74 (0.69-0.80) 938 0.75 (0.69-0.80) 1.01 (0.94-1.09)
LB Defence 155 254  0.61 (0.52-0.71) 253 0.61 (0.52-0.72) 0.85 (0.73-1.00)
LC Compulsory social security 18 25 0.73 (0.43-1.15) 25 0.73 (0.43-1.16) 0.98 (0.62-1.55)
M Education 431 932 046 (0.42-0.51) 905 0.48 (0.43-0.52) 0.80 (0.73-0.88)
N Health and social activities 572 860 0.67 (0.61-0.72) 845 0.68 (0.62-0.74) 0.81 (0.75-0.88)
O Other community, social and personal service activities 516 692 0.75 (0.68-0.81) 683 0.76 (0.69-0.82) 0.93 (0.85-1.01)
Q Extra-territorial organizations and bodies 34 77 0.44 (0.32-0.62) 75 0.45 (0.31-0.63) 0.81 (0.58-1.14)

*Only results based on at least 10 deaths from lung cancer for each category are presented.? Based on the mortality rates of Swiss population (15-85y), ®based on the main
categories of the International Standard Industrial Classification of All Economic Activities (ISIC Rev.3), the Statistical classification of economic activities in the European
Community (NACE Rev.1) and the General Classification of Economic Activities (NOGA 95), °95%-Confidence interval.

O, observed number of deaths, Es, expected number of deaths for SMR calculation, E., expected number of deaths for CMR calculation, rSMR, relative SMR
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Table S5 Mortality from lung cancer* by selected socio-economic factors and by sex: the Swiss National Cohort (1990-2014)

L Female Male
Characteristics n CMR® (95%CI> SMR® (95%Cl) n  CMR (95%Cl) SMR  (95%Cl)
Skill level
Lowest 559 1.07 (0.98-1.16) 1.07 (0.98-1.16) 1,957 1.21 (1.15-1.26) 1.25 (1.19-1.30)
Second lowest 2,549 1.04 (1.00-1.08) 1.04 (1.00-1.08) 8,985 1.03 (1.01-1.05) 1.02  (1.00-1.04)
Second highest 752 0.76 (0.71-0.82) 0.76 (0.71-0.81) 2,421 0.71 (0.69-0.74) 0.70  (0.68-0.73)
Highest 654 0.87 (0.81-0.94) 0.86 (0.80-0.93) 3,153 0.56 (0.54-0.58) 0.54 (0.52-0.56)
Unknown 9,963 1.06 (1.04-1.08) 1.05 (1.03-1.08) 16,394 1.10 (1.08-1.11) 1.14  (1.12-1.16)
Weekly working hours
1 to 5 hours per week 247 0.79 (0.70-0.90) 0.79 (0.69-0.89) 171 1.04 (0.89-1.21) 1.05 (0.90-1.22)
6 to 19 hours per week 947 0.78 (0.73-0.83) 0.78 (0.73-0.83) 420 0.88 (0.80-0.97) 0.89 (0.80-0.97)
20 to 27 hours per week 976 0.87 (0.81-0.92) 0.86 (0.81-0.92) 646 1.01 (0.93-1.09) 1.03 (0.95-1.11)
28 to 35 hours per week 644 092 (0.85-0.99) 0.92 (0.85-0.99) 414 0.84 (0.76-0.92) 0.84 (0.76-0.93)
36 to 39 hours per week 171 0.98 (0.84-1.14) 0.98 (0.84-1.14) 190 0.76 (0.65-0.87) 0.76 (0.65-0.87)
40 to 45 hours per week 2,119 120 (1.15-1.25) 1.19 (1.14-1.25) 13,105 0.92 (0.90-0.93) 0.91 (0.89-0.92)
46 and more hours per week 434 0.99 (0.90-1.09) 0.99 (0.90-1.09) 3,294 0.68 (0.65-0.70) 0.66 (0.64-0.68)
Unknown 8,939 1.07 (1.04-1.09) 1.06 (1.04-1.08) 14,670 1.13 (1.11-1.15) 117  (1.15-1.19)
Nationality (binary)
Swiss 13,244 1.07 (1.06-1.09) 1.05 (1.04-1.07) 27,105 0.99 (0.98-1.00) 0.95 (0.94-0.96)
Non-Swiss 1,233 0.77 (0.73-0.82) 0.76 (0.72-0.81) 5,805 1.10 (1.07-1.13) 1.07 (1.04-1.10)
Region language
German 9,733 0.98 (0.96-1.00) 0.96 (0.94-0.98) 22,695 0.96 (0.95-0.98) 0.93 (0.91-0.94)
French 3,931 1.22 (1.18-1.26) 1.20 (1.16-1.23) 8,274 1.11 (1.09-1.14) 1.08 (1.05-1.10)
Italian 766 1.12 (1.04-1.20) 1.09 (1.02-1.17) 1,806 1.15 (1.10-1.20) 1.11  (1.06-1.16)
Rhaeto-Romansch 47 091 (0.67-1.21) 0.89 (0.66-1.19) 135 1.05 (0.88-1.25) 1.03 (0.86-1.22)
Civil status
Divorced 2,527 1.68 (1.61-1.74) 1.69 (1.62-1.76) 3,828 1.43 (1.39-1.48) 1.47 (1.43-1.52)
Widowed 2,086 1.28 (1.22-1.33) 1.29 (1.23-1.34) 1,150 1.17 (1.11-1.24) 1.23 (1.16-1.30)
Single 1,488 1.12 (1.06-1.18) 1.12 (1.07-1.18) 3,472 1.16 (1.12-1.20) 1.19 (1.15-1.23)
Married 8,376 0.88 (0.86-0.90) 0.86 (0.84-0.88) 24,460 0.93 (0.92-0.95) 0.89 (0.88-0.90)
Highest education achieved
Compulsory education or less 5836 1.15 (1.12-1.18) 1.14 (1.11-1.17) 9,188 1.39 (1.36-1.42) 1.38 (1.35-1.41)
Upper secondary level education 7,301 1.01 (0.98-1.03) 0.99 (0.97-1.01) 17,798 1.05 (1.03-1.06) 1.01 (1.00-1.03)
Tertiary level education 1,142 0.76 (0.72-0.81) 0.75 (0.71-0.80) 5494 0.61 (0.60-0.63) 0.58 (0.57-0.60)
Unknown 198 1.33 (1.15-1.53) 1.36 (1.18-1.57) 430 1.57 (1.43-1.73) 1.67 (1.51-1.83)

*Only results based on at least 10 deaths from lung cancer for each category are presented.  causal mortality ratios, based on the mortality rates
of Swiss population (15-85y), ® 95%-Confidence interval; ® standardized mortality ratios, based on the mortality rates of Swiss population (15-85y).
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Table 6 CMR? and SMR® for lung cancer* by 4-digit ISCO® codes in both sexes aged 18-85: the Swiss National Cohort (1990-2014)

Female Male
4-digit ISCO 88 Mool CMR  (95%CIF  SMR  (95%Cl) Moof GMR (95%Cl) SMR  (95%Cl)
Unemployed/job-seeking 300 1.35 (1.20-1.52) 1.38  (1.23-1.55) 748 1.58 (1.47-1.70) 1.69 (1.57-1.82)
0100. Armed forces - - - - - 17 0.77 (0.45-1.24) 0.77 (0.45-1.23)
1000. Legislators, senior officials and managers, nos® 43 0.95 (0.69-1.28) 0.95 (0.69-1.28) 141 0.59 (0.50-0.70) 0.59 (0.49-0.69)
1120. Senior government officials - - - - - 72 0.44 (0.34-0.55) 0.43 (0.33-0.54)
1210. Directors and chief executives 49 1.35 (1.00-1.78) 1.35  (1.00-1.78) 419 0.53 (0.48-0.58) 0.52 (0.47-0.57)
1222. Production and operations managers in manufacturing 12 1.56 (0.81-2.72) 1.57 (0.81-2.75) 275 0.70 (0.62-0.79) 0.70 (0.62-0.78)
1223. Production and operations managers in construction - - - - - 28 0.85 (0.56-1.22) 0.84 (0.56-1.21)
1224. Production and operations managers in wholesale and retail trade - - - - - 32 0.61 (0.42-0.86) 0.60 (0.41-0.85)
1225. Production and operations managers in restaurants and hotels 70 1.75 (1.36-2.21) 1.75 (1.37-2.22) 122 1.09 (0.90-1.30) 1.11 (0.92-1.32)
1226. Producgion. and operations managers in transport, storage and _ ) ) } _ 48 062 (0.46-0.82) 0.61 (0.45-0.82)
communications

1227. Production and operations managers in business services enterprises - - - - - 29 0.38 (0.26-0.55) 0.38 (0.25-0.54)
1229. Production and operations managers not elsewhere classified - - - - - 29 0.46 (0.31-0.67) 0.46 (0.31-0.66)
1230. Other specialist managers, nos 36 1.58 (1.11-2.19) 159  (1.11-2.20) 200 0.71 (0.61-0.81) 0.70 (0.61-0.81)
1231. Finance and administration managers - - - - - 23 0.61 (0.38-0.91) 0.60 (0.38-0.90)
1233. Sales and marketing managers - - - - - 52 0.58 (0.43-0.76) 0.58 (0.43-0.75)
1312. Managers of small enterprises in manufacturing - - - - - 44 0.59 (0.43-0.79) 0.59 (0.43-0.79)
1313. Managers of small enterprises in construction - - - - - 29 0.69 (0.46-0.99) 0.68 (0.46-0.98)
1314. Managers of small enterprises in wholesale and retail trade 27 1.04 (0.69-1.52) 1.04 (0.69-1.52) 87 0.70 (0.56-0.87) 0.70 (0.56-0.86)
1315. Managers of small enterprises in restaurants and hotels 50 145 (1.08-1.92) 1.46 (1.09-1.93) 85 121 (0.96-1.49) 1.22 (0.98-1.51)
1316. Managers of small enterprises in transport, storage and communications - - - - - 23 0.92 (0.58-1.38) 0.92 (0.58-1.38)
1317. Managers of small enterprises in business services enterprises - - - - - 43 0.50 (0.36-0.67) 0.49 (0.35-0.66)
1318. Shgfvr}ggsers of small enterprises in personal care, cleaning and related } ) ) ) ) 1 062 (0.31-1.11) 0.61 (0.31-1.10)
1319. Managers of small enterprises not elsewhere classified 13 0.94 (0.50-1.61) 0.94 (0.50-1.60) 15 0.37 (0.21-0.62) 0.37 (0.21-0.61)
2113. Chemists - - - - - 15 0.36 (0.20-0.59) 0.35 (0.20-0.58)
2131. Computer systems designers, analysts and programmers 13 1.67 (0.89-2.86) 1.68 (0.89-2.87) 109 0.56 (0.46-0.67) 0.55 (0.45-0.66)
2139. Computing professionals not elsewhere classified - - - - - 77 0.81 (0.64-1.01) 0.80 (0.63-1.00)
2140. Architects, engineers and related professionals, nos - - - - - 53 0.32 (0.24-0.42) 0.32 (0.24-0.42)
2141. Architects, town and traffic planners - - - - - 111 0.50 (0.41-0.60) 0.48 (0.40-0.58)
2142. Civil engineers - - - - - 33 0.43 (0.30-0.61) 0.42 (0.29-0.58)
2143. Electrical engineers - - - - - 16 0.35 (0.20-0.57) 0.35 (0.20-0.56)
2145. Mechanical engineers - - - - - 22 0.46 (0.29-0.70) 0.45 (0.29-0.69)
2149. Architects, engineers and related professionals not elsewhere classified - - - - - 22 0.68 (0.43-1.04) 0.67 (0.42-1.01)
2221. Medical doctors 14 0.55 (0.30-0.93) 0.55  (0.30-0.92) 65 0.31 (0.24-0.40) 0.30 (0.23-0.38)
2222. Dentists - - - - - 24 0.47 (0.30-0.70) 0.44 (0.28-0.66)
2224. Pharmacists - - - - - 10 0.58 (0.28-1.07) 0.56 (0.27-1.02)
2310. College, university and higher education teaching professionals - - - - - 28 0.33 (0.22-0.48) 0.32 (0.21-0.47)
2320. Secondary education teaching professionals 77 0.56 (0.44-0.70) 0.56 (0.44-0.70) 138 0.36 (0.31-0.43) 0.35 (0.30-0.42)
2340. Special education teaching professionals 16 0.58 (0.33-0.95) 0.58 (0.33-0.94) - - - - -
2411. Accountants - - - - - 80 0.64 (0.51-0.80) 0.63 (0.50-0.78)
2412. Personnel and careers professionals 14 0.76  (0.42-1.28) 0.76 (0.41-1.27) 21 0.49 (0.31-0.75) 0.49 (0.30-0.75)
2419. Business professionals not elsewhere classified 22 0.80 (0.50-1.22) 0.81 (0.51-1.22) 158 0.61 (0.52-0.72) 0.61 (0.52-0.71)
2420. Legal professionals, nos - - - - - 19 0.64 (0.38-1.00) 0.64 (0.38-0.99)
2421. Lawyers - - - - - 13 0.30 (0.16-0.51) 0.29 (0.15-0.50)
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Table S$6 Continued

Female Male
4-digit ISCO 88 Mool CMR  (95%CI SMR  (95%Cl) Moof GMR (95%Cl) SMR  (95%Cl)
2422. Judges - - - - - 15 0.79 (0.44-1.30) 0.77 (0.43-1.26)
2444, Philologists, translators and interpreters 12 1.06 (0.55-1.86) 1.05 (0.54-1.84) 10 0.55 (0.27-1.02) 0.55 (0.26-1.01)
2446. Social work professionals 18 0.69 (0.41-1.09) 0.68  (0.41-1.08) 17 0.65 (0.38-1.03) 0.63 (0.37-1.01)
2451. Authors, journalists and other writers 10 0.64 (0.31-1.18) 0.64  (0.31-1.17) 46 0.63 (0.46-0.84) 0.62 (0.45-0.82)
2452, Sculptors, painters and related artists - - - - - 40 117 (0.83-1.59) 1.17 (0.83-1.59)
2453. Composers, musicians and singers - - - - - 16 0.47 (0.27-0.76) 0.46 (0.26-0.74)
2455. Film, stage and related actors and directors - - - - - 18 0.79 (0.47-1.25) 0.78 (0.46-1.23)
2460. Religious professionals - - - - - 25 0.31 (0.20-0.45) 0.29 (0.19-0.43)
3100. Physical and engineering science associate professionals, nos - - - - - 64 0.68 (0.52-0.86) 0.67 (0.52-0.86)
3110. Physical and engineering science technicians, nos - - - - - 113 0.73 (0.60-0.88) 0.73 (0.60-0.87)
3111. Chemical and physical science technicians 16 0.91 (0.52-1.47) 0.90 (0.52-1.47) 26 0.70 (0.46-1.03) 0.70 (0.45-1.02)
3112. Civil engineering technicians - - - - - 105 0.83 (0.68-1.00) 0.82 (0.67-0.99)
3113. Electrical engineering technicians - - - - - 11 0.61 (0.31-1.10) 0.61 (0.30-1.09)
3114. Electronics and telecommunications engineering technicians - - - - - 10 0.57 (0.27-1.04) 0.56 (0.27-1.03)
3115. Mechanical engineering technicians - - - - - 10 0.53 (0.26-0.98) 0.52 (0.25-0.96)
3116. Chemical engineering technicians 15 141  (0.79-2.33) 1.41 (0.79-2.33) 44 1.02 (0.74-1.37) 1.02 (0.74-1.38)
3118. Draughts persons - - - - - 86 0.97 (0.77-1.20) 0.96 (0.77-1.19)
3119. Physical and engineering science technicians not elsewhere classified - - - - - 57 0.64 (0.49-0.83) 0.64 (0.48-0.82)
3122. Computer equipment operators 10 1.88 (0.90-3.46) 1.89 (0.91-3.48) 27 0.91 (0.60-1.33) 0.92 (0.61-1.34)
3131. Photographers and image and sound recording equipment operators - - - - - 27 0.74 (0.49-1.08) 0.73 (0.48-1.06)
3139. Optical and electronic equipment operators not elsewhere classified - - - - - 89 0.67 (0.54-0.82) 0.67 (0.54-0.83)
3152. Safety, health and quality inspectors 12 0.95 (0.49-1.66) 0.95 (0.49-1.65) 80 0.98 (0.78-1.23) 0.99 (0.78-1.23)
3221. Medical assistants 27 0.72 (0.47-1.04) 0.71 (0.47-1.04) - - - - -
3226. Physiotherapists and related associate professionals 14 0.39 (0.21-0.65) 0.38 (0.21-0.64) 12 0.47 (0.24-0.82) 0.46 (0.24-0.81)
3231. Nursing associate professionals 101 0.57 (0.46-0.69) 0.56  (0.46-0.68) 26 0.60 (0.39-0.88) 0.59 (0.38-0.86)
3310. Primary education teaching associate professionals 48 0.43 (0.32-0.57) 043 (0.31-0.57) 57 0.38 (0.29-0.49) 0.37 (0.28-0.48)
3320. Pre-primary education teaching associate professionals 19 0.55 (0.33-0.85) 0.54 (0.33-0.85) - - - - -
3340. Other teaching associate professionals 23 0.44 (0.28-0.66) 0.44 (0.28-0.66) 56 0.62 (0.47-0.80) 0.61 (0.46-0.79)
3400. Other associate professionals, nos 18 0.75 (0.44-1.18) 0.75 (0.44-1.18) 30 0.98 (0.66-1.40) 0.98 (0.66-1.39)
3410. Finance and sales associate professionals, nos 85 1.08 (0.87-1.34) 1.08 (0.87-1.34) 343 0.68 (0.61-0.75) 0.68 (0.61-0.75)
3412. Insurance representatives - - - - - 64 0.78 (0.60-0.99) 0.78 (0.60-0.99)
3413. Estate agents 12 1.13 (0.59-1.98) 1.13  (0.58-1.97) 45 0.70 (0.51-0.94) 0.69 (0.50-0.93)
3415. Technical and commercial sales representatives 15 0.90 (0.50-1.49) 0.90 (0.50-1.48) 199 0.83 (0.71-0.95) 0.82 (0.71-0.94)
3416. Buyers - - - - - 35 0.56 (0.39-0.78) 0.55 (0.38-0.77)
3419. Finance and sales associate professionals not elsewhere classified 42 1.11  (0.80-1.51) 1.1 (0.80-1.50) 144 0.61 (0.52-0.72) 0.61 (0.52-0.72)
3420. Business services agents and trade brokers, nos - - - - - 18 0.73 (0.44-1.16) 0.74 (0.44-1.16)
3422. Clearing and forwarding agents - - - - - 11 0.80 (0.40-1.43) 0.79 (0.40-1.42)
3429. Business services agents and trade brokers not elsewhere classified - - - - - 20 0.53 (0.32-0.81) 0.53 (0.32-0.81)
3430. Administrative associate professionals, nos 39 1.16 (0.82-1.58) 1.16 (0.82-1.59) 82 0.77 (0.61-0.96) 0.77 (0.61-0.95)
3433. Bookkeepers 87 1.32  (1.06-1.63) 1.32 (1.06-1.63) 93 0.66 (0.53-0.81) 0.65 (0.53-0.80)
3440. Customs, tax and related government associate professionals, nos 26 .07 (0.70-1.57) 1.08 (0.70-1.58) 162 0.83 (0.71-0.97) 0.84 (0.71-0.98)
3441. Customs and border inspectors - - - - - 34 0.86 (0.60-1.20) 0.85 (0.59-1.18)
3449. Customs, tax gpd related government associate professionals not _ ) ) } _ 15 123 (0.69-2.03) 1.26 (0.70-2.08)
elsewhere classified
3471. Decorators and commercial designers 20 0.87 (0.53-1.35) 0.86 (0.53-1.33) 92 0.80 (0.64-0.98) 0.78 (0.63-0.95)



Table S$6 Continued

Female Male

4-digit ISCO 88 Mool CMR  (95%CI SMR  (95%Cl) Moof GMR (95%Cl) SMR  (95%Cl)
3480. Religious associate professionals - - - - - 15 0.73 (0.41-1.20) 0.71 (0.40-1.17)
4110. Secretaries and keyboard-operating clerks, nos 576 1.10  (1.02-1.20) 1.10 (1.01-1.19) 285 0.79 (0.70-0.88) 0.79 (0.70-0.89)
4113. Data entry operators 10 233 (1.12-429) 2.36 (1.13-4.35) - - - - -
4115. Secretaries 186 1.03 (0.89-1.19) 1.03  (0.89-1.19) 16 0.55 (0.31-0.89) 0.54 (0.31-0.88)
4121. Accounting and book-keeping clerks 14 1.39 (0.76-2.34) 1.39 (0.76-2.34) - - - - -
4130. Material-recording and transport clerks, nos - - - - - 29 0.98 (0.66-1.40) 0.98 (0.66-1.41)
4131. Stock clerks 28 120 (0.79-1.73) 120  (0.80-1.73) 546 132 (1.22-1.44) 1.35 (1.23-1.46)
4133. Transport clerks 22 1.59 (1.00-2.41) 1.60 (1.00-2.42) 193 128 (1.11-1.48) 1.30 (1.12-1.50)
4142. Mail carriers and sorting clerks - - - - - 45 1.14 (0.83-1.53) 1.15 (0.84-1.53)
4143. Coding, proof-reading and related clerks - - - - - 10 0.67 (0.32-1.22) 0.66 (0.32-1.21)
4190. Other office clerks 116  0.84 (0.69-1.00) 0.84  (0.69-1.00) 79 0.78 (0.62-0.97) 0.78 (0.62-0.97)
4210. Cashiers, tellers and related clerks, nos - - - - - 12 112 (0.58-1.95) 1.12 (0.58-1.95)
4211. Cashiers and ticket clerks 71 143 (1.11-1.80) 1.43 (1.11-1.80) - - - - -
4212. Tellers and other counter clerks 33 0.84 (0.58-1.18) 0.83  (0.57-1.17) 128 0.75 (0.62-0.89) 0.74 (0.62-0.88)
4222. Receptionists and information clerks 26 1.31  (0.86-1.92) 1.31 (0.85-1.91) 12 0.93 (0.48-1.63) 0.94 (0.49-1.64)
4223. Telephone switchboard operators 40 0.92 (0.66-1.25) 0.92 (0.65-1.25) - - - - -
5112. Transport conductors - - - - - 19 0.58 (0.35-0.91) 0.58 (0.35-0.90)
5120. Housekeeping and restaurant services workers, nos 22 1.60 (1.00-2.41) 1.60 (1.00-2.42) 11 1.31 (0.66-2.35) 1.33 (0.67-2.38)
5121. Housekeepers and related workers 86 1.03 (0.82-1.27) 1.03 (0.82-1.27) 25 1.32 (0.85-1.94) 1.35 (0.87-1.99)
5122. Cooks 44 0.87 (0.63-1.17) 0.87  (0.63-1.17) 160 112 (0.96-1.31) 1.14 (0.97-1.33)
5123. Waiters, waitresses and bartenders 153 159 (1.35-1.87) 159  (1.35-1.87) 76 1.52  (1.20-1.90) 1.53 (1.21-1.92)
5130. Personal care and related workers, nos 50 0.82 (0.61-1.08) 0.82 (0.61-1.08) 15 0.65 (0.36-1.08) 0.65 (0.36-1.07)
5131. Child-care workers 15 0.71  (0.40-1.18) 0.71 (0.40-1.17) - - - - -
5132. Institution-based personal care workers 78 0.83 (0.66-1.04) 0.83 (0.65-1.03) 11 0.80 (0.40-1.43) 0.80 (0.40-1.43)
5133. Home-based personal care workers 24 0.70 (0.45-1.05) 0.70 (0.45-1.04) - - - - -
5140. Other personal services workers, nos 11 1.29 (0.64-2.30) 1.29 (0.64-2.30) 59 0.66 (0.50-0.85) 0.65 (0.50-0.84)
5141. Hairdressers, barbers, beauticians and related workers 85 1.29 (1.03-1.59) 1.28 (1.02-1.58) 49 0.84 (0.62-1.11) 0.81 (0.60-1.07)
5160. Protective services workers, nos - - - - - 35 1.06 (0.74-1.48) 1.08 (0.75-1.50)
5162. Police officers - - - - - 85 0.61 (0.49-0.75) 0.59 (0.47-0.73)
5169. Protective services workers not elsewhere classified - - - - - 64 1.04 (0.80-1.32) 1.05 (0.81-1.34)
5220. Shop, stall and market salespersons and demonstrators 514 1.10 (1.00-1.20) 1.09 (1.00-1.19) 324 0.89 (0.80-1.00) 0.89 (0.80-1.00)
6110. Market gardeners and crop growers, nos - - - - - 21 1.03 (0.64-1.58) 1.04 (0.64-1.59)
6111. Field crop and vegetable growers - - - - - 12 0.43 (0.22-0.76) 0.43 (0.22-0.74)
6112. Gardeners, horticultural and nursery growers 10 0.57 (0.27-1.04) 0.56 (0.27-1.03) 121 0.90 (0.74-1.07) 0.89 (0.74-1.06)
6120. Animal producers and related workers, nos - - - - - 18 1.33 (0.79-2.10) 1.37 (0.81-2.17)
6130. Crop and animal producers 33 0.36  (0.25-0.50) 0.35  (0.24-0.50) 665 0.73 (0.67-0.79) 0.71 (0.66-0.77)
6141. Forestry workers and loggers - - - - - 34 1.29 (0.90-1.81) 1.31 (0.90-1.82)
7113. Stone splitters, cutters and carvers - - - - - 17 0.84 (0.49-1.34) 0.85 (0.49-1.36)
7120. Building frame and related trades workers, nos - - - - - 167 1.13 (0.96-1.31) 1.13 (0.97-1.32)
7122. Bricklayers and stonemasons - - - - - 341 140 (1.26-1.56) 1.41 (1.26-1.57)
7123. Concrete placers, concrete finishers and related workers - - - - - 20 1.70 (1.04-2.63) 1.75 (1.07-2.70)
7124. Carpenters and joiners - - - - - 84 0.97 (0.78-1.20) 0.97 (0.77-1.20)
7130. Building finishers and related trades workers, nos - - - - - 62 125 (0.96-1.60) 1.26 (0.97-1.62)
7131. Roofers - - - - - 24 111  (0.71-1.65) 1.10 (0.71-1.64)
7132. Floor layers and tile setters - - - - - 96 139 (1.13-1.70) 1.39 (1.12-1.69)
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Female Male

4-digit ISCO 88 Mool CMR  (95%CI SMR  (95%Cl) Moof GMR (95%Cl) SMR  (95%Cl)
7133. Plasterers - - - - - 78 1.48 (1.17-1.85) 1.48 (1.17-1.85)
7134. Insulation workers - - - - - 30 161 (1.08-2.29) 1.62 (1.09-2.31)
7135. Glaziers - - - - - 13 1.44 (0.76-2.46) 1.43 (0.76-2.45)
7136. Plumbers and pipe fitters - - - - - 214 1.19 (1.04-1.36) 1.19 (1.03-1.36)
7137. Building and related electricians - - - - - 152 1.08 (0.92-1.27) 1.08 (0.92-1.27)
7139. Building finishers and related trade workers not elsewhere classified - - - - - 32 145 (0.99-2.05) 1.46 (1.00-2.06)
7141. Painters and related workers - - - - - 251 1.13 (1.00-1.28) 1.13 (0.99-1.27)
7143. Building structure cleaners - - - - - 24 159 (1.02-2.36) 1.57 (1.01-2.34)
7200. Metal, machinery and related trades workers, nos - - - - - 140 1.00 (0.84-1.18) 1.01 (0.85-1.19)
7211. Metal moulders and coremakers - - - - - 16 239 (1.36-3.87) 2.38 (1.36-3.87)
7212. Welders and flame cutters - - - - - 38 1.07 (0.76-1.47) 1.08 (0.76-1.48)
7213. Sheet-metal workers - - - - - 25 0.97 (0.63-1.43) 0.97 (0.63-1.44)
7222. Tool-makers and related workers - - - - - 249 1.25 (1.10-1.42) 1.26 (1.11-1.42)
7223. Machine-tool setters and setter-operators - - - - - 42 0.99 (0.72-1.34) 1.00 (0.72-1.35)
7224. Metal wheel-grinders, polishers and tool sharpeners - - - - - 47 1.35 (0.99-1.79) 1.37 (1.00-1.82)
7230. Machinery mechanics and fitters, nos - - - - - 441 1.07 (0.97-1.17) 1.08 (0.98-1.18)
7231. Motor vehicle mechanics and fitters - - - - - 150 0.79 (0.67-0.93) 0.78 (0.66-0.92)
7233. Agricultural- or industrial-machinery mechanics and fitters - - - - - 29 0.99 (0.67-1.43) 0.99 (0.66-1.41)
7240. Electrical and electronic equipment mechanics and fitters, nos - - - - - 10 0.55 (0.27-1.02) 0.56 (0.27-1.04)
7241. Electrical mechanics fitters and services - - - - - 133 1.05 (0.88-1.24) 1.05 (0.88-1.25)
7242. Electronics mechanics, fitters and servicers - - - - - 42 0.86 (0.62-1.17) 0.86 (0.62-1.16)
7244. Telegraph and telephone installers and servicers - - - - - 15 0.92 (0.51-1.51) 0.92 (0.51-1.51)
7245, Electrical line installers, repairers and cable jointers - - - - - 20 1.07 (0.65-1.65) 1.07 (0.65-1.65)
7311. Precision-instrument makers and repairers 29 1.73  (1.16-2.49) 1.74 (1.16-2.50) 142 1.05 (0.88-1.23) 1.03 (0.87-1.22)
7313. Jewellery and precious-metal workers - - - - - 22 0.87 (0.54-1.32) 0.84 (0.53-1.27)
7341. Compositors, typesetters and related workers - - - - - 35 0.85 (0.59-1.18) 0.84 (0.59-1.17)
7343. Printing engravers and etchers - - - - - 11 0.74 (0.37-1.32) 0.73 (0.36-1.30)
7345. Bookbinders and related workers - - - - - 22 1.02 (0.64-1.55) 1.01 (0.63-1.53)
7411. Butchers, fishmongers and related food preparers - - - - - 102 0.99 (0.81-1.20) 0.98 (0.80-1.19)
7412. Bakers, pastry-cooks and confectionery makers - - - - - 69 0.79 (0.61-1.00) 0.78 (0.61-0.99)
7413. Dairy-products workers - - - - - 17 0.46 (0.27-0.74) 0.46 (0.27-0.73)
7420. Wood treaters, cabinet-makers and related trades workers, nos - - - - - 111 0.77 (0.63-0.93) 0.78 (0.64-0.93)
7422. Cabinetmakers and related workers - - - - - 111 0.79 (0.65-0.95) 0.78 (0.64-0.94)
7423. Woodworking machine setters and setter-operators - - - - - 28 119 (0.79-1.72) 1.21 (0.80-1.74)
7433. Tailors, dressmakers and hatters 16 0.59 (0.34-0.96) 0.59 (0.33-0.95) - - - - -
7436. Sewers, embroiderers and related workers 12 0.62 (0.32-1.09) 0.62 (0.32-1.09) - - - - -
7437. Upholsterers and related workers - - - - - 18 113 (0.67-1.79) 1.11 (0.66-1.76)
7442. Shoe-makers and related workers - - - - - 17 0.69 (0.40-1.11) 0.68 (0.40-1.09)
8000. Plant and machine operators and assemblers, nos - - - - - 99 156 (1.26-1.89) 1.58 (1.29-1.93)
8122. Metal melters, casters and rolling-mill operators - - - - - 17 124 (0.72-1.99) 1.26 (0.73-2.02)
8123. Metal heat-treating-plant operators - - - - - 23 160 (1.01-2.39) 1.62 (1.03-2.43)
8150. Chemical-processing-plant operators, nos - - - - - 17 132 (0.77-2.11) 1.33 (0.77-2.13)
8160. Power-production and related plant operators, nos - - - - - 22 1.06 (0.67-1.61) 1.07 (0.67-1.62)
8210. Metal- and mineral-products machine operators, nos - - - - - 10 115 (0.55-2.12) 1.18 (0.56-2.16)
8211. Machine-tool operators - - - - - 109 1.15 (0.94-1.38) 1.16 (0.95-1.40)
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Table S$6 Continued

Female Male

4-digit ISCO 88 Mool CMR  (95%CI SMR  (95%Cl) Moof GMR (95%Cl) SMR  (95%Cl)
8212. Cement and other mineral products machine operators - - - - - 17 2.65 (1.54-4.24) 2.67 (1.55-4.27)
8229. Chemical-products machine operators not elsewhere classified - - - - - 26 1.39 (0.91-2.04) 1.41 (0.92-2.06)
8231. Rubber-products machine operators - - - - - 11 349 (1.74-6.24) 3.59 (1.79-6.42)
8232. Plastic-products machine operators - - - - - 15 1.34 (0.75-2.20) 1.36 (0.76-2.24)
8251. Printing-machine operators 13 192 (1.02-3.29) 1.93  (1.03-3.30) 88 0.94 (0.76-1.16) 0.93 (0.75-1.15)
8262. Weaving- and knitting-machine operators - - - - - 19 0.80 (0.48-1.25) 0.81 (0.49-1.26)
8264. Bleaching-, dyeing- and cleaning-machine operators 20 0.88 (0.54-1.36) 0.88 (0.54-1.36) 11 0.87 (0.43-1.56) 0.88 (0.44-1.58)
8270. Food and related products machine operators, nos - - - - - 11 1.65 (0.82-2.96) 1.67 (0.83-2.99)
8278. Brewers, wine and other beverage machine operators - - - - - 23 114 (0.72-1.71) 1.15 (0.73-1.72)
8280. Assemblers, nos - - - - - 98 1.27 (1.03-1.54) 1.28 (1.04-1.56)
8290. Other machine operators not elsewhere classified - - - - - 129 1.73 (1.45-2.06) 1.78 (1.48-2.11)
8311. Locomotive engine drivers - - - - - 36 0.67 (0.47-0.93) 0.66 (0.46-0.91)
8312. Railway brakers, signallers and shunters - - - - - 65 0.80 (0.61-1.01) 0.80 (0.62-1.02)
8320. Motor vehicle drivers, nos 12 211  (1.09-3.69) 2.12 (1.09-3.70) 638 1.37 (1.27-1.48) 1.38 (1.28-1.49)
8322. Car, taxi and van drivers 10 3.34 (1.60-6.14) 345 (1.66-6.35) 55 1.35 (1.02-1.76) 1.38 (1.04-1.80)
8323. Bus and tram drivers - - - - - 38 0.88 (0.62-1.21) 0.89 (0.63-1.22)
8324. Heavy truck and lorry drivers - - - - - 117 143 (1.18-1.71) 1.45 (1.20-1.73)
8330. Agricultural and other mobile plant operators, nos - - - - - 70 1.74 (1.36-2.20) 1.79 (1.39-2.26)
8333. Crane, hoist and related plant operators - - - - - 46 1.31 (0.96-1.74) 1.33 (0.97-1.77)
9130. Domestic and related helpers, cleaners and launderers, nos 105 0.92 (0.75-1.11) 0.92 (0.75-1.11) 28 142 (0.94-2.05) 1.46 (0.97-2.12)
9132. Helpers and cleaners in offices, hotels and other establishments 23 0.96 (0.61-1.44) 0.96 (0.61-1.44) - - - - -
9140. Building caretakers, window and related cleaners, nos 92 1.15 (0.92-1.41) 1.15 (0.93-1.41) 186 1.26 (1.09-1.45) 1.28 (1.11-1.48)
9141. Building caretakers 38 1.00 (0.71-1.38) 1.01 (0.71-1.38) 148 1.11  (0.94-1.30) 1.12 (0.95-1.31)
9151. Messengers, package and luggage porters and deliverers 17 1.01  (0.59-1.61) 1.01 (0.59-1.61) 69 0.97 (0.75-1.22) 0.98 (0.77-1.25)
9152. Doorkeepers, watchpersons and related workers - - - - - 19 1.00 (0.60-1.56) 1.00 (0.60-1.57)
9161. Garbage collectors - - - - - 19 1.26 (0.76-1.97) 1.29 (0.77-2.01)
9162. Sweepers and related labourers - - - - - 16 1.70 (0.97-2.77) 1.79 (1.02-2.91)
9211. Farm-hands and labourers - - - - - 60 1.23 (0.94-1.59) 1.26 (0.96-1.62)
9310. Mining and construction labourers, nos - - - - - 40 158 (1.13-2.15) 1.61 (1.15-2.19)
9312. Constru<_:tion and maintenance labourers: roads, dams and similar B R B R B 76 1.35 (1.06-1.69) 137 (1.08-1.71)

constructions
9320. Manufacturing labourers 258 1.13 (1.00-1.28) 1.14 (1.01-1.29) 1276 1.20 (1.13-1.27)  1.25 (1.18-1.32)

*Only results based on at least 10 deaths from lung cancer for each category are presented.? causal mortality ratios, based on the mortality rates of Swiss population (15-85y),° standardized
mortality ratios, based on the mortality rates of Swiss population (15-85y), ®based on the International Standard Classification of Occupations (4-digit ISCO 88), ¢ 95%-Confidence interval, © not
otherwise specified.
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[ll. 1ll. Modelling of lung cancer mortality rates in Swiss workers according to

occupational and non-occupational exposures

In our first study, we found significant differences in lung cancer mortality between certain
occupational groups and the general Swiss population. However, this study was purely
descriptive. Therefore, to have a better understanding of these results, we initiated a second
study that aimed at examining the effect of occupational and non-occupational exposures
together on lung cancer mortality. Since smoking and radon exposure are currently the two
most important risk factors for lung cancer, we adjusted our results for occupation by taking
these two factors into account. The occupation was used as a proxy of all potential
occupational exposures, given the unavailability of public occupational exposure data in
Switzerland. We published this work in Journal of Occupational and Environmental Medicine

in December 2021.

Own contribution: performed the data management, performed the statistical analyses and

wrote the manuscript.
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ABSTRACT

Objective:

To assess the effect of occupational exposures on lung cancer mortality in Switzerland after
adjustment for non-occupational lung carcinogens.

Methods:

Using data on 4'351°383 Swiss residents, we used negative binomial regression to assess the
effect occupation on lung cancer mortality between 1990 and 2014, accounting for socio-
demographic factors, predicted probabilities of smoking and measured environmental radon
exposure.

Results:

After adjustment, male machine operators and workers in mining, stone working and building
materials manufacturing showed the highest risk. Women working in electrical engineering,
electronics, watchmaking, vehicle construction and toolmaking and transport occupations also
remained at high-risk. Radon exposure had no effect on lung cancer mortality, while smoking

demonstrated a significant effect in both sexes.

Conclusions:
The results suggest the presence of occupational exposures to lung carcinogens in addition to

non-occupational factors.

Keyword: longitudinal study; lung cancer; occupational exposures; Switzerland, gender

differences, workers
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Lung cancer usually has a poor prognosis and results in the highest mortality among all
cancers, with 1.8 million deaths worldwide in 2020 (IARC 2021a; IARC 2021c). While tobacco
consumption and exposure to radon are considered as the two main risk factors, occupational
exposures are also another important risk factor of lung cancer. A recent study showed that
the population attributable fractions (PAF) for occupational lung cancer in France, Canada and
Great Britain was estimated to be between 18% and 25% for men and between 2% and 6%
for women (Olsson and Kromhout 2021). Accounting for 86% of all occupational cancers (GBD
2020), lung cancer is considered the most common occupational cancer, with many IARC
Group 1 human carcinogens identified in occupational settings (arsenic, asbestos, beryllium,
cadmium, chromium VI, diesel exhaust, second-hand smoke (SHS), nickel, polycyclic aromatic

hydrocarbons (PAHSs), and silica).

In Switzerland, 12 946 men and 8314 women were diagnosed with lung cancer between 2011
and 2015, representing, respectively, 11.9% and 8.9% of the overall cancer cases. In the same
period, lung cancer death accounted for 21.6% of all cancer deaths among men (n=10 017)
and 15.7% among women (n=5'872) (NICER). Applying the French PAF estimated at 19.3%
for males and 2.6 for females(Marant Micallef et al. 2019), the lung cancer burden would have
diminished by 2500 and 740 cases of lung cancer in men and women over this period,
respectively, in absence of occupational exposures to lung carcinogens. The Swiss National
Accident Insurance Fund (Suva) recognizes less than 200 cases (mainly mesotheliomas)
yearly as occupational cancers (Suva 2017; Suva 2019), which contrasts with expected
numbers. To investigate this discrepancy, an epidemiological study based on individual
occupational exposure data is necessary. Nonetheless, the occupational exposure to lung
carcinogens is poorly documented in Switzerland (Guseva Canu et al. 2019b). Conversely,
environmental exposure data are available nationwide. Previous findings showed that
residential exposures to radon, with relatively high levels in some Swiss regions, increased the
risk of lung cancer (Menzler et al. 2008). For smoking, data showed that 29% of Swiss adult

males and 21% of females were smokers in 2015 (Gmel et al. 2016). A large discrepancy,
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though, has been noted between smoking consumption from surveys and actual consumption
derived from aggregate data on sales. An underestimation of the true prevalence is therefore

likely (Jakob et al. 2017).

A previous study describing age-standardized lung cancer mortality rates across occupations
in Switzerland found that men working in construction and in mining and quarrying, and women
working in industries of trade, repair of motor vehicles and domestic articles, and in
manufacture of goods had a significantly higher risk of lung cancer mortality, compared to the
Swiss general population (Bovio et al. 2020). Working in hotels and restaurants was also
associated with an excess of lung cancer mortality in both sexes. Nevertheless, this first study
was purely descriptive. Consequently, the present study aims at assessing the effect of
occupational exposures on lung cancer mortality in Switzerland after adjustment for non-
occupational lung carcinogens.

Methods

Data sources

The data of the Swiss National Cohort (SNC) were used to examine lung cancer in the working
Swiss population. The SNC is a national longitudinal research platform for the entire resident
population of Switzerland. The records of the 1990 and 2000 Swiss censuses were linked to
mortality, life birth and emigration records until 2015, using a combination of deterministic and
probabilistic methods (Spoerri et al. 2010). Censuses were mandatory, with population
coverage estimated at 98.6%(SFSO 2004). No data on smoking or radon exposure were
available within the SNC. Therefore, we used data from the 1992 Swiss Health Survey (SHS)
provided by the Swiss Federal Statistical Office (SFSO) for the former (OFS 1998), and the
household radon concentration measured in 2013 by the Federal Office of Public Health

(FOPH) for the latter.
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Study population

The study sample comprised adults aged 18-65 years included in the SNC in either the 1990
or 2000 census, with known occupation (Fig. 1). Participants with no information on socio-
demographic variables (geographical regions, civil status, educational level, nationality and

municipality) were excluded.

The Swiss National Cohort
(n=8,527,638)

eExcluded if date of 65" birthday before 12.04.1990
983,715 observations deleted

eExcluded if date of 18™ birthday after 12.04.1990 and registered only in the 1990
census
121,217 observations deleted

eExcluded if date of 65" birthday before 12.04.2000 and registered only in the 200
census
40,028 observations deleted

e Excluded if date of 18" birthday after 12.04.2000 and registered only in the 2000
census
1,548,060 observations deleted

eExcluded if no NSP 2000 codes available
1,454,446 observations deleted

eExcluded if no complete information on socio-demographic variables

28,789 observations deleted |
\\ Total of excluded persons (n=4,176,255) /

Study sample (n=4,351,383) ‘

Fig. 1: Flowchart of study population selection

Mortality follow-up and outcome definition

The follow-up started either on December 4" 1990 (the date of the 1990 census) or on
December 5th 2000 (date of the census) and lasted until the earliest of their 85th birthday, the
date of emigration, death or end of the study (December 31st 2014). Since the start and end
dates of employment were unavailable, participants with a single occupation contributed to this
occupation for the entire period of their follow-up, while participants who changed occupation
between 1990 and 2000 census, contributed to the first occupation between 1990 and 2000,
and to the second one afterward until the earliest between their 85" birthday or the end of

follow-up. Causes of death from the death certificate were coded by the Swiss Federal
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Statistical Office (SFSO) using the International Classification of Disease (ICD) 8th and 10th
edition. Lung cancer deaths were identified using ICD8 initial cause code 162 and ICD10

primary cause code C33-C34.

Occupational exposure

The occupation was used as a proxy of all potential occupational exposures, given the
unavailability of public occupational exposure data in Switzerland. They were coded using the
Swiss Standard Classification of Occupations of the SFSO, version 1990 (NSP 1990) for the
1990 census and version 2000 (NSP 2000) for the 2000 census. To harmonize the coding, we
recoded NSP 1990 codes to NSP 2000 and aggregated all codes at two digits, corresponding

to 39 occupational groups.

Smoking and radon exposure

To calculate smoking predictions, we used the data from the SHS. This is a weighted sample
representative of the Swiss population including 15 278 participants, 55% of whom were
women. Among them, we selected 6010 (88%) men and 6548 (78%) women who had available
information on occupation (coded on NSP 2000). We then recoded the available smoking
information for these participants and assigned them to either smoking or non-smoking
category. Smoking probability was predicted using sex-specific logistic regressions, with
smoking status as dependent variable and age, geographical region, civil status, educational
level, nationality, and occupation as predictors (Greene 2012). We then matched the predicted
smoking probability to each SNC participant using as key variables the same variables as
those applied in the logistic regression. The occupations with fewer than 10 observations were

aggregated at the correspondent1-digit NSP code.

Concerning radon, we used the risk of exposure based on the household radon concentration
in Bg/m3 measured in 2013 by the FOPH. We assigned to each participant a risk of radon

exposure (low, medium, high) based on the municipality in which they lived at the time of either
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of the censuses. For most municipalities, low risk was defined with an average household
radon exposure lower than 100 Bg/m?3, medium risk between 100 and 200 Bg/m? and high risk

with higher than 200 Bg/m?.

Statistical analysis

For each participant, we computed person-years at risk that we stratified by calendar period
(1990-1995, 1995-2000, 2000-2005, 2005-2010, and 2010-2014) and age group (18-35, 35-
45, 45-55, 55-65 and 65+). The lung cancer mortality rate per 100°000 person-years was
assessed using negative binomial regression in order to account for overdispersion (Hilbe
2011). We started with a model with age groups, calendar periods and occupation to assess
the effect of occupation on lung cancer mortality rate (Model 1). We then created two other
models with the addition of non-occupational factors and potential confounders. The model 2
contained the model 1 plus sociodemographic variables (geographical regions, marital status,
education level and nationality) to assess whether these variables, previously identified as
being associated with smoking (Laaksonen et al. 2005; Ramsey et al. 2019), had an impact
on lung cancer mortality. The model 3 encompassed the model 1 adjusted for radon exposure
and predicted smoking probability. All results were expressed as relative risk (RR) with respect
to a reference category for each variable and the associated confidence interval at 95% (95%-
Cl) (Judge et al. 1985). In all models, we used health occupations as a reference, as it has
recently been identified as one of the occupational groups with the lowest risk of lung cancer
(Jung et al. 2018). The statistical analyses were run on STATA version 16 (StataCorp LP; TX,

USAL).

Results

Cohort description

In total, 4'351°383 Swiss residents were included in this study (67'922'468 person-years), 45
% of whom were women (Table 1). Figure 1 illustrates their selection. The mean age at study

entry was 38.1 £ 12.4 years in men and 37.2 + 12.3 years in women, while the mean age at

96



study end-point was 54.2 + 12.7 years and 52.3 + 12.7 years, respectively. A total of 208’308
participants died during the follow-up (4.8%), of whom 16’075 and 4’818 were male and female
lung cancer deaths, respectively. The proportions of smokers predicted on the basis of 1992
SHS data ranged between 19% and 93% in the different NSP 2 digit job categories among
men, and between 1% and 89% among women. In men, the median predicted proportion was
54%, with nationality and civil status being the main independent predictors. In women, the
median predicted proportion was 34%, with language region and civil status being the main
independent predictors. In both sexes, occupation as coded according to NSP 2 digit was also
a statistically significant predictor. Regarding radon exposure, the household address of about
two-thirds of the participants corresponded to a low level of exposure and only 4% had a high
level. Most of participants in construction, mining, technical and computer occupations were
men, while women were more than twice as likely as men to work in health, education, cultural
and scientific occupations and three times as likely to work in hotel, restaurant and personal

service occupations.
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Lung cancer risk among the Swiss working population

Overall, the differences observed across age groups and calendar periods were statistically
significant (Table S1-S2). While the risk decreased over time in men, we found an opposite
trend in women with the highest risk in the last calendar period (2010-2014). In both sexes, all
socio-demographic variables in Model 2 yielded significant results with respect to lung cancer
mortality. However, we observed that the addition of radon exposure level in model 3 had no
statistically significant effect whatever the sex. In contrast, dichotomizing the predictive
probability of smoking to the median demonstrated a significant effect. This effect was stronger
in women than in men, with a 37% versus 33% increase in lung cancer mortality, in those with
a smoking probability greater than the median vs. those smoking less than the median. In the
three models, the differences identified across occupations were statistically significant with a

p-value lower than 0.001.
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Table 1 Characteristics of the study sample with an available occupation: the Swiss National Cohort (1990-2014)

Characteristics

Total
Person-years (in 100,000)
Nationality (binary)
Swiss
Non-Swiss
Language region
German and Rhaeto-Romansch
French
Italian
Civil status
Single
Married
Widowed
Divorced
Highest education achieved
Compulsory education or less
Upper secondary level education
Tertiary level education
Vital status at study end-point
Alive
Lost to follow-up
Deceased
Deceased from lung cancer
Age (years) : mean + standard deviation
At study entry
At study end
At death from lung cancer
Duration (years) : mean + standard
deviation
Follow-up
Between the last occupational informatio
and death by lung cancer

Male Female
o n of lung o o n of lung o
n (%) cancer (%) n (%) cancer death (%)
death
2,403,226 (100) 16,075 (100) 1,948,157 (100) 4,818 (100)
386.04 293.19
1,865,423 (78) 13,360 (83) 1,636,679 (84) 4,415 (92)
537,803 (22) 2,715 (17) 311,478 (16) 403 (8)
1,756,963 (73) 11,446 (71) 1,416,669 (73) 3,401 (71)
546,069 (23) 3,849 (24) 454,766 (23) 1,215 (25)
100,194 (4) 780 (5) 76,722 (4) 202 (4)
707,098 (29) 1,649 (10) 599,919 (31) 678 (14)
1,532,055 (64) 12,270 (76) 1,103,268 (57) 2,636 (55)
18,413 (1) 1,804 (11) 61,036 (3) 404 (8)
145,660 (6) 352 (2) 183,934 9) 1,100 (23)
421,356 (18) 3,838 (24) 434,894 (22) 1,372 (28)
1,304,783  (54) 9,246 (58) 1,227,791  (63) 2,927 (61)
677,087 (28) 2,991 (19) 285,472 (15) 519 (11)
1,847,092 (77) 1,611,687 (83)
403,581 (17) 280,715 (14)
136,478 (6) 50,937 (3)
16,075 (1) 4,818 (0)
38.1x12.4 37.2+12.3
54.2+12.7 52.3x12.7
61.717.9 59.6+8.4
16.1£ 6.9 15.1£ 6.4
6.9+3.8 7.6+£3.8
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Adding socio-demographic variables in model 2, we observed that most of the relative risks
(RR) across occupational groups decreased in both sexes compared to the reference category
of health occupations (Table 2). On average, we found a 16% decrease in relative risks among
occupational groups between model 1 and model 2. In men, machine operators and workers
in mining, stone working and building materials manufacturing identified with the highest RRs
(model 1) showed the largest decrease from 3.35 (95%-IC: 2.83-3.95) to 2.42 (95%-IC: 2.05-
2.87) and 2.99 (95%-IC: 2.15-4.14) to 2.08 (95%-IC: 1.50-2.89), respectively (Table 2). Men
working in hotel and restaurant business and home economics, and in construction were also
observed with two-fold higher RRs. In women, occupation was also a statistically significant
predictor for lung cancer mortality in all models, although adjusting for socio-demographic
variables had less impact on RRs than in men. We observed an average decrease of 3% in
RRs between model 1 and model 2 (Table 3). Two of the largest decreases were identified in
women working in electronics, watchmaking, vehicle construction and toolmaking (from 2.69
(95%-IC: 2.02-3.57) to 2.33 (95%-IC: 1.75-3.10)) and transport and traffic occupations (from
2.43 (95%-I1C: 1.91-3.09) to 2.23 (95%-IC: 1.75-2.83)). Female workers in computer science,
technical staff and graphic arts were also found at high risk, with RRs more than twice that of

health workers.

In model 3, the occupational groups identified with the highest risks of lung cancer mortality

were the same as those observed in Model 2 in both sexes. Nevertheless, the average risk

reduction compared to Model 1 was lower for men (4%) but higher for women (6%).
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Table 2 Relative risk (RR) and confidence interval (IC-95%) for lung cancer mortality by occupation among males aged 18-85 in the Swiss National Cohort (1990-2014)

Observed Person-
n lung years

2-digit NSP 20002 . ; Model 1* Model 2** Model 3***
subjects  cancer (in
deaths  100'000)

11. Occupations in agriculture, forestry, animal husbandry and care of animals 123,314 1,009 20.55 1.77 [1.53,2.05] 1.31 [1.13,1.53] 1.81 [1.56,2.09]
21. Occupations in the production of food, beverages and tobacco 38,214 256 6.21 1.95 [1.63,2.34] 1.59 [1.33,1.91] 1.82 [1.52,2.18]
22. Occupations in the textile and leather industry 12,220 99 1.68 1.85 [1.46,2.34] 1.46 [1.15,1.86] 1.67 [1.32,2.12]
24. Occupations in metalworking and mechanical engineering 162,233 1,399 2587 251 [2.17,2.89] 1.94 [1.67,2.24] 2.31 [2.00,2.67]
25. (%zc::g:;:zr;\s in electrical engineering, electronics, watchmaking, vehicle and tool 88,094 463 1502 1.98 [1.68.2.32] 1.55 [1.32,1.82] 2.00 [1.70,2.34]
26. Occupations in the wood and paper industry 50,724 305 850 1.84 [1.55,2.19] 1.46 [1.22,1.74] 1.76 [1.48,2.10]
27. Graphic Arts occupations 22,734 177  3.79 1.95 [1.60,2.38] 1.52 [1.24,1.86] 1.99 [1.63,2.42]
28. Occupations in the chemical and plastics industry 18,697 164 296 255 [2.08,3.13] 2.03 [1.65,2.49] 2.14 [1.74,2.62]
29. Other processing and manufacturing occupations 66,719 722 9.58 278 [2.39,3.23] 2.01 [1.72,2.35] 2.23 [1.91,2.60]
31. Engineers 71,669 295 1234 0.97 [0.82,1.16] 1.04 [0.87,1.24] 1.00 [0.84,1.19]
32. Technicians 46,279 248 7.71 1.61 [1.34,1.93] 1.45 [1.21,1.74] 1.62 [1.35,1.94]
33. Occupations in technical drawing 22,733 88 4.34 2.03 [1.58,2.60] 1.59 [1.24,2.04] 2.13 [1.66,2.72]
34. Technical staff 68,643 530 11.18 1.64 [1.40,1.92] 1.42 [1.21,1.66] 1.68 [1.43,1.97]
35. Machine operators 37,600 382 543 3.35 [2.83,3.95] 2.42 [2.05,2.87] 2.79 [2.35,3.30]
36. Computer occupations 76,532 221 1244 143 [1.18,1.72] 1.28 [1.06,1.54] 1.44 [1.19,1.73]
41. Construction occupations 256,288 1,847 40.00 2.79 [2.42,3.21] 2.17 [1.88,2.50] 2.53 [2.20,2.91]
42. Occupations in mining, stone working and building materials manufacturing 4,383 43 0.58 299 [2.15,4.14] 2.08 [1.50,2.89] 2.63 [1.90,3.65]
51. Commercial and sales occupations 140,670 993 2281 1.73 [1.49,2.00] 1.43 [1.23,1.66] 1.63 [1.40,1.88]
52. Occupations in advertising and marketing, tourism and trust administration 50,279 230 7.87 1.30 [1.08,1.56] 1.22 [1.01,1.47] 1.20 [1.00,1.45]
53. Transport and traffic occupations 149,100 1,460 23.27 253 [2.20,2.92] 1.82 [1.57,2.11] 2.35 [2.03,2.71]
54. Postal and Telecommunications occupations 32,257 215 537 1.70 [1.41,2.05] 1.28 [1.05,1.55] 1.59 [1.32,1.92]
61. Occupations in the hotel and restaurant business and home economics 90,935 583 13.37 2.82 [2.41,3.29] 2.16 [1.84,2.53] 2.54 [2.17,2.97]
62. Cleaning, hygiene and personal care professionals 42,006 523 6.19 2.65 [2.26,3.10] 2.03 [1.73,2.39] 2.46 [2.10,2.88]
71. Contractors, directors and senior officials 231,017 1,281 36.80 1.21 [1.05,1.40] 1.13 [0.98,1.30] 1.21 [1.05,1.40]
72. Commercial and administrative occupations 150,625 941 2428 1.68 [1.45,1.95] 1.38 [1.19,1.60] 1.66 [1.43,1.93]
73. Banking professionals and insurance employees 55,569 258 9.25 141 [1.18,1.69] 1.17 [0.98,1.41] 1.48 [1.24,1.78]
74. Occupations related to law enforcement and security 42,182 267 6.83 1.71 [1.43,2.04] 1.37 [1.14,1.64] 1.61 [1.34,1.92]
75. Judicial occupations 14,098 58 242 1.03 [0.77,1.37] 1.11 [0.83,1.49] 1.10 [0.82,1.47]
81. Media occupations and related occupations 24,712 142 3.97 1.49 [1.20,1.83] 1.29 [1.04,1.60] 1.50 [1.21,1.85]
82. Artistic occupations 30,856 215 5.01 1.85 [1.53,2.23] 1.53 [1.26,1.84] 1.57 [1.30,1.90]
83. Occupations of social and spiritual assistance and education 23,026 93 3.69 1.06 [0.83,1.35] 1.02 [0.80,1.30] 1.10 [0.86,1.40]
84. Teaching and education occupations 79,678 286 13.71 0.84 [0.70,1.00] 0.82 [0.69,0.98] 0.87 [0.73,1.04]
85. Occupations in the social, human, natural, physical and exact sciences 18,432 53 3.01 0.76 [0.57,1.03] 0.82 [0.60,1.10] 0.79 [0.59,1.07]
86. Health occupations 57,225 220 9.53 1.00 Ref. 1.00 Ref. 1.00 Ref.

*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period, and socio-demographic variables, ***Model 3 is adjusted for age, calendar
period, radon annual average exposure and smoking probability (only occupational groups with more than 10 observed lung cancer deaths are presented)
2 Qccupation is coded using the Swiss classification of occupations, version 2000 (NSP 2000), coded on 2 digits
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Table 3 Relative risk (RR) and confidence interval (IC-95%) for lung cancer mortality by occupation among females aged 18-85 in the Swiss National Cohort (1990-2014)

iqit NS " n Observed Person-years * - _

2-digit NSP 2000 subjects Iundgegztj\r?scer (in 100°000) Model 1 Model 2 Model 3

11. Occupations in agriculture, forestry, animal husbandry and care of animals 54,054 57 7.57 0.65 [0.49,0.86] 0.66 [0.50,0.87] 0.66 [0.50,0.87]
21. Occupations in the production of food, beverages and tobacco 11,417 21 1.61 1.65 [1.06,2.57] 1.57 [1.01,2.44] 1.63 [1.05,2.53]
22. Occupations in the textile and leather industry 38,115 76 4.82 1.11 [0.86,1.42] 1.15 [0.89,1.47] 1.10 [0.85,1.40]
24. Occupations in metalworking and mechanical engineering 12,934 28 1.69 1.58 [1.07,2.32] 1.47 [1.00,2.16] 1.51 [1.03,2.22]
25. Occupations in electrical engineering, electronics, watchmaking, vehicle and tool construction 12,662 55 1.66 2.69 [2.02,3.57] 2.33 [1.75,3.10] 2.13 [1.59,2.85]
27. Graphic Arts occupations 9,902 27 1.51 2.24 [1.52,3.32] 2.03 [1.37,3.00] 2.07 [1.40,3.06]
28. Occupations in the chemical and plastics industry 18,353 41 2.82 1.57 [1.13,2.16] 1.49 [1.08,2.06] 1.28 [0.92,1.77]
29. Other processing and manufacturing occupations 22,657 74 3.03 1.99 [1.55,2.56] 1.84 [1.43,2.37] 1.80 [1.40,2.32]
34. Technical staff 5,716 20 0.83 2.19 [1.40,3.44] 2.05 [1.31,3.22] 2.24 [1.42,3.51]
36. Computer occupations 13,458 36 2.04 2.48 [1.76,3.49] 2.38 [1.69,3.35] 2.18 [1.54,3.07]
41. Construction occupations 6,554 13 0.88 1.93 [1.11,3.36] 1.82 [1.05,3.17] 1.64 [0.94,2.86]
51. Commercial and sales occupations 246,896 755 36.16 1.77 [1.56,2.01] 1.66 [1.46,1.89] 1.68 [1.48,1.91]
52. Occupations in advertising and marketing, tourism and trust administration 27,534 42 4.03 1.31 [0.95,1.80] 1.29 [0.94,1.78] 1.23 [0.89,1.69]
53. Transport and traffic occupations 24,748 83 3.69 243 [1.91,3.09] 2.23 [1.75,2.83] 2.38 [1.87,3.02]
54. Postal and Telecommunications occupations 41,879 99 6.53 1.47 [1.18,1.84] 1.37 [1.09,1.71] 1.38 [1.10,1.73]
61. Occupations in the hotel and restaurant business and home economics 181,476 585 25.25 2.15 [1.88,2.45] 1.97 [1.72,2.25] 1.96 [1.71,2.24]
62. Cleaning, hygiene and personal care professionals 123,150 363 17.34 1.74 [1.50,2.02] 1.72 [1.48,2.00] 1.70 [1.47,1.97]
71. Contractors, directors and senior officials 78,435 243 11.79 1.74 [1.48,2.05] 1.71 [1.45,2.01] 1.56 [1.32,1.84]
72. Commercial and administrative occupations 454,431 1,288 71.23 1.76 [1.56,1.98] 1.67 [1.48,1.88] 1.67 [1.48,1.88]
73. Banking professionals and insurance employees 40,452 91 6.13 1.80 [1.43,2.26] 1.63 [1.29,2.05] 1.55 [1.23,1.95]
74. Occupations related to law enforcement and security 7,024 19 1.02 1.69 [1.06,2.68] 1.52 [0.96,2.41] 1.47 [0.93,2.34]
75. Judicial occupations 6,734 11 1.05 1.31 [0.72,2.38] 1.43 [0.78,2.62] 1.21 [0.66,2.21]
81. Media occupations and related occupations 21,536 48 3.33 1.16 [0.86,1.57] 1.22 [0.90,1.65] 1.12 [0.83,1.51]
82. Artistic occupations 25,295 50 3.86 1.32 [0.98,1.77] 1.32 [0.98,1.77] 1.24 [0.92,1.66]
83. Occupations of social and spiritual assistance and education 51,075 98 7.68 1.08 [0.87,1.36] 1.08 [0.86,1.35] 1.08 [0.86,1.35]
84. Teaching and education occupations 135,579 201 22.31 0.82 [0.69,0.98] 0.86 [0.73,1.03] 0.84 [0.70,1.00]
85. Occupations in the social, human, natural, physical and exact sciences 9,449 13 1.46 0.85 [0.49,1.48] 0.97 [0.56,1.69] 0.87 [0.50,1.51]
86. Health occupations 242,690 355 38.21 1.00 Ref. 1.00 Ref. 1.00 Ref.

*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period, and socio-demographic variables, ***Model 3 is adjusted for age, calendar period, radon annual
average exposure and smoking probability (only occupational groups with more than 10 observed lung cancer deaths are presented)
2 Occupation is coded using the Swiss classification of occupations, version 2000 (NSP 2000), coded on 2 digits
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Discussion

Three models were compared to estimate the effect of occupation after accounting for
sociodemographic variables and non-occupational risk factors on lung cancer mortality in
Switzerland. Although the variation of RRs for occupation between models was small in most
female occupational groups, in men the effect of occupation was lower when accounting for
non-occupational factors. Even after adjustment for non-occupational risk factors and potential
confounders, occupation as a machine operator, construction worker and worker in hotels and
restaurants was evidenced as a risk factor for lung cancer mortality, as suggested in our first
descriptive study (Guseva Canu et al. 2019a). In women working in transport and traffic
occupation and electrical engineering, electronics, watchmaking occupations, vehicle and
toolmaking was also confirmed as a risk factor of lung cancer mortality after accounting for
potential confounders. All of these occupational groups are known to involve occupational
exposure to Group 1 human carcinogens by IARC (EU-OSHA 2014a), adding consistency to

our findings.

Contribution of non-occupational factors

We observed that lung cancer risk decreased in men and increased in women over time, which
appears to parallel the respective smoking trends in both sexes (Malhotra et al. 2016).
Although Swiss men have historically smoked more than women, smoking prevalence among
men has declined over time, while it has increased among women. Noteworthy, though, that a
decrease in smoking prevalence has been observed among women born since 1970 (Lillard
2018). In our study, no adjustment was made for these temporal effects, since we used SHS
cross-sectional data to compute the smoking probability. Additionally, the decrease in RRs
observed for all occupational groups after the addition of the socio-demographic variables in
model 2 suggests that the risk for lung cancer in some occupations may be partially explained

by non-occupational factors. Part of this risk can be also explained by differences in smoking
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behavior between categories (Jones et al. 2010; Laaksonen et al. 2005; Lindstrdm 2010;

Ramsey et al. 2019).

Contrary to previous reports suggesting an 8%-increase in lung cancer mortality per 100
Bg/m3 (Menzler et al. 2008; Zeeb et al. 2009) radon exposure, we did not observe this trend
when the model was adjusted for occupational exposure and other confounding factors. Since
we used aggregated data on radon exposure, we cannot rule out a potential ecological bias.
However, another explanation could be that the use of residential radon exposures did not
accurately reflect the true exposure to radon as most participants spent a significant portion of
their time outside their household. For smoking, although the matching of socio-demographic
variables in the SNC was performed at the individual level, the probability to be smoker was
calculated based on aggregated data. The results suggest a limited, though statistically
significant, effect of smoking on lung cancer mortality in men and women with a smoking
probability greater than the median. Nonetheless, when considering the RRs reported in the
literature per histological type of lung cancer, our results seem consistent with smokers’ risk
estimates for adenocarcinoma. Compared with never smokers, the RR in smokers was
estimated at 2.34 in men and 1.31 in women, although only significant in the former (Seki et
al. 2013). This histologic type is less sensitive to smoking than squamous cell carcinoma, small
cell carcinoma, and large cell lung cancer (Khuder 2001; Seki et al. 2013) and occurs at a
young age(Kreuzer et al. 1999; Seki et al. 2013). As SNC participants were 53 years old on
average at the end of follow-up, we may suppose that most of the observed lung cancer deaths

were likely due to adenocarcinoma, although this information is not available in the SNC.
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Contribution of occupational factors

Recent findings estimated that the burden of occupational exposures was likely to outrank
many prominent risk factors for lung cancer such as indoor and outdoor air pollution and
second-hand tobacco smoke outside the workplace (Loomis 2020). However, it is difficult to
disentangle the effect of occupational exposures from other risk factors. Our strategy consisted
of accounting for the effect of non-occupational exposures and confounders to improve the
estimation of lung cancer risk due to occupational exposures. Although we used external
aggregated data in model 3 to adjust for the two most important non-occupational lung
carcinogens (i.e. smoking and radon exposure), we think that our analysis allowed us to
correctly identify occupational groups at risk. While individual data would have been more
accurate, previous studies showed that confounding from tobacco use in occupational studies
of lung cancer was unlikely to cause more than 20% to 60 % change in the relative risk in large
studies (Axelson 1989; Blair et al. 2007; Kriebel et al. 2004). With some occupations identified
with a RR greater than two in all of our models, we believe it is very likely that the observed
excess risk is related to occupational carcinogens. In men, the largest decrease between crude
and adjusted RR was observed in machine operators, compared to the reference category of
health care workers. Concerning SHS data, this occupational group was more likely to smoke
than most of other groups. However, the RR in both models 2 and 3 remained high, which is
consistent with a previous study that found an odds ratio (OR) of 1.61 among plant and
machine operators and assemblers, after adjusting for sex, age, ethnicity, smoking, and socio-
economic status (Corbin et al. 2011). Nevertheless, this result should be interpreted with
caution as authors showed that the risk might greatly vary between subcategories, with ORs
greater than four for rubber and plastics or wood panel machine operators. Further analysis by
the type of industry in which these operators worked is therefore suitable to better identify
carcinogens to which they may have been exposed. Construction workers were also identified
as at risk of lung cancer mortality. They were found at higher risk of lung cancer than other
blue-collar workers, even after adjusting for smoking and socio-demographic variables

(Dement et al. 2020) and we also observed this. Therefore, we think it is likely that Swiss
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construction workers may have been exposed to IARC group 1 carcinogens such as asbestos,
silica dust and diesel engine exhaust (Jung et al. 2018), highly prevalent in this occupational
group. Mining, stone working and building materials manufacturing workers were also
observed with a RR greater than two compared to health occupations. Consistent with SHS
data showing that smoking prevalence was high in this group, we found that the risk of lung
cancer mortality significantly decreased between model 1 and model 2. This is in line with prior
findings where crude ORs for lung cancer among miners and quarrymen decreased from 1.59-
2.74 to 1.18-2.34, when smoking-adjusted (Taeger et al. 2015). We can assume that the
remaining part of the lung cancer risk could be partially explained by exposure to occupational
lung cancer carcinogens, including arsenic, asbestos, chromium (VI), nickel, PAH, silica and
diesel engine exhaust (Brown et al. 2012; Jung et al. 2018; Pukkala et al. 2009). Lastly,
cleaning, hygiene and personal care as well as transport and traffic occupations, for which
there is also a high potential for exposure to lung carcinogens, would also deserve further

attention (Atramont et al. 2016; Garshick et al. 2008; Garshick et al. 2004).

In women, the recent Swiss descriptive study on lung cancer mortality demonstrated that motor
vehicle drivers were more than twice as likely as the general population to die from lung cancer
(Bovio et al. 2020). After adjustment for non-occupational factors, we found that the RR in
transport and traffic occupations remained higher than two compared with health occupations.
Although previous findings have shown that these workers were exposed to diesel exhausts
(Garshick et al. 2008; Garshick et al. 2004), they were limited to men. Moreover, authors
showed that in trucking industry, smoking behavior did not explain variations in lung cancer
risk. To our knowledge, this result is original and should be confirmed by further investigations.
Moreover, the extent to which female workers in electrical engineering, electronics,
watchmaking occupations, vehicle and toolmaking were exposed to lung cancer carcinogens
would also deserve more in-depth analyses. This occupational group includes different types
of occupations, which makes it difficult to accurately assess the potential for occupational

exposures, although exposure to welding fumes, engine exhaust, PAH and beryllium might be
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present in these occupational settings (EU-OSHA 2014a). Lastly, we found no studies
explaining the high RR in both computer science and graphic art in women. Assessing second-
hand smoke in these occupational groups might potentially help to better understand whether

the risk of lung cancer mortality is due to occupational settings or/and other risk factors.

In both sexes, workers in hotel, restaurant and domestic economics occupations presented a
significantly higher risk of lung cancer mortality than the reference group (health occupations).
Almost one-quarter of hospitality workers reported being occupationally exposed to second-
hand smoke between 2.1 and 4.4 hours per day (Pearson et al. 2007). Bar workers were the
most exposed group with a mean exposure to second-hand smoke of 4.4 hours a day. We can
thus assume that second-hand smoke would explain the excess risk of lung cancer mortality
found in this study. The ban on smoking in public places was only recently signed in
Switzerland and implemented between 2008 and 2010 (Lillard 2018). With a longer follow-up
of this cohort and additional individual data, it should be possible to assess the effect of this

measure on lung cancer mortality in these occupations.

Limitations and strengths

One of the main strengths of this study lies in the availability of information at a population level
with a 24-year long follow-up. Using one of the largest cohorts worldwide, we were able to
define the occupational settings to approximate the occupational carcinogens before the
occurrence of the outcome of interest, and thus to limit any potential information bias. The
accuracy of death certificate in Switzerland was found to be satisfactory with most of malignant
neoplasm (Spoerri et al. 2010), limiting outcome misclassification bias. As information was
derived from national data sources, we believe that our results correctly identified occupational
groups exposed to occupational lung carcinogens. Since the study sample included 45% of
women, this study fulfilled the recommendation to improve the knowledge of occupational

exposures and their effect on women (EU-OSHA 2014b).
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In terms of limitations, the occupational information was unavailable for 39% of men and 56%
of women, which corresponded to 51% and 66% of all lung cancer, respectively. However, a
comparison of socio-demographic information showed that excluded participants without
information on occupation were similar to included participants, except that the former were
more likely to be non-Swiss and to have compulsory education. Assigning occupations as a
time-dependent variable based on two-time points and assuming that participants kept the last
assigned occupation until the end of follow-up could results in some misclassification of
occupational exposures. Nevertheless, the information on occupation was found to be correct
(Vienneau et al. 2017) and we believe that we assigned it in a sufficiently accurate way, since
the majority of participants held the same between the two censuses. Having information on
the longest-held occupation would be more accurate and better reflect long-term exposure to
carcinogens, but such information is not available in the SNC, while other Swiss cohorts of
general population are still too small and too young for analyzing occupation-related lung
cancer mortality (Bovio et al. 2019). As latency of solid cancers is generally 10-12 years (Kim
et al. 2010) and even longer for some occupational carcinogens (up to 40 years for asbestos),
a 24-y follow-up can be insufficient to capture all pictures of occupation-related mortality from
lung cancer in Switzerland. Moreover, given that more than 80% of lung cancers are diagnosed
after 55 years (Galli et al. 2019), further follow-up of the SNC seems important to assess the
role of occupational and other factors, such as smoking patterns in lung cancer. For this, better
data on smoking and histological type of lung cancer are essential. An ongoing review of
existing or new methods of adjustment on smoking when individual smoking data are missing,
conducted by the European network OMEGA-NET (Turner and Mehlum 2018), will allow
considering a more accurate adjustment on smoking in this and other occupational cohorts..
Moreover, a forthcoming study of the five cancer registries data in French-speaking
Switzerland of will allow us to investigate the here-hypothesized predominance of
adenocarcinoma among the Swiss working population and to analyze its relationship based

on individual smoking data.
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Conclusions

This study reports sex-specific risk of lung cancer mortality at a national level across
occupational groups, after accounting for socio-demographic variables, and radon exposure
and smoking probability. Our results demonstrated that non-occupational factors, such as civil
status, linguistic region, nationality, education and smoking, were significant predictors of lung
cancer. After adjusting for these factors, we observed that the risk of lung cancer mortality
remained significant among some occupational groups. Men working as machine operators
and in mining and construction and women working in electrical engineering, electronics,
watchmaking, vehicle construction and toolmaking, computer, transport and traffic, and graphic
arts presented the highest risks. In both sexes, workers in hotels and restaurants were also at
risk of lung cancer mortality. Some results in women are original, as occupational exposures

and their effects were rarely studied in women.

As most of the occupational groups at risk have been potentially exposed to lung cancer
carcinogens, additional research should be conducted to identify occupational carcinogens
related to these occupations and quantify the exposure to them. This would make it possible
to target the most hazardous exposures in high-risk occupations and tailor appropriate
preventive interventions. Further analyses on the histological type of lung cancer are also
needed to improve both occupational risk estimates and the number of occupational lung

cancers in Switzerland.
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Supplemental material

Table S1 Relative risk (RR) and confidence interval (IC-95%) for lung cancer mortality among males aged 18-85 in the Swiss National Cohort (1990-2014)

n of lung
Characteristics cancer Model 1* Model 2** Model 3***
deaths

Age group at lung cancer death p<0.0012 p<0.001 p<0.001
18-34 38 0.01 [0.01,0.02] 0.01 [0.01,0.02] 0.02 [0.01,0.02]
35-44 429 0.15 [0.14,0.17] 0.15 [0.13,0.17] 0.16 [0.14,0.18]
45-54 2,647 1.00 Ref. 1.00 Ref. 1.00 Ref.
55-64 6,861 3.42 [3.26,3.57] 3.39 [3.24,3.54] 3.82 [3.64,4.01]
65+ 6,100 7.49 [7.15,7.85] 7.42 [7.07,7.78] 8.75 [8.31,9.21]

Calendar period at lung cancer death p<0.001 p<0.001 p<0.001
1990-1994 3,573 1.00 Ref. 1.00 Ref. 1.00 Ref.
1995-1999 4,789 0.89 [0.85,0.93] 0.89 [0.85,0.93] 0.89 [0.85,0.93]
2000-2004 1,879 0.63 [0.60,0.67] 0.66 [0.63,0.70] 0.64 [0.60,0.67]
2005-2009 2,975 0.64 [0.61,0.68] 0.68 [0.64,0.71] 0.65 [0.62,0.68]
2010-2014 2,859 0.58 [0.55,0.61] 0.61 [0.58,0.65] 0.59 [0.56,0.62]

2-digit NSP 2000° p<0.001 p<0.001 p<0.001
11. Occupations in agriculture, forestry, animal husbandry and care of animals 1,009 1.77 [1.53,2.05] 1.31 [1.13,1.53] 1.81 [1.56,2.09]
21. Occupations in the production of food, beverages and tobacco 256 1.95 [1.63,2.34] 1.59 [1.33,1.91] 1.82 [1.52,2.18]
22. Occupations in the textile and leather industry 99 1.85 [1.46,2.34] 1.46 [1.15,1.86] 1.67 [1.32,2.12]
24. Occupations in metalworking and mechanical engineering 1,399 2.51 [2.17,2.89] 1.94 [1.67,2.24] 2.31 [2.00,2.67]
25. Occupations in electrical engineering, electronics, watchmaking, vehicle and tool construction 463 1.98 [1.68,2.32] 1.55 [1.32,1.82] 2.00 [1.70,2.34]
26. Occupations in the wood and paper industry 305 1.84 [1.55,2.19] 1.46 [1.22,1.74] 1.76 [1.48,2.10]
27. Graphic Arts occupations 177 1.95 [1.60,2.38] 1.52 [1.24,1.86] 1.99 [1.63,2.42]
28. Occupations in the chemical and plastics industry 164 2.55 [2.08,3.13] 2.03 [1.65,2.49] 214 [1.74,2.62]
29. Other processing and manufacturing occupations 722 2.78 [2.39,3.23] 2.01 [1.72,2.35] 2.23 [1.91,2.60]
31. Engineers 295 0.97 [0.82,1.16] 1.04 [0.87,1.24] 1.00 [0.84,1.19]
32. Technicians 248 1.61 [1.34,1.93] 1.45 [1.21,1.74] 1.62 [1.35,1.94]
33. Occupations in technical drawing 88 2.03 [1.58,2.60] 1.59 [1.24,2.04] 2.13 [1.66,2.72]
34. Technical staff 530 1.64 [1.40,1.92] 1.42 [1.21,1.66] 1.68 [1.43,1.97]
35. Machine operators 382 3.35 [2.83,3.95] 2.42 [2.05,2.87] 2.79 [2.35,3.30]
36. Computer occupations 221 1.43 [1.18,1.72] 1.28 [1.06,1.54] 1.44 [1.19,1.73]
41. Construction occupations 1,847 2.79 [2.42,3.21] 2.17 [1.88,2.50] 2.53 [2.20,2.91]
42. Occupations in mining, stone working and building materials manufacturing 43 2.99 [2.15,4.14] 2.08 [1.50,2.89] 2.63 [1.90,3.65]
51. Commercial and sales occupations 993 1.73 [1.49,2.00] 1.43 [1.23,1.66] 1.63 [1.40,1.88]
52. Occupations in advertising and marketing, tourism and trust administration 230 1.30 [1.08,1.56] 1.22 [1.01,1.47] 1.20 [1.00,1.45]
53. Transport and traffic occupations 1,460 2.53 [2.20,2.92] 1.82 [1.57,2.11] 2.35 [2.03,2.71]
54. Postal and Telecommunications occupations 215 1.70 [1.41,2.05] 1.28 [1.05,1.55] 1.59 [1.32,1.92]
61. Occupations in the hotel and restaurant business and home economics 583 2.82 [2.41,3.29] 2.16 [1.84,2.53] 2.54 [2.17,2.97]
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Table S§1 Continued

n of
Ch ot lung * -
aracteristics Model 1 Model 2 Model 3
cancer
deaths
62. Cleaning, hygiene and personal care professionals 523 2.65 [2.26,3.10] 2.03 [1.73,2.39] 2.46 [2.10,2.88]
71. Contractors, directors and senior officials 1,281 1.21 [1.05,1.40] 1.13 [0.98,1.30] 1.21 [1.05,1.40]
72. Commercial and administrative occupations 941 1.68 [1.45,1.95] 1.38 [1.19,1.60] 1.66 [1.43,1.93]
73. Banking professionals and insurance employees 258 1.41 [1.18,1.69] 1.17 [0.98,1.41] 1.48 [1.24,1.78]
74. Occupations related to law enforcement and security 267 1.71 [1.43,2.04] 1.37 [1.14,1.64] 1.61 [1.34,1.92]
75. Judicial occupations 58 1.03 [0.77,1.37] 1.11 [0.83,1.49] 1.10 [0.82,1.47]
81. Media occupations and related occupations 142 1.49 [1.20,1.83] 1.29 [1.04,1.60] 1.50 [1.21,1.85]
82. Artistic occupations 215 1.85 [1.53,2.23] 1.53 [1.26,1.84] 1.57 [1.30,1.90]
83. Occupations of social and spiritual assistance and education 93 1.06 [0.83,1.35] 1.02 [0.80,1.30] 1.10 [0.86,1.40]
84. Teaching and education occupations 286 0.84 [0.70,1.00] 0.82 [0.69,0.98] 0.87 [0.73,1.04]
85. Occupations in the social, human, natural, physical and exact sciences 53 0.76 [0.57,1.03] 0.82 [0.60,1.10] 0.79 [0.59,1.07]
86. Health occupations 220 1.00 Ref. 1.00 Ref. 1.00 Ref.
Linguistic region p<0.001
German and Rhaeto-Romansch 11,446 1.00 Ref.
French 3,849 1.14  [1.10,1.18]
Italian 780 112 [1.04,1.21]
Civil status p<0.001
Single 1,649 1.20 [1.14,1.27]
Married 12,270 1.00 Ref.
Divorced 352 1.57  [1.49,1.65]
Widowed 1,804 1.36 [1.22,1.51]
Nationality p<0.001
Swiss 13,360 1.00 Ref.
Non-Swiss 2,715 0.91 [0.87,0.95]
Highest education achieved p<0.001
Compulsory education or less 3,838 1.30 [1.24,1.35]
Upper secondary level education 9,246 1.00 Ref.
Tertiary level education 2,991 0.71 [0.67,0.74]
Smoking probability (median = 54%) p<0.001
Lower than the median 8,917 1.00 Ref.
Higher than the median 7,159 1.33 [1.27,1.38]
Radon environmental exposure p=0.601
Low 10,294 1.00 Ref.
Medium 5,041 0.99 [0.96,1.03]
High 740 1.03 [0.96,1.11]

*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period, and socio-demographic variables, ***Model 3 is adjusted for age, calendar period, radon annual
average exposure and smoking probability (only occupational groups with more than 10 observed lung cancer deaths are presented)

@ Wald test
® Occupation is coded using the Swiss classification of occupations, version 2000 (NSP 2000), coded on 2 digits
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Table S2 Relative risk (RR) and confidence interval (IC-95%) for lung cancer mortality among females aged 18-85 in the Swiss National Cohort (1990-2014)

n of lung
Characteristics cancer Model 1* Model 2** Model 3***
deaths

Age group at lung cancer death p<0.0012 p<0.001 p<0.001
18-34 12 0.01 [0.01,0.02] 0.01 [0.01,0.02] 0.01 [0.01,0.02]
35-44 244 0.20 [0.18,0.23] 0.21 [0.18,0.24] 0.18 [0.15,0.20]
45-54 1,143 1.00 Ref. 1.00 Ref. 1.00 Ref.
55-64 2,096 242 [2.25,2.60] 2.31 [2.15,2.49] 2.59 [2.41,2.79]
65+ 1,323 3.99 [3.68,4.33] 3.65 [3.36,3.97] 4.51 [4.13,4.92]

Calendar period at lung cancer death p<0.001 p<0.001 p<0.001
1990-1994 760 1.00 Ref. 1.00 Ref. 1.00 Ref.
1995-1999 1,188 1.08 [0.99,1.18] 1.10 [1.00,1.21] 1.08 [0.98,1.18]
2000-2004 601 1.08 [0.97,1.20] 1.08 [0.97,1.21] 1.06 [0.96,1.19]
2005-2009 1,074 1.29 [1.17,1.41] 1.32 [1.21,1.46] 1.28 [1.16,1.40]
2010-2014 1,195 1.38 [1.25,1.51] 1.44 [1.31,1.59] 1.37 [1.24,1.50]

2-digit NSP 2000° p<0.001 p<0.001 p<0.001
11. Occupations in agriculture, forestry, animal husbandry and care of animals 57 0.65 [0.49,0.86] 0.66 [0.50,0.87] 0.66 [0.50,0.87]
21. Occupations in the production of food, beverages and tobacco 21 1.65 [1.06,2.57] 1.57 [1.01,2.44] 1.63 [1.05,2.53]
22. Occupations in the textile and leather industry 76 1.11 [0.86,1.42] 1.15 [0.89,1.47] 1.10 [0.85,1.40]
24. Occupations in metalworking and mechanical engineering 28 1.58 [1.07,2.32] 1.47 [1.00,2.16] 1.51 [1.03,2.22]
25. Occupations in electrical engineering, electronics, watchmaking, vehicle and tool construction 55 2.69 [2.02,3.57] 2.33 [1.75,3.10] 2.13 [1.59,2.85]
27. Graphic Arts occupations 27 2.24 [1.52,3.32] 2.03 [1.37,3.00] 2.07 [1.40,3.06]
28. Occupations in the chemical and plastics industry 41 1.57 [1.13,2.16] 1.49 [1.08,2.06] 1.28 [0.92,1.77]
29. Other processing and manufacturing occupations 74 1.99 [1.55,2.56] 1.84 [1.43,2.37] 1.80 [1.40,2.32]
34. Technical staff 20 2.19 [1.40,3.44] 2.05 [1.31,3.22] 2.24 [1.42,3.51]
36. Computer occupations 36 248 [1.76,3.49] 2.38 [1.69,3.35] 2.18 [1.54,3.07]
41. Construction occupations 13 1.93 [1.11,3.36] 1.82 [1.05,3.17] 1.64 [0.94,2.86]
51. Commercial and sales occupations 755 1.77 [1.56,2.01] 1.66 [1.46,1.89] 1.68 [1.48,1.91]
52. Occupations in advertising and marketing, tourism and trust administration 42 1.31 [0.95,1.80] 1.29 [0.94,1.78] 1.23 [0.89,1.69]
53. Transport and traffic occupations 83 2.43 [1.91,3.09] 2.23 [1.75,2.83] 2.38 [1.87,3.02]
54. Postal and Telecommunications occupations 99 1.47 [1.18,1.84] 1.37 [1.09,1.71] 1.38 [1.10,1.73]
61. Occupations in the hotel and restaurant business and home economics 585 2.15 [1.88,2.45] 1.97 [1.72,2.25] 1.96 [1.71,2.24]
62. Cleaning, hygiene and personal care professionals 363 1.74 [1.50,2.02] 1.72 [1.48,2.00] 1.70 [1.47,1.97]
71. Contractors, directors and senior officials 243 1.74 [1.48,2.05] 1.71 [1.45,2.01] 1.56 [1.32,1.84]
72. Commercial and administrative occupations 1,288 1.76 [1.56,1.98] 1.67 [1.48,1.88] 1.67 [1.48,1.88]
73. Banking professionals and insurance employees 91 1.80 [1.43,2.26] 1.63 [1.29,2.05] 1.55 [1.23,1.95]
74. Occupations related to law enforcement and security 19 1.69 [1.06,2.68] 1.52 [0.96,2.41] 1.47 [0.93,2.34]
75. Judicial occupations 11 1.31 [0.72,2.38] 1.43 [0.78,2.62] 1.21 [0.66,2.21]
81. Media occupations and related occupations 48 1.16 [0.86,1.57] 1.22 [0.90,1.65] 1.12 [0.83,1.51]
82. Artistic occupations 50 1.32 [0.98,1.77] 1.32 [0.98,1.77] 1.24 [0.92,1.66]
83. Occupations of social and spiritual assistance and education 98 1.08 [0.87,1.36] 1.08 [0.86,1.35] 1.08 [0.86,1.35]
84. Teaching and education occupations 201 0.82 [0.69,0.98] 0.86 [0.73,1.03] 0.84 [0.70,1.00]
85. Occupations in the social, human, natural, physical and exact sciences 13 0.85 [0.49,1.48] 0.97 [0.56,1.69] 0.87 [0.50,1.51]
86. Health occupations 355 1.00 Ref. 1.00 Ref. 1.00 Ref.

Linguistic region p<0.001
German and Rhaeto-Romansch 3,401 1 Ref.
French 1,215 1.157 [1.08,1.24]
Italian 202 1.216 [1.05,1.40]
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Table S2 Continued

n of lung
Characteristics cancer Model 1** Model 2** Model 3***
deaths
Civil status p<0.001
Single 678 1.27 [1.17,1.39]
Married 2,636 1.00 Ref.
Divorced 404 1.83 [1.70,1.96]
Widowed 1,100 1.482 [1.33,1.65]
Nationality p<0.001
Swiss 4,415 1.00 Ref.
Non-Swiss 403 0.691 [0.62,0.77]
Highest education achieved p<0.001
Compulsory education or less 1,372 1.184 [1.10,1.27]
Upper secondary level education 2,927 1.00 Ref.
Tertiary level education 519 0.805 [0.73,0.89]
Smoking probability (median = 34%) p<0.001
Lower than the median 3,590 1.00 Ref.
Higher than the median 1,228 1.37 [1.26,1.48]
Radon environmental exposure p=0.019
Low 3,261 1.00 Ref.
Medium 1,355 0.92 [0.86,0.98]
High 202 1.03 [0.89,1.19]

*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period, and socio-demographic variables, ***Model 3 is adjusted for age, calendar period, radon annual
average exposure and smoking probability (only occupational groups with more than 10 observed lung cancer deaths are presented)

2 Wald test

® Occupation is coded using the Swiss classification of occupations, version 2000 (NSP 2000), coded on 2 digits
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V. Study of lung cancer survival

IV. l. Preparatory work — need for and quality of occupation registration in cancer

registries of Western Switzerland

Unlike our studies on lung cancer mortality, for which data on occupation and work-related
variables were available only in the SNC, for this chapter on cancer survival, we also had
access to data from the French-speaking cancer registries. Because cancer registries have
access to different sources of information and rely on different procedures to record
occupation, we first aimed to assess the quality (i.e., completeness, accuracy and precision)
of occupation registration in all cancer registries of Western Switzerland. We also aimed to find
a relevant and feasible strategy to collect this information in the future. The need of such an
evaluation was urged by the recent Cancer Registration Act on the compulsory registration of
oncologic diseases in Switzerland, according to which occupation is not included in the national
cancer data structure (Bulliard et al. 2020; OFSP 2022). Before this Act came in force (1st
January 2020), the perimeter of data registration in cancer registries was more flexible,
allowing collection of occupational variables and other variables deemed relevant for

epidemiologic research. We published this work in Swiss Medical Weekly in February 2022.

Own contribution: created the SQL query to extract lung cancer data for each cancer registry,
performed the data management of data from all cancer registries, performed the statistical

analyses and wrote the method part of the manuscript.
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SUMMARY

The burden of occupation-related diseases in the global burden of diseases is heavily
underestimated, mainly due to a shortage of occupational exposure data. This problem is
particularly salient in Switzerland, where no estimates of occupation-related diseases burden
exist, even for the well-recognized occupational cancers, such as malignant pleural

mesothelioma and lung cancer.

To overcome this situation, we launched a research project “Examining Cancers and Labor
Indicators to assess the Burden” (ExCaLIBur). Within this project, we aimed to assess the need
for and quality (i.e., completeness, accuracy and precision) of occupation registration in all
cancer registries of western Switzerland. Given that the recent Cancer Registration Act
restricts the routine collection of occupational data by the Swiss cancer registries, we also
aimed to find a relevant and feasible strategy to collect this information in the future.

We applied a mixed research method. We observed that, independently of the level of
precision (5-3-2-1-digit aggregation level), the accuracy was better in the registries that were
able to actively searched and verified occupational information. Overall, the distinction of
occupations based on the 3-digit code presents an acceptable compromise in terms of
precision. Having such occupations registered in all, or most, Swiss cancer registries routinely
would obviously be valuable for epidemiological surveillance of occupational cancers in
Switzerland. However, it seems less obvious how these data could fulfill the research

objectives, since a better precision than 3-digit occupational coding is challenging to achieve.

Despite the new legislation, the collection of occupational data by the Swiss cancer registries
remains feasible in frame of specific research projects on occupational cancers. However,
available data sources as well as lack of financial and human resources will continue affecting
quality of the collected occupations. Therefore, the usage of the standardized questionnaire
retracing the individual occupational history to enable further assessment of individual
exposure to potential occupational hazards is recommended. However, this approach will
disable the Swiss registries to insuring their epidemiological surveillance mission with respect
to occupational cancers in Switzerland, for which national statistics remain limited. An

adequate solution to this problem is therefore requested from the Swiss public health authority.

KEY WORDS

Surveillance; retrospective exposure assessment; legislation; public health; insurance
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Introduction

Occupation is an essential component of adult life and a major determinant of health and
healthy ageing (1). Moreover, some occupational exposures also affect the offspring health (2,
3). The burden of occupation-related diseases in the global burden of diseases (GBD) is
heavily underestimated, mainly due to a shortage of occupational exposure data (4). This
problem is particularly salient in Switzerland, where no estimates of occupation-related
diseases burden exist, even for the well-recognized occupational cancers, such as malignant
pleural mesothelioma and lung cancer (5, 6). The reasons for it include: a low interest for
occupational medicine (7, 8), little research in the field of occupational health (9), and lack of
accessible information on occupation and occupational exposure history in the medico-
administrative databases (10). Apart from statistics produced by the Federal Statistical Office
(FSO) from the Swiss Health Surveys and the Swiss Labour Force Survey, Switzerland does
not have a systematic data collection strategy to address the issues of occupational exposures
and diseases. This hampers etiological research development, for which occupational history
(also called curriculum laboris) of each individual should be assessed prospectively or
retrospectively, by listing all occupations, their duration and calendar period over the entire

career.

Swiss cancer registries have initiated some research on occupation-related cancers and
collected information on patient’'s occupation. However, the latter mainly served as an
adjustment variable or for investigating socioeconomic differences in cancer incidence, in
stage at cancer diagnosis, and in cancer survival (11, 12) from a public health and healthcare
perspectives. The study by Bouchardy et al. (13), published twenty years ago, constitutes the
only reference on occupational cancer in Switzerland. It is worth noting that this study provides
no cancer incidence rates by occupation because general population data were not available.
A case-control design was thus applied, using the patients with cancer of interest as cases,
and patients with all other cancers as controls. Moreover, this study was limited to male cancer

cases which occurred during the period 1980-1993. This study suggested increased cancer
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risk among farmers, butchers, leather and fur workers, founders, electricians, machinists and
professional drivers, carpenters, cabinet-makers, hotel and restaurant employees,
hairdressers, and chemists. The authors recognized a questionable quality of their occupation
information; the occupations were unknown for 23% of cases among men aged 25 to 64 years;
and for an even greater proportion among men aged over 65 years (13). However, no further
research on occupational cancer has been conducted since except one on the skin cancer in
relation with solar UV exposure (14, 15). Moreover, female workers, ageing workers, and
young workers remained neglected with respect to their risk of occupational and occupation-
related cancer, although these groups are considered ‘particularly sensitive risk groups’,
because of the differences in metabolism, pre-existing health problems — including those

caused by work (16, 17).

To overcome this situation, we launched a research project entitled “Examining Cancers and
Labor Indicators to assess the Burden” (ExCaLlBur) in order to 1) produce sex- and age-
specific cancer risk and survival estimates by occupation and by economic activity in
Switzerland; 2) assess the need and quality of occupation registration in Swiss registries. This
second part of the project aims at evaluating the completeness, accuracy and precision of
occupations documented in Swiss cancer registries and the relevance to collect this
information for future occupational epidemiology research. The need of such an evaluation
was urged by the recent Cancer Registration Act (CRA) on the compulsory registration of
oncologic diseases and variables in Switzerland, which removed occupation from the list of

variables that can be registered by cancer registries (18, 19).

Because cancer registries have access to different sources of information and rely on different
procedures to record occupation, we hypothesized that the sources and procedures for
collecting data on occupation would lead to the more accurate coding of occupation as

compared to the occupation coded by the FSO in the Swiss National Cohort (SNC) (20).
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To investigate this hypothesis and understand the sources/reasons of practice and potential
heterogeneity between registries, as well as to consider ways to improve the access to and
the quality of occupation variable, we conducted a mixed method research (21) in collaboration
with the Cancer Registries of Western Switzerland (CRWS) .This report presents the results
of combined quantitative and qualitative analyses, including focus group and mapping

approaches (22).

Methods

Data sources

For the quantitative analysis, we used two sources of data: the FSO, which provided the access
to the SNC, and the cancer registries of Geneva, Neuchéatel-Jura, Valais, and Vaud. The
registry of Fribourg did not register occupation of their patients and was excluded. The data
collected by FSO were used for comparison, because these data come from the trustful

sources and the FSO can guarantee the veracity of its data (23).

The SNC is a national longitudinal research platform for the entire resident population of
Switzerland. It includes the records of the 1990 and 2000 Swiss censuses, linked to mortality,
life birth and emigration records until 2015, using a combination of deterministic and
probabilistic methods (20). Because federal censuses were mandatory, the SNC covered
98.6% of Swiss population (24). The occupations recorded in 2000 were coded by the FSO
using the Swiss Standard Classification of Occupations 2000 (NSP 2000), the most used
classification in Switzerland nowadays. Therefore, the SNC is the only available data source,
which is relevant to serve as an external reference comparator for occupation for this study

purposes.

Occupational data from all cancer cases from the four CRWS over the period 1990-2014 were
extracted by each registry and sent to Unisanté, where they were harmonized and centralized
into a database. The linkage between these data and the SNC data was then established by

the Institute of Social and Preventive Medicine based on a probabilistic linkage procedure.
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Besides, each registry provided the description of their practices of occupational data collection
and coding, the data sources used, the type of collection (i.e., active versus passive;
systematic versus occasional), their quality control procedures, the resources available as well

as the challenges related to these practices.

Study sample

The study sample included all cancer records diagnosed between 1996 and 2004 in four
CRWS, which collected occupational data, matched with the SNC. This selection was made in
order to enable the comparison of the occupations for this calendar period with occupations
declared in the 2000 federal census, under the hypothesis that occupation remained constant

during this period (25).

Quantitative component

Firstly, we conducted descriptive analyses of registries’ data aiming to estimate the proportion
of missing values (empty fields) and potentially inaccurate information such as “Non-defined
occupation” or “No information”. We were also interested in the proportion of records coded as

“‘Retired” and “Housewife” as this information cannot be used for occupational epidemiology.

Secondly, we compared the occupational information coding agreement and precision
between occupation coded in the registries and in the SNC. Only occupations coded using
NSP 2000 were used for this comparison. Since the registry of Geneva used the Classification
of the Swiss Federal census 1979, their data were not included in this analysis. The
comparison between the registries’ and SNC codes of occupation was performed accounting
for the precision of occupation coding in each registry. For this, we stratified the analysis by
the NSP 2000 aggregation level, using 5, 3, 2, and 1-digit levels of aggregation, with 5-digit
level being the most detailed coding (i.e., distinguishing 383 occupations) and the 1-digit level
the less detailed one (with 9 occupation groups only). When the occupation was coded at a

more aggregated level, we completed the code by replacing the missing digit(s) with 0.
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If the occupation code was identical between the registry and the SNC, we categorized it under
"Same occupation”. If the code was different between the two data sources, it was classified
as "Mismatch." When the information was missing from both the registry and the SNC, we
assigned the case to "No information”. Finally, we also compared the agreement of coding of
retired patients within each registry, using "Retired" code in both sources. All statistical
analyses were stratified by registry and performed using STATA statistical software, version

16 (StataCorp LP; TX, USA).

Qualitative component

The qualitative component of the study consisted in a focus group combined with a mapping
approach. The focus group aimed at discussing the results of quantitative analysis and better
possibilities of occupational data collection. The focus group took place online and included
representatives of the five CRWS. It lasted three hours. It started with an open discussion,
where the members of the focus group provided possible explanations for the observed results,
based on their registry-specific experience. Then, the participants were invited to suggest
potential solutions allowing effective and efficient occupational data collection in the context of
the new Swiss Cancer Registration Act. One moderator (IGC) and one observer (NB) from the
project-team managed the focus group, while another observer (EP) was taking notes. The
moderator iteratively summarized the suggested solutions, which were (re)debated in several
rounds of discussion until a consensus on their respective relevance could be reached among

the CRWS representatives.

Finally, the feasibility of the most relevant strategies was assessed by conducting a mapping
study (22). The latter consisted in an iterative review of potential sources of occupational data
aimed to reveal qualitative descriptors and linkages between occupation-related data and

information flow on the federal level in Switzerland.

124



This study was approved by the Vaud ethical committee for research (N° 2018-02077), and

received funding form the Swiss Cancer Research.

Results

Registry specific practices of occupational data collection and coding

Table 1 summarizes the registries’ practices of collection and coding occupation over time.
The CRWS have long recognized the importance of occupational data collection for
occupational epidemiology but also for the development of effective prevention strategies. Four
CRWS out of five collected these data and considered it in accordance with their mission of
cancer monitoring in Switzerland. However, some registries (Fribourg and Valais) believe that
occupational data serve mostly research rather than surveillance purposes and are less
invested. Fribourg registry has not collected occupational data at all. Most registries encounter
difficulties in collection of the information about patients’ occupation due to a lack of financial
and human resources. The registries of Geneva, Valais and Vaud mentioned that they could
not afford to hire trained people to collect information on occupation, while the registry of
Neuchétel-Jura is the only registry that had an employee partly in charge of occupational data

collection and coding for 12 years.

Identification of the patients’ socio-economic status was the main objective of occupational
data collection. After adoption of the recent legislation on the compulsory registration of
oncologic diseases, only the registry of Neuchatel-Jura has obtained permission to continue
occupational data collection. The other registries had to stop it. All the registries used medical
records and mortality data provided by the FSO as data source about occupation.
Nevertheless, they also referred to other sources such as oncological reports, cantonal or

municipal population office, or cantonal population registry book.

The registries of Neuchatel-Jura and until 2015 Geneva actively searched and verified

occupations. Moreover, the registry of Neuchatel-Jura assessed the economic activity branch
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or industry of their patients’ employer, based on the company name and accounted for it in
their coding of occupations. The registries of Geneva and Neuchatel also searched and
documented the last occupation of the retired patients. Further, the registry of Neuchéatel-Jura
compared their documented occupation with the occupation provided by the FOS on the death
certificate and applied changes if necessary. Conversely, the registries of Vaud and Valais
collected only the occupational information available without any active data search or
verification. Regarding data quality, the collected occupational data were occasionally checked
by a physician at the registry of Neuchéatel-Jura, while the registry of Vaud performed checks

only for data used in research studies.

Currently, all the registries except Geneva code occupations using the Swiss classification of
occupations adopted in 2000. In the Geneva registry, occupations were coded based on the
classification of occupations of the Swiss Federal Census of 1979. Nevertheless, several other

classifications of occupations were used by the registries in the past (Table 1).
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Table 1 Coding procedures of the occupational information among the five cancer registries of Western Switzerland

Registry Source of information (period) Classification type and objective of data collection Quality of the collected data
Valais Cantonal office of population (1989-2011)° Classification Data occasionally collected between 1989 and 2019
Medical records (2012-2019)° e Classification of the ASRT Data.collection stopped in 2020
Mortality data from the FSO (2014-2019)° , NSP 2000 Quality check
Objectives None
No particular objective
Neuchétel- Civil registry (Social assistance service)  Classification Data systematically collected from 1974
Jura (197ft-‘1995)a . o 1974-1991: only 3 types of occupations (worker, Data collection still possible after 2020
Medical records (from 1996) employee/middle-class, executive) i .
Oncological reports (form 2005)° « 1992-1997: Classification of the Swiss Federal census 1980  Specificity of data coding
Mortality data from the FSO (from 2016)* e 1998-2016: NSP 1990 o |fthe patient is retired but his/her occupation is known, the
e From 2016: NSP 2000 occupation is coded
e In 2016 all the documented cases was recoded in e Comparison of the collected data with those provided by the
accordance with the NSP 2000 FOS; modifications are made if necessary (from 2016)
Objectives Quality check
o Evaluate socio-economic status of the patients Occasional check done by a physician
e Use occupational data in epidemiological studies
Vaud Municipalities' population registry (till 2014)P  Classification Data collection between 1974 and 2017
Medical records (till 2017)° NSP 2000 Data systematically collected till 2010
Mortality data from the FSOP Obijective 8ata|_colk;ctiin stopped in 2020
Evaluate risk of cancer incidence depending on socio-economic Ul ) chec .
and occupational status of the patients Occasional (data used for research studies)
Geneva Cantonal office of population (from Classification Data systematically collected between 1980 and 2015

1970)°

Mortality data from the FSO (if occupation
field is empty at the time of death)
Population registry book of the Geneva
canton (1970-1999)?

Medical records (from 1970)°

Classification of the Swiss Federal census 1979
Objective
Evaluate socio-economic status of the patients

Data occasionally collected between 2015 and 2020
Data collection stopped in 2020
Specificity of data coding
. If the occupation is unknown, the case is coded as « No
occupation » or « Occupation is unknown »
e |Ifthe patient is retired at the time of diagnosis, the last
occupation is coded

Quality check
None

Note: In bold: main source of the occupational information; 2 active data collection (some specific steps are undertaken to collect data, for instance, search for the occupation in a population registry
book, search of the information on exposures to environmental carcinogens, check of the available information); ? passive data collection (coding of the occupational information as it was transmitted).
ASRT: Swiss association of cancer registries; FSO: Federal Statistical Office; ISCO 88 (COM): International standard classification of occupations; NSP 1990: Swiss standard classification of
occupations 1990; NSP 2000: Swiss standard classification of occupations 2000
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Registries acknowledged that their occupational data might be incomplete and inaccurate as
their sources of information are not always reliable. For instance, several registries reported
lack of data on women’s occupations. The registries also expressed their concern about being
able to collect only the last occupation of their patients, which is insufficient for research in

occupational epidemiology.

Description of registries’ occupational data and data provided by FSO

In total, the four registries registered 97 571 cancer cases between 1996 and 2004. All data
were used for descriptive statistics. Table 2 shows that the proportion of missing values in
registries’ data is small, ranging between 0% and 5.22%. We observed the same result for
housewives, whose missing value proportion ranged between 0.01% and 1.61%. Records
coded as “No information” were particularly rare in registries of Geneva and Neuchéatel (0.04%
and 3.73% respectively). However, they accounted for 59.16% in the data provided by Valais.
Data presented by Neuchatel and Vaud contained few records with non-defined occupation
(2.98% and 2.45% respectively), whereas they accounted for 12.62% and 14.51% of records

in Valais and Geneva, respectively.
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Table 2 Completeness of occupational information in Cancer Registries of Western Switzerland and SNC

Note: 2 Empty field; ® Unknown or unclassified occupations; ¢ No information was collected about the occupation.

Number
Registry of Missing values 2 Non-def] neci No information © Retired Housewife
recorded occupation
cases
n % n % n % n % n %

Nleuchatel g 662 1 0 289 3 360 3.7 5711 59.1 7 0.1
Vaud 45 264 22 0.1 110 2.45 8 696 19.21 18 765 41.5 4 0
Valais 14 832 722 4.9 1872 126 8774 59.2 0 0 239 1.6
Geneva 27 813 1452 5.2 4035 145 11 0 - - - -
Total 97 571 2197 2.3 6 306 6.5 17 841 18.3 24 476 25.1 250 0.3
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Comparison of occupation codes between registries and the SNC

Table 3 shows that differences in agreement varies depending on the levels of precision in the
occupation coding. We observed that the finer the level of aggregation, the lower the
percentage of concordance. For example, in the registry of Neuchatel-Jura 11% of the records
had the same occupational code at 1 digit, while this number decreased to 7% when
occupation was coded at 5-digits. Based on these findings, it seems that using the 3-digit code
can be an acceptable compromise. Therefore all subsequent results are presented at the 3-

digit level.

Regarding the mismatch in occupation codes, we identified that occupational information
differed by at least 50% between the two data sources. Data from the registry of Neuchéatel-
Jura had the lowest level of mismatch (46%) followed by the registry of Vaud (55%). The
registry of Valais had 81% of mismatch, which was largely due to the fact it coded retired

patients as “No information”.

Since we aimed at comparing the agreement of occupation coding by the registers with that
by the FSO, we considered concordant when the occupational information was missing or
when the patient was coded “Retired” in both sources. Thus, most often occupations matched
in the data of the Vaud registry (11%), followed by Neuchatel-Jura (9%), and Valais (5%).
However, when we took into account the percentage of mismatch or data on retired patients,
we see that the most accurate information was collected by the registry of Neuchatel-Jura
(Table 3). Thus, Neuchatel-Jura had 46% of mismatch data, whereas Vaud and Valais had
55% and 81% of mismatch respectively. Regarding accuracy of coding for retired status,

Neuchéatel-Jura had 44% of match with SNC data, whereas Vaud and Valais had 29% and 0%.
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Table 3 Comparison of coded occupational information in the Cancer Registries of Western Switzerland
between 1996 and 2004 with that of the Swiss National Cohort in the 2000 federal census

Registry * Neuchéatel-Jura Vaud Valais

n % n % n %

NSP 2000 1 digit

Mismatch 3391 44 19 356 52 9156 79
Same occupation 870 11 4937 13 745 6
Retired 3389 44 10 658 29 0 0
No information 114 1 2003 5 1693 15
NSP 2000 2 digits
Mismatch 3516 45 19 996 54 9250 80
Same occupation 745 10 4 297 12 651 6
Retired 3389 44 10 658 29 0 0
No information 114 1 2003 5 1693 15
NSP 2000 3 digits
Mismatch 3580 46 20 354 55 9338 81
Same occupation 681 9 3939 11 563 5
Retired 3389 44 10 658 29 0 0
No information 114 1 2003 5 1693 15
NSP 2000 5 digits
Mismatch 3732 48 21236 57 9517 82
Same occupation 529 7 3057 8 384 3
Retired 3389 44 10 658 29 0 0
No information 114 1 2003 5 1693 15
Total 7764 100 36 954 100 11 594 100

Note: NSP 2000: Swiss standard classification of occupations 2000.
* Only occupations coded using NSP 2000 were used in this analysis. Since the registry of Geneva coded their

occupations according to the Classification of the Swiss Federal census 1979, their data were excluded.
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Strategies for occupational data collection defined within the focus group

During the Focus group meeting, the participants commented the results of quantitative
analysis. The observed differences in data quality between the registries seems determined
by the data collection practices. Thus, registry of Neuchatel-Jura systematically documented
if their patients were retired and actively searched for information about patients’ occupation,
whereas those of Valais and Vaud did not. This situation also reflects differences in availability
of human and financial resources and stresses the importance to provide the registries with
reliable occupational information that can be easily coded. The high percentage of occupations
matched with the FSO coded occupations observed in the Vaud registry explained by the fact
that the latter used data provided by the FSO as main source of occupation is a reliable

illustration of it.

Regarding the strategies aiming to improve the collection of occupational information on
patients, cancer registries representatives agreed unanimously on the usefulness of data
directly transmitted by a competent institution, such as the Cantonal compensation office. This
option was judged optimal as the registries have the identification number of the Old-age and
survivors’ insurance (OASI) of their patients that facilitates the linkage of data from different
sources. The registries also suggested some steps aiming to provide all of them the permission
to collect patients’ occupation trough this source. In order to remove the restrictions imposed
by the new legislation, the registries suggested that a request to the legislator is submitted on
behalf of the CRWS at a cantonal level or on behalf of the National Institute for Cancer
Epidemiology and Registration (NICER) at the national level. However, this strategy would be
successful only if additional resources are provided for insuring a sufficient quality standard of
occupational information registered. In fact, the information on occupation gathered by the
Cantonal population offices is self-declared and might be inaccurate or imprecise. The
registries have also mentioned that if none of the proposed strategies is accepted, it would still
be possible to continue collecting occupational data using occupational history questionnaires

within the framework of specific research studies. The latter can be done in two different
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manners: either the registries collect the occupation of all new registered patients diagnosed
with studied cancer during a limited period (e.g., two years) or they participate in the
occupational history data collection by sending a standardized questionnaire to patients or
their families. The latter solution seems more appropriate as using different methods of
occupation and exposure assessment in cancer cases and controls would introduce a

differential exposure misclassification bias.

Discussion

The first aim of this study was to evaluate the agreement of occupational information
documented in Swiss cancer registries compared with the FSO data. We hypothesized that
the sources and procedures for collecting data on occupation would affect the agreement or
coding of occupation as compared to the occupation in the SNC. Our results allow to conclude
that discrepancies in occupational coding are related to the different procedures of data
collection used by the registries. Thus, unsurprisingly, we observed that, independently of the
level of precision (5-3-2-1-digit aggregation level), the percentage of mismatch was lesser in

the registries that were able to actively searched and verified occupational information.

Our results suggest that using the 3-digit code can be a compromise between accuracy and
precision. In fact, it allows clearly identifying the occupation of the patient and avoiding
excluding those patients whose occupation was coded slightly differently as compared to the
occupation code at 5-digit precision assigned by the FSO in the SNC. For example, in the NSP
2000, at the 1-digit level, the code 8 corresponds to a large group of occupations related to
health, teaching, culture and science. At the 2-digit level, it allows distinguishing smaller groups
such as Occupations related to media (NSP 2000 code 81) or Health professionals (NSP 2000
code 86). At the 3-digit level, the occupation is even more specific, distinguishing for instance
Occupations related to human medicine and pharmaceutics (NSP 2000 code 861) among the
Health professionals. Finally, the 5-digit level allows distinguishing specific occupations such

as physician (861.01) or pharmacist (861.03) among the latter.
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Our second aim was to evaluate the relevance of the further collection of occupational
information by the registries. We identified many current important barriers to further
occupational data collection. The Cancer Registration Act imposes restriction on the
occupational data collection by the Swiss cancer registries. Currently, only the registry of
Neuchéatel-Jura has obtained cantonal legal authorizations to continue collecting these data.
However, even if this restriction is withdrawn, available data sources as well as lack of financial

and human resources will continue affecting quality of the collected occupational information.

Having occupation registered in all, or most, Swiss cancer registries routinely would obviously
be valuable for epidemiological surveillance of occupational cancers in Switzerland. However,
it seems less obvious how these data could fulfill the research objectives, since a better
precision than 3-digit occupational coding is challenging to achieve. Although a 3-digit
occupation is relevant for surveillance purposes, it would not suffice when a linkage with
exposure database (e.g., job exposure matrix for night shift work (26, 27), lung carcinogens
(28), or radioactive materials (29)) based on a 4 or 5-digit occupation classification is
necessary. In this case, occupational history should be reconstructed very precisely, based on
the data coming for a centralized source, able to gather them within a regulatory frame, such

as insurance or federal census.

The OASI emerged as a potentially relevant data source from our focus group investigation.
The use of OASI data is expected to be the most cost-effective strategy as all occupational
history could be reconstructed thanks to the employer’s declarations of their workers.
Moreover, such unique personal identifiers are widely used in Scandinavian countries (30-32)
and since recently in France (33). Therefore, in collaboration with the Federal office of public
health, OASI, and FSO we investigated the relevance and feasibility of a direct transmission
of OASI data to the cancer registries thanks to the OASI ID number and the translation of these

data in the occupational histories. Our investigation revealed that in Switzerland, OASI does

134



not collect information neither on occupation of the insured person nor about his/her
occupational activity branch or working conditions, but only the enterprise number and the
worker’s salary for calculation of the contribution amount. It is thus impossible to retrace the
patients’ occupational history using OASI data. Nevertheless, the FSO is able to link the
enterprise number to the Swiss enterprises registry and assess its economic activity branch.
Using the latter along with the salary information from the OASI it could be possible to deduce
the socioeconomic status of the worker in each enterprise and perhaps, the occupation,
although imprecisely. Thus, the routine collection of occupational data given the existent
sources, the current legislative context, resources available, and our findings, seems
challenging and inefficient. Consequently, such a data collection should be limited to the
specific research studies and conducted according to the research plan approved by relevant

ethical committees.

In such a research context, the strategy of collection and coding occupation for a specific
cancer location during a limited calendar period by the cancer registries also seems
suboptimal. In fact, it would only inform on the occupation in incident cancer cases but not in
the controls (e.g., patients with other cancer locations or healthy people) or external
comparison group (e.g., general (sub-)population). Retrieving their occupation would request
additional, potentially differential investigation; consequently, such a strategy is prone to a high
risk of introducing differential exposure classification bias in the research results. Conversely,
the retrospective reconstruction of curriculum laboris using a standardized questionnaire
provided to both cancer patients and controls remains a relevant and feasible solution for
continuing research on occupational cancer in Switzerland. Indeed, it is the only possible
strategy in the current context. This approach was shown reliable in many epidemiological
studies and allowed dose-response relationship assessment for many occupational
carcinogens in national and international studies (34-36). The coding of the occupations during
the entire career is a burdensome and time-consuming task and constitutes the main limitation

of this approach. However, the automation of the coding of occupations thanks to a new
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software “PROCODE” allows alleviating this limitation (38). The second drawback is that such
a questionnaire significantly elongates the study questionnaire and the time requested for its
completeness, which could bother the participant and lead to a dropout. To remedy this issue,
a simplified questionnaire on occupational history can be used, as one currently tested within
the Swiss Health Study (SHeS) Pilot Project (39) as well as more interactive on-line
questionnaires which could be filled in using a smartphone or a tablet. Indeed, the collaboration
of Swiss cancer registries in the administration of such a questionnaire to their patients is an

additional key-point in this strategy.

Study strengths and limitations

This study is the first to examine the quality of occupational data using a systemic research
protocol applied to five population-based Swiss cancer registries. The study findings confirmed
the research hypothesis that the quality of data estimated as completeness and precision of
registries’ occupational data depends on the sources used for data collection and the
methodological rigour of registration and coding procedures, the latter being determined by the
resources available. The original study findings were produced timely, given the new regulation

on cancer registration in Switzerland, entered into operation in January 2020.

The study was limited to all cancer registries of Western Switzerland, raising the concern of
the findings generalisation to all the other Swiss registries. Nevertheless, we covered most
administrative sources available and these sources are largely comparable across cantons.
Therefore, the diversity observed in data collection procedures in our study is likely
representative of the procedures used in a broader sample of Swiss cancer registries. The
unavailability of occupations coded using NSP 2000 in Geneva registry and no occupational
data in Fribourg registry precluded accuracy and precision analysis of these registries.
However, it is unlikely that inclusion of them in the analysis would change the study results

and conclusions.
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The strategies discussed within the focus group and investigated by mapping are federal-level
strategies. Consequently, they are relevant for all Swiss registries of diseases. The conclusion
of the studies regarding the most relevant approach to collect patients’ occupation and promote
the research on occupational diseases and occupational health are therefore generalizable to
all health outcomes in the country, given its particularities in data availability, flow,

interoperability and linkages.

Conclusion

This study is the first investigating the quality of occupational data collected by Swiss cancer
registries. The usage of a mixed method protocol added to its originality. The study confirmed
the research hypothesis that the quality of occupational data estimated in terms of data
completeness, accuracy and precision, depends on the sources used by the registry for data
collections and the methodological rigour of registration and coding procedures, the latter
being strongly determined by the local legislation and resources available. Given that the
Cancer Registration Act restricts the routine collection of occupational data by the Swiss
cancer registries, the collection of such data remains feasible in frame of specific research
projects on occupational cancers. However, available data sources as well as lack of financial
and human resources will continue affecting quality of the collected occupational information.
Therefore, the usage of the standardized questionnaire retracing the individual occupational
history to enable further assessment of individual exposure to potential occupational
carcinogens and hazards will be more relevant than using routinely available data. However,
this approach will disable the Swiss registries to insuring their epidemiological surveillance
mission with respect to occupational cancers in Switzerland, for which national statistics
remain limited. An adequate solution to this problem is therefore requested from the Swiss

public health authority.
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Figure S1: Proportions of the occupations coded using the same International standard
classification of occupations (ISCO) code as in the Swiss National Cohort between 1996 and
2004.
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IV. Il. Work-related factors and sex-specific lung cancer survival

As we observed differences in lung cancer mortality across occupations in chapter Ill, we
wanted to go further and try to understand whether survival after lung cancer diagnosis could
also be affected by occupation or occupational conditions. A meta-analysis analyzed the effect
on lung survival of different measures, including occupation, but because of heterogeneity, this
measure could not be explored (Finke et al. 2018). Moreover, most of the studies on
occupation included in this meta-analysis were several years to several decades old. To
overcome this, we launched the first Swiss study that aimed at assessing the relation between
occupation or work-related variables measures and lung cancer survival in Switzerland. Our
main hypothesis was that the survival after cancer diagnosis vary across occupations are
dependent of working conditions before and/or after cancer diagnosis, in both sexes. The
objective of this study was therefore to investigate this association by focusing on 1-
occupation, 2-skill level required for the occupation and 3-socio-professional category

independently, using relative survival settings. This work is about to be submitted in Cancers.

Own contribution: performed the data management, performed the statistical analyses and

wrote the manuscript.
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ABSTRACT
Objective: To investigate whether occupation, skill level required for the occupation, and

socio-professional category were associated with lung cancer survival.

Methods: Using data from 5,773 patients from cancer registries in French-speaking
Switzerland between 1990 and 2014, we selected three work-related measures to assess their
association with lung cancer survival. The first measure was occupation and was coded
according to the International Standard Classification of Occupations. The second measure
was the skill level required for the occupation, ranging from occupations requiring simple,
routine physical or manual tasks to occupations involving complex problem solving and
decision-making. The third measure was the socio-professional category, a composite of
occupation, occupational status, highest level of education attained, and legal form of
business. For each measure, we applied non-parametric and parametric methods to estimate

net lung cancer survival, controlling for age, calendar period, and tumor stage at diagnosis.

Results: After adjustment, the instantaneous risk of dying from lung cancer among male
workers with a paid employment but without precise information on socio-professional category
was 36% higher than among top management workers and self-employed. In women,
technicians and associate professionals had a 23% lower risk compared to legislators, senior
officials and managers. We observed no statistically significant differences in net survival

across skill levels in both sexes.

Conclusions: Our results need further analyses, taking into account the patients' smoking
habits and the treatments received. Information on past occupational exposures, as well as
occupational conditions after diagnosis, is also needed for a better understanding of the

differences in net survival between occupational groups.

Keyword: net survival; lung cancer; occupation; Switzerland, gender differences, workers
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Introduction

Lung cancer usually has a poor prognosis and results in the highest mortality among all
cancers, with 1.8 million deaths worldwide in 2020 (IARC 2021a; IARC 2021c). Its five-year
survival varies considerably across countries with estimates between 10% and 20% (Allemani
et al. 2018). A recent meta-analysis explored the effect on survival of different measures
including education, income and area-based socio-economic status most often used an index
(Finke et al. 2018). The effect of occupation could not be explored in this study because of the
heterogeneity of the measures on occupation across studies. Hence, among eight studies
using individual data, four designated occupational status by collar color or similar categories
(Berglund et al. 2010; Chirikos et al. 1984; Pastorino et al. 1990; Vager6 and Persson 1987).
One was based on socio-professional category (Grivaux et al. 2011). The last three studies
identified provided more details on occupation, but only specific groups were analyzed (Dalton
et al. 2015; Fujino 2007; Kravdal 2000). Because most of these studies are several years or
even decades old, there is a need not only to update survival estimates but also to analyze

survival using standardized occupational measures.

In Switzerland, the five year survival of lung cancer was 24% for women and 19% for men,
compared with 15% and 11% at ten years after diagnosis, respectively (Galli et al. 2019). The
higher the stage at diagnosis, and the older the patient, the lower was the survival, in both men
and women. To our knowledge, there is no studies assessing the relation between occupation
or work-related variables measures and lung cancer survival in Switzerland. Because previous
Swiss studies have demonstrated differences in lung cancer mortality between occupational
groups (Bovio et al. 2020; Bovio et al. 2021), we aimed at determining whether occupation and
occupation-related factors were also associated with lung cancer survival. The objective of this
study was therefore to investigate this association by focusing on 1-occupation, 2-skill level
required for the occupation and 3-socio-professional category independently, using relative

survival settings.
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Materials & Methods

Sources of data

We used data from the cancer registries of Western Switzerland (cantons of Geneva,
Neuchéatel, Vaud, and Valais) for the period 1990-2014. In order to retrieve information on
occupation and mortality, we used data from the Swiss National Cohort (SNC), with an
estimated population coverage of 98.6% (SFSO 2004). The SNC is based on data from the
1990 and 2000 federal censuses, which were linked to mortality, birth and emigration records.
In order to have a single database of the cancer registries and SNC data, the registries
responsible for recording all incident cases of cancer diagnosed in their resident population
transmitted data on their lung cancer cases to the Center for Primary Care and Public Health
(Unisanté). Unisanté centralized the registries' data and harmonized their format to enable
linkage with SNC data. The linkage was carried out by the Institute of Social and Preventive
Medicine of the University of Bern and almost all patients in cancer registries could be linked

with the SNC data (94.4%).

Study sample and follow-up

In Switzerland, the minimum legal working age is 15 and the age of majority is 18. The legal
retirement age is 65 for men and 64 for women. Therefore, our study sample included lung
cancer cases aged between 18 and 65 years at the time of either of the census with an
available occupation. Patients were followed from the date of lung cancer diagnosis until the
earliest of the following events: date of emigration, 85th birthday, death, or study termination

(December 31, 2014).

Definition of predictor variables

We selected three different work-related variables to assess their association with lung cancer

survival. The first is the occupation, which was coded according to the International Standard
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Classification of Occupations, 1988 version (ISCO-88). This multi-tiered classification was
used in both censuses and coded using four-digit codes by the Swiss Federal Statistical Office
(SFSO). For this study, we used the one-digit ISCO-88 aggregated into 9 major occupational
groups. The second variable is the skill level required for the occupation. It was defined
according to (Milner et al. 2013), based on ISCO codes aggregated into four different levels. It
ranges from occupations that require simple, routine physical or manual tasks, at low skill level,
or level one, to occupations involving the performance of tasks requiring complex problem
solving and decision making, at high skill level, or level four. The third measure was the socio-
professional category, a composite of occupation, occupational status, highest education
completed, and legal form of business, defined according to (SFSO 2016). Since the start and
end dates of employment were not known, we assigned the earliest available occupational
information to each participant (1990 census information first and 2000 census information
second). This allowed us to retrieve occupational information for those retired at the age of

cancer diagnosis.

Case selection and tumour stage

We considered incident primary malignant lung cancer (C33-C34) based on the International
Classification of Diseases for Oncology (ICD-0O), 3rd edition. We identified cases using the four
Western Swiss cancer registries and selected them according to the International Agency for

Research on Cancer (IARC) rules for multiple primary cancers (IARC 2005).

Tumour stage at diagnosis was coded by cancer registries according to the classification of
malignant tumours (TNM) (Sobin et al. 2011). Tumours localized to the organ of origin
constituted stages | and Il, locally extensive spread, particularly to regional lymph nodes, stage
lll, and tumours with distant metastasis, stage IV. Stage at diagnosis was imputed, when
missing, with multivariate imputation by chained equations (van Buuren and Groothuis-
Oudshoorn 2011) using the following variables as predictors : age at diagnosis, survival time,

skill level required for the occupation, socio-professional category, cancer registry, language
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region and civil status. We run all models with 25 imputations, in order to reduce the impact of
the random sampling inherent in multiple imputation procedures (Spratt et al. 2010).
Comparison of the proportions of each category of stage between the observed and imputed
data showed a better match by grouping stage Ill and IV in one category. Consequently, we

grouped stages Il and IV and considered stage as a three-class variable.

Statistical analyses

Net survival can be used to estimate the survival that would be observed if the only possible
underlying cause of death was the disease under study (Berkson and Gage 1952). It can be
calculated using either the cause-specific or relative survival (RS) approach. Prior findings
showed that the latter was more robust and recommended for net survival analysis (Schaffar
et al. 2017). In this setting, net survival is estimated using life tables and can be defined as the
ratio of the observed survival to the one expected from the life tables. In other words, it
approximates the net survival probability and can be seen as the survival probability from the

disease under study after all other risk have been removed (Estéve et al. 1994).

In this study, we applied two different methods based on RS settings : the Pohar-Perme non
parametric method (Perme et al. 2012) with the log-rank type test to compare the net survival
curves between groups (Grafféo et al. 2016) and a parametric method that models the excess
hazard in a framework of multivariable proportional hazard regression model (Remontet et al.

2007). Both analyses were conducted separately for men and women.

Non-parametric survival analysis

For the non-parametric approach, we used the STNS package (Clerc-Urmés et al. 2014)
developed in STATA. It requires the all causes mortality rate table, which is used to compute
the expected hazard and survival of each subject at each event time in the dataset. We

calculated it using the mortality rates of the population of the cantons of Geneva, Neuchétel,
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Vaud and Valais stratified by 5-year age group (18-85 years) and 5-year calendar period (1990-
2014). These categories were chosen to smooth the rates and avoid large differences in
mortality by age or calendar year. Because we were mainly interested in the survival by
occupation, we also stratified our rates by ISCO-88 1-digit code. This allowed us to account
for differences in overall mortality between occupational groups. Net lung cancer survival was
computed at 5 years for occupation (ISCO-88 1-digit code), skill level and socio-professional
category and we applied a log-rank test stratified by stage to compare the net survival curves

between groups.

Multivariate parametric survival analysis

For the parametric approach, we used the flexrsurv R package (Clerc-Urmés et al. 2021). A
cubic spline with 3 knots (1, 5 and 10 years of follow-up), the internal breakpoints that define
the spline used to estimate the baseline hazard, were fitted. Background mortality rates were
the same than in the non-parametric survival analysis. Again, we calculated the excess
hazards by occupation (ISCO-88 1-digit), skill level and socio-professional category. For each
of these variables, we fitted a model adjusted for age and calendar period at diagnosis.
Furthermore, we adjusted all models for stage at diagnosis, and also tested the non-
proportional effect of stage using B-Splines (Giorgi et al. 2003). In order to compare the fit of

our models, we used the Akaike Information Criterion (AIC) (Akaike et al. 1973).

Results

Cohort description

Of the 13’427 lung cancer cases, we excluded 48% of men and 67% of women because of
lack of information on occupation. Unemployed or job-seeking people, who represented 3% of
the total sample, were also excluded. The final sample consisted of 5’773 cases, 76% of which
were men. (Table 1). Most of participants were Swiss, with only 22% and 16% of non-Swiss in

men and women, respectively. More than half of the study participants were married and about
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one third were single. The mean age at the study entry was 60.7 + 8.0 years in men and 58.4
+ 8.5 years in women and the mean duration of follow-up was 2.5 + 4.0 and 2.8 + 4.1,
respectively. The most represented occupational group differed between men and women. In
men, it was craft and related trades workers, with 24% of them belonging to this group (versus
4% of women). In women, the most represented occupational group was clerks, with 26% of
women in this group compared to only 8% of men. About half of the study participants had
occupation requiring the second lowest level of skills. In addition, both male and female
participants were more likely to be in the supervisors/low level management and skilled labor
socio-professional categories. In contrast, participants with top management and independent

occupations accounted for only 5% in men and 2 % in women.
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Table 1 Characteristics of the study sample of lung cancer incidence cases in French-speaking Switzerland
(1990-2014)

Characteristics Male Female
n of lung (%) n of lung (%)
cancer cancer
Total 4'360 (100) 1413 (100)
Nationality (binary)
Swiss 3,298 (78) 1,226 (84)
Non-Swiss 1,062 (22) 187  (16)
Civil status
Single 409 (29) 219  (31)
Married 3'330 (64) 735 (57)
Widowed 90 (1) 108 (3)
Divorced 531 (6) 351 (9)
Occupation @*
Legislators, senior officials and managers 480 (11) 101 (7)
Professionals 392 9) 112 (8)
Technicians and associate professionals 721 (17) 287  (20)
Clerks 340 (8) 374 (26)
Service workers and shop and market sales workers 276 (6) 318 (23)
Skilled agriculture and fishery workers 178 (4) 15 (1)
Craft and related trades workers 1'043 (24) 59 (4)
Plant and machine operators and assemblers 399 9) 13 (1)
Elementary occupations 531 (12) 134 9)
Skill level required for the occupation
Low 531  (12) 134 (9)
Intermediate low 2'236  (51) 779  (55)
Intermediate high 721 (17) 287  (20)
High 872  (20) 213 (15)
Socio-professional category
Top management and independent professions 229 (5) 23 (2)
Other self-employed 827 (19) 174 (12)
Professionals and senior management 371 9) 91 (6)
Supervisors/low level management and skilled labour 1'927  (44) 744  (53)
Unskilled employees and workers 868 (20) 345 (24)
In paid employment, not classified elsewhere 138 3) 36 (3)
Tumour stage
Stage 1 464  (11) 184  (13)
Stage 2 222 (5) 79 (6)
Stage 3 575 (13) 191 (14)
Stage 4 1420 (33) 546  (39)
Missing information 1679  (39) 413  (29)
Calendar periods
1990-1994 758  (17) 146 (10)
1995-1999 1268  (29) 297  (21)
2000-2004 691  (16) 222 (16)
2005-2009 752 (17) 312 (22)
2010-2014 891  (20) 436  (31)
Age at entry (years) : mean * standard deviation 60.7 £ 8.0 58.4 +8.5
Dur_at/gn of follow-up (years) : mean * standard 25440 28+ 41
deviation

2 Occupation is coded using the International Standard Classification of Occupations, version 1988 (ISCO-88), coded on 1
digit
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Five-year net survival per occupational group

In non-parametric setting, the overall log rank test showed that the survival differences across
occupational groups were not statistically significant (p=0.13). However, when we compared
the survival observed in male legislators, senior officials, and managers, identified with the
highest 5-year survival (0.25 % 95%-IC: 0.22-0.28), we found significant differences with other
occupational groups. Farmers, observed with the lowest survival (0.17%, 95%-IC: 0.11-0.23),
craft and related trades workers (0.20%, 95%-IC: 0.17-0.23), and workers in elementary
occupations (0.21%, 95%-IC: 0.17-0.24) had statistically lower survival (Fig.1). In parametric
setting, considering legislators, senior officials and managers as reference category, we found
that all occupations had a hazard ratios (HR) higher than 1. The instantaneous risk of dying
from lung cancer in men working in elementary occupations and in skilled agriculture and
fishery male workers were 22% and 20% higher than the reference group (Table 2). However,
after adjustment for tumour stage at diagnosis, the estimated HRs corresponding to the

occupational group decreased, ranging from 0.99 to 1.09 and were not statistically significant.

Among women, female technicians and associate professionals were identified as having the
highest net survival (0.29%, 95%-IC: 0.23-0.36). We observed that this result was statistically
significantly different from that of legislators, senior officials, and executives, who showed the
lowest survival (0.20%, 95%-IC: 0.12-0.29). Technicians and associate professionals had
higher survival at almost all time points (Fig. 2). The corresponding HRs were 0.72 (95%-IC:
0.55-0.94) and 0.72 (95%-IC: 0.54-0.95), respectively, and were not affected by the adjustment

for stage at diagnosis (Table 3).

Five-year net survival per skill level required for the occupation
In the non-parametric approach, we found statistically significant differences in net survival
across skill levels in men (p-value=0.02). Men with the highest skill level demonstrated the

highest survival at each time point (0.22%, 95%-IC: 0.19-0.25), while those with the lowest skill
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level the lowest net survival (0.19%, 95%-IC: 0.16-0.23). We confirmed this results in
parametric analyses as well, observing a protective effect of the high skill level (HR=0.86 (95%-
IC: 0.76-0.98)) compared to men with the lowest skill level, in the model not adjusted for tumour
stage (Table 2). After adjustment for tumour stage, this result turned out non-significant
(HR=0.91 (95%-IC: 0.80-1.04). In women, we also found statistically significant differences in
net survival across skill levels (p-value 0.013) and we observed that workers with the second
highest skill level presented the highest survival at any time point (0.29%, 95%-1C: 0.23-0.36),
whereas the lowest level demonstrated the lowest net survival (0.19%, 95%-1C: 0.12-0.27).
This was also confirmed in the parametric analyses (HR = 0.75 (95%-IC: 0.59-0.97) in the
model not adjusted for tumour stage. After adjustment, this result became statistically non-
significant, with an upper bound of the confidence interval slightly greater than 1 (HR: 0.79

(95%-1C: 0.61-1.02)).
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Figure 1: non-parametric net survival of lung cancer across occupation (1-digit ISCO-88), skill level required for the occupation

and socio-professional category in men
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Five-year net survival per socio-professional category

In non-parametric analysis, among men, professionals and senior managers had the highest
five-year net survival (0.25%, 95%-IC: 0.20-0.30), followed by top management and
independent professionals (0.21%, 95%-IC: 0.16-0.28) (Fig. 1). In opposite, men in paid
employment (not classified elsewhere) had a survival of 16.19% (95%-IC: 0.10-0.22), the
lowest net survival estimated. We also identified this category as having the highest risk in the
parametric analysis, with HR=1.46 (95%-IC, 1.15-1.86). This risk remained statistically
significant even after adjusting for tumour stage at diagnosis (HR=1.36 (95%-IC, 1.05-1.76)
(Table 2). Among women, we found no significant differences between socio-professional
categories.

Table 2 Hazard ratios (HR) and Confidence Interval (95%-IC) for Lung Cancer relative survival by work-
related variables among males aged 18-85 in French-speaking Switzerland

Characteristics Model 1* Model 2**
Occupation

Legislators, senior officials and managers Ref. Ref.
Professionals 1.09 0.93-1.27 0.99 0.84-1.16
Technicians and associate professionals 1.14 1.00-1.30 1.04 0.90-1.20
Clerks 1.1 0.94-1.30 1.01 0.85-1.20
Service workers and shop and market sales workers 1.18 1.00-1.41 1.15 0.96-1.37
Skilled agricultural and fishery workers 1.22 1.01-1.49 1.04 0.85-1.28
Craft and related trades workers 1.15 1.01-1.30 1.02 0.89-1.16
Plant and machine operators and assemblers 1.07 0.91-1.25 1.01 0.85-1.19
Elementary occupations 1.20 1.04-1.39 1.09 0.94-1.27
Skill level required for the occupation

Low Ref. Ref.

Intermediate low 0.94 0.84-1.05 0.94 0.84-1.06
Intermediate high 0.95 0.83-1.08 0.95 0.83-1.09
High 0.86 0.76-0.98 0.91 0.80-1.04
Socio-professional category

Top management and independent professions Ref. Ref.

Other self-employed 1.18 0.99-1.40 1.09 0.91-1.31
Professionals and senior management 0.91 0.75-1.11 091 0.74-1.12
Supervisors/low level management and skilled labour 1.08 0.92-1.27 1.06 0.89-1.26
Unskilled employees and workers 1.09 0.91-1.29 1.04 0.87-1.25
In paid employment, not classified elsewhere 1.43 1.13-1.82 1.36  1.05-1.76
*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period and stage
at diagnosis

@ Occupation is coded using the International Standard Classification of Occupations, version 1988 (ISCO-
88), coded on 1 digit
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and socio-professional category in women
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Table 3 Hazard ratios (HR) and Confidence Interval (95%-IC) for Lung Cancer relative survival by work-
related variables among females aged 18-85 in French-speaking Switzerland

Characteristics Model 1* Model 2**
Occupation?

Legislators, senior officials and managers Ref. Ref.
Professionals 0.89 0.65-1.22 0.81 0.58-1.12
Technicians and associate professionals 0.72 0.55-0.94 0.72 0.54-0.95
Clerks 0.86 0.67-1.11 0.83 0.64-1.09
Service workers and shop and market sales workers 0.85 0.66-1.11 0.83 0.63-1.09
Skilled agricultural and fishery workers 1.17  0.63-2.17 0.99 0.53-1.85
Craft and related trades workers 0.86 0.59-1.25 0.84 0.57-1.26
Plant and machine operators and assemblers 096 047-194 0.72 0.35-1.48
Elementary occupations 096 0.71-1.29 0.92 0.66-1.26
Skill level required for the occupation

Low Ref. Ref.
Intermediate low 090 0.73-1.11 091 0.72-1.15
Intermediate high 0.75 0.59-097 0.79 0.61-1.02
High 0.98 0.76-1.27 0.98 0.74-1.28
Socio-professional category

Top management and independent professions Ref. Ref.

Other self-employed 0.93 0.56-1.57 0.99 0.58-1.70
Professionals and senior management 0.81 0.46-1.40 0.84 0.47-1.49
Supervisors/low level management and skilled labour 0.84 051-1.38 0.96 0.57-1.59
Unskilled employees and workers 0.87 0.52-1.44 0.99 0.59-1.67
In paid employment, not classified elsewhere 1.08 0.58-2.00 1.18 0.63-2.23
*Model 1 is adjusted for age and calendar period;**Model 2 is adjusted for age, calendar period and stage
at diagnosis

@ Occupation is coded using the International Standard Classification of Occupations, version 1988 (ISCO-
88), coded on 1 digit
DiScUSSION
To our knowledge, this study was the first to assess the net survival using three work-related
variables: the official ILO standardized classification of occupations (ISCO-88), the skill level
required for the occupation and occupation and the socio-professional category. Although
Grivaux et al. used a socio-professional category (Grivaux et al. 2011), our categorization was
more exhaustive and took into account all levels of the population's social professional
structure. We observed that women working as technicians and as associate professionals
had a better net survival compared to senior officials and managers. Among men, workers with
a paid employment but without precise information on socio-professional category had a worse
survival compared to professionals and senior managers. When adjusted for tumour stage, the

skill level required for the occupation was not associated with net survival.

Net lung cancer survival in work- related variables
We showed that after the addition of the tumour stage at diagnosis point estimates in men

were reduced toward 1 for occupation and socio-professional category. For women, the
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estimates for occupation and socio-professional slightly changed after adjustment. In both
sexes, the estimates for skill level remained unchanged. Using the AIC criterion, we observed
that the addition of tumour stage improved the fit of all our models, both in men and women.
This is consistent with previous findings that survival is influenced by tumour stage at diagnosis
(Coleman et al. 2011), although this factor alone cannot explain all of the difference in survival
(Woods et al. 2006). To have a better understanding of the effect of the tumour stage on our
results, we compared the distributions of tumour stage at diagnosis across occupations, skill
levels and socio-professional categories using a Chi2 test. We found that tumour stage at
diagnosis did not depend on occupation or skill level. However, in men, there was a significant
association between tumour stage and socio-professional category (p=0.03) (result not
shown). Men in paid employment (not classified elsewhere) were diagnosed later (stage Ill and
IV) (81%) than the other socio-professional categories. Because this category remained with
an HR of 1.36 (95%-IC: 1.05-1.76) in the model adjusted for stage at diagnosis, we may
suppose that net survival in this category is lower than that of workers in top management
positions and independent professions. Moreover, other or additional factors that we could not
address using the available data could explain this result. For example, previous findings
demonstrated that current smoking at diagnosis was a significant independent predictor of
reduced lung cancer survival and that the effect of this variable was not explained by
sociodemographic factors, stage or treatment (Tammemagi et al. 2004). However, this
hypothesis could not be tested. The cancer registries had very little data on smoking, while the
SNC had none. Furthermore, treatment differences between social groups has been
demonstrated to influence lung cancer survival (Woods et al. 2006). We believe, though, that
this hypothesis is small in Switzerland, as health insurance covers most of the expenses
related to treatment (Swiss Confederation 2022).

After adjustment for tumour stage, all occupational groups among women had an HR less than
1 compared with the reference category of legislators, senior officials, and managers, but only
those estimated on female technicians and associate professionals remained statistically

significant. This result raised the question of the impact of occupational factors on lung cancer
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net survival. However, the heterogeneity of occupations in this group, including engineers,
teachers, health care workers, and those working in finance and business, made any
hypothesis difficult. In a previous Swiss descriptive study of lung cancer mortality, we showed
that female teachers and health care workers had a lower risk of dying from lung cancer
compared with the general population (Bovio et al. 2020). For the other groups above, the risk
of mortality was higher, but none of these results were adjusted for smoking. We believe
therefore that occupation-specific analyses should be conducted. Under the AIC criterion,
internal analyses showed that the 1-digit ISCO-88 code fitted the data better than the 2-digit
codes. However, the occupational groups at this 1- or 2-digit level may not be specific enough
and may incorporate different socioeconomic concepts that are not directly related to
occupational exposure. Analyses at 3- or 4-digit level should be tested. Moreover, smoking
habits, information exposure and working conditions before and after diagnosis is needed.
Lastly, the inclusion of measures such as income, education, or regional socioeconomic status
could also help adjusting for the effect of other non-occupational factors. Although correlated
with occupation, they measure different phenomena and exploit different causal mechanisms

(Geyer et al. 2006).

Finally, the use of relative survival framework in our study was appropriate to investigate
inequalities in lung cancer after diagnosis. This allows for disparities in mortality between study
groups with respect to multiple causes of death (Redondo-Sanchez et al. 2022). Because of
the association between occupational variables and mortality (Redondo-Sanchez et al. 2022),
we believe that future studies on occupational factors should also focus on RS methods. We
also think further analyses should remained stratified by sex. Although this was not done in the
systematic review and meta-analysis by (Finke et al. 2018), we believe that doing so is
essential to account for gender specificities, as recommended by the European Agency for

Safety and Health at Work (EU-OSHA 2014).
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Strengths and limitations

A major strength of our study lies in the use of international classification of occupation that we
also used to create the skill level required for the occupation. This allows for a common
definition and measurement of occupation-related variables, which can be replicated and
compared internationally. In addition, our analyses were stratified by sex, which addressed the
recommendation to improve knowledge of occupational exposures and their effects on women
(EU-OSHA 2014b). Moreover, the nonparametric method allowed us to calculate net lung
cancer survival for each of the three occupational variables without making any specific
assumptions, whereas the parametric method allowed us to quantify the differences between
groups in terms of hazard ratios and to test the proportional hazards assumption. Although the
tumour stage at diagnosis was missing for 23% of women and 38% in men, we were able to
complete it using multiple imputation. The comparison of models using listwise deletion
(complete case analyses) and those with imputed models yielded similar results. There is no
evidence for biased estimates or insufficient precision due to imputation. Because each new
cancer case must be reported to the cantonal tumor registry to which the resident is attached,

we believe that the incidence information was of very good quality.

In terms of limitations, the occupation information was missing for 67% of women and 48% of
men. However, an internal comparison of socio-demographic information showed that
excluded participants with missing occupation information were similar to included participants.
Assigning occupations as a time-dependent variable based on two time points could result in
some misclassification. Nevertheless, the information on occupation at the time of the federal
censuses is correct and we believe we assigned it accurately enough, since the majority of
participants kept the same between the two censuses (Bovio et al. 2021). Having occupational
information at the date of incidence would be more accurate, but it was not available in the

SNC. In a study conducted prior to this research, we assessed the quality of occupational data
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in the six Western-Swiss cancer registries and in the SNC and concluded at heterogeneity
issues between registries (Plys et al. 2022). To avoid differential misclassification on
occupation, we considered the use of the SNC data more relevant than the registry data.
Lastly, information on smoking and occupational exposures at diagnosis and during treatment
was not available to study their effect on cancer survival. Information on treatment after
diagnosis was also unavailable in this study, but is available in some cancer registries.
Collection of this information and its use in future analyses will allow more accurate estimation

of factors affecting net lung cancer survival.

Conclusion

This study reports net survival for lung cancer across three different occupation-related
variables: occupation, skill level required for the occupation and the socio-professional
category of employment. After adjustment for tumour stage at diagnosis, we observed that
most of differences were smaller. Men in paid employment not elsewhere classified had the
lowest net survival and top management and independent professions the highest. We
observed that tumour stage varied significantly between male socio-professional categories
and could partly explain this result. Further studies are required, taking into account smoking
habits and the treatment received by the patient. The inclusion of potential occupational
carcinogens, their dose and potency before and after diagnosis is also paramount to be able
to quantify the effect of occupational context, if any. These factors should be applied in more
detailed analyses of occupations included in female technicians and associate professionals,
which had a higher survival compared to legislators, senior officials and managers. This would
allow assessing whether survival with lung cancer differs for engineers, teachers, health care
workers and women working in finance and business, and to clarify the factors influencing it.
Finally, the use of standardized classifications in our study allowed us to produce results that
can be compared internationally. The previously demonstrated association between
occupational variables and mortality (Paglione et al. 2020) also showed us the importance of

focusing on relative survival methods for future studies on occupational factors.
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V Discussion

Because of the limited data on occupational lung cancer available in Switzerland, the objective
of this work was to calculate the first national estimates of lung cancer risk between
occupations and other occupational factors. We focused mainly on mortality and net survival
analyses. In addition, it was important as a preliminary work to find a way to re/code the
occupation or economic activity through an automated process, which was made possible by
the creation of the Procode software. Although we initially coded and recoded the occupations
manually, the creation of this software saved us considerable time. The same will be true in
future studies that need to code from the raw text or recode occupation to a standardized

classification.

With respect to lung cancer mortality, the first study we conducted was descriptive in nature
but provided some important insights from both methodological and public health perspectives.
It demonstrated that SMR remained a good approximation of the excess of mortality in both
occupational and general cohorts, though rSMR helped to correct the healthy worker effect,
which is usually present in SMR. Occupational exposures to lung carcinogens were
consistently documented in most of the activities and occupations that we observed with an
excess of lung cancer mortality, which demonstrated that Swiss workers had no particular
profile of mortality from lung cancer by occupational group and sex, compared to other
developed countries (Corbin et al. 2011; EU-OSHA 2014a; Hovanec et al. 2018; Jung et al.
2018; Pukkala et al. 2009; Silverman 2017). Part of the excessive lung cancer mortality
observed in these groups could be due to occupational carcinogens. However, these results
should be interpreted with caution because there was no adjustment for smoking, which may
have led to an overestimation of lung cancer mortality in occupational or industrial groups with

a high smoking prevalence.
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After adjustment for smoking, we observed in the second study we conducted that there was
little variation in risk between occupations in women. In men, machine operator, construction
workers, and hotel and restaurant employees remained with a higher risk of lung cancer
mortality, as suggested by our first descriptive study. However, there is still a need to conduct
further analysis for women working in transportation and traffic occupations, who had an
adjusted risk higher than two compared to health occupations. To our knowledge, this result
was original and should be confirmed. The degree of exposure of women working in the
electrical engineering, electronics, watchmaking, vehicle and tool manufacturing sectors also

needs further confirmation.

To our knowledge, SUVA only recognizes nickel, crystalline silica, asbestos, bis(chloromethyl)
ether and chromium VI as carcinogens for the lung cancer (SUVA, 2022). According to the
international studies, workers in occupations we identified as high-risk were likely to be
exposed to a greater number of IARC carcinogens. Swiss construction workers could be
exposed to diesel exhaust diesel exhaust (Jung et al. 2018). Workers in mining, stone working,
and building material manufacturing may be exposed to arsenic, PAHs and/or diesel exhaust
(Brown et al. 2012; Jung et al. 2018; Pukkala et al. 2009) and those in electrical engineering,
electronics, watchmaking, automotive, and tool-making might be exposed to welding fumes,
engine exhaust, PAHs, and beryllium (EU-OSHA 2014a). Although exposure to these
carcinogens in these occupations remains to be demonstrated by more detailed analyses, it
would appear that these occupational carcinogens are not recognized by SUVA. In addition,
the differences in lung cancer mortality observed between the occupations also raise questions
about the number of occupational lung cancers in Switzerland (Suva 2017; Suva 2019). While
SUVA recognizes only a few cases as occupational diseases, there is a further need to assess
if the number recognized cases is accurate or if there is an under-recognition or under-
reporting. In addition to providing a more reliable estimate of the total number of work-related

lung cancers in Switzerland, doing so will allow comparison with international studies.
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A major limitation of this thesis is the unavailability of individual smoking data. To circumvent
this, it is essential to find a better way to adjust indirectly for this important confounding factor,
using the most appropriate methods. To this end, we are conducting with the European
network OMEGA-NET a scoping review of adjustment methods for smoking when individual
smoking data are completely missing (Turner and Mehlum 2018). Another limitation of our
studies was the lack of information on occupational variables, as we were only able to assign
occupation based on two points in time (i.e., occupation at the time of the federal censuses).
With our study on the quality of professional data collected by Swiss cancer registries, we
demonstrated that the lack of financial and human resources will continue to affect the quality
of this information. However, access to participants' complete work history is of paramount
importance. We believe that for future studies the use of a standardized questionnaire tracing
individual work history will be the best option to allow for a more thorough assessment of
individual exposure to potential occupational risks. This will be more relevant than using

routinely available data.

Regarding lung cancer survival, our study was the first to assess the net survival using the
official ILO standardized classification of occupations (ISCO-88), but also the skill level
required for the occupation at the individual level. We were able to show the importance of
applying multivariate analyses when studying lung cancer survival, as the addition of stage
decreased the effect of occupational variables. However, we found that tumour stage alone
could not explain all the difference in survival. Men in paid employment (not classified
elsewhere) remained with lower net survival that of workers in top management positions and
independent professions. We think that other or additional factors that we could not address
using the available data could explain this result. Previous findings demonstrated that current
smoking at diagnosis was a significant independent predictor of reduced lung cancer survival
and that the effect of this variable was not explained by sociodemographic factors, stage or
treatment (Tammemagi et al. 2004). Inclusion of this factor is therefore necessary in future

studies. In addition, differential treatment between social groups has been demonstrated to
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influence lung cancer survival (Woods et al. 2006). Although we believe that this hypothesis is
unlikely in Switzerland, because health insurance covers most of the expenses related to
treatment (Swiss Confederation 2022), it could be easily verified in future analyses, because
this information is available in cancer registries. Furthermore, the significant differences in
survival observed between women working as technicians and associate professionals and
women legislators, senior officials, and managers raised the question of the potential impact
of other occupational factors that might influence lung cancer survival. However, the
heterogeneity of the occupations in this group including engineers, teachers, health care
workers, and people working in finance and business made any assumptions difficult. Because
occupational groups at this 1- or 2-digit level may not be specific enough and may incorporate
different socioeconomic constructs that are not directly related to occupational exposure, we
believe that analyses at a 3- or 4-digit level should be tested. This could not be tested, however,
because the number of participants per occupation was too small at this level of aggregation.
In addition to smoking habits, it is also necessary to retrieve information on exposure and

working conditions before and after for better estimates of their potential effect on net survival.

We think that the use of relative survival framework is more appropriate than overall survival
to investigate inequalities in lung cancer after diagnosis. This allows for disparities in mortality
between study groups with respect to multiple causes of death (Redondo-Sanchez et al. 2022).
Because of the association between occupational variables and mortality (Redondo-Sanchez
et al. 2022), we believe that future studies on occupational factors should also focus on relative

survival methods.

Finally, for either mortality or survival, we observed differences between men and women. This
was expected and reinforces that future studies should be stratified by sex, as recommended
by the European Agency for Safety and Health at Work (EU-OSHA 2014). This will allow for

the development of appropriate gender-based prevention measures.
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VI Conclusion

Occupational lung cancer represents 86% of all occupational cancers and is responsible for
approximately 15% of lung cancer deaths worldwide. In addition, the financial and health
burden of this disease is significant. However, before this thesis, very little knowledge about
occupational lung cancer was available in Switzerland. The objective of this work was therefore
to fill this gap by providing the first estimates of mortality risks and net survival of lung cancer
across occupation and other work-related variables. In doing so, we demonstrated that even
after adjustment for smoking, significant differences remained in both mortality and survival.
Our gender-stratified analyses also allowed us to observe significant differences by gender. In
addition, our results demonstrated that occupational groups identified as being at risk are likely
to be exposed to occupational lung carcinogens. To have a better understanding of the effect
of the work environment on lung cancer mortality and survival in these groups, it is necessary
to apply analyses at finer levels of occupational aggregation. In our analyses, occupational
groups at 1-2 digit level may not be specific enough and may incorporate different
socioeconomic concepts that are not directly related to occupational exposure. Use of the 3-4
digit ISCO-88 occupations should provide a more accurate estimate of the risk factors and
occupational exposures faced by workers in high-risk groups. As mentioned by (Loomis et al.,
2018), many workplace agents have never been evaluated for carcinogenicity, and
epidemiological evidence is insufficient or completely lacking for many agents evaluated by
IARC. It is therefore essential to undertake this work at the Swiss level, which will subsequently
allow the development of more appropriate and specific prevention measures aimed at
reducing the impact of occupational lung cancer in Switzerland. It will also allow to estimate
the number of workers exposed to occupational lung carcinogens in Switzerland and to
generate quantitative data on exposure. In addition to providing a scientific basis, these data
will be used as a basis for comparison with current Swiss figures on the recognition of lung
cancer as an occupational disease and will allow an analysis of whether there is under-

recognition or under-reporting of cases.
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