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Abstract

We investigated the association between occupatiosiary and upper aerodigestive tract (UADT)
cancer risk in the ARCAGE European case—contralystihe study included 1,851 patients with
incident cancer of the oral cavity, oropharynx, dgparynx, larynx or esophagus and 1,949
controls. We estimated odds ratios (OR) and 95%aemce intervals (CI) for ever employment in
283 occupations and 172 industries, adjustingrfarlsng and alcohol. Men (1,457 cases) and
women (394 cases) were analyzed separately andoogpbrated a semi-Bayes adjustment
approach for multiple comparisons. Among men, weébincreased risks for occupational
categories previously reported to be associateu atiteast one type of UADT cancer, including
painters (OR = 1.74, 95% CI: 1.01-3.00), bricklay@r.58, 1.05-2.37), workers employed in the
erection of roofs and frames (2.62, 1.08—6.36hfoeced concreters (3.46, 1.11-10.8), dockers



(2.91, 1.05-8.05) and workers employed in the ¢ansbn of roads (3.03, 1.23-7.46), general
construction of buildings (1.44, 1.12-1.85) andyodnandling (2.60, 1.17-5.75). With the
exception of the first three categories, risks botheased when restricting to long duration of
employment and remained elevated after semi-Bagjestanent. Increased risks were also found
for loggers (3.56, 1.20-10.5) and cattle and di@rmning (3.60, 1.15-11.2). Among women, there
was no clear evidence of increased risks of UADceain association with occupations or
industrial activities. This study provides evidemé@n association between some occupational
categories and UADT cancer risk among men. The sw®istent findings, also supported by
previous studies, were obtained for specific waslemployed in the construction industry.

Alcohol drinking and tobacco smoking are the twamrask factors for cancers of the upper
aerodigestive tract (UADT), which group togethentrs originating in the oral cavity, pharynx,
larynx and esophagus.1-3 These two exposures npégiexip to 75% of all UADT cancer cases.3
Diet,4 human papillomavirus (HPV) infection,5 loacgoeconomic status6 and genetic
susceptibility7 have all been indicated as otheemtal risk factors.

A number of case—control studies have investigatetdipational exposures in relation to the risk of
UADT cancer.8—-23 Most of these studies had a ldnsi@mple size and focused on laryngeal cancer
only. Increased risks have been repeatedly found fmimber of occupations, including painters,9—
12, 24 specific categories of construction work®f$4, 16, 17 metal workers,9-14 laborers,9, 11,
13-16, 18, 19 butchers14, 21 and shoe, leathetextitk workers14, 15, 19, 21, 23-25 as well as
for exposure to some specific occupational ageoish as sulfuric acid, asbestos and coal dust.20,
26, 27

We used data from a large multicenter case—costwaly recently conducted in 14 centers
throughout Europe, in which a detailed occupatitmstiory was collected using a standardized
guestionnaire, to further investigate the roledocupational factors in UADT cancer etiology.

Methods

Study design and exposur e information

ARCAGE (Alcohol Related Cancers and Genetic Sudmiépt in Europe) is a European

multicenter case—control study on UADT cancer edrout between 2000 and 2005 in 14 centers in
10 European countries, including Czech Republioa€Ga, France (in which recruitment was
conducted between 1987 and 1992), Germany, Grietand, Italy, Norway, Spain and the UK. It
was approved by the ethical committee of the coatthg centre (International Agency for
Research on Cancer, Lyon, France) and the localadtommittees at each participating center. A
detailed description of the study methods has pedtished before.28

The study was hospital-based in most of the coestiwith the exception of the three UK centers in
which a population-based approach was used. In@atine, cases included all newly diagnosed
primary cancers occurring in the oral cavity (ICB30OC00—-CO06), oropharynx (C09, C10), hypo-
pharynx (C12, C13), larynx (C14, C32) or esophd@is®) identified by constant monitoring at the
hospitals and clinics participating in the studyl. dases were histologically confirmed.

Controls were frequency-matched to cases by 5agaugroups, sex and center. Hospital controls
were selected among patients admitted for disaasetated to tobacco or alcohol. Eligible
diagnoses included endocrine and metabolic dissraemwell as genito-urinary, skin, subcutaneous
tissue and musculoskeletal diseases, gastro-imastirculatory, ear, eye and mastoid diseases,
nervous system diseases, trauma and plastic syrgaents. The proportion of controls within a
specific diagnostic group should not exceed 33%etotal in any center. In the UK, population
controls were randomly selected from a list of widiials registered with the same general
practitioner as the corresponding cases. In this Banter, the source population was limited to
smokers.

We used a face-to-face interview and a standardjmedtionnaire to obtain information from all
study subjects on demographic characteristics,atunal level, lifetime smoking, alcohol



consumption, diet, medical history, anthropomeatigasures and full occupational history. For each
occupational period that lasted at least 6 monties;ecorded the year of beginning and end as well
as the descriptions of the job title and the brasfahdustry. Part-time and seasonal jobs were
recorded.

In each country, a trained coder codified the oatiopal periods blinded to case—control status
according to the National Industrial ClassificatmnAll Economic Activities (NACE)29 for

branches of industry and the International Stan@adsification of Occupations (ISCO)30 for the
job titles. These classifications, based on fout fare digits respectively, increase the speciiat
each occupation/industry with increasing numbaetigits. The Paris center had coded occupational
histories differently, namely using 3-digit ISCOdes for the job titles and the ISIC-2 classificatio
for the branches of industries. We therefore exadutthe Paris center from the main analyses,
although we carried out a separated analysis as&ddigit ISCO codes among the 297 male cases
and the 210 male controls from Paris to check émscstency with the results obtained on all other
centers.

Statistical analyses

Overall, 1,981 cases and 1,993 controls partictpaiehe study with a response proportion of 82%
among cases and 68% among controls. We excludedsés with adenocarcinoma of the
esophagus and 18 subjects witksitu carcinoma. Moreover, we excluded all case androbnt
subjects with missing values in smoking, alcohaistonption and/or educational level (27 cases
and 32 controls). Another 8 cases and 12 contrete wxcluded because they had no information
on their occupational history, thus leaving 1,88%es and 1,949 controls for the present analyses.
We carried out analyses in men (1,457 cases azé t@htrols) and women (394 cases and 524
controls) separately and used multivariable logistgression to estimate odds ratios of UADT
cancer, with corresponding 95% confidence inter(@886 CI), for ever compared with never
employment in each occupational or industrial catggWe considered a lag time of 10 years, thus
exposures occurring in the last ten years befaranterview were not considered, and analyzed
only categories including at least 10 exposed sthjéll models included centre, age, cigarette
smoking and alcohol consumption. These variables wategorized as reported in Table 1. As
previously suggested,31 we estimated each odas(2R) in models with and without adjustment
for attained educational level. All UADT cancer easvere grouped together in the main analyses
while we conducted secondary analyses considenmghree main subsites separately (mouth and
oropharynx, hypopharynx and larynx, esophagus)lysea were conducted using the software
SAS®, version 9.

Since we considered a large number of occupatiodsralustries, we also applied a semi-Bayes
(SB) approach,32, 33 usiigsoftware, to identify the most robust estimates. A¥sumed a

variance of the true Log ORs of 0.25 and shrunkestanates for each category towards the overall
mean, for the industries, and towards a group nfeathe occupations, where we used two groups,
namely blue-collar worker and white-collar workecopations.

Results

Characteristics of cases and controls are repartédble 1. Tobacco smoking and alcohol
consumption were higher among cases than contodisibb men and women. Cases had a lower
educational level, while the mean number of jobquer was similar between cases and controls.
Among men and women combined, 49% of the UADT cemcecurred in the oral
cavity/oropharynx, 37% in the hypopharynx/laryn% # the esophagus and 5% were classified as
overlapping cancers.



Men

Overall, we evaluated 283 occupational categoBemn@ 5 digits, Supporting Information Table
S1), 17 of which were associated with UADT cangsk with ap-value below 0.05 in smoking-

and alcohol-adjusted analyses. Out of these, HYjodes were associated with an increased risk
(Table 2). For a number of these occupations, natagbers, electronic fitters, reinforced
concreters, dockers, lorry and van drivers anddedrs, risk estimates further increased when we
restricted analyses to subjects employed for at [E@ years. With the exception of concreters and
bricklayers, adjustment for educational level hadted impact on OR estimates. When we applied
shrinkage through a semi-Bayesian approach, thgpational categories with the largest number
of subjects remained associated with an increas&dr@luding painters, bricklayers, stonemasons
and tile setters, bricklayers in construction irtdydorry and van drivers and laborers. As repibrte
in Supporting Information Table S1, several occiguest were associated with an OR of at least 2.0,
including roofers (ISCO code: 953; OR: 2.04, 95%@®61-6.84, which decreased to 1.43 after SB
adjustment), earth-moving and related machineryaipes (ISCO: 974; OR: 2.12, 95% CI: 1.00-
4.53, which decreased to 1.68 after SB adjustmeotstructional steel erectors (ISCO: 87440;
OR: 7.12, 95% CI: 0.86-59, which decreased to &fte8 SB adjustment). Supporting Information
Table S1 shows also that, apart from lorry anddrarers, none of the other types of drivers had an
increased UADT cancer risk (the OR for motor vehibtivers as a whole, ISCO code 985, was
1.00, 95% CI: 0.77-1.30). The four 3-digit ISCO wgational categories associated with an
increased risk of UADT cancer in the main analy3eble 2) were analyzed also in the Paris
center. Risk of UADT cancer was increased amongtcoction painters (ISCO code: 931; OR:
1.28, 95% CI: 0.54-3.02; 16 exposed cases) anklayers, stonemasons and tile setters (ISCO:
951, OR: 1.98, 95% CI: 1.01-3.87; 35 exposed casdsle the number of exposed subjects was
too low to be analyzed for loggers (four exposexksaand 0 exposed controls) and electronic fitters
(two exposed cases and two exposed controls).

Out of 172 industries evaluated (four digits, Supipg Information Table S2), we found an
increased risk associated witlp & 0.05 in nine categories (Table 2) and a decceask (p < 0.05)

in four categories. As summarized in Table 2, retsbtn of the analyses to subjects employed for at
least 10 years increased most of the estimatg@srtrcular for construction of motorways, roads,
airfields and sport facilities (OR 5.61, 95% CR1-26.1; 15 exposed cases) and for cargo handling
(OR: 4.85, 95% CI: 1.29-18.3; 14 exposed casegustident for educational level changed OR
estimates more than marginally only for cattle danty farming industries. After semi-Bayesian
shrinkage, cargo handling and categories relatélgetaonstruction of buildings remained
associated with an increased risk: Building of ctatgpconstructions or parts thereof, Civil
engineering, not further specified, General cormsion of buildings and civil engineering works,
Erection of roof covering and frames, Constructtbmotorways, roads, airfields and sport
facilities. The SB adjustment decreased the ORczgal with employment in the mining of
uranium and thorium ores industry substantiallyrfr®.4 to 1.5, as this category included only 10
subjects (nine of which came from the Prague cgnmraong the industries associated with at least
a two-fold increased risk, we found an OR of 2.88% CI: 0.82-8.00) for workers in the
manufacture of concrete products for constructimmpeses industry (NACE code: 2661), an OR of
2.33 (95% CI: 0.97-5.61) for manufacture of pand accessories for motor vehicles and their
engines (NACE: 3430) and an OR of 2.07 (95% CI897/534) for operation of dairies and cheese
making (NACE: 1551) (Supporting Information Tabl2) SAfter SB adjustment all these OR
estimates were below 1.5, with the exception ofntlamufacture of parts and accessories for motor
vehicles and their engines industry which was aaset with an OR of 1.59 (95% CI: 0.82—-3.08).
Table 3 reports the results for the increasedatupations and industries by UADT cancer
subtype. For most of the occupations and industiiexe was no marked variation in risk estimates.
However, bricklayers and workers employed in thienfag of cattle and dairy farming industry had
an increased risk only of oral/oropharyngeal arapkageal cancer; the excess risks found for



workers in the mining of uranium and thorium oresell as for drivers were specific for cancer of
the hypopharynx/larynx; the risk associated withihg worked as a painter was higher for
oral/oropharyngeal cancer; loggers had an increaske@specially for hypopharyngeal/ laryngeal
and esophageal cancer.

We also carried out a full analysis in each ofttiree UADT cancer subtypes, with results
summarized in Supporting Information Tables S1 &AdThis approach increases dramatically the
number of comparisons but some results are ofastdor the interpretation of excess risks found in
the main analyses. For example, consistently vgtrésults reported in Table 3, workers in the
painting and glazing industry (NACE code: 4544) hadncreased risk of oral/oropharyngeal
cancer (OR: 2.03, 95% CI: 1.03—-3.99; 23 exposedsjdsit not of cancer in the hypopharyx
/larynx (OR: 0.96, 95% CI: 0.41-2.25; 12 cases).

Women

In total, 71 occupations (3 and 5 ISCO digits) dddndustries (4 NACE digits) had at least 10
exposed subjects and were therefore retained freiuanalyses (Supporting Information Tables
S3 and S4). Among these, employment in the reddal af furniture, lighting equipment and
household articles not elsewhere classified (Nadec5244) was the only category associated with
an increased risk with@value <0.05 (OR: 3.53, 95% CI: 1.24-10.07; 12 exgabcases). Out of

the 19 high-risk occupations and industries founthe analyses restricted to men, having worked
as a laborer (ISCO code: 99910; tobacco- and aladjosted OR: 1.44; 95% CI: 0.68-3.03; 18
exposed cases), having been employed in the gerwrsiruction of buildings and civil engineering
works industry (NACE code: 4521, OR: 0.52; 95% @1L6-1.73; 4 exposed cases) and having
worked in the other retail sale in non-specialigeates industry (NACE code: 5212, OR: 1.97, 95%
Cl: 0.88-4.40; 16 exposed cases) included a seffficiumber of subjects (at least 10) to be
investigated.

Discussion

We studied occupational history in relation to UABaNcer risk in a large multicenter European
study. Information on occupational history was ai#d in a face-to-face interview using a
standardized and detailed questionnaire, whichtinas coded by trained coders blinded to the
case—control status of the subjects. We also hdet®information on the main potential
confounders, namely tobacco and alcohol, which lees analyzed iad-hocpapers.28

The assessment of exposure was based on standing ob occupations and industries based on
ISCO-NACE classification systems, implying thatduect information on specific carcinogens
was available. Being an exploratory study assessiagge number of potential associations, there
is the risk of false positive associations, as aslthe possibility that some of the occupatiors an
industries which were not associated with UADT @arrcsk still entail exposure to UADT
carcinogens. To evaluate the robustness of outip®$indings, we used SB adjustment and
conducted analyses restricted to occupations ahgines in which subjects had worked for at
least 10 years. Nevertheless, results should beprted with caution and discussed in the context
of previous knowledge on occupational risk facforstUADT cancer. Selection and recall bias are
other potential limitations of our study. Partidipa in the study was lower among controls than
cases especially in the centers which used a piopmibased design. However, adjustment for
educational level, typically one of the main deterants of participation, modified only marginally
our estimates suggesting a limited role of seladbias. Although we cannot exclude the possibility
of recall bias, occupational factors are not esghbt causes of UADT cancer and it is therefore
unlikely that cases reported their occupationabinysmore accurately or in a biased fashion.
Consistently, cases and controls reported a simiarber of job periods (Table 1).

Some of our findings are consistent with previdusli®s on occupational factors for UADT cancer;
these results should therefore be considered goauye of previously reported associations,
although in most of the cases the involved car@nsgre not know. We found an excess risk of



UADT cancer for some categories of constructionk&os, including reinforced concreters,
bricklayers, constructional steel erectors, rooéerd workers employed in the erection of roofs and
frames, and those working in the construction atlo Some of these risks increased in analyses
restricted to long duration of employment and mahthem remained elevated after SB
adjustment. Bricklayers had an increased risk alf@ropharyngeal and esophageal cancer but not
of the laryngeal cancer. This is consistent witterd results from a comprehensive register-based
study carried out in Nordic countries25 that foan80—-40% increased risk for cancer of the oral
cavity (87 exposed cases) and the pharynx (11s)ashile relative risks of 1.11 for esophageal
cancer (180 cases) and 1.05 for laryngeal cané@r¢ases). Two previous studies on laryngeal
cancer that investigated bricklayers separatelth(efbout 50 exposed cases each) found relative
risks of 1.0314 and 1.6.13

The IARC international cohort on asphalt workeraBd a recent update limited to the German part
of that cohort35 reported an increased risk of UAGTicer which is consistent with our findings
for workers in the erection of roofs and constrmctof roads, although results from the cohort study
were not adjusted for smoking and alcohol andrbesased risk was mainly due to the German
data. There is little information on roofers andgra from previous case—control studies, with the
exceptions of two studies on laryngeal cancer teppa relative risk of 0.4, based on five exposed
cases,13 and a relative risk of 6.4 based on 2@sexpcases.11

The evidence on the risk of UADT cancer among cetecworkers is more convincing. In
particular, our finding of an increased risk foinferced concreters is consistent with similar
findings from two previous case—control studiedavgngeal cancerl3, 14 and an increased risk in
the concrete and cement manufacture industry fouadother case—control study on laryngeal
cancer.20 Some studies report an association bet@gmsure to cement dust, which is a complex
and heterogeneous mixture, and cancer of the 186/o0x pharynx,37 although other studies did not
replicate this association.20, 27

Apart from specific exposure to cement dust in cetecworkers, employment in the different types
of construction jobs that we found at increasekl @iSUADT cancer involves exposure to a number
of agents which have been previously reported tadseciated with at least one of the different
UADT subtypes, including asbestos, polycyclic arbmlaydrocarbons, inorganic dusts and
solvents.26, 27

The excess risk for painters found in our studyawed after SB-adjustment while it did not
increase with increasing duration of employment Tikk was evident mainly for
oral/oropharyngeal cancer. Several studies hawstigated UADT cancer risk, especially
laryngeal cancer, in association with having workea painter, finding moderately increased
risks.9-14, 19, 21, 22, 24 Similarly, some cohtrti®s found increased risk of a small magnitude
for cancers of the pharynx or oral cavity.25, 38Ad@cent IARC monograph has summarized the
epidemiological evidence for cancer risk in paisténcluding the risk of UADT cancer.40 The
working group concluded that, although data wesaefiiicient for evaluation, there was some
consistency between case—control and cohort stémlies increased risk of cancers of the pharynx
and esophagus. Painters are or were exposed gatgmber of chemical compounds, including
organic and inorganic solvents, chromium, pigmeadslitives, binders as well as silica and
asbestos and it is thus difficult to speculate ossjble specific UADT carcinogens which could
explain the association.40

The risk of laryngeal cancer that we found amoragium miners was entirely due to one of the
participating centers, namely the city of Pragus ttas uranium mines in its vicinity. The
collaborative analysis of cohort studies of undewgid miners exposed to radon published in
199541 and some more recent analyses of cohoutgnium miners42, 43 found a slightly
increased risk of laryngeal cancer of about 20%.44

Drivers have been found to have an increased fislA®T cancer in a number of studies although
there is marked inconsistency.12, 14, 15, 21, 23r2kr study the risk was increased for lorry and
van drivers as well as for earth-moving and relat@ghinery operators but not for drivers as a



whole. The increased risk among loggers observéeipresent study has been found before in a
large case—control study on laryngeal cancer.14d¥ew in the recent register-based study in the
Nordic countries, the incidence of each UADT cartgpe was decreased among forestry workers
compared with the general population.25 Laborexsyell as dockers, have been noted to have an
increased UADT cancer risk in a number of studigstitese categories are rather heterogeneous.9,
11, 13-16, 18, 19

The increased risk that we found among workers eyepl in the cattle and dairy farming
industries is a new association and should thenelaged with a greater degree of caution. The
association was slightly attenuated after adjustrfegreducational level. As shown in the
Supporting Information Tables S1 and S2, an in@@aisk of UADT cancer was also found among
workers employed in the operation of dairies anekesle making industry (NACE: 1551, OR: 2.07)
and for dairy farm workers (ISCO 625, OR: 1.75) dady product processors (ISCO 775, OR:
1.83). Most, if not all, previous studies on UADdncer did not analyze dairy workers separately.
In a Finnish cohort study on cancer risk among fiooldistry workers, the risk was increased by
30% for laryngeal cancer (three cases) and by 1f@d%sophageal cancer (three cases).45 Cohort
studies of farmers including a large proportioriairy farmers do not reveal an increased risk of
UADT cancer.46-48

There is little information on occupational riskcfars for UADT cancer in women. Our study
included almost 400 female cases and a previows-castrol study on UADT cancer22 included
350 women but prevalences of exposure were lownaitter study found a clear evidence of an
increased risk associated with specific occupataynsdustries.

In conclusion, this large European study providedence that occupational exposures play a role
in UADT cancer etiology and contribute to explawgether with alcohol, smoking and diet,
socioeconomic differences typically observed in UAEancer risk.6 The most internally consistent
findings, also supported by previous studies, vodtained some specific workers employed in the
construction industry, including reinforced conerst bricklayers, painters and workers employed
in the construction of roads or the erection offsoo
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