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ABSTRACT

Objectives We evaluated the risk of lung cancer
associated with ever working as a painter, duration

of employment and type of painter by histological
subtype as well as joint effects with smoking, within the
SYNERGY project.

Methods Data were pooled from 16 participating
case—control studies conducted internationally. Detailed
individual occupational and smoking histories were
available for 19 369 lung cancer cases (684 ever
employed as painters) and 23 674 age-matched and
sex-matched controls (532 painters). Multivariable
unconditional logistic regression models were adjusted
for age, sex, centre, cigarette pack-years, time-since-
smoking cessation and lifetime work in other jobs that
entailed exposure to lung carcinogens.

Results Ever having worked as a painter was associated
with an increased risk of lung cancer in men (OR 1.30;
95% Cl 1.13 to 1.50). The association was strongest
for construction and repair painters and the risk was
elevated for all histological subtypes, although more
evident for small cell and squamous cell lung cancer than
for adenocarcinoma and large cell carcinoma. There was
evidence of interaction on the additive scale between
smoking and employment as a painter (relative excess
risk due to interaction >0).

Conclusions Our results by type/industry of painter
may aid future identification of causative agents or
exposure scenarios to develop evidence-based practices
for reducing harmful exposures in painters.

INTRODUCTION

Lung cancer is the most common cancer diagnosis
worldwide and is the major cause of cancer mortality
in men; an estimated 1 368 524 men and 725 352
women were diagnosed with incident lung cancer in

What is already known about this subject?

» 'Occupational exposure as a painter’ has been
classified as carcinogenic to humans by the
International Agency for Research on Cancer,
primarily due to an increased risk of lung
cancer in epidemiological studies. Most of the
published studies reported on ever employment
as a painter; few presented detailed analyses
by type of painter, duration of employment,
histological subtype of lung cancer or
adjustment for exposure to other occupational
lung carcinogens.

What are the new findings?

» This pooled analysis of 19 369 cases (684
painters) and 23 674 controls (532 painters) is
the largest study to corroborate the increased
risk of lung cancer in painters. The highest
risks were observed for construction and repair
painters and for the small cell, and squamous
cell histological subtypes. The analyses
accounted for detailed individual smoking
habits and employment in other occupations
with potential exposure to lung carcinogens.

2018." Approximately 70% of the lung cancer burden
can be attributed to smoking alone? *; however ‘occu-
pational exposure as a painter’ has also been classified
as an independent risk factor® by the International
Agency for Research on Cancer (IARC). Most of the
published studies reported on ever employment as a
painter; few studies have presented detailed analyses by
type of painter, duration of employment, histological
subtype of lung cancer or adjustment for exposure to
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Key messages

How might this impact on policy or clinical practice in the

foreseeable future?

» As several million people are employed as painters
worldwide, even a modest increase in lung cancer risk
is notable for prevention efforts to reduce the burden of
occupational lung cancer. Our results by type/industry of
painter may aid future identification of causative agents or
exposure scenarios to develop evidence-based practices for
reducing harmful exposures in painters.

other occupational lung carcinogens. Painters are exposed to many
known and suspected lung carcinogens, such as silica, asbestos, talc
containing asbestos fibres, chromium VI compounds and cadmium
compounds*’; however, it is currently unclear to what extent these
agents contribute to the increased lung cancer risk in painters and
whether there are other factors that may contribute. Reporting data
by type of painter may further elucidate the role of different poten-
tial causative agents and have important implications for work-
place policies and compensation of occupational cancer in painters.
Therefore within the SYNERGY study, a large international pooled
analysis of 16 case—control studies of lung cancer, we assessed asso-
ciations with employment as a painter, type of painter and duration
of employment with adjustment for detailed smoking history and
employment in other occupations with known or suspected lung
cancer risk. We also assessed the joint effects of occupation as a
painter and tobacco smoking in the risk of lung cancer, by histolog-
ical subtype when possible.

METHODS

This manuscript is formatted according to the STrengthening the
Reporting of OBservational studies in Epidemiology (STROBE)
statement for reporting case—control studies.®

Data for the SYNERGY project were pooled from 16
population-based or hospital-based case-control studies of
lung cancer from Europe, Canada, China and New Zealand
conducted between 1985 and 2010; 15 of these studies
collected lifetime tobacco smoking and occupational histo-
ries. The TARC multicentre INCO study was composed
of seven study centres. The SYNERGY project has been
described previously.” Seven of the 16 studies previously
published results on lung cancer in painters: AUT,® HdA,” '
INCO," TURIN/VENETO and ROME, !> MONTREAL" and
HONG-KONG. "

Some noteworthy design features of the included studies:
(1) most frequency-matched cases and controls on age and sex,
conducted face to face interviews (84%), and asked about life-
time history of jobs held for more than 1 year'’; (2) the Hong
Kong, LUCAS and LUCA studies were restricted to men and
the PARIS study included only regular smokers; (3) all studies,
except MORGEN, provided data on lifetime smoking habits
and complete self-reported occupational history until diagnosis
or recruitment. MORGEN is a case—control study nested in the
European Prospective Investigation into Cancer and Nutrition
study in the Netherlands, where 45% of those invited completed
a questionnaire at recruitment; (4) the occupational data were
coded or recoded from national classifications into the Inter-
national Standard Classification of Occupations (ISCO-68).'
Ethical consent was obtained in accordance with the legisla-
tion in each country and also by the IARC Ethics Committee.
The SYNERGY project is coordinated by IARC, the Institute

for Prevention and Occupational Medicine of the German
Social Accident Insurance, and the Institute for Risk Assessment
Sciences at Utrecht University. More information is available at
http://synergy.iarc.fr.

Exposure assessment
Painters were categorised by job and industry codes into painting
industry/‘type of painter” by two industrial hygienists (HK, RV).
The categories of painting industry are comprised of combina-
tions of 5-digit ISCO and 4-digit ISIC codes (ISCO 9-3 X.XX),
as described in online supplemental table 1, to categorise by
chemical composition of paint and type of application. ‘Spray
painters’ were a subset of manufacture painters believed a priori
to have a different exposure profile than manufacture painters.
Duration of employment was determined using the total
number of years employed as a painter in the persons’ working
life. ‘Ever painter’ was defined as minimum 1 year of employ-
ment. Seventeen painters (6 cases, 11 controls) that had missing
data on start and/or end date of employment were omitted from
the analyses of duration (data not shown).

Statistical analysis

To investigate the association between occupational exposure as a
painter and lung cancer risk, ORs and 95% CIs were computed
using unconditional logistic regression models. Two exposure
metrics were considered: ever vs never being employed as a painter,
and the duration of employment as painters (years). Duration of
employment was categorised into tertiles (1-5, 6-17, >17 years)
based on the duration distribution among control subjects that had
worked as painters. Subjects who were never employed as painters
were considered as the reference category in analysis for both expo-
sure metrics. Models were adjusted for study (individual centres of
the IARC study in Central and Eastern Europe and the UK (INCO)
were treated as separate studies), age, cigarette pack-years (cPY),
time-since-quitting smoking cigarettes (categorised as current
smokers; quitting 2-7, 8-15, 16-25, 26-35, 36+ years before diag-
nosis/interview and never-smokers), ever-employment (yes/no) in
an industry or occupation with known (list A) or suspected (list B)
association with the risk of lung cancer.'” *® Painters were excluded
from list A for this analysis (online supplemental table 2). Current
smokers were defined in most studies as having smoked at least one
cigarette per day for 6 months or more, and also included those
who had stopped smoking in the last 2 years before diagnosis or
interview, as recent smoking cessation could be due to early symp-
toms of the disease. The cPY was calculated as follows: ¥ duration
(vears) X average cigarette smoked per day/20 (cigarettes per pack)
and was included as log(1+cPY) in the logistic regression models in
order to approximate log-normal distribution.

Analyses were performed both overall and separately by sex to
account for potential sex differences in job tasks and subsequent
exposures. Stratified analyses were also performed by type of
painter and by lung cancer subtype. Linear trends in ORs across
categories of duration of employment as painters, starting from
never being a painter, were examined by treating categories as
equally spaced ordinal variables in the logistic regression models.
In female painters, the analyses by duration of employment, and
by histological subtype, were dropped because there were too
few exposed cases.

Interactions on a multiplicative scale were assessed using an
interaction term between occupation as a painter (never vs ever
painter) and smoking status (never vs ever smoker) in logistic
regression models.
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Interactions on an additive scale were assessed by fitting linear
OR models and calculating the relative excess risk due to inter-
action (RERI), in order to test the departure from additivity of
the effects of both risk factors (painter and smoking status)."
Linear OR models were adjusted for study, age, and list A and
B, and performed both overall and by sex. RERI estimates along
with 959% CIs based on the delta method are reported.?’?! Never
smokers and never painters were considered as the reference
category. RERI-based analyses in women are not presented due
to the sparse number of female painters who never smoked in
certain sub-categories. The RERI measures the extent to which
the effect of both exposures combined exceeds the sum of the
effects of each considered separately and is thus given by OR | -
OR,,-OR, +1, where OR, is the OR for lung cancer comparing
the group with exposures i and j to the reference category. A
RERI>0 indicates a positive additive interaction where the
effect of both exposures together exceeds the sum of the two
exposures considered separately. We also reported the attribut-
able proportion (AP) of cancer risk that is due to the additive
interaction between the two exposures (range —100 to 100%),
which is defined by the ratio of the RERI to the risk among the
doubly exposed group, OR,,, (RERI/ OR,)).

Random effects meta-analyses, using the adjusted ORs by
centre, was conducted using the STATA ‘metan’ command
(online supplemental figure 1) in order to (1) compute summary
estimates and 95% CIs comparing ‘ever’ with ‘never’ being a
painter across studies and (2) to explore heterogeneity between
studies, expressed as a percentage (I). The I* statistic quanti-
fies the amount of inconsistency between studies?” and estimates
the percentage of total variation across studies that is due to
heterogeneity rather than chance. I* ranges from 0% and 100%;
a value of 0% indicates no observed heterogeneity, and larger
values show increasing heterogeneity. There will be differences
in the summary estimates produced from the pooled and meta-
analysis due to differences in weighting.*®

Various sensitivity analyses were conducted to investigate
factors contributing to heterogeneity in the summary estimate
(online supplemental table 3). The robustness of the overall risk
estimate was also assessed by dropping individual studies one at
a time. Analyses were performed using SAS V.9.3, Stata (V.11.0)
and R statistical software (V.3.4.1). P values are two sided.

RESULTS

Table 1 describes selected characteristics of participants in the
SYNERGY pooled analysis by ever-painter status. Roughly 5%
of ever-painters were women, while the corresponding propor-
tion among never-painters was around 20%. Ever-painters were
slightly younger than never-painters, more often current smokers
and less often never smokers.

Table 2 describes the 16 studies included in the SYNERGY
pooled analysis, comprising 19 369 cases (684 painters) and
23 674 controls (532 painters). Case and control participation
ranged from 53% to 98% and 41% to 100%, respectively.

The meta-analysis and additional sensitivity analyses show
no to low/moderate heterogeneity (I* <50%) by various
strata (ie, control source, region, sample size and the end year
of data collection) (online supplemental table 3 and figure 1).
Omitting studies one at a time had no effect on the overall
meta-OR (meta-OR, 1.265 95% CI 1.09 to 1.44; I’=0); the
meta-OR changed slightly but remained elevated when drop-
ping the three studies with the largest weights (AUT, ICARE,
EAGLE) (meta-OR, 1.19; 95% CI 0.99, 1.43; 2=0) but did
not change significantly when restricting to studies with

control participation >50% (OR, 1.23; 95% CI 1.06 to 1.44;
1*=0%; 19 studies) and >75% (OR, 1.24; 95% CI 0.99 to
1.55; I’=18.7%j; 14 studies).

Painters experienced an increased risk of lung cancer (table 3).
Men who were ever employed as a painter (for at least 1 year)
had an OR for lung cancer of 1.30 (95% CI 1.13 to 1.50; 649
exposed cases). Painters were also categorised by industry/painter
type according to ISCO and ISIC codes (online supplemental
table 1). The highest risk was observed for construction painters
(OR in men=1.31; 95% CI 1.11 to 1.55) and repair painters
(OR in men=1.38; 95% CI 0.87 to 2.20). Similar patterns were
observed for women—although on much smaller numbers—and
also in the analyses of men and women combined. A trend with
duration of employment was observed for construction painters
(p=0.001).

Table 4 shows that the results were comparable across histo-
logical subtypes. Generally, the magnitude of lung cancer risk
was highest in the highest category of duration of employ-
ment; however, the test for trend was significant only among
all subjects (p values for trend <0.05) but not when excluding
never painters (p values for trend >0.05). Similar patterns were
observed in the analyses for men and women combined. When
analyses were restricted to women only, numbers were too small
for any meaningful analyses by histological subtype.

Joint effects of smoking status and ever/never employment as
a painter are presented overall and by lung cancer subtype, sepa-
rately by sex and also for men and women combined in table 5.
Among never smokers who had ever worked as a painter, there
was a twofold increased risk of lung cancer for all subtypes (OR
2.04; 95% CI 1.18 to 3.53) and was highest for the adenocar-
cinoma subtype (OR 2.63; 95% CI 1.33 to 5.18). Results for
other histological subtypes were not informative due to the
small number of painters who never smoked (n<5). Compared
with the reference category of those who had never smoked nor
worked as a painter, the highest risk of lung cancer was observed
among smokers who had ever worked as a painter (overall OR
in men=16.48; 95% CI 14.05 to 19.33). There was evidence
of interaction on the additive scale (RERI>0) for lung cancer
in men (RERI 3.93; 95% CI 1.55 to 6.30); nearly a fourth of
the lung cancers among those who had ever worked as a painter
and also ever smoked could be attributed to the interaction (AP
23.85; 95% CI 12.07 to 35.62). While similar patterns were
observed in analyses for men and women combined, there was
no evidence of additive interaction for women (data not shown).

DISCUSSION

This is the largest study to date to assess the association between
occupation as a painter and risk of lung cancer, by type of
painting activity as well as histological subtype, while accounting
for lifetime smoking habits and other occupations with poten-
tial exposure to occupational lung carcinogens. Our results are
in line with several publications that reported increased rela-
tive risks for lung cancer among painters after adjustment for
smoking.* Ever having worked as a painter was associated with
an increased risk of lung cancer of similar magnitude in this
pooled analysis (OR 1.29; 95% CI 1.12 to 1.48) and in a meta-
analysis (RR 1.35; 95% CI 1.21 to 1.51)** which included 4
of the 16 studies from the present pooled analysis.® * 2% The
SYNERGY pooled analysis had additional advantages over the
meta-analysis in that there was harmonised and refined expo-
sure assessment and adjustment for potential confounders using
the raw data. The association was strongest for construction
and repair painters and the risk was elevated for all histological
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Table 1

Selected characteristics of study participants in the SYNERGYy analysis of painters

Ever painters

Never painters

Cases Controls Cases Controls
Study participants’ characteristics n=684 % n=532 % n=18685 % n=23 142 %
Sex
Men 649 94.9 504 94.7 14 959 80.1 18027 71.9
Women 35 5.1 28 5.3 3726 19.9 5115 22.1
Age, years
<45 45 6.6 29 5.5 758 4.1 1456 6.3
45-49 52 7.6 38 7.1 1115 6 1413 6.1
50-54 99 14.5 68 12.8 1915 10.3 2254 9.7
55-59 125 18.3 77 14.5 2833 15.2 3388 14.6
60-64 131 19.1 96 18.1 3485 18.6 4051 17.5
65-69 103 15.1 108 20.3 3892 20.8 4818 20.8
70-74 100 14.6 86 16.2 3319 17.8 4371 18.9
75+ 29 4.2 30 5.6 1368 7.3 1391 6
Histological subtype
SqC 279 40.8 - - 6904 36.9 - -
SCLC 110 16.1 - - 2913 15.6 - -
AC 176 25.7 - - 5462 29.2 - -
LCC 30 44 - - 836 45 - -
Others™ 89 13 - - 2570 13.8 - -
Ever employed in a list A/B jobt
No 445 65.1 342 64.3 12959 69.4 17 819 77
ListA 53 1.7 42 7.9 1040 5.6 810 35
List B 156 22.8 133 25 4134 221 4107 17.7
List A and List B 30 44 15 2.8 552 2.9 406 1.8
Smoking status
Never smokers 25 3.7 99 18.6 1429 7.6 7681 332
Former smokers 160 234 232 43.6 5840 313 9021 39
Current smokers 497 72.7 199 37.4 11377 60.9 6371 27.5
Unknown/missing 2 0.3 2 04 39 0.2 69 0.3
Pack-years cigarette smoking, ever smoker: AM (SD) 42.53 (25.6) 28.56 (24.0) 42.42 (27.9) 26.25 (23.8)
Time since quitting smoking, former smokers: AM (SD) 12.05 (9.2) 18.01 (11.7) 12.99 (10.3) 20.10 (12.1)
Time since quitting smoking, years
2-7 58 85 39 7.3 1850 9.9 1341 5.8
8-15 39 5.7 61 11.5 1649 8.8 2002 8.7
16-25 36 5.3 58 10.9 1207 6.5 2 468 10.7
26-35 13 1.9 42 7.9 466 25 1623 7
>35 2 0.3 16 3 216 1.2 1062 4.6
Missing 14 2 18 34 491 2.6 594 2.6
Never smoker 25 3.7 99 18.6 1429 7.6 7681 332

*Others include others, unspecified and missing values.

tOccupation with known (list A) or suspected (list B) association with the risk of lung cancer.
AC, adenocarcinoma; AM, arithmetic mean; LCC, large cell carcinoma; SCLC, small cell lung cancer; SqC, squamous cell carcinoma.

subtypes, although more expressed for small cell and squamous
cell lung cancer than for adenocarcinoma and large cell carci-
noma. We believe our results are generalisable to other popula-
tions not studied in this pooling project as the data come from
16 studies conducted in globally diverse populations from China,
New Zealand, Canada and across Europe.

There was evidence of interaction on an additive scale between
smoking and employment as a painter (RERI >0), suggesting
that public health consequences of an intervention on occupa-
tional exposure as a painter would have greater benefit among
ever smokers than among never smokers. It is noteworthy that
an increased risk of lung cancer was also observed in never
smokers who had worked as painters, relative to those who were
never smokers and never painters.

Complete individual job histories in the form of job titles were
available in SYNERGY. Although job titles were self reported,
there is no reason to suspect that cases would over report
employment as a painter compared with controls. Therefore,
any potential exposure misclassification would likely be non-
differential and bias the risk estimates towards the null. Further-
more, occupation as a painter is a clear cut job title, which
reduces the potential for exposure misclassification.

Not all painters have the same exposures, not even within
subcategories, and this is even more an issue when the lung
cancer excess may be the result of a mix of various carcinogenic
exposures. Several factors will determine exposures in painters.
For example, construction painters most often use rollers and
brushes, rather than spray-guns, which result in relatively low

272

Guha N, et al. Occup Environ Med 2021;78:269-278. doi:10.1136/0emed-2020-106770

1ybuAdoo

Aq pa1oajoid “Areiqr Ausianun Aassen 1e €202 ‘v AInC uo /wod*fuig wao//:dny woly papeojumoq ‘020z 4840120 82 U0 02.90T-0202-PAWS0/9ETT 0T Se paysiand isiy :paj uoiauzg dnado


http://oem.bmj.com/

Workplace

Table 2 Characteristics of studies included in the SYNERGY pooled analysis

Data Time period, Cases
collection occupation  Source of Cases Case Ever painter Controls Control Controls-Ever

Study acronym  Country (years) as painter controls  (n=19369) Participation % % (n=23 674) participation % painter %
AUT Germany 1990-1995 1932-1994 P 3180 77 3.1 3249 41 2
CAPUA Spain 2000-2010 1941-2004 H 875 91 34 838 96 3
EAGLE Italy 2002-2005 1942-2005 P 1943 87 3.9 2116 72 2.2
HdA* Germany 1988-1993 1926-1993 P 1004 69 4.7 1004 68 2.8
HONG-KONG* China 2003-2007 1940-2007 P 1207 96 2.7 1069 48 0.8
ICARE France 2001-2007 1944-2007 P 2926 63 5 3555 77 2.5
INCO_ Cz.Rep*  Czech Republic ~ 1998-2002 1941-2001 H 304 94 23 453 80 0.6
INCO_Hungary*  Hungary 1998-2001 1952-1999 H 402 90 2.7 315 100 2.2
INCO_Poland* Poland 1999-2002 1946-2000 H+P 800 88 33 841 88 2
INCO_Romania*  Romania 1998-2001 1955-2000 H 181 90 3.9 228 99 2.6
INCO_Russia* Russia 1998-2000 1949-2000 H 600 96 1.8 580 90 3.6
INCO_Slovakia*  Slovakia 1998-2002 1942-2002 H 346 920 2 285 84 1.4
INCO_UK* UK 1998-2005 1934-2002 P 442 78 5.7 918 84 4
LUCA France 1989-1992 1938-1991 H 309 98 45 302 98 23
LUCAS Sweden 1985-1990 1927-1990 P 1042 87 2 2 356 85 2.2
MONTREAL* Canada 1996-2002 1935-1999 P 1203 85 2.2 1509 69 1.5
MORGEN The Netherlands  1993-1997 1953-1993 P Al N/A 14 202 N/A 1.5
OCANZ New Zealand 2003-2008 1954-2008 P 457 53 2.2 792 48 2
PARIS France 1988-1992 1942-1991 H 173 95 23 234 95 43
ROME Italy 1993-1996 1933-1995 H 347 74 35 365 63 3
TURIN/VENETO*  Italy 1990-1994 1928-1993 P 1132 79 5.9 1553 80 3
TORONTO Canada 1996-2003 1949-2000 H+P 425 62 1.2 910 7 0.9

*These studies have previously published their results on painters: AUT (Bruske-Hohlfeld et al 2000),% HdA (Jockel et al"®; Jahn et al),” INCO (Zeka et al),”> MONTREAL (Ramanakumar et al)'>;
TURIN/VENETO (Richiardi et al)'’; HONG-KONG (Tse et al). These published studies, except for Ramanakumar etal"® and Tse et al," were included in a meta-analysis that assessed lung cancer risk

in painters (Guha et al*, published online 2009)
H, hospital based; P, population based.

exposure to solvents and paint. However, the work needed to
prepare a surface before painting can involve high exposure to
dust from paint and may result in exposures like asbestos, lead
and silica.*®

Repair painters are generally exposed for shorter times. The
actual paint spraying takes place for a limited period of time
in body shops since repair painters must perform several other
tasks before the painting can take place.”’

Spray painters in SYNERGY had an increased risk of lung
cancer, consistent with previously published studies.'* Spray
painters may experience exposure to higher solvent concentra-
tions and are exposed to aerosolised compounds which may be
hazardous to the lung.?® Spray painters in truck and aeroplane
manufacturing may have had exposure to hexavalent chromium
used as a pigment to prevent rusting. Although spray painters
often use personal protective equipment (eg, coveralls and respi-
ratory protection), this may not have been true for earlier time
periods of exposure.

There was, however, low precision for some of the analyses by
type of painter, which was mostly due to small numbers in some
strata. These limitations create challenges to identifying specific
causative agents. Nevertheless, our analyses by type of painter
and the characterisation of exposures by work environments in
online supplemental table 1 can inform future studies to iden-
tify the agents responsible for the increased lung cancer risk in
different subsets of painters. Future epidemiological studies that
specifically assess exposure to these compounds among painters
are needed to identify to what extent the known carcinogens
contribute to the increased lung cancer risk and whether other
causative agents play an additional role.

The higher OR 1.35 (95% CI 1.05 to 1.74) observed for
studies conducted before 1995 compared with after 1995 (OR

1.19; 95% CI 1.00 to 1.42) (online supplemental table 3) may
illustrate changes to the composition of paints over time*’ that
were undertaken in response to directives to reduce emissions of
volatile organic compounds from 1999 onwards.*

The observed associations were lower in the hospital-based
case-control studies; most enrolled only patients with diseases
that were not related to smoking and were careful in including
several diagnostic groups with a varied referral pattern.*’ The
hospital-based studies were also generally smaller in size, so it is
possible that they were underpowered to detect a potential risk
in painters in the individual studies. Although participation in
the studies using population-based controls was generally lower
than in studies using hospital-based controls, only a few studies
included in the pooled analysis had <50% participation among
population controls. Low participation can endanger represen-
tativeness and therefore provide opportunity for bias; however,
low response does not result in selection bias any more than
high response guarantees unbiased estimates.’* Although there is
a potential for non-response bias due to the low level of subject
participation, a low response rate in itself is not necessarily an
indicator for the presence of non-response bias.*® ** Further-
more, the overall meta-OR (OR, 1.26; 95% CI 1.09 to 1.44;
2=0; 22 studies) was neither affected by omitting studies one at
a time nor restricting to studies with control participation >50%
(OR, 1.23; 95% CI 1.06 to 1.44; I*=0%; 19 studies) or >75%
(OR, 1.24; 95% CI 0.99 to 1.55; [2=18.7%; 14 studies).

We consider the impact of potential recall bias has been at
most moderate in SYNERGY because there was no emphasis
placed on any particular occupation. It is generally accepted that
for jobs held longer, the validity and reliability of self-reported
job history obtained with an interviewer-administered ques-
tionnaire is not an important source of recall bias."® ** 3 More
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Table 4 Risk of lung cancer in painters, stratified by histological subtype

SqC SCLC AC LCC
Cases Cases Cases Cases
Work as painter n=6414 OR (95% CI)* n=2426  OR(95% CI)* n=4014  OR(95% CI)* n=667  OR (95% CI)*
Men
Never 6139 1 2322 1 3854 1 637 1
Ever 275 1.38 (1.16 to 1.64) 104 1.4 (1.09 to 1.78) 160 1.23 (1.00 to 1.51) 30 1.22 (0.80 to 1.86)
Duration employment (years)
1-5 83 1.28 (0.93 t0 1.72) 29 1.2 (0.77 t0 1.87) 45 1.02 (0.70 to 1.48) 14 1.53 (0.81 t0 2.91)
6-17 79 1.52 (1.09 t0 2.12) 27 1.52 (0.95 t0 2.42) 40 1.29 (0.86 to 1.94) 6 0.99 (0.39 to 2.51)
>17 109 1.46 (1.11 t0 1.92) 48 1.61(1.12 t0 2.31) 75 1.48 (1.09 to 2.03) 10 1.17 (0.58 to 2.37)
Test for trend, p value
Men and Women
Never 6904 1 2913 1 5462 1 836 1
Ever 279 1.35(1.14 t0 1.61) 110 1.39(1.09 to 1.76) 176 1.23(1.01 to 1.51) 30 1.18 (0.77 to 1.80)
Duration employment (years)
1-5 89 1.24(0.92 to 1.67) 32 1.21 (0.79 to 1.86) 54 1.05 (0.74 to 1.49) 14 1.48 (0.78 t0 2.82)
6-17 80 1.48 (1.07 t0 2.04) 28 1.46 (0.92 t0 2.31) 44 1.26 (0.85t0 1.87) 6 0.97 (0.38 to0 2.45)
>17 109 1.47 (1.12 t0 1.93) 50 1.65 (1.15 t0 2.37) 78 1.53 (1.12 t0 2.08) 10 1.17 (0.58 t0 2.37)
Test for trend, p value <0.001 0.001 0.004 0.50

*Adjusted for study, age, pack-years, time since quitting smoking, occupational exposures (list A and B jobs), sex (only for analysis of men and women combined).
AC, adenocarcinoma; LCC, large cell carcinoma; SCLC, small cell lung cancer; SqC, squamous cell carcinoma.

than one-third of the painters in our study were employed long
term, minimising the impact of potential information bias (40%
employed as a painter for >17 years, the highest employment
duration category (range 1-57 years).

Recall bias can affect the measurement of confounders,
resulting in reduced ability to control for confounding. Smoking
data were collected through self-report and there was potential
for misclassification. The ORs in men were higher for squa-
mous cell and small cell carcinomas, the histological subtypes of
lung cancer most strongly associated with smoking.’” Residual
confounding by tobacco smoking was possible, although less
likely than in many other case-control studies due to the high
quality of smoking data, as reflected by the very high ORs
for smoking and lung cancer.”” The adjustment for smoking,
modelled by cumulative exposure (log cPY) and time since quit-
ting may have been imperfect. Adjusting for cigarette smoking
alone likely had a negligible impact on the results since few
study participants smoked other types of tobacco. The number
of cases among painters who never smoked were too few in the
analyses of squamous cell and small cell carcinomas, precluding
further interpretation. However, it is noteworthy that painters
who never smoked experienced a statistically significant
increased risk of lung cancer, for all histologies combined and
for adenocarcinomas.

In summary, we observed an association between employ-
ment as painter and risk of lung cancer in our large international
pooled study, which is in agreement with the IARC classification
of ‘occupational exposure as a painter’ as being carcinogenic to
humans. These results were robust to accounting for smoking
behaviour as well as coemployment in industries or occupa-
tions with known or suspected lung cancer risk and are further
supported by positive exposure-response trends. Our findings by
type of painter may aid the identification of agents or exposure
scenarios that contribute to the increased risk, which is neces-
sary to develop evidence-based practices for reducing harmful
workplace exposures. As several million people are employed as
painters worldwide,*® even a modest increase in lung cancer risk

is notable for prevention efforts targeted to reducing harmful
exposures.
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Supplemental Table 1. Categorization for painter by industry (e.g. spray, construction, manufacture, repair)
classified by ISCO and ISIC codes, grouped on chemical composition of paint, and type of application

PAINTER . *
INDUSTRY ISCO ISIC Chemical Exposures *,
. Painters, 1,2,4-trimethylbenzene, 2,2,4-Trimethylpentane-
1
Construction 193100 construction 1,3-diol monoisobutyrate, Ammonia, Asbestos,
Building Benzene, Butyl acrylate, Cadmium, Calcium,
93120| . . L .
painter Chromium, Cobalt, Crystalline silica, Diethylene
Brush glycol butyl ether, Diethylene glycol methyl ether,
93920 painter Dipropylene glycol methyl ether, Ethylene glycol
. butyl ether, Ethylene glycol phenyl ether,
Public Formaldehyde, Iron, Isobutanol, Lead, Limonene
93XXX 9100 |administration & Lyl s wead, ’
defense n-Butano, n-Decane, n-Hexane, n-Nonane, n-
Undecane, Propylene glycol, Solvent naphtha,
Titanium, Toluene,
93XXX 5000]Construction Trichloroethylene, Triethylamine, White spirits,
Xylene, Zinc
All manufacture 1-methoxypropanol- 2-ol,2-Butoxyethanol, 2-
(excluding ISIC Ethoxyethanol,2-Ethoxyethyl acetate,2-
Manufacture*|93XXX 3XXX]3320 — furniture & |methoxypropyl-1- acetate, Carbon black, C-9
cabinet Aromatic hydrocarbon,Dichloromethane,
manufacture) Ethanol, Ethyl acetate, Ethylbenzene,lsobutanol,
Motor vehicle Isopropanol, Isopropyl alcohol, Methyl ethyl
3843 manufacture ketone, Methyl isoamyl ketone, Methyl isobutyl
ketone,Methylacetate, N,N-
. dimethylformamide,n-Butanol, n-Butyl acetate,
Aircraft
3845 n-Butyl acetone,n-Hexane, Stoddard solvent,
manufacture : ;
Toluene, Trimethylbenzene (all isomers), VM&P
Naphta, White spirits, Xylene
All manufacture 1,3,5-Triglycidyl isocyanurate, Acetone, Benzene,
Spray Sora (excluding ISIC Bisphenol A, glycidyl ethers, butanone, Butyl
painters in 93930 p. ¥ 3XXX]3320 — furniture & |acetate, Cellosolve acetate, Chromium,
painter . . .
manufacture cabinet Chromium oxide, Cyclohexanone,
manufacture) Dichloromethane, Diethylene triamine,
Spray Motor vehicle Epichlorohydrin, Ethyl acetate, Ethylbenzene,
93930 painter 3843 manufacture Isobutyl acetate, Isobutyl ketone, Lead, Methyl
ethyl ketone, Methyl isobutyl ketone, Naphtha,
i n-butyl acetate, Polycyclic Aromatic
93930 Sp.ray 3845 Aircraft y ycy .
painter manufacture Hydrocarbons, Styrene, Toluene, Xylene, Zinc
oxide
Repair 93XXX 3841 Shlp.bulldlng and 2-Propy|acetat?, Acetone, Benzene,
repair Butylacetate,Dichloromethane, Ethyl acetate,
9513 | Motor vehicle Ethylbenzene, Hexamethylene diisocyanate
repair (HDI), Isobutanol, Isopropanol, n-Butylacetate,n-
Hexane, Toluene, Trimethylbenzene, Xylene
Other 93XXX Painters who were not included in the industries (as indicated by the combination of ISCO

and ISIC codes) listed above

* Bolded chemicals indicate IARC Group 1 lung carcinogens with sufficient evidence in humans that these
chemicals cause lung cancer.

** Source: Tables 1.12-1.16 of the IARC Monograph volume 98
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Supplemental Table 2. Occupations and industries known or suspected to present an excess risk of lung cancer*

Industry | Occupation/Process
LIST A (excluding painters)
Agriculture Users of arsenic-based insecticides in vineyards

Mining and quarrying

Extraction of arsenic
Extraction of uranium
Extraction of iron ore
Extraction of asbestos
Extraction and grinding of talc.
Extraction of granite

Chemical products (basic industrial
chemicals)

Production of chromate pigment

Manufacture of cadmium-based pigment

Production of chloromethylated organic compounds and
intermediates, of ion exchange resins, production of CMME
(presence of BCME / CMME)

Production of chlorophenols and chlorophenoxy acids
Production of polyvinyl chloride

Pesticide and herbicide production

Arsenical insecticide production and packaging

Asbestos processing

Production of insulating material (products based on asbestos
cement, pipes, cloths, textiles, dresses, masks)

Granite processing

Cutting, grinding, polishing, etc. of granite slabs

Ceramic industry and production of
refractory bricks

Pottery workers

Metals (iron and steel basic Industries)

Iron and steel founding

Metals (non-ferrous, basic industries):
smelting, alloying, refining, rolling, drawing,
casting

Copper smelting

Zinc smelters

Production of cadmium alloys

Production of aluminum

Refining of nickel

Production of chromium

Refining and production of cadmium
Refining and grinding of beryllium
Production of products containing beryllium

Mechanical industry

Pickling operations
Chrome plating
Electroplating (cadmium)
Brazing

Electromechanical industry

Manufacture of nickel-cadmium-based batteries

Shipbuilding, motor vehicle, railroad
equipment manufacturing

Shipyard and dockyard, motor vehicle, and railroad manufacture
workers

Gas Coke plant workers and gas production workers
Construction Insulators and pipe coverers, roofers, and asphalt workers
LISTB

Agriculture Insecticide sprayers (workers in orchards and horticulturists)

Mining and quarrying

Zinc-lead mining, metal mining

Food industry

Butchers and meat workers

Leather Tanners and processors
Wood and wood products Carpenters, Joiners
Printing Rotogravure workers, printing pressmen, machine-room workers,

binders, and other jobs

Chemical production

Acrytonitrile, vinylidene chloride, polychloroprene,
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dimethylsulfate, epichlorohydrin, benzoyl chloride, carbon black,
alphachlorotoluene,
1,2 dibromo 3 chloropropane

Production of herbicides and pesticides Production and packaging of herbicides based on 1,2 dibromo 3
chloropropane

Rubber Various occupations in rubber manufacture, including the use of
carbon black

Ceramic, refractory brick, and glass Glass workers (glass processing, containers and moulded glass
items)

Metals Lead smelting, iron and steel founding

Motor vehicle manufacturing and repair Mechanics, welders etc. (forging press operator. machine-tool
operators, motor-vehicle mechanics)

Transport Railroad workers
Bus and truck drivers

Building Operators of excavating machines (heavy equipment operators)

Commercial Filling station attendants

Other Laundry and dry cleaners

* based on Ahrens W, Merletti F. A standard tool for the analysis of occupational lung cancer in epidemiologic
studies. Int J Occup Environ Health 1998;4(4):236-40 and Mirabelli D, Chiusolo M, Calisti R, et al. [Database of
occupations and industrial activities that involve the risk of pulmonary tumors). Epidemiologia e prevenzione
2001;25(4-5):215-21 as used in Lung Cancer Risk in Painters: Results from the SYNERGY pooled case-control
study consortium.
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Supplemental Table 3. Risk of lung cancer in painters; sensitivity analyses by
characteristics of the studies included in SYNERGY

Study characteristics

OR (95% Cl)

2
|

n studies

All studies
Control Source
Hospital
Population
Hospital+Population
Region

Western & Northern Europe

Central & Eastern Europe
North America
Asia
Oceania
Sample Size
<1500
>1500
Year data collection ended
<1995
>1995
Exclude studies with the
largest weights
Drop AUT, ICARE, TURIN
Control participation
>50%
>75%
>90%
NA, not available

1.26 (1.09-1.44)

0.99 (0.69-1.42)
1.32 (1.13-1.55)
1.19 (0.64-2.21)
1.31 (1.12-1.52)
0.99 (0.59-1.66)
1.11 (0.62-1.98)
2.19 (0.81-5.92)
0.77 (0.29-2.04)

1.00 (0.74-1.35)
1.33 (1.14-1.56)

1.35 (1.05-1.74)
1.19 (1.00-1.42)

1.08 (0.90-1.30)

1.23 (1.06-1.44)
1.24 (0.99-1.55)
1.02 (0.63-1.65)

0%

6%
0%
0%

0%
26.6%
0%
NA
NA

0%
0%

14.7%
0%
0%
0%

18.7%
37.3%

22

19

19
14
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Supplemental Figure 1. Risk of lung cancer in painters; meta-analysis of the case-control studies included in the

Study % Current Painters
D OR (95% Cl) Weight smokers (%) (%)
Western & Northern Europe !
AUT (Germany) -—:o— 1.37(0.94,2.01) 1288 473 25
CAPUA (Spain) —_— 1.30 (068, 2.58) 493 398 32
EAGLE (ltaly) —tple 1.22(0.80, 1.89) 10.59 386 3
HdA (Germany) —_— 117{069,2.04) 715 531 37
ICARE (France) —— 1.68(1.21,236) 1565 372 36
INCO (UK) ——— 1.19(0.65,2.18) 5.88 341 48
LUCA (France) : + 1.73(0.60, 5.52) 1.88 283 34
LUCAS (Sweden) T 0.77 (0.41,1.38) 579 454 21
MORGEN (Metherlands) 4 . 0.98 (0.04, 13.04) 0.28 425 15
PARIS (France) + : 0.71(0.10,3.37) 0.76 70.8 34
ROME (ltaly) T 0.86 (0.35,2.18) 273 E15 32
TURIN/VENETO (ltaly) —— 2.01(1.29,3.20) 967 445 42
Subtotal (l-squared = 0.0%, p = 0.514) <> 1.36 (1.16, 1.60) 78.20
. 1
Asia !
HONG-KONG (China) - : 233(0.91,7.25) 214 40 1.8
Subtotal {l-squared= %, p=_) -='_—_________}-' 233(0.83,658) 214

1
Central & Eastern Europe :
INCO (Cz. Rep) T 1.84 (0.39, 11.59) 0.82 45 1.3
INCO (Hungary) . 1.38 (0.43,5.35) 147 538 25
INCO (Poland) ——:0— 149(0.74,3.15) 423 578 26
INCO (Romania) r 1.41(0.40,575) 1.32 518 32
INCO (Russia) —_— : 0.34 (012, 0.83) 245 62 27
INCO (Slovakia) T 0.91(0.26,3.76) 1.31 493 1.7
Subtotal (l-squared = 28.0%, p = 0.225) - Tm 1.02 (059, 1.77) 11.61

1
MNorth America :
MOMNTREAL (Canada) —_ 1.32(0.68,262) 4.83 46 1.8
TORONTO (Canada) L 0.96 (0.25, 3.42) 1.37 207 1
Subtotal (l-squared = 0.0%, p = 0.671) {::}- 1.23(0.68,225) 620
. 1
Oceania :
OCANZ (New Zealand) + T 0.49(0.16, 1.50) 1.85 134 21
Subtotal (l-squared = %, p=.) —_——— 0.49 (0.16, 1.50) 1.85
) 1
Overall (--squared = 8.1%, p = 0.352) ¢ 1.29(1.10, 1.51)  100.00
NOTE: Weights are from random effects analysis :

I I I I I I
A 2 5 1 10

2 5
Odds Ratio

SYNERGY pooled analysis, stratified by geographic region. ORs displayed are adjusted for age, sex, cigarette pack-
years, time since quitting smoking, and ever employment in list A and B jobs.
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