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Global and regional burden of cancer in 2016 arising
from occupational exposure to selected carcinogens:
a systematic analysis for the Global Burden of

Disease Study 2016

GBD 2016 Occupational Carcinogens Collaborators

ABSTRACT

Objectives This study provides a detailed analysis

of the global and regional burden of cancer due to
occupational carcinogens from the Global Burden of
Disease 2016 study.

Methods The burden of cancer due to 14 International
Agency for Research on Cancer Group 1 occupational
carcinogens was estimated using the population
attributable fraction, based on past population exposure
prevalence and relative risks from the literature. The
results were used to calculate attributable deaths and
disability-adjusted life years (DALYs).

Results There were an estimated 349000 (95%
Uncertainty Interval 269 000 to 427 000) deaths and 7.2
(5.8 to 8.6) million DALYs in 2016 due to exposure to
the included occupational carcinogens—3.9% (3.2% to
4.6%) of all cancer deaths and 3.4% (2.7% to 4.0%)

of all cancer DALYs; 79% of deaths were of males and
88% were of people aged 55 —79 years. Lung cancer
accounted for 86% of the deaths, mesothelioma for
7.9% and laryngeal cancer for 2.1%. Asbestos was
responsible for the largest number of deaths due to
occupational carcinogens (63%); other important risk
factors were secondhand smoke (14%), silica (14%) and
diesel engine exhaust (5%). The highest mortality rates
were in high-income regions, largely due to asbestos-
related cancers, whereas in other regions cancer deaths
from secondhand smoke, silica and diesel engine exhaust
were more prominent. From 1990 to 2016, there was

a decrease in the rate for deaths (~10%) and DALYs
(—15%) due to exposure to occupational carcinogens.
Conclusions Work-related carcinogens are responsible
for considerable disease burden worldwide. The results
provide guidance for prevention and control initiatives.

INTRODUCTION

Occupational carcinogens have been shown to
cause a considerable disease burden at national and
global level.'™ The WHO Comparative Risk Assess-
ment (CRA) project (2000) was the first attempt
to produce comprehensive global estimates of the
nature and extent of the burden of cancer arising
from occupational exposures. In the year 2000,
approximately 150000 deaths were estimated due
to past occupational exposure to 11carcinogens

Key messages

What is already known about this subject?

» Occupational carcinogens have been shown to
cause a considerable disease burden at national
and global level. The last analysis of this issue
at the global level was for the year 2000—this
paper provides a new analysis for 2016.

What are the new findings?

» The study includes considerably more risk
factor-outcome pairs compared to most
previous burden of disease reports.

» The results highlight the important role of
asbestos, diesel engine exhaust, second-hand
smoke and silica in terms of occupational
cancer burden.

» The burden of occupational cancer has
increased considerably over the last two and
a half decades, particularly due to ageing,
changes in the proportion of workers exposed
and population increases, with rates increasing
for some exposures and not for others.

How might this impact on policy or clinical

practice in the foreseeable future?

» Results of the present study highlight the
need for urgent interventions to alleviate the
global burden of occupational exposure to
carcinogens, particularly asbestos.

The series of Global Burden of Disease (GBD)
studies conducted by the Institute of Health
Metrics and Evaluation commenced with a focus
on 2010. This GBD 2010 analysis* included
summary results for occupational carcinogenic
risk factors,* and the work has been updated
several times at national and global level.>™ The
purpose of this paper is to describe in more detail
the methods and results for the occupational
carcinogens component of the GBD study, using
the most recent comprehensive analysis, which
was for 2016. This analysis, which included 14
occupational carcinogens and eight resulting
cancers, covers many risk factor-cancer pairs
that were not included in such global estimates
prior to the GBD 2010 analysis. Accompanying

Occup Environ Med (three cancer outcomes—lung, mesothelioma and  papers provide an overview of all occupational
2020;,77:151-159. leukaemia).' risk factors included in the study’ and detailed
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Workplace

Table 1  Global occupation-attributable cancer deaths and DALYs by carcinogen and cancer type, 2016—number and per cent

Carcinogen Deaths* % of deaths DALYs % of DALYs
Arsenict 8073 (2053-14 628) 23(0.6-4.2) 219218 (57 757-395 480) 3.0 (0.8-5.5)
Asbestos 218827 (165 455-274 682) 62.7 (47.4-78.8) 3556876 (2 657 0694 514 222) 49.4 (36.9-62.7)

Larynx cancer
Lung cancer
Ovary cancer
Mesothelioma

3743 (2024-5528)
181450 (128 287-236 621)
6022 (2984-9404)
27612 (25 559-29 341)

65506 (35 042-99 124)

2844282 (1 957 872-3 803 219)

93120 (45 796-149 948)
553967 (507 287-597 783)

Benzenet 1899 (596-3123) 0.5 (0.2-0.9) 83867 (25 512138 493) 1.2 (0.4-1.9)
Berylliumt 259 (213-312) 0.1(0.1-0.1) 7223 (5886—8594) 0.1 (0.1-0.1)
Cadmiumt 605 (504-709) 0.2 (0.1-0.2) 16832 (14 142-19 639) 0.2 (0.2-0.3)
Chromiumt 1276 (1126-1443) 0.4 (0.3-0.4) 35452 (31 397-40 172) 0.5 (0.4-0.6)
Diesel engine exhaustt 17500 (15 195-20 057) 5.0 (4.4-5.8) 485693 (426 181-553 926) 6.7 (5.9-7.7)
Formaldehyde 1086 (900-1324) 0.3(0.3-0.4) 46932 (38 805-56 986) 0.7 (0.5-0.8)
Leukaemia 608 (505-722) 27914 (22 861-33 605)
Nasopharynx cancer 478 (330-685) 19018 (12 994-27 091)
Nickelt 8101 (1243-20 812) 2.3 (0.4-6.0) 221352 (34 934-563 339) 3.1(0.5-7.8)
Polycyclic aromatic hydrocarbonst 4526 (3826-5291) 1.3 (1.1-1.5) 125779 (105 369-145 866) 1.7 (1.5-2.0)

Secondhand smoke
Breast cancer
Lung cancer

Silicat

49246 (25 336-80 957)
4864 (1195-8401)

44382 (20 655-75 463)

47999 (21 235-75 452)

14.1 (7.3-22.2)

13.8 (6.1-21.6)

1345915 (703 984-2 186 305)
160494 (39 883-276 832)
1185422 (551 749-2 013 661)
1303949 (576 291-2 042 004)

18.7 (9.8-30.4)

18.1 (8.0-28.4)

Strong inorganic-acid mists§ 3535 (1520-6491) 1.0 (0.4-1.9) 105226 (45 836-192 418) 1.5(0.6-2.7)
Trichloroethyleneq| 58 (13 -108) 0.0 (0.0-0.0) 1722 (379-3228) 0.0 (0.0-0.0)
Total** 348741 (269 406-427 386) 100.0 7199850 (5 813 091-8 641 244) 100.0
*The numbers in brackets are 95% uncertainty intervals.
tCauses lung cancer.
$Causes leukaemia.
§Causes laryngeal cancer.
9] Causes kidney cancer.
**Numbers percentages add to more than 100 due to overlapping causes.
DALY, disability-adjusted life year.
information about chronic respiratory disease arising from Labour Organization (ILO) Labour Force," supplemented

non-infectious occupational airborne exposures'”

METHODS

General GBD methodology

The general methodology used in GBD 2016 is described else-
where,” ' 12 as is the overall approach to occupational risk
factors.” These methods are briefly summarised here, and more
detailed information is provided about the occupational carcin-
ogen analysis.

The burden of occupational disease for each carcinogen-
outcome pair was estimated using the population attributable
fraction (PAF), that is, the proportion of deaths or disability-
adjusted life years (DALYs) that would not have occurred if
exposure was at the theoretical minimum risk exposure level
(TMREL); this was then used to estimate attributable numbers
of deaths or DALYs. The PAF requires information on the rela-
tive risk of the disease due to the exposure of interest and
the proportion of the target population exposed. Per capita
rates (directly standardised by age and sex) were based on
persons aged 15 years and above. Results were calculated for
all years from 1990 to 2016, inclusive; the 2016 findings are
the focus of this paper. The sociodemographic index (SDI) is
a composite indicator of development status based on total
fertility rate, mean education for those aged 15 years and older
and lag distributed income per capita.” Region-specific, SDI-
specific and global results are reported here. Country-specific
information is available through the GBD Compare data visu-
alisation.”® Employment data came from the International

where necessary by subnational data sources and modelling.

Inclusion criteria
We included all International Agency for Research on Cancer
(TARC) Group 1 (‘carcinogenic to humans’) carcinogens with
relevant occupational exposure circumstances (as at 2014); a non-
trivial number of cases, exposure level and proportion of persons
exposed and available exposure data; and all associated cancer sites
for these agents for which there was sufficient epidemiological
evidence of a causation link (based on IARC’s assessments).
Exposure to 14 workplace carcinogens was included and
linked to 8 cancer primary sites—breast (secondhand smoke
(SHS: from tobacco smoking)), kidney (trichloroethylene),
tracheal, bronchus and lung (‘lung’) (arsenic, asbestos, beryl-
lium, cadmium, chromium VI, diesel engine exhaust, SHS,
nickel, polycyclic aromatic hydrocarbons (PAHs), silica), larynx
(asbestos, strong inorganic-acid mists), leukaemia (benzene,
formaldehyde), mesothelioma (asbestos), nasopharynx (form-
aldehyde) and ovary (asbestos). With the exception of SHS and
breast cancer (included as a pair in all GBD SHS burden esti-
mates), selection of exposure-cancer pairs for inclusion was
based on information in IARC Monographs 1-106".

Exposure

The exposure information was based primarily on the
CAREX (Carcinogen Exposure) database, which provided a
point estimate of industry-specific total prevalence of expo-
sure to various carcinogens in countries of Western Europe
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Table 2  Global occupation-attributable cancer deaths, DALYs and PAFs by cancer type and carcinogen, 2016—number and per cent

Deaths* DALYs

Cancer type N % of deaths PAF N % of DALYs PAF
Breast cancert 4864 (1195-8401) 1.4(0.3-2.4) 0.9 (0.2-1.6) 160494 (39 8383-276 832) 2.2 (0.6-3.8) 1.1(0.3-1.9))
Kidney cancert 58 (13-108) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 1722 (379-3228) 0.0 (0.0-0.0) 0.1 (0-0.1)
Larynx cancer 7213 (4437-10 462) 2.1(1.3-3.0) 6.5 (4.1-9.5) 169127 (100 947-257 618) 2.3(1.4-3.6) 6.2 (3.7-9.4)

Asbestos 3743 65507

Strong inorganic-acid mists 3535 105226
Leukaemia 2495 (1181-3734) 0.7 (0.3-1.1) 0.8(0.4-1.2) 111195 (52 577-166 086) 1.5(0.7-2.3) 1.1 (0.5-1.6)

Benzene 1899 83867

Formaldehyde 608 27914
Lung cancer 299998 (233 708-365 251) 86.0 (67.0-100.0) 17.6 (13.8-21.3) 6091207 (4 777 678-7 493 601) 84.6 (66.4-100.0) 16.7 (13.1-20.5)

Arsenic 8073 219218

Asbestos 181450 2844282

Beryllium 259 7223

Cadmium 605 16832

Chromium 1276 35452

Diesel engine exhaust 17500 485693

Nickel 8101 221352

Polycyclic aromatic hydrocarbons 4526 125779

Secondhand smoke 44382 1185421

Silica 47999 1303949
Mesothelioma§ 27612 (25 559-29 341) 7.9(7.3-8.4) 91.4 (89.2-93.2) 553967 (507 287-597 783) 7.7(7.0-8.3) 83.8 (80.3-86.9)
Nasopharynx cancerq| 448 (330-685) 0.1(0.1-0.2) 0.8 (0.5-1.1) 19018 (12 994-27 091) 0.3 (0.2-0.4) 1.0 (0.7-1.4)
Ovary cancer§ 6022 (2984-9404) 1.7 (0.9-2.7) 3.7(1.8-5.7) 93120 (45 796-149 948) 1.3(0.6-2.1) 2.2(1.0-3.5)
Total 348741 (269 406-427 386) 100.0 3.9 (3.2-4.6) 7199850 (5 813 091-8 641 244) 100.0 3.4 (2.7-4.0)

*The numbers in brackets are 95% uncertainty intervals.

tCaused by second-hand smoke.

$Caused by trichloroethylene.

§Caused by asbestos.

fICaused by formaldehyde.

DALY, disability-adjusted life year; PAF, population-attributable fraction.

from 1990 to 1993.'® We have assumed these circumstances
not to have changed over the time period considered here.
CAREX does not provide separate estimates by sex, age or
non-Western European countries; thus, for a given industry,
the same proportions were used across all these factors (online
supplementary table S1). These proportions were distributed
between ‘high’ and ‘low’ exposure based on information
about exposure prevalence in high-income countries (coun-
tries in the Australasia, high-income North America, Western
Europe and high-income Asia Pacific regions) and low-income
and middle-income (LMI) countries (all other countries) from
identified relevant cohort studies. On the basis of this infor-
mation, the high to low CAREX exposure prevalence ratio was
assumed to be 10:90 in high-income countries and 50:50 in
LMI countries. This is considered in more detail in the online
supplementary material.

To estimate age-specific numbers ever exposed during the
risk exposure period, allowance was made for latency of the
cancers and for workers who were no longer employed in an
industry to still be at risk. To accomplish this, occupational
turnover estimates (OTs) based on a risk exposure period
defined by cancer latency (10-50 years for solid tumours
(1966-2006), 0-20 years for haematopoietic cancers (1996—
2016)), annual worker turnover estimates and normal life
expectancy were developed and applied to the original prev-
alence data.'” Separate estimates are provided for men and
for women, for the solid tumours (long latency) and haema-
topoietic (short latency) cancers, for 2016. Separate life tables
(based on a representative country in each region) were used to
estimate the OTs by region. The age assumptions and regional
life expectancies determined the age distribution of the final

exposed population. This is described in more detail in online
supplementary material, appendices 1 and 2.

Asbestos exposure

To estimate the proportion ever exposed to asbestos, an asbestos
impact ratio (AIR) approach (analogous to the smoking impact
ratio approach described elsewhere'® was used in which rates of
malignant mesothelioma were employed as a marker of asbestos
exposure.

The AIR is defined as the excess deaths due to mesothelioma
observed in that population divided by the excess deaths in
a hypothetical population that is heavily exposed to asbestos
and gives a measurement of the exposure level of a population
to asbestos. We then used the AIR (as the estimate of exposure
prevalence) and relative risks to calculate the PAF for each
cause related to asbestos. Formally, the AIR is defined as:

Crc—N,
AR = & Nic

where, for each country-sex group:

C.c= mesothelioma mortality rate in the study population.

Nic= mesothelioma mortality rate in a population not
exposed to asbestos

Clc= mesothelioma mortality rate in a population highly
exposed to asbestos

Mortality rates for mesothelioma, C, , by country, age and
sex, were generated by causes of death models for GBD 2016."
The background mortality of mesothelioma, N, , was estimated
using the model by Lin et al," which modelled mesothelioma rate
against asbestos consumption. Using the uncertainty around the
coefficients, we created 1000 draws of the mortality due to meso-
thelioma if there was no asbestos consumption in a country. The
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Global

Low SDI

Low-middle SDI

Middle SDI

High-middle SDI

High SDI

Central Sub-Saharan Africa
Eastern Sub-Saharan Africa
Westem Sub-Saharan Africa
Southern Sub-Saharan Africa
South Asia

North Africa and Middle East

Oceania

Southeast Asia

Region

East Asia

Tropical Latin America
Caribbean

Andean Latin America
Central Latin America

Central Asia

Central Europe
Eastern Europe

Southern Latin America

Western Europe
High-income Asia Pacific
Australasia

High-income North America

10.0 150

Figure 1

mean value for background mortality is 0.73 and 0.47 deaths per
million males and females, respectively. We obtained the mortality
rate for highly exposed individuals from asbestos workers, C*,
from the meta-analysis by Goodman and colleagues.”’ We used
all studies in the meta-analysis that reported both the number of
person-years followed and the number of cases of mesothelioma
and found the death rate of all individuals included in the studies.
The mesothelioma death rate for highly exposed individuals was
estimated as 226 per million people. The AIR was used to calculate
the exposure prevalence used for estimates of lung, ovarian and
larynx cancer due to occupational exposure to asbestos. Custom
PAFs were calculated for occupational causes of mesothelioma in
the population of interest by using the ratio of excess mesothe-
lioma mortality (C,.-N, ) in that population compared with the

Lc
overall mesothelioma mortality rate (C, ) in that population.

Relative risks

The relative risk estimates were primarily obtained from
published meta-analyses or pooled studies or, where these did
not exist, key single studies were used. Where single studies were
used, the chosen study was the best-quality study with exposure
circumstances that were assessed as most closely matching those
assumed in the GBD study. The relative risks used in the analysis
were chosen as much as possible to match an average ‘high’ expo-
sure circumstance and ‘low’ exposure circumstance, assuming
similarity of durations and intensities of exposure between the

20.0 25.0 30.0
Deaths per 100,000 persons

35.0

Occupation-attributable cancer deaths by region, 2016 (per 100 000 persons). Age-standardised; SDI=sociodemographic index.

source data populations and world/national populations. For
most exposures, appropriate low-level relative risks were not
identifiable from the literature and in these cases were set to
one. For all but one exposure-outcome pair, the same relative
risk estimates were used for males and females and for all age
groups (online supplementary table S2). For lung cancer arising
from exposure to asbestos, separate relative risks were calculated
for males and females based on estimates of cumulative exposure
(as described in the online supplementary material). For non-
asbestos exposures, relative risks (RRs) were set to 1.0 for ages
80 and over. The TMREL for each carcinogen-specific analysis
was no exposure above background.

Population attributable fraction
PAFs for all carcinogens except asbestos were estimated for
each age-sex-country group using the equation based on
Levin:*'
_ S RR()P()-1
AR = S R P )

where P(x) is the proportion of persons exposed at level x
in the relevant population and RR(x) is the relative risk corre-
sponding to exposure level x. For asbestos-related cancer, the
above formula was used, substituting AIR for P(x).

Unless otherwise indicated, the PAFs presented in this paper
are based on deaths.

154
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Global

Low SDI

Low-middle SDI
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High-middle SDI

High SDI

Central Sub-Saharan Africa
Eastern Sub-Saharan Africa
Westem Sub-Saharan Africa
Southern Sub-Saharan Africa
South Asia

North Africa and Middle East
Oceania

Southeast Asia

East Asia

Region

Tropical Latin America
Caribbean

Andean Latin America
Central Latin America

Central Asia

Central Europe
Eastern Europe
Southern Latin America

Western Europe
High-income Asia Pacific
Australasia

High-income North America
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15.0
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T T T
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Figure 2 Occupational asbestos-related cancer deaths by region, 2016 (per 100 000 persons). The black bars highlight the high-income regions. Age-

standardised; SDI=sociodemographic index.

Modelling and calculation of uncertainty

The overall methodological approach and modelling used in the
analyses, and the calculation and use of 95% uncertainty inter-
vals (95% UI), were as described elsewhere.”” Uls are primarily
presented in detail in the tables to assist with the flow of the text.

RESULTS

Deaths

There were estimated to be 349000 (95% UI 282000 to 414 000)
cancer deaths (3.9% of all cancer deaths; 79% male) in 2016
attributable to exposure to the occupational carcinogens evaluated.
The deaths occurred primarily at older ages, with 88% occurring
in people aged 55 years or older. Males had four times the rates
of death compared with females, and the rates increased markedly
with increasing age (online supplementary figure S1A).

The risk factors responsible for the highest proportion of
deaths were asbestos (219000 deaths; 62.7%), SHS (49 200;
14.1%), silica (48 000; 13.8%) and diesel engine exhaust (17
500; 5.0%) (table 1).

The most common cancer primary sites were lung (300 000;
86.0%; due mainly to asbestos, diesel engine exhaust, silica,
SHS, nickel and arsenic), mesothelioma (27 600; 7.9%; due to
asbestos) and larynx (7200; 2.1%; due to asbestos and strong
inorganic-acid mists) (table 2).

The greatest number of deaths occurred in the Western Europe
(92 400; 26.5%), East Asia (80 300; 23.0%) and high-income
North America (56 200; 16.1%) regions. The highest per capita
rates of death were in Western Europe, Australasia, high-income
North America and high-income Asia Pacific (essentially the high
SDI regions and largely due to asbestos-related cancers), and the

lowest rates were in Western, Central and Eastern sub-Saharan
Africa(part of the low-SDI quintile) (figure 1).

DALYs

There were about 7.2 (95% UI 5.8 to 8.6) million DALYs in
2016 from exposure to occupational carcinogens, with the
DALYs primarily driven by Years of Life Lost (due to prema-
ture deaths). The results for DALYs were qualitatively similar
to those for deaths—77% occurring from male illness, rates
being much higher in males and the rate increasing in older
persons (although for DALYs the peak was at a slightly younger
age than was the case for deaths) (online supplementary figure
S1B); asbestos, SHS and silica being most commonly the caus-
ative risk factor (table 1); lung cancer and mesothelioma being
the cancers most commonly caused (table 2) and East Asia and
Western Europe being the regions with the largest number
of DALYs. The regions with the highest rates were essen-
tially the high SDI regions—Western Europe, Australasia and
high-income North America and the lowest rates were again
in Western, Eastern and Central sub-Saharan Africa (online
supplementary figure S2).

Asbestos

Asbestos was the predominant carcinogen in terms of burden.
The different patterns of use of asbestos are clearly reflected
in the dominance of asbestos-related cancers in high-income
regions, where asbestos use peaked three to four decades ago,
in contrast to many of the LMI regions, where use became
more common recently and is continuing.??** Asbestos-related
cancers were responsible for 78%-88% of all occupational

GBD 2016 Occupational Carcinogens Collaborators. Occup Environ Med 2020;77:151-159. doi: 10.1136/0emed-2019-106012
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Workplace

cancer deaths in the four high-income regions and 86% in
Southern sub-Saharan Africa, compared to an average for all
other regions of 48% (online supplementary table S3). These
differences were even more evident when deaths were exam-
ined on a per capita basis, with high-income countries having
by far the highest rates of asbestos-related cancer and the rates
in Australasia and Western Europe being about 10 times the
average rate in the remaining regions (figure 2). In the LMI
countries, deaths from SHS, silica and diesel engine exhaust
were consequently more prominent than asbestos-related
deaths. A similar pattern was seen with DALYs.

Population attributable fractions

The overall PAF for occupational carcinogens was 3.9% for
deaths (3.4%for DALYs). This was higher for males (5.3%)
than females (2.0%). The PAF increased with age up to age
75-79years. The highest PAFs were for mesothelioma (91%),
lung cancer (18%) and laryngeal cancer (6.5%) (table 2). The
overall PAF varied considerably between regions, from lows of
0.7% in Western sub-Saharan Africa and 0.8% in Eastern sub-
Saharan Africa, to highs of 8.9% in Australasia and 8.0% in
Western Europe.

Changes over time

There were 57% more deaths and 46% more DALYs due to
occupational carcinogens in 2016 compared to 1990. There was
a decrease in the rate for deaths (—10%) and DALYs (—15%).
The changes varied widely across regions, with the rate of death
in some regions (high-income Asia Pacific, South Asia and East
Asia) increasing by 40%-60% over 26years, and the rate in
other regions (Eastern Europe, Central Asia and Andean Latin

America) falling by 30%-40% over the same period (online
supplementary table S4).

There was an increase over time in attributable deaths and
DALYs arising from nearly all carcinogenic risk factors. The
relevant rates increased for some risk factors (about 30%
for chromium, diesel engine exhaust and PAHs), decreased
for some (18% for strong inorganic-acid mists and 14% for
asbestos) and showed little change for others. In terms of indi-
vidual cancer primary sites(excluding kidney cancer due to
very low numbers), the increase in deaths ranged from 33%
for laryngeal cancer to 82% for mesothelioma. The rates for
individual cancers decreased moderately (24% for laryngeal
cancer) or showed little change (table 3).

DISCUSSION

This analysis has shown that occupational exposure to carcino-
gens is an important cause of death and disability across the world.
There were an estimated 349 000 deaths and 7.2 million DALYs in
2016 due to these exposures. All regions had considerable numbers
of deaths and DALYs, but the relative burden varied across regions
and ages and by sex. Key considerations regarding the study and
its implications are presented here. These issues are considered in
more detail in online supplementary appendix 3.

Risk factors

The main risk factors responsible for the deaths were asbestos,
SHS and silica, with lung cancer being the predominant outcome
for each of these exposures. Overall, 14 different occupational
carcinogens were included in the analysis. Recent work in
several countries suggests many such exposures remain in high-
income countries.”*** Although there is limited information

Table 3 Change in global occupation-attributable deaths due to carcinogens, 1990 and 2016, number and rate (per 100000 persons), by

carcinogen and cancer type

Deaths* Deaths per 100000 persons
Carcinogen 1990 2016 % change 1990 2016 % change
Arsenic 4829 (883-9261) 8073 (2053-14 628) 67 0.3 (0.1-0.6) 0.3 (0.1-0.5) -2
Asbestos 145235 (105965-186 352 218827 (165 455-274 682) 51 10.1 (7.4-12.9) 8.7 (6.6-10.9) -14
Benzene 1177 (394-1920) 1899 (596-3123) 61 0.1 (0.0-0.1) 0.1 (0.0-0.1) 3
Beryllium 125 (102-150) 259 (213-312) 107 0.0 (0.0-0.0) 0.0 (0.0-0.0) 22
Cadmium 284 (237-333) 605 (504-709) 133 0.0 (0.0-0.0) 0.0 (0.0-0.0) 25
Chromium 578 (508-646) 1276 (1126-1443) 121 0.0 (0.0-0.0) 0.0 (0.00.1) 30
Diesel engine exhaust 7981 (6981-9119) 17500 (15 195-20 057) 119 0.5 (0.4-0.6) 0.7 (0.6-0.7) 29
Formaldehyde 678 (562-818) 1086 (900-1324) 60 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1
Nickel 4946 (563-13 968) 8101 (1243-20 812) 64 0.3 (0.0-0.9) 0.3 (0.0-0.8) -4
Polycyclic aromatic hydrocarbons 2067 (1737-2421) 4526 (3826-5291) 19 0.1 (0.1-0.2) 0.2 (0.1-0.2) 29
Secondhand smoke 30513 (15 914-49 666) 49246 (25 336-80 957) 61 2.0(1.1-3.3) 1.8 (0.9-3.0) -9
Silica 30680 (12 489-49 367) 47999 (21 235-75 452) 56 1.9 (0.8-3.1) 1.8 (0.8-2.8) -8
Strong inorganic-acid mists 2518 (1060-4645) 3535 (1520-6491) 40 0.2 (0.1-0.3) 0.1 (0.1-0.2) -18
Trichloroethylene 21 (5-40) 58 (13-108) 169 0.0(0.00.0) 0.0(0.00.0) 58
Breast cancer 2695 (628-4698) 4864 (1195-8401) 81 0.2 (0.0-0.3) 0.2 (0.0-0.3) 2
Kidney cancer 21 (5-40) 58 (13-108) 169 0.0 (0.0-0.0) 0.0 (0.0-0.0) 58
Larynx cancer 5418 (3362-7918) 7213 (4437-10 462) 33 0.4 (0.2-0.5) 0.3 (0.2-0.4) =24
Leukaemia 1551 (775-2300) 2495 (1181-3734) 61 0.1 (0.0-0.1) 0.1 (0.0-0.1) 3
Lung cancer 193015 (150 197-237 598) 299998 (233 708-365 251) 55 13.0 (10.2-16.0) 11.6 (9.1-14.2) -1
Mesothelioma 15206 (13 791-17 246) 27612 (25 559-29 341) 82 1.0 (0.9-1.2) 1.1(1.0-1.1) 4
Nasopharynx cancer 298 (209-410) 478 (330-685) 60 0.0 (0.0-0.0) 0.0 (0.0-0.0) -2
Ovarian cancer 3845 (1905-6040) 6022 (2984-9404) 57 0.5(0.2-0.7) 0.4 (0.2-0.7) -10
All 222049 (178 784-268 582) 348741 (282 253-414 071) 57 15.0 (12.1-18.1) 13.5(11.0-16.0) -10

*The numbers in brackets are 95% uncertainty intervals.
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about exposures in LMI countries, it is reasonable to expect that
such exposures there would commonly be less well controlled
and probably more prevalent due to fewer automated facilities.*”

The legacy of asbestos is clear from the analysis, with an
estimated 219000 deaths each year from asbestos-related
cancer (note that this does not include deaths from asbestosis).
In high-income countries, there has been considerable effort in
the last three decades to minimise exposure to asbestos. Unfor-
tunately, even if exposure to asbestos was to cease completely,
deaths from asbestos-related cancers would be expected to
continue for the next four to five decades. While asbestos
control has improved greatly in high-income countries, there
are still many instances of exposure,** 2 *” sometimes inad-
vertent and sometimes seemingly through poor occupational
health and safety practices. Of even more concern is the
continued use of asbestos, primarily in LMI countries, often
with very poor exposure control.’® Regions such as South
Asia and East Asia have used increasing amounts of asbestos
in recent decades and are still using it in a variety of occupa-
tional circumstances.”® 3° 3! This, combined with their large
workforces, means the identified deaths from asbestos-related
cancers such as mesothelioma (a cancer with very long latency)
in these regions are a forerunner of what can be expected to
be a far higher number of deaths in the coming decades. Even
in some high-income countries, mesothelioma incidence has
not yet peaked (England®?) or appears to have only recently
peaked (Australia,*® Canada,* Italy,®® Slovenia®®).

Comparison with other studies

Lower estimates in the CRA 2000 study!(which estimated half
the number of cancer deaths) and higher absolute or equiva-
lent estimates in other global or national studies®* ** arise from
differences in methodologies, particularly in terms of the risk
factors and outcomes included, the approach to estimating the
population at risk, and the approach to estimating the preva-
lence of exposure to asbestos, all of which are considered to be
improved in the current study compared with previous studies.

Methodological considerations and limitations

Methodological issues relevant to the overall study are considered
in detail in the occupational risk factors overview paper.” The main
aspects relevant to the carcinogen analysis included the exclusion
of some relevant IARC Group 1 exposures, for example, UV expo-
sure from sunlight (associated with skin cancers) and welding fumes
(associated with lung cancer) as well as IARC Group 2A exposures
(‘probably carcinogenic to humans’) and cancer sites with limited (as
determined by IARC) epidemiological evidence of a causal connec-
tion to included exposures (the most important exclusions in terms
of numbers of deaths are likely to be shift work, with breast cancer
the associated outcome and occupational exposure to the ultraviolet
component of sunlight, leading to skin cancer); probable under-
recognition of occupational carcinogens;®’ assumptions regarding
latency, turnover and at-risk period; the reliance on the CAREX
database for exposure prevalence estimates; the method used for
estimation of relative risk for lung cancer from asbestos exposure;
the potential for mismatch between the relative risk estimates used
and the exposure circumstances to which they have been applied;
the exclusion of people 80years or older from the non-asbestos
cancer estimates (which was due to an error in programming);
suspected overall underestimation of mesothelioma occurrence but
possible overestimation due to the assumption that all mesothelioma
above background occurrence is a product of occupational asbestos
exposure and not explicitly taking account of possible interactions

between occupational and other risk factors in people exposed to
multiple risk factors. Of the 47 occupational carcinogenic exposures
identified in a recent article reviewing IARC Monograph classifica-
tions up to 2017, 14 were included in this analysis. The remainder
were excluded because of one or more of being classified as Group 1
after 2014 (eg, welding); lack of suitable exposure data (eg, ionising
radiation, which accounted for nine of the 47); probable insufficient
number of cases (eg, benzidine) and insufficient exposure level and/or
proportion of persons exposed (eg, Bis(chloromethyl)ether).

Implications of the data

The results presented here serve to emphasise the importance
of eliminating occupational exposure to asbestos, given the
continuing legacy of past exposure in those countries that have
banned use and the likelihood that countries still using it will
face the same issues in future years. They also highlight the
need for all countries and relevant international agencies to
work to eliminate or control occupational exposure to carcin-
ogens, which is inadequate in many LMI countries and some-
times of the order of the high exposures that were experienced
in past decades in high income countries. Suitable approaches
include adopting and enforcing relevant legislation; further
development of global and regional frameworks for control
of occupational carcinogens; strengthening exposure and
outcome data collection and reporting at the country level and
emphasising the importance of primary prevention.*®

CONCLUSION

Work-related carcinogens are responsible for considerable disease
burden worldwide. Several exposures result in major burden, and
the total burden has worsened in the last two decades, although
it has decreased for some exposures on a per capita basis. The
current burden largely reflects exposures from past decades, but
there is sound evidence that many such exposures continue in
current workplaces. The results provide guidance for prevention
and control initiatives that are clearly needed.

Acknowledgements BPAQ acknowledges the Institutional support of PRONABEC
(National Program of Scholarship and Educational Loan), provided by the Peruvian
Government; and La Trobe University. ABad acknowledges support from the Public
Health Agency of Canada. FC acknowledges UID/MULTI/04378/2019 support

with funding from FCT/MCTES through national funds. EF acknowledges UID/
QUI/50006/2019 support with funding from FCT/MCTES through national funds.
MJak acknowledges that the Serbian part of this GBD contribution was cofinanced
through Grant OI 175 014 of the Ministry of Education Science and Technological
Development of the Republic of Serbia. YJK was supported by the Office of Research
& Innovation, Xiamen University Malaysia. WM is currently a Program Analyst for
Population and Development at the Peru Country Office of the United Nations
Population Fund-UNFPA, an institution which does not necessarily endorse this
study. AMS received a fellowship from the Egyptian Fulbright Mission Program
(EFMP). RSar acknowledges institutional support from Applied and Environmental
Sciences University, Bogota, Colombia and Carlos Il Institute of Health. SMSI is
funded by a Senior Research Fellowship from the Institute for Physical Activity and
Nutrition (IPAN), Deakin University. RT-S was supported in part by grant number
PROMETEOQII/2015/021 from Generalitat Valenciana and the national grant
PI117/00719 from ISCIII-FEDER

Collaborators Collaborators details are as follows: Tim Driscoll, Lesley Rushton,
Kyle Steenland, Sally Hutchings, Kurt Straif, Degu Abate, Omar Abdel-Rahman,
Dilaram Acharya, Mohsen Afarideh, Fares Alahdab, Ziyad Al-Aly, Mina Anjomshoa,
Olatunde Aremu, Al Artaman, Zerihun Ataro, Beatriz Paulina Ayala Quintanilla,

Alaa Badawi, Masoud Behzadifar, Meysam Behzadifar, Mircea Beuran, Krittika
Bhattacharyya, Ali Bijani, Tone Bjarge, Zahid A Butt, Juan J Carrero, Félix Carvalho,
Carlos A Castafieda-Orjuela, Ester Cerin, Pankaj Chaturvedi, Odgerel Chimed-Ochir,
Raquel Crider, Christopher Stephen Crowe, Lalit Dandona, Rakhi Dandona, Anh Kim
Dang, Ahmad Daryani, Beruk Berhanu Desalegn, Samath Dhamminda Dharmaratne,
Shirin Djalalinia, Andem Effiong, Ziad El-Khatib, Alireza Esteghamati, Mohammad
Fareed, Eduarda Fernandes, Irina Filip, Florian Fischer, Takeshi Fukumoto, Silvano

GBD 2016 Occupational Carcinogens Collaborators. Occup Environ Med 2020;77:151-159. doi: 10.1136/0emed-2019-106012 157

1ybuAdoo
Aq pa10ajoid ‘abal] ap alsIaAIuN 18 €202 ‘62 J18quiadag uo jwod fwg waoy/:dny wolj papeojumod "0zZ0Z Arenigad £T U0 ZT090T-6T0Z-PaWa0/9ETT 0T St paysignd sy :pa uosiaug dnadQ


http://oem.bmj.com/

Workplace

Gallus, Teklu Gebrehiwo Gebremichael, Kebede Embaye Gezae, Ayman Grada, Andre
Luiz Sena Guimaraes, Rahul Gupta, Nima Hafezi-Nejad, Arvin Haj-Mirzaian, Arya
Haj-Mirzaian, Randah R Hamadeh, Samer Hamidi, Hadi Hassankhani, Simon I. Hay,
Mohamed | Hegazy, Andualem Henok, Chi Linh Hoang, Michael K. Hole, H Dean
Hosgood, Mostafa Hosseini, Mihaela Hostiuc, Sorin Hostiuc, Seyed Sina Naghibi
Irvani, Sheikh Mohammed Shariful Islam, Mihajlo Jakovljevic, Ravi Prakash Jha, Mikk
Jurisson, Amaha Kahsay, Narges Karimi, Amir Kasaeian, Zemenu Yohannes Kassa,
Yousef Saleh Khader, Morteza Abdullatif Khafaie, Ejaz Ahmad Khan, Mohammad
Hossein Khosravi, Jagdish Khubchandani, Aliasghar A Kiadaliri, Yun Jin Kim, Manolis
Kogevinas235, David Koh, Soewarta Kosen, Ai Koyanagi, G Anil Kumar, Deepesh

P Lad, Dharmesh Kumar Lal, Faris Hasan Lami, Arman Latifi, James Leigh, Shai

Linn, Marek Majdan, Reza Malekzadeh, Deborah Carvalho Malta, Mohammad Al
Mansournia, Benjamin Ballard Massenburg, Addisu Melese, Mulugeta Melku, Ziad A
Memish, Walter Mendoza, Getnet Mengistu, Tuomo J Meretoja, Tomislav Mestrovic,
Bartosz Miazgowski, Tomasz Miazgowski, Erkin M Mirrakhimov, Babak Moazen,
Shafiu Mohammed, Farnam Mohebi, Ali H Mokdad, Yoshan Moodley, Mahmood
Moosazadeh, Ghobad Moradi, Lidia Morawska, Shane Douglas Morrison, Seyyed
Meysam Mousavi, Ghulam Mustafa, lonut Negoi, Ruxandra Irina Negoi, Cuong Tat
Nguyen, Trang Huyen Nguyen, Dina Nur Anggraini Ningrum, Molly R Nixon, Richard
Ofori-Asenso, Felix Akpojene Ogbo, Andrew T Olagunju, Bolajoko Olubukunola
Olusanya, Doris D V Ortega-Altamirano, Mahesh P A, Eun-Kee Park, David M.
Pereira, Swayam Prakash, Mostafa Qorbani, Amir Radfar, Anwar Rafay, Alireza Rafiei,
Fakher Rahim, Vafa Rahimi-Movaghar, Fatemeh Rajati, Robert C Reiner, Andre M.

N. Renzaho, Satar Rezaei, Leonardo Roever, Mohammad Saadat, Basema Saddik,
Saeed Safari, Saeid Safiri, Amirhossein Sahebkar, Mohammad Ali Sahraian, Hamideh
Salimzadeh, Abdallah M. Samy, Juan Sanabria, Rodrigo Sarmiento-Suarez, Brijesh
Sathian, David C. Schwebel, Sadaf G. Sepanlou, Berrin Serdar, Masood Ali Shaikh,
Rajesh Sharma, Jun She, Mika Shigematsu, Reza Shirkoohi, Si Si, Dhirendra Narain
Sinha, Moslem Soofi, Jeffrey D Stanaway, Mark A Stokes, Rafael Tabarés-Seisdedos,
Takahiro Tabuchi, Ken Takahashi, Yonatal Mesfin Tefera, Mohamad-Hani Temsah,
Marcos Roberto Tovani-Palone, Bach Xuan Tran, Khanh Bao Tran, Irfan Ullah, Pascual
R Valdez, Tommi Juhani Vasankari, Francesco S Violante, Vasily Vlassov, Giang Thu
Vu, Yasir Waheed, Yuan-Pang Wang, Alex Yeshaneh, Biruck Desalegn Yirsaw, Engida
Yisma, Naohiro Yonemoto, Mahmoud Yousefifard, Chuanhua Yu, Vesna Zadnik,
Mohammad Zamani, Hamed Zandian, Sanjay Zodpey, and Stephen S Lim (online
supplementary file).

Contributors The draft manuscript was prepared by Tim Driscoll, with input
from Sally Hutchings, Lesley Rushton, Kyle Steenland and Kurt Straif. All listed
authors have contributed appropriately to the GBD project and to the review and
modification of the manuscript. The final manuscript was prepared by TD following
comments from co-authors and Journal reviewers and editors.

Funding The overall GBD study is partly funded by the Bill & Melinda Gates
Foundation. The work reported in this paper was partly supported by funding from
the World Health Organization. The funders had no role in the study design, data
collection, data analysis, data interpretation or writing of the report. The authors had
access to the data in the study and the final responsibility to submit the paper.

Disclaimer The views expressed are those of the authors and not necessarily those
of the NHS, the NIHR or the Department of Health.

Competing interests RC reports board membership on the Board of Directors,
Food Ingredient and Research, Hawaii, outside the submitted work. TIM reports
grants from Cancer Foundation Finland sr., during the conduct of the study.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. The data on which this analysis is based are available on the GBD
Compare web site (https:/vizhub.healthdata.org/gbd-compare/). Some of the raw
data (where data owners give permission or where it is already public access) is
available on the data section of the IHME GBD web site (http://www.healthdata.org/
gbd/data).

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

REFERENCES

1 Driscoll T, Nelson DI, Steenland K, et al. The global burden of disease due to
occupational carcinogens. Am J Ind Med 2005;48:419-31.

2

20

21

22

23

24

25

26

27

28

29

Nurminen M, Karjalainen A. Epidemiologic estimate of the proportion of

fatalities related to occupational factors in Finland. Scand J Work Environ Health
2001;27:161-213.

Rushton L, Hutchings SJ, Fortunato L, et a/. Occupational cancer burden in Great
Britain. Br J Cancer 2012;107(Suppl 1):53-7.

Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of burden of disease
and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-
2010: a systematic analysis for the global burden of disease study 2010. Lancet
2012;380:2224-60.

Forouzanfar MH, Alexander L, Anderson HR, et a/. Global, regional, and national
comparative risk assessment of 79 behavioural, environmental and occupational, and
metabolic risks or clusters of risks in 188 countries, 1990-2013: a systematic analysis
for the global burden of disease study 2013. Lancet 2015;386:2287-323.

GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk
assessment of 79 behavioural, environmental and occupational, and metabolic risks
or clusters of risks, 1990-2015: a systematic analysis for the global burden of disease
study 2015. Lancet 2016;388:1659-724.

GBD 2016 Risk Factors Collaborators. Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational, and metabolic risks
or clusters of risks, 1990-2016: a systematic analysis for the global burden of disease
study 2016. Lancet 2017;390:1345-422.

GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational, and metabolic risks or
clusters of risks for 195 countries and territories, 1990-2017: a systematic analysis for
the global burden of disease study 2017. Lancet 2018;392:1923-94.

GBD 2016 Occupational Risk Factors Collaborators. Global and regional burden

of disease and injury in 2016 arising from occupational exposures: a systematic
analysis for the global burden of disease study 2016. Occup Environ Med
2020;77:133-41.

GBD 2016 occupational chronic respiratory risk factors collaborators. Global and
regional burden of chronic respiratory disease in 2016 arising from non-infectious
airborne occupational exposures: a systematic analysis for the Global Burden of
Disease Study 2016. Occup Environ Med 2020;77:142-50.

GBD 2016 Mortality Collaborators. Global, regional, and national under-5 mortality,
adult mortality, age-specific mortality, and life expectancy, 1970-2016: a systematic
analysis for the global burden of disease study 2016. Lancet 2017;390:1084—150.
GBD 2016 DALYs and HALE Collaborators. Global, regional, and national disability-
adjusted life-years (DALYs) for 333 diseases and injuries and healthy life expectancy
(HALE) for 195 countries and territories, 1990-2016: a systematic analysis for the
global burden of disease study 2016. Lancet 2017;390:1260-344.

Institute for Health Metrics and Evaluation. GBD compare. Seattle, WA: IHME,
University of Washington, 2017.

International Labour Office. ILOSTAT database. Geneva: ILO, 2015.

International Agency for Research on Cancer. IARC monographs on the identification
of carcinogenic hazrads to humans Lyon: IARC, 2018. Available: https://monographs.
iarc.fr/ [Accessed Sep 2018].

Kauppinen T, Toikkanen J, Pedersen D, et al. Occupational exposure to carcinogens in
the European Union. Occup Environ Med 2000;57:10-18.

Hutchings SJ, Rushton L. Occupational cancer in Britain. statistical methodology. Br J
Cancer 2012;107(Suppl 1):58-17.

Peto R, Lopez AD, Boreham J, et al. Mortality from tobacco in developed countries:
indirect estimation from national vital statistics. Lancet 1992;339:1268-78.

Lin R-T, Takahashi K, Karjalainen A, et al. Ecological association between asbestos-
related diseases and historical asbestos consumption: an international analysis. Lancet
2007,369:844-9.

Goodman M, Morgan RW, Ray R, et al. Cancer in asbestos-exposed occupational
cohorts: a meta-analysis. Cancer Causes Contol 1999;10:453-65.

Levin ML. The occurrence of lung cancer in man. Acta Unio Int Contra Cancrum
1953;9:531-41.

Virta R. Worldwide asbestos supply and consumption trends from 1900 through 2003
- USGS Circular 1298. Reston, Virginia: U.S. Geological Survey, 2006.

Leong SL, Zainudin R, Kazan-Allen L, et al. Asbestos in Asia. Respirology
2015;20:548-55.

CAREX Canada. Surveillance of environmental and occupational exposures for cancer
prevention: Carex Canada, 2012. Available: http://www.carexcanada.ca/en/ [Accessed
May 2014].

Cherrie JW, Van Tongeren M, Semple S. Exposure to occupational carcinogens in Great
Britain. Ann Occup Hyg 2007;51:653-64.

Mannetje Andrea't, McLean D, Glass B, et a/. 0378 Occupational exposure to
carcinogens in New Zealand. Occup Environ Med 2014;71.

Carey RN, Driscoll TR, Peters S, et al. Estimated prevalence of exposure to
occupational carcinogens in Australia (2011-2012). Occup Environ Med
2014;71:55-62.

Houot M, Pilorget C, Dananché B, et al. 0135 Prevalence of exposure to some
occupational carcinogens in France: evolution between 1999 and 2007. Occup
Environ Med 2014;71:A16.

Hashim D, Boffetta P. Occupational and environmental exposures and cancers in
developing countries. Ann Glob Health 2014;80:393-411.

158

GBD 2016 Occupational Carcinogens Collaborators. Occup Environ Med 2020;77:151-159. doi: 10.1136/0emed-2019-106012

1ybuAdoo
Aq pa10ajoid ‘abal] ap alsIaAIuN 18 €202 ‘62 J18quiadag uo jwod fwg waoy/:dny wolj papeojumod "0zZ0Z Arenigad £T U0 ZT090T-6T0Z-PaWa0/9ETT 0T St paysignd sy :pa uosiaug dnadQ


https://dx.doi.org/10.1136/oemed-2019-106012
https://dx.doi.org/10.1136/oemed-2019-106012
http://www/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1002/ajim.20209
http://dx.doi.org/10.5271/sjweh.605
http://dx.doi.org/10.1038/bjc.2012.112
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/S0140-6736(15)00128-2
http://dx.doi.org/10.1016/S0140-6736(16)31679-8
http://dx.doi.org/10.1016/S0140-6736(17)32366-8
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://dx.doi.org/10.1016/S0140-6736(17)31833-0
http://dx.doi.org/10.1016/S0140-6736(17)32130-X
https://monographs.iarc.fr/
https://monographs.iarc.fr/
http://dx.doi.org/10.1136/oem.57.1.10
http://dx.doi.org/10.1038/bjc.2012.113
http://dx.doi.org/10.1038/bjc.2012.113
http://dx.doi.org/10.1016/0140-6736(92)91600-D
http://dx.doi.org/10.1016/S0140-6736(07)60412-7
http://dx.doi.org/10.1023/A:1008980927434
http://dx.doi.org/10.1111/resp.12517
http://www.carexcanada.ca/en/
http://dx.doi.org/10.1093/annhyg/mem049
http://dx.doi.org/10.1136/oemed-2013-101651
http://dx.doi.org/10.1136/oemed-2014-102362.50
http://dx.doi.org/10.1136/oemed-2014-102362.50
http://dx.doi.org/10.1016/j.aogh.2014.10.002
http://oem.bmj.com/

Workplace

30

31

32

33

34

Joshi TK, Gupta RK. Asbestos in developing countries: magnitude of risk and its
practical implications. Int / Occup Med Environ Health 2004;17:179-85.

Le GV, Takahashi K, Park E-K, et al. Asbestos use and asbestos-related diseases in
Asia: past, present and future. Respirology 2011;16:767-75.

Health and Safety Executive (HSE). Mesothelioma in Great Britain 2014.
mesothelioma mortality in Great Britain 1968-2013. London: HSE, 2015.

Soeberg MJ, Leigh J, Driscoll T, et al. Incidence and survival trends for malignant
pleural and peritoneal mesothelioma, Australia, 1982-2009. Occup Environ Med
2016;73:187-94.

Krupoves A, Camus M, De Guire L. Incidence of malignant mesothelioma of the pleura
in Québec and Canada from 1984 to 2007, and projections from 2008 to 2032. Am J
Ind Med 2015;58:473-82.

35

36

37

38

Girardi P, Bressan V, Merler E. Past trends and future prediction of mesothelioma
incidence in an industrialized area of Italy, the Veneto region. Cancer Epidemiol
2014;38:496-503.

Zadnik V, Primic Zakelj M, Jarm K, et al. Time trends and spatial patterns in the
mesothelioma incidence in Slovenia, 1961-2014. Eur J Cancer Prev 2017;26 Joining
forces for better cancer registration in Europe:S191-6.

Loomis D, Guha N, Hall AL, et al. Identifying occupational carcinogens: an update
from the IARC Monographs. Occup Environ Med 2018;75:593-603.

Espina C, Porta M, Schiiz J, et al. Environmental and occupational interventions for
primary prevention of cancer: a cross-sectorial policy framework. Environ Health
Perspect 2013;121:420-6.

GBD 2016 Occupational Carcinogens Collaborators. Occup Environ Med 2020;77:151-159. doi:10.1136/0oemed-2019-106012

159

1ybuAdoo
Ag pa1s10.1d 8bal ap aNsIsAluN e €202 ‘62 J8quwiadag uo /wod wg wao//:dny wolj papeojumoq "020z Arenigad €T U0 ZT090T-6T0Z-PEWS0/9ETT 0T Sk paysiignd 1siy :ps uodiaug dnodoQ


http://www.ncbi.nlm.nih.gov/pubmed/15212222
http://dx.doi.org/10.1111/j.1440-1843.2011.01975.x
http://dx.doi.org/10.1136/oemed-2015-103309
http://dx.doi.org/10.1002/ajim.22442
http://dx.doi.org/10.1002/ajim.22442
http://dx.doi.org/10.1016/j.canep.2014.08.007
http://dx.doi.org/10.1097/CEJ.0000000000000384
http://dx.doi.org/10.1136/oemed-2017-104944
http://dx.doi.org/10.1289/ehp.1205897
http://dx.doi.org/10.1289/ehp.1205897
http://oem.bmj.com/

	Global and regional burden of cancer in 2016 arising from occupational exposure to selected carcinogens: a systematic analysis for the Global Burden of Disease Study 2016
	Abstract
	Introduction﻿﻿
	Methods
	General GBD methodology
	Inclusion criteria
	Exposure
	Asbestos exposure

	Relative risks
	Population attributable fraction
	Modelling and calculation of uncertainty

	Results
	Deaths
	DALYs
	Asbestos
	Population attributable fractions
	Changes over time

	Discussion
	Risk factors
	Comparison with other studies
	Methodological considerations and limitations
	Implications of the data

	Conclusion
	References


