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IARC Monographs, Group 1 Agents
Identified from Occupational Studies
Important burden of cancer
• Asbestos (v7)
• Silica (v68)
• Diesel engine exhaust (v105)
New
• Trichloroethylene (v106)
• PCBs (v107)
• 1,2-Dichloropropane (v110)
• Pentachlorophenol (v117)
• Welding fumes (v118)

Asbestos, Vol 100C:
Carcinogenic to humans
•

•

•

There is sufficient evidence in humans for the
carcinogenicity of all forms of asbestos (chrysotile,
crocidolite, amosite, tremolite, actinolite and
anthophyllite). All forms of asbestos cause
mesothelioma and cancers of the lung, larynx and
ovary.
The Working Group classified the evidence for colorectal
cancer as limited although the Members were evenly
divided as to whether the evidence was strong enough
to warrant classification as sufficient.
There is limited evidence in humans for cancers of the
pharynx and of the stomach.

Asbestos and Ovarian cancer, Vol.100C
•
•
•

•

Five strongly positive cohort mortality studies of women
with heavy occupational exposure to asbestos.
Supported by studies showing that women with
environmental exposure to asbestos had non-significant
increases in both ovarian cancer incidence and mortality.
Modest support from the findings of non-significant
associations between asbestos exposure and ovarian
cancer in two case-control studies.
Finding is consistent with laboratory studies documenting
that asbestos can accumulate in the ovaries of women with
occupational and household exposure to asbestos.

Asbestos and Ovarian Cancer

Camargo et al. Env Health Perspectives (2011)

Exposure to asbestos & cholangiocarcinoma (NOCCA)
• Case-control study nested in the Nordic Occupational
Cancer (NOCCA) cohort.
• 1,458 intrahepatic CC (ICC) and 3,972 extrahepatic
(ECC) cases
• Each case individually matched by birth year, gender,
and country to 5 population controls.
• Cumulative exposure to asbestos by applying NOCCA
job exposure matrix to censuses data on occupation
(conducted in 1960, 1970, 1980/81, and 1990).
• Exposure-response trend for ICC
No association between asbestos exposure and ECC

IARC Monographs V111, Fluoro-edinite
•

•
•
•
•
•

•

Fluoro-edenite fibrous amphibole first identified around Etna
volcano, Biancavilla, Italy; similar mineral reported from the
Kimpo volcano in Japan.
Unpaved roads made from local quarry products from
Biancavilla, since the 1950s,
Several surveillance studies reported excess of mesothelioma in
region of Biancavilla (Bruno et al., 2014).
Rate ratios for mesothelioma large & stable,
Excess similar in men and women, most prominent in young
adults, suggesting environmental cause.
Increased incidences of mesotheliomas observed in male and
female rats given fibrous fluoro-edenite by i.p. & i. pl. injection
(Belpoggi et al., 2011).
Fluoro-edenite classified as carcinogenic to humans (Group 1)

Silica Group 1 Human Carcinogen, V68, 1997
• Among silicotics, consistent excess lung cancer
risk across countries, industries and time periods
• Sufficient evidence of carcinogenicity in animals
for quartz
• Mechanistic data: most genotoxicity studies
negative; oxidative stress , inflammatory
response, carcinogenicity may depend on
inherent characteristics of the crystalline silica, or
external factors affecting its biological activity
• Vol. 100C IARC WG reaffirmed carcinogenicity of
crystalline silica dust. Increased risk of lung
cancer observed across various industries.

SYNERGY

Joint effects of occupational lung
carcinogens and smoking
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SYNERGY
•
•
•
•
•
•
•

11 case-control studies, Europe, North America, NZ
17,021 cases and 20,885 controls.
20% women, 80% population controls
Detailed smoking information
~1000 never smoking lung cancer cases
Complete occupational history (ISCO-68, ISIC-71)
Quantitative exposure assessment based on various
national and industry-specific exposure databases,
currently asbestos, PAHs, Cr, Ni, silica;
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SYNERGY: Diesel engine exhaust
Cumulative DME exposure and lung cancer risk
Cumulative DME exposure
2

∑(level * duration)
Cases Controls OR1
95% CI
OR2
95% CI
Never
7676
10320 1.00 Reference cat. 1.00 Reference cat.
<6
1270
1514 0.92 0.78––1.08
0.88 0.74––1.03
6-17.33
1325
1499 1.00 0.88––1.12
0.92 0.82––1.04
17.34-34.5
1441
1502 0.99 0.85––1.15
0.91 0.79––1.05
>34.5
1594
1450 1.27 1.14––1.41
1.14 1.03––1.26
Test for trend, p-value
0.001
0.070
Trend among exposed, p-value
0.000
0.002
>34.5, never smok ers
47
314 1,27 0.90 - 1.79
1.14 0.81 - 1.62
>34.5, never List A job
1449
1337 1.35 1.23 - 1.48
1.21 1.10 - 1.33
>34.5, women
35
45 1.61 0.98 - 2.65
1.41 0.86 - 2.32
Random effect model based on study specific results
OR1 adjusted for age, sex, smoking pack years, time
since quitting smoking, ever employed in "List A" job
OR2 in addition adjusted for education

Diesel engine exhaust & lung cancer, Vol 105
• In a large US miners study diesel engine exhaust was quantified
via estimated elemental carbon as a proxy of exposure
• Cohort and nested case–control analyses adjusted for tobacco
smoking showed positive trends in lung cancer risk with
increasing exposure to diesel exhaust, with 2–3-fold increased
risk in the highest categories of cumulative or average exposure.
(Attfield et al 2012, Silverman et al 2012).
• In US railroad workers exposed to diesel exhaust a 40%
increased risk for lung cancer was observed.
• A large cohort study in the US trucking industry reported a 15–
40% increased lung cancer risk
• Findings of above cohort studies were supported by those in other
occupational groups and by case–control studies including various
occupations involving exposure to diesel-engine exhaust.

Diesel engine exhaust, IARC Vol 105
Overall Evaluation
•

There is sufficient evidence for the carcinogenicity in
humans of diesel engine exhaust. Diesel engine exhaust
causes lung cancer. Also, a positive association
between diesel engine exhaust and bladder cancer has
been observed.
• There is sufficient evidence for the carcinogenicity in
experimental animals of whole diesel engine exhaust.
Overall evaluation
• Diesel engine exhaust is carcinogenic to humans
(Group 1).

Cholangiocarcinoma among workers in the printing industry
• 16 cases of intrahepatic or extrahepatic cholangiocarcinoma
among male (former) employees in a printing plant (around 70
workers) in Osaka, Japan
• Claim for compensation as occupational cancer, 3/2012 - 2/2013.
• Age range of 16 cases: 20 to 49 years
- no chronic biliary inflammation such as primary cirrhotic
cholangitis, intrahepatic cholelithiasis and liver fluke infection,
- no chronic hepatitis B nor C
- no malfusion of pancreaticobiliary ducts.

• SIR for biliary tract cancer ~1200 ( 95%CI 714-1963)
• Kumagai et al, Short report published in OEM-online 3/2013
•

Suspected chemicals: 1,2-dichloropropane & dichloromethane

The NOCCA study
Including:
• all subjects aged 30–64 years
• occupational information from 1960, 1970, 1980/1981, and/or
1990 censuses
• in Finland, Iceland, Norway, and Sweden, (Denmark not
included in present study)
• still alive and living in the respective countries on 1st January in
the year following the census
• divided into 53 broad occupational groups
Follow-up:
• from 1st January of the year after the first available census
• through emigration, death, or to 31st December of the following
years: in Finland 2005, in Iceland 2004, in Norway 2003, and in
Sweden 2005

NOCCA Results, men & women
Liver
Obs

ICC
SIR Obs

Men
Typographers
Printers
Lithographers
Bookbinders
Other occupations
All printers & related

90
25
8
15
4
142

1.18 (0.95-1.46)
2.22 (1.44-3.28)
2.38 (1.03-4.70)
1.37 (0.77-2.27)
1.19 (0.33-3.06)
1.35 (1.14-1.60)

Women
Typographers
Printers
Lithographers
Bookbinders
Other occupations
All printers & related

6
2
2
18
4
32

1.22 (0.45-2.65)
0.55 (0.07-1.98)
5.03 (0.61-18.2)
1.35 (0.80-2.14)
2.67 (0.73-6.84)
1.35 (0.92-1.90)

a= expected number

ECC
Obs

SIR

2.01 (1.00-3.60)
34
3.54 (1.30-7.70)
9
a
3.91 (0.47-14.1) [2.02]
1.17 (0.03-6.54)
7
2.15 (0.05-12.0)
3
2.34 (1.45-3.57)
53

1.09 (0.75-1.52)
1.37 (0.63-2.59)
0 (0.00-1.83)
1.41 (0.57-2.90)
1.48 (0.30-4.32)
1.13 (0.85-1.48)

3 3.14 (0.65-9.17)
9
1 1.38 (0.03-7.68)
5
a
1 10.34 (0.26-57.6) [0.68]
1 0.50 (0.01-2.81)
19
2 5.93 (0.72-21.4)
2
8 1.95 (0.84-3.85)
35

1.12 (0.51-2.14)
0.78 (0.25-1.83)
0 (0.00-5.36)
0.82 (0.49-1.27)
0.75 (0.09-2.70)
0.85 (0.59-1.19)

11
6
2
1
1
21

SIR

1,2-Dichloropropane, Vol 110
• Sufficient evidence for carcinogenicity in experimental
animals, with malignant lung and hepatocellular
tumours observed in exposed mice.
• Most of the WG concluded that 1,2-DCP was the
causative agent responsible for the large excess of
cholangiocarcinoma in the exposed workers.
• A minority concluded that the association between 1,2DCP and cholangiocarcinoma was credible, but the role
of other agents, mainly DCM, could not be separated
with complete confidence.
• 1,2-DCP was classified as carcinogenic to humans
(Group 1), on the basis of sufficient evidence in humans
that exposure to 1,2- DCP causes cholangiocarcinoma.

Welding, IARC Monographs Vol 118
• Increased lung cancer risk was associated
with welding in the majority of studies
• >20 case-control, >20 cohorts, some overlapping,
several of high-quality
• Increased risks were observed regardless of welding
technique, study design, occupational setting,
geographic region, time period, adjustment for
tobacco smoking and asbestos exposure

• Exposure-response associations were
observed in several studies using various
metrics (e.g cumulative exposure, duration
of employment)

Lung Cancer Risk Among Workers in WeldingRelated Occupations, Synergy Project

Kendzia et al, AJE,2013

Meta-analysis of lung cancer in welders

Counting occupational carcinogens
• An occupational carcinogen can be defined as:
• An IARC Group 1 agent with sufficient evidence in
humans
• and occupational exposure documented in the
pertinent Monograph
• and evaluation based on data from occupational
studies

Counting occupational carcinogens
140
120
Other

100

With Occ exposure

80

Occupational epi (OE) contribution

60
40

14
74

20

65

Mechanistic upgrade

46

0
Group 1
agents

Occupational epi base

Group 1+ Sufficient +
occ
OE data
exposure

Sufficient in humans

Significant progress
The number of recognized occupational carcinogens is one
measure of how much progress has been made:
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Yet more work to be done
• Important progress, but…
• More than 80,000 chemicals used in industry
• And there are other kinds of exposures, e.g.
• Metals
• Fibres
• Work organization (shift work, sedentary work)

• Most agents have never been evaluated…
• And human evidence is inadequate for most
that have been evaluated

Epidemiologic data for occupational
carcinogen risk assessment

Features of studies that are likely to
contribute
•
•
•
•

Cohort & case-control studies
Focused on the exposure of interest
Clear presentation of methods & results
High-quality exposure assessment
• Quantitative exposure data

• High-quality analysis
•
•
•
•

Control of important confounders
Consideration of latency
Internal comparisons
Exposure-response assessment

IARC Workshop: Defining ‘Shift Work’ for
epidemiological Studies of Cancer

Shiftwork and circadian disruption (Vol 98)
Cancer in Humans
6 of 8 studies from various geographical regions noted an
increased risk of breast cancer among shift-workers
Cohort studies of nurses (3) and radio and telegraph operators
(1) engaged in shift-work at night
Case-control study (1) and national linkage study (1) of
occupations with high prevalence of shift-work.
Limitations of the studies
Inconsistent definition of shift-work
Limited number of studies
Studies often focused on single profession

Shiftwork and circadian disruption (Vol 98)
Cancer in humans
• There is limited evidence in humans for the
carcinogenicity of shiftwork that involves night work.
Cancer in experimental animals
• There is sufficient evidence in experimental animals for
the carcinogenicity of light during the daily dark period
(biological night).
Overall evaluation
• Shiftwork that involves circadian disruption is
probably carcinogenic to humans (Group 2A).

11 years later…
PubMed: Almost 100 analytical studies on shiftwork and
cancer, more than half on breast cancer
Many more positive studies, but increased complexity
• Exposure, type of shiftwork, duration, age at exposure
• Potential confounders and/or effect modifiers,
chronotype, reproductive history, obesity, alcohol
consumptions, vitamin D, societal context of shiftwork
• Outcome, pre-/post-menopausal breast cancer,
hormone-receptor status
• Other cancers, prostate, colon, …

AG on Future Priorities: Shiftwork recommended as
“high priority”

Coming up soon

Joint IARC, NIOSH-NORA, ACS,
US NIEHS and NCI Workshop
n

Acetaldehyde*
Atrazine
Carbon black
Chloroform
Cobalt metal with
tungsten carbide
Dichloromethane*
Diesel engine exhaust
Di-2-ethylhexyl phthalate*

Formaldehyde
Indium phosphide
Lead and lead compounds
Polychlorinated biphenyls (PCB)
Propylene oxide
Refractory ceramic fibers
Shiftwork that involves nightwork
Styrene (Vol 121, 3/2018)
Tetrachloroethylene*
Titanium dioxide
Trichloroethylene*
Welding fumes

Advisory Group, Priorities 2015-2019

•
•
•
•
•
•

Carbon nanotubes
Sedentary work
Tin compounds
Pesticides
Shift work
Metal-working fluids

•
•
•
•

Hydrazine
Job stress
Lead
Coal dust

Interference from Vested Interests
•
•
•

There is a long history of interference with
science of occupational carcinogens
Asbestos is the best-known example
Following strategies developed by big
tobacco
• Creating doubt
• Attacking science
• Intimidating scientists
• Lobbying policy-makers
• Delaying action

Assessment of exposure to occupational carcinogens
National registries of exposed workers (e.g. the Finnish Register of Workers
Exposed to Carcinogens (ASA Register) or the German ODIN Register)
Exposure measurement databases: (with description of workplace
determinants), MEGA database (Germany), or COLCHIC database (France)
Exposure information systems: FINJEM, CAREX, and refinements, such as
WOODEX, Canadian CAREX; NOCCA
ExpoSYN developed for the SYNERGY project
Problem: not harmonised

The HazChem@Work database (EC) aims to collect harmonised data on the
workers exposure
OccIDEAS Online app for assessing exposure in workplaces,
Questionnaires for over 50 jobs/industries
Questions on the tasks which are the determinants of exposure
Questions on use of control measures
Australian Workplace Exposure Studies (AWES), Cross-sectional telephone
survey of 5000 Australian workers

Prevention of occupational cancer
• Since 1971, the IARC Monographs identified 120 human carcinogens,
in 40 – 50% occupational studies played pivotal role
• Still identifying new occupational carcinogens, incl. diesel engine exhaust,
welding fumes,
16 biliary tract cancers in ca. 70 young workers in a printing plant in Japan
• > 80.000 chemicals in workplace, most never tested –
Need increased funding for prevention research,
• Strong vested interests –
Need transparent and independent evaluation of the evidence
• Need stronger focus on preventive actions, including primary and secondary
prevention
• Need better data to show the economic impact of cost of inaction
• Need better data on global exposure to occupational carcinogens,
- for burden estimates - joint WHO/ILO Burden of occupational diseases
- for benchmarking countries and to document our success –
“No Time to Lose”
• From High-level event at WCOSH, Singapore 2017 to ICOH 2018 Dublin
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•

Mortality among 88 000 workers with data on blood lead levels in
three countries, with 14 000 deaths, and a median maximum blood
lead of 26 μg/dL.
• Significant(p<0.05) positive trends were found between blood lead
levels and lung cancer, chronic obstructive pulmonary disease
(COPD), stroke and heart disease.

Occup Environ Med. 2017
Nov;74(11):785-791

Occupational cancer: AF
‘‘Occupational cancer, moreover, tends to be
concentrated among relatively small groups of
people among whom the risk of developing the
disease may be quite large, and
such risks can usually be reduced or even
eliminated, once they have been identified.
The detection of occupational hazards should
therefore have a higher priority in any program of
cancer prevention than their proportional
importance might suggest.’’
Doll & Peto, 1981

Occupational cancer: AF
• Very divergent estimates <1% to 40%
Prevalence of risk factor & exposure level
Strength of evidence for causal association
• Doll & Peto 1981 4% of US cancers
• Simonato et al, 1988: 0.6 – 40% of lung cancers
• Leigh et al, 1997 „WHO Global Burden of
Disease“ direct & indirect methods: 6-10%
• Nurminen & Karjalainen, 2001: 8% of cancers in
Finns
• Steenland et al 2003: 2.4 – 4.8% of US cancers
• Rushton et al 2008, UK....

UK HSE Burden of occupational cancer
Occupational AF for cancers of lung, bladder, non-melan.
skin, sinonasal cancers, leukaemia, mesothelioma:

All cancer deaths
• Group 1,
• Group 1 & 2A,

3.6% of (6% in men)
4.9% in total (8.0% in men)

Lung cancer
• Group 1,
• Group 1 & 2A

16.5%
21.6%

Lung cancer almost 70% of occupational cancers,

UK Burden of Occupational Cancer
All IARC Group 1 and 2A carcinogens with ‘‘sufficient’’ or ‘‘limited’’ evidence for
specific site in humans

Rushton et al, Occ Env Med; 2008. Straif, Occ Env Med, 2008

Counting occupational carcinogens
• An occupational carcinogen can be defined as:
– An IARC Group 1 agent with sufficient evidence in
humans
– and occupational exposure documented in the
pertinent Monograph
– and evaluation based on data from occupational
studies

• As of 2017, 46 agents meet this definition
• Occupational data contributed to the evaluation
for another 14 agents
• So 46-60 recognized occupational carcinogens

Identifying Occupational
Carcinogens
• Studies of workers have had a major role in
identifying human carcinogens
• About 40% of the 120 IARC Group 1
carcinogens were identified in occupational
studies with sufficient evidence in humans
• Over 60% of Group 1 agents have documented
occupational exposures

1,2-Dichloropropane, Vol 110
• Most important human evidence comes from studies of
workers in a small offset printing plant in Osaka, Japan,
where a very high risk of cholangiocarcinoma was reported.
• Additional cases were later identified from several other
printing plants in Japan.
• Workers were exposed to more than 20 different chemicals,
but exposure to 1,2-DCP was common to all except one of
the 24 patients with cholangiocarcinoma, and six of the
patients had no known exposure to dichloromethane.
• The WG considered the rarity of cholangiocarcinoma, the
very high relative risk, the young ages of the patients, the
absence of non-occupational risk factors, and the intensity of
the exposure as indications that the excess of cholangiocarcinoma was unlikely to be the result of chance, bias, or
nonoccupational confounding.

Why so much more to do?
• Lack of epidemiologic data
• Insufficient support for occupational
health research
• Inadequate study quality
• Interference from vested interests

Lack of Epidemiologic Data
• Many agents with occupational exposures
have never been studied
• Epidemiologic studies are expensive and time
consuming!
• Access to workers and workplaces is important
• There are not enough researchers, especially
in low- and middle-income countries

Insufficient Support for Research
• Declining exposures in high-income
countries
• “We solved that problem…”

• Changing priorities
• Environment, infectious diseases, genetics

• Reduced power of labour
• Changing attitudes about science

“More research is needed…”
•
•
•
•
•
•
•

We have made important progress…
but there is more work to do!
More, better epidemiologic studies
A new generation of researchers to train
Especially in middle-income countries
Innovative research approaches
Courage and perseverance

Study quality: how many studies contribute?
PCBs, IARC Monographs v. 107

PubMed
Searches

Reviewed in
the Monograph

Sufficient
evidence for
melanoma

110 studies
641 studies of
cancer in
humans

51 cohort studies
• 20 occupational
• 22 biomarkers
59 case-control
• 48 biomarkers

7 occupational
cohort studies

1 occupational
case-control study
1 population casecontrol study
(biomarkers)

PCBs & Malignant Melanoma
Sufficient Evidence

Influential Studies
•
•
•
•

4 transformer mfg & repair cohorts
3 electric power cohorts
1 occupational case-control study
1 general population case-control
study

Loomis et al., OEM 1999

IARC Monographs Vol.120, Benzene
•

•
•

•
•

Preamble, 2006 and AG Quantitative Risk Characterisation,
2013
A Monograph may undertake to estimate dose–response
relationships within the range of the available epidemiological data.
Benzene causes ANLL, including AML; limited evidence for CLL, MM,
NHL, chronic myeloid leukaemia, AML in children and lung cancer.
Strong evidence, including in exposed humans, that benzene is
metabolically activated, induces oxidative stress, is genotoxic, is
immunosuppressive, and causes haematotoxicity.
Meta-regression analyses of 6 published occupational cohort
studies with suitable data on benzene exposure and AML.
Exposure–response gradient in human studies for endpoints
relevant to key characteristics of carcinogens (e.g. MN, CA).

Mendelian Randomisation
informing evidence synthesis process

Current paradigm

Future

Cancer 1
Cancer 2

Single
cancer

Exposure
Confounders

Exposure

Cancer N
CVD

T2D
Other

Glyphosate: a case study
IARC evaluation
Cancer in
humans (NHL)

Cancer in
animals

DNA damage &
oxidative stress

Limited evidence

Sufficient evidence

Strong evidence

• Studies of real-world
exposures
(occupational)
• Glyphosate
formulations in
different regions at
different times

• Studies of pure
glyphosate
• Rare cancers in valid
studies

• Few studies of realworld exposures
(communities)
• Experimental studies of
pure glyphosate
• Experimental studies of
glyphosate
formulations

IARC Evaluation, March 2015

Group 2A Probably carcinogenic to humans

Glyphosate: a case study
the reaction
•
•
•
•
•
•
•
•
•
•

Unprecedented, “Orchestated outcry” from industry
Demands to Directors of IARC and WHO to withdraw
the evaluation
Lobbying politicians, agencies, WHO & member states
Paid consultants criticize methods and findings
Re-evaluation by an industry-funded committee
Ghost-written scientific papers & press articles
Legal demands aimed to harrass US scientists
Intimidating letters to international scientists
Inquiries by the the US Congress
Briefing Note for IARC Scientific and Governing Council
http://governance.iarc.fr/ENG/infocouncils.php
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▶
L’enquête du « Monde »

et des documents internes
au spécialiste de la biochim ie,
dévoilés par la justice américaine, racontent comment
Monsanto lutte contre
tous ceux qui attenteraient
à sa réussite

▶
Pour Edouard Philippe,

les « pratiques » de Ferrand
sont « légales », mais « ne
sont plus tolérées ». Des
juristes voient les choses
autrement

▶
Financem ents m enacés,

▶
Les hostilités ont comexpertshttp://www.lemonde.fr/planete/visuel/2017/
scientifiques dénimencé après la publication
grés, harcèlement
judiciaire :
par le CIRC d’une étude
06/01/operation-intoxication-les-reseauxdepuis deux ans, le Centre
concluant au caractère
de-monsanto_5136945_3244.html
international
de recherche
« cancérogène probable »
sur le cancer (CIRC) est
du glyphosate, produit phare
la cible de m anœuvres
de Monsanto
de déstabilisation
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