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“The encyclopaedia of carcinogens”
•

 
The IARC Monographs evaluate

–
 

Chemicals
–

 
Complex mixtures

–
 

Occupational exposures
–

 
Physical and biological agents

–
 

Lifestyle factors

•
 

More than 900 agents have been evaluated

–
 

105 are carcinogenic to humans (Group 1)
–

 
66 are probably carcinogenic to humans (Group 2A)

–
 

248 are possibly carcinogenic to humans (Group 2B)

•
 

National and international health agencies use the Monographs
–

 
As a source of scientific information on known or suspected carcinogens

–
 

As scientific support for their actions to prevent exposure to known or 
suspected carcinogens



Shiftwork
 

and circadian disruption (Vol
 

98)

Exposure

About 15-20% of the working population in Europe 
and USA is engaged in shift-work that involves 
night-work 
- most prevalent (above 30%) in the health-care, 
industrial manufacturing, mining, transport, 
communication, leisure, and hospitality sectors

Among the many different pattern of shift-work, those 
including night-work are the most disruptive for the 
circadian clock



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.

Increased risk of breast cancer among female flight attendants
 

who also 
experienced circadian disruption by frequently crossing time zones

Limitations of the studies
Inconsistent definition of shift-work
Limited number of studies
Studies often focused on single profession
Potential uncontrolled confounding by reproductive factors and cosmic radiation



Shiftwork
 

and circadian disruption (Vol
 

98)

Cancer in experimental animals

> 20 studies investigated the effect of constant light, 
dim light at night, simulated chronic jet lag, or 
circadian timing of carcinogens, and most showed a 
major increase in tumour

 
incidence. 

A similar number of studies investigated the effect of 
reduced nocturnal melatonin concentrations or 
removal of the pineal gland (where melatonin is 
produced) in tumour

 
development and most showed 

increases in the incidence or growth of tumours



Shiftwork
 

and circadian disruption (Vol
 

98)
Mechanisms of carcinogenicity (I)

Exposure to light at night disturbs the circadian system with 
alterations of sleep-activity patterns, suppression of melatonin 
production, and deregulation of circadian genes involved in 
cancer-related pathways.

Inactivation of the circadian Period gene, Per2, promotes tumour
 development in mice 

In human breast and endometrial tumours, the expression of 
PERIOD genes is inhibited. 



Shiftwork
 

and circadian disruption (Vol
 

98)

Mechanisms of carcinogenicity (II)

In animals, melatonin suppression can lead to changes in 
the gonadotrophin

 
axis.

In humans, sleep deprivation and the ensuing melatonin 
suppression lead to immunodeficiency. 

Sleep deprivation suppresses natural killer-cell activity and 
changes the T-helper 1/T-helper 2 cytokine balance, 
reducing cellular immune defence

 
and surveillance.



Shiftwork
 

and circadian disruption (Vol
 

98)
Evaluation

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).



Occupational exposure as a painter (Vol 98)

Exposure
Painters potentially exposed to numerous chemicals found in paint

-
 

pigments: chromium and lead compounds, coal tar paints, pigments 
that contain 3,3’dichlorobenzidine

- fillers or extenders:
 

asbestos used until the early 1990s.

-
 

solvents: benzene, toluene, xylene, aliphatic compounds, ketones, 
alcohols, esters and glycol esters

-additives:
 

formaldehyde used as biocide

Some hazardous chemicals such as benzene, some other solvents, 
and lead have been replaced in paints, but are still used in some 
countries.

 
Exposure as bystanders to asbestos or crystalline silica.

http://www.compositesatlantic.com/FR/Painting_large.jpg


Occupational exposure as a painter (Vol 98)

Cancer in Humans (I)

Cohort and linkage studies showed consistent and significant 
increases in lung cancer. 
No information on tobacco smoking was available in these cohort 
studies, but many case-control studies that adjusted for smoking 
reported comparable increases. 

A meta-analysis by the Working Group showed a significant excess 
risk of about 20% overall, and 50% when the analysis was restricted 
to smoking–adjusted estimates from population-based case control 
studies.

Increased mortality from mesothelioma noted in several studies.

http://www.compositesatlantic.com/FR/Painting_large.jpg


Occupational exposure as a painter (Vol 98)

Cancer in Humans (II)

Cohort and linkage studies showed consistent 20-25% increases of 
bladder cancer, similar increases were noted in case-control studies 
that controlled for smoking.

4 of 5 case-control studies reported significant increases of 
childhood leukaemia associated with maternal exposure to 
paint. The risk tended to be greater when mothers were exposed 
before or during, rather than after pregnancy. 

No particular causative agent could be identified from the available 
epidemiological studies

http://www.compositesatlantic.com/FR/Painting_large.jpg


Occupational exposure as a painter (Vol 98)

Cytogenetic studies on painters
Most studies (6/7) reported increased levels of genetic 
damage in blood cells:

single strand-breaks, sister chromatide exchange, micronucleus 
formation and chromosomal aberrations

Several studies showed a dose-response association with 
duration of work.

Stratified analysis by tobacco-smoking status generally showed 
similar results in smokers and non-smokers.

http://www.compositesatlantic.com/FR/Painting_large.jpg


Occupational exposure as a painter (Vol 98)

Evaluation and Rationale

There is sufficient evidence in humans that occupational 
exposure as a painter causes cancers of the lung and urinary 
bladder.

There is limited evidence in humans, based primarily on studies 
of maternal exposure, that painting is associated with childhood 
leukaemia.

Occupational exposure as a painter is “carcinogenic to 
human“ (Group 1)

http://www.compositesatlantic.com/FR/Painting_large.jpg


Benzidine
 

and dyes metabolised to benzidine
 

(Vol
 

99)

•
 

Benzidine
 

classified Group 1 based on sufficient evidence of 
carcinogenicity in both epidemiological and animal studies

•
 

Epidemiological studies cannot distinguish between exposure to 
benzidine

 
derivatives and exposure to benzidine-based dyes 

-> inadequate evidence 
•

 
All benzidine-based dyes tested are carcinogenic in mice or rats

 -> sufficient evidence
•

 
Metabolism of benzidine-based dyes results in the release of free 
benzidine

 
in humans and in all experimental animal species studied.

•
 

The mechanism of Benzidine-initiated carcinogenesis is well 
established.
Dyes metabolized to benzidine are carcinogenic Group 1
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Cancer in humans : Sufficient evidence
̶ 5 EU and US cohort studies 
̶ 4 studies reported highly elevated risk of bladder cancer
̶ confounding by other bladder carcinogens eliminated

Cancer in experimental animals: Sufficient 
evidence

Mechanistic data
Acute toxicity and genotoxicity in mammalian systems in vitro and in vivo

Haemoglobin adducts in prilocaine-treated patients (o-toluidine-based
anesthetic)

Overall evaluation: Group 1

o-toluidine
 

(Vol
 

99)



Cancer bioassays

Sufficient evidence of carcinogenicity 
Based on positive results in rat, mouse, dog

Epidemiological data

No analytical studies (2 screening studies)
Mechanistic data

MOCA has toxicological profile typical for monocyclic 
aromatic amine

Acute toxicity in spleen, liver and kidney
Strong genotoxicity in bacterial and mammalian systems
Forms haemoglobin adducts in exposed humans (workers)

MOCA classified Group 1 based on strong mechanistic 
data

4,4’-methylenebis(2-chloraniline) (Vol
 

99)



Volume 100 
A Review of Human Carcinogens

•
 

This volume will
–

 
Update the critical review for each carcinogen in Group 1

–
 

Identify tumour sites and plausible mechanisms
–

 
Compile information for subsequent scientific publications

•
 

The volume will be developed over the course of 6 meetings
A.  Pharmaceuticals (23 agents, Oct 2008)
B.  Biological agents (11 agents, Feb 2009)
C.  Metals, particles and fibres (14 agents, Mar 2009)
D.  Radiation (14 agents, June 2009)
E.  Lifestyle factors (11 agents, Sept 2009)
F.  Chemicals and related occupations (34 agents, Oct 2009)



Volume
 

100 will compile information 
for subsequent scientific publications

•
 

Tumour Site Concordance between Humans and Animals
–

 
Increase understanding of the correspondence across species

–
 

Identify human cancer sites without good animal models

•
 

Mechanisms Involved in Human Carcinogenesis
–

 
Organized by mechanism to facilitate joint consideration of 
agents that act through similar mechanisms

–
 

Identify biomarkers that could be influential in future studies
–

 
Identify susceptible populations and developmental stages

–
 

Promote research that will lead to more confident evaluations



Advisory Group, June 2008
 Volumes 101 and beyond

Acetaldehyde
Acrylamide and furan
Air pollution
Bitumen
Carbon-based nanomaterials
Crystalline fibres other than asbestos
Growth hormone
Iron and iron oxides
Malaria
Motor vehicle engine exhausts
Nucleoside-analogue antiviral drugs
PFOA, other perfluorinated compounds

Polyomaviruses (SV40, BK, JC, 
Merkel cell virus)

Radiofrequency electromagnetic 
fields and radar (includes mobile 
telephones)

Sedentary work
Statins
Stress
Testosterone, other androgenic 

steroids
Ultrafine particles
Welding
Agents recently tested in 

experimental animals

►
 

Never before reviewed
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1,3-Butadiene (Vol
 

97)
Two cohorts of workers in the styrene–butadiene rubber 

industry and three cohorts of workers in the butadiene 
monomer industry

Most informative study examined the mortality rates of 
approx. 17 000 workers from eight styrene–butadiene 
rubber facilities in the USA and Canada (Delzell

 
et al). 

•
 

excesses of mortality from lymphocytic and chronic 
myelogenous leukaemia

•
 

significant exposure–response relationship between 
cumulative  exposure and mortality from leukaemia

Evidence
 

for an association between 1,3-butadiene and 
NHL derives from studies of monomer industry 
workers. Based on cases of lymphosarcoma and 
reticulosarcoma, ca. sixfold

 
excess risk was observed 

in one (Ward et al, 1995) of the three studies



1,3-Butadiene (Vol
 

97)

Mechanistic
 

and other
 

relevant data
•

 
In exposed workers and experimental animals :

•
 

butadiene epoxides (epoxybutene, epoxybutanediol
 and diepoxybutane) induce DNA-adducts formation 

and clastogenic
 

effects (CA, MN and SCE)
•

 
Mutations in Ras proto-oncogenes and the p53 tumour-

 suppressor gene were identified in several different 
types of tumour induced in experimental animals



1,3-Butadiene (Vol
 

97)

Overall
 

Evaluation
•

 
Group 1 (carcinogenic to humans)

•
 

sufficient evidence in humans that exposure to 1,3-
 butadiene causes an increased risk for leukaemias

•
 

The Working Group refrained from mentioning a 
particular histological subtype of lymphatic and 
haematopoietic neoplasm because of the changes in 
coding and diagnostic practices that have occurred 
during the course of the epidemiological investigations

•
 

sufficient evidence in experimental animals for the 
carcinogenicity of 1,3-butadiene and D,L-

 diepoxybutane



Ethylene oxide (Vol
 

97)
•

 
14 cohort studies of workers in facilities where EO was 
used for production or as a sterilant

•
 

Most informative study (NIOSH ; K Steenland
 

PI) 
involved more than 18

 
000 employees at 14 industrial 

facilities in the USA where ethylene oxide was used as 
a sterilant: 

•
 

No overall excess of deaths from NHL or multiple 
myeloma, however, in internal analysis, mortality from 
lymphoid tumours

 
(NHL, multiple myeloma and CLL) 

associated with cumulative exposure among men but 
not women

•
 

Three studies examined breast cancer incidence:
•

 
Norman et al. (1995) found a borderline excess risk of 
about 60%

•
 

Internal analysis of the NIOSH study found a significant 
exposure–response relationship and doubled relative 
risk in the higher categories of cumulative exposure



Ethylene oxide (Vol
 

97)

Mechanistic
 

and other
 

relevant data
•

 
Alkylating

 
agent that reacts with DNA

•
 

Dose-related increase in the frequency of 
haemoglobin

 
adducts in humans and rodents

•
 

DNA adducts in rodents
•

 
Consistently acts as a mutagen and clastogen

 
at all 

phylogenetic
 

levels
•

 
Heritable translocations in the germ cells of rodents

•
 

Dose-related increase in the frequency of SCE, CA, 
and MN in lymphocytes of exposed workers 
(prospective studies showed that CA and MN are 
associated with increased risks for human cancer)



Ethylene oxide (Vol  97)

•
 

Overall
 

Evaluation
•

 
Group 1 (carcinogenic to humans)

•
 

limited evidence in humans
•

 
sufficient evidence in experimental 
animals

•
 

Consideration of supporting mechanistic 
evidence



Vinyl chloride (Vol
 

97)
•

 
Two large multicentric

 
cohort studies focusing on plants that 

manu-factured
 

VC, PVC or PVC products (Mundt
 

et al., 2000 ; 
Ward et al., 2001) 

•
 

Substantial increase in relative risk for liver angiosarcoma in 
exposed workers ; increasing strongly with duration of exposure 
and cumulative exposure

•
 

Internal analysis in Ward et al. (2001) based on cases with 
confirmed HCC, revealed that risk increased substantially with 
cumulative exposure

•
 

Confirmed by another cohort study (Pirastu
 

et al., 2003) showing 
increasing incidence of HCC with cumulative exposure;

 Increased risk for liver cirrhosis, a risk factor for HCC
•

 
Some evidence for cancer of the lung; 
Weak evidence for cancers of brain, lymphatic and 
haematopoeitic

 
tissue, connective and soft tissue, or of 

melanoma



Vinyl chloride (Vol
 

97)
Mechanistic

 
and other

 
relevant data

•
 

DNA-adducts (including pro-mutagenic etheno
 adducts) formed by VC metabolites (chloroethylene

 oxide and chloroacetaldehyde)
•

 
Found in liver, lung, kidney, and lymphocytes, in rats 

•
 

Consistently acts as a mutagen and clastogen
 

at all 
phylogenetic

 
levels

•
 

Increase in the frequency of CA, MN and SCE in 
humans

•
 

Ki-RAS gene mutations associated with VC-induced 
angiosarcoma and HCC in humans

•
 

p53 gene mutations associated with VC-induced 
angiosarcoma in humans



Vinyl chloride (Vol  97)

•
 

Overall
 

Evaluation
•

 
Group 1

 
(carcinogenic to humans)

•
 

sufficient evidence in humans that vinyl 
chloride causes angiosarcomas of the 
liver and hepatocellular carcinomas

•
 

sufficient evidence in experimental 
animals for the carcinogenicity of vinyl 
chloride and chloroethylene

 
oxide

•



Shift-work (Vol 98)

No other 
exposure

Chemical Initiation / 
promotion

Tumour cell 
transplantation studies

Total

Alterations in light 
exposures*

2 / 3 5 / 6 10 / 10 17 / 19

Chronic 
experimental jet-lag

- - 2 / 2 2 / 2

SCN lesions - - 1 / 1 1 / 1

pinealectomy - 2 / 8 11 / 13 13 / 21

Effect of 
physiological 
concentrations of 
melatonin

- - 5 / 5 5 / 5

Clock gene 
mutations

1 / 1 1 / 2 - 2 / 3

Total 3 / 4 8 / 16 29 / 31 40 / 51

Cancer in experimental animals

* Continuous bright light at night, dim light at night, intermittent or pulsed light at night



Shift-work (Vol 98)
Oncostatic effects of Melatonin

Free radical scavenging  and anti-oxidation
 up-regulates anti-oxidant enzymes: glutathione peroxidase, 

superoxide dismutase…
Anti-proliferative effects

 inhibits the mitotic action of hormones and growth factors: 
estradiol, EGF, prolactin…

 induces the up-regulation of cell-surface proteins E-Cadherin
 and b-integrin

 slows down the cell-cycle at G0-
 

S phase transition
Activation of the immune defence

 enhances INFg
 

and IL-1 production



Shift-work (Vol 98)
The circadian genes: potential tumour suppressors

2-10% of all mammalian genes are clock controlled genes which are synchronized with the circadian 
oscillation pattern: c-myc, c-fos, mdm2, p53, gadd45a…, caspases, cyclins, transcription factors…

Regulate cell cycle and apoptosis
Modulate cell proliferation
Respond to DNA damage
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