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Overview

What is IARC?

The IARC Monographs: IARC's contribution to risk assessment

Known and suspected carcinogens associated with some foods
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IARC and its mission

IARC’s objective is to promote international collaboration in cancer research

> Plan, promote, and develop research in all phases of the causation and
prevention of cancer

» Collect and disseminate information on the epidemiology of cancer, on
cancer research, and on the causation and prevention of cancer worldwide

» Consider proposals and prepare plans for projects in, or in support of, cancer
research

> Educate and train personnel for cancer research

IARC does not duplicate the role of national cancer agencies; it stresses projects
that would benefit from international collaboration
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Some facts about IARC

Established by the 18th World Health Assembly in 1965
Participating States: 21

Personnel

> Approximately 270 people from 50 countries

» Staff Scientists and Supporting Personnel

» Visiting Scientists

> Special Training Awardees, Students, and Post-Doctoral Fellows
Budget

> Regular budget: 38 million euros for the 2010-2011 biennium
» Extramural grants: approximately 30 million euros
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IARC’s Organizational Structure
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Some current activities at IARC

Describing the global burden of cancer
Cancer Incidence in Five Continents
WHO Classification of Tumours (‘Blue Books”)

Special focus on cancer in developing countries
» (Gambia Hepatitis Intervention Study
»> Screening for cervical cancer in developing countries

Training and fellowships
IARC Monographs
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Global burden of cancer

In 2000
> 10 million cases diagnosed each year
» 6 million deaths
» 22 million cancer patients

These figures are expected to increase by 50% before 2020

There are disparities between developed and developing countries
> 12% worldwide, but 25% in developed countries, will die from cancer
> 25% of cancer in developing countries is caused by infection
> 80% who die from cervical cancer live in developing countries

| e ey Jy 0=

¢ _&
&)

N

N

+-

HABGEHNADIRR

20004
> ZETERIZ R 100075 451
> 600515 AVFETS
> HABEF22005 4

2020 FE TIZ50% DIEMMF RSN TLNVS

SHEECHAEE EEEOBDOBE
> NAUIZKABTRTE  HAEMIZIZ12%EA., £EETIE25%
> BFRELETIENAD2% I ERE(ZFEE
> FEEMNAUIZEBIETHIDI0%(IFAFR ELEDER




| et Pl

¢ _&
&)

N

N

+-

Cancer Incidence in Five Continents

One of IARC’s major achievements has been to establish and support cancer
registries worldwide, especially in developing countries

Data from these cancer registries is published regularly in Cancer Incidence in Five
Continents

Volume X was published in 2007
> Contains data from 200 registries in 60 countries
» Published electronically at http://www-dep.iarc.fr/

» Provides tools for online production of summary tables and breakdown
analyses

> Globocan will be updated to include data up till 2007
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WHO Classification of Tumours (“Blue Books”)

This series provides consensus definitions and terminology that are essential for
clinical practice and investigation

These classifications are periodically reviewed and updated to incorporate new
information

The third edition of 10 volumes was developed during 2000-2005
> Involved 1200 scientists from 43 countries
» Copies in print: 168 000 [IARC's best seller]

The fourth edition was begun in 2006

§ | To=] ]

| Omt=

¢ _&
&)

N

N

+-

I WHOM &% 5348 (I Blue Book]) [

ERBSIVREICTARGIM—ERLS SV RAEERM
EHMICHET B FUEHL ., HLLVEREBE

F10Z& D FE3MR(£2000~ 20054 [Z/E R
> A3HEMS1200% DEZFEE NS
> FEITERER:168,0005R [IARCOHOR R M25—]

FEARRIEL2006FIZE F




| et Pl

Vio s
‘.
NI

EN

IARC'’s special focus on cancer in
developing countries

The most common cancers worldwide are
Lung

Breast

Colorectum

Stomach

Liver

Prostate

Uterine cervix
Oesophagus

Bladder

Non-Hodgkin lymphoma

VVVYVYVVVVVY

Tobacco is by far the leading cause of cancer

For liver cancer and cervical cancer, there are great disparities between
developing countries and developed countries
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Gambia Hepatitis Intervention Study

Hepatitis B
> Infects 350 million people worldwide
> |s a major cause of liver cancer, especially in Asian and African countries

» Causes 59% of liver cancer in developing countries and 23% in developed
countries

The Gambia Hepatitis Intervention Study

» Vaccinated 60 000 children against hepatitis B during 1986-91

> Has already been shown to be effective in reducing the risk of chronic
hepatitis B infection

> |IARC is continuing to study the size of the effect on liver cancer incidence
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Other activities against liver cancer

In developing countries, liver cancer is caused by
> Hepatitis B: 59%
> Hepatitis C: 33%
> Aflatoxin

To control this epidemic, IARC recommends
» Childhood vaccination against hepatitis B
> Reducing dietary exposure to aflatoxin
» Monitoring hepatitis C and its interactions with HIV, hepatitis B, aflatoxin
> Registering new cases of liver cancer
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Screening for cervical cancer, visually

Pap-smear screening has reduced cervical cancer mortality by 70% in North
America, western Europe, Australia, and New Zealand

80% of cervical cancer deaths occur in Africa, southern Asia, and South America
Pap-smear screening is too resource-intensive for these regions

IARC has developed visual screening methods

» Collaborations with national institutions in India, Nepal, Angola, Burkina
Faso, Congo, Guinea, Mali, Niger, Tanzania

> Screening and training materials for 80 000 women
> Estimated to reduce cervical cancer mortality by 35%
» Estimated to have saved tens of thousands of lives annually
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Training and fellowships

Key programmes at IARC since 1966

IARC Summer School
» 78 students from 48 countries in 2007
> 51 students from developing countries, 45 got IARC support
> Course offerings: cancer registration, cancer epidemiology, genetic
epidemiology, and biobanking
Post-doctoral fellowships
> 10-12 per year, over 500 fellows from 60 countries since 1966
» Since 2004 the focus has shifted to junior researchers from developing
countries

Special Training Awardees
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The IARC Monographs

The IARC Monographs are a series of scientific reviews that identify environmental
factors that can increase the risk of human cancer
Each Monograph includes

> Critical review of the pertinent scientific literature

»> Evaluation of the weight of evidence that the agent can increase cancer risks

The Monographs strive to be authoritative

» Complete: all epidemiology studies, all animal bioassays, representative
mechanistic data are considered

> Accurate: text and printed tables are verified by IARC scientists
» Trusted: impartial reviews, no conflicting interests, no interference

The IARC Monographs are unique in that they are developed by experts who
conducted the original research
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A worldwide endeavour that since 1971 has involved
over 1200 scientists from 53 countries
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“The encyclopaedia of carcinogens”

The IARC Monographs evaluate
» Chemical agents and complex mixtures
» Occupational exposures
» Physical agents, biological agents
> Personal habits and household exposures

More than 900 agents have been evaluated
» 108 are carcinogenic to humans (Group 1) Dr Lotenzo Tomats

»> 59 are probably carcinogenic to humans (Group 2A)  Founderof the IARC Monographs
» 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 these agents
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What causes cancer? ... Not everything!

Chemicals in commerce 75,000+
NTP cancer bioassays 500+

Potential carcinogens evaluated

> |ARC Monographs 900+
» CallEPA Proposition 65 identifications 700+
» U.S. EPA IRIS evaluations 500+
> NTP Report on Carcinogens 200+

— Known to be a human carcinogen (54)
— Reasonably anticipated to be a human carcinogen

A few studies have tried to identify broad classes of exposures that cause cancer
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Cancers attributable to identifiable causes in the

United States in 1981

Percent
Tobacco 30
Alcohol 3
Diet 35
Food additives <1
Reproductive factors 7
Occupational exposures 4
Environmental pollution 2
Industrial products <1
Drugs, medical procedures 1
Geophysical factors 3
Chronic infections 10
Unknown ?

Source: Doll and Peto 1981

Range
25-40
24
10-70
(-5)-2
1-13
2-8
<1-5
<1-2
<1-3
24
1-?
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Further research is needed into “unknown” factors

A large number of chemicals that cause cancer in animals are present in the
environment and in the workplace

Numerous chemicals have not been tested for their adverse health effects ... and
fewer still are regulated

Cancer develops from multiple causes, but interactions have hardly been studied
There is little information on women, children, and those with chronic illness

Some special classes

» Hormones and hormone-like compounds: could have effects at very low
concentrations

» Persistent compounds: exposure could continue indefinitely, externally and
internally
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Types of information used to identify carcinogens

EPIDEMIOLOGIC STUDIES

Can provide direct evidence of an association

BUT causation can be difficult to establish and many
exposures cannot be studied
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Types of information used to identify carcinogens

EPIDEMIOLOGIC STUDIES

Can provide direct evidence of an association

BUT causation can be difficult to establish and many
exposures cannot be studied

BIOASSAYS IN EXPERIMENTAL ANIMALS
Can demonstrate causation

BUT the correspondence between animals and
humans may not be clear
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Types of information used to identify carcinogens

EPIDEMIOLOGIC STUDIES

Can provide direct evidence of an association

BUT causation can be difficult to establish and many
exposures cannot be studied

BIOASSAYS IN EXPERIMENTAL ANIMALS
Can demonstrate causation

BUT the correspondence between animals and
humans may not be clear

MECHANISTIC INFORMATION
Can address questions of correspondence

— Are precursor events occurring in humans?
— How do animal results correspond to humans?
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Cancer data are complex but can be
summarized for a general audience

Cancer in
humans

Sufficient evidence
Limited evidence
Inadequate evidence
Evidence suggesting lack

Cancer in
experimental animals

Sufficient evidence
Limited evidence
Inadequate evidence
Evidence suggesting lack

Mechanistic and
other relevant data

— Identify established and
likely mechanistic events

— Determine whether each
mechanism could operate
in humans

of carcinogenicity of carcinogenicity
Overall evaluation
Group 1 Carcinogenic to humans
Group 2A  Probably carcinogenic to humans
Group 2B Possibly carcinogenic to humans
Group 3 Not classifiable as to its carcinogenicity to humans
Group 4 Probably not carcinogenic to humans
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Evaluating human studies

Cancer in

Cancer in

Mechanistic and
other relevant data

humans experimental animals
— Preamble Part B, Section 6(a) T--

Causal interpretation is credible
Chance, bias, or confounding could not be ruled out

Limited evidence

Inadequate evidence Studies permit no conclusion about a causal association

Several adequate studies covering the full range of

‘EdeePce SUggesting — exposure levels are mutually consistent in not showing a
ackor positive association at any observed level of exposure
carcinogenicity

Conclusion is limited to cancer sites and conditions studied
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Evaluating experimental animal bioassays

Cancer in
humans

Mechanistic and
other relevant data

8 Cancer in .
experimental animals

— Preamble Part B, Section 6(b)
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Limited evidence
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Data suggest a carcinogenic effect but: (e.g.) single study,
benign tumours only, promoting activity only

Inadequate evidence Studies permit no conclusion about a carcinogenic effect

Evidence suggesting

lackof
carcinogenicity

Adequate studies in at least two species show that the

agent is not carcinogenic

Conclusion is limited to the species, tumour sites, age at
exposure, and conditions and levels of exposure studied
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Evaluating mechanistic information

Molecular epidemiology; animal research into mechanisms of carcinogenesis
> Biomarkers of exposure
> Biomarkers of effect (pre-cancerous events that are observable in humans)
> Biomarkers of susceptibility

These can help describe a causal pathway in humans
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Exposure

Dose at

| target cell

_| Response at

target cell

\ 4

Tumour
precursors

Y

Tumour

Animal research into mechanisms of carcinogenesis can address the question of

correspondence between human and animal results

Mechanistic information should make it possible to identify carcinogens without

waiting until tumours have developed in humans
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All studies contribute to the overall evaluation

Cancer in
humans

Sufficient evidence
Limited evidence
Inadequate evidence
Evidence suggesting lack

Cancer in
experimental animals

Sufficient evidence
Limited evidence
Inadequate evidence
Evidence suggesting lack

Mechanistic and
other relevant data

— ldentify established and
likely mechanistic events

— Determine whether each
mechanism could operate
in humans

of carcinogenicity of carcinogenicity
Overall evaluation
Group 1 Carcinogenic to humans
Group 2A  Probably carcinogenic to humans
Group 2B Possibly carcinogenic to humans
Group 3 Not classifiable as to its carcinogenicity to humans
Group 4 Probably not carcinogenic to humans
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Overview of IARC classifications

EVIDENCE IN EXPERIMENTAL ANIMALS
Sufficient Limited Inadequate ESLC

Sufficient ¢
Limited gr%%gﬁ@ Group 2B (possibly carcinogenic)
carcmogenlc) (exceptionally, Group 2A)
EVIDENCE Group 2B
IN HUMANS (possibly
carcinogenic)
Inadequate “. .. itis biologically Group 3 (not classifiable)

plausible that agents for
which there is sufficient
evidence of carcinogenicity
in experimental animals
also present a carcinogenic
hazard to humans.”

ESLC Group 4
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Mechanistic data can be pivotal when the
human data are not conclusive

Sufficient

Sufficien

EVIDENCE IN EXPERIMENTAL ANIMALS

Limited

Inadequate

ESLC

exposed humans

classified in Groups 1 or 2A
Group 2B (exceptionally, Group 2A)

EVIDENCE A1 strong evidence in

exposed humans

AN2A belongs to a
mechanistic class

AN2A belongs to a
mechanistic class

IN HUMANS AN2A strong evidence
mecha.nishm also
operates In humans
Inadequate Group 2B Group 3
W3 strong evidence Group 3 Group 3 *4,[ rc—y_onnsilstentl ?tn%
® e s e
o W of mechanistic and
. other relevant data
H ESLC Group 3 roup
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Case study: alcohol drinking and acetaldehyde

Human studies: sufficient evidence

> Clear evidence that alcohol drinking causes cancers of the oral cavity,
pharynx, larynx, and oesophagus (relative risks are about 2-3x)

> Liver cancer: in developed countries alcohol is the main cause; in
developing countries alcohol increases effects of hepatitis B and C viruses

» Breast cancer: Million Women Study (UK) shows that the relative risk of
breast cancer increases 10% for each 10g of alcohol (about 1 drink) per day

> Colorectal cancer: pooled results from cohort studies and a meta-analysis
show that the relative risk increases 40% for consumption of 50g alcohol/day

Animal studies: sufficient evidence

» Ethanol added to drinking water induced hepatocellular carcinomas in mice,
head-and-neck carcinomas in rats, forestomach carcinomas and
osteosarcomas in rats, and mammary carcinomas in female rats
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Case study: acetaldehyde’s role in alcohol risks

The major alcohol-metabolising enzymes are
> ADH, which oxidises alcohol to acetaldehyde
» ALDH, which detoxifies acetaldehyde to acetate

A variant allele (ALDH2*2) is highly prevalent in some Asian groups

Compared with carriers of the genotype that encodes the active enzyme
(ALDH2*1/*1), heterozygous carriers (ALDH2*1/*2) have 10% of ALDH activity and
12 times the risk of esophageal cancer

Homozygous carriers of the variant allele (ALDH2*2/*2) generally abstain from
alcohol because of severe acute reactions

Sources
- Volume 96; Lancet Oncology 8(4): 292-293 (2007)
- Volume 100E; Lancet Oncology 10(11): 1033-1034 (2009)
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Case study: salted fish

Human studies (sufficient evidence)
> Nasopharyngeal cancer: many case-control studies
— risk increases with frequency/duration of salted fish consumption
— risk increases especially for consumption before age 10 yrs
— linked to polymorphism in CYP2E1 (nitrosamine metabolism)

» Stomach cancer (limited evidence): 5 case-control studies all show an
association, but interactions with Epstein-Barr virus and Helicobacter pylori
have not been studied

— Tsugane and Sasazuki (2007) observed this risk with other salty
foods in other populations

> QOesophageal cancer: risk appears to be confounded with alcohol
» Other cancer sites: too few studies for a conclusive evaluation
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Case study: salted fish (continued)

Animal studies (sufficient evidence)
> three studies in rats fed salted fish show an increase in nasal cavity tumours

Hypothesized mechanisms for nasopharyngeal cancer
» Nitrosamine formation
> Reactivation of Epstein-Barr virus

Note: The Working Group focused on studies of “Chinese-style” salted fish, but
there are also positive results from Italy, Japan, Tunisia, USA

Sources
- Volume 56
- Volume 100E; Lancet Oncology 10(11): 1033-1034 (2009)
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Case study: furan

Human studies: none (inadequate evidence)

Animal studies (sufficient evidence)

» Rats: cholangiocarcinomas and mononuclear-cell leukaemia in both sexes;
hepatocellular carcinomas in males

> Mice: hepatocellular adenomas and carcinomas in both sexes

Mechanistic studies
» Furan induces liver-cell proliferation and bile-duct hyperplasia
» Chromosomal aberrations in rodents in vivo
» Gene mutations and sister chromatid exchange, chromosomal aberrations in
rodents in vitro

Overall evaluation: possibly carcinogenic to humans (Group 2B)

Source: Volume 63

| e ey Jy 0=

¢ _&
&)

N

N

+-

r—RABTA: TV

EMIHEITEHAE: GL (FT97EEEH)
B KRR (+ 7 7REERL)
> vk MMETOREENALERMEB MR, #TOF#EENA
> YOR: M4 TOBRESFHRAA
WY SR
> IOV HIRIBIE LB E B A Z iR 5
> IToWBICEITAFRNDEBHARREE
> I(ToWBICBITAEGRTFEELMKFEIAERIRE. FEAKEE
(in vitro)
RO : EMIFLTELAEDATREELHS (JIL—T2B)

H 8 Volume 63




| et Pl

Vio s
‘.
NI

EN

Case study: acrylamide

Human studies (inadequate evidence)
> One study showed a statistically non-significant excess of pancreatic cancer
» Another was too small, short exposure duration, and short follow-up period

Animal studies (sufficient evidence)
> Male rats: peritoneal mesotheliomas and thyroid follicular adenomas

» Female rats: uterine adenocarcinomas; thyroid follicular tumours, mammary
tumours, glial tumours, oral cavity tumours, clitoral gland tumours

> Strain A mice: increased the incidence and multiplicity of lung tumours

Ordinarily, this combination would lead to a classification of possibly carcinogenic
to humans (Group 2B)
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Case study: acrylamide (continued)

Mechanistic studies
> Acrylamide and glycidamide form covalent DNA adducts in rats and mice
» They also form covalent haemoglobin adducts in humans and rats
» Acrylamide induces gene mutations and chromosomal aberrations in vivo
> Acrylamide induces cell transformation in mouse cell lines

This mechanistic evidence led to an upgraded classification of probably
carcinogenic to humans (Group 2A)

Source: Volume 71
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Case study: heterocyclic amines and benzo[a]pyrene

Human studies

> Sufficient evidence for several mixtures of heterocyclic amines and for
several occupations involving exposure to heterocyclic amines

— Mixtures include soot, coal-tar pitch

— Occupations include chimney sweeping, coal gasification, coal-tar
distillation, coke production, paving and roofing with coal-tar pitch,
aluminium production

> Inadequate evidence for benzo[a]pyrene and for other individual compounds

Animal studies

> Sufficient evidence of lung tumours and skin tumours for benzo[a]pyrene, for
several other heterocyclic amines, and for several mixtures

> Limited evidence for some heterocyclic amines
> Inadequate evidence for some heterocyclic amines
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Case study: heterocyclic amines and benzo[a]pyrene
(continued)

Diol epoxide mechanism (lung and skin tumours)
> Metabolism: PAHs - oxides and dihydrodiols —> diol epoxides
— Oxides form stable DNA adducts
— Diol epoxides form stable and depurinating adducts

> Both stable and depurinating adducts are formed with guanines and
adenines, which can induce mutations (e.g., in ras proto-oncogenes)
strongly associated with tumorigenesis

» Some PAH diols, oxides, and diol epoxides induce tumours in animals

Radical cation mechanism (skin tumours)
» One-electron oxidation creates radical cations

> These result in depurinating DNA adducts with guanines and adenines,
which generate apurinic sites that can induce mutations in ras proto-
oncogenes
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Case study: heterocyclic amines and benzo[a]pyrene
(continued)

Overall evaluations

> Benzo[a]pyrene, with inadequate evidence in humans and sufficient
evidence in animals, was upgraded from Group 2B to Group 1 on the basis
of strong mechanistic evidence in exposed humans

» This is an example of mechanistic data allowing the identification of human
carcinogens that cannot be studied as single agents in epidemiologic studies

» Three heterocyclic amines with sufficient evidence in animals were upgraded
from Group 2B to Group 2A

» Two heterocyclic amines with limited evidence in animals evidence were
upgraded from Group 3 to Group 2B

Sources
- Volume 92; Lancet Oncology 6(12): 931-932 (2005)
- Volume 100F; Lancet Oncology 10(12): 1143-1144 (2009)
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Key points about IARC’s approach

The IARC Monographs use a graded approach to assessing the level of evidence
> This reflects how scientific evidence accumulates
» This is useful in communicating the level of evidence to general audiences

The IARC Monographs are encourage the use of mechanistic information
> Established and other likely mechanistic events are identified
» A cancer hazard can be identified based on mechanistic evidence alone

Transparent, written procedures
» Process for developing Monographs
> Selection of experts and avoidance of conflicting interests
> Scientific principles that guide evaluations

Re-evaluations when new information becomes available
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Known and suspected carcinogens associated with
some foods

There are several sources of carcinogens in foods

YV V VYV YV V VY

The food or beverage itself
Naturally-occurring chemicals
Pesticide residues

Food contaminants

Food additives

Food packaging

Cooking methods
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Some carcinogenic foods and beverages

Alcohol drinking (Group 1)

» Causes cancer of the oral cavity, pharynx, larynx, oesophagus, colorectum,
liver, and female breast

» Acetaldehyde associated with alcoholic beverages
» Risks are much higher for those with reduced ALDH capacity

Salted fish (Group 1)
» Evaluation was based on studies of “Chinese-style” salted fish
» Some positive results also from Italy, Japan, Tunisia, USA

Pickled vegetables, traditional Asian style (Group 2B)
> Suggestions of cancers of the stomach, oesophagus, and nasopharynx

Areca nut (Group 1)
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Some carcinogenic chemicals that
occur naturally in some foods

Possibly carcinogenic to humans (Group 2B)
> Acetaldehyde: found in ripe fruit; also used as a flavouring agent
» Caffeic acid: found in many fruits, vegetables, and spices
» Safrole: found in sassafras root and other plants; has pesticidal properties
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Pesticides whose residues are found in some foods

Probably carcinogenic to humans (Group 2A)

>

Captafol — widely used fungicide

Possibly carcinogenic to humans (Group 2B)

>
>
>

>
>
>

Fumigants: ethylene oxide, propylene oxide, DBCP (in soil)
Fungicides: chlorothalonil

Herbicides: chlorophenoxy herbicides, sodium methanearsonate and
disodium methanearsonate, nitrofen, sulfallate

Insecticides: chlordane, heptachlor, DDT, dichlorvos, kepone, lindane, mirex
General-use pesticides: pentachlorophenol
Breakdown products of pesticides: chlorendic acid

Some of these are banned but still persist in the environment; exposure can occur
through contaminated drinking water and following uptake by food crops
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Pesticides whose residues are found in some foods
(continued)

Some evidence of carcinogenicity, but not classified as carcinogens
> Atrazine (Group 3, but a priority agent for future IARC Monographs)

Special difficulties in evaluating pesticide risks
> Most toxicity studies are not publicly available

» Farmworker studies generally involve complex exposures to multiple
pesticides

» Consumers cannot identify specific pesticides for dietary studies
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Food contaminants

Carcinogenic to humans (Group 1)
> Aflatoxins: contamination occurs during hot, humid conditions
» Hormones: used in raising cattle

Probably carcinogenic to humans (Group 2A)

»> Ethyl carbamate (urethane): occurs in fermented foods, in alcoholic
beverages (up to 12 ppm), soy sauce (up to 20 ppb), bread (2 ppb)

» Polychlorinated biphenyls (PCBs): contaminated fish (fatty tissue) is the
most common dietary source today
— 3,4,5,3,4'-pentachlorobiphenyl (PCB-126) is carcinogenic to humans
— Yusho rice-oil contamination by PCBs and PCDFs
Possibly carcinogenic to humans (Group 2B)
» Other mycotoxins: fumonisin B1, ochratoxin A
> 1,1-Dimethylhydrazine: breakdown product of Alar (plant growth regulator)
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Food additives

Probably carcinogenic to humans (Group 2A)
> Nitrates and nitrites:
— Used to preserve and to colour processed meats
— These react in the stomach to form carcinogenic N-nitrosamines
— This reaction can be inhibited by vitamin C and other antioxidants

Possibly carcinogenic to humans (Group 2B)
> Acetaldehyde
— Used as a flavouring agent

— Acetaldehyde associated with alcoholic beverages is carcinogenic to
humans (Group 1) based on studies of aldehyde dehydrogenase

Some evidence of carcinogenicity, but not classified as carcinogenic
> Artificial sweeteners (priority agents for future IARC Monographs)
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Case study: ingested nitrates and nitrites
— Volume 94; Lancet Oncology 7(8): 628-629 (2006)

The epidemiologic studies were perplexing

> Nitrate in food: no observed cancer risk, especially among people with the
highest nitrate intake (frequent consumers of vegetables and fruits)

> Nitrate in drinking water: not informative, but studies were few and
concentrations were low

» Nitrite in food: consistent, positive associations with stomach cancer; the
strongest associations were in people with high nitrite and low vitamin C
intake

Mechanistic data described the endogenous nitrate cycle

> Ingested nitrate (NO;) is reduced to nitrite (NO,’) by oral bacteria

> This raised even more questions, as there should be little difference between
nitrate in food and nitrite in food
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Case study: ingested nitrates and nitrites (continued)
— Volume 94; Lancet Oncology 7(8): 628-629 (2006)

Mechanistic data described the endogenous nitrate cycle
> Ingested nitrate (NOy) is reduced to nitrite (NO,’) by oral bacteria

> Nitrite reacts with amines and amides in the stomach to form N-nitroso
compounds

» These reactions can be inhibited by the presence of vitamin C or other
antioxidants
Conclusion

> Ingested nitrate or nitrite under conditions that result in endogenous
nitrosation is probably carcinogenic to humans (Group 2A)
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Food packaging

Some evidence of carcinogenicity, but not classified as carcinogenic

> Bis(2-ethylhexyl)phthalate (DEHP): (Group 3, but under consideration for
Volume 101, Feb 2011)

> Bisphenol A
» Perfluorooctanoic acid (PFOA)
— Found in virtually everyone’s blood serum

— Uncertainty about dominant source of exposure: water pollution,
food packaging, cooking

— High-priority agent for future IARC Monographs
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Some carcinogens formed through cooking

Polycyclic aromatic hydrocarbons (PAHS)
» Found in toasted cereals and grilled meats
» Benzo[a]pyrene is carcinogenic to humans (Group 1)

Probably carcinogenic to humans (Group 2A)
> Acrylamide: formed when carbohydrates turn golden or brown

Possibly carcinogenic to humans (Group 2B)
» Furan: heat-induced
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IARC will soon evaluate some food carcinogens

Volume 101: Some Industrial Chemicals, Food Contaminants, and Water
Chlorination Byproducts (15-22 Feb 2011)

Naturally-occurring chemicals
» Cumene: occurs in many foods derived from vegetable and animal sources

Food contaminants

> 3,3,4,4'-tetrachloroazobenzene: manufacturing byproduct present in some
herbicides; dioxin analogue

» alpha-Chlorohydrin (3-MCPD), 1,3-dichloro-2-propanol: byproducts from
acid hydrolysis of proteins, found at high levels in artificial soy sauce

> 2-Methylimidazole, 4-methylimidazole: byproducts found in fermented foods
and in caramel colouring

» 2,4-Hexanedial: byproduct from oxidation of polyunsaturated fatty acids;
also enters foods as a water pollutant
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IARC will soon evaluate some food carcinogens
(continued)

Volume 101: Some Industrial Chemicals, Food Contaminants, and Water
Chlorination Byproducts (15-22 Feb 2011)

Food additives
» Benzophenone: flavouring agent

> Dbeta-Myrcene: flavouring agent; also occurs naturally in some essential oils
> Methyleugenol: flavouring agent; also occurs naturally in some essential oils

Food packaging

> Bis(2-ethylhexyl)phthalate (DEHP): (Group 3, but a priority agent for future
IARC Monographs)

All these chemicals have induced cancer in rats or mice in recent bioassays from
the U.S. National Toxicology Program
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Priority agents for future IARC Monographs

Process for identifying high-priority agents
> 1ARC posted a Call for Nominations from the general public (Feb-June 2008)
» 51 nominations were received

> |ARC convened an Advisory Group of 15 scientists from 9 countries to
review nominations and make recommendations (June 2008)

Result

> After discussion of the information and public health importance of all
nominations, Advisory Group members came to consensus on high and
medium priority agents

> The Advisory Group identified 21 high priorities and a similar number of
medium priorities

Source: Lancet Oncology 9(8): 708 (2008)
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High-priority agents for future IARC Monographs

Acetaldehyde

** Acrylamide and furan

** Bitumen

Carbon-based nanomaterials
Crystalline fibres other than asbestos
Growth hormone

Iron and iron oxides

Malaria

** Motor vehicle exhausts
Nucleoside-analogue antiviral drugs
Outdoor air pollution

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 cancer bioassays

Never before reviewed
** Most pressing priorities
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Food-related high-priority agents for
IARC Monographs after Volume 102

High priorities recommended by the 2008 Advisory Group
> Acetaldehyde
> Acrylamide
» Furan
> PFOA

High priorities suggested by Volume 100
> Salted fish, generally
» Polychlorinated dioxins, dibenzofurans, and biphenyls
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How do we manage risks: two approaches

CLINICAL APPROACH PREVENTIVE APPROACH

Identify a population where adverse  ldentify pollutants and exposure pathways
health effects are suspected where adverse health effects are
suspected

Clinically monitor that population for ~ Use animal experiments to identify adverse

signs of disease health effects caused by these pollutants
If signs of disease are observed, Set health-based standards for these
identify the causative agents agents

Reduce exposure if indicated Reduce exposure to below these

standards ... whether or not adverse health
effects have been observed in a population
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Why are decisions about environmental carcinogens
sometimes controversial?

Environmental decisions are often preventive, in that actions are taken based on
reasonable inferences from the data rather on direct observation of adverse health
effects in a population

Environmental decisions intend to protect against small risks that are not likely to
be observed even among those most highly exposed

The health risks and the economic costs generally affect different segments of the
population

Cancer data can be extremely complex, and sometimes only a small number of
specialists can participate effectively in controversial debates about the meaning of
the data
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The way forward

Cancer research is as needed today as it was 50 years ago
> The global cancer burden is high and continues to increase
» Hundreds of new chemicals are introduced into commerce every year
» There is concern about interactions of small exposures to multiple chemicals

Evaluation agencies (like IARC) must continue to identify potential carcinogens
» Evaluation priorities should reflect public health priorities
» New chemicals should be evaluated when information is available

> Increased understanding of cancer mechanisms should make it possible to
identify carcinogens without waiting until tumours have developed in humans

» Evaluations must be performed by experts with no conflicting interests

Regulatory agencies should continue to monitor new research and follow a
preventive approach
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