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|IARC Monographs, Volume 100
A Review of Human Carcinogens

e Scope of volume 100
e Update the critical review for each carcinogen in Group 1
e |dentify tumour sites and plausible mechanisms
e Compile information for subsequent scientific publications

e The volume was 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)



Special Report: Policy
A review of human carcinogens—Part C: metals, arsenic, dusts,

and fibres
L
Group 1agent Tumour sites (or types) forwhich Othersiteswith  Established mechanistic events
there is sufficient evidence in limited evidence
humans in humans
Arsenic and inorganic arsenic Lung, skin, urinary bladder Kidney, liver, Oxidative DNA damage, genomic instability, aneuploidy, gene amplification, epigenetic effects,
compounds prostate DMA-repair inhibition leading to mutagenesis

Beryllivm and beryllium compounds
Cadmium and cadmium compounds

Chromium (V1) compounds

Nickel compaounds

Asbestos (chrysotile, crocidolite,
amosite, tremolite, actinolite, and
anthophyllite)

Erionite

Silica dust, crystalline in the form of
quartz or crystobalite

Leather dust
Wood dust

Lung
Lung
Lung

Lung, nasal cavity, and paranasal

sinuses

Lung, mesothelioma, larynx, ovary

Mesothelioma

Lung

Nasal cavity and paranasal sinuses

Prostate, kidney

Masal cavity and
paranasal sinuses

Colorectum,
pharynx, stomach

Nasal cavity and paranasal sinuses, -

nasopharyrx

Chromosome aberrations, aneuploidy, DNA damage
DNA-repair inhibition, disturbance of tumour-suppressor proteins leading to genomic instability

Direct DNA damage after intracellular reduction to Cr(Ill), mutation, genomic instability,
aneuploidy, cell transformation

DNA damage, chromaosome aberrations, genomic instability, micronuclei, DNA-repair inhibition,
alteration of DNA methylation, histone modification

Impaired fibre clearance leading to macrophage activation, inflammation, generation of reactive
oxygen and nitrogen species, tissue injury, genotaxicity, aneuploidy and polyploidy, epigenetic
alteration, activation of signalling pathways, resistance to apoptosis

(enotoxicity

Impaired particle clearance leading to macrophage activation and persistent inflammation

Table: Metals, arsenic, dusts, and fibres assessed by the IARC Monograph Working Group

Straif et al on behalf of the WHO IARC Working Group, Lancet Oncol, 2009
Baan et al on behalf of the WHO IARC Working Group, Lancet Oncol, 2009



Lung carcinogens, IARC Vol 100C

Agent

Human
avidence

Sufficient human
evidence

limited human
avidence

Sufficient animal evidence

Arsenic and inorganic
arsenic compounds

S

lung, blagder, =kin

kidney, liver, prostate

Ingrganic compounds:
lung, bladder, liver, adrenal

Beryllium and

inhalation, instilation: lung

beryllium compounds lung ingestion, local: bone

Cadm_mm and lung prostate, kidney Cd compounds: lung, testis, prostate,
cadmium compounds

Chromium (Vi) lunig nose, nasal sinus lung, oral cavity, Gl tract, local-site

compounds

Nickel compounds

ung, nose, nasal
sinus

lung, adrenal tumours, local-site

Asbestos, all forms of
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lung, mesathelioma,
arynx, ovary

colorectum,
pharynx, stomach

lung, mesothelioma

Crystalline silica dust,
quartz or crystobalite

lung

S: Quartz Lung (rats)
Lymphomas (Tats 1.th, 1pl. 1. p.; mice s.c.)
L:Tndymite- and cristobalite




Lung carcinogens, IARC Vol 100F

Human Established
Agent evidence | sufficient human evidence |limited human evidence | mechanistic events
Soat (chimney 5 Skin, lung. Urinary bladder. izenotoxic (moderate)
SWeeps)
Coal gasification S Lung izenotoxic (strong)
Coke production S Lung izenotoxic (strong)
Coal-tar pitches 5 Lung Bladder izenotoxic
Alurmninium zenotoxic (weak-to-
production B Jrinary bladder, lung. maoderate)
Iren and steel L
founding 5 Lung izenotoxic (weak)
BCME, CMME g Lung Zenotoxic _n15u:"|ar'|sl.r“
imoderate 1 strong]
Strong inocrganic
acid mists S Larnynx ~ung
Painting S Mesothelioma, urinary Childhood |E.J|'iE|E'I'I1I..3 Genolnxic {sireng)
oladder, lung maternal exposure)
Rubber-mfety g Leukaemia, lymphoma, Prostate, oesophagus, Genotonic (sirong)

industry

urinary bladaer, lung, stomach

arymy




Bladder carcinogens, IARC Vol 100F

Agent

Humamn
evidence

sufficient evidence in
humans

limited evidence

im humans

sufficient evidence in animals

Mouse: liver (HCC), bladder, angicsarcoma {all

d-Aminobiphemnyl S Urinary bladder sit=s).
Ciog: bladder.
- : Mouse: liver (HZC)
Benzidine S Urinary bladder Ret: mammary gland.
Diyes metabolized to | Inadequate evidence Direct Black 22, Blue &
benzidine 9 Rat liver (HOC)
MCHZ A | Inadequate evidence Rat: lung, Fver, mammary gland.
Mouses: liver.
. . Rat: bladder.
2-Maphthylamine S Urinary bladder Dog: biadder.
fonkey: bladder.
o-Toluidine 5 Urinary bladder M-:ll.-.IEuE"E hasmangioma + haemangiosarcoma.
Rat: urimary bladder, etc
Auramine production Urinary bladder .= auramine, Wichler's ketone, hdichler’s base
-= C1 Basic Fed 9 (para-magenta)
Magenta producticn 5 Urinary bladder Mouse: liver (HCCZ)
Rat: thyroid, Zymbal gland., lung. skin (fibroma).
Soot (as found in —_ . - o
chimney sweeps) s Skim, lung. Urinary bladder |-= PAHs
Coal-tar pitches s Lumg Urinary bladder |Mouss: skin
Aluminium 5 Urinary bladder, lung. -= PAHs
production
N Mesothelioma, urinary |childhood o
Fainting 5 bladder, lung leuksemia -= individual agents
Leuksemia, lymphoma, |Frostate,
Rubber imdwustry s urinary bladder, lung, cesophagus, -3 individual agents

stomach

larynx




Upper respiratory tract, IARC Vol 100

Agent

Sufficient human
evidence

Limited humamn
evidence

Sufficiernt animal
evidence

Mickel compounds

lung, nose, nasal sinus

lung, adremal tumours

Cr {Vl} compounds

lung

noss, masal sinus

lung, oral cavity, Gl tract

Wood dust, (Furniture &
cabinet-making)

nasal sinus,
nasopharnynx

Leather dust (Boot &
shoe mfcet & repair)

nasal sinus

Formaldehyde

Masopharynx,
leukaemia.

Faranasal sinuses.

Rat nasal cavity.

Isopropanalal mfctr

Masal cawvity

Asbestos, all forms

lung, mesothelioma,
larynx, ovary

colorectum,
pharynx, stomach

lumg, mesothelioma

Strong inorg. acid mists

Larynx

Lung

Rubber industry

Leukaermia, iympohoma,

bladder, lung, stomach

Frosiate,
gesophagus, lanynx
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Boot & shoe mfct & repair, leather dust

Consistent and strong evidence from descriptive and case-control
studies for increased risk of sinonasal cancer in the boot and shoe
industry.

Very large excess risks particularly for sino-nasal adenocarcinoma.
Excess highest among workers with leather dust exposure.
Evaluation

There is sufficient evidence in humans for the carcinogenicity of
leather dust. Leather dust causes sinonasal cancer.

There are no data in experimental animals for the carcinogenicity of
leather dust.

Overall evaluation

Leather dust is carcinogenic to humans (Group 1).



Lymphohematopoietic cancer, IARC Vol 100

Sufficient human
evidence

limited human evidence

Established mechanistic events

Benzene

AMLAMLL

ALL, CLL, MM, MHL.

Genotoxic (sirong)

1,3-Butadiene

Lymphohaematopoietic
CaNCers

Genotoxic mechanism (sirong)

Ethylens oxide

Lyrmphohasmatopoistic cancers
[specifically lymgphoid tumours, ie,

MHL, MM and CLL), breast cancer.

Genoatoxic mechanism (sirong)

Masal: genatoxic and cellular

carcinoma, NHL

Formaldehyde Nai-:upr'ar_-.-"ux. Faranasal sinuses. replication (strong).
Leukasmia. : ,
Leukasmia: genotoxic (moderate).
23 78-TCDD All cancers combinad Sofi-tissue sarcoma, non-Hodgkin Receptor-mediated mechanism
lymphoma, lung
Painting Mesothelioma, urinary Cf'!lll:l.hl:n:ll:l leukasmia, matemal Genotoxic {sirong)
bladder, lung painting
Rubber-mfctg Lgukaemla. lymphoma, - 1
: urinary bladder, lung, Prostate, cesophagus, larynx Genotoxic (sirong)
industry .
stomach
HEV hepatocellular cholangiocarcinema, inflammation, liver cirrhosis,
carcinoma MHL chranic hepatitis
HeV hepatocellular chalangiacarcinoma inflammation, liver cirrhosis,

lver fibrosis




Formaldehyde and leukemia
IARC Monograph Volume 29 (1982)

Mortality study: in male pathologists a statistically significant
Increase In lymphatic and haematopoietic neoplasms was seen (8
cases observed, 3.3 expected) (Harrington & Shannon 1975)

IARC Monographs Supplement 7 (1987)

Mortality from leukaemia, predominantly of the myeloid type, has
been found consistently to be higher in five studies of professional
groups (embalmers, pathologists, anatomists). The absence of
excesses for these cancers among industrial workers, however,
argues against a role of formaldehyde.




Formaldehyde and leukemia (11)

IARC Monograph Volume 62 (1995)

Mortality study of 4000 embalmers/funeral directors. PMR for
cancer of the lymphatic and haematopoietic system 1.3 (95%
Cl, 1.1-1.6; 100 deaths) (Hayes et al 1990)

IARC Monograph Volume 88 (2006)

Increased risks for leukaemia have been consistently
observed in studies of professional workers (embalmers,
funeral parlour workers, pathologists, anatomists) and in two
of three of the most relevant studies of industrial workers.




Formaldehyde and leukemia (111)

IARC Working Group for Volume 88: there is strong but not
sufficient evidence for a causal association between leukaemia and
occupational exposure to formaldehyde. On the basis of the data
available at this time, it is not possible to identify a mechanism for
the induction of myeloid leukaemia in humans.

New epidemiological information: Mortality study among
embalmers (Hauptmann et al., JNCI, in press)
OR (95% CI)

NELE 1.0
Ever 11.2 (1.3-95.6)

Years worked

o) 1.0

0-20 5.0 (0.5-51.6)

20-34 12.9 (1.4-117.1)

>34 13.6 (1.6-119.7) p for trend, 0.02




New mechanistic information (Zhang et al., CEBP, in press)

Molecular epidemiology study among formaldehyde-exposed

workers and matched controls in China:

- total white blood cell counts and numbers of lymphocytes,
granulocytes, platelets and red blood cells were lower In
exposed workers; consistent with bone-marrow toxicity.

- haematopoietic progenitor cells of exposed workers showed
monosomy of chromosome 7 and trisomy of chromosome 8;

this type of aneuploidy is characteristic of leukemia.
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Zhang et al., Fig 4 Monosomy 7 Trisomy 8




Skin cancer, IARC Vol 100

Coal-tar distillation, soot , mineral oils, shale oils
e  Sufficient evidence for skin cancer
Solar radiation

e BCC, SCC (accumulated solar skin damage)
e Melanoma (intermittent exposure)

Welders

Six case-control studies reported on welding and ocular melanoma.

« All found a positive association, strong association in 3 studies, each of
which related specifically to working as a welder or sheet metal worker

e Evidence of a dose-response relationship in 3 studies

Sufficient evidence for ocular melanoma in welders.
e Welders also exposed to other harmful agents, UV radiation?



Asbestos and Ovarian Cancer

year %o
Author publication Reference SMR (95% C1) Weight
. I
Acheson 1982 17 ‘ —:—#— 275({1.49 5.06) 9.41
Acheson 1982 17 i - E 1.48(0.55, 3.96) 537
Gardner 1986 18 — T 111 (0,30, 4.17) 343
Mewhouse 1989 19 —'l'—i 1.08 (0.63, 1.85) 1050
Rosler 1994 20 =+ : 1.09 (020, 6.01) 224
Tarchi 1994 21 ' + 476 (087, 2593) 227
Germani 1999 22 E + 526({1.71, 16.14) 4.45
Germani 1999 22 : o 540(2.01, 1450) 535
Berry 2000 23 : b 253(1.24 515) B8.07
Szeszenia-Dabrowska 2002 2d + ' 0.79 {0.05, 11.70) 0.97
Mamo 2004 25 : 1.28(0.07, 24.15) 0.82
Wilmynska 2005 26 - 176 (0.82, 3.76) 7.48
McDonald 2006 7 - 1.80({0.94 3 45) 885
Fira 2007 29 : - 283(1.32, 6.05) 7.48
Hein 2007 ch + E 0.62(0.26, 1.50) 6.20
KMagnani 2007 28 1 227 (112, 463) B8.04
Reid 2009 30 > : 065 (005 877) 1.04
Loomis 2009 32 b : 1.23(0.680, 251y B8.03
Owverall (l-squared = 34 9%, p = 0.072) <::> 1.87(1.42, 2.45) -100.00
]
MOTE: Weights are from random effects analy sis E
T2 o2 e

RR estimate

Camargo et al (subm.)



Group-1 agents with less than
sufficient evidence in humans

Ethylene oxide (vol 60, 1994, Vol 97, 2007)
2,3,7,8-Tetrachlorodibenzo-para-dioxin (vol 69, 1997)
Neutrons (vol 75, 2000)

Gallium Arsenide (Vol 86, 2003)

Benzol[a]pyrene (vol 92, 2005)

Dyes metabolized to benzidine (Vol 99, 2007)

MOCA (Vol 99, 2007)
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i

N

2,3,4,7,8-pentachloro-dibenzofuran and
3,3',4,4’ 5-pentachloro-biphenyl (Vol 100F, 2009)
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Dioxin (2,3,7,8-TCDD), Vol 100F

Dioxin (2,3,7,8-TCDD) classified in Group 1 based on I/mited evidence in
humans, sufficient evidence in rodents, and strong evidence in humans
and animals for a mechanism via initial binding to the aryl hydrocarbon
receptor (AhR), which leads to changes in gene expression, cell
replication, and apoptosis (Vol 69, 1997)

Now: Sufficient epidemiological evidence for all cancers combined (Vol 100F)

TCDD first agent classified initially in Group 1 based on mechanistic upgrade,
to be later confirmed by increased cancer incidence in humans.

Like TCDD,
e 2,3,4,7,8-pentachlordibenzofuran and
e 3,3,4,4, 5-pentachlorobiphenyl (PCB-126) are
e complete carcinogens in experimental animals,
e extensive evidence for the same AhR-mediated mechanism.

The Working Group classified these two chemicals in Group 1



Volume 100 compiled information for
subsequent scientific publications

e Tumour Site Concordance between Humans and Animals

Increase understanding of the correspondence across
species

Identify human cancer sites without good animal models

e 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
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