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Group 1 Agents Identified by the International Agency for Research on Cancer

No of Additional Volumes
V100 Class of Agent Agents | V105 V106 V107 V109 Total
A Pharmaceuticals 23 23
B Biological agents 11 11
C Arsenic, metals, fibres and dusts 10 10
D Radiation 18 18
E Personal habits and indoor combustions 12 12
F Chemical agents and related occupations 33 12 1b 2¢ 2d 39
Total 107 113 |

aTrichloroethylene
bDiesel Exhaust
cPolychlorinated biphenyls (PCBs) and Dioxin-like PCBs

dOutdoor air pollution and particulate matter from outdoor air pollution
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Tumour Site Concordance Database

« Currently includes 95 Group 1 agents identified through
Volume 106, excluding 11 biological agents and ‘all radiation’

* Includes tumour sites for which there is sufficient evidence of
carcinogenicity in humans (12 agents placed in Group 1
without sufficient evidence in humans through ‘mechanistic
upgrades’)

* Includes tumour sites for which there is sufficient evidence of
carcinogenicity in animals (25 agents do not have sufficient
evidence in animals according to IARC weight of evidence
criteria)
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Coding of Tumours Occurring
in
Animals and Humans
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Coding of Tumours Occurring in Animals and Humans (1 of 2)

Organ System Sites Coded from Volume 100 (A,B,C,D,E and F¥)
Upper aerodigestive tract and respiratory system Larynx
Lip
Lower respiratory tract (larynx& trachea& lung)
Lung
Mesothelium
Nose
Oral cavity
Pharynx
Tongue
Digestive system Bile ducts (intrahepatic & extrahepatic)
Digestive tract
Gallbladder
Liver
Pancreas
Salivary gland
Nervous and endocrine systems Adrenal gland NOS
Adrenal medulla
CNS
Eye
Pituitary gland
Thyroid

Urinary system Kidney
Urinary tract/urothelium
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Coding of Tumours Occurring in Animals and Humans (2 of 2)

Organ System Sites Coded from Volume 100 (A,B,C,D,E and F¥)

Lymphoid and hematopoietic systems Haematopoietic tissue
Leukaemia NOS
Lymphoid tissue

Skin and connective tissues Hard connective tissue
Skin
Soft connective tissue

Female breast, and female reproductive organs and Breast
Endometrium

reproductive tract
Lower reproductive tract

QOvary
Uterus
Male reproductive system Prostate
Testis
Other groupings All cancers combined |

Solid cancers
Solid tumours aside from lung

39 tumour sites
9 organ and tissue systems
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Tumour Site Concordance Database
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Table 3. Abstraction of Information on Animal and Human Tumours for Group 1 Agents in the IARC Monographs (adapted from Lajoie et al., 2012)

Sties with sumicient Sitas with imiled | Agent lested in
Valume| Apant N0 Agant avidence In humans avidence In experimenta | Speces Sile Histology Study!Ganded Sirain/Exposure route
numans animals -
imamura et al. (1972) (Vol 26 p. 51), MF, C&FBL, s.C.;
2 W Hodghin tysapte, Casay el &. (19680) (Vol 26 p. 52), M, New Zealand
1004 3 Azathioprine skin S&;g;t:;f call Azafhicprine Mcuse thymus lymphoma Biack_Lm.: Casey et &. (19588). (Vol 26 p.62),M,
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Immune-supprassion
related non Hoogkin
v ingrm hensaecl iy wnrmgﬂc;-uke
1008 25 Epsiain-Bar virus NI T-call iymphoma 33; cin 6ma
(nasal typa), Hoogkin Bt
ymghoma. gasinc carcinoma)
nasopharyngeal
carcnoma
Dimethylarsinic DMAV: Tokar et &. (20123), M, CD1, dw.; Sodium
acks (DMAY], bronchioio- arsenfte: Waakes at al. (2003), F, CAHHeNCr, In
100G a5 Arsenic and Inorganic | lung, urinary bisdoar, Kidnay, iver, | Monomethyiarso Niisin ung SR utero; Waalkes et al. (2006a), M, CD1, In ulerg; Tokar
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(MMAN, Sodium (2012), M, CD1, In utero; MMAJIL Tokar at al. (2012b),
arsenite M, CD1, In utera
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3 DR, TN Srso DEmIEI- ¥Yin et & (1834), NR, Kunming, LL.; Liang i al. (1963),
e % rrgommm;s;r?:, lung co soctsrant | Mowes king C;';C;a;a M, Kunming, 5.c.; Liang et al. {1584), M, Kunming, 5.C.
scute
Iymphocyic
laukaema,
chraonec
Acute mysioid 25 - ~ 1 : "
100F B0 Barzane leukaamia’ acute non- rvrrnh~cﬁc Banzane Mouse thymus lymphoma yiwela (19&,',.‘ M, ‘;:wm_f"‘.""f“ e
Y MpNCCYIC IEUKETIE leukasmia, (1884), F, CE7E¥E BNL, Inh.
muipia
myecioma, non
Hoogkin
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ishinishi et al. (1986), MF, F344, Inh.; Maudery &l al.
Whole diesal D.'mcm:llb (1886, 1967 ), MF, F344, Inn.; wal et al. {1886), F,
V106 108 Engine Exhaust, diasa Lung Urinary bisoder angine exhaust Rat Lung sveoiar F344, Inn.; Hainrich et 3L (1895), F, Wisliar, inh;
- i carcinoma Nisula at al. (1995), F, F344, inh.; wa at al. (2000), F,
Fa44, Inh.
. N : X non-Hoaghin's | _ i 4 ; rerai-call NTP (1990), M, F344'N, g NTP (1968), M, Osbome-
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Distribution of Tumour Sites
In Animals and Humans
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Number of Group 1 Agents Inducing Tumours in Humans
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Number of Group 1 Agents Inducing Tumours in Animals

Cancer sites reported in

B Both humans and animals
B Humans only
B Animals only

|| 100A: Pharmaceuticals
.| 100C: Arsenic, metals, fibres, and dusts

M 100D: Radiation

M 100E: Personal habits and indoor
combustions

M 100F": Chemical agents and related
occupations (includingdiesel and
exhaust, and some chlorinated agents)

The lung is the
most frequently
affected site in
animals



Number of Group 1 Agents Inducing Tumours in Mice
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Number of Group 1 Agents Inducing Tumours in Rats

Cancer sites reported in

B Both humans and animals
B Humans only
B Animals only

| 100A: Pharmaceuticals
.| 100C: Arsenic, metals, fibres, and dusts

@ 100D: Radiation

M 100E: Personal habits and indoor
combustions

B 100F": Chemical agents and related
occupations (includingdiesel and
exhaust and some chlorinated agents)

The lung is the

most frequently

affected site in
rats



‘Heat Maps’ of Tumour Concordance
in Animals and Humans
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Strong Associations Visually Apparent

in Heat Maps

Heat maps linking the strength of the association
between Group 1 agents and different tumor sites
identified particularly strong associations between
asbestos and lung tumours, between Pu-239 and
skin tumours, and between 2-napthylamine and
urinary tract/uroendothelial tumours, where in
each case the same tumours are induced in humans
and in four animal species.
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Animal and Human Concordance
based on
Organ and Tissue Systems
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Number of Group 1 Agents Inducing Tumours in Humans

Volume

"1 100A:
] 100C:

M 100D:

B 100E:

Pharmaceuticals
Arsenic, metals, fibres, and dusts

Radiation

FPersonal habits and indoor

combustions

MW 100F":

Chemical agents and related

occupations (including diesel and

exhaust and some chlorninated agents)

Tumours of the upper
aerodigestive tract and
respiratory system are most
frequently seen in humans



Number of Group 1 Agents Inducing Tumours in Animals

Volume

.| 100A: Pharmaceuticals
[ 100C: Arsenic, metals, fibres, and dusts

B 100D: Radiation

B 100E: Personal habits and indoor
combustions

B 100F": Chemical agents and related
occupations (including diesel and
exhaust and some chlorninated agents)

Tumours of the upper
aerodigestive tract and
respiratory system are most
frequently seen in animals




Number of Group 1 Agents Inducing Tumours in Mice

Volume

"1 100A:
] 100C:

M 100D:

B 100E:
combustions

M 100F:
occupations (including diesel and

Pharmaceuticals
Arsenic, metals, fibres, and dusts

Radiation

FPersonal habits and indoor

Chemical agents and related

exhaust and some chlorninated agents)

Tumours of the skin and
connective tissue are most
frequently seen in mice



Number of Group 1 Agents Inducing Tumours in Rats

Volume

"1 100A:
] 100C:

M 100D:

B 100E:

Pharmaceuticals
Arsenic, metals, fibres, and dusts

Radiation

FPersonal habits and indoor

combustions

MW 100F":

Chemical agents and related

occupations (including diesel and
exhaust and some chlorninated agents)

Tumours of the upper
aerodigestive tract and
respiratory system are most
frequently seen in rats
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Visual Patterns Apparent in Heat Maps

Heat maps linking the strength of the association
between Group 1 agents and organ tissue systems
identified the upper aerodigestive tract and respiratory
system as the system in which tumours were induced by
Group 1 agents most often in both humans and animals.

X-rays and gamma radiation affected 7 of the 9 tissue
and organ systems in both animals and humans.

Tobacco smoking affected multiple organ and tissue
systems in humans.
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Selected Quantitative
Measures of Concordance
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Table 8. Kappa Statistics with 90% Confidence Intervals for
Concordance Analyses 1 and 2: Humans and Individual Animal Species

Analysis 1: Concordance by Site

Site Mouse Rat Hamster Dog Primate
Fiiiia 0.2 -0.38 0.6
(-0.17, .56) (NE, 0.42) (—-0.18, NE)
: 1. -0.33
Mesothelium (—0.06. NE) (NE. 0.77)
-0.14
Nose (NE, 0.62)
. 0.66
Thyroid (~0.01. NE)
N 0.37 0.5
Hard connective tissue
e T (~0.05, 0.84) (~0.28, NE)
, 0.38 0.19
Skin
(0, 0.68) (-0.9, 0.68)
Lower reproductive tract -
Group Kappa Fair Substantial
Slight 0.01-0.20 Moderate Almost Perfect

Concordance for lung tumours between humans and any animal species

highest for Group 1 agents in Volumes 100 C,D and E (data not shown)




Table 8. Kappa Statistics with 90% Confidence Intervals for
Concordance Analyses 1 and 2: Humans and Individual Animal Species

Analysis 2: Concordance by Organ System

Organ System Mouse Rat Hamster Dog Primate
Upper aerodigestive tract and respiratory system 0.17 L 013 0.33 0.5
PP g P sy (-0.2,0.53) | (0.15, 0.71) | (-0.45,0.51) | (-0.32,0.89) | (-0.43, NE)
Nervous and endocrine system s
(0.04, NE)
Urinary system 0.12 0.23 1. 0.5
vy (~0.05, 0.12) (—0.29.0.76) | (~0.03.NE) | (~0.43. NE)
) ) -0.07
Lymphoid and haemopoetic system (NE. 0.45)
. 0.51 017
Female breast reproductive organs and tract
P g (0.07.0.75) | (~0.14, 0.6)
Group Kappa Fair 0.21-0.40 Substantial
Slight 0.01-0.20 Moderate 0.41-0.60 Almost Perfect




Concordance Between Mice and Rats

 Qverall concordance between mice and rats in 266 NTP
bioassays was 74% (Haseman et al., 1986)

« Gold et al. (1989) reported a similar overall concordance
between mice and rats of 76% in 392 experiments in their
Carcinogenic Potency Databases

* Piegorsch et al. (1992) determined that, considering
experimental error, the maximum observable concordance
IS limited to about 80% under the NCI/NTP bioassay
protocol
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Concordance Analysis ...
a Work in Progress

Draft of December 18, 2013
Concordance between Animal and Human Tumours:

An Analysis of 109 Agents Known to Cause Cancer in Humans

Robert Baan®, Vincent Cogliano’, Kurt Straif®, Christopher Portier®,
Michael Bird'?, Julian Little* & Jan M. Zielinski®*’

Carcinogenesis’ which convened in Lyon April/November 2012
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Tumour Mechanisms Database

« Similar database of tumour mechanisms currently being
finalized (database includes information from outside
Volume 100)

* Analysis of 24 mechanistic endpoints derived from in vitro
and in vivo animal and human studies underway

« Analysis of 10 major mechanisms also underway
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