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How Do We Assess Human Health Risks?

e Relies heavily on laboratory animal data

e Relies on extrapolations, inference methods,
safety factors, etc

Animal Biology = Human Biology

Effects found at high animal doses predict
effects at environmental levels of exposure

Current animal assays provide adequate
coverage for predicting effects on human
health including susceptible groups



Ten Most Prevalent Tumor Sites in Rodents
(http://potency.berkeley.edu/pathology.table.hitml

Rats (N=564 carcinogens) Mice (N=442 carcinogens)
No. of No. of
Positive Positive
Site Chemicals % Site Chemicals %
Liver 222 40 Liver 254 57
Mammary gland 107 19 Lung 121 27
Kidney 94 17 Stomach 69 16
Stomach 88 16 Vascular system 64 14
Hematopoietic system 57 10 Hematopoietic 54 12
Lung 58 10 Kidney 27
Urinary bladder 52 9 Mammary gland 22
Nasal cavity / turbinates 50 9 Thyroid gland 21 5
Ear / Zymbal's gland 42 7 Urinary bladder 12 3
Esophagus 37 7 Uterus 12 3




Quantitative Chemical Potency (QCP) Matrix*
Rat 2-Year Chronic/Cancer Data
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ToxRef Database - Searchable relational
database populated with detailed animal
toxicity endpoints
-Contains summary phenotype
data from detailed animal
studies gathered by on pesticide
active ingredients.
-Will be used to support toxicity
predictions from ToxCast

JOrgancthiophosphate IParathion

Organothiophosphate cPhemyl)

*All data used in this analysis were derived from acceptable OPPTSIOECD
health effects guideline studies but have not undergone internal QC

Pesticide Rodent Tumor ToxRef Database
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Rat Tumor Distribution (219 Pesticides)
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Liver Tumors
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Ten Most Prevalent Tumor Sites in Humans (NCI
SEER Cancer Statistics Review 1975-2005)

Site Incidence/100,000
Prostate (male) 163
Breast (female) 126
Lung & Bronchus 79
Colon and rectum 59
Urinary bladder 37
Skin melanoma 25
Lymphoma™* 24
Corpus uteri (female) 23
Kidney & Renal pelvis (male) 18
Oral cavity and pharynx 16

***Non-Hodgkin's lymphoma; !age-adjusted to 2000 US population



Mode of Action (MoA) Data in Risk
Assessment
What have we learned?

Data from rodent assay in isolation is inadequate
to predict human hazard

Actio Da’ra

Tumors predictive of human hazard:
-Significant species differences i
response?

Appropriate dose response
extrapolation method?



Approach: MoA/Human Relevance Framework

History

E\Zﬁpﬁfﬁﬁfcé?,?&,zom MoA = Plausible hypothesis

Framework for Evaluatinga | with measured key events

g\aorct':?ng‘; Action for Chemical |\ detailed molecular

TLST 2003

e Framework for human
relevance analysis of
information on carcinogenic
modes of action

TLST 2005

o Extends Framework fo
noncancer outcomes & life
stage information

IPCS 2006 & 2008 Key Event: Critical, Rate

» Adopts Human Relevance Limiting, Quantifiable
Framework




Reasons for a Framework Approach to
MOA & Human Rrelevance

e Provides Transparency

clarifies extent of weight of evidence as a basis
for decision making

not prescriptive but designed to organize
information

e Ensures Rigor of Evaluations & Consistency
of Documentation

e Aids in Identification of Critical Data or
Research Needs

basis for iterative dialogue between risk
assessors/researchers



Sufficient Weight of Evidence to Establish
MoA in Animals?

e Weight of evidence for a toxicological response in
experimental animals

e Postulated MoA (theory of the case)

e Experimental support for key events
Concordance of dose-response relationships
Temporal association

Strength, consistency and specificity of association of
toxicological effect with key events

Biological plausibility and coherence
e Other possible MoAs
e Uncertainties, inconsistencies, & data gaps



Animal MoA . Animal MoA
(& related e\fiii;r:\fewsed?: it:ioet\‘r Relevan.'r
endpoints) Not ; (or Potentially)
to establish the
Relevant to Humans : : to Humans
MoA in animals?

Data Insufficient to
Characterize MoA

Are the key events in the

Animal MoA Animal MoA plausible
(& related events) in humans?
Specific to
Test Species
aking into account kinetig Animal-Human
N & dynamic factors, are Comparability
MoA Unlikely in key events in animal Indicates Human
Humans due to MoA plausible Relevance
Quantitative in humans? (or Possible

Differences

Relevance)

No Need to Continue Cort Nk
Risk Assessment for ontinue Ris
this Endpoint Assessment




Q2 & 3 Concordance Analysis: Melamine

Key Event  Animals Humans
Urinary Yes YES. data on toxicokinetics
concentration would help better define the
adequate for likelihood
precipitation
Formation of Yes YES. But probability in humans
calculi unknown
Urothelial Yes YES. But risk would be reduced
damage & due to anatomical differences

regeneration

Urothelial tumor | Yes No epidemiological evidence, but
formation may well simply be that
exposure is not sufficient to
produce a response




Mode of Action & Rodent Liver Tumor's
Pesticide Database

e Types of non-genotoxic hepatocarcinogens
typically encountered
Mitogenesis & clonal expansion of preneoplastic
foci
e Nuclear receptor activation (e.g., PPARa, CAR)

o Associated with P450 modulation (may not
necessarily be a key event)

o [perturbation of hormonal balance, which may or
may not be due to a receptor-mediated process]

Chronic cell injury & death, regeneration,
compensatory hyperplasia



An Example of MoA Human Relevance
Framework Approach

e Dose response & temporal concordance
of key events & tumors

e Presence of sustained toxicity

histopathology (necrosis and/or
aI:op‘rosis) with or without enzyme
changes (possibility of other
markers)

e Sustained increased cell divisions

measured by BrdU labeling index
and/or cell humber, may need to
collect data in a zonal way

e Evaluation & elimination of other modes
of action including DNA reactivity
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increase in hepatic cell replication rates. All of
persisted from the time they were first observed ur
the study at 50 weeks. They occurred in a dose-depe|
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tumors were increased in the cancer bioassay. Ther]
no-effect level of 200 ppm. The changes seen in t
consistent with the development of liver cancel
the basis of the mode of action. When the major 1
thiamethoxam, CGA322704, CGA265307, and CG/
tested in dictary feeding studies of up to 20 weeks
metabolite CGA330050 induced the same changes a
the liver in the thiamethoxam feeding study. It was ¢
thiamethoxam is hepatotoxic and hepatocarcinoger
of its metabolism to CGA330050. Metabolite CG
also shown to be an inhibitor of i
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posed that CGA265307, through its effects on nit
thase, exacerbates the toxicity of CGA3I3MNS0 in t
treated mice.
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Thiamethoxam (CGA293343;
-methyl-[1.3,5]oxadiazinan-4-yl

3-(2-chloro-thiazol-5-ylmethyl)-
) was shown
an 18-month
methoxam was not hepatocarcinogenic in 5
Thiamethoxam is not genotoxic, and, given the late life generation
of mouse liver tumors, suggests a time-related progression of key
hepatic events that leads to the tumors. These key events were
identified in a series of studies of up to 50 weeks that showed the
time-dependent evolution of relatively mild liver dysfunction
within 10 weeks of dosing, followed by frank signs of hepatotox-
icity after 20 weeks, leading to cellular attrition and regencrative
hyperplasia. A metabolite, CGA33005(0, was identified as gener-
ating the mild hepatic toxicity, and another metabolite,
CGA265307, exacerbated the i v by inhibiting in-
ducible nitric oxide synthase. This combination of metabolite-
generated hepatotoxicity and increase in cell replication rates is

nactulatad ac the made af action far thismethavamoeslated manee

Thiamethoxam is a neonicotinoid insecticide that has been
¢ tested in animal models for short- and long-term
toxicological effects. An increased incidence of liver mors
was seen in male and female Tif:MAGT mice when fed in the
diet for 18 months at concentrations up to 2500 ppm. In marked
contrast, there were no increas

in cancer incidences either
in the liver, or at any other site, in rats fed on diets containing
up to 3000 ppm thiamethoxam for two years. Furthermore,
thiamethoxam was not genotoxic.

Previous articles in this series reported the development of
a mode of action for the mouse-specific liver wmorigenesis
(Green et al., 2005a), as well as an explanation for the species
differences in response and metabolism between the rat and
the mouse and the significance of these species differences to
human health (Green et al., 2005b). Given that a well-defined
mode of action can be described for the thiamethoxam-related
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* Liver tumors at 18 months in male &
female mice

* No liver tumors in rats

* Not genotoxic
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Thiamethoxam Mouse

Liver Tumors

Is the weight of
evidence sufficient
to establish the
MoA in animals?

Are the key events in the
Animal MoA plausible

in humans?

aking into account kinetic
& dynamic factors, are
key events in animal
MoA plausible
in humans?




Key Metabolic

Pathway:
Metabolite 50 Thiamethoxam
l Cholestek&Biosynthesis CGA-330050

T Liver “Dysfunction” i'
CGA-265307

Metabolite 07 Hepatotoxicity
(sustained)

inhibition of _ _
INOS I Ce” PI’O|IfeI’atI0n ........ > Neop/aS/a
(sustained)



Human Relevance Framework: Q 1. Weight of
Evidence Sufficient to Establish MoA

p Experimental Support: Dose Response Concordance
(Thiamethoxam Dietary Study)

Key Event (Green et a/., 2005) LOAEL

Generation of Critical Metabolites

Generation of Liver "Dysfunctional” | > 500 ppm

Changes

> 500
Sustained Hepatotoxicity ; PP
Sustained Cell Proliferation > 500 ppm

*Only Metabolite "50" results in the same key
events as found after thiamethoxam treatment



Time Course of Changes in the Livers of Mice Fed on Diets
Containing Thiamethoxam at Carcinogenic Dose Levels

Study Week

1-10 Liver dysfunction: Decreased protein synthesis, glycogen and lipid
accumulation, reduced cholesterol

10-50 Sustained Hepatoxicity: Increased ALT/AST, fatty change,
pigmentation. Inflammatory cell infiltration. Single cell necrosis,
iIncreased apoptosis.

20-50 Sustained Increase in Cell Proliferation

50-80 Neoplasia



Metabolict & Hepatic Events Leading to Mouse Liver Tumors
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Thiamethoxam

e Strength, Consistency, Specificity of Association
Well-defined measured effects with dose response
concordance

Role of specific metabolites & time-dependent progression
of hepatic lesions consistently seen including two strains
of mice but not in rats

Metabolite 7 shown to inhibit INOS & exacerbate iINOA-
dependent carbon tetrachloride hepatoxicity

e Biological Plausibility & Coherence

Regenerative proliferation associated with persistent
toxicity well established MoA for different agents &
tissues

e Other MoAs

Not a DNA reactive mutagenic

Cytochrome P-450 induction, peroxisomal beta oxidation,
and oxidative stress were considered experimentally &
shown.not to be viable



Thiamethoxam Mouse

Liver Tumors

Is the weight of
evidence sufficient
to establish the
MoA in animals?

Are the key events in the
Animal MoA plausible

in humans?

aking into account kinetic
& dynamic factors, are
key events in animal
MoA plausible
in humans?




Comparative Metabolism of Thiamethoxam in Rats &
Mice Following Dietary Administration - Plasma metabolites

20-

ug/ml plasma

Week 1 Week 10 Week 50 Week 1 Week 10 Week 50
Mouse 2500 ppm Rat 3000 ppm
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Concordance Table for Thiamethoxam

Key Events Mouse Rat Human
. " Yes but Yes but
i\eer;-ert')cgli:gsof drified Yes quantitative quantitative
° differences differences
c tion of Li No, insufficient Leufficiont
eneration of Liver , nsufficien
"Dysfunctional” Changes Yes Metc;l;))?lll‘re 50" (in vitro)
Inhibition of Inducible Insufficient | ..
Nitric Oxide Synthase Yes Metabolite AT UTERAL
(INOS) "g7" 07" (in vitro)
Sustained Hepatotoxicity Yes No NE dcﬁfe?;T Lol
Sustained Cell Proliferation Yes No NOUSIC;IIZISUT
Tumors Yes No No data but

unlikely




Animal MoA . Animal MoA
(& related e\fiii;r:\fewsed?: it:ioet\‘r Relevan.’r
endpoints) Not ; (or Potentially)
to establish the
Relevant to Humans : : to Humans
MoA in animals?

Data Insufficient to
Characterize MoA

Are the key events in the

Animal MoA Animal MoA plausible
(& related events) in humans?
Specific
to Test Species
aking into account kinetig Animal-Human
N & dynamic factors, are Comparability
MoA Unlikely in key events in animal Indicates Human
Humans due to MoA plausible Relevance
Quantitative in humans? (or Possible

Differences

Relevance)

No Need to Continue Cort Nk
Risk Assessment for ontinue Ris
this Endpoint Assessment




Contribution of MoA Human Relevance
Framework

e Promotes Use of All Relevant Data

Helps Identify Kinetic & Dynamic
Differences Between Species

More appropriate predictions & dose

response extrapolation methods

Delineates Types of Data that are
Preferred over Defaults

e Supports moving tfoward a more
mechanistic approach




For more information: Mode of Action &
Human Relevance Framework

e ILST RSI Website
http://www.ilsi.org

2003: Meek et al. A framework for human relevance analysis of
gné‘of)r'gmla'ggg on carcinogenic modes of action. Crit Rev Toxicol

2005: Seed et al. Overview: Using mode of action and life stage

information to evaluate the human relevance of animal toxicity data.
Crit Rev Toxicol 35:664-672

e IPCS Harmonization Website
http://www.who.int/ipcs/methods/harmonization/index.html

2001: Sonich-Mullin et al IPCS conceptual framework for evaluating
a mode of action for chemical carcinogenesis. Regul Toxicol
Pharmacol 34:146-152

2006: Boobis et al IPCS framework for analyzing the relevance of a
cancer mode of action for humans. Crit Rev Toxicol 36:781-792

2008: Boobis et al. IPCS framework for analyzing the relevance of a
non-cancer mode of action for humans. Crit Rev Toxicol. 38:87-96




