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- Introduction

— Some definitions
- MoEs for Chemicals that are Genotoxic and Carcinogenic

— An example, and lessons

— Exposure assessment is hard

— Evaluation of the urgency of an MoE depends on the exact definition
- A model to evaluate variability and uncertainty of MoEs

- The greater uncertainty — thousands of chemicals with virtually no health
effects or exposure information

— Steps towards rapid computation of MoEs using in vitro and in silico
methods.
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g T MoE: Margin of Exposure
The ratio of two factors which assesses for a given population
the dose at which a small but measurable adverse effect is first

observed and the level of exposure to the substance considered.
(EFSA)

Health-related dose (e.g., BMDL )

Exposure-related dose (e.qg., population median dose)

MoE =

Example
BMDL,, = 10 mg/kg/day
Target (human) population median dose = .01 mg/kg/day

10 mg/kg/day
~ 0.01 mg/kg/day

Target (human) population 99" percentile dose = .2 mg/kg/day
10 mg/kg/da
Mokt =422 g/|<g/c| =50
.2 M d
JKIEay

MoE = 1000
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Differences among entities or states of an entity attributable
to heterogeneity. Variability is an inherent property of nature

and may not be reduced by measurement. (US EPA)
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Lack of knowledge concerning an event, state, model, or
parameter. Uncertainty, unlike variability, may be reduced
by research or observation. (US EPA)
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St el e Chemicals Evaluated

1,3-Dichloro-2-propanol
1 Methylcyclopropene
Impurities

Acrylamide

Aflatoxin B1

BaP in PAHs

Benzene

Ethyl carbamate
Furan

Leucomalachite green
Methyleugenol

PhIP

Sudan |
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Health-related dose = BMDL,, for cancer endpoints deemed relevant
to humans.

Uncertainties:
« Statistical:
« Estimation error, given a model
* What is the right model?
» Biological
» Which cancer endpoints are relevant to humans?



N Chemical

1 methylcyclopropene
impurities

Aflatoxin B1

Benzene

Ethyl carbamate

Endpoint

Nasal carcinoma in male rats

Hepatocellular carcinomas

Female rat zymbal gland
carcinoma

Alveolar/bronchiolar adenoma and
carcinoma in mice

Exposure Scenario

Scenario A, average

beverage

Mean from food (no
alcohol)

\[e]=

600,000

2,000,000

20,000

Leucomalachite green |Female mouse hepatocellular average 4,000,000
carcinomas

PhIP Prostate ventral carcinoma 80,000
]  [Germany,max | 500
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HIGH-THROUGHPUT CHARACTERIZATION OF
MoOEsS
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Vision: Transforming Toxicity Testing

Standard rodent Alternative Biochemical- and cell-based
toxicological tests animal models in vitro assays

10-100/year 100-10,000/year >10,000/day

Human experience
1-3 studies/year

Immediate human relevance

Citation: Science. 2008 Feb 15;319(5865):906-7.

Toxicology. Transforming environmental health protection.

Collins FS, Gray GM, Bucher JR.

Source

National Human Genome Research Institute (NHGRI), National Institutes of Health, Bethesda, MD 20892,
USA.



http://www.ncbi.nlm.nih.gov/pubmed?term="Gray GM"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Collins FS"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Gray GM"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Bucher JR"[Author]

"EPA tttttt . Goals for High Throughput Exposure

Age

- Incorporate multiple models into consensus predictions
for 1000s of chemicals

- Evaluate/calibrate predictions with available
measurement data across many chemical classes

- Empirically estimate uncertainty in predictions
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How it Works: ToxCast Innovative

Hundreds of
< | | chemicals put
el ¢ . . 5, on well plate
Uses 96-, 384-,
1536 Chemical
Well Plates

Stimulus

Human cells are put
on wells with
chemicals to
determine potential
interactions with
biological processes

Which of the chemicals being screened have the
highest potential for certain toxicity (ie:
Disrupting the endocrine system)
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BPAD: HT Effects Component
for Screening & Prioritization

Pharmacodynamics

Adverse Effect
IMOA< ] s

;

Key Events

Toxicity Pgthway
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Biological Pathway Activating
Concentration (BPAC)
Probability Distribution

H

Pharmacokinetics

Probability Distribution
for Dose

that Activates
Biological Pathway

Dose-to-Concentration
= Scaling Function (C./DR)
Probability Distribution

‘f‘**

™ Populations
PK Model

I

Plasma Protein

Intr|n8|c Binding

Clearance

Judson, et al. 2011
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Apply calibration and uncertainty to

/EDsp other chemicals
Chemicals < - j
N\
QSARs and

HTE Data

Estimate Calibrate

Uncertaintyl models

Biomonitoring
Data . Exposure
Inference

Dataset 1

Inferred (Reverse) Exposure

Vv

Model 1 |:> Forward Predictions ﬁ)

Model 2 <
Evaluate Model Performance

] and Refine Models
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NHANES Chemicals

B Organophosphorus Insecticides @ Organophosphate pesticides
B (Other Pesticides O PAHs
O Organochlorine Pesticides B Environmental Phenols
B Sulfonyl Urea Herbicides O DEET
- B Phthalates B Carbamates
O Parabens E Herbicides
B Dithiocarbamate Pesticides B Pyrethroid Pesticides
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NHANES Chemicals
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Chemical Rank by One-Sided Upper 95% Credible Limit in "Total' Demographic

¢ 6-11 Year Olds * Total

- Chemicals currently monitored by NHANES are distributed throughput the
predictions

- Chemicals with the first and ninth highest 95% limit are monitored by

I \HANES
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- MoOE definition

— Numerator and denominator definition and level of concern derivation
are co-dependent

— Uncertainty includes:
- Ambiguity of definition
- Statistical uncertainty of numerator and denominator

- The “usual” uncertainties about health effects and exposure
assessments.

- Conventional Application
- Rapid Assessment
— Effects assessed through high-throughput assays, modeling
— Assess exposure through chemical use & occurrence data, modeling,
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-« MoE, Margin of Exposure:

ratio of two factors which assesses for a given population the dose at
which a small but measurable adverse effect is first observed and the
level of exposure to the substance considered. (EFSA)

- Variability:
Differences among entities or states of an entity attributable to

heterogeneity. Variability is an inherent property of nature and may not
be reduced by measurement. (US EPA)

- Uncertainty:

Lack of knowledge concerning an event, state, model, or parameter.
Uncertainty, unlike variability, may be reduced by research or
observation. (US EPA)



US NRC report

Major challenge is too
many chemicals and not
enough data

Total = 65725
No tox data = 46,000

sk Assessment and the Chemical Universe

US National Research Council, 1984

C Size of Estimate Mean Percent
ategory Category Inthe SelectUniverse
Pesticides and Inert
Ingredients of Pesticides 3,350
Formulations
10 24 2 26 38
Cosmeticl ngredients 3’410 I._
2 14 10 18 56
Drugs and Excipients 1815
Used in Drug Formulations 4
18 18 3 36 25
Food Additives 8'627 I.l-_
5 14 1 34 46
Chemicals in Commerce:
At Least 1 Million 12,860
Pounds/Year
Chemicals in Commerce:
Less than 1 Million 13,911
Pounds/Year
Chemicals in Commerce:
Production Unknown or 21,752

Inaccessible

10 8 82

Complete Partial
Health Health
Hazard Hazard
Assessment Assessment
Possible Possible

Minimal Some No Toxicity

Toxicity Toxicity Information
Information Information Available
Available Available

(But Below Minimal)
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- Since 1984 not much
progress has been made

- TSCA Inventory = 75,000
« REACH Inventory = 150,000

- US & Canadian estimates of
about 30 thousand
substances in commercial use

Judson et al (2009) estimated
that there are ~10,000 high
priority chemicals

For these high priority
chemicals most lack adequate
studies
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