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Can we at least agree on the basic
reasons for toxicity testing?

@ Get the necessary information about chemicals
and products to safeguard human and
environmental health by using

appropriate test systems to evaluate the
responses to chemicals, together with .....

robust interpretive tools to extrapolate from
test systems (animals or human cells in vitro)
to humans or species in the environment
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A key question:

What do we need to know?

* Any possibility of response? *
- labeling, categorization

 Expected likelihood of response at a given dose?
- risk assessment

 No reasonable likelihood of response?
- safety assessment

* however, cf. Paracelsus
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“The quality of risk analysis will improve as the
quality of input improves. As we learn more
about biology, chemistry, physics, and
demography, we can make progressively better
assessments of the risks involved. Risk
assessment evolves continually, with
reevaluation as new models and data become
available.”

n

“Science and Judgment in Risk Assessment
(National Research Council, 1994)



Key Definitions in the New EPA Cancer Guidelines

Default — A generic approach, the use of which must be justified on the basis
of the lack of adequate chemical-specific data

Mode of Action - “a sequence of key events and processes, starting with
interaction of an agent with a cell, proceeding through operational and
anatomical changes, and resulting in cancer formation.”

Biologically Based Dose-Response (BBDR) Model — “predictive tool used
to estimate potential human health risks by describing and quantifying the
key steps in the cellular, tissue and organismal responses as a result of
chemical exposure.”



Value of Mechanistic Data
for Risk Assessment

* |dentify
— Key biological (precursor) events
— Human relevance of animal findings
— Dose response for extrapolation
— Life stage susceptibilities
* Understand

— Common pathways of toxicity (cumulative
risk assessment)

* Promote

— Consistent harmonized approaches to risk
assessment for all health endpoints



Parallel Efforts to Understand How Compounds caused Effects

MODE-OF-ACTION STUDIES
(1970’s to the Present)

@ Vinyl chloride metabolites and liver cancer (Gehring)
@ Saccharin and bladder tumors (Cohen)

@ Formaldehyde induced nasal tumors (CIIT)

@ Hydrocarbon nephropathy

@ Dioxins

@ Arsenic



USEPA/IPCS Mode of Action Framework

Postulated mode of action
— l|dentify sequence of key events on the path to cancer

Experimental support
— Concordance of dose-response for key events with that for tumors
— Temporal relationships for key events & tumors

Biological plausibility & Coherence
Strength, consistency & specificity
Other modes of action

Identify uncertainties

Conclusion



ILSI/IPCS Human Relevance Framework

* Adjunct to Mode of Action analysis

— Comparability or concordance analysis of the key events &
relevant biology between the laboratory species & humans

— extended human relevance analysis to include mutagenic
carcinogens & noncancer end points

* Based on three considerations:
— |Is the Weight of Evidence sufficient to establish a MOA in animals
(MOA Framework)?
— Are the key events in the animal MOA plausible in humans?
— Taking into account kinetic/dynamic factors, is the animal MOA
plausible in humans?



AOPs help bring something new to the table

Chemical-agnostic response-response relationships

chemical > molecular > cellular > tissue > organism
properties target response response response
\ J
|

Molecular Initiating Event Identify key events

Toxicity pathway

|
Mode of action

|

Adverse outcome pathway



Mode-of-Action Directed Risk assessment
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Some Examples of Mode-of-Action Directed
Risk Assessments at USEPA

Alachlor - “ .. a margin of exposure (MOE) approach (indicative of a
non-linear dose response) should be used for the risk assessment.”

Alachlor
. =
bwser

SEPA Chloroform —“ .. a nonlinear approach is more appropriate for

TOXICOLOGICAL REVIEW

or low-dose extrapolation.”

CHLOROFORM
(CAS No. 67-66-3

Tn Support of Summary Information on the
Tutegrated Risk Information System (IRIS)

Cacodylic Acid — “. .. nonlinear default approach (i.e.,
derivation of a reference dose or margin of exposure) is
regarded as the more appropriate dose response
extrapolation approach...”

Froparadby:




Additional Applications of Mode of Action in Risk Assessment

Application

Examples

Determination of human relevance

Atrazine, MTBE (USEPA)

Cross-chemical extrapolation

Vinyl fluoride (IARC)

Criterion for cumulative risk assessment

Organophosphates (USEPA)

Precursor/biomarker selection

Liver weight (USEPA)

Harmonization of cancer/noncancer approaches

Perchlorate (USEPA)

Selection of dosimetric approach

Vinyl chloride, EGBE (USEPA)

Development of CSAFs

Boron and compounds (USEPA)

Development of BBDR model

Formaldehyde (USEPA)
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Hierarchy of Dosimetric Approaches:

Changing Nature of Uncertainty

Generic Default
Categorical Default
Data-Derived Uncertainty Factor
Chemical-Specific Adjustment Factor
Physiologically Based Pharmacokinetic Model

Biologically Based Dose-Response Model
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Animal
Bioassay

Human
Exposure

Decision Analysis Framework
for Methylene Chloride

Species
Pharmacokinetics

— Applied —

> PB-PK —

Human
Pharmacokinetics

— Applied —

—» PB-PK —

(Clewell et al. 2008)

Dose Response
Model

Species
Internal
Dose

—> MLE ——

—> LMS —

— Other

Species to Human
Pharmacodynamics

Human
Internal
Dose

Body
Surface

Body
Weight

Risk
per
Dose

Target
Dose



Methylene Chloride

Tree Diagram

Species
Pharmacokinetics

Applied

0.2

Weighted average
of unit risk = 2.1x107

PB-PK

0.8

(Clewell et al. 2008)

Human
Pathway
Pharmaco-
Species to Human —Kinetics _ MFO
Pharmacodynamics 0.2
PB-PK GST
0.7 0.7
Body Surface \ DCM
0.3 0.1
Applied
0.3
MFO
0.2
PB-PK GST
0.7 ~ 0.7
Body Weight DCM
0.7 0.1
Applied
0.3
MFO
0.2
PB-PK GST
1.0 0.7
Body Surface DCM
0.2 0.1
Applied
0.0
MFO
0.2
PB-PK GST
1.0 0.7
Body Weight DCM
0.8 0.1
Applied
0.0

Unit
Risk

5.64e-5
1.45e-6  CPSC
1.45e-6
3.48¢e-6 OLD EPA
4.46e-6
1.15e-7
1.15e-7
2.75e-7  FDA
1.06e-5
5.55e-7 NEW EPA
6.38e-6
n/a
8.4e-7
4.38e-8 USAF
5.04e-7

n/a



Unit Risk Distribution for DCM
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Relative Impact of Decisions on Risk
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Comparison of virtually safe concentrations for
trichloroethylene in drinking water

Dashed lines indicate approaches that are not recommended.
Broader solid line identifies the preferred approach based on biological plausibility.
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(Adapted from Clewell and Andersen, 2004)



Tiered Approach for 215t Century Risk Evaluation
—Tier 1

Human In Vifro
Pharmacokinatic Assays

Monselective, Nonselective, Selective-Acting and IVIVE Maodeling
Mongenotoxic Chemicals Genotoxic Chemicals Chemicals

Conservative First

(Thomas et al. 2013)



Tiered Approach for 215t Century Risk Evaluation
- Tier 2

Nonesiactie, Nonsalecive, Canndoode: Salactivs-AcEng
Nongenoiode Chamicals Chemicals Chamicals

Shor-term In Vivo Short-term In Vivo In Vivo Studies to
Transcriptomic Transcriptomic Confirm Mode-of-
Studies Studies Action In Vive and In Vitro
Pharmacokinetic Studies
and Modeling

Aszess Human
Relevance

Refined Second Order

Estimate Point-of- Estimate Point-of- Estimate Point-of- Human Exposure
Departure Departure Departure Characterization

Tier 2
MOE =X WOE <X X
= = L
Values (Thomas et al. 2013)

Tiar 3 Tasting (Staneiard G uidelns Tosdelly Shadls - |



