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Number of chemicals and
combinations of chemicals is
extremely large (>20,000
substances on active TSCA
inventory)

Traditional toxicity testing is
expensive and time consuming

Traditional animal-based
testing has issues related to
ethics and relevance

Role of New Approach Methods
(NAMs) to inform these
decisions
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It All Starts With Chemistry...
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Bisphenol A

80-05-7| DTXSID7020182 &

https://comptox.epa.gov/dashboard

» Chemical structure database of >700,000 unique substances with QC flags to
link chemical structure with names and identifiers

« Consensus QSAR models for a range of physical chemical properties,
environmental fate, and hazard characteristics

« Comprehensive physical-chemical property database (experimental and

predicted)
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SEPA ToxCast and Tox21: Adding the

s High=-Throughput Hazard Screening
Component

| L] [

~600 Cell & ~30 Cell &

biochemical ~1,000 biocherical ~8,000 :
. S lochemica . e
lochemica oS 2] Chemicals | & =0 Chemicals
assays assays
Y - sy
Set Chemicals | Assays | Completion %_Mg? § &
/AN
ToxCast Phase | 293 ~600 2011
ToxCast Phase Il 767 ~600 2013 EQ’& Enviromental Hoakth Sclences
ToxCast Phase Il 1001 ~100 Ongoing o \ TOX 7 /
%)
E1K (endocrine) 880 ~50 2013 8 -/" '\@_C =meNMIEWnVM
)
Q
(04

Concentration
National Center for
Computational Toxicology




United States

| - Broad Success Derived from High-
W Throughput Screening Approaches

Prioritization of Chemicals
for Further Testing

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Provide Mechanistic
Support for Hazard ID

1.2

Carcinogenicity of perfluorooctanoic acid, 1 [*3es
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,

and 1,3-propane sultone %
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0.4 .

Carcinogenicity of tetrachlorvinphos, parathion, malathion, . o,
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genicity of the organophosphate
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(tble). These ssessments will be

rodents). Tetrachlorvinphos is banned
in the European Union. In the USA,
it continues to be wsed on animals,
including in pet fles colars.

For parathion, sssociations with
cancers in several tissues  were
observed in occupational studics,

diszinon were classified as “probably
carcinogenic to humans™ (Group 4]
Malathion is used in agriculfure, public
health, and residential insect contral.
It continues to be produced in
substantial volumes thioughout the
world. There is limited evidence in

Carcinogenicity of lindane, DDT, and

2,4-dichlorophenoxyacetic acid

In june 2015 76 experts from
13 countries met 3t the Intemational
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Immuncsuppressive effects that can
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control  of Insect-bome  diseases
dunng workl War 2 subsequently
1t was widely applied 1o eradicate

blood or adipose taken In adulthoad:
howeves, the passible Importance of
early-life exposure to DDT remalns.
unesoived. Studles on nor-Hodgkin
mphoma and cancers of the liver
and testls provided limited evidence
In humans for the cardnogenicity
of DDT.

®o0, 23

e List1 e List2 e EDSPUniverse o Reference Chemicals

FIFRA SAP, Dec 2014

IARC Monographs 110, 112, 113

Assays/Pathways

National Center for
Computational Toxicology




SEPA Application of High-Throughput Assays to
messaes . ldentify Potential Endocrine Disrupting Chemicals

Agency

[ 18 In Vitro Assays Measure ER-Related Activity ] ° Use mu Itl ple assays per
pathway
electerinerecir —Different technologies
_ —Different points in
pathway
weemel« No assay is perfect

—Assay Interference
—Noise

- Use model to integrate
assays

- Model creates a
composite dose-
response curve for each
chemical to summarize
results from all assays

roliteration
Judson et al., Tox Sci. 2015 @
Browne et al., ES&T. 2015
Kleinstreuer et al., EHP 2016
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for Increased Biological Coverage

Gene Coverage

B ToxCast
Not in
= ToxCast
Thousands of chemicals Multiple Cell Types
Pathway Coverage* ?ﬁ
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Requirements:

* Low cost * 384 well

At least one gene from . Whole genome « Automatable

pathway represented
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wEPA Beginning to Address Metabolic

United States
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Competence

“Extracellular” “Intracellular”
Approach Approach
Chemicals metabolism in the media or Capable of metabolizing chemicals
buffer of cell-based and cell-free assays inside the cell in cell-based assays
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More closely models effects of hepatic More closely models effects of target
metabolism and generation of circulating tissue metabolism
metabolites

v

Integrated approach to model in vivo
metabolic bioactivation and detoxification

Collaboration with Unilever
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Adding the High-Throughput

Toxicokinetic Component

EPA ToxCast Phase |
and Il Chemicals
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Metabolism Protein Binding

v

Population-Based
IVIVE Model
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Individuals of Both Sexes
from 20 to 50 Yrs Old
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» Currently evaluated ~700 ToxCast Phase | and Il
chemicals

» Models available through “httk” R package
(https://cran.r-project.org/web/packages/httk/)

In Vitro Potency
Value
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Steady State Plasma

—
Plasma . Exposure Concentrations
Concentration Route Equivalent to /In Vitro
v Bioactivity
Reverse
Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
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Adding in Uncertainty and

Variability for PD and PK

Propagation of Experimental Uncertainty in
Models of ER Potency
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Regulatory Applications Require More
Focus on Quality and Transparency

* Public release of Tox21 and ToxCast data on PubChem
and EPA web site (raw and processed data)

* Publicly available ToxCast Owner’s Manual

* Aresource to guide users through accessing data, database
and software package for data analysis pipeline

Log2 (Fold Induction)

Publicly available ToxCast data analysis pipeline

» Data quality flags to indicate concerns with chemical purity
and identity, noisy data, and systematic assay errors

0.1 0.2 1 3 10 30 100

Concentration (uM)

ASSAY: AEID117 (ATG_ERa_TRANS)
HAME :
CHID:
SPID(8) :

Thioglycolic acid
26141 CASEN: 68-11-1
TX007664

» Tox21 and ToxCast chemical libraries have undergone

L4ID:

420385
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tp ga
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sd: NaN HaN

GAIN-LOSS MODEL (in blue
tp ga
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26.14
']

B : -2 .01
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aw
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NaN

L]

aw la 1w
8 0.173 18
9.48 5.82 814
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o

.76
0.32
BMAD: 0.233

FITC: 50 ACTP: 0.77

FLAGS:
Only one conc

above baseline,

Borderline active

active

National Center
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Computational Toxicology

analytical QC and results publicly available

Public posting of ToxCast procedures
» Chemical Procurement and QC
« Data Analysis
» Assay Characteristics and Performance
External audit on ToxCast data and data analysis pipeline

Migrating ToxCast assay annotations to OECD 211
compliant format
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Effort to Provide Data Through Display
and Decision Support Dashboards

.2 CompTox Dashboard | Bis X
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EDSP21 Dashboard

Endocrine Disruption Screening Program for the 21st Century

Bioactivity Summary
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ToxPl Graphs
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EDSP21 Dashboard

(https://actor.epa.gov/edsp1)
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Searcl

@ Searched by GAS-RN: Found 1 resut for '121-91.5"
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Intrinsic Properties

Molecular Formula: C8HE04 Qrnaas cremcss [

‘ |search a chemical by systematic name, synonym, CAS Chemicel Properties  ExtemelLinks ~ Synoyms  Product Compostion Bioassays  Anahtial  Torcly Average Masss 165 122 gl .
Predicied Hazamss | Comments Monoisotopic Mass: 165 026608 g/mol ©
HO, OH
Predicted Hazards Radial Plot S ——

Se e

14 Daphria Toxic

Wikipedia

Record Information

Number of
List Name Chemicals List Description 13, Daphria Toxicty Concem s Syroryms  ProductComposiion  Biomssays  Ansyliosl | ToxchyVees | SimimMokouss  Exposue  Lisiwe  Predicted Hazards
OLEM (OSWER) RapidTox 1505 List of chemicals from|
Chemicals be used in first releas: 12 P o
=1 - .
OPP Inerts List for RapidTox 126 List of non-food inerts 1. Fish Tovie Download as: | CSV | Excel
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Rusty's IRA Case Study 1 Rusty's Single Chemi 10. Algal Toxicity Goncem 7 Losg NOAEL @
9 BAF Ciass - 8
Unilever - EPA Collaboration 8 Alist of chemicals thal o Toxicity Value Unit Source.
Chemicals 20 mghg-buiday Actor. EPAHPY CHALLENGE
[l Perssience [ Bioaccumuiation [ Ecotoc [ Soil Mobilty T
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NOAEL .
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- - = Avout Gontact o (&) e Privacy Accessiblity Help S

« Semi-automated decision support tool with dashboard interface for high-throughput
risk assessments

» Integrate a range of information related to chemical properties, fate and transport,
hazard, and exposure

« Transparent and interactive enough to enable expert users to review the assumptions
made and refine the predictions

» Deliver quantitative toxicity values with associated estimates of uncertainty

National Center for
Computational Toxicology




SEPA Future Directions to Advance
e st Regulatory Application of NAMs

» Using new data for TSCA (e.g., chemical
prioritization, strategic plan)

» Working with state agencies to help use of new
approaches to evaluate chemicals

* Collaborating with international regulatory agencies
through case studies as proof of concept for use of
NAMs in chemical risk assessment

National Center for
Computational Toxicology




wEPA .
OriedSiates Thank You for Your Attention!

Agency

Tox21 Colleagues:
NTP Crew
FDA Collaborators
NCATS Collaborators

EPA Colleagues:
NERL
NHEERL
NCEA

Collaborators:
Unilever

EPA’s National Center for Computational Toxicology
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