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SEPA Selected Milestones

2004: DSSTox
2007: NRC Toxicity in the 215t Century (2007) 2018: Facilitating selection of ~
candidates for prioritisation within
EPA's NCCT established, EPA ToxCast TSCA
programme launched 2019: CompTox BluePrint
Tox21 established (2008) 2021: PFAS National Testing Strategy
@ @
2004- 2018-
2008 2021
@ @
Framework for a Computational Translation to Reqgulatory Scope of today's presentation
Toxicology Research Programme within Application TSCA New Chemicals Collaborative
: EPA Endocrine Disruption Research Programme NCCRP
Outlines a research plan for 10-15 year Screening Programme

horizon EDSP :
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Utility of In Vitro Bioactivity as a Lower Bound Estimate
of In Vivo Adverse Effect Levels and in Risk-Based

Completed case studies
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Case Studies to Build Confidence and Help
Translate to Regulatory Application

Ongoing and New Case Studies
* Use NAMs on selected pesticides with established MOAs

* Develop and apply NAMs for evaluating developmental
neurotoxicity

* Integrating NAMs to screen candidates for prioritization under
TSCA

« Application of in vitro bioactivity and HTTK for screening-level
assessments in biosolids

* Prospective case study on application of in vitro assays for
hazard characterization

« Using NAMs to inform chemical categorisation
- Computational approaches for rapid exposure estimates

* Using in vitro bioactivity to inform quantitative ecological hazard
assessments

* Evaluating predictivity of HTTK methods
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Supporting the Regulatory Partners
Using Computational Toxicology and

Many Different Areas

TSCA New Chemicals
Collaborative Research
Programme

o United States
o Environmental Protocion
N7 Agency

Environmental Topics v Laws & Regulations v ReportaViolation v About EPA v/

ErCrem—

Reviewing New Chemicals under the Toxic Substances Control Act (TSCA) CONTACT US

Reviewing New Chemicals

New Chemicals Collaborative
Research Program

Control Act (TSCA) Home

Basic Information

e R P In February 2022, EPA launched a new effort under the Toxic Substances Control Act (TSCA) to

Filinga Premanufacture
Notice with EPA

can enter the marketplace.

Through this effort, the Office of Chemical Safety and Pollution Prevention (OCSPP) i proposing

Regulatory Actions Under to develop and implement a multi-year collaborative research program in partnership with the

TSCAsections g of Research and pment (ORD) and other on
Premanufacture Notice hes for performing TScA.
Status
EPA held a virtual publi 120and 21, 20: i the TSCA
New Chemicals C; [

to provideinput.

* Read the Federal Register notice.

« Read the research pl ts, and review the public

meeting, B3

This multi-year research program wil refine existing approaches and develop and implement
newapproach NAM dinTSCAnew
chemical evaluations. Key areas proposed in the TSCA New Chemicals Collaborative Research
Program include:

National PFAS Testing
Strategy

Center for Computational
Toxicology & Exposure

SEPA

National PFAS Testing Strategy:
Identification of Candidate Per- and Poly-
fluoroalkyl Substances (PFAS) for Testing

October 2021

U, Environmental Protection Agency
1200 Pennsylvania Avenue, NW.
Washington, DC 20460

Using New Approaches to
Evaluate Developmental

Environmental Topics v Laws & Regulations v ReportaViolation v AboutEPA v
Related Topics: FIERA Scientific Advisory Panel CONTACTUS

The use of new approach methodologies (NAMs)
to derive extrapolation factors and evaluate
developmental neurotoxicity for human health
risk assessment

Full Peer Review Meeting: EPA the FIFRA on Sept 1517, and review
theuse )
health sk assessment (read the Federal Register notice &%)

paratory Virtual Meeting: EPA held a prep: meeting for andthe public to comment on and ask
questions regarding the scope and clarty of the draft charge q be used for the peer 25,2020, View the
‘agenda (2 and the presentation [7 for the August 25 meeting.
Meeting Materials:
Click hee (4 for the agenda.
Click hee (4 for the charge questions.
Click hete 4 for the Meeting Minutes and Final Report
other ma 1 paper, public commentin the EPA docket 4 for thi g, except for
the following ZIP files which are available below:
« The B nam public code m: (zip) file (32 MB)

approach methodologies (NAMS) described in Section 2.3.4-2.3.6 of : anda
« TheBiC oz (dip) pfile (10 MB) includes t Lanalyses ofin ribed

in Section 3.2 and Section 3.3 of the Agency's Issue Paper and a ReadMe file with zip folder detals.

Neurotoxicity for FQPA

Endocrine Disruptor

Screening Programme

Environmental Topics v Laws & Regulations v ReportaViolation v About EPA v

Endocrine Disruption CONTACT US

Endocrine Disruption Home

Endocrine Disruptor Screening
S Program (EDSP) Policies and
Procedures

Program Overview

Research
on this page:
Regulatory Resources. « Use of High Throughput Assays and Computational Tools
Chemical Scre . « Policies and Procedures for S Pesticides
Testing Progress « Policies and Procedures for Screening Safe Drinking Water Act Chemicals
* WorkPlan to improve Evaluation of I reening Program
(EDSP)

Use of High Throughput Assays and
Computational Tools

Based on scientific advances, EPA intends to implement the use of high throughput assays and
models to evaluate, and These

sensitive, specific, quantitative, and efficient screening methods will rapidly screen many
chemicals and substantially decrease costs and animal use and may be used asan alternative to
some EDSP Tier 1 screening assays.

ToxCast™

To improve efficiencies in screening and testing chemicals, EPA scientists are helping to
revolutionize chemical screening and safety testing based on advances in computational
toxicology. Amajor part of this cffortis the Agency's Toxicity Forecaster, or ToxCast™, which uses
automated, robotics-assisted high throughput assays to expose living cells or proteins to
chemicals and measure the results. The high throughput assays produce concentration.
representing 4

within EPA
Exposure in

Prioritising Existing
Chemicals Under
TSCA

EE §

a a

NH,

A Proof-of-Concept Study
Integrating Publicly Available
Information to Screen
Candidates for Chemical
Prioritization under TSCA

OH

<EPA

EPA/600/R-21-106




SEPA Background on TSCA and New Chemical
ST Evaluations

« The TSCA New Chemicals program serves a "gatekeeper" role to
manage potential risk to human health and environment from
chemicals new to the marketplace; EPA receives ~ 500 new chemical
submissions annually.

« TSCA section 5 requires that any person planning to manufacture or
import a non-exempt new chemical substance (i.e., a chemical not on
the TSCA Inventory) notify EPA before beginning that activity. This
notice is known as a premanufacture notice (PMN).

Center for Computational
Toxicology & Exposure




SEPA Background on TSCA and New Chemical

e " Evaluations

« EPA is generally required to review these PMNs within 90 days, which
consists of assessing the potential risks to human health and the
environment of the chemical under the conditions of use, and to make an
affirmative determination.

* Where the chemical substance presents or may present an unreasonable
risk, EPA must take action to prevent those risks before the chemical can
enter commerce.

Center for Computational
Toxicology & Exposure



SEPA Challenges and Opportunities in New Chemical
e Evaluations
* New chemical submissions typically lack chemical-specific data on

human and environmental hazards, exposure, physical chemical
properties and environmental fate/transport.

« EPA must make an affirmative determination for all new chemical
submissions within the 90-day time period.

« EPA must evaluate new chemical risks under intended, known, and
reasonably foreseen conditions of use.

Center for Computational
Toxicology & Exposure




SEPA Challenges and Opportunities in New Chemical
ST Evaluations

« EPA’s chemical data management infrastructure is outdated.
Chemical safety data submissions are scattered across multiple
databases, file management systems, and paper files making
searches and integration of chemical information inefficient and
time consuming.

« EPA is required to reduce and replace vertebrate animal testing.

New approach methods (NAMs), along with data curation and decision
support tools, may address additional hazard data gaps, identify
potential conditions of use, and furnish more information for making
the required determination

Center for Computational
Toxicology & Exposure




SEPA Focus Areas in the TSCA New Chemicals
wETT Collaborative Research Programme
1) Update and refine chemical ...

2

3

categories

) Develop and expand databases
containing TSCA chemical
information

) Develop and refine (Q)SAR and
predictive models for
physicochemical properties,
environmental fate/transport,
hazard, exposure, and
toxicokinetics

4) Explore ways to integrate and apply

NAMs in New Chemical
Assessments

5) Develop a TSCA new chemicals

decision support tool to modernize
the process

Center for Computational
Toxicology & Exposure

Machine readable data \

Manual curation

Literature mining

1 chemical categories 3 (Q)SARs and

4  Invitro assay

and analogs predictive models data and models
5 Decision support
-
Collate M Display — Annotate — Report
information information and Decide

https://epa.figshare.com/articles/code/PubMed_Abstract_Sifter/10324379



“EP\ __ Update and refine chemical categories

Age cy

I Challenge Approach Expected Outcome(s)
Area

1 Updateand Currently 56 Systematically define chemical This will increase the
Refine TSCA categories and analogues for read- efficiency of new chemical
Chemical categories, across using structural (and other) reviews and promote the use
Categories  last updated boundaries; physicochemical of the best available data to
2010 properties; structural alerts for protect human health and the
hazard, fate, exposure, and/or environment.

functional uses; existing hazard data;
and/or, in vitro mechanistic and
toxicokinetic data from NAMs

Center for Computational
Toxicology & Exposure




SEPA : - ;
Vi ... Update and refine chemical categories

Agency

- 56 existing NCCs are characterised largely by structural
features and in some cases by physicochemical properties.

- The chemical categories are used to identify potential hazard
concerns and testing strategies for new chemical submissions.

TSCA NEW CHEMICALS PROGRAM

(NCP)

- The key goals of collaborative research in this area are to
implement the chemical categories in a transparent and
reproducible manner that would permit updates with new
information, such as additional structure descriptors,

physicochemical data, or NAM data.

S - Further, planned research will investigate to what extent

new categories are needed to capture substances in the

TSCA active inventory that could not be readily assigned to

one of the 56 existing NCCs.

CHEMICAL CATEGORIES

https://www.epa.gov/reviewing-new-chemicals-under-toxic-
substances-control-act-tsca/chemical-categories-used-review-new

Center for Computational
Toxicology & Exposure
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National PFAS Testing Strategy: Identification of
Candidate Per- and Poly-fluoroalkyl Substances (PFAS) for
Testing (October 2021)

56 Terminal
Categories
B 6,024 chemicals

70 Terminal
Categories
6,504 chemicals

24 Terminal
Categories
2,358 chemicals

80 00 &
Database O - Cazl:dil,dF:tses
000 (%] for Testing

chemicals

&

Category
Representative
(Centroid)

PFAS Structural
Filters

Identifiable
Manufacturer(s)

Lack of Existing
Toxicity Data

Figure 6: Owverview of the Process for Identifying Initial Testing Candidates

https://www.epa.gov/system/files/documents/2021-10/pfas-natl-test-

Chemical
curation

Hazard
curation

Hazard and
toxicokinetic
NAMs

Update and refine chemical categories

Ve

| Develop initial PFAS categories

(structure-based)

>

Collect
Identify PFAS categories with addci)tizial
data gaps hazard data

4 Refine PFAS categories using

AS

hazard data and NAMs for
hazard and toxicokinetics

Chemical categories may be developed by a combination
of one or more of the following:
« structural descriptors,
 physicochemical properties,
 predicted metabolism,

strategy.pdf

in vitro mechanistic and toxicokinetic, and/or

* in vivo toxicity data (human or ecological

health).

Category research will help address additional questions:
* To what extent the TSCA chemicals fall within the applicability domain for existing (Q)SAR

models or structural alert scheme.

* What is a proof-of-principle scheme using chemical categories, read-across, and (Q)SARs to
inform in silico evaluation of the TSCA active inventory?

Center for Computational
Toxicology & Exposure
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- Structure information built
into the current NCCs will be
turned into a machine-
readable format to enable
substructure searching and
mapping to other types of
structural descriptors, such
as ToxPrints (Yang et al.,
2015).

- The TSCA non-confidential
active chemical inventory will
be profiled using the newly
codified NCCs to assign them
into their respective
categories.

- Here, we show an example of
translating AIM fragments to
machine read-able format.

AIM fragments
[first 5 Analog Identification Methodology (AIM)

=)

Existing new chemical categories (NCCs) will be turned
e .. iNTO @ machine- readable format, facilitating profiling
and comparison

Multiple steps including initial
conversion to SMARTs

A

Chemical Subgraphs and Reactions Mark-up
Language (CSRML) [used for ToxPrints]

fragments
Fragment Number Modified Name General | Comments Structure
-CH3 [aliphatic carbon] o Methyl; Primary carbon CH.
- 3
R
R
-CH2- [aliphatic carbon] 1 Secondary carbon liliH
~CH,
R
T
-CH |aliphatic carbon) 2 Tertiary carbon ~CH_
R R
R
C [aliphatic carbon - No |
R—C—R
H, not tert] 3 Quaternary carbon |
R
R.’/CHE
=CH2 [olefinic carbon] 4 Alkene
=CH- or =C< [olefinc R R
carban] 5 Winyl R's are undefined JJ\ /u\
H R R™ R
."RI
#C [acetylenic carbon] ] Alkyne 0
R~

0 1||1 2||2 3
C C C
3 all3 a 513 b 6
2 N.
G C=N E
? e
4 7|l5 slle 9
?‘\ .-’?
Cc=C G C=C
C

This research will enable computational approaches to chemical grouping based on one or more types
of structural descriptor(s) as well as other pertinent information.

Center for Computational
Toxicology & Exposure



SEP Categories and read-across are two complementary
e e STRAtegies for approaching data-gap filling for data
poor chemicals

Approach
Problem
formulation context ,,3\5)
L QA
64)6
2

+ Does the target fall within a well- : T T TS T
characterised group? Pre-define groupings based on
existing chemical universe

\\ Category
\ membership
AN

« Is there a specific data gap of interest? 0?9 M r Bottom-up read-across
« Is there significant variability within the @;‘ . approach

category/grouping, or no category/group for the e et

target? « Identify analogues on the
*  Are there close analogues with empirical data? basis of similarity in different

contexts

Center for Computational
Toxicology & Exposure




SEPA Currently available public tools for

Environmental Protection

systematic read-across may be informative
* GenRA v3.2
o T e e B e s S e e e * Quantitative evaluation of similarity and confidence in predictions
«  Web application and standalone python package (genra-py)
T —— « Interactive workflow to:

107534-96-3 | DTXSID9032113 o search for target or draw it;
Searched by DTXCID7012113

o define fingerprints for similarity and number of analogs:
O e o Hybrid descriptors now available;
o Examine what data exist for source analogs;
o Inspect the consistency, concordance, and range of effects for analogs
o Understand confidence in the prediction(s)
RA # Min+ 1 % Min- 1 = Similarity Weight: @D Hide Pagination Download: File Type
g 1.00 (@ 039+ 032 031y 029 0.29 0.26 024 024 022+ 021
CH3 _ ‘ = IS, ) —
LN S e *"}@ o Eo o R %@ aéﬂ o E
PR A PR R OO VeDLNS OO | v W% e O%"“ © &/0
u‘ H ionazole Hexaconazole Tebuconazole Flusilazole  Cyproconazol..2-(1-Chloroc... Myclobutanil Fenbuconazol..Epoxiconazol... Tetraconazol... Metconazole
7 c
~. ; [ ]
# |
1 & See posTer' & Wed i — 1
O . . . c
o training session .
© ' I
>, &
BO000ANOO = .
Center for Computa o Page 1.0f 24

Toxicology & Exposure
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SEPA GenRA capabilities will continue to be

Agency ®
expanded in Research Area 1
Different fingerprint types and fingerprint Some analogues defined by one or more
hybrids can be used to define fingerprint methods may have more similar
neighbourhoods of chemicals associated physicochemical profiles
with available hazard data
Neighbors by: Chem: ToxPrints & Filter by: In vivo data : 0 Physchem Properties
(:’?}L X ® ® ® ® Analogs, decreasing similarity
i - <> Bisphenal A
o @ tert-Butylhydroquinone
ZQ ‘ / DR g e 4—{1,1,S,S—ietraqmethylbutyljphenol
5355 = ® 3,3.,5,5-Tetrabromobisphenol A
\ / % [ 4—(2—?—1ethvlbutan—2—yl}|§henol
b{\ U G .CH_/ g ® @® Butylated hydroxytoluene
s = ® o-Cresol
e S @ Clorophene
- 7 N 5 S JLJET
24-Dimet -"'-;rc_\,sg -fq%f&g.v{,q 09#0-!-@ o,r,,/ e, Q"}f‘y
C'm ----- :L© r/b? Qr QK Q' ’A@Ss ;??i 'Gséf%fer
#ofAnogs | 10 oY "y,
O
o o o Physch t
Research will examine the impact of Sk
hybrid features on GenRA Research will extend similarity contexts to additional
performance types of bioactivity, toxicokinetic, and metabolism
Center for Computational data to inform analogue identification and evaluation

Toxicology & Exposure

19



SEPA Extending similarity context to other types

United States
Environmental Protection

of data: bioactivity and toxicokinetics

Example of NAM-based fingerprints for hazard NAM-based fingerprints for toxicokinetic
profile \, profile

Solvent nlro\ {0.5% DMS0O) Berberine chloride (10 pM) Solven t control (0.5% [_J.MSJ L rEEupUside (3 ul\fl) - - = - L Inhaled Gas
- . B 3 RE ™, Ay J T _ mwm =
o /8 2 : : ? # e # - ﬂ g ﬂ =} [ :% Quargioe
S : ¥ [ Hepatic clearance e
+— ; Qe Kidney Tissue
< = ! < <+ Kidney Blood GQAW
[ X -
(a' PlOSﬂ'\G PI“OTeln % '§ Gut Lumen o s
% " bmdmg : ; Gut Blood | «==i f_’,
3 1 8y g
r o Liver Tissue
1 2 # : !: # . :; : # \(J # s :%E-Lh'mood ‘Q(:
2 Oral bioavailabilit |
- ra oavalia Y < Body Blood :Qm_
E— : e o For A->B
VR h T e " =  ——— permeability
i W0 1 1T Pkl | P . .
:0? | BTV T T T NSRS T I T I e R (T | I N Y| ”" EI dosmg solution
& - DA - o e . L ~ is added here
o)) R T S daiial, ™ Caco-2 Cell
R " l Gt Add dosing Monolayer
46 - ) ™ — solution here for
Q = B->A permeability
[ .
HTTK, led by Drs. John Wambaugh and Barbara Wetmore
© Nyffeler et al. 2020 4 9

10.1016/j.taap.2019.114876
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SEPA  Extending similarity context to other types of

United States
Environmental Protection

" data: metabolism and metabolites

How to leverage information about the metabolic pathways of substances in order to increase

confidence in toxicological assessment via read-across . .
* Metabolic similarity is an important consideration Metabolic 6raph Construction

in evaluating analogue suitability in read-across, Hagan B, Patlewicz, Shah I. In

but current practice often relies on expert i
judgement and/or empirical (in vivo) metabolism

s TIMES in Vitro) F1 Scores s _TIMES in Vivo) F1 Scores

Metabolite 7

3 BioTransformer F1 Scores

« As empirical metabolism data is limited, we will
make use of predicted metabolism data from
different tools such as BioTransformer and
TIMES. How well these tools perform relative to
reported empirical data will be evaluated.

Number of Clusters Used
Number of Clusters Used
R A R

Number of Clusters Used

 One approach being explored to codify 'metabolic

informaﬁon' iS TO COHSTPUCT meTGbO“C gr‘aphs NzKerneIASimiIaliityThriashold zKerneIASimiIaFityThrséshold zKerneIASimiIaFityThrseshold
from the predictions generated from different TIMES (in vitro) ~ TIMES (in vivo)  BioTransformer
tools and evaluate their similarity with different .

metrics such as kernel approaches. Comparing the correspondence between structural

analogues pairs vs using kernel approach

Center for Computational
Toxicology & Exposure
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=PA Summary of Research Area 1

ironmental Protection
gency

>mC

» Produce a computational approach to chemical grouping into categories based on
structure and other descriptors, including structural descriptors, physicochemical and
environmental fate properties, predicted metabolism and/or metabolites, NAM-based
hazard and toxicokinetic information, and/or in vivo hazard data (human and/or
ecological health)

- Continue enhancing 6enRA capabilities to include:
- evaluating the impact of hybrid features on GenRA performance;
- extending similarity contexts to additional types of bioactivity data;

- evaluating the contribution of metabolism data to inform analogue identification and
evaluation; and,

- additional case studies to build confidence in the use of GenRA versus other read-
across approaches

- Characterise the chemical structure space encompassed within the TSCA non-
confidential active chemical inventory and evaluate to what extent the chemicals on
this inventory fall within the applicability domain for (Q)SAR models or other
structural alert schemes (either existing or in development)

Center for Computational 29
Toxicology & Exposure




< EPA Research Area 2

Environmental Protection
Agency

Challenge Approach Expected Outcome(s)

2 Develop and Existing TSCA Continue extraction and curation Publicly available sources can
Expand information is not  of physical-chemical property, expand the amount of information
Databases computationally environmental fate, hazard, and  available, enhancing chemical
Containing TSCA accessible or easily exposure information (non-CBT) in reviews and enabling efficient
Chemical searchable ORD databases sharing of chemical information
Information across EPA.

Map information in ORD
databases to standardised
reporting templates and store in
an International Uniform
Chemical Information Database
(TUCLID)

Center for Computational 23
Toxicology & Exposure



EPA

United States

Different data scenarios

Environmental Protection

Agency

ChemProp

DSSTox

Chemical curation

Very limited data

OPERA

TEST

Exposure
Models

(Q)SURs

In vitro NAMs

New (Q)SARs

TEST

ORD new chemical categories and GenRA

Physicochemical
and
environmental
fate properties

. data

Center for Computational

Toxicology & Exposure

Carcinogenicity

and repeat

dose toxicity

Targeted non-
cancer effects

Aquatic
Toxicity

EcoTox

ToxValDB

ToxRefDB
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SEPA Expanded chemical curation of chemical identity

United States

s AKes more chemistry accessible for applications

~within DSSTox

————————————————————————————————————
1

| I
1) I 2) 3) I

I F !
N ; ﬁ ? |

I !
. - I d !
: Chemical Lists I: Manual Relationships Markush Relationships |

1
1 ¥ ! s g :
I |l |
I e Many:1 I 1:1 _ - I

I - i i |

|
I | . ! L I
: Source Substance |: Generic Substance Structures |
I DTXRIDs :I DTXSIDs DTXCIDs I
I ! :
: DSSTox-Lists I:_ DSSTox-Core I
___________________________________

Credit: Williams AJ, Richard AM, Grulke C

>1.2 million unique substances

Informs accurate structure-data linkages for screening
projects, read-across, non-targeted analysis, structure-
based modeling

As the TSCA active inventory of chemicals grows
each year, expansion of the DSSTox database to
include these chemicals as well as existing and
emerging chemicals of interest for modeling
applications is essential.

- Curation enables programmatic access to any
data that can be linked to a DSSTox identifier.

- New chemical submissions under TSCA may be
for defined or complex mixtures, and
chemistry curation can provide solutions for
better linking appropriate data to these
mixtures to facilitate read-across or other
downstream predictions (e.g., PFAS, substances
of unknown or variable composition, complex
reaction products and biological materials).

As more chemicals are added to the TSCA active nonconfidential inventory, or chemistries with
limited available information are identified, more structure, physicochemical, and environmental fate
property data curation is needed to support decision making and data interoperability.

Toxicology & Exposure

Center for Computational DSSTox = Distributed Structure-Searchable Toxicity (database)
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cgpa Expanded physicochemical and environmental fate
weae-properties and predictions inform (Q)SARs:

ChemProp

- ChemProp stores both experimental and predicted
physicochemical and environmental fate property data
for access by applications such as the CompTox
Chemicals Dashboard and (Q)SAR development.

- Experimental data have been harvested and curated
from online sources such as the PHYSPROP database,
ECOTOX, online public sources (eChemportal,
PubChem, LookChem, OChem), and peer-reviewed
literature.

- Predicted data are generated using OPERA, TEST,
EPISuite, ECOSAR, and ACD/Labs.

Making forward predictions of these properties for
new chemical submissions may improve with more
curated data from existing TSCA-relevant chemicals.

Center for Computational
Toxicology & Exposure

CompTox Chemicals Dashboard

Details

Executive Summary
Properties

Env. Fate/Transport
Hazard

Safety > GHS Data

ADME > IVIVE

Home Search ~ Lists = About ~ Tools ¥

Properties: Summary

Summary ~ n Search Chemica

aaaaaa

uuuuu

Experimental

Bisphenol A

80-05-7 | DTXSID702018:!
Searched by DTXSID7020182.

aaaaaaaaaaaaaaaaa

aaaaaaaaaaaaaaaaaaaaaaa
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SEPA Expanding databases with hazard data will improve in silico

s .approaches, including (Q)SAR and read-across, for new

Agency

chemical evaluation: ToxRefDB

ToxRefDB v2.1 contains summary information for
1143 chemicals and 5986 studies, with quantitative
dose-response data extracted for 3871 studies.

Type Species Source
1500
1432 2000 2044 205

3000

8 1020 8 1500 6

g 1000 ] E

E 2 + 2000

N ‘5 S

o ° o

= $ 1000 g

o £ £

S = 822 £

3 2 2

500
= g 1 € 1000
381 500 446 e
84
i o 9 4 0 25 17
CHR SUB DEVMGR SAC & F P & &
study type ¥ TS E R o of
& Q o ©
species study source

The study designs with highest frequency in the database include chronic (CHR), sub-chronic
(SUB), developmental (DEV), subacute (SAC), multigeneration reproductive (MGR.

Credit Madison Feshuk, Dr. Katie Paul Friedman, Dr. Sean
Watford

-Center for Computational  ht41s.//doi.org/10.23645/epacomptox.6062545.v4

Toxicology & Exposure

Includes guideline or guideline-like studies, with
guideline profiles developed for OCSPP series 870

Health Effects and some NTP study types to allow

inference of negative effects
« Study design and meta-data, dose-response data,

and detailed effect terminology linked to study

type/guideline

« Standardised effect terminology developed for
ToxRefDB mapped to terms from the United
Medical Language System (UMLS)

« An application was developed to manage two
curator and manager reviews of manually curated

data from source

i Category Type Target
Endpoint
Systemic Pathology Microscopic Liver
-
Description
Effect
Hyperplasia

Target Site

Description-free

Life Stage
Treatment Group Effect
Adult

Bile duct

intrahepatic bile duct hyperplasia

ToxRefDB v2.0: Watford S et al. 2019 DOI
10.1016/j.reprotox.2019.07.012

27
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https://doi.org/10.1016/j.reprotox.2019.07.012

S EPA Expanding databases with hazard data will improve in silico
Vi ...approaches, including (Q)SAR and read-across, for new
chemical evaluation: ToxValDB

- ToxValDB is a collection of quantitative information on
chemicals and in vivo toxicology summary values

- Experimental in vivo toxicology records

- PODs (LOAEL, NOAEL, BMD), effects, species, exposure
routes, STLIdy Types S Hazard: Point of Departure

 Human health and ecological health ——
- Example sources: HPVIS, ToxRefDB, ECOTOX, HAWC, e Fteronspor

Hazard

EFSA' ECHA' COSMOS' HESS Safety > GHS Data
- Risk assessments e
- RfD, RfC, cancer slope factors, caner unit risk Boacty

Similar Compounds

- Example sources; IRIS, PPRTV, ATSDR, Cal OEHHA St
- Air, water and soil quality values, worker exposure limits L
- Example sources: RSL, OSHA, NIOSH e

Links

- Data is computationally extracted from source documents /
databases and mapped To common terms https://doi.org/10.23645/epacomptox.20394501.v3

- Currently, 47 sources and > 50,000 chemicals with at least one
value (ToxValDB v9.2).

« ToxValDB v9.4 about to be released

CompTox Chemicals Dashboard Home  Search *  Lists ¥ About *  Tools

Bisphenol A
(jij 80-05-7 | DTXSID/020182

Searched by DTXSID7020182.

re  Priority T Source

Synonyms

Center for Computational . .
Toxicology & Exposure Credit Dr. Richard Judson 28



v EPA
O Summary of Research Area 2

Agency

Chemical data for TSCA-relevant chemicals will be curated across the myriad ongoing curation
activities in ORD

Data type curated Relevant Database(s) and links to full data

Chemistry and properties DSSTox, ChemProp: https://comptox.epa.gov/dashboard/

In vivo hazard in human health ToxRefDB: https://doi.org/10.23645/epacomptox.6062545.v4
relevant models ToxValDB: https://doi.org/10.23645/epacomptox.20394501.v3
In vivo hazard in ecologically ECOTOX Knowledgebase: www.epa.gov/ecotox

relevant species

Monitoring, release, and MMDB: https://clowder.edap-

product information for cluster.com/datasets/606cc2bd9932¢7c0b50a73af

exposure CpDat: https://doi.org/10.23645/epacomptox.5352997
Toxicokinetic data HTTK: https://cran.r-project.org/web/packages/httk/index.html

CvTdb: https://github.com/USEPA/CompTox-PK-CvTdb

Center for Computational
Toxicology & Exposure



https://comptox.epa.gov/dashboard/
http://www.epa.gov/ecotox
https://clowder.edap-cluster.com/datasets/606cc2bd9932c7c0b50a73af
https://doi.org/10.23645/epacomptox.5352997
https://cran.r-project.org/web/packages/httk/index.html
https://github.com/USEPA/CompTox-PK-CvTdb

wEPA
s Research Area 3

- Challenge Approach Expected Outcome(s)

Develop and Refine Currently used models are not Develop and update QSAR and Updated models that reflect the
QSAR and Predictive  always publicly accessible, easy = predictive models using best available science, increase
Models for Physical- to update with additional existing data and curated transparency, and a process for
Chemical Properties, chemicals, or the best data from Research Area #2 updating these models as science
Environmental performing for all chemistries allows.

Fate/Transport, Evaluate models to determine

Hazard, Exposure, and the best suite for use by

Toxicokinetics OPPT for regulatory purposes

Center for Computational
Toxicology & Exposure




EPA

United States

Different data scenarios

Environmental Protection

Agency

ChemProp

DSSTox

Chemical curation

Very limited data

OPERA

TEST

Exposure
Models

(Q)SURs

In vitro NAMs

New (Q)SARs

TEST

ORD new chemical categories and GenRA

Physicochemical
and
environmental
fate properties

. data

Center for Computational

Toxicology & Exposure

Carcinogenicity

and repeat

dose toxicity

Targeted non-
cancer effects

Aquatic
Toxicity

EcoTox

ToxValDB

ToxRefDB
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EPA

United States

Existing use of QSAR and structure alerts can be

e cgnhanced by ongoing work in ORD to publish QSARs
for real-time p

EPT Suite
ECOSAR

Oncologic

OECD QSAR Toolbox
structure-based profilers

Existing OECD guidance,
such as:

Guidance document on the
validation of quantitative
structure-activity
relationships models (2007)

See presentation by Drs
Martin & Charest

Center for Computational
Toxicology & Exposure

CompTox Chemicals Dashboard Home

. . e
Predictions

8
@

af=1=JSYCoR

rediction

CFE XX 0wxv 12 LO®EHYVYOL » &

t\ t“"

IR

v eér

|Ooé

Select properties to predict

@ Toxicological properties
B 96 hour fathead minnow LC50
48 hour 0. magna LC50
B 48 hour T. pyrifarmis IGCS0
B Cralrat LD50
Bioconcentiration factor
B Developmental toxicity
B Ames mutagenicity
B Estrogen Receptor RBA
Estrogen Receptor Binding

B Pnysical proparties
B Normal boiling point
Melting paint
B Flash point
B Vapor pressure
Density
B Surface tension
B Thermal conductivity
Viscosity
B Water solubility

CALCINLATE

"1‘edicted Fathead minnow LC50 ( 1) for OC1=CC=C(C=C1)(C2

Prediction results

Experimental value (CAS=80-05-7)

B Source: ECOTOX

Predicted value®

Fathead minnow LCsp (96 hr) -Logl0(mol 1)

Fathead minnow LCsq (96 hry mg'L 4.65 315

"Note: the test chemical was present in the training set. The prediction does nat represent an external prediction!

00

Individual Predictions
Predicted value
“Loglo(mol/L)

Hicrarchical clustering 474
Single model 446
Group contribution 5.12

Nearest neighbor 513

Method

w oo =z 0O I

redictions for the test chemical and for the most similar chemicals in

f the predicted value matches the experimental values for similar chemicals in the test se|

Prediction results (colors defined in tabl

83
MAE = 0.72
80

https://comptox.epa.gov o
/dashboard/predictions -7

Work by Martin, et al (TEST models and software, user
guide, 2020: https://www.epa.gov/sites/default/files/2016-

05/documents/600r16058.pdf );

Moving to machine learning methods and their consensus
predictions

Make models and their performance reports publicly
available, including evaluation of applicability domain

32


https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?doclanguage=en&cote=env/jm/mono(2007)2

United States
Environmental Protection

" development platform

YEPA WebTEST2.0 as a model registration and model

Capability to build machine-learning and

Standardised workflow for developing e
consensus models within the WebTEST2.0

models
Raw data Mapped data plaffor‘m .
rame. CAS. sTxcin . I?yThort-based machine learning methods
SMILES SMILES — looiiaiaiio QSAR including:
Property value Jheady o RF - Random Forest
Modeling data set o SVM - Support Vector Machine
* QSAR ready SHTLES ) o DNN - Deep Neuradl Ne‘rwgrk .
QSAR ready TEST PaDEL Median value o XGBoost - eXtreme Gradient Boosting
SMILES RDKit, etc. o KNN- k nearest neighbors
De":fg;‘;”o vale - Consensus of machine-learning methods
o Consensus - average of above methods

> — QSAR model
RF, SVM, DNN, etc.
« Each (Q)SAR model is associated with a versioned data set, (Q)SAR methodology, and molecular descriptor set (all
stored in a database) so that the predictions are reproducible
* Easily implementable as web services for both model building and real-time model prediction that will provide
deployable (Q)SAR models with appropriate documentation.

Center for Computational : :
Toxicology & Exposure Credit Dr. Todd Martin
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EPA  WebTEST2.0 as a model registration and model
development platform

Agency

- Models for physicochemical properties (e.g., octanol water partition coefficient (logKow),
vapor pressure, and Henry's law constant) are being developed using the WebTEST2.0
workflow.

- Revised toxicity models will be developed by expanding the toxicity datasets for
WebTEST1.0 (e.g., acute aquatic toxicity).

- In addition, models will be developed for additional toxicity endpoints (e.g., carcinogenicity,

repeat dose toxicity, skin sensitisation) to support TSCA new chemical evaluations.

Center for Computational
Toxicology & Exposure
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EPA  WebTEST2.0 as a model registration and model
development platform

nnnnnnnnnn tal Protection

- Add externally developed models via web services

- Models developed outside of the WebTEST platform will be implemented via Docker containers or via
APT calls to external webservices.

- OPERA, EPI Suite, and WebTEST1.0 models will be incorporated into WebTEST2.0 via webservices.
- Additionally, bioactivity-based models for estrogen receptor (Judson et al., 2017; Judson et al., 2015),

androgen receptor (Judson et al., 2020; Kleinstreuer et al., 2017), steroidogenesis (Haggard et al., 2018;

Haggard et al., 2019), and potentially other bioactivities based on in vitro NAM data, will be included in
the WebTEST2.0 model registration platform.

- Registration of all models, regardless of their development within or outside of the WebTEST platform,

will include meta-data on the input features used in the modeling, the model output, and version
information about that model; this constitutes an important goal for WebTEST2.0 and for rapid
integration of information from disparate sources for next generation risk assessment.

Center for Computational
Toxicology & Exposure
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<EPA
Gaaeaar Research Area 4

. Challenge Approach Expected Outcome(s)

4 Explore Ways to

Integrate and Apply
NAMs in New Chemical
Assessments

Center for Computational
Toxicology & Exposure

Reduction in the use of
vertebrate animals in accordance
with TSCA Section 4(h)

Many PMN submissions are data
poor

Amended TSCA requires
affirmative determination
regarding unreasonable risk

Develop and evaluate a suite
of in vitro NAMs for
informing new chemical
evaluations

Use mechanistic and
toxicokinetic in vitro NAMs to
inform and refine chemical
categories in Research Area
#1

A suite of NAMs that could be used
by external stakeholders for testing
and data submissions under TSCA as
well as informing and expanding new
chemical categories

36



EPA

United States

Agency

Research Area 4 will combine broad and targeted screens
et 080 inform estimates of a bioactivity-based point-of -

departure and address specific biology

Thomas et al. 2019
10.1093/toxsci/kfz058

and Properties

Broad Coverage,

(|

Chemical Structure J

{ High Content Assay(s)

Multiple cell types
+/- metabalic competence

|

No Defined Biological
Target or Pathway

J

)

Defined Biological Target J

or Pathway

Tier 1 \

%
p.

Y

[ Select In Vitro

Assays

4
4

Tier 2

J ]- orthogonal confirmation

i

a

!

!

J

|

Existing AOP | No AOP
In Vitro Organotypic Assays and
Assays for other KEs Microphysiclogical
and Systermns Modeling Systems

J}

A

Tier 3 \

Identify Likely Tissue,
Organ, or Organism Effect
and Susceptible Populations

4

L 4
Estimate Point-of-Departure

Based on Biological Pathway or
Cellular Phenctype Perturbation

In Research Area 4, ORD will collect in vitro NAM data to
demonstrate how NAMs for bioactivity and toxicokinetics can
be used in a NAM-informed assessment of data-poor

L 1UXILUIVYY & CAPUSUIE

Estimate Point-of-Departure

Based on AOP

Estimate Point-of-Departure
Based on Likely Tissue- or

Organ-level Effect without AOP

chemicals.

| |
I Chemical curation [~  TSCA nonconfidential active inventory I
| |
2 ' |
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| |
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| |
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r _=_ - _lr"::____ == o :i - ;,:—_—:: e e e -
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sgpA  Cheminformatics and reference chemical knowledge will
mmseeodprive the selection of 200-300 chemicals for an initial
case study

————————————————————————————————————————————————————

Chemical curation —#  TSCA nonconfidential active inventory

+

Characterization and grouping of structural and physicochemical

|
| |
. . B |
- Ina first step, ORD will focus on development of a 8 |
. . . © roperty diversi
dataset for 200-300 chemicals, including some | |: B — :| |
IE Amenable to agueous based Potential for inhaled |
I c screening, represents groups, exposure, represents I
i
S |
| |
: i

reference chemicals as well as TSCA-relevant
chemicals from the nonconfidential inventory, to
increase scientific confidence in application of this

procurable groups, procurable

Bioactivity gaps ECOSAR gaps Bioactivity

. . o . . . . gaps

suite of bioactivity NAMs for informing chemical | . [ ¥ ____________ v
safe-l-Y. E _5_ - _E'_::____ R :i - - iﬁ___;;ljdif:_e;__:".i_ - .i.'-:—_—_—_ :—_—::i - - _:
- These data will be needed to evaluate performance of B e e W
these NAMs for further application and may also - R 2NN b
. . . . I © | ! | / '- !
inform evolving frameworks for using multiple data - i---i--fch--L-’-iT _______ Ti_'-__ .
streams to inform bioactivity-based dose-response : [oseee Y N
assessment and hazard identification. . '3 . i = i | | Phenotypie || !
: an E I Reporter I I I I measures I :
AN - .
e | ] o
I e = L e T T _ . — [EYEyER TN, _ o - 1

| Human | _i Ecological_i i Inhalation i_

i Health i i Health | | Exposure |

____________________ I e

L for Computationa See poster by Patlewicz et al
Toxicology & Exposure



<EPA
G Research Area B

. Challenge Approach Expected Outcome(s)

5 Developa TSCA Searching, collating, Build proof of concept A decision support tool that will
New Chemicals and integrating data for software workflow that  efficiently integrate all the data streams

Decision Suppor nhew chemical integrates all data (e.g., chemistry, fate, exposures, hazards)
t Tool to assessments is streams in a hew chemical into a final risk assessment and
Modernize the inefficient and costly  risk decision context transparently document the decisions and
Process assumptions made. This will facilitate the

new chemicals program tracking decisions
over time and evaluating consistency
within and across chemistries.

Center for Computational
Toxicology & Exposure



EPA

United States
Environmental Protection
Agency

Baltazar et al. 2020, "A Next Generation Risk Assessment Case Study for
Coumarin in Cosmetic Products.” 10.1093/toxsci/kfaa048

Local and systemic .
sEposure estimates i Witra
Biological

]
Datermine
Margin of Assessment

Auctivity
¥ Conclusion

Characterization

-
Exposura
Estimation

y I
| I
| [
| i
, I ¢ mimaipon % | inoased I Lowrdm
, 1 i identificatan i | Dertainty in Pol | conclusion |
: ! | [ TonTracker | ! andnave | j basedonibe |
| i - 1 | | i rrmrgin of ]
| I 1§ W] ' || ietanalite || safaty 1
I I | I | m | I,. calcidaiions. )
i Problem I ] Bichap [ a0 Micdals ]| ------
i | | (ESEr | e
r‘: LY
: éﬁ:lfi:.e : | [CutBommarana | !
| asung I I i
Information I |. AT —TemeD- | |
R
% -

.

Examples of next generation risk assessment
workflows that incorporate NAMs

Beal et al. 2020, "Implementing in vitro

bioactivity data to modernize priority setting

of chemical inventories.”
10.14573/altex.2106171

« Customised, modular decision support tool will be needed

 Blend existing data and models with NAMs

« Software that allows user to interact with data, make
selections, and record these selections

Center for Computational
Toxicology & Exposure

Computational Confidence
Workflow Building
ToxCast
Data Extraction
Compound I Compound
Present llbw.nt
Reported Bioactivity
Read-Across +— vs. Read-Across Al
2,625 1 9,854 4,366 ToxCast Chemicals
High-Throughput
Toxicokinetics
Compound Compaound
Present Absent 931 HTTK Chemicals
Reported C,, e
Predictions <= "o icted . | F
374 5,801 1 12,105
Derive Points PODgicaciiity Y5+ ]
of Departure PODyugpionns
17,042 2,248 PODs vs. ToxValDB
Derive Bioactivity
Exposure Ratios
3,679
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SEPA  Components of a proof-of-concept decision support tool

i@y include modules to display, select, and download key
information for assessment

Proof of Concept Decision Support Tool Workflow
—

} Exposure Data

I Landscape

I (Q)SUR and Exposure

(Q)SUR

Exposure and Fate

I£  Explore chemical similarity to select analogs

Structural descriptors

Substructure

_HI Functional use and
|
|
|
|
|
L

PODs and Key Effects

[ e e e e e

6 Integrated Toxicity
Views
Explore select effects, e.g.

|7 Report Generation

Record selections, tabular
outputs, summaries

Exposure info

for analog(s)

|
|
|
|
|
|
I
I (Q)SAR and
Physicochemical and i—

|

|

|

|

|

|

|

|

|

|

structure alerts

“DART” or “Liver”

I I

I I

I I

| | I
I ! !
| |
I Select (Q)SAR and I >I
| structure alerts I I
| | I
| | |
| | i
I ! !
i I !
| I

In vitro
bioactivity, PODs

fate properties Hazard info

Select in vitro data
for analog(s)

for toxicity type

Toxicokinetic and

metabolite profile In vivo hazard
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Overall, this collaboration to support digitisation, inTégraTion, and ultimate conversion to TUCLID-
compatible formats will support collation of these data for utilisation by applications, such as a
decision support tool.
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SEPA Cheminformatics PoC Modules could be
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.o FPOM visualising the hazard profiles...
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aees . Work of the NCCRP has begun in earnest

- Research during the 2023-2026 timeline will provide a foundation for continued
improvement to meet the needs of new chemicals evaluation.

- Complement the EPA NAMs WorkPlan:

- rnodler'nise available approaches, including decision support tools, for new chemicals
evaluation

- impact the engineering of the databases, models, and tools that ORD is building for
multiple stakeholders to execute the vision of the CompTox BluePrint (Thomas et al.,
2019) and the EPA NAMs WorkPlan (USEPA, 2021b)

- Achieve common goals:
- greater acceptance and scientific confidence in NAMs applied within the NCCRP;
- greater understanding of the future needs of NAM development; and

- decision support tools that provide consistent, but iteratively improving, access to
and integr‘a‘rion of myriad data sources with chemical information, including data
derived from NAMs

- Build external partnerships:
- OPPT, ORD, and NIH (DTT/NIEHS, NICEATM, and NCATS)
- Other regulatory partners, such as ECHA
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