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Regulatory Agencies Make a Broad Range of
Decisions on Chemicals...

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

Due to historical regulatory
requirements, most chemicals lack
traditional toxicity testing data

Traditional toxicology testing is
expensive and time consuming

Traditional animal-based testing has
Issues related to ethics and
relevance
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New technologies and approaches will also have to cover these
basic components
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Computational Toxicology




<EPA

United States
Environmental Protectior
Agency

It All Starts With Chemistry...
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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)

National Center for
Computational Toxicology




SEPA ToxCast and Tox21: Adding the

e High-Throughput Hazard Screening
Component
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Broad Success Derived from High-
Throughput Screening Approaches
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Prioritization of Chemicals
for Further Testing

Provide Mechanistic
Support for Hazard ID

Group Chemicals by
Similar Bioactivity and
Predictive Modeling

Carcinogenicity of perfluorooctanoic acid, 1 |
tetrafluoroethylene, dichloromethane, 1,2-dichloropropane,
and 1,3-propane sultone '

Chemicals

In June, 2014, 20 expartz from nine
countriez mat 3t the International
Agency for Research on Cancer
(IARC; Lyon, France) to aszess the
carcinogenicity of perfluarcactancic
acid  (PFOA).  totraflvorocthylene
(TFE),  dichloromethane  (DCM),
12-dichloropropane (L3-DCP), and

with 12-DCP in thiz industry).
The working group considered the
rarity of cholangiocarcinama,  the
very high relstive rizk, the young
g of the patients, the sbence
of nonoccupational ik factars,
and the intensity of the expozure
az_indications that the ewresz of

strang evidence that DCM metabolizm
via  ghutsthioneStransierase  TL
(GSTTY) keadk to the formation of
resctive metaboliter, that GSTTL
activity @ strangly aszocisted with
genotaicity of DCM in vitra and
in vivo, and that GSTTL-mediated
metabolizm of DCM does occur in

In March, 2015, 17 experts from
11 countries met at the International
Agency for Research on Cancer (ARG
lyor, France) to assess the carcino-
genicity of the organophosphate
pesticides tetrachiorinphos, parathiorn,
malsthion, diazinon, and glyphosate
(tble). These ssessments will be

cell proliferation (hyperplasia in
rodents). Tetrachloninphas 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,

Carcinogenicity of tetrachlorvinphos, parathion, malathion,
diazinon, and glyphosate

The insecticides malathion and
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

2,4-dichlorophenoxyacetic acid

Carcinogenicity of lindane, DDT,

and

In june 2015 76 experts from
13 countries met 3t the Intemational
Agency for Ressach on Cancer
(WARC: Lyon, France) to assess the
cainogeniclly of the Insecticides
Iindane and 1,11-trichloro-2,2-bis(4-
chiorophenylyethane (DOT). and the
herbiclds  2,4-ckhioraphenceyacetic

Immuncsuppressive effects that can
operats in humans.

The Insecticlde DOT was classified
as *probably cannogenic to humans™
(Group 24). DOT was used for the
control  of Insect-bome  diseases
dunng workl War 2 subsequently
1t was widely applied 1o eradicate

blood or adipose taken In adulthood:
however, the possible Importanca of
early-life exposure to DDT remalns.
unrescived. Studles on norHodgkdn
iymphoma and cancers of the Iver
and testis provided limited evidence
In humans for the cardnogenicity
of DDT.
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SEPA Application of High-Throughput Assays to
Unied States ldentify Potential Endocrine Disrupting Chemicals
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<EPA o
s Selected Criticisms of ToxCast

 You don’t include metabolism in your in vitro assays
 You don’'t measure my favorite endpoint

 You don’t cover all of biological space

* Invitro assays are not normal biology

 Assay (X) in your battery did not get the right answer for my
chemical

« My assay disagrees with your assay (x), so your approach is flawed

 You can't test my favorite chemicals because of limitations in your
methods (e.g., solvents, high LogP)

* Your assay descriptions to do not allow me to reproduce your
results

| get different answers when | analyze your data

National Center for Updated from Bob K'’s original list
Computational Toxicology




wEPA Beginning to Address Concerns
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for Increased Biological Coverage

Gene Coverage

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

Requirements:

 Low cost e 384 well

At least one gene from « Whole genome « Automatable

pathway represented

National Center for
Computational Toxicology



wEPA Beginning to Address Metabolic
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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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>
; —#- 48 Hours
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Log Methoxychlor (M) CYP3A4 mRNA (ng)
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T T T T T
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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
National Center for
Computational Toxicology
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Adding the High-Throughput

Toxicokinetic Component

EPA ToxCast Phase |
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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

Oral Dose Required
to Achieve Steady
State Plasma

—
Plasma_ Oral Concentrations
Concentration Exposure Equivalent to In Vitro
v Bioactivity
Reverse
Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
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wEPA Regulatory Applications Require More
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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 data analysis pipeline
% « Data quality flags to indicate concerns with chemical
sl b o 5 o © purity and identity, noisy data, and systematic assay

‘_I' - I I I I 1 I 1 errors

 concentration (0 » Tox21 and ToxCast chemical libraries have undergone

o e s s analytical QC and results publicly available
meE « Public posting of ToxCast procedures
o hen as T « Chemical Procurement and QC
SRR ok + Data Analysis
M, sone e » Assay Characteristics and Performance
o 0w e e  External audit on ToxCast data and data analysis
FLAGS: plpe“ne

nl n n bove b line, iv . . .
Bordertine active o %M1 e Migrating ToxCast assay annotations to OECD 211

compliant format

National Center for
Computational Toxicology




<EPA Effort to Provide Data Through Display
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and Decision Support Dashboards
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<EPA RapidTox Workflow as a Focal Point
for Integrating Components
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& BagaTan | Home

0 Temcbesty

[

* 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




EPA
Vitt.... Where do we go from here?

Agency

Barriers to progress

 Different regulatory needs

 Inconsistent characterization of data, NAMs

* Low confidence in new methods due to lack of understanding
» Culture shift needed!

Opportunities for progress
« Data sharing
 Classification systems for NAMs

» Collaborative case studies as proof of concept for use of NAMs in
chemical risk assessment

National Center for
Computational Toxicology
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Vet Thank You for Your Attention!
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Tox21 Colleagues:
NTP Crew
FDA Collaborators
NCATS Collaborators

EPA Colleagues:
NERL
NHEERL
NCEA

Collaborators:
Unilever
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, EPA’s National Center for Computational Toxicology
National Center for

Computational Toxicology
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