<EPA

United States
Environmental Protection
Agency

Genomic Dose Response:

The Picture

NTP Genomic Dose Response Modeling Expert Panel Meeting
October 23, 2017

Russell Thomas
Director
National Center for Computational Toxicology

The views expressed in this presentation are those of the author and do not necessarily reflect
the views or policies of the U.S. EPA



SEPA Scott May Want To Rethink Asking

Environmental Protection

Me To Be The “Big Picture Guy”...

LESSER MINDS CAN DO
THE MANAGING AND
IMPLEMENTING WHILE
I CRITICIZE THEM FOR
NOT "GETTING IT.”

50. . .
YOU WANT
TO GET
PAIDETO Mo
BE A JERK?  MENTER

I'VE DECIDED TO
BECOME MORE OF A
BIG PICTURE GUY.

©2011 Scott Adams, Inc./Dist. by UFS, Inc.

Dilbert com DilbertCartoonist@gmail.com

1-8-1

National Center for
Computational Toxicology



wEPA It is a Well Known Fact that Toxicology

United States
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Continues to Have a Data Problem

Toxicity Testing US National Research Council, 1984

Strateg‘ws tO Detel'n‘line Size of Estimate Mean Percent
. e Category Category Inthe Select Universe
Needs and Priorities

Pesticides and Inert
Ingredients of Pesticides 3,350
Formulations

24 2 26 38
0 18 56

10
. ) . Cosmeticlngredients
Steering Committee on Identification of Toxic and Potentially Toxic

Chemicals for Consideration by the National Toxicology Program 2 14 1

Board on Toxicology and Environmental Health Hazards Drugs and Excipients

c ission on Life Sci Used in Drug Formulations
National Research Council
Food Additives

Major challenge is too many
Chem|cals and not enough Chemicals in Commerce:

At Least 1 Million

data Pounds/Year
Total # Chemlcals = 65,725 Chemicals in Commerce:

Iﬁesst‘;\a/nYl Million
Chemicals with no toxicity ouneTe
data of any kind = “‘46,000 Chemicals in Commerce:

Production Unknown or
Inaccessible

10 8 82

Complete Partial Minimal Some No Toxicity
NATIONAL ACADEMY PRESS Health Health Toxicity Toxicity Information
Washington, D.C. 1984 Hazard Hazard Information Information Available
Assessment Assessment Available Available
Possible Possible (But Below Minimal)
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It is a Well Known Fact that Toxicology

The Toxicity Data Landscape for Environmental Chemicals
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Truly Predictive or Just Protective?

...data compiled from 150 compounds
with 221 human toxicity events
reported. The results showed the true
positive human toxicity concordance
rate of 71% for rodent and nonrodent
species, with nonrodents alone being
predictive for 63% of human toxicity
and rodents alone for 43%.

Table 2-2. Uncertainty/safety factors for various reference values

UF"

Reference value J J Uy

ARE 1.3.10
AEGL ¥

OPP acute and 10 10 3.10
intermediate RfDs

OW HAs 1.3.10 1.3.10 1.3, 10 case-specific
ATSDR MRLs 1.3.10 1.3.10 1.3.10 ND?

* Uncertamty factors: U, = animal-to-human; Uy = within-human variability;
U, = LOAEL -to-NOAEL; Uy, = database deficiency.

* Additional safety factor required under FQPA.

 Endpoint = lethality, not really a LOAFIL -to-NOAEL adjustment in this case

4 Database deficiencies considered, and a facter may be included for intermediate RfDs if, for
example, there 15 no reproduction and fertility study.

® Overlaps with the FQPA safety factor (see U.S. EPA, 2002b)

ND = not done
NA = not applicable

National Center for
Computational Toxicology

Regulatory Toxicology and Pharmacology 32, 5667 (2000) ®
doi:10.1006/rtph.2000.1399, available online at http:/www.idealibrary.com on I II E %l

Concordance of the Toxicity of Pharmaceuticals
in Humans and in Animals

Harry Olson,' Graham Betton,? Denise Robinson,* Karluss Thomas,* Alastair Monro,' Gerald Kolaja,*
Patrick Lilly,” James Sanders,® Glenn Sipes,” William Bracken,® Michael Dorato,” Koen Van Deun, "
Peter Smith," Bruce Berger," and Allen Heller"

' Pfizer Inc., Groton, Connecticut; *AstraZeneca Pharmaceuticals, Macclesfield, England; *IL SI-HESI, Washington, DC, 20036, *Pharmacia
& UpJohn, Kalamazoo, Michigan; *Boehringer Ingelheim Pharmaceuticals, Ridgefield, Connecticut; ® Rhone-Poulenc Rorer, Collegeville,
Pennsylvania; ' University of Arizona, Tuecson, Arizona; *Abbott Laboratories, Abbott Park, Iilinois: *Eli Lilly and Co., Greenfield. Indiana;
" Janssen Research Foundation, Beerse, Belgium; "' Monsanto-Searle Laboratories, Skokie, Illinois; > Sanofi-Synthelabo, Inc., Malvern,
Pennsylvania; and “Bayer Corporation, West Haven, Connecticut

Received January 22, 2000

EPA/630/P-02/002F
December 2002
Final Report

A REVIEW OF THE REFERENCE DOSE AND
REFERENCE CONCENTRATION PROCESSES

Prepared for the
Risk Assessment Forum
U.S. Environmental Protection Agency
Washington, DC




~ Budding Field of Toxicogenomics
Promised to Change All That...

: Rapid
Mode - ; Hazard
O.f Characterization
Action X

National Center for
Computational Toxicology
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on Inferring MOA

REPORT

Applications of Toxicogenomic = :
Technologies to Predictive Toxicology = I g‘v:
and Risk Assessment 2 N

: : : m

I fald ot 1 e

Initial applications of toxicogenomics to identify MOA have generally
lacked a systematic approach

More art than science

Development of large reference databases difficult due to cost
constraints

Most expert committees/reports defaulted to using it as part of an
overall weight-of-evidence

Not very satisfying

in new ways, perhaps on a scale approach-
ing that of the Human Genome Project
Toxicogenomics also raises some ethical

VMIVUA Generator

National Center for
Computational Toxicology




Focus Shifted Towards Supervised
Classification Approaches

United States
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Agency

TOXICOLOGICAL SCIENCES 124(1), 54-74 (2011)
doi:10.1093/toxsci/kfr202

The MicroArray Quality Control (MAQC)-I1 study of Advnce Acces piblction Augist 2. 201
common practices for the development and validation
of microarray-based predictive models

Development and Evaluation of a Genomic Signature for the Prediction
inogens in

MAQC Consortium®

Gene expression data from

n
e Most studies show 60-85% accuracy for predicting cancer- \\

rodents, or of breast canc w Kincaid, T

the andpantsand. to i related end po ints i Workine
performance depended laj
performance. The conclu:

and ncependentimest Only a limited number of tissues have been evaluated i
Requires >20 compounds with adequate redundancy and s
diversity in mechanisms to have a robust training set (Thomaset |~
al., 2009)
>30 organs show tumor responses in NTP database with ~50%
having >10 chemicals in at least one species/sex

Difficult to justify as a comprehensive screen for rodent
_:;,Kcarcinogenicity [ cremicals
skaya,t'§ Yuri Nikolsky.§

*The Hamner Institutes for Health Sciences, Research Tri ang! le Park, North Carolina 27709; ¥SAS Institute Inc., Cary, North Carolina 27513; $Vavilov Institute
of General Genetics, Moscow B333, 117809, Rus and §GeneGo, Inc., St Joseph, M higan wmi

Discrimination for Genotoxic and Nongenotoxic Carcinogens by Gene r
Expression Profiling in Primary Mouse Hepatocytes Improves

Exposure Time Prediction of carcinogenic potential by a
Karen Mathijs,*+ Karen va.J,.BVrj..:mn: Danyel r. {..Jujn:‘lcuf + Andre Bc:::\m‘.: ¢ I\Llu' €l H. M. van Her toxicogenomic approach using rat hepatoma ce"s

i 14] Kazunari Tsujimura,'? Makoto Asamoto,* Shugo Suzuki," Naomi Hokaiwado,' Kumiko Ogawa' and Tomoyuki Shirai'

"Department of Experimental Pa thol ogy dT morn IgyN goya City University, Graduate School of Medical Sciences, 1 Kawasumi, Mizuho-cho, Mizuho-ku
Nagoya 467-8601, Japan; 2Ch rch Institute, Hita L. Tokyo 112-0004, Japan

(Received April 4, 2006/Revised June 1, 2006/Accepted June 8, 2006/Online publication August 11, 2006)
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wEPA In Vivo Study to Assess
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Transcriptional and Apical Correlation

Chemical Route Doses¢ Rodent Model Time Point Target Tissue
1,2,4-Tribromobenzene2  Gavage 2.5, 5,10, 25, 75 mg/kg Male Sprague Dawley rats 5d, 2, 4, 13 wks Liver

Bromobenzene? Gavage 25, (50), 100, 200, 300, 400 mg/kg Male F344 rats 5d, 2, 4,13 wks Liver

2,3,4,6- Gavage 10, 25, 50, 100, 200 mg/kg Male Sprague Dawley rats 5d, 2, 4, 13 wks Liver
Tetrachlorophenol?

4,4'-Methylenebis (N,N- Feed 50, 200, 375, 500, 750 ppm Male F344 rats 5d,2,4,13wks Thyroidb
dimethyl) benzenamineb

amingb d 0 alala alala NON 4000 nnm m A4 d / A Rladdeorb

Measured apical (histological and organ weight; n = 10) and gene expression changes (n = 5)
at each dose and time point in the target tissue.

Propylene glycol mono-t- Inhalation 25, 75, 300, 800, 1200 ppm Female B6C3F1 mice Liver
butyl etherb

1,2,3-Trichloropropane® Gavage 2, 6, 20, 40, 60 mg/kg Female B6C3F1 mice Liver
Methylene ChlorideP Inhalation 100, 500, 2000, 3000, 4000 ppm Female B6C3F1 mice Liver, Lung
NaphthaleneP Inhalation 0.5, 3, 10, 20, 30 ppm Female B6C3F1 mice Lung
1,4-Dichlorobenzene® Gavage 100, 300, 400, 500, 600 mg/kg Female B6C3F1 mice Liver

aChemicals in IRIS database for non-cancer endpoints only
bChemicals previously tested by the U.S. National Toxicology Program
cUnderlined doses used in NTP two-year rodent bioassay or IRIS database

National Center for
Computational Toxicology




wEPA Temporal Changes Between
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Transcriptional and Non-Cancer PODs

1000 1000
5Days 2 Weeks Bladder

@ Liver
@ Thyroid

Lowest Apical BMD (mg/kg/d)
Lowest Apical BMD (mg/kg/d)

r =0.909 r =0.987

f T T T

10 100 1000 10 100 1000

Lowest Pathway Transcriptional BMD Lowest Pathway Transcriptional BMD
(mg/kg/d) (mg/kg/d)

4 Weeks 13 Weeks

Lowest Apical BMD (mg/kg/d)
Lowest Apical BMD (mg/kg/d)

r =0.982

f T . 7 T T

10 100 0.1 1 10 100 1000
Lowest Pathway Transcriptional BMD Lowest Pathway Transcriptional BMD

Thomas et al., Toxicol Sci, 2013 (mglkg/d) (mglkg/d)

National Center for
Computational Toxicology




wEPA Combined Correlation Between Non-
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Cancer and Transcriptional PODs

10000
Median Log, Ratio Apical: Transcriptional Bladder

BMD = 0.068 (1.05) @ Liver
@ Thyroid
® Lung

@ Rat
B Mouse

—~~
e
~
(@)}
-
~~
(@)
£
N—r
(@)
=
m
©
2
Q.
<
+—
0
o
=
(@)
—

r =0.827 (p = 0.0031)

10 100 1000 10000

Low Pathway Transcriptional BMD (mg/k
Thomas et al., Toxicol Sci, 2013 owest Pathway Transcriptiona (mg/kg/d)

National Center for
Computational Toxicology




wEPA Temporal Changes Between
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Environmental Protection

Transcriptional and Cancer PODs

1000

Bladder

L 7

Thyroid

i)
o
<
o
E
[a)
=
m
S
S
=
|_

0.1

0.1 1 10 100
Thomas et al., Toxicol Sci, 2013 Lowest Pathway Transcriptional BMD (mg/kg/d)

National Center for
Computational Toxicology




wEPA Combined Correlation Between

United States
Environmental Protection

Cancer and Transcriptional PODs

10000

Median Log, Ratio Apical:Transcriptional Bladder
BMD = 0.524 (1.44) Liver
Thyroid

Lung

Rat
Mouse

<)
~~
o)
=<
>
E
a)
=
m
S
S
S
l_

r =0.940 (p = 0.0002)

0.1

0.1 1 10 100 1000 10000

_ _ Lowest Transcriptional BMD (mg/kg/d)
Thomas et al., Toxicol Sci, 2013

National Center for
Computational Toxicology




SEPA Why Could this Be True?

Environmental Protection
Agency

* Most histological changes do not occur without upstream or
downsream changes in the transcriptome

° Most environmental chemicals are highly non-selective in their
Interactions with biological systems

e
il

o
T

o
&
o
®

Selective
N

Selective
e

=
ba
=
ba

Curmulative Fraction of Chemicals
Curnulative Fraction of Chemicals

=
=]
i
=
=

R . Tt f [
04 1 1 10

Concentration to Activate First Assay Mumber of Assays Activated by a Chemical
Concentration to Activate 10% of Assays

=]
Y

National Center for Thomas et al., Tox Sci., 2013
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Integration of TGX in a Tiered 215t
Century Toxicity Testing Framework

TOXICOLOGICAL SCIENCES 136(1), 4-18 2013
doi:10.1093/toxsci/kft1 78
Advance Access publication August 19, 2013

Incorporating New Technologies Into Toxicity Testing
and Risk Assessment: Moving From 21st Century Vision
to a Data-Driven Framework
Russell S. Thomas,*!' Martin A. Philbert,t Scott S. Auerbach,: Barbara A. Wetmore,* Michael J. Devito.: Ila Cote,§
J. Craig Rowlands,| Maurice P. Whelan, Il Sean M. Hays,lll Melvin E. Andersen.* M. E. (Bette) Meek,llll Lawrence W. Reiter,#

Jason C. Lambert,** Harvey J. Clewell ITI,* Martin L. Stephens,t+ Q. Jay Zhao,** Scott C. Wesselkamper,** Lynn Flowers.§
Edward W. Carney.| Timothy P. Pastoor, £ Dan D. Petersen,** Carole L. Yauk.§§ and Andy Nong§§

Tier 2 Testing \

|

ays for
ity
+

\]
Weak, Nonselective
Interacting Chemicals

Potent, Selective
| Interacting Chemicals

!

Define First Order
Margin-of-Exposure

l

Define Tentative
Mode-of-Action

Tier 1 Testing\ /

Human In Vitro
— Pharmacokinetic Assays
| and IVIVE Modeling

Conservative First Order
Human Exposure
Characterization

Protective

National Center for
Computational Toxicology

Predictive

P

Short-term Rodent
Transcriptomic
Studies

Confirm In Vivo
IMode-of-Action and
Human Relevance

f

w

- -

Define Second Order
IMargin-of-Exposure

|
e

Refined
Pharmacokinetic
Estimates

Refined Second Order |
Human Exposure
| Characterization

Tier 3 Testing
[Standard Tox Studies]

Protective

Predictive




SEPA . . .
e | NE@ NEXt Frontier for Toxicogenomics

Gene Coverage

ToxCast ToxCast

~600 assays ~1,000
chemicals

Tox21
~50 assays

Tox21
~10,000 B ToxCast

chemicals u Not in
ToxCast

Pathway Coverage*

Response

*At least one gene from
pathway represented

Concentration

National Center for
Computational Toxicology




< EPA Developing a Portfolio of High-
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Throughput Toxicogenomic Tools

High-Throughput Transcriptomic Screen
. . » Low cost, 384-well, cell lysate compatible
* Whole transcriptome (EPA), S1500+ (NTP)
’ « Workflow integration of reference materials and controls,

development of performance standards
Portable platform/workflow for collaborative data generation

Mode of Action/MIE Analysis
* Refined CMAP tool and machine learning approaches
» Curating reference chemical database for MIE and
Karmaus, directional response
Unpublished >60 MIEs and growing

Concentration Response Analysis
« BMDExpress 2.0
+ Tcpl

National Center for
Computational Toxicology




EPA Expanding the Tiered 21st Century
Toxicity Testing Framework

United States
Environmental Protection
Agency

TOXICOLOGICAL SCIENCES 136(1), 4-18 2013
doi:10.1093/toxsci/kft1 78
Advance Access publication August 19, 2013

Incorporating New Tec
and Risk Assessment: M

OX21_ERa_BLA_Antagonist_ratio, HITCALL ©
Clomiphene (911-455), Sample 1D = Tox21_113110
150

ERa Antagonist

120

Russell S. Thomas,*! N

J. Craig Rowlands,| Maurice
Jason C. Lambert,** Harve,,
Edward W. Can

b.§
Reiter, #
wers, §

4-Hydroxytamoxifen
Clomiphene Citrate

Bisphenol A
4-Cumylphenol
4-Nonylphenol

Percentage Activity

Tier 2 Testing \

Refined
Pharmacokinetic
Estimates

J ]

We; onseive J Potent, Selective

27078777

BMD ~1-2 uM

Interacting Cl als Interacting Chemicals

l

{ Define gt Order J Define Tentative J

Human Exposure
Characterization

Refined Second Order J

Margin-oi-Exposure Mode-of-Action e

=

Antagonist | Agonist
Protective Predictive FPTUTECTVE

National Center for
Computational Toxicology
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PODToxCast <
ExpoCast 95%

Chemical

v
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International Case Study Evaluating
Bioactivity as a Conservative POD

I;x?qCast PODToxCast (I_)O_DTraditlonal POI:)EFSA POD_HC)

¢ r

o
=
‘.

*y
LY

S
E NF2

ot 't

. L
" L ..~.'
L
.‘.'

e A

National Center for
Computational Toxicology

log10 mg/kg-bw/day

& POD-MNAM # Expocast95%-ile ™ POD-tradiional ™ EFSAPOD.5%-ile ™ HC.POD.5%-ile

Total =
379 chemicals

httk, ToxCast data, and POD
value(s) currently available

For ~87% of the
chemicals,
POD ToxCast WGS
conservative.

Missing an
important
component
of biology?




SEPA The Time is Now for Potential

s Regulatory Applications

H.R.2576

One Nundred Fourteenth Congress
of the
Wnited States of America

AT THE SECOND SESSION

Begun and held at the City of Washington on Monday,
the fourth day of January, tico thousand and sixteen

An Act

To modemnize the Toxic Substances Control Act, and for other purposes.

Be it enacted by the Senate and House of Representatives of
the United States of America in Congress assembled.

“(1) PRIORITIZATION FOR RISK EVALUATIONS.—

“(A) ESTABLISHMENT OF PROCESS.—Not later than 1
vear after the date of enactment of the Frank R. Lauten-
berg Chemical Safety for the 21st Century Act, the
Administrator shall establish, by rule, a risk-based
screening process, including criteria for designating chem-
ical substances as high-priority substances for risk evalua-
tions or low-priority substances for which risk evaluations
are not warranted at the time. The process to designate
the priority of chemical substances shall include a consider-
ation of the hazard and exposure potential of a chemical
substance or a category of chemical substances (including
consideration of persistence and bioaccumulation, poten-
tially exposed or susceptible subpopulations and storage
near significant sources of drinking water), the conditions
of use or significant changes in the conditions of use of
the chemical substance, and the volume or significant
changes in the volume of the chemical substance manufac-
tured or processed.

Chemicals Management Plan (CMF) Science Committes
Objectives Paper
Meeting #5; 16-17 November 2016
Integrating New Approach Methodologies within the CAP:
Identifying Priorities for Risk Assessment,
Exicting Substances Rizk Assessment Program

Contents
10 Meeting OBBOIVES ettt
for Inteerating MAM mto the Risk Assessment Prosram..........

Newand Legacy Chemicals with
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