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’UEI?SA New Approach Methodologies (NAMs)

Environmental Protection

Agency
" EPA is responsible for administering the Chemical
Toxic Substances Control Act (TSCA) Researchin
- ) Cite This: Chem. Res. Toxicol. 2018, 31, 287-290 pubs.acs.orgl
" Th hly 10,000 TSCA-rel hemicals i Tokicology
ere are rou -relevant chemicals in
shly ! Accelerating the Pace of Chemical Risk Assessment
commerce Robert J. K.'onc]L(,-r TinaHBa.hadori,T Tara S. Ba.rt0111—M:1d:1ren,i Maureen R. Gwinn,Jr Mike Rasn311berg,§
- . . and Russell S. Thomas™
u Trad|t|0na| methOdS a re tOO reSOU rce'|nten5|ve tO &S'l'lbztfnghmggsfin chcmi;al regulﬁ-;om_w;diddcgm Accelerating the Pace of Chemical Risk Assessment
increased the deman g or new data on chemical satety. New
address all of these Wiving s sy s s nd 100w
as well as t e inclusion of information from the exposure: O
" EPA, other US regulators, and international :*;i“:];;;"fN:l Aoyronchs Mot i Rbiotony Scames
. . 20_16 . NA:MS for toxicity testing, including_ altcmativc_s to
governments are all considering NAMs: APCRA e ot of e 1 imormason gape i o bsard
Shta st advans the applicaions of NAM data t0evdlomse
. the safety of data-poor chemicals, demonstration case studies
" NAMs include: -

" High throughput screening (ToxCast)
" High throughput exposure estimates (ExpoCast)
" High throughput toxicokinetics (HTTK)

" TSCA Proof of concept (June 2021): Examine ~200 chemicals with ToxCast, ExpoCast, and HTTK
" “A Proof-of-Concept Case Study Integrating Publicly Available Information to Screen Candidates for

Chemical Prioritization under TSCA” Foy \\ APCRA
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vEPA

United States EStimating Chemical Risk

Environmental Protection
Agency

" High throughput risk prioritization based upon in vitro screening
requires comparison to exposure (for example, NRC, 1983)

" Data obtained in vitro must be placed in an in vivo context:
in vitro-in vivo extrapolation (IVIVE)

" Information must be relevant to the scenario, for example,

consumetr, amblent, or occupatlonal exposure. Hazard

Toxicology in Vitro 27 (2013) 1570-1577

Toxicokinetics as a key to the integrated toxicity risk assessment based primarily
on non-animal approaches *

High-Throughput
Risk

Prioritization
Sandra Coecke?, Olavi Pelkonen ®*, Sofia Batista Leite *<, Ulrike Bernauer ¢, Jos GM Bessems ¢,

Frederic Y. Bois', Ursula Gundert-Remy %, George Loizou", Emanuela Testai’, José-Manuel Zaldivar’

Toxicokinetics Exposure
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EPA

United States
Environmental Protection
Agency

Toxicokinetics

" Toxicokinetics (TK) describes the absorption, distribution, metabolism, and

excretion of a chemical by the body:

Exposure

in vivo ’
TK data

\_

Internal
concentration

Toxicokinetic model: )
Absorption
Distribution
Metabolism

Excretion )

JEXIETH Office of Research and Development

Breen et al. (2021)

" TK is chemical-specific
" TK links exposure with internal concentrations

REYZT

High-Throughput
Risk
Prioritization

Toxicokinetics Exposure

ﬁ y APCRA
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EPA In Vitro-In Vivo Extrapolation (IVIVE)

Environmental Protection
Agency

" Translation of in vitro high throughput screening requires chemical-specific toxicokinetic models for
anywhere from dozens to thousands of chemicals

Exposure

in vivo ’
TK data

.

Internal
concentration

Toxicokinetic model:
Absorption
Distribution
Metabolism

Excretion W,

JEEIETH Office of Research and Development

Breen et al. (2021)

Toxicodynamic
IVIVE

in vitro bioactive
concentration

N

Response

In vitro Bioactivity
Assay

Concentration

> APCRA
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vEPA

United States
Environmental Protection
Agency

Decision Making

" Chang et al. (2022) identified many regulatory
agencies across multiple nations that rely upon
in vitro-in vivo extrapolation (IVIVE) to inform
chemical safety decision making

ey

Table 1. Specific risk assessment applications that can involve the use of IVIVE.

Agency/Organization

Use of In Vitro to In Vivo Extrapolation (IVIVE) in
Risk Characterization

Use of IVIVE or Int Vitro Data Outside
of Quantitative Risk Characterization

IVIVE is Critical to

Agency for Toxic
Substances and Disease
Registry (ATSDR)

Application of IVIVE approaches would require the
ability to derive health guidance values using
high-throughput in vitro data. Several uncertainties and
assumptions remain; hence, IVIVE is not used in

health assessments.

In vitro data are used or potentially used
as weight of evidence.

Chemical Safety

LU.5. Food and Drug
Administration Center for
Food Safety and Applied
Nutrition (FDA /CFSAN)

Use IVIVE to develop physiologically based
pharmacokinetic (PBPK) models, specifically to account
for metabolism in the liver and transport in the kidney.

Not applicable (N/A)

FDA Center for Drug
Evaluation and Research
(FDA/CDER)

The role of IVIVE in risk assessment has generally been
limited to relating in vitro human ether-a-go-go-related
gene (hERG) channel assay results to the risk of QT
prolongation and PBPK modeling. Following
established decision trees in dedicated guidance [59],

in vitro data can be used to predict drug—dru;_,
interactions and therefore dismiss the need for clinical
trials. It is anticipated that appropriately constructed
IVIVE algorithms will play a critical role in assessing the
utility of new approach methodologies (NAMs)
proposed to be used in risk assessment, which may
include the support of starting dose selection in
first-in-human trials of products using the Minimum
Anticipated Biological Effect Level [60].

In vitro data can predict efficacy of drugs
and estimate doses to use with high
potential in the field of rare diseases [61].

Consumer Product Safety
Commission (CPSC)

Has not used the approach but could use the
information during any applicable risk evaluation; the
approach could be used in a weight of evidence
approach for risk assessments.

N/A

U.5. Environmental
Protection Agency, Office
of Pesticide Programs
(EPA/OPF)

Use IVIVE to perform a rapid risk screening for
chemicals without in vino toxicity data [62] or to support
a weight of evidence approach to identify data needs or
to derive extrapolation factors [63].

Identify chemicals that act on a common
mechanism.

Review

IVIVE: Facilitating the Use of In Vitro Toxicity Data in Risk
Assessment and Decision Making

Xiaoging Chang LY, Yu-Mei Tan >, David G. Allen ", Shannon Bell 1%, Paul C. Brown ?, Lauren Browning 13,
Patricia Ceger 1@, Jeffery Gearhart 4.5, Pertti J. Hakkinen *50, Shruti V. Kabadi %, Nicole C. Kleinstreuer ",
Annie Lumen ¥/, ]oanna Matheson ? A]lcla Paini %10, Heather A. Pangburn ', Elijah J. Petersen 20,

Emily N. Reinke 13, Alexandre J. S. Rlbeu‘o ", Nisha Slpes 1 Lisa M. Sweeney %, John E. Wambaugh 4,

Ronald Wange *(, Barbara A. Wetmore ' and Mmz Mumtaz 16,0

U.S. Department of
Defense (DoD)

Various applications use IVIVE to derive
human-relevant numbers to address operational human
toxicity issues providing informed assessment of risk.
This approach has also been used in a corroborative
weight of evidence evaluation of hazard {comparisons
across various data streams).

N/A

National Institute of
Environmental Health
Sciences, Mational
Toxicology Program
(NIEHS/NTP)

N/A

Perform hazard characterization. Use
IVIVE to estimate external doses needed
to achieve blood levels that equate to the
identified in vitre potencies. The
approach is applied to multiple species
including human.

Office of Research and Development

European Union Reference

Laboratory for
Alternatives to Animal
Testing (EURL ECVAM)

N/ A—does not conduct regulatory risk assessments.

Development of case studies to explore
and illustrate applicability of in vitro data
and IVIVE.

@ APCRA
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\"UEI?SA Most Chemicals Lack Toxicokinetic Data

Environmental Protection

Agency " Most non-pharmaceutical chemicals — for example, flame retardants, plasticizers,
pesticides, solvents — do not have human in vivo TK data.

300 - " Non-pesticidal chemicals are unlikely to have any in vivo TK data, even from animals

250 -
v
M
i
£ 200 -
= ToxCast Chemicals
O :
et Examined
© 150 -
)
o)
§ 100 - Chemicals with Traditional
= in vivo TK

50 -
O I ]

ToxCast Phase | (Wetmore et al. 2012) ToxCast Phase Il (Wetmore et al. 2015) - C\) APCRA

Office of Research and Development Figure from Bell et al. (2018)



“EPA Estimating Chemical Risk

Environmental Protection
Agency

" High throughput risk prioritization based upon in vitro screening requires comparison to exposure
(for example, NRC, 1983)

" Information must be relevant to the scenario, for example, consumer, ambient, or occupational exposure.
" Data obtained in vitro must be placed in an in vivo context: in vitro-in vivo extrapolation (IVIVE)

High-Throughput
Risk
Prioritization

Toxicokinetics Exposure

ﬁ ») APCRA
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EPA Estimating Chemical Risk

Environmental Protection
Agency

" High throughput risk prioritization based upon in vitro screening requires comparison to exposure
(for example, NRC, 1983)

" Information must be relevant to the scenario, for example, consumer, ambient, or occupational exposure.
" Data obtained in vitro must be placed in an in vivo context: in vitro-in vivo extrapolation (IVIVE)

mg/kg BW/day

N

Potential Hazard
from in vitro
with Reverse

Toxicokinetics

High-Throughput
Risk

. Potential
Prioritization

Exposure Rate

Toxicokinetics Exposure

Lower Medium Higher @ APCRA
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EPA

([ J [ [ ] [
e Sags Fit for Purpose Toxicokinetics
Al;]\équg\rflmenta rotection
| Skin: Papp Lung (non-volatiles): P,
Jejunum: P, Lung (volatiles): Ky, Bessems et al' (2014)
" Bessems et al. (2014): We need “a Tt
first, relatively quick (‘Tier 1’), e

estimate” of concentration vs.
time in blood, plasma, or cell

" At the time it was suggested that
we might neglect active

Distribution |

metabolism. Thanks to in vitro Tissues: Kpy
measurements we can now do
better T =
|
" We still neglect transport and Physiologically-based toxicokinetic (PBTK) models are

other protein-specific phenomena particularly useful for extrapolating across varies exposure

df lating biological variability s
scenarios and for simulating biological variability ,‘O?}\ APCRA
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S EPA In Vitro-In Vivo Extrapolation (IVIVE)

United States

Environmental Protection for TOXiCO ki netics

Agency

" Translation of in vitro high throughput screening requires chemical-specific toxicokinetic models

Internal Toxicodynamic
IVIVE

concentration

in vitro bioactive

Exposure .
P concentration
Toxicokinetic model:
in Vivo Absorption
TK data — Distribution
Metabolism

\_ Excretion W,

Office of Research and Development Breen et al. (2021)
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S EPA In Vitro-In Vivo Extrapolation (IVIVE)

United States

Environmental Protection for TOXiCO ki netics

Agency

" Translation of in vitro high throughput screening requires chemical-specific toxicokinetic models

Internal Toxicodynamic
IVIVE

concentration

in vitro bioactive

Exposure .
P concentration
Toxicokinetic model:
in Vivo Absorption
TK data — Distribution
Metabolism

\_ Excretion W,

Office of Research and Development Breen et al. (2021)

5 APCRA

ACCELERATING THE PACE OF
CHEMICAL RISK ASSESSMENT




S EPA In Vitro-In Vivo Extrapolation (IVIVE)

United States

Environmental Protection for TOXiCO ki netics

Agency

" Translation of in vitro high throughput screening requires chemical-specific toxicokinetic models

Internal Toxicodynamic
IVIVE

concentration

- Toxicokinetic
Exposure in vitro bioactive IVIVE
concentration
Chemical-specific data are
steadily being generated

Toxicokinetic model: by ORD laboratories

L Absorption o (Barbara Wetmore),

Invivo ﬁ Distribution In vitro EPA contractors and
TK data Metabolism TK data collaborators

\_ Excretion )

Office of Research and Development Breen et al. (2021)
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“EPA HTTK: A NAM for Exposure

Environmental Protection
Agency

= /nvitro high throughput toxicokinetic (HTTK) methods can provide toxicokinetic
data for larger numbers of chemicals
(for example, Rotroff et al., 2010, Wetmore et al., 2012)

= HTTK methods have been used by the pharmaceutical industry to determine
range of efficacious doses and to prospectively evaluate success of planned
clinical trials (Jamei, et al., 2009; Wang, 2010)

* The primary goal of HTTK is to provide a human dose context for bioactive
concentrations from high throughput screening (that is, in vitro-in vivo
extrapolation, or IVIVE) (for example, Wetmore et al., 2015)

= A secondary goal is to provide open-source data and models for evaluation and
use by the broader scientific community (Pearce et al, 2017)

45\ APCRA

{ -/ ACCELERATING THE PACE OF
257 CHEMICAL RISK ASSESSMENT

Office of Research and Development



"’UEESA HTTK Enables Chemical Prioritization

Environmental Protection . . i
Agency U.S. EPA Endocrine Disruptor Screening Program

0 | | - %ﬁ % |’;‘4 ¢I El$ﬂf #;bﬁ Eazﬁqj;fl
J'_i ! . e i . $ i ﬁﬁ'ﬁé‘éﬁ *é i dﬂigiic\lla:lcent
103 __ QE J é*éFEFT EE éééﬁ | J il Ring et al. (2017) EEEEX

10”7

Administered Equivalent Dose or
Predicted Exposure (mg/kg BW/day)

Office of Research and Development Chemicals Monitored by CDC NHANES U.. Centers for Disease Control and Prevention

National Health and Nutrition Examination Survey



"’UEI?SA HTTK Enables Chemical Prioritization

Environmental Protection . . i
Agency U.S. EPA Endocrine Disruptor Screening Program

In Vitro Screening + IVIVE can estimate doses needed to cause bioactivity (Wetmore et al., 2015)

Chemical-

\ : . § Range of
g,
.LF%I ) .;é' &Eﬁ;ﬁ*ﬁﬁi Specific

10 . 5 $

® . ] é
i~ o SR 7 & | - % 'Iﬁ? e ¥ e Equivalent
q] - '$T $ %ﬁ . Eﬁ I3 "B ?)ses or
Qg _ é*éﬁ E E Hl:%lﬁ i J =1 gifferefnt
103 L L Ring et al. (2017) Assays

10”7

Administered Equivalent Dose or
Predicted Exposure (mg/kg BW/day)

Office of Research and Development Chemicals Monitored by CDC NHANES U.. Centers for Disease Control and Prevention

National Health and Nutrition Examination Survey



EPA

United States HTTK Enables Chemical Prioritization

U.S. EPA Endocrine Disruptor Screening Program

Environmental Protection
Agency

10

[k

[}

103

10”7

Administered Equivalent Dose or
Predicted Exposure (mg/kg BW/day)

Office of Research and Development

o

T

1

5

fﬁ%&

:
L

é'ﬁl

. § Range of
EI$| AR ﬁ Chemical-

g, " dfg;éé . T Specific
é B ¢| Equivalent
Doses for

Different
Ring et al. (2017) Assays

Exposure
@ intake rates
can be
inferred from
biomarkers

(Wambaugh
et al., 2014)

Chemicals Monitored by CDC NHANES U.. Centers for Disease Control and Prevention

National Health and Nutrition Examination Survey
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United States HTTK Enables Chemical Prioritization

Environmental Protection
Agency

10

[k

[}

-

103

10”7

Administered Equivalent Dose or
Predicted Exposure (mg/kg BW/day)

L'J

Higher priority chemicals
Office of Research and Development

T

U.S. EPA Endocrine Disruptor Screening Program

s b B8 BT
e %

Ring et al. (2017)

Range of
Chemical-
Specific
Equivalent
Doses for
Different
Assays

Chemicals Monitored by CDC NHANES U.. Centers for Disease Control and Prevention

National Health and Nutrition Examination Survey



SEPA  APCRA HTTK Case Study

Agency

= We aim to demonstrate that HTTK, with appropriately propagated uncertainty,
enhances NAM-based prediction of in vivo points of departure to inform regulatory
decision making.

= We will describe a framework for decision makers to make use of toxicokinetic (TK) new
approach methods that take into consideration chemical space and the decision-making
context.

= We will review the quantitative uncertainty in HTTK-based predictions of toxicokinetics.

= Finally, we will perform a gap analysis by identifying, for example, areas of chemical
space and routes of exposure in need of further research.
£ APCRA
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vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data
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(o)
vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data

Typically, intrinsic hepatic clearance
and fraction unbound in plasma

ACCELERATING THE PACE OF
CHEMICAL RISK ASSESSMENT

& APCRA

Office of Research and Development
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vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data

Data papers:

Rotroff et al. (2010)
Wetmore et al. (2012)
Wetmore et al. (2015)
Wambaugh et al. (2019)

& APCRA
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(o)
vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data + generic toxicokinetic model

Inhaled Gas

sue | o
»| Lung Blood 2t —

? # o“’:, # ;’;, - ;::, - = 5;__:11 Kidney Tissue
_:

r Qqgr
o L Kidney Blood &e‘

Gut Lumen

Gut Blood 4&“‘-

Blo

¥ —_— Rest of Body

Body Blood < Qg

A
I

Data papers:

Rotroff et al. (2010)
Wetmore et al. (2012)
Wetmore et al. (2015)
Wambaugh et al. (2019)

= APCRA
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(o)
vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data + generic toxicokinetic model

Inhaled Gas
_giadiind g g L Pt Model papers:
5 I e B € Wambaugh et al. (2015)
% Eg E St Bloed ‘&“é Pearce et al. (2017)
‘ 13 2 [ ] ], s R'ing gt al. (2017)
L mn m = zé - hET Linakis et al. (2020)
~s =R o) || Kapraunet al. (2022)

Data papers:

Rotroff et al. (2010)
Wetmore et al. (2012)
Wetmore et al. (2015)
Wambaugh et al. (2019)
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(o)
vEPA The Elements of High Throughput Toxicokinetics

United States
Environmental Protection
Agency

In vitro toxicokinetic data + generic toxicokinetic model
= high(er) throughput toxicokinetics

Inhaled Gas
\\ ol piasa ] G
# ;:’a # ;:’v - ;:’0 - ﬂi;:: Kidney Tissue
& ==l B e P Model papers:
5 I e B € Wambaugh et al. (2015)
% = o (=== Pearce et al. (2017)
s Liver Tissue & Rlng et aI. (2017)
‘ ‘ ‘ _ < 1" Tiver Blood 3 . .
- DERREINE===~ m N Linakis et al. (2020)
SHL AIE L B AL ==
= M =X Kapraun et al. (2022)
Body Bloo s |

Data papers:

Rotroff et al. (2010)
Wetmore et al. (2012) —
Wetmore et al. (2015) I

Wambaugh et al. (2019)
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EPA Possible HTTK Measurements

United States
Environmental Protection

Agency
" Traditional TK studies typically rely on animal studies and are therefore resource intensive and in many cases

ethically impermissible
" In vitro alternatives exist for some key aspects of TK

TK Process In Vitro Assays Assay Limitations | Chemical
Limitations

Metabolism Hepatocyte Relatively short Soluble, non- steady-state
suspension, timescales (< 4h) volatile chemicals  concentration,
half-life

microsome assays,
spheroids

IEEED Office of Research and Development See Coecke et al. (2013), Breen et al. (2021)



\"IUEESA Possible HTTK Measurements

Environmental Protection
Agency

" Traditional TK studies typically rely on animal studies and are therefore resource intensive and in many cases
ethically impermissible
" In vitro alternatives exist for some key aspects of TK

TK Process In Vitro Assays Assay Limitations | Chemical
Limitations

Metabolism Hepatocyte Relatively short Soluble, non- steady-state
suspension, timescales (< 4h) volatile chemicals  concentration,
microsome assays, half-life
spheroids

Distribution/ Plasma protein Tradeoffs between Soluble, non- Peak conc.,

Elimination binding speed and volatile chemicals  partition

sensitivity coefficients

EEEED Office of Research and Development See Coecke et al. (2013), Breen et al. (2021)



\"IUEESA Possible HTTK Measurements

Environmental Protection
Agency

" Traditional TK studies typically rely on animal studies and are therefore resource intensive and in many cases
ethically impermissible

" In vitro alternatives exist for some key aspects of TK

TK Process In Vitro Assays Assay Limitations | Chemical
Limitations

Metabolism Hepatocyte Relatively short Soluble, non- steady-state
suspension, timescales (< 4h) volatile chemicals  concentration,
microsome assays, half-life
spheroids

Distribution/ Plasma protein Tradeoffs between Soluble, non- Peak conc.,

Elimination binding speed and volatile chemicals  partition

sensitivity coefficients

Absorption Caco2, PAMPA, Mostly qualitative, Soluble, non-

MatTek epiitestinal skewed toward volatile chemicals  Identifies key
predicting “well routes of exposure
absorbed”

IEEEER Office of Research and Development See Coecke et al. (2013), Breen et al. (2021)



EPA Analytical Chemistry is a Key Bottleneck

Environmental Protection
Agency

"  Most HTTK in vitro assays require chemical-specific method to quantify changes in chemical concentration

|H

" For some chemicals “typical” methods like liquid or gas chromatography mass spectrometry do not work

"  Other chemicals are obscured by matrix effects — for example, similar biological components of the assay

\ Contents lists available at ScienceDirect i
... ... :. = —::.1 _— .
Pr= o™ = Wi Toxicology cec
%]
‘ ELSEVIE] journal homepage: www.elsevier.com/locate/toxicol
Analytical challenges for conducting rapid metabolism @Cmswk
1 o = oSy characterization for QIVIVE

Ari Tolonen?, Olavi Pelkonen”-*

2 Admescope Ltd, Typpitie 1, FIN-90620 Oulu, Finland

b University of Oulu, Department of Pharmacology and Toxicology, Aapistie 5 B (POB 5000), FIN-90014 Oulu, Finland

@3 APCRA
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EPA In Silico HTTK Predictors

Environmental Protection
Agency

" Where in vitro measurements have been made for sufficiently broad chemical libraries, computational
guantitative structure-property relationship (QSPR) models have been developed for even more rapid

prediction
TK Process In Vitro Assays Assay Limitations | Chemical
Limitations
Metabolism Hepatocyte Relatively short Soluble, non- steady-state Yes (pharma and
suspension, timescales (< 4h) volatile chemicals  concentration, commercial)
microsome assays, half-life
spheroids
Distribution/ Plasma protein Tradeoffs between Soluble, non- Peak conc., Yes (pharma and
Elimination binding speed and volatile chemicals  partition commercial)
sensitivity coefficients
Absorption Caco2, PAMPA Mostly qualitative, Soluble, non- Yes (pharma only)
skewed toward volatile chemicals  Identifies key
predicting “well routes of exposure
absorbed”

JEXED Office of Research and Development See Coecke et al. (2013), Breen et al. (2021)



wEPA Minimal HTTK and

United States

Environmental Protection Value of Information

" The two most important properties for HTTK are hepatic clearance and fraction unbound in plasma

" |f you had a collection of chemicals (new pharmaceuticals?), blinded to chemical identity and structure, but
had those two properties, you could still perform IVIVE

® (QSPRs for other properties have been developed to go straight from mass spec features in exposomics — no
structure needed (Dihrkop et al., 2019)
In addition:

1) Molecular weight would let you report mg/kg/day instead of uM/kg/day and predict importance of
urinary vs biliary elimination
2) Log P would let us estimate blood:plasma ratio, which would let us estimate first-pass hepatic
metabolism
3) pKa (ionization equilibria) will greatly impact some chemicals (because they behave differently if ionized
in blood/tissue) but outside of pharma this is often ignored -- if we have logP and pKa we can build a
dynamic model that predicts partitioning into different tissues
4) Henry’s law constant for semi- or completely volatile chemicals. Without it we greatly overestimate
steady-state blood concentrations because we overlook how much chemical we exhale
5) Water solubility and membrane permeability would play into better simulating dermal/aerosol exp""' 2\ APCRA
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\e’UEI?SA Evaluating the Confidence in HTTK

Environmental Protection
Agency

" WHO recommends TK model predictions generally be within a factor of 3, on average

" For HTTK, summary statistics such as peak concentration and time-integrated (“area under the curve” or
AUC) concentration:

" Wang (2010): For 54 pharmaceutical clinical trials the predicted AUC differed from observed by 2.3x
" Linakis et al. (2020): RMSE = 0.46 or 2.9x for peak concentration and RMSE = 0.5 or 3.2x for AUC

" Wambaugh et al. (2018): For 45 chemicals of both pharmaceutical and non-pharmaceutical nature,
RMSE of 2.2x for peak and 1.64x for AUC

" Pearce et al. (2017b):The calibrated method for predicting tissue partitioning that is included in httk
predicted human volume of distribution with a RMSE of 0.48 (3x)

> APCRA
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wEPA HTTK Decision Trees

United States
Environmental Protection
Agency

" Our goal is to construct decisions trees for a tiered framework that is two dimensional: Decision context vs.
chemical space

" We need to ensure that evaluators can understand and use this information.
" How are you going to use the data?

" Which compounds (parents/metabolites) need to be profiled?

" When would we need to identify metabolites from the in vitro systems?

" How do we decide when it is good enough?

" How do decisions depend on extent of exposure and expected route?

" There is chemical specific uncertainty in interpreting urine biomonitoring data, can HTTK help?
" When using a bioactivity:exposure ratio (BER) or margin of exposure approach it would be helpful to have
a library of urinary excretion

APCRA
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\"IUEESA BER Decision Tree

Environmental Protection
Agency

" Bioactive:Exposure Ratios (BERs) allow chemical prioritization based on a surrogate for risk — that is, the
BER is the margin between putative bioactivity estimated by HTTK and in vitro testing and exposure

Identifying Priority
Chemicals Among Many

Decision

Context

No Chemical Has Measured or Predicted

In Vitro Clearance and Binding

Is Oral Exposure a

Chemical
Reasonable Route? emica

Appropriateness

Chemical Reaches

Steady-State in Humans
Stop, C,. — Steady-state

Use Different Approach plasma concentration

Use Biomonitoring ﬁ APCRA
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EPA Exposure Reconstruction for
Environmental Protection
Biomonitoring/Exposomics

Agency
" A high throughput PBTK modeled parameterized with HTTK can permit exposure reconstruction from
marker molecules in blood, tissue, or excreta

Dominant Exposure Route
(Oral/Dermal/Inhalation) Included in Model

Decision
NG Context
Biomarker Has 1:1 Relationship
to Parent Chemical Exposure
Chemical

Chemical Has Measured or
Predicted Clearance and Binding

Use Different Approach

No

Appropriateness

Ten-fold uncertainty in
predictions is Acceptable

Use HTTK for Exposure
Office of Research and Development Reconstruction

ﬁ y APCRA
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<EPA Conclusions

United States
Environmental Protection

Agency
mg/kg BW/day
= Toxicokinetics (TK) is key for interpreting high-
throughput screening (HTS) data in a public health High
risk context (Coecke et al., 2012) Throughput
Screening +

= High Throughput TK (HTTK) is the combination of  Toxicokinetics
chemical-independent (generic) PBTK models and

in vitro measurements of key TK determinants High
. . Throughput
(plasma binding, metabolism) Exposure Rate

= Thousands of chemicals Predictions
Lower Medium Higher

= QOpen source, free, and evaluated software Risk Risk Risk

= New machine learning models are allowing predictions of TK for chemicals lacking in vitro
measurements

= Confidence is determined by comparing with more traditional data sources — requwes
careful understanding of variability in data S APCRA

] The views expressed in this presentation are those of the author and do not ACEHLERTNG e A O
sULELH Office of Research and Development necessarily reflect the views or policies of the authors’ institutions
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