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Acceptance and use of in vitro data for hazard identification is limited
by uncertainties associated with exposure characterization and metabolism

Many in vitro systems:
* lack consideration of biotransformation capabilities
* Overestimation of hazard for chemicals rapidly cleared in vivo
* Underestimation of hazard for chemicals bioactivated in vivo
* lack consideration of exposure route
* lack consideration of susceptible populations / life stages
* Invitro potency estimates are often not adjusted for chemical availability
in the in vitro system (ie, in vitro disposition)

Toxico-
kinetics

Recent Agency Case Study Finding:
= TK data availability rate limiting factor in TSCA screening for
chemical prioritization

*“A Proof-of-Concept Case Study Integrating Publicly Available
I Office of Research and Development Information to Screen Candidates for Chemical Prioritization under TSCA”
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In Vitro-In Vivo Extrapolation (IVIVE)

l. In Vitro Toxicokinetic Assays
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HT-IVIVE approach uses
- hepatic clearance
- plasma protein binding
- conservative assumptions
Predictions consistently protective of human health

IVIVE originally used and vetted in pharma applications

Internal Concentration

IVIVE -—P Predictions Given a Set
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Renal reuptake
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Isozyme-specific
clearance
(hepatic, renal, intestinal)

I Office of Research and Development

Administered Dose

Ongoing efforts will:

- Assess impact of transporter involvement
- Evaluate extent of population variability

tools

- Incorporate additional TK inputs for better predictivity

- Employ experimental measures to develop predictive

Rotroff et al., Tox Sci., 2010 Wetmore et al., Tox Sci., 2015 Wambaugh et al., 2019

Wetmore et al., Tox Sci, 2012 Wambaugh et al., Tox Sci., 2015 Smeltz et al., in preparation
Kreutz et al., in preparation

Wetmore et al., Tox Sci., 2014 Honda et al., 2019
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et In Vitro-In Vivo Extrapolation
Il. Physiologically-based Toxicokinetic Modeling

Agency

— “httk”: Open-source modeling package

Modeling Platform incorporates:
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= = - chemical-specific inputs (TK data, physico-chemical)

=3 - physiologic inputs (blood flow rates, tissue size)

into Simulations set up for:
Evolving Capabilities

* Augmentation of PBTK models based on need - populations of interest

* Expanding to incorporate additional TK data
(intestinal, renal compartments)

* Incorporating additional exposure routes - Capturing variability (within or across populations)

* Incorporating additional pathways (gestational)

* Incorporating demographic info to expand
population-based info (variability)

exposures of interest

Based on variations in the physiologic inputs (Monte Carlo)

Pearce et al., 2017, J Statistical Software
I Office of Research and Development
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High throughput in vitro
i screening can be used to
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I Office of Research and Development Ring et al. (2017) Risk  Risk Risk
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Ongoing Development of Toxicokinetic and IVIVE Tools for use in NAMs

= Primary goal: to provide a human exposure-dose context for bioactive in vitro
concentrations from NAMs for hazard testing

= TK Methods across TSCA landscape — including challenging chemistries, emerging contaminants
= |ncorporating more exposure routes and pathways

= Tools to characterize exposures to sensitive populations and life stages

= Characterize in vitro disposition across TSCA landscape

= Tools to identify, quantitate and/or reduce sources of uncertainty

= Secondary goal: to provide open-source data and models for evaluation and use by the
broader scientific community

= Concomitant incorporation of above tools and data in HTTK package
= Databases with in vitro, in vivo data for use in IVIVE evaluations, in silico tool development

I Office of Research and Development
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Agency HTTK: Open-Source
Platform
Model Expansion
Predictive Tools | Multi-compartment; PBTK
Plasma protein binding . Eipssurel rOL:;c'Ies
Hepatic clearance estational pathway
Transporter Involvement \ ’ncorporatlng new TK data streams
Isozyme Involvement N
] S
o [t | N - N i J i Refinement
Databases | EEEE TS i ‘ IVIVE / IVIVC efforts
in vitro TK data _ N | [ Sl P In Vitro Dispgsition
In vivo TK data (CvTdb) et U o, e | Best Practices

oral dose rate

[ (GFR*Fub)_'_(Ql*Fub *Ql"';:iin;%
TK Data Generation
in vitro: Uncertainty / Variability
More chemicals, chemistries Assessments
Species expansion (rat, human) Bayesian approaches
TK assay expan'sior] (intestinal, renal) Population Variability Experimental uncertainty
in vivo: NHANES; physiology Biologic variability

Rat (cross-species extrapolation)

Toxicokinetic variability
I Office of Research and Development
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EPABI3RIBO04 = February 2019 | www.epagow/plas

SEPA ==rs

EPA’s Per- and Polyfluoroalkyl
Substances (PFAS) Action Plan

Q

- In Vitro Toxicokinetic Data Generation -
PFAS: Using NAMs to Fill Information Gaps

Goals:

» Generate data to support development and
refinement of categories and read-across
evaluation

* Incorporate substances of interest to Agency

« Characterize mechanistic and toxicokinetic
properties of the broader PFAS landscape

“Research Area 1: What are the human health and ecological effects of

exposure to PFAS?

“..the EPA plans to use new approaches such
as high throughput and computational
approaches to explore different chemical
categories of PFAS... to inform hazard
characterization, and to promote prioritization

of chemicals ...” /

Data collection: Maximizijr:g Read-across

Capturing Structural Diversity
A

Pre-defined [ \ 1 \
structural On Wikgrp-31 list; On EPA-PFAS list; Availability of EPA interest Characterizing the
categories Availability of in vivo data  Availability of in vivo data in vivo data in vivo data lacking PFAS Landscape
Step 0: Step 1: Select Step 2: Select Step 3: Select Stepid. Select Step 5: Select
Characterizing the substances from substances from substances from substances from substances from
PFAS library categories of greatest 7 categories of interestto /' remaining categories categories of interest remaining
interest to the Agency the Agency with in vivo data to the Agency categories

+6 structural categories*

*2 categories contained only 1
chemical, so were not included

Agéncy interest 5 structural categories

+2 structural categories

+5 structural categories +10 structural categories

O\

13 substances
10 categories

Availability of in vivo data

A\

9 substances:
6 categories

PN

53 substances: 12 categories

53 structural
categories

I Office of Research and Development
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PFAS TK data: ~150 PFAS
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- Predictive Tool Development -

= |nvitro TK measurements are being employed in model development and evaluation.

= Plasma protein binding (f ); hepatic clearance (Cl. ,) underway; others to follow.

In silico predictions for f, (plasma protein binding)
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I Office of Research and Development
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Pradeep et al., 2020
Tornero-Velez et al., underway
Sipes et al., 2017
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RESEARCH ARTICLE

- Model Expansion -
Gestational Pathway

Empirical models for anatomical and _
hvsiological ch . h th d 50 = Proportional-to-Volume Model i T L
T = s .
physiological changes in a human mother an | IR e N S
* " & s
fetus during pregnancy and gestation =« Gaohua et al. (2012) Model e | e
; ) . 40 == == Dallmann et al. (2017) Model /* _-"
Dustin F. Kapraun,'*, John F. Wambaugh =, R. Woodrow Setzer.~, Richard ] E
P ’ e’ ' Zhang et al. (2017) Model . .*
S. Judson *
1 Natlonal Center for Environmental Assessment, US Environmental Protection Agency, Research Triangle -::T
Park, Morth Carolina, United States of America, 2 National Center for Computational Toxicology, US — 30 B
Environmental Protection Agency, Research Triangle Park, North Carolina, United States of America W
]
B T
2 201
Table 1. Itemized comparison of selected publications that contain one or more formulae related to human gestation and pregnancy. [
Manuscript | [27] |[15] |[25] |[28] | [29] |[31] |[3] |[32
— — —— —— ———
Presents original data® N | N|N|N|N|[N[N|N 10
Presents original compiled data® set(s) Y | N | N | ¥ N|N|Y|Y
Presents original models” based on compiled data sets of Abduljalil et al. [28] N | N | N| X Y | N|N|N
Presents original models” based on compiled data sets of Abduljalil et al. [33] N | N|N|N|N|[N[N|N
{+) Employs and thoroughly describes rigorous statistical methods for parameter® estimation Y | N | Y| N|[N|[N[Y|N 0 -
(+) Employs and thoroughly describes rigorous statistical methods for model’ selection M |N|N|N|N|[N|[Y|N r - - r T T T T T
{+) Presents original models” for multiple maternal compartments M | Y |N| Y |[Y|[Y|[Y|N 0 5 10 15 20 25 30 35 40
{+) Presents original models” for multiple fetal compartments M | Y | Y| N|N|[Y|[N|Y .
{+) Presents models that reflect a biologically accurate depiction of the fetal circulatory system® M | N | N|N|N|[Y|[N|N Gestational Age [w eeks ]
(+) Presents explicit models' for “rest of body” compartments that yield feasible {e.g.. non-negative) N | N | N | N | N | N || v Figll Maternal blood flow to the placenta vs. gestational age. The proportional-to-volume model (solid line) given by Eq 22, the linear
values for all relevant time points transition model given by Eg 21, and two published models [3, 29, 32] are shown.
(+) Systematically compares original models’ with previously published models’ M | N|N|N|[N|N|N|N|N Y
(-} Presents models that contain errors or inconsistencies identified in the current manuscript N Y | N N | Y N |[Y | Y Y N

I Office of Research and Development

Kapraun et al., 2019 PLOS One
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- Model Expansion -

Generic Gas Inhalation Model
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“Development and Evaluation of a High Throughput
Inhalation Model for Organic Chemicals” by Linakis et al.,
2020 (Journal of Exposure Science and Environmental
Epidemiology) — Collaboration with Air Force Research
Laboratories

The structure of the inhalation model was developed from
two previously published physiologically-based models from
Jongeneelen et al. (2011) and Clewell et al. (2001)

The model can be parameterized with chemical-specific in
vitro data from the HTTK package for 917 chemicals in human
and 181 chemicals in rat

Model was made publicly available with the release of httk
v2.0.0 in February 2020



SEPA - Database Development -
Syl resin CvTdb: An InVivo TK Database

= EPA has developed a public database of concentration é
vs. time data across several species for building,
calibrating, and evaluating TK models 442 147

= Effort ongoing, but to date includes:
= 198 analytes (EPA, National Toxicology Program,
literature)
= Routes: Intravenous, dermal, oral, sub-cutaneous, k
and inhalation exposure

= Standardized, open-source curve fitting software
invivoPKfit used to calibrate models to all data

https://github.com/USEPA/CompTox-ExpoCast-invivoPKfit SCIENTIFIC D AT A

CvTdb Link: https://github.com/USEPA/CompTox-PK-CvTdb patabescripTor  Series data and parameters for 144-

environmental chemicals
- Office of Research and Development Risa R. Sayre(3%**™, John F. Wambaugh (" & Christopher M. Grulke(»*



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

v EPA - HTTK Platform -

United States

Ry e Open-Source Tools and Data for HTTK
https://CRAN.R-project.org/package=httk

= O
R CRAN - Package httk X +
& C & cranr-project.org/web/packages/httk/index.htmil Q2 % 0 N ‘
55 Apps (&) Confluence (2 CompTox Dashboard @ Article Request @ Absence Request & Travel Forms W Bitbucket -4 EHP ;-;- Change Password @ FAITAS »

httk: High-Throughput Toxicokinetics

Generic models and chemical-specific data for simulation and statistical analysis of chemical toxicokinetics

Pearce etal. (2017) <doi:10.18637/j55.v079.i04>. Chemical-specific in vitro data have been obtained from rj dd ))
experiments. Both physiologically-based ("PBTK") and empirical (for example, one compartment) "TK" mi R p a c k a ge h tt k
parameterized with the data provided for thousands of chemicals, multiple exposure routes, and various spe¢

of systems of ordinary differential equations which are solved using compiled (C-based) code for speed. A N

included. which allows for simulating human biological variability (Ring et al., 2017 <dei:10.1016/j.envint. O pe N SOurce, trans pa re nt an d pee r-
propagating parameter uncertainty. Calibrated methods are included for predicting tissue:plasma partition cq
distribution (Pearce et al., 2017 <doi:10.1007/s10928-017-9548-7>). These functions and data provide a set reVIewed tOO|S d nd data for hlgh

vivo extrapolation ("TVIVE") of

: e, throughput toxicokinetics (httk)
dosimetry (also known as "RTK h
downloads 107 1/ nont * Available publicly for free statistical

Version: 2.03

Depends: R(=2.10) SOftwa re R

Imports: deSolve, msm, data.table, survey, mvtnorm, fruncnorm, stats, graphics, utils, magrittr, ° . : . : .

Suggests: ggplot2. knitr, rmarkdown, R.rsp, GGally, gplots, scales, EnvStats, MASS, RColorBrew A”OWS In vitro-in vivo extra pO|atI0n
classInt, ks, stringr, reshape. reshape2, gdata, viridis, CensRegMod, gmodels. colorspag (lVlVE) a nd physiologica | |y_based
dplyr, forcats, smatr, gtools, gridExtra

Published: 2020-09-25 toxicokinetics (PBTK)

Author: John Wambaugh [aut, cre], Robert Pearce [aut]. Caroline Ring [aut]. Greg . re .
Sfeir [aut], Matt Linakis [aut], Jimena Davis [ctb], James Sluka [cth], Nisha Si ¢ Huma n_speCIfIC data for 987 Chem|Ca IS
Wetr tb], Woodrow Set tb : :

o stmore ([ [etb]. Woodrow Setzer (5 [etb] e Described in Pearce et al. (2017a)
Maintainer: John Wambaugh <wambaugh.john at epa.gov=

BugReports: lmps /github.com/USEPA/CompTox-ExpoCast-httk |


https://cran.r-project.org/package=httk

SEPA - HTTK Platform -
Modules within R Package “httk”

Agency

Description Reference
Wetmore et al. (2012,

Chemical Specific In Vitro Metapollsm and protein blndlr)g for ~1000 2013, 2015), plus
Measurements chemicals in human and ~200 in rat

others
Chen.ﬂic.aI—Specific In Silico Metabolism.and protein binding for ~8000 Sipes et al. (2017)
Predictions Tox21 chemicals

One compartment, three compartment,
Generic toxicokinetic models physiologically-based oral, intravenous, and
inhalation (PBTK)

Pearce et al. (2017a),
Linakis et al. (2020)

Tissue partition coefficient

. Modified Schmitt (2008) method Pearce et al. (2017b)
predictors
Variability Simulator Based on NHANES biometrics Ring et al. (2017)
In Vitro Disposition Armitage et al. (2014) model Honda et al. (2019)
Uncertainty Propagation Model parameters can be described by Wambaugh et al.
y Fropas distributions reflecting uncertainty (2019)

I Office of Research and Development



SEPA - In Vitro Disposition —

e A Tox21 Cross Partner Project (EPA, NTP, FDA)

An Experimental Evaluation of Mass Balance Models Preliminary Design and Data
describing in vitro partitioning and disposition

-
- Pllot StUdy Completed Test Plate Test Plate Barcode  Plating Condition  Exposure Duration (hr) Measured Compartment
. Medium - cell 1 Medi
- 20 chemical case study underway A TR0 el s Pastic
. . . . Medium + cells 1 Medium
- Chemical levels quantitated across 5 in vitro compartments i TEOO009OF Mesium +cels 1 Plastic + ells
C TC00000015 Medium + cells 1 Whole Well Crash
D TC00000016 Medium - cells 6 Medium
. Medium - cell 6 Plasti
Armitage et al. 2014 PMID 25014875 : cooooss, | Medum scell ‘ Midium
Medium + cells 6 Plastic + Cells
= " " F TC00000018 Medium + cells 6 Whole Well Crash
Diagram of in vitro compartments Head space - eoooory | Mediumcels 24 Vedium
Medium - cells 24 Plastic
H TC00000020 Medium + cells 24 Medium
Medium + cells 24 Plastic + Cells
\ TC00000021 Medium + cells 24 Whole Well Crash
DMSO Test medium 25

(if present)
- 7
Sorption to

OOOOOOOST Ll s

Serum constituents

Concentration (uM)

wv

0
ROSI  RIF OMEP APAP NP14B CARB THIA TPP FLUS ATRZ

. -~ . . . B Media ® Whole Well
Figure 1. Conceptual representation of an in vitro test system.

I Office of Research and Development



SEPA Providing the Pieces for Prioritization

Informing TSCA

Exposure A

(
Target Consumers General Population
Population

)

HTTK Aerosol
Oral Route
Needed
—
/ Evaluation Data: \ / Evaluation Data: \
NHANES NHANES
Human Human
ExpoCast/SEEM ExpoCast/SEEM
Many Exposure Many Exposure
\ Predictors / \ Predictors /
Pathways
Covered Consumer Ambient

I Office of Research and Development



SEPA Providing the Pieces for Prioritization

United States

}Iig\éi;g\rflmental Protection igh-Throughpu ngh/y EXposed and
Risk Informing TSCA Sensitive Populations
Exposure
( : A\
Target ~ Consumers General Population { Workers Gestational \
Population
) 4 ™ 4 . )
HTTK Aerosol Aerosol Gestational
Oral Route Route Model
Needed Needed Needed
— —_____ & J
/ Evaluation Data: \ / Evaluation Data: \ / Evaluation Data: \ / Evaluation Data: \
NHANES NHANES OSHA NHANES
Human Human Occupational Demographic Human
ExpoCast/SEEM ExpoCast/SEEM ExpoCast/SEEM ExpoCast / SEEM
Many Exposure Many Exposure HT ChemSTEER, Many Exposure
\ Predictors / \ Predictors / \ others / \ Predictors /
Pathways
Covered Consumer Ambient Occupational Multiple

I Office of Research and Development
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Target

Populatio

(

Consumers
n

/ Evaluation Data:
NHANES

Human
ExpoCast/SEEM

Many Exposure
\ Predictors /

Pathways
Covered

Consumer

Providing the Pieces for Prioritization

I Office of Research and Development

i Throughoe Highly Exposed and
Risk Informing TSCA Sensitive Populations Informing EDSP
Exposure
: A\
General Population / Workers Gestational Ecological (Fish)
ToxCast +
ToxCast ToxCast ToxCast SeqaPass /
LC50 Models
) ) 4 ) TN
HTTK Aerosol Aerosol Gestational EPI HTTK
Oral Route Route Model Suite Fish
Needed Needed Needed BCF* Needed
/ Evaluation Data: \ / Evaluation Data: \ / Evaluation Data: \
NHANES OSHA USGS Surface Water
Human Occupational :
Ecological
ExpoCast/SEEM ExpoCast/SEEM ExpoCast/SEEM
Many Exposure { HT ChemSTEER, ]
\ { Predictors ) \L others J) \[ 3 HT Models ]/
Ambient Occupational Multiple Ambient
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CSS Products Supporting Models/Data Outputs Applications

2.6.4: New Methods/Data Generic Dermal Model . Address IVIVE for Gen. Pop.

) Risk Workflows
Uncertainty v (OPPT, OLEM, MN)

Challenging JL New R Package

2.6.5: Exposure Routes g

Generic Aerosol Model
2.6.6: Life-stage and Sens. Pop.

2.6.7: QSAR Models New Chemicals Chemistries “hitk” Release
2.6.8: In Vitro Distribution
Generic Parent-Metabolite New Exposure
s Model
2.6.9: Uncertainty Experiments ROUtes Occu patlonal Risk
IVIVE

eneric Human
Gestational

2.6.10: Parent-Metabolite .- ;
Sensitive Pop’s

and Lifestages

2.6.11: HTTK Fish eneric Aquatic ———

Species Model

Ecological Risk IVIVE

2.6.12: HTTK-AOP Model

TK/TD Model
I Office of Research and Development
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International Collaborations
- Accelerating the Pace of Chemical Risk Assessment (APCRA) -

In Vitro Bioactivity, HTTK, and InVivo Toxic Doses

SOT | s,

Moed|  academic.oup.comtoxsci

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

Katie Paul Friedman @ ,*' Matthew Gagne, Lit-Hsin Loo," Panagiotis
Karamertzanis,’ Tatiana Netzeva,® Tomasz Sobanski,¥ Jill A. Franzosa,’ Ann
M. Richard," Ryan R. Lougee,”! Andrea Gissi$ Jia-Ying Joey Lee, Michelle
Angrish,' Jean Lou Dorne, ! Stiven Foster,” Kathleen Raffaele,” Tina
Bahadori,! Maureen R. Gwinn,” Jason Lambert,” Maurice Whelan,* Mike
Rasenberg,’ Tara Barton-Maclaren,' and Russell S. Thomas ® *

e
ealt]

Prot , Rese gle Park, NC, 2771%;

Depas nergy, Oak Ridge, TN 37831, USA; I

R Protecti Washington, DC, 20004 and Research

Triang fRisk.

Scient

o Magno 1A, 43126 Parma, ltaly; “Office of Land and Emergency Management,
n A gton, DC, 20004; and "European Commission, Joint Research

ce
Reseh Trisngh bk, NC2771, . (19 5411158
Emal pul fedmnatEocagor.
Camada o
ABSTRACT
alth sa
48 chemical,
using the S0th (PODrus (PODsu. for the steady.state plasma

International case study with EPA, ASTAR,
ECHA, Health Canada, and EFSA

I Office of Research and Development
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United States
Environmental Protection

Agency

Additional Efforts

In vitro TK data generation: Ongoing, internal (>400 TSCA, incl. 150 PFAS) and external (>215); as needed on
program office-initiated efforts (Office of Chemical Safety and Pollution Prevention, Office of Water)

In vivo TK: rat in vivo studies for comparative assessments and IVIVE evaluation (Hughes et al., underway)
Dermal Route: permeability/partitioning models completed (Evans et al.), integration with HTTK begun
Bioavailability: incorporation of Caco-2 data in IVIVE (Honda et al., 2019; Honda et al., in preparation)
Transporters: TK renal transporter data generation for PFAS IVIVE modeling (Smeltz et al., underway)
Sensitive Populations/Variability: Isozyme-specific chemical evaluations to evaluate TK variability and supply in
silico predictive efforts (Kreutz et al., underway); Correlated Monte Carlo approach to incorporate physiologic
variability (Ring et al., 2017)

Parent-Metabolite HTTK: NTA data for metabolism of ToxCast chemicals generated by contractor and being
analyzed (Boyce et al. underway)

Stakeholder Outreach and Collaborations

CompTox Chemicals Dashboard: Contains ADME data for >1000 chemicals.

2020 SOT: “New Data and Tools for Understanding Chemical Distribution In Vitro” - Nynke Kramer and John Wambaugh
FIFRA SAP “The use of new approach methodologies (NAMs) to derive extrapolation factors and evaluate developmental
neurotoxicity for human health risk assessment” - Incorporation of in vitro TK / HTTK

Integration of high throughput hazard, exposure, and TK NAMs into proposed TSCA workflows (white paper, peer review)
APCRA Collaborations — HTTK case study (underway) and NAM prospective case study (underway)

Ongoing collaborations with Health Canada, US Geological Survey, and MN Department of Health

I Office of Research and Development
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Armitage J.M. et al. “Application of mass balance models and the
chemical activity concept to facilitate the use of in vitro toxicity data
for risk assessment.” Environmental Science & Technology (2014) 48,
9770-9779.

Bell, S.M., et al. "In vitro to in vivo extrapolation for high throughput
prioritization and decision making." Toxicology In Vitro (2018) 47:
213-227.

Honda, G.S., et al. "Using the concordance of in vitro and in vivo data
to evaluate extrapolation assumptions." PloS One (2019) 14(5):
e0217564.

Jamei, M., et al. "The Simcyp® population-based ADME simulator."
Expert Opinion on Drug Metabolism & Toxicology (2009) 5(2):211-
223.

Kapraun, D., et al. “Empirical Models for anatomical and physiological
changes in a human mother and fetus during pregnancy and
gestation.” PloS One (2019). 14(5):e0215906.
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