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Frequent Criticisms Against Broader Application
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Limited coverage of important cellular and intracellular
processes

Relatively short duration exposures

Endpoints with indirect connection to adverse
responses in organs and tissues

Limited metabolic capacity

Reduced biological complexity

“Black box” predictions

Limited chemical domain of applicability
Lack of familiarity and training

Complex data interpretation

Lengthy validation process
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and Facilitate Progress
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/ ToxCast Assavs\

Transcription Factors
Transporter
Cytokines
Kinases
Nuclear Receptors
CYP450 / ADME
Cholinesterase
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GPCRs
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Increase Biological Coverage
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EPA In Vitro Transcriptomic Points of Departure for Volatile
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Chemicals are Similar to Occupational Exposure Limits
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SEPA  Retrofitting In Vitro Assays with Xenobiotic Enables
T |dentification of Bio(in)activated Chemicals
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< EPA Expanding Toxicokinetic Data Availability Using
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High-Throughput In Vitro Data and Modeling
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Liver Tissue Plasma Protein

Metabolism Partitioning Binding
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IVIVE Model

Oral Dose Required to
Achieve Concentrations
Equivalent to In Vitro
Bioactivity

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
Wambaugh et al., J Stat Softw., 2017
Wambaugh et al., Tox Sci., 2018
Wambaugh et al., Tox Sci., 2019
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= [m]
& Gitand Bitbucket - HTTK - NCCT X | M Inbox (393) - jfwambaugh@gmz X R CRAN - Package httk % [ SOT Exposure Specialty Section| X | =+
& c & https//cran.r-project.org/web/packages/httk/index.html # @ o (2]
3 Apps @ Travel Requestfor.. (&) Confluence

httk: High-Throughput Toxicokinetics

Functions and data tables for simulation and statistical analysis of chemical toxicekinetics ("TK") as in Pearce et al. (2017) =doi:10.18637/js5.v079.104>. Chemical-specific in vitro data have been
obtained from relatively high throughput experiments. Both physiclogically-based ("PBTK") and empirical (e.g.. one compartment) "TK" medels can be parameterized for several hundred chemicals and
multiple species. These models are solved efficiently, often using compiled (C-based) code. A Monte Carlo sampler is included for simulating biological variability (Ring et al., 2017
<do01:10.1016/j.envint. 2017.06.004>) and measurement limitations. Calibrated methods are included for predicting tissue:plasma partition coefficients and volume of distribution (Pearce etal . 2017
<doi:10.1007/510928-017-9548-7=). These functions and data provide a set of tools for in vitro-in vivo extrapolation ("IVIVE") of high throughput screening data (e.g., Tox21, ToxCast) to real-world
exposures via reverse dosimetry (also known as "RTK") (Wetmore et al., 2015 <doi:10.1093/toxscikfv171=)

Version: 19

Depends: R(z=2.10)

Imports: deSolve, msm. data table, survey, mvtnorm, truncnorm. stats, utils, magrinr

Suggests: geplot?. knitr. rmarkdown, R.rsp. GGally, gplots. scales, EnvStats, MASS. RColorBrewer, TeachingDemos, classInt, ks, reshape2. gdata. viridis. CensResMod. gmodels, colorspace
Published 2019-02-04

Author: John Wambaugh [aut, cre], Robert Pearce [aut]. Caroline Ring [aut]. Greg Honda [aut], Jimena Davis [ctb]. Nisha Sipes [ctb], Barbara Wemmore [ctb], Woodrow Setzer [ctb]
Maintainer: John Wambaugh <wambaugh john at epa gov>

BugReports: https:/github.com USEPA/CompTox-ExpoCast-httk.

License: GPL-3

URL https:/www epa gov/chemical-research/rapid-chemical-exposure-and-dose-res: h

NeedsCompilation: ves

Citation: hrtk citation info
Materials: NEWS

CRAN checks: httk results

Downloads:

Reference manual: hitk pdf

. (2014) Model
Creating Partition Coefficient Evaluation Plots
Age distributions
Global sensitivity analysis
Global sensitivity analvsis plotting

Vignettes:

R package “httk”

Open source, transparent, and peer-reviewed tools and
data for high throughput toxicokinetics (httk)

. Allows in vitro-in vivo extrapolation (IVIVE) and
physiologically-based toxicokinetics (PBTK)

. v1.10 features 942 total chemicals

. Now allows propagation of uncertainty
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) Gheck o s
OPEN: Database of pharmacokinetic time-
series data and parameters for 144
environmental chemicals

Risa R.Sayre (5***E, John F.Wambaugh(* & Christopher M. Grulke(5*

Time courses of compound concentrations n plasma are used in chemical safety analysis to evaluate
the oses a exposures. This type of

datais rarely rthe of chemicals to which
peaple may p v to properly risk of such
exposures. Invitro assays and insil are craftan of achemical's
of i these
chemical safety evalus the i To
need, we

studies in humans or Is for 144
as? i 2 i ith

tissues, . We also includ i for some
studies, and i 1o support time-series.

In addition to pharmacekinetic modsl calibration and validation, these data may be used for analyses of

duses, or routes, and for meta-analyses on
pharmacokinetic studies.

Background & Summary
When ssesing chemical is. the US. Nationsl Research Council b delingated two aspecs that mst b con-
siderod: harard hazard may be. the du;t nccdcd to
dverse ef the chance of
received. As hazard i being estimated more fr:qucnllv using New Appruach NEhddoges oo
which bi ics (TK), is needed to compare

thesc hazard surrogates to exposurc?, TK v the s, ption, distribution, metablism, and cxcretion of a
chemical within the bady for s given specics. Knowledge of TK allows translation of toxicological information,
which might be collcted in model animal specics or i vitro, to humass or sentinel cological pecics
also needed ing external cxposure doses into target (ic
dosimetry), allowing a lular pathway d amounts®®. Detailed infor-
‘mation on test animal specics can be helpful, since there is uncertainty determining the relevance of an internal
dose found in an animal TK study o umans, dc o the higher doses generally used in (his type of Lsting and
other factors". Although it an be wsful in
netics {PK), the two terms will be used interchangrably in this document

Predictingnirnaldoses s primary sk f 21 ceniury ancology’- Wl pharmaceuticals e ved it
I ) trial, snd food addit sicid b
exposed to many of the nerci ilabl their o
which there are limited toxicalogical and TK data®. To address this gap, computational modelling of TK can be
performed based upon inputs from in vive, in vitro, and in silico studies. In vitro tools have been developed to
allow screening of chemical-specific TK properties for Libraries of chemicals* ", However, cach inpul parameter
carrics an ameuntof uncertainty, which may not be readily quantifiable (for example, human genetic variation "),

iy i P , Center for C Toxicolog 103TW. Alexander
Drive, ResearchTriangie Park, NC, 27709, USA. “Oak Ridge Institute for Science and Education, Oak Ridge, TN, USA.
*Department of Emvironmental Sciences and Engineering, University of North Carolina at Chapel Hill Chapel Hill NC,
USA. Se-mall:sayre.risa@epa.gov

SCIENTIFICDATA|

(2020) 7:122 | https:/jdoi.org/10.1038/s51597-020-0455-1 1

Sayre et al., Scientific Data. 2020
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142 Exposure Scenarios
41 VOCs

Log(Observed Max Concentration)

Extending High-Throughput Toxicokinetic Models
to Inhalation Route

Evaluating Performance of Generic Inhalation PBTK Models

Species
= Overall
= Human
— Rat

Pyrene Rat BL + 2 .:
Pyrene RatBL  » 7 *
. L b d . +Furan Rat BL
. 5 ..." ., 2H-Perfluoropropane Human VBL
C " *Furan Rat BL

oA N 2H-Perfluoropropane Human VBL
. . \ Furan Rat BL
* , 2H-Perfluoropropane Human VBL

'2H-Perfluoropropane Human VBL
Regression slope: 0.81
Regression R*2: 0.69
Regression RMSE: 0.45
RMSE (vs. identity): 0.5

0 2 4
Log(Simulated Max Concentration)

Log(Observed AUC)

Species
— Overall .
— Human
— Rat
Pyrene RatBL  * A
Pyrene Rat BL “e
. . . .
Tetrahydrofuran Human EB . .
* 1
3 .
e -t +Decane Rat BL
-t - -p . :
. e *—2H-Perfluoropropane Human VBL
e ~2H-Perfluoropropane Human VBL
. *—Furan Rat BL
N * 2H-Perfluoropropane Human VBL
- *-2H-Perfluoropropane Human VBL _
K . slope: 0.97

Regression R"2- 0.79
Regression RMSE- 0.49
RMSE (vs. ldentity): 0.55

*Furan Rat BL

0 2 4
Log(Simulated AUC)

Linakis et al., J Expo Sci Environ Epidemiol. 2020




EPA Case Studies to Build Confidence and Help
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Translate to Regulatory Application

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

SOT Society of
Toxicology
Sl academic.oup.com/toxsci

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

podtzatin o  Develop and apply NAMs for evaluating developmental neurotoxicity
s ey [ d : : TR
oo * Integrating NAMs to screen candidates for prioritization under TSCA
R R SRR * Application of in vitro bioactivity and HTTK for screening-level

assessments in biosolids

CASE STUDY ON THE USE OF AN INTEGRATED APPROACH TO TESTING

i O p—— * Prospective case study on application of in vitro assays for hazard
Tt characterization

e  Using NAMs to inform chemical categorization
« Computational approaches for rapid exposure estimates

 Using in vitro bioactivity to inform quantitative ecological hazard
assessments

 Evaluating predictivity of HTTK methods

TT03450456

Recently complete case studies

Center for Computational
Toxicology & Exposure
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Now for the Main Event...
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