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wEPA Chemical Risk =

United States

Saangy o Hazard x Exposure
» National Research Council (1983) identified mg/kg BW/day
chemical risk as a function of both inherent hazard
and exposure
Potential
» To address thousands of chemicals, we need new t'nai?tr;if\:ﬁiﬁ
approach methodologies that can prioritize those Reverse
chemicals most worthy of additional study Toxicokinetics
 High throughput risk prioritization needs: Potential
1. high throughput hazard characterization (Dix et Exposure
al., 2007, Collins et al., 2008) Rate
2. high throughput exposure forecasts (Wambaugh
et al., 2013, 2014)
3. high throughput toxicokinetics (i.e., dose- Lower Medium Higher
response relationship) linking hazard and Risk Risk Risk

exposure
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In Vitro-In Vivo Extrapolation (IVIVE)

* Most chemicals do
not have TK data —
we use in vitro HTTK
methods adapted
from pharma to fill

gaps

* In drug development,

— ﬂ HTTK methods allow
IVIVE to estimate

therapeutic doses for
clinical studies —
predicted
concentrations are
typically on the order
of values measured
in clinical trials
(Wang, 2010)

Plasma
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* Most chemicals do

not have TK data —
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N methods adapted
Cryopreserved - i — .
hepatocyte . — Pl from pharma to fill
suspension o p ~
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Rapid Equilibrium —_— | s & Concentrations clinical studies —
Dialysis (RED) N .
Waters et al. U U L IS predlctEd
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(6 donor pool) _ _ of values measured
Environmental chemicals: in clinical trials
Rotroff et al. (2010) 35 chemicals (Wang, 2010)
7

| Wetmore et al. (2012) +204 chemicals
Office of Research and Development Wetmore et al. (2015) +163 Chemicals

Wambaugh et al. (in prep.) + ~¥300 chemicals
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httk: High-Throughput Toxicokinetics

Functions and data tables for simulation and statistical analysis of chemical toxicokinetics ("TK") using data obtained from relatively high throughput. in vitro studies. Both physiologically-based ("PBTK") and empirical
(e.g.. one compartment) "TK" models 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 and measurement limitations. Functions are also provided for exporting "PBTK" medels to "SBML" and "JARNAC" for use with other simulation software. These functions
and data provide a set of tools for in vitro-in vive extrapolation ("IVIVE") of high throughput sereening data (e.g.. ToxCast) to real-world exposures via reverse dosimetry (also known as "RTK").

Version: 18

Depends: R(=2.10)

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

Suggests: ggplot2. knitr, rmarkdown, R.rsp. GGally, gplots, scales. EnvStats, MASS. RColorBrewer. TeachingDemos, classInt, ks, reshape2. gdata. viridis, CensRegMod. gmodels, colorspace
Published: 2018-01-23

Author: John Wambaugh, Robert Pearce, Caroline Ring, Jimena Davis, Nisha Sipes, and R. Woodrow Setzer

Maintainer: John Wambaugh <wambaugh john at epa.gov=>

License: GPL-3

NeedsCompilation: yes
Citation: httk citation info l l ”
Materials: NEWS a ‘ a e

CRAN checks: hitk results

Downloads:

| e Open source, transparent, and peer-
Rleference manual: h‘rfk‘p.di N S . . .
Vignettes: irej‘gignﬁiml:;f? Coefficient Evaluation Plots rev I ewe d to O I S a n d d ata fo r h Igh

Global sensitivity analysis

ot s s s il throughput toxicokinetics (httk)

Hematocrit spline fits and residuals

Pltug Co * Available publicly for free statistical

Serum creatinine spline fits and residuals
Generating subpopulations

Evaluating HTTK meodels for subpopulations ft R
Generating Figure 2 S O Wa re

(Genavatine Fimiea 3

e Allows in vitro-in vivo extrapolation
(IVIVE) and physiologically-base

m Office of Research and Development . . .
toxicokinetics (PBTK)
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N High-Throughput Toxicokinetics (HTTK) for
wvEPA In Vitro-In Vivo Extrapolation (IVIVE)
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Selecting the appropriate in vitro and in vivo concentrations for extrapolation
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HTTK-based IVIVE
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A High Throughput Risk Prioritization
EPA

United States
Aovironmental Protection - High Throughput Screening + HTTK can estimate doses

Agency
needed to cause bioactivity (Wetmore, et al., 2012, 2015)
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National Health and Nutrition Examination Survey (NHANES) is an ongoing
survey that covers ~10,000 people every two years

Most NHANES chemicals do not have traditional PK models (Strope et al., 2018)
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Ring et al. (2017)



\9’ EPA Life-stage and Demographic Specific Predictions
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Environmental Protection Change in Activity : Exposure Ratio
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* We use HTTK to
calculate margin
between bioactivity
and exposure for
specific populations
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SEPA Toxicokinetic Triage
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= Through comparison to existing in

vivo data, a cross-validated (random Wambaugh et al. (2015)
forest) predictor of success or failure = 0
of HTTK was constructed

1004

= We added categories for chemicals
that do not reach steady-state or for
which plasma binding assay fails

Number of HTTK Chemicals

[23]
[=
|

= All chemicals can be placed into one
of seven confidence categories

= Plurality of chemicals end up in the

. e % @ Q8 -@;5 o0 ® A
“on the order” bin (within a factor of I I T
. . . . ot N W
3.2x) which is consistent with Wang e AT & o
° e

(2010) Triage Category
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Available literature in vivo TK evaluation data was heavily biased toward pharmaceuticals

Standardized
Statistical Analysis

New in vivo
toxicokinetics on 26
non-pharmaceutical

chemicals

Absorption

In Silico Fy;,

From GastroPlus

Lucakova et al. (2009) 45 chemicals

Distribution
HTTK Volume of

Distribution
Pearce et al. (2017b) - Clearance -—

Metabolism
HTTK Total Clearance

Pearce et al. (2017a) | *If oral data then
| also estimate F;,,

eDetermine 1- vs. *Standardized design

2-compartment « *Oral and iv dosing (N=3-4)
eConc. vs. time

*20 chemicals at EPA

*8 chemicals at RTI

2 overlap chemicals

AN

eEstimate V, k

elim

—— —

Literature TK Data
« on 19 Chemicals

Wambaugh et al., (2015)

Toxicokinetic Triage
Wambaugh et al. (2015)

Uncertainty

Wambaugh et al. (2018)
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<EPA Evaluating HTTK
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United States
Environmental Protection

Agency
Impact of Oral Bioavailability Data
mj 100% Bioavailability Assumed// wj In Vivo Measured Bioavailability Use-}i/
i / i /
3 ~ 3 A
r ‘}{ r '}‘
;— Y : SNy
= 3 - ,// e E_ L ] //
gE 0 ¢ :/.b %E 0E ¢ s
P .« 35 L by
A /7 ¢! g E N /k}%
g [ / ES -‘ g - / ‘ﬁ
= F / £ F ~
AL / AL /
10°F / 10 E S
g / i /
-/ MSE = 5, R*=0.48 -/ 'MSE= 269, R*=0.73
- -
{ Coclinl o] bl el b cbd b ] { bl ] wobd il b bed bl |
107 10 10* 107 10 10*
In vitro predicted Cax Predicted C 5 Using Measured Fyo
L ) Other * v ) Other
Route A po Chemical # Pharmaceutical Route A po Chemical # Pharmaceutical

Greg Honda (NCCT) made a SOT2018 presentation on
using Caco?2 in vitro data to predict absorption for ~300
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blood
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urine
exhaled

8

2000

1800

= EPAis developing a public database of o
concentration vs. time data for building,
calibrating, and evaluating TK models .

1600

1400
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kg

=

1000 E
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= Curation and development ongoing, but
to date includes:

Concentration {ug/mL)
=
ose

107 %00 2
e 175 analytes (EPA, National o 600
Toxicology Program, literature) o 400
e Routes: Intravenous, dermal, oral, o . . : " i 20
sub-cutaneous, and inhalation fime (00

exposure

= Database will be made available through web interface and through the “httk” R package

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

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

(XIS Office of Research and Development

Work led by Risa Sayre and Chris Grulke


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

wEPA Conclusions
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Environmental Protection

Agency mg/kg BW/day

«  We would like to know more about the risk
Potential hazard

posed by thousands of chemicals in the trom in Vitro
environment — which ones should we start with? converted to dose
by HTTK

«  HTTK NAMs are being evaluated through 1)
uncertainty analysis and 2) comparison between
in vitro predictions and in vivo measurements of
both plasma concentrations and doses Potential
associated with the onset of effects (i.e., “points Exposure Rate
of departure”).

¢ Comparison between HTTK predicted time

course concentrations in plasma and in vivo data lower Medium Risk  Higher
indicate that some properties (e.g. average and Risk Risk
maximum concentration) can be predicted with

confidence.

 Comparison between in vitro bioactivity data and HTTK-adjusted internal dose predictions for in
vivo points of departure has refined assumptions of the HTTK NAMs.
* NAMs for TK allow risk-based prioritization of large numbers of chemicals.

EEERIECN oriice of Research and Development 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
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