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= Tox21: Examining >8,000 chemicals using ~50 assays intended to identify
interactions with biological pathways (Schmidt, 2009)

= ToxCast: For a subset (>2000) of Tox21 chemicals ran >1100 additional assays
(Judson et al., 2010)

= Most assays conducted in dose-response format (identify 50% activity
concentration — AC50 — and efficacy if data described by a Hill function, Filer et al.,

2016)
= Data are public: https://comptox.epa.gov/dashboard e
= National Academy of Sciences, January, 2017:

USING

“Translation of high-throughput data into risk-based rankings is an 21ST CENTURY
important application of exposure data for chemical priority-setting. $8IIEI\'A‘F$2EOVE
Recent advances in high-throughput toxicity assessment, notably the RISK-RELATED
ToxCast and Tox21 programs... and in high-throughput computational EVALUATIONS

exposure assessment... have enabled first-tier risk-based rankings of
chemicals on the basis of margins of exposure...”
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 High throughput risk prioritization based upon in vitro-in vivo
extrapolation (IVIVE) requires (e.g., NRC, 1983):

mg/kg BW/day
/\
Potential
Hazard from in
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Reverse
Hazard Toxicokinetics
High-Throughput Potential
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Toxicokinetics Exposure Lower Medium Risk  Higher
Risk Risk
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The Need for In Vitro Toxicokinetics

Most chemicals do not have TK data— Wetmore et al. (2012...) use in vitro

methods adapted from pharma to fill gaps

ToxCast Phase | (Wetmore et al. 2012)

m ToxCast Chemicals

ToxCast Phase Il (Wetmore et al. 2015)

Examined

Chemicals with
Traditional in vivo TK

B Chemicals with High
Throughput TK
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" |In order to address greater numbers of chemicals we collect in vitro, high
throughput toxicokinetic (HTTK) data (Rotroff et al., 2010, Wetmore et al.,
2012, 2015)

= 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
in vitro concentrations from HTS (i.e., in vitro-in vivo extrapolation, or
IVIVE) (e.g., Wetmore et al., 2015)

= Secondary goal is to provide open source data and models for evaluation
and use by the broader scientific community (Pearce et al, 2017)
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Rotroff et al. (2010) 35 chemicals

Human Plasma Wetmore et al. (2012) +204 chemicals
6 dlzlr?gnaool Protein Wetmore et al. (2015) +163 chemicals
( pool) Binding Wambaugh et al. (in prep.) + ~300 chemicals
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httk: A Public, Open Source Tool

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"
models to "SBML" and "JARNAC" for use with other simulation software. These functions and data provide a set of tools for in vitro-in vivo extrapolation ("IVIVE") of high throughput
screening data (e.g., ToxCast) to real-world exposures via reverse dosimetry (also known as "RTK").

Office of Research and Development https ://C RAN ' R_p rOJeCt'Org/paCkagezhttk
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Download R:
https://www.r-project.org/
within R, type:

install .packages(''httk')

Then
library(""'httk')

= “httk” R Package for
IVIVE and PBTK

= 553 chemicals to date

= 100’s of additional
chemicals being
studied

= Pearce etal. (2017)
provides
documentation and
examples

= Built-in vignettes
provide further
examples of how to
use many functions
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High Throughput Toxicokinetics (HTTK) for
Statistical Analysis

& RTP Home Page % { K3 ScholarOne Manuscripts X (R CRAN - Package httk X ' G plos comp bio journal ¢t X (2) Linkedln x { [} OP-TOXS18002219.21 - X ' ‘R R:High-ThroughputToxi X
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ges/httk/indexhtm

1 Apps & DSStox (& Confluence K3 JESEE A EHP [B Battelle Box &) ORD Travel Request© & AnIntuitive Approac  [3 Article Request
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" models to "SBML" and "JARNAC" for use with other simulation software. These functions
and data provide a set of tools for in vitro-in vivo extrapolation ("IVIVE") of high throughput screening data (e.g.. ToxCast) to real-world exposures via reverse dosimetry (also known as "RTK").

Version: 1.8
Depends: R(=2.10)
Tmports: deSolve, msm, data.table, survey, mvtnorm, trunenorm, stats, utils

Suggests: geplot2, knitr, rmarkdown, Rursp, GGally, gplots. seales, 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
Materials: NEWS
CRAN checks: hittk results
Downloads:
Reference manual: hitk.pdf https . //C I 2 A N . I 2 -
Vignettes: Creating Partition Coefficient Evaluation Plots
Age distributions

project.org/package=httk
Can access this from the R GUI:

Global sensitivity analysis

Global sensitivity analysis plotting
Height and weight spline fits and residuals
Hematocrit spline fits and residuals
Plotting Css95

Serum creatinine spline fits and residuals
Generating subpopulations

Evaluating HTTK models for subpopulations
Generating Figure 2

Clanaratine Fismmws 3

“Packages” then “Install Packages”
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In addition to new Population Lifecourse Exposure-To-Health-Effects Model Suite,

various groups have been generating generic PBPTK models for some time:

Maker

Availability

Open Source

Default PBPK Structure
Expandable PBPK Structure
Population Variability
Batch Mode

Graphical User Interface
Physiological Data

Chemical-Specific Data
Library

lonizable Compounds
Export Function

R Integration

Easy Reverse Dosimetry

Future Proof XML

SimCYP Consortium / Certara

License, but inexpensive for research

No

Yes
No

Yes
Yes
Yes
Yes

Many Clinical Drugs

Yes
No
No
Yes
No

XA Office of Research and Development

Simulations Plus

License, but inexpensive for research

No
Yes
No
No
Yes
Yes
Yes
No

Yes
No
No
Yes
No

UK Health and Safety
Laboratory

Free:
http://xnet.hsl.gov.uk/megen

Yes
No
Yes
No
No
Yes
Yes
No

Potentially
Matlab and AcsIX
No

No

Yes

Cefic LRI

Free:
http://cefic-Iri.org/Iri_toolbox/induschemfate/

No
Yes
No
No
No
Excel

Yes

15 Environmental
Compounds

No
No
No
No
No

US EPA

Free:
https://CRAN.R-project.org/package=httk

Yes
Yes
No
Yes
Yes
No

Yes

543 Pharmaceutical and
ToxCast Compounds

Yes
SBML and Jarnac
Yes
Yes
No

We want to do a statistical analysis (using R) for as many
chemicals as possible
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= |f we are to use HTTK, we need confidence in predictive ability

" In drug development, HTTK methods estimate therapeutic doses for clinical studies
— predicted concentrations are typically on the order of values measured in clinical
trials (Wang, 2010)

= For most compounds in the environment there will be no clinical trials

= Uncertainty must be well characterized
= We compare to in vivo data to get empirical estimates of HTTK uncertainty

= ORD has both compiled existing (literature) TK data (Wambaugh et al., 2015)
and conducted new experiments in rats on chemicals with HTTK in vitro data
(Wambaugh et al., 2018)

= Any approximations, omissions, or mistakes should work to increase the
estimated uncertainty when evaluated systematically across chemicals

NN EII Office of Research and Development
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* In order to evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data

e (Can estimate bias

* (Can estimate uncertainty
e Can consider using model to extrapolate to other situations (dose,
route, physiology) where you don’t have data

* However, we do not typically have TK data

P XJIM Office of Research and Development

Model Evaluation

»
»

X Chemical
% Specific
Mogel

Observed Concentrations

Predicted Concentrations



wEPA

United States
Environmental Protection
Agency

Model Evaluation

In order to evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data
e Can estimate bias
* (Can estimate uncertainty
e Can consider using model to extrapolate to other situations (dose,
route, physiology) where you don’t have data

However, we do not typically have TK data

We can parameterize a generic TK model, and evaluate that model for
as many chemicals as we do have data
* We do expect larger uncertainty, but also greater confidence in
model implementation
e Estimate bias and uncertainty, and try to correlate with chemical-
specific properties
e Can again consider using model to extrapolate to other situations
(chemicals without in vivo data)

XYM Office of Research and Development

Observed Concentrations

Observed Concentrations

»

X Chemical
% Specific
Mogel

Predicted Concentrations

X
X
X .~
’x/
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X

« Generic
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Predicted Concentrations
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Model Evaluation

In order to evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data
e Can estimate bias
* (Can estimate uncertainty
e Can consider using model to extrapolate to other situations (dose,
route, physiology) where you don’t have data

However, we do not typically have TK data

We can parameterize a generic TK model, and evaluate that model for
as many chemicals as we do have data
* We do expect larger uncertainty, but also greater confidence in
model implementation
e Estimate bias and uncertainty, and try to correlate with chemical-
specific properties
e Can again consider using model to extrapolate to other situations
(chemicals without in vivo data)

LY EIM Office of Research and Development
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* In order to evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data

e (Can estimate bias

* (Can estimate uncertainty
e Can consider using model to extrapolate to other situations (dose,
route, physiology) where you don’t have data

* However, we do not typically have TK data

e We can parameterize a generic TK model, and evaluate that model for
as many chemicals as we do have data

* We do expect larger uncertainty, but also greater confidence in
model implementation

e Estimate bias and uncertainty, and try to correlate with chemical-
specific properties

e Can again consider using model to extrapolate to other situations
(chemicals without in vivo data)
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Model Evaluation

Observed Concentrations

Observed Concentrations
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* In the Rotroff et al. (2010) and Wetmore et al.
(2012,2013,2014,2015) papers SimCYP was used to
predict distributions of C from in vitro data

* We show that “httk” can reproduce the
results from those publications for most
chemicals using our implementation of
Monte Carlo.

* Any one chemical’s median, 5" and 95t quantiles
are connected by a line.

* The RED assay for measuring protein binding fails
in some cases because the amount of free chemical
is below the limit of detection

* A default value of 0.5% free was used

* Now we use random draws from a uniform

distribution from 0 to 1%.

XIEIM Office of Research and Development

Cqs Wetmore et al. (2012) (mg/L)

Identity line

10

107"~

Wambaugh et al. (2015)

Quantiles for
each chemical
are joined by a

y line

10?
C,s Predicted (mg/L) with Refined Assumptions

Percentile © 5 °» 50 ~ 95
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Wambaugh et al. (2015)
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Using in vivo Data to Evaluate RTK
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Predicted C.; (mg/L)

Class * Pharmaceutical (74) # Other (11) ® PFC (2)

IVAJEIE Office of Research and Development

f_up -
Predicted.Css -
lonization (pKa_Donor) -
Elimination Rate -
BSEP Substrate -
BCRP IC_50 -
log K_ow -
PFC -
OCT1_plC50 -
MCT1 Substrate -
T T T T 1
0] 20 50

Importance of
Descriptors

When we compare the C predicted
from in vitro HTTK with in vivo C
values determined from the
literature we find limited correlation
(R2~0.34)

The dashed line indicates the
identity (perfect predictor) line:

* Over-predict for 65
* Under-predict for 22

The white lines indicate the
discrepancy between measured and
predicted values (the residual)
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= Through comparison to in vivo Wambaugh et al. (2015)
data, a cross-validated 150
(random forest) predictor of
success or failure of HTTK has
been constructed
80

100

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

MNumber of HTTK Chemicals

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

19

= Plurality of chemicals end up
in the “on the order” bin

(within a factor of 3.2x) which o o @ @ 7 &
. . . &@5 ‘p@a oo @5 @5 - P-“—'E?
is consistent with Wang (2010) o o IS A, T e

9@5‘& ?\.34“

(YOIl Office of Research and Development Triage Category
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install _packages('httk™)

library(httk)

#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for human for
Acetochlor (published value):
calc_mc_css(chem.cas=""34256-82-1"")

#State-state oral equivalent dose (ngZ/kg BW/day) to produce 0.1 uM serum concentration for
human, 0.95 quantile, for Acetochlor (calculated value):

calc_mc_oral _equiv(0.1,chem.cas=""34256-82-1")

# Should produce error:
calc_mc_css(chem.name="34256-82-1")

#Capitalization shouldn”t matter:
calc_mc_css(chem.name="acetochlor™)

calc_mc_css(chem.name=""Acetochlor™)

# What’s going on?
help(calc_mc_css)

XYM Office of Research and Development
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#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for human for Acetochlor
(calculated value):

calc_mc_css(chem.cas="'34256-82-1"")

#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for rat for Acetochlor (should
produce errors since there is no published value, 0.5 quantile only):

get _wetmore_css(chem.cas="34256-82-1",species="Rat'")

#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for rat for Acetochlor
(calculated value):

calc_mc_css(chem.cas=""'34256-82-1",species=""Rat'")

#Steady-state concentration (uM) for 1 mg/kg/day for 0.5 quantile for rat for Acetochlor
(published value):

get _wetmore_css(chem.cas="34256-82-1",species="Rat" ,which.quantile=0.5)

#Steady-state concentration (uM) for 1 mg/kg/day for 0.5 quantile for rat for Acetochlor
(calculated value):

calc_mc_css(chem.cas="34256-82-1",species="Rat" ,which.quantile=0.5)

#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for mouse for Acetochlor
(should produce error since there is no published value, human and rat only):

get _wetmore_css(chem.cas="'34256-82-1",species=""Mouse"'")

#Steady-state concentration (uM) for 1 mg/kg/day for 0.95 quantile for mouse for Acetochlor
(calculated value):

calc_mc_css(chem.cas="34256-82-1",species ="Mouse')
calc_mc_css(chem.cas="34256-82-1",species ="Mouse" ,default.to.human=T)

b LIA Ml Office of Research and Development
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Every function has a help file
help(add_chemtable)

Add a table of chemical information for use In making httk predictions.

Description

This function adds chemical-specific information to the table

chem.physical _and_invitro.data. This table is queried by the model parameterization

functions when attempting to parameterize a model, so adding sufficient data to this
table allows additional chemicals to be modeled.

Usage

add_chemtable(new.table, data.list, current.table=NULL, reference=NULL,species=NULL,
overwrite=F)

Arguments
new.table Object of class data.frame containing one row per chemical, with each chemical minimally by
described by a CAS number.
data.list This list identifies which properties are to be read from the table. Each item in the list should

point to a column in the table new.table. Valid names in the list are: "Compound®, "CAS-",
"DSSTox.GSID" "SMILES.desalt”, "Reference”, "Species”, "MW, "logP", "pKa_Donor", "pKa_Accept”,
"logMA®, "Clint", "Clint.pValue®, "Funbound.plasma®", "Fgutabs®", "Rblood2plasma”. Note that
Rblood2plasma (Ratio blood to plasma) is currently not used.

Pearce et al. (2017a)

ARG Office of Research and Development
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Inhaled Gas

Lung Tissue

Lung Blood
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Kidney Blood

Gut Lumen

Gut Blood

Venous Blood

Qmetab

Liver Tissue

Liver Blood

A

Rest of Body

Body Blood

Y XAl Office of Research and Development

pooj|g [enauy

A General Physiologically-based Toxicokinetic

(PBTK) Model

“httk” also includes a generic PBTK model

Some tissues (e.g. arterial blood) are simple compartments, while
others (e.g. kidney) are compound compartments consisting of
separate blood and tissue sections with constant partitioning (i.e.,
tissue specific partition coefficients)

Exposures are absorbed from reservoirs (gut lumen)

Some specific tissues (lung, kidney, gut, and liver) are modeled
explicitly, others (e.g. fat, brain, bones) are lumped into the “Rest of
Body” compartment.

Blood flows move the chemical throughout the body. The total blood
flow to all tissues equals the cardiac output.

The only ways chemicals “leave” the body are through metabolism
(change into a metabolite) in the liver or excretion by glomerular
filtration into the proximal tubules of the kidney (which filter into the
lumen of the kidney).
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library(httk)
#A Function to get PK summary statistics from the PBPK model:
help(calc_stats)
# 28 day human study (20 mg/kg/day) for Bisphenol A:
calc_stats(days=28,chem.name="bisphenol a", dose=20)

Human plasma concentrations returned in uM units.

AUC is area under plasma concentration curve in uM * days units with Rblood2plasma =
0.79 .

$AUC
[1] 44.82138
$peak
[1] 23.16455
$mean
[1] 1.600764
# Units default to pM but can use mg/L:
calc_stats(days=28,chem.name="bisphenol a", dose=20,output.units="mg/L")
# Same study In a mouse:
calc_stats(days=28,chem.name="bisphenol a", dose=20,species="mouse",default.to.human=T)

XMl Office of Research and Development
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Predicting Partition Coefficients

Analyzed literature
measurements of chemical-
specific partition coefficients
(PC) in rat

* 945 tissue-specific PC
* 137 unique chemicals
* Mostly pharmaceuticals

Calibrating in silico predictors
(Schmitt, 2008) to actual
performance

Evaluated with human
measured volumes of
distribution for 498
chemicals from Obach (2008)

* All pharmaceuticals

Pearce et al. (2017b)
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Adipose

Measured K,

Measured K,

Measured K,

Measwred K,

PEXIAIM Office of Research and Development

Predicting Partition Coefficients

Measured K,

Measired K,

Measured K,

Measursd K,

Lung

.......
Predicted

Analyzed literature
measurements of chemical-
specific partition coefficients
(PC) in rat

* 945 tissue-specific PC
* 137 unique chemicals
* Mostly pharmaceuticals

Calibrating in silico predictors
(Schmitt, 2008) to actual
performance

Evaluated with human
measured volumes of
distribution for 498
chemicals from Obach (2008)

* All pharmaceuticals

Pearce et al. (2017b)
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library(httk)

Using the PBPK Solver Directly

solve_pbtk(chem.name="bisphenol a')
in uM units.

Human values returned

AUC i1s area under plasma concentration curve in uM * days units with Rblood2plasma

time Agutlumen
[1,1 0.00000000 3.066275e+02
[2,1 0.01041667 2.388017e+02
[3,1 0.02083333 1.859790e+02
[4,1 0.03125000 1.448406e+02
[5,1 0.04166667 1.128020e+02
[6,1 0.05208333 8.785027e+01
[7,1 0.06250000 6.841785e+01
[8,1 0.07291667 5.328387e+01
[9,1 0.08333333 4.149753e+01
[10,7 0.09375000 3.231830e+01
[11,] 0.10416667 2.516952e+01
[12,] 0.11458333 1.960204e+01
[13,]1 0.12500000 1.526609e+01
[14,1 0.13541667 1.188924e+01
[15,1 0.14583333 9.259350e+00
[16,1 0.15625000 7.211189e+00
[17,1 0.16666667 5.616079e+00
[18,1 0.17708333 4.373808e+00
[19,1 0.18750000 3.406325e+00
[20,] 0.19791667 2.652848e+00
[21,] 0.20833333 2.066041e+00
[22,] 0.21875000 1.609034e+00
[23,] 0.22916667 1.253117e+00

XAl Office of Research and Development

Cart

0.0000000
0.5991529
1.0004073
1.0588194
0.9900774
0.8881710
0.7883695
0.7019889
0.6310281
0.5741708
0.5291804
0.
0
0
0
0
0
0
0
0
0
0
0

4938045

-4660733
-4443620
.4273671
-4140571
-4036218
.3954277
-3889798
-3838923
-3798646
.3766622
-3741028

Cven

0.0000000
0.6287457
1.0083651
1.0574935
0.9858431
0.8835210
0.7841762
0.6984803
0.6281916
0.5719161
0.5274035
0.
0
0
0
0
0
0
0
0
0
0
0

4924101

.4649812
-4435072
-4266978
-4135327
-4032104
-3951043
-3887250
-3836909
-3797048
.3765349
.3740007

Clung

0.0000000
1.3199744
2.1406984
2.2507541
2.1000346
1.8825725
1.6709261
1.4881848
1.3382326
1.2181499
1.1231570
1.
0
0
0
0
0
0
0
0
0
0
0

0484744

-9899344
-9441034
-9082280
-8801305
-8581008
-8408012
.8271873
.8164447
-8079387
-8011748
.7957679

0.
21.
21.
18.
15.
12.
10.
.7907797
.3221169
-1656716
-2594857
.5511975
-9982940
-5669375
-2304670
-9679880
.7631742
.6032874
-4783968
.3807648
-3043633
-2444970
-1975087

NNDNNDNMNNNMNDNDNWWWMOODO N ©

Cgut
0000000
5143390
2910531
6383943
6437008
9223287
6387106

0.
16.
23.
23.
-093573
-876882
14.
-394544
-355693
- 732407
-452953
-449790
.665391
-052878
-574870
-201883
-910801
-683555
-506044
.367276
-258686
-173600
-106820

21
17

12

[y
o

W WwWwwowwowkrhshoaoo N o

Cliver
000000
400297
929492
805194

905516

0
3
5
6
6
5
4
4
3
3
3
3.
2
2
2
2
2
2
2
2
2
2
2

Ckidney
.000000
.233837
-969930
.461686
.086786
.473438
-859989
.324754
.883444
.529201
.248636
027926
.854874
.719379
.613319
.530261
-465151
.414033
.373818
.342097
.316992
.297042
.281105

Crest Ametabolized

0.0000000
0.1914032
0.8381364
1.6078696
2.3205218
2.9227548
3.4111465
3.7991362
4.1039821
4.3419895
4.5270631
4.
4
4
4
4
5
5
5
5
5
5
5

6705414

.7814699
-8669831
-9326758
-9829214
-0211325
-0499698
.0715067
.0873584
.0987829
-1067604
-1120540

0.
-6152291
-3122408
-2587907
-0701074
.6352470
-9492093
10.
10.
.7173422
-3653625
.9221223
13.
13.
14.
14.
14.
15.
15.
15.
16.
16.
16.

0 ~NODMDNO

11
12
12

0000000

0424589
9532118

4074338
8369184
2228237
5747234
9000872
2047384
4932160
7690549
0350089
2932235
5453689

Atubules

0.000000000
0.001766711
0.009141183
0.018747032
0.028321968
0.037100155
0.044931086
0.051886143
0.058100464
0.063712849
0.068845520
0.
0
0
0
0
0
0
0
0
0
0
0

073599630

.078056481
-082280440
-086322084
-090221004
-094008099
-097707470
-101337911
-104914056
-108447302
-111946540
-115418684

O 0O 0O 0000000000000 O0ODO0OO0OOoOOoOOoOo

13.829

Cplasma

-00000000
-04546572
-07291668
-07646924
-07128808
-06388898
-05670518
-05050836
-04542565
-04135627
-03813749
-03560705
-03362362
-03207080
-03085528
-02990328
-02915686
-02857070
-02810940
.02774538
.02745713
.02722791
-02704466

O 0O O 0000000000000 O0OO0OO0OOoOOoOOoOo

AUC

-0000000000
-0002027523
-0008494912
-0016399193
-0024132951
-0031178197
-0037452376
-0043026722
-0048013867
-0052525642
-0056659289
-0060494826
-0064096387
-0067514674
-0070789492
-0073951988
-0077026468
-0080031886
-0082983022
-0085891383
-0088765933
-0091613663
-0094440009



SEPA . -
v/ Evaluation of Peak Concentration vs. C_

United States
Environmental Protection
Agency

= Peak serum concentrations from the
HT-PBTK model are compared
against the steady-state
concentration predicted by the
three compartment model for a
constant infusion exposure (as in
Wetmore et al. 2012)

—
o
™
1
»

. Number of chemicals

ki o
P
p
10"

10
Days lo Steady-Slate
I < 1000 ;252) M= 1000 (19} ,,’

10

—
1
&

¥

L ]

= The dashed, identity (1:1) line
indicates that for most compounds
the peak concentrations are very
similar to C

—

o
s
1

Peak PBTK Concentration at Steady-State (mg/L)

Wambaugh et al. (2015)

107 107 10
Css (Mg/l)

Days to Steady-State * < 1000 (252) * = 1000 (19)
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wEPA
VLI A Evaluating In Vitro PBTK Predictions with

Environmental Protection

Ay In Vivo Data
"
PF A 100%
Bioavailability = PBTK predictions can be made for
g Assumed maximum plasma concentration (C, _,)
% o A and for the AUC (time integrated
2 plasma concentration or Area Under
-% 3 'AA the Curve)
g E v _ = jn vivo measurements from the
s F literature for various treatments (dose
s OF .AA and route) of rat
- MgE = 5, A°=0.48
Coabd wahio] 3ot bl o] bl b ]
10°° 10 10"

In vitro predicted Cax

® i _ ® Other
Route Chemical
po Pharmaceutical

1AMl Office of Research and Development

Wambaugh et al., 2018



wEPA
VLI A Evaluating In Vitro PBTK Predictions with

Environmental Protection

Agency In Vivo Data
10* 10* i
A 100% B /nvivo
Bioavailability Bioavailability
3 Assumed 3 Used
O O F
:93 10 A E 10-_5—
© 5 -
= e £ K
0 3 A 0 3 P
<)) B ‘ [4)] -
g F g F
> C C
S 3 SHA s Y, M
- MgE = 5, A°=0.48 - AAMSE = 269, R*=0.73
||||,|,|J ||||,|,|4 ||||,|,|J ||||,|,|J ||||,|,||4 ||||,|,|J ||||,|,|J ||||,|,||4_|_
10°° 10 10* 107 10 10*
In vitro predicted Cax Predicted C,,ox Using Measured F;,
® i ® Other
Route Chemical
po Pharmaceutical

= Inclusion of oral bioavailability data (Panel B) improves

| predictions (“httk” assumes default of 100%. Panel A))
LRIl Office of Research and Development
Wambaugh et al., 2018



SEPA :
g a Overview of Dermal Approach

Environmental Protection
Agency

= We model dynamic concentration in media
e PBTK model is called using solve_ pbtk
* Reverse dosimetry possible using calc_dermal _equiv

ENIAIMN Office of Research and Development



SEPA :
g a Overview of Dermal Approach

Environmental Protection
Agency

= We model dynamic concentration in media

e PBTK model is called using solve_ pbtk

* Reverse dosimetry possible using calc_dermal _equiv
= Dosing is characterized by:

* Initial concentration in media when applied (C,)

e Volume of media applied (Vmedia)

e Schedule of exposures (CO, Vmedia, and times can be irregular, remaining past exposure
replaced with new)

e Schedule of wash-off (media removed completely, times can be irregular)
e Fraction skin exposed (Fskinexposed)

e Average skin depth (skin.depth) at site of application

* Fraction dermally absorbed (Fdermabs)

e pH of media

XN Office of Research and Development



SEPA :
g a Overview of Dermal Approach

Environmental Protection
Agency

= We model dynamic concentration in media

e PBTK model is called using solve_ pbtk

* Reverse dosimetry possible using calc_dermal _equiv
= Dosing is characterized by:

* Initial concentration in media when applied (C,)

e Volume of media applied (Vmedia)

e Schedule of exposures (CO, Vmedia, and times can be irregular, remaining past exposure
replaced with new)

e Schedule of wash-off (media removed completely, times can be irregular)
e Fraction skin exposed (Fskinexposed)

e Average skin depth (skin.depth) at site of application

* Fraction dermally absorbed (Fdermabs)

e pH of media

= Physiology is characterized by body surface area, total skin volume, total skin blood flow, pH of skin

EPXI Ml Office of Research and Development



SEPA :
g a Overview of Dermal Approach

Environmental Protection
Agency

= We model dynamic concentration in media

e PBTK model is called using solve_ pbtk

* Reverse dosimetry possible using calc_dermal _equiv
= Dosing is characterized by:

* Initial concentration in media when applied (C,)

e Volume of media applied (Vmedia)

e Schedule of exposures (CO, Vmedia, and times can be irregular, remaining past exposure
replaced with new)

e Schedule of wash-off (media removed completely, times can be irregular)

e Fraction skin exposed (Fskinexposed)

e Average skin depth (skin.depth) at site of application

* Fraction dermally absorbed (Fdermabs)

e pH of media
= Physiology is characterized by body surface area, total skin volume, total skin blood flow, pH of skin
= 2 chemical specific parameters: Kskin2media, permeability

e (Calculated from Sawyer et al. 2016 and Chen et al. 2015

EEXIH M Office of Research and Development



SEPA :
g a Overview of Dermal Approach

Environmental Protection
Agency

= We model dynamic concentration in media

e PBTK model is called using solve_ pbtk

* Reverse dosimetry possible using calc_dermal _equiv
= Dosing is characterized by:

* Initial concentration in media when applied (C,)

e Volume of media applied (Vmedia)

e Schedule of exposures (CO, Vmedia, and times can be irregular, remaining past exposure
replaced with new)

e Schedule of wash-off (media removed completely, times can be irregular)
e Fraction skin exposed (Fskinexposed)
e Average skin depth (skin.depth) at site of application
* Fraction dermally absorbed (Fdermabs)
e pH of media
= Physiology is characterized by body surface area, total skin volume, total skin blood flow, pH of skin
= 2 chemical specific parameters: Kskin2media, permeability
e (Calculated from Sawyer et al. 2016 and Chen et al. 2015
=  Assumptions:
e No explicit stratum corneum (accounted for by skin.depth in dermal permeability parameter D)
e Constant Fskinexposed and skin depth, i.e. site of exposure

LYl Office of Research and Development



n
EPA Dermal Physiologically-Based

United States
Environmental Protection

Agency Toxicokinetic Model
Standard httk 1.8 PBTK Model

Lung Tissue .
> Lung Blood | Qcargiac Dermal Equations:
Gut Tissue Q dA gumen -k *A
GUt BlOOd qut dt gutabs gutlumen
dC 1 C*R
" . o = qut Cart - = jZP + kgutabs *Agutlumen
Liver Tissue qul dt Vgut KguthIasma l:ub,p
< -— Liver Blood < dc 1 Cung *R
CLmetaboIism N Q e = Qcardiac Cven - = jzp
liver dt \/Iung KIungZpIasma Fub,p
° A i > )
E Kidney Tissue 3 dCui _ Qeariec (Clung . Can)
0 | - Qkidney El dt Var
o €T < Tissue Blood < =) N N .
g QGFR o} dcven _ 1 (Q + Q )* CIiver Rb2p i Q Ckidney Rpr + Q * Crest Rpr _ Q *C
g o dt - iV liver gut K *E kidney K *E rest K *F cardiac ven
> Rest-of-Body Q 8 ven liver2plasma ub,p kidney2plasma ub,p rest2plasma ub,p
richly
< Rest-of-Body Blood L dCr _ Qe C..  Cea™Ripy
al
dt Vrest KresthIasma Fub p
Non-Exposed Skin Tissue
5 dCIiver — 1 Q *C. + Q *C -CL * CIiver _ (Q + Q )* CIiver *R b2p
- - liver art ut ut metabolism liver ut
:7 NO”‘EXPOSEd Skln BIOOd : dt Vliver K K KIiveerIasma ! KIiveerIasma * Fub,p
<« Exposed Skin Blood < ACuigney 1 Qv *C.. -Q, * Cuigney Q Cianey ™ Rz
dt - Y/ kidney art gfr kidney K *F
Exposed Skin Tissue kidney kidney2plasma kidney2plasma ub,p
) Cown _ Quan| . Con™Rimp
art
dt Vskin KskianIasma * Fub‘p
Medi
edia dc

Cexposed skin Rpr dAmedia
*Fp, dt

exposed skin _ _
Vexposed skin Qexposed skin Cart

dt

skin2plasma ub,

dA i
$ =K permeabiity

*SurfaceArea[Cmedla ex”"se"s“'"]

skln media

EENJAIM Office of Research and Development



n
WUEIEﬁ Dermal Physiologically-Based

Environmental Protection

Agency Toxicokinetic Model

Standard httk 1.8 PBTK Model
Lung Tissue .
> Lung Blood | Qcarviee Dermal Equations:
Gut Tissue Q
— Gut Blood =
. . *
Liver Tissue Qi dCSkin _ QSkin C Cskin R b2p
P - > - art -
< | Liver Blood > . . *
CLmism oY dt Vskm Ksk|n2plasma I:ub,p
ver
. . *
E Kidney Tissue 5 dCexposed skin *\/ _ Q C Cexposed skin R b2p | dAmedia
ﬁ <& < Tissue Blood Skidney ;_). d t exposed skin exposed skin art K ool * F dt
§ (@)= w skin2plasma ub,p
) o
S Rest-of-Body 0 <] dA C
richly media __ * exposed skin
< Rest-of-Body Blood crfused dt - _errmeability SurfaceArea Cmedia -
skin:media
Non-Exposed Skin Tissue
<+ Non-Exposed Skin Blood |«
<+ Exposed Skin Blood <
Exposed Skin Tissue
Media

XA Office of Research and Development



wEPA

United States
Environmental Protection
Agency

Journal of Analytical Toxicology 20053969 1- 697
dok L1093 fjar hlv 100 Advance Access publication August 30, 2015

Evaluation

Article

LC-MS-MS Analysis of Urinary Biomarkers of Imazalil Following Experimental Exposures

Monsa H. Faniband®, Margareta Littorin, Eva Ekman, Bo A.G. Jonsson and Christian H. Lindh

Division of Qccupational and Environmental Medicine, Department of Laboratory Medicine, Faculty of Medicine, Lund University.

SE-221 85 Lund, Sweden

e Collaboration with Frederic Bois (INERS),
Marina Evans (EPA), and Robert Pearce
(EPA)

e Urine data from a single man and woman
following separate dermal and oral

exposures to Imazalil

* Hope to obtain additional data on four
other compounds from same lab

e What other data are available?

EYAJAIM Office of Research and Development
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wEPA
N4~ F e Variability in this Steady-State TK Model

Environmental Protection
Agency

Jamei et al. (2009)

Minimal Model: Lumped Single Distribution Volume JSmmare e

| PO b Small Intestine c oral dose rate
ka ss
} cl.
‘ Portal Vein ‘ (GFR*Fub)_I_(QI *Fub * Int
QI + I:ub *Clint
\ ] | ' J
TS| systemic (Passive) Renal Hepatic Clearance
Hepatic Clearance |c°mP¢""::::|l Clearance Clearance (Meta b0||5m)

= In vitro clearance (LL/min/10° hepatocytes) is scaled to a whole organ clearance
using the density of hepatocytes per gram of liver and the volume of the liver
(which varies between individuals)

= Glomerular filtration rate (GFR) and blood flow to the liver (Q;) both vary from
individual to individual

= Further assume that measured HTTK parameters have 30% coefficient of variation

LA M Office of Research and Development



SEPA
A4 Monte Carlo (MC) Approach to Variability

United States
Environmental Protection
Agency

Probability
Probability
Probability

log Liver Flow (Q)) log Glomerular Filtration Rate (GFR) log Liver Volume

~ ’

— A

C

\

oral dose rate

Css =
(GFR*Fub)+ QI*Fub* Clint
QI +|:ub*CIint

Probability

SS

AN

Probability
Probability

Iog c|imin vitro Iog fub

Office of RARETHOTEBT Y. (2012)




“EPA Steady-State In Vitro-In Vivo

Environmental Protection

Agency Extl"apolation (IVIVE)

A Median

Lower 95%  Ppredicted C,,
Predicted C

Upper 95%
.~ Predicted C,

Oral Equivalent Daily Dose

0 Steady-state Concentration (uM) = in vitro AC50

= The higher the predicted C_, the lower the oral equivalent dose, so the upper 95% predicted C,,
from the MC has a lower oral equivalent dose

CONG A Office of Research and Development



wEPA

United States
Environmental Protection
Agency

McNally et al. (2014) Linear Regressions for
Population Simulation

Toxicology 315 (2014) 70-85

Contents lists available at ScienceDirect

Toxicology

journal homapage: www.alsevier.com/locate/toxicol

TONICOL0GY

PopGen: A virtual human population generator

Kevin McNally*#, Richard Cotton®, Alex Hogg®, George Loizou **

4 Health & Safety Laboratory, Buxton, Derbyshire, LIK

BT Led, Buxton, Derbyshire, UK

Plausible in vivo
dose responses

|

Distribution of plausible
reconstructed exposure

Human BM data

R Fat
N sPT @
- Liver ps
—[ CSBP model
Probabilistic T
PBPK model

In vitro concentration
response

LN AV Office of Research and Development

Adipose_ mass (kg

size
& pormal man

4 Obese man

. Muscle Mass (kg)



n
EPA Modern U.S. Population Simulator for

United States
Environmental Protection

b HTTK

Correlated Monte Carlo sampling of physiological model parameters

Sample guantities from

(.

National Health and Nutrition Examination Survey

Race/ethmuty
Age

Height

Weight

Serum creatinine

Office of Research and Development .
Ring et al. (2017)



n
EPA Modern U.S. Population Simulator for

United States
Environmental Protection

= HTTK

Correlated Monte Carlo sampling of physiological model parameters

Sample guantities from

National Health and Nutrition Examination Survey I| m

(.

Race/ethnluty

A

Hi? ht Use equations from literature
.g (McNally et al., 2014)

Weight

. (+ residual marginal variability)
Serum creatinine

Office of Research and Development .
Ring et al. (2017)



wEPA -
N4~ F e Modern U.S. Population Simulator for

Environmental Protection

b HTTK

Correlated Monte Carlo sampling of physiological model parameters

Race/ethmuty

Age . . Tissue masses
& Use equations from literature

Sample guantities from

(.

National Health and Nutrition Examination Survey

Predict physiological
quantities

\I;I\/el'gh;t (McNally et al., 2014) T|ssui.t()jloodfflowsf
cig o (+ residual marginal variability) GFR (kidney UI.’1CtI0n)
Serum creatinine Hepatocellularity

Office of Research and Development .
Ring et al. (2017)
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wEPA Generating demographic subgroups

United States
Environmental Protection
Agency

User can specify.... Default if not specified
Age limits 0-79 years
Sex (# males, # females) NHANES proportions

Race/ethnicity (5 NHANES categories) | NHANES proportions
BMI/weight categories NHANES proportions

= NHANES quantities sampled from appropriate conditional
distribution (given specifications)
* Physiological parameters predicted accordingly

Ring et al. (2017)

LLNO AVl Office of Research and Development



SEPA
N NHANES Demographic Examples

Environmental Protection
Agency

library(httk)

# Oral equivalent (ng/kg/day) for in vitro activity of 1 pM for Acetochlor
calc_mc_oral_equiv(l,chem.cas="34256-82-1")

# Oral equivalent (ng/kg/day) for NHANES “Mexican American” Population
calc_mc_oral _equiv(l,chem.cas="34256-82-1", reths = "Mexican American')

# Oral equivalent (ng/kg/day) for NHANES “Mexican American” Population aged 18-25 years

calc_mc_oral _equiv(l,chem.cas="34256-82-1",agelim_years=c(18,25),reths = "Mexican
American')

# Probably too few individuals iIn NHANES for direct resampling (“dr””) so use virtual
individuals (*“vi”’) resampling method:

calc_mc_oral _equiv(l,chem.cas="34256-82-1",method=""vi",agelim_years=c(18,25),reths =
"Mexican American'’)

Can also specify gender, weight categories, and kidney function

Ring et al. (2017)

LEYO AV Office of Research and Development



EPA : : e
VELLY High Throughput Risk Prioritization for

Environmental Protection

= 10° the Total Population

-

@04 ToxCast + Reverse Dosimetry generates estimated doses needed to cause bioactivity

av4

?D . ? . ] . 1 .

E e’ Cod LR B b Ll et

o 102 R T PR L :' ﬁ{l ]lnh } At || w

g . ¢ . i' e I -Ll i Em H ‘ )

- 100 . Y 1’ -

8 ¥ t-%'

E 10-2 . .o '0 [ '

B " . I mg/kg BW/day

g ' o _— o ) | ]

8 10-4 e . __' | '

g o] N e O I P°Ht§:;'rac:

© : I WAL U , fromin vitro

2 106 with

(o U Reverse

_L; [ Toxicokineti

[¢] Cs

=~ 10-8 Potential

e Exposure

b Exposure Forecaster (ExpoCast) generates rapid " Rate

. 010 exposure estimates (Wambaugh et al., 2013,2014)
Low Medium Higher
er Risk Risk
Risk

Office of Research and Development Wetmore et al" TOX' SCI’ 2015



YEPA
7/ Life-stage and Demographic Specific Predictions

United States
Environmental Protection
Agency

* We use HTTK to
calculate margin

between bioactivity and Change in Activity : Exposure Ratio

24-d

exposure for specific AP e
popUIationS ;Ear:gtr;?gmn

Change in Risk Famenn
[T Dimethoste
Di-n-octyl phthalate
Chiorethoxyfos

e Most NHANES e ey

chemicals do not have
traditional PK models — et

Dibutylphthalate
(Strope et al., 2018) B e

Chlorpyrifos-metty)
iethidathion
Lindane

Phosphonathicic acid
Phosmet

Methyl parathion
Quintozene
Azinghos-methyd
Carbofuran

mg/kg BW/day

Propylparaben
Dicrotophos
Ih df Diazinon
Potential hazard from Pentachionophennl (=24-t)
- I 2-pheryiphencl
in vitro

Disulfaton
Al
converted to dose by razine
HTTK Dimettyl phthalate

S|eatway) SINVHN

Chlorpyrifos

Carbaryl

Acephate
e Butylparaben
Pyrene
Paraben

Carbosuifan
Diethyltoluamide

p-tert-Octylphenol

Nitroberzens
Potential Exposure Aoetoshiar
Rate
© % @ o © & ] 2 > ~
5 & S@ § N & Q@? & v o
& Qq:s & <§ ¢ & S 5 &
& v_t‘%’ & & T
)
<
5 . .
lower  MediumRisk  Higher &  NHANES Demographic Groups Ring et al. (2017)
Risk Risk

CEN AV Office of Research and Development
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\"IUEtESA Evaluating HTTK Predictions

Environmental Protection
Agency

* We collected new in vivo data for 26 chemicals more commonly associated with non-
therapeutic and/or unintentional exposure

e Minimal design — six animals per study (3 dosed per oral / 3 iv)

* In Vivo Work led by Mike Hughes (EPA/NHEERL) and Tim Fennell (RTI)

Toxicokinetics

In Silico Fy;, Absorption Standardized New in vivo

From GastroPlus Statistical toxicokinetics on 26

Luca(g%\é% )et al. Analysis non-pharmaceutical

45 chemicals chemicals

Distribution . .
HTTK Volume of » Determine 1- « Standardized design

Distribution . Clearance — vs. 2- « » Oral and iv dosing
(N=3-4)

Pearce et al. (2017b) N

i compartment
Metabolism | A » Conc. vs. time

HTTK Total » Estimate V,, » 20 chemicals at EPA
Clearance Ketim » 8 chemicals at RTI
Pearce et al. (2017a) « 2 overlap chemicals
« |f oral data

Toxicokinetic then also .
Triage estimate F,, Literature TK Data on

19 Chemicals
Wambaugh et al. .
am(2%u1gs)e : Uncertainty Kgutats Wambaugh et al., (2015)

LENO A Office of Research and Development

Wambaugh et al., 2018



YEPA

United States

EnfomenaFotsion Evaluating In Silico Oral Bioavailability
Predictions with In Vivo Data

Wambaugh et al., 2018 In silico methods
21D developed for
pharmaceuticals do
not seemto do a
good job of
predicting oral
bioavailability for
environmental
chemicals

IIIIIII T IIIIIIII T llllllll
>
Number of Chemicals
P

Predictions were
made without the
L1 ||||||! L1 1|1|||| L ||111|! 0 | benefit Ofin VitrO

107 1 &
In silico predicted Fy; o w0f ] assays that can
P bio In vivo estimated Fraction Bioavailable . .
inform absorption

a Other . Other (|.e., CACO-2
Chemical Chemical membrane

a Pharmaceutical .Pharmaceutical bilit )
permeanlity

In vive estimated Fraction Bioavailable

Bioavailability predictions from GastroPlus

XA Office of Research and Development

CACO-2 permeability is now being measured for
HTTK chemicals (Cyprotex)
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Does My Chemical Have HTTK Data?

All data on chemicals A, B, C

subset(get_cheminfo(info="all"),Compound%in%c("A","B","C"))

> library(httk)

> get_cheminfo()
[1] '"2971-36-0"
[6] "71751-41-2"
[11] "15972-60-8"
[16] '"1912-24-9"

"94-75-7"
""30560-19-1"
"116-06-3"
"'86-50-0""

> get_cheminfo(info="all™)

''94-82-6" "90-43-7" ""1007-28-9"

"'135410-20-7"" "'34256-82-1" ''50594-66-6"

''834-12-8" "33089-61-1" '"101-05-3"
'"131860-33-8" "'22781-23-3" '1861-40-1" ..

pKa_Acce

Human.Clint.p Human.Funbo DSSTox_Substance

Compound CAS logP pt pKa_Donor MW Human.Clint Value und.plasma _Id Structure_Formula Substance_Type
Compoun
2,4-d 94-75-7 2.81 <NA> 2.81 221.03 0 0.149 0.04 DTXSID0020442 C8H6CI203 Single d
Compoun
2,4-db 94-82-6 3.53 <NA> 45 249.09 0 0.104 0.01 DTXSID7024035 C10H10CI203 Single d
Compoun
2-phenylphenol 90-43-7 3.09 <NA> 10.6 170.211 2.08 0.164 0.04 DTXSID2021151 C12H100 Single d
Compoun
6-desisopropylatrazine ~ 1007-28-9 1.15 1.59 <NA> 173.6 0 0.539 0.46 DTXSID0037495 C5H8CINS Single d

IR Office of Research and Development

Is a chemical available?

> ""80-05-7" %in% get _cheminfo()
[1] TRUE
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In Silico HTTK Predictions

Environmental Protection
Agency

A 1015_

Dose (mg/kg/day
o

Tox21 has screened >8000 chemicals — Sipes et al. (2017) wanted to compare in vitro active
concentrations with HTTK predicted maximum plasma concentrations with high throughput
exposure predictions from Wambaugh et al. (2014)

* “httk” package only has ~500 chemicals
Used Simulations Plus ADMet Predictor to predict for entire library (supplemental table) and used
add_chemtable() function to add into “httk” package
Data available as on-line with new toolbox: https://sandbox.ntp.niehs.nih.gov/ivive/

B 1015_

s o || O IR R L
-.... [ ] "..“.."l.m .

Dose (mg/kg/day
S

10™ o

56 compounds with potential in
vivo biological interaction at or
above estimated environmental

Dose range for all 3925 Tox21
compounds eliciting a ‘possible’-to-
‘likely’ human in vivo interaction

alongside estimated daily exposure

Ly XMl Office of Research and Development

exposures

Sipes et al., (2017)



wEPA Review:What Can You Do with HTTK?

Environmental Protection
Agency

* Public, open-source set of models and data that have been published in peer-
reviewed scientific journals

* Allows PBTK modeling
* Allows conversion of in vitro concentration to in vivo doses

* A peer-reviewed paper in the Journal of Statistical software provides a how-to guide
(Pearce et al., 2017a)

* You can add new chemical information to library and analyze with package tools

* You can use specific demographics from modern U.S. population in the population
simulator

* Gender, age, weight, ethnicity, renal function

For risk assessors, in particular:
* You can load specific (older) versions of the package

* You can control the built-in random number generator to reproduce the same
random sequence (function set.seed())

LRI Office of Research and Development



e |
wEPA HTTK Limitations

United States
Environmental Protection

Agency (from Ring et al., 201 7)

Oral absorption
* 100% assumed, but may be very different
* Insilico models not necessarily appropriate for environmental chemicals

Hepatic Clearance (CL,,)
e Ten donor pool in suspension for 2-4 h misses variability and low turnover compounds

* Isozyme abundances and activity: varies with age, ethnicity (at least) (Yasuda et al. 2008,
Howgate et al. 2006, Johnson et al. 2006)

e Parent chemical depletion only
= |sozyme-specific data & modeling (Wetmore et al. 2014)
* |sozyme-specific metabolism assays not HT
e Insilico predictions of isozyme-specific metabolism? Not easy!
— Existing data is mostly for pharmaceuticals

Plasma binding assay (F,)
e Assay often fails due to analytical chemistry sensitivity (Wetmore et al., 2012)
e Plasma protein concentration variability (Johnson et al. 2006, Israili et al. 2001)

e Albumin or AAG binding? (Routledge 1986)

LYl Office of Research and Development
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WEEA Version history for “httk”

Environmental Protection

Agency

The publicly available R package contains code and data that has been part of peer-reviewed
publications (Old versions are archived)

e Version 1.1 accompanied “Toxicokinetic Triage for Environmental Chemicals” Wambaugh et al.
(2015) Tox. Sci.

e Version 1.2 accompanied submission of “httk: R Package for High-Throughput Toxicokinetics”
Pearce et al., Journal of Statistical Software (2017a)

* Version 1.3 accompanied “Incorporating High-Throughput Exposure Predictions with
Dosimetry-Adjusted In Vitro Bioactivity to Inform Chemical Toxicity Testing” Wetmore et al.,
Toxicological Sciences (2015).

e Version 1.4 addressed comments for revision of Pearce et al., Journal of Statistical Software
(2017)

* Version 1.5 accompanied “Identifying populations sensitive to environmental chemicals by
simulating toxicokinetic variability,” Ring et al. Environment International (2017)

* Version 1.6 accompanied “Evaluation and Calibration of High-Throughput Predictions of
Chemical Distribution to Tissues,” Pearce et al. (2017b) submission to Journal of
Pharmacokinetics and Pharmacodynamics

e Version 1.7 accompanied publication of Pearce et al., Journal of Statistical Software (2017a)

e Version 1.8 included revisions from Pearce et al. (2017b), new in vivo data (Wambaugh et al.,
2018, and In silico HTTK parameter predictions (Sipes et al., 2017)

Office of Research and Development Lead programmer RObert Pearce
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Standard httk 1.8 PBTK Model
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XA Office of Research and Development

New HT-PBTK Models

We are working to augment the basic HT-PBPTK model with new PBTK
models

Each model will be released publicly upon peer-reviewed publication
Pre-publication models can be shared under a MTA
We assume there will be coding errors and over-simplifications, so each

publication involves curation of evaluation data from the scientific
literature and through statistical analysis
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Standard httk 1.8 PBTK Model
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wEPA New HT-PBTK Models

Environmental Protection
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= Toxicokinetics (TK) provides a bridge between HTS and HTE by predicting
tissue concentrations due to exposure

= High Throughput (HTTK) methods developed for pharmaceuticals have
been adapted to environmental testing

= R package “httk” freely available on CRAN allows statistical analyses to
identify strengths and weaknesses

e All HTTK models and data made public upon peer-reviewed publication

= Includes one compartment, three compartment (e.g., Wetmore et al.) and
generic PBTK model

 Dermal model available, but needs to be evaluated and published
before public release

= New bioavailability (CACO2) data being collected and analyzed

(NI AHMl Office of Research and Development



wEPA

United States
Environmental Protectior
Agency

Chemical Safety for Sustainability (CSS)
Research Program

Rapid Exposure and Dosimetry (RED) Project

Chris Grulke
Greg Honda
Richard Judson
Andrew McEachran
Robert Pearce
Ann Richard

Risa Sayre
Woody Setzer
Rusty Thomas
John Wambaugh
Antony Williams

Yirui Liang
Xiaoyu Liu

Linda Adams
Christopher Ecklund
(Y ETdERAZRI
Mike Hughes
Jane Ellen Simmons

Lead CSS Matrix Interfaces:

Craig Barber

Namdi Brandon
Peter Egeghy

Jarod Grossman
Hongtai Huang
Brandall Ingle
Kristin Isaacs

Sarah Laughlin-Toth
Seth Newton

Katherine Phillips
Paul Price

Jeanette Reyes

Jon Sobus

John Streicher
Mark Strynar

Mike Tornero-Velez
Elin Ulrich

Dan Vallero
Barbara Wetmore

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

Collaborators

Jon Arnot
Johnny Westgate

Anne Louise Sumner

Anne Gregg
Rocky Goldsmith

Mike Devito
Steve Ferguson
Nisha Sipes
Sieto Bosgra
Timothy Fennell
Harvey Clewell
Kamel Mansouri
Chantel Nicolas
Robin Dodson

Alice Yau
Kristin Favela

Lesa Aylward
Caroline Ring

Deborah Bennett
Hyeong-Moo Shin

Olivier Jolliet

Alex Tropsha



wEPA

United States
Environmental Protection
Agency

=Filer, Dayne L., et al. "tcpl: The ToxCast Pipeline
for High-Throughput Screening Data."
Bioinformatics (2016): btw680.

=Howgate, E., et al. “Prediction of in vivo drug
clearance from in vitro data. I: impact of inter-
individual variability” Xenobiotica 2006;36:473-
497

=|sraili and Dayton “Human Alpha-1-
Glycoprotein and Its Interactions with Drugs”
Drug metabolism reviews 2001;33:161-235

=Jamei, et al. “The Simcyp® population-based
ADME simulator.” Expert opinion on drug
metabolism & toxicology 2009b;5:211-223

=Johnson, et al. “Prediction of the clearance of
eleven drugs and associated variability in
neonates, infants and children.” Clinical
pharmacokinetics (2006)

=Judson, R. S., et al., (2010) “In Vitro Screening
of Environmental Chemicals for Targeted
Testing Prioritization: The ToxCast Project.
Environmental Health Perspectives 118(4), 485-
492.

=McNally, et al., “PopGen: a virtual human
population generator.” Toxicology *2014)

=Park, Youngja, H., et al. “High-performance
metabolic profiling of plasma from seven
mammalian species for simultaneous
environmental chemical surveillance and
bioeffect monitoring.” Toxicology 295:47-55
(2012)

=Pearce, Robert, et al. “httk: R Package for High-
Throughput Toxicokinetics.” Journal of
Statistical Software, (2017a)

References

=Pearce. Robert, et al. ““Evaluation and
Calibration of High-Throughput Predictions of
Chemical Distribution to Tissues,” Journal of
Pharmacokinetics and Pharmacodynamics
(2017b)

=Price et al., “Instructions for Use of Software
Physiological Parameters for PBPK Modeling
Version 1.3 (P3MTM 1.3).” 2003

=Ring, Carolineg, et al., “Identifying populations
sensitive to environmental chemicals by
simulating toxicokinetic variability”,
Environment International, in press

=Rotroff, Daniel, et al., (2010) “Incorporating
human dosimetry and exposure into high-
throughput in vitro toxicity screening.” Tox.
Sciences 117(2), 348-58

=Routledge, P., “The plasma protein binding of
basic drugs. British journal of clinical
pharmacology 1986;22:499-506

=Sipes, Nisha, et al. (2017) “An Intuitive
Approach for Predicting Potential Human
Health Risk with the Tox21 10k Library”,
Environmental Science and Technology

=Strope, Cory L., et al. (2018) "High-throughput
in-silico prediction of ionization equilibria for
pharmacokinetic modeling." Science of The
Total Environment

=Thayer, K. A., et al. "Pharmacokinetics of
bisphenol A in humans following a single oral
administration." Environ. Int. 83 (2015): 107-
115.

=Wambaugh, John F., et al. "High Throughput
Heuristics for Prioritizing Human Exposure to
Environmental Chemicals." Env. science &
technology (2014).

=Wambaugh, John F., et al. "Toxicokinetic triage
for environmental chemicals." Toxicological
Sciences (2015): kfv118.

=\Wambaugh, John F. et al.,”Evaluation of In
Vitro-In Vivo Extrapolation”, submitted.

=Wang, Y.-H. (2010). “Confidence Assessment of
the Simcyp Time-Based Approach and a Static
Mathematical Model in Predicting Clinical Drug-
Drug Interactions for Mechanism-Based CYP3A
Inhibitors.” Drug Metabolism and Disposition
38(7), 1094-1104

=Wetmore, Barbara A,, et al. "Integration of
dosimetry, exposure and high-throughput
screening data in chemical toxicity
assessment." Tox. Sciences (2012)

=Wetmore, Barbara A., et al. "Incorporating
High-Throughput Exposure Predictions with
Dosimetry-Adjusted In Vitro Bioactivity to
Inform Chemical Toxicity Testing." Toxicological
Sciences 148.1 (2015): 121-136.

=Yang, X., et al. "Development of a
physiologically based pharmacokinetic model
for assessment of human exposure to
bisphenol A." TAAP 289.3 (2015): 442-456.

=Yasuda, et al., “The role of ethnicity in
variability in response to drugs: focus on clinical
pharmacology studies.” Clinical Pharmacology
& Therapeutics 2008;84:417-423



	Rapid PBPK modeling with the httk model 
	High-Throughput Bioactivity Screening
	High-Throughput Risk Prioritization
	The Need for In Vitro Toxicokinetics
	High Throughput Toxicokinetics (HTTK)
	In Vitro Toxicokinetics for Prioritization
	In Vitro Toxicokinetics for Prioritization
	Incorporating Dosimetry-Adjusted ToxCast Bioactivity Data with Exposure
	High Throughput Toxicokinetics (HTTK) for Statistical Analysis
	Why Build Another Generic PBTK Tool?
	Doing Statistical Analysis with HTTK
	Model Evaluation
	Model Evaluation
	Model Evaluation
	Model Evaluation
	Comparison Between httk and SimCYP
	Using in vivo Data to Evaluate RTK
	Toxicokinetic Triage
	Installing “httk”
	Interspecies Extrapolation Examples
	Help Files
	A General Physiologically-based Toxicokinetic (PBTK) Model�
	Basic PK Statistics Examples
	Predicting Partition Coefficients
	Predicting Partition Coefficients
	Using the PBPK Solver Directly
	Evaluation of Peak Concentration vs. Css
	Evaluating In Vitro PBTK Predictions with In Vivo Data
	Evaluating In Vitro PBTK Predictions with In Vivo Data
	Overview of Dermal Approach�
	Overview of Dermal Approach�
	Overview of Dermal Approach�
	Overview of Dermal Approach�
	Overview of Dermal Approach�
	Dermal Physiologically-Based Toxicokinetic Model�
	Dermal Physiologically-Based Toxicokinetic Model�
	Evaluation Data
	Variability in this Steady-State TK Model
	Monte Carlo (MC) Approach to Variability
	Steady-State In Vitro-In Vivo Extrapolation (IVIVE)
	McNally et al. (2014) Linear Regressions for Population Simulation
	Modern U.S. Population Simulator for HTTK
	Modern U.S. Population Simulator for HTTK
	Modern U.S. Population Simulator for HTTK
	Generating demographic subgroups
	NHANES Demographic Examples 
	High Throughput Risk Prioritization for the Total Population
	Life-stage and Demographic Specific Predictions
	Evaluating HTTK Predictions
	Evaluating In Silico Oral Bioavailability Predictions with In Vivo Data
	Does My Chemical Have HTTK Data?
	In Silico HTTK Predictions
	Review: What Can You Do with HTTK?
	HTTK Limitations �(from Ring et al., 2017)
	Version history for “httk”�
	New HT-PBTK Models
	Slide Number 57
	New HT-PBTK Models
	New HT-PBTK Models
	New HT-PBTK Models
	Summary
	Slide Number 62
	References

