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" Generic vs. bespoke PBTK models
" High Throughput Toxicokinetics (HTTK)

" Model parameterization
" Physiologic parameters
" Chemical-specific parameters

® Model evaluation
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" NRC (1983): Risk is a function of inherent chemical hazard, extent of exposure,
and the dose-response relationship (including toxicokinetics)

" High throughput risk prioritization based upon in vitro screening requires
comparison to exposure

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

" Information must be relevant to the scenario, for example,
consumer, ambient, or occupational exposure.

High-Throughput
Risk
Prioritization

Toxicokinetics Exposure
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" Toxicokinetics describes the absorption, distribution, metabolism, and excretion of a chemical by

the body: " Chemical-specific

" Links exposure with internal concentrations

Internal
concentration

Hazard
Exposure
High-Throughput
Risk

Prioritization
Toxicokinetic model:

o Absorption
In vivo ﬁ Distribution Toxicokinetics Exposure
TK data :
Metabolism

\_ Excretion )

Breen et al. (2021)
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In Vitro-In Vivo Extrapolation (IVIVE)

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

Exposure
in vivo )
TK data

\_

Internal
concentration

!

Toxicokinetic model:
Absorption
Distribution
Metabolism

Excretion -

Breen et al. (2021)

Toxicodynamic
IVIVE

in vitro bioactive
concentration

N

Response

In vitro Bioactivity
Assay

Concentration
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Generic vs. bespoke PBTK models
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Everyone Uses Models

" Toxicology has long relied upon model animal species
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" People rely on mental models every day EVERYONE
" For example, with repetitive activities like driving home from work USES MODELS

By Taro Gomi

" Mathematical models offer some significant advantages:
" Reproducible
" (Can (and should) be transparent

" ...with some disadvantages:
" Sometimes reality is complex
" Sometimes the model doesn’t always work well
" How do we know we can extrapolate?

" ..that can be turned into advantages:
" |If we have evaluated confidence/uncertainty and know the “domain
of applicability” we can make better use of mathematical models




C Fit for Purpose Models

" A “fit for purpose” model is an abstraction of a complicated problem that allows us to reach a decision.
“Now it would be very remarkable if any system existing in the real world could be exactly represented
by any simple model. However, cunningly chosen parsimonious models often do provide remarkably
useful approximations... The only question of interest is ‘Is the model illuminating and useful?’”
George Box

" Afit for purpose model is defined as much by what is omitted as what is included in the model.

"  We must accept that there will always be areas in need of better data and models — our knowledge will
always be incomplete, and thus we wish to extrapolate.

" How do I drive to a place I've never been before?
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" Chiu et al. (2007) “...[P]arsimony in selecting model structures is an important and guiding principle in
developing models for use in risk assessments.”

" Complexity is constrained by limited data available to calibrate and test the model and the need to
justify both the model assumptions and predictions

‘ Skin: Papp ‘ ‘ Lung (non-volatiles): Py,
" Bessems et al. (2014): We need “a first, [Lung (volatiles): Kys]
relatively quick (‘Tier 1), estimate” of — —_— — Bessems et al. (2014)

concentration vs. time in blood, plasma, or cell

" They suggested that we neglect active

metabolism. But thanks to in vitro
measurements we can now do better

Distribution

Tissues: Ky

" We still neglect transport and other
protein-specific phenomena
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Bespoke vs. Generic

Bespoke, Tailored, Custom... Generic, Off-the-Shelf/Rack, One-Size-Fits-Most
Requires specific measurements Approximately fits certain categories
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T - B espo ke Models Cho et al., 1990

PK of MDMA
T L k
" Toxicokinetic (and pharmacokinetic) models are £ 100000 — oo i — o
traditionally developed using in vivo data T 1oy ' ¥er

" These data could be from clinical trials E ok &‘1 \
(increasing the relevance but limiting the M
measurements) or possibly animal studies 3 L MDA

. . 0 60 120 180 240 300 360 420 480 540 600
(allowing tissues to be sampled) Time afer adminstraton (mi)
: : : ke
"  Potentially resource-intensive ¢
" Physiologically-based toxicokinetic (PBTK) models o )

. . 'W LUNG
allow extrapolation between species and routes of Jones etal., 2012 . e o oname
administration PK of Statins = * et ey e Gnewe:

. 0 0 . . . _ . QTISSUEN ’m“ QTISSUEN
Phys!qloglcal information augments chemical In this case they | Q
SpeCIfIC data had transporter- % MLIVEREC‘_LIVEREC:_FL:I::ECFLVEREChLIVEHEC%

. SpeC|f|C data % S;ACEj :’ACE; i::’ACE: S;:ACE; S;:'MCE;I ,\’m"m
" Can choose to make the complexity of the model H
and the number of physiological processes ol A Pl LAl L
appropriate given the data and the decision context h l J k
. This is hOW We lltailor” the mOdeI o Fic. 2. Schematic diagram of the in vivo PEPK model. EC, extracellular; IC, intracellular.

ARTERIALBLOCD
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" A standardized physiology is assumed, regardless of chemical:
" The same parameters such as volumes, flows, and rates are used

" The same processes are included (hepatic metabolism, glomerular inhaled Gas
filtration) or omitted Lung Tissue_|q_..,..
> Lung Blood >

" A fixed set of descriptors (such as rate of metabolism and protein binding)
. . . . . . Kidney Tissue
are varied from chemical to chemical and potentially measured in vitro Qo ! Qaney

*— Kidney Blood #——

y N

" The generic model is implemented once, reducing the likelihood of coding
errors and enhancing documentation

Gut Lumen
qut

A

I— Gut Blood

Liver Tissue
Qg

Venous Blood

" We can estimate the accuracy of a generic model for a new chemical using
performance across multiple chemicals where data happen to exist Qnetab

<+— Liver Blood f

A

" The generic model is a hypothesis

. . Rest of Bod
" |f we have evaluation data then we can check if we need to elaborate

Body Blood |

pooj|g |euauy

A

the model (for example, create a bespoke model) —
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Generic Models as a Hypothesis

Predicted C., (mg/L)

For pharmaceuticals, in vitro data plus a model
including hepatic metabolism and passive
glomerular filtration (kidney) are often enough to
make predictions within a factor of 3 of in vivo data
(Wang, 2010)

For other chemicals there may be complications,
for example, there is thought to be (Andersen et al.
2006) active transport of some per- and poly-
fluorinated alkyl substances (PFAS) in the kidney

We could add a renal resorption process (that is,
modify the generic model) only if there was some
way to parameterize the process for most
chemicals — otherwise we are back to tailoring the
model to a chemical
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Generic PBTK Models

The idea of generic PBTK has been out there for a while...

ARTICLE NO. 0072

Cen

RUSSELL S. THOMAS, W,

FUNDAMENTAL AND APPLIED TOXICOLOGY 31, 83-94 (1996)
ARTICLE NO. 0079

1996

A Generic Toxicokinetic

FUNDAMENTAL AND APPLIED TOXICOLOGY 31, 19-28 (1996) in H uman
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. Expert The Simcyp® Population-based
Op"n"on ADME Simulator

Masoud Jamei', Steve Marciniak, Kairui Feng, Adrian Barnett, Geoffrey Tucker &
[+ Amin Rostami-Hodjegan

1. Introduction 'Modelling & Simulation Group, Simcyp Limited, Blades Enterprise Centre, John Strees,

2. The programming language Sheffield, S2 4SU, UK

3:MThe plationn sucture The Simcyp® population-based absorption, distribution, metabolism and

4. Applications of the simulator excretion simulator is a platform and database for ‘bottom-up’ mechanistic

5. Discussion modelling and simulation of the processes of oral absorption, tissue

6. Expert opinion distribution, metabolism and excretion of drugs and drug candidates in
E healthy and disease populations. It combines experimental data generated

Ann. Occup. Hyg.. Vol. 33, No. &, pp. 841-864, 2011

34:9. P
4:94-101. 2006 © The Author 2011. Published by Oxford University Press
oa behalf of the Batish Occupational Hygicne Society

PLICATION 2011 W

on
1 of

1ACOKINELC viodel 101 cnliaren

Authors and affiliations

2006

Andrea N. Edginton [, Walter Schmitt, Stefan Willmann

juation of the Utility of Physiologically
lodels of Pharmacokinetics in Early

oragoiscovery 2005




United States
Environmental Protection
AAAAAA

High Throughput
Toxicokinetics




nited Stat
(0]

Most Chemicals Lack Toxicokinetic Data

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

300 - " Non-pesticidal chemicals are unlikely to have any in vivo TK data, even from animals
s 250 -
©
i
& :
Iz 200 - ToxCast Chemicals
O Examined
©
o 150 - Chemicals with Traditional
'g in vivo TK
>
= 100 - B Chemicals with High
Throughput TK
50 -
0 w
ToxCast Phase | (Wetmore et al. 2012) ToxCast Phase Il (Wetmore et al. 2015)

Figure from Bell et al. (2018)



“  HTTK: A NAM for Exposure

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

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

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

" A secondary goal is to provide open-source data and models for evaluation and
use by the broader scientific community (Pearce et al, 2017)
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" Translation of in vitro high throughput screening requires chemical-specific toxicokinetic models for
anywhere from dozens to thousands of chemicals

Internal
concentration

in vitro bioactive
Exposure .
concentration
| /§ ( | Toxicokinetic

Toxicokinetic model: IVIVE

o Absorption o Chemical-specific data are
In vVivo é Distribution In vitro steadily being generated
TK data Metabolism TK data by ORD laboratories
(Barbara Wetmore),

Excretion
\ j EPA contractors and

Breen et al. (2021) collaborators
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What is High Throughput Toxicokinetics (HT TK)?

In vitro toxicokinetic data
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In vitro toxicokinetic data

Typically, intrinsic hepatic clearance
and fraction unbound in plasma

gr= =
i =
g +
1y | o
/) - =

Rotroff et al. (2010)

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

What is High Throughput Toxicokinetics (HT TK)?
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What is High Throughput Toxicokinetics (HT TK)?

In vitro toxicokinetic data + generic toxicokinetic model

Inhaled Gas
| Lung Tissue | o
»| Lung Blood 2t —
@ @ @ iy
» e om T om e om B
s==1_ . Qﬁi Quian
- < Kidney Blood Je=—=={
3 Gut Lumen z
- [}
! ' C Gut Blood |« 5
| = :
Eg‘: c o
et § g
Liver Tissue
‘ ' Qein, . Q.
3 ’; . . ;-’ 3 - EEEAY - - == e
33 - gy S L=y
3.3 Dy == E, Rest of Body
< Body Blood < Qg L |

Rotroff et al. (2010)
Wetmore et al. (2012)
Wetmore et al. (2015)
Wambaugh et al. (2019)
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What is High Throughput Toxicokinetics (HT TK)?

In vitro toxicokinetic data + generic toxicokinetic model

\ A
w # :;;'é’ # ':;? - ;;@ - B ';321 a Kidney Tissue
_ < <+ Kidney Blood e
g‘ Eg g Gut Blood &%
. S it Qe
Vi~ i Rest of Body
Rotroff et al. (2010) Wambaugh et al. (2015
Wetmore et al. (2012) Pearce et al. (2017
Wetmore et al. (2015) Ring et al. (2017
Wambaugh et al. (2019) Linakis et al. (2020

N N ' “—



What is High Throughput Toxicokinetics (HTTK)?

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

Lung Tissue

19

Liver Tissue

3.3 - ¢ . 33 md| T EE S ::E ;
3’3 ;3’- - 0N - £ E v
. — = Rest of Body

Body Blood < Qg L |

Wambaugh et al. (2015

Rotroff et al. (2010)

Wetmore et al. (2012) Pearce et al. (2017

Wetmore et al. (2015) I ’ RIE-g ei a:. gg;g
[ ] inakis et al.

Wambaugh et al. (2019)

N N ' “—
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hal o Aerosol Inhalation | |
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Gas Inhalation o <O i
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H e Gut Blood <4
P Liver Tissue Qe (including APEX model) C
Llnakls et al' (2020) < pra— Liver Blood < EPA USAF - Liver Tissue qu 1
a CLmetal;;ollsm Qliver > § < > m— Liver Blood < o
g 3 - 3,
Standard httk 2.1.0 PBTK Model = Kidney Tissue o ; CLietabolism Qier | E
= ®
L Ti 3 ; . 2 Kidney Tissue o
BTN FIoa ) O o g g TosueBlood e 2 ® e : Jo
2 QGFR 3 < Qé Tissue Blood <
[ Gut Tissue | -of-B r
|_| Gut Blood [ s Qrichly Rest-of-Body
< Rest-of-Body Blood —pasiusad P Restor Body Biood Qrichly
Liver Tissue Q | - persen
g
< <~ Liver Blood é Lung Tissue Q BN Tissus .
CL - .
| metabolism _ Quer | < Lung Blood < lung Hu man Gestatlonal MOdEI < Lung Blood 4—5'“‘”
° Kidney Tissue =3 .
E z
= | o e O EPA, FDA (Kapraun et al, submitted) [ |
B <+
e Qgrr . & & &
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g Rest-of-Body Qi g R E Venous Blood e ¥ & Venous Blood o
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Model parameterization




R Model Parameters
Chemical-specific parameters I
Intrinsic hepatic clearance rate (CL,,) Measured in HT in vitro assays (Rotroff et al.
Fraction unbound to plasma protein (Fup) 2010; Wetmore et al.. 2012’,201,4f 2015; Wambaugh

et al. 2019) or predicted in silico (Sipes et al.

2017)
Tissue:blood partition coefficients (for Predict from phys-chem properties and
compartmental models) tissue properties (Pearce et al., 2017)

Tissue masses (including body weight)

Tissue blood flows Gathered from data available in the
Glomerular filtration rate published literature [Wambaugh et al. 2015;
(passive renal clearance) Pearce et al. 2017a]

Hepatocellularity




SEPA
e Chemical-Specific In Vitro Measurements for TK

Cryo- - @f@s - ;3& &&@S : ;:El -
preserved ? @ s ;< = ST . 1 drus devel t
hepatocyte ] _ n drug development,
Tt ) e oo, HTTKmethods llow
Shibata et al. preserve H q ) IVIVE to estimate
(2002) Hepatocytes 15, 30, 60, (analytical th tic d ¢
(pooled) 120 min chemistry) erapeutic doses for

clinical studies —
predicted
concentrations are
typically on the order
of values measured in
’-1 [ clinical trials

B e—

Rapid ‘
Equilibrium 1 2 m) om0 ) ‘ m

Dialysis

‘l' E li=

RED .
Wat(ers e)t al R.a.pu.j Add Add chemical  Incubate Determine (Wang, 2010)
* Equilibrium pooled plates to concentration
12008 Dialysis plasma allow in both wells
(RED) Plate protein to equilibrium (analytical

one well chemistry)
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" Although in our model there are really three separate
concentrations (C) that describe a tissue, we assume that

>mc

they are related to each other by constants

" We assume that the ratio between the blood and plasma
(Rpiood:plasma) is @ uniform constant throughout the body RBCs

Venous Tissue Arterial

RBCs RBCs

Ccompartment,blood — Rblood:plasmaCcompartment,plasma

\—/

" We assume that all the tissues are “perfusion limited”, which I(tissue:?lafsma . .
. o partition coefficient
means that the tissue concentration instantly comes to ) ]
equilibrium with the free fraction in plasma (concentration is which we either

limited by flow to the tissue) measure experimentally

or predict in silico (for

C , = K,: * fip * C example Schmitt’s
compartment,tissue — Mtissue:plasma up compartment,plasma

~_ method)

is the tissue
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" The HTTK in vitro assays need to measure
differences in chemical concentration

" Historically, methods cannot be developed
for all chemicals

" Different chemicals require different
instruments and methods, for example liquid
vs. gas chromatography mass spectrometry
(LC vs. GC MS)

Method is a Rate Limiting Step

Toxicology 332 (2015) 20-29

Contents lists available at ScienceDirect

TOHGOL0EY

Toxicology 0:0

journal homepage: www.elsevier.com/locate/toxicol

Analytical challenges for conducting rapid metabolism @Cmmk
characterization for QIVIVE

Ari Tolonen?, Olavi Pelkonen "

3 Admescope Ltd, Typpitie 1, FIN-90620 Oulu, Finland
b University of Oulu, Department of Pharmacology and Toxicology, Aapistie 5 B (POB 5000), FIN-90014 Oulu, Finland

ARTICLE INFO ABSTRACT
Article history: For quantitative in vitro-in vivo extrapolation (QIVIVE) of metabolism for the purposes of toxicokinetics
Received 7 November 2012 prediction, a precise and robust analytical technique for identifying and measuring a chemical and its

Received in revised form 5 August 2013
Accepted 13 August 2013
Available online 28 August 2013

metabolites is an absolute prerequisite. Currently, high-resolution mass spectrometry (HR-MS) is a tool
of choice for a majority of organic relatively lipophilic molecules, linked with a LC separation tool and
simultaneous UV-detection. However, additional techniques such as gas chromatography, radiometric
measurements and NMR, are required to cover the whole spectrum of chemical structures. To accu-
mulate enough reliable and robust data for the validation of QIVIVE, there are some partially opposing
needs: Detailed delineation of the in vitro test system to produce a reliable toxicokinetic measure for a

Keywords:
Liquid chromatography-mass
spectrometry (LC-MS)

High resolution mass spectrometry studied chemical, and a throughput capacity of the in vitro set-up and the analytical tool as high as pos-
(HR-MS) sible. We discuss current analytical challenges for the identification and quantification of chemicals and

High throughput screening (HTS) their metabolites, both stable and reactive, focusing especially

on LC-MS techniques, but simultaneously
attempting to.pinpoint.factors.associated with sample. preparati i iti e




SEPA Development of Analytical Chemistry
Method is a Rate Limiting Step

" The HTTK in vitro assays need to measure
differences in chemical concentration

Internal Standard Chemical Peak

/

" Area of the internal standard (ITSD) at a
known, fixed concentration fluctuates with

Abundance
Abundance

time, depends on instrument and
methodology

Mass Mass

Internal Standard Chemical Peak

" Analytical chemist must find a peak that
corresponds to chemical of interest, and then
follow the ratio R of the chemical peak to the
ITSD

\ \

Abundance
Abundance

Mass Mass

" Ability to resolve peak depends on the matrix
(for example, blood vs. DMSO)
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Model parameters are either:

Physiological: determined
by species and potentially
varied via Monte Carlo
(including HTTK-pop, Ring
et al. 2017)
Chemical-specific: physico-
chemical properties
(Mansouri et al., 2018) and
equilibrium partition
coefficients plus plasma
binding and metabolism
rates that are determined
from in vitro
measurements or
potentially predicted from
structure

Key Physiological Parameters for In Vitro-In Vivo Extrapolation

N Y N
Mean

(IGFR

n

cell_density

Iiiiiiiilllllll

Clhepatic = Ncell density X Vliverc X dliver X Clint

Total blood flow to liver
(arterial, gut)

Flow to glomerulus 0.32
(glomerular filtration rate)
Hepatocellularity 110
Liver volume 0.0245
Liver density 1.05

Fraction of blood that isred 0.43
blood cells

Concentration of protein 5
used in f,, assay

1/h/kg BW
1/h/kg BW
Millions of
cells / g Liver
1/kg BW
g/ml

Unitless

Y

Davies and Morris (1993)
Davies and Morris (1993)
Carlile et al. (1997)
Davies and Morris (1993)
International Commission
on Radiological
Protection (1975)

Davies and Morris (1993)

Wambaugh et al. (2019)

Breen et al. (2021)



<EPA Species-Specific Physiological Parameters for

Physiologically-Based Toxicokinetics
" Rates, volumes, and tissue-specific information (not shown) are needed for a species

Environmental Protection
Agency

Rabbit Monkey
Total Body Water ml/kg 725.000 668.000 603.600 600.000 40.812 693.000
Plasma Volume ml/kg 50.000 31.200 51.500 42.857 110.000 44.800
Cardiac Output ml/min/kg”(3/4) 150.424 209.304 213.394 231.401 266.576 324.790
Average BW kg 0.020 0.250 10.000 70.000 2.500 5.000
Total Plasma Protein g/ml 0.062 0.067 0.090 0.074 0.057 0.088
Plasma albumin g/ml 0.033 0.032 0.026 0.042 0.039 0.049
Plasma a-1-AGP g/ml 0.013 0.018 0.004 0.002 0.001 0.002
Hematocrit fraction 0.450 0.460 0.420 0.440 0.360 0.410
Urine Flow ml/min/kg”(3/4) 0.013 0.098 0.037 0.040 0.042 0.151
Bile Flow ml/min/kg”(3/4) 0.026 0.044 0.015 0.010 0.083 0.004
GFR ml/min/kg”(3/4) 5.265 3.705 10.901 5.165 3.120 2.080
Average Body Temperature C 37.000 38.700 38.900 37.000 39.350 38.000
Plasma Effective Neutral Lipid Volume Fraction unitless 0.004 0.002 0.001 0.007 0.002 0.007
Plasma Protein Volume Fraction unitless 0.060 0.059 0.090 0.070 0.057 0.070
Pulmonary Ventilation Rate I/h/kg”(3/4) 24.750 24.750 24.750 27.750 24.750 27.750
Alveolar Dead Space Fraction unitless 0.330 0.330 0.330 0.330 0.330 0.330

* Davies, Brian, and Tim Morris. "Physiological parameters in laboratory animals and humans." Pharmaceutical research 10.7 (1993): 1093-1095.

* Brown, Ronald P., et al. "Physiological parameter values for physiologically based pharmacokinetic models." Toxicology and industrial health 13.4 (1997): 407-484.

* Birnbaum, L., et al. "Physiological parameter values for PBPK models." International Life Sciences Institute, Risk Science Institute, Washington, DC (1994).

* Robertshaw, D., Temperature Regulation and Thermal Environment, in Dukes' Physiology of Domestic Animals, 12th ed., Reece W.0., Ed. Copyright 2004 by Cornell University.

* Stammers, Arthur Dighton. "The blood count and body temperature in normal rats." The Journal of physiology 61.3 (1926): 329.

e Gordon, Christopher J. Temperature regulation in laboratory rodents. Cambridge University Press, 1993.

* Gauvin, David V. "Electrocardiogram, hemodynamics, and core body temperatures of the normal freely moving cynomolgus monkey by remote radiotelemetry", Journal of Pharmacological
and Toxicological Methods
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= Tools for Chemical-Specific PBTK Parameters

Physiological parameters depend on species, but we must also make chemical-specific estimates of tissue

partitioning...

TOXICOLOGY AND APPLIED PHARMACOLOGY 144, 340-347 (159

ARTICLE No. TO978139

Using Structural Information to Create Physiologically Based
Pharmacokinetic Models for All Polychlorinated Biphenyls

|. Tissue:Blood Partition Coefficients

Prediction of Adipose Tissue:Plasma Partition Coefficients for
Structurally Unrelated Drugs

Triangle Park,

PATRICK POULIN, KERSTIN SCHOENLEIN, FRANK-PETER THEIL

‘ F.Hoffmann-LaRoche, Ltd., Pharmaceuticals Division, Non-Clinical Development—Drug Safety, CH-4070 Basel, Switzerland
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(Quantitative Structure-Property
Relationships) for HTTK

" Open-source QSPR predictions currently available for thousands of
chemicals, including full Tox21 library

" EPA s leading an international collaborative evaluation of various QSPRs
trained to both pharma and non-pharma chemicals for predicting HTTK
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3. Assessment of Mathematical Descriptions
. Completenessand
4. Assessment of Computer Implementation Portability
5. Parameter Analysis and Assessment of
_ Dose-Response
Model Fitness - (e.g. Benchmark
6. Assessment of any Specialized Analyses e

Evaluationand Application
Clark et al. (2004)

FIG. 1. This figure shows examples of key considerations during model
development, evaluation, and application that are necessary before a PBPK
model may be adopted for use in a HHRA.

McLanahan et al. (2012)
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" To evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data

Can estimate bias

Can estimate uncertainty

Can consider using model to extrapolate to other situations
(dose, route, physiology) where you have no data
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Building Confidence in TK Models

" To evaluate a chemical-specific TK model for “chemical x” you
can compare the predictions to in vivo measured data
® (Can estimate bias
® (Can estimate uncertainty
® Can consider using model to extrapolate to other situations
(dose, route, physiology) where you have no 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
" Estimate bias and uncertainty, and try to correlate with
chemical-specific properties
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Evaluation Example: Observed Total Clearance

" We estimate clearance from two % Chvl
processes — hepatic metabolism = Atfgc
(liver) and passive glomerular — Pr Fluf
filtration (kidney) _"|E 10 Bpﬂ;@@w
O Ao 2
" This appears to work better for E N F’}'&‘.ﬂD ikl Uiaz
pharmaceuticals than other = 10 GV_E_I -1
chemicals: = I
" ToxCast chemicals are 7 Other Chemicals
overestimated @ PFOZ
o 107 Pharm : MSE = 2.44, R*=0.19
= 2
" Non-pharmaceuticals may be = Other:MSE = 2.93, R =0.5
subject to extrahepatic metabolism L -

and/or active transport 107° 10°" 10 10°
In vitro predicted CL;y: (Mmg/L/h)

Wambaugh et al. (2018)



SEPA .
CvTdb: An InVivo TK Database

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

Sayre et al. (2020)
" EPA has developed a public database of concentration é

vs. time data for building, calibrating, and evaluating TK
models

442 147
" Curation and development is ongoing, but to date

includes: oo )
" 198 analytes (EPA, National Toxicology Program, 193 ?

literature)

® Routes: Intravenous, dermal, oral, sub-cutaneous,
and inhalation exposure 11

Other: 12 7 36 10

v 32
11

" Standardized, open-source curve fitting software adipose 3
invivoPKfit used to calibrate models to all data: | T

feces 4 1
urine 59 14

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

" Toxicokinetics links exposure with Rodents: in vivo - \Hmm: in ,_,;,_,ﬂ‘
internal concentrations

. : : ) T
Physiologically-based toxmokmgtlc Testing Predictions IVIVE for
(PBTK) models allow extrapolation, with CvTdb Risk Prioritizatior
including in vitro-in vivo extrapolation
(|V|VE) Rodents: in vitro = | Humans: in vitro

" PBTK models can be generic or bespoke
" Generic models allow for verification of model implementation
" High throughput toxicokinetics (HTTK) allow in vitro parameterization of generic PBTK models

" Comparing model predictions for chemicals with in vivo data allows estimation of confidence
in predictions for chemicals without in vivo data

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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