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P QST Predicts Tox via the Intersection
Between Exposure, Mechanisms, and
Inter-Patient Variability
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»

* Multiple species:
human, rat,
mouse, and dog

- Population variability

* The three primary
acinar zones of
liver represented

- Essential cellular
processes
represented to
multiple scales in
interacting sub-
models

* Over 80 detailed
representations of
optimization or
validation
compounds with
~80% success

» Single and
combination drug
therapies

DILIsym Overview
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Biliary
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Drug Metabolism and Distribution

Unconjugated Reactive

L Metabolite
Lipotoxicity § Reactive Oxygen Species

Mitochondria Dysfunction

. . == Intracellular Bile Acids and Toxicity
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| 4 DILIsym Ultilizes Various Data

Types to Inform Decisions

Modeling &
Simulation

Exposure Data

PBPK Modeling
« Compound Properties
Tissue partition coefficients
» Tissue penetration studies
Liver to blood ratio

GastroP|ygm™

DILIsym®™

Simulations and Assays inform: 1
* Prediction of DILI risk
* Pharmacokinetic data : Z:Irtlmpatllng. DILIfme(Ehamsms
Absorption, extra-hepatic clearance, metabolites ’ aracteristics of patients at
e [n vitro data I'ISk fOI’ DILI
Metabolite synthesis, active uptake * Drug dosing paradigms
* DILI monitoring strategies

In vitro Mechanistic DILI Data

Assays performed to determine quantitative
aspects of DILI mechanisms
» Oxidative stress
Direct and reactive metabolite-mediated . .
* Mitochondrial toxicity Clinical Data
ETC inhibition

» Dosing Protocols, fasting/fed state, meal times
* Anthropometric data
-  Body weight, age, ethnicity

Uncoupling

* Bile acid / phospholipid transporter inhibition
BSEP, MRP3 and 4, NTCP, (MDR3)

* Bilirubin transport/metabolism
OATP1B1, OATP1B3, UGT1A1, MRP2,
MRP3

* Pharmacokinetic data
- Absorption, extra-hepatic clearance,
metabolites
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Consortium Distributing and Developing Software for
Predicting and Preventing Drug-Induced Liver Injury (DILI)

. . Dr. Paul B. Watkins
Join Today and Support Cutting EAge i emismntietie
Research to Make Patients Safer! v

Benefits of Stage 4 DILI-sim Membership

* Two global, floating end-user licenses to the current version of the DILIsym® software package

* Includes integrated GastroPlus® version, when available

* Licenses to an add-on feature of DILIsym that enables use of server/cloud parallel computing with unlimited
nodes (upcharge for non-members)

* 31% discount on consulting services related to DILIsym

+ 10 total hours of private training for employees of the Member company related to DILIsym use

* The right to vote on DILIsym software development items going forward

« Attendance at DILI-sim research, development, and software update meetings/discussions (typically held
quarterly)

* Access to the DILIsym Discovery Support Program (DDSP), a Members-only, lower cost program for enabling
internal software use

\ Now includes RENAsym~ Consortium DS DiLIsymServices
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|/ membership at no additional cost!
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.'® Highlights of DILIsym VerS|on X (DSX)

« Completely new software platform! = Dt Sange P @& — O X
— Much faster and more user friendly 0
— Command line and GUI options " DI Llsym& X
— No reliance on MATLAB runtime or base MATLAB Q@

— Server/cloud computing capability coming soon.....

* 4 NEW exemplar Compounds included with varying

Quantitative systems toxicology (QST) software
for modeling drug-induced liver injury (DILI)
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Synergy Between Two Mechanisms of Action Contributes to Species
Differences in the Liver Safety Profile for PF-04895162

Vinal V. Lakhanil’, Grant Generaux!’, Yuching Yangl, Sashi Nadanaciva2, Luping Qiu3, Keith Riccardi4, Li Di%, Brett A.
Howell}, Scott Q. Siler?, Paul B. Watkins®¢, Hugh A. Barton?, Michael D. Aleo?3, Lisl K. M. Shodat

DILIsym Services Inc., Research Triangle Park, NC; 2l’.om;wuml Safety Predlc]tnn Worldwlde Medlclnal Chemlstlv, Pfizer Inc., Groton, CT; *Investigative Toxicology, Drug Safety

Research and Development, Pfizer Inc., Groton,

University of North Carolina at Chapel Hill, Chapel Hill, NC; UNC Institute for Drug Safelv Sciences, University of North Carolina at Chapel Hill, Chapel Hill, NC; "Translational Modeling Advaincing Pharmaceutical Sciences,

and Simulation, Biomedicine Design, Pfizer, Inc. Groton, CT
fContributed equally to this work

CONTACT INFORMATION: VLakhani@DILIsym.com

Sciences, Pfizer Inc., Groton, CT; "UNC Eshelman School of Pharmacy,
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Careers, and Community

PURPOSE

PF-04895162 (ICA-105665), a drug in development for the treatment of epilepsy,
was terminated after transaminase elevations (up to grade 3) were observed in
healthy volunteers (NCT01691274). The human hepatotoxicity was unexpected
because liver safety concerns had not been raised in preclinical safety studies
(Aleo et al. 2019).

The Purpose is to better understand the mechanisms underlying the
apparent species differences, between rat and human, when evaluating the
liver safety of compound PF-04895162. This case study of PF-04895162 fits
into the broader, pharmacology goal of improving the detection of potential
liver liabilities prior to the introduction of compounds to the clinic.

CONCLUSIONS

This investigative study shows the ability of DILIsym to reproduce species
differences in hepatotoxicity by integrating PK and in vitro data. Additionally, this
study supports the contention that combined in vitro and in silico screening
methods have the potential to identify latent hepatotoxic risks.

Reference:

Aleo MD, Aubrecht J, D Bonin P, et al. Phase ! study of PF-04895162, a Kv7 channel opener,
reveals pected hepatotoxicity in healthy but not rats or monkeys: clinical

pe

METHODS

We retrospectively analyzed PF-04835162 using a computational representation of drug induced
liver injury, DILIsym, which integrates in vitro data of hepatotoxic mechanisms with in vivo
predictions of liver exposure.

The in vitro data included bile acid transporter inhibition and measuring mitochondrial dysfunction.

= Specifically, IC;, values were d using vesicular transport assays for human
BSEP, NTCP, MRP3 and MRP4, as well as, for rat Bsep, Mrp3 and Nicp.

Mitochondrial dysfunction was determined by measuring the oxygen consumption rate in
human and rat hepatocytes using the Seahorse XF Analyzer.
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FIGURE 1. Examples of in vitro data collected. (A — B) Assessment of PF-04895162 inhibiting (A} human
ASEP and (B) rat Bsep. (C— D) Oxygen consumption rate (OCR) of primary (€} human and (D] rat
“ocytes after incubation with PF-04895162, followed by addition of FCCP.

In vivo predictions of liver exposure are based on ph based pharm.
models; these models were fit using pre-clinical and clinical measurements.

+ The rat PBPK model included compartments for blood, liver, muscle, gut, and other tissue. This
model was fit using rat plasma concentration measurements following IV and PO dosing.

The human PBPK model included two compartments: blood and liver; the remaining tissues
were aggregated into a general representation of systemic volume of distribution. This model
was fit using clinical plasma concentration measurements following a single PO dose.
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FIGURE 2. PBPK Models and Measured Data, (A - B) Rat plasma PF-04895162 (ng/mL) for (A) a single dose, and (B) on day 28,
following daily dosing. (C — D) Human plasma PF-04895162 (ng/mL) for (C) a single dose, and (D) en day 14, following 300 mg BID
dasing. (E - F) Liver concentrationsin (E) rat an day 28 fallowing daily desing, and (F) human an day 14 follawing 300 mg BID.

These in vitro data (Fig 1) and PBPK models (based on in vivo data) (Fig 2) were integrated in
DiLIsym to predict hepatotoxicity in both species. Furthermore, simulations were conducted in
SimPops, a simulated population where sensitivity to hepatotoxic mechanisms varies with
variability in physiologic parameters.

RESULTS

Simulation results reproduced lack of rat hepatotoxicity and presence of clinical hepatotoxicity.
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Table 1. Sensitivity Analysis of Toxicity Mechanisms

ETCi, BAi 8/16
300 mg po BID for
ETCi BAi 0/16
14 days in Multil6* k .
BAI ETCi 0/16

ETCi = electron transport chain infibition. A1 = bile acid transporter infibition.

FIGURE 3. Evaluation of Drug-Induced Serious Hepatotoxicity (eDISH) Plots. Simulation of PF-04895162 (A) 100 me/kg/day for 28 days in rat

SimPops (n=294). (8) 300 mg BID for 14 days and 14 day follow-up in human SimPops (n=285).

While simulations reproduce species differences, ALT elevations in simulated humans were

“E less frequent than obsarved clinically, 591285 (21%) vs. 6/8 (75%) respectively.

S = e e e R T T

Al T =10y

"e simulated human hepatotoxicity was demonstrated to be due to interaction between these two
hanisms; elimination of either mechanism from the mode! abrogated injury (Table 1).

Mechanisms On | Mechanisms Off | ALT Elevations 23x ULN

* Multi16 is & Hurman SimCobort {n = 16), which includes individuals sensitive to different mechanisms of toxicity.

1 the ICs, for BSEP inhibition by PF-04895162 was higher (311 uM) than has been generally thought
bute to hepatotoxicity, toxicity from the bile acid mechanism still occurred. Analysis of the modeling
thus indicated multiple contributors to the simulated species differences. Additionally, the simulated
liver exposure was greater than the simulated rat liver exposure, which allowed PF-04895162 to

Je both mitochondrial toxicity and inhibition of bile acid transporters. Modeling even higher PF-

15162 liver exposures than were measured in the rat safety studies aggravated mitochondrial toxicity but
.id not result in rat hepatotoxicity due to insufficient accumulation of cytotoxic bile acid species.

Simulated individuals' time to peak ALT is similar to clinical observations.
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FIGURE 4. Comparison of time to peak ALT in human SimPops versus
measured clinical data. Simulated individuals are represented in red.
Clinical measurements for subjects in the Phase | study are
represented in black. The median value is indicated by aline

300 mg BID dosing of PF-04895162 for 14d was associated with delayed ALT
elevations. Delayed timing is often d ive of a putative p
immune response. Simulations demanstrate that delayed ALT elevations
due to intrinsic mechanisms, where the more gradual bile acid
accumulation accounts for the delayed response.
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Using Quantitative Systems Toxicology (QST)

Diane M. Longo’, Kyunghee Yang',, Brett A. Howell', Jeffrey L. Woodhead'
DILIsym Services, Inc., Research Triangle Park, NC, USA

Efavirenz is a non-nucleoside reverse transcriptase inhibitor (NNRTI) used in combination
with other agents to treat human immunodeficiency virus (HIV) infection.  Efavirenz
treatment is associated with a low frequency of serum enzyme elevations’. To understand
the hepatotoxicity mechanisms underlying clinically observed liver signals, efavirenz was
represented in DILIsym®, a QST model of DILI.

The potential for efavirenz to inhibit bile acid transporters was assessed using transporter-
overexpressing vesicles and cells.

The potential for efavirenz to induce mitochondrial dysfunction or oxidative stress was
assessed in HepG2 cells.

Mechanistic in vifro data were used to define DILIsym hepatotoxicity parameters for
efavirenz.

A previously constructed GastroPlus physiologically based pharmacokinetic (PBPK)
representation? was used to predict efavirenz exposure.

Simulated populations (SimPops) that include variability in hepatotoxicity mechanisms and
in efavirenz exposure were used to simulate the in vivo response in humans to efavirenz in
DILIsym.

Exposure

Pharmacokinetics

Mechanisms

Bile Acid Transporter \
Inhibition
Mitochondrial E ;
Respiration
i

Interpatient Variability

Unique Parameter
Combinations

»

DiLIsym®

; Simulated Frequency
of Liver Injury

Figure 1. Diagram of the overall workflow for this study, including the processes of
determining compound exposure, determining toxicity parameters from in vitro
data, and incorporating interpatient variability to simulate the frequency of liver injury
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Figure 2. Comparison of simulation results and in vitro assay data to identify DILIsym
parameter values that reproduce the efavirenz-mediated OCR response at 1 hr (left)
and the efavirenz-mediated ROS response at 24 h (right).

* Mechanistic in vitro assays indicated that efavirenz inhibits the mitochondrial electron transport
chain (ETC), increases oxidative stress, and inhibits bile acid transporters (BSEP, NTCP, and
MRP4).

+ Combining in vitro hepatotoxicity data with predicted exposure, DILIsym predicted infrequent ALT
elevations (1-2%) in SimPops following administration of efavirenz (600 mg QD) for 12 weeks.

Dosing Regimen Observed ALT >5X ULN' Simulated ALT >5X ULN

1% to 8% 1% to 2%

Efavirenz 600 mg QD oral

Table 1. Comparison of observed vs. simulated hepatotoxicity for efavirenz

L Conclusions

DILIsym correctly predicted infrequent hepatotoxicity for efavirenz, consistent with the low rate of ALT
elevations seen clinically. This study demonstrates the ability of DILIsym to combine in vitro mechanistic
data, predicted liver compound exposure, and biological variability to predict the incidence of liver injury.
Thus, DILIsym represents a powerful tool to assess the potential DILI liabilities of new compounds. In
addition, the efavirenz representation developed in the current study can be used to predict DILI drug-
drug interactions between efavirenz and co-administered drug(s).

[1] Efavirenz. URL: https://livertox.nlm.nih.gov/Efavirenz.htm.
[2] Inger Darling. Efavirenz physiologically based pharmacokinetic model development and validation as a
moderate  cyp3a4 inducer for drug-drug interaction predictions. URL: https:/www.simulations-

plus.com/assets/M1430-13-87 aaps efavirenz_poster 2019-10-18.pdf. )
DiLIsymServices

A SIMULATIONS PLUS COMPANY




" The DILIsym X Workspace is Organized
According to Projects, Not SimSingles

@ DiLisym X

* Projects are started or
opened which contain
one or more SimSingles,
but also other settings
files

@ Home

| SL simSingli

#% SimPops
sk Parallel

: Sweeps

« SimSingles are created
within a given project

« This organization allows
for improved overall
project organization and
management compared
to DILIsym version 8A

= DiLIsym X - Sample Project

Sample Project

"’ Human APAP Test

SimSingle Parameter Selection

0 Copy SimSingle ~ 1ters 'E: Compound W Dosing
APAP 1000 mg
=D Rename SimSingle...
# View SimSingle Properties...
P Run SimSingle...
1 Export SimSingle... 'ﬁ: Compound X Dosing
= ank =
® Delete SimSingle...
Drug Parameters = Compound Y Dosing =
%{ human apap ';ﬁ: lank
Solver Options = Time Param =
defaul ® 24hr defaul
Output Panel — Specified Data
+
ae Variabl, None Selected
Enter Notes for Current Project
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| 4
' Running Parallel Simulations in DILIsym

* The Parallel tab allows o oms = Dlism - sampePraes
Available Modules Selected Modules
1001 & SimSingle_HepG2_Entacapone_100

users to run seve ral & SimSingl 2 we | 5L SimSingle_HepG2_Entacapone

## simPops & SimSingle_HepG2_Entacapone_100t & SimSingle_HepG2_Entacapone_100t

P
P
pone_100t L simSingle_HepG2_Entacapone_100t
P

S i m S i n g IeS , S i m PO pS , O r il i ::::::z:ii:izzi::: ::ejOOt S simsingle_HepG2_Entacapone_100t
Sweeps in parallel

o Ultilizes selected number

of threads ‘
 Excellent feature for

collection of simulations

that need to get —_—

completed over an
extended period of time
(e.g. overnight)

CPU Thread Count Selector

Using 4 of 4 CPU Thread(s)

Project Notes

Enter Notes for Current Project
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Consortium Distributing and Developing Software for
Predicting and Preventing Drug-Induced Liver Injury (DILI)

Dr. Paul B. Watkins

Director, DILI-sim Initiative;

Join Today and Support Cutting EQQe crar ssevie Advson hoe
Research to Make Patients Safer! pv

Benefits of Stage 4 DILI-sim Membership

* Two global, floating end-user licenses to the current versiond

* Includes integrated GastroPlus® version, when available Q UES TIONS ?

* Licenses to an add-on feature of DILIsym that enableg
nodes (upcharge for non-members)

* 31% discount on consulting services related to DIL . . .

* 10 total hours of private training for employees of https.//www.simulations
» The right to vote on DILIsym software development plus.com/contact/

* Attendance at DILI-sim research, development, and s¢

quarterly)
* Access to the DILIsym Discovery Support Program (DDSP), &
internal software use

\ Now includes RENAsym*~ Consortium DS DiLIsymServices

Sk A SIMULATIONS PLUS COMPANY

) membership at no additional cost!
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