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Goal for This Training Session

Participants should understand the following general concepts:
« Methods to parameterize and simulate mitochondrial toxicity in DILISym®
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Entacapone and Tolcapone: Similar Mechanistic
Effects but Differences in Clinical Hepatotoxicity

« Entacapone and tolcapone represent a
“clean/toxic” compound pair
— Similar structure and pharmacologic mechanism

— No hepatotoxicity reported for patients taking
entacapone

— Clinical hepatotoxicity observed with tolcapone

« Similar mechanistic hepatotoxic effects for
entacapone and tolcapone

— Both compounds uncouple the mitochondria
proton gradient

— Modest BSEP inhibition with entacapone
(IC5,=55.6 uM, Morgan 2013) and tolcapone
(1C5,=36.6 uM, Morgan 2013)

« Can DILIsym® recapture the differences in
hepatotoxicity observed clinically based on
mechanistic information?

Clinical Data

e

ENTACAPONE
Parameter RCTs EXT Placebo
NDA Qverall NDA Overall NDA Overall
n=406 n=603 n=325 n=738 n=2%6 n=400
Total bilirubin 0.3% 0.2% 0 0.2% 0 0
AST 0.3% - 0.3% 0 0.2% 0.7% 0.3%
ALT 0.5% 0.5% 0 0.2% 08% 0.6%
GGT 0 0.4% 03% 0.3% 0.4% 0*
Alkaline Phosphatase 0 0 0 0 0.4% 0*
FDA Comtan safety document
TOLCAPONE
— e
T Adverse Event Placebo 100 mg 200 mg
PHASE Il CONTROLLED TRIALS | (n=292) (n=294) (n=293)
High SGPT (ALAT)
22x ULN
>3x ULN 0 3(1%) 8 (3%)
>5x ULN 0 2(07%) |3(1%)
>8x ULN 0 1(03%) |1 (0.3%)
High SGOT (ASAT)
22x ULN
>3x ULN 0 4(1%) 6 (2%)
>5x ULN 0 2(07%) |3(1%)
>Bx ULN 0 0 2(0.7%)
High alkaline phosphatase 2(1%) 0 1(0.3%)

Tasmar FDA filing documents
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Workflow for Modeling Entacapone and
Tolcapone with MITOsym® and DILIsym®

Identify patient

Approach: Predict in vivo types and Compound Clellieiss dn i
- . characteristics or hepatocyte toxicity
risk based on PK characteristics to o
. .. in vivo PK data data for compound
modeling and in vitro evaluate
hepatocyte toxicity data
for mitochondrial and BA Simulate
toxicity mechanisms uncoupling effects
Tl Predict in vivo in MITOsym® to
. ) hepatocyte define parameter
Case study: Compare the exposure to velrEs
simulated hepatotoxicity compound —
profile between Define in vivo
BA toxicity
tolcapone and
parameter
entacapone values
Predictions of
= ) - M - in vivo
DILIsym® "
DILIsym®
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Workflow for Modeling Entacapone and
Tolcapone with MITOsym® and DILIsym®

Identify patient

Approach: Predict in vivo types and Compound Clellieiss dn i
- . characteristics or hepatocyte toxicity
risk based on PK characteristics to o
. .. in vivo PK data data for compound
modeling and in vitro evaluate
hepatocyte toxicity data
for mitochondrial and BA Simulate
toxicity mechanisms uncoupling effects
I, Predict in vivo in MITOsym® to
R/ hepatocyte define parameter
Case study: Compare the exposure to velrEs
simulated hepatotoxicity compound ——
profile between Define in vivo
BA toxicity
tolcapone and
parameter
entacapone

values

Predictions of

in vivo

hepatotoxicity in
DILIsym® "
D

ILIsym®
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MITOsym® Model Includes Essential
Components of Hepatocyte Bioenergetics

Includes mitochondria ETC
activity, proton gradient and
ATP production [ Drug ] OCR

Includes respiration (OCR) as a

primary mode outpu T
— Alsoincludes ATP, A¥m, s’ y "
¢ Mitochondria ) Mitochondria Mitochondrial
ECAR [ H+ Gradient ] [ ETC Activity I [ Substrate ]

[ Hepatocyte ]

Mitochondria
ATP

MITOsym® simulates and
recapitulates the reported

' - Pyruvat
dynamic changes exemplar R ] <€ >[ Glycolysis ]\ yr';‘vae
drugs in HepG2, primary human 1\
and rat hepatocytes ATP [ Glycogen Jk_—>[ Hepatoorte ]

[ Utilization ] HEOSS
7 N

MITOsym® model is designed to . _
provide inputs into the DILIsym® [ DT ][ caedia ]
model to predict in vivo
hepatotoxicity based on in vitro

data
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Simulating Uncoupling Effects in MITOsym® to
Define Mitochondrial Toxicity Parameter Values

Objective:

« Use MITOsym® model to simulate
changes in OCR and ECAR
caused by uncoupling

« Determine uncoupling parameter
values for entacapone and
tolcapone by comparing simulated
dose response curves to HepG2
measured data (Nadanaciva 2012)

— FCCP is a MITOsym® exemplar
compound with a strong
uncoupling effect

— Use HepG2 FCCP SimSingle
available in MITOsym® as a
starting point

Preclinical Data %

900 «+@-+ FCCP measured data HepGZ
=—B=tolcapone measured data
5 700 | =—*—-entacapone measured data
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Creating Entacapone SimSingle™ in MITOsym®

Bl MITOsym v2A = | 5] -

FiIeI View Results About 3

a0 1. Select HepG2 FCCP SimSingle in
SimSingle Setup File M |Tosym®

SimSingle_HepG2_FCCP_1uM_v2ZA V

. Save SimSingle as:
SimSingle Input Options MITOSym™ SimSingle_HepG2_Entacapone_ 1uM

&

Simulaion Time T . p— 3. View “Compound 2 Dosing” and save
as: Compound_2_dosing_Entacapone

4. Select “Drug Parameters”,
rename/save as:
Compound 1 Dosing Conpaura1_cosng_ank 124 v Custornize Parameters_HepG2_Entacapone

Hepatocyte Parameters Parameters_HepG2Z_glucose_Specific_v2a - Customize

DFUQ Parameters Parameters_HepG2_FCCP_v2A il Customize

Compound 2 Dosing Compound_2_dosing_FCCP_1ull_v2A -/ . 5. View “Mechanism Se|ection”, Verify
“Mitochondrial uncoupler 1” is selected

Compound 3 Dosing Compound_3_dosing_blank_v2A M|

LRy

Customize
Compound 4 Dosing Compound_4_dosing_blank_v24 = Customize _ .
[-)] Ng ParameterValues—ParametersﬁHe.‘.l = ﬂh
Compound & Dosing Compound_5_dosing_blank_v24 x| Customize ™ ] E‘\ B
Mechanism selection -
Drug toxicity parameters
Compound (3] Dos|ng Compound_6_dosing_blank_vZ4 x| Customize Curﬁpuund };E
Compound T Dosing Compound_7_dosing_blank_v24 = Customize
Solver Options Default_Solver_Options -] Customize
Simulate
Run ‘ ‘ Run in Parallel ‘ Data Coemparison
Qutput
Export to Excel Plot ‘ Output Table ‘

)




Changing the Uncoupling Drug Toxicity
Parameter in MITOsym®

r 5
Bl Drug Parameter Values-Parameters_He... E‘_Ig
= ~

IDruq toxicity parameters

r 2
)] Drug toxicity parameters-Parameters_HepG2_FCCP_vZA E@Iﬂ
Parameter Value Units Parameter Name Parameter Description
C_inhib_1 1mM Coefficient to quantify D 1=
f 1 mid quanti
1 mM u
1mM
1mM
= I_1
2
oK UCT Vimax AQ dimensionles,
K_UCT_Km 0.0125 mii U meter |
K_UCT_Hill 1 dimensionles.U meter
toK_UC2_Vmax 0 dimensionles. Ul meter
oK_UC2 Km meter
foK_UC2_Hill meter
toK_MPT1_Vmax meter
MitoK_MPT1_Km meter i
‘.‘ T = _ X
Apply
L

Institute for Drug Safety Sciences

View “Drug toxicity parameters”

The Km for the effect of Uncoupler 1 is
0.0125 mM for FCCP

Based on previous simulation, Km for
Tolcapone is about 5X higher than FCCP

Entacapone is a much weaker uncoupler
than Tolcapone,

— Try Km ~50x higher than FCCP as a
first guess:
* Change MitoK_UC1 Kmto 0.5 mM
* Apply and Save
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Running a Dose Sweep in MITOsym®

B MITOsym v2A

HE=AO
SimSingle Setup File

Simulation Time

Drug Parameters

Compound 1 Dosing

Compound 2 Dosing

Compound 3 Dosing

Compound 4 Dosing

Compound 5 Dosing

Compound & Dosing

Compound 7 Dosing

Solver Options

Simulate

File View Results About

SimSingle Input Options

Hepatocyte Parameters

B Run MITOsym v2A Simulations in Parallel
Options  Results
imSi B ter §
SimSingle_HepG2_Entacapone_1ul BRI " I émr weep I
SimSingle File Parameter to Sweep|Linear Sweep Value 1/Start|Value 2/End Value 3/Number| Value4 | Value5 | Value6

1 |HepG2_Basal_Condition_v2A None A O 0 0 0 0 0 0

2 |HepG2_Gal_Basal_Condition_v2A None A £l 0 0 0 0 0 0

3 |HumanHC_CaseA_Basal_Condition v2A  None A O 0 0 0 0 0 0
Sim_time_set_dhr_v2ZA

4 |HumanHC_CaseB_Basal_Condition_v24  None A £l 0 0 0 0 0 0
Parameters_HepG2_glucose_Speciic vzA 5 |RatHC_Basal_Condition_v2A None v [ 0 0 0 0 0 0

I 6 |SimSingle_HepG2_Entacapone_1uM Comp_2_dose A ] 1.0000e-04  1.0000e-03 0.0030 0.0100 0.0300 0.1000

Parameters HepG2 Entacapons 7 |SimSingle_HepG2 FCCP_1uM_v2A None v [ 0 0 0 0 0 0

8 |SimSingle_HepG2_Gal FCCP_1uM_v2A  Naone A £l 0 0 0 0 0 0
Compound_1_dosing_blank_v2A . X .

9 |SimSingle_HepG2_Gal_oligomycin_1uM_v... None A O 0 0 0 0 0 0
Compound_2_dosing,_Enfacapons_1ull 10 |SimSingle_HepG2_Gal_rotenone_TuM_v2A  None A £l 0 0 0 0 0 0

11 [SimSingle_HepG2_MitoQ_1uld_v2A Nane v |:| 0 0 0 0 0 0
Compound_3_dosing_blank_v2A 12 |SimSingle_HepG2_oligomycin_1ulM v2A  None A O 0 0 0 0 0 0

13 |SimSingle_HepG2_oligomycin_FCCP _rote... None A O 0 0 0 0 0 0
Compound_4_dosing_blank_v2A { ‘ 111 ‘
Compound_5_dosing_blank_v2A I Ru" I I le I
Compound_6_dosing_blank_v2A
Compound_7_dosing_blank_v2A -
- 1. Run a parameter sweep for Comp_2_dose

from 0.0001 to .1 mM

‘ Run ‘

2. Iterate until the simulated OCR and ECAR

‘ Run in Parallel ‘ ‘ Data Comparison ‘

Output

Export to Excel ‘ ‘

dose-response agrees with measured data

Plot

‘ Output Table IJ

A

—
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Entacapone and Tolcapone Uncoupler
Parameter Values with MITOsym®

Used MITOsym® model to simulate
OCR and ECAR response to
entacapone and tolcapone

- Good agreement with measured
OCR and ECAR data (by design)

Entacapone is a weaker uncoupler
than tolcapone

- MitoK_UC1_Km parameter value
is ~10x greater for entacapone
than tolcapone

» Entacapone Km 1.0
* Tolcapone Km 0.065

Preclinical Data and
Simulation Results

% change in OCR

% change in ECAR

700

— @ tolcapone measured data
—l— entacapone measured data
— @ tolcapone sim results 4

500 | —m—entacapone simresults  /

300 -

l,’
./
sz 1

0.01 1 100

250 -+

200

150 -

100

Compound concentration (UM)  Nadanaciva 2012

| ==@== tolcapone measured data

-——= cntacapone measured data /
- @ tolcapone sim results
—li— entacapone sim results

0.01 1 100

Compound concentration (uM)
Nadanaciva 2012
-\ HE UNIVERSITY
L]} | 25 s 11



Exemplars Used to Translate MITOsym®
oxicity Parameters to DILIsym®
Mitochondrial Toxicity Parameters

MITOsym® exemplar compounds used to '
facilitate translation to DILIsym® in vivo

mitochondrial toxicity parameters

MITOsym® DILIsym®
Exemplar mitochondria toxicity compounds HepG2in vitro Human In vivo
- - ® ~
S|mulateq n F)ILIsym MITOsym® DiLlsym®
— ETC inhibitor: rotenone Uncoupler X 3.2 . Uncoupler
— Uncoupler: FCCP FCCP FCCP
(HepG2) | (human)

— ATPase inhibitor: oligomycin
MITOsym® DILIsym®
Entacapone and tolcapone optimized Uncoupler J:)[ Uncoupler
Uncoupler parameter values normalized to Compound X Compound X
FCCP for translation to DILIsym® { {hiepC2) (human)

—  Conversion factor of 3.2 for uncoupling

)
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MITOsym® to DILIsym® Mitochondrial Toxicity
Parameter Value Conversion Factors

MITOsym® to DILIsym®

Mitochondria toxicit . .
4 DILIsym® species parameter conversion

MITOsym® cell type

mechanism factor

HepG2 ETC inhibitor Human 34.7

HepG2 Uncoupler Human 3.20

HepG2 ETC inhibitor Rat 3.47

HepG2 Uncoupler Rat 0.40

Primary human hepatocyte ETC inhibitor Human 3.13
Primary human hepatocyte Uncoupler Human 3.20
Primary human hepatocyte ETC inhibitor Rat 0.31
Primary human hepatocyte Uncoupler Rat 0.40
Primary rat hepatocyte ETC inhibitor Human 3.75
Primary rat hepatocyte Uncoupler Human 3.20
Primary rat hepatocyte ETC inhibitor Rat 0.38
Primary rat hepatocyte Uncoupler Rat 0.40
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Exemplars Used to Translate MITOsym®
oxicity Parameters to DILIsym®
Mitochondrial Toxicity Parameters

MITOsym® exemplar compounds used to '
facilitate translation to DILIsym® in vivo

mitochondrial toxicity parameters

MITOsym® DILIsym®
Exemplar mitochondria toxicity compounds HepG2in vitro Human in vivo
; ; ®
sumulateo! |n. F)ILIsym P P
— ETC inhibitor: rotenone Uncoupler X 3.2 | Uncoupler
— Uncoupler: FCCP FCCP FCCP
ATPase inhibitor: oligomycin \ (HepG2) (human)
MITOsym® DILIsym®
Entacapone and tolcapone optimized Uncoupler X 3.2 Uncoupler
Uncoupler parameter values normalized to Compound X Compound X
FCCP for translation to DILIsym® iepc2) (human)

—  Conversion factor of 3.2 for uncoupling

Compound Mechanism MITOsym®  DiLlsym®

(mm) (mM)

FCCP Uncoupler .0125 .040
Entacapone  Uncoupler 1.000 3.20
Tolcapone Uncoupler .065 0.208

[ | 14




Defining Drug Toxicity Parameters in DILIsym®:

Mitochondrial Uncoup

F

4| DILIsym v4B

ler Example
~

File Results View Help

dlzwww DY

SimSingle Setup

l New SimSingle
Load SimSingle

Input Parameters

Species
Drug

Caloric Intake

Tolcapone_Human

Parameters_Species_Human_v4B

Customize

Parameters_Drug_Blank_v4B

Customize
I Mechanism I

Parameters_Ca

‘4 DILIsym Parameter Customization

- R 1oV=111T- S— Mechanisms
Comp W Dosing Parameters_Com J CompY All Mechanisms -
- All Mechanisr
Comp X Dosing Parameters_CompXDo 1 Dimcmpamn;s
Comp Y Dosing Parameters_CompYDosing_Blan oUncouple
N MitoUncoupler3
Time Parameters_Time_Blank_v4B incATPutilization
incRNSROSproduction
Solver Parameters_Solver_Default_v4B incRNSROSproduction2
incRNSROSproduction3
inhBAtransport
Input Panel Panel_Blank INhETC1
- InhETC2
inhETC3
" " " inhFAOxidation
[ Simulate ] [ Run in Parallel ] [ SIMPop | [ Tabie View | A~ [\ inhGlycolysis
inhMitoATPsynthesis
Specify Data T
Plot Table Export Save Results SimSingle

..}
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Drug Parameters in DILIsym®: Input
MitoUncouplerl Toxicity Parameter Values

|4 DILsym Parameter Customization

- .

Molecule
CompY

CompY

Table View

Mechanisms

~| All Mechanisms

MitoUncoupler1

Uncoupler 1 effect Hill 1 s s
coefficient

Uncoupler 1 effect Vmax 190 AT ey e
Basal effect of multiple 100 ;

uncouplers on ETC activity Imafiqoness
Effect of multiple uncouplers 05 B =

on ETC activity Hill coeff. mensionless

E 3
Uncoupler 1 effect Km DV"‘L_ Optl m|Zed Value

Default values for
DILIsym® uncouplers,
need to input

N

I Save w/ Custom ]

[ Cancel Changes ] [ Save As New ]

[ Save As New w/ Custom

®

Institute for Drug Safety Sciences
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Bile Acid Transport Inhibition DILIsym®
Parameters for Entacapone and Tolcapone

Bile acid transport inhibition constants (IC.,) for entacapone and
tolcapone have been measured in Morgan 2013

— Assumed noncompetitive BSEP and MRP inhibition
— Used reported BSEP IC., data as basis for noncompetitive BSEP Ki

— Used reported MRP4 IC., as basis for noncompetitive basolateral Ki

17



Workflow for Modeling Entacapone and
Tolcapone with MITOsym® and DILIsym®

Identify patient .
Approach: Predict in vivo types and Compound Clelliziss i i
- . characteristics or hepatocyte toxicity
risk based on PK characteristics to o
. . in vivo PK data data for compound
modeling and in vitro evaluate
hepatocyte toxicity data
for mitochondrial and BA Simulate
toxicity mechanisms uncoupling effects
Tl Predict in vivo in MITOsym® to
</ hepatocyte define parameter
Case study: Compare the exposure to elhres
simulated hepatotoxicity compound ——
profile between Define in vivo
BA toxicity
tolcapone and
parameter
entacapone

values

Predictions of

in vivo

hepatotoxicity in
DILIsym® "
D

ILIsym®
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In vivo Hepatotoxicity Profiles Assessed
Using Human BA-MITO SimPops™

No ALT elevations observed in simulations at the population level following oral
administration with entacapone

— Clinical protocol (up to 8 oral doses of 200mg)

— None of the human SimPops™ exhibited serum ALT elevations greater than 3x ULN

— Consistent with lack of clinical hepatotoxicity reported for entacapone

Small percentage of simulated patients treated with tolcapone with elevated ALT
— Consistent with infrequent clinical hepatotoxicity reported for tolcapone
— 3% of patients in clinical trials had >3x ULN ALT
— NAFLD/NASH simulated patients most responsive to tolcapone hepatotoxic effects

Simulation results revealed BSEP transporter inhibition contributed minimal liver
toxicity

m Simulated with Human_mito_ BA v3A 6 Simulated
SimPops™, n=229 ALT >3x ULN Clinical Data
Entacapone 200mg oral 8xday 1 week 0/229 (0%) 0/1000s (0%)
Tolcapone 200mg oral TID 1 week 6/229 (3%) 8/293 (3%)

Clinical Data and = | S0 19
Simulation Results 1A b




