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Webinar Outline

Simulations Plus Overview }

NEW! Liver Safety+ Package: De-Risking Clinical Hepatotoxicity in Early
Drug Discovery

— Introduction to the ADMET Predictor DILIsym (APD) module
— Development of machine learning models to predict DILIsym toxicity inputs
— How to use the APD module and interpret its predictions for next steps

— How to use APD module predictions in DILIsym and interpret its predictions
Questions
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Who We Are

NASDAQ: SLP
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GastroPlus®/ADMET Predictor®: By the Numbers...

15+

Regulatory agencies
with reviewers
trained on software

200+

Companies licensing
worldwide

350+

Universities in 50+
countries with
access to software

120+

Services projects
executed over past
12 months

700+

Scientists received
software training
over past 12 months

30+

Peer-reviewed
journal publications
over past 12 months
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https://www.simulations-plus.com/software/gastroplus/
https://www.simulations-plus.com/about/partners-and-collaborators/
https://www.simulations-plus.com/services/overview/
https://www.simulations-plus.com/software/slp-university-program/
https://www.simulations-plus.com/workshops/
https://www.simulations-plus.com/resource-center/
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Simulations Plus Has the World’s Largest Library of Platform
QSP and QST Models to Predict Disease and Injury Outcomes

‘ QST: Liver and Kidney Safety ‘ QSP: Inflammation and Immunology (including fibrotic diseases)
. Drug induced acute kidney injury L Asthma/COPD (in development)
. Drug induced liver injury (DILI) . Atopic dermatitis (AD)
. Crohn’s disease (CD)
. Dermatomyositis
‘ QSP: Metabolic Diseases . Dysregulation of alternative and terminal pathways (AP, TP) of
. Non-alcoholic fatty liver disease / steatohepatitis Gomiplement
(NAFLD/NASH or MASH) . Idiopathic pulmonary fibrosis (IPF)
K Obesity . Interstitial lung disease (ILD) associated with systemic sclerosis
. Multiple sclerosis (MS, in development)
. Psoriatic arthritis (PSA)
‘ QSP: Immuno-Oncology = Psoriasis (PSO)
. Acute myeloid leukemia (AML) * Rheumatoid arthritis (RA)
: Diffuse large B-cell ymphoma (DLBCL) . Systemic lupus erythematosus (SLE including CLE)
o Multiple myeloma (MM) . Ulcerative colitis (UC)
o Myelofibrosis . Uric acid disposition in gout
. Solid tumor (NSCLC, melanoma, prostate cancer, . Wound healing after myocardial infarction (Ml)

colorectal cancer, ovarian cancer, endometrial cancer)
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Highlights of DILIsym Version X (DSX)

* Completely NEW software platform!

= DILIsym X1-Sample Project

B #”DiLisym X

N
smsingle

Quantitative systems toxicology (QST) software

for modeling drug-induced liver injury (DILI)

— Much faster and more user-friendly design

— Command line and GUI options 58

SimPops

— No reliance on MATLAB base or runtime

Parallel

L3

&

Videos Publications Equations Presentations

— Server/cloud computing capability (HPGL)

* 4 NEW exemplar compounds included with varying clinical presentations

— PF-04895162 (Generaux 2019)

Monitor

Run Dislog for Sample SimPops

= EfaVirenZ Data Manager
e
— Anastrozole ICTTETINE 000249/ 000623
(> =]
— Tamoxifen

* 2 NEW SimCohorts that include variability in susceptibility to liver injury and
biomarker-related parameters (ALT and bilirubin)

3
Graphical Seftings _Run Settings  Locale Settings
CPU Performance Utilization

teruthesd - Normal Utilization 2 s
16 of 32 CPU threads will be utilized

x Species Parameters _W Compound W Dosing

o Corvendones

ion Execution

Style

Run As Thvead(s)

© Run As Processe(s)

¥ Output Resuits Options
Export Formats: ¥ XLSX 'V JSON | TSV I CSV

Export Folder:  nts/DILisym Inc/Simulation Results ~ Select

ramaters Y Goronrd ooy

e

e Qi Panel
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Webinar Outline

e Simulations Plus Overview

 NEW! Liver Safety+ Package: De-Risking Clinical Hepatotoxicity in Early
Drug Discovery

[ — Introduction to the ADMET Predictor DILIsym (APD) module ]

— Development of machine learning models to predict DILIsym toxicity inputs

— How to use the APD module and interpret its predictions for next steps

— How to use APD module predictions in DILIsym and interpret its predictions

e (Questions
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The ADMET Predictor 12 DILIsym (APD) Module Adds Liver
Safety Insights to Evidence Informing Compound Selection

| Phase 3 | NDA Pot

i pr Il‘ Approval
EOP2 Pre-NDVJproval

* Liver safety liabilities are commonly identified when a compound enters the clinic, sometimes as late

Phase 2

Discovery Preclinical

as phase 3 clinical trials, imparting considerable expense and potential delays to drug development

* Historical use of DILIsym, a QST model of drug-induced liver injury, required extensive in vitro assay
data and PK exposure modeling, making it less amenable for use in early drug discovery

* New APD module empowers DILIsym use at the drug discovery stage, without the need for typical
DILIsym toxicity assay data!
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Simulations Plus Has Developed a Roadmap to Derive
an Early Assessment of Hepatotoxic Risk

New DILIsym module in ADMET Predictor 12 generates outputs that can be used to inform
inputs within the quantitative systems toxicology (QST) modeling platform DILIsym
—  Permissive of liver safety assessment during early drug discovery efforts! AP ADMET Predictor
—  Predictions of the current roadmap are qualitative
2 z . ADMET Property
*  Yes/no toxicity mechanism classifications Estiastion e
* Rank ordering of a compound’s toxicity assessment with other in-class compounds Model Building

—  Accuracy and use of outputs will improve iteratively, as more data become available to inform
predictions

Workflow permissive for early discovery applications
— No need for data from typical DILIsym in vitro assays +
—  Leverages ADMET Predictor informed structure-based compound properties
—  Applies ADMET Predictor Machine Learning from a library of DILI/clean compounds
—  Use of constant liver exposure based on molar concentrations OR use of ADMET Predictor High-
Throughput PK (HTPK) results
— Integration of the above in the DILIsym in vivo context for early insights into liver liabilities

DI sy

@ SimulationsPlus
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DILIsym QST Model Predicts Liver Toxicity by Integrating
Exposure, Mechanisms, and Inter-Patient Variability

Tox
Mechanisms

* Mitochondrial
dysfunction

* Oxidative stress
* Bile acid

transporter
inhibition

rrrrrrrr

* Phospholipid

Relevant
Biochemistry

11
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Predicted Liver Exposure Interacts with Data-Defined
Mechanisms of Toxicity in the DILIsym /n Vivo Environment

Mechanisms of toxicity in DILIsym

1
bt
s

Reactive oxygen species (ROS)
Mitochondrial dysfunction

Bile acid transporter inhibition

— Bile salt export pump (BSEP)

— Multidrug resistance associated
protein 3 or 4 (MRP3/MRP4)

— Sodium-taurocholate cotransporting

polypeptide (NTCP)
Phospholipid transporter inhibitio

— Multidrug resistance protein

[ Drug Metabolism and Distribution ]

| 4

Unconjugated Reactive

l l \\ ’Metalbolite

DiLIsym® [ Lipotoxicity ]

Reactive Oxygen Species

Biliary
Phospholipids

Biliary - -
Bile Acids 4—' Intracellular Bile Acids

[ Cholangiocyte Life Cycle

n

Mitochondria Dysfunctlon
and Tox|C|t

[ Hepatocyte Life Cycle

LY

[ Innate Immune Response ]

3 (MDR3)

Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP

@ SimulationsPlus



13

Liver Safety+ Prediction Package
Tailored for Early Discovery Data
Toxicity

(3 @

* Constant liver exposure * Machine learning informed
* High-throughput PK (HTPK) structure-based outputs

Exposure

“smisusan e 19

Relevant
Biochemistry
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APD Module Applies Machine Learning to Bridge from
Compound Structure to DILIsym

Compound Library In Vitro Assay Data Filtering, Automated Fitting, Translation

-

|

Mitochondrial respiration
(Seahorse assay)

.

Oxidative stress
(High content screening)

J

( Bile acid efflux transporter inhibition

(Inside-out vesicles)

Phospholipid transporter inhibition
(Transfected cells)

14

Databases

—__ Eilin

| ﬁNYCHS
. e}

—
b
/ Machine Learning Algorithms

Mitochondrial dysfunction
Oxidative stress

Bile acid efflux transporter inhibition
Phospholipid transporter inhibition

ADMET Predictor 12
DILIsym module

=
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APD Module Outputs Include Values
for Four Key Mechanisms of Hepatotoxicity

APD module provides classifications (yes/no) and key parameter values for each of the four main
mechanisms of toxicity represented in DILIsym

Outputs are evaluated for potential toxicity
If outputs suggest toxicity, user can move to identifying parameter values for DILIsym simulations

Details on each of the APD module outputs and machine learning model construction are available in the
ADMET Predictor 12 Manual, and will be summarized in the next section

- . APD classification® APD MEC' APD AC,,* APD IC
Toxicity Mechanism
output output output output

Mitochondrial dysfunction

Reactive oxygen species =
BSEP inhibition = =

MRP3/MRP4 inhibition = = =
MDRS3 inhibition = =

8 yes/no prediction for in vitro signals

T minimum effective concentration (MEC) that significantly crosses vehicle control threshold
¥ concentration at which 50% maximum effect is observed

|| concentration at which 50% inhibition is observed

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP @ SimulationsPlus
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Webinar Outline

Simulations Plus Overview

NEW! Liver Safety+ Package: De-Risking Clinical Hepatotoxicity in Early
Drug Discovery

— Introduction to the ADMET Predictor DILIsym (APD) module

[ — Development of machine learning models to predict DILIsym toxicity inputs ]

— How to use the APD module and interpret its predictions for next steps

— How to use APD module predictions in DILIsym and interpret its predictions

Questions
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The ADP Module Contains Three Mitochondrial
Dysfunction Models

. Model Set [Negatives|Positives|Total|Correct|Concordance|Sensitivity|Specificity|
MItO_TOX Mito Tox Training| 25 154 |179| 155 86.6% 85.7% | 92.0%
— Classification model that predicts Yes or No _ Test | 4 21 | 25] 20 | 80.0% | 81.0% | 75.0%
for mitochondrial toxicity based on the The single mispredicted negative from the test set is fenclozic acid, a
Seahorse assay compound that was withdrawn from the market due to jaundice

— Based on dataset containing 204 molecules
with a large percentage (86%) of

experimental positives 1 o
control vehicle threshold

) S
Mito_MEC 3
(=}
— Predict the minimum effective g O I A
concentration (MEC) that significantly e
crosses the control vehicle threshold g

Mito_AC50

— Predicts the concentration at which 50%
maximum effect is observed

o
>
T o ———

MEC
Conc (pM)

ETC inhibition with a complete knockdown of OCR at high concentrations
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Mitochondrial Dysfunction Models With 2D and
2D+3D Descriptors Were Created: Mito_ MEC

The Mito_MEC dataset contains 127 compounds with 13 (¥10%) in the test set
The most active compound is rotenone, with an observed MEC value of 0.001 uM

4.0

[ -
o o

e

Observed log(Mito_MEC [uM])

-2.0

y=1.120x-0.121
R* 0.611

Mito_MEC_3D

Mito_MEC
TrainiVerify S o Train/Verify Set 40 - Verify
rain/Verify Set: . rain/Verify Set:
4 L Test Set ., N=114
b 30 RMSE: 0.732

MAE: 0.567
y=1.176x-0.231
R*: 0.655

Observed log(Mito_MEC [uM])

Test Set:
N=13 20
RMSE: 0.720

MAE: 0.548

y=0.949x-0.114 30
R 0.616

o Train/Verify Set
*  Test Set

RMSE: 0.780

MAE: 0.664
y=1.156x-0.647
R*: 0.658

-1.0 (] 1.0 2.0 30 4.0 30 2.0
Predicted log(Mito_MEC [uM])

1.0 2 3.0 4.0

-1.0 0.0 0
Predicted log(Mito_MEC [uM])

Plots show the log of the experimental Mito_ MEC value in micromolar

units (LM) versus the log of the predicted value
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Mitochondrial Dysfunction Models With 2D and
2D+3D Descriptors Were Created: Mito_AC50

The Mito_AC50 dataset contains 129 compounds with 22 (~¥17%) in the test set

The two most active compounds are antimycin A (Mito_AC50=0.01 uM) and rotenone (Mito_AC50=0.013 puM)

4
)

»
o

»
©

™
o

0.0

Observed log{Mito_AC50 [uM])

Mito_AC50

Mito_AC50_3D

Train/Verify Set:
N=107

RMSE: 0.724
MAE: 0.569
y=1.132x-0.232
R*: 0.614

RMSE: 0.769
4.0 MAE: 0.564
y=1.112x-0.221
R?*: 0.562

Test Set:

N=22

RMSE: 0.758
MAE: 0.546
y=0.976x-0.013 2.0
R?: 0.527

Train/Verify Set:
N=107

Test Set:

N=22
RMSE: 0.737

MAE: 0.495

y=1.059x-0.060

R*: 0.553

2.0 1.0

2.0 0 40 50 2.0 -1.0

0.0 10 3.
Predicted log(Mito_AC50 [uM])

0.0

10

2.0
Predicted log(Mito_AC50 [uM])

30

4.0

5.0

Plots show the log of the experimental Mito_AC50 value in micromolar

units (LM) versus the log of the predicted value
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The ADP Module Contains Three Reactive Oxygen
Species Models

ROS_Tox

— Classification model that predicts Yes or No for reactive oxygen species formation

— Based on dataset containing 243 molecules with 25 (~¥10%) in the test set

ROS_MEC

— Predict the minimum effective concentration (MEC) that significantly crosses the control

vehicle threshold
ROS_AC50

— Predicts the concentration at which 50% maximum effect is observed

Model Set |Negatives|Positives|Total|Correct|Concordance|Sensitivity|Specificity
Training 70 148 | 218 | 172 78.9% 80.4% 75.7%
ROS_Tox
- Test 6 19 25 22 79.8% 81.4% 76.3%

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP
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The ADP Module Utilizes the Existing BSEP Models in ADMET Predictor
and Contains a New MRP3 Model for Bile Acid Transporter Inhibition
BSEP_Inh

— Classification model that predicts Yes or No for inhibition of the bile salt export pump (BSEP), a bile acid
transporter on the canalicular membrane of hepatocytes

— Based on dataset containing 615 compounds (Morgan et al. 2013), of which 127 inhibit BSEP below 60 uM
BSEP_IC50

— Regression model, using 155 compounds with half-maximal inhibitory concentration (ICs,) values below 133
KM, that predicts BSEP IC;, value

— Test set consisted of 24 (~15%) compounds
MRP3_Inh

— Classification model that predicts Yes or No for inhibition of the multidrug resistance-associated protein 3
(MRP3), a bile acid transporter on the basolateral membrane of hepatocytes

— Based on dataset containing 107 compounds (Kock et al. 2014, Ali et al. 2017), of which 43 inhibit MRP3

below 100 uM
Model Set |Negatives|Positives|Total|Correct|Concordance|Sensitivity|Specificity
Training 54 36 90 87 96.7% 94.4% 98.1%
MRP3_Inh
Test 10 7 17 15 88.2% 85.7% 90.0%

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP @ SimulationsPlus
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Webinar Outline

Simulations Plus Overview

NEW! Liver Safety+ Package: De-Risking Clinical Hepatotoxicity in Early

Drug Discovery
— Introduction to the ADMET Predictor DILIsym (APD) module

— Development of machine learning models to predict DILIsym toxicity inputs

[ — How to use the APD module and interpret its predictions for next steps ]

— How to use APD module predictions in DILIsym and interpret its predictions

Questions
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Import/Load a Chemical Structure (e.g., SMILES
in ADMET Predictor

Pub@hem Solithromycin (Compound)

2.1.4 Canonical SMILES (Ol

The Simplified Molecular-Input Line-Entry System (SMILES) is a widely-used line notation for chemical structures. PubChem computes two kinds of SMILES strings for
compounds: canonical SMILES (computed from chemical structures devoid of isotopic and stereochemical information), and isomeric SMILES (computed from chemical
structures containing isotopic and stereochemical information). This section shows the canonical SMILES of the compound.

Read more at: https://www.daylight.com/dayhtml/doc/theory/theory.smiles.html

I| = Solithromycinsmi E3 ’

CCC1C2(C(C(C(=0)C(CC(C(CIC(=0)C(C(=0)ON)(OF)O)OC3C(C(CC(O3)ON(O)O)O)O)OC)IC)ON(C(=0)02)CCCCNAC=C(N=N4)C5=CC(=CC=C5)N)C
Computed by OEChem 2.3.0 (PubChem release 2021.10.14)

» PubChem

CCC1C2 (C(C(C(=0)C(CC(C(C(C(=0)C(C(=0)01) (C)F)C)O ~
C3C(C(CC(03)C)N(C)C)0) (C)OC)C)C)N (C (=0) 02) CCCCN4
C=C (N=N4) C5=CC (=CC=C5)N)C  Solithromycin

Structure Files (*.sd;*sdf;* mol;*

SD Files (*.5d;*.sdf)
Mol Files (*.mol)
_|RD Files (*.rdf)
XTK Files (*.xtk)

SMILES Files (*.smi)

.qm

Text Files (*.txt)

Maodeler DAT Files (*.dat)

Structure Files (*.sd;*sdf;* mal;* rdf;* xtk;* ctk;* smi;*. gmd;* txt;*.dat)
s ——

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP
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SMILES field selection

SMILES field Load all compound atiributes

|C°‘um” 1 ﬂ [ Skip firstline: itis a headerline

Compound identifier field (optional) Tab delimited; uncheck if whitespace delimited

|Co\umn 2 -

File preview:

CCC1C2{C(C(C=0)C(CC{CICIC(=0)C(C(=0)01 HORC)OCIC(CICCIO3)CIN(C)C)ONO)OC)IC)C

Cancel

@ SimulationsPlus



Generate 3D Structure/Coordinates and Calculate
ADMET: DILIsym Properties

¥ Solithromycin - ADMET Predictor

FILE EDIT VIEW DATA CHEMISTRY TOOLS DESIGN LUBRARY HELP
B AN TN OE® B ¢ @ SXB LK X NEE

@8 Generate 3D Coordinates

Calculate ADMET properties

OFH 2¢C A¥8 LBEDS

Process status

Identifier ATTR_1
Sclthromycin CCCICACICIC(=0)CICCIC

Properties to calculate:

["] Physicochemical

[] Transporters ["TModeling descriptors
["] Metabalism User models
@ sclithromycin - ADMET Predictor [ Toxicity
FILE EDIT VIEW DATA CHEMISTRY TOOLS DE RAR
OFE 2¢ A% dEEDSY e -3 4R dXY AR N0 INH -8 & @ E<BI/E K OEE | Customize Properties || All Properties |
i) ADMET Properties (Ctrl+R) N
ate ADA 0 . - Use 3D models
Spreadsheet Controls Structure eometry ‘SDQualv!y AP_3DEnergy | ATTR_1 ATIR 2 AP_FWeight
1,000 177.216 CCCICC(CC(=0)C(CCIC... | Solithromycin
74 pH ‘ Restore Default pH | | Advanced Settings |

;J a a2 Solithromycin 3D
il Fre,

TLE  ROWHGT PNCOL

<Mol Property> LI

|_] Also calculate ionization descriptors at this pH

Minimize Calculate Cancel

@ SimulationsPlus
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Review and Export APD Module Results

Structure Identifier 3D Quality |AP_FWeight |BSEP Inh ‘BSEP 1C50 |MDR3 1C50 |MDR3 Inh |MituAC50 ‘M\tn MEC |MitnTm( MRP3 Inh ‘ROSACS{) |ROS MEC |ROS Tox

Solithromycin

Esport comgounds 10 & fle

Aibutes o expan

@ solithromycin - ADMET Predictor
: FILE | EDIT VIEW DATA CHEMISTRY TOOLS DESIGN LIBRARY HELP

+ AD o 3y AT
New N B & e - B BT A

Open... cu+0 |

Save curi+s |
i Savehs.

Structure

Import »

Export... Ctri+E

Select From File »

As Displayed | Satio cumanty displayed ambutes
Print... Ctrl+P

Print Preview | Expon 30 slomic coondinstes

Print Setup... Expan confdenceiuncertainty scores
Expartoubabscope fags
Preferences... Ctri+Alt+P

1 C\Users\..\Solithromycin.smi

2 CAUsers\..\ltraconazole.smi =

Exit

Cancel

A B C D E F G H | J M N (0] P
Identifier Canonical Canonical Pair Count Geometry 3D Quality AP_3DEnel AP_FWeigl ATTR_1 ATTR_2 BSEP_IC5C BSEP_Inh BCONF:BSE CONF:Mitc CONF:MRI CONF:ROS
Solithromy N{C1C{O)C N{C1C(O)C 03D 1 177.2162 845.028 CCC1C2(C Solithronfy 8.860398 Yes (83%) 83 99 93 89

AF
UNCR:BSE UNCR:MDI| UNCR:Mitc UNCR:Mitc UNCR:ROS UNCR:ROS_MEC
0.35108 0.680241 0.781383 1.048154 0.341983 0.45848

MDR3_IC5! MDR3_Inh{
0.676589 No

ito_AC50 Mito_MEC Mito_Tox
71.06435 5.243293 Yes (99%)

MRP3_Inh@ROS_AC50 ROS_MEC ROS_Tox
50.25876 7.297704 Yes (89%

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP SimulationsPlus
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Use and Interpretation of APD Module Classifications and
Parameter Values

. Model provides yes/no classification predictions for active

toxicity mechanisms based on compound structure Does model predict toxicity for
given mechanism (i.e., yes/no

— Mitochondrial dysfunction (solithromycin: yes) lassification)?
classitication)r

—  ROS production (solithromycin: yes)
—  BSEP inhibition (solithromycin: yes)
— MRP3 inhibition (solithromycin: yes)
— MDR3 inhibition (solithromycin: no)
. Within current framework, Simulations Plus recommends
prioritizing yes/no classification before utilizing the predicted,
quantitative toxicity effects (MEC, ACs,, IC,,), if available

Use model-predicted
Do not include toxicity output(s) to parameterize
mechanism in DILIsym setup toxicity mechanism in

*  The predicted MEC and AC., values predicted for DiLlsym
mitochondrial dysfunction and ROS production can be used for
subsequent toxicity parameter estimation in DILIsym

* The predicted BSEP and MDR3 IC;, values can be used directly Run DILIsym
as DILIsym input parameters simulations

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP SimulationsPlus



Model-Predicted MEC and AC,, for Mitochondrial Toxicity
Used to Derive DILIsym Parameters for Mitochondrial Effects

Example ETC inhibitor

OCR

2
° Values provided
g 15 by APD module
S
T 1@
2 (]
[¢]
e 0.5

0 ®
Toxicity o - .
Mechanism Data Point 1 Data Point 2 Data Point 3 = )
*  MEC: minimum effective

ETC inhibitor 1 (linear) concentration that
or (0.001 uM, 1) (MEC pM, 0.8) (ACs, UM, 0.5) significantly crosses vehicle
ETC inhibitor 4 (saturable) control threshold
* AC;,: concentration at which

Data Point 1* Data Point 2" Data Point 3* ; :
sotvonyanpostor | 02270y | omaramz 50% maximum effect i

mito parameterization observed

(0.001 pM, 1) (5.243 uM, 0.8) (71.064 uM, 0.5)

* Assume concentration of 0.001 uM causes no change in OCR compared to control
T Assume MEC causes OCR to drop to 0.8x control for ETC inhibitor
* Assume maximal reduction in OCR is complete inhibition (Ox control)

@ SimulationsPlus
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Model-Predicted MEC and AC;, for ROS Induction Used to
Derive DILIsym Parameters for Effect on ROS Production

Example ROS Production

ROS
5 - L
Values provided
5 4 by APD module
5
S 3
ks
g 2
e °
10

0
Toxicity Lo P o
Mechani Data Point 1 Data Point 2 Data Point 3 . .
ecnanism * MEC: minimum effective

ROS production 1 (linear) concentration that

or (0.001 uM, 1) (MEC pMm, 1.2) (ACqo uM, 3) significantly crosses vehicle
ROS production 4 (saturable) control threshold

* AC;,: concentration at which
e || | e 50% masimum ffectis

ROS parameterization observed

(0.001 pMm, 1) (7.298 uM, 1.2) (50.259 pM, 3)

* Assume concentration of 0.001 uM causes no change in ROS compared to control
T Assume MEC causes ROS production to increase 1.2x control
* Assume maximal ROS production response is 5x control
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Model-Predicted IC., Values for BSEP and MDR3
Can Be Utilized Directly as DILIsym Parameters for
Bile Acid and Phospholipid Transport Inhibition Effects

MRP3/4

(OSTa/p)

* IC,,: concentration at which
50% inhibition is observed

qr
\ /NTCP
| (OATP)
Bile duct injury
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Webinar Outline

Simulations Plus Overview

NEW! Liver Safety+ Package: De-Risking Clinical Hepatotoxicity in Early
Drug Discovery

— Introduction to the ADMET Predictor DILIsym (APD) module

— Development of machine learning models to predict DILIsym toxicity inputs

— How to use the APD module and interpret its predictions for next steps

[ — How to use APD module predictions in DILIsym and interpret its predictions ]

Questions
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Multiple Options for Liver Exposure
in DILI Toxicity Ranking Process

APD module is designed to provide insight into DILI toxicity rankings at any stage in the drug development pipeline
Based on where a compound is in the drug development pipeline, different information about exposure in humans is
available

—  Compounds further along in the pipeline likely have more information available to define exposure

—  Compounds very early on in development may have minimal data to inform exposure

Post-processing of results —

Exposure data availability

Drug development pipeline >

Potential options for liver exposure to drive hepatotoxicity mechanisms in DILIsym:
0 Constant liver exposure based on molar concentrations [focus in today’s webinar]
»  DiLIsym simulations to be performed at a range of constant liver concentrations

»  For rank-ordering hepatotoxicity risk of multiple in-class compounds using the “constant liver exposure” approach, liver concentrations
need to be normalized using a relevant metric which provides consideration to compound-specific efficacy ranges

e Assume or estimate liver profiles from preclinical PK data
e Estimate liver exposure from ADMET Predictor HTPK using predicted C
e Predict liver exposure from GastroPlus PBPK model

and liver partition coefficient from user-specified doses

max
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DILIsym Drug Parameter Set and Use of Specified Data
Feature to Define Constant Liver Concentrations

W Create New DiLlsym SimSingle Configuration

[N Customizing Drug in "Blank” for “Solithromycin_1nM"

(Sol\thro mycin_lnM|

‘EI Filter By Name

Compound Y PK

28 Parameters Available

Compound Y molecular weight (g/mol)

Compound Y liver to blaod Compound Y non-renal clearance

(dimensionless) 7 (mL/hour/kg ~0.75)
® i Y o] 0 i

Compound Y oral bicavailability Compound ¥ pKa1 or pKa base Compound Y pKa 2 or pKa acid (for
(dimensionless) (for zwitter ion) n

® 1 +| [® 0 +| |® 0 +
Compound Y renal clearance (mL/ Compound ¥ switch for calculation | | Compound Y tissue distribution
hour/kg %0.75) of tissue passive CL (switch) model (switch)

© 0 + | OFF + © OFF +

Customizer View  Table View

= DiLksyen X

Pharmacakinetics

Compound ¥

umber of Individuals

1 Individ

5)

13 Aval

Blood Compound ¥

Compound W sbsorbed oral

Comgound X absorbed oral

Comgound ¥ Excreted into urine

Compound Y active transport clearance
Compound ¥ eliminated by hepatic dearance
Compound Y eliminated by non-renal pathways
¥ Campound ¥ bolus

Iritranve nows Compound Y boki

Liver Compound ¥

Liver sinusoidal bload Comgaund ¥

Oral Compound ¥ doses

total oral and IP and IV Compound ¥ dosed

Liver Compaund ¥
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APD Module Predictions Are Used to Set Up Active
Toxicity Mechanisms in DILIsym

Machine Learning Algorithms

¢ Mitochondrial dysfunction

e Oxidative stress

e Bile acid efflux transporter inhibition
e  Phospholipid transporter inhibition

Compound

DILI Mechanism S¢

Select Molecule

DiLIsym

_ﬁi

incRNSROSpro ductionl

Customized Variables

ADMET Predictor 12
DiLIsym module

Structure Geometry |3D Quality |AP_FWeight |BSEP Inh

028 Yes (83%)

33

Mito ACS0 |Mite MEC |Mito Tox |MRP3 Inh

BSEP ICS0 |MDR3 ICS0 MDR2 Inh

5

ROS ACS0 |ROS MEC

ROS Tox

(Fnter By Name...

= CompY_Mech_inhBAtransport
Compound Y NTCP inhibition constant
Compaund ¥ NTCP alpha constant for inhibition
Compound ¥ NTCP switch
Compound V BSEP inhibition constant
Compound Y BSEP alpha constant for inhibition
Compound Y BSEP switch
Compound V basolateral inhibition constant
Compound V basolateral alpha constant for inhibition
Compound Y basolateral switch

= CompY_Mech_inhETC3
Coefficient for ETC inhibition 3
Max inhibitory effect for ETC inhibition 3

= CompY_Mech_inhETC1
Coefficient for ETC inhibition 1

= CompY_Mech_incRNSROSproductiond
Liver RNS-ROS production rate Vmax 4
Liver RNS-RO'S pro duction rate Km 4
Liver RNS-RO'S pro duction rate Hill 4

= CompY_Mech_incRNSROSproduction1
Liver RNS-RO'S production rate constant 1

1.000000&+10
1.000000&+10
1.000000&+00
8.86

5

0
1.000000e+10
1.000000e+10
1.000000e+00

0.040746
0.39355

2379.481
58195
9.1224
4.5496

0.053744

umol/L
dimensionless
dimensionless
umol/L
dimensionless
dimensionless
umol/L
dimensionless
dimensionless

umal/L
dimensionless

umol/L
1/hour
umol/L

dimensionless

mLfnmolshour

— B (7 @
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SimulationsPlus



APD Module Predictions Are Used to Set Up Active
Toxicity Mechanisms in DILIsym

5 DiLlsym X

Liver concentration Liver concentration Maximum ALT

= DILsym Version 10 - 8/1/2024

4 > I . ... B
o}

(fold change from IC,)* (nM) (U/L)
4.3e-7 0.01 30

Select Base SimSingle

¥ Solithromycin_5nM e
' = - ATP decrement necrosis Vmax (1/hour)

P solthromycin_1onm Basal value of mito ETC flux (mmol/hour) 2.26-6 005 30

Solithromycin SnM Basolateral transporter regulation expone

Body Mass (kg) 4.3e-6 0.1 30

Bulk bile acid basolateral transport Vmax

P solithromycin_S0nht

|

Select SimPops Data

P¥ solithramycin_1000m 16 patients Bulk bile acid canalicular transport vmax ( 2.2e-5 0.5 30
” Bulk bile acid gut uptake Vmax (nmol/houy
' W Solithromycin_500nh -
' " e Bulk bile acid uptake Vmax (nmol/hour) 438 5 1 30
o Human ROS apop mito BA v8A 1 Muftils A X
=5 .' solith 1000 COCA amidation vmax (nmol/hour)
" solithromycin_1000n wee -
o <O bsclstrl rrsrt ma 2.2¢-4 > =0
oo

€DCA canalicular transport Vmax (nmol/hc

Select Output Panel 4.3e-4 10 30

CDCA gut uptake Ymax (nmol/hour)

P solithromycin_5000nM

t

« I ﬁ‘rr’ CDCA uptake Vimax (nmalshour) 2.2e-3 50

35
c output: CDCA-amide basolateral transport Vmax (
P solithromycin_ptosni omman Outputs

CDCA-amide canalicular transport Vmax (t 4.3e-3 100 112
P ——— CocA-amide gut uptake vmax (nmol/hour
Using 10 of 20 CPU Thread(s) CDCA-amide uptake Vimax (nmelfhour) 2.2e-2 500 2999

Canalicular transporter regulation expone

-
SO ——— 4.3e-2 1000 9510

GSH basal level (mmol/L)
— | 2.2e-1 5000 6114

I Load Initial Conditions for SimPops

P salithromycin_ptsni

* For the compounds tested in this class of compounds (macrolide
antibiotics), ICs, values for OATP1B1 were measured consistently for all
compounds; ICs, used as normalization metric in this example
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Interpretation of Toxicity Ranking Results

For drugs early on in development pipeline For drugs further along in development pipeline
(using constant liver exposure method) (using known liver concentrations or predicted using
ADMET Predictor HTPK module or PBPK model
4 400 . . i
10 — /’ . —+—Compound A
— 7EZ:E§E:Z g ,"/ / 350 &—Compound B
= Compound 1 5’/ Q
‘2’ / / =300
/ —
i 10° / 2 250
: / ;
N / @ 200
[ o
E102”"""""7’"""7& 777777777777 SXULN E 150 ,
£ / £ _ xULN
§ '/ 4 g 100
50 p -
10’ .
10 1072 10° 102 10* 0 1 2 3 4 5
Liver concentration Dose
(fold change from {metric}) (fold change from {metric})
Compound 3 Lowest potential for hepatotoxicity Compound A Lowest potential for hepatotoxicity
Compound 2
Highest potential for hepatotoxicity Highest potential for hepatotoxicity
Compound 1 Compound B

35
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APD Module Outputs Reproduce Clinical and Previous
DILIsym Simulation Toxicity Rankings: Macrolide Antibiotics

Clinical Data & Previous DILIs
Simulation Results

ML Tox Model Predictions

Table Il Results in the v4A | SimPops for Each of the Five Macrolides in
DiLlsym v5A Compared to Reported Clinical data. Observed Data are from
T the Literature (3,10,31)
4L Azith i ; - -
10 ithromycin ; . e C d Protocol Peak ALT =3X ULN
: / Azithromycin Lowest ompeut o phiith b
Erythromycin / . - -
—6—Telithromycin Erythromycin potent,a[for Observed  Simulated
;J ——Solithromycin hepatotoxicity Solthromydn  Oral (CEOI 300) 54%" 39%
=) —#*— Clarithromycin QA1) (1128)
Mio-Oral (CEOI-301)  9.1%" 6.0%
Z 103 L / (38/417) (17/285)
i{u / | Telithromycin Clarithromydn 500 mg BID 7 days 1-2% (2;;:5)
S / .I Erythromydn 500 mg 12% 28%
] I QID 10 days ®85)
E [ .‘"I Telithromydn 800 mg QD 10 days -0.5% 0%
= / II Azithrommycin 500 mg QD day | 1.2% 0%
e - [ | ] b 250 mg QD days 2 5
21 171 . .
g 10 ¢/ Sollthromycm Upper limit of norrmal (ULM) in DiLlsym is 40 UA
] / *(9): 2.8% among patients with normal baseline ALT
= b (8); 6.6% among patients with normal baseline ALT
Highest [E—— r
== Clarithromycin . e s s f—
10 . s potential fqr R
1078 10°® 107 1072 10° hepatotoxicity
Liver concentration fnalylzing thl:la Mechanisms Behisnd Macrfiw_lide I}ntib:ti;-llnduced
iver Inju sing Quantitative Systems Toxicolo lodelin,
(fold change from IC5D) jury Using @ ve &Y g
le s Maclauchlin? -
Pra
= Liver concentrations were normalized to OATP1B1 IC, values for macrolide antibiotics
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APD Module Outputs Reproduce Clinical and Previous
DILIsym Simulation Toxicity Rankings: CGRPR Antagonists

ML Tox Model Predictions

Clinical Data & Previous DILIsym
Simulation Results

37

Y L e |
10% | Zavegepant OB AE 1
| Ubrogepant f \,\‘ g N ‘ Zavegepant LOW?St
: Atogepant / | potential for
Q +—Rimegepant / i hepatotoxicity
2 - Telcagepant [ / !
= : gepart / Ubrogepant
Z 10%] 3
© { |
£ ‘ / |
& [ |
f { | Atogepant
E | 3XULN)
E 10%] yi 1
x _ o/ J {  — Rimegepant
= : /,,/ //" |
n & & 0k ok ¢ ‘o { v
' " Highest
I Telcagepant potential for
102 10° 102 104 108 hepatotoxicity

Liver concentration
(fold change from Ki)

Liver concentration were normalized to CGRP receptor Ki values for CGRP receptor antagonists
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Table 2. Simulated ALT Elevations in the v4A_1 SimPops for Each of the CGRP Compounds

Compound Oral Dosing Protocol Simulated ALT > 3XULN®  Observed ALT > 3X ULN in Clinic

Telcagepant—High ETC 140 mgBID, 1

28(

Telcagepant—Low ETC

Rimegepant

Zavegepant

Atogepant

Ubrogepant

1000 mg QD, 25 days

SOT &

Rkl academic.oup.com/toxsci

Comparing the Liver Safety Profiles of 4
Next-Generation CGRP Receptor Antagonists to the
Hepatotoxic CGRP Inhibitor Telcagepant Using
Quantitative Systems Toxicology Modeling

Jeffrey L. Woodhead," Scott Q. Siler,” Brett A. Howell,* Paul B. Watkins @,!
and Charles Gonway*

@ SimulationsPlus




Workflow: APD Module Enables Efficient Assessment of Hepatotoxic
Rankings for In-Class Compounds at Any Stage of Drug Development!

Determine relevant group
of compounds to be
assessed and gather
SMILES or chemical

structure for each

Simulations Plus Liver

Safety+ Package
Contains All
Necessary Software
for Toxicity Ranking
Predictions!

38

Run APD module and
export predictions for

mito, ROS, BA and PL
transporter inhibition
toxicity

Normalize liver
concentrations to
relevant metric (e.g., ECq)
available for all
compounds and analyze
toxicity biomarker results

L/

Use assumptions
previously discussed to
optimize mito and ROS
toxicity parameters for

DILIsym use

o

Run SimCohorts
simulations

© Copyright 2024, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP

Extract known ECg, ICs,
or Ki values for each
compound to determine
range of concentrations
to be tested

Set up DILIsym SimSingles
for each compound at
each concentration (with
specified liver
concentration) with
toxicity parameters
determined by APD
module

SimulationsPlus
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How to Engage with SLP?

Business Development
andrew.mueller@simulations-plus.com - Director, Business Dev.

Today’s Presenters
lisl.shoda@simulations-plus.com — Vice President and Director of Immunology, Quantitative Systems Pharmacology
michael.lawless@simulations-plus.com — Senior Principal Scientist, Cheminformatics Solutions
james.beaudoin@simulations-plus.com — Senior Scientist, Quantitative Systems Pharmacology
christina.battista@simulations-plus.com — Senior Principal Scientist, Quantitative Systems Pharmacology

»  APD Module license inquiries:
licensing@simulations-plus.com
»  Simulations Plus Website:

https://www.simulations-plus.com/

»  Resource Center (publications, webinars, posters, etc...)
https://www.simulations-plus.com/resource-center/

»  Events! (workshops, webinars, conferences, training, etc...)
https://www.simulations-plus.com/events/
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