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Webinar Agenda

• Setting the Stage: Overview of Simulations Plus Inc.

• Exposure is the Key: PBPK Modeling in GastroPlus for Verdiperstat

• Safety First: the DILIsym Verdiperstat Application

• Panel Discussions and Q&A
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Empirical Data
Model Integrated Data

Complimentary Solutions

Time

FDA Impact Story: Modeling Tools Could Modernize Generic Drug Development, 6/2/2020

Decrease development uncertainty, cost, 
time, attritions, and failure rates.

“…combining models
and data results in higher confidence in

clinical performance at an earlier time in development.”
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Multiple Quantitative Systems Pharmacology (QSP) and 
Toxicology (QST) Models to Address Your Questions

• Non-alcoholic fatty liver disease / 
steatohepatitis (NAFLD/NASH)

• Idiopathic pulmonary fibrosis (IPF)
• Interstitial lung disease (ILD) associated with 

systemic sclerosis
• Wound healing after myocardial infarction (MI)
• Uric acid disposition in gout
• Dysregulation of alternative and terminal 

pathways (AP, TP) of complement

• Drug induced liver injury (DILI)
• Drug induced acute kidney injury

• Acute myeloid leukemia (AML)
• Multiple myeloma (MM)
• Solid tumor (NSCLC, melanoma)
• Diffuse large B-cell lymphoma (DLBCL)

• Rheumatoid arthritis (RA)
• Psoriatic arthritis (PSA)
• Psoriasis (PSO)
• Atopic dermatitis (AD)
• Systemic lupus erythematosus (SLE)
• Ulcerative colitis (UC)
• Crohn’s disease (CD)

QSP: Inflammatory and Fibrotic Diseases

QST: Liver and Kidney Safety

QSP: Immuno-Oncology

QSP: Autoimmune Diseases

QSP and QST models can also be newly developed for additional therapeutic areas
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Our Biosimulation Solutions Are Validated Throughout Your 
Drug Product’s Lifecycle

(1000+ peer-reviewed journal articles reference GastroPlus® applications)

Tistaert et al. (2018) 
40+ citations!

Miller et al. (2019) 
80+ citations!

Mitra et al. (2020) 
30+ citations!

Heimbach et al. (2021) 
20+ citations!

Naga et al. (2022) 
2800+ downloads!

Ren et al. (2022) 
1000+ downloads!

LEAD SELECTION FIRST-IN-HUMAN FOOD EFFECTS pH-DEPENDENT DDI METABOLIC DDI BIOEQUIVALENCE
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The Machine Learning / PBPK / QST(P) Marriage…

ADME Property 
Inputs

PK Levels + ML 
QST Inputs
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GastroPlus PBPK Framework for Verdiperstat
• Metabolism of Verdiperstat by CYP1A2 (liver) and CYP3A4 (gut 

and liver) included
• Verdiperstat also eliminated via renal clearance (minor pathway) 

– included in the model
• All tissues treated as perfusion-limited models

– Tissue:plasma partition coefficients (Kps) calculated using the Lukacova 
(default) method in GastroPlus using physicochemical properties

• Plasma and liver exposure simulated using GastroPlus model 
imported into DILIsym to simulate liver safety of Verdiperstat

GastroPlus Gut Absorption Model

GastroPlus PBPK Model Structure
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Verdiperstat Representation for PBPK 
Calibrated to Clinical Data

• Observed PK profiles following a single dose of 7.5, 25, 
and 50 mg of Verdiperstat were used to calibrate the 
PBPK representation

• The model utilized experimental properties of the 
compound

• The model captured well the observed PK data

Dose (mg) Cmax
(sim/obs)

AUC0-t
(sim/obs)

25 1.08 0.97

50 1.14 1.17

 ̶̶ Simulated plasma concentrations of verdiperstat 
    □ Mean observed plasma concentrations of verdiperstat 
    □ Mean observed amount of unchanged verdiperstat in urine
     ̶̶  Simulated amount of verdiperstat excreted in urine  

- Clinical Data and Simulation Results
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Verdiperstat Representation for PBPK Validated to Clinical Data

• PK profiles following single 
ascending (Part A: 1, 2.5, and 5 mg) 
and fractionated ascending (Part 
B:1 mg x 10, 2.5 mg x 5, 2.5 mg x 
10, 5 mg x 5, 5 mg x 10; Doses 
administered every 30 minutes)

• The model captured observed PK 
profiles well

Dose (mg) Cmax
(sim/obs)

AUC0-t
(sim/obs)

5 1.19 1.01

2.5 mg x 5 1.05 0.96

5 mg x 10 0.99 0.91

 ̶̶ Simulated plasma concentrations of verdiperstat 
    □ Mean observed plasma concentrations of verdiperstat 

- Clinical Data and Simulation Results



NASDAQ: SLP | CONFIDENTIAL13

Verdiperstat Representation for PBPK to Clinical Data of 
Controlled Release (CR) Formulation

• PK profiles following multiple dose administrations of different ER formulations were 
simulated using the validated PBPK model

– Deconvoluted in vivo dissolution was used in the simulations

 ̶̶ Simulated plasma concentrations of verdiperstat 
    □ Mean observed plasma concentrations of verdiperstat     

Day 1 Day 2-7 Day 8

25 mg qd F1 50 mg bid F1 50 mg qd + fat breakfast

Day 1-2 Day 3 Days 4-7 Day 8

100 mg bid F4 200 mg bid F4 300 mg bid F1 300 mg bid F1 + 
fat breakfast

Day 1-2 Day 3 Days 4-7 Day 8

100 mg bid F4 200 mg bid F4 300 mg bid F2 300 mg bid F2 + 
fat breakfast

- Clinical Data and Simulation Results
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Verdiperstat Representation for PBPK: 
Population Simulation Captured Clinical Variability

• High and low PK profiles of IR formulation from individual subjects were modeled to identify key sources of variability

• Parameters such as permeability, gastric emptying time and clearance were most impactful

• Default %CV distribution in GastroPlus for other parameters were able to capture observed variability

Day 1-2 Day 3 Days 4-7 Day 8

100 mg bid F4 200 mg bid F4 300 mg bid F1 300 mg bid F1 + 
fat breakfast

IR suspension
Healthy subjects
 

ER Formulation
Healthy subjects

ER Formulation
Patient Population 

Day 1
A single dose of 50 mg IR suspension

Week 1 Week  2 Week  3-12
100 mg bid F4 300 mg bid F1 600 mg bid F1

- Clinical Data and Simulation Results
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DILIsym Services QST Software Aids Decisions

• Predicts drug-induced liver 
disease

• v8A released Q1 2019

• Includes mechanistic 
representation of normal 
hepatic biochemistry

• Evaluated >80 compounds 
with 40+ companies

So how can DILIsym 
help my organization?

• Predict DILI liabilities beforehand and save $$$

• Choose the lead candidate most likely to succeed from 
a DILI standpoint

• Communicate with regulators on safety issues with 
information they have requested from others 
numerous times and from a platform they license 
(FDA)

• Keep patients safer….
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Relevant Recent DILIsym News / Publications
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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

• ~90 detailed representations of 
validation compounds with 
>80% success and zero false 
positive predictions

• Single and combination drug 
therapies

DILIsym Software Overview

eDISH
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Highlights of DILIsym® Version X (DSX)
• Completely new software platform!

– Much faster and more user friendly
– Command line and GUI options
– No reliance on MATLAB runtime or base MATLAB
– Server/cloud computing capability coming soon…..

• 4 NEW exemplar Compounds included with varying clinical 
presentations

– PF-04895162 (Generaux 2019)

– Efavirenz
– Anastrozole
– Tamoxifen

• 2 New SimCohorts that include variability in susceptibility to liver 
injury and biomarker-related parameters (ALT and bilirubin)
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DILIsym Utilizes Various Data Types 
to Inform Decisions

Client specified protocols
• Dosing protocols, fasting/fed state, meal times
• Patient types (NHV, disease, etc.)
• Anthropometric data

- Body weight, age, ethnicity

PBPK modeling
• Compound Properties

- Tissue partition coefficients
• Tissue penetration studies

- Liver to blood ratio
• Pharmacokinetic data

- Absorption, extra-hepatic clearance, metabolites
• in vitro data

- Metabolite synthesis, active uptake

Modeling & Simulation

In vitro Mechanistic DILI Data

Clinical Data / Protocol Information

Assays performed to determine
 quantitative aspects of DILI mechanisms

• Oxidative stress
- Direct and reactive metabolite-mediated

• Mitochondrial toxicity 
- ETC inhibition
- Uncoupling

• Bile acid / phospholipid transporter inhibition
- BSEP, MRP3 and 4, NTCP, MDR3

• Bilirubin transport/metabolism
- OATP1B1, OATP1B3, UGT1A1, MRP2, MRP3

DMPK and Exposure Data

Simulations and Assays inform: 
• Prediction of DILI risk
• Participating DILI mechanisms
• Characteristics of patients at risk for DILI
• Drug dosing paradigms
• DILI monitoring strategies
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QST “Discovery” and “Regulatory” Project Options
Discovery / Preclinical Approach Regulatory Approach

Model Input:
 Streamlined compliment of in vitro 

data; oxidative stress, mitochondrial 
toxicity, and transporter data; 
specified PK/exposure information

Model Inputs:
 Full compliment of in vitro data; 

oxidative stress, mitochondrial toxicity, and 
transporter data

 GastroPlus® ACAT/PBPK Model

Application:  
Determination of potential injury for high 
level compound screening, lead 
optimization and risk/benefit analysis

Description:  
A streamlined QST analysis using necessary 
but cost-effective input data

Description:  
A fully featured QST analysis using a full 
compliment of in vitro data coupled with PBPK 
modelling for model input

Application:  
Regulatory submission ready and publication 
worthy approach for informing the highest 
confidence of candidate selection and safety 
evaluation

Deliverables:
 Full Report (Microsoft Word)
 GastroPlus® model input, output, and database 

files; DILIsym input files

Deliverable:
 Summary Report (Microsoft PowerPoint)
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• Prioritize and make better investments

• Integrate data to tell a compelling story

• Eliminate unnecessary animal/human studies

• Improve productivity to be the first to market

• Reduce regulatory burden

• Improve patient lives

Mechanistic Modeling Saves Resources Today
in R&D and Regulatory Interactions
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