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SOT 2023 SLP Lunch & Learn Shot Chart
• Simulations Plus – Your Strategic Partner in Safety and Risk Assessment!

• Exposure Related News and Updates

• Liver and Kidney Safety Related News and Updates

• Q&A
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The Game of Golf is All About Strategy and the Right 
Tools…..Proper Safety Assessment is the Same
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At Simulations Plus We Put It All Together
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Our Solutions Inform the Entire 
Drug Development Process
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Simulations Plus
"The Perfect Club" (Software) + "Expert Course Guides" (Services)
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Your ACAT™/PBPK “Foundational” Model

PBPK Model Deliverables:
 GastroPlus® database .mdb (w/input) files
 Simulation output files

Leverage your model!
Prediction of local and systemic exposure

 FIH Predictions
 Drug-Drug Interactions
 Formulation variant 
investigation/optimization
 IVIVC and virtual BE
 Population predictions
 Pediatric predictions

 Food Effect (ARAs and PPIs)
 Additional dose route predictions
 Expand to other areas of safety 

such as kidney
 Predict efficacy and outcomes with QSP 

using PK predictions from G+, e.g…..
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GastroPlus®: By the Numbers…
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Simulations Plus and Global 
Agrochemicals Leader to 
Collaborate on Machine Learning 
Models

Simulations Plus Enters New 
Collaboration to Enhance Machine 
Learning Models for Ionization 
Constants (pKa)

HTPK Simulation enhancements:
• Mouse added to rat/human selection
• New dose optimization criteria
• Full command-line/API integration

ADMET Predictor® v10.5:
• CYP inhibition & induction models – classification 

& regression for rapid DDI assessment
• 3D conformer generation & virtual screening 

capabilities
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DILIsym Services QSP/QST Platforms
Model Disease area Key References Primary biomarkers included: 

Number of compounds/ 
targets evaluated

Q
SP

NAFLDsym
Non-Alcoholic Fatty Liver Disease 
and Non-Alcoholic Steatohepatitis

Kenz 2020,  Kenz 2019, 
Longo 2018, Siler 2018,   

Siler 2022

Histologic NAS, histologic fibrosis stage
Liver fat (MRI), plasma ALT

25-30

IPFsym Idiopathic pulmonary fibrosis Siler 2021
Forced vital capacity; 

high resolution computed tomography
6

ILDsym Interstitial lung disease Kenz 2022
Forced vital capacity; 

high resolution computed tomography
5 

CARDIOsym
Cardiac recovery following 

myocardial infarction
Kenz 2021

Cardiomyocytes, myofibroblasts, 
collagen

2

KIDNEYsym Kidney diuresis -- Urine volume; urinary sodium loss 3

GOUTsym
Gout

Emphasis on hyperuricemia
-- Uric acid 5

MITOsym Hepatocyte bioenergetics Yang 2015
Oxygen consumption rate; 

ATP concentrations
>70

Q
ST

DILIsym Drug induced liver injury
Shoda 2017, Battista 2020, 

Eichenbaum 2020
Plasma ALT, plasma AST, 

plasma bilirubin
>70

RENAsym Drug induced kidney injury Gebremichael 2020
Urine KIM-1, urine αGST, 

serum creatinine
10 

QSP and QST models can also be newly developed for additional therapeutic areas
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QST Predicts Tox via the Intersection Between 
Exposure, Mechanisms, and Inter-Patient Variability

Relevant 
Biochemistry

Tox 
Mechanisms

Exposure

Tox
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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) – 33 projects completed / on-going with 
regulatory goals

• Keep patients safer….
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The DILI-sim and RENAsym Consortia 
are Partnerships Between DILIsym Services and 

Pharmaceutical Companies to Minimize Organ Injury
• Overall Goals

– Improve patient safety
– Reduce the need for animal testing
– Reduce the costs and time necessary 

to develop new drugs

• History
– Officially started in 2011
– 21 major pharmaceutical companies 

have participated 
– Members have provided compounds, 

data, and conducted experiments to 
support effort

– Over $10 million invested in project

• At least 30 cases of use for regulatory 
purposes

• Over 30 publications

Current DILI-sim / RENAsym Members

Excellent Scientific Advisory Boards

For a comprehensive review of 
progress, see Watkins 2020, Current 
Opinion in Toxicology (23-24:67-73)
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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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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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Biomarkers of Hepatocellular Function 
and Death Are Outputs of DILIsym

Marker Category
Alanine aminotransferase (ALT)1,2,3,4,5 Necrosis

Bilirubin (total)1,2,5 Function/Cholestasis

Aspartate aminotransferase (AST)1,2,3,4,5 Necrosis

Prothrombin time 1,2 Function

High mobility group box protein 1 (HMGB1)1,10 Necrosis/Apoptosis

Full length cytokeratin-181 Necrosis

Cleaved cytokeratin-181 Apoptosis

Sorbitol dehydrogenase (SDH)1,6 Necrosis 

Arginase-19 Necrosis 

Liver derived mRNA7 and miRNA8 (miR122) Necrosis 

1Antoine Xenobiotica 2009; 2Giannini CMAJ 2005; 3Horn Am J Clin Pathol 1999; 4Ozer J Toxicology 2008; 5Hy’s Law:
Temple R Pharmacoepidemiol Drug Saf 2006; 6Ozer Toxicology 2008; 7Wetmore Hepatology 2010, , 8Yang Tox Sci
2012, 9Murayama Clin Chimica Acta 2008, 10Harrill Clin Pharmacol Ther 2011, 11Church Exp Biol Med 2017, 12Yang Clin
Pharmacol Ther 2017

• Clinical biomarkers are outputs of DILIsym 
− Used for validation
− Used for comparison with clinical and 

preclinical data
− Functional, necrotic, and apoptotic 

indicators

• More biomarkers being added as data are 
becoming available
− GLDH most recent addition

• Additional DILIsym outputs include:
− Fraction of viable hepatocytes
− Liver ATP
− Liver glutathione
− Circulating, liver, and excreted drug and 

metabolites
− And more…..

eDISH
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Pfizer acquired 
Biohaven CGRP 

for $11B
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Relevant Recent DILIsym News / Publications
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Major Accomplishments of the Effort in Last Few Years
• Major software refactoring to increase user adoption - DSX
• MDR3 / cholestasis
• Immune
• Procured additional funding for wet lab, liver on chip program research
• Foundation laid for pediatric SimPops
• Many high-impact DILIsym applications (e.g. CGRP’s, Turalio®, APAP carcinogenicity, Emvododstat, and 

more)

Major Areas of Continued Focus into Stage 5 (~2024-2026)
• Application of liver-on-a-chip data for large and small molecule safety – all tools developed as part of 

additional grant funding will be included in DILIsym software for all members with no additional fees!
• Release of adaptive immune response exploration framework within DILIsym
• Pediatric SimPops and other application focused SimPops
• Software enhancements – full integration with GastroPlus; conversion of RENAsym to C++
• Machine learning inputs – finalize machine learning models of DILIsym / RENAsym inputs for earlier use 

of QST in drug development

The DILI-sim Initiative / RENAsym Consortium Will Continue 
Beyond 2023 into Phase 5 (~2024-2026)
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DILIsym version 10 (DSX) Beta Testing 
Version Available Now for Download 
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• Work ongoing to prepare exploratory adaptive immune sub-
model for release in DILIsym v11

– Addition of a sub-model switch to allow user to turn on/off 
adaptive immune response

– Refinement of memory and rechallenge response based on 
available data

– Evaluation of model outcomes during dose-response 
simulations, alternative compound administration

– Finalizing exploratory human SimPops
– Updating documentation and user guide

• Adaptive immune human SimPops work presented at ACoP13 
(Oct 31, Denver CO)

– Results shared with consortium at Q3 2022 meeting
– Poster accessible through SLP website 

Adaptive Immune Sub-model Projected for 
Release in DILIsym v11

https://www.simulations-plus.com/wp-content/uploads/FINAL_ACoP2022_HumanSimPops.pdf
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New SimPops Utilizing the Refined Cholestatic Liver Injury 
Submodel Is Undergoing Further Optimization and Validation

The human bile acid (BA) and phospholipid (PL) submodels within DILIsym have been updated with new features 
relevant to cholestatic liver injury:

(1) Cholehepatic shunting of BAs
(2) Biliary HCO3

- secretion and its impact on:
 Bile flow
 BA shunting
 Cholangiocyte toxicity

(3) Different modes of MDR3* inhibition 
(4) Non-MDR3-mediated PL efflux
(5) Cholangiocyte regeneration

*MDR3: Multidrug Resistance Protein 3, a PL floppase on the canalicular 
membrane of hepatocytes often implicated in cholestatic hepatotoxicity

 New SimPops that represents variability in both BA toxicity and cholestasis mechanisms is 
undergoing development
 Calibration/validation underway with numerous no-treatment and with-treatment data

 The updated BA and PL submodels and the new SimPops will be added to DILIsym v11
 Manuscript describing the development of the new BA and PL submodels and the new SimPops has 

been submitted for (invited) publication; currently under review

Included in 
submitted 
manuscript
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Pediatric SimPops Development Progress

Step 1: Initial testing of pediatric 
representations in DILIsym

• Imported G+ PEAR physiology to 
create representative pediatrics (1 
yo, 4 yo, 10 yo, 14 yo)

• Scaled down bile acid parameters
• Created four pediatric SimCohorts 

(n=16) representing 1 yo, 4 yo, 10 yo, 
and 14 yo

• Simulated responses to BAi, mito tox, 
ROS mechanisms using a “dummy” 
drug

Q4 2021 Q4 2022 Q4 2023 and beyond

Step 2: Implement age-dependent PEAR 
physiology and bile acid mechanism in 
DILIsym code

•  Implement G+ PEAR physiology in 
DILIsym code

•  Implement age-specific scaling 
factors in BA and cholangiocyte 
parameters (e.g., liver volume, 
transporter ontogeny)

• Optimize pediatrics BA/cholangiocyte 
sub-models with clinically observed 
reference ranges of plasma/liver BA 
profiles

• Develop/test pediatric SimPops

Release in DILIsym 11

Step 3: Further develop pediatric 
physiology in DILIsym

• Incorporate age-related differences 
beyond organ volume and BA 
mechanism where data available 
(e.g., glutathione, mito function)

• Predict DILI susceptibility of 
exemplar compounds in pediatrics

• Implement continuous 
physiological changes for longer-
term simulations

Release in future DILIsym versions
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DILIsym Preclinical Use Strategy
(DPUS) Program Justification

• Why use DILIsym (and RENAsym in 
future) during preclinical stages of 
drug development?

• What are the main advantages at 
each stage?

• Disadvantages and challenges of 
preclinical use

• General contrasts between 
preclinical and clinical use cases

• Higher probability of successful candidates
• Early candidate kills save more time and money
• Faster implementation of DILIsym in clinic later if needed
• Better FIH design / dose projection / margin projection
• Reduce suspicions surrounding program early
• Better anticipate possible DDI’s
• Better anticipate special population issues based on indication
• Prediction / extrapolation tools are critical at this stage

• Less information available
• Less funding within the program
• Less confidence in modeling results
• Less personnel / resources
• Less information about projected dose(s) for efficacy

• Less involvement from regulators (at least by necessity)
• Lower threshold for accuracy (rank order, etc.)
• More driven by proactive mindset
• Important to define the context of use and risk tolerance
• Less focused on exact dose evaluation
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DILIsym Preclinical Use Strategy (DPUS) 
Impact Vision: Example High Impact Scenarios

• Sponsor desires streamlined yet very logical and organized data + modeling and 
simulation approach to preclinical development (lead optimization/candidate 
selection) liver safety assessment program – DILIsym preclinical use and associated 
assay inputs implemented as regular and high impact component of development plan 
for entire pipeline (either through internal software use or outsourcing)

• A liver safety signal is seen with a sponsor's candidate in one animal species but not 
the other – DILIsym preclinical use helps elucidate true risk in clinic

• A clear unambiguous liver safety signal was seen not in animals but rather in an 
early clinical trial – DILIsym preclinical use helps define best preclinical de-risking 
strategy for backups

• Sponsor learns that a competitor's very similar molecule being developed against the 
same therapeutic target has run into a liver safety liability either in animals or in 
humans – DILIsym preclinical use differentiates against competitor early
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• Species: human and rat
- Population variability

• Primary focus is nephron proximal 
tubules

• Multiscale biology
• Proximal tubule cells (PTC)

- Cellular energy balance
- Apoptosis and necrosis, and proliferation
- GSH depletion
- Mitochondrial dysfunction, toxicity, DNA 

depletion
- Crystal nephropathy
- Inflammatory response
- Neutrophils, macrophages, DCs
- HMGB1, TNF-α, IL-1β, IL-6, IL-10, IL-18, HGF

• Biomarkers
- Biomarkers of cell death and function (alpha 

GST, KIM-1)
- Emerging biomarkers (uIL-18)
- GFR, creatinine, RBF 

• Renal function
- Hemodynamics
- Na+, Water reabsorption
- RAAS modulation

• Drugs

- Cisplatin
- Gentamicin
- Piroxicam
- Cyclosporin A
- Acyclovir
- Indinavir
- Valproate

G
hezzi et al., D

iabetologia 2018

RENAsym Software Overview



NASDAQ: SLP | CONFIDENTIAL34

Relevant Recent RENAsym News / Publications
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