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DILIsym®, NAFLDsym®, MITOsym®, ADMET Predictor®, GastroPlus®, SimPops®, Cognigen®, MonolixSuite®,      ,
and        are registered trademarks, and SimCohorts™, IPFsym™, ILDsym™, RENAsym™, CARDIOsym™, GPX™, PKPlus™, 

DDDPlus™, MembranePlus™, MedChem Designer™, PBPKPlus™, PDPlus™, IVIVCPlus™, MedChem Studio™, ADMET 
Modeler™, and        are trademarks, of Simulations Plus, Inc.

Disclaimer: DILIsym Services are developed and provided as an educational tool based on 
assessment of the current scientific and clinical information, and accepted approaches 
for drug safety and efficacy.  The resultant data, suggestions, and conclusions 
(“Guidelines”) should not be considered inclusive of all proper approaches or methods, 
and they cannot guarantee any specific outcome, nor establish a standard of care. These 
Guidelines are not intended to dictate the treatment of any particular patient.  Patient 
care and treatment decisions should always be based on the independent medical 
judgment of health care providers, given each patient’s individual clinical circumstances.

http://www.simulations-plus.com/
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Evolving Relationship Between M&S Solutions and R&D

Model “supported” (first questions 20 years ago):
Do you think modeling and simulation might help?

Model “based” (questions 5 years ago):
How can I maximize the value of modeling and simulation 
in my development program?

Model “informed” (questions today):
How do I change our R&D process to reflect the availability 
of in silico tools and techniques?

http://www.simulations-plus.com/
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What a Great Time to be a PBPK Modeler!
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Session Game Plan
• Why is SLP a great teammate to have?

• Effective Use vs. Safety – Chemicals and Therapeutics

• How do we get on the court together?

http://www.simulations-plus.com/
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Outcomes

We have the Solutions and the People to Address Your R&D Questions!

Business
• Expert resources available
• One-stop shopping
• Flexible models

Science
• Seamless collaboration
• Integrated, innovative solutions
• Customization options

We Put It All Together

2021 Updates
1000+

Publications
Deep

Expertise

Partnerships
Global 

Presence

NASDAQ:
SLP

150+ 
Employees

Established: 
1996

Outcomes

250+ Client
Organizations

http://www.simulations-plus.com/
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Our Solutions Cover the Entire R&D Court

Discovery Phase 1 Phase 2 Phase 3 NDA

Cheminformatics

EOP2 Pre-
NDAIND

Pharmacometrics

PBPK

Preclinical

Regulatory Interaction

Post 
Approval

Approval

Cognigen | Lixoft

DILIsym Services QSP/QST

http://www.simulations-plus.com/
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Pharmaceuticals/Chemicals/Consumer Goods
• Commercially maintained and validated software tools
• Experts to guide, manage, and support research and regulatory programs

CROs/Consultants
• Encourage onboarding our tools to support your clients
• Flexible business terms

Universities & Colleges
• Free (yes, free) access to our software for both teaching and research
• Internship & postdoc opportunities year-round

Government/Regulatory Agencies
• Heavily discounted (or free) access to our software
• Online and customized training opportunities 

http://www.simulations-plus.com/
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Session Game Plan
• Why is SLP a great teammate to have?

• Effective Use vs. Safety – Chemicals and Therapeutics

• How do we get on the court together?

http://www.simulations-plus.com/
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Most of Your Organizations Focus on Designing 
Chemicals or Therapeutics for Effective Use – but How 

to Ensure the Safety of Those Products?

http://www.simulations-plus.com/
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Your ‘Starting 5’ for Team Safety

ADMET Predictor® GastroPlus® DILIsym® RENAsym® BIOLOGXsym™

http://www.simulations-plus.com/
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Drawing Up the Play:
Machine Learning / PBPK / QST marriage

Permeability,
solubility vs. pH,

pKa(s),
logD vs. pH,

Fup,
blood:plasma

ratio, tissue Kps,
CLint, CLfilt

Local/systemic
exposure, 

distribution,
parent/metabolite 

levels,
patient variability

http://www.simulations-plus.com/
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Validated System Models
Select Species:
• Human
• Rat
• Dog
• Monkey
• Mouse
• Minipig
• Rabbit

Population Types:
• American
• Japanese
• Chinese
• Custom

Health Status:
• Healthy
• Hepatic Impairment
• Renal Impairment
• Obesity
• Pregnancy

Age:
• Pediatrics/Adults/Geriatrics

All developed through 
funded collaborations 
with industry and/or 
the FDA

http://www.simulations-plus.com/
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Pathways Beyond Oral Absorption…
Ocular (OCAT™)

Pulmonary (PCAT™)

Oral Cavity (OCCAT™)

Dermal (TCAT™)

Intraarticular (ICAT™)

http://www.simulations-plus.com/
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ML/PBPK Modeling to Predict Toxicokinetics of Chemicals

• Dow Chemical performed an evaluation of the 
machine learning-PBPK marriage for several 
dosing routes:

• Oral exposure
• 88% predicted within 10-fold

• Dermal exposure
• 83% predicted within 10-fold

• Inhaled exposure
• 63% predicted within 10-fold

• Additional validation performed on key 
physicochemical inputs:

• pKa(s)
• logP
• Henry’s Law Constant
• Intrinsic clearance
• Plasma protein binding

Zhang et al. SAR QSAR Environ Res 2018

http://www.simulations-plus.com/
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ML/PBPK Modeling to Predict Toxicokinetics of Chemicals

Zhang et al. SAR QSAR Environ Res 2018

Oral exposure Inhaled exposure

Dermal exposure

http://www.simulations-plus.com/
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ML/PBPK Modeling to Predict Toxicokinetics of Chemicals

• Evaluation of the machine learning-PBPK 
marriage to predict systemic exposure for 
MDI and derivatives following inhaled and 
dermal administration:

• Model developed and validated from data 
collected on 3 MDI monomers

• Non-monomeric MDI constituents predicted to 
have lower relative uptake

• The ML/PBPK simulations should be useful for 
category-based, worst-case, Read-Across 
assessments

Bartels et al. Reg Toxicology Pharmacology 2022

http://www.simulations-plus.com/
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ML/PBPK Modeling to Predict Skin Penetration

• Cosmetics Europe consortium evaluated the 
predictive performance of different in silico
skin penetration models:

• Machine learning predictions or in vitro data 
used as input into models to predict dermal 
delivery for 24 chemicals

• The ML/PBPK simulations from GastroPlus® 
were ranked #1 and can be utilized to rank 
substances on their ability to pass through the 
skin

• From this work, a collaboration with 
Cosmetics Europe was initiated to 
improve the GastroPlus® TCAT™ model

Gregoire et al. Computational Toxicology 2021

http://www.simulations-plus.com/
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ML/PBPK Modeling for Dermally Applied Consumer Products

Moxon et al. (2020) Toxicology in Vitro 63:104746

http://www.simulations-plus.com/
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Levels 0 & 1: Description/Inputs

Moxon et al. (2020) Toxicology in Vitro 63:104746

http://www.simulations-plus.com/
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Level 2: IVIVE 

Moxon et al. (2020) Toxicology in Vitro 63:104746

http://www.simulations-plus.com/
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Common Theme of Recent Work…
• Simulations Plus continues to lead in the areas of ML/PBPK modeling for 

oral and non-oral delivery routes to support regulatory submissions and 
alternatives to animal testing

http://www.simulations-plus.com/
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QST Predicts Toxicity via the Intersection Between 
Exposure, Mechanisms, and Inter-Patient Variability

Relevant 
Biochemistry

Toxicity 
Mechanisms

Exposure

Tox

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


24 www.simulations-plus.com

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)

http://www.simulations-plus.com/
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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….

http://www.simulations-plus.com/
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DILIsym Utilizes Various Data 
Types to Inform Decisions

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

- Body weight, age, ethnicity
• Pharmacokinetic data

- Absorption, extra-hepatic clearance, metabolites

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 / Information

Data Collected for Quantitative DILI Mechanism Info
• Oxidative stress (high content imaging)

- Direct and reactive metabolite-mediated
• Mitochondrial toxicity (XF Analyzer)

- 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

http://www.simulations-plus.com/
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Relevant Recent DILIsym News / Publications

http://www.simulations-plus.com/
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Backup versus Lead Application: 
Internal Decision Making Support

• Company Z observed liver enzyme elevations in an early clinical trial, 
raising serious doubts about the development potential of Compound Z1
1. DILIsym was first utilized to test Compound Z1 for validation that predictions 

would match the clinical data to a reasonable degree

2. Next, DILIsym was applied to a backup candidate, Compound Z2, to compare to 
Z1

http://www.simulations-plus.com/
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Experimental Data Indicate that Comp Z1 and 
Comp Z1M1 Elicit In Vitro Signals for 

Various Liver Toxicity Mechanisms

• DILIsym represents 3 distinct mechanisms of toxicity
• Comp Z1 and Comp Z1M1 experimental data were gathered 

to evaluate effects related to all 3 mechanisms
• Mild bile acid transporter signals observed for Comp Z1 and 

Comp Z1M1 
• Mild mitochondrial dysfunction signal observed for Comp 

Z1
• Oxidative stress signal observed for Comp Z1

Compounds BA Transport
signals

Mitochondrial 
dysfunction signals

Oxidative stress 
signals

Comp Z1 Yes Yes Yes 

Comp Z1M1 Yes No No

Comp Z1

http://www.simulations-plus.com/
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Experimental Data Indicate that Comp Z2, Comp 
Z2M1, and Comp Z2M2 Elicit In Vitro Signals for 

Various Liver Toxicity Mechanisms
• DILIsym represents 3 distinct mechanisms of toxicity
• Comp Z2, Comp Z2M1 and Comp Z2M2 experimental data 

were gathered to evaluate effects related to all 3 
mechanisms

• Mild bile acid transporter signals observed for Comp Z2, 
Comp Z2M1 and Comp Z2M2

• Mild mitochondrial dysfunction signal observed for Comp Z2, 
Comp Z2M1 and Comp Z2M2

• Oxidative stress signal observed for Comp Z2

Compounds BA Transport
signals

Mitochondrial 
dysfunction signals

Oxidative stress 
signals

Comp Z2 Yes Yes Yes* 

Comp Z2M1 Yes Yes No

Comp Z2M2 Yes Yes No

Comp Z2

*Oxidative stress observed in HepaRG spheroids, but not in HepG2 cells, 
suggesting that oxidative stress is attributed to unknown metabolite(s)

http://www.simulations-plus.com/
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Comparison of Dose-ALT Response in Exploratory 
Simulations with Reduced ROS Clearance

- Simulation Results

• Exploratory simulations with 
reduced ROS clearance predicted 
greater ALT increases for Comp 
Z2 compared to Comp Z1 at 
similar doses

• Combined with clinical ALT 
elevations observed for Comp Z1, 
this is concerning for Comp Z2

Comp Z2Comp Z1
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Comps Z1/Z2 Backup versus Lead Application: 
Internal Decision Making Support

• Company Z observed liver enzyme elevations in an early clinical trial, 
raising serious doubts about the development potential of Compound Z1

• Company Z incorporated DILIsym into their key internal presentations and 
communications as part of their decision-making process for Compounds 
Z1 and Z2
– DILIsym generally recapitulated the clinical liver safety signals seen with 

Compound Z1

– DILIsym predicted as much or more liver injury with Compound Z2

– However, Compound Z2 may be much more potent and thus require a much 
lower dose for efficacy (maybe dose could be lowered) - TBD

http://www.simulations-plus.com/
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Lixivaptan DILIsym Project
DILI Background
• An approved compound in the same class had no DILI signals in hyponatremia, but 

signals were observed in ADPKD patients
• Lixivaptan had no DILI signals in hyponatremia

Question
• Will lixivaptan experience similar DILI liability as the competitor in ADPKD patients?

Approach
• Develop a mechanistic representation of lixivaptan in DILIsym, a QST model of 

drug-induced liver injury (DILI), to assess the potential for liver toxicity with the 
intended dosing for lixivaptan

http://www.simulations-plus.com/
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Lixivaptan Simulations Predicted 
Minimal ALT Elevations at 200/100 mg BID

- Simulation Results

• Lixivaptan simulated in SimPops of N = 285

• No ALT elevations simulated in 100 mg BID 
60-day simulation
– Consistent with observed clinical similarity to 

placebo (validation)

• No ALT elevations simulated in 200/100 
split daily dosing scenario for 12 weeks
– Maximum intended clinical dosing for ADPKD

http://www.simulations-plus.com/
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Palladio Biosciences Website

http://www.simulations-plus.com/
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Independent Ubrogepant 
Project Reached Same Conslusions

DILIsym modeling was part of the weight of

evidence that supported FDA approval of

Ubrogepant for the treatment of acute

migraine headaches.

http://www.simulations-plus.com/
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FDA AASLD DILI 
Meeting 2021

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


39 www.simulations-plus.comFDA AASLD DILI Meeting 2021
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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

http://www.simulations-plus.com/
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RENAsym Represents Two Major 
Dynamically Interacting Sub-models

• RENAsym consists of two major 
sub-models: 

– Drug induced renal proximal 
tubule epithelial cell injury (PTC 
injury) sub-model

– Renal pathophysiology systems 
(cardio-renal) sub-model

• The two sub-models interact with 
each other dynamically, where 
cellular level effects alter renal 
hemodynamic responses, and vice 
versa

http://www.simulations-plus.com/
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RENAsym Utilizes Various Data 
Types to Inform Decisions

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

- Body weight, age, ethnicity
• Pharmacokinetic data

- Absorption, extra-hepatic clearance, metabolites

PBPK Modeling
• Compound Properties

- Tissue partition coefficients
• Tissue penetration studies

- Kidney to blood ratio
• Pharmacokinetic data

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

- Metabolite synthesis, active uptake

Modeling & 
Simulation

In vitro Mechanistic AKI Data

Clinical Data / Information

Data Collected for Quantitative DILI Mechanism Info
• Oxidative stress (high content imaging)

- Direct and reactive metabolite-mediated
• Mitochondrial toxicity (XF Analyzer)

- ETC inhibition
- Uncoupling

• Phys/chem properties related to solubility
• Other assays to be added

DMPK and Exposure Data

Simulations and Assays inform:
• Prediction of kidney injury risk
• Participating injury mechanisms
• Characteristics of patients at risk for injury
• Drug dosing paradigms
• Biomarker monitoring strategies

http://www.simulations-plus.com/
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NIH NCATS Phase 2 Grant Received for Continued 
Development of BIOLOGXsym™

• BIOLOGXsym is in development to identify biologics-
induced liver injury (“BILI”) in new macromolecule 
therapeutic candidates and predict clinical liver injury 
outcomes using liver-on-a-chip inputs

– Represents mechanistic pathways specific to biologics such as 
receptor-mediated indirect responses and on-target effects 

Relevant Liver 
Biochemistry

BILI MechanismsExposure

BILI

Class Exemplar compounds

Biologics GGF2, tocilizumab, ipilimumab, nivolumab, infliximab, ENZ-4176, 
bevacizumab

Small molecules Methotrexate, cabozantinib

DDIs Tocilizumab + methotrexate, nivolumab + cabozantinib, ipilimumab + 
nivolumab

Controls Acetaminophen, azithromycin, metformin

http://www.simulations-plus.com/
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Session Game Plan
• Why is SLP a great teammate to have?

• Effective Use vs. Safety – Chemicals and Therapeutics

• How do we get on the court together?

http://www.simulations-plus.com/
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Pharmaceuticals/Chemicals/Consumer Goods
• Commercially maintained and validated software tools
• Experts to guide, manage, and support research and regulatory programs

CROs/Consultants
• Encourage onboarding our tools to support your clients
• Flexible business terms

Universities & Colleges
• Free (yes, free) access to our software for both teaching and research
• Internship & postdoc opportunities year-round

Government/Regulatory Agencies
• Heavily discounted (or free) access to our software
• Online and customized training opportunities 

http://www.simulations-plus.com/
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• Michael Lawless
Physiologically Based Pharmacokinetic (PBPK) Simulations and Modeling of Botanical Constituents
Session: Biological Modeling
March 29 @ 10:45 AM – 12:30 PM (PT) CC Exhibit Hall (Hall B)

• Lara Clemens
Mechanistic Modeling of Biologics-Induced Liver Injury (BILI) Predicts Hepatotoxicity of Tocilizumab through Both On- and Off-Target Effects
Session Title: Biological Modeling
March 29 @ 10:45 AM – 12:30 PM (PT) CC Exhibit Hall (Hall B)

• Brett Howell
Quantitative Systems Toxicology (QST) Modeling of Cimaglermin Alfa (GGF2) Hepatotoxicity Shows the Potential of BIOLOGXsym to Predict Biologics-Induced 
Liver Injury (BILI)
Session Title: Computational Toxicology II
March 30 @ 10:45 AM – 12:30 PM (PT) CC Exhibit Hall (Hall B)

• Jeff Woodhead
Modeling of Cyclosporine A-Induced Acute Kidney Injury with RENAsym
Session Title: Kidney
March 30 @ 10:45 AM – 12:30 PM (PT) CC Exhibit Hall (Hall B)

• Pallavi Bhargava
Modeling of Indinavir-Induced Crystal Nephropathy in RENAsym
Session Title: Kidney
March 30 @ 10:45 AM – 12:30 PM (PT) CC Exhibit Hall (Hall B)

• James J. Beaudoin
Simulating Multidrug Resistance Protein 3 (MDR3) Inhibition-Mediated Cholestatic Liver Injury Using DILIsym X, a Quantitative Systems Toxicology (QST) 
Modeling Platform
Session Title: Systems Biology
March 30 @ 2:30 – 4:15 PM (PT) CC Exhibit Hall (Hall B)

• Nader Hamzavi
Evaluating the Nephrotoxicity of Cisplatin in Rats with RENAsym, a Mechanistic Model of Drug -Induced Acute Kidney Injury
Session Title: Systems Biology
March 30 @ 2:30 – 4:15 PM (PT) CC Exhibit Hall (Hall B)

Stop By Booth #1027 to Chat!

http://www.simulations-plus.com/
https://www.simulations-plus.com/person/michael-lawless/
https://www.simulations-plus.com/person/lara-clemens/
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THANK YOU!

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