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Drug Development Pipeline

Up to 16 years 
and 2 $Billion 
to get a new 
treatment to 
market
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Reasons for Termination of 
Programs

Safety concerns are the 
major causes of termination 

of drug development 
programs
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Predicting Drug Interactions from In Vitro Data

1993 – Institute of Medicine all day program on 
predicting drug interactions from studies in liver 
microsomes and expressed cytochromes-450. 

Today  – Data from such in vitro studies combined with 
physiologically based pharmacokinetic modeling 
can obviate need to conduct certain DDI clinical 
trials….

The software to predict DDIs has never undergone 
formal approval by the FDA. 
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Reasons for Termination of Programs due to 
Safety by Organ System
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Reasons for Termination of Programs due to 
Safety by Organ System



Institute for Drug Safety Sciences

Liver Safety has Special Emphasis at the FDA

• March 21, 2000 – FDA withdrew Rezulin (Troglitazone) from 
the market due to severe liver toxicity. 

• Early 2000’s  – John Senior leads liver safety reviews at FDA

• Early 2021 – FDA plans to establish a liver safety evaluation 
team with standardized criteria to trigger a review
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Conclusion

• Hepatotoxicity remains a major problem 
in drug development. 

• Current preclinical testing has not 
eliminated this problem.

• FDA focus on liver safety has led to 
requirement of large safety trials and 
abandonment of promising new drugs.

9
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UNC Institute for Drug Safety Sciences

In VitroPatients

Cutting Edge 

Pre-clinical Models

10

DILI-sim

Initiative
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Quantitative Systems Toxicology (QST)

The use of mathematical equations to recapitulate 

relevant pathways whereby drugs or other 

chemicals can cause stress and death to cells, 

tissues, and organs.
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DILIsym® Is a Multi-Scale “Middle Out" QST Model

12

Kuepfer 2010, Molecular Systems Biology

Cellular life-cycle

Drug distribution 

& metabolism

Patient 

variability 

(SimPops®)

Mitochondrial dysfunction
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DILI-sim Initiative Approach

1). Build mechanistic “modules” using differential equations 
– perform experiments to fill in knowledge gaps.

2). Integrate the modules with the outcome of hepatocyte 
death and release and clearance of traditional and novel 
serum biomarkers.

3). Vary model parameters to create simulated patient 
populations (SimPopsTM)

4). Refine the aggregate model through incorporating data 
obtained from successive “exemplar” drugs
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QST software created by the DILI-sim Initiative
(DILIsym®)

Drug Metabolism and Distribution

Lipotoxicity

Intracellular Bile Acids

Hepatocyte 
death/regeneration

Mitochondria Dysfunction and 
Toxicity

Unconjugated Reactive 
Metabolite

Reactive Oxygen Species

Innate Immune Response

Serum 

biomarkers 

vs time

Alanine 
Aminotransferase (ALT)
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DILIsym Input Data
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Inhibition

ROS Generation

Mitochondrial 
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Pharmacokinetics
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Mechanisms
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Interpatient 
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DILIsym has predicted known liver 
safety liabilities of drugs with greater 

than 80% accuracy. 

Validation cohort, Unpublished data
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Erythromycin
500 mg 

QID 10 days 
1-2% 2.8% 

Clarithromycin 500 mg BID 7 days 1-2% 2.8%

Telithromycin 800 mg QD 10 days 0.0-0.8% 0%

The rates of serum ALT elevations due to antibiotics are
reasonably predicted by DILIsym

18 Simulation Results and 

Clinical Data

Compound Protocol

Peak ALT > 3X ULN

Observed Simulated

Solithromycin

Oral 
(CE01-300)

5.4% (3.2%) 3.9%

IV-to-Oral
(CE01-301)

9.1% (5.5%) 6.0%

Pharm Res (2019) 36: 48
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Clin Pharmacol Ther 2014 Nov;96(5):536-7. 

19
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True Prediction Example #1: BAL30072

• Antibiotic for multidrug resistant bacteria

• Dose-dependent ALT elevations observed in 
Phase 1 clinical trial

Question:  Is there a dosing regimen that would maintain 

efficacy but be safe for the liver? 



Institute for Drug Safety Sciences



Institute for Drug Safety Sciences

DILIsym Input Data
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True Prediction Example #2 : Ubrogepant

Calcitonin gene-related peptide (CGRP) 
antagonist for treatment of migraines

Third in class

Development of first 2 in class terminated 
due to hepatoxicity
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Calcitonin gene-related peptide (CGRP) 

antagonists for treatment of migraines
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Randomized to telcagepant 140 mg, telcagepant 280 mg, 

or placebo twice daily for 12 weeks.
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But.. two symptomatic hepatitis cases with ALT > 30 X ULN 
occurring 3-4 weeks on treatment.  
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“In three patients, all in the telcagepant group, ALT 
elevations > 8 ULN were reported and were considered to be 
a serious laboratory adverse event.”

n = 2660 on 140 mg qd X 7d each month vs n = 1336 on placebo

27
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Calcitonin gene-related peptide (CGRP) 

antagonists for treatment of migraines

X

Smith et al, Tox Sci 1:177(1):84-93, 2020 
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Calcitonin gene-related peptide (CGRP) 

antagonists for treatment of migraines

XX

Smith et al, Tox Sci 1:177(1):84-93, 2020 
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Calcitonin gene-related peptide (CGRP) 

antagonists for treatment of migraines

XX

Smith et al, Tox Sci 1:177(1):84-93, 2020 
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DILIsym Input Data

31

Bile Acid Transporter 

Inhibition

ROS Generation

Mitochondrial 

Respiration

Pharmacokinetics

Unique Parameter 

Combinations

Mechanisms

Exposure

Interpatient 

Variability

Simulated Frequency 

& Severity of Liver 

Injury (ALT)

SimPops™



Institute for Drug Safety Sciences32

Calcitonin gene-related peptide (CGRP) 

antagonists for treatment of migraines

XX

DILIsym X X

Smith et al, Tox Sci 1:177(1):84-93, 2020 
Predicted to be safe at 10 X dose planned
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For Immediate Release:

December 23, 2019 
The U.S. 

Food and Drug Administration today approved Ubrelvy

(ubrogepant) tablets for the acute (immediate) treatment of 

migraine with or without aura (a sensory phenomenon or visual 

disturbance) in adults. 

No liver safety warning in 
package insert!
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Conclusion

DILIsym modeling was part of the 

weight of evidence that 

supported FDA approval of 

Ubrogepant for the treatment of 

acute migraine headaches. 
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Can we use DILIsym to predict non-pharmacokinetic 
DDI leading to liver injury?
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Using DILIsym to identify dominant mechanisms underlying DILI
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Using DILIsym to identify dominant mechanisms underlying DILI
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Contribution to Predicted ALT elevations 
in Simulated Human Population

41

DILI Mechanism Solithromycin Telithromycin Erythromycin Clarithromycin

Mitochondrial 
Respiration 
Inhibition

Predominant None None Predominant

Oxidative
Stress

None None Minor None

Bile Acid
Transporter
Inhibition

Minor Predominant Predominant Minor

Data presented at Nov 4 2017 anti-infective Ad com 
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Question:

• What if a patients starts solithromycin but is already receiving 
another drug that also inhibits mitochondrial respiration, such as 
metformin? 
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Metformin

Soli

Metformin

S

Metformin

Soli

Metformin

S

3X ULN 3X ULN

3X ULN

3X ULN

3X ULN (upper limit of normal) = 120 U/L

Kyunghee Yang, AAPS PharmSic360, October 2020



Institute for Drug Safety Sciences

44

Metformin

Soli

Metformin

S

Metformin

Soli

Metformin

S

3X ULN 3X ULN

3X ULN

3X ULN

3X ULN (upper limit of normal) = 120 U/L

Kyunghee Yang, AAPS PharmSic360, October 2020
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Metformin

Soli

Metformin

S

Metformin

Soli

Metformin

S

3X ULN 3X ULN

3X ULN

3X ULN

3X ULN (upper limit of normal) = 120 U/L

Kyunghee Yang, AAPS PharmSic360, October 2020

Does not happen

Reason: adaptation
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solithromcyin
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Clinical data – 7 day treatment with solithromycin
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Mitogenesis in response to inhibition of mitochondrial 
respiration

(mouse hepatocytes)

J Biol Chem. 2011 Jun 24;286(25):22047-54.
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Treatment
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Without Biogenesis With Biogenesis

Metformin

Soli

Metformin

S

Metformin

Soli
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S

3X ULN 3X ULN

3X ULN

3X ULN

3X ULN (upper limit of normal) = 120 U/L

Kyunghee Yang, AAPS PharmSic360, October 2020
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Kyunghee Yang, AAPS PharmSic360, October 2020
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Drug X*

Causes very mild ALT elevations in some treated patients

Marked ALT elevations were observed in a 
Phase 1 DDI trial with a single dose of metformin

This was not due to a pharmacokinetic DDI

DILIsym modeling identified inhibition of mitochondrial 
respiration as the dominant mechanism. 

*proprietary new drug candidate
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Conclusion

DILIsym can predict increased (mechanistic) 

susceptibility to liver toxicity due to another 

drug. 
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Question:

Can DILIsym predict patient populations at 
increased risk for liver injury due to a new 

drug candidate?
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Using DILIsym to identify dominant mechanisms underlying DILI
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First publication resulting from academic license of DILIsym
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Tolvaptan Hepatotoxicity
1). Increase risk in patients with Autosomal 

Dominant Polycystic Kidney Disease (ADPKD) 

2). A rat model for ADPKD has reduced expression 
of MRP2

3). Inhibition or knock-down of MRP2 in human 
hepatocytes increases susceptibility to 
tolvaptan toxicity 
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OA
-

BSEP

Hepatotoxicity

Blood flow

Bile 

Acids

MRP3/4

NTCP

OATP BSEP (Bile Salt Export Pump)

NTCP (Sodium-Taurocholate Cotransporting Polypeptide)

MRP (Multidrug Resistance–Associated Protein)

OATP (Organic Anion-Transporting Polypeptide)

P-gp (P-glycoprotein)

OSTα/β (Organic Solute Transporter α/β)

Tolvaptan

P-gp

MRP2

PKD
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Tolvaptan

Mechanistic Modeling and In Vitro Studies of Drug-induced Liver Injury Suggest a 
Role for Reduced Biliary Efflux in Tolvaptan-associated Hepatotoxicity

OST

α/β

(Mitochondrion)

DM-4103

Hepatotoxicity

Bile 

Acids From Jim Beaudoin 
and Kim Brouwer
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Incidence of hepatotoxicity vs. time

Drug Saf (2015) 38:1103–1113
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Idiosyncratic DILI with Prolonged Latency may not 
indicate an Adaptive Immune Attack on the Liver

61
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Directions of the DILI-sim Initiative



Institute for Drug Safety Sciences

Directions of the DILI-sim Initiative

Received score of 21 on SBIR proposal

Collaboration with Lans Taylor

vLAMPS
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Kidney Toxicity Modeling Supported by $1.7 M SBIR grant 
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Final Summary

DILIsym in an example of the potential of QST to 

greatly improve the efficiency of drug 

development by improving selection of lead 

candidates, supporting safety to drugs in 

development, and identifying patient risk factors.
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“FDA’s Center for Drug Evaluation and 
Research (CDER) is currently using modeling 
and simulation to predict clinical outcomes, 
inform clinical trial designs, support 
evidence of effectiveness, optimize dosing, 
predict product safety, and evaluate 
potential adverse event mechanisms.” 

66

Posted on July 7, 2017 by FDA Voice

Scott Gottlieb, M.D
FDA Commissioner

https://blogs.fda.gov/fdavoice/index.php/2017/07/how-fda-plans-to-help-consumers-capitalize-on-advances-in-science/
https://blogs.fda.gov/fdavoice/index.php/author/mcooper/
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“QSP may be on track to progress through the hope-hype cycle more expeditiously than the 

previously discussed sciences largely because of a frontloaded effort to identify the specific 

applications of QSP that have the greatest values proposition”

PSP 2019The FDA Clin Pharm Perspective
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Why will QST (vs QSP) lead the way? 

1).  Off-target toxicities (like hepatotoxicity) have 
common mechanisms across drug classes. 

2). Animal rights activists are creating political 
pressure. 
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Senate Appropriations bill wording 
November  2020:

The Committee is aware that nonclinical approaches that do not 
involve the use of animals to evaluate new pharmaceuticals are being 
developed and might better predict some human outcomes and reduce 
animal testing. To help integrate these approaches, the Committee 
directs the FDA to review and modify regulations in 21 C.F.R. to clearly 
reflect the agency’s discretion to accept valid nonclinical approaches. 
This could be accomplished, for instance, by changing references to 
‘‘animal’’ data to ‘‘nonclinical,’’ which encompasses in vivo, in vitro, 
and in silico approaches. The Committee also directs the FDA to 
consider expanding its Drug Development Tools Qualification Program 
to include a program for evaluating and integrating in vitro and 
computational approaches.
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