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Translational Models and Tools to Advance Drug Development

Drug Development Translational Models and Tools

New science can be used to overcome challenges
and hurdles in drug development
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DARS was created to move new
science into the drug review process

and close the gap between scientific
innovation and drug review
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https://pubmed.ncbi.nlm.nih.gov/29568713/

Learning from Our Recent Updates to the ICH Regulatory
Guidelines for Cardiac Safety of New Drugs

Normal Heart Drug-Induced ABNORMAL

Rhythm

Heart Rhythm!

International Council for Harmonisation (ICH)
Regulatory Guidelines implemented in 2005 have

limitations
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GUIDANCE DOCUMENT

E14 and S7B Clinical and Nonclinical
Evaluation of QT/QTc Interval Prolongation
and Proarrhythmic Potential--Questions
and Answers

Draft Guidance for Industry
SEPTEMBER 2020
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Example of Recent ICH Updates for Cardiac Safety:
Collaborative Process to Increase the Role of Nonclinical Assays
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Requl Toxicol Pharmacol. 2020;117:104756.
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White Paper on
Proarrhythmia Model
Validation

Clin Pharmacol Ther. 2020;107(1):102-111
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ICH S7B Updates: Assay
Standards and Best Practices

e Quality control criteria to
document cell health

* Positive/negative controls

 Principles for proarrhythmia
models (including qualification)

* How to report data to
regulators to demonstrate
quality

POLICY &



https://pubmed.ncbi.nlm.nih.gov/32822771/
https://pubmed.ncbi.nlm.nih.gov/31709525/

Clinical Pharmacology

A FDA Perspective
& Therapeutics P

REVIEW (3 Open Access

Translational Models and Tools to Reduce Clinical Trials and
Improve Regulatory Decision-Making for QTc and Proarrhythmia
Risk (ICH E14/S7B Updates)

David G. Strauss B4, Wendy W. Wu, Zhihua Li, John Koerner, Christine Garnett

First published: 17 December 2020 | https://doi.org/10.1002/cpt.2137

Clinical Pharmacology
& Therapeutics

Industry Perspective

Review (& Open Access @ @ @ @

Time for a Fully Integrated Nonclinical-Clinical Risk Assessment
to Streamline QT Prolongation Liability Determinations:
A Pharma Industry Perspective

Hugo M. Vargasi, Michael G. Rolf, Todd A. Wisialowski, William Achanzar, Anthony Bahinski, Alan Bass
, Charles T Benson, Khuram W. Chaudhary, Nicolas Couvreur, Corina Dota ... See all authors v

First published: 31 August 2020 | https://doi.org/10.1002/cpt.2029

Integrated

Risk Assessment

“The integrated
nonclinical-clinical
assessment here can also
serve as a model for other
safety areas in drug
development and
regulatory evaluation.”

ICH E14/S7B Updates as a Potential Model for Other Safety Areas
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Opportunities for MPS to Impact the Regulatory Evaluation

of Drugs
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1. Predict Safety in
Patients

2. Reduce Clinical Drug 3. Predict Efficacy
Interaction Studies in Patients



Potential Safety/Toxicity Applications

Advance Drugs in Development with Potentially False-

Positive Safety Signhals

Safety need: 1Q industry-wide survey for attrition
of small molecules due to unacceptable toxicity in
animal studies

e Late discovery phase terminations:
o Cardiovascular (18%)
o Liver (16%)
o Gastrointestinal (Gl) (12%)
o Central nervous system (CNS) (13%)

* IND-enabling phase terminations:
o Cardiovascular (27%)
o Testis (11%)
o CNS (11%)
o Kidney (9%)
o Liver (5%)

Introduction to a manuscript series on the characterization and
use of microphysiological systems (MPS) in pharmaceutical

safety and ADME applications.
Lab Chip. 2020 Mar 17;20(6):1049-1057

Example of Complex In Vitro Model (CIVM)
Data Submitted to FDA

e Other drugs in class discontinued from
clinical development due to liver toxicity

New Drug
Application

* Some liver enzyme elevations in rat studies

e Complex in vitro models with 3D spheroids

combined with in silico modeling
o Reproduced observed liver toxicity of other drugs

o Suggested new drug has significantly reduced risk of
liver toxicity

e Regulatory Impact: Data contributed to liver
toxicity assessment as described in supervisory
pharmacology-toxicology review for NDA

Nonclinical NDA Review



https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/211765Orig1s000PharmR.pdf
https://pubmed.ncbi.nlm.nih.gov/32073020/

Clinical Pharmacology Applications

Reduce Clinical Drug Interaction Studies

* Problem: Impractical to
evaluate every drug
combination in clinical
trials

* FDA Guidance documents
describe how in vitro
studies (in combination
with PBPK modeling)
inform the need for
conducting clinical DDI
studies

* However, there are
limitations =2
opportunity for MPS

Limitations of Conventional In Vitro Models + PBPK

Physiologically Based Pharmacokinetic Modeling in Regulatory Science: An Update from the

U.S. Food and Drug Administration’s Office of Clinical Pharmacology
J Pharm Sci. 2019 Jan;108(1):21-25.

Underpredict Clinical CYP3A Induction -

e Drug may induce multiple enzymes (not accounted for)
e Dual enzyme time-dependent inhibitor and inducer

» Effect of inhibitors for phase Il enzymes | Opportunities
Difficulty with Transporter-Mediated DDI for MPS

* Incongruence between in vitro and in vivo transporter behavior
* Lack of correlation between transporters’ abundance and activity
e Lack of knowledge about drug exposure at the site of action

Opportunities For MPS to Impact Clinical Studies

v" Reduce the need for clinical DDI studies
v" Impact the timing of clinical DDI studies

PBPK = physiologically-based pharmacokinetic modeling  DDI = drug-drug interaction

43



https://pubmed.ncbi.nlm.nih.gov/30385284/

In Vitro Efficacy Applications

In Vitro Models to Expand Drug Approvals for Rare Diseases

Cystic Fibrosis Fabry’s Disease
Affects Many Organ Systems

@

Rare Disease Drug Development Challenges
e Small number of patients
* Thousands of genetic variants

&

Innovative Approach i e9

Test drug . " . | '
i ) I v'Drug previously approved for 10 v'Clinical trial included 63 patients
efficacy in ce genetic variants with 40 genetic variants
models with
each genetic v'Expanded approval to 24 more v'Drug approved for 348 genetic
iant based on cellular models variants based on cell model

varian

INDICATIONS AND USAGE — . .
KALYDECO is a cystic fibrosis transmembrane conductance regulator (CFTR) * Extensive Iaboratory 2 lEES from FDA/ CDER

potentiator indicated for the treatment of cystic fibrosis (CF) in patients age DARS staff with SPECifiC assays was critical to assess
4 months and older who have one mutation in the CF7R gene that is responsive quality’ reproduce results and gain co nfidence for in
to 1vacaftor based on clinical and/or in vitrro assay data. (12.1. 14) vitro data to serve as primary efﬁcacy data for

INDICATIONS AND USAGE — expanding indications
GALAFOLD 1s an alpha-galactosidase A (alpha-Gal A) pharmacological
chaperone indicated for the treatment of adults with a confirmed diagnosis of

Fabry disease and an amenable galactosidase alpha gene (GLA) variant based | RCBT]19171E1aY pub|ication is forthcoming
on 1n vitro assay data. (1. 12.1)




FDA/CDER DARS Research on Liver and Heart MPS

1. Liver MPS Using Primary Cells
e Cell death
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FDA/CDER Microphysiological Systems Laboratory

@ Open Access @ ® @

Characterizing the Reproducibility in Using a Liver
Microphysiological System for Assaying Drug Toxicity,
Metabolism and Accumulation

ARTICLE

& Open Access @ @ @

Liver Microphysiological Systems for Predicting and
Evaluating Drug Effects

Review

Andres Rubiano, Amruta Indapurkar, Ryosuke Yokosawa, Alina Miedzik, Barry Rosenzweig,
Ayesha Arefin, Chloe M. Moulin, Keri Dame, Neil Hartman, Donna A. Volpe, Murali K. Matta
, David ]. Hughes, David G. Strauss, Tomasz Kostrzewski, Alexandre J.S. Ribeiro &

Clinical & Translational Science 2020 [epub].

Alexandre J. S. Ribeiro ¥, Xinning Yang, Vikram Patel, Rajnikanth Madabushi, David G.
Strauss

Clinical Pharmacology & Therapeutics 2019:106:139-47.

2-D 3-D microphysiological model multi-organ MPS Questions
cultures organoids systems (MPS) physiology
el  What is the performance of MPS
. ‘  physiological &S wngs compared to 2D cultures and 3D
‘5_ S il organoids?
‘ RN .~/ g:zeélan:ae Lo i vasg:ulature g
ol "Sioady-site e For MPS to be used for regulatory
« culture media, » multiple cell types P applications in drug development,
dishes, plates, wells « cell-cell interactions = organoid technology muscie ™ - \ . . el
- extracellular adhesive . extracelular profeins oo w1 , can criteria to ensure reproducibility
proteins T T dédicatéd.cowpaﬁ@ents nonemarmw/’//J of results be developed?
remodeling -n;ucroggdlc circulation Kidney =
or me gul'/
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https://pubmed.ncbi.nlm.nih.gov/30993668/
https://doi.org/10.1111/cts.12969

MPS Cultures Hepatic Cells in 3D with Fluid Flow

12-Well Plate e Enhances the Physiology of Cell Culture

liver MPS well =

media reservoir Q Ae) - - B - Je X O
culture well -§) “ __i ‘t A .-‘- 1 . hepatOC}’tES
reservoir end O h ’[‘ T T ‘ ‘
Y ; Y Cells cultured Ik Aiiid Aow Kupffer cells
] g A within scaffold

Physiologic Liver Lobule

portal venule liver lobule

_ space of Disse

Flow

central
vein

hepatic
arteriole

sinusoid

Rubiano et al. Clinical and Translational Science 2020;

— i . . . . 13 -‘ ~
Ribeiro et al. Clinical Pharmacology and Therapeutics 2019 Kupffer cells = liver macrophages (immune cells) critical for liver function \



Hepatocyte Function: 2D vs. Spheroid vs. MPS

Cytochrome P450 3A4
(CYP3A4) Activity
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days after removing serum

e Hepatocytes in MPS were more functionally stable than those in other culture platforms
" CYP3A4 activity (above) and albumin secretion remained prominent for >18 days

* Functional decline occurred earlier in spheroids (12 days) and sandwich cultures (7 days)
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Rubiano et al. Clinical & Translational Science 2020.



https://doi.org/10.1111/cts.12969

Proof of Principle: MPS Quality Control Based on Assaying

Culture Media

Hepatic cells

sample

Quality?
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Rubiano et al. Clinical & Translational Science 2020.
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https://doi.org/10.1111/cts.12969

Liver MPS Reproduced Hepatotoxicity of Drug Withdrawn from
Market Due to Causing Idiosyncratic Acute Liver Failure and Death

Trovafloxacin
(Hepatotoxic)

Hepatocytes
i A ‘ Inflammatory ...
X Ay t: — Qe

Activate% Ytokines
I Diminished Q
Hepatic

Levofloxacin
- Effect

Liver MPS detects inflammatory-induced drug toxicity

Levofloxacin
(Not Hepatotoxic)

Kupffer Cells

Cytotoxicity

LDH 1
CYP3A4 |
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T 11

fluid flow

Function

Rubiano et al. Clinical & Translational Science 2020
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Liver Toxicity Reproducibility

Trovafloxacin Levofloxacin
(Hepatotoxic) (Not Hepatotoxic)
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 Similar Results Between Two Sites

* Similar Results Within a Site When
Using Different Batches of Kuppfer Cells

Batch 1 Batch 2
& o
X ® e
L o7 ey &

* |dentified Quality Control Criteria for
Kuppfer Cells

Rubiano et al. Clinical & Translational Science 2020. 7 NS



https://doi.org/10.1111/cts.12969

General Considerations and 7 Recommendations:
As Outlined In Supplement to

ARTICLE () Open Access @ @ @

Characterizing the Reproducibility in Using a Liver
Microphysiological System for Assaying Drug Toxicity,
Metabolism and Accumulation

Andres Rubiano, Amruta Indapurkar, Ryosuke Yokosawa, Alina Miedzik, Barry Rosenzweig,
Ayesha Arefin, Chloe M. Moulin, Keri Dame, Neil Hartman, Donna A. Volpe, Murali K. Matta
, David J. Hughes, David G. Strauss, Tomasz Kostrzewski, Alexandre J.S. Ribeiro 52«

Examples:

1. Establish quality control criteria that ensure proper assembly and
preparation of functional systems

2. Test cellular properties to enable the intended system use

Rubiano et al. Clinical & Translational Science 2020. 18



https://doi.org/10.1111/cts.12969

IQ MPS Organ-Specific and ADME Paper Recommendations

.o L3 L
: : Stage 1: Characterize Basic Function
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L3 .
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I u ng’ Skl n & bIOIOgICS (C N S/B B B & and export function  Daily production rates should remain stable across a
. . 14 day time frame
cardiovascular in development) o
_ — S Stage 2: Deep Characterization
www.lgmps.org/publications )
Measure Function assessed Specifications
° Alanine aminotransferase (ALT), Indications of cell damage and MPS stability » =30% C.V. for mean daily baseline release levels
Exa m p I e . lee r M PS Deve I O p m e nt lactate dehydrogenase (LDH), over time across a 14 day time frame
2 Baseline quantitative gene miR122, cytokines
. . . expression profiling . . . ) o . s
I f f k Baseline and induced metabolic Liver phase I/l metabolizing enzymes Sta e 3 Safet Testl n
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] & = . 2 ks™
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http://www.iqmps.org/publications
https://pubmed.ncbi.nlm.nih.gov/31799979/

Additional FDA/CDER Research: Differences in Drug Response
between 2D and 3D Approaches to Culturing iPSC-Cardiomyocytes

2D

e Evaluating contractility endpoints:
O Reproducibility of distinct lines of
iPSC-cardiomyocytes
O Response to inotropic agents
O Cardiotoxicity of oncology drugs

e Evaluating calcium cycling endpoints:
0 Concordance with contractility
endpoints
O How to dissect drug mechanism

Engineered Heart Tissue
(2D) (3D)

20 RS




Additional FDA/CDER Research: Characterization of
Combined Heart-Liver System
e Characterize function reproducibility of

additional liver and heart MPS that utilizes
iPSC-differentiated cells:

e Test interconnecting heart-liver systems:
O Effects of liver metabolism/drug
interactions on cardiotoxicity
O Dual liver-heart drug toxicity

Kevin Healy

Lee-Montiel et al. BioRXiv 2020 doi.org/10.1101/2020.05.24.112771
Images: courtesy Dr. Kevin Healy (UC Berkeley) 21



https://doi.org/10.1101/2020.05.24.112771

Translating MPS Into the Drug Review Process at FDA

FDA/CDER Research Discussed:

Interconnected
Organs

SUMMARY:

» MPSs can yield reproducible results if system
preparation, drug administration and

measurement schedules are carefully planned
» Assess drug adsorption and stability of
metabolites and specific endpoints

» Quality control criteria for cells and functional
MPSs can be assessed prior to drug

experiments to increase reproducibility
» Similar principles have been implemented in ICH
S7B Guideline updates

» Full characterization and qualification for use in
drug development depends on the specific
context of use
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Links for Additional Information

Division of Applied Regulatory Science (DARS)

Regulatory Science: Review

DIA

Translating New Science Into the Drug
Review Process: The US FDA'’s Division

of Applied Regulatory Science

Rodney Rouse, DVM, MBA, PhD', Naomi Kruhlak, PhD',

James Weaver, PhD', Keith Burkhart, MD', Vikram Patel, PhD',

and David G. Strauss, MD, PhD'

ﬁaboratory Cellular Modeh

- Organs-on-a-chip
(workshop)

- Clinical pharmacology

- Cellular efficacy data

(cystic fibrosis)

Publications link

Therapeutic Innovation & Requlatory Science 2018.
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- Systems pharmacology
& heart safety

- Chemical & biomedical

Publications link

informatics

Biomarkers \

Organ injury biomarkers

- Human immune system

- Respiratory depression
Publications Link

- Heart Safety Biomarkers

- Opioids Effects on
Breathing Biomarkers

: Biologics and biosimilars
Publications link

/ Other Clinical Studies \

- Sunscreen absorption
studies (2 JAMA

publications)
- Most read JAMA

article of 2019
- Ranitidine

metabolites (NDMA)
(1 ongoing study) /

DARS: Mission/Vision Research Overview Video Annual Report Clinical Trials DIA Podcast JAMA News Article
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https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/division-applied-regulatory-science-clinical-trials
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/division-applied-regulatory-science-sampling-dars-projects
https://youtu.be/YH4mq-BM0Fk
https://www.fda.gov/media/138184/download
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/division-applied-regulatory-science-clinical-trials
https://diapublications.podbean.com/e/future-science-drug-review-fda-closing-the-gap/
https://jamanetwork.com/journals/jama/fullarticle/2764236?guestAccessKey=01fa0115-6b22-443b-af5a-de91b1b0d6d1&utm_source=fbpage&utm_medium=social_jama&utm_term=3241300390&utm_campaign=article_alert&linkId=85598989
https://pubmed.ncbi.nlm.nih.gov/?term=31961417+31058986&sort=date&size=50
https://clinicaltrials.gov/ct2/show/NCT04397445
https://www.fda.gov/drugs/regulatory-science-action/impact-story-evaluating-potential-microengineered-human-cellular-systems-predict-drug-effects-clinic
https://www.pharmacy.umaryland.edu/centers/cersievents/3dcellculture/
https://journals.sagepub.com/doi/10.1177/2168479017720249#_i22
https://journals.sagepub.com/doi/10.1177/2168479017720249#_i27
https://www.fda.gov/news-events/press-announcements/fda-expands-approved-use-kalydeco-treat-additional-mutations-cystic-fibrosis
https://pubmed.ncbi.nlm.nih.gov/?term=30257217+27701120+31328865+27876286+30912807+29155283+32822771+28686863+30993668+31447679+31555128+32629158+30105461+24338112+21447733+29943645+26512742+22098353+29768028&sort=date&size=50
https://journals.sagepub.com/doi/10.1177/2168479017720249#_i3
https://journals.sagepub.com/doi/10.1177/2168479017720249#_i11
https://www.fda.gov/drugs/regulatory-science-action/impact-story-preclinical-research-achieve-safer-prescribing-psychoactive-therapeutics-patients-who
https://pubmed.ncbi.nlm.nih.gov/?term=31569374+30552958+27866884+25291183+24585404+23640381+25059555+32021808+32578942+31082370+30914376+30850839+30737892&sort=date&size=50
https://pubmed.ncbi.nlm.nih.gov/?term=25054430+26259627+30447156&sort=date&size=50
https://clinicaltrials.gov/ct2/show/NCT04310579
https://pubmed.ncbi.nlm.nih.gov/?term=31667825&sort=date&size=50
https://pubmed.ncbi.nlm.nih.gov/?term=25870186+26324176+30447156+25054430+26259627&sort=date&size=50
https://www.fda.gov/drugs/regulatory-science-action/impact-story-improved-assessment-cardiotoxic-risk-drug-candidates-comprehensive-vitro-proarrhythmia
https://journals.sagepub.com/doi/10.1177/2168479017720249#_i17
https://pubmed.ncbi.nlm.nih.gov/?term=32574700+32209365+31709525+31044559+30151907+29209226+28878692+28202629+27178106+30157676+26170255+27282641&sort=date&size=50
https://pubmed.ncbi.nlm.nih.gov/29568713/
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