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Outline for this meeting

* Welcome and Roll Call

* Presentation Topics:
* Patient Focused Drug Development
 Model-Informed Drug Development
 Complex Innovative Designs for Clinical Trials
* Other Areas of Regulatory Science: Advancing Translational Models & Tools

* Topics for upcoming meetings
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Translational Models and Tools to Advance Drug Development

Drug Development

1]

Translational Models and Tools

< >10,000 Compounds <«

<€ Optimize Compounds «

< Preclinical Safety«
< Clinical Studies <

<— FDA Review <«
- <€ 1 Approved Drug

New science (models and tools) can be used to
overcome challenges and hurdles in drug development

ﬁ

Safety &
Efficacy in
Patients

Successful implementation can lead to:

v’ Streamlined development v  Broader patient populations
v’ More drugs approved v Reduced cost
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Translating New Science Into the Drug Review Process:
FDA'’s Division of Applied Regulatory Science
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Cell Models to Expand Drug Approvals for Rare Diseases

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

Innovative Approach

Test drug
efficacy in cell |
models with
each genetic
variant

Cystic Fibrosis

v'Drug previously approved for 10
genetic variants

v'Expanded approval to 24 more
based on cellular models

Fabry’s Disease
Affects Many Organ Systems

v'Clinical trial included 63 patients
with 40 genetic variants

v'Drug approved for 348 genetic
variants based on cell model

Extensive FDA laboratory experience with specific models was critical to assess quality and reproduce results.

Expanding FDA cellular model experience and expertise can further:

EXPAND APPROVAL AND REACH MORE PATIENTS

Large infeasible
¢ studies

Feasible study

REDUCE NUMBER OF CLINICAL TRIALS
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Need to Study New Technologies for Model Development

Specific patients Induced pluripotent Patient-specific cells (e.g. :
P P stem ce‘:ls (ilgSCs) heart, liver, intestine, lung) ~ Assess drug efficacy

{ )

- e Cells from
skin or blood

A Al [ e differentiate
e program
y \ /B\ # e — — &
f L \ /
| . |
! l ! ! CRISPR gene editing to create modeIsT
A B . ey .
‘ with additional variants
2020 Nobel Prize in Chemistry — CRISPR ) ] Need additional research to
“For the development of a method for genome editing” Examples of iPSC Models in Deve'°pment

inform:

L"X‘S’ e Iateral scloros e Standards

« Amyotrophic lateral sclerosis . e .

. Alzheimer's dicease * Quality control criteria

« Pediatric neurological diseases * Best practices

e Cystic fibrosis

» Duchenne and Becker muscular dystrophies For laboratory models with
* Hutchinson-Gilford progeria syndrome these new technologies
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https://stm.sciencemag.org/content/9/391/eaaf3962.full
https://www.sciencedirect.com/science/article/pii/S2211124717315899
https://www.sciencedirect.com/science/article/pii/S0165027019303905?via%3Dihub
https://www.cell.com/molecular-therapy-family/methods/fulltext/S2329-0501(20)30065-6
https://journals.sagepub.com/doi/full/10.1177/1756286419833478
https://www.tandfonline.com/doi/full/10.1080/15384101.2019.1651587

New Approach for Assessing Heart Safety of All New Drugs

Normal Heart Drug-induced ABNORMAL New Appbroach
Rhythm Heart Rhythm!
ot .
R\ Cell-Based & (5) Choose
Models 2 compounds to
*Regulatory Guidelines require lab test and advance so we
special clinical study for all new drugs don’t lose
*These identify drugs that may cause 2.Integrate | 40 promising new
abnormal heart rhythms in Computer —_— drugs

Model
*However, there are many false positives

» Drugs get “flagged” as having a problem,

even though they are safe 3. Predict

Heart Safety
in Patients

*Result: Many expensive clinical trials and
drugs dropped from development, sometimes
unnecessarily

Inform regulatory
decision making
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FDA Research Led to Update to
International Regulatory Guidelines

However, Current Updates Focus
on Limited Clinical Scenarios

@ystematiocesa
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COLLABORATIVE
RESEARCH
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Prior FDA Research
* Nonclinical models

FDA-Led International Regulatory
Draft Guideline Released Sept 2020

ICH

harmonisation for better health

Internat/onal Council for Harmonisation

Nonclinical Models Reduce
Number of Clinical Studies

# Studies

# Studies

K° Clinical biomarkers )

Nonclinical Models Inform
Approval Decisions & Labeling

ﬁ §P055|ble
¢ Risk?
i IS

Low
Risk

We Need to Study More Drugs and Toxicity
Mechanlsms in Nonclinical Models

Further Validate Novel Clinical Biomarkers to be

Used in Phase 1 Clinical Trials with Some Drugs
Novel Biomarkers

A\ baseline
A ”'\ﬂ\\ |
ECG on drug - J-TpeakIgegé-Tena
ar

=\

/

Requires more dedicated research to

develop guidance on integrating nonclinical
models with clinical phase 1 biomarkers
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https://pubmed.ncbi.nlm.nih.gov/?term=32574700+32209365+31709525+31044559+30151907+29209226+28878692+28202629+27178106+30157676+26170255+27282641+32822771+30912807+30257217+29155283+28686863+27701120&sort=date&size=50
https://pubmed.ncbi.nlm.nih.gov/?term=25054430+26259627+30447156+24336137+28036334+25870186+31636317+28912074+25796102+25440804+26324176+30907981&sort=date&size=50

Microphysiological Systems (Organs-on-a-Chip)

What Are Organs-on-a-Chip?

* 3D cell models with multiple cell types
* Fluid flow through organs

» Which can connect organs together
 Special organ features

* Such as mechanical forces with heart

Applications in Drug Development

* Reduce/replace animal or clinical studies
* Assess safety and efficacy

* Assess drug-drug interactions

FDA/CDER Applied Regulatory Science



Translating Organs-On-A-Chip Into the Drug Review Process at FDA

FDA is performing preliminary studies on:

Interconnected
Organs (coming soon)

* Liver systems

e Human iPSC-heart and

Recent FDA Publications:

liver cells

 Heart contractility

Example disease modeling areas:

Alzheimer’s

Cancer
Diabetes

Inflammatory bowel diseases

Rare diseases:

- Amyotrophic lateral sclerosis

- Cystic fibrosis

- Duchenne muscular dystrophy

TO ACHIEVE SUCCESS, WE NEED
APPLIED RESEARCH TO DEFINE:

» Quality and performance

standards for organs-on-a-chip:

* Cells, extracellular components, media
(fluid)

* Assessing baseline organ function

* Experimental protocols, data analysis,
scaling to humans

> Principles for validation criteria for
specific applications
* Safety, efficacy, drug interactions

FDA/CDER Applied Regulatory Science
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https://www.frontiersin.org/articles/10.3389/fphar.2020.00396/full
https://www.nature.com/articles/s41568-018-0104-6
https://www.sciencedirect.com/science/article/pii/S0169409X18302606
https://www.sciencedirect.com/science/article/pii/S2352345X17301893
https://advances.sciencemag.org/content/4/10/eaat5847
https://www.cell.com/molecular-therapy-family/methods/fulltext/S2329-0501(20)30065-6
A%20human%20in%20vitro%20model%20of%20Duchenne%20muscular%20dystrophy%20muscle%20formation%20and%20contractility
https://pubmed.ncbi.nlm.nih.gov/30993668/
https://pubmed.ncbi.nlm.nih.gov/?term=32938227+32629158+&sort=date&size=50
https://pubmed.ncbi.nlm.nih.gov/?term=31555128+31447679&sort=date&size=50

Leading Efforts to ldentify and Validate Novel Biomarkers

Clinical Safety Biomarkers

Biomarkers to Bl gl B'Smartlfers ;OtStUdV
better understand ‘ Interaction between
opioids and other drugs

heart risk b hi
(3 FDA clinical trials completed) on breathing
(1 ongoing FDA clinical trial)

Prior Work With Nonclinical Biomarkers; Need to Translate to Clinical Use

‘(. w ’ \1 _‘ /;‘ — 7 ,;/‘: . 7 / " . ..' | TN
Kidney-Injury Vascular-Injury Pancreatic-Injury
Biomarkers Biomarkers Biomarkers

Clinical biomarker development is historically a slow process
* Collaborative approaches could speed development and qualification

FDA/CDER Applied Regulatory Science


https://pubmed.ncbi.nlm.nih.gov/?term=26259627+25054430+30447156&sort=date&size=50
https://clinicaltrials.gov/ct2/show/NCT04310579
https://pubmed.ncbi.nlm.nih.gov/?term=30099912+25520306+24201815+23085980+22509332+22267869+21150870
https://pubmed.ncbi.nlm.nih.gov/?term=25722122+25717082+24777748+24705881+21498876+20585143+18776166+18776163&size=50
https://pubmed.ncbi.nlm.nih.gov/?term=31404030+29699496+27866884+25291183+25059555+24585404+24534256+23640381&size=50

Translational Models and Tools to Overcome Hurdles in
Drug Development

Cellular Models to Approve Cellular + Computer Models and Human “Organs-on-a-Chip” to
Drugs for More Patients Biomarkers to Predict Patient Safety Replace/Reduce Clinical Trials

More Drugs
Approved for
Broader
Patient
Populations
at Less Cost
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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'

Therapeutic Innovation & Requlatory Science 2018.

Translational
Research &
Review

ﬁaboratory Cellular Modem

- Organs-on-a-chip
(workshop)

- Clinical pharmacology

- Cellular efficacy data

(cystic fibrosis)
Publications link

/
N

- Systems pharmacology
& heart safety

- Chemical & biomedical
informatics

Publications link

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

AN

metabolites (NDMA)
(1 ongoing study)

DARS: Mission/Vision Research Overview Video Annual Report Clinical Trials DIA Podcast JAMA News Article

FDA/CDER Applied Regulatory Science
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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/

