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BALANCE
THE BENEFITS AND RISKS
OF USINGMEDICINES

To minimize the

risks and maximize

the benefits of medicine use,

follow the directions printed on the lahEl

+ Read the label every time you fill your
prescription and every time you use it.

* Take the recommended dose exactly as prescribed.
* Finish all the medicine as directed.

+ Pay attention to how you feel and notify your
health care team of any problems.

For miore information; goto www. fda‘gnu‘.l':der
orcall 1 {ELEH} INFO-FDA. - 5 S
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Where to Focus: Population vs.
Individual Interest
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Population vs. Individual

Benefit/Risk: Personalized Medicine
_|_

m For the most part, drugs have been developed and approved

based on overall assessments of risks and benefits: what is
wrong with this?

— Example:

> Drug X shows response in 45% of patients compared to
placebo

> Drug X has serious, rare adverse event (1 in 10,000)

> Of 1,000,000 patients, only 450,000 benefit - serious

adverse event is experienced by 100 patients of which
55 do not benefit

m Ability to predict the 100 patients at risk (or even more
Importantly the 55 who are at risk without benefit) would be

useful, as would the ability to predict the 450,000 responders
even if no predictor of safety were available



FDA Areas of Relevant Activities
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1. Regulation of Medical Products: Guidances and
concept papers: inform stakeholders about current
thinking and provide guidelines

a. Drugs: Pharmacogenomics

b. Devices: to “measure” genomics

c. Drugs and Devices: drug-test co-development
2. Voluntary Genomic Data Submissions
3. Research

4. Education



Guidance for Industry:
Pharmacogenomic Data Submissions

Guidance for Industry
Pharmacogenomic Data
Submissions

5. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)
Center for Devices and Radislogical Health (CDREH)

March 2008
Procedural

March 22, 2005




What Does the PG Guidance Do?
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m Clarifies what type of genomic data needs to be
submitted to the FDA and when

m Introduces a classification for genomic biomarkers

m Introduces a new data submission pathway to share
iInformation with the FDA on a voluntary basis

m Encourages the voluntary submission of exploratory
genomic data

m Introduces new agency-wide PG review group (IPRG)

m Clarifies how the FDA will review genomic data
submissions



What Does the PG Guidance Not Do?

m Does not equal genomic data with voluntary data

m Does not provide information on how to validate
genomic biomarkers

m Does not provide information on how to use
genomic biomarker during drug or device
development process (scientific vs. regulatory
guidance)

m Does not expand into other “-omics’ areas such as
proteomics or metabolomics

m Does not create new processes for the review of
required data submissions



Opportunity !

Network could conduct clinical trials for genomics-
based, new drugs.

Could address critical issues, e.g. diverse
populations, statistics (large studies), ...

Study of orphan drugs (small number of cases in
single location)

Integrated databases: more efficient mining options,
coherent data sets = disease models

Share information with FDA through VGDS process



Tools to Identify Genetic Variations
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Advances In Science
_|_

EGFR Mutation Analysis

) mutation analysis, the newest addition to our molecular test menu, is

ects EGFR gene mutations in tumor specimens of patients with non-small
Thomas J. Lynch, M.D., Daphne W. Bell, Ph.D ]

Ross A. Okimoto, B.S., Brian W. Brannigal lar tumor growth and proliferation, and is the target of tyrosine kinase

Jeffrey G. Supko, Ph.D., Frank G. Haluska, M.} i 2 005 rom clinical studies that somatic mutations in the tyrosine kinase domain
Jeff Settleman, Ph.D., ith NSCLC who were responsive to TKI treatment, and that up to 20% of

e molecular diagnostic procedure incorporates PCR amplification and bidirectional gene sequencing of exons 18
through 21 of the tyrosine kinase domain of the EGFR gene. Mutation-positive specimens are confirmed by repeat
sequencing of the tumor sample. Germline mutation analysis is also performed on a separate DNA sample
(peripheral blood or mouthwash) for mutation-positive tumors.

CPT Codes:

83890, 83891, 83892, 83894, 83898, 83901, 83904, 83912 (and code 83891 for positive tumors)
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Opportunity !

_|_

m Analytical and clinical validation for new genomic
tests

m Work with stakeholders:

— Patients, clinicians

— Tool developers, industry

— Patient advocacy groups
m Evaluate risk — benefit profile for test
m Evaluate pharmacoeconomic impact

m Become “early-adaptor”



Drug-Test Co-Development Process:

Device/Test

Development IDE Review Application
Review
Investigational Phase pre-IDE or PMA or 510(k)
IDE Meeting as appropriate Application
Voluntary VGDS
Submissions >
\ 4 \ 4
. Prototype - \ Clinical Development \ FDA Filing/
Ezzzacarch Design or E;?/Cel:(r)ucrilent Approval &
Discovery, P Phase 1/Phase 2 Phase 3/ Launch
A A A A A A 1
Pre-IND End of Phase Drug Market
Meeting 2A Meeting Application

Initial IND End of Phase
Submission 2 Meeting
Ongoing Pre-BLA or
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Drug-Test Co-Development Process:

Basic Prototype\ o oclinical \ Clinical Development \ FDA Filing/
Research Design or Development Approval &
Discovery, = /Phase 1 Phase 2/ Phase 3 Launch

A A A A A A

Target Identification of Clinical Utility for Label Considerations
Selection Stratification Markers Stratification Marker Based on Trial Results

Target Label Considerations Clinical Validation for
Validation Based on Marker Status Stratification Marker

Analytical Validation I
Pre-Clinical Feasiiility Clinical Validation I
Clinical Utility I



Drug-Test Co-developed Products:
Issues

_|_
m Strategy (use during drug development only)

m Competitive advantage (i.e. ID responders)

m Timing (development, approval)

m Cost (development, reimbursement)

m Availability of alternative therapy (what if none?)
m Platform (platform change)

m Complexity (point-of-care vs. service laboratories)

m Clinical usefulness (i.e. therapeutic area, marketability)



Opportunity !

_|_

m Provide optimized setting for conduct of complex
pharmacogenomic studies

m Real-life setting for clinical trials ~ optimal setting
for evaluating clinical utility

m Evaluate risk — benefit profile for test
m Evaluate pharmacoeconomic impact

m ldentify and determine impact of confounding
factors — continued optimization of therapy

m Become “early-adaptor”



Education

_|_
m Internal Education:

— Pharmacogenomics 101, three parts
— VGDS, briefings
— Seminars, lectures, ...
m External Education:
— Publications, workshops
— Website (www.fda.gov/cder/genomics)

— Online course (in development)



Online Course: Personalized Medicine
— From Theory to Practice

_|_
m Co-developed with American Medical Association

m CME credits

m Sponsored by Roche via unrestricted educational
funding

m Background information on, e.g.:
— Genetics, human genome
— Concepts and tools in pharmacogenomics
— Drug metabolism

— Clinical examples, drug labels
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Genomics at FDA

Background Information on Genomics

Pharmacogenomics

The action of drags in the human body is influenced by an individual's genetic background: howewer, this background is unique for each individual
Therefore, two individuals can react quite differently to the same drug. Pharmacogenomics is the feld exploning these differences, providing new
Inowledge and tools to treat people on an individual basis. Often, the result of thiz research is referred to as "personalized” or "targeted medicine."

Pharmacogenomics iz having an ever increasing impact on drug discovery and development. The FDA 15 encouraging this effort and 15 putting sigmificant
emphasis and support mnte personalized medicine, promoting the translation of research findings mto medical practice. Several examples of targeted
therapies exist already. Herceptin for the treatment of breast cancer 1= one such example, the drug 15 effective only m situations where the cancerous tissue
carries {overexpresses) a spectic marker. If that marker is not present, the patient sees no benefit from treatment and 1z unnecessarily exposed to the
potential risk associated with drug treatment.

Education

The FD A has organized various workshops (see Upcoming Events for future workshops and Publications for proceedings from past workshops) with
PhEMA, BIO and other organizations desighed to both educate and prowide feedback on pharmacogenomics. In addiion, a number of articles have
been published, encouraging a broad public education in pharmacogenomics and personalized medicine.

A new lecture senes entitled “Pharmacogenomics from the Ground Tp”™ designed for soientists with diverse acaderme and professional backgrounds 1z
bemng held regularly and has been mtegrated mto the ongomng education for rewewers within CDEER. S far, the course is set up in three sessions

e Concepts and Tools in Pharmacogenomics
o Submissions and Labels in Reoulatory Pharmacogenomics
s Final traming on ArrayTrack, an mtegrated genomics analysis tool developed by the Mational Center for Tomcology Besearch (MCTE)

Additonal contimung education lecture series are planned to mclide speakers from the diagnostic and phanmacentical mdustries responsible for the
development of molecular diagnostics and of dnags for which pharmacogenormic data made a difference in therapeutic efficacy or safety.

The following presentation provides a very basic understanding of genomics and pharmacogenotics.

|@ l_ l_ l_ |“-_-J Local inkranet
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Workshop on Genomic Biomarker
Validation: Call To Action

_|_
m Issue: Increasing complexity of biomarkers

— DME - Molecular Targets - Tissue Injury
Model - Pattern Recognition

— Ideally: combine multiple markers

m New guidances
1. Drug-Test Co-development
2. Statistical Considerations
3. Biomarker Qualification

m List of genomic biomarkers on website



Workshop on Genomic Biomarker
Validation: Call To Action (cont’d)

_|_
m Need for consortia:

— Validation of biomarkers is too complex for
iIndividual entity to perform, requires cross-
validation

m Biomarker performance is about risk management:
— quantitative risk models
— decision making

— redefining disease



Opportunity !
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m Network could provide guidelines, manuals for use of genomic
test in clinical practice, publish “Best Practices”

m Educate physicians and patients about benefit and risk of
genetic testing

m Biomarkers:
— Electronic records - retrospective data mining -
— Test and validate new biomarkers

— Explore new trial designs (stratification, enrichment,
adaptive designs)

— Low-hanging fruit: e.g. EGFR mutations and Iressa ~ large
study needed to (prospectively) confirm importance of
mutations



Re-Labeling of Drugs Based on New

Genetic Knowledge
_|_
m Azathioprine, 6-MP
— TPMT
— Avoid toxicity, testing recommended
m Irinotecan
— UGT1Al
— Avoid toxicity, testing recommended
s Warfarin
— CYP2C9, VKORC1
— Avoid toxicity, ensure efficacy



Example: Warfarin

m Anticoagulant — one of the most often prescribed
drugs in U.S. and worldwide

m Problem:
— Inter-individual variability in dose requirement
— Major risk is bleeding: frequent and severe
— 10-24 bleeding episodes per 100 patients

m Some of the variability in dose requirement can be
attributed to genetic variations in CYP2C9
(metabolism, PK) and VKORC1 (mode of action, PD)

m Relabeling recommended in 8:2 vote at CPSC
advisory committee meeting (Nov. 14, 2005)



Entry Variable Coefficient Effect on Warfarin Dose R?
into after
Model entry
1 Caucasian * VKOR6853 -0.319 -27% (—25% to —30%0) 22%0
2 BSA, per 0.25 m2 0.454 12%b (10%b to 14%0) 32%
3 2C9*3 -0.408 -33% (—29%b to —38%0) 39%0
4 2C9*2 -0.218 -20%0 (—16% to —23%0) 43%
5 Age, per decade -0.007 -7% (—6%0 to —9%0) 47%
6 African American * VKOR5808 -0.395 -33% (—19%b to —44%b) 48%
7 Target INR, per 0.5 increase 0.161 8% (5% to 12%0) 49%
8 Amiodarone -0.277 -24% (—15% to —32%b) 519%
9 African American -0.126 -12%b (—1%b to —17%0) 519%
10 Smokes 0.085 9% (2% to 16%0) 52%
11 Simvastatin or fluvastatin -0.053 -5%0 (0 to —10%0) 52%




Opportunity !
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m Provides access to large number of patients ~
necessary to conduct statistically meaningful studies

m Collect patient data in a coherent and coordinated
fashion — data formats, standardization

m Disease modeling - develop dosing algorithm
m Test feasibility for genotyping in clinical setting
m Evaluate pharmaco-economic impact

> Benefits patients, clinicians ~ but also any other
stakeholders



www.fda.gov/cder/genomics

Felix.Frueh@FDA.gov
Office of Clinical Pharmacology
FDA/CDER



