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Population vs. Individual Population vs. Individual 
Benefit/Risk: Personalized MedicineBenefit/Risk: Personalized Medicine

For the most part, drugs have been developed and approved For the most part, drugs have been developed and approved 
based on overall assessments of risks and benefits: what is based on overall assessments of risks and benefits: what is 
wrong with this?wrong with this?

–– Example: Example: 

Drug X shows response in 45% of patients compared to Drug X shows response in 45% of patients compared to 
placeboplacebo

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

Of 1,000,000 patients, only 450,000 benefit Of 1,000,000 patients, only 450,000 benefit -- serious serious 
adverse event is experienced by 100 patients of which adverse event is experienced by 100 patients of which 
55 do not benefit55 do not benefit

Ability to predict the 100 patients at risk (or even more Ability to predict the 100 patients at risk (or even more 
importantly the 55 who are at risk without benefit) would be importantly the 55 who are at risk without benefit) would be 
useful, as would the ability to predict the 450,000 responders useful, as would the ability to predict the 450,000 responders 
even if no predictor of safety were availableeven if no predictor of safety were available
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FDA Areas of Relevant ActivitiesFDA Areas of Relevant Activities

1.1. Regulation of Medical Products: Regulation of Medical Products: GuidancesGuidances and and 
concept papers: inform stakeholders about current concept papers: inform stakeholders about current 
thinking and provide guidelinesthinking and provide guidelines

a.a. Drugs: Drugs: PharmacoPharmacogenomics genomics 

b.b. Devices: to “measure” genomicsDevices: to “measure” genomics

c.c. Drugs and Devices: drugDrugs and Devices: drug--test cotest co--developmentdevelopment

2.2. Voluntary Genomic Data SubmissionsVoluntary Genomic Data Submissions

3.3. Research Research 

4.4. EducationEducation
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Guidance for Industry: Guidance for Industry: 
Pharmacogenomic Data SubmissionsPharmacogenomic Data Submissions

March 22, 2005
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What Does the PG Guidance Do?What Does the PG Guidance Do?

Clarifies what type of genomic data needs to be Clarifies what type of genomic data needs to be 
submitted to the FDA and whensubmitted to the FDA and when

Introduces a classification for genomic biomarkersIntroduces a classification for genomic biomarkers

Introduces a new data submission pathway to share Introduces a new data submission pathway to share 
information with the FDA on a voluntary basisinformation with the FDA on a voluntary basis

Encourages the voluntary submission of exploratory Encourages the voluntary submission of exploratory 
genomic data genomic data 

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

Clarifies how the FDA will review genomic data Clarifies how the FDA will review genomic data 
submissionssubmissions
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What Does the PG Guidance What Does the PG Guidance NotNot Do?Do?

Does not equal genomic data with voluntary dataDoes not equal genomic data with voluntary data

Does not provide information on how to validate Does not provide information on how to validate 
genomic biomarkersgenomic biomarkers

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

Does not expand into other “Does not expand into other “--omicsomics’ areas such as ’ areas such as 
proteomics or proteomics or metabolomicsmetabolomics

Does not create new processes for the review of Does not create new processes for the review of 
required data submissionsrequired data submissions
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Opportunity !Opportunity !
Network could conduct clinical trials for genomicsNetwork could conduct clinical trials for genomics--
based, new drugs.  based, new drugs.  

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

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

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

Share information with FDA through VGDS processShare information with FDA through VGDS process
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Tools to Identify Genetic VariationsTools to Identify Genetic Variations
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Advances in ScienceAdvances in Science

May 2004May 2004

OctoberOctober
20052005



12

Analytical and clinical validation for new genomic Analytical and clinical validation for new genomic 
teststests

Work with stakeholders:Work with stakeholders:

–– Patients, cliniciansPatients, clinicians

–– Tool developers, industryTool developers, industry

–– Patient advocacy groupsPatient advocacy groups

Evaluate risk Evaluate risk –– benefit profile for testbenefit profile for test

Evaluate Evaluate pharmacoeconomicpharmacoeconomic impactimpact

Become “earlyBecome “early--adaptor”adaptor”

Opportunity ! Opportunity ! 
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DrugDrug--Test CoTest Co--developed Products: developed Products: 
IssuesIssues

Strategy (use during drug development only)Strategy (use during drug development only)

Competitive advantage (i.e. ID responders)Competitive advantage (i.e. ID responders)

Timing (development, approval)Timing (development, approval)

Cost (development, reimbursement)Cost (development, reimbursement)

Availability of alternative therapy (what if none?)Availability of alternative therapy (what if none?)

Platform (platform change)Platform (platform change)

Complexity (pointComplexity (point--ofof--care vs. service laboratories)care vs. service laboratories)

Clinical usefulnessClinical usefulness (i.e. therapeutic area, marketability)(i.e. therapeutic area, marketability)
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Provide optimized setting for conduct of complex Provide optimized setting for conduct of complex 
pharmacogenomic studiespharmacogenomic studies

RealReal--life setting for clinical trials ~ optimal setting life setting for clinical trials ~ optimal setting 
for evaluating clinical utilityfor evaluating clinical utility

Evaluate risk Evaluate risk –– benefit profile for testbenefit profile for test

Evaluate Evaluate pharmacoeconomicpharmacoeconomic impactimpact

Identify and determine impact of confounding Identify and determine impact of confounding 
factors ~ continued optimization of therapyfactors ~ continued optimization of therapy

Become “earlyBecome “early--adaptor”adaptor”

Opportunity ! Opportunity ! 
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EducationEducation

Internal Education:Internal Education:

–– Pharmacogenomics 101, three partsPharmacogenomics 101, three parts

–– VGDS, briefingsVGDS, briefings

–– Seminars, lectures, …Seminars, lectures, …

External Education:External Education:

–– Publications, workshopsPublications, workshops

–– Website (Website (www.fda.gov/cder/genomicswww.fda.gov/cder/genomics))

–– Online course (in development)Online course (in development)
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Online Course: Personalized Medicine Online Course: Personalized Medicine 
–– From Theory to PracticeFrom Theory to Practice

CoCo--developed with American Medical Associationdeveloped with American Medical Association

CME creditsCME credits

Sponsored by Roche via unrestricted educational Sponsored by Roche via unrestricted educational 
fundingfunding

Background information on, e.g.:Background information on, e.g.:

–– Genetics, human genomeGenetics, human genome

–– Concepts and tools in pharmacogenomicsConcepts and tools in pharmacogenomics

–– Drug metabolismDrug metabolism

–– Clinical examples, drug labelsClinical examples, drug labels
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Workshop on Genomic Biomarker Workshop on Genomic Biomarker 
Validation: Call To Action Validation: Call To Action 

Issue: Increasing complexity of biomarkers Issue: Increasing complexity of biomarkers 

–– DME DME Molecular Targets Molecular Targets Tissue Injury Tissue Injury 
Model Model Pattern Recognition Pattern Recognition 

–– Ideally: combine multiple markersIdeally: combine multiple markers

New New guidancesguidances
1. Drug1. Drug--Test CoTest Co--developmentdevelopment
2. Statistical Considerations2. Statistical Considerations
3. Biomarker Qualification3. Biomarker Qualification

List of genomic biomarkers on websiteList of genomic biomarkers on website
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Workshop on Genomic Biomarker Workshop on Genomic Biomarker 
Validation: Call To Action (cont’d)Validation: Call To Action (cont’d)

Need for consortia: Need for consortia: 

–– Validation of biomarkers is too complex for Validation of biomarkers is too complex for 
individual entity to perform, requires crossindividual entity to perform, requires cross--
validationvalidation

Biomarker performance is about risk management:Biomarker performance is about risk management:

–– quantitative risk modelsquantitative risk models

–– decision makingdecision making

–– redefining diseaseredefining disease
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Network could provide guidelines, manuals for use of genomic Network could provide guidelines, manuals for use of genomic 
test in clinical practice, publish “Best Practices”test in clinical practice, publish “Best Practices”
Educate physicians and patients about benefit and risk of Educate physicians and patients about benefit and risk of 
genetic testing genetic testing 
Biomarkers:Biomarkers:
–– Electronic records Electronic records retrospective data mining retrospective data mining 
–– Test and validate new biomarkersTest and validate new biomarkers
–– Explore new trial designs (stratification, enrichment, Explore new trial designs (stratification, enrichment, 

adaptive designs)adaptive designs)
–– LowLow--hanging fruit: e.g. EGFR mutations and hanging fruit: e.g. EGFR mutations and IressaIressa ~ large ~ large 

study needed to (prospectively) confirm importance of study needed to (prospectively) confirm importance of 
mutationsmutations

Opportunity ! Opportunity ! 
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ReRe--Labeling of Drugs Based on New Labeling of Drugs Based on New 
Genetic KnowledgeGenetic Knowledge

AzathioprineAzathioprine, 6, 6--MPMP
–– TPMTTPMT
–– Avoid toxicity, testing recommendedAvoid toxicity, testing recommended

IrinotecanIrinotecan
–– UGT1A1UGT1A1
–– Avoid toxicity, testing recommendedAvoid toxicity, testing recommended

WarfarinWarfarin
–– CYP2C9, VKORC1CYP2C9, VKORC1
–– Avoid toxicity, ensure efficacyAvoid toxicity, ensure efficacy
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Example: Example: WarfarinWarfarin

Anticoagulant ~ one of the most often prescribed Anticoagulant ~ one of the most often prescribed 
drugs in U.S. and worldwidedrugs in U.S. and worldwide
Problem: Problem: 
–– InterInter--individual variability in dose requirementindividual variability in dose requirement
–– Major risk is bleeding: frequent and severeMajor risk is bleeding: frequent and severe
–– 1010--24 bleeding episodes per 100 patients24 bleeding episodes per 100 patients

Some of the variability in dose requirement can be Some of the variability in dose requirement can be 
attributed to genetic variations in CYP2C9 attributed to genetic variations in CYP2C9 
(metabolism, PK) and VKORC1 (mode of action, PD)(metabolism, PK) and VKORC1 (mode of action, PD)
RelabelingRelabeling recommended in 8:2 vote at CPSC recommended in 8:2 vote at CPSC 
advisory committee meeting (Nov. 14, 2005)advisory committee meeting (Nov. 14, 2005)
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52%52%--5% (0 to 5% (0 to ––10%)10%)--0.0530.053Simvastatin or fluvastatinSimvastatin or fluvastatin1111

52%52%9% (2% to 16%)9% (2% to 16%)0.0850.085SmokesSmokes1010

51%51%--12% (12% (––1% to 1% to ––17%)17%)--0.1260.126African AmericanAfrican American99

51%51%--24% (24% (––15% to 15% to ––32%)32%)--0.2770.277AmiodaroneAmiodarone88

49%49%8% (5% to 12%)8% (5% to 12%)0.1610.161Target INR, per 0.5 increaseTarget INR, per 0.5 increase77

48%48%--33% (33% (––19% to 19% to ––44%)44%)--0.3950.395African American * VKOR5808African American * VKOR580866

47%47%--7% (7% (––6% to 6% to ––9%)9%)--0.0070.007Age, per decadeAge, per decade55

43%43%--20% (20% (––16% to 16% to ––23%)23%)--0.2180.2182C9*22C9*244

39%39%--33% (33% (––29% to 29% to ––38%)38%)--0.4080.4082C9*32C9*333

32%32%12% (10% to 14%)12% (10% to 14%)0.4540.454BSA, per 0.25 m2BSA, per 0.25 m222

22%22%--27% (27% (––25% to 25% to ––30%)30%)--0.3190.319Caucasian * VKOR6853Caucasian * VKOR685311

RR22

after after 
entryentry

Effect on Warfarin Dose Effect on Warfarin Dose CoefficientCoefficientVariableVariableEntry Entry 
into into 

ModelModel
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Provides access to large number of patients ~ Provides access to large number of patients ~ 
necessary to conduct statistically meaningful studiesnecessary to conduct statistically meaningful studies
Collect patient data in a coherent and coordinated Collect patient data in a coherent and coordinated 
fashion ~ data formats, standardizationfashion ~ data formats, standardization
Disease modeling Disease modeling develop dosing algorithmdevelop dosing algorithm
Test feasibility for genotyping in clinical settingTest feasibility for genotyping in clinical setting
Evaluate Evaluate pharmacopharmaco--economic impacteconomic impact

BenefitsBenefits patients, clinicians ~ but also any other patients, clinicians ~ but also any other 
stakeholdersstakeholders

Opportunity ! Opportunity ! 
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