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What I want to talk aboutWhat I want to talk about

Personalized Medicine and the Critical PathPersonalized Medicine and the Critical Path
–– Drivers for changeDrivers for change

Biomarkers Biomarkers –– their use and issues around their use in:their use and issues around their use in:
–– New drug developmentNew drug development
–– Label updatesLabel updates
–– Clinical trialsClinical trials

New ways to collaborate New ways to collaborate –– the role of consortiathe role of consortia
–– Example: Predictive Safety Testing ConsortiumExample: Predictive Safety Testing Consortium
–– Impact of this effort on infrastructure development at the FDAImpact of this effort on infrastructure development at the FDA

ConclusionsConclusions
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Personalized Medicine and the Personalized Medicine and the 
Critical PathCritical Path

Personalized Medicine is more than a buzzPersonalized Medicine is more than a buzz--word word –– it is a clinical, it is a clinical, 
scientific, business, and regulatory opportunity:scientific, business, and regulatory opportunity:

–– Physicians are practicing personalized medicine today (ask them!Physicians are practicing personalized medicine today (ask them!) ) 
what what wewe call Personalized Medicine will help doctors and patients to call Personalized Medicine will help doctors and patients to 
make better informed drug therapy decisionsmake better informed drug therapy decisions

–– New tools allow us to do it New tools allow us to do it –– todaytoday

–– Drugs can be developed more efficiently and successfully, perhapDrugs can be developed more efficiently and successfully, perhaps s 
even cheapereven cheaper

–– Regulators will be able to make better decisionsRegulators will be able to make better decisions

The Critical Path is the period of firstThe Critical Path is the period of first--inin--man to drug launch: this is man to drug launch: this is 
precisely the period during which medicines can be precisely the period during which medicines can be ““personalizedpersonalized””

There are many good reasons why it is a good idea to do thisThere are many good reasons why it is a good idea to do this
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Public Health and the Critical Path to Public Health and the Critical Path to 
Personalized MedicinePersonalized Medicine

1. 1. The The response rateresponse rate to current medicines is often unacceptably low:to current medicines is often unacceptably low:
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Public Health and the Critical Path to Public Health and the Critical Path to 
Personalized MedicinePersonalized Medicine

2.2. Staggering number of Staggering number of adverse eventsadverse events and increasing associated health costsand increasing associated health costs

–– ADRsADRs are the 4are the 4thth to 6to 6thth leading cause of death in the United States with leading cause of death in the United States with 
>2 >2 miomio. cases annually, 100,000 of them fatal. cases annually, 100,000 of them fatal

–– Overall incidence of drugOverall incidence of drug--related related ADRsADRs is 7%is 7%
LazarouLazarou et al, JAMA, 279, 1200, 1998et al, JAMA, 279, 1200, 1998

–– 28% of hospitalized patients have drug28% of hospitalized patients have drug--related related ADRsADRs
Miller al, Am. J. Hosp. Miller al, Am. J. Hosp. PharmPharm 30, 584, 1973 30, 584, 1973 

–– Cost of drugCost of drug--related morbidity and mortality is $177 billionrelated morbidity and mortality is $177 billion
Ernst et al, J. Am. Ernst et al, J. Am. PharmPharm. Assoc., 41, 192, 2001. Assoc., 41, 192, 2001

Identifying who will benefit from a specific drug treatment and Identifying who will benefit from a specific drug treatment and who might be who might be 
at risk is the obvious thing to doat risk is the obvious thing to do

Health care wonHealth care won’’t get cheaper because of Critical Path and Personalized t get cheaper because of Critical Path and Personalized 
Medicine, but it provides an opportunity to shift costs to more Medicine, but it provides an opportunity to shift costs to more productive productive 
efforts, such as prevention and adequate therapiesefforts, such as prevention and adequate therapies
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Public Health and the Critical Path to Public Health and the Critical Path to 
Personalized MedicinePersonalized Medicine

3.3. Unmet medical needsUnmet medical needs

–– There are about 6,000 orphan diseases (NIH data)There are about 6,000 orphan diseases (NIH data)

–– Recent estimates put the number of potential drug targets at aroRecent estimates put the number of potential drug targets at around und 
3.5% of the human genome (~1050 genes), yet3.5% of the human genome (~1050 genes), yet

–– > 50% of all drugs target only 4 key gene families:> 50% of all drugs target only 4 key gene families:

Class I GCPRClass I GCPR

Nuclear receptorsNuclear receptors

LigandLigand--gated ion channelsgated ion channels

VoltageVoltage--gated ion channelsgated ion channels

This relates to reason 1. This relates to reason 1. ““response rateresponse rate””: we don: we don’’t understand in many cases t understand in many cases 
why patients respond/ do not respondwhy patients respond/ do not respond

–– Once we do, many diseases might in fact be orphan, i.e. they areOnce we do, many diseases might in fact be orphan, i.e. they are
subcategories of a broader phenotypesubcategories of a broader phenotype

And then, there was the Human Genome Project:And then, there was the Human Genome Project:
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The Human Genome Project The Human Genome Project ––
Identification of New Drug TargetsIdentification of New Drug Targets

John P. Overington, Bissan Al-Lazikani and Andrew L. Hopkins, Nature Drug Discovery Reviews, Vol. 5, Dec 2006



88

…… but it does not translate into an but it does not translate into an 
increase in new productsincrease in new products
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As a Result, the Gap between Bench and As a Result, the Gap between Bench and 
Bedside Continues to Grow Bedside Continues to Grow ((…… but this but this 
does not mean wedoes not mean we’’ve made no progress!)ve made no progress!)

There is no shortage on new science, but it remains underutilizeThere is no shortage on new science, but it remains underutilized in drug d in drug 
discovery and development (the missing link is effective transladiscovery and development (the missing link is effective translational medicine)tional medicine)

Impetus on public health and personalized medicine: Impetus on public health and personalized medicine: 

We continue to use drugs with not enough understanding of the We continue to use drugs with not enough understanding of the 
molecular mechanisms, which: molecular mechanisms, which: 

1.1. Determine who responds to a specific drugDetermine who responds to a specific drug

2.2. Determine who is at risk for experiencing an adverse eventDetermine who is at risk for experiencing an adverse event

3.3. Cause diseaseCause disease

The question is, how do we effectively use our new knowledge in The question is, how do we effectively use our new knowledge in drug drug 
development, and how is this risk rewardeddevelopment, and how is this risk rewarded

However, drug development has traditionally been a pragmatic proHowever, drug development has traditionally been a pragmatic process:cess:



1010

Nobel Prize 1988 for Nobel Prize 1988 for ““discoveries of the discoveries of the 
important principles of drug treatmentimportant principles of drug treatment””
–– not so Critical Pathnot so Critical Path--ishish

“The most fruitful basis 
for the discovery of a 
new drug is to start with 
an old drug”

- James Black

“The most fruitful basis 
for the discovery of a 
new drug is to start with 
an old drug”

- James Black

THE LANCET • Vol 355 • March 18, 2000
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Since a decade, most Since a decade, most NCEsNCEs are directed are directed 
against old targetsagainst old targets

Andrew L. Hopkins and Colin R. Groom, Nature Review Drug Discovery, Vol. 1, Sept 2002
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What Has Gone Wrong ?What Has Gone Wrong ?

Translation of new, cuttingTranslation of new, cutting--edge science into successful drug edge science into successful drug 
development program happens more slowly than anticipated (e.g. development program happens more slowly than anticipated (e.g. 
““genome hypegenome hype””) ) 

Lack of a predictable regulatory environment (e.g. the first finLack of a predictable regulatory environment (e.g. the first final al PGxPGx--
related guidance issued only in 2005, many more clarifications arelated guidance issued only in 2005, many more clarifications are re 
needed)needed)

Industry, until recently, unwilling to change business model:Industry, until recently, unwilling to change business model:
the use of a biomarkerthe use of a biomarker--driven development plans was feared to lead to driven development plans was feared to lead to 
market segmentation and competitive disadvantagemarket segmentation and competitive disadvantage

Dialogue between pharmaceutical and device companies has not Dialogue between pharmaceutical and device companies has not 
happened; products have very different lifehappened; products have very different life--cycles making alignment of cycles making alignment of 
the two development processes difficultthe two development processes difficult

Many of these aspects have been realized and are being addressedMany of these aspects have been realized and are being addressed in in 
the the ““Critical PathCritical Path”” InitiativeInitiative
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From Stagnation to Innovation: From Stagnation to Innovation: 
FDAFDA’’s Critical Path Initiatives Critical Path Initiative

““The Critical Path Initiative is FDA's effort to stimulate and faThe Critical Path Initiative is FDA's effort to stimulate and facilitate cilitate 
a national effort to modernize the scientific process through wha national effort to modernize the scientific process through which a ich a 
potential human drug, biological product, or medical device is potential human drug, biological product, or medical device is 
transformed from a discovery or "proof of concept" into a medicatransformed from a discovery or "proof of concept" into a medical l 
product.product.””

2006 2006 –– Critical Path Opportunity List Critical Path Opportunity List –– 76 opportunities characterized 76 opportunities characterized 
in six broad topics:in six broad topics:

1.1. Biomarker developmentBiomarker development

2.2. Streamlining clinical trialsStreamlining clinical trials

3.3. BioinformaticsBioinformatics

4.4. ManufacturingManufacturing

5.5. Combat emerging infections and bioterrorismCombat emerging infections and bioterrorism

6.6. Developing therapies for children and adolescentsDeveloping therapies for children and adolescents
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From Stagnation to Innovation: From Stagnation to Innovation: 
FDAFDA’’s Critical Path Initiatives Critical Path Initiative
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Critical Path and Biomarker DevelopmentCritical Path and Biomarker Development

Prototype
Design or
Discovery

Clinical DevelopmentBasic
Research

FDA Filing/
Approval &
Launch

Preclinical
Development Phase 1 Phase 2 Phase 3

CRITICAL PATH

How can the Critical Path Initiative fosterHow can the Critical Path Initiative foster
biomarker development and use?biomarker development and use?
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PrePre-- or Nonor Non--Competitive SpaceCompetitive Space

Prototype
Design or
Discovery

Clinical DevelopmentBasic
Research

FDA Filing/
Approval &
Launch

Preclinical
Development Phase 1 Phase 2 Phase 3

CRITICAL PATH

Example:Example:
Predictive SafetyPredictive Safety

Example:Example:
Adverse EventsAdverse Events

Example:Example:
ImagingImaging

Example:Example:
Assay DevelopmentAssay Development

PrePre-- or Nonor Non--
Competitive SpaceCompetitive Space

Example for CPExample for CP
Collaborative EffortCollaborative Effort PSTCPSTC FDGFDG--PETPET MATTMATT SAECSAEC

OBQIOBQI

> 35 Critical Path projects initiated so far, will continue to unfold
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PrePre-- or Nonor Non--Competitive SpaceCompetitive Space

Prototype
Design or
Discovery

Clinical DevelopmentBasic
Research
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CRITICAL PATH

Example:Example:
Predictive SafetyPredictive Safety

Example:Example:
Adverse EventsAdverse Events

Example:Example:
ImagingImaging

Example:Example:
Assay DevelopmentAssay Development

PrePre-- or Nonor Non--
Competitive SpaceCompetitive Space

Example for CPExample for CP
Collaborative EffortCollaborative Effort PSTCPSTC FDGFDG--PETPET MATTMATT SAECSAEC

OBQIOBQI

Predictive Safety Testing Consortium 
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• Initial discussions started 3/05 between OCP Genomics Group and Industry

• Structural framework proposal by C-Path in July 2005

• Legal framework completed in March 2006

• Six working groups:
Nephrotoxicity, Hepatotoxicity, Vasculitis, Genotoxic and Non-Genotoxic Carcinogenicity, Muscle Toxicity and Clinical

• Current membership: 17 large pharma companies
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Qualification of PreQualification of Pre--Clinical Clinical 
Biomarkers of Drug SafetyBiomarkers of Drug Safety

Goal: Identify process to qualify Goal: Identify process to qualify 
preclinical biomarkerspreclinical biomarkers
–– Process that can be generalizedProcess that can be generalized
–– Solid scienceSolid science
–– Regulatory buyRegulatory buy--inin

Requires interaction between industry Requires interaction between industry 
stakeholders and FDAstakeholders and FDA
Preclinical safety testing consortium Preclinical safety testing consortium 
(led by C(led by C--Path Institute)Path Institute)
Internal pilot process being developed Internal pilot process being developed 
to review qualification data to review qualification data –– ensure ensure 
that all stakeholders are involved that all stakeholders are involved 

Goodsaid & Frueh, Pharmacogenomics 7(5):773
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Connecting the VXDS Pathway to Connecting the VXDS Pathway to 
Biomarker QualificationBiomarker Qualification

Voluntary submission pathway:Voluntary submission pathway:

–– Created to establish a platform for Created to establish a platform for ““informalinformal”” interaction between interaction between 
sponsors and FDAsponsors and FDA

–– 22½½ years old, 30 submissionsyears old, 30 submissions

–– VGDS expanded to VXDS (X = exploratory) programVGDS expanded to VXDS (X = exploratory) program

–– True crossTrue cross--Center review collaborations: IPRGCenter review collaborations: IPRG

–– Significant impact on science, new policy developmentSignificant impact on science, new policy development

Used strategically to talk about use of novel biomarkers in drugUsed strategically to talk about use of novel biomarkers in drug
development programsdevelopment programs

Will be piloted as initial step for qualification of biomarkers Will be piloted as initial step for qualification of biomarkers for prefor pre--
clinical drug safety (PSTC):clinical drug safety (PSTC):

–– NephrotoxicityNephrotoxicity VXDS planned for July 2007 as FDA/EMEA VXDS planned for July 2007 as FDA/EMEA 
bilateral eventbilateral event
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International Interest in International Interest in PGxPGx and Use of and Use of 
Biomarkers in Drug DevelopmentBiomarkers in Drug Development

VXDS programVXDS program has stirred interest in Europe and Japanhas stirred interest in Europe and Japan

–– 2 bilateral VGDS meetings held with EMEA2 bilateral VGDS meetings held with EMEA

In 2006, formal In 2006, formal ICHICH expert group on expert group on PGxPGx formed (Eformed (E--15)15)

–– Draft guidance Draft guidance ““E15 Terminology in E15 Terminology in PharmacogenomicsPharmacogenomics””
published in December 2006 published in December 2006 
((www.fda.gov/cder/guidance/7619dft.pdfwww.fda.gov/cder/guidance/7619dft.pdf))

–– Guidance is first step to harmonize on issues such as biomarker Guidance is first step to harmonize on issues such as biomarker 
qualification, what type of data needs to be submitted, etc.qualification, what type of data needs to be submitted, etc.

Council for International Organizations of Medical Sciences (Council for International Organizations of Medical Sciences (CIOMSCIOMS) ) 
–– Book on Book on ““PharmacogeneticsPharmacogenetics –– towards improving treatment with towards improving treatment with 
medicinesmedicines”” published in 2005published in 2005

OECDOECD Working Party on Biotechnology: Working Party on Biotechnology: PharmacogeneticsPharmacogenetics Policy Policy 
Report (to be published)Report (to be published)
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Creating New Regulatory Review Creating New Regulatory Review 
Processes Processes AinAin’’tt EasyEasy
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Status Quo: Genomic Biomarker Status Quo: Genomic Biomarker 
Information in Current Drug LabelsInformation in Current Drug Labels

How many and which genomic biomarker are mentioned in How many and which genomic biomarker are mentioned in 
currently marketed drugs?currently marketed drugs?
How can we capture and present this information?How can we capture and present this information?

What does the label say?What does the label say?
–– Do we Do we ““requirerequire”” or or ““recommendrecommend”” the measurement of the the measurement of the 

biomarker?biomarker?
–– How does the knowledge of the biomarker affect a How does the knowledge of the biomarker affect a 

treatment decision?treatment decision?
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http://www.fda.gov/cder/genomics/genomic_biomarkers_table.htm

http://http://www.fda.gov/cder/genomics/genomic_biomarkers_table.htm

www.fda.gov/cder/genomics/genomic_biomarkers_table.htm
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Not all of these drug labels had genomic Not all of these drug labels had genomic 
biomarker information in biomarker information in ““version 1version 1”” –– the the 
importance of label updates for Pers. Medicineimportance of label updates for Pers. Medicine

Example: Example: IrinotecanIrinotecan

IrinotecanIrinotecan is a is a topoisomerasetopoisomerase 1 inhibitor used to treat colon cancer1 inhibitor used to treat colon cancer

1994: introduced in U.S. market (accelerated FDA approval)1994: introduced in U.S. market (accelerated FDA approval)

1997: severe toxicity observed in 2 patients with Gilbert1997: severe toxicity observed in 2 patients with Gilbert’’s syndromes syndrome

1998: role of UGT1A1 in the metabolism of the active metabolite 1998: role of UGT1A1 in the metabolism of the active metabolite of of 
irinotecanirinotecan, SN, SN--38, described38, described

2004: FDA advisory committee recommends label update to inform 2004: FDA advisory committee recommends label update to inform 
that patients with UGT1A1 deficiency may need a lower dosethat patients with UGT1A1 deficiency may need a lower dose

2005: 2005: IrinotecanIrinotecan label was updated with recommendation to lower label was updated with recommendation to lower 
dose by 1 step if patient carries UGT1A1*28 alleledose by 1 step if patient carries UGT1A1*28 allele

2005: First UGT1A1 genetic test (Invader Assay) was FDA2005: First UGT1A1 genetic test (Invader Assay) was FDA--approvedapproved

The way to Personalized Medicine for The way to Personalized Medicine for irinotecanirinotecan was paved was paved –– BUT:BUT:



2828

Although the Critical Path to Personalized Although the Critical Path to Personalized 
Medicine does not stop once a drug is on the Medicine does not stop once a drug is on the 
market, retrofitting a label is complicatedmarket, retrofitting a label is complicated

Example: Example: IrinotecanIrinotecan
–– Lack of conclusive, statistically sound prospective studies demoLack of conclusive, statistically sound prospective studies demonstrating nstrating 

a reduction of toxicitya reduction of toxicity
–– Lack of studies demonstrating equal benefit of drug when dose isLack of studies demonstrating equal benefit of drug when dose is

reduced in patients with UGT1A1*28 allele reduced in patients with UGT1A1*28 allele 
This maybe unrealistic for small populationsThis maybe unrealistic for small populations
We measure blood levels as We measure blood levels as ““surrogate for efficacysurrogate for efficacy””

–– We do this for BE and DDI studies, but somehow acceptance We do this for BE and DDI studies, but somehow acceptance 
doesndoesn’’t seem to have transpired to geneticst seem to have transpired to genetics……

–– Test has only 50% percent sensitivity (95% specificity)Test has only 50% percent sensitivity (95% specificity)
Biggest problem Biggest problem –– changing medical practice:changing medical practice:
–– Once drug is on the market, medical practice takes shapeOnce drug is on the market, medical practice takes shape
–– Physicians Physicians ““knowknow”” how to use the drughow to use the drug
–– Inherently problematic in oncology (toxicity used as measure of Inherently problematic in oncology (toxicity used as measure of efficacy)efficacy)

Generally, no incentive for, and little interest from, sponsors Generally, no incentive for, and little interest from, sponsors to change labelto change label
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From Stagnation to Innovation: From Stagnation to Innovation: 
FDAFDA’’s Critical Path Initiatives Critical Path Initiative

““The Critical Path Initiative is FDA's effort to stimulate and faThe Critical Path Initiative is FDA's effort to stimulate and facilitate cilitate 
a national effort to modernize the scientific process through wha national effort to modernize the scientific process through which a ich a 
potential human drug, biological product, or medical device is potential human drug, biological product, or medical device is 
transformed from a discovery or "proof of concept" into a medicatransformed from a discovery or "proof of concept" into a medical l 
product.product.””

2006 2006 –– Critical Path Opportunity List Critical Path Opportunity List –– 76 opportunities characterized 76 opportunities characterized 
in six broad topics:in six broad topics:

1.1. Biomarker developmentBiomarker development

2.2. Streamlining clinical trialsStreamlining clinical trials

3.3. BioinformaticsBioinformatics

4.4. ManufacturingManufacturing

5.5. Combat emerging infections and bioterrorismCombat emerging infections and bioterrorism

6.6. Developing therapies for children and adolescentsDeveloping therapies for children and adolescents
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Low Success Rate in All Phases Low Success Rate in All Phases 
of Drug Developmentof Drug Development

Alastair J.J. Wood, N Engl J Med 355;6 – August 10, 2006

Overall: <5 PercentOverall: <5 Percent
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Result: Decrease in Approval of New Result: Decrease in Approval of New 
Chemical Entities and BiologicsChemical Entities and Biologics

2006: the number of new 2006: the number of new CEsCEs and biologics remains low, and biologics remains low, 

while R&D expenditures rise to US$55.3 billion, up $3.4 billion while R&D expenditures rise to US$55.3 billion, up $3.4 billion 
(7%) from the last record in 2005.(7%) from the last record in 2005.
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New Clinical Trial DesignsNew Clinical Trial Designs

There are many reasons for the decline in new drug approvals, buThere are many reasons for the decline in new drug approvals, but t 
the inability to demonstrate efficacy is one key reasonthe inability to demonstrate efficacy is one key reason
Traditional trial designs are not adequate to address complex Traditional trial designs are not adequate to address complex 
questions that arise with the use of new biomarker strategiesquestions that arise with the use of new biomarker strategies
We hope that the use of biomarkers can increase trial success raWe hope that the use of biomarkers can increase trial success rate, te, 
but we have little experience with true enrichment or stratificabut we have little experience with true enrichment or stratification tion 
designsdesigns
–– For example: new For example: new ““hybridhybrid””--designs are being proposed (e.g. designs are being proposed (e.g. 

SimonSimon’’s 0.4/0.1 design), but are untested so fars 0.4/0.1 design), but are untested so far
Even when new designs are used, other issues remain open:Even when new designs are used, other issues remain open:
–– Seamless integration of development phasesSeamless integration of development phases
–– Retrospective data analysis (fishing for new biomarkers)Retrospective data analysis (fishing for new biomarkers)
–– DrugDrug--test cotest co--development, alignment of drug and device development, alignment of drug and device 

developmentdevelopment
–– Conditional approval (surrogates?)Conditional approval (surrogates?)
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Streamlining Clinical TrialsStreamlining Clinical Trials

Area of high interest and intense debateArea of high interest and intense debate

–– How best to do it How best to do it –– pertinent questions:pertinent questions:

Enrichment, stratification, and adaptive trial designsEnrichment, stratification, and adaptive trial designs

Late stage Late stage ““learnlearn--confirmconfirm””: introduction and qualification of : introduction and qualification of 
new biomarkers in late phase drug developmentnew biomarkers in late phase drug development

Data in Data in ““offoff--groupgroup””: how much data is needed: how much data is needed

FDA plans to issue new FDA plans to issue new guidancesguidances on on 

–– Multiple EndpointsMultiple Endpoints

–– Enrichment DesignsEnrichment Designs

–– NonNon--inferiority Designsinferiority Designs

–– Adaptive DesignsAdaptive Designs

–– Missing DataMissing Data

–– End of Phase 2AEnd of Phase 2A
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Consideration of impact on label:Consideration of impact on label:
Is it a Is it a ““development onlydevelopment only”” biomarker or should it be used in the market?biomarker or should it be used in the market?

Putting it all together: Biomarker Strategy and Drug LabelPutting it all together: Biomarker Strategy and Drug Label

Target Optimization

Prototype
Design or
Discovery

Clinical DevelopmentBasic
Research

FDA Filing/
Approval &
Launch

Preclinical
Development Phase 1 Phase 2 Phase 3

Identification of
Disease Targets

Optimizing the 
Safety Profile

Streamline Clinical Trials
(Enrichment, Stratification)

Characterize and learn about the biology,
e.g. identify affected biological pathways Validation

Drug LabelDrug Label

CRITICAL PATH
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More about this in the afternoon More about this in the afternoon 
workshop on workshop on ……
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ConclusionsConclusions

Drug therapy is characterized by low response rates, occurrence Drug therapy is characterized by low response rates, occurrence of of 
adverse events and unmet medical needs adverse events and unmet medical needs –– in part, this is due to in part, this is due to 
the old the old ““oneone--sizesize--fitsfits--allall”” model of drug development and usemodel of drug development and use

At the same time, industry is spending more and getting less froAt the same time, industry is spending more and getting less from m 
current drug development effortscurrent drug development efforts

Several Critical Path projects poised to change the old drug Several Critical Path projects poised to change the old drug 
development model are underwaydevelopment model are underway

The qualification and intelligent use of biomarkers in novel cliThe qualification and intelligent use of biomarkers in novel clinical nical 
trial designs will streamline these trials trial designs will streamline these trials –– they will become an they will become an 
integral part of Personalized Medicine integral part of Personalized Medicine –– globally globally 

Implementing Personalized Medicine is best done from the start Implementing Personalized Medicine is best done from the start 
(nobody questioned the use of a Her2/neu test for (nobody questioned the use of a Her2/neu test for HerceptinHerceptin) ) ––
retrofitting old labels is important, but also difficult and theretrofitting old labels is important, but also difficult and the
acceptance in clinical practice is slowacceptance in clinical practice is slow



3737

www.fda.gov/cder/genomicswww.fda.gov/cder/genomics

Felix.Frueh@fda.hhs.govFelix.Frueh@fda.hhs.gov


