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OutlineOutline

�� Personalized MedicinePersonalized Medicine –– what is it?what is it?

�� Then and nowThen and now –– what we can do today that wewhat we can do today that we 
couldncouldn’’t do beforet do before

�� Biomarkers and (genetic) testingBiomarkers and (genetic) testing

�� Dose and drug selectionDose and drug selection –– some key points to considersome key points to consider

�� DrugDrug--test cotest co--developmentdevelopment –– a paradigm change?a paradigm change?

�� Other considerations on the quest to get medicine lessOther considerations on the quest to get medicine less 
impersonalimpersonal

�� Theme:Theme: Evidence and BenefitEvidence and Benefit –– Risk considerationsRisk considerations
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Intro IIIntro II

The Right Drug …The Right Drug …

Personalized Drug TherapyPersonalized :Drug Therapy :



5

at the Right Doseat the Right Dose ……

…… for thefor the
Right PatientRight Patient ……



…… at the Right Time.
at the Right Time.

6 
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(Personalized) Medicine: Then and Now(Personalized) Medicine: Then and Now
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(Personalized) Medicine: Then and Now(Personalized) Medicine: Then and Now



Example:
Example: 

99

Leukemia and LymphomaLeukemia and Lymphoma 5 Year 
Survival 

~ 0% 

~ 70% 

19501950 “Disease of the Blood” 

19601960 Leukemia Lymphoma 

19701970 Chronic Leukemia 
Acute Leukemia 
Preleukemia 

Indolent Lymphoma 
Aggressive Lymphoma 

20072007 ∼38 Leukemia types identified: 
Acute myeloid leukemia (∼12 types) 
Acute lymphoblastic leukemia (2 types) 
Acute promyelocytic leukemia (2 types) 
Acute monocytic leukemia (2 types) 
Acute erythroid leukemia (2 types) 
Acute megakaryoblastic leukemia 
Acute myelomonocytic leukemia (2 types) 
Chronic myeloid leukemia 
Chronic myeloproliferative disorders (5 types) 
Myelodysplastic syndromes (6 types) 
Mixed myeloproliferative/myelodysplastic 
syndromes (3 types) 

∼51 Lymphomas identified: 
Mature B-cell lymphomas (∼14 types) 
Mature T-cell lymphomas (15 types) 
Plasma cell neoplasm (3 types) 
Immature (precursor) lymphomas (2 types) 
Hodgkin’s lymphoma (5 types) 
Immunodeficiency associated lymphomas (∼5 types) 
Other hematolymphoid neoplasms (∼7 types) 

After Mara Aspinall, Genzyme Genetics (modified) 
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Idea: Use Molecular Markers toIdea: Use Molecular Markers to 
Make Better Treatment DecisionsMake Better Treatment Decisions

Treatment decisionTreatment decision
Was the outcomeWas the outcome
predicted accurately?predicted accurately?

Real OutcomeReal Outcome

Outcome PredictionOutcome Prediction

Gene expression 

Proteomics 

Metabolomics 

Imaging 

Family history 

Clinical data 

InformationInformation
integrationintegration



11http://www.fda.gov/cder/foi/label/2007/009218s105lblv2.pdf 



CYP2C9 and VKORC1 TestingCYP2C9 and VKORC1 Testing –– Better
Better 
Estimation ofEstimation of WarfarinWarfarin Starting Dose
Starting Dose

Genetics and other clinical 
factors can help to assess 
approx. 60 percent of the 
variability in warfarin dose 

N Engl J Med 1995; 333: 5-10 
12 



KEY POINTS TO KEEP IN MIND… 

• Genetic tests not required 

• Encourage doctors to consider genetics in initial warfarin doses 

• Genetic tests are available 

• Prevalence of genetic variants in different ethnic/racial groups 

• Non-genetic factors also important 

• INR monitoring is still essential 

13 



Tamoxifen Metabolic Pathway
Tamoxifen Metabolic Pathway

Jin, Y. et al. J Natl Cancer Inst 2005;97:30-39 
14 
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Useful, because alternatives exist:Useful, because alternatives exist: 
Hormonal Therapies of Breast CancerHormonal Therapies of Breast Cancer

�� Selective Estrogen Receptor ModulatorSelective Estrogen Receptor Modulator
–– TamoxifenTamoxifen

�� AromataseAromatase InhibitorsInhibitors
–– AnastrazoleAnastrazole ((ArimidexArimidex))
–– LetrozoleLetrozole ((FemaraFemara))
–– ExemestaneExemestane ((AromasinAromasin))



17



18



1919

In the WorksIn the Works

�� New guidanceNew guidance for industry onfor industry on ““Clinical Pharmacogenomics in earlyClinical Pharmacogenomics in early 
drug developmentdrug development””

�� Related to PK/PD and Pharmacogenomics (e.g. what should we doRelated to PK/PD and Pharmacogenomics (e.g. what should we do
with pharmacogenomics and drug metabolism genotypes)with pharmacogenomics and drug metabolism genotypes)

�� Determine:Determine:

–– Details on "what are the questions" (i.e., the goals of aDetails on "what are the questions" (i.e., the goals of a PGxPGx
study)study)

–– How to go about getting results that matter (i.e., study designsHow to go about getting results that matter (i.e., study designs
and the use of M/S to design adequate studies)and the use of M/S to design adequate studies)

–– What to do with the results ofWhat to do with the results of PGxPGx studies (i.e., data analysisstudies (i.e., data analysis
and labeling)and labeling)

�� Planned to have a draft ready in early 2008Planned to have a draft ready in early 2008
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The Right Drug for the WrongThe Right Drug for the Wrong 
Patient ?Patient ?

The response rate to current medicines is often unacceptably lowThe response rate to current medicines is often unacceptably low::
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Alzheimer's 
Incontinence 
HCV 
Osteoporosis 
Migraine (prophylaxis) 
Rheumatoid Arthritis 
Migraine (acute) 
Diabetes 
Asthma 
Cardiac arrythmias 
Schizophrenia 
Depression (SSRI) 
Analgesics (Cox2) 

After Spear et al. TRENDS in Molecular Medicine Vol.7No.5 May 2001 



Herceptin
Trastuzumab (Herceptin®)
Trastuzumab (Herceptin®)
In a normal breast tissue cell, the Her-2 gene
In a normal breast tissue cell, the Her-2 gene

is expressing cell surface receptor requiredis expressing cell surface receptor required 
for normal cell growth.for normal cell growth.

In certain types of breast cancers, the
In certain types of breast cancers, the 
Her-2 gene is over-expressing this cell
Her-2 gene is over-expressing this cell

surface receptor, contributing to cancerous
surface receptor, contributing to cancerous
cell growth.
cell growth.
This is the case in ~30% of breast cancers.
This is the case in ~30% of breast cancers.

Herceptin (trastuzumab) is an antibody thatHerceptin (trastuzumab) is an antibody that
blocks the cell surface receptor and therebyblocks the cell surface receptor and thereby
prevents further growth. As a result, diseaseprevents further growth. As a result, disease
progression is slowed down.progression is slowed down. 21 
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GefitinibGefitinib ((IressaIressa))

�� Selective inhibitor of EGFR tyrosineSelective inhibitor of EGFR tyrosine kinasekinase domaindomain

�� Approved under subApproved under sub--part H (accelerated approval) for treatment ofpart H (accelerated approval) for treatment of 
NSCLC in 2004NSCLC in 2004

�� In Dec 2004, pivotal trial (ISEL) did not show survival benefitIn Dec 2004, pivotal trial (ISEL) did not show survival benefit overover 
placeboplacebo

�� Nevertheless a subset of patient (~10%) showed significantNevertheless a subset of patient (~10%) showed significant 
improvementsimprovements 

�� MarketMarket witdrawalwitdrawal and access program put in place in 2005and access program put in place in 2005

�� Current indication:Current indication: IRESSA is indicated as monotherapy for the 
continued treatment of patients with locally advanced or metastatic 
non-small cell lung cancer after failure of both platinum-based and 
docetaxel chemotherapies who are benefiting or have benefited 
from IRESSA 
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GefitinibGefitinib ((IressaIressa), cont), cont’’dd
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GefitinibGefitinib ((IressaIressa), cont), cont’’dd

�� NewNew exploratoryexploratory biomarkers for prediction of response tobiomarkers for prediction of response to gefitinibgefitinib
have been identified:have been identified:

�� Genetic variations in tumorGenetic variations in tumor

–– Positive results of (small) prospective trialsPositive results of (small) prospective trials

�� Example: results published at ASCO 2007; abstract #7504,Example: results published at ASCO 2007; abstract #7504, 
SequistSequist et al; 31 patients with genetic variations in EGFRet al; 31 patients with genetic variations in EGFR 
treated; RR 58%treated; RR 58% -- problem is, that there are no matchedproblem is, that there are no matched 
controls, i.e. we doncontrols, i.e. we don’’t know how a patient with the samet know how a patient with the same 
genetic variation would progress without treatmentgenetic variation would progress without treatment

�� EGFR gene copy numberEGFR gene copy number

–– In same study, 71% of treated patients had also geneIn same study, 71% of treated patients had also gene 
amplification oramplification or polysomypolysomy

–– Several other reports illustrate that gene copy number (FISH)Several other reports illustrate that gene copy number (FISH) 
could be an important predictive factor forcould be an important predictive factor for gefitinibgefitinib therapytherapy
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Some Key Questions About GettingSome Key Questions About Getting 
This Evidence and ConsequencesThis Evidence and Consequences

�� At what point is retrospective data good enough?At what point is retrospective data good enough?

–– E.g., recentE.g., recent warfarinwarfarin study results confirm conclusionsstudy results confirm conclusions 
reached two years ago based on retrospective datareached two years ago based on retrospective data

–– How can we better use existing data sources?How can we better use existing data sources?

�� When are randomized controlled trials to create the evidenceWhen are randomized controlled trials to create the evidence 
for genetic testing really needed?for genetic testing really needed?

–– E.g.,E.g., warfarinwarfarin trial: when should genetic test betrial: when should genetic test be 
performed?performed?

�� But: multivariate problem with highly complex tests: how toBut: multivariate problem with highly complex tests: how to 
avoid random and meaningless associations?avoid random and meaningless associations?
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Breaking Down the BarriersBreaking Down the Barriers

�� …… two fundamental aspects of personalizedtwo fundamental aspects of personalized
medicine that donmedicine that don’’t fit our current paradigmt fit our current paradigm
of drug development and approval:of drug development and approval:

�� ““SuperioritySuperiority”” on a population basis doeson a population basis does 
not necessarily reflect the best choice fornot necessarily reflect the best choice for
an individualan individual

(A treatment with a 10% advantage over(A treatment with a 10% advantage over
a comparator may still be the wronga comparator may still be the wrong 
treatment for a lot of people)treatment for a lot of people)

�� ““Low efficacyLow efficacy”” can still mean that a subset of patients has acan still mean that a subset of patients has a 
dramatic responsedramatic response –– how can we ensure that these patientshow can we ensure that these patients 
are identified and the drug is being developed ?are identified and the drug is being developed ?

�� New and innovative approaches are neededNew and innovative approaches are needed……



GenomeGenome--wide SNP Analyses
wide SNP Analyses

“Our data further suggest that 
a biomarker test based on 
DRB1*07 would have been 
able to detect patients at risk 
of the AE with sensitivity of 
47% and specificity of 83%.” 

Whatd oes FDAthink? 
If at-risk patients can be 
excluded, a suspected 
hepatotoxic drug would be 
potentially approvable, inthe 
context of the overall 
risk/benefit analysis for the 
drug. 

27 27



2828

Whole Genome ScansWhole Genome Scans

““Man, that record came out and was realMan, that record came out and was real 
big in Memphis. They started playing it,big in Memphis. They started playing it, 
and it got real big. Don't know whyand it got real big. Don't know why –– thethe 
lyrics had no meaning.lyrics had no meaning.””

Elvis PresleyElvis Presley
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New gene expression approaches toNew gene expression approaches to 
guide the use of existing chemotherapyguide the use of existing chemotherapy

Potti et alNature Medicine (2006) 12(11):1294-1300 
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�	� Gene expression signatures predict sensitivity to inGene expression signatures pred dividualict sensitivity to individual 
chemotherapeutic drugschemotherapeutic drugs 

�	� Signatures can accurately predict clinical responseSignatures can accurately predict clinical response

�	� When combined, could also predict response toWhen combined, could also predict response to multidrugmultidrug regimensregimens

�	� ““The development of gene expression profiles that can predictThe development of gene expression profiles that can predict 
response to commonly usedresponse to commonly used cytotoxiccytotoxic agents provides opportunitiesagents provides opportunities 
toto better usebetter use these drugs, including using them in combinationthese drugs, including using them in combination 
with existing targeted therapieswith existing targeted therapies””

ÆÆ UsefulforUsefu  drug selection !lfor drug selection !

�	� But how can weBut how can we better developbetter develop these drugs in the first place?these drugs in the first place?

–	– DrugDrug--Test CoTest Co--Development:Development: making the biomarkemaking the bi r an integralomarker an integral 
part of the drug development processpart of the drug development process



Development
DrugDrug--Test CoTest Co--Development

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

Prototype 
Design or 
Discovery 

Clinical DevelopmentBasic 
Research 

FDA Filing/ 
Approval & 
Launch 

Preclinical 
Development Phase

 1 

Phase

 2 

Phase

 3 

Consideration of impact on label:Consideration of impact on label:
Is it aIs it a ““development onlydevelopment only”” biomarker or should it be used in the market?biomarker or should it be used in the market?

Target Optimization 

Identification of 
Disease Targets 

Optimizing the 
Safety Profile 

Streamline Clinical Trials 
(Enrichment, Stratification) 

Drug LabelDrug Label

31 



Biomarker and assay development process
Biomarker and assay development process

Prototype 
Design or 
Discovery 

Clinical DevelopmentBasic 
Research 

FDA Filing/ 
Approval & 
Launch 

Preclinical 
Development Phase

 1 

Phase

 2 

Phase

 3 

Clinical Utility and Validation 

Analytical Validation 
Possible Need for 
Platform Change 

Marker Discovery 
Marker and Assay Development 

Early Assay Development 

Early Go/ No-Go Decision Points Late Go/ No-Go Decision Points 
(includes decision about use of (other decision points exist, e.g. 
marker in further development) EOP2a) – main decision points 

for marker discovery in phase 2 32 



Regulator InteractionsSponsorSponsor –– Regulator Interactions

Analytical Validation 

Early Assay Development Clinical Utility and Validation 
Investigational Phase pre-IDE or PMA or 510(k) 
IDE Meeting as appropriate Application 

Voluntary
Marker Discovery VXDSSubmissions Marker and Assay Development 

PrototypeBasic Preclinical 
Research 

Design or 
DevelopmentDiscovery 

Pre-IND 
Meeting 

Initial IND 
Submission 

Clinical Development FDA Filing/ 
Approval & 

Phase

 1 

Phase

 2 

Phase

 3 

Launch 

End of Phase Drug Market 
2A Meeting Application 

End of Phase 
2 Meeting 

Early Go/ No-Go Decision Points 
(includes decision about use of 
marker in further development)Ongoing 

Submission 

Late Go/ No-Go Decision Points 
(other decision points exist, e.g. 
EOP2a) – main decision pointsPre-BLA or 
for marker discovery in phase 2 33NDA Meeting 



But why stop learning when the drug is on the market ?But why stop learning when the drug is on the market ?
A proposal to create larger safety andA proposal to create larger safety and 
efficacy databases,efficacy databases, assess biomarkersassess biomarkers Monitor the first e.g. 100,000Monitor the first e.g. 100,000 

patients that receive the drug,patients that receive the drug, 
collect samples from patientscollect samples from patients 
experiencing an AE and fromexperiencing an AE and from 
matched controls, conduct e.g.matched controls, conduct e.g. 
WGA to identify genetic basisWGA to identify genetic basis
for AE and what could be donefor AE and what could be done
to prevent it in futureto prevent it in future

Exploratory (Learn) 
Monitored 
ReleaseValidation (Confirmatory) 

Full 
Release 

Modeling and Simulation 

Continuous Interaction with health authorities 

InitialInitial
ApprovalApproval

FullFull
ApprovalApproval

Biomarker Characterization 

34 
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What We Could Learn Using this ApproachWhat We Could Learn Using this Approach

�� Who really benefits from a particular treatmentWho really benefits from a particular treatment

�� Who might be at risk for an adverse eventWho might be at risk for an adverse event

–– (this is the only strategy that would help us to learn more abou(this is the only strategy that would help us to learn more aboutt 
the molecular mechanisms of rare adverse events:the molecular mechanisms of rare adverse events: 
““retrospectiveretrospective”” sample collection approaches do not work)sample collection approaches do not work)

�� If indeed we have the right doseIf indeed we have the right dose 

�� Comparative effectivenessComparative effectiveness

�� Clinical utility of testing (reimbursement?)Clinical utility of testing (reimbursement?)

�� Actual response rate and what factors may influence itActual response rate and what factors may influence it

�� Aspects of complianceAspects of compliance

�� How to educate physicians about molecular medicineHow to educate physicians about molecular medicine

�� ……



Translation into Clinical PracticeTranslation into Clinical Practice ––

The two Elephants in the Room:The two Elephants in the Room:
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ReimbursementReimbursement –– HowHow 
Much Evidence Is Needed ?Much Evidence Is Needed ?
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“Drug companies like to say 
that their most expensive 
products are fully worth 
their breathtaking prices. 
Now one company is putting its money where its mouth is — by offering a 
money-back guarantee. 

Johnson & Johnson has proposed that Britain’s national health service 
pay for the cancer drug Velcade, but only for people who benefit 
from the medicine, which can cost $48,000 a patient. The company would 
refund any money spent on patients whose tumors do not shrink 
sufficiently after a trial treatment.” 

Pricing Pills by the Results - And r ew Pollack, The New Yo r k T i m e s, Ju l y 14, 2007 

AlternativeAlternative
ReimbursementReimbursement
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FlipsideFlipside

“I and others suggested a money-back guarantee on a cancer drug looked 
silly,” said Dr. Tunis, who is now director of the nonprofit Center for 
Medical Technology Policy. 

“ ‘Oh, I’m sorry your grandma died. Here’s your money back.’ ” 

Pricing Pills by the Results - And r ew Pollack, The New Yo r k T i m e s, Ju l y 14, 2007 



4040

http://ama.learn.com 

http://ama.learn.com

Available for fr
ee 

Available for fr
ee
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Available December 2007 

Available December 2007



Lastly, New LegislationLastly, New Legislation

For example:

- Genetic Information Nondiscrimination Act (GINA)

- Genomics and Personalized Medicine Act


42 42



Summary
Summary

4343

All of the fruits of the tremendous 
explosion in innovation that’s been 
occurring in biomedical research — 
which make the molecular 
metamorphosis possible — fulfill their 
purpose only when they are translated 
into interventions and solutions that are 
applied to patients. 

Dr. A. von Eschenbach, April 6, 2006 



THANK YOU ! 

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

Felix.Frueh@hhs.fda.govFelix.Frueh@hhs.fda.gov
Office of Clinical PharmacologyOffice of Clinical Pharmacology

FDA/CDERFDA/CDER


