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Outline of the talkOutline of the talk

�� The global drug development and The global drug development and 
regulatory environment in 2009regulatory environment in 2009

�� What has changed in 10 years since ICH E9What has changed in 10 years since ICH E9

�� The opportunitiesThe opportunities

�� Promoting and guiding innovationPromoting and guiding innovation

�� The challengesThe challenges



http://www.fda.gov/oc/initiatives/criticalpath/







The Emerging Science of SafetyThe Emerging Science of Safety



The life cycle conceptThe life cycle concept
Before and after marketing approval Before and after marketing approval 

including active risk management and including active risk management and 
mitigationmitigation

�� PremarketingPremarketing

�� Clinical trials , more limited and controlled expos ure data Clinical trials , more limited and controlled expos ure data 
basebase

�� Post marketingPost marketing

�� Use patterns not controlledUse patterns not controlled

�� Clinical trials Clinical trials -- expanded use and claimsexpanded use and claims

�� Observational studies, in use, non randomizedObservational studies, in use, non randomized

�� Passive surveillance and signaling Passive surveillance and signaling -- adverse event adverse event -- drug drug 
associationsassociations

�� Active surveillance Active surveillance -- Sentinel Sentinel -- 100 million longitudinal patient 100 million longitudinal patient 
recordsrecords



Increasing attention to clinical trial topics Increasing attention to clinical trial topics --
streamlining and standardsstreamlining and standards

ICH E9 Provided the Principles for late phase ICH E9 Provided the Principles for late phase 
study design and analysis study design and analysis -- onlyonly

�� It was not very detailed in how to go about doing thi s It was not very detailed in how to go about doing thi s -- the the 
details and methods matter and you need to be statis tically details and methods matter and you need to be statis tically 
sophisticated to deal with them sophisticated to deal with them -- a resource issuea resource issue

�� MultiplicityMultiplicity

�� NonNon --inferiority study design and analysisinferiority study design and analysis

�� Missing data in clinical studiesMissing data in clinical studies

�� Adaptive designs Adaptive designs -- exploratory and confirmatoryexploratory and confirmatory

�� Genomics, Genomics, pharmacogenomispharmacogenomis

�� It did not deal with quantitative safety assessment It did not deal with quantitative safety assessment -- a new and a new and 
emerging scienceemerging science

�� It did not deal with early and middle drug developme nt It did not deal with early and middle drug developme nt -- where where 
adaptive designs are likely most applicable and lack ingadaptive designs are likely most applicable and lack ing



ImplicationsImplications

�� Need for more detailed guidance and Need for more detailed guidance and 
advice in the same as well as new areasadvice in the same as well as new areas

�� By FDA  and EMEA and Japan, and By FDA  and EMEA and Japan, and 
other areas not initially involved in other areas not initially involved in 
ICHICH



The MultiThe Multi --Regional MultiRegional Multi --center center 
StudyStudy

Increasingly used in drug product Increasingly used in drug product 
developmentdevelopment





Some Experience withSome Experience with
statistical reviews of NDA’s and statistical reviews of NDA’s and 

Clinical StudiesClinical Studies

�� Summary of review of 7 years of clinical Summary of review of 7 years of clinical 
studies involving foreign clinical data in studies involving foreign clinical data in 
NDA’sNDA’s

�� 21 NDA submissions whose decisions 21 NDA submissions whose decisions 
depended upon analysis and interpretation depended upon analysis and interpretation 
of treatment effects in multiof treatment effects in multi --regional trialsregional trials

�� John Lawrence evaluation of large  John Lawrence evaluation of large  
cardiovascular outcome studiescardiovascular outcome studies



Of  1,926 clinical trials analyzed by  OB during  F Y01Of  1,926 clinical trials analyzed by  OB during  F Y01--FY07:FY07:
41% were domestic; 50% foreign41% were domestic; 50% foreign--domestic; and 9% foreign.domestic; and 9% foreign.

Of all subjects enrolled in these trials:Of all subjects enrolled in these trials:
30%  were U.S.;  63% domestic30%  were U.S.;  63% domestic--foreign;  and 7% foreign.foreign;  and 7% foreign.



Study Undertaken by FDA Study Undertaken by FDA 
statisticians to evaluate possibility statisticians to evaluate possibility 
of systematic regional differencesof systematic regional differences

�� Major cardiovascular outcome studies Major cardiovascular outcome studies 
evaluated over the last 10 yearsevaluated over the last 10 years

�� Overall study result statistically positive, Overall study result statistically positive, 
ieie. demonstrated overall effect. demonstrated overall effect

�� Region never preRegion never pre --specified as a factor to be specified as a factor to be 
evaluated statisticallyevaluated statistically

�� 16 independent studies16 independent studies



difference of log-hazard ratios
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Global Trial ConsiderationGlobal Trial Consideration

K  geographical regionsK  geographical regions

nnhh:  sample size of region  h  :  sample size of region  h  

N = N = ��� ���� � nnhh

yyhh | | DDDDDDDDhh ~~~~~~~~ N( N( DDDDDDDDh h , , ssssssss 22/n/nh h ))

DDDDDDDDhh ~~~~~~~~ ( ( DDDDDDDD,  ,  ssssssss DDDDDDDD
2 2 )) Effect sizes vary but 

are all positive
Hung, 2007



If, instead, sD = 0 is assumed for planning 
sample size, then the resulting sample 
size  N0 may be too low.   How low?
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Sample Size Ratio N/N0
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delta

sigma_delta/sigma = 0.2 sigma_delta/sigma = 0.5

a=0.025,  b=0.1,  K=5, (r1 r2 r3 r4 r5)=(.2 .1 .4 .1 .2) Hung, 2007

Studies will be underpowered for effect sizes Studies will be underpowered for effect sizes 
and could fail because of it and could fail because of it -- increase sizeincrease size



The impact of genomicsThe impact of genomics
A new opportunity and challenge for A new opportunity and challenge for 

biostatisticsbiostatistics

�� Identifying biomarkers of differential benefit and Identifying biomarkers of differential benefit and 
risk risk 

�� What is new What is new -- is it subgroup analysisis it subgroup analysis

�� Principles of evidencePrinciples of evidence

�� DiscoveryDiscovery

�� Validation, qualificationValidation, qualification

�� ReplicationReplication

�� PredictionPrediction



KK --rasras

�� Patients have their tumors typed or Patients have their tumors typed or 
classified according to their genomic status classified according to their genomic status 
-- wild type or mutant typewild type or mutant type

�� The classification of the tumor is The classification of the tumor is 
hypothesized to be predictive of being hypothesized to be predictive of being 
able to respond to the therapy or notable to respond to the therapy or not

�� Need an assay that correctly classifies the Need an assay that correctly classifies the 
tumor type statustumor type status



Minimizing risk by genomic screening  Minimizing risk by genomic screening  -- A RCT  A RCT  
The The AbacavirAbacavir ‘PREDICT ‘PREDICT --1’ trial1’ trial

�� Same treatment in each randomized groupsSame treatment in each randomized groups

�� Treatment groups differ by screening strategy Treatment groups differ by screening strategy 
and entrance criteria into the trialand entrance criteria into the trial

�� HLAHLA --B*5701 screening B*5701 screening -- exclude positive exclude positive 
subjects in one of the randomized armssubjects in one of the randomized arms

�� Goal: demonstrate screening reduces Goal: demonstrate screening reduces 
incidence of serious adverse eventincidence of serious adverse event

�� Provides estimates of SE and SP for the Provides estimates of SE and SP for the 
classifierclassifier





A prospective design that can use A prospective design that can use 
baseline classifier statusbaseline classifier status







Emerging Science of Emerging Science of 
Quantitative Safety AssessmentQuantitative Safety Assessment

�� Clinical trials with safety as endpointClinical trials with safety as endpoint

�� Epidemiology and observational data  basesEpidemiology and observational data  bases

�� Causal analysisCausal analysis

�� Cumulative metaCumulative meta --analysisanalysis

�� Rare eventsRare events

�� Identifying risk factors: Prediction, prognostic, positi ve Identifying risk factors: Prediction, prognostic, positi ve 
predictive valuepredictive value

�� Multiple recurrent event methodsMultiple recurrent event methods

�� Time to event analysis for risk exposureTime to event analysis for risk exposure



Active Surveillance Over the Active Surveillance Over the 
life cycle of new drugslife cycle of new drugs

�� Electronic medical records to be mined for Electronic medical records to be mined for 
patterns, associations, signalspatterns, associations, signals

�� World wide data bases now being coordinated to World wide data bases now being coordinated to 
assess riskassess risk

�� Data mining methods Data mining methods 

�� USUS

�� FranceFrance

�� WHOWHO









MetaMeta --analysis of randomized clinical analysis of randomized clinical 
trials to quantify and conclude risk existstrials to quantify and conclude risk exists

Each of these examples has consumed Each of these examples has consumed 
tremendous statistical resources at FDA both to tremendous statistical resources at FDA both to 

review the metareview the meta --analysis of others, to verify analysis of others, to verify 
and conduct our own, often with access to and conduct our own, often with access to 
patient level data, not summary data nor patient level data, not summary data nor 

published data onlypublished data only

What are the implications in a global What are the implications in a global 
environment environment -- regulatory regulatory resoursesresourses



Some Recent MetaSome Recent Meta--Analysis ExamplesAnalysis Examples



Some Recent MetaSome Recent Meta--Analysis ExamplesAnalysis Examples



Some Recent MetaSome Recent Meta--Analysis ExamplesAnalysis Examples



Some Recent MetaSome Recent Meta--Analysis ExamplesAnalysis Examples



The Issues for cumulative metaThe Issues for cumulative meta --analysisanalysis

�� Chronological ordering of results of Chronological ordering of results of RCT’sRCT’s

�� Repeated testing of accumulating study results Repeated testing of accumulating study results 
inflate type 1 errorinflate type 1 error

�� Fixed and random effects models to account for Fixed and random effects models to account for 
heterogeneityheterogeneity

�� Sequential boundaries with penalties for repeated Sequential boundaries with penalties for repeated 
testingtesting

�� Issue Issue -- no upper bound on the number of studies, no upper bound on the number of studies, 
ieie. information is not fixed in advance. information is not fixed in advance



Cumulative metaCumulative meta --analysis of accumulating analysis of accumulating RCT’sRCT’s --
Type 1 error controlType 1 error control



Lambda = 2 : the penaltyLambda = 2 : the penalty
Effectively widens confidence intervals Effectively widens confidence intervals 

by factor of 2by factor of 2



The challengesThe challenges

�� To be involved, with sufficient core resources, to To be involved, with sufficient core resources, to 
shape the approaches and framework for how these shape the approaches and framework for how these 
emerging areas are being addressedemerging areas are being addressed

�� The infrastructure for international collaboration The infrastructure for international collaboration 
and networking in regulatory statistics is and networking in regulatory statistics is 
currently not present currently not present -- will it  get better ?will it  get better ?

�� To build the collaborative arrangements that go To build the collaborative arrangements that go 
beyond the comfort zone of many statisticians beyond the comfort zone of many statisticians --

�� To encourage and be involved in  public dialogue an d To encourage and be involved in  public dialogue an d 
debate on how some of these complex problems will debate on how some of these complex problems will 
be dealt with be dealt with 


