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Outline of issues (1)Outline of issues (1)

Definitions of predictive / prognostic markersDefinitions of predictive / prognostic markers

General principles for design and analysis of a General principles for design and analysis of a 
clinical trial for subgroup differencesclinical trial for subgroup differences

Control of the false positive/negative Control of the false positive/negative 
conclusionsconclusions

Subgroup defined by preSubgroup defined by pre--treatment baseline treatment baseline 
factor ascertained on all subjects (issue of factor ascertained on all subjects (issue of 
randomization)randomization)

Issues for a prospective/retrospective genomic Issues for a prospective/retrospective genomic 
clinical trialclinical trial
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Outline (2)Outline (2)

The principle of replication to confirm hypotheses The principle of replication to confirm hypotheses 
and lack thereofand lack thereof

Examination of the KRAS studies Examination of the KRAS studies --consistency, consistency, 
limitations and uncertainties that exist , Plimitations and uncertainties that exist , P--mabmab vsvs
CC--mabmab

Prospective study designs to evaluate a biomarker Prospective study designs to evaluate a biomarker 
classified group do existclassified group do exist

Consideration for levels of evidence needed for a Consideration for levels of evidence needed for a 
biomarker subgroupbiomarker subgroup
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FDA comments to sponsorsFDA comments to sponsors
 Two optionsTwo options

Optimal Approach: Conduct an adequate and wellOptimal Approach: Conduct an adequate and well--
controlled trial, prospectively designed to assess efficacy in controlled trial, prospectively designed to assess efficacy in 
subgroups based on KRAS testing by a validated assay. subgroups based on KRAS testing by a validated assay. 

Pragmatic Approach: A retrospective analysis could be Pragmatic Approach: A retrospective analysis could be 
considered under the following conditions:considered under the following conditions:
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1.1.

 

Adequate, wellAdequate, well--conducted and wellconducted and well--controlled trialcontrolled trial

2.2.

 

Large sample size (approximate random allocation of factors Large sample size (approximate random allocation of factors 
not used as stratification variables for randomization, i.e., not used as stratification variables for randomization, i.e., 
KRAS status)KRAS status)

3.3.

 

KRAS biomarker status ascertained in a large portion of KRAS biomarker status ascertained in a large portion of 
randomized subjects (randomized subjects (> 90%)> 90%)

4.4.

 

Assay Assay --

 

acceptable analytical performanceacceptable analytical performance

5.5.

 

Acceptable analysis planAcceptable analysis plan
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Definitions : prognostic of outcome Definitions : prognostic of outcome 
/ predictive of treatment effect/ predictive of treatment effect

Prognostic (is independent of treatment status)Prognostic (is independent of treatment status)

A marker (or classifier) for which the A marker (or classifier) for which the 
magnitude of the event or outcome rate is magnitude of the event or outcome rate is 
related (related (egeg. higher or lower). higher or lower)

Predictive (depends upon treatment status and is Predictive (depends upon treatment status and is 
relative to the control group)relative to the control group)

A marker (or classifier) for which the A marker (or classifier) for which the 
magnitude of the magnitude of the treatment effecttreatment effect is related is related 
((egeg. higher or lower). higher or lower)
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Definition of Treatment Effect

Genomic 
Status*

Scenario A

Control Drug A

g–

g+

33%

33%

33%

48%

* Wang, O’Neill, Hung (2007, PS)

Predictive
Effect in g+ only 
No effect in g-

Qualitative

Genomic 
Status*

Scenario A

Control Drug A

g–

g+

48%

33%

48%

48%

Prognostic
Effect in g+ 
and g-

 

is 
consistent, i.e.,
biomarker plays a 
role in disease 
response only

Prognostic-Predictive
Effect is larger in g+ 
than in g-

Quantitative

Genomic 
Status*

Scenario B

Control Drug B

g–

g+

39%

48%

39%

48%

Genomic 
Status*

Scenario B

Control Drug B

g–

g+

36%

50%

46%

60%

Genomic 
Status*

Scenario C

Control Drug C

g–

g+

39%

48%

49%

68%
* g+ or g– is patient’s genomic status determined from a diagnostic assay
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Performance of assays for Performance of assays for 
marker classificationmarker classification

What are the minimum performance What are the minimum performance 
characteristics  (e.g., sensitivity, specificity, characteristics  (e.g., sensitivity, specificity, 
reproducibility) of the assay used to classify reproducibility) of the assay used to classify 
patient subgroups and what are the consequences patient subgroups and what are the consequences 
of that performance for making correct inferences of that performance for making correct inferences 
from the studyfrom the study

KRAS KRAS vsvs EGFR EGFR vsvs breast cancer assaybreast cancer assay

In general,  In general,  ‘‘classiferclassifer’’ performance and marker performance and marker 
prevalence (mix) may explain study to study  prevalence (mix) may explain study to study  
heterogeneity and differences in resultsheterogeneity and differences in results
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Components of a good analysis plan for Components of a good analysis plan for 
a retrospective evaluationa retrospective evaluation

Role of randomization to assure unbiased and fair comparisonsRole of randomization to assure unbiased and fair comparisons

Role of marker status classification Role of marker status classification -- impact of convenience samples impact of convenience samples 
on biased estimateson biased estimates

Marker classification performanceMarker classification performance

Statistical control of false positive conclusions Statistical control of false positive conclusions -- how many how many 
hypotheses, which were primary, which failedhypotheses, which were primary, which failed

Accounting for multiplicity Accounting for multiplicity -- how many outcomes, OS,PFS,RRhow many outcomes, OS,PFS,RR

Data to generate the hypothesis vs. data to confirm the hypothesData to generate the hypothesis vs. data to confirm the hypothesisis
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General Strategy in Clinical TrialsGeneral Strategy in Clinical Trials
 Look for an overall treatment effect on the Look for an overall treatment effect on the 

primary outcome in the intent to treat population primary outcome in the intent to treat population 
((everyone everyone randomized)randomized)

If a statistically persuasive result, usually p value < 0.025 If a statistically persuasive result, usually p value < 0.025 
oneone--sidedsided

THEN, examine subgroups THEN, examine subgroups --optionsoptions

Look at marker negative groupLook at marker negative group

Look at marker positive groupLook at marker positive group

Examine evidence for equal treatment effect in each Examine evidence for equal treatment effect in each 
groupsgroups

Examine evidence for differential treatment effect in Examine evidence for differential treatment effect in 
each group each group -- the the ‘‘interactioninteraction’’ testtest

If no statistical significance on primary endpoint If no statistical significance on primary endpoint 
(hypothesis) (hypothesis) -- everything further is exploratoryeverything further is exploratory
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If one changes the number, set If one changes the number, set 
or sequence of hypotheses of or sequence of hypotheses of 

interest after start of the studyinterest after start of the study

Not an acceptable practice after observing Not an acceptable practice after observing 
the datathe data

Adaptive designs try to preAdaptive designs try to pre--specify this specify this 
sequencesequence
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Prospective Prospective --
 
Retrospective StudyRetrospective Study

 What is it andWhat is it and
 What are the concernsWhat are the concerns

The classification factor is not known at the time of study The classification factor is not known at the time of study 
initiation, and the study is, at first, not analyzed with that initiation, and the study is, at first, not analyzed with that 
factor as part of the hypothesis (retrospective aspect)factor as part of the hypothesis (retrospective aspect)

The initial hypothesis and endpoints for the study are not The initial hypothesis and endpoints for the study are not 
changed, except if prechanged, except if pre--specified as part of a planned adaptive specified as part of a planned adaptive 
study designstudy design

The control of the false positive conclusion from the study are The control of the false positive conclusion from the study are 
appropriately dealt withappropriately dealt with

The randomization is not stratified on a factor that itself is oThe randomization is not stratified on a factor that itself is of f 
interest as one of the hypotheses to be testedinterest as one of the hypotheses to be tested

The factor of interest is  ascertained at baseline on all subjecThe factor of interest is  ascertained at baseline on all subjects ts 
randomized to treatment groups randomized to treatment groups -- what if not ?what if not ?
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Prospective/RetrospectiveProspective/Retrospective

Working DefinitionWorking Definition

 

––

 

In completed or postIn completed or post--interiminterim--analysis analysis 
trial where genomic samples were collected prior to treatment trial where genomic samples were collected prior to treatment 
initiation, whether or not full ascertainment, the genomic initiation, whether or not full ascertainment, the genomic 
hypothesis is hypothesis is ‘‘prospectively specifiedprospectively specified’’

 

prior to diagnostic assay prior to diagnostic assay 
testing. However, the clinical outcome data testing. However, the clinical outcome data without genomic without genomic 
informationinformation

 

have already been (partially) collected, unblinded, have already been (partially) collected, unblinded, 
and analyzed. The genomic data analysis might be arguably and analyzed. The genomic data analysis might be arguably 
‘‘prospectivelyprospectively’’

 

performed, which is a performed, which is a retrospective analysisretrospective analysis. . 

Convenience Genomic Sample Convenience Genomic Sample ––

 

The genomic samples may not The genomic samples may not 
be obtained on all randomized subjects if some refuse (often be obtained on all randomized subjects if some refuse (often 
optional consent in current practice).optional consent in current practice).

* Wang et al (2006 TPJ)* Wang et al (2006 TPJ)
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Part of a good statistical analysis plan Part of a good statistical analysis plan --
 Control of false conclusions and of the Control of false conclusions and of the 

multiplicity of hypotheses that may be testedmultiplicity of hypotheses that may be tested

The chance of erroneously concluding that The chance of erroneously concluding that 
there is a real treatment effect when in fact there is a real treatment effect when in fact 
it is not true, or the chance of concluding it is not true, or the chance of concluding 
there is no treatment effect when in fact there is no treatment effect when in fact 
one actually exists, are two critical one actually exists, are two critical 
concerns for the design and interpretation concerns for the design and interpretation 
of study results of any clinical trial. of study results of any clinical trial. 

EgEg. endpoints (PFS,OS,RR); subgroups. endpoints (PFS,OS,RR); subgroups
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Part of a good analysis plan:Part of a good analysis plan:
 The importance of randomization on the The importance of randomization on the 

full study entry population for marker full study entry population for marker 
subpopulation valid comparisonssubpopulation valid comparisons

The role of randomization to assure The role of randomization to assure 
comparable comparisons between two or comparable comparisons between two or 
more treatment groups , especially in small more treatment groups , especially in small 
sample size subpopulation identified after sample size subpopulation identified after 
completion of a clinical study. completion of a clinical study. 
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CA 225006 (EPIC)CA 225006 (EPIC)
 SecondSecond--lineline

cetuximabcetuximab + + irinotecanirinotecan vs. vs. irinotecanirinotecan

EGFREGFR--Positive Colorectal CarcinomaPositive Colorectal Carcinoma

Evaluable KRAS samples from 300 of 1298 patients (23%) Evaluable KRAS samples from 300 of 1298 patients (23%) 

““It should be noted that these reflect the US study It should be noted that these reflect the US study 
population only, as it was not possible to collect population only, as it was not possible to collect 
tumor samples from other investigational sites in tumor samples from other investigational sites in 
this study.this study.””

Primary Endpoint Primary Endpoint -- overall survival (OS)overall survival (OS)
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Dramatic Difference Between ITT and Dramatic Difference Between ITT and 
Convenience SampleConvenience Sample

Primary Endpoint Primary Endpoint -- overall survival (OS)overall survival (OS)

Overall:  HR=0.98 (95% CI 0.85, 1.11) (1298 patients)Overall:  HR=0.98 (95% CI 0.85, 1.11) (1298 patients)

Evaluable patients: HR = 1.25 (95% CI 0.95, 1.66) Evaluable patients: HR = 1.25 (95% CI 0.95, 1.66) 
(300 patients)(300 patients)
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Inconsistency between endpoints in the Inconsistency between endpoints in the 
convenience sampleconvenience sample

OSOS
WT KRAS HR = 1.29 (95% CI 0.89, 1.85) (192 patients)WT KRAS HR = 1.29 (95% CI 0.89, 1.85) (192 patients)

Mutant KRAS HR = 1.28 (95% CI 0.81, 2.01) (108 patients)Mutant KRAS HR = 1.28 (95% CI 0.81, 2.01) (108 patients)

PFSPFS
WT KRAS HR = 0.77 (95% CI 0.57, 1.04) (192 patients)WT KRAS HR = 0.77 (95% CI 0.57, 1.04) (192 patients)

Mutant KRAS HR = 1.00 (95% CI 0.67, 1.49) (108 patients)Mutant KRAS HR = 1.00 (95% CI 0.67, 1.49) (108 patients)

Best ResponseBest Response
WT KRAS 10% vs. 7%,  p = 0.61 (192 patients)WT KRAS 10% vs. 7%,  p = 0.61 (192 patients)

Mutant KRAS 12% vs. 5%,  p = 0.29 (108 patients)Mutant KRAS 12% vs. 5%,  p = 0.29 (108 patients)
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What evidence is there in the completed What evidence is there in the completed 
studies (Cstudies (C--mabmab, P, P--mabmab) ) 

based on the study reportsbased on the study reports

Six randomized studies for which marker status is Six randomized studies for which marker status is 
available only on a selected subset of the available only on a selected subset of the 
randomized study population, ranging from 23% randomized study population, ranging from 23% 
to 92%to 92%

No documented evidence that the treatment No documented evidence that the treatment 
groups with ascertained marker status are groups with ascertained marker status are 
comparable for baseline variablescomparable for baseline variables

The PThe P--mabmab study has the largest proportion study has the largest proportion 
of marker ascertainment  of marker ascertainment  



20

What do we need to know for  a marker What do we need to know for  a marker 
to be predictive of treatment effect to be predictive of treatment effect 

(relative change in response)(relative change in response)

An unbiased comparison between the test An unbiased comparison between the test 
treatment and control in each of the treatment and control in each of the 
marker subgroupsmarker subgroups

Unbiased generally requires a Unbiased generally requires a 
randomized subset of subjects in each randomized subset of subjects in each 
of the marker categories, not a of the marker categories, not a 
convenience sample of subjects with convenience sample of subjects with 
marker status availablemarker status available
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Clinical TrialClinical Trial LineLine AddAdd’’alal

 
TherapyTherapy

11˚̊

 
EndptEndpt

Met 1Met 1˚̊

EndpointEndpoint

ITT Patients Tested ITT Patients Tested 
for KRASfor KRAS

AssayAssay
nn ITTITT % of % of 

ITTITT

CRYSTAL 

EMR 62202-013
1st FOLFIRI PFS

YES

p = 0.048
540 1198 45 PCR based

NCIC-017 

CA225025
3rd BSC OS

YES

p = 0.005
394 572 69 sequencing 

EPIC EPIC 

CA225006CA225006
2nd2nd irinotecanirinotecan OSOS

NONO

p = 0.71p = 0.71
300300 12981298 2323 sequencing sequencing 

OPUSOPUS

EMR 62 202EMR 62 202--

 
047047

1st1st FOLFOXFOLFOX RRRR
NONO

p = 0.06p = 0.06
233233 337337 6969 PCR basedPCR based

CetuximabCetuximab
 
TrialsTrials
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PanitumumabPanitumumab
 
TrialsTrials

Clinical 
Trial Line Add’nl

 
Therapy

1˚

Endpt

Met 1˚

Endpoint

ITT Patients Tested 
for KRAS

Assay

n ITT % of 
ITT

20020408 3rd BSC PFS
YES

p <

 

0.0001
427 463 92 PCR based 

PACCE 
20040249 1st

chemo/

bev

PFS
NO

Inferior

P = 0.002

863 1053 82 PCR based
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The evidence from the six The evidence from the six 
studies is not as consistent as studies is not as consistent as 

you might thinkyou might think

Consider consistency Consider consistency -- what might that meanwhat might that mean

Line of therapyLine of therapy

Control groupControl group

Endpoints used as primary: PFS,OS, RREndpoints used as primary: PFS,OS, RR

Convenience samplesConvenience samples

EPIC EPIC -- US results may be very differentUS results may be very different



24

Overall survivalOverall survival
The following graph provides a summary of overall survival for tThe following graph provides a summary of overall survival for the five he five 
studies having overall survival comparisons for the WT KRAS and studies having overall survival comparisons for the WT KRAS and 
mutant KRAS subgroupsmutant KRAS subgroups

Hazard ratios are used for overall survival. Hazard ratios are used for overall survival. 

Points above the line correspond to larger effects for Points above the line correspond to larger effects for CetuximabCetuximab or or 
Panitumumab for the mutant KRAS Panitumumab for the mutant KRAS ““subgroupsubgroup”” than for the wildthan for the wild--type type 
““subgroupsubgroup””

Points below the line correspond to larger effects for Points below the line correspond to larger effects for CetuximabCetuximab or or 
Panitumumab for the wildPanitumumab for the wild--type type ““subgroupsubgroup”” than for the mutant KRAS than for the mutant KRAS 
““subgroupsubgroup””
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ProgressionProgression--free survivalfree survival
The following graph provides a summary for the six studies of thThe following graph provides a summary for the six studies of the e 
progressionprogression--free survival comparisons for the WT KRAS and mutant free survival comparisons for the WT KRAS and mutant 
KRAS subgroupsKRAS subgroups

Hazard ratios are used for progressionHazard ratios are used for progression--free survival. free survival. 

Points above the line correspond to larger effects for Points above the line correspond to larger effects for CetuximabCetuximab or or 
Panitumumab for the mutant KRAS Panitumumab for the mutant KRAS ““subgroupsubgroup”” than for the wildthan for the wild--type type 
““subgroupsubgroup””

Points below the line correspond to larger effects for Points below the line correspond to larger effects for CetuximabCetuximab or or 
Panitumumab for the wildPanitumumab for the wild--type type ““subgroupsubgroup”” than for the mutant KRAS than for the mutant KRAS 
““subgroupsubgroup””
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Clinical study designs do exist Clinical study designs do exist 
that can prospectively address that can prospectively address 

the marker predictor hypothesisthe marker predictor hypothesis
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Prospective study design optionsProspective study design options

A two stage design that reserves some type 1 error A two stage design that reserves some type 1 error 
for testing a subgroup yet to be specified for testing a subgroup yet to be specified --
(biological plausibility)(biological plausibility)

Fixed study design with no adaptation to Fixed study design with no adaptation to 
increase samples size overall or in subgroups increase samples size overall or in subgroups 

An adaptive study design that can increase sample An adaptive study design that can increase sample 
size and presize and pre--specifies the specifies the ‘‘win criteriawin criteria’’ or  study or  study 
‘‘successsuccess’’ criteriacriteria

Test the efficacy of a strategy that screens for the Test the efficacy of a strategy that screens for the 
classifierclassifier
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Trial to demonstrate minimizing risk Trial to demonstrate minimizing risk 

The The AbacavirAbacavir
 
‘‘PREDICT PREDICT --11’’

 
trialtrial

Same treatment in both randomized groupsSame treatment in both randomized groups

Treatment groups differ by screen strategy and Treatment groups differ by screen strategy and 
entrance criteria into the trialentrance 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
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The study confirmed the hypothesis that The study confirmed the hypothesis that 
screening will reduce severe adverse reactionscreening will reduce severe adverse reaction
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The study design also provided estimates of The study design also provided estimates of 
SE and SPSE and SP
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Other designs might be more Other designs might be more 
efficient (less subjects)efficient (less subjects)



37



38

The data and the studiesThe data and the studies

FDA does not have access to the KRAS level data FDA does not have access to the KRAS level data 

We use these data for educational purpose and for We use these data for educational purpose and for 
illustration of issues that can occur illustration of issues that can occur 

Concordance or consistency of results across Concordance or consistency of results across 
studies is confounded by multiple factorsstudies is confounded by multiple factors

11stst,2,2ndnd ,3,3rdrd line, endpoints, convenience line, endpoints, convenience 
samplesample



39

Scientific principle of Replication / Scientific principle of Replication / 
Confirmation for evidenceConfirmation for evidence

The likelihood that a subgroup effect is realThe likelihood that a subgroup effect is real

The likelihood that the statistical evidence for The likelihood that the statistical evidence for 
reproducing a treatment effect identified in a reproducing a treatment effect identified in a 
subpopulation in a single clinical trial can be subpopulation in a single clinical trial can be 
demonstrated in another independent study demonstrated in another independent study 

PP--mabmab has two studies with potentially conflicting has two studies with potentially conflicting 
evidence evidence -- not initially designed with the hypothesis not initially designed with the hypothesis 
of interest of interest 

CC--mabmab has no studies prospectively planned with this has no studies prospectively planned with this 
hypothesis and all with convenience sampleshypothesis and all with convenience samples
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Subgroup finding have always been Subgroup finding have always been 
looked at cautiouslylooked at cautiously

Concern has usually been that subgroup Concern has usually been that subgroup 
findings are exploratory at best or false findings are exploratory at best or false 
positives unless further evidence available positives unless further evidence available 
(strength of prior evidence)(strength of prior evidence)

Strategy has been to:Strategy has been to:

adjust for multiple analyses, test for adjust for multiple analyses, test for 
interactions, confirm with another interactions, confirm with another 
study with a sufficient sample size study with a sufficient sample size 
since subgroups are usually small in since subgroups are usually small in 
sizesize
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Why ?

The analysis plan , in the initial study, changed after seeing 
the data: it placed new emphasis on a subgroup finding, or on a 
secondary endpoint raised in prominence leading to false 
discoveries that were not replicated 

3 Examples: Vesnarinone, Amlodipine, Losartan

Trials whose findings were reversed upon completion of a Trials whose findings were reversed upon completion of a 
second study planned to specifically test the hypothesis second study planned to specifically test the hypothesis 

generated in the first studygenerated in the first study
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Back to the questionsBack to the questions

The adequacy of analysis plans and The adequacy of analysis plans and 
analyses to dataanalyses to data

The available studiesThe available studies

The limitations to conclude a marker The limitations to conclude a marker 
predictive of treatment benefitpredictive of treatment benefit
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How much evidence is needed to  How much evidence is needed to  
establish or support a predictive establish or support a predictive 

marker claim ?marker claim ?

A collection of observational associations external to any A collection of observational associations external to any 
study that is used to interpret effects in a separate study thatstudy that is used to interpret effects in a separate study that
is not initially designed for that purpose is not initially designed for that purpose -- is it real and is it is it real and is it 
repeatablerepeatable

Two independent studies, both of which are prospectively Two independent studies, both of which are prospectively 
designed to test the marker hypothesis designed to test the marker hypothesis 

The strength of the statistical evidenceThe strength of the statistical evidence

Effect size, consistency across studies, sufficient Effect size, consistency across studies, sufficient 
sample size, randomization, control for false positive sample size, randomization, control for false positive 
conclusions (multiplicity)conclusions (multiplicity)
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