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A major source of bias 
In biomarker research:

Multiplicities
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Why Phase III Failures?
 Ineffective drug (50%); of those:

Wrong endpoint in phase II: 70%
No randomization in phase II: 30%
Silly subsetting: 50%
Lottery: 30%

Effective drug, lousy strategy (50%);
of those:
Underpowered: 30%
Wrong dose/schedule/concomitant Rx: 60%
Wrong population: 80%

Need “robust design”

Verify “target” in phase II
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FDA’s Critical Path 
Opportunities Report (2006)

“uncovered a consensus 
that the two most important 
areas for improving medical 
product development are 
biomarker development and 
streamlining clinical trials.”

http://www.fda.gov/ScienceResearch/SpecialTopics/Criti
calPathInitiative/default.htm

http://www.fda.gov/ScienceResearch/SpecialTopics/CriticalPathInitiative/default.htm
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Janet Woodcock
Director CDER FDA

2006: “Improved utilization of adaptive 
and Bayesian methods” could help 
resolve the low success rate of and 
expense of phase III clinical trials

2013: FDA will need to "turn the 
clinical trial paradigm on its head” to 
allow personalized drug therapies to 
get on the market faster
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Ever finer grid of biomarker 
categories: Within 10 years every 
cancer patient will have an orphan 
disease

How to develop drugs in this 
circumstance?

The Approaching Wall
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Experimenting with 
Experiments

It is ironic that as clinical trials 
investigate therapies with 
increasing biological complexity, 
the clinical trial itself has remained 
largely unchanged for 65 years.

Except that they keep getting 
bigger!
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We need many 
clinical trial experimenters

 Pharma

 Academia

 NCI

 Patient advocates!
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Perhaps I-SPY 2 went too far
 Early “curable” disease
 Learning which experimental regimens benefit which 

biomarker subsets
 Regimens enter and leave the trial
 Screening all patients for markers
 Master protocol
 Registration endpoint
 Longitudinal modeling
 Combination therapies
 Adaptive sample size
 Adaptive randomization
 Learns about off-target effects
 Common control arm

Recent 
NCI/FNIH/FOCR 

Lung Cancer 
Master Protocol

S1400

✔
✔
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Melanoma 
International 

Collaboration for 
Adaptive Trials

✔

✔
✔

✔

✔
✔

✔
✔

✔

Perhaps I-SPY 2 went too far
 Early “curable” disease
 Learning which experimental regimens benefit which 

biomarker subsets
 Regimens enter and leave the trial
 Screening all patients for markers
 Master protocol
 Registration endpoint
 Longitudinal modeling
 Combination therapies
 Adaptive sample size
 Adaptive randomization
 Learns about off-target effects
 Common control arm

✔
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Basket Trials
(Tumor Agnostic)

 Ongoing in pharma
 Targeted drug, develop simultaneously 

across organ-specific cancers
 Borrow across histologies (not pool)
 Restrict to tumors expressing target
 Population sizes small means trial 

sample sizes must be small (n=10-15)
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Formal, reproducible approach: 
Hierarchical modeling

Formalizes the “Gleevec
phenomenon”

Prospective borrowing across 
histologies based on similarity 
of results

 Identify clusters of histologies, 
responsive and not responsive
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Final words
Biomarkers are notoriously difficult 

inferential beasts, but we most 
address them and conquer them if we 
are to defeat cancer

We must build clinical trials that learn 
& confirm the roles of biomarkers

Cancer trials must become tuned to 
biomarkers and be smaller, more 
accurate, and adaptive
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