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Why Phase 3 Failures in Oncology? 
 Ineffective drug (50%); of those: 
 Wrong endpoint in phase 2: 70% 
 No randomization in phase 2: 60% 
 Silly subsetting: 50% 
 Lottery: 30% 
 Preserving jobs: 20% 

 Effective drug, lousy strategy (50%); of 
those: 
 Underpowered: 30% 
 Wrong dose/schedule/concomitant Rx: 60% 
 Wrong population: 70% 
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Janet Woodcock, Dir CDER FDA 
at 2006 SPORE Meetings 

 “Improved utilization of adaptive  
 and Bayesian methods” could help  
 resolve low success rate of and  
 expense of phase 3 clinical trials 
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For example, in 2010, the Biomarkers Consortium–a public-private  
partnership that includes the NIH, the FDA, patient groups, and  
pharmaceutical and biotech–initiated a groundbreaking trial in  
breast cancer to predict drug responsiveness based on the presence  
or absence of genetic and biological markers, … I-SPY 2  
(ClinicalTrials.gov NCT01042379). 
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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/SpecialTopicsCriticalPathInitiative/default.htm  

http://www.fda.gov/ScienceResearch/SpecialTopics/CriticalPathInitiative/default.htm�
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Adaptive Trials 

Multi-stage designs 
 Fully specified at start 
Randomization can be adaptive 
Often more efficient and more 

attractive to patients 
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Adaptive Allocation Trials  

Compared to tradition trials, 
adaptive trials: 
Require fewer patients—usually 
Can provide better treatment to 

trial participants 
 Ideal for biomarkers 
Take more effort to plan & execute 
There are barriers … 
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“Streamlined” Trial in 
Adjuvant Breast Cancer 
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A Bayesian statistical design was used with a 
range in sample size from 600 to 1800 patients. 
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From “Methods” 

 “These interim analyses were not 
the standard type in which the trial 
results are announced when a 
boundary is crossed. Rather, the 
decision to discontinue enrollment 
was based on a prediction that 
future follow-up was likely to give a 
meaningful answer.” 
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Savings possible in  
sample size when  
using biomarkers:  

Example from 3151-patient 
adjuvant breast cancer trial 
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Berry et al. SABCS 2009 
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Current use of  
Bayesian adaptive designs 

 MDACC (> 300 trials) 
 Device companies (> 25 PMAs)* 
 Drug companies (Most of  

 top 40; many biotechs)**  
*http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm071072.htm 
**http://www.fda.gov/downloads/DrugsGuidanceCompliance 
RegulatoryInformation/Guidances/UCM201790.pdf 



20 

BATTLE Trial in NSCLC 

Kim et al. Cancer Discovery 2011 
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BATTLE results, N (Disease Control Rate) 
EGFR 
mut 

KRAS/
BRAF 
mut 

VEGF/
VEGF

R 

RXR/Cy
cD1 None Total 

Erlotinib 
17 

(35%) 
7 

(14%) 
25 

(40%) 
1  

(0%) 
8 

(38%) 
58 

(34%) 

Vandetanib 
27 

(41%) 
3 

(0%) 
16 

(38%) 
0 

(--) 
6  

(0%) 
52 

(33%) 

Erlotinib & 
Bexarotene 

20 
(55%) 

3 
(33%) 

3 
(0%) 

1 
(100%) 

9 
(56%) 

36 
(50%) 

Sorafenib 
23  

(39%) 
14 

(79%) 
39 

(64%) 
4 

(25%) 
18 

(61%) 
98 

(58%) 

Total 
87 

(43%) 
27 

(48%) 
83 

(49%) 
6 

(33%) 
41 

(46%) 
244 

(46%) 

Is this a biomarker signature for sorafenib? 
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The precise biomarker hypotheses, as well as the  
associated type I and type II statistical errors, are  
not clear. Thus, the study should be considered  
as generating a hypothesis rather than as  
confirming a particular biomarker hypothesis. 
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MELTTT in Melanoma 
(preliminary version) 

Kevin Kim, Patrick Hwu, Mike Davies 



MelTTT: Melanoma Targeted Therapy Trial (Non-Uveal) 

Deep Characterization 
-Deep sequencing 
-Copy number analysis 
-RPPA/IHC 

Progression 

Deep Characterization 
And Cross-Over 

Progression 

Deep Characterization 
Of NRAS-Mutant PD AND 

NRAS-WT Responders 

(1) All: BRAF/NRAS/AKT/PIK3CA Mutation Screening 
(T9 vs Standard Assays) 

(2) All: PTEN IHC 
(3) Mucosal/Acral/Unk Primary: c-KIT Sequencing 

V600 BRAF Mutation 

(50%) 
(45%) 100-200/yr 100-200/yr 

+ + 

BRAFi 

MEKi 

BRAFi BRAFi 

Adaptive Randomization 
n=150 

PTEN IHC 
PIK3CA, AKT mut 

AKTi 

+ 

BRAFi 

PI3Ki 

+ 

BRAFi 

AKTi 

PI3Ki 

+ 

BRAF / CKIT WT 
Adaptive Rand 

n=250 
NRAS mut, PTEN IHC 
PIK3CA, AKT mut 

+ 

PI3Ki 

+ 

AKTi 

MEKi AKTi PI3Ki MEKi MEKi 

control 
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TACTICAL Trial in Colorectal 
Cancer 

(preliminary version) 

Scott Kopetz, Cathy Eng  



RAS WT 
AKT WT 

RAS mut 
AKT WT 

RAS WT 
AKT mut 

RAS mut 
AKT mut 

Colorectal 
Cancer 

~60% 7-8% 20-25% 

Adapt Rand Adapt Rand Adapt Rand Adapt Rand 

SOC 

HH 

LL 

HH 

LL 

HL 

LH 

LH 

SOC 

HL 

HL 

HH 

LL 

LH 

LL 

LH 

HL 

HH 

SOC 
HH 

HH 

LH 
HL 

LL 

LH 

HL 

LL 

HH 

LL 

LH HL 

LL 

LH 
HL 

HH 
SOC 

MEKi+PI3Ki MEKi+AKTi 

Randomization  
proportional  

to size of balls 
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I-SPY2 

http://clinicaltrials.gov/ct2/show/ 
NCT01042379?term=I-SPY2&rank=1 

http://clinicaltrials.gov/ct2/show/NCT01042379?term=I-SPY2&rank=1�
http://clinicaltrials.gov/ct2/show/NCT01042379?term=I-SPY2&rank=1�


I-SPY 2 Clinical Trial Background 

• PI: Laura Esserman (Breast Surgeon at USCF) & 
Don Berry (Biostatistican at MD Anderson) 

• Opened in March 2008 at UCSF/Currently 
open in ~20 sites 

• Plans to enroll 800 patients/Currently enrolled 
~200 patients 

• Includes many unusual partnerships 
• Significant advocate involvement 

 



I-SPY 2 Innovation 

• Biomarker driven trial design 
• Simultaneously validating biomarkers and assessing 

investigational agents 
• Adaptive allocation trial design 
• Unapproved agents in stage 2 and 3 patients 

(potentially curable) 
• Multiple investigational agents from multiple 

companies 
• Multiple funding sources 
• Early involvement of FDA and NCI 
 

 







I-SPY 2 Clinical Trial Characteristics 
• Neoadjuvant trial for patients with locally 

advanced breast cancer 
• Biomarker driven 
• Adaptive allocation randomized design 
• Primary endpoint: pathological complete 

response (pCR) 
• Secondary endpoints:  

– Disease free survival (DFS) 
– Biomarker prediction of response  
– Changes in biomarkers during treatment 



Drug Testing in I-SPY 2 
• One standard of care arm; at least 20% of patients 
• Up to 5 investigational agents at any time 
• Expect to test about 8 agents over course of trial 
• Drugs drop out when: 

– Safety concerns 
– Adequate evidence of efficacy to recommend phase 3 

focused testing (graduate)  
– Adequate evidence of futility (flunk) 

• When drugs leave the trial they receive detailed 
biomarker information (transcript) 



Biomarkers in I-SPY 2 



Standard + 
 New Agent A 

Patient is 
on Study 

Standard 

Standard+  
New Agent B  AC 

Randomize 
Based on Biomarkers 

Surgery 

 
Information Gathered in Real Time for 
Several New Agents 

Screen 

Standard+ 
New Agent C 

MRIs 

Pathology 

Learn and adapt 
from each patient as 

we go along 



Standard + 
 New Agent A 

Patient is 
on Study 

Standard 

Standard+  
New Agent B  AC 

Randomize 

Surgery 

 
Learn: Drop, Graduate, Replace Agents 
Over Time 
 

Screen, 
Consent 

Standard+ 
New Agent C 

Standard+ 
 New Agent E 

Standard+ 
 New Agent D 

Standard+ 
 New Agent F  

Agent Pipeline  Dropped Agents Graduated Agents 

Learn and adapt 
from each patient as 

we go along 

With Transcript 



MP Hi-1 MP Hi-2 

HR + HR- HR+ HR- 

HER2+ 16% 7% 4% 10% 

HER2- 23% 6% 6% 28% 

Patient Prevalence 



MP Hi-1 MP Hi-2 

HR + HR- HR+ HR- 

HER2+ 47% 67% 35% 55% 

HER2- 25% 43% 17% 32% 

Predicted pCR (from I-SPY 1) 



Biomarker Profiles Associated with 
Drugs 



Summary: Traditional vs. I-SPY 2 Trail 

Traditional Approach I-SPY 2 Approach 

Phase 2 Trial 
Number of phase 2 drugs 
per trial 

1 >8 

Number of patients per 
phase 2 drug 

60-300 <120 

Follow-up Phase 3 Trial 
Role of biomarkers 
 

None Selected patient sample 

Number of patients 
 

>1,000 300 

Probability of success 
 

35% (historical) 85% 



Summary: Lessons Learned 

• Innovation is hard, but important 
• Adaptive trials can be a vehicle to more rapid, 

cost-effective progress and identifying more 
effective treatments 

• Use of allocation adaptive trials takes: 
– Careful planning 
– The right application 
– Persistent, visionary, charismatic leadership, 

unique partnerships 



Summary: Lessoned Learned 

• Adaptive designs are increasingly being 
accepted by companies, researchers and FDA 

• Allocation adaptive designs are still 
controversial 

• Allocation adaptive designs are especially 
helpful for: 
– Dose and schedule selection 
– Complex, biomarker driven trials 
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I-SPY-like TRIAL for Combinations 

Outcome: 
pathCR 
or PFS 
or OS 

Population 
of patients 

A
D
A
P
T
I
V
E
L
Y 

R
A
N
D
O
M
I
Z
E 

Substudy: Adaptively 
randomized factorial 



Arm B graduates  
to small focused  

Phase 3 trial—perhaps  
seamlessly within same trial! 

I-SPY-like TRIAL for Combinations 



Outcome: 
pathCR 
or PFS 
or OS 

Population 
of patients 

A
D
A
P
T
I
V
E
L
Y 

R
A
N
D
O
M
I
Z
E 

I-SPY-like TRIAL for Combinations 



Outcome: 
pathCR 
or PFS 
or OS 

Population 
of patients 

A
D
A
P
T
I
V
E
L
Y 

R
A
N
D
O
M
I
Z
E 

Arms C & D drop 
because C+D > C 

and C+D > D 

I-SPY-like TRIAL for Combinations 



Outcome: 
pathCR 
or PFS 
or OS 

Population 
of patients 

A
D
A
P
T
I
V
E
L
Y 

R
A
N
D
O
M
I
Z
E 

Arms E & F 
added 

I-SPY-like TRIAL for Combinations 



Arm C + D 
graduates to small 

focused Phase 3 trial 

I-SPY-like TRIAL for Combinations 



Outcome: 
pathCR 
or PFS 
or OS 

Population 
of patients 

Arm A + F  
is added 

A
D
A
P
T
I
V
E
L
Y 

R
A
N
D
O
M
I
Z
E 

Goal: Greater than  
85% success rate in  

Phase 3, with focus on 
patients who benefit 

I-SPY-like TRIAL for Combinations 
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I-SPY for Targeted Agents  

  
Patient population: 

Agents Carry their Signatures into the Trial 
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Agent A Is Added to Trial 
  

Patient population: 

A notA 



55 

Agent B Is Added to Trial 
  

Patient population: 

A notA 

B 

notB 
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Agent C Is Added to Trial 
  

Patient population: 

A notA 

B 

notB 

C 
notC 
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3 Agents  3 signatures, 8 cells 
(in analogy with I-SPY 2) 

  
Patient population: 
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And So On 
  
 Signatures defined sequentially by 

agents 
 Signatures come and go with agents 
 Adaptively randomize within cells 
 Build in prior probabilities 
 But explore target-negative subset 
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Effects of I-SPY Approaches 
 Match drugs with biomarker signatures 
 Savings from common control 
 Better therapies move thru faster 
 Successful drug/biomarker pairs 

graduate to small, focused, more 
successful Phase 3 based on Bayesian 
predictive probabilities 

 Offspring of I-SPY 2: melanoma, 
colorectal cancer, Alzheimer’s, HIV, 
acute heart failure, H1N1, … 
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