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Objectives of Initial Trials

• Find safe dose at which target pathway is 
inhibited



Conventional Phase I Approach

• Many current targets are not specific to 
cancer cells and hence targeted drugs are 
toxic 

• Few examples of drugs whose 
effectiveness at inhibiting target decreases 
with dose after maximum

• Titrating dose for maximum inhibition of 
target is difficult due to assay variability 
and need for tumor biopsies 



• Conventional phase I trial to establish  
dose just below MTD which can be 
delivered repeatedly

• Accrue an additional cohort of patients at 
that selected dose to determine whether 
the target is inhibited 



Traditional Phase II Trials

• Estimate the proportion of tumors that 
shrink by 50% or more when the drug is 
administered singly or in combination to 
patients with advanced stage tumors of a 
specific primary site



Problem With Traditional Approach

• Phase II single agent responses do not 
predict well for phase III success of 
combination regimens

• Some drugs that have effectiveness in 
phase III did not produce many responses 
in single agent phase II trials



Possible Reasons for Inadequacy 
of Traditional Phase II Trials

• Drugs active as single agents may not contribute 
to activity of combinations

• Partial response may not represent sufficient 
anti-tumor effect to prolong survival

• Substantial anti-tumor effect for minority of 
patients is so diluted in broad phase III trials that 
it would take huge sample sizes to have 
adequate statistical power



Design Approaches for Phase II Evaluation 
of New Drug in Combination with PFS 

Endpoint
• Single arm trial of standard + new drug 

using historical controls

• Randomized phase 2.5 design

• Randomized discontinuation design

• Seamless phase II/III design



Single arm trial of standard + new 
drug using historical controls

• Often un-interpretable
– Inherent limitations
– Poor execution

• Requires selecting specific controls 
matched for prognostic factors

• Meta-analysis of previous phase II trials 
demonstrating sufficiency of matching 
criteria



Randomized Phase 2.5 Design

• Standard regimen ± new drug

• Differs from Phase III Design
– Significance level 10% 1-sided

– PFS endpoint not necessarily accepted as 
reflecting clinical benefit



Phase 2.5 Trial Design
• Simon R et al. Clinical trial designs for the early clinical 

development of therapeutic cancer vaccines. Journal of 
Clinical Oncology 19:1848-54, 2001

• Korn EL et al. Clinical trial designs for cytostatic agents: 
Are new approaches needed? Journal of Clinical 
Oncology 19:265-272, 2001

• Rubinstein LV, Korn EL, Freidlin B, Hunsberger S, Ivy 
SP, Smith MA. Design issues of randomized phase 2 
trials and a proposal for phase 2 screening trials. Journal 
of Clinical Oncology 2005;23:7199-7206.



Total Sample Size
Randomized Phase 2.5

2 years accrual, 1.5 years follow-up

Improvement 
in median 

PFS

Hazard Ratio α=.05 α=.10 α=.20

4 → 6 months 1.5 216 168 116

4 → 8 months 2.0 76 60 40



Randomized Discontinuation 
Design (RDD)

• Rosner GL, Stadler W, Ratain MJ. 
Randomized discontinuation design: 
Application to cytostatic antineoplastic
agents. J Clin Oncol 20:4478-84, 2002.

• Freidlin B and Simon R. An evaluation of 
the randomized discontinuation design. J 
Clin Oncol 23:1-5,2005.



Randomized Discontinuation 
Design (RDD)

• The RDD requires a large sample size 
• The RDD is not a phase III design 

because it does not establish the clinical 
utility of administering the drug to the 
patient compared to not administering it



Seamless Phase II/III Trial
• Randomized comparison of standard treatment 

± new drug
• Size trial using phase III (e.g. survival) endpoint
• Perform interim futility analysis using phase II 

endpoint (e.g.biomarker or PFS) 
– If treatment vs control results are not significant for 

phase II endpoint, terminate accrual and do not claim 
any benefit of new treatment

– If results are significant for intermediate endpoint, 
continue accrual and follow-up and do analysis of 
phase III endpoint at end of trial

• Interim analysis does not “consume” any of the 
significance level for the trial



New Objective for Developmental 
Studies

• It is important to better characterize in phase II 
studies which tumors are most likely to be 
sensitive to the drug

• Conducting a phase III trial of a molecularly 
targeted agent in the traditional way is likely to 
result in a false negative trial
– Unless a sufficiently large proportion of the patients 

have tumors driven by the targeted pathway



New Drug 
Developmental Strategy (I)

• Develop a diagnostic classifier that identifies the 
patients likely to benefit from the new drug

• Develop a reproducible assay for the classifier
• Use the diagnostic to restrict eligibility to a 

prospectively planned evaluation of the new 
drug

• Demonstrate that the new drug is effective in the 
prospectively defined set of patients determined 
by the diagnostic



Using phase II data, develop 
predictor of response to new drugDevelop Predictor of Response to New Drug

Patient Predicted Responsive Patient Predicted Non-Responsive

Off Study
New Drug Control



Evaluating the Efficiency of Strategy (I)

• Simon R and Maitnourim A. Evaluating the efficiency of targeted 
designs for randomized clinical trials. Clinical Cancer Research
10:6759-63,2004; 12:3229,2006

• Maitnourim A and  Simon R. On the efficiency of targeted clinical 
trials. Statistics in Medicine 24:329-339, 2005.

• reprints and interactive sample size calculations at 
http://linus.nci.nih.gov/brb



Efficiency of Targeted Design 
Depends On

• Treatment specificity
– δ1 = treatment effect for Target + patients
– δ0 = treatment effect for Target - patients

• Assay performance
– Sensitivity = Prob{Assay+ | Target +}
– Specificity = Prob{Assay- | Target -}

• Prevalence of target + patients



Randomized Ratio
# randomized: standard design / targeted design

sensitivity=specificity=0.9

Proportion Expressing 
Target

δ0=0 δ0= δ1/2

0.75 1.29 1.26

0.5 1.8 1.6

0.25 3.0 1.96

0.1 25.0 1.86



Screened Ratio
# screened standard design / targeted design

sensitivity=specificity=0.9

Proportion Expressing 
Target

δ0=0 δ0= δ1/2

0.75 0.9 0.88

0.5 0.9 0.80

0.25 0.9 0.59

0.1 4.5 0.33



Trastuzumab
• Metastatic breast cancer
• 234 randomized patients per arm
• 90% power for 13.5% improvement in 1-year 

survival over 67% baseline at 2-sided .05 level
• If benefit were limited to the 25% assay + 

patients, overall improvement in survival would 
have been 3.375%
– 4025 patients/arm would have been required

• If assay – patients benefited half as much, 627 
patients per arm would have been required 



Gefitinib
• Two negative untargeted randomized trials 

first line advanced NSCLC
– 2130 patients

• 10% have EGFR mutations
• If only mutation + patients benefit by 20% 

increase of 1-year survival, then 12,806 
patients/arm are needed

• For trial targeted to patients with 
mutations, 138 are needed



Web Based Software for 
Comparing Sample Size 

Requirements

• http://linus.nci.nih.gov/brb/

http://linus.nci.nih.gov/brb/








Predictive Medicine not Correlative 
Science

• The purpose of the RCT is to evaluate the 
new treatment  for the pre-defined subset

• The purpose is not to modify or refine the 
classifier



The Roadmap

1. Develop a completely specified genomic 
classifier of the patients likely to benefit from a 
new drug

2. Establish reproducibility of measurement of the 
classifier

3. Use the completely specified classifier to 
design and analyze a new clinical trial to 
evaluate effectiveness of the new treatment 
with a pre-defined analysis plan.



Guiding Principle

• The data used to develop the classifier 
must be distinct from the data used to test 
hypotheses about treatment effect in 
subsets determined by the classifier
– Developmental studies are exploratory
– Studies on which treatment effectiveness 

claims are to be based should be definitive 
studies that test a treatment hypothesis in a 
patient population completely pre-specified by 
the classifier



Development of Genomic 
Classifiers

• Single gene or protein based on knowledge of 
therapeutic target(s)

• HER2 amplification
• EGFR mutation or amplification

• Empirically determined based on correlating 
gene expression  to patient response
– Genome-wide
– Candidate genes



Development of Empirical Gene 
Expression Based Classifier

• 20-30 phase II responders are needed to 
compare to non-responders in order to 
develop signature for predicting response
– Dobbin KK, Simon RM. Sample size planning 

for developing classifiers using high 
dimensional DNA microarray data, 
Biostatistics 8:101-117, 2007.





Collaborators

• Kevin Dobbin
• Boris Freidlin
• Sally Hunsberger
• Wenyu Jiang
• Aboubakar Maitournam
• Yingdong Zhao



Using Genomic Classifiers In Clinical Trials

•Dupuy A and Simon R. Critical review of published microarray studies for clinical outcome and guidelines for 
statistical analysis and reporting, Journal of the National Cancer Institute 99:147-57, 2007
.
•Dobbin K and Simon R. Sample size planning for developing classifiers using high dimensional DNA microarray
data. Biostatistics 8:101-117, 2007.

•Simon R. Development and validation of therapeutically relevant predictive classifiers using gene expression 
profiling, Journal of the National Cancer Institute 98:1169-71, 2006.

•Simon R. Validation of pharmacogenomic biomarker classifiers for treatment selection. Cancer Biomarkers 2:89-96, 
2006.  

•Simon R. A checklist for evaluating reports of expression profiling for treatment selection. Clinical Advances in 

Hematology and Oncology 4:219-224, 2006.

•Simon R, Lam A, Li  MC, et al. Analysis of gene expression data using BRB-ArrayTools, Cancer Informatics 2:1-7, 
2006 



Using Genomic Classifiers In Clinical Trials
.
•Simon R and Maitnourim A. Evaluating the efficiency of targeted designs for randomized clinical trials. Clinical 
Cancer Research  10:6759-63, 2004; Correction 12:3229, 2006.

•Maitnourim A and  Simon R. On the efficiency of targeted clinical trials. Statistics in Medicine 24:329-339, 2005.

•Simon R. When is a genomic classifier ready for prime time? Nature Clinical Practice – Oncology 1:4-5, 2004.

•Simon R. An agenda for Clinical Trials: clinical trials in the genomic era. Clinical Trials 1:468-470, 2004.

•Simon R. Development and validation of therapeutically relevant multi-gene biomarker classifiers. Journal of the 
National Cancer Institute 97:866-867, 2005..

•Simon R. A roadmap for developing and validating therapeutically relevant genomic classifiers. Journal of Clinical 
Oncology 23:7332-41,2005.

•Freidlin B and Simon R. Adaptive signature design. Clinical Cancer Research 11:7872-78, 2005.

•Simon R. and Wang SJ. Use of genomic signatures in therapeutics development in oncology and other diseases, 
The Pharmacogenomics Journal 6:166-73, 2006.
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