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• Powerpoint presentations and audio files
• Reprints & Technical Reports
• BRB-ArrayTools software
• BRB-ArrayTools Data Archive

– 100+ published cancer gene expression datasets with 
clinical annotations

• Sample Size Planning for Targeted Clinical 
Trials



Oncology Needs

• Better treatments

• Better targeting of treatments to the 
right patients



• Many cancer treatments benefit only a 
small proportion of the patients to which 
they are administered 

• Targeting treatment to the right patients 
can greatly improve the therapeutic ratio of 
benefit to adverse effects
– Smaller clinical trials needed
– Treated patients benefit
– Economic benefit for society



“Biomarkers”

• Predictive classifier
– A measurement made before treatment to 

predict whether a particular treatment is likely 
to be beneficial

• Surrogate endpoints
– A measurement made before, during and 

after treatment to determine whether the 
treatment is working



Surrogate Endpoints

• It is very difficult to properly validate a biomarker 
as a surrogate for clinical outcome. It requires a 
series of randomized trials with both the 
candidate biomarker and clinical outcome 
measured
– Must demonstrate that treatment vs control 

differences for the candidate surrogate are 
concordant with the treatment vs control differences 
for clinical outcome

– It is not sufficient to demonstrate that the biomarker 
responders survive longer than the biomarker non-
responders



• Biomarkers for use as endpoints in phase I 
or II studies need not be validated as 
surrogates for clinical outcome

• Unvalidated biomarkers can also be used 
for early “futility analyses” in phase III trials



Progression-free survival according to allocated treatment

Lewis, I. J. et al. J. Natl. Cancer Inst. 2007 99:112-128; doi:10.1093/jnci/djk015

Copyright restrictions may apply.



• It is usually more difficult and time 
consuming to properly “validate” an 
endpoint as a surrogate than to use the 
clinical endpoint in phase III trials

• Critical path objectives may be more 
effectively met by developing classifiers for 
treatment selection than by trying to 
validate surrogate endpoints



• FDA terminology of “valid biomarker” and 
“probable valid biomarker” are inappropriate 

• “Validation” has meaning only as fitness for 
purpose and the purpose of treatment selection 
classifiers are completely different than for 
surrogate endpoints

• Criteria for validation of surrogate endpoints 
should not be applied to biomarkers used for 
treatment selection



• The components of multi-gene exrpession
based classifiers should not have to be 
“valid biomarkers”

• It is often much easier to develop an 
accurate predictive classifier than to 
elucidate the role of the component genes 
in disease biology



Oncology Needs Predictive Markers
not Prognostic Factors

• Most prognostic factors are not used because 
they are not therapeutically relevant

• Most prognostic factor studies are poorly 
designed and not focused on a clear objective; 
they use a convenience sample of patients for 
whom tissue is available. Generally the patients 
are too heterogeneous to support therapeutically 
relevant conclusions

• Prognostic and predictive studies should be 
designed with as much care and statistical rigor 
as clinical trials



Pusztai et al. The Oncologist 8:252-8, 2003

• 939 articles on “prognostic markers” or 
“prognostic factors” in breast cancer in past 20 
years

• ASCO guidelines only recommend routine 
testing for ER, PR and HER-2 in breast cancer

• “With the exception of ER or progesterone 
receptor expression and HER-2 gene 
amplification, there are no clinically useful 
molecular predictors of response to any form of 
anticancer therapy.”



• Clinical trials of molecularly targeted drugs 
focused on patients whose tumors are 
expected to be susceptible to the drug can 
be much more efficient than traditional 
broad clinical trials 



• In new drug development 
– The focus should be on evaluating the new 

drug in a population defined by a predictive 
classifier, not on “validating” the classifier

• In developing a predictive classifier for use 
in restricting a widely used treatment
– The focus should be on evaluating the 

classifier; Is clinical outcome better if the 
classifier is used than if it is not used?



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



Applicability of Design I

• Primarily for settings where the classifier is 
based on a single gene whose protein 
product is the target of the drug

• With substantial biological basis for the 
classifier, it will often be unacceptable 
ethically to expose classifier negative 
patients to the new drug



• Traditional parameters of sensitivity and specificity are 
not applicable to estimating relative efficacy of a new 
regimen versus a control with survival or progression-
free survival endpoint
– The relevant parameters are treatment effect in classifier positive 

and classifier negative subsets
• “When your only tool is a hammer, everything looks like 

a nail”
• Forcing predictive medicine based drug development 

into square boxes developed for traditional medical 
devices creates a serious roadblock to the introduction of 
effective pharmacogenomic based therapeutics



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.

• 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



Comparison of Targeted to Untargeted Design
Simon R, Development and Validation of Biomarker Classifiers for Treatment Selection, JSPI

Treatment Hazard 
Ratio for Marker 
Positive Patients

Number of Events for 
Targeted Design

Number of Events for Traditional 
Design

Percent of Patients Marker 
Positive

20% 33% 50%

0.5 74 2040 720 316



Web Based Software for 
Comparing Sample Size 

Requirements

• http://linus.nci.nih.gov/brb/

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








Developmental Strategy (II)

Develop Predictor of 
Response to New Rx 

Predicted Non-
responsive to New Rx

Predicted 
Responsive
To New Rx

Control
New RX Control

New RX



Developmental Strategy (II)

• Do not use the diagnostic to restrict eligibility, 
but to structure a prospective analysis plan.

• Compare the new drug to the control overall for 
all patients ignoring the classifier.
– If poverall≤ 0.04  claim effectiveness for the eligible 

population as a whole
• Otherwise perform a single subset analysis 

evaluating the new drug in the classifier + 
patients
– If psubset≤ 0.01 claim effectiveness for the classifier + 

patients.



• This analysis strategy is designed to not 
penalize sponsors for having developed a 
classifier 

• It provides sponsors with an incentive to 
develop genomic classifiers



• The alternative design of separate testing 
of treatment effect in classifier positive and 
negative subsets is generally not viable
– With classifier tightly linked to drug target, it 

may be ethically unacceptable to expose 
classifier negative patients

– With empirically based classifier, it will be 
better to not measure classifier than to be 
forced to demonstrate effectiveness in both 
subsets separately



FDA Subset Catch 22

• Do not accept claims based on subset 
analysis

• Require sponsors to do subset analysis to 
establish that a claim based on overall 
treatment effect applies to all subsets



Predictive Medicine not Correlative 
Science

• The purpose of the RCT is to evaluate treatment 
T vs C overall and for the pre-defined subset

• The purpose is not to re-evaluate the 
components of the classifier, or to modify or 
refine the classifier

• The purpose is not to demonstrate that 
repeating the classifier development process on 
independent data results in the same 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



Use of Archived Samples
• From a non-targeted “negative” clinical 

trial to develop a binary classifier of a 
subset thought to benefit from treatment

• Test that subset hypothesis in a separate 
clinical trial
– Prospective targeted type (I) trial
– Prospective type (II) trial
– Using archived specimens from a second 

previously conducted clinical trial



Development of Genomic 
Classifiers

• Single gene or protein based on 
knowledge of therapeutic target

• Empirically determined based on 
correlating gene expression to patient 
outcome after treatment



Development of Genomic 
Classifiers

• During phase II development or

• After failed phase III trial using archived 
specimens.

• Adaptively during early portion of phase III 
trial.



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.



Adaptive Signature Design
An adaptive design for generating and 

prospectively testing a gene expression 
signature for sensitive patients

Boris Freidlin and  Richard Simon
Clinical Cancer Research 11:7872-8, 2005



Adaptive Signature Design
End of Trial Analysis

• Compare E to C for all patients at 
significance level 0.04
– If overall H0 is rejected, then claim 

effectiveness of E for eligible patients
– Otherwise



• Otherwise:
– Using only the first half of patients accrued during the 

trial, develop a binary classifier that predicts the 
subset of patients most likely to benefit from the new 
treatment E compared to control C

– Compare E to C for patients accrued in second stage 
who are predicted responsive to E based on classifier 

• Perform test at significance level 0.01
• If H0 is rejected, claim effectiveness of E for subset defined 

by classifier



Validation of Predictive Classifiers 
for Use with Available Treatments

• Should establish that the classifier is 
reproducibly measurable and has clinical 
utility

• Studies of predictive classifiers should be 
viewed as either developmental or 
validation studies



• Developmental studies should develop 
classifiers for homogeneously treated 
patients and provide split-sample or cross-
validated estimates of prediction accuracy

• Validation studies should establish 
whether patient outcome is improved 
using the pre-specified new classifier for 
treatment selection compared to using 
current practice standards





Major Flaws Found in 40 Studies 
Published in 2004

• Cluster Analysis of samples 
– 13/28 studies invalidly claimed that expression clusters based on 

differentially expressed genes could help distinguish clinical 
outcomes

• Outcome related gene finding
– 9/23 studies had unclear or inadequate methods to deal with 

false positives
• 10,000 genes x .05 significance level = 500 false positives

• Supervised prediction
– 12/28 reported a misleading estimate of prediction accuracy

• 50% of studies contained one or more major flaws







BRB-ArrayTools
• Contains analysis tools that I believe are valid 

and most informative
• Extensive analysis tools for developing and 

validating predictive classifiers
– Binary or survival endpoints

• Guided selection of analysis tools for 
biomedical scientists

• Imports data from all platforms and major 
databases



BRB-ArrayTools

• Extensive linkage to gene annotation 
websites

• Extensive analyses for integrating gene 
expression with other biological 
information

• Publicly available for non-commercial use
– http://linus.nci.nih.gov/brb



BRB-ArrayTools
December 2006

• 6635 Registered users
• 1938 Distinct institutions 
• 68 Countries
• 311 Citations



Conclusions

• Developments in biotechnology and tumor 
biology make it increasingly feasible to 
identify which patients are most likely to 
benefit from a specified treatment



Achieving the potential of new technology requires

• Paradigm changes in study design, moving from 
“correlative science” to predictive medicine 

• New organizational structures and resource allocations 
to foster excellence in interdisciplinary research among 
biostatistical, laboratory and clinical scientists 
– Traditional core support structures are ineffective for high level 

collaboration
– Major studies continue to be poorly designed and analyzed
– Over-emphasis on software engineering at the expense of 

biostatistical collaboration 
• FDA policies that encourage development of classifier 

targeted therapeutics



Collaborators

• Alain Dupuy
• Boris Freidlin
• Aboubakar Maitournam
• Yingdong Zhao



Using Genomic Classifiers In Clinical Trials

•Dupue 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. Guidelines for the design of clinical studies for development and validation of therapeutically relevant 
biomarkers and biomarker classification systems. In Biomarkers in Breast Cancer, Hayes DF and Gasparini G, pp 3-
15, Humana Press, 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. Identification of pharmacogenomic biomarker classifiers in drug development. In Pharmacogenomics, 
Anti-cancer Drug Discovery and Response, F Innocenti (ed), Humana Press (In Press).

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

•Simon R. New challenges for 21st century clinical trials, Controlled Clinical Trials (In Press).

•Simon R. Development and validation of biomarker classifiers for treatment selection, Journal of Statistical Planning 
and Inference (In Press).



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.

•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.

•Trepicchio WL, Essayan D, Hall ST, Schechter G, Tezak Z, Wang SJ, Weinreich D, Simon R. Designing 
prospective clinical pharmacogenomic trials- Effective use of genomic biomarkers for use in clinical decision-
making. The Pharmacogenomics Journal 6:89-94,2006.
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