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Class prediction ≠ Class comparison

• Class comparison (gene finding)
– Hierarchical model for variance

• GW Wright & R Simon, Bioinformatics 19:2448-55, 2003
– Multivariate permutation test based

• SAM
• Korn et al. JSPI 124:379-98, 2004 

• Class prediction
– Predictive accuracy
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KK Dobbin, R Simon. Sample size planning for developing  classifiers 
using high dimensional DNA microarray data, Biostatistics (in press)



Validation of Predictive Classifier 
Does Not Involve

• Measuring overlap of gene sets used in 
classifier developed from independent data

• Statistical significance of gene expression levels 
or summary signatures in multivariate analysis

• Confirmation of gene expression measurements 
on other platforms

• Demonstrating that the classifier or any of its 
components are “validated biomarkers of 
disease status”







Metrics that Matter

• Predictive accuracy
• Reproducibility of classification for 

individual patients
• Medical utility



Developmental Studies vs
Validation Studies

• Developmental studies are exploratory
• FDA should not regulate classifier 

development
• Developmental studies should incorporate 

an internal estimate of predictive accuracy
– Split sample
– Cross-validation or bootstrap



Myth

• Split sample validation is superior to 
LOOCV or 10-fold CV for estimating 
prediction error





• Both split-sample validation and cross-
validation represent internal validation



Limitations to Internal Validation

• Sample handling and assay conduct are 
performed under controlled conditions that do 
not incorporate real world sources of variability

• Study on archived tissue may confound tissue 
handling or assay performance with outcome 
(class)

• Cases may be from a single institution
• Developmental studies are generally small
• Study does not establish reproducibility of 

classification for individual patients
• Predictive accuracy is generally not clinical utility



Predictive Accuracy ≠ Medical Utility

• Prognostic factors are generally not useful 
unless they have therapeutic relevance

• Predictive factors can be of great importance
– Who benefits from a particular treatment

• Most developmental studies use a convenience 
sample of patients for whom tissue is available. 
Generally the patients are too heterogeneous to 
support therapeutically relevant conclusions
– Focus on patients in a single clinical trial



“Validation” Is Worse than Meaningless 
Except as

“Fit for Purpose”



Predictive Classifier 
Fit For Purpose

• Adoption of a classifier to restrict the use 
of a treatment in wide use should be 
based on demonstrating that use of the 
classifier leads to better clinical outcome

• In new drug development, the role of a 
classifier is to select a target population for 
treatment
– The focus should be on evaluating the new 

drug, not on “validating” the classifier



Validation Study
Node negative Breast Cancer

• Prospective study design
• Samples collected and assayed from patients with node 

negative ER+ breast cancer who will receive TAM
• Apply single, fully specified multi-gene predictor of 

outcome to samples and categorize each patient as 
good or poor prognosis

• Categorizing each patient with regard to practice 
standards as requiring or not requiring chemotherapy

• Randomizing patients for whom genomic classifier and 
practice standards disagree with regard to use of 
chemotherapy

• Compare long term outcomes for randomized patients



Validation Study
for Use of Chemotherapy in Node Negative Breast 

Cancer
• Prospective study design
• Samples collected and assayed from patients 

with node negative ER+ breast cancer receiving 
TAM

• Identify patients predicted to be very good 
prognosis on TAM alone using a single, fully 
specified multi-gene predictor of outcome

• Were long-term outcomes for patients in good 
prognosis group sufficiently good to have 
warranted withholding chemotherapy?



• In new drug development, the role of a 
classifier is to select a target population for 
treatment
– The focus should be on evaluating the new 

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



• Targeted clinical trials can be much more 
efficient than untargeted clinical trials, if 
we know who to target



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.

• 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



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.



Key Features of Design (II)

• The purpose of the RCT is to evaluate 
treatment T vs C overall and for the pre-
defined subset;  not to re-evaluate the 
components of the classifier, or to modify 
or refine the classifier 



One Should Require That

• The classifier be reproducibly measurable

• The classifier in conjunction with the drug 
has clinical utility



There Should Be No Requirement 
For

• Demonstrating that the classifier or any of its 
components are FDA defined “validated 
biomarkers of disease status”

• Ensuring that the individual components of the 
classifier are correlated with patient outcome or 
effective for selecting patients for treatment

• Demonstrating 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
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