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m Powerpoint presentations
m Reprints & Technical Reports
m BRB-ArrayTools software

m Web based Sample Size Planning
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Different Kinds of Biomarkers

B Surrogate endpoints

= A measurement made on a patient before, during and after
treatment to determine whether the treatment is working

m Prognostic biomarkers

m Measured before treatment to indicate long-term outcome for
patients untreated or receiving standard treatment

B Predictive biomarkers

m Measured before treatment to identify who will benefit from
a particular treatment
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Surrogate Endpoints

m [t 1s very difficult to propetrly validate a biomarker as a
surrogate of clinical benefit for use as an alternative
endpoint in phase I1I trials

m Biomarkers can be useful in phase I/1I studies as
measures of treatment effect
= they need not be validated as surrogates for clinical benefit

s Unvalidated surrogates can also be used for interime “futility
analyses” of phase III trials. The trial should continue accrual
and follow-up to evaluate true endpoint if treatment effect on
biomarker 1s sufficient
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Prognostic & Predictive Biomarkers

m Many cancer treatments benefit only a minority of
patients to whom they are administered

m Particularly true for moleculatly targeted drugs
m Being able to predict which patients are likely to benefit

would

® save patients from unnecessary toxicity, and enhance their
chance of recetving a drug that helps them

= Help control medical costs

= Improve the success rate of clinical drug development
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Prognostic and Predictive
Biomarkers in Oncology

m Single gene or protein measurement
m c.o. HER2 protein staining 2+ or 3+
= HER2 amplification
m KRAS mutation
m Scalar index or classifier that summarizes
contributions of multiple genes/proteins

= Empirically determined based on genome-wide
correlating gene expression to patient outcome after
treatment

2009428128 E#xEiZEIE http://www.icrweb.jp/icr/




Use of Biomarkers in Clinical Trial Design Richard Simon, D.Sc.

Biometric Research Branch
Division of Cancer Treatment and Diagnosis, National Cancer Institute

Prognostic Factors in Oncology

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

m Most prognostic factor studies do not have a
clear medical objective

= They use a convenience sample of patients for
whom tissue 1s available.

m Generally the patients are too heterogeneous to
support therapeutically relevant conclusions

m Most prognostic factor studies are not reliable
because they are not prospectively focused on a
single factor
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Pusztai et al. The Oncologist 8:252-8, 2003

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

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

m “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.”
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Prognostic Biomarkers Can be
Therapeutically Relevant

m <10% of node negative ER+ breast cancer
patients require or benefit from the cytotoxic
chemotherapy that they receive

B OncotypeDx

m 21 gene RTPCR assay for FFPE tissue
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Key Features of OncotypeDx
Development

Identification of important therapeutic decision context

Prognostic marker development was based on patients with node
negative ER positive breast cancer recetving tamoxifen as only
systemic treatment

Staged development and validation

m Separation of data used for test development from data used for test
validation

Development of robust assay with rigorous analytical validation
m 21 gene RTPCR assay for FFPE tissue

= Quality assurance by single reference laboratory operation
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Predictive Biomarkers

m [n the past often studied as un-focused post-hoc

subset analyses of RCTs.
® Numerous subsets examined

® Same data used to define subsets for analysis and for
comparing treatments within subsets

= No control of type I error
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Mutations

Copy number changes Treatment
Translocations

Expression profile
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Prospective Co-Development of
Drugs and Companion Diagnostics

1. Develop a completely specified genomic classifier of
the patients likely to benefit from a new drug
Single gene/protein
Gene expression signature

Screen genes using microarrays
Develop classifier for RT-PCR platform

Pre-clinical, phase II data, archived specimens from
previous phase III studies

Establish analytical validity of the classifier

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
that preserves the overall type-I error of the study.
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Guiding Principle

m The data used to develop the classifier should be
distinct from the data used to test hypotheses
about treatment effect in subsets determined by
the classifier

® Developmental studies can be exploratory

m Studies on which treatment effectiveness claims atre
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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New Drug Developmental Strategy I

m Restrict entry to the phase 111 trial based on the binary
predictive classifier, i.e. targeted design
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Develop Predictor of Response to New Drug

Patient Predicted Responsive

Patient Predicted Non-Responsive

N

New Drug

Control
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Applicability of Design I

m Primarily for settings where the classifier 1s
based on a single gene whose protein product 1s

the target of the drug

m cg Herceptin
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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;
Cotrection and supplement 12:3229, 2006

Maitnourim A and Simon R. On the efficiency of targeted clinical trials.
Statistics in Medicine 24:329-339, 2005
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m Relative efficiency of targeted design depends on
m proportion of patients test positive

m cffectiveness of new drug (compared to control) for test
negative patients

m When less than half of patients are test positive and the
drug has little or no benefit for test negative patients,
the targeted design requires dramatically fewer
randomized patients

m The targeted design may require fewer or more
screened patients than the standard design
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Trastuzumab
Herceptin

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% test + patients,
overall improvement in survival would have been

3.375%

m 4025 patients/arm would have been required
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Web Based Software for Comparing
Sample Size Requirements

m http://brb.nci.nih.gov
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Developmental Strategy (1I)

Develop Predictor of
Response to New Rx

Predicted Predicted Non-
Responsive responsive to New Rx
To New Rx

New RX Control
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Developmental Strategy (II)

Do not use the test to restrict eligibility, but to structure a
prospective analysis plan

Having a prospective analysis plan is essential

“Stratifying” (balancing) the randomization is useful to ensure
that all randomized patients have tissue available but is not a
substitute for a prospective analysis plan

The purpose of the study is to evaluate the new treatment overall
and for the pre-defined subsets; not to modity or refine the
classifier

The purpose 1s not to demonstrate that repeating the classifier
development process on independent data results in the same
classifier
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® R Simon. Using genomics in clinical trial design,
Clinical Cancer Research 14:5984-93, 2008

® R Simon. Designs and adaptive analysis plans for
pivotal clinical trials of therapeutics and companion

diagnostics, Expert Opinion in Medical Diagnostics
2:721-29, 2008
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Validation of EGFR biomarkers for selection of EGFR-
TK inhibitor therapy for previously treated NSCLC
patients

—— Outcome
2nd |ine = - (~ 30%) 1° PFS
~ | Testing

with - ORR
' — _ years
specimen FISH Erlotinib

(~ 70%) minimum
4 years accrual, 1196 patients additional

957 patients follow-up
m PIS endpoint

m 90% power to detect 50% PIS improvement in FISH+

m 90% power to detect 30% PES improvement in FISH—
m EBvaluate EGFR IHC and mutations as predictive markers

m EHvaluate the role of RAS mutation as a negative predictive marker
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Analysis Plan B
(Limited confidence in test)

m Compare the new drug to the control overall for all

patients ignoring the classifier.

m Ifp < 0.03 claim effectiveness for the eligible population
as 2 whole

m Otherwise perform a single subset analysis evaluating
the new drug in the classifier + patients

m Ifp_ .= 0.02 claim effectiveness for the classifier + patients.
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Analysis Plan C

m Test for difference (interaction) between
treatment effect in test positive patients and
treatment effect in test negative patients

m [f interaction 1s significant at level o, . then
compare treatments separately for test positive
patients and test negative patients

m Otherwise, compare treatments overall
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Sample Size Planning for Analysis
Plan C

m 88 events in test + patients needed to detect
50% reduction in hazard at 5% two-sided
significance level with 90% power

m [f 25% of patients are positive, when there are
88 events in positive patients there will be about

264 events in negative patients

m 264 events provides 90% power for detecting 33%
reduction in hazard at 5% two-sided significance
level
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Biomarker Stratified Randomized Design

Stratified design randemizes both marker positive and negative patients.

See references 73-75 in Technical Reports Section

* Stratified Design with Prospective Analysis Plan and Binary Endpoint

+ Stratified Design with Prospective Analysis Plan and Time- to- Event Endpoint

@ NIH, 2008
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Stratified Design with Prospective Analysis Plan and Time-to-Event Endpoint -l
Randomized trial comparing new treatment (T} to control (C) includes both classifier positive and classifier negative patients.
Presumes availability of binary classifier predictive of benefit for new treatment.
Hazard ratio of classifier positive vs classifier negative control patients |1.U
Proportion of patients who are classifier positive |25
Choose one analysis plan:
@ Analysis plan A: Determine sample size for overall test comparing T to € for all randomized patients at reduced two-sided level
alpha. If overall test is not significant, then test T vs C in classifier positive subset using ((05-alpha) significance thresheld.
Hazard ratio for overall effect of new treatment |0.57
Twe-sided significance threshold (alpha) [0.03
Power for overall test |U.90
© Analysis plan B: Determine sample size for comparing T to C in classifier positive subset at .05 level. If that is significant at .05
level, then evaluate classifier negative subset.
Hazard ratio for effect of new treatment in classifier positive patients 050
Power |0.90
© Analysis plan C: First test if treatment in clossifier positive patients is better than in negative patients. If interaction is
non-significant, just compare treatments overall. Otherwise, compare treatments within subsets. | |
Hazard ratio for overall effect of new treatment |0.E7
Significance threshold for interaction test (one-sided) |0.10
Power for overall test |0.90 =
Done 2
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Cancer Therapy: Clinical

Adaptive Signature Design: An Adaptive Clinical Trial Design for
Generating and Prospectively Testing A Gene Exprassion
Biomarker-Adaptive Threshold Design: A Signature for Sensitive Patients
Procedure for Evaluating Treatment With Possible Baris Frexdin and Richard Simon
Biomarker-Defined Subset Effect
it Abstract Purpose: A new ganarmtion of moleculary targetad agents is enteing the definitive staga of cin-
ical evaluation, Many of these drugs banafit only a subset of treated patients and may be over-
looked by the traditional, broad-eligibdity approach to rendomized cinical triaks. Thus, thars is
Background  Many molecularly ta ! e o : .

L R i W‘, need for devalopment of noved statistical methodology for rapid evaluation of thase agents,
Experimental Design: Ve propose a new adaptive design for rndomized clinizal trials of tar
geted agents in settings whens an assay o signature that identifies senstivie patients is not avsl
able at he outset of the study The design combines praspective development of 4 gene
expression - based classifier to select sensitive patients with a propedy powered test for overall

ant effect in all fandon ptients with the estat> wlfuct
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1o missing effective agents Wie propose a new adaptive design for randomized clinical
wials of molecularly targeted agenis in sewings where an assay
mature that identifies sensitive patienis is nod available
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subset of patients wha are most likely © benefin from the
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Prospective-Retrospective

Evaluation of Prognostic or

Predictive Classifier

Analytically validate a single completely specified classifier
Design a prospective clinical trial that definitvely addresses the hypothesis of interest
about the medical utility of the completely specified classifier

I Write a detailed protocol for the prospective study, including sample size justification and
detailed statistical analysis plan addressing a single hypothesis about the prognostic or
predictive utility of a single completely specified classifier

Find a previously performed clinical trial that matches as closely as possible the
prospective protocol developed above

I Adequate design

2. Adequate sample size

5. Adequate proportion of patients with archived tissue

4. Not used in any way in developing the classifier or analytically validating it

Perform the assay on the archived samples and then analyze the data as defined in the
prospective analysis plan
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Types of Validation for Prognostic
and Predictive Biomarkers

m Analytical validation

m Pre-analytical and post-analytical robustness

m Clinical validation

® Does the biomarker predict what it’s supposed to
predict for independent data

m Clinical utility

® Does use of the biomarker result in patient benefit
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Clinical Utility

m Benefits patient by improving treatment
decisions

m Depends on context of use of the biomarker
® Treatment options and practice guidelines

m Other prognostic factors
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Clinical Utility of Prognostic
Biomarker

m Prognostic biomarker for identifying patients
m for whom practice standards imply cytotoxic chemotherapy
® who have good prognosis without chemotherapy

m Prospective trial to identify such patients and withhold

chemotherapy
= TAILORx

m “Prospective plan” for analysis of archived specimens
from previous clinical trial in which patients did not
receive chemotherapy

= OncotypeDx
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Clinical Utility of Predictive
Biomarker

m Predictive biomarker for identifying the patients who
benefit from a specific regimen and/or the patients
who do not

m Prospective RCT of new regimen versus control with
tissue prospectively collected and assayed and patients
classified as test + or test —

= Sample size established to have enough test + patients for
separate analysis of new regimen versus control and enough

test — patients for separate analysis of new regimen versus
control

® Focused analysis on a single completely prospectively defined
biomarker classifier
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Use of Archived Specimens in Evaluation of Prognostic and
Predictive Biomarkers

Richard M. Simon, Soonmyung Paik and Daniel F. Hayes

We propose modified guidelines for the conduct of reliable analyses of
prognostic and predictive biomarkers using archived specimens. These
guidelines stipulate that:

(i) archived tissue adequate for a successful assay must be available on a
sufficiently large number of patients from a phase III trial that the appropriate
analyses have adequate statistical power and that the patients included in the
evaluation are clearly representative of the patients in the trial.

(if) The test should be analytically and pre-analytically validated for use with

archived tissue.

(ii) The analysis plan for the biomarket evaluation should be completely
specified in writing prior to the performance of the biomarker assays on
archived tissue and should be focused on evaluation of a single completely
defined classifier.

1v) the results from archived specimens should be validated using specimens
from a similar, but separate, study.
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Use of Archived Specimens in Evaluation of Prognostic and
Predictive Biomarkers

Richard M. Simon, Soonmyung Paik and Daniel F. Hayes

Conclusions

Claims of medical utility for prognostic and predictive biomarkers based on
analysis of archived tissues can be considered to have either a high or low
level of evidence depending on several key factors.

These factors include the analytical and pre-analytical validation of the assay,
the nature of the study from which the specimens were archived, the number
and condition of the specimens, and the development prior to assaying tissue

of a focused written plan for analysis of a completely specified biomarker
classifier.

Studies using archived tissues, when conducted under ideal conditions and
independently confirmed can provide the highest level of evidence.

Traditional analyses of prognostic or predictive factors, using non analytically
validated assays on a convenience sample of tissues and conducted in an
exploratory and unfocused manner provide a very low level of evidence for
clinical utility.
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Conclusions

m New technology makes it increasingly feasible to
identify which patients require systemic treatment and
which are most likely to benefit from a specified
regimen

m We are rapidly proceeding on the way to predictive
oncology based on genomic characterization of a
patient’s tumor

m Rate limiting steps are
= Identifying key oncogenic mutations
m Access to tissue from patients in key clinical trials
® Preforming the appropriate clinical trials
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Conclusions

m Targeting treatment can provide
m Patient benefit
= Economic benefit for society
m Improved chance of success for new drug development

m Not necessarily simpler or less expensive development

m Achieving the potential of new technology requires

m Paradigm changes in focus and methods of “correlative science.”
= New approaches to trans-disciplinary training and collaboration
m Effective collaboration between academic research and industry

m Appropriate standards for regulation of in-vitro diagnostics
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