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Different Kinds of Biomarkers

m Surrogate endpoints

m Measured before, during and after treatment to moniter
treatment effect

m Predictive biomarkers

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

m Prognostic biomarkers

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



Prognostic & Predictive Biomarkers

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

m Particularly true for molecularly targeted drugs

m Being able to predict which patients are likely to
benefit would

m Save patients from unnecessary toxicity, and enhance their
chance of receiving a drug that helps them

m Help control medical costs
m Improve the success rate of clinical drug development



Validation = Fit for Purpose



Types of Validation for Prognostic
and Predictive Biomarkers

m Analytical validation
m Pre-analytical and post-analytical robustness
m Clinical validation

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

m Clinical utility
m Does use of the biomarker result in patient benefit



Prognostic and Predictive Biomarkers
In Oncology

m Single gene or protein measurement
m ER protein expression
m HER2 amplification
m KRAS mutation

m Scalar index or classifier that summarizes
expression levels of multiple genes



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

m They use a convenience sample of patients for whom
tissue Is available

m Most prognostic factor studies are not reliable
because they are exploratory and not
prospectively focused on a single factor



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.”




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
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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 receiving 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
m Quality assurance by single reference laboratory operation



Clinical Utility

m Biomarker benefits patient by improving
treatment decisions
m Depends on context of use of the biomarker

m Treatment options and practice guidelines
m Other prognostic factors



Clinical Utility of Prognostic
Biomarker

m Prognostic biomarker for identifying patients

m for whom practice standards imply cytotoxic
chemotherapy, but

= Who have good prognosis without chemotherapy

m Prospective trial to identify such patients and
withhold chemotherapy
s TAILORX
m “Prospective plan” for analysis of archived specimens
from previous clinical trial in which patients did not
receive chemotherapy
m OncotypeDx



Prospective Evaluation of Prognostic
Biomarker

Identify low stage patients for whom standard of care
IS chemotherapy

m Find dataset of low stage patients who did not receive
chemotherapy for whom archived tissue is available

m Develop prognostic biomarker classifier of risk
without chemotherapy of low stage patients

m Conduct RCT in which low stage patients who are
low risk by biomarker classifier are randomized to +-
chemotherapy



m In some cases, If biomarker predicted risk of
recurrence Is sufficiently low for randomized
patients, then randomization is omitted and
the test of the biomarker Is a test of whether
the risk Is as low as predicted

m Absolute benefit of very low risk patients is by
necessity very small
m This Is the approach of TAILORX



How Does This Approach
Compare to the So Called Gold
Standard of Randomizing Patients
to Recelve or Not Recelve the
Test?






The Gold Standard Design iIs
Extremely Inefficient, and Not
Very Informative






s MINDACT randomizes breast cancer patients
whose Mammaprint based Rx differs from
SOC

m SOC=chemo, low risk Mammaprint
m SOC=no chemorx, high risk Mammaprint

m Trial Is sized to estimate risk of relapse of low
risk Mammaprint patients randomized to no
chemotherapy



Predictive Biomarkers



Predictive Biomarkers

m In the past often studied as un-focused post-
hoc subset analyses of RCTs.
m Numerous subsets examined

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

m No control of type | error



Evaluating a predictive biomarker for treatment T involves an
RCT of T versus a control C.

Analysis of RCT determines whether the biomarker
distinguishes the patients who benefit from T vs C from those

who don’t

In this RCT, the biomarker should be

m completely specified in advance

m focused on the single specific biomarker

m the trial sized with sufficient marker + and marker - patients for
adequately powered separate analysis of T vs C differences in each
stratum.

Evaluating a predictive biomarker does not involve comparison

of outcome of marker + vs marker - patient
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K-ras Mutations and Benefit from Cetuximab
in Advanced Colorectal Cancer

Christos 5. Karapetis, M.D,. Shirin Khambata-Foed, Ph.D., Derek ). Jonker, M.D., Chris |. ©'Callaghan, Ph.D.,
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Christiane Langer, M.D., Malcalm J. Moore, M.D.. and jJohn RB. Zalcbarg, M.D., Ph.D*

ABSTRACT
RACECECUND
Treatment with cetuximab, a moneclonal antibody directed against the epidermal
growth factor receptor, improves overall and progression-free survival and preserves
the quality of life in patients with colorectal cancer that has not responded to che-

mothernpy, The mutation status of the K-z gene in the tumor may affect the re-
sponse to cetuximab and have treatment-independent prognostic value,

METHODE

We analyzed fumor samples, obmined from 394 of 572 patients [G8.9%) with colo-
rectal cancer who were eandomiy assigned to receive cetuximab plus best support-
ive care or best supportive care alens, o look for activating murarions in exon 2 of
the K-ras gene. We aszessed whether the mutation starus of the K-ras gene was as-
sociated wirth survival inthe cetuximab and supportive-care groups.

RESILTS

Of the mumers evahuated for Koras onutations, 42.3% had at least one mutation in exon 2
of the gene. The effectiveness of cetuximab was significantly associated with Koras
mutation status (F=0.01 and P<0001 for the mterction of Kras mutation statas with
overall survival and progression-free survival, respectively), In patients with wild-type
Fers tumers, treatment wich cetuximab as compared with supportive care slone sig-
nificanthy improved overall survival (median, 9.5 v, 4.8 months; hazard macio for death,
0.55; 9% confidence interval [CI), 0,41 o 0.74; P<DO0T) and progression-free survivil
{median, 3.7 months vs, 1.9 months; hazard ratio for progression or deach, 040s 95%
C1, 030 to 154 P<DO01L Among patients with mutated Koas tumors, there was ne
significant difference between those who were trearesd with cetusimab and those whe
received supportive care alons with respect to overall survival (hazard ratio, 0.98;
P=(LE or progression-frée survival (hazard ratio, 0.9% P=056), In the group of pa-
tients receving best supportive care alone, the mutation status of the K gene was not
significantly associated with overall survival (hazard ratio for death, 1.00; P=0597),

CONCLUSIONS

Patienes with a colorecral rumor pearing murared K-rus did not benefit from ceruximal,
whereas patienss with a rumor bearing wild-type Keras did benefir from ceruximab. The
mutation starus of the K-rs gene had no influence on survival among pacients creared
with best supportive care alone. (ClinkcalTrialsgov number, NCTHHIPGG.)
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suppartive car alone was associsted with improved avenall survival ameng
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b wias slgrificant {best fof irteraction, P=0,01}
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Pares A sherwes remslis for pansss with murased K- rumars, @nd Panel B
for patlaris wish wild-type K-ms tumors. Cefuximad ss compamd with beat
suppartis care alons was assoclated with nprod pm-p'qﬂlnﬂ-l’m HUME-
witval arorgg patients with wild-type B-res turmoes but not amang thase with
mutasad K-mas tumors. The differencs in treavmant affact sccording 1o me-
tatlon &Tatus was slgnificant (test for tersction, P<000l).
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Roadmap for Developing and Validating
Therapeutically Relevant Genomic Classifiers

Richard Simon

A B 8 T R A E T

Onecologists naad improvad tools Tor sslactng treatments o individual patiants. The deval
opmeant of therspeutealy relevant prognostic markers has treditionally besn slowed by poor
study dasign, inconsistent findings, and lack of propar validaticon studias, Microarray skpres
sion profiling provides an exciting new technalagy for relating tumos gene expression 1o pe
tisn autoome, but it also providas incrsased challangss for ranslating il resassch findings
=it mbust disgnostics that benefit patisnts and physicians in tharapautic decsion making.
Thes articie attermpta to clanty some of the mesconceptions abaut the devaloprmant and vak-
siation of multigens expression signaturs classifiers and highlights the steps needed to move
gemomus algnatures into clnscal application as therapautically relavant and robest diagnostics,

< Clin Onced 230 F332-7341.

INTRODLCTION

Oncelogrets need improved tools for selece
ing treatments for individual patients. Most
canger treatiments benefit enly o minoriy
of the patients 1o whom they are achminis
teread, Being able 1o predict which patients
are most likely w benefit would not aaly
save patients from wnnecessiry tosicity and
inconvenience, bt might Gcilitate their re-
celving Jdrugs that are more likely o help
thiern, Tnadditien, the current overireiment
of patients resulis in major expense for indi-
vidduals and society, an expense that may not
b inddinitely sustainable,

Microarray expression  profiling  has
provided an exciting new technobogy for at-
tempting to identify classifiers for tailoring
treatments 1o patienis, To date, however,
no multigene expression  signature  has
been widely adopted into oncology practice
and very few are close to achieving such sta-
tus. [revelopment of bomarker classificrs
useful for improving treatment decisions
and sufficiently validated for broad clinical
applicaton is difficuly, and more difficult
I-m I.'JI"FI,"\\H'II'I Ihiﬁl'l\.llllrl,' ..,|.|ﬁi1i|,'r-.. nll,:
febd of macroareny expression profiling s

alsg burdened with both unrealistic hype
and excessive skepticism, Tn this aricle, 1
will artempt 1o clarify some of the miscon-
ceptions about the development and vali-
dation of muligene expression signature
classifiers and highlipht the steps necded
iy Iove genaimic sipgnotares into clindcal
application as therapeutically relevant and
rebust diagnostics.

WHY ARE S0 FEW PAOGNOSTIC FACTORS
USED IN OMCOLOGYT

Although there ds a large Hrerature on prog-
nowtic factors for cancer patients, very fow
such factors are wsed in clinical practice.
Prognostic factors are unlikely o be used
unless they are therapeutically relevant,
and most publications do oot establish
such  relevance. Most prognostic Tactor
studies are conducted using o convenience
sample of patients for whom tissue is avail-
able, but the cohort is often far wo hetero-
geneous with regard 1o stage and treatment
1o support therapeutically relevant conclu-
sons, Additenal problems in the prognaos
e marker liverature derive from the face
that  most studies  develop  prognostic

Dowmiboaded from wwiw joouorg @l NATIONAL INSTHEALTH LIB an Oclobes 7, 2005
Coapyrighd © 20085 by the Anerican Society of Clinical Onoology. All ights reserved,



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
- (5ene expression signature

- Screen genes using microarrays
- Develop classifier for RT-PCR platform

- Pre-clinical, phase Il data, archived specimens from
previous phase 111 studies
2. Establish analytical validity 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
that preserves the overall type-I error of the study.



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

m Developmental studies can be exploratory

m Studies on w
to be based s

nich treatment effectiveness claims are
nould be definitive studies that test a

treatment hypothesis in a patient population
completely pre-specified by the classifier



Developmental Strategy

Develop Predictor of
Response to New Rx

Predicted
Responsive
To New Rx

TN

New RX

Predicted Non-
responsive to New Rx

>

Control

New RX

Control




Developmental Strategy

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

m 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 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



m R Simon. Using genomics in clinical trial design,
Clinical Cancer Research 14:5984-93, 2008

m 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



Validation of EGFR biomarkers for selection of EGFR-
TK inhibitor therapy for previously treated NSCLC

2"d |ine
NSCLC
with
specimen

patients

FISH
Testing

FISH +
(~ 30%)

Erlotinib

Pemetrexed

4 years accrual, 1196 patients

m PFS endpoint

m 90% power to detect 50% PFS improvement in FISH+
m 90% power to detect 30% PFS improvement in FISH-

m Evaluate EGFR IHC and mutations as predictive markers
m Evaluate the role of RAS mutation as a negative predictive marker

FISH -
(~ 70%)

Erlotinib

Pemetrexed

957 patients

Qutcome

1° PFS

2° 0OS, ORR
1-2 years
minimum
additional
follow-up



Analysis Plan B
(Limited confidence In test)

m Compare the new drug to the control overall for all
patients ignoring the classifier.

m If p,.E 0.03 claim effectiveness for the eligible
population as a whole
m Otherwise perform a single subset analysis evaluating
the new drug In the classifier + patients

m If p,£ 0.02 claim effectiveness for the classifier +
patients.



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 Is significant at level a, ., then
compare treatments separately for test positive
patients and test negative patients

m Otherwise, compare treatments overall



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 If 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

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

@ NIH, 2008

Done
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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 |10
Proportion of patients who are classifier positive |.25]
Choose one analysis plan:
& Analysis plan A: Determine sample size for overall test comparing T te € for all rendemized 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 threshold.
Hazard ratio for overall effect of new treatment |0.67
Two-sided significance threshold (alpha) j0.03
Power for overall test [0.90
T Analysis plan B: Determine sample size for comparing T to € 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 fos0
Power |0.40
T Analysis plan C: First test if treatment in classifier 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 |0.67
Significance threshold for interaction test {one-sided) f010
Power for overall test [0.90 =

Done 4
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ARTICLE | Adaptive Signature Design: An Adaptive Clinical Trial Design for
Generating and Prospectively Testing A Gene Expression
Signature for Sensitive Patients

Baris Fresdhn and Richard Simon

Biomarker-Adaptive Threshold Design: A

Procedure for Evaluating Treatment With Possible

Biomarker-Defined Subset Effect

Wenylang, Bors Freilin, Richard Simen Abstract  Purposs: A new generafion of molsculary targetad agants s entering tha definitive stage of cin-
ical avalliation, Many of thase drugs banafit only a subset of treatad patiants and may be over-
lnoked by the traditional, broad-eligibdity appreach to mndomized cinical triaks. Thus, thare is a
need for development of novel statistical methedology for rapéd evaluation of thase agents,
Experimental Design: Wa proposs a new adaptive design for randomized clincal trials of tar
geted agents in settings whem an assay or signatune that identifios serstive patients is nol avasl-
able a1 the outset of the study. The design combines prospes e devilopment of a gene
wxpression - based classifier to select sensitive patients with a propedy possered test for overall

Many i targeted agents entering the definitive stage of clinical development benefit
only @ subset of treated patients. This mey lead to missing effective agents by the traditional broad-
eligibility randomized trials due to the dilution of the overall treatment effect. We propose g statistically
figofoiis bomarker-adaptive threshold phase | design for settings in which & putative biomarkes 10 iden-
tify patients whe are senaitive to the new agent is measured on & continuous of graded scale.

Methods  The design combines a test for oversll tragtment effect in all randomily assigned patients with the estab-
lishment and validation of & cut peint for 8 prespecified biomarker of the sensitive subpopulation. The
pertaimmance of the hiom arker-adaptive design, relative 1o a traditional design that ignofes the biamarker,
wias evaluatid In g simulation study. The biomarker-adaptive design was also usad to analyze data from

a prostate cancer trial.

Resulis In the s ion study, the

ptive design o d the power 1o detect the overall effect

when the new treatment is broadly effective. When the proportion of senaitive patients aa identified by
the hiomarker is low, the proposed design provided a subatantial improvement in efficiency compared

with the (i trial design. F
binmarker-adaptive design are provided.

for sample size planning and implementation of the

Concluglons A statistically valid teat tor & biomarker-defined subsat etfect can be prospectively incorporated into a fan-
domized phase Il design without com promiging the sbility 1o detect an overall effect it the intervention is

benaficial in 8 broad population.

J Natl Cancer Inst 2007.53:1-8

Hanan caneers are beteragencons with rggand to their malecular
anl gencanic: properties, Recent advinees in biotechnolugy have
resulted ina shuft yoward moleculary aegeed anticinees agents
These new thernpeutics are likely o benehi only o subset of the
pasents wath @ given eancer. Difintive wsting of such wrgened
agenes requires the idennfieation of dhe approprae
porpualaciins, Whest lanmarkers o identify the potients who ane
likeky tas lsenefit froan the new therapn are avalable, targeted clin
cal erials that restoet eligilality s sensative patients shiubd be nsed
{10, However, reliable assiys i adentd
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Deevelapments in wmor biology Iave sesulted in shift toward
molemlarly tageted drogs (1< 3). Most Biaman inor bypes are
heterogeneous with regand o molecular pathogenesis, genomic
signatures, and phenotypic properties. As 2 nesult, only a subset
of the patients with a given cancer & likely 1o benefit from a
targeted agent (4), This complicates all stagess of cinical
development, espectally randormbeed phase 10 eiaks (5, 6). In
some cased, predicve assays that can accurmely [dentlfy
patbents who are likely w benefi from the new thesapy have
been developed. Then, tangeted randonmized designs thal rearico
eligibiliey vo patiems with senaltive tumors should be usad (7).
However, reliable ssays to select sensitve pasdents are often noc
available (8, ¥). Consequently, iraditional randomized clinical
trails with broad eligibility criceria are routinely used 10
evaluate such agents. This is generally inefficient and may lead
1o missing effective agents.
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linto a iz phase (Il desgn withoul com-

Genomic technologies, such as microamays and  single
nucleniide polymomhism genotyping. are powerful wols
hold a great potential for identifying patients who are likely
1o benefit from 2 targeted agent (10, 11). However, due o the
large nuniber of genes available for analysis, interpretation of
these data is complicaied. S¢partion of rediable evidence from
the random panerns inherent in high-dimensional daa
teduiires specialized saisical methodology that 18 prospectively
incorporated fn che wial design. Practcal lplementation of
sich designe has been lagging In panticulas, analysls of
imicroarray daw from phase I randombzed sudles s usually
conslidered secondary 1o the primary overall comparkion of all
eligible patients, Many analyses are not explicidy writien into
proweols and done remospectively, mainly as “hypothesis-
enerating” coofs.

We propose 3 new adaptive design for randomized clinical
trials of mokecularly targeted agents in settings where an assay
or signature that identifics sensitive patienis is not available.
Our approach inchudes. three components: (o) a statistically
valih identification, based on the first siage of the irial, of ihe
subset ol patienis who are most likely io benefit from ibe
new agent; {B] a properly powered test of overall treatment
effect at the end of the wial using all randomized patienss:
and {¢}) a test of reatment effect for the subset identified in
the first stage. but using enly patients randomized in the
renmainder of the wial The components are prospectively
incarported into a single phase I mndomized cinical tial
with the overall false-positive eror rate comtolled at a
prespecified level.
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Use of Archived Specimens in Evaluation of Prognostic and
Predictive Biomarkers

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

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 usingi 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.



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:

(1) archived tissue adequate for a successful assay must be available on a
sufficiently large number of patients from a phase 111 trial that the
appropriate analyses have adequate statistical power and that the patients
in_clluded In the evaluation are clearly representative of the patients in the
trial.

(1) The test should be analytically and pre-analytically validated for use with
archived tissue.

(111) The analysis plan for the biomarker 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.

IV) the results from archived specimens should be validated using specimens
from a similar, but separate, study.



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

1. 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

1. Adequate design

2. Adequate sample size

3. 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



Factor

A B C D
Clinical trial PRCT designed to Prospective trial not designed Prospective No prospective aspect to
address tumor to address tumor marker, but observational registry, study
marker design accommodates tumor treatment and followup
marker utility. not dictated
Accommaodation of predictive
marker requires PRCT
Patientsand Prospectively Prospectively enrolled, treated, Prospectively enrolled No prospective stipulation of
patient data enrolled, treated, and followed in clinical tria in registry, but treatment or followup; patient
and followed in and, especially if apredictive treatment and followup | data collected by retrospective
RCT utility is considered, a PRCT standard of care chart review
addressing the treatment of
interest
Specimen Specimens Specimens collected, Specimens collected, Specimens collected,
collection, collected, processed processed, and archived processed, and processed and archived with
processing, and assayed for prospectively using generic archived prospectively no prospective SOPs
and ar chival specific marker in SOPs. Assayed after trial using generic SOPs.
real time completed Assayed after trial
completed
Statistical Study powered to Study powered to address Study not prospectively | Study not prospectively
Design and address tumor therapeutic question; powered at all. powered at all. Retrospective
analysis marker question. underpowered to addresstumor | Retrospective study study design confounded by
marker question. design confounded by selection of specimensfor
Focused analysis plan for selection of specimens study.
marker question developed for study. No focused analysis plan for
prior to doing assays Focused analysis plan marker guestion devel oped
for marker question prior to doing assays
developed prior to
doing assays
Validation Result unlikely tobe | Result morelikely to be play of | Result very likely to be Result very likely to be play
play of chance chancethat A, but less likely play of chance. of chance.
Although preferred, than C. Requires subsequent Requires subsequent
validation not Requires one or more validation studies validation
required validation studies
Terminology Prospective Prospective using archived Prospective Retr ospective/observational

samples

/observational




Revised Levels of Evidence for Tumor Marker Studies

Level of Evidence

Category from Table 1

Validation Studies

Available
I A None required
[ B One or more with consistent results
I B None
or
Inconsistent results
[ C 2 or more with consistent results
1 C None
or
1 with consistent results
or
Inconsistent results
V-V D NA




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

m Identifying key oncogenic mutations
m Access to tissue from patients in key clinical trials

m Preforming the appropriate clinical trials



Conclusions

m Targeting treatment can provide
m Patient benefit
m 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
Paradigm changes in focus and methods of “correlative science.”
New approaches to trans-disciplinary training and collaboration

Effective collaboration between academic research and industry

|
|
|
m Appropriate standards for regulation of in-vitro diagnostics
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