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Different Kinds of Biomarkers

e Prognostic biomarkers

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

e May reflect both disease aggressiveness and effect of
standard treatment

e Predictive biomarkers

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




Prognostic & Predictive Biomarkers

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

e Being able to predict which patients are likely to
benefit could

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

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




Prognostic Biomarkers in Node Negative
Breast Cancer

e To identify patients who are likely to be cured by
surgery/radiotherapy and hormonal therapy and therefore are
unlikely to benefit from adjuvant chemotherapy

e Oncotype Dx recurrence score based on expression of 21
genes measured by RT-PCR on FFPE diagnostic biopsy
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Key Features of OncotypeDx
Development

e Identification of important therapeutic decision context

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

e Use of patients in previously conducted NSABP clinical trials

Staged development and validation

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

Development of robust assay with rigorous analytical validation
e 21 gene RTPCR assay for FFPE tissue
e (Quality assurance by single reference laboratory operation




Prognostic Factors in Oncology

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

e Most prognostic factor studies are not
conducted with a medical indication clearly in
mind

e They use a convenience sample of patients for whom
tissue is available.

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




TAILORx Clinical Trial for Prosepctive
Evaluation of Oncotype Dx

e Prospectively register patients with breast cancer
e Node negative, HR positive, HER2 negative, age < 75, standard eligibility for chemorx
e All patients receive hormonal therapy
e 900 sites participating
Perform Oncotype Dx assay

If OncotypeDx RS < 11
e Withhold chemotherapy
e Sized to evaluate whether 10-year DFS is > 95% vs < 93.5%

If RS 11-25

e Randomize to +- chemotherapy
e Sized to detect 3% reduction in 5-year DFS from baseline of 90% with chemo

If RS > 25

e Administer chemotherapy




Predictive Biomarkers

e Predictive markers to identify patients whose tumors are
likely (or unlikely) to benefit from specific drugs.

e Particularly important for molecularly targeted drugs

e Usually single gene/protein
e HER?2 for anti-Her2 rx in breast cancer
e KRAS for anti-EGFR antibodies in colorectal cancer
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K-ras Mutations and Benefit from Cetuximab
in Advanced Colorectal Cancer
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ASCO Releases its First Provisional Clinical Opinion (PCQ)

Fatients with metastatic colarectal cancer who are candidates for anti-EFGR therapy should have their tumars tested for KRAS gene mutations, according to
ASCO's first Provisional Clinical Opinian (PCO).

If & patient has a mutated farm of the KRAS gene, the Saciety recommends against the use of anti-EFGR antibody therapy, based on recent studies indicating
this treatment is only effective in patients with the normal (wild-type) form of the KRAS gene. It is estimated that 40% of patients with colon cancer have the
KRAS mutation.

"Personalized medicing is the next frortier in cancer care," said Richard L. Schilsky, MD, ASCO President. "Using KRAS testing to guide colorectal cancer
treatment is a prime example of where cancer care is heading."

"Baging cancer treatment on the unique genetic characteristics of the tumar or the individual with cancer will imprave patient outcames and help avaid
unnecessary costs and side effects for patients who are unlikely to benefit," Dr. Schilsky added.

FCOs are intended to offer timely preliminary clinical direction o oncalogists fallowing the publication or presertation of potentially practice-changing data fram
major studies. ASCO's PCO on KARAS gene testing was given prior to the January 15-17, 2009 Gastrointestinal Cancers Symposium in San Francisco,
California. The Sympasium was co-sponsored by ASCO, the American Gastroenterological Assaciation [AGA), the American Society for Radiation Oncalagy
(ASTRO), and the Saciety of Surgical Oncology (3307,

Armang the 500 presentations was an important economic and scientific study that discussed the possibility of more than half a billion dollars in savings for the
United States healthcare system. The study showed that routine testing for KRAS gene mutations in patients with metastatic colarectal cancer could save the
U3, health system up to 5604 million per year by identifying who would benefit from the drug cetuximab.

Information on the PO is currently available on ASCO.0r, and the entire report will be published in the February, 12009 issue of the Jowrnal of Clinical
Oncology (1C0).




Validation = Fitness for Intended Use




Types of Validation

e Analytical validation
e Accuracy in measurement of analyte
e Robustness and reproducibility

e Clinical validation

e Correlation with clinical state or outcome
e Clinical utility

e Actionable

e Use results in patient benefit




Clinical Utility

e Benefits patient by improving treatment
decisions
e Depends on context of use of the biomarker
e Treatment options and practice guidelines
e Other prognostic factors




Optimal Designs for Evaluating the Clinical Utility
of a Prognostic Biomarker in Breast Cancer

e Prospective trial to identify such patients and
e withhold chemotherapy
e TAILORx
e or randomize to chemorx vs withhold chemorx
e MINDACT

e Prospective-retrospective analysis

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

e NSABP B14 evaluation of OncotypeDx




Optimal Design for Evaluating Predictive
Biomarker

Develop Predictor of
Response to New Rx




Marker Strategy Design




The marker strategy design is also generally very mefficient in
terms of the number of patients required for randomization.
Sample size requirements for randomized clinical trials are often
proportional to the reciprocal of the square of the size of the treat-
ment effect to be detected with a specified statistical power. For
the marker strategy design, only the overall treatment effect
between the two randomized groups can be evaluated, and the size
of that effect is generally quite small because many patients will
receive the same treatment regardless of the group to which they
are randomized. If the analysis is to demonstrate that withholding

a standard t|'|r_'n=||:}' tor test-negative patients 1s not interior, then
sample size problems are compounded, and even with a huge

sample size, the results are unlikely to be convincing.



Prospective-Retrospective Study

Use of Archived Specimens in Evaluation of Prognostic and
Predictive Biomarkers

Richard M. Simon, Soonmyung Paik, Danial F. Hayas

The development of tumor biomarkers ready for clinical use is complex. We propose a refined system for biomarker study
design, conduct, analysis, and evaluation that incorporates a hierarchal level of evidence scale for tumor marker studies, in-
cluding those using archived specimens. Although fully prospective randomized clinical trials to evaluate the medical utility of a
prognostic or predictive biomarker are the gold standard, such trials are costly, s0 we discuss more efficient indirect “prospective-
retrospective”™ designs using archived spacimens. In particular, we propose new guidelines that stipulate that 1) adequate
amounts of archived tissue must be available from enough patients from a prospeactive trial (which for predictive factors should
generally be a randomized design) for analyses to have adequate statistical power and for the patients included in the evalua-
tion to be clearly representative of the patients in the trial; 2) the test should be analytically and preanalytically validated for use
with archived tissue; 3) the plan for biomarker evaluation should be completely specified in writing before the performance of
biomarker assays on archived tissug and should be focused on evaluation of a single completaly defined classifier; and 4) the
results from archived specimens should be validated using specimens from one or more similar, but separate, studies.

J Matl Cancer Inst 2009:101:1-F




Many biomarker studies are conducted with convenience sam-
ples of specimens, which just happen to be available and are
assayed for the marker, with no prospectively determined subject
eligibility, power calculations, marker cut-point specification, or
analytical plans. Such studies are very likely to result in highly
biased conclusions and truly deserve to be pejoratively labeled as
“retrospective.” However, if a “retrospective” study is designed to
use archived specimens from a previously conducted prospective
trial, and if certain conditions are prospectively delineated in a

written protocol before the marker study is performed, we argue

that it might be considered a “prospective-retrospective™ study.




Such a study should carry considerably more weight toward deter-

mination of clinical utility of the marker than a simple study of
convenience, in which specimens and an assay happen to be avail-
able. Having multiple studies of different candidate biomarkers
based on archived tissues from the same prospective trial would,

however, present a greater opportunity for false-positive conclu-
sions than a single fully prospective trial focused on a specific

biomarker. Consequently, independent confirmation of findings
for specific biomarkers in multiple prospective—retrospective

studies is important (see below),




2y Analytical issues.  For a tumor marker study to be sufficient

to change clinical practice, the test itself should be ready for
clinical practice. For studies to change clinical practice, the inves-

tigator should carefully and prospectively pl

dall 0O s EEE.E'I:HTS,

conditions, and cut points that have been previously determined

to he accurate and r:]:-r-:u:|1.1-:i|:-l:. These considerations inchide
fied reagent supply sources, concentrations, and incubation tmes

among many other possible variables. In addition, the investi-

gator should have demonstrated with statistical confidence the
analytical concordance of results between archived specimens

and clinical sam]::ln:s for that speciic assay.

E:ﬂm]::J:E of these

concerns include whether the sampl: wis pre p::ir:-:l tor ﬂnﬂ}jfg'-s

In a tissue microarray or as a whole section, and whether and

how it was subjected to antigen retrieval.



Clinical Study Design
As noted in the first required condition, the mvestigator should have

a clear idea of the specific intended use for the assay. In general, this
will be as a prognostic factor to decide if any further treatment is
necessary of as a predictive factor to determine whether a particular

type of therapy is likely to be effective. To establish medical uelity of

a prognostic marker, a randomized trial is sometimes not necessary.
For example, a prospective single-arm trial in which chemotherapy is
withheld from patients at a low risk of recurrence is used in the por-
tiony of the TAILOEx clinical trial designed to validate the very favor-

able prognostic outcomes in the low recurrence score population.
Assuming that preanalytical factors are well controlled and match
current practice activities and that the clinical data are collected in a
fashion typical of a clinical mial, archived tissue from a sufficienty
large population of untreated patients may be adequate to permit ac-
curate estimates of recurrence based on tumeor marker subgroups for
detenmination of clinical utility of the marker.



Suggested Revision of LOEs
In the original American Society of Clinical Oneclogy LOE scale,
“retrospective studies™ were determined to be LOE IT or worse (3).

We now propose an U|J:|-.=|[r.-n: revision of the LOFE scale, in which

more precise definitions are provided for the types of studies that

might be used to analyze the clinical urility of a biomarker and in

which refrospective studies using archived SPECITIEnS |11ig|'|t reach
level T evidence. The LOE for the medical utility of a biomarker
relates to Lr_':.' factors invalv ng parients, speclmens, assays, and staris-

tical analysis plans (Tables 1 and 2),




Use of Archived Tissues To Determine Clinical Utility of
Tumor Markers

Category

A

B

C

1))

Trial Design

Prospective

Prospective using archived samples

Prospective /observational

Retrospective/observational

Clinical trial

PRCT designed to
address tumor
marker

Prospective trial not designed to address tumor
marker, but design accommodates tumor
marker utility.
Accommodation of predictive marker requires
PRCT

Prospective observational registry,
treatment and follow up not
dictated

No prospective aspect to study

Patients and
patient data

Prospectively enrolled,
treated, and
followed in
PRCT

Prospectively enrolled, treated, and followed in
clinical trial and, especially if a predictive
utility is considered, a PRCT addressing the
treatment of interest

Prospectively enrolled in registry,
but treatment and follow up
standard of care

No prospective stipulation of
treatment or follow up;
patient data collected by
retrospective chart review

Specimen
collection,
processing,
and archival

Specimens collected,
processed and
assayed for
specific marker
in real time

Specimens collected, processed, and archived
prospectively using generic SOPs. Assayed
after trial completion.

Specimens collected, processed, and
archived prospectively using
generic SOPs. Assayed after

trial completion.

Specimens collected, processed and
archived with no prospective
SOPs

Statistical
Design and
analysis

Study powered to
address tumor
marker
question.

Study powered to address therapeutic question;
underpowered to address tumor marker
question.
Focused analysis plan for marker question
developed prior to doing assays

Study not prospectively powered at
all. Retrospective study
design confounded by
selection of specimens for
study.

Focused analysis plan for marker
question developed prior to
doing assays

Study not prospectively powered at
all. Retrospective study
design confounded by
selection of specimens for
study.

No focused analysis plan for marker
question developed prior to
doing assays

Validation

Result unlikely to be

play of chance

Although preferred,

validation not
required

Result more likely to be play of chance that A, but
less likely than C.
Requires one or more validation studies

Result very likely to be play of
chance.

Requires subsequent validation
studies

Result very likely to be play of
chance.
Requires subsequent validation

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Use of Archived Tissues To Determine Clinical Utility of
Tumor Markers

Category A

Trial Design Prospective

Clinical trial PCT/PRCT designed to address tumor marker

Patients and patient data Prospectively enrolled, treated, and followed in
PCT/PRCT

Specimen collection, Specimens collected, processed and assayed for
processing, and archival specific marker in real time

Statistical Design and analysis | Study powered to address tumor marker
question.

Validation Result unlikely to be play of chance
Although preferred, validation not required

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Use of Archived Tissues To Determine Clinical Utility of

Tumor Markers

Category

B

Trial Design

Prospective using archived samples

Clinical trial

Prospective trial not designed to address tumor marker, but design
accommodates tumor marker utility.
Accommodation of predictive marker requires PCT/PRCT

Patients and patient
data

Prospectively enrolled, treated, and followed in clinical trial and,
especially if a predictive utility is considered, a PRCT addressing
the treatment of interest

Specimen collection,
processing, and
archival

Specimens collected, processed, and archived prospectively using
generic SOPs. Assayed after trial completion.

Statistical Design
and analysis

Study powered to address therapeutic question; underpowered to
address tumor marker question.
Focused analysis plan for marker question developed prior to doing
assays

Validation

Result more likely to be play of chance that A, but less likely than C.
Requires one or more validation studies

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Use of Archived Tissues To Determine Clinical Utility of
Tumor Markers

Category C

Trial Design Prospective /observational

Clinical trial Prospective observational registry, treatment and follow up
not dictated

Patients and patient Prospectively enrolled in registry, but treatment and follow up
data standard of care

Specimen collection, Specimens collected, processed, and archived prospectively
processing, and using generic SOPs. Assayed after trial completion.

g’fﬁh’sﬁﬂal Design and Study not prospectively powered at all. Retrospective study
analysis design confounded by selection of specimens for study.

Focused analysis plan for marker question developed prior to
doing assays

Validation Result very likely to be play of chance.
Requires subsequent validation studies

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Use of Archived Tissues To Determine Clinical Utility of
Tumor Markers

Category )

Trial Design Retrospective/observational

Clinical trial No prospective aspect to study

Patients and patient data No prospective stipulation of treatment or follow up; patient data
collected by retrospective chart review

Specimen collection, Specimens collected, processed and archived with no prospective
processing, and archival SOPs

Statistical Design and Study not prospectively powered at all. Retrospective study

analysis design confounded by selection of specimens for study.

No focused analysis plan for marker question developed prior to
doing assays

Validation Result very likely to be play of chance.
Requires subsequent validation

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Revised LOI Scale: Use of Archived Tissues

Level of
Evidence

Category from
Table 1

Validation Studies
Available

|
|

A
B

None required

One or more with consistent results

II

B

None
or
Inconsistent results

2 or more with consistent results

None
or
1 with consistent results
or
Inconsistent results

IV-V

D

NA

Simon R.M., Paik S, Hayes DF'. J Natl Cancer Inst. 101:1446-52, 2009




Archived dssue specimens from high-qualivy datsers can cherefore

be of great imporeance for esublishing the medical ndlivy of a prog-

noste or prediceve biomarker. Wi argue thac it is appropriate o use
archived tsme spedimens Irom large prospective clindcal mials o do
so. For such an evaluadon vo be more useful than just for generating

hypotheses, however, several conditions muse be sadstied:

17 Archived tissue. :1-.1-.=qu:1u.= tor a successiul AS5AY, MUSt b
available on a -.:|.1I|1'-.'|r.'-|'|rJ:,' |:]|'|_.T,-.= number ol patients from the piv-
otal wials e permie appropriacely powered anabyses and wo ensure




that the patients included in the biomarker evaluation are clearly
representative of the padents in the pivowl wials. Although no
minimal requirement can be saeed as universally applicable, we
would suggese thar samples from ac least owo-thirds of the
padents be available for analysis.

2y Substandal data on analyvical validiey of the tese muse exist
that ersure that resules obained from the archived specimens
will closely resemble those thar would have been obeained from
analysis of specimens collected in real vme. Assays should be
conducted blinded v the clinical daw.

3)  The analysis plan for the biomarker evaluadon must be com-
plewaly developed betore the performance of the biomarker as-
mays. Both the analysis plan for the biomarker smdy and the
design of the tial{s) whose samples were selected for analysis
should be appropriate for che evaluaton of a companion diagnos-
tic had it been underaken at the ousee The anabysis should be
focused on a single, completely defined, diagnostic classifier. For
muligene classifiers, the mathematcal form of combining the
individual components, weighes, and cue poines should be sped-
fied beforehand. In general, the analysis should not be explor-
atory, and pracrices thar might lead wo a false-posicive conclusion
should be avodded.

41 The resulis must be validaced in ac least one or more simi-
larly designed smadies using the same assay vechniques.




Conclusions

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

These factors include the 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 from prospective clinical trials,
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.




