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Glossary of Selected Terms and Techniques

Adjuvant therapy

Adjuvant therapy is treatment that is given in addition to the primary (initial) treatment
designed to help reachd primary treatment goég disease eradicatijprAdjuvant therapy

for cancer usually refers to surgery followed blyemotherapyor radiotherapy to help
decrease the risk of the cancer recurring (coming back). In Latin "adjuvans” means to help
and, parttularly, to help reach a goal.

Analytic validity

Analytical validity in this context refers to a tesability to accurately and reliably measure

the expression ofmessenger ribonucleic acidnRNA) by breast cancer tumour cells. It is
usually assessed by determining how much observed measurements provided by the
test/technology differ from expected values derived from a standard reference. In the
measurement of gene expressitlowever, there are nstandard reference tests and an
assessment of the analytical validity of the assays has to be obtained by more indirect
methods This involvesan &amination of test variabilityarising from tumoursampling,
specimen handlingspecimen preparation and laigic variation within and between diffemt
samples of the same tumoand the effect of this on the reproducibility of test when repeated

in the same patient, over time.

Area under the curve (AUC)/receiveroperating characteristic (ROC)

The area undetthe receiver operating characteristic curve (AROC) reflects the
relationship between sensitivity and specificity for a given test.ofwalues for positive
and negative tests can influence specificity and sensitivity, but they do not affeeREOIAIC

The higher the AUC, the better, with 0.50 indicatengperformance that is no better than
chanceand 1.00 denoting perfect performance, thus -oighlity tests have an AUROC
approaching 1.00

Clinical utility

The clinical utility of agene expressioprofile relates to its ability to discriminate between
those who will have more or less benefit from a therapeutic intervention: the focus in the
assessment of clinical utility is outcomether utilities which may be considered to be
important include theffect of the test on clinical decision makifeg choice of therapy

Direct evidence of clinical utility of gene expressioprofile can only be provided in context
of a randomized clinical trial where benefit can be measured in terms of an improwment
clinical outcomes such as overall survival, dis€ase survival,chemotherapyoxicity, or
quality of life.

! There is no consensus on the meaning/definition of clinical utility and multiple perspectives have been adopted
see:(Grosse & MJ, 2006)
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Prognostic estimates, though not direct estimates of benefit per se, may provide a crude
estimate of benefit which may be relevant for patdactision makingThey can also provide
an upper limit on the degree of clinical benefit that may be expected

Clinical validity

Clinical validity is usually defined as the degree to which a test accurately predicts the risk of
an outcome (eg time to distant metastases), as well as its ability to separate/discriminate
patients with different outcomes into separate (high and low)d®ssses. This is usually
reportedas the clinical sensitivity and specificity of the test.

C o x gyaportional hazards(CPH)

CPH is aspecial purposeegression method for survival data which provides an estimate of
the hazard ratio and its confidenceenval (Cl). It is used when there is need to know
whether survival is influenced by one or more factors (predictors or covariates) and allows
the user to assess the effect of each predictor on the shape of the survivalAcurve.
assumption of proportion&lazards regression is that the hazard ratio is constant over time.

Deoxyribonucleic acid(DNA) microarray

A DNA microarray (also commonly referred to asi gene ocmDNMA Ochi po)
collection of microscomi DNA spots commonly represeimy single genes or transcripts.
These spots ararrayed on a solid surface by covalent attachment to chemically suitable
matrices, or directly synthesized on them. DNA microarrays use DNA as part of their
detection system. Qualitative or quantitative measuremeitisDINA microarrays use the
selective nature of DNANA or DNA-RNA hybridization under higistringency conditions

and fluorophorébased detection. DNA arrays are commonly used for gene expression
profiling (ie monitoring expression levels of thousands ehes simultaneously, or for
comparative genomic hybridizatipn

Geneexpression

Gene expression refers to the translation of the information encoded in a gene into an RNA
transcript. Expressed transcripts inclug&NAs translated into proteins, as well ather

types of RNA, such as transfer RNA (tRNA), ribosomal RNA (rRNA), micro RNA
(miRNA), and norcoding RNA (ncRNA), that are not translated into protein. Gene
expression is a highly specific process by which cells switch genes on and off in a timely
mamer, according to their state. The study of mMRNA expression in a cell is an indirect way t
study the proteins they code for

Geneexpressionclassifier

The term classifier is derived from the field of machine learning. The goal of classification is
to group items that have similar feagéuvalues into groupsnlithe context of genexpression
analysis, a classifier is a composite algorithm ttassifiespatients using gene expression
measurements.
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Geneexpressionprofiling

This term refers to any genoentechniques that measure the fraction of the genes that is
expressed in a specific sample. This definition refers to techniques that allow the assessment
of more tha one gene at a time, such mscroarray and real timeeverse transcriptase
polymerase chin reactionRT-PCR).

Gene expression profileThis is any set of genes for which the expression in a specific
sampleis known. A gene expression profile may account for a variable number of genes, and
the corresponding expression values may be obtaibhgddifferent techniques. Gene
expressiorprofiles can be associated, by various techniques, to phenotypes.

Gene expression pattern Thi s i s an equivalent term cur
expression profile. o

Gene expression signatur€his is an egwalent term currently in use to refer to a specific
Agene expression profile, 0 usually associate

Hazard ratio (HR=)

The hazard ratio is an estimate of the ratio of the hazard rawoimgroups. It is broadly
equivalent to reltive risk (RR) and is useful when the risk is not constant over a given period
as it uses information collected at different times. The term is typically used in the context of
survival over time. If the HR is 0.5 then the relative risk of dying (or somiher health
event) in one group is half the risk of dying in the other group, if the IHR2.0 then the
relative risk of dying (or some other health event) in one group is twice that of the other

group.

Polymerasechain reaction (PCR)

PCR is a molecufabiology technique for isolating and exponentially amplifying a DNA
sequence of interest in vitro via enzymatic replication. This technique has been extensively
modified to perbrm a wide array of tasks. It is a common toolmedical andbiological

reseach. PCR is now used to obtain the sequence of genes, to diagnose hedesbtzsgs,

identify genetic fingerprints (forensics medicine), detect infectious diseases, and create
transgenic organi sms. Coupl ed t o NnrRNAer se t
molecules.

Reversetranscriptase polymerasechain reaction (RT-PCR)

Reverse transcription polymerase chain reactionPRR) is a variant of polymerase chain
reaction (PCR), a laboratory technique commonly used in molecular biology to generate
many copies of a DNA sequence, using a process termed "amplification".-RCRTthe

RNA strand of interest is first reverse transcribed into its DNA complement (complementary
DNA, or cDNA) using the enzyme reverse transcriptase, and the resulting cDNA is amplified
using traditional or reaime PCR.
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Reversetranscription

In biochemistry, reverse transcription is the enzymatic reaction induced by the RNA
dependenDNA polymerase. This enzyme, also known as reverse transcriptase, is a DNA
polymerase enzyme that copies sirgfianded RNA into DNA. This process is the reverse of
normal transcription, which involves the synthesis of RNA from DNA.

Ribonuclease

This type of enzyme, abbreviated commonly as RNase, is a nuclease that catalyzes the
hydrolysisof RNA molecules into smaller components. They are divided into endonucleases
(can cut RNA molecules in the middle) and exonucleases (degrades RNA from the
extremities of thenolecules).

Survival analysis

Survival analysis is a timm®-event analysis which provides a method to include patients who
fail to complete the trial or do noéach the study endpoint (censored data). The number of
survivors is calculated at multiple points in time. These data are commonly depittteal
KaplanMeier curve There are a number of different end points or events commonly used in
the analysis of dfical studiesi death (overall survival), relapse (diseéis® survival),
disease progression (progressimee survival).

A comparison of gene expression profiling tests for breast cancer
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Executive Summary

Background

In January2008 Marchionni, Wilson, Marinopoulos, et.Alpublished a systematic review

of t hmgact’ of GenekExpression Profiling Tests on Breast Cancer Outcomes. The
objective of the review was to examine the available evidesle¢ing to the analytic and
clinical validity of breastcancer gene expression profiling in predicting disease recurrence
and the clinical utility of these tests in improvirdhemotherapychoices and patient
outcomes. Three gene signatures and themnngercially available tests were reviewed, the
2ligene signature and the Oncotype DXE test
Inc., the 76genesignature andMammaPrint®test commercially developed by Agendia (the
Netherlands) andhe twoegene ratio testHOXB13:IL17BR which was developed by
AviaraDx, Inc. (Carlsbad, CA) and licensed to Quest Diagnostics

Objective

The objectives of this report weréo (a) sunmarise theoriginal systematic review published
by Marchionni, Wilson, Wolff,et al, (2008) (b) updite thereview search to add evidence
from the period 2002009, (c) report on thecontent and gality of any additiona recent
studies €l) describe and review the progress of two seminal trals relating to the potential
clinical utility of two gene profiling tests.

Method

Thegene profilingtests vere assesed in relationto (@) their analytic validity (ie the ability of
thetestto acarately and reliably measurethe expresson of mMRNA by breast cancer tumour
cdls), (b) theirclinical validity (ie the degreeto which thetest could acurately predict the
risk of an outcomeand disaiminate patients withdifferent outcomeg, and (c) their clinical
utility in relation to ham, impact on clincal decision making,eviderce of improvementin
outcomesand hedth care cost.

The search strategy developed for the original systematic review was usedfor this review
update. A quality assesment of al eligible studes was caried out usng the REporting
recommendations for tumour MARKer prognostic studRENIARK) criteria for reporting
tumour merker studiesand the standards for reporting of diagnostic accurd&iARD)
guidelineswhich were developed to mprovethereporting of studies ondiagnostic ests.

Main results

A new search for the period January 20077 December 2009 using the seach strategy
developed for the original review was urdertaken for this updite. The updated ®ach
identified 12 addtional primary research studies publishedin full in peer reviewed joumals
and onetechnology review [2]. A further 14 studies &ported asconference abstracts only
were identified and reported’hese studies werglentified from a pool of over 5,000
publications identified by the updated search procedure.

Similar to theoriginal systenatic review, this uplate did notidentify any studes providing
dired, high quality evidence that the inestigated gene expresson profiling tests lead to

2 Evidencebased Practice Center at the Johns Hopkins UniveBdigmberg School of Public Health in
response to a task order issued by the Agency for Healthcare Research and Quality (AHRQ) on behalf of the
Centers for Disease Control and Prevention Evaluation of Genomic Applications in Practice and Prevention
(EGAPP)Project.
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improvement in odicomes orare able to pedict response tachemotherapyn any sub-setof
women diagnosedwith breast cancer.

Oncotype DXE remained furthest along the va
reporting solely onOncot ype DXE and a further two rep
included Oncotype DXE. These studies offere
test predicts distant spread, howevenst of the new studiasnportantly focused on the

ability of the test to predict responsedisemotherapy(threestudies) or its impact on clinical

decision makingdevenstudies). These latter studies all reported a positive impact of the test

on clinical decision making and generally claimed that there was a reductiomumtiber of

patients who were or would have been consideredfemotherapyHowever, these studie

had methodological weaknesses that were likely to have overestimated the effect/influence of

the test and were not designed to assess the effect of the test on clinical outcomes. The three
studies examining the abil i ttpadufant/@eoadjovany pe D>
endocrine therapfNAET) andchemotherapy gener al ly reported that
predictive, to a greater or lesser extent, of response to thétapyver, as the design of the

studies precluded any firm conclusions these studid notmaterially add to the body of

evidence in this area.

MammaPrint®lagged some way behind Oncotype DX with only nine of the 26 studis
reporting solely on this test with afurther two reporting on svera tests including
MammaPrint® three studes were reported in full in peer reviewed jourrels. The uplated
search provided no evidernce relating to the ability of the test to predict the lenefit of
therapy/adjuvant chemotherapyand oweral the evidence base for MammaPrint® was
considaed to be éssadvanced than thatrelating to Orcotype DXE .

Similar to theMammaPrint®studes reported in the original systenstic review, the ngority
of the new studkies identified (7/11, 6446) provided evidence of theclinical validity of the st
in very heterogeneous populations. Havever, in contrast to the aiginal review, three studies
reported on theclinical utility of the test. Onestudy examined the budgtary impad of
MammaPrint® Unfortunaely, only oneof these studieswas reported in full, the remainder
were published as abstacts ony. The fully reported gudy provided (for the first time)
important evidence from awell conducted stuly of the potential impact of MammaPrint®on
decision makingin Dutch hosgitas and theconcordance between the gene pofile and
commonly used clinicopathologica tools forrisk prediction. A seand stuly pubishedas an
abstract only, presented intial results of a metai analysis of 1,637 m@tients from 7 large
multinational datasets to determinethe benefit of adding adjuvant chemotherapyo endarine
therapy. A preliminary report of the costeffectiveness ofMammaPrint® reported in abstad
form only, suggested that theost of the ést may be offset by treament savings but that the
analysis was sensitive to theost ofchemotherapgnd theclinicopathoogical guideline usel.
As in theorigina review, theeviderce for the clinical implicaions of usingMammaPrint®
remained unclear.

The two-gene H/I ratio was repored to ladk vaidation in the aiginal review. The updated
search produced four studiesreporting on this test, oty two of the studes were reported in
full. All of these studes reported on theclinical validity of the tst and suppted the
prognosticvalidity of the H/I ratio; however this test still requires further validation in good
quality studes in allaress.

The metholgical limitations of thestudes reported in the original systenstic review also
apply to many of the studes reported in this updite. The quality of the studies was often
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limited by the retrogpedive nature of the studes and alack of blinding. Prospective studes
were generally too smallto provideconvincing/statistically reliableesults. Theheterogeneity
of the patient populations reported in the studiesited the amount of evidence that was
availableon gedfic patient popuations.

Gaps/outstanding issues identified by the original systematic
review

The 2008 systematic review outlined a numberof outdanding issues thatneeded to be
addressed inrelation to theseests. Thdollowing issues were addressed to a geder or lesser
degreein the additional studieseported in this updite:

A anumber of studes focussed on howgene profiling effects clinical decision making
there were somedata relating to the behaviour of thetests wien employed in patients
treadedwith moden regimens includingrromatase inhibitors andregimens using txanes
andanthicyclines

data relating to HER2® positive patients was reported

there was sane informaiton on the isrementl value of geneexpresson pofiling when
used in conjurttion with conentional clinicopathologicd criteria for risk assessment
andfurtherinformation on the utity of MammaPrint®in a numler of sub-populations
to furtherdefine the optma patient population$or this test.

> >

Conclusions

Overall, the additional studies addressed some, but not all, of the outstanding issues relating

to the evidence of the clinical validity and clinical utility of these tests in patients with breast
cancerThe | argest volume of evi destnVergfewadthesd ed t
studies in isolation provided compelling evidence of the clinical utiitgene profiling test

and the overall the quality (and therefore the strength of the evidencprthweged) of most

of the studies was low.

The results of the two ongoing RCTMINDACT and TAILORX, which aim to provide
al most direct evi denc ManimaPrint® rremaih thepneost Ik\E an
source of clinical proof of the utility adhese tests.

% There are a number of different acronyms in sueHoman Epidermal growth factor ReceptoExbB-2,
ERBB2,HER2, HER2, HER/neu). To avoid confusion HER2 will be used through this report.
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Background

In January 2008/archionni, Wilson, Marinopoulos, et ‘apublished asystematic review of
theil mpact of Gene Expression Prof i(2008)nThe Test s
objective d the reviewwas to examine the available evidenekating to

A the analytic and clinical validity of breast cancer gene expression profilprgdicting
disease recurrence

A the clinical utility ofbreast cancer gene expression profilmgnprovingchemotherapy
choices and subsegnt outcomes

The review included anetaanalysisof data from25 éeligible publicatiors from 12,983
publications identified by the original search procedtiree full report wagublished by the
Agency for Healthcare Researahd Quality AHRQ) in January 2008Marchionni, Wilson,
Marinopoulos, et al,)a summary othe reviewwas published in the Annals dfternal
Medicine in March2008(Marchionni, Wilson, Wolff, et al.)

The review addressed four key questions

A What is thedirect evidencéhat gene expression profiling tests in women diagnosed with
breast cancer (or any specificlsetof this populéion) lead tamprovement in
outcomes?

A What are the sources,@nd contributionsto analytic validityin these gene expression

based prognostic estimators for women diagnosed with breast cancer?

What is theclinical validity of these tests in women diagnosed with breast cancer

How well does this test predict recurrence rates for breast cancer when compared to

standard prognostic approaches? Specifically, how much do these tests add to currently

known factors or combinatiomdices that predict the probability of breast cancer
recurrencedg tumourtype or stage, ER and HER2 status)?

A Are there any other factors, which may not be components of standard predictors of

recurrencedg race/ethnicity or adjuvant therapy), thatatfthe clinical validity of

these tests and thereby the gensahllity of the results to different populations?

What is theclinical utility of these tests?

To what degree do the results of these tests predict the respchsentatherapyand

whatfactors affect the genersdibility of that prediction?

A What are the effects of using these two tests and the subsequent management options on
the following outcomes: testingr treatmentelated psychological harms, testimy
treatmentrelated physicaharms, disease recurrence, mortality, utilization of adjuvant
therapy, and medical costs?

A What is known about the usition of gene expression profiling in women diagnosed
with breast cancer in the United States?

A What projections have been made in pstidid analyses about the ceffectiveness of
using gene expression profiling in women diagnosed with breast cancer?

> >

> >

* Evidencebased Practice Centet the Johns Hopkins Wrrsity Bloomberg School of Public Health in
response to a task order issued by the Agency for Healthcare Research and Quality (AHRQ) on behalf of the
Centers for Disease Control and Prevention Evaluation of Genomic Applications in Practice and Prevention
(EGAPP) Project.
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The purpose of thpresentreportis to:

summarise the originalystematic review
update the review search
report on the content and diixaof any additionarecentstudies

review the progress of two seminal trials relating to the potential clinical utility of two
gene profiling tests.

I > > D
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The Technology

The sequencing of the human genome has initiated an era of gene discovery, leading to
growing understanding of theegetic determinants of cancer aother diseases. This
research forms the basis for an increasing array of genetic tests, many of which are now
available for use in health ca®urke, 2009) Gene expression profilingGEP) is a
relatively newtechniquearising from this research

GEP tests measumghich genes are active/expredsin a specific tissue samplExisting
technologies such as DNA microarray(see Figure 1) and RT-PCR are used to
simultaneously assess agamumber of gene$hese techniques assessdleae composition
of themRNA in a tumour sample.

Unfixed sample

& of tumor tissue
e
' /
QFe s v
. 0 N A Tumor RNA

Surgical removal

of tumor tissue ¢ )
ORI Labeled tumor
Labeled control SO, cDNA or cRNA

cDNA or cRNA

/[

Poor

prognosis
Comparative Molecular
analysis of gene signature
expression
Good
prognosis
DNA microarray
From Sauter & Simon (2002)
Figure 1 : Gene expression profiling using DNA microarray (the techniques used

inthe MammaPrint®  gene profiling test)

The identity and number of mMRNA transcripts provide information about the activity of genes

that give rise to them. The number of mRNA transcripts derived from a given gene is a
measure of the fAexpressiono of tlowapatiegsdane. Th
be classified into groups with a poor prognosis or a good prognosis, which may be used to
facilitate therapeutic decision makinghe gene expression profile from a given patient is
compared with a specific gene signatdezived fromtumaour samples from patients with

known outcomes

Three tests developed from such expression praditescurrently on the markethese are:
Oncot y p,ManDndfEint®and HOXB13:1L17BR.
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Onc ot y p ethisDestiasdeveloped and marketed by Genomic Health, (Redwood

City, California). The test quantifies gene expression for 21 genes in breast cancer tissue by
RT-PCR.On c ot y p is intBndel to predict the likelihood of recurrence in women of all

ages with newly diagmsed Stage | or |IER-positive (ER+) lymph nodenegative (LNO)

breast cancetreated with amoxifen As of November 2009, more thdar20,000 Oncotype

DXE: tests have been ordered in over 50 coun

The characteristics of the assay, the gene panels aisédhe procedures involved itihe
analysis are summarized Table 1

Table 1: Characteristics of the Oncotype Dx E gene expression profile assay:
Summary and prior evidence
Assay What is measured: Procedure: Studies reported in
General the 2008 systematic
Information review (Marchionni,
Wilson, Wolff, et al.)
Assay: 16 cancer genes, 1. FFPE specimen Analytical validity:
Oncotype DXFH including the following shipment. Cronin (2004).
Genomic Health. gene types: 2. Central pathological Cronin (2007).
review for tumour
Tumour Sample: Proliferation: Ki67, content. _ Clinical validity:
Fresh frozen paraffin STK15, Survivin, 3. RNA prepargtlon and Chang (2008).
embedded (FFPE) CCNB1, MYBL2 quall.ty .evaluatlon. Cobleigh (2005).
specimen. 4. Triplicate RT-PCR. Esteva (2005)
Human epidermal 5. Gene expression Gianni (2005 '
Assay technique: growth factor: measures normalization. ianni ( )-
real time RT-PCR. GRB7, HER2 6. Recurrence Score Hgbel (2006).
(RS) computation and re- | Mina (2007).
- Estrogen: ER, PGR, scaling; risk group Oratz (2007).
Target pOpUlathﬂ. . BCLZ,gSCUBEZ assignment. Paik (2004)
\}V)hitﬁfb'é'fr'z;tggtmf 7. Report with RS and Paik (2004).
tamoxifen: Invasion: MMP11, Risk Group where: Low

risk: RS O 1

2) Stage Il, ER+,LN0 | CTSL2 ntermediate| gt

negative patients who RS O 30, Hig No studies.

will be treated with Single genes: GSTM1, | 31

tamoxifen. CD68, BAG1 5 Other:
Normalizing genes: : Lyman (2007).

Web site: ACTB, GAPDH, ot used see Tabje | Hormberger (2005).

http://www. RPLPO, GUS, TFRC. 1 in Impact of Gene

genomichealth.com/ Expression Profiling

oncotype/default.aspx Tests on Breast Cancer

Outcomes i full report

The cutoff pointsf o r the Oncotype DuXdd toadstsrraiye highh i ¢ h
intermediate and low tkspatients are shown figure 2.
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Intermadiat-
Low-Risk Group Rish Group Hiigh-Risk Group

Rt of Cistant Recumenc: ab 10 Yr % of patimis

Recunronis Sonn

From: Paik et al, (2004)

Figure 2 : Rate of distant recurrence derived from Oncasaype DXE
continuous function of the recurrence score (RS) and the low risk,
intermediate and high risk cut -off points

MammaPrint® : this testwascommercially developed by Agendia (the Netherlarad®) is
only performedn the Agendia laboratoryThe est is based on marray techalogy which
uses a70gene expression profil e devel(2002 d
MammaPrint®is intended as a prognostic test for won@®@6 1  wighaprinsary invasive
ER+, or ERnegative (ER LNO breast cancer. The company voluntarily submitted
MammaPrint®to the U.S. Food and Drug Administration for approval urpteposed new
guidelines fo such tests: @provalwas grantedn February 2007. The characteristics of the
assay, the gene panels ugéd, cutoff point used to determine higin@low risk patientsand

the procedures involved in the analysis are summaitzédble 2
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Table 2: Characteristics of the MammaPrint®  gene expression profile assay:
Summary and prior evidence
Assay What is measured: Procedure: Studies reported in
General 2008 systematic
Information review (Marchionni,

Wilson, Wolff, et al.)

Assay: MammaPrint®,
Agendia.

Tumour Sample: fresh
frozen.

Assay technique: two
colour microarray

(Agilent Technologies).

Target population:

1) Stage |, ER positive
or negative,

< 61 years;

2) Stage Il, ER positive
or negative,

LN negative, < 61
years.

Web site:
http://iwww.agendia.com
/en/Professional/About-
MammaPrint®

Genes for
normalization: ~1800.

70-gene signatures
including the following
groups:

Cell signalling, growth
factors, transcription N
=20

Cell cycle, chromatin,
nuclear proteins N = 14

Cell adhesion, cell
motility, cytoskeleton
organisation N = 6

Metabolism,
Intracellular transport,
Golgin=12/11

Ubiquitination N = 2:
Apoptosis: N =1 BBC3;
Drug resistance: N =1

Unknown function N =
14

Fresh specimen
shipment.

Central pathological
review for tumour
content.

RNA preparation and
quality

Evaluation.

Dye swap microarray
hybridization on
MammaPrint®.

Image analysis.

Gene expression
measures.
Normalization.

70-gene signature
computation and
correlation

to 70-gene profile.

Risk group assignment.
Report with Risk Group
which is given as a
dichotomized value only
(ie, high or low risk).

Definition of high and low
risk patients (cut off)

A tumour is defined as
having a low-risk gene
signature if the cosine
correlation coefficient for
the expression of the 70-
gene profile in that
tumour with the
previously established
classifier is above 0.4,
which is the cut-off point
used in the original study
by van't Veer, (2002).

Analytic validity:
Ach (2007)
Glas (2006).

Clinical validity:
Buyse (2006)

van de Vijver (2002)
van't Veer (2002).

Clinical utility:
No studies.

Other:
Fan (2006)
Espinosa (2009).

HOXB13:IL17BR: this testwas developedhy AviaraDx, Inc. (Carlsbad, CAgnd licenced

to Quest Diagnostics. AviaraDx also offers the test at it®oumnse laboratory facilityThe est

is based on the expression ratiatlué two genes, HOXB13 and ILBR, and for this reason

is also known as th&evo gene ratio oH/I ratio test. Theassg usesRT-PCR and is offered to
treatmerdnaive women with ER LNO breast cancer. The characteristics of the assay, the
gene panels usedhe cutoff point used to determine highlow-risk patientsand the
procedures involved in the analysis are summariz&aloe 3.
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Table 3: Characteristics of the H/I gene expression profile assay: Summary and
prior evidence
Assay What is measured: Procedure: Studies reported in
General 2008 systematic
Information review (Marchionni,

Wilson, Wolff, et al.)

Assay: Breast cancer
Profiling (BCP), also
known as H/I assay,
AviaraDX/ Quest
Diagnostics.

Tumour Sample:
formalin fixed paraffin
embedded (FFPE).

Assay technique: RT-
PCR.

Target population:

1) Treatment-naive
individuals with ER+,
LNO breast cancer;

Web sites:
http://www.aviaradx.co
m/index.html
http:/iww.
questdiagnostics.com/in
dex.html

6 genes which include:

HOXB17, IL17BR and
four genes for
normalization: ACTB,
HMBS, SDHA, and
UBC.

The gene ratio:
HOXB17, IL17BR is
reported.

1. FFPE Specimen
shipment.

2. Central pathological
review for tumour
content.

3. Specimen macro-
dissection, if needed,
LCM.

4. RNA preparation and
quality Evaluation.

5. Duplicate real time RT-
PCR.

6. Gene expression
measures normalisation
and Z transformation.

7. Two-gene index
computation; risk group
assignment.

8. Report with risk group
calculated from an
optimized cut off point is
used to dichotomize
patients into low- and
high-risk groups.

Analytical validity:
No studies.

Clinical validity:
Goetz (2006)
Jansen (2007)
Jerevall (2008)
Ma (2004)

Ma (2006)
Reid (2005).

Clinical utility:
No studies.

Other:
Fan (2006)
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Clinicopathological Tools for Assessing Recurrence Risk
in Breast Cancer

Conventionatools for assessinpe risk of recurrence ipatients following surgery include;

St Gallenconsensus recommendations

National Comprehensive Cancer Network guidelines (NCCN)
Adjuvant! Online

Nottingham Prognostic Index (NPI)

I > > >

These tools aréntended to guide clinicians involved in breast cartoceatment They are
regularly updated and supported by clinical trial data and physician experiencef daese
toolshas been shown to have significant predictive ability.

Clinical and histopathologicalcriteria such astumour size, type, gradehistologic
characteristicshormonereceptor statusnd lymph node statusre used by these tools to
estimate recurrence riskachhasqualitative or subjective components that addability to
risk estimates andonsequentlyhese classifiereftendo notcorrelateparticularly well with
each otherIndeed comparatve studies have shown that these t@als result in significantly
different risk estimates for theame patientand no single classifieris consideredto be a
gold standard against which tassess other predictive tests/to@espite this, lie clinical
utility of new quantitative risk predictorsvith potentially greater accuracysuch as gene
expression testshave been assessed against these traditional risk predictors.

Each of the tradibnal clinical predictiveools isdescribedelow.

St Gallen Consensus Guidelines

The St Gallerconferenceguidelineshave been producing consensus opinions for managing
early breast cancer since 19({@ufer, 2008) They are recognised &ise leading European
treatment guidelines and in the USt#e guidelinesare strongly supported by the American
Society of ClinicalOncology (ASCO) and théational Comprehensive Cancer Network
(NCCN). The guidelines and recommendations are designedobpel of experts that meets
every 2 years at St Gallen, Switzerlanddon a consensus on the implications of the current
evidencebased dataol patient treatment selection. The St Gallecommendations are
published in peer reviewed journalBhe definition of risk in these guidelines is rather
general and based only afew criteria

The 2007 St Gallen guidelines aneost commonly used guideline in the context of the gene
profiling studies reported in this updaféreatment recommendationseadetermined for

clinical subgroupsbased on endocrine responsivenddse 2007 guidelineslso strongly
endorse extended aromatase inhibitor therapy for patients considered to be at increased risk
of recurrencdie node positive patients

National Comprehensive Cancer Network (NCCN) Clinical Practice
Guidelines in Oncology

The USA National Comprehensive Cancer Network (NCCN)a consortium of 21
comprehensiveancercentres NCCN treatment guidelines are generated by exjpeidensus

using a more rigoras process than the St Gallen guidelines. The recommendations are
weighted by level of clinical evidence and degree of panel consensus reached through a
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review and feedback process. The guidelines are highly detailed and presdfiptibeeast
cancer

A HR+ LNOpatientsvi t h s mal | t adjuoact therapy iOndt. 5 ¢ m)
recommended for those with microinvasive disease or larger tumours{@&m),
well differentiated diseasadjuvant endocrintherapy is considered

A For tumours 0.6..0 cm, moderately or poorly differentiated tumours, unfavourable
features antumours1 cm, the 2008 guidelines suggest thathgene assaype used
to determine if patients should have adjuvant endocrine therapy only or endocrine
thempyandchemotherapy

Adjuvant! Online

Adjuvant! Online is a tool for health professionals that can be used to estimate objectively
the risk of breast cancer relapse and death, and the likely benefit of adjuvant systemic therapy
for women with early breastacer after radical local therapydjuvant! Onlineis a simple

to-use computer program that produces prognostic estimates of outcome with and without
therapy, based on the estimates of individual patient prognosis and the efficacy of different
adjuvant tlerapy options. It is easily accessible on the web and free of charge. Of note, the
estimates of prognosis are based mainly on the Surveillance, Epidemiology afk&ints
(SEER) registry estimates of the outcome of breast cancer patients in the gepelatign

of women aged 3®9 diagnosed with breast cancer in the United States. Estimates of the
efficacy of adjuvant hormonal therapy armthemotherapyare based mainly on the
proportional risk reduction (PRR) obtained from the Early Breast Cancer fral
Collaborative Group metanalyses (Overvig) and from individual trials of adjuvant
systemic therapy. There are various versions of Adjuvant! Online. In version 8.0 the
prognostic estimates are based on age, menopausal statusrhbidity, estrogen keptor

(ER) statustumourgrade tumoursize and the number of involved axillary nodes.

Nottingham Prognostic Index (NPI)

The NPI is a welestablished, validated and widely used method of predicting survival for
operable primary breast meer. The NPI ialculated aslymph node (LN) stage (B) +
grade (13) + maximumtumour diametergiving an observed range of NPI from 2. Q&
negative, grade 1, 0.4 cm) to 6.8 (khhge 3, grade 3, size 4.9 cm).

The NPI:

separates patients into groups vainificantly differing survival chances
achieves wide separationa@f 0 c u r eaddd grgup with poor survival
places a sufficient percentage of cases into each group

is applicable to all opebde breast cancers apdtients of young age

has been prgectively validatedn an independentimour set

is capable of measurement in all sraindis inexpensive

I > >

® http://www.adjuvantonline.com/index.jsp
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Systematic Review Summary

Rationale

Breast cancer is the most commonly diagnosed cancer in wdmeatment usually involves
surgery to removehe primary tumar and any involved lymph nodes, this usually
followed by radiation therapy, endocrine therapy (ER+ tumours) amti@motheragyin
patientswith apoor prognosis.

Since netastatic breast cancer m®t curable with current therapies one of the major
challenges in breast cancer treatment relates to the decision about whether ous®t to
adjuvant chemotherapyin women with early stage breast cancétowever, while
chemotherapynay prevent relapse in somet all women with early age east cancer will
benefit and some womeemain recurrence free at 10 years withch#motherapyFor those
with stage | and Il ERH.NO breast cancer the proportion of women who will benefit from
adjuvantchemotherapys estimated to be 15%)e dilemmadcing clinicians is to determine
which particular patientsvill benefit.

A number of decision making protocols aimed at guiding clinicians in the selection of the
most appropriate treatment for a particular patidrdtve been developed (see previous
section). However these clinicalools do not predict outcome andsponse to treatment
particularly well(Paik, 2007he different tots give different resultand a large proportion

of women with early stage breast cancer are believed to be overtreated

identifying genes whose activity may be helpful in assessing disease prognosis and guiding
therapyin this group of patients

Purpose

Marchionniet al,(2008)assessed trevailable evidence of efficacy and effectivenesthge
testsfor improving prognostic accuracy, treatment choice, and health outcomes in women
diagnogd with early stage breast cancHre tests were

A Oncot yp@ndhkderlying 2igene signature)
A MammaPrint®and theunderlying 76gene signature)
A HOXB13:IL17RB ratio (H/I test)

Methods

The tests were assessed in relatmrfa) their analytic validity (ie the ability of the test to
accurately and reliably measure the expression of mMRNA by breast cancer tumgugells
their clinical validity (ie the degree to which the test cowdcurately predict the risk of an
outcome discriminate patientwith different outcomes and (c) their clinical utility in
relation to harm,impact on clinical decision makingnd eidence of improvement in
outcomes and health care cofBurke, 2009) Fuller definitions of analytic and clinical
validity andclinical utility are given in Apendix Aand the glossary

®Chemotherapp d mi ni st ered in additi ochemotterapjur gery is call ed
" For examplethe National Institutes of Health (NIH) Consensus Development criteria, the St. Gallen expert
opinion criteria, the National Comprehensive Cancer Network (NCCN) guideline, and the cobygmedr

algorithm Adjuvant! Online.
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Results
Oncotype DXE

Analytical validity

The 2008 systematic review (Marchionni, Wilson, Wolff, et al.)identified four papers
reportingon the analytic validity oOn c ot y p €CrolinX & &, 2004; Cronin, et al.,
2007; Habel, et al., 2006; Paik, Shak, Tang, et al., 20049 studiegCronin, et al., 2004;
Cronin, et al., 2007paddressedhe technical and perational aspects of the test ahdee
studies(Cronin, et al., 2007; Habel, et al., 2006; Paik, Shak, Tang, et al., 2004ideddata
on assay variability and reproducibilitfhesestudiesshowed reasonablevithin-laboratory
replicability for theOn ¢ o t y p test Th& dtithors offte review reportethat pe-analytic
issues relatingo sample storage and preparation appedceglaya larger role than within
laboratory variation

The overall success rabétheOn c ot y p assapwak reported nine studies(Chang, et

al., 2008; Cobleigh, et al., 2005; Esteva, et al., 2005; Gianni, et al., 2005; Habel, et al., 2006;
Mina, et al., 2007; Oratz, et al., 2007; Paik, Shak, & Tang, 2004; Paik, €0@6) and
ranged from 78.9 #9©8.9%. Not allof the studies provided detailed descriptions of the
rea®ns for assay failure. Wheffailures were reported theyvere mainly ascribed to an
insufficient number of aacer cells in the specimenmor RNA quality, and in a few cases, to
failure of the RTPCR technique.

The authors of the reviewconcluded that evidencexisted for some of the opei@tal
characteristicof this test buthat there wasimited evidence for theeproducibility of the

test. There was reasonabteproducibility of the test across different samples of the same
block, and samples from different blockéo direct evidence as available abouhe effect

of sample preparation. There wiaslirect evidencehatthe overall success rate of extracting
analysable mRNAwasfairly high. Centrakation was considered to be a current strength of
On c ot y pwith iRgalE taeproducibity.

Clinical validity

Four studies providedvaence of the clinical validity o©n c ot y p en rdladoi to the
determination of recurrence risk (prognogi€pbleigh, et al., 2005; Esteva, et al., 2005;
Habel, et al., 2006; Paik, Shak, Tang, et al., 2004)

Paik, Shak, Tangt al(2004)provided data to support thgognostic validity ofOncotype
D X Ein an independentamoxifen treatedpopulation The Recurrence ScoreRS) was
shown to besignificantly correlated with disea$eee survival(DFS, p = <0.001)and overall
survival ©S),p = <0.001).RS alone was a better predictor of distant remae atlO years
than traditioml clinicopathologicapredictors.

Estevaet al, (2005) failed to find a correlation between RS and distant breast cancer
recurrence inuntreatednode negativgLNO) patients In the reverse of expecteavell-
differentiatedtumours were correli@d with poorersurvival than higher gradeimouss.

Cobleighet al, (2005) reported thathe RS scoravas significantly correlated with distant
recurrencdree survival (DRFS)in atraining setof LNO patients. A thisdataset related to
trainingand not validationit was considered tpresent minimagévidential value

Habel et al, (2006) assessedhe risk of breast cancer specifimortality (BCSS) among
women in a large casmntrol studyof ER+ LNO breast cancer patientseated with
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tamoxifen. ThelO-year riskof death from breast cancers 3%for patients with a low RS
12%for patients with an intermediate R8d Z% for patientswith a high R& Multivariate
analysis showed that RS athdnoursize wereindependent risk predictors of breast cance
death inER+, tamoxifentreatedpatients (HRper 50 units = 7.6p = <0.001) and un&ated
patients (R$er 50 units = 4.1p = <0.001). The RS scoralso shaved some prognostic
value in ERnegative patients

Three sters(Bryant, 2005; Hornberger, et al., 2005; Paik, Shak, & Tang, 2@&poOrting
studies that compareibk predictions provided b@ n ¢ o t y p assgb ahfistandard risk
classificationmethods werereported The datapresentedn these postersuggestedhat
optimal predictions may come from a combioatofgene expression tesiadstandard risk
assessment methods.

Summarythe systematic review concluded that these studies in cotiubinaovidel fairly
strong support for the clinical validity of tt@ n ¢ o t y p test @vrfand abevstandard
clinical predictors, in ER+, LNOand tamoxifentreated patientsvith a clear treatment
indication for adjuvanthemotherapyThe authors noted however, that it was not c(exr
how muchthe test addedo the management of patien{®) what proportion ofpatients
would benefit from thaiseof theOn c o t y p test (&) the stability of the obseed
risk categoriesn otherpopulations, particularly thogeeated with current therapies.

Clinical utility

There were npublishedrandomised controlled trialRCT) demonstratinghe clinical utility
ofOnc ot yp dire@ ¥vtlence)However,the authors of the review noted thatthe
time of publicatiora prospective randomized clinical tri@lAILORX, was underway with the
goal of assessing the value of adjuvahemotherapyamong patients with micange RS
results (see pads for details of the trial and progress to date).

Four studies weréentified thatprovided preliminary evidence of thepotential predictive
power ofOn c ot y p @dirBcKelridence)

Paiket al,(2006)using specimens and data from an existing trial (NSR&BPaddressed the
potential value of the RS in predictimpemotherapyenefitin a population oER+, LNO
patients. Thistudycompareda group treated wittamoxifen andchemotherapwith a group

of patients who were randomized to tamoxifen ofilye RSwas found to be correlated with
chemotherapyenefit, defined in terms of IyearDRFS with a significant benefitrbm the
use ofchemotherapyn the high RSgroup ¢ = 0.001).However, ina multivariateanalysis
the berefit from chemotherapyvasunclear due to large confidence intervals in the low and
intermediate RS risk groups

Gianniet al,(2005)examined the correlation betwe®m ¢ o t y p RSami¥hEmotherapy
response The studyprovided preliminary evidence that the RS had predictive power in
assessing the likelihood of a complete pathological resp(rS® after pre-operative
chemotherapy

Mina et al, (2007)found that theOn c o t y p &S cbult fotpredict pCR after primary
chemotherapin advancedreast cancer patients.

Changet al, (2008) provided preliminary evidenckom a small cohort studythat the RS
fromtheOn c ot y p assalphad predictive value in assessing the likelihood of a clinical
complete respons€R) to primarychemotherapyith docetaxel.

8 Low risk-RS<18, intermediate risk =RS=B®), high risk = RS>30
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Oratz et al, (2007) reportedt h a 't knowl edge of the RS change

recommendations in 21% of patients)dathe actal administered treatment in @bof
patients It did not reportwhat the patients (or doctors) were told or understood about the risk
of recurrence.

Summary:the authorsoncluded that th@aik et al, (2006) study represented thstrongest
evidencederived from already existing data rediag the clinical utility of theOncotype
D X E test. They also noted that, hile prospectiveconfirmation of these findings was
required,this evidence providedeasonable justification in the interifor the use of the test
by women in this specific poptitan.

A number of uncertaintie®lating to the optimal use of the tesrereported

A while currentcut off pointsare valuable fotest validation purposes, it wast clear
whetherthe current thresholdsorrespond to theut offs that would be derived using a
formal decisiopanalytic approdtbased on utility assessments

A whiletheOn c ot y p RS wassBown to have more value than ralisical
predictors, the same studies sleolthat clinical predictorsetained some predictive
vaue

A an improwed prediction tooinvolving a combination of genexpression and clinical
predictorswasnot systematially explored in any study

A absolute riskgproduced by regression models or stratified tables alitbredictors
included were generallyot reported.

Economic outcomes

Hornbergeret al, (2005) sought to estimate the incremental benefits, comts] cost
effectiveness 0O n ¢ o t y p.&he ButhBrsisedthe 22gene RTPCR assay teeclassifya
cohort of patients who were defideby NCCN criteria as low sk to intermediate or high
risk. The studylsowed thathere would ben average gain in overall survival per reclassified
patient of 1.86 yars and &ostutility for On c ot y p & US33 B52per qualityadjusted
life-year (QALY) gained Reclassifying patients deed as high risk (by 2005 NCCN
criteria) to low risk (usingdn ¢ o t y p)aevas@ostEsaving.

An independent reviewf the studyconcluded that therwas moderate confidendkat the
results of the economic analysis prowidesasonable estimates of the potentaist
effectiveness of usinghe 2tgene RTPCR assay to guidbetreatment of early stage breast
cancer.

Lymanet al,(2007)examinedhe costeffectivenessof RS guidedreatment of ptients with
ER+ LNO, earlystage breast cancaeatedwith either tamoxen alone o chemotherapy
plustamoxifen.RS-guided therapy was associated with a gaif.6¥ QALYs, a costitility
ratio of US$4,432 per QALY comparedith tamoxifen alone, and a gaof 1.71 QALYs
with net cost savings when compared while chemotherapyand tamoxifencombination.
However, upon review this study was regarded teulestandardand the review team had
little confidence in the analysis.

Summary:the systematic revievauthors concludedhat little was known about the cest
effectiveness a@rd th&rntheonrteyt poely oD évillencerelating to the
economic outcomes associated with use of west inconclusiveThe reviewauthorsalso
noted that analyses should performed by invegjators who have not received financial
support from manufacturers of the tests.
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Outstanding Issues relating to theuseof Onc ot ype DXE

Marchionnj Wilson, Wolff, et al, (2008) listed six outstanding issues relating @ncotype
D X Ethat needed to be addressed in future studies

A While Oncotype DX s e p gatients ato different risk groups, the stabibifythe
observed abduote risk in patients with a given risk scaeross different populations
wasnat clear. Of greatest interest widi® observed risk in tHewest risk groupssince
the absolute levelf this risk wascritical for informed decision making.

A Better informaibn wasneeded about the predictions from combining the RS with current
versions otlinicopathologicalisk predictors.

A Studies examining the use®fn ¢ o t y p should Kré&vide women and physicians

with quantitativerisk information and report how thidiers clinical decision making.

The manner in which this risk information is presented should also be studied.

Formaldevelopment of cubff points to optimize patient utility waseeded.

The data reported related mainly to tamoxiferatedandcyclophosphamide

methotrexateéd-fluorocil chemotherapyreated patientdt was considered to be

important to assess whether p@&dictionsapplies toaromatase inhibitors and
contemporarghemotherapyegimens using taxanes and anthracyclines.

A It was notclear whether RS couloke used to help guidbetreatment oHER2 positive
patients andt was considered thaidditional stdies were needeas most of these
patients were classified in the high RS group in the irtitills.

A It was also consideredahwhile awaiting theTAILORX results, the findings of the Paik
2006study predicting treatment benefit nedihdependent confirmation, particularly
for low and intermediate risk groups.

> >

MammaPrint®

Analytical validity

Two technical studieAch, et al., 2007; Glas, et al., 20Q@pvided evidence relating to the
analytic validty of MammaPrint® Repeated gen&xpression measurements over time,
within and across individlianicroarrays, across differetatboratories, protocols instruments,
and operatorprovided data on the variability and reproducibility of the test. Bgtsal,
(2006)reported amverall success rate of the agof 80.9%

The systematic review concluded that the manuscripts that usedOihpene signature

provided useful informatbn about the validity of the biological correlations eriging the

profile. However, while these studiesiggestedhat MammaPrint® could be used in a

clinical setting, they could not be considered tallvect validatios of the assayThe review

also noted tht evidence underpinning tlamalytical validityof the testwas obtained from a
limited number of patients armdmoderate umber of replicationsThe only validation study
using theMammaPrint®assay(ratherthan the underlying #gene signature3howed that

only about 80%f freshfrozenspecimens were anahble

Clinical validity

The systematic review distinguished between studies reporting on the clinical validity of the
gene expression profilee(70-gene signaturegnd the marketed assaylammaPrint®.

The review identified twetudiesreportingon the clinical validity otthe 7Ggene signature
and two studieseportingon theclinical validity ofthe MammaPrint®test
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v an 0t et al(2002)reportedon the develoment data for the 7@ene panel that formed
the basis for thdlammaPrint®test Using multivariate angkis, the 76gene signature was
found to bean independent predictor of metastases within 5 yeatis,an odds ratio@R)
=18 (95%CI =3-94).

van de Vijveret al, (2002) reported the first major validatn of the 76gene signature ia
young (<52 yearspopulationwith small (<5cm)tumoursthat wereheterogeneousvith
respectto lymph node positivity, ER stagé, chemotherapy and tamoxifentreatment
Multivariate analysis showed that tihdammaPrint® prognosis grouptumour size, and
adjuvant chemotherapywer e t he strongest predictors of
p r o g nMasmimaPint®grouphad the largest hazard ra(ldR= 4.6,95 % Cl =2.39.2).
The authors demonstrated the progfic value of thegenesignatureusing survival curves
stratified by conventional clinical indexesThe analyseshowed substantial separation
between 7&yene prognostic groups that were eithex lor high risk by clinicalindices.
Optimal prediction was achieved when the gene index and conventionalinical
predictors were combined

Buyse et al, (2006) compared theMammaPrint® assay with conventional clinical
combination risk predictorn an independent, multicemstvalidation study The gecificity

and sensitivity of theMammaPrint® assay and the AdjuvantOnline algorithm were
compared fomprediction ofdistantmetastases within 5 years and for death within 10 years.
Similar sensitivities were founih both methodsbut a higher specificity was demonstrated
for MammaPrint® The areas under the Receiver Operatifgr@cteristic (ROCxurves
were comparable foMammaPrint® and Adjuvant! Online (0.68 vs 0.66 for distant
metastasesat 5 years). However, with ROC values much closer to 0.50 than 1.00 neither
prediction vasparticularly accurate.

Glas et al, (2006) compared theeommercialMammaPrint®assay rsults to that obtained

with a generic70-gene signaturgestusing thesame patienta s vano6ét Veer. and v
The results of the 7@ene signture used in the original cohorts appliedjually to the
commerciaMammaPrint®assay based on tlsegnature.

Summary:the authorsconcluded that overalthe availablepublished evidence supported
MammaPrint®as a bettepredictor of the 5/ear risk ofdistart recurrence than traditional
clinical predictors However, he cohorts used for the development and validation of
MammaPrint®were considerablynore clinically heterogeneous than thassed for the
Onc ot yp etest D¥dpite this, MammaPrint® had an 80% camcordance with the
Onc ot y p arraybaséd RS classification when applied to the same patiEmtse was
some evidence to suggest thheé commerciaMammaPrint®test and a generic0-gene
signatureassayproduced comparable results.

Clinical utility

The systematic review did not identify any published studies evaluating the ability é0the
gene signature or the commerdiddmmaPrin® testto predictchemotherappenefit.

Economic outcomes

One study was identified that reported oncbsteffectivenes of MammaPrint®

Oestericheet al,(2005)compare the costeffectiveness othe Netherlands Cancer Institute
70-gene expression profiling asstythe National Institutes of Healti\|H) guidelines for
the identification of early stage breast cancer patients who would béoefitadjuvant
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chemotherapybased on risk of distal reorence. It was not clearif the commercial
MammaPrint®testor thegeneric70-gene signature assaps used

The NIH guidelines identified 96% of the study cohort as high risk (sensitivi§g%,
specificity = 5%), whereas the 7@ene expressioprofiling assay identified1% of patients

as high risk (sensitivity= 84%, specificity= 51%). With a 35% risk reduction in distant
recurrence from use @hemotherapyusing NIH guidelines to identify highsk women and
treat withchemotherapyrevented34% of distant recurrences compared to 29% for the 70
gene assay. However, aftecluding the negative impact on life exjp@ncy and quality of
life of chemotherapyand distantrecurrencethe NIH guidelines and 78ene assayielded
1008 and 9.86 QALYsespectivelyTotal costs wer&S$32,636 for the Nl guidelines and
US$29,754 for the 7@ene assay. Although the lati®as projected to identify 3% fewer
women forchemotherapyhanthe NIH guidelines,the quality of life benefits in the women
who did not needchemotherapyvere outweighed by thelecrease in life expectanay the
womenwho needead¢hemotherapyput did not receive it becauséthe70-g e n e dosveray 0 s
sensitivity. An external review of this study indicated a high confidence imekelts of this
analysis.

Summary the systematic review concluded timat studiesdirectly evaluated clinical utility

of this test or explored the use of this test in clinical pracficeingle study reporting on the
costeffectivenessof MammaPrint®corcluded thaguality of life benefits in the women who
did not needchemotherapyere outweighed by the decrease in life expectancy in the women
who neededchemotherapyut did not receive it because of the gene expression profiling
t e st 0O sensltivityw e r

Outstanding Issues relating to the use of MammaPrint®

Marchionniet al,(2008)listed a number obutstandingssues relating tMammaPrint®that
needed tde addressed in future studies:

A there is a need to defitiee optimal patient populations for the udehetest, its
performance in those populations, dodletermindhow many of itredictions would
resultin different therapeutic decisions

A there is a need foatger independent validatistudies in therapeutically homogenso
groups.

The authors noted that previous comments madelation toOn c o t y p alsodppliéd
to MammaPrint® including

A aneed for th@resentation of data regarding the test in comtinn with standard

_ predictors
A an examination ahe use ofisk categoriessa continuous risk measure
A confirmationoft he stability of the testods calibr at

° In order to improve quality of life (QoL) by allowing womendafely avoid chemotherapy while not missing
women whose survival is compromised by avoiding th
have to be O 95% wi t h-gene asgaedidindt attain d sgnsitivity ofD3%adigasToh e 7 0
the test cubff used

er
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HOXB13:IL17BR ratio (H/I)

Analytical validity

The systematic review did not identify any studies reporting specifically on the analytical
validity of themarketed H/I ratio assay

Ma et al,(2004)described the analytiestprocedures and Goegt al,(2006) Jerevallet al,
(2008)andMa et al,(2006)reportedoverall success ratéor the tesbf 96% 98%.

Jerevall et al, (2008) assessed the reproducibilinf the resultsbetween two different
institutions. e institution alsoassessed the correlation betweenrFROR and microarray
based gene expressioreasurements faiOXB13 and IL17RB Good reproducibility of the
measurement between inigtions was documented for threlividual gens and the ratio.

Clinical validity

Ma et al, (2004) studied ER+, LNO or LN breast cancer patientseated wih adjuvant
tamoxifen In a multivariate analysjsvith adjustment fotumoursize, progesterone receptor
(PgR) andHERZ", the H/I ratio outperformed both existing biomarkersl either gene alone
(OR = 7.3, 95%CIl =2.1i126.3). The aea under theROC curve for the ratio was
approximately 0.8ndicatingthat the test has a relatively goperformance.

Reidet al,(2005)validated the twagene ratio iranindependent cohortf gatients with ER+
breast cancetreaed with tamoxifentherapy. These patientsad largertumous, a higher
frequency of lymph nodmetastases, and a high¢ER?2 positivity than th@e in theoriginal
study (Reid, et al., 2005)hat it was trying to validate. dhe of the analyse®vealed any
statistical relationshipetween the H/I ratio amlitcome.

Goetzet al, (2006) investigatedER+ patients treated wittamoxifen. TheH/I ratio showed
modest outcome predioh value over the entire cohortrd@Ssvalidated hazardatios near
1.5 andP values around 0.0%erereported with the predictive value being restricted to the
nodenegativesubsetof patients (HR= 1.i722.0, p = 0.04 0.06). In the node positive group
the ratio had no relationship withlapse or survival.

Maet al,(2006)validated the twagene ratio gene expression profile, developed thegeve
index, and provided preliminary evidence for its prognostic valaoea population of mostly
(72%) node negative, ER+ (73%) patieradjigher H/I ratio was associated with a lieg
risk of relapse (HR 1.5, p = <0.001) In a stratified analysis, univariate Cox regression
indicated that the HOXB13:IL17BR index wasly significant in LNO patients (HR 1.6,p
=<0.001lvsHR=1.2,p =0.1,) FRurthersubseting indicated that thenteraction with node
status was statistically significant for the H/I rapo=0.02) only in ER4patients.

Janseret al,(2007)in the largest study carried out at the timealuated the ability of the H/I
ratio to predict DFS in patients treated lwtamoxifen. The study palation was a mix of

ER+ (73%),LNO (52 %), tamoxifertreated (14 % and chemotherapyreated (17 %
patients, with additional patients treated with tamoxifercltemotherapyafter relapse (55

%). The ratiq as a univariate continuous variable, was significantly associated with a poor
disease free survivdDFS) (hazard ratic= 1.6,p = 0.02) and a poor O$ € <0.00). When
traditional clinical factors were added tthe model, the H/ratio continued to cotmibute
significantly topredicted DFS and OSVhen he same ana$ys was performed on ER+, LN+

1Y HER2 (also known a$iER2/neuErbB-2, ERBBJ stands for "Human Epidermal growth factor Receptor 2"
and is a protein giving higher aggressiveneds@ast cancers
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tumouss from untreated patientise H/I ratiowas associated with a poor DFS and a poor OS.

In the multivariate model for this population, the index was sigaifitly associated with OS
(P = 0.001), but less strongly witbbFS ( = 0.065). An evaluation of the prognostic
performance of the ratio in relapsed ER+ posifpatients treated with firdine tamoxifen
revealed that the H/I ratiovas strongl associateavith progression free survivaPE§.

Jerevallet al,(2008)examinedhe Hlratiocd s pr ogno st i callywstreated pre n
menopausalpatients. The study produced additional developmental evidence of the
prognostic valueof the H/l ratio, and of the twandividual genes, in ER-breast cancer
patients who received systemic adjuvant therdjme results differed from previous reps

as the ratio predictedveorse outcome iNO patients

Clinical utility

Jerevallet al,(2008) examinedthe ability of the H/I ratio topredcct the benefit of 2 yeanss
five years of tamoxifen treatment in postm@ausal breast ce@r patientsKaplanMeier
analyss of ER+patients demonstrated thatoav H/I ratio was associated with a benefit to
receivingfive versts two years oftamoxifen treatmenip(= 0.021). There was no benefit£
0.9) in patients who had a hidtl ratio. Thepredictive significance ofhe twogene ratio
was maintainedh a Cox proportional hazard analysaljusting fotumoursize, BR status,
and lymph node status.

Summary:the systemic review authoioncluded that while the H/I ratio showed some
promise, it must be regardetl presenas being in aevelopmental phasend that consistent
value of the H/I ratio in weltlefined clinical settings has not at this time been firmly
established. They also noted thiatwas not clear in the ME&006) study whether samples
were processed by Quest Diagnostics, Inc. which holds the cliceawe for the test
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Systematic Review Update

Burden of breast cancer disease in New Zealand

Breast cancer is a significant health issue for New Zealanders and is the leadingfcause
cancer mortality in New Zealand womeihe cumulativefive year survival rate after
adjusting for expected causes of deatapproximately 82%Ministry of Health, 2009)

Internationally, New Zealand hascomparativelhigh breastancer incidence and mortality:
when compared tother Organisation for Economic @peration and Development (OECD)
countries,it has the sixth highest deathite for femalebreast canceiVhile the incidence of

both female and male breast canieincreasing in New Zealanthe female breast cancer
mortality rate has reduced by 19% over the last decade, mirrotergational trends. This

reduction is generally attributed earlier detection and the greatese and effectiveness of
adjuvant treatmer(Ministry of Health, 2009)

In the most recently published NZ cancer statis{RB05) (Ministry of Health 2008) breast
cancer was

A second most commonly regised cancer sit@ 2005

A most commonly registered site for femabdth 2458 new registration@7.4 % of alll
female registrations)

A third main cause of cancdeaths in New Zealand

A leading causef cancer death@ = 647)among femalesX7.1% of all female cancer
deaths)

Fifty-four per cenbf new registrations in 2005 were under 60 years ofwdgke the highest
rates of new cancer registratiovas infemales 60 yearsf age and under.

The overall agestandardised registration rate for cancer of the bira@dd05 was92.0 pe
100,000 female In historical terms this wds/e per cengreater than the 1995 rate aioair
per centgreater than the 2004 ratieutfive per centless than the pealf 97% in 2000 The
2005 agestandardised mortality rate (Z1per 100,000 femalgsvas nearly 2446 lower than
in 1995.Thedeathsto-registrations ratio for 2005 wés26.

More detailed and recent data was availadilectly from an interrogation othe New
Zealand Health Information Services cancer databa3&2,747 new registrations in 2007
the New Zealand Cancer eRistry recordedthat 76% were ER+i( 7% ER statuswas
unknown),13% were HER2 negative (19% unknown) and 51% had no nodal involvement
(16% unkmwn); 1132 patients (41%) were both ER+ and LNIBe meanand mediarage of
newly registeredpatients in NZin 2007 was 59 years (range-2Q0 years)the average
tumour size was .2cm (range 0.159cm) 14% of patients dichot have atumour size
measurementJsing these data as a referenite proportion of NZ new registrations with
ER+, LNO disease is similar (given the proportion of unknowns) to that reported in the
literature cited in this review update and represents a significant propoftelhnew breast
cancer registrations in New Zealand.
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Staging of breast cancer

Breast cancer is usuallgtaged clinically usinghe International Union Against Cancer
(UICC) Tumour, Nodes and Metastases (TNM) classification to define #iterartal extent
of the disease according twinical tumour size, nodal status amtinical evidence of
metastasisand facilitate the planning of subsequent manage(Mintstry of Health, 2009)

Treatment of early stage breast cancer

Early breast cancer disease is detected only in the poeast the case of women with nede
positive disease, the breast and locoregional lymph nodes, and all detected disease can be
removed surgically. However, undetected deposits of disease may remain either locally or at
distant sites that, if untreated, ddwver the next two decades develop into athi@atening

clinical recurrence. The main aim of systemic treatment is to control any remaining deposits
of disease, reduce the recurrence rate, and impoagdermsurvival.

Current New Zealand guidelindsr the management of early breast can@émistry of
Health, 2009)reports that wmen wth early stage invasive breast canaes usually offered
breast conservingurgery or mastectomyrhis may befollowed by radiation therapy were
indicated(egfollowing breast conserving surgery fotlowing mastectomy for patients with
a high risk of rearrencd. For some women surgery may pescededby preoperative
(neoadjuvantchemotherapyo reduce tumour bulk-ollowing surgery ER+ premenopausal
womenmay be offeredadjuvant endocrine therapyhile in ER+ postmenopausal women
adjuvantchemotherapymay also be considered. For ERomen with early breast cancer
adjuvant chemotherapyis advised. Adjuvant chemotherapy provides a significant
proportional benefit for women with early stage breast canddre absolute benefit of
chemotherapygepends on thieaselineisk of recurrence.

Women with the best prognosis have smathouss that are estrogereceptor (ER) positive,
and disease that is lymptode negative. Aftetamoxifen therapy, these women have an
approximately 15% baseline risk of recurrence. &eragethis population also receives a
small, but significant, absolute benefit frathemotherapyHowever,approximately 85% of
these patients would be disease free at 10 years with tamoxifen treatomentCurrent risk
classifiers @ not accuratelydentify which early stage patiengse at low riskof recurrence,
as a result, more patients are treated ahthmotherapyhan can benefit.
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Methods

Search procedures

The search strategy developed for the original systematic review was used for idws rev
update (see Appendix)B

Identification of eligible publications

To efficiently identify citations that were obviously not relevant the article titles were
scannedFor a title to be eliminated at this leviile publication had to baearly ineligibe.

Articles were considered to be ineligible if the study:

only applied to breast cancer biolo@ were not clinical studigs

did not involve OncotypeDE or MammaPrint®or H/I gene expression profiling tests
did not involve original data or origindhta analysis

did not involve breast cancer patients

wasnot reported in English

did not apply taany ofthe key questionsf the review

other(give reasoh

eligibility was unclear

T I > D I T D D

Publications remaining after the title review were subjected to araabstview to identify
articles that reported on the analytialidity, clinical validity, and/or clinical utilityand

economic implicationof the gene expression profile tests of interdisteligibility was

unclear from the title and/or there was notedxs the publication was flaggdadr review (e

full text recovery).

In general, étters, editorials, comments and neaviicles wereexcluded from theeview;
however, relevant editorials in key journais ihformed commentariesyere examined for
relevantbackground information

Conference abstracts identified in tharsd procedure were included if they presented data
that was relevant to one or marview questionsDue toresourceand time limitations only
ASCO confaences andhe Journal ofEuropean supplementgere searchedpecificallyfor
relevantconference abstracts.

Statistical methods and measures

A number of special stiatical methods and measures wesed to assess the performaate
genetic tests. Thosaost commoly reported irnthe reviewed studies asemmarised below.

Sensitivity and specificity

The sensitivity of the test is the fraction of people with the disease that the test correctly
identifies as positive.

The specificity of the test is fraction of people without theease that the test correctly
identifies as negative.
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Receiver Operating Characteristics (ROC)/ Area under the ROC Curve (AUC)

Test Accuracy is measured by the area under the ROC curve. ROC space is defined by the
false positive (FPR) and true positive (TPR) rates for a test relativedfisdeetween true
positive (benefits) and false positive (costs). Since TPR is equivalémtsensitivity and

FPR is equal to 1 specificity, the ROC graph is sometimes called the sensitigtyl -
specificity) plot.

The area under a ROC curve quiesi the overall ability of dest to discriminate between

those individuals with the diseaaad thee without the disease. An ineffectitest (e a test

which is no better at identifying true positives than flipping a coin) has an area of 0.5. A
perfect test (one that has zero false positives and zero false negatives) has an area of 1.00.
Most testshavean area between 0.56D.0Q a value of 0.90 may be
test, a value of 0.65 may be interpreted aslativelyfi p o o r dhe tareasunder a ROC

curve can never be less than Q.&€eFigure 3.
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Figure 3 :  Area under the curve for different receiver operating characteristic

curves (a) the AUC for a test with perfect accuracy, (b) the AUC for

tests with  accuracy no better than random choice, (c) the AUC for a
highly accurate test and (d) the AUC for a test with relatively low
overall accuracy

Survival analysis and Cox proportional hazards

Survival analysis is the generic name given ttaasof statisticalprocedurescommonly used

in clinical studies for estimating thsurvival function (function of time, starting with a
population100% well at agiventime and providing the percentage of the populasitih
well at later times). The survivahalysisis then $ed for makingnferencesabout theeffects

of treatmentsprognosticfactors exposuresand other covariates on the survival function.
The mostly commonly used method is thakafplanMeier which is presented as a survival
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plot/survival curves fodifferent groupsKaplanMeier plots and thessociatedogrank tess

are most useful when the predictor variable is categoragldrugvs placebo), or takes a
small number of values that can be considered to be categ&icalval analysis methods

do not work easily with continuous predictsach as gene expression values. In the latter
caseCox Proportional Hazards RegressAnalysis may be useadlherethe effect on survival
times of a continuous variable such as gene expression is examined disdregsuted as

the relative risk (RR) or hazard ratio for a unit change in the variable. The statistic is 1.0 for
equivalent risk of a specified event.00 for lower risk of a specified and >1.00 for higher
risk when comparing two variables.

Quality assessment

There are no validated tools for the assessment of the quality of tumour marker/gene
expression profiling studies.

Marchionniet al, (Marchionni, Wilson, Wolff, et al., 2008)sed a synthesis of the general
principles of the reporting recommendations for tumour marker prognostic studies
(REMARK) and STARDguidelinesto assess the quality of the studies

The REMARK guidelines werdeveloped to encourage transparent rahelvant reporting of

study design, prplanned hypotheses, patient and specimen characteraggsy methods,

and statistical analysis methods, in order to help others judge the usefulness of the data
presentedgMcShane, Altman, Sauerbrei, & al., 2005)

STARD was developed to improve the accyrand completeness atudies reporting
diagnostic accuracy, in order to allow readers to assess the potential fordisidy and to
evaluate the genersdibility of the result§Bossuyt, et al., 2003)

Because of the extreme variability the aticles included in the original systematic review
the authorslid notsystematically apply the general principlefsthese guidelines

Since it was not clear exactly how the quality of studies was assbgsMarchionnet al;
(2008)in the currensystematic review updater prognostic papershe REMARK criteria
were converted to a chdisk of 44 items (see Appendix ¥ and each paper scored
accordinglyin order to give some general guide to the quality of the study in terms of the
reporting of the tumour marker/gene signat@mmce thereare no cubffs or thresholds for

the REMARK criteria to define gy, average or goostudies in the present repae raw
scores have been used to compare the extenhitthwhe studies reviewdtave abided by
thereportingcriteria. It shouldbe noted that the REMARK criteria do not include any items
relating to the type of study (colpcase series, RCT etc.), which is an important indicator of
study quality.

Given the current limitations of the REMARK criteria and the general lack of validated
instrumentsfor the assessmerdf tumour markerthe REMARK criteria were used in
conjunctionwith the STARD criteriato determine thecomparative qualityof reviewed
studies
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Search Update Results

The updated search undertaken for this report identif@dadditional primary research
studiespublished in full in peer reviewed journgkashiTanaka, et al., 2009; Asad, et al.,
2008; Buenede-Mesquita, et al., 2007; Goldstein, et al., 2008; Henry, et al., 2009; Kok, et
al., 2009; Ma, et al., 2008; Mook, Schmidt, Viale, et al., 2009; Rayhanabad, Difronzo, Haigh,
& Romero, 2008; Wittner, et al., 2008; Wolf, et al., 20@8d one BlueCross BlueShield
technology reviewPiper, 2008) These additional studies are classifiedgayne expession
profile test and evidence typeTable 4.

Table 4 : Additional gene profiling studies identified by the systematic review
update
Publication ‘ Test(s) Evidence type Overall quality
Oncotype DXE
Goldstein, L.J., et al, (2008)
Prognostic utility of the 2_1_—gene assay Clinical validity.
in hormone receptor-positive operable Oncotype Clini . P
. . inical utility.
breast cancer compared with classical
clinicopathologic features.
Wolf, 1., et al, (2008) Clinical validity/ utility.
Association between standard clinical Association between
and pathologic characteristics and the | Oncot y pe DX&E RS and X
21-gene recurrence score in breast clinicopathological
cancer patients. A population-based tools.
study.
Akashi-Tanaka, S., et al, (2009)
21-Gene expression profile assay on Clinical utility:
core needle biopsies predicts Oncotype D ' X
responses to NAET in breast cancer response to NAET.
patients.
gsg‘dé Js etg'}](iogst) ype DXE Clinical utility:
) ; o t D i ini
affect the management of patients with ncotype |mp§1(_:t on Cl”?'cal X
decision making.
early-stage breast cancer?
Henry, L.R., et al, (2009) Clinical utility:
The influence of a gene expression Oncotype D impacton clinical X
profile on breast cancer decisions. decision making.
Kok, M., et al, (2009) X
Comparison of gene expression Oncotype D Clinical utility:
profiles predicting progression in breast | H/I response to tamoxifen.
cancer patients treated with tamoxifen.
Li, L.F., et al, (2009) X
Integrated gene expression profile Oncotype D Clinical utility:
predicts prognosis of breast cancer 70-gene signature response to therapy
patients.
Rayhanabad, J.A., et al, (2008) Clinical utility: X
Changing par.qdlgms in breast cancer Oncotype D impacton clinical
management: introducing molecular o h
h : decision making.
genetics into the treatment algorithm.
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Table 4 : Additional gene profiling studies identified by the systematic review
update (continued)

Publication Test(s) Evidence type Overall quality

MammaPrint®

Mook, S., et al, (2009)

The 70-gene prognosis-signature predicts
disease outcome in breast cancer patients MammaPrint® Clinical validity. P
with 1-3 positive lymph nodes in an
independent validation study.

Wittner, B.S., et al, (2008)

Analysis of the mamma print breast cancer
assay in a predominantly postmenopausal
cohort.

MammaPrint® Clinical validity. X

Bueno-de-Mesquita, J.M., et al, (2007)
Use of 70-gene signature to predict
prognosis of patients with node-negative MammaPrint® Clinical utility. P
breast cancer: a prospective community-
based feasibility study (RASTER).

HOXB13:IL17BR

Ma, X.J., et al, (2008)

A five-gene molecular grade index and
HOXB13:IL17BR are complementary H/I Clinical validity. X
prognostic factors in early stage breast
cancer.

Gene profiling tests

Piper, M (2008) Oncotype [ Technology

Gene expression profiling of breast cancer MammaPrint® Assessment. NR
to select women for adjuvant chemotherapy. | H/|

P = well conducted retrospective studies (reasonably sound evidence)
X = studies with significant or potentially significant shortcomings (low quality evidence)
NR = not reviewed

The technology assessmetdrried out by the BlueCross BlueShield AssociatfBiper,
2008) and published in 2008vas not mentioned in the original systematic review by
Marchionniet al,(2008) The search conductedrfthe BlueCross BlueShield Association
technology assessment did not extend beyond 2@d¥eyond the search date limit of the
original systematic reviewhis publication is not considered further

Oncotype DXE

Studies reporting on clinical validity

Goldstein et al, (2008)

Rationale and objectivesThe Adjuvant! Online (Adjuvant inc., 2008; Cufer, 2008pol
predicts patient outcome aten yearsbased on classicallinicopathologic features and
therapy Althoughten years outcome is generallgcceptedas fully reflective of the clinical

utility of an adjuvant therapyt was argued thgtrecise estimation of shorterm outcomes

at five years may fier advantages if found to be reflective of longgm outcomesin this

nested case contrstudy the athorsevaluatd the prognostic utility oOncot yp @& DXE
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patients with HR+, LNO or LN+ breast cancer treated with doxorubicmntaining
chemotherapyin addition,using analgorithmsimilar to Adjuvant!Online adjusted to Sear
outcome(clinical predictor) they sought taletermine whether it could more reliably predict
outcomethanstandard clinicopathologic features

The patient population and eligibility criterialhe study employetlmour specimens and
clinical information from tle Eastern Cooperative Oncolgy GrougGOG ) 2197 trial
(Baum, et al., 20Q7or patients withoperable turaurs measuring at leaktl cm and LNO, or
LN1 3. The study populatiomromprised asampleof 465 HR+ patientsaken from 2885
eligible and assessablgal patiens. This samplewas divided into cases (99 patients who
relapsed at five years) and controls (366 who had not relagisiee years The median
follow-up was six years, the median age was not given but 59% of cases were post
menopausalFifty-four per centof cases had tumours owo centimetreor more and 56%
had regative nodes, 22% were HER@sitive. Patientsvere treated witlthemotherapyplus
hormone therapy.

Endpoints and analyse3he primary endpoint was recurrerféree interval definedas the
time from trial entry to the first evidence ofvasive breast cancer in local, regional, or
distant sites, including the ipsilateral breglsut excludingnew primay breast cancers in the
opposite breasiThe primary test for the relationshijgtween R&nd recurrencesk at five
years was the weighted partialikelihood Wald test.KaplanMeier analysis andCox
proportional hazard modellingereused to estimate event free raéesl hazard ratio8oth
central and local phablogy reviews andgwer calculationsverecarried out.

Results Cases and controls were similar in all respects with the excepti@stioiated
menopause distributionp € < 0.03) and the proportioaf patientswith two to threegpositive
nodes(p = <0.05). 198 patients (46%) had a low RS (<18), 142 patients (30%) had an
intermediate RS @ 30) and 125 patients (24%) had a highR® 3 1)

RS, as either a cdmuous or categorical variable amdthout considering other variables,
was a highly significant predictor of ratence overall and fotNO and LN+ patients p =
<0.001) Therisk of recurrene was elevated in LN3 comparedwith LNO-1 patientsbut
was rot elevated in patientsith LN1 compared with LNO patientd=or patients with a low
RS, approximately3.3% (986 CI =, 2.2% to 5.0%) of all LNQ.N1 patients experiared
recurrence withirfive years and 7.9% (95%CI1 = 4.3% to 14.1%)of all LN2i 3patients
experienced recurrence

When linear recurrence risk was adjusted for clinical variablesa proportionalhazards
modeltherewas a strong trend in favour BIS (HR br a 50point difference in RS 2.12;

95% CI = 0.974.65; p = 0.06). When the outcomes for RS arle five year clinical
predictor algorithm were comparedhe overall concordance was 3638% depending on
whether local or centrigl determined histologwas used. When RS and tive year clinical
predictor were subject tdvé¢ proportional hazards model the estimated effect was HR= 2.64
(95%CIl = 1.80'3.87;p = <0.001) for RS and HR1.34(95% Cl = 0.94'1.91;p = 0.11) for
theclinical predictorusing local grade and HR2.51 (95%CIl =1.71 3.70;p = <0.001) for

RS and HR 1.51 (95%CI = 1.07% 2.13; p =0.02) for theclinical predictorusing central
grade.

The ROC AUC was 0.69 for RS wukalone, 0.56 for the clinical predictosing local gade,
and 0.61 for the clinicapredictor usingcentral grade, indicating that RS perfeed most
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accurately in predicting recurrencd five years However, an AUC of 0.69ndicates
relativelylow test accuracy.

An evaluationwas carried out to determinettie RS providedadditional information with
regard to the relate risk of recurrene for eachfive year clinicalpredictor group. Low RS
wasthe referent anthe centralhistologygradewas usedvhen calculating clinical predictor
risk. For the 43% of those who were in the low clinipakdictor riskgroup, the isk of
recurrence was increas@ds-fold and 4.6fold for intermedate and high RS, respectively.
For the 30% of patients in the inteediate clinical risk groupthe risk of recurrence was
increased 94old and 5.8fold for intermaliate and high RS, regztively. For the 24% of
patients in the high clinicalisk group, only high RS was associated witlsignificantly
increased risk of relapse (Z@d).

Limitations In this retrospective studgf trial data a large nunel of analyses were carried

out increasing the chance @f spuriougy significart result In addition, he possibility of
systematic selection bias cannot be ruleddud to the retrospective nature of the study and
the study desigh Because there was no arm withaliemotherapyreatnent it was not
possible to directly evaluate whether the excellent outcome in those with low RS was related
to good prognosischemotherapybenefit, or both.There appeared to be some selective
reportingof results A high proportion othe authors had potential onflict of interest due to

their relationship wittGenomic Healttand/or Aventis

Quality: The study itself was well conducted retrospective study of tissue collected from
trial patients. As reported the diy fulfilled 35 (80%) of 44 REMARK giteria for the
reporting of tumour marker prognostic studiedicating a relatively high adherence to the
reporting guidelinesThe large number of analysasd the retrospective nature of the study
werethe main threats to study validity.

Conclusion:Onc o t y p ewa®fduld to predict recurremeore accurately than individual
clinicopathologic featuresand an integratedalgorithm modelled after Adjuvd! Online
adjusted to 5-year outcomes.Onc ot y p e prolddé&E information which was
complementaryto classical clinicopathologic features in patients with up to three positive
axillary nodesFor the 46% of patients with a low RS, there was a lessthtivaa per cent
risk of relapse dfive years if there were zero to one positive nodesedglat per cenif there
were two to three positive noddRS provided the greatest discriminatory value in ptien
estimated to be at a low aimdermediate risk by thelinical predictorrisk assessment

Wolf et al, (2008)

Rationale and objectivesAl t hough the association between
various clinical endpoints has been assessed in a numbeleofed patientslinical trials) it

had not been assessed at this time in a general population of patients referred to undergo the
test. The authors sought to assess the correlation between standard clinical and pathologic
breast cancer characteristics and the RS in a cohort elilbraast cancer patients and to
compare the stratification of patients using RS that of with commonly used clinical
guidelines.

The patient population and eligibility criterid:his was a prospectively studied cohort of 300
newly diagnosed Israeli breasincer patients who weoensecutively referretb receive the

 AUC=0.50 corresponding to no discrimination and AUC = 1.0 corresponding to perfect prediction.
12 A drawback of nested casentrol studies ishat non-diseased peosmis from whom the controls are selected
may not be fully representative of the original cohort, due to death or failure to fofl@ases.
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Oncotype DXE test. Pat ireeroitedsbetmeert OctobErR2604 and NO  d
October 2006 were eligible for the studilERZ2 overexpressionand lymph node

mi cr omet ast igpatientsver@ allowed )Two male breast cangatientswho

underwent the test were excluded. The median age of patients was 54 years and the median
tumour size was 1.6 cm.

Endpoints and analysesatients need fochemotherapyas assessed using thidiferent

clinical tools; the NCCN clinical practice guidelines, the 2005 St Gallen recommendations
and Adjuvant! Online. Study variables-were ¢
test for continuous variablesal awdr iFabslheg.0sF
correlation coefficient (r) was used to determine the correlation between continuous
variables.

Results:One hundred and ning6%) patients had a low RS, 134 (45%) patients had an
intermediate RS, and 57 (19%) patients had a R&hscore. High tumour grade, low
progesterone receptor expression, infiltrating ductal histology, HIEBR2 overexpression

were found to be associated with a high RS. Patient age, tumour size, ER expression, and
lymph node micrometastasis were found taeate poorly with the RS. The ability of any of
these variables, either alone or in combination, to predict the RS was limited. Similarly,
neither of the guidelines nor the Adjuvant! Online software could predict the RS.

Limitations: The reasons why patint s wer e referred to undergo
not reported and was not clear why the particulguidelines were chosen as comparators.
There were some inconsistencies in the reporting of the comparisons between the different
tests.

Quality: A lack of detail about the methods used and a lack of clarity in the reporting of some
of the results made an assessment of the quality of the study difficult. As reported the study
fulfilled 24 (55%) of 44 REMARK criteria for the reporting of tumour marlstudies
indicating a relatively poor adherence to the reporting guidelines

Conclusion:This study reported on a selected population of patients who were referred to
undergo the Oncotype DXE test. No associati ¢
or ER intensity and only a modest association was noted between the RS and tumour size.
Neither standard clinicopathologic features nor the chosen clinical guidelines/assessment
tools could reliably predict the RS among referred breast cancer patientdinidad utility

of these comparisons was not made clear.

Studies reporting on clinical utility

Akashi-Tanaka et al, (2009)

Rationale and objectiveRecently published data have shown tpatients with low RS
benefitfrom adjuvant tamoxifen. In this study the authors sought to deterfrdrecotype

DX E Rdld predictNAET response, and, more specifically, if the clinical response rate
to NAET is associated with a lower RS.

The patient population and eligibility cetia: The study population comprised 87 post
menopausal women with operable ER+ and PgR+ breast tumours >3cm who had received
NAET with tamoxifen or anastrozole at the National Canceri€d#bspital, Tokyo between

2002 and2007. The cohort comprised 343%) patients from a neoadjuvant {mgeR’tive
tamoxifen study (neoTAMand 50 (57%) patients from a poperable anastrozole study (neo
ANZ). Patients who failed NAET received adjuvacihemotherapy The mean age of
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participating patients was 61 years,%40f patients were node negative %63f patients
received anastrozole. The median folap was 45 monthlumour samples were obtained
from core needle biopsies.

Endpoints and analysefelapsdree survival (RFS) was the primary endpoint, defined as
thetime to local, regional or distant relapg&planMeier survival analysisand the log rank
test were used to estimate RFS and its significance.

ResultsRS was obtained in 43 (49%) of 87 eligible patients, nine patients were lost to follow
up or refusectonsent, five tumour samples were inadequate for analysis and the total RNA
yields were insufficient to assay in 29 patients. Response rates for low risk, intermekiate
andhigh risk of recurrence were 64%, 31% and 31% respectivelyO(il). Resporesrates

by RS were similar for tamoxifen and anastrozé®elapsefree survival at five years was
100%, 84% and 73% for low, intermediate and high RS respectively.

Limitations: The definition of failure/relapse was very broad and included local and régiona
recurrence as well as distant metastases. The falfpyeriod was not long enough to
adequately detect distance relapse. The sample size was small and there were RNA sampling
problems. The tested population was very heterogeneous in terms of therd@ @attbnts

who receivecchemotherapyvere not reported separately. The study was supported in part by

a grant from Genomic Health.

Quality: A number of methodological shortcomings threatened the internal and external
validity of this study. Genomic Hedltprovided funding support and an honararifor the

lead author of the publication. As reported the study fulfilled 26 (59%) of 44 REMARK
criteria for the reporting of tumour marker studiedicating a relatively poor adherence to
the reporting guidelirse

Conclusion: This study combined data from two small prospective trials of neoadjuvant
tamoxifen and anastrozole therapy for breast cancer. Response rates by RS were similar for
both therapeutic groups. Response rate and five year survival were highgsgtdots with a

low RS and lowest for patients with a high RS suggesting that RS may predict clinical
response tNAET.

Asad et al, (2008)

Rationale and objectvesThe Oncotype DXE RS is designed
recurrence and responsectiemotherapin patients with LNO, ER+ breast cancer. Following

the inclusion of advice relating guidelineshe use
the purpose of hi' s study was to determine idthet he r e
decision to administeshemotherapy

The patient population and eligibility criterigAll ER+, LNO patients who ha@®ncotype

DXE RS obt ai n eRbosevelt HSspital ariBettk IsrdesMedical Centre (New
York,) between February 2006 and January 2008 were included in the artalyktsg-five

patients were eligible for the study. The mean age of patients was 54 years; the mean tumour
size was 1.5 cm. All patients were ER+ hat patients were found to have micrometastases
after immunohistochemistry tests.

Endpoints and analyse# retrospective chart review was carried out. The endpoints of the
study were not clearly stated. Details of the statistical analyses used wegdetbt st

13 http://Iwww.nccn.org/professionals/physician_gls/PDF/breast.pdf
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Results:According to the Oncotype test 40 (47%) of patients had low risk tumours (RS<18),

32 (38%)were intermediate risk (RS=080) and 13 (15%) were high risk (RS>30). There

was no relationship between tumour size and RS. Tumour grade and Her@/Bieu
expression were significantly related to FSxty-three(74%) of tumours were classified as

high risk according to the 2007 NCCN guidelines; these patients would have been
recommended fochemotherapyif the guidelines had been followed; 33(52%) tbkse

patients had a low RS. The results of the OncoBpeE t est influenced re
concerningchemotherapyn 37 (44%) of patients; 4 patients classified as low risk by the

NCCN guideline were advised to hagkeemotherapynd 33 patients clasgtl as high risk

by the NCCN guideline were advised to undergo hormone treatment only.

Limitations: This brief paper did not give enough details of the methods used to fully
evaluate the quality of the study. Although the authors reported that therechasge in
advicerelating to treatment, the actual treatment administered to the patients was not reported
and there was no evidence that the Oncotype

Quality: This was a small retrospective chart review with little detathefmethods used to
conduct the study and the validity and applicability of the results were difficult to determine.
As reported the study fulfilled 18 (41%) of 44 REMARK criteria for the reporting of tumour
marker studiesdicating a relatively poor aghence to the reporting guideline.

ConclusionThe aut hors concluded that the Oncotyp:¢
in 44% of ER+ LNO patients who had the test at two hospitals in New York and that the RS
should be integrated into the treatment atgm for these patients.

Henry et al, (2009)

Rationale and objectivesthe majority of patients with ERHNO breast cancer receive
chemotherapylespite a relatively small chance of benefit. In this study the authors sought to
determine the influence of RS on treatment recommendations in a free access US government
healthcae system.

The patient population and eligibility criteriaill newly diagnosed patients presenting to the

National Capitol Area Breast Care Centvigryland between December 2004 ddecember

2006 with ER+ LNO disease were eligibléor the study Patiendb s r ecurrence sc
obtained at thetreating o n c o | odjscretionéfer those patients who had no
contraindications or personal oppositiorcteemotherapyThe median age of eligible patients

was 51 years (314 years), 90% had lomtermediate grade u mour s of O 2c¢ m.

Endpoints and analyseshe primary endpoint was a change in recommendation for, or
againstchemotherapyased on RS. Adjuvant! Online estimates of 10 year recurrence were
recorded prospectively and six months later salient clinici @aithout RS but including
Adjuvant! Online resultsvere assessed by a panel of breast cancer expEntsy made
recommendations foor against chemotherapyTwo months later the same data together
with the RS were presented to the panel and theirmme@ndations recorded. The
recommendation of the panel, before and after RS was known, was compared to that of the
treating oncologist. Due to the small sample size only descriptive statistics were employed.

Results:Of 139 newly diagnosed patients with asive breast cancer, 81 (58%) were ER+
LNO. In 29 (36%) patients the treating oncologist considered that the RS would be useful. RS
predicated that 41% of patients were at higlermediate risk of relapse and 59% at low risk

of rel apse. T hresultaiterenl thg plan fabexBtherapyn nine patients
(31%); sevenof 13 patients (54%) initially recommended &hremotherapgid not receive it,
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and 2 of 16 (13%) receivednemotherapyfollowing initial recommendations against it.
Adjuvant! Onlinepedia ed 18 % recurrence (distance and |
RS predicted a 10% distant recurrence rate at 10 years.

Limitations: There was strongossibility ofselection bias and assessment bias in this study.
Patients only received the RSttas the treating oncologist discretion, and some members of

the expert panel had treated the patients; 1
have removed the likelihood of positive recall bias. In addition, the sample was too small for
statistcal analysis and no definite conclusions can be drawn from the data.

Quiality: This was small prospective study with a number of serious flaws that challenge the
validity of the study results. As reported the study fulfilled22%) of 44 REMARK criteria
for the reporting of tumour marker studies.

Conclusion The study was designed to demonstrate the potential impact of the Oncotype
DXE RS on clinical deci sion making. The aut
decisions were changed as a restiknowledge of the RS.

Kok et al, (2009)

Rationale and objectivegilthough adjuvant tamoxifen has been shown to redueeisk of

breast cancer death by 31% in ER+ patdnt&ar | v Br east Cancer Col |
Group (EBCTCG), 20052 substantial proportion develop metastatic disease and over half of
recurrences are resistant to tamoxifénitchard, 2003)In this study the authors assessed the
likelihood of response to tamoxifen as predicated by three gene profiling tests. Results for

two of thesedsts, the 2hene profile and the H/I ratio were relevant to this update.

The patient population and eligibility criterigh consecutive series of 246 patiefrism the

Dutch Cancer Institute (NKI and diagnosed between 198497 formed the patient
populdion from which the sample was drawn. Eligible patients comprised 158 (62%)
adjuvant treatmentaive patients with invasive breast carcinoma who relapsed prior to 2002
and were treated for at least 4 weeks with tamoxifen at relapse. Frozen tumour samples w
available for 77 (49%) of the eligible patients and 69 (44%) of these had samples of good
enough quality to perform the test. The median age of patients was 64 years (r@dge 37
years).Thirty-two per centof study patients were node positive, 48%l ltamours >2cm,

72% were postmenopausal and 81% had been disease fr@e tormore years.

Endpoints and analyse3ime to tumour progression (TTP) was the primary endpoint. Data
analyses include&aplanMeiers ur vi v al , t he | og ftiopahhazartlse st ar
modelling. The diseaskee interval (DFI) was compared using the Maihiney U or
KruskalWallis test. The sensitivity and specificity of the-@dne set test and the H/I ratio

were calculated and the concordance between tests examined.

Resllts: High, intermediate and low rigiroups identifiedising the 2igene set had a median
TTP of 10, 21 and 28 months respectively=(0.003), with patients in the high risk group
having the worst outcome (HR= 2.31, 9%%=1.324.02,p = 0.003).The TTP for high and
low risk groups defined by the H/I ratio differed by 10 monttseg vs 13 months p =
0.004), with a HR of 4.20 (95%I = 1.43 12.29,p = 0.009).Patients who had a TTP of less
thansix monthswere considered to be@nresponders.

The 2l-gene set had a sensitivity of 73.7% (95% Cb3.9 93.5), while the HOXB13
IL17BR ratio had specificity of 95.2% (95@ = 83.8 99.4)}*. Concordance between the two

4 The sensitivity of H/I and the specificity of tBd-gene set were not reported.
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tests was low with only 27{45%) classified in the same risk group by both tests. In
multivariate analysis only the Zjene signature added predictive value to ER and PgR,status
(HR= 1.94 (95%ClI = 1.01:3.73, p = 0.048 adjusted for HER2 anather traditional
confounders). Both the Zjene signature (p 0.002) and the Hifatio (p = 0.038) pedicted

DFI.

Limitations: This was a small retrospective cohort of highly selected patients. The study
group was heterogeneous for most factors. Thge2ie signature test was used not the
mar keted Oncotype DXE test an the dagaklityofdr®eul t s
markeed test. Most of the patients were high risk (93%) based on H/I ratio. Not all test
accuracy results were reported. Only patients who had relapsed were eligible for the study
and only a small proportion of eligible patients lfi@ten tumours available.

Quiality: This study had a number of significant methodological limitations in design and
execution that limited the strength of the evidence provided and compromised its validity. In
particular, the small study group was diagad and treated up to 20 years ago and all data
were retrospective and thus assessment bias cannot be ruled oudlugnef the new gene
profiling test wasnot compared to current guidelines. As reported the study fulfilled 33
(75%) of 44 REMARK critem for the reporting of tumour marker prognossitidies.
indicating a relatively high adherence to the reporting guidelines

Conclusion:This study compared and evaluated theg2te profile and the H/I ratio in an
independent historical adjuvant treatmaatve cohort treated with tamoxifen at relapse.
Both profiles were significantly associated with TTP, however, only thgede test
remained an independent predictor after multivariate analysis. The authors suggested that the
21-gene signature capturédth prognosis and tamoxifen responisea(mixed effedt as also
reported by PaikShak, Tang, et al(2004)and Habe(2006) while H/l was suggested to be

more predictive of risk of refesse than of tamoxifen response.

Li et al, (2009

Rationale and objective:umour recurrence is responsible for the majorityasfoer related

deaths in women with breast cancer. Adjuvahemotherapycan significantly inprove

survivalfor some patients. Genomic data such as thger@ signature, the fene signature

and Oncotype DXE have been sguiothesespatients. Thy us e
aut hor s hypot hesised that an Aintegrated g
signatur eo and g ehemaherapysesisiande acoukel dpredieti patients

response tehemotherapyOnly results of relevance to thipdate are reported below.

The patient population and eligibility criterieBreast cancer samples were collected from
120 patients operated upon at the Fudan University Cancer Hospital, China betweand2002
2004. Patients were required to have stagé breast cancer and no previous history of other
tumours. Patients were heterogeneous for R, PIER2 and lymph node status. Adjuvant
chemotherapyvas administered to all patients (cyclophospharaidigamycin or epirubicin
5-fluorouracil), radiotherapyral endocrine therapy were administered basethemNCCN
guidelines. The median followp was 47.4 months; the median/mean age of patients was not
reported.

Endpoints and analyseEndpoints included disease recurrence, defined as local and regional
recurrence 1&d distance metastases. Diseliee survival was estimated usikgplanMeier
survival plots and compared using the log rank test. ROC analyses were carried out with
recurrence as the defining point.
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Results The AUC f or an@the76yeng pignatubedésrelatively low at0.590

and 0.691 respectiveély The sensitivity of Oncotype DXE
of the 70gene signature was 72.0% (18/25). Thespi f i ci ty of Oncotype
(34/68) and the #gene signature was 66.2% (45/68hus in this study, performance of the
70gene signature was superior to that of Oncc

Limitations: The main purpose of this study was the validation of a reeve gignature which

overl apped in part wi tgene gnatwe Daais retgto thed t h
signatures of interest were sparse and the tests were used in populations that were very
different to those that the signatures were validatedherd was inadequate follewp time

for the development of the endpoint and the number of potentially eligible patients who were

not reported was not given. It was not clear what treatment, apart from adjuvant
chemotherapythe patient population was giveébome language/expression limitations were
apparent.

Quiality: The study had a number of significant methodological limitations in its design and
executionwhich severely limits the strength of the evidence that it provides and therefore its
usefulness andalidity. As reported the study fulfilled 16 (36%) of 44 REMARK criteria for
the reporting of tumour marker studiésdicating a poor adherence to the reporting
guidelines

Conclusion: When used to predict recurrence following adjuvahiemotherapywith
cyclophosphamidadriamycin  or  epirubichb-fluorouracil (+/ other undisclosed
radiotherapy and endocrine therapy) in this heterogeneous diagechst cancer population
the 7Qgene signature had a larger AWi@dicating higher accuracygnd higher seiisvity
and specificity than Oncotype DXE.

Rayhanabadet al, (2008)

Rationale and objective ol | owi ng the success of Oncotyp
breast cancer recurrence in tamoxifen treated patients in the NSAB®id#abel, et al.,

2006; Paik, Shak, Tang, et al., 20@4)d the demonstration of a linear relationship between

the Oncotype DXE scor e nachanothetamfPaik egal., @@6)of b e
the authors examined the wutility of Oncotype

The patient population andigibility criteria: Eligible patients included all patients who had
tumour tissue evaluated by Oncotype edXE in
Institution in 2006whohad no prior history of breast <car
cm. The &erage age of the patient population was 54 years (ran@8 g2éars).

Endpoints and analysesthe study endpoints were (a) a change in patient management
(defined as deviation in the treatment received based on RS compared with traditional NCCN
guidelines) and (b) risk of disease recurrence. The primary analysis was a retrospective chart
review of study patients. Patients were divided into two groups based on the NCCN
guidelines (twsmauom ansd RS (fow 163k scanerhigh risk score). The

NCCN guidelines recommended hormonal treatment for patients with small tumours and
hormonal treatment plushemotherapyin patients with the larger (>1 cm) tumour size.
Oncotype DXE guidelines r ec onmsavithdosd®S (xiBy mo n a |
scores and hormonal plihemotherapyfor those with the highest RS score (>31). The

optimal treatment for patients with an intermediate RS score had not been determined at the

'3 |ndicating relative low test accuracy in general.
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time the study was carried out. Association betweenpgravuas assessed using ttfe-
square test.

Results: Sixty-one of 1365 patients presenting between January and December 2006
under went the Oncotype DXE test, 58 patients
23 patients (40%) as low risk (RS<I&)dfivepat i ents (9%) as high ri
(51%) were classified as intermediate risk (R38-30). In contrast the NCCN guidelines

classified 16 (28%) as low risk and @Z2%) as high risk. The difference between Oncotype

and the NCCN guideies in the number of patients classified as low risk, was not significant
(sevenpatients, 12%p = 0.13). The difference between the two guidelines for patients
classified as high risk was significant£®.003) with 35 patienteeassigned to a loweragte
byOncotype DXE.

Overall, there was a change in the management of 15 (26%) patients based on the Oncotype
DXE t est =10.85; a3 did sot reqeivehemotherapyhigh risk NCCN, low risk on

RS, p=<0.001). For 30 patients with an intermediat® $tore hine were classified in the

low risk category and 21 in the high risk category by NCCN, 11 (37%) of these patients
underwenthemotherapy

Limitations: This was a retrospective chart review in which only 58 patients, of an unknown
number of potetmally eligible patients, were included in the study. The criteria for selection

of patients who had the Oncotype DXE test we
that the two classifications were independaeati{at blinding of results was achey in the

assignment of patients to the groups) and it was not clear how many specimens were not
suitable for the Oncotype DXE test. Al t houc
management as a result of the Owasuwoteyideree DXE r
that this changed the clinical outcome. It was not clear if those carrying out the retrospective
review and the treating clinicians interpreted the NCCN guidelines in the sartie way

Quiality: There were a number of potential threats touhliity of the study results. There

was a high possibility of selection and assessment bias in this study and the small study size
may have led to an oveor underestimation of effects. As reported the study fulfilled 20
(45%) of 44 REMARK criteria fothe reporting of tumour marker studieslicating a poor
adherence to the reporting guidelines.

Conclusion:The i nclusion of the Oncotype DXE tes
stratification and the decision fehemotherapyn a significant number ofaggients allowing

clinicians to better individualise treatment for their patients. However, the clinical
significance of the changes was not reported.

MammaPrint®
Studies reporting on clinical validity

Mook, Schmidt, Viale, et al, (2009)

Rational and objective Patents with axillary lymph node metastases are generally
considered to hava poor prognosis anchost will be treated witladjuvantchemotherapy

However, up to 30% of these patiem®uld remain free of distant metastaseghout
adjuvantchemotherapy( Ear |l 'y Br east Cancer Coll aboratiwv

% The NCCN guidelines do not have an intermediate risk category
7 Also it is not clear which version of the guidelines were used. The current guidelines sets out advice about the
use of On c o hiyp:pvevw.BeBntorgprefessionals/physician_gls/PDF/breast.pdf
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2005) In this study the authors sought to validate pnegnostic value and egracy of
MammaPrint®in anindependentohort of241 patients withaxillary lymph node metastas

The patient population and eligibilitgriteria: An independent cohort of 241 patientsder
the age of 71 yea@ndwith a mean fdbw-up of 7.8 yearsvasrecruitedbetween 1994 and
2001 from two Cancelinstitute®’. Patients with unilateral TIT2 or operable T3 invasive
breast cancer, withi B positive lymph nodesho prior malignancies or neoadjuvant therapy
and available freshfrozen tissuewere eligiblefor the study Patient treatment included
surgery (mastectomy, breast conserving surgery axitlary lymph node dissection),
radiotherapy ana@djuvant endocrine armml/ chemotherapyA second cohort 0106 patients
with 1i 3 postive nodesfrom a previously described seri@gn de Vijver, et al.2002)was
updated to give an extended follay period (mediari0.3 yearspndto further validate the
use ofMammaPrint®in thistestcohort.

Endpoints andanalyses Study exdpoints were 1ear distant metastasidree survival
DMFS andbreast cancespecific mortality BCSS. Clinical data weragetrievedblinded to
the MammaPrint®results and th&lammaPrint®analysis was carried out blinded to clinical
data KaplanMeier survival analyses and Cox proportional hazards regression asalyse
carried at and the clinicpathological riskof recurrenceat 10 yearsfor each patient
calculated using Adjuvant! Online.

Resuls. Forty-one per cenbf patients in the independent cohort ¥n241) had a good
prognosisgene signatureand 59% had a poor prognosgene signature There was a
significant differencen DMFS (as the first event) and BC®8tweenthe good and poor
prognosis gene signature groups at otk and 10 years (g <0.001). The poor prognosis
signaturegroupwas assdated with a shorter BCS&R=5.70,95% Cl = 2.011 16.23;p =
<0.001). The probabilitpf distantmetastases as the first event was significagthaterin
the poor gensignaturegroup(HR=4.13, 95%CI1 =1.719.96;p = 0.002).

In univariate analysisignificant predictors of BCSS werdad number of positive nodes,
tumour grade ER status, HER3tatus endocrine treatment akmmaPrint®risk group
Only the number of positive nodes, endocrine therapy &tammaPrint® risk group
remained significant predictors imultivariate analyss. MammaPrint® was the most
powerful independent predictor this analysiHR=7.17, 95%CI = 1.81' 28.43 p = 0.005).

Predictors of DMFS in univariate analysis wéhe numberof positive nodes, tmour size,

histological grade, ER and HERR2atus, endocrine therapy aMhmmaPrint®risk group

Only endocrine therapy was a significantdependenpredictor of DMFS in a multivariate
analysis(HR=0.31(95% CI = 0.12'0.80; p = 0.02). MammaPrint®risk groupand number
of positivenodestendedto beprognosticwith HR=2.99(95% CI = 0.996 8.99;p = 0.051)

and 2.29 (95%1 =0.995.29;p = 0.053), respectively.

Adjuvant Online classified13% of patients as low risk and 87% lagh risk Adjuvant!
Online and MammaPrint®risk assessmentsere discordant for 77 patients (32%), 72 of
thesediscordantpaients were assessed as havifggh riskof relapse by Adjuvant! Online
anda good prognosis gersignature.

When 209 Adjuvant! Onlinéigh risk patients wee stratified byMammaPrint®the 10 year
BCSS probability was 94% for the good prognagsesignature group and 76% for the
poor prognosigenesignature group (HR#.12, 95%CI =1.45 11.76;p = 0.008). Subgroup

18 The Netherlands Cancer InstitA@toni van Leeuwentek hospital, Amsterdam (213 consecutive patients),
and the European Institute of Oncology, Milan (79 consecutive patients).
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analysis suggested thddamméePrint® was predictive for BCSS ipatients indifferent
treatment groups and patients with ER+ tumours.

The second cohort of 106 previously studigatients (with 1i 3 positive nodes from a
previously described serigvan de Vijver, et al., 2002{liffered significantly from the
independenta@hort in terms of age (youngegxillary procedures, adjuvant systemic therapy
and overall and median survival (10.3 years, rangei 2162 years). The 10 year BCSS
probability was 98% for the good prognosis gene profile and 64% for the poor prognosis
profile. The poor prognosis signatuwas associated with shorter BCSS (H&R60, 95%Cl
=1.97 22.10;p = 0.002)and amultivariateHR of 3.63 (95%C1 =0.88 14.76;p = 0.07).

Limitations There was a strong possibility of selection bias in this stddg to its
retrospective design and the fact tbaty patientswith fresh frozen tissue were eligibier
the study and thdt7.5% ofpatients with small tumounsere rejeted because gfoorsample
quality. The cohort washeterogeneous terms of treatrant, number of positive nodegpe
of surgery performed. Subjects were recruited from patients presentaander institutes.
This latter featurén particular,maylimit the external validit}® of the resultslt was not clear
if blinded assessments were carried out

Quiality: Overall thiswas a well conductecetrospective cohodtudythatfulfilled over 80%
of 44 REMARK criteria for the reportingof tumour marker prognosticstudies The main
threat to study validity was selemn bias.

Conclusion: MammaPrint® predicted disease outcome better than traditiociadical
prognostic factors in patientvith 1i 3 positive nodes and was able to accurately identify
node positive patients with an excellent prognodibe potential clinial utility of
MammaPrint® was demonstrated in 72linically high risk (34%) patients witha good
prognosis signature who had a 16ay BCSS of 94% antherefore mightbe spared
chemotherapy

Wittner et al, (2008)

Rationale andbjectives:Most patients with breast cancer aieler and presenwith smaller
early stage ER+ tumours thahet cohorts of patients used to define and evaluate the
MammaPrint®genesignature Decisions relating to the use of adjuvahemotherapyn
theseolderpatientsmay be complicated by emorbidty. To explore tlese issuethe authors
carried out a retrospective evaluation of the prognostic valbdaaimaPrint®in 100 older
patients diagnosed and treated at the Massachusetts General Hd¥piHl between 1985
and1997.The study cohort of 100 patients was comg@acethe original Dutch cohort (NKI)

of 151 LNO patients used to vdiite the MammaPrint® signatutean de Vijver, et al.,
2002)

The patient population and eligibility criteria Eligible MGH patientswere consecutively
diagnosed and treated patients with LNO breast cancefranen primary tumour samples

for whom histopathological and clinical information could be retrievidte median ageof

the cohort was 62.5 yeaasid the median duration of folleup was 11.3 yearsgngel.2i

18.5 yearg. Seventytwo percento f patients had D4@wee oft umour
histological grade Tllll. Twenty-one per cenbf patientsreceivedchemotherapyand 24%

hormonal therapySurgery included mastectomy (56%) and breast conservation (44%).

¥ These results may not be generalisable to patient populations presenting to most general hospitals. Reduce
font size to matchtber footnotes.

A comparison of gene expression profiling tests for breast cancer



40

Endpoints and analyseS$tudy endpoints werve and 10year DMFS. Statistical analyses

included KaplanMeier survival, t h e |l og rank t e s ttest aTinad Fi sh
clinicopathological risk for each patiemtas calculated using Adjuvant! Online, the gene
signature risk waiobtained usinylammaPrint® Blinding of assesment was not reported.

Results The MGH cohort was significantly oldep = <0.001) than the original
MammaPrint®cohort(van de Vijver, et al., 2002 here were also significant differenags
= <0.005) in tumour size, histological gradend the proportion of patients undergoing
systemic treatment

MammaPrint®classfied 27% of the MGH patients as low risk and 73% as high risk of
distant metastases as the first evé&hie cohort had a significantly lowesventrate than the
original NKI cohort (p = <0.001); there was no difference in overall survivathe older
MGH cohortdue to death from othemuases. Survival analysis discriminated betwetre
high and low risk gensignature with nofoverlappingconfidence interval howeverdueto

the low event rate the differenegas not significant This cantrastedwith the significant
difference between the low and higsk groupsreported fotthe original Dutch NKI cohort

The negative predictive valueNPV) of MammaPrint®in the MGH cohort was 100%
(overall and afive and 10 yearsgompared to 88% irhe original NKI cohort. The positive
predictive valueRPV) was only 12% in the MGH cohoftlue to the large number of patients
classified as high risk who did not have distant metastases as the firgt @apared to
52% in the NKI cohort. Sensitivitynalysisvarying the cutoff/classification threshold of
MammaPrint®did not improvethe PPV.In a comparison between thdjuvant! Online10
year relapse risk fogach MGH patienand MammaPrint® the latter identifiechn additional
21 patients whalid notdevelop distant mastaesas the first eventand an additionalfive
patients whemronsideringDMFS per se.

Limitations It was not clear how the endpoints were defined in this stBgding of
assessmenwas not reported and this together with theosgiective nature of the study and
restrictionsplacedon patient selectiohy availability of samples suggest#tht selectiorbias

and assessment bias could betruled outlt wasalsonat clear if the study sample could be
considered arepresentativef the group opatients thaMammaPrint®would be used for in
routine clinical practiceA number of the authors were either employed by Agendia or had
equity interests in the company.

Quality.: This retrospective cohort studfulfiled 31 (70%) of 44 REMARK criteria for
reporting in prognostic tumour marker studiedicating a reasonably high adherence to the
reporting guidelinesHowever,the study had a number of potentially seriflas/s. The lack

of blinding and the fact that a number of the artghwere closely linked with the
MammaPrint®manufacturerpotentiallycompromisedhe validity and independence of the
study.The cohortalsohad low recurrence rategich limitedthe statistical power of some of
the analyseand te prognosis determindry MammaPrint®was confounded by therapeutic
interventions

Conclusion: MammaPrint® had a high NPV and provided sonmgformation that was
additionalto that provided by Adjuvant! OnlineHowever, with an extremely low PPV and
insignificant differences inoverall survival betweerMammaPrint® high and low risk
paients the prognosticutility of MammaPrint®in this population remained unproven.
Moreover, whileMammaPrint®classified a significanproportionof study patientsas high
risk, few of these devel@ul metastatic disease.
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Studies reporting on clinical utility

Bueno-de-Mesquita et al, (2007)

Rationale and objectivédn most hospitals tumour sges areoutinelyfixed in formalin and

embedded in paraffin blockMammaPrint®requiresfresh tumoursamplesand me of the

potential difficulties in the implementatiaf the tesin daily clinical practice is the ease with

which sample requirements can be mét.this prospective multicentestudy the authors set

out to evaluatéa) whetherMammaPrint®was suitable for use in routine clinical practioe

the Netherlands(b) the efect of the tesbn the use of adjuvant systemic treatment, (c) the
proportond pati ents with fApoord versus Agoodo pr
risk predicted byMammaPrint®and commonly used clinicopathologi¢abls.

The patient population and eligibility criterigPatients were enrolled in thigrospective
multicente study if they had unilateral primary operable invasive adenocarcinoma of the
breast TNM classification =T1-4, NO, MO) and were under 61 years of age. Sixteen
participating Dutch hospitals contributed 8d®men to the trial between 2004 aR@06.
Eighty-oneof patientshad breast conserving surger§)% hadsmall (<2 cm) tumours31%
hadductal histology80% hadgrade IT Il tumours 80% wereER+, 84%ERBB-2 negative
and 85% were lymph node negativAdjuvant systemic treatment varied,%8%f patents
receivedno adjuvant treatment, 18% receiveltemotherapy13% endocrine treatment and
29% receivedboth chemotherapynd endocrine therapyhe median age of patients was 49
years and the median follow up 14 months (rangée3®.3l months)Hospitalswere eligible

to participate only if they had structured multidisciplinbrngastcancer care, used stiard
operating procedureseated at least 100 patients a year laadia dedicated physician as the
local coordinator.

Endpoints and analysesDifferences betweenMammaPrint® and commonly used
histopathological guidelines were assessed UBirga r shi-syuaedest and the Cochran
TArmitage test for trends. The level of agreement between different risk assessment
techniques was assessed ushhg henés Ka p p a .ManmmaPrirdRdtheiDutthon t o
Institute for Healthcare Improvement (CBO) guidelin@gjuvant! Online, theNottingham
Prognostic Index NPI) and the St Gallen guidelines were used to assess clinical risk.
MammaPrint® analyses were atried out blinded to clinical data and an initial
recommendation for treatment using clinical criteria carriedoaot to the disclosure of the
MammaPrint®results.

Results Of the original 812enrolled paients, 585 (72% were eligible for the study.
MammaPrint®profiles were obtained in 427 (73%0f eligible patients During follow-up

five patients had distant metastases as the first efenbrding toMammaPrint®51% of
patients had a gogorognosis signatureompared to 57%, 31%, 58% and 17% respectively
for the(CBO), Adjuvant! OnlinetheNPIl and St Gallen risk assessments

Clinical and molecular risk assessmewere discordant in 27989% of patientslepending

on the clinicalassessmentool used. The amounof discordance between the clinical
guidelines themselvegas betweeni40%. Adjuvant treatment was recommended for 48%

of patients basedn the Dutch guideline alondyis increasetio 62% wherthe guideline was

used with the prognostgenesignatureOverall,and once patient preferences had been taken
into account, adjuvant systemic treatment was administered to 6p#gients. Anincrease

in systematic therapy occurred in patients whose risk according to the Dutch guidelines and
MammaPrint® were dscordant.In the final analysis 50 (12%) more patients received
endocrine treatment54 (13%) patientshad endocrine treatmeraddel, and four (1%)
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patientshad endocrine treatment withhel@iSixteen(4%) more patients hachemotherapy
in 35 (8%) patientshemotherapyas adde@nd withheld in 19 (4%) patients.

Limitations There was an early protocol change reducingatienf eligibility to <55 years.
It was rot clear how represéative the hospital sample wasd te short followup time and
low number ofevents precluded survival analyses.

Quality: This was a well conducteg@rospectiveclinical trial which demonstrated the
feasibility of conducting th#ammaPrint®test routinely in DutchiHospitals.As reported the
study fulfilled 35 (80%) of 44 REMARK criteria for the reporting of tumour marker
prognostic studiemdicating a high level of adherence to the reporting guidelines.

Conclusion: The studydemonstrated a lack of congruence between-kvidivn clinical
guidelinesfor risk assessment in breast canderapproximately one third of patients there
was discordance betwedtammaPrint®and clinicalguidelinesin the assessment of risk.
The addition oMammaPrint®o the standard Dutatlinical assessment of rigknodified by
patient preferencapcreased” the number of patients receiving adjuvant systemecaiby
However, while the study was able to demonstthtd MammaPrint®had animpact on
clinical decision makinghe follow-up was not long enough to provide eviderof its effect
on clinical endpoints such as DMFS orutsity in predicting treatment benefit.

HOXB13:IL17BR

Studies reporting on clinical validity

Ma et al, (2008)

Rationale and objectivesHigh HOXB13 and lowIL17BR expression levels have been
associated with recurrence in breast cancertla@dHOXB13:1L17BRratio is used to predict
risk of recurrence (prognosiand response to tamoxifen. In this study thén@stexamined
the effect on dhical outcome of the addition ¢fie H/I ratio to anew 5gene signature. Only
the information contributing to the clinical validity of H/I is relevant to this updateigsnd
reported here.

The patient population and eligibility criteria training set taesttheclinical validty of the
new signaturevas selected from subsetof a previously publishedetrospective cohoif
683 stage |, Il, and Il patients witBR+ primary breast cancer treated at hWé&H from 1991
to 1999. Clinical followup datawvere obtained from tumour registry and hospital recdrois
subset comprised 9ER+, LNO patients treated with tamoxifeNo further details of the
characteristics of this stdet were reported.

Endpoints and analyse$he primary endpoint waBMFS. An H/I ratio cutoff point of 0.06
was used to stratify patients into high and low riskrexfurrence KaplanMeier survival

analyss and the log rank test were used to assess the association of the H/I rafisegitie
recurrence.

Results The H/I ratiowasstrongly associated with DMFS 0.00028) with a HR of 5.56
(95%CI =2.05 15.03)

Limitations An assessment of the clinical vatiy of the H/I ratio was not the primary
purpose of this study and the d@aelating to H/lratio was very limited. The sutohortused

D This increase contrasted with the decrease in treatment predicted by the orginal studies on MammaPrint® and
was attributed to the use of different clinical guidelines in the studies.
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to assess$l/l was small, poorlydescribedand diagnosedand treéed 1620 years ago which
limits its currentrelevanceThe study wason the wholewell conducted.

Quiality. As reported for H/I, the study fulféld 23(52%) of 44 REMARK criteria for the
reporting of tumour marker prognostic studiedicating a relatively low adherence to the
reporting guidelines.

Conclusion: The clinical validity of the H/I ratio in relation to the assessment of risk of
DFMS wasdemonstrated in a small retrospective cohort of HRNO breast cancer patients.
The applicability of the information to otheor more current cohorts is uncle&@trong
selectionbias andcassessment bias cannot be ruled out.

Studies reporting on clinical utility

No studies were identified that reported on the clinical utilityHokB13:IL17BR ratio in
breastcancer.

Conference Abstract Review

Abstracts identified by the search procedure were inclutléde studiesreported were
relevant to one or moref the key questionsf the review.Fourteeneligible abstracts were
idertified.

Five abstractselatedtoOn c ot y p e D XdenenofileEr, et ak, 2007; Gold, et al.,
2009; Lo, et al., 2007; Prisco, Saad, Carvalho, Ojopi, & Bacchi, 2009; Shak, et al., 2009)

Six abstracts reported atudies relating tdtdammaPrint®or the 70gene profile(Bender, et
al., 2009; de Snoo, et al., 2009; Glas, et al., 2008; Knauer, et al., 2@p2xtSaan, et al.,
2009; Zarca, et al., 2009pne abstract reportedn the H/I or twegene ratigMcKean, et al.,
2009) one abstract reported N b ot h On c o MgnpraPrim&(Essemnand et al.,
2009) and oneabstract compareall three signatured’into, et al., 2008)

The findings of these studiéas reported in theonferencebstractsare summarised below.
The overd quality of the studies could not lbketermined from the abstracts.

Oncotype -PeXesigiaure)

Studiese x ami ni ng t he ef f ectatiemtfma@gement ype DXE on p

Erb et al, (2007)

In this study the authors evaluated the changing peagbatterns and frequency of
chemotherapydministration in patients with breast cancer with the advent of the Oncotype

DXE assay. Patients treated in 2003 were cor

that is,after Oncotypé X E was introduced bytrior to the opening of thEAILORX study.

One hundred and twentwo patients with ER+, LNO breast cancer were evaluated in 2003,
and 203 patients were evaluated in 2Q006. Patient characteristics were waktched
between the two groups with resperiage, tumour size, and histological gradae hundred

and twentynine( 6 4 %) of patients evaluated in 2005
Sixty-four (52%) had a low RS, 45 (38%) had an intermediate RS, 15 (12%) had a high RS,
five patientsdid not have test resultsChemotherapyvas given toone (2%) of the patients

with a low RS, 12 (80%) with high RS, and in 14 patients (38%) with intermediate RS.
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In 2003, chemotherapywvas recommended for 55% of patients, while in 260&fter the
introduction oft he Oncotype DXE test only 25% of p
chemotherapyPatients evaluated in 208 f or whom the Oncotype LC
performed tended to be older and to have larger tumours. For these patients (n=74) the
frequency of chemotherapy recommendation was 42%. All patients received
recommendations for adjuvant hormonal therdpwas concluded that the recommendation

for, and use of adjuvamhemotherapyor ER+, LNO patients declined significantly after the
institution of he Oncotype assay in 2005.

Gold et al, (2009)

In this retrospective study the authors sought to determine how clinicians integrate the
Oncotype DX E RS and standard clinicopathologic data when choosing adjuvant
chemotherapy The study population comprised 269 females with ER+, HidR@ative LNO

breast cancer seen atthe Ddhar ber Cancer I nstitute, Boston
test betwee November 2004 and October 2008. Relevant data were collected from the
medical record and a multivariate model used to examine which factors drove the decision to
administerchemotherapy

Fity percenb f pati ents wer e c| as srisk(R®&<d8)kostyo@ncot yp
percentas intermediate risk (RS 18/ 30) and nine percentas high risk (RS>31).
Chemotherapyvas administered teeven perceraf women with low RS, compared to 42%

and 86% of women with intermediate and high RS, respectivelyjnotiu grade, tumour

stage, progesterone receptor expression and RS were associatgltewittherapyreatment

in univariate analyses but age, lymphovascular invasion and menopausal status were not.

In a multivariate logistic regression model, tumour graglee, and RS were independent
predictors ochemotherapgdministration,Table 5.

Table 5: Multivariate analysi s of 269 females with ER+, HER2 negative , LNO
breast cancer
Predictors for chemotherapy administration/ multivariable model
Variable OR Cl p
Age (x+10 vs x) 0.6 0.4i 1.0 0.06
Grade Il vs | 5.0 1.2-20.5 0.30
Grade Ill vs | 9.6 1.9-48.0 0.01
PgR neg vs PgR pos/low 15 0.4-6.6 0.57
LVI (Y vs N) 2.4 1.0-6.0 0.05
Multifocality (Y vs N) 1.0 0.4-2.5 0.97
Size (x+1 vs x) 2.6 1.6-4.3 0.0002
RS (x+10 vs x) 15.7 7.1-34.9 <0.0001

LVI= lymphovascular invasion

It was concluded that Oncotype DXE RS playe
for women with early stage breast cancer at this single academic institution. However, other
tumour and clinical features independently contributechtamotherapgecisions, suggesting

that tailored treatment should, integrate both traditional and malggathological factors.

Lo et al, (2007)
The 2kgene assay has been validated to quantify the risk of distant recurrence in tamoxifen
treated with ER+, LNO breast cancer and predict the magnitutteeafotherappenefit.
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There is little information regandg the impact of RS on medical oncoldgiand patiers’
decision making. In this multtentre study the authors prospectively examined whether the
RS derived from the 2iene assay affects medical oncologetsl patientsadjuvant
treatment selection.

Medical oncologists and patients stated their treatment recommendation/choice and
confidence in it, preand posiRS assayFifteen medical oncologists aine community and
threeacademic practices consecutively enrolled 93 patients (89 evaluable) withLER

breast cancer. The treatmgtéin waschangedy 31.5% of medical oncologisend27% of
patients. The frequency of treatment changes are showabie 6 below. The largest change
induced by RS results was conversion from-teist chemotherapyto posttest hormonal
therapyby 22.5% of medical oncologists ad@.1% of patients. Medical oncologists stated

that the RS results increased confidence in 68 (76%) recommendations and 90% of patients
felt the RS assay influenced their treatment choice; 95fé glad they took the test.

Table 6: Treat ment changes as a result of knowledge of
recurrence score (RS) for 89 evaluable patients

Pre-Post Treatment Option MOs (%) | Patients (%)
Treatment plan did not change 61 (68.5) | 65 (73.0)
Hormone Therapy (HT) to Chemotherapy/Hormonal Therapy (CHT) | 3 (3.4) 7(7.9)
CHT to HT 20 (22.5) | 9 (10.1)
CHT or HT to Equipoise 5 (5.6) 0
HT to Observation 0 2(2.2)
Observation to HT 0 1(1.1)
Undecided to CHT or HT 0 4 (4.5)
Undecided to Equipoise 0 1(1.1)
Total 89 (100.0) | 89 (100.0)

MOs= medical oncologists

It was concluded that the Oncotype DXE test
treatment recommendations, patient treatment choice, and confidence in the treatment plan in
the patients recruited to this study. This investigator initiated trial was supported by an
unrestricted clinical trial grant from Genomic Health Inc.

Health economics

Priscoet al, (2009)

In this study the authors investigated the impact of tumour size on the health economics of
the 2Xgene test. A model of direct medical expenses in two hypoth#tmrts (one without

and one with access to the-géne test) of Brazilian women with LNBR + breast cancer

was developed. The perspective adopted was that ofghityg payers.

A web-based guestionnaire asses&@dpatterns of care relating thhemotlerapyregimens in
each tumour size categoiy) the type ofpremedicationused,(c) use of GCSF, andd) use

of intravenous antibiotics for febrile neutropenia. Medication angeie test costs were the
manufacturers' recommended prices at the timéhe@fsurvey. Tumour size and recurrence
score distributions followed those reported by Paik g€2@04) Chemotherapyse in the
cohort with no access to the-g&éne test was modelled using the results of the survey. In the
cohort with access to the tegtwas assumed that patients wéh intermediate or higlRS
would receivechemotherapywhereas patients witnlow RS would not.
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Costs were determined for two hypothetic cohorts of 100 patients oneanittone without
access to the 2dene test. Thecenomic analysis suggested that theg2he test overall
would be cossaving in Brazil, from the perspective of thjpdrty payers. However, testing
could actuallyincreasedirect medical costs in patients with ER+, LNO, T1 tumours, and
decrease costs those with tumours >2 cnTable 7.

Table 7 : Costs for hypothetical cohorts with and without access to Oncotype
DXE
Parameters 21-gene T</=1.0cm | T1.1i20cm | T2.1lidcm | T>4cm Total
panel
available
N patients receiving CT | No 5 41 33 5 84
Yes 7 23 16 3 49
Costs (US$) No 12,557.01 190,226.63 389,392.88 | 89,395.73 | 681,572.25
Yes 54,843.91 212,853.33 270,251.21 | 64,262.37 | 602,210.82
Cost difference (US$) -42,286.90 | -22,626.70 119,141.67 | 25,133.36 | 79,361.43

Other i descriptive case series

Shaket al, (2009)

Because male breast cancer is rare, there is little known #imulisease and treatment is
extrapolated from female breast cancer. In this study the authors examined the RS generated
from the Oncotype DXE temygendpmnanti tative gene

All ER+ tumour specimens successfully examined in the Genomic Health laboratory from

June 2004 through December 2008 were included in the study. Quantitative expression for
each gene was measured by the Oncot yepes DXE
which ranged fronzeroto 15; a one unit increment was associated witkicafold change in

gene expression.

The study comprised 347 male and 82,434 female breast cancers. The male patients were
older than the female patients (mean age &3.87.4 ys). Standard histopathology was
similar, although slightly more madad ductal cancers (83% 78%). The distribution of
RS in males and females was similar with an RS me&D(tof 18.1 (+11.2) in males and
19.1 (x10.2) in females (p = NS). The pmapion of tumours with RS <18,18 0, and
was 53.6%, 35.2%, and 11.2% in males and 53.4%, 36.3%, and 10.3% in females.

O 3

There were some notable differences. Mean expression of certain of the hormone receptors
and some of the proliferation genes werg Onits higher in males. Mean expression of the
STMY3 gene was 0.9 units higher in males. Of note, whereas the level of quantitative ER
significantly increased with increasing patient age in females (0.4 units per decade), little
increase was observednmales (<0.1 units per decade).

It was concluded that in this large genomic study of male breast cancer, there was a
heterogeneous biology as measured by Oncotyy
Some differences, which may reflect the differenoelsormone biology between males and

females, were noted.

Summary of reported conference abstractsi Onc ot ype DXE

At least two of the five studies reported were supported by the company that markets
Oncotype DXE (Genomic healedbabrmodellEdtherimpactol di e s
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the RS on clinical decision making in relation to adjuvammotherapyErb et al, (2007)
reported a significant decline in the use of adjuxadm@motherapwfter the introduction of
the test in the atak(2009) @morting orshow dinictans integrateéo | d
RS into their decision making found that RS, tumour grade and size were all independent
predictors othemotherapgdministration. Leet al,(2007)examined the effect of knowledge

of the RS on both patients and medical oncologists in relation to their adjuvant therapy
choice. Twentytwo percenbf oncologists and 10% of patients changed fobramotherapy

to hormone therapy. The change in the other directienfrom hormone therapy to
chemotherapy was three per centand eight percentrespectively.Prisco et al, (2009)
examined thémpact of tumour size on the health economics of the testmbhkel predicted

an overall decreasein the number of patients receivirdhemotherapyand the cost of
treatment but noted that in patients with small tumours the cost may be increateel last

study reported, Shak et €009) demonstrated that thastfibution of RS was similar for
males and females with breast cancer.

MammaPrint® and the 70-gene signature

Clinical validity studies
Glaset al, (2008)

Current clinicopathologial guidelines assigpatients with gradevo, ER+ earlystage breast
cancert o an Ai ndet er mi n@a the ostudy ithe kautharsa foceiggab r vy .
MammaPrint®performancen this subgroup of patients

Patients with ER;+LNO from the original validation seriggan de Vijver, et al., 2003yere
analysed for MammaPrint® outcome according to grad&aplanMeier andysis of 106
patient$' for DMFS at 10 years showed a significant different between low rispdBénts,
53%) and high risk (5@atients, 47%) with HR = 4.7, 95@| = 2.11 10.4. Good prognosis
(low risk) patientshad a 10 year survival of 86%mn patientswith gradetwo, ER+, LNO
breast cancea significantseparation opatients withgood orpoor prognogs according to
MammaPrint®was observed (p = 0.001). The probability of developing distant metastasis in
the good prognosis group was <10%;he poor pognosis group it was 44. MammaPrint®
provided a significant separation in recurrence risk in these patimitsh improved
guidance for the requirement of adjuvant therapy.

de Snooet al, (2009)

According to the NCCN consensus gelides molecular profiling for breast cancer prognosis
may be used iER+, LNO, Her2negative patients. NCCN clinicekk assessmeiguidelines
suggest adjuvant treatment for the majority of these patients. Prognosis prediction by
MammaPrint® may be moresuitable to indicate who needs adjuvattemotherapyin
addition to endocrine therapy

Five hundred and sixtgix tumour samples of women with ER+, LNO, Her2negative
breast cancer frorfive previously reported studiesereclassified usinglammaPrint®and
the 10-year breast canceapecifc survival (BCSS) determineadccording toMammaPrint®
and the NCCN guidelines.

Ztis not clear from the abstract if these are juatlg 2 patients.
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MammaPrint®classified 380 (57%)samplesas good prognosis and 186 (33%) as poor
progrosis. The NCCN guidelines classifiezbven per cerds low risk and 93% as high risk.
MammaPrint®also identified approximately 66% of NCCN high risk patients as having a
good prognosisThere was an overall discordance between the two tools in 62% of cases.
Threehundred and fortyine patient62%) recéeszed no adjuvant treatment, 17% received
hormonal treatment only, 2&hemotherappnly and 20% both respectively.

MammaPrint®predicteda 10 year BCSS 091% vs 67% for the good and poor prognosis
groupsrespectively(HR= 4.0, 95% CI = 2.0/ 7.9, p=<0.001) NCCN guidelinegpredicteda
BCSS 0f86% vs 83% for the low and high risk groupsspectively(HR= 1.11, 95% CI =
0.3.6], p = 0.888).Median followup was 3.5 years (range €1.1).In multivariate analysis
(adjustedfor known prognostic factors and adjuvant thejapynly MammaPrint® and
histological gradevere independent predictors fbd-yearBCSS with HRs of 2.8,95% CI =
1.3'6.1, p=0.008) and 1.995% CI =1.1i 3.1, p=0.015), respectivelyt was concluded it
MammaPrint®was a strong and independent prognostic indicatoER+, LNO, HER2
negativebreast cancer.

Knauer et al, (2009)

Small breast cancers are often considered as lowtuisious in clinicopathologic risk
assessment and tresnt guidelines. Howevethe ability to metastasize is an early and
inherent geneticproperty of breast cancer and smalllmous may metastasize. The
identification of prognostisubgroupdgor patients with smatumous would help to optimize
treatment strategigéa these patientdn this study the authotssedMammaPrint®to assess
proghosis BCSS and DMF3n 965 pT1 breast cancer tumour samples framprevious
studies

MammaPrint®classified 526 patients (59%shaving agood prognosis and 439 (45%) as
having apoor pognosis. 562 patients (59%) received no adjuvant treatment, 18@&6ved
hormonal treatment only, 10%&ceivedchemotherapynly and 12% botthormone therapy
and chemotherapy MammaPrint®accurately predicted differences in-y®ar DDFS (HR
2.7,95% CIl =1.913.9, p = <0.01) and BCSS (HR4.0, 95% CI =2.6/ 6.3, p = <0.01) for all
T1 tumouss. Similar results were obtained by multivariate analysis for all patients, adjusted
for known prognostic factors and adjuvant therapy, as well as for adjuvant unpatésds.
For the pTla/bsubgroup(n = 140), 10-yearDDFS was93% vs 78% for the good and poor
prognosis groups (HR3.9 95% CI =1.0015.2 p = 0.048), while in the Tlsulgroup
(n=825) DDFS was 86%s 72% (HR= 2.6, 95% CI =1.8/4.0], p = <0.01). BCSS was 87%
vs 73% for the good and poor prognosis groups in theblddiroup (HR= 2.4, 95% CI -
0.8 7.7,p=0.128) and 92%s 72% (HR= 4.4, 95% CI=2.71 7.1, p=<0.01) in T1lcsubgroup
respectively.

It was concluded thd¥lammaPrint®was a strong and indemdent prognostic indicatan

small breastumous. Patientsubgroupswvith T1la/b or Tldaumous and a genomic high risk

gene signature for developing distant metastases may be selected for additional adjuvant
hormonal anadhemotherapy

Saghatchianet al, (2009)

It has been shown thilammaPrint®™ predicts disease outcome in patients vatie to

three positive andfour to nine positivenodes. In this study the authors report a further
analysis of 519 LN+ patients from a consecutive series of patientstirornospitals based

on adjuvant treatment received. Female patients diagnosed betwekrari®8995 with
LN+, unilateral T1, T2 or operable T3 primary invasive breast carcinoma who received
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mastectomy or breast conserving therapy and for whom fresh frozen tumour material was
available, were eligible for this study.

Three hundred and foHsix patients haane to thregositive lymph nodes and 173 hfmadir

to nine positive lymph nodes. Tumours were classified kymmaPrint® as good
prognosis/low risk in 212 patients (41%) and poor prognosis/high risk in 307 patients (59%)
with strictly equal proportions among the two lymph node groups. With a median-iglow

of 10.3 years, distant metastases occurred in(24%) patient116 as first event) and 103
(20%) died of their disease. It was concluded that combining nodal statiaamdaPrint®
profiling allowed patients to be stratified for tailored treatment strategies. Patients with an
elevated number of lymph nodes and hggimomic risk had a very poor prognosis and might
need to be considered for stronger treatment combinations.

Studies reporting clinical utility
Benderet al, (2009)

In this study the authors present the results of a -améysis of 1,637 patients with
MammaPrint® outcomes (T42, nodenegative and positive invasive breast cancer and
medianfollow-up (FU) 7.1 yrs) to determine thehemotherapypenefit of patients treated
with adjuvantchemotherapyn addition to endocrine therapatient samples were recruited
from sevenlarge datasets fromultiple institutions across Europe.

MammaPrint®assigned 72 (47%) patientsto a low risk and 865 (53%) to a high risk
category.In total, 349 patient§21%) weretreated with adocrine therapy226 (14%) were
treated with chemotherapy and endocrine therapyn patients with a poor prognosis
MammaPrint®profile the five yearsDMFS was improvedfrom 69% to 88% (HR=.28
95% CI = 0.140.56 p = <0.001)when chemotherapyas added to hormonal therapw.
multivariate analysispatients classified byMammaPrint® as good prognosishad no
significant benefifrom chemaherapy(p = 0.962).

It was concluded thatlammaPrint®poor prognosis/high risgatients demonstradex benefit
when adjuvantchemotherapywas added to hormonal therapyatiénts classified by
MammaPrint®as good prognosis/low riskor recurrence do notppear to benefit from the
addition ofchemotherapyo hormonal treatment

Economic studies
Zarca et al, (2009)

MammaPrint®has been shown to provide additional prognostic information for early stage
breast cancgpatients however, the costffectiveness of this strategy is not well understood.
The authors studied the budgetary impactMaEmmaPrint®using a Markov model. The

study was designed to show that the cod¥lafnmaPrint®was offset by the saving from a
lower number of administerathemotherapyreatments. The model estimated a mean saving

of 9,043Eurosper 100 patients per year in the base case scenario. Results were sensitive to
the price of chemotherapythe guidelineused é€g St Gallen or Adjuvant'and to the risk
reduction associated witbhemotherapyAs more costly systemic therapies are likely to
become standard in the future, tlaithors suggested thaiconomic advantages of
MammaPrint®may become even greater.

Summary of reported conference abstracts - MammaPrint®

In dl six MammaPrint®studies reportedone or more authoread associationsith the
MammaPrint®marketing companygendia At least four of these studies reportwabset
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analyses of dataeported in earlier studies. Foof the six studies reported on the ability of
MammaPrint®to predict outcome in specific patients grougsibset analyseswhich
included graddwo early stageER+, LNO breast cancefGlas, et al., 2008)ER+, Her2,

LNO breast cancefde Snoo, eal., 2009) small (pT1) breast cancef&nauer, et al., 2009)
and LN+, T3 breastancer(Saghatchian, et al., 2009utcomesmprovedin patients with
T1-2, LN+ or LNO breast cancevhenchemotherapwas added to hormone therapy in poor
prognosis but not good prognosis groups accordingammaPrint®(Bender, et al., 2009)

All of these retrospective studies reported positive results in favowlamhmaPrint®
however, thespositiveresults need to be interpreted with care given the potential conflict of
interestof thes t u @uthors.

Abstracts reporting on Oncotype and MammaPrint®

One conference abstract reported a study which included ®athc ot y p eandD X E
MammaPrint®tests

Studies reporting clinical validity
Essermanet al, (2009)

I-SPY is a multicenter trial designed to identify predictive markers of pathological complete
response (pCR) and survival of womenwibal | | y advanced breast canc

Two hundred and sixteenf 237 women enrolled, completedris¢ imaging and core
biopsies. A range of preeatment assafswere used and all emen received neoadjuvant
doxorwicin and cyclophosphamide followed Ipaclitaxel Associations among molecular
markeas and survival were evaluated usiihg chi-square test, KaplaMeier curves andhe
log-rank testOnly the results relevant to the biomarkers of interest in this study are reported
below

Several molecular sulpes, including NKI 7@yene lowrisk and 21-gene set defirte 15
28% of patients with13L0% pCR, yet excellent early survivithmurohistochemistry results
wereincluded for comparison. The Zfene set risk categorietacedpatients in significantly
different groups in relation to pathological coefgl response and residual cancer byrden
Table 8.

22 Which included:Agilent expression arrays, MIP aCGH, p53 gene chip and sequencing, IHC @mserev
phase protein arrays.
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Table 8: Association between the 70 -gene and 21 -gene signatures and
pathological complete response and residual cancer burden following
treatment  with neoadjuvant doxorubicin and cyclophosphamide
followed by paclitaxel

Profile rates of pCR and RCB
Group Distribution | pCR | RCB | pCR p-value | RCB
p-value
NKI 70 gene | Good 15% 10% 17% | 0.16 0.07
n=144 Poor 85% 27% | 39% | . .
21 gene set | Low 22% 3% 12% | <0.001 0.002
n=144 Intermediate | 10% 0% 20% | . .
High 68% 36% | 46% | . .
IHC HR+ Her2- 29% 10% 21% | Effect HR =0.0002
n=189 HR+ Her2+ 20% 28% 48% | Effect Her2 =0.0090
HR- Her2- 34% 36% 41%
HR- Her2- 17% 48% 79%

pCR=pathological complete response, RCB=residual cancer burden, NKI = Nederlands Kanker Instituut
IHC immunohistochemistry

It was concluded that footally advanced breast canceiith aggressive biologyesponse to
therapy and outcome can be predicted by many bierarkhe 1SPY daa set provided
platform to compare, contrast and combine marker signatures.

Abstracts reporting HOXB13:IL17BR (H/I ratio)

Only one conference abstract wiaentified reportinga studyon the H/I ratio in breast
cancer.

Studies reporting clinical validity

McKean et al, (2009)

This study examinethe H/I ratioand the molecular grade indéMGI). Only the former is
relevant to this review update and is reported below.

There are no validated markers that identify patients at risk for invasive recurrence following
lumpectomyfor ductal carcinoma in situ (DCISHOXB13:IL17BR (H/I) is expressed in

both DCIS and invage cancerandis associated with recurrence in stage | cankethis

study authorsought to determine whether H/l was associated with invasive recurrence in
reseced DCIS.

Patients who underwentitnpectomywith or withoutradiation for DCIS between 1988 and
2001at Mayo Rochester were enteliatb this nested caseontrol study. Cases were patients

with ipsilateral invasive recurrence, matched to controls based on age, surgery date, length of
follow-up, and adjuvant radiation.The association of H/with casecontrol status was
assessed.

Four hundred and twensevenpatients underwent lumpectomy for DCIS, and 33 were
identified as possible casédistologicalreview excludeaightcasegnon-sufficient tissue or
DCIS recurrence without invasion) a@8 cases were matched to 48 controlo(controls

for 23 cass, one control for two cases).H/I was significantly correlatedr = 0.43, p =
0.0001)with nuclear grade. Positive H/I was associated twehd towards higher recurrence
(OR 1.9 p = 0.22) that was most pronounced in cases/controls (15/28) treated with
lumpectomy alone (OR 3.81: 0.8 13.2, p = 0.09).
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