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25 years of progress in cancer research
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..with embarrassingly little patient benefit!
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In the post genomic era:

 We still use the light microscope for
cancer diagnosis

 We still use many broadly-acting cytotoxic
drugs to treat cancer

Genomic technologies can help up to:

» Develop better cancer diagnostics
* Develop more specific cancer therapeutics



Therapy decision making for early stage
breast cancer:

WHO CAN WHICH
BE SPARED THERAPY WILL
THERAPY? WORK BEST?

Prognostic factors needed Predictive factors needed



Treatment Decisions In Breast Cancer...

e Classical pathological indexes:
— Nottingham Prognostic Index (NP1)
— Adjuvant! Online (AO)
- St. Gallen criteria
- NCCN

e These guidelines result in overtreatment of many
patients with chemotherapy.

« A more precise stratification of poor versus good-
prognostic patients and into responders versus non-
responders to therapeutic agents is needed.



Breast Cancer - Survival
premenopausal patients, lymph node negative

Kaplan-Meier Survival Curves
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Current Clinical Management

lymph node negative breast cancer
adjuvant treatment selection criteria

e NIH (US) consensus criteria: > 95%
e St Gallen (EU) consensus criteria: > 80%
receive adjuvant chemo- and/or hormonal therapy

As only 30-40% of these patients develop distant
metastases, some 40-60% of patients are
over-treated with adjuvant (chemo)therapy



Breast Cancer: The Treatment Dilemma

Choices of 40 experts world-wide

60%
postmenopausal
_ 40% -
Node negative
pT=0.9cm 30% - 250
ductal cancer
ER and PR negative 20% - 15%
HERZ2 negative
Grade 2 0 8%
10% 4%
O% I I I I
NONE CMFx6 ACx4 TAM OTHER

Courtesy: Martine Piccart



The Chemotherapy dilemma:
Common Presentation Of Breast Cancer
T1 NO ER+ Grade 2

Need To Treat 100 Women

Genomic tests can help!

Costly, many suffer
unnecessary side
effects

And
Only
One
Benefits!

Courtesy: Peter Ravdin



Few genes, little information




Tumor cell behavior is determined by the
activity of many genes

The activity of one or a few genes cannot predict
tumor cell behavior in a reliable way.

We need tools to measure the activity of many
genes in a single experiment



Predicting disease outcome In cancer:
New tools:

DNA microarray technology

e Allows us to determine the activity of
thousands of genes In a single
experiment



Old and new diagnhostics

Micro-scope Micro-array
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Application of Microarrays in Oncology

Screen individual genes differentially expressed between
normal and cancer tissue

= novel drug targets
=» prognostic and predictive markers

Monitor interactions among hundreds of genes in vitro or
during therapy in vivo

=» Investigate key pathways in carcinogenesis

Classify cancer into various clinically relevant subgroups
and refine diagnosis and prognosis

= identify patients with low risk of relapse

= identify patients likely to respond to particular
therapies



Identification of a breast cancer
prognosis profile

/8 breast tumors (‘83-'94)
patients < 55 years
lymph node negative (LNO)
no adjuvant therapy

e s Unbiased full genome
el e gene expression analysis
)
P ~
Prognosis Reporter Genes
e ~
distant metastases no distant metastases

< 5years (n=34) in at least 5 years (n=44)
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Gene expression profiling predicts
clinical outcome of breast cancer

Laura L van "t Wenrt, Hongyss Dalt , Mam L van de Wjvar!,
Tusiong 0. He, Swgesfinns & M Hart*, Mao Maog, Mans L Pelerss®,
Karin v derKaoy®, Mathew L Martan!, Anks T. Witiewman®,
ftangn . Sohraibery, Row M. Karkhowr , Chrts Robaris

Peters. Linsleyt, Rend Barmards® & Stephan . Frimdt

* Db of Dégmonsc Ona by, Radi thempyand Malasiar O L
dnd Ceder for Blomedical Grmatics, The Methebinda Gancer bratiiady
21 P A Filess CX0 & b, The Mesharhiadi
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Breast cancer pathents with the same sage of dissase can have
marked by differen i treatment resp onses and overall onicome. The
sirongest prediciors for metastases (for example, lmph node
status and histological grade) fail o desify acoorady hreast
tumn s according to thelr clinka behaviour™. Chemotherapy
or hormonal therapy redoces the rik of distant metastaes by
approximately one-ghind; however, 70 =20% of patients recel ving
this treatment would have survived withowt Y. None of e
sl gnatures of hreast cancer gene expresshon reported to date* ™
all ow for patientdailored therapy strabegies Here we nsed DNA
microartay analysts on primary breast tomours of 117 poung
patients, and applied supervised dassificathon to | dentify a gene
expressbon signatare strongly predictive of a short inderval to
distant metastases {"poor prognosks” signature] in patems with-
@t dhlulmllmlunk:uhpﬂﬂw mede

megative] In addition, we established a signatare that bdemtifies

anglogenesis. This gene profile will ouperform all
our ren 8y used clin koal parameter s bn pred boting d lsease outonme
O findings provide a strategy to sdect patienis who would
Ibenefit from adj want gherapy.

We sdlected S8 primary breast cancers M from patients wiho
developad distant metestosss within 5 years, 44 from patients who
oortinm ed toke d iseese -free afiera period of atbeast 5 wears, 18 from
patients with BRCAD germline mmationg and 2 from BRCAZ
camiers. Al “poradic’ pagents were lymph node negatiwe, and
mnder 55 years of age at dagnosds. From each patent, 5ug sotal
RHNA was sokated from sap frosen tomonr material and ned o
derive complementary KHA (cHNAL A reference cRNA pool was
made by pooking eqoalamo onisof cRNA from each of dhe spora dic
caxinomas. Two hybridizaions wem carrisd out for sach tamoar
ming a flaorescent dye rewersal techind goe on micmanra ys oo i in-
ing appromimately 25000 homan genes spnthesized by inlge
rechnobegy' . Floorescence inemsites of scarmed images were
guantifisd, normalized and correcied fo yisld dhe transoript aban-
danic2 of a gene @ an ineneiy rao with rapea tothat of the signal
of the reference pool™. Some 5000 genes were significantly rega-
kned aom the group of mmpbs (that & @ b=mst o swodold
difference and a Povaloe of b=a than 0001 in more than fee
o rE)

Am o saper wised, bie ranchiical dhostering algeri dan alloveed o3 10
chmster the 58 mmours on the basis of their similadges measared
oner these appromimately 5000 significant genes. Similarly, the
~5,000 genes were chostered on the basis of their similarities
measared ower the gronp of 98 tumoors (Fig. la). Inthe dendra-
rans showninPig Da (bef and vop), the bengdh an drhe sabd ivision
of the branches displays the relatednes of the breast tomoars {lefi)
and the expremion of the genes (top). Two disting groups of
ramoars are the dominant fearare in dhis two-dimerasdonal dsphy
{top and bottom of plot, representing 62 and 36 Dum ours, nespec-
wiwely |, soggesting thatthe tamoors can be divided intotwo fpeson
the bads of dhis et of ~5000 dgnificant genes. Notably, in the
pper gnon p only 34% o f the sporad ic patients werne from the groap
who developed disant memsmses within 5 pears, whereas in the
oy growp T0% of the sporadic patients had progressive disease
{Pig. ). Thos, wding anspervised dugering we can alraady, @
some extent, ditingnish betwesn good prognosts” and “poorprog-
s Pamonrs.

To gain imsight imo de genes of the domirant xpression
Agnatres, we asocited them with hisopathobogical date for
examnple, ossrogen recepior (ER}-a sxpresion as determined by
immnanohistoch emical (THC) suining (Fig- 1b). Om of 3 THC-
fained samours negatiwe for FR-a expresion (ER negadwe], 34
chmtenad toge therimthe botsom b rancho fithe tomoor dend rogram.
In the enlargement shown in Fig. 1o o gmop of downregokiad
s is represemed comaining both de FR-a gene (ESR1) and
enes that are apparen dy co-regolated with ER, some of which are
Inown ER target geness. A second dominant gene doser i aso-
cated with hmphocyse infilrate and indods several genss
expressed primariy by B and T cells (Fig. 1dL

Sintesn oatof sigheen tamours of BRCAT carriers are foand in
the bottom bmnch inermingled with sporadic vamoars. This s
oorsktent with the idea that most BRCAD mmant tamoors axe FR
megative and manifst a higher amonm of lmpho optc infilime".
The two fomoars of BRCAZ carrersare partof he opper dhaster of
mamon rsand do not show sim llan iy with BRCAT vamoors. Neither
high hissodogical grade mor angéoinwsion is a spedfic fame of
either of the dusers (Fig. ). We condude that onvop srvised
chmtering detacts two sobgroups of brest cancers, which difler in
ER statms and lymphocyic infilragon. A similar conchesdon has
alun been repomed previonsly’ ™.

The T8 sporadic lpmph-node-negatve patiens were selaoed
gpedfially to search for o prognosic signavare in their gene
jon pmfis Fonyfoor padents mmained free of disease

tumounrs of BRCAL carriers. The poor prognesis signature con-
slats of genes regulating cell cpde, lmvasl Stastashs and T
LE ]
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Discovery:

Van ‘t Veer et al. (2002)
Nature 415, 530-536.



Tumor samples

70 Gene Prognosis Profile
Supervised analysis

70 significant prognosis genes Good
signature
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van't Veer et al., Nature 415, p. 530-536, 2002 5lgnature

threshold set with 10% false negatives
91 % sensitivity, 73% specificity
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A GEME-EXPRESSION SIGMATURE AS A PEEDICTOR OF SURVIVAL
IN BEREAST CANCER

Mearc J. waH DEVIVER, M.D, PH.D., Yupose D. He, PH.D., LauRs J.waN T VEER, PH.D., HoNcyue Dal, Pu.D.,
AucusTivus A.M. Hart, M.3c, DOREN W, VoskuL, PH.D., GEORCE .J. SCHREIEER, M.Sc,, JoHaknes L. PETERSE, MO,
CHAEE ROBEATS, PH.D., MaTTHEW J. MaRTON, PH.D. Mark PARRSH, DOUWE ATSME ANKE WITTEVEEN,
ANNUSKER GLas, PH.D., LECME DELAH&YE, TONY waH CER VELDE, HARRY BARTELME, M.D., PH.D,

ZacerD RocesHos, M.D., PH.D., EmEL T. Rurcers, M.D. Pu.D. STEREN H. FREND, MO, PH.D,

AND FENE BERMARDS, PH.D.

ABSTRACT

BRachgrewnd A rmore scoursts means of prognos-
tication in breast cancerwill improvs the selection of
patisnts for adjuvant systernic therapy

Metiods U:-ilgF microarryy snalysis to evalusts cur
previcusly established 70-gene prognosis profile, we
classified & series of 205 cormecutive patients with pri-
mary breast carcinomas as having a gene-expression
signature assooisted with sither 8 poor prognosis or
a good prognosis. All patisnts had stage | or || breast
cancer and were younger than 63 years ald; 161 had
lymph-rode—negative diseass, and 144 had lymph-
node—positive disease. We evaluated the predictive
pow er of the pregnosis profile using univariable and
multivariable statistical snalyses.

Bewslts Armong the 206 ia'tienﬂ, 180 had & -
prognicais signaturs and 116 had & good-prognosis sig-
marture, and the mean (2 5E) overall 10-year sureival
rates were B G244 percent and 845226 percent, re-
speotively. At 10 years, the probability of rermaining
free of distant metastaseswas 50,6245 percent in the
group with & poorprognesis signature and 85243
pemantin the grou pwith s good-prognosis signature.
The estirnated hazard ratio for distant metastases in
the group with & poor-prognosis signature, as com-
par\edwi'ﬂﬁtheggsmupwi'ﬂ'.tha goiod-prognosis 5i%na-
ture, was 5.1 196 peroert confidence irterval, 29 to
8.0; P=0.00), This ratio remained significant when the
Qroups wens -anaIEz-ad scoording to lymph-node sta-
tus, Multivarisble Cos regression anakysis showed that
the progriosis profil was & strong independent factor
in predicting diseass outcome,

Cond The gene-sxpression profik we stud-
ied iz & rmore powerful predictor of the autcorre of dis-
L] infoun%pnbnbwith brewst cancer than stand-
ard systems based on clinical and histologic criteria.
[N Engl J Med Z002;347:1908-2000.)

Copyright @ 2002 Mussschussiis Madiczal Sacieiy.

DIUVANT systemic therapy substantially
imiproves disease-free and overall survival in
bosth, premencpausal and postmencpausal
women up to the age of 70 years with
hmiph-node—negative or rmph-node— positive breast
cancer.! It is generally agreed that patients with poor
prognostic features benefit the most from adjwant
therapy.t# The main prognostic factors in breast can-
cer are age, tumior size, sttus of avillary hmph nodes,
histologic type of the tumor, pathological grade, and
homone-receptor status. A large mumber of other
fictors have been irvestigated for their potential o pre -
dict the cutcome of disease, but in general, they have
only limited predictive power.®
Using complementary DA (cDMA ) microarmys
to anahyze breast-cancer tisswe, Perou et al. identified
mmors with distinct patterns of gene expression that
they termed “basal type™ and “lurinal type ™ Thess
subgroups differ with respect to the cutoome of dis-
ease in patients with locally advanced breast cancer.”
In addition, microarray anabsis has been used o dis-
tinguish cancers associated with BRCAL or BRCA2
mintatiors'® and to determine estrogen-receptor sta-
s and hmph-node satosthi
Using inljet-nmthesized olignnuclectide microar-
rays, we recently identified a gene expression profile

From 1be Diriicon of Drisgoonic O v (BLLE LIV, DY ILE,
D.l.ﬂu'.,h.ﬁ.]_l:l.hﬂ.h:a:lhl A M H HBY bedicalOscnlogy
AR Bonana [TV, Sur!i:llngmh-ly ET.E), snd Moleoubr Cur-
ok ceie [FLB, Nethednck Cancer [naoas, Aruwrdsm; the Comnr
;‘Enodiﬂ Geraticr, Areoerchn (FLR |; sd Boswon lapltamsdo, Kirk.
lind, Wak. (TDH, LD, G.I5, CR, M1M, MF, SHE). Addea n-
peie ey e D Bernurds s de Divivicn of Meleosr Caxinogmair,
Mortarbindy Carcer Inninne, Flenranban 131, 1068 CX Suuwrdsm, du
5 or & &b inl
Du.-md-:"r'l_iw:]-]-:mdwn'l"ku’mlrhlndﬂmll};m:lh ardck.

MEngl [ Med, Vol 347, Mo, 28 - December 19, 2002 - wwwngmorg - 1908

First validation:

Van de Vijver et al. (2002)
New England J. Med. 347, 1999-20009.

295 patients



Validation of the 70 gene profile in LNO

F’

.

Qverall survival probability

patients

4
t good profile:

~49% die of breast cancer
~96% survive breast cancer

4
A
0.4} :
—— Poor profile (91) poor prqflle-
o.2|L—— Sood profile (60) ~50% die of breast cancer
60 59 S5a 49 A6 25 ~50% survive breast cancer
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Microarray:Improved Clinical Management
Profiling vs St Gallen selection

Microarra St Gallen -
 vicroarray e m Profiling
" L—j Improved prediction
8t (D)
i O 08 and more accurate
- =
QJU.E- 80_5_
@ %
h 04l ' 8
% A — Sood prt:ri?le (9510) o 04 — st. Gallen low risk (22)
— —— Poor profile (31) M —— St. Gallen high risk (129)
((b) Chi2 = 2496, P = 5 86e-007 "G‘J' Chiz = 3.77. P = 0.0521
EU.2- . Eu_z_
g0 57 54 45 31 22 12 47 23 M 17 9 5 b
0’1 729 41 26 17§ 1pg 107 88 B9 48 34 {9
0 2 4 6 8 10 12 % 2 4 & 8 10 12

Profiling: St Gallen:
40% in good profile <15% Iin low risk

60 % In poor profile 85% in high risk

NEJM 347, p1999-2009, 2002



70 gene profile vs St Gallen guidelines

St Gallep

Gene profiling:
Reduction adjuvant chemotherapy selection §
Avoiding both over- and undertreatment

I mproved prognosis prediction

EJM 347, p1999-2009, 2002



ARTICLES

Validation and Clinical Utility of a 70-Gene Prognostic
Signature for Women With Node-Negative Breast Cancer

Mare Buyse, Sherene Loi, Lawra vant Feer, Giuzeppe Fiale, Mauro Delorenzi,
Annuska M. Glas, Mahasy Saghatchion d dssignias, Jonas Bergh, Rozetie
Lidereau, Pawl! Ellis, Adrian Harris, Jan Bogaeris, Pafrick Therasse, Amo
Fipore, Mohamed Amakrane, Famny Prente, Emiel Rutgers, Chrintor Soririou,

Fanma Cardoso, Martine J. Piccart

O behalf of the TRANIBIG Conzorfium

Background: A Tl-zene siznafure was previonsly shown to
bave proguostic value in patents with node-negstive breast
camcer. Dur goal was to validate the siznature m sn indepen-
dent growp of patients. Mishods: Patients (n = 307, with 137
events after a median follow-up of 13.6 years) from five Enro-
pesn cemters were divided imto kigh- and low-ritk growps
bazed on the pene siznature classfication and on clinical nsk
classifications. Patients were assigned to the gene siznatore
bow-risk growp if their 5-vear distant metastasis—fres survival
probability as estimated by the gene signature was greater
fheam 9084, Patients were assigmed fo the climicopathelosic
beow-risk group if their 10-vear survival probabilify, as est-
mated by Adjuvant! software, was greater tham 3584 (for
estrogen receptor [ER]-positive patients) or 2% (for ER-
pegative patients). Hazard ratios (HEs) were estmated to
compare Gme to distant metastases, diseasefree smrmmval,
and overall survival i high- versus low-risk growps. Resule:

The 70-geme signature ontperformed the dimicopathelogic
rizk azessment in predictmg all endpoimts. For time to dis-

tant metastases, the zewne signature vielded HE = 232 (954
confidence interval [l[:l] = 1.35 to 4.00) witheut adjustment
for chimical risk and hazard rafies ranging from 2.13 to 215
after adjustment for varion: estimates of chmical risk; clind-
copathologic sk wsing Adjuvant! software vielded an nmad-
Justed HE =168 (95% CI=092 to 3.07). For overall survival,
the gene signature vielded an unadjmsted HE = 170 (954
CI =160 to 4.87) and adjusted hazard ratios ranging from
163 fo 18%; cHeicopathologic risk vielded an unadjnsted
HE = 167 (5% CL =003 to 2.98). For patients m the gene
sigmature high-risk group, 10-vear overall survival was 0.9
for patients in both the low— and high-climical rizk growps;
for patients m the gene sigmatare low-rick group, the 10-year
sarvival rates were 0088 and (.59, respectively. Conclusions:
The Tl-zene sipnature adds mdependent prozwostic mfor-
mation to climicopathelogic risk assessment for patients with
early breast camcer. [T Natl Cancer Inst 2004;95:1183-92)

Miicroarray technology is revaltionizmg our understanding
of cancer hinlogy throizzh the simvltansous sudy of the expres-
sioe of tens of thousands of genes, or even of the enfire human
genome. Difereniial gene expression of molecalar profling bas

Joamal of the Kational Cancer Instems, Vol 9B Mao. 17, Septamber &, 2006

the potendal to substedally refine cancer proenosis, well beyond
what is currendy possible with the clinical and pathologic mdsca-
tars nzed this far for this purpese. Several smdies have recently
used micraarmays o classify breast tmors on the basis of their
Feme expression profiles (-7 Thess stndies have copsisently
revealed considarahle r:u:la:t.la: diversify 1o breast cancer that
often comesponds o disdner clinical phenotypes. Two major
types, basal and mnal, bave been identdhed by gene expression
profiling of breast cancer. sach with the potental o be subdi-
vided ino two or tres subitypes. In addition, thess molecular
pariits sesm to be emadkably sizble as fomors progress fom
primary tometastatic dizeaze (8.

In poe of the mocroamay shadies (), mrvestizators from the
Netherlads Crnoer Instinne in Amsterdam | sudied a nar-
oty defined subset of breast cancer patients, 1e., these aged
55 years or youmger who were diagnosed with mumors smaller
than 5 cm (T1/T2), had no nodal imeolvement (NI or mefastases
(0], amd weere weated only with lecal-regional ﬂ'_em].:_es The
expresaiom of 231 genawasfcrundmhe statstically significanty
associated with disease oricoms, a3 defived by the pressmce
of distant mstastasis within 5 years. This Zoup of zemes was
reduced sobsequently fo 2 come set of T penes that together
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Frince (MEA), Kieoliaka Bamne, Siockhela, Swalen (TH), Centse Rend
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Second validation:

Buyse et al. (2006)
JINCI. 98, 1183-1192.

302 patients



Adjuvant!

Adjuvant! for Breast Cancer (Version £.0)

Patient Information

Lge:
Crornorbidity:
ER. Status:
Turaor Grade:
Thamor S1ze:
Positrve Modes:
Caleulate For:

10 Vear Risk:

55

Perfect Health

Positre |

Grade 3 -

21-Z0cm d

:=~5| -

Ilortality

79 Frognostic

Adjuvant Therapy Effectiveness

No additional therapy:

[ 20.0 alive in 10 years.
B 72.0 die of cancer.
B 2.0 die of other causes.

With hormonal therapy: Benefit = 13.6 alive.

With chemwotherapy: Benefit = 14.2 alive.

With combined therapy: Benefit = 27.6 alive.
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Probability

0.4

Metastasis-free survival
70 genes versus Adjuvant!

70 gene profile Adjuvant! online
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Independent External Validation:
Microarray outperforms all clinical risk assessment

High clinical risk Low clinical risk
Adjuvant on line! N=222 Adjuvant on line! N=80
73% 27%
27%
0
microarray mifrifrray
isk S
Lowris High risk

Under-

Over-

treatment! treatment!

N\ /

B | INCI 2 '
uyse et al INCI 2006 35% Discordant
cases!




MINDACT design

6000 patients, <70 YRS, 1-3 POS NODES

ASSESS CLINICAL RISK AND GENOMIC RISK
(adjuvant!online; 70-gene signature)

55 135% 1%

O

BOTH HIGH DISCORDANT BOTH LOW
RISK RISK RISK
|
RANDOMIZE
decision-making
/\
Use clinical risk Use genomic risk
high low
Y : l Igh oW l
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Another Supervised Prognostic Signaturel 2

: ®286 lymph-node-negative patients who had not received adjuvant
i systemic treatment.

® |dentified genes that were associated with relapse separately for
the and subsets of patients (1). '

: ® The markers that were selected from each group were then
: combined to form a single 76-gene prognostic signature (1).

This predictor performed well

Study profile

: when tested on 180 independent : 286 patients
: cases (2). : i |
- 1.0 209 patients had ER 77 patients had ER
— iy TR =10 fmol per =10fmol per
g Good (n =72) mg protein mg protein
2 08
qs g v h
> o 80 patients 35 patients 171 patients
= @ 0.6 1 Poor (n = 105) (training) (training) {testing)
™
T & U Bootstrapping U
== 0.4
e EE \‘ Gene selection /
o % Validation
E 0.2 7 76-gene set
HR = 6.50 (95% Cl, 2.31 to 18.3) Log-rank P < .0001
; — 1 I © & ° § & © (1) Wang et al. Lancet 2005;365:671-679.

Years (2) Foekens et al. J Clin Oncol 2006;24:1665-1671.



ONCOTYPE DXTM

A Multigene RT-PCR Assay for Predicting the
Likelihood of Breast Cancer Recurrence and
Response to Adjuvant Treatment

From ~25,000 genes:

L = e
b AR v AT

G

cancer-related
candidate



ONCOTYPE DXTM

A Multigene RT-PCR Assay for Predicting the Likelihood of Breast
Cancer Recurrence and Response to Adjuvant Treatment

® Predictive gene signature based assay for ER-positive, LN-
negative tamoxifen treated breast cancer tumors.

Researchers studied 447 patients
from 3 independent clinical studies
_ : 21 genes (16 genes + 5
to test the relationship between — J (169
. : reference genes)
expression of 250 candidate cancer

related genes and recurrence. /

Recurrence RS (0O-
Category 100)

Recurrence Score
(RS) algorithm

Intermediate
risk




ONCOTYPE DXTM

A Validation as Predictor of
Recurrence/Survival NSABP B-14 (1)

Objective: Prospectively validate RS as predictor of distant
recurrence in 668 N-, ER+, tam-treated patients

Table 1. Kaplan—Meier Estimates of the Rate of Distant 100 1—rm—ry=
Recurrence at 10 Years, According to Recurrence-Score g 90— s iy Low risk
Risk Categories.* E 30 e Intermediate
Rate of Distant g 70- R iRy H.”Sk:
S e igh risk
Percentage  Recurrence at 10 Yr -2 ol

Risk Category of Patients (95% Cl)§ § 8

N = n O O

percent 52 °"1 The rate in the low-risk

EC 40— . . -
Low 51 6.8 (4.0-9.6) g | group was significantly lower
Intermediate 22 14.3 (8.3-20.3) _§ N than that in the high-risk
High 27 30.5 (23.6-37.4)% o

g A ( 1 ke ol group (P<0.001)
0 | | | | | | | 1

Confirmed results in th
Northern California

Kaiser Permanente
validation study (2)

Years

RS and AdjuvantOnline! predicted outcomes
correlated relatively weakly (concordance = 48%)

(1) Paiketal. N Engl J Med. 2004;351:2817-26.
(2) Habel et al. Br Cancer Res Treatment 2004, 88:s118.



ONCOTYPE DXTM

Prediction of Chemotherapy Benefit
NSABP B-20 Adjuvant Study

® Low RS associated with no chemotherapy benefit

® High RS associated with large chemotherapy benefit

Low
RS <18

Int
651 patients RS 18-30

assessed

High
RS > 31

+n—353

n=134 |

0% 10% 20% 30% 40%
Absolute Increase in Proportion DRF at 10 Years (mean + SE)
Paik et al. J Clin Oncol. 2006 Aug 10;24(23):3717-8.



ONCOTYPE DXTM

Into Clinical Decision Making

® TAILORX trial will incorporate
OncoType DX into clinical decision making

Node negative
ER+, HER2-
Breast Cancer
Willing to have
chemotherapy
base on RS

Recurrence Score

<11
No Chemo

Endocrine Responsive? \

> 26
Chemo

No Chemo

Chemo



Gene Expression Profiling as a Predictor of
Sensitivity to Preoperative Chemotherapy
Rationale

ER(-) and high grade tend to indicate mor
chemotherapy-sensitive cancer. >
These variables predict general chemotherapy
sensitivity; little potential to guide selection of a

specific regimen.

PCR Is associated with excellent long-term DFS.}

Is gene expression profiling a potential tool to predict who ma
achieve pCR to preoperative chemotherapy?




Molecular Subtypes of Breast Cancer and
Responses to Preoperative Chemotherapy

® At least four major molecular classes of breast cancer exist (1-3).

® Basal-like and HER-2-positive tumors are more sensitive to chemotherapy

@

- ~
X Censored, msm _uminal A, == _uminal B,(:-— Basal, === ERBB2+ )

-~y -
‘—_____—

1 A pCR (4) | ER (4)
- \
\ Luminal- | 7% 63%
0.51 \ like
3 p<0.01 !
£ 06 ,' Normal- |0% 60%
Eo.a //’ like
2 v HER-2 (+) |45% | 55%
Q. 7
| el - Basal-like | 45% 5%

24 48 72 96
Overall Survival (months)

o

(1) Perou et al. Nature 2000;406:747-752.

(2) Pusztai L et al. Clin Cancer Res 2003;9:2406-2415.

(3) Sorlie et al. Proc Natl Acad Sci U S A 2003;100:8418-842¢
(4) Rouzier et al. Clin Cancer Res. 2005 Aug 15;11(16):5678-85.



ONCOTYPE DXTM

Prediction of Response to Chemotherapy in
Women With Locally Advanced Breast Cancer

® Higher RS > Higher likelihood of pCR in patients
treated with neoadjuvant AT

70 -

)

S 60- -

5 S

2 501 N = 89; P = 0.005 A

b — o

e 40+ ¥

= 7 —9

= F,_,..--"'J ‘,.J

E 20' I ___.....-r-‘""'-.r. ﬁ-“;‘r"‘ .

E 10 — ~orerSl T T

o e y

'_*—-%'_l—'_-;_r—rl | | | | | 1

0 10 20 30 40 50 60 70 80 90 100

Recurrence Score

Gianni et al. 3 Clin Oncol. 2005 Oct 10;23(29):7265-77.



Gene Expression Profiling for the
Prediction of Therapeutic Response to
Docetaxelt: 2

® Both studies have shown that gene profiling can be used to
accurately predict response to neoadjuvant docetaxel.

88%! and 80%?2 accuracy

Used Microarray analysis! and RT-PCR technique?

Prediction Non-
Strengh Responders

responders
(2)
High 11 4
Low 1 10

(1) Chang et al. Lancet 2003, 32:280-287.
(2) Iwao-Koizumi et al. J Clin Oncol 2005, 23:422-431.



The molecular basis of breast cancer:
application in the daily clinical routine
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CONCLUSION

We Should Start Using Gene
Signatures to Guide Treatment
Decisions In Breast Cancer






