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Classical pathological prognosis
and predictive factors.

TNM parameters

Grade

Histological subtypes
Tumor margins

ER/PR and HERZ2 status
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Introduction

 For many years, breast cancer has been
considered as an unique disease and treated as
an unigue disease based on clinical and
pathological parameters

« During the last 20 years, extended knowledge of
breast cancer biology, has put some light in our
understanding of breast cancer

« High throughput technologies such as
expression profiling has recently introduced new
taxonomy of IBC



Outlines

Perou and Sorlie’s classification of BC
Molecular grade

Mammaprint

OncotypeDX



Expression profiling : new
classification

* Five distinct patterns of expression

— 2 Luminal type ER+++, CK8-18
— 1Basal-like: CK5-6, CK14
— THERZ2 positive

— 1 normal breast
(adipose tissue, non epithelial cell types)

Ferou, PNAS 19939 - Sorlie, PMNAS 2001, 2003
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Breast Cancer is an Heterogeneous Group of Diseases
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T.0O. Nielsen et al., Clinical Cancer Research 10, 5367-74 (2004).

Luminal A Luminal B HER2+ER- Basal-like NormBst
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IHC intrinsic subtype surrogates
Luminal = ER+ and HER2-

HER2+ = ER- or ER+ and HER2+ (3+)
Basal-like = ER-, HER2-, CK5/6+ and/or HER1+
Unclassified = negative for all 4 markers
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Breast cancer subtypes

"Intrinsic"

gene set on
78 single tumor
samples
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Luminal Subtype A

@—@

Luminal Subtype B

HER2+ Mormal Breast

Basal-like

ERatve
Cancer stem cell
& ERatve daughter cells

ERa-ve
Cancer stem cell
& ERatve daughter cells

ERa-ve
Cancer stem cell

& ERc-ve daughter cells

ERo-positive type

ERa-low type

ERa-negative type



Clinical implications

e 2 families of ER+ breast cancer
Basal-like breast cancer
4 families of HER2+ breast cancer



Luminal A and B (ER+)
1. continuum or distinct cells?
——— # =" 2. prognostic/predictive
4 3. ER-GATA3-FOXA1-XBP1
4. Cyclln D1 and BCL2

%ﬁ Rédeptor _ :

X-box Binding Protein 1
Estrogen Receptor
GATA3

Forkhead Box A1

-.r




Luminal Avs. B

1. levels of Luminal/ER+ genes
2. proliferation

3. p53 mutation

—-z_:— 4. DNA amplifications

17q11-12 - HER2, GRB7?

8qg24 — MYC, NDRG1, SQLE

17925

17G21-24

X-box Binding Protein 1
Estrogen Receptor
GATA3

Forkhead Box A1

Luminal

Proliferation



60 Sample ER+ Tamoxifen-Treated Test Set
Ma et al., Cancer Cell 5, 1-10 (2004).
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Clinical implications

e 2 families of ER+ breast cancer
Basal-like breast cancer
o4 families of HER2+ breast cancer



Basal-like subtype

1. 10-20% of tumors
2. distinct cell type

3. BRCA1 carriers

4. 50% are p53 mutant
5. very proliferative

CRYAB
TCF4
Frizzled 7
LYeD
c-KIT
Keratin 5
Keratin 17

Luminal

Proliferation



Luminal A NormBst Basal-like

Luminal B 'FN |  HER2+ER-
il 311 Sample Test Set
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0.2 ;_—NormEst
0 50 100 150 200
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p < 0.0000001

Poor prognosis of the basal-like
group found in almost all the
series so far published




Basal epithelial phenotype of breast cancer

» 3-15% of breast cancer

* Triple null phenotype: ER-, PR-, HER2-
can be basal type BC

» Basal type signature: ER-, HER2-,
EGFR+, CK14 + (or CK5-6 +)

 Other markers: osteonectin, CK17, SMA,
GFAP, calponin

Foulkes JNCI 2003
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BRCA1 BREAST CANCER



Basal epithelial phenotype

* Morphologic features
— High grade
— Necrosis
— Atypical medullary phenotype
— TP53 mutations

Similar to BRCAT1 associated breast tumors



Pathology of familial breast cancer

High grade Invasive ductal carcinoma or “medullary like™
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Data from the Breast Cancer

Linkage Consortium Study
« Tumors linked to BRCA1

Multivariate analysis

*High mitotic grade
*(Good limitation

L ymphoplasmocytic
infiltration




BRCA1 IHC PROFILE
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Familial Breast Cancer

* BRCA 1 Prediction
* BRCA 1 —prevalence <60yrs = 2.0%

—Er +ve 0.4%
—ER —ve, ck —ve 1.6%
—ER-ve, ck14 +ve 5.2%
—ER —ve, ck 5/6 +ve 10.1%
—ER —ve, ck 5/6 +ve, ck 14 +ve 55%

Lakhani Clin Cancer Res 2005 11 5175



« Expression signatures »

BRCA 1 and 2 mutated have a different profile
and could be distinguished from sporadic breast
cancer (Hedenfalk, New Engl J Med 2001)

This profile could be used nstead of
sequencing BRCA genes



HISTOPATHOLOGICAL FEATURES

» Cost effective tool for genetic screening




Data from the Breast Cancer
Linkage Consortium Study

Lakhani, Clin Cancer Res 2005

« 182 BRCA1 tumors, 63 BRCA2, 109
controls

« CK14, CK5/6,CK1/, EGFR, Osteonectin



Lakhani: Clin Cancer Res 2005
Basal phenotype and familial breast cancer

IHC Controls BRCA1
h=109 h=182
60.6%
CK14 + 11.8%
i p<0.0001
57.6°%
CK5/6 + 6.6% &
p<0.0001
53.3%
CK17 + 9.6%
0 <0.0001
43.2°
Osteonectin + 18.7% .
P=0.0001
EGFR + 21.3% bl
P p<0.0001







Prevalence of combined phenotypes

defined by ER, CK14 and CK5/6
ER CK14 |CK5/6 |BRCA1% |Control %
Pos 0.6 67.2
Neg Neg Neg 20.9 24
Neg Neg Pos 13.4 2.4
Neg Pos Neg 12.4 4.8
Neg Pos Pos 43.8 1.6

I.akhani: Clin Cancer Res 2005




BRCA1 signature:
ER-, CK14+, CK5/6+



BRCA1 phenotype
(Albiges L Ann Oncol 2005)

BRCA1 |BRCAZ2 |Non P (¢2)
mutated

N 15 12 58
Age 45.6 48 51.7
ER+ 35% 75% 79% 0.007
Bone mets | 13% 58% 55% 0.01
Lung mets |60% 0% 38% 0.005
Brain mets |67% 0% 10% 10-°




Basal-like cancer

25% of Grade ||l breast tumors (Fulford 2007)

Higher prevalence in premenopausal african-
american (39%) versus menopausal AA (14%)
or non AA (16%) (Carey 2000)

Classical phenotype: medullary like

Heterogeneous group: myoepithelial
differenciation, apocrine tumors, low grade
tumors, with different gene expressions



Better response to treatment for

basal-like tumors

» Rouzier R Clin Cancer Res 2005

— 82 IBC treated by neoadjuvant chemotherapy
with paclitaxel followed by FAC
— pCR
+ 45% for HER2+ and/or Basal-like cancer

« 6% for luminal cancer
0% for normal-like cancer

— Different gene involved

* Sensitivity to CDDP



Histopathological subtypes

» Basal like group encompasses a large
variety of of tumors (high grade IDC,
special types like adenoid cystic
carcinoma or low grade squamous
carcinoma...) with distinct prognosis and
predictive implications that escape
molecular identification

S0, we still have to histotype the tumors
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Histopathological subtypes

»Loss of 16g tumor suppressor gene ?

»Loss of expression of E cadherin ++++

»luminal A/ normal like sub type

»Resistance to apoptose CIDEC , E cadherin ,BCL2
»hypoangiogenesis (Thrombospondin ++ / VEGF--)
»Lymphagenesis +++

» Pleiomorphic, solid, alveolar sub types: luminal B or HER2+



[CANCER RESEARCH 63, 7167-71713. November 1. 2003]
Differentiation of Lobular versus Ductal Breast Carcinomas by Expression
Microarray Anal}'sisl

James E. Korkola,’ Sandy DeVries, Jane Fridlyand, E. Shelley Hwang, Anne L. H. Estep, Yunn-Yi Chen,
Karen L. Chew, Shanaz H. Dairkee, Ronald M. Jensen, and Frederic M. Waldman
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Clinical implications

e 2 families of ER+ breast cancer
Basal-like breast cancer
4 families of HER2+ breast cancer



HER2+/ER- Tumors
1. 15-25% of tumors
—=—_ =g 2. prognostic/predictive

ke ol

N 3. two types (ER -/+)
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Luminal A NormBst Basal-like

Luminal B IFN__ |  HER2HER-
i 311 Sample Test Set
1 »  Censored
Basal-like
0.8 4
£ — HER2+/ER-
g o0s Lurninal A
" |
£ % Luminal B
S —|FM
0.2 | —— NormBst
D ! . T 1
0 50 100 150 200
RFS months
p < 0.0000001

HERZ+ is a poor prognosis factor




Genomic Grade
(Bottom-up approach)



SBR grade modr:

1ed

by Elston and E.

11s

60-70% are 1n the grade 11/

intermediate category

Use of mSBR to stratify grade II
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‘ Genomic Grade

(Bottom-up Approach)

Institut Jules Bordet

“Low?” Risk

Histological Grade 0‘363

“High” Risk



Genomic Grade (GG) i1n the Validation
N=125

GGl vs grade 1 or 3: p =nan (Hest)
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GG and Clinical Outcome

Histological Grade

Grade 2
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Genomic Grade

(Bottom-up

Approach)
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TRANSBIG Validation Series

Multivariate Cox Analysis (DMFS) N=198 pts

GENE70 GENE76 GGlI
HE p-value HE p-value HE p-value
(95% CI) (95% CI) (95% CI)
Age 1.4 0.3 1.7 0.075 1.6 0.11
(< or >50years) (0.74-2.6) (0.95-3.2) (0.89-3)
Tumor Size 1.3 0.46 1.2 0.5 1.1 0.73
(= or >2cm) (0.67-2.4) (0.66-2.4) (0.59-2.1)
ER status 0.85 0.63 0.6 0.17 0.83 0.58
(0.43-1.6) (0.31-1.2) (0.43-1.6)
Grade 0.89 0.85 1.51 0.5 0.65 0.48
(0.28-2.8) (0.46-4.8) (0.2-2.1)
Risk 7.2 4x10-4 e B 9x10-3 6.3 3x10-4
according to
farciond (2.4-22) (1.3-7.7) (2.3-17)
signature

Haibe-Kains et al. BMC Genomics, 2008




Clinical relevance of ER-positive luminal

subtypes as defined by genomic grade

Cumulative Survival

Genomic Grade

1.0 4 — GG o
GG high
0.8 4
0.6
0.4+
0.2
Log rank P= 1.2 10°F

Cumulative Survival

0 & 10

15

TOM (years)

Table 2. Univariate and Multvaniate Analysic of Breast Cancer Prognostic Markers (n = 2440

20

ER (mRNA)

1.0 5= — ESR1 rich
ESR1 poor
0.8+
e
0.6 = T
0.4
0.2 1
Lag rank P= 42
o 5 10 B 20
TOM (years)

PR (mRNA)

1.0+ —— Pgh rich
Pght poor
£ o84
=
» 06
a
=
= 044
E
= 0.2+
=
Log rank P = 0008
0 5 w15 20
TDM (years)

in Adjuvant Tamooifen-Treatad Patiants

Urnivanate Analsis

Multvaniate Anabyss

Hazard Hazard
Variabla Ratic e Cl P Ratia 958% CI P
Agel = BO v > B0 yaars 1.18 0421t03.29 76 1.06 0.30103.73 a2
Sipel > 2v=2cm 1.94 1.14 10 3.30 01 1.88 08410 2.92 18
Histodogic grade 034 30
Tvw2+3 3.32 1.32t0B.38 1.88 0.68810 5.08
14+2v3 1.60 0.78to 2.88 0,69 03310143
Modad status: positive v negative .44 08410 249 18 1 0.55to 1.88 96
Estrogen receptor: fich v poor a2 0,60 10 1.34 A2 0,596 0.64 10 1.68 BE
F':"-C-:}IEE-'.IH{-N:'* recepton nch v poor 0.42 0251w 0.70 00096 LES Q2B In ] 2d 20
Genomic grade; high v low 324 1,53 to 543 0000083 [ 2,60 1,26 10 4.90 0074 I

*Basad on Cox regression and stratified sccomding to the dats sets,

Loi et al. JCO 2007



High genomic grade index is associated with

higher response rate to preoperative chemotherapy
MDAnderson cohort (paclitaxel 12x - FAC 4x)

3

ER+/HER2-

L

5]
|

=
|

genomic grade index
b

M.l \D.cu.Y_RzE.m

Responders MNon Responders

ASCO, 2008



Grade

Pros « Cons

— Tumor grade is a — Grade is a poorly
major prognosis factor reproducible factor

— Grade Ill are more — Grade Il tumors are
prone to pCR when heterogenous =>
neoadjuvant treatment molecular grade>
(predictive) histological grade

— Proliferation is linked — Proliferation is better
to tumor grade evaluated by

molecular assays



High proliferation is well estimated by mitotic count and/or
Ki67, isn'tit ?

Intrinsic properties of the tumour Tumour burden

Invasiveness gene
signature

70-gene signature \ /

Tumour size

Wound signature

76-gene signature

E—gene recurrence score \

Molecular classification Genomic grade Nodal status

Sotiriou C, Piccart M. Nat Cancer Review 2007



Signatures used in clinical

. practise
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MammaPrint®, Agendia
(Top-Down approach)



Supervised

Learning sef: 78

Validation set: 19

Gene expression profiling predicts
clinical outcome of breast cancer

Laura J. van "t Veer- ", Hongyue Daiti, Marc J. van de Vijver- 1,
Yudong D. Hei, Augustinus A. M. Hart~, Mao Mao®, Hans L. Peterse-,
Karin van der Kooy, Matthew .J. Martoni, Anke T. Witteveen-,
George J. Schreiber!:;, Ron M. Kerkhoven-, Chris Roberts:,

Peter S. Linsley, René Bernards- & Stephen H. Friend:
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A GENE-EXPRESSION SIGNATURE AS A PREDICTOR OF SURVIVAL
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Validation of the 70 gene predictor

T NI RN T N TR AT REE T 1R ETE
LB R R R L I —

CL"f""'Ph'NU‘d':' " Nmat-vﬁbtiants Lymph-Mode-Positive Petionts

1.0 L - LR
- ., TR
£ o4 .—‘._Hh"-r_ . E o5 Goed signutuse g  gad
E g Good shgmatuee E - %
c = E = = E
&8 06 Z'R 086 2% 06
T8 B ﬁ ] g Pa nature
;’ E 0.4 P ssgnalure = T Lo — =n 0.4+ s
= EE : - é 0.4+ Poor signatuse S: = 3
- = <
2 0.24 P800 -§ 034 Peoom % 0.24  P=oom
bu T T L] T T 1 ] ﬂl:l T L L3
6 2 4 & B 10 12 e o i e S 0 Z 4 8 8 W 12

Yoars Yooars

Yaars

Median folfow up 6,7 ans



7/0-gene good prognostic signature
(Top-down approach)

1st Validation Study

van de Vijver MJ, et al. N Engl J Med, 2002
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TABLE 3. RATE OF OVERALL SURVIVAL AND THE PROBABILITY THAT PATIENTS
WouLD REMAIN FREE OF DISTANT METASTASES AT 5 AND 10 YEARS,
ACCORDING TO THE PROGNOSIS SIGNATURE.*

i
]
I No. or Free oF DistanT
Grour ParmEnTs METasTASES OWERALL SURVIVAL
: 5 10 ¥m 5 ¥R 10 e
Tl
.
1= parcent
=]
| All parients
[ |8 CGond-prognosis signature 115 947121 852%43 Waxlhsh 945%26
- Poow-progEnosas SHEnatine 180 605+38 BHle*45 T41+33 S46*44
F Pacients with hmph-node-neganve
; ! disease
e Good-prognosis signature all 93.413.2 Bo.st48 D6J7X23 967%23
Poor-prognosis signatures 21 56.2+55 441=63 T15x48 496%6.l
’ Pavients with hmph-node— positive
= I disease
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i |8 Poor-prognosis signature it 663252 56764 TeSt4e 595263

*Dhistant meastasis was a firse event. Plus=minus values are means *5E

Van't Veer et al. Mature, 2002

MammaPrint®, Agendia




Known functions of the 70 genes

]GFBPETHFESFGH*EB'MHH-FI{S&PITHH -EXT1, EXTLS, SCUBEZ,
EBF4, COCAZBRA, GDCAT, mﬂthﬂﬂﬂ:ﬁﬂ-wmﬂ“m
BEC3, OTL, FBXO31, EGLN1, GNAZ, MTDH, FLT1, ECTZ, DIAPHI, NUSART,
AKAP2, NDCBO, PRCT, ORCEL, CENPA, DCK, CONE2, MCME, QS0X2, STRI28

COL4A2, FLT1, FGF18, MMPQ

IGFEFS, TAFES, FaF1E, ESMI, RARRESS, PITRMY, EXT1, EXTLS, SCUBESZ,
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COL4A2, FLT1, FGF18, MMP9

Cover all of the metastatic processes




International validation of
MammaPrint

5 European Hospitals, retrospective series, 302 untreated pts

10-year OS5
89% (81%-84%)

y M Low risk profile
& 10-year 0S High risk profile
= TD“;{IJ (62%-76%)

oo | HR 2.87
Patients Ewents Risk group i (1 66"4 96)
1 113 16 Genetic low risk — i ] h
194 B6 Ggggt:g hnighnr?sk e i (P<0001)
= i multivariate
2 | | | | : | | |
2 q 5] 5] Y10 12 14
Year
T3 112 105 101 =i EQ 45 %5 CLR
194 185 168 147 130 110 an 53 39 CHR
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Overall survival by gene signature risk

JNCI 98, p1183-1192, 2006



MammaPrint predicts outcome of
breast cancer during first 5 years

Time to distant metastasis

o
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Euyse etal., Validation and chinical utility of & 7l-gene prognostic
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the Mational Cancer Institute, Yol 98, Mo, 17, 20086



MammaPrint in patients with 1-3
positive lymph nodes

—— Good profile (n=99) (41%)
— Poor profile (n=142) (59%)

Distant metastases as

first event Overall survival
> 0.8] ' > 0.8 5
o e s 0F - 73%
7 D61 ’ ° > 0.6 E
= o
o 0.47 T 0.4
= 0,2- g i
& 5 3 02
0.0 T T Y | 1 ' v ' - "
0 2 4 6 8 10 D'Og > ; B 5 10
Years Years
HR 4.1 HR 5.4
(95%CI 1.7 - 10.0), p=0.002 (95%CI 2.1 - 13.8), p<0.001

Adjuvant treatment: 53% chemo, 64% hormonal

tWook et al, Breast Cancer Res Treat 2008



f/‘;t"alidatiﬂn and Clinical Utility of a 70-Gene Prognostic N
Signature for Women With Node-Negative Breast Cancer

Meare Buvse, Sherene Loi, Laura van't Veer, Giuseppe Viale, Maure Delovenzi,
Anmiiska M. Glas, Mahasti Saghatchian d 'Assignies, Jonas Bergh, Rosette
Liderean, Paul Ellis, Adrian Harris, Jan Bogaerts, Patrick Therasse, Arno
Floore, Mohamed Amakrane, Fanny Piette, Emiel Rutgers, Christos Sotiriou,

Fatima Cardoso, Martine J. Piccart 90% (CI 85%'96%)
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Use of 70-gene signature to predict prognosis of patients with /
node-negative breast cancer: a prospective community-based T re at men t
feasibility study (RASTER)

L}
Jodien M Bueno-de-Mesguita, Wim H van Harten, Valesca P Retel, Lovra j van 't Veer, Frits 54 M van Dam, Kim Karsenberg, Ersten £ L Dovma, c a n e 1 n
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Dutch guidelines: 43%

70-gene signature: 49% No Tx Chemo Hormono Both

Bueno-de-Mesquita et al. Lancet Oncology, 2007



Oncotype DX™



Oncotype DX™ 21-Gene
Recurrence Score (RS) Assay

16 Cancer and 5 Reference Genes From 3 Studies

PROLIFERATION RS = +0.47 x HER2 Group Score
Ki-67 ESTEgGEN - 0.34 x ER Group Score
S5TK13 oR + 1.04 x Proliferation Group
Survivin Bl Score
Cyclin B1 SCSBE2 + 0.10 x Invasion Group Score
MYBL2 + 0.05 x CD68
- 0.08 x GSTM1
INVASION ||GSTM1| | BAG1 - 0.07 x BAG1
Stromelysin 3
Cathepsin L2 CD68 _ _
SEFERENCE Category RS (0-100)
HER2 Beta-actin Low risk RS <18
ﬁ;g; ol Int risk RS 218 and <31
GUS High risk RS 231
TERC




Oncotype DX

Multi-gene RT-PCR Assay for Predicting Recurrence in Node Negative
Breast Cancer Patients - NSABP B-14 Study.

Results: Relapse-Free Survival (%)

100 -
80 -
P <0.0001 [
2 60+
2]
LL
& 40-
=== Low Risk (RS < 18)
20 - === [ntermediate Risk (RS 18 - 30)
=== High Risk (RS = 31)
ﬂ 1 I ] ] I 1 1 1
0 2 4 6 8 10 12 14 16



Oncotype DX

Multi-gene RT-PCR Assay for Predicting Recurrence in Node Negative
Breast Cancer Patients - NSABP B-14 Study.

Results. Over-All Survival (%)
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B-20 Results

Tam vs Tam + Chemo — All 651 Pts

1.0 7
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B-20 Results

Tam vs Tam + Chemo - Intermediate Risk (RS 18-30)
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B-20 Results

DRFS

1.0 7
0.9 -
0.8 -
0.7 -
0.6 -
0.3 -
0.4
0.3
0.2 -
0.1 -

Tam vs Tam + Chemo — High Risk (RS 231)

High-Risk Patients (RS 231) g Events

. Tam + Chemo "Mz 13
Tam a7 138 p=0.001

0.0

T L T L L 1

0 2 4 6 8 10 12

Years



Oncotype DX predictive value 10yrs SSM
INT0100 study

No benefit if low risk Siel
' Bas risque (RS < 18)
0,50 1  stratified log-rank p = 0,97 & 10 ans
I t tb fit if hiah 0,257  Tamoxiféne (n=55, 15 événements)
mpor an enerit 1 Ig e CAF-T (n=91, 26 événements)
risk o 5+ & 8 1

% Années depuis enregistrement

g Risque élevé (RS = 31) L Risque intermeédiaire (RS 18-30)
0,75 0,75
0,50 7 0,50
d o . 3 Stratified log-rank p = 0,48 a 10 ans
Stratified log-rankp = 0,033 a 10 ans
0,25 e o 0,25 oo - T
i Tamoxiféne (n=47, 26 événements) d Tamoxiféne (n=46, 22 événements)
CAF-T {n=71, 28 événements) CAF-T {(n=57, 20 événements)
u T T T T T T D T T T T T T
o 2 4 G 8 10 o 2 4 b a8 10

Années depuis l'enregistrement S Années depuis 'enregistrement .

Athain k. et al. SABCS 2007, Abstract 10 http./ fwww.abstracts2view.com/sabes fview.php?nu=8ABCS07! 1165&terms=




Oncotype DX prognostic value for 10yrs

OS INT0100 study
® no benefit of FAC if low RS

In the first 5 yrs (HR 1,05)
and during all the observation period (HR 1,18)

0S e strong impact of FAC
if high RS during the
first byrs

High risk (RS = 31)

0.75 - HR 0,43 (0,21; 0,90)
and during all the
0,50 S observation
log-rank test p = 0,027 at 10 years periOd H R 0{56 (0{3 1;
025 A
Tamoxifene (n=47, 22 death 1,01)
0L FAC'T, iotn bt A , 10 yrs OS projections :
0 2z b (5] 8 10

=2 Tam 519%b (35 9%, 65 %)
2 FAC-T 689% (51 %, 79 %)

Years since the enter in the trial

Albain K et 3l SABCS 2007, Abstract 10 http: ffwww.abstracts2view.comfsabes fview.php?nu=8ABCS07! 115658&terms=




HOXB13/IL17BR
(Top-Down approach)



VOLURE T4 MUREER @ CSCTOEEA 1 J008
A two-gene expression ratio prvedchtB clinical outcome in breast o a e i Tt frmrnet e e
cancer patients treated with tamoxifen

The HOXB13:IL17BE Expression Index Is a Prognostic
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* Molecular Grade Index + HOXB13/IL17BR= M@

i Jules Bordet
GENERAL

More accurate prognostic information S

MGH dataset JBI dataset

(= =93 p=6.7e-08 o, __ n=84 p=0.00052
v e Low - Haaan, Lo
0 nter, — a0
= = - =] Inter
E il p— - E o
= ]
(=]
E High g ] s High
; o [
2 % HR (CI) - %  HR(Cl) Ll
Low 48 1.0 Low 44 1.0
o o
S| Inter. 24 573 (1.05-31.2) S| Inter. 24 253 (0.50-12.7)
o) High 28  26.43(5.77-121) ol High 32  7.89(22-28.2)
O F T 3 T T T T T ¥ T .| =T - 1 - v T T T T T |
0.0 3.0 6.0 5.0 120 150 0.0 24 4.8 7.2 8.6 12.0

Low Risk : Low MGl
Intermediate Risk : High MGl and low HOXB13/IL17BR

High Risk : High MGI and High HOXB13/IL17BR

Aviaral) Ma et al, CCR 2008



Outcome Signature Genes in Breast Cancer:

Is There a Unique Set?

Liat Ein-Dor et al, Bioinformatics, 2004

~_signature
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META-ANALYSIS
18 studies, N=3000 pts
Defining biologically relevant
Molecular Modules

Hallmarks of breast cancer

Evading
apoptosis

Proliferation
genes

Immune /00
RES pﬂnse Sustained Tissue invasion

anglogenesis & metastasis

Wirapati et al. BCR 2008



Molecular modules divide

breast cancers in 4 reproducible subtypes
(ER-/HERZ-, HER2+, ER+ low, ER+ high proliferation)
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Molecular Subtypes

P53 Mutation status

estrogen score
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DRFS

Molecular subtypes and
clinical relevance?

[ Untreated ] [ Treated ]

100 100
80 1 ER+/HER2-/L 80 — ER+/HER2-/L
ER-/HER2-
ER+/HER2—/H o .
60 1 60 ER+/HERZ2-/H
HER2+ HER,‘?J’ =
40 - 40 4 ER—/HER2-
poor vs. good: | poor vs. good:
20 S-year: 73% vs 90% 20 5-year: 66% vs 90%
HR =213 [1.62, 2.81] HR =3.34 [2.48, 4.50]
{} _I T T T {} _| I | |
0 3 6 9 (year) 0 3 6 9 (year)
number at risk: events number at risk: events
306 247 188 137 110 427 308 182 83 135
330 310 25 113 61 387 309 205 85 52
202 148 125 77 62 216 110 65 26 83
100 75 54 36 40 206 112 G5 38 81

950 780 632 423 213 1235 839 520 232 351



Relationship Between Prognostic Signatures

and Modular Associations...

9 Gene
Expression
Signatures

ER-related




Dissecting Gene Expression

Signhatures

9 Prognostic Signatures

1|

Two Partial
Prognostic Signatures
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Proliferation Non-Proliferation
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Proliferation=driving force

Proliferation

Genes

Signature

ONC-16
NKI-70
EMC-76
NCH-70
CON-52
P53-32
CSR
GGI-128
CCYC

:
Z

# genes

7116
19/52
16/60
36/69
35/50

4/19

81/457
89/98
81/126

S

1 2 4
hazard ratio

8 16

(proliferation genes)

Non-Proliferation
Genes

# genes

<, 3B

44/60

i 33/69

.

% 376/457

/98

<> 45/126
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(non-proliferation genes)



Connection between prognostic signatures,
and molecular classification...
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Proliferation score

Proliferation score

Oncotype DX
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Clinico-pathological information

is still needed!

Risk factors: Hazard ratio: P-value:
Genomic poor-vs-good R 3e-05 0.004
grade (2+3vs 1) | ——— 1e-06 0.03
ER-negative — 0.05 0.9
Clinico- node-positive 3 1e07 0.2
pathological size >2cm F— 0.002 0.006
age =50y = 05 05
{]!5 1 é " 4 univar. multivar

Risk factors: Hazard ratio: P-value:
Genomic poor-vs-good —s—*— 209 Qe05
grade (2+3vs1) 1 __, —* 2e-09 0.1
- . ER-negative — 0.0003 0.01
Clinic t!- node-positive Bl g 6e-07 1e-06
pathological size >2cm ——— 1e-05 0.003
age =50y —— 0.3 0.2

] | L 1

L ¥ +
univar. multivar

e

0.5 1 2

[ Untreated ]

[ Treated ]




Conclusion

* For the time being pathology cannot be
safely replaced by molecular assays

* But we should take the greatest advantage
by combining two approaches

* Ultimately one can hope that the molecular
classification will be easily translated for
clinical daily routine practice by developing
IHC assays accordingly.
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