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Characterizing IBCs to Determine Therapy
and Optimize Clinical Outcome

A Diagnosis = invasive breast cancer

I Histological subtype
I Histological grade

A Surgical margins (esp. lumpectomy)

A Stage = extent of disease at diagnosis
I T =tumor size
I N =axillary nodal metastases
I M =distant metastases

A Molecular markers

I Hormone receptors (ER/PR)
HERZ2 oncogene
Muliti-gene signatures
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Copyright 1999 by American Society of Clinical Oncology. Reproduced with permission.

Diab SG, Clark GM, Osborne CK, et al. J Clin Oncol. 1999;17(5):1442-8.
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Diagnosis = invasive breast cancer
Histological subtype
Histological grade

Surgical marg umpectomy)

Margins and Local Recurrence DCIS
(Silverstein et al: N Engl J Med 340:1455, 1999)

\ 4 . Comprehensive
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Copyright 1999 by American Society of Clinical Oncology.
Reproduced with permission. Diab SG, Clark GM, Osborne CK, et al.
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Diagnosis = Invasive breast cancer
Histological subtype

. . Nodes

Histological grade "

Surgical margins (esp. lumpectomy)

Stage = extent of disease at diagnosis | & _ (1)+3+
T = tumor size g 4_9
N = axillary nodal metastases § gl R | 16 ++
M = distant metastases g ! hovs. 10+ = 50%

Molecular markers o T N
Hormone receptors (ER/PR) ¢ R e ¥ W S
HERZ2 oncogene
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Diagnosis = Invasive breast cancer
Histological subtype Stage (Mets)

Histological grade . o |
) ] TABLE 2. Five-Year Relative Survival Rates for Stage of Disease
Surgical margins (esp. lumpectomy) = P No. of
. : . discase* ratest cases
Stage = extent of disease at diagnosis I . ——
T =tumor size i 053 10,044
N = axill dal metast T 080 10,608
= axillary nodal metastases Unstag 0.£0 10,508
M = distant metastases ., mmittc on Cancer sage
Molecular markers Dlvs. IV =176%

Hormone receptors (ER/PR) Cancer. 1991:68(10):2142-9.
HERZ2 oncogene
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Copyright 1999 by American Society of Clinical Oncology. Reproduced with
permission. Harvey JM, Clark GM, Osborne CK, Allred DC. J Clin Oncol.
1999;17:1474.

1.0

0.8

0.6

0.4

DFS Probability

0.2

Allred Score (% patients)

8 (5.8%
o 7(19.8%
h - g %\Z)jofg ERa positive
I 4 (11 7%
3 (5.1%)

— 2(2.1%) L :
0 (14.7%) ERa negative

ERa by IHC

/77 pts recelving adjuvant tam Gradient of R
Best Cutoff Score >2 (p<0.0001)>"20IENT OT RESPONSE

Gradient of Expression

(1-10% weakly positive cells) DO vs. 8 =50%

0.0
0

12 24 36 48 60 72
Time (months)

Harvey et al.

J Clin Oncol 17:1474, 1999



Characterizing IBCs to Determine Therapy

and Optimize Clinical Outcome

Diagnosis = invasive breast cancer
Histological subtype
Histological grade

Surgical margins (esp. lumpectomy)

Stage = extent of disease at diagnosis
T =tumor size
N = axillary nodal metastases
M = distant metastases _

Molecular markers .’
Hormone receptors
HERZ2 oncogene

Muliti-gene signatures
Ot her é

Copyright 2005 by Massachusetts Medical Society. Reproduced with permission. Romond EH, Perez EA,
Bryant J, et al. N Engl J Med. 2005;353(16):1673-84.
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International Web-Based Consultation on Priorities

for Translational Breast Cancer Research
(420 Experts from 42 Countries)
Dowsett et al. Breast Cancer Research 9:R81, 2007

The Top 12 Priorities:

Molecular signatures to avoid chemotherapy
Molecular signatures to optimize adjuvant therapy.
Understand progression of DCIS to IBC.

Role of stem cells in breast cancer.

Therapeutic targets for triple negative breast cancer.
Integrate knowledge to better understand BC.
ldentify patients who do not need adjuvant RxX.
ldentify growth factors pathways for targeted RX.
ldentify genes involved in metastasis.

10. Strategies to overcome resistance endocrine RX.
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Prognostic Signature

A Intrinsic Molecular Subtypes (57 300 genes) i Nature, 2000

- Luminal A, Luminal B, Normal-Like, HERZ2, Basal Microarrays
A MammaPrint (70 genes) i Nature 2002

- Good and Poor Signature
A Oncotype DX (21 genes) i NEJM 2004

- Low, Intermediate, High Risk qRT-PCR
A Genomic Grade Index (97 genes) i JNCI 2006

- Grade 1, 2,3
A Molecular Grade Index (5 genes) i Clin Cancer Res 2007

- Grade 1, 2,3
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Oncotype DX'™

From ~40,00!9mghen es

gRT-PCR

FFPET Samples cancer-related

Smart!

383

candidate genes

Empirical Formula

Proliferation HER2 Estrogen
K167 GRB/ ER
STK1S HERZ PGR
Survivin BCLZ
CCNB1 (cyclin B1) SCUBEZ2
MYBL2 GSTM]1 J
Reference
: CD63 ] ACTB (B-actin)
Invasion S
GAPDH
MMPI1 (stromelysin 3) RPLPO
CTSL2 {cathepsin L2) BAG1 GUS
TERC

/

Gene discovery and

mathematical optimization

based on prognostic studies In
3 cohorts of patients.

Panel of 21 Genes and the Un-scaled
Recurrence-Score (RSU) =+ 0.47 X
GRB7 group scorei 0.34 x ER group
score + 1.04 x proliferation group score
+ 0.10 x Invasion group score + 0.05 x
CD681T 0.08 x GSTM1 1 0.07 x BAG1
(range 0-100).



Clinical Validation of Oncotype DX™

NSABP-B14
668 patients
ER-positive

Adjuvant tamoxifen

Table 2. Mulkltivariate Cox Proportional Analysis of Age, Tumor Size,
and Recurrence Score in Relation to the Likelihood of Distant Recurrence.*
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Copyright 2004 by Massachusetts Medical Society. Reproduced with permission.

Palk S, Shak S, Tang G, et al. N Engl J Med. 2004,351(27):2817-26.

Hazard Ratio
Variable P Value (952 CI)
Analysis without recurrence score
Age at surgery 0.004 0.57 (0.39-0.83)
Clinical tumor size 0.06 1.44 {0.99-2.11)
Analysis with recurrence score::
Age at surgery 0.08 0.71 (0.43—-1.03)
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Data from Microarrays

@ (Hierarchical Clustering)
Samples
- e I Dendritic Tree
5 T m_ﬂﬁ Groups samples based on similarity
of gene expression between
 [E =T samples.
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Data from Microarrays

(Hierarchical Clustering)

) L ;____)Unsupervised Comparison
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Data from Microarrays
e e ; (Hierarchical Clustering)

Supervised Comparison
IBCs S , .
B Directly compares groups of
el samples to identify differences
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Data from Microarrays (Hierarchical Clustering)

Unsupervised Comparison
Grouped by natural associations.

Supervised Comparison
Grouped by direct comparison.
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Intrinsic Molecular Subtypes With Different
Clinical Outcomes

A 5 tumor subtypes (based upon Fig 1) B 5 tumor subtypes (based upon Fig 1)
I
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Copyright 2001 by National Academy of Sciences/Proceedings. Reproduced with permission. Sarlie
T, Perou CM, Tibshirani R, et al. Proc Natl Acad Sci U S A. 2001;98(19):10869-74.
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Clinical Validation of MamaPrint

295 patients with IBC (<52y)
Mixed stage (T<5cm; NO=151; N>0=144)

. . Multivariate Analysis Risk of
Mixed adjuvant therapy

Distant Metastasis as First Event
e All Pationts Variable HR p-Value

TN Bad gene profile ¢ 4.6  <.001
:é; Tumor size 1.56 <.001
B I Tumor grade 1.35 05
o LN status 1.13 01

- U Ve Ot her s é na na

Copyright 2005 by Massachusetts Medical Society. Reproduced wiht permission. van de Vijver MJ, He
YD, van't Veer LJ, et al. N Engl J Med. 2002;347(25):1999-2009.



Clinical Validation of MamaPrint

Copyrig

YD, van't Veer LJ, et al. N Engl J Med. 2002;347(25):1999-2009.

295 patients with IBC (<52y)
Mixed stage (T<5cm; NO=151; N>0=144)
Mixed adjuvant therapy

B3 All Patients

Overall Survival

No AT Risk

Low risk
High risk

1-0 -? .—-_.._

Good signature
0.8+
0.6

Poor signature
0.4 —
0.2 P-=<0.001
0.0+ T T T ¥ T 1
O 2 4 S & 10 12
Years

1156 114 112 91 65 43 23
180 167 134 100 62 40 19
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Multigene Diagnostic/Prognostic Sighatures:

V 4

Y Important Incremental Progress

MammaPrint vs. Other Strategies

Eden et al. Eur J Cancer 40:1837, 2004.
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Artificial neural network

classifier based on conventional
features (age, tsize, hgrade, ER,
PR, angio-invasion)

Nottingham Prognostic
Index (nodes, tsize, hgrade)

Copyright 2002 by Nature Publishing Group (Permissions). Reproduced wiht permission. van 't Veer LJ,

Dai H, van de Vijver MJ, et al. Nature. 2002;415(6871):530-6.
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Multi-Gene Diagnostic and Prognostic

Signatures
Why only incremental progress?

Meta-Analysis of Gene Expression Studies in IBCs

13 Microarray Studies
533 Total Cases vs. 79 Normal Controls

Table 1. Studies analyzed

Author Y ear Sample origin Sample preparation Tumor patients Controls

Amatschek et al. [8] 2004 cancer tissue and unpaired normal tissue whole tissue frozen 20 22, various
tissues, pooled

Nishidate et al. [9] 2004 cancer tissue laser microbeam microdissection 81 -

Zhao et al. [10] 2004 cancer tissue and unpaired normal tissue laser capture microdissection 61 3

Garciaetal [11] 2005 cancer tissue and paired (?) normal tissue  whole tissue frozen 15 5

Sorlie et al. [12] 2001 cancer tissue and unpaired normal tissue whole tissue frozen 81 4

Sorlie et al. [13] 2003 cancer tissue and unpaired normal tissue whole tissue frozen 38 4

Bertucci et al. [14] 2000 cancer tissue and unpaired normal tissue macrodissected tissue frozen 34 3

Pollack et al. [15] 2002 cancer tissue and cell lines whole tissue frozen 44 + cancer cell lines -

Sotiriou et al. [16] 2003 cancer tissue whole tissue frozen 99 -

Turashvili et al. [17] 2007 cancer tissue and paired normal tissue laser capture microdissection 20 10

Grigoriadis et al. [18] 2006 cancer tissue and unpaired normal tissue beads-based enrichment 50 10

Di Cristina et al. [19] 2007 cancer tissue whole tissue frozen 10 -

Axelsen et al. [20] 2007 cancer cell lines and normal tissues pooled cancer cell lines 13, various

Srour N, Reymond MA, Steinert R. Pathobiology. 2008;75(2):112-8.

tissues, pooled




Multi-Gene Diagnostic and Prognostic

Signatures
Why only incremental progress?

Meta-Analysis of Gene Expression Studies in IBCs

13 Microarray Studies
533 Total Cases vs. 79 Normal Controls

Table 1. Studies analyzed

1,350 genes deegulated in? 1 study.

Author Y ear Sample origin Sample preparation Tumor patients Controls

Amatschek et al. [8] 2004 cancer . 20 22, various
1,212 (90%) not confirmed by >1 study:. i i WY

Nishidate et al [9] 2004 CANCer ossuc Iascr IIIICIoUeanr Imncrourssection 31 —

Zhao et al. [10] 2004 cancer tissue and unpaired normal tissue laser capture microdissection 61 3

Garciaetal [11] 2005 cancer tissue and paired (?) normal tissue  whole tissue frozen 15 5

Sorlie ef=1—"1=- 200 =a==ar tissue and unpaired normal tissue whole tissue frozen 21 A

Sorlie et T tissue and unpaired normal tissue whole tissue frozen

Bertucc] 79 g enes r tissue and unpaired normal tissue  macrodissected tissue frozen 41 g enes

Pollack

r tissue and cell lines

Sotiriou U p - r eg U I atEd 't tissue

Turashy

't tissue and paired normal tissue

Grigoris | N 2 3 Stu d | S . |rtissue and unpaired normal tissue

21 Crist

T tissue

Axelsen et al [20]

2007

cancer cell lines and normal tissues

Srour N, Reymond MA, Steinert R. Pathobiology. 2008;75(2):112-8.

whole tissue frozen

whole tissue frozen

laser capture microdissection
beads-based enrichment
whole tissue frozen

pooled

down-regulated
In 2 3 studies.

cancer cell lines

13, various
tissues, pooled




