ECLU-2007. Breast Cancer Controversy Session

Will Molecular Diagnostics
Become Part of Routine Clinical
Practice?

The “YES” view

José Baselga M.D.

Vall d"Hebron University Hospital
Vall d"Hebron Research Institute
Universitat Autbnoma de Barcelona




Will Molecular Diagnostics Become Part of
Routine Clinical Practice?

e The question is not if but when

 Molecular diagnostics are already part of clinical
practice
« ER/PR
« HER2
* Oncotype-Mammaprint
e And this is just the beginning:
* New targeted therapies will incorporate molecular diagnostics

» Improved risk assessment tools and benefits from hormonal
and chemotherapy



ANATOMIC PROFILING: THE AUTOPSY

“The Anatomy Lecture of Dr. Nicolaes Tulp” — Rembrandt, 1632



CELLULAR PATHOLOGY

Prof. Dr. Rudolf Virchow
1821-1902




MOLECULAR PATHOLOGY
Overcoming Limitations Imposed by Histology
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MOLECULAR PATHOLOGY
INTEGRATION OF HISTOLOGICAL, BIOCHEMICAL AND GENETIC S

#Ff\, TIiliit

— T Sooiii

H&E v Microarray
IHC \ 4 \ 4 v
MRNA
In Situ 1
\ 4
v Protein

Microdissection WB NB

Image sg NT PCR

Analysis v RFLP Seque :

Clinical Correlations e
F/U and Response to
Treatment




ANATOMY LECTURE (Circa 2001)

After “The Anatomy Lecture of Dr. Nicolaes Tulp” — Rem brandt, 1632



Microarray (Gene Chip) Technology

« Simultaneous measurement
of several thousand genes
In biological specimens

« Number of human genes is
around 30,000-40,000

possible to monitor
entire genome in a

tumor specimen Genetic
probe
,~ Atechnological ™
[ breakthrough in analysing )
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Application of Microarrays in Oncology

e Screen individual genes differentially expressed between
normal and cancer tissue

novel drug targets
prognostic and predictive markers

e 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



Treatment Decisions In Breast Cancer...

o Classical pathological indexes:
— Nottingham Prognostic Index (NPI)
— Adjuvant! Online (AO)
— St. Gallen criteria
— NCCN

* 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.
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« Supervised classification identified a 70-
gene expression signature strongly

44 wiorelapse 34 witharelapse  nregictive of a short interval to distant

at 8 y follow-up within 5y

metastasis in LN-negative patients <55
years of age.

5000 genes

» The poor prognostic signature consisted
231 genes of genes regulating cell cycle, invasion,
metastasis, and angiogenesis.

70 genes
+ Poor prognosis signature

Van't Veer et al. Nature 2002, 31:530-536.
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INDEPENDENT VALIDATION : DESIGN
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« Validation of the Amsterdam 70-gene prognostic signature in LN-
negative untreated breast cancer.

 This validation was performed as part of preparation for the launch of
the large prospective randomized clinical trial, MINDACT.

Risk Factor Time Distant Mets as D|FS
Age 0.86, p = 0.52 0.84, p =0.46 1.17, p=0.40
Tumor size |l.42, p=0.14 1.36, p=0.18 1.20,p=03 1

Tumor grade 76,p=0.12 ).82, p=0.25 ).96, p=0. 72

Adjuvant online .68, p =0.092 .67,p=0.085 130, p=0.21
NPI 1.65, p =0.043 1.49,p=0.092 |1.10,p=0.58
St. Gallen .22, p=0.18 1.69, p =0.31 .18, p=0.0 64

TRANSBIG Consortium. J Natl Cancer Inst. 2006 Sep 6;98(17):1169-71
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From ~25,000 genes:

cancer-related
candidate genes




Oncotype DX 21 Gene
Recurrence Score (RS) Assay

16 Cancer and 5 Reference Genes From 3 Studies

PROLIFERATION [l ESTROGEN [IRECESER SRS ClI VRSl
Ki-67 ER - 0.34 x ER Group Score

+ 1.04 x Proliferation Group Score
g;\lf,\l,?n ;CITZ + 0.10 x Invasion Group Score

. +0.05 x CD68
Cyclin Bl SCUBE2 _ 0.08 x GSTM1

Aels - 0.07 x BAG1
GSTM1 g BAG1
INVASION
Stromolysin 3 CD68 Category RS (0 - 100)

Cathepsin L2 REFERENCE Low risk RS <18

Beta-actin Int risk RS 18and<31

GAPDH
RPLPO ngh risk RS 31

GUS
TFRC




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

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

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




® Low RS associated with no chemotherapy benefit

® High RS associated with large chemotherapy benefit

651 patients
assessed

Paik et al. J Clin Oncol. 2006 Aug 10;24(23):3717-8.
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banking
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® At least four major molecular classes of breast cancer exist (1-3).

® Basal-like and HER-2-positive tumors are more sensitive to chemotherapy (4)

- PCR (4) | ER (4)

Luminal- | 7% 63%
like
Normal- 0% 60%
like

(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;100:8418-8423.
(4) Rouzier et al. Clin Cancer Res. 2005 Aug 15;11(16):5678-85.




DISCOVERY PHASE (n= 82) ® This 30-gene predictor correlates closely
with phenotype including ER and grade but it

has higher sensitivity and negative predictive
l value (NPV).

Atfymetrix U133A profiling ® This test correctly identified all but one of
l the patients who achieved pCR (12 of 13

Pretreatment FNA

Preoperative Paclitaxel / FAC patients)

|
7
Pathologic CR  Residual cancer

(26%) (74%)
\ & J
Y

Differentially expressed genes

l

Combine genes into * Age, estrogen receptor status, and nuclear grade.

multivariable pCR .
et del (1) Ayers et al. J Clin Oncol 2004;22:2284-2293.
prediction moae (2) Hess et al. J Clin Oncol 2006:24:4236-4244.




Evolving Landscape in the Therapy of
Breast Cancer 2007/

New molecular targeted « Treatment choices based on
agents: molecular features:
— Kinase inhibitors
« HER family  ER/PR positive
« MEK  HERZ2 positive
e Src — P95HER?2 positive
e IGFR-I — HERS status
e TGER « Basal type (triple negative)
« PARP * BRCA status
e MTOR « PI3Kinase pathway activation?
» PI3Kinase

— Angiogenesis inhibitors
 Monoclonal antibodies

* Low molecular weight
tyrosine kinase inhibitors



AZD0530 — a potent, selective
iInhibitor of Src family kinases

Isolated protein kinase IC 59, NM
cSrc 2.7
cYes 4
Lck <4
Lyn 5
c-Fyn 10
v-abl 30
c-kit 200
Csk 843
PDGFR >5,000
PDGFR >10,000

AZDO0530: anilinoquinazoline

* Reversible, competitive binding at
active conformation of ATP pocket

» Favorable PK and bioavailability Anti-migratory IC s nM

— Suitable for once-daily MDA-MB-231 (Breast) <50

oral dosing Tamoxifen-resistant MCF-7 (Breast) 100

— t%in healthy volunteer studies A549 (NSCLC) 140
~40 hours

Green TP et al. Proc Am Assoc Cancer Res 2005:;46:2537




Analysis of tumor biopsies

Immunohistochemistry Luminex

Slides prepared from Lysate prepared from
paraffin-embedded tissue fresh frozen tissue

e H-score

— (percentage of cells positively
stained) x (staining intensity
[0,1,2,3])

— Assessed for each compartment

(nuclear, membrane, and
cytoplasm)




Anti-Insulin-like-growth factor receptor estrategie S
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Letrozole 2.5 mg/d
RADOO1 10 mg/d

Letrozole 2.5 mg/d
Placebo
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Sorlie, T et al. (2003) Proc. Natl. Acad. Sci. USA 100, 8418-8423



The HER Family

The epidermal growth factor family of receptors comprises
4 transmembrane proteins with distinct properties, which all regulate cell
proliferation

Extracellular

Intracellular

Adapted from Tzahar and Yarden. Biochim Biophys Acta. 1998;1377:M25.



Targeting HER2
Monoclonal Antibodies

Mechanisms of Action
HER?2 downregulation

Antibody-dependent immune mechanisms

Prevent homo- and heterodimer formation (some)

Inhibition of dowstream signal pathways (some)

Safety Profile

« Cardiac Toxicity

Clinical efficacy
« Approved in 1st line advanced (trastuzumab)
« Approved in adjuvant breast cancer (trastuzumab)

« High activity in locally advanced and inflamatory
breast cancer



Trastuzumab and pertuzumab bind to
distinct epitopes on HER2 extracellular domain

Trastuzumab

Activates antibody-dependent
cellular cytotoxicity

Enhances HER?Z2 internalization

Inhibits shedding and, thus,
formation of p95

Inhibits angiogenesis

Hubbard 2005

Pertuzumab

Activates antibody-dependent
cellular cytotoxicity

Prevents receptor dimerization

Potent inhibitor of
HER-mediated signaling
pathways




Targeting HER2
Small Molecules

Mechanisms of Action

» Receptor tyrosine kinase inhibitor

» Signal transduction inhibition
* (PHER2, pAKT, pMAPK, p27, etc)

Safety Profile
o Skin Rash, diarrhea

Clinical Efficacy

Approved in 2nd line advanced disease (lapatinib)

Active in 1st line

Activity in brain mets

High activity in inflammatory disease



Trastuzumab resistance

1. Presence of HER2 C-Terminal Fragments (CTFs)
(P95HER?2)




Truncated HERZ2 receptor (p95HER?2) is frequently expressed in
HERZ2 over-expressing breast cancer

26,7% of primary tumors CTFs have overexpression

Molina MA, et al. Cancer Res 61 (12): 4744-9, 2001.



Full length HER2 and p95HER?2 expression in breast
cancer

Scaltriti et al. INCI 2007



PI9SHER?Z2 expression in breast tumors
and trastuzumab resistance

POSHER?2 Response No response
status n (%) n (%)
negative 19 (51.4%) 18 (48.6%)

(n=37)

positive 1(11.1%) 8 (88.9%)
(n=9)

p=.029

Scaltriti et al. INCI 2007




Basal-like Breast Cancer

* 10-20% of tumors
* Low HER2 expression

* Low ER (and related
genes)

« Common in BRCA1
carriers

* 50% are p53 mutant
* Very proliferative



BRCAIL tumors are associlated with a basal tumor
profile

Sorlie, T et al. (2003) Proc. Natl. Acad. Sci. USA 100, 8418-8423



Characteristics of Basal-like Breast Cancer

Basal-like HER2+/ER- | Luminal A | Luminal B P-value
(n=100) (n=33) (n=255) (n=77)
Stage
| 24% 28% 44% 39% 0.06
I 62% 53% 47% 54%
HI-1V 13% 19% 9% 6%
Lymph node + 41% 56% 34% 47% 0.04
Invasive ductal 84% 949% 70% 79% <0.0001
Invasive lobular 0 0 12% 7%
Mixed 6% 6% 9% 12%
Grade Il 84% 75% 31% 31% < 0.0001

Carey LA et al, JAMA 2006




Basal-like Breast Cancer

* 10-20% of tumors
* Low HER2 expression

* Low ER (and related
genes)

« Common in BRCA1
carriers

* 50% are p53 mutant
* Very proliferative
 EGFR, c-kit, c-myc +



Phase |l randomised study of cisplatin and
cetuximab In triple negative breast cancer

Cisplatin g 3 weeks X 6 + cetuximab wkly

Randomization <

Cisplatin g 3 weeks X 6

Endpoints:  Response

N= 180

TTP
Survival



Dasatinib in Breast Cancer

11 of 35 breast cancer lines,
(IC,, <1 M)

were “sensitive”

-3

BMS-354825
. Difference mean log10(ICs)
Cell Line 1C5o(uM) +SD 3 2 1 0 1 2
AU-565 5.240 3.263
BT-20 0.165 0.104 :l
BT-474 6.738 4.152
BT-549 9.058 1.142
H3396 8.195 3.255
HCC1419 2.509 0.228
HCC1428 7.293 4.144
HCC1806 0.219 0.151 :I;l
HCC1954 0.024 0.017
HCC38 6.633 3.167
HCC70 0.034 0.016 _Itl
HS578T 0.647 0.589
MCF7 >9.524 0.000
MCF7/Her2 >9.524 0.000
MDA-MB-157 0.006 0.003 —l_l
MDA-MB-231 0.009 | 0.006
MDA-MB-435S 7.780 2.364
MDA-MB-436 >9.524 0.000
MDA-MB-453 >9.524 --
MDA-MB-468 7.126 4.096
SK-BR-3 2.753 0.841
ZR-75-1 ~ >9.524 0.000
ZR-75-30 9.263 0.583
Mean ICg, 1.576
Median ICg, 6.738
Min ICg, 0.006
Max ICy, 9.524
Range (Log conc) 3.238

Median tumor weight (mg)

Antitumor activity of BMS-354825 in a xenograft
model of HER-dependent human breast cancer
(KPL4). Animals were dosed at 15 or 30 mg/kg
PO, on a BID X 14, 5 days on, 2 days off
schedule. Triangles adjacent to X-axis indicate
dosing of BMS-354825
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Gene Expression Predictor of Dasatinib Response

O Low
[] High

Her2

PGR

KRT17

KRTS

71 e Cell line model of dasatinib
134 reslsgrr:;ler > vali)ue resSPOnse.
Responder
— EphA2
H 29 38 .
— Caveolin 1
KRT17 L 42 @ 0.0247 — Caveolin 2
H 25 42 — Pol I and transcript release
KRT5 L 46 @ 0.0003 factor
H 53 é — Annexin A2
ER L 18 1.2E-9 — IGFBP- 2
H 45 @ « Human breast cancer
H 46 é? — CK5/17 +
PR L 25 0.0003 — ER/PR/HER2-

Adapted from Ed Clark, BMS (2006)






Are we ready to use molecular diagnostics as part of routine
clinical practice? (l)

The answer is YES

« Advanced molecular diagnosis could spare thousands of
women each year from the harmful short- and long-term side
effects associated with chemotherapy

« Their prognostic significance has been validated. They are
not perfect but it is what gets closer to perfection

* In patients with node negative disease with
uncertainty/ambivalence about prognosis and/or decision
about adjuvant therapy, these tests are of great utility
today .



Are we ready to use molecular diagnostics as part of routine
clinical practice? ( and Il)

The answer is YES

Current clinical assumption that all patients derive similar
degree of benefit from chemotherapy needs to be
modified. These assays are predictive of benefit from
chemotherapy in N(-) ER(+) breast cancer. Thereis a
phenotype of chemotherapy sensitivity in breast cancer

As with any treatment modality, more trials are needed,
but this is not incompatible with using them in the clinic

Current treatment options in metastatic breast cancer are
Increasingly based on the molecular subtype of breast
cancer



