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Cuatro carcinomas de mama con sobreexpresion de HER2

54 anos

CDI 20mm, pNO
ER+/PR-

HER2 3+, ratio 3
FACx6
Herceptin 1 afio

52 anos

CDI 22mm, pNO
ER-/PR-

HER2 3+, ratio 7
FACx6
Herceptin 1 afio

No recidiva tras 8 afos

Mx hepaticas a 3 afos

47 anos

CDI 18mm, pNO
ER+/PR+

HER2 3+, ratio >15
FACx6

Herceptin 1 afio
Recidiva local a 4 aios

49 anos

CDI 18mm, pNO
ER+/PR-

HER2 3+, ratio >15
FACx6

Herceptin 1 afio
Mx dseas a 4 afios



Cuatro carcinomas de mama con sobreexpresion de HER2

54 anos

CDI 20mm, pNO
ER+/PR-

HER2 3+, ratio 3

FACx6

Herceptin 1 afio

No recidiva tras 8 anos




Distribution of HER2 gene copy number and chromosome 17

number in breast cancer

n=1711
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HERZ2 gene copy number does not predict response to

trastuzumab: the N9831 adjuvant trial (n=1888)

Criteria for Classifying Each Specimen

HER2
Amplified HERZ; > 10 HERZ2 signals in > 40% of invasive nuclei »u
Small clone of amplified HER2;, > 10 HER2 signals in > & and < 40% of S
invasive nuclei %
Duplicated HERZ: having an HERZ/CEP17 ratio > 1.30, but not amplified S
HER2 S
Deleted HER2 (-HER2}; having an HERZ/CEP17 ratio < 0.80 'g
CEP17 3

Polysomic 17 (+17; p17). = 3 CEP17 copies in > 30% of invasive nuclei
Monosomic 17 {(=17; m17); 1 CEP17 copy in = 60% of invasive nuclei
The final interpretation combined the HER2 and CEP17 results as follows

NACA: Normal for all chromosome 17 anomalies (HER2/CEP17 ratio
0.80 and < 1.30, < 30% nuclei with = 3 CEP17 signals, < 60%
nuclei with 1 CEP17 signal).

Normal HER2, —17: One CEP17 copy in > 60% of invasive nuclei and
two HER2 coples

Amplified HER2, +17: Amplified HER2 and +CEP17.

Amplified HER2, —17; Amplified HER2 and -CEP17. Riscaaliy n -
+17: = 3 HERZ and CEP17 copies in > 30% of invasive component @ Ao HERZ 1,488 788
{ratio > 0.80 and < 1.30). P17 855 458
-17. 1 HER2 and CEP17 copy in = 60% of invasive component {ratio > '_’1 51‘: —_
0.80 and < 1.30), o A

. Small Clone 85 45

S Dup HER2 118 63

Abbreviations: CEP17, centromere enumerator probe for chromosome 17; A i s 28
NACA, no apparent chromosome abnormality m17/-HER2 0 05
NACA 57 3.0

Failed/'ND a3 49

Total 1888 100

Perez, EA et al. J Clin Oncol 2010



HERZ2 gene copy number does not predict response to

trastuzumab: the N9831 adjuvant trial (n=1888)
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HERZ2 gene copy number does not predict response to

trastuzumab: the HERA trial (n=2071)
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Chromosome 17 polysomy without HER2 amplification not

predict response to trastuzumab or lapatinib

Key Inclusion
+ Incurable Stage HIAV N=579
« No prior treatment for MBC =
+ HER-2 negative or untested : Paclitaxel 175 mgim? q3w
oy D Lapatinib 1,500 mg po QD
Stratification o N=291)
+ Disease sites ‘,'
« Stage of disease :
_ T N Pacitaxel 175 mgim? g3w
Endpoints ! Placebo po QD
+ Primary: TTP S (N=288)
» Secondary: PFS, OS, QoL e
. Safety

Comparison of Progression-Free Survival
Among HER2-Negative Patients Based on Polysomy

+ HER2-negative (FISH),n = 405
Polysomy®, n (%) =44 (11)
No polysomy, n (%) = 361 (RY)

Lapatinib + Paclitaxel Paclitaxel
- ) . - {

N

| Polysomy | polysomy | Polysomy polysomy
Median PFS, 209 2456 244 231
_weeks I |
95%C| 11.4-283 9.3-336

Car 17

Cumulative progiression-free survival

10
i Polysomy 17522 L+ {n=17)
0.34 | :::,sors; e::zz;wln:’;l
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04 _—
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Downey, L et al. Clin Cancer Res, 2010

MResponders  [MNon-responders

Low-level polysomy
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[

Number of patients
Number of patients

|
o

IHC 3+/ |
IHC 0-2+/
not amplified

amplified
not amplified |
IHC 0 2+/
amplified
IHC 3+/
amplified

IHC/FISH status
Hofmann, M et al. J Clin Pathol, 2008

Intermediate-level polysomy

not amplified

IHC/FISH status

o

High-level polysomy
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amplified
IHC 02+
not amplifie
IHC 3+/
amplified
not amplified
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Poor prognostic significance of unamplified

chromosome 17 polysomy in breast cancer

Prognostic and predictive factors N (%) P (%) A (%) NvsP Pvs A
Nottingham score-8 11 37 34 P = 0.008 —
Nottingham score-9 11 14 34 - P=0.033
Nuclear grade-3 26 () 74 P=0.002 —
Mitotic score-2 18 54 43 P—0.001 —
Milotic score-3 18 26 40 - —
Histologic grade 3 20 44 69 P=0.02 P=10,02
T stage-2 18 31 30 — —
Lymph vascular invasion present 17 19 34 — —
Positive LN a8 42 45 — —
ER negativity 11 30 50 P=0.04 P=0.05
PR negativity 24 35 34 — —

— —nol significant,

PATOLOGIA MAMARIA

CO-3 (ANFITEATRO LA POLISOMIA 17 SE ASOCIA A FACTORES PRONOSTICOS
3 ) ADVERSOS EN EL CARCINOMA DUCTAL INFILTRANTE DE
MAMA

A Gaarar, L ANDRES, J GONzALEZ DE TANAGO, FJ ORTEGA, JJ
Burcos, JI LOPEZ

Servicio de Anatomia Patologica, Hospital Universitario de
Cruces (UPV/EHU), Barakaldo, Bizkaia

Krishnamurti, U et al. Modern Pathol 2009
Ya, M et al. Clin Cancer Res 2005
Watters, Ad et al. Breast Cancer Res Treat 2003



Does chromosome 17 centromere copy number predict polysomy

in breast cancer?

CGH in HER2+ breast cancer with/without cromosome 17 polysomy

FISH-DEFINED POLYSOMIC CASES FISH-DEFINED DISOMIC CASES
P e R e BB e o . S

SMS «—

HER2

== No change
== @Gain
== Amplification

BE-ZEERN EETAIIIEIERSEESESEEE EEBEEFXEEXEE®SER

Marchio, C et al. J Pathology 2009



Does chromosome 17 centromere copy number predict polysomy

in breast cancer?
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Cuatro carcinomas de mama con sobreexpresion de HER2

52 anos

CDI 22mm, pNO
ER-/PR-

HER2 3+, ratio 7
FACx6

Herceptin 1 afio

Mx hepaticas a 3 afos
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Poly (ADP-Ribose) Polymerase repairs single strand

DNA breaks

Types of DNA damage and repair

T f .
d.‘,'x:.: Single- Double- .:‘;:‘:“ _‘kv::;nm
strand strand N
breaks breaks l ;;:;.:::. l
(ssBs) (DSBs) ¢
v N O o
- e T ¢ « ¥

Mismatch
Repair Base Recombinational npl::
iei t Nucleotide- Direct
pathway: @xcision repair G
repair / \ ':“i reversal
1 HR NHEJ 1 l
enzymes: PY PARP ATM DNA-PK :"‘ ¢ AGT
BRCA merases  MLH1

Yélamos, J et al. Trends Mol. Med. 2008

Binds directly
to single strand

‘l! V" .
' breaks
( NAD+

nicotinamide

repair W

o \_/

10,000 repared DNA damage (SSB)
every day per cell

l

BER (Base Excision Repair)

+

Once bound to
damaged DNA, PARP
modifies itself producing
large branched chains
of Poly(ADP-ribose)




Poly(ADPribose)Polymerases Family
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The synthetic lethality concept

Dobzhansky T. Genetics 1946
Ashworth A. J Clin Oncol 2008

Gene X Gene Y

+ + No effect
— -+ No effect
+ — No effect
— — Death




The synthetic lethality concept

Normal
Cells
/\\\A

Repair Alternative
by HR repair
(BER)

Genomic
stability
Survival

=
-
AW O

R <
S Jr &
=sBDNA Damage
BRCA-Deficient | PARP-Deficient
Cells Cells
Alternative Repair
repair by HR
(BER)
Gross genomic Gross genomic
instability instability
Survival Survival

BRCA and PARP
Deficient Cells

Cell death with
chromosomal
deletions or exchanges

Ashwoth, A. J Clin Oncol 2009



PARP1 overexpression in breast cancer predicts survival and

correlates with genomic instability
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BRCA1 CpG island hypermethylation and silencing

ocurrs in breast cancer

BRCA1 CpG Island
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Inhibiting PARP-1 increases double-strand DNA damage

PARP1 inhibitors in clinical development

Drug Company Biophysical parameters Synergizes with (in vitro) Clinical trials* Phase*
ABT-888 Abbaott K = 5.2 nM(PARPY) Temozolomide Clloblastoma multiforme (with Phasell
K = 2.9nM(PARP2) Platins temozolomide)
FC_ =2 nM (CA1 cefls) Cyclophosphamide
w™2 M (CA1 cells) yclophosy ) “If“h Solid rumours and leukaemia Phasel
DNA SSB lonizing radiation s BN tind
MANG (varous combinations)
lopoisomerase | poisans BRCAT- or BRCAZ-mutant tumows  Phasel
AGDI4699  Plizer K= LAnM({PARP1) Temazolomide HRCAL- or BRCAZ mutant tumensrs  Phasedl
lopizing radiation
Topotecan
AZD2281  Astraleneca K, = SnM (PARP1) Termozokomide Platin-sensitive ovatian cancer Phase !l
apari K W (PARPZ |atins 5
Inhibition of by 2 e ol - Ptios BRCAL- or BRCAZ-mutant tumowrs  Phase dl
PARP-1 prevents = LipM{ankyrase 1)  MMS iwith carboplatin)
pr lonizing radiation (withand /' carbapiatin
recruitment of withaut 17-AAG) Tripe-negative breast cancel Phase |
repair factors {single-agent or with carboplatin)
to repair S58 Other solid tumours Phase VI
BS1-201 Sanofi-Aventis. ND lonizing radiation [ripde-negative breast cancer fwith  Phase Il
. Oratiplatin gemcitabine and carboplating
Replication Coerncitibane srvd : . g
(S-phase) carboplotin ( )%.u'mn cant ('1.\][NJ|.I|:J'~HMI.D Phasell
maktiforme and uterine cancer
Topotecan :
' [varkous comblnations)
A .- LAZ mutant pancreatic cancer ase 1D
\d DNA DSB BRCA2 i Phase it
n J ‘J\/ {various combinations)
4 ‘d ‘d Other solid umonrs Phase
CEP-8983/ Cephalon IC,, = 20nM (PARF) Temozolomick: Solidd tumours (with temozolomide)  Phasel
CEP-9722 I, =6 nM (PARP2) Topoisomerase | poisons
(prodrug)
ME-4827  Merk IC = 3.20M [PARP1) Solid tumours and ovarlan cancer Phasel

Ashwoth, A. J Clin Oncol 2009

IC. = 40 (PARP?)



Cuatro carcinomas de mama con sobreexpresion de HER2

47 anos

CDI 18mm, pNO
ER+/PR+

HER2 3+, ratio >15
FACx6

Herceptin 1 afio
Recidiva local a 4 aios




High resolution genomic of copy number aberrations

in HER2-amplified breast cancer
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Prognosis of HER2 patients with hormone receptor expression
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HER2 in basal-like breast cancer

e 10-17% of tumors (depending
threshold of IHC)

* 100% TN

e 8-29% are normal-like, apocrine
or claudin-low

e <50 years
¢ Often present as interval cancer

e Aggressive behavior: peak of risk
of recurrence 1-3 years after dx and
majority of deaths in first 5 years
following therapy

e No correlation between tumor
size and presence of lymph node
metastasis

e 10% grade |, apocrine,
pleomorphic lobular, mixed
carcinomas

e Elevated mitotic count, high
apoptotic raise, central fibrosis,
78% pushing margin, 46%
lymphocitic response, metaplasia

* 78% genomic instability

Carey, L et al. Nature Reviews 2010

Clinical Expression array/

(IHC) IHC phenotype

TNBC BLBC

~75% concordance

Mvimentin
MeyclinD1 VAR D crystallin
/[\ caveolins /I\ p-cadherin
N p-cadherin Mpl6

ER, PR and Je Basal
HER2 negative - cytokeratins
(CK5/14/17)

J cyclinD1
Lp27
BRCA1 methylated

BRCA1 deficiency
or dysfunction

BRCA1-associated
breast cancer

¢ 15% of tumors

* 80-100% TN

e 15-45% express ER, 14% express
HER2

¢ Young patients
¢ Often present as interval cancer

e More aggressive clinical behavior
when compared with either ER,
non-basal-like cancers or with
grade-matched non-basal-like
cancers

¢ Disseminate to axillary nodes and
bones less frequently and to favor
a hematogenous spread with a
peculiar proclivity to develop
metastatic deposits in the brain
and lungs

e High grade ductal, medullary,
adenoid-cystic, secretory,
metaplastic carcinoma

* 76% elevated mitotic count, high
apoptotic raise, 51% central
necrosis, 34% pushing margin, 61%
lymphocitic response, metaplasia

* 82% genomic instability



Cuatro carcinomas de mama con sobreexpresion de HER2

49 anos
CDI 18mm, pNO
ER+/PR-
& HER2 3+, ratio >15
FACx6
Herceptin 1 afio
Mx dseas a 4 afios




Identification of subtypes in HER2 amplified breast cancer

reveals gene signatures prognostic of outcome
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Hallmarks of cancer

Sustaining Evading
proliferative growth
signaling suppressors

Deregulating Avoiding
cellular immune
energetics destruction
#
Resisting Enabling
cell replicative
death immortality
Genome Tumor-
instability & ~ promoting
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Hanahan D and Weinberg RA. Cell 2011



Identification of subtypes in HER2 amplified breast cancer

reveals gene signatures prognostic of outcome

Tyrosine-kinase receptors

cell survival

l|

cell cycle |-
/ —+  cell survival
apoptosis
\\‘
proliferation

apoptosis |-
cell growth




Sensitivity to HER2 therapies:

PI3K pathway is a major determinant of trastuzumab

resistance in human breast cancer
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Berns, K et al. Cancer Cell, 2007




Sensitivity to HER2 therapies:

PI3K pathway is a major determinant of trastuzumab
resistance in human breast cancer

1,071 PTEN expression 1.0 PIK3CA mutation 1.0 activation of PI3K
Tlow status pathway
I high JWwild type ~1no

3 =+ high-censored 5 ~Imutated & ~Iyes
§ 087 % 0.8+ + wild type- k- 0.8 =+ no-censored
% 8 censored 3
4 E’ )
o £ 8
g. 0.6+ w~ 0.0 8 0.6
. ] s
2 E
2 ot -]
'5 o s
204 2 04 ot
a a 3
& 0.2 a 0.2+ a 0.2+

A - 0,0

& p-value 0.127 00 p-value 0.052 | ; : : Ip-vznlue 0.0'07
& T T T 1 T 1 1 1 1 I g
0.00 10.00 20.00 30.00 40.00 50.00 0.00 10,00 20.00 30,00 40.00 50.00 0.00 10.00 20.00 30.00 40.00 50.00
Time to progression in months Time to progression in months Time to progression in months

Table 1. Multivariate Cox Regression Analysis: Individual and Joint Effects of PTEN Expression and PIK3CA
Mutation on Time to Progression

n (Patients) n {Events) HR® 95% Ci p

PTEN high 39 34 1.0

PTEN low 11 1 1.5 0.7-3.3 0.300
PIK3CA WT 40 34 1.0

PIK3CA mutant 14 14 1.6 0.8-3.3 0.210
Not-activated PI3K 29 24 1.0

pathway

Activated PI3K pathway 24 24 1.9 1.0-3.6 0.048

HR, hazard ratio; Cl, confidence interval, WT, wild-type; Not-activated PI3K pathway, PTEN high + PIK3CA wild-type; Activated
PI3K pathway, PTEN low or PIK3CA mutant.
“Based on Cox regression with age as time scale, stratified for center, and adjusted for ER status.

Berns, K et al. Cancer Cell, 2007



ERK signaling is differentially regulated in HER2 breast

cancer tumors

| —
A logFC t P.Value Description
el 2,431532 6,64246 7,41E-005 immunoglobulin J polypeptide
1,462103 5,68524 0,000246833 taste receptor, type 2, member 50
1,439652 11,3372 7,95E-007 coiled-coil domain containing 80
1,318685 5,6802 0,000248483 ankyrin repeat domain 26-like 1
1,282294 6,40051 9,93E-005 HBV preS1-transactivated protein 4
—. Tyrosine-kinase receptors
1,259337 5,1395 0,000518383 nexilin (mediates cell motility) \
1,255715 3,26687 0,009081039 chromosome 5 ORF 13 &
1,231438 4,29658 0,001773256 ABI family, member 3 (NESH) binding protein ¥
1,203075 4,67857 0001002801 chromosomes5 open reading frame 13 | Cell ’:"a::b::‘ﬁ\""” v
1,10695 8,55906 9,18E-006 insulin-like growth factor binding protein 5
1,099819 3,78578 0,003922591 CD36 molecule (thrombospondin receptor)
1,014269 4,6789 0,001002311 interleukin 1 receptor, type |
1,000403 4,74937 0,000904342 ovarian cancer-related protein 1
0,964626 3,65179 0,004857852 SPARC-like 1
0,85458 4,14657 0,00223071 matrix metallopeptidase 16

-0,8098 -4,3938 0,0015307 dual specificity phosphatase 1

-0,83387 -5,42923 0,000347777 mucin-like 1

-0,83767 -3,24858 0,009358498 serpin peptidase inhibitor, clade A member 1
-0,89784 -3,72294 0,004335209 stanniocalcin 1

-0,92997 -3,33742 0,008088064 S100P

-0,94177 -3,49619 0,006243835 chemokine (C-C motif) ligand 3-like 1
-0,99455 -4,13313 0,002277382 ATPase family, AAA domain containing 4
-0,99751 -3,30033 0,008595254 interleukin 1, alpha

-1,00116 -3,98446 0,002868548 chemokine (C-C motif) ligand 3-like 1 differentiation
-1,07639 -3,69335 0,004545022 secretoglobin, family 2A, member 2
-1,10141 -3,27503 0,008960016 peptidase inhibitor 3, skin-derived

-1,15434 -3,89873 0,00328119 chemokine (C-C motif) ligand 3

-1,28668 -4,95976 0,000668049 tissue factor pathway inhib. 2
-1,41591 -3,91126 0,003217192 chemokine (C-X-C motif) ligand 5
-1,84778 -3,9169 0,003188778 serpin peptidase inhibitor,

-2,47515 -4,13645 0,002265774 interleukin 1, beta

Gonzalez-Navarrete, | et al. In preparation



ERK signaling inhibition potentiates HER2-therapy

effects in breast cancer
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ERK signaling inhibition induces apoptosis and cell cycle

stop in breast cancer tumors

p-ERK1/2 Ki67 c-caspase 3

Control RO Control RO Control RO

downregulation upregulation

Gonzalez-Navarrete, | et al. In preparation



¢Son iguales todos los carcinomas

de mama HER2+?

* Existe una alta heterogeneidad clinica, fenotipica y molecular en

los carcinomas de mama HER2+

* La amplificacion de HER2 se asocia a inestabilidad cromosomica,
y, con frecuencia, a una alteracion de otros oncogenes o vias de

sefalizacion intracelular (conveniencia oncogénica)

* Se esta trabajando en la identificacion de nuevas dianas
terapéuticas en cancer de mama comao co-tratamiento contra

HERZ2



