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Gene Expression Patterns of Breast
Carcinomas Predict Survival
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Activacion de Receptores HER y
Transduccion de Senales
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Strategies for EGFR Signaling Inhibition
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...pero no necesariamente mortal

Préstata
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Epitelio mamario normal

Célula luminal

Marcadores: RE y RP,
e-cadherina, citoqueratinas
8/18/19 EMA




Epitelio normal

Célula mioepitelial

Funcion: Contraccion, mantenimiento de la
MB, polaridad de las células luminales, anti-
angiogeénica.

Marcadores: citokeratinas 14/17, actina
musculo liso S-100 p63.




Epithelial |
(luminal)cell —

%

Myoepithelial
(basal)cell

Basal markers:
CK5/6, CK14, CK17, P-cadhern, Actin..
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gin of different breast cancer subtypes. Adapted from Dontu et al. (2004) [59]



MARCADORES CELULARES
(CKs e IHQ)

e Célula luminal
— CKs: 8,18y 19
— De forma ocasional pueden expresar CKs del tipo basal
e Célula basal
— CKs: 5/6,14vy 17
— Vimentina, Actina musculo liso, TP63, CD10, Proteina S-100

o Stem cells: pueden ser luminales o basales

— CD133 +, CD 44 +/ CD 24 -, Lgr5, Epitelial Especifico
Antigeno (ESA), ESA+/CD44+/CD24-, CK19/14, EpCAM,
CD49f y SSEA-4.

— Falta de expresion MUCI
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NUEVA CLASIFICACION
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Carolina Breast Cancer Study
Subtipos moleculares (n = 496)

Carey LA, et al. JAMA 2006; 295: 2492-502
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Gene Expression
(Fold Difference Relative to Median Level of Expression Across All Samples)

56 4 28 2 14 1 14 2 28 4 &6

Lower Median Higher



Pronoéstico del carcinoma de mama
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Breast Cancer Subtypes &
Therapeutic Implications
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CANCER MAMA HEREDITARIO

« Con gen BRCA 1 activado en muchos
aspectos son similares a los canceres
esporadicos tipo Basal

 El subtipo Luminal predomina en los
canceres con BRCA 2

 En ambos grupos los tumores HER2+
son muy raros




BREAST CANCER

3 DISEASE ENTITIES

HETEROGENEITY IN RESPONSE TO TREATMENT

Dose-dense chemotherapy :
Who benefits ?




SYSTEMIC TREATVMENT OF BREAST CANCER

s
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HER-2 as a Target for Breast Cancer Therapy

Michail Ignatiadis, Christine Desmedt, Christos Sotiriou, Evandro de Azambuja, and Martine Piccart

Benefit from
trastuzumab plus
chemotherapy in
metastatic breast

cancer ®
FDA approval for
trastuzumab in
metastatic breast
cancer

Overall
survival benefit
from
trastuzumab
plus

chemothera
in metastatic
breast
cancer ?

HERZ2/neu,
c-erB2 was
initially
discovered by
two
independent
laboratories'2

Lapatinib plus capecitabine prolongs
time to progression compared {o
capecitabine alone in patients with
HER2 positive
metastatic breast cancer after
progression to anﬂ'tracycllggs.
taxanes and trastuzumab
FDA/EMEA approval for
trastuzumab in early breast cancer
FDA approval for lapatinib plus
capecitabine in metastatic
breast cancer

Srtug st
agents targetin
ER2 ur%?ha?
signaling
pathways either
alone or in
combination are in
various stages of
development

HER2
amplification in
primary tumor is
apoor
prognostic factor
in breast cancer®

EMEA approval for
trastuzumab in
metastatic breast
cancer

Adjuvant trastuzumab
reduces the risk of
recurrence/death in

early breast cancer'%!!

Launch of the ALTTO trial who is
currently comparing lapatinib
alone, trastuzumab alone, their
sequence or their combination in
the HER2 positive early breast
cancer patients
EMEA [ggprwal for lapatinib plus
capecitabine in metastatic breast
cancer

Clin Cancer Res 2009;15(6) March 15, 2009




NUEVAS DIANAS BIOLOGICAS

SIGLO XXI
Receptores  Proteasoma
hormonas « Moduladores
esteroideas apoptosis
HER familia  Ciclinas y cdk
IGF familia e COX-2
TGF-a « PPAR-y
PDGFr .

Cascada de senales

Angiogénesis

31



Prognostic Factors

« Biologic features
— Grade
— Measures of proliferation
— HER-2/neu status
— ER and PR status

« Anatomic extent
— Nodal status
— Tumor size

Define

Define Risk

Risk of Of Recurrence

Recurrence

And Determine
Benefits of
Treatment

PREDICTIVE FACTORS



PROGNOSTIC AND / OR PREDICTIVE FACTORS

(e.g., FOR RESPONSE)
Prognostic

~tandard Py Standard M ey

—=—F actor present Predictive

- F artor absent

Standard M e Standard =T




Estadio y Opciones Terapéuticas

Tumor Diseminado Tumor Localizado
Tratamiento Médico Tratamiento Local
(Sistemico) (Anatémico)

« Quimioterapia

« Mastectomia

« Tumorectomia +
Radioterapia

+ Hormonoterapia
« Trastuzumab

PRO: Trata todas M1 PRO: Dafno solo local
CON: CON:
Soélo paliativo No trata metastasis
Toxicidad T. Sistémico Adyuy.



Politica de Lineas en CMM

¢ © o O ©

Proceso Indolente Proceso Agresivo
Postmenopausia o Edad <50 afios
>1lanocirugia/M1 4 Rapida aparicion M1
Afectacion piel / hueso o Afectacién visceral
No urgencia o RE ()

RE (+)

o Urgencia terapéutica

Hormonoterapia ——— Quimioterapia



Cancer de Mama

Quimioterapia



Historia de la QT en CMM

Monoquimioterapia

NH2, CTX, L-PAM, 5-FU

Tiempo Progresidon: 3-6 meses
Poliqguimioterapia antes ADR

CMF

Tiempo Progresidon: 7-9 meses
Antraciclinas

En monoterapia: TPP 10 meses

En combinacion




Mas alla de la ADR
Nuevos Citostaticos

® Platinos
® Vinorelbina
® Taxanos
= Taxol
= Taxotere
® Antimetabolitos
= Gemcitabina (Gemzar)
= Capecitabina (Xeloda)
® Antraciclinas liposomales
= Myocet, Caelyx

38



CMF como QT adyuvante
Bonadonna G, et al. N Engl J Med 1995

Probability of Overall Sunvival

P = 0.004 (unadjusted) 2 P = 0.04 {unadjusted)
P<0.001 (adusled) P = 0.02 (adusled)
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Improvements in Qutcome with 3™ Generation
Chemotherapy (CAF — Dose Dense AC-T)

30 m"

25 30%

B e B
a 21%
15 -

]
101 13% 5,0f,
0 iy

]‘ RFS

1 os

EER+
OER-

Benefiis seen for women with both ER+ and ER- tumors, but

substantially greater in setting of ER- tumor
Berry et al 3ABCS 2004



Lower ER Group Score Associated with Higher
Likelihood of pCR with preop chemotherapy

N=89

Doxorubicin + Paclitaxel

m
(?
=3
B
E
E
)
=
=]
=5
=8

o0 5%

o
ER Group Score

Gianni, et al. Proc ASCO 2004



Avances incrementales

|
Il Tam. 2 ahosvs 21 0y

‘5 anos 3

CMF vs Nada ! 24 9% Tam. 2 aios vs 20 0y

Nada 2

Antraciclinas vs 11 %
CMF 2

Paclitaxel vs 17 %
Antraciclina 3

Taxotere vs 28 0p
FAC 4

Exemestano 32 0p
vs Tam. 4

Dosis Densas ° 26 %

Por su importancia cuantitativa, el Exemestano en adyuvancia

(IES 031) supone un avance de importancia historica 42



Cancer de Mama

Trastuzumab (Herceptin)
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Expresion
del receptor
Union
del ligando
Hetero/homo-
dimerizacion
Activacion
de la tirosina cinasa

Transduccion
de la senal

B0003

Progresién
del ciclo celular

Supervivencia

§N09000

Internalizacion

del receptor
000000000000

00000CO000000

Degradacion
0 reexpresion

I claritrina

Degradacion

Proliferacion
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Tumer cells Endothelial cells, pericytes
(involved in angiogenesis)

HERZ

membrane |

EGFR
MRLUTITICEE TR

VEGFR
(NIRRT

POGFR-5

11 Enclothelial c&ll and
,,,,, peracyie membrarse

L

Cell differentiation Angiogenesis

Cell proliferation Cell adhesion/penetration/

Cell survival .
metastasis
(inhibition apoptosis) |

Figure 1. Key targets for breast cancer treatment.

Abbreviations: DAG, diacyl glveerol; EGFR, epidermal growth factor receptor; ERK, extracellular signal-related kinase ki-
nasc; HER-2, human epidermal growth factor receptor 2; [P3, inositol 1,4, 5-tnsphosphate; mTOR, mammahan target of rapamy-
cin; PDMGFR-B, platelet-denved growth factor receptor B:; PI3K, phosphatidyhnositol 3-kinase; PIP2, phosphatdylinositol 4,5-
bisphosphate; PKC, protein kinase C; VEGFR. vascular endothelial growth factor receptor.
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HER2-EGFR  HER2-HER2 HER2-HER3

HERZ achwaies mumanus Cellule sipnaling patfvays, EQFR-HERZ and HERZ-HERZ dimars achvale the Ras-Ral-MAFE, (ks PEC, and {he PLE
pathways, HERZ-HERI demers aclivate PIIK and (he downsiream AKT patheay, This schemabic o a simplshs overviaw of the relabree coniribubion ol
fha upsiream recaplors to downstraam signaling. There is cross-talk batwesn downstraam patiaays That connects. them to each athar, adding
consaderable complasity 40 the Signaling network, HERZ overesprassion and cweractivily rasulls in increased signaling thiough a1l (hese pallways,
eading 1o malignant ranssemation

Figure . HER-activated signaling pathways.

Abbreviations: BAD, Bcel-2-associated death promoter; EGFR, epidermal growth factor receptor; GSK3, glveogen synthase
kinase 3; HER-2, human epidermal growth factor receptor 2; HIF-1a, hypoxia inducible factor la; MAPK, mitogen-activated
protein kinase; MDM2, munne double minute 2; mTOR., mammahan target of rapamycin; PI2K, phosphatidylinositol 3-kinase;
PEC, protein kinase C; PLC, phospholipase C. Adapted from Atalay G, Cardoso F, Awada A et al. Novel therapeutic strategies
targeting the epidermal growth factor receptor (EGFR) famaly and its downstream effectors in breast cancer. Ann Oncol 2003
14:1346-1363, by permassion of Oxford University Press.
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230 MBC: Targeting Signal Transduction Pathways

Trastuzumab /

Parbuzumab

HERZ

BAEreEssion,
muftiplication,
gnd call death

.-"""

EGFR-1

Figure 3. Extracellular and intracellular targets of therapies at vanous stages of development for breast cancer.

Abbreviations: EGFR, epidermal growth factor receptor; ERK., extracellular signal—related kinase kinase; HER-2, homan em-
dermal growth factor receptor 2; MEK, mitogen-activated protein kinase/ERK kinase; mTOR, mammalian target of rapamycin;
PDGFR-B. platelet-denved growth factor receptor B:; PI3K, phosphatidvlinositol 3-kinase; TK tyrosine kinase; VEGF, vascular
endothehial growth factor; VEGFR, VEGF receptor.
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Selected Therapeutic Strategies for Her-2
Downstream Signaling Pathways Affect Multiple Phenotypes

Anti-ErbB2 (HER2)
receptor Mabs
(trastuzumab, 2C4,
trastuzumab-DM1)

Anti-HER1, HER2, HER4
tyrosine kinase inhibitors
(ZD1839, OSI-774, EKB-569,
GWw-2016, CI-1033)

mTOR inhibitors
(CCH779)

I - RAS farnesyl
‘She t L%Ez) \‘ transferase inhibitors
= . S Sos ) B (BMS-214662,

T—’?‘%‘-‘\ =~ Qs> rygr)
®TEN) ———— (Akt ) —| (Raf ) RAF inhibitors
-// 1 \ + (BAY 43-9006)
e & o @SK3 Y (MEK12) - MEK inhibitors
mTOR) (KR @add ¢ (CH040)
/ MAPK
p27 R
1
Cyclin D1
v
cell cycle survival proliferation
progression

Cancer Cell 1: 319: 2002




PTEN activation contributes to tumor inhibition
by trastuzumab, and loss of PTEN predicts trastuzumab

resistance in patients

Pandolfi, P. P. N Engl J Med 2004;351:2337-2338

Cell
membrane

Ripam}n:ln
Everolimus {RAD‘DM_]
CCI-779

:_I‘
Y

Tumorigenesis Tumar suppréssion

Tumorigenesis and
resistance to trastuzumab




HERZ2: Conceptos

l- El gen HER2/neu (C-erbB-2) esta localizado en el cromosoma 17q

= El gen HER2/neu codifica una proteina que es un receptor
tirosina quinasa

= El receptor HER2 pertenece a la familia de receptores HER
(también conocida como familia del EGFR)

= La familia HER esta formada por cuatro receptores homaologos:
= EGFR (HER1)
= HER2,
= HER3
= HER4

» EGFR, HER3 y HER4 tienen ligandos conocidos mientras que
HER2 es el unico receptor ‘huérfano’ (sin ligando)

» HER2 es el coordinador principal de esta familia de receptores
gracias a su facilidad para heterodimerizar

50
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La Dimerizacion de los Receptores de la Familia
+HER es Imprescindible para su Activacion

= Los receptores, en estado monomérico, son inactivos

= La dimerizacion (formacion de parejas) de los receptores
resulta en la activacion del dominio tirosina quinasa y en la
transduccion de sefales

= La dimerizacion puede ocurrir entre dos receptores iguales
(homodimeros; p.ej. HER2/HER2), o entre dos receptores
distintos de la familia (heterodimeros; p.ej. EGFR/HER2 o
HER2/HERS3).

= Cada combinacion de homo- y heterodimeros resulta en efectos
bioldgicos potencialmente distintos

51



Mecanismos de Activacion de HER?2

Hvtmdimerizacién (HER2 3+) Heterodimerizacion (HER2 1/2 +)
» Requiere sobre-expresion de HER2 = No requiere sobre-expresion de HER2
* No precisa ligando » Depende de ligando

Receptor Q q.
sin ligando

oo o | — A

: o | g ‘s

-~ EGFR EGFR/HER2

w2 e ey

oy
o® ® “
HER2/HER2 -
‘ — ‘
HER3 HER3/EGFR =

Albanell J. et al. Adv Exp Med Biol. 2003;532:253-68.
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Trastuzumab como Agente Unico en Cancer de Mama

Esquema: 4mg/kg seguido de 2mg/kg semanal

I Importancia de la Expresion de HER2 y FISH

B HER2 2+ " HER2 3+

35- [o}e)

301
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fg 257
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% 201 18 Copias del gen HER2 -
o FISH + 2
g 15'/ a
x| | e
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2/ 32linea 12 linea
HER2 2+ s6lo responden si FISH+ Vogel C. et al. J Clin Oncol. 2002 20(33:3719-26

Cobleigh MA. et al. J Clin Oncol. 1999 (9):2639-48



Bases para considerar HER?2
como Diana Terapéutica en Cancer de

+ \EIE!

ONCOGEN: La sobre-expression de HER2 puede
transformar a células normales en malignas

EXPRESION EN TUMORES HUMANOS: Un 20-30% de
canceres de mama humanos sobre-expresan HER2

PAPEL PATOGENICO: Los tumores de mama con
sobre-expresion de HER2 tienen peor pronostico

DIANA TERAPEUTICA ESTABLECIDA: En modelos
de laboratorio, anticuerpos anti-HERZ2 o inhibidores
de la actividad quinasa de HERZ2, tienen un efecto
antitumoral potente
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Adaptado de Ross JR. et al. Oncologist. 2003;8(4):307-25



Regiones de Union de HERZ2 a
"_Anticuerpos Monoclonales Terapeuticos

Pertuzumab
(aa 22-584) Mecanismos generales

]_Trastuzumab de accion:
(aa 529-625)

Dominio
extracelular

= Interferir con la funcién
de HER2 en cancer

» Respuestainmune

Dominio citoploasmatico
Tirosina giuasa
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Adaptado de Fendly et al. Cancer Res 50;1550, 1990



Trastuzumab

Es un anticuerpo IgG recombinante humanizado anti-HER2.
Se une especificamente al dominio extracelular de HER2.

Es el primer agente dirigido contra un receptor de factor de
crecimiento aprobado para uso clinico.

Esta aprobado para uso en cancer de mama metastasico con
sobre-expresion de HER2/neu (Hercept test/[HQ 3+ o
amplificacion por FISH).
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Vias para Aumentar el Potencial Terapéutico
+ de Trastuzumab

= Nuevas combinaciones con:
= Otros quimioterapicos
= Hormonoterapia
= Bioldgicos (p. ej. Inh. EGFR, bortezomib, Inh. Cox-2)
= Tratamiento neoadyuvante
= Tratamiento adyuvante
= Nuevos esquemas (cada 3 semanas)

= Trastuzumab ‘armado’
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Actividad Antitumoral con Regimenes
‘Pasados en Trastuzumab cada 3 semanas

Paclitaxel + Trastuzumab* Trastuzumab**

% Respuestas
(HER2 central)

Respuesta completa
Respuesta parcial
Enfermedad estable
Progresion

No valorable

Trastuzumab 8 mg/kg seguido de

% Respuestas

\

9
50 » 719 %
22
13
6

J

2
20
47
26

2

6 mg/kg cada 3 semanas

\

> 69 %

J

*2/3 linea / Verma S, et al. Eur J Cancer 2001;37:S146 (Abstragt 538)
**1 linea / HERZ2 + central / Carbonell et al. Proc ASCO 21; 73a, 2002



Tabla 1 Caracteristicas histopatologicas y moleculares de los tumores asociados a
mutaciones en los genes BRCA1 y BRCA2

Fenotipo BRCAl1+ ** BRCA2+ ***
Morfologia Ductal (75%) Ductal (75%)
Medular atipico (10%) Medular atipico (<5%)
Lobulillar més frecuente que en BRCA1

Carcinoma in situ Raro Comuan

Grado Alto (grado 3: 75%) Medio (2: 45%) o alto (3: 45%)
Receptores estrogenos Negativos (75%) Positivos (75%)

Receptores progesterona Negativos (75% Positivos (75%)

Expresion ERBB-2 Negativa (95%) Negativa (95%)

Expresion p53 Positiva (50%) Positiva (40%)

Expresion Ciclina D1 Negativa (90%) Positiva (60%)

Expresion Ciclina E Positiva (50%) Negativa (65%)

Citoqueratina 5/6 Positiva (45%) Negativa (90%)

**Tumores de mama asociados a mutaciones germinales en BRCA1
*** Tumores de mama asociados a mutaciones germinales en BRCA2
Modificado de Narod y Foulkes 11 y Palacios y cols °.
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