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Algunas caracteristicas de la medicina de
precision
* Tratamiento selectivo (s6lo unos cuantos pacientes)

* Mejorias en la supervivencia
* No existe comparador

ESMO 2014: Precision Medicine
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Why precision medicine in cancer care? Because each patient’s cancer is unique
and may respond differently to the standard treatment approach.



MAS OPCIONES PARA EL MANEJO DEL CANCER

CANCER CARE
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ancient times-present 1890s-present 1940s-present ONCOLOGIA DE PRECISION

American Association for Cancer Research Cancer Progress Report 2015 (modificado)



1. Contexto y antecedentes

Utilizacion de biomarcadores en el desarrollo de estrategias de Medicina Personalizada en Cancer

Los biomarcadores moleculares predictivos de respuesta a tratamientos
especificos se estan utilizando especialmente en el caso de pacientes con
cancer de mama, cancer de pulmodn, cancer colorrectal y melanoma.

Determinaciones moleculares utilizadas con mayor frecuencia para la seleccion de

BIOMARCADOR CANCER FARMACO
HER2 (amplificacion/sobrexpresion) Mama Trastuzumab
Lapatinib
Estomago Trastuzumab
KIT y PDGFRA (mutacidn) GIST Imatinib
KRAS y NRAS (mutacion) Colo-rectal Panitumumab
Cetuximab
EGFR (mutacidn) Pulmén (adenocarcinoma) Gefitinib
Erlotinib
ALK (traslocacién) Pulmdn (adenocarcinoma) Crizotinib
BRAF (mutacion) Melanoma Vemurafenib

SI::E,!}A Plataforma de Biomarcadores en Cancer SEAP-SEOM



Uso actual de Biomarcadores (MPP v. 1.0)

T personalizada | Inmunoterapia

Cancer de mama 85% 20%
LMC 100% 0%
Cancer de pulmon 25% 60%
avanzado

Melanoma avanzado 55% 100%
Cancer de colon 45% 0%
avanzado

Cancer de pancreas 0% 0%



&5 Precision Medicine

Cancers classified by molecular abnormalities and site of origin

Exceptional success when treatment is matched to a driver mutation
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Vansteenkiste J. et al., atezolizumab in NSCLC (POPLAR)
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Algunos ejemplos de
Oncologia Personalizada
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e Cancer de pulmon
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THE MAKING of HERCEPTIN,

a REVOLUTIONARY TREATMENT

ST CANCER

ROBERT BAZELL
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Cancer de mama

Receptores Hormonales Caracteristicas gendmicas

~ HER2
B PI3K
W FGFR1
= AKT

W PTEN
W BRCA1
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EFECTO DE LA EXPRESION DE HER2EN LA EFICACIA
DEL HERCEPTIN (EN %)

Expresion de HER2

en el tumor primario
N2 -+ ++ +
Herceptin solo, segunda linea 222 4% 17 %
Herceptin solo, primera linea 113 0% 31%
Herceptin + Paclitaxel 89 21 % 44 %
Herceptin + AC 146 40 % 53 %

AC: adriamicina/ciclofosfamida.

El oncogén HER2 como
ejemplo del progreso
diagnéstico y terapéutico
en cancer de mama

Rev Senologia y Patol Mam 2001,;14(1): 8-19



Adjuvant CT Plus Trastuzumab:
Disease-Free Survival

NSABP B-31

Patients (%)

60 - Patients Ewvents Treatment
872 171 AT
864 83 ACSTH

504 HR: 0.45; 2P=1x10"4
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Years From Randomization

HEASF=Nabonal Surgucal Advant Sreast and Bowed Project AC= doxon bicin + oycloph osph amade; T = paclitaxed, H
= Trashuzumat; HR = hazard ratic

Romond EH et al W Engl J Med 005353 167316384, Copynigh i 2005 Massachyusels Medca Sociaty, All nghts résensed



HER2+ Disease: Major Clinical Advances

3 Large
Initial Randomized Adjuvant
Irial Demonstrating Trastuzumab 2010 Phase It  Pertuzumab
Benefit of Trastuzumab Trials Lapatinib 2007- Phase.ll 172 of Pertuzumab Preop
2002 Approved S — Approval
Trial of T-DM1 2012
1998 it Preoperative S 2005 Initial Trials 2010 Preoperative 2011
Trials Reported Of T-DM1, Trials of
Pertuzumab, Duzl Blockade Phaselll 2013
Neratinib begin of T.DM1
vs Cape/lLap
oo ASCO ANNUAL MEETING 17 #ASCOTT ooy o ey 0%s9







Doble Inhibicion de HER2 y Respuesta Completa Patoldgica

49%-56% ER+ o

71%-74% ER- 58%
GeparSepto

35%-43% ER+

54%-73% ER- 56%

46%-50% ER+ o

65%-84% ER- 52%
TRYPHAENA

26% ER+

63% ER- 46%
Neo-Sphere




Primary analysis of BERENICE: A phase Il cardiac safety study of pertuzumab, trastuzumab, and
neoadjuvant anthracycline-based chemotherapy in patients with locally advanced, inflammatory, ol
stage, unilateral, and invasive HER2-positive breast cancer

Swain SM, et al. Abstract P4-21-41, Fri 9 Dec, 7:30-9:00am, Poster Session 4, Hall 1
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between the two cohorts

*  Most common AEs: nausea,
diarrhoea and alopecia

*  Most common SAE: febrile
neutropenia

HR-positive HR-negative
(n=252) (n =140)










Breast cancer patients




Alteraciones genomicas sobre las que se podria actuar
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Candidate « actionable » genomic alterations
(with drugs under development)

35 -
o 1. 10-20 candidate actionable drivers,
2. Most of them occuring in <10% of patients
25 - 3. Identification and targeting of drivers currently =
suboptimal results in breast cancers
20 (25% antitumor effect,n=52, SAFIR01, Lancet Oncol, 2014)

% of primary tumors

Andre F, ASCO 2014



Algunos ejemplos de
Oncologia Personalizada

*Cancer de mama

* Leucemia Mieloide Cronica
* Melanoma

*Cancer de pulmon
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Rewriting Medical History
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Patients diagnosed with CML are
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Dianas moleculares en Melanoma

* BRAF ~ 50%
* NRAS ~ 20%
* CKIT ~ 1%

* Primarily mucosal and acral lentiginous

* GNAQ/GNA11 ~ 1%

* Almost exclusively uveal

Nikolaou VA, et al. J Invest Dermatol. 2012;132:854-863.
Smalley KS, et al. Semin Oncol. 2012;39:204-214.



Table 2. Oncogene mutations in melanoma

Oncogene Incidence (%) Type of melanoma Comment

Found most frequently in sites
BRAF 40-50 Cutaneous where sun damage is intermittent
and not chronic

NRAS mutations are mutually

NRAS 15730 Cutaneous exclusive of BRAF mutations
Found f tly in chroni
c-KIT 5-10 Acral and mucosal | ¢ More rrequenty |-n chromie
sun damaged skin
GNAQ and Uveal
80 Uveal mel
GNAT1 (almost exclusively) veal melanomas are very rare

BRAF = v-raf murine sarcoma viral oncogene homologue B1; c-KIT = v-kit Hardy-Zuckerman 4 feline sarcoma viral «
GNAT11 = guanine nucleotide-binding protein subunit alpha-11; GNAQ = guanine nucleotide binding protein (G pr.
NRAS = neuroblastoma RAS viral (v-ras) oncogene homologue



Nivolumab

Immunotherapies

Targeted therapies alliyman

Vemurafenib

Dab:rafenib
Tran_1etinib

Dacarbazine High-dose IL-2

Pe:mbrolizumab

1975 1980 1985 1990 1995 2000 2005 2010



@ Precision Medicine

But precision medicine has A
brought new complexity —and
challenges

Photographs were taken:

A. Before initiation of
vemurafenib

B. After 15 weeks of therapy
with vemurafenib

C. At relapse, after 23 weeks
of therapy.

Source: Wagle, N et al. Dissecting Therapeutic Resistance to RAF Inhibition in Melanoma by Tumor Genomic
Profiling. JCO August 1, 2011 vol. 29 no. 22 3085-3096



Progression-Free Survival ]
Vemurafenib vs control

in metastatic BRAF+
~ VVemurafenib (n = 275) metaStatlc mEIa noma

- Dacarbazine (n = 274)

Hazard Ratio .26
(95% CI, .20 - .33)

-

Progression-Free
Survival (%)
(%))
o
|

gg : Median 1.6 months Median 5.3 months..';. Log-rank P < .0001
10 1 1 ------ R
0 IR R | P [ N VR [ S 1 |
0O 1 2 3 4 5 6 7 8 9 10 11 12

Number of patients in follow-up Time (Months)

Dacarbazine 274 213 85 48 28 16 10 6 3 0
Vemurafenib 275 268 211 122 105 50 35 16 4 3

A

Dabrafenib vs control in T e W
metastatic BRAF+ = 5
metastatic melanoma o ® ¥ 3 % T 7 3 T 1

Dacarbazine 63 53 31 14 11 6 4 2 0 0



BRAFi: Why Does Resistance Happen

All patients still have the BRAF'®C mutation at the time of resistance

Unknown
Mechanism
of Resistance

MAPK
Pathway
Re-Activated
MAPK & PI3K
Pathway

Re-Activated

Shi,... Lo, Concer Discovery, 2013

—> Rationale to combine BRAF with other MAPK inhibitors



New Agents for Stage IV Melanoma

Pre-1998 Approvals w/o (+) randomized trials
1998-2011 No approvals

2011-2014 7 new regimens approved

Chemotherapy Immunotherapy Targeted Therapy
Dabrafenib
Vemurafenib Dabrafenib +Trametinib

1975 DTIC
1998 HD-IL2

Nivolumab
Ipilimumab Tiariatinds Pembrolizumab

e——= US Approval
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Oncologia Oncologia de

estandar Precision
* DEfine IOS Cénceres ° Deﬂne |OS Ca'nceres
segun el 6rgano donde se

segun sus causas
moleculares, ademas
de los signos y
sintomas
tradicionales

originan



¢Tenemos ya tratamientos que estén
indicados contra alteraciones
genéticas en lugar de contra un cancer
concreto ?



Farmacos “transversales” de precision
molecular

* Imatinib
* Leucemia mieloide crénica (bcr/abl)
* Tumores del estroma intestinal (kit, PDGFR), DFS protuberans (COL/PDGF)

 Trastuzumab

e Cancer de mama HER2+
e Cancer gastrico HER2+



Farmacos “transversales” de precision
molecylar,

* Leucemia mieloide crénica (bcr/abl)
* Tumores del estroma intestinal (kit, PDGFR), DFS protuberans (COL/PDGF)

 Trastuzumab

 Cancer de mama HER2+
e Cancer gastrico HER2+

* Votrient
e Cancer renal (VEGFR)
e Sarcomas (kit)

e Sunitinib
e Cancer renal (VEGFR), GIST (kit)
* Tumores neuroendocrinos pancreaticos (VGFR)

* Everolimus
e Cancer renal (mTOR)
e cancer de mama (mTOR)
* tumores neuroendocrinos pancreaticos (mTOR)



Common Cancers Now Collections
of Rare Cancers

A Spectrum of oncogenic “driver” mutations B Relative frequency of EGFR mutations
in NSCLC* (n = 1,003) in NSCLC (n =127)
ERBB2 Exon 20
BRAE 9% MEK1NRAS axT1 insertion 861Q G719A G749

e 059 0.5% (0396, e sertion 13%  1.3% 1304
PIK3CA 0.2%
21%

EGFR

14.8%

No mutation
KRAS detected
22.9% 55.7%

(o] Spectrum of oncogenic “driver” mutations D Relative frequency of BRAF mutations
in melanoma (n = 955) in melanoma (n = 382)
aNAG 2"3';/ (31"‘;};1 CTNNB1 V600D V:g‘;M
o () B 0o 0 A 0
S 1.1% VeooR V600G

0.3%

2.6% \

NRAS ;
No mutation
18.1% detected
35.2% ,

© 2014 American Association for Cancer Research

CCR Reviews AR

Catherine B. Meador et al. Clin Cancer Res 2014;20:2264-2275



Dianas terapeéuticas: precision... y punteria

Buena Precision Buena Precision Poca Precision
Buena Punteria Mala punteria Mala punteria



Vestager v the Valley

The America’s incoherence on Iran
»
EconomlSt The case for reappointing Janet Yellen

Seed capital: the sperm-bank business

Closing in on cancer

New therapies;new priorities




CONVENTIONAL MEDICINE vs. PRECISION MEDICINE

Traditionally, radiation, chemotherapy, and surgery were the only means by which doctors could treat cancer.
With precision medicine, doctors use a patient’s genes to uncover clues for treating the disease.

RADIATION SRS _ GENETICS

« High-energy particles ) - Gene sequencing
damage or destroy \ * Locate cancer-
cancer cells ~ \ causing genes

CHEMOTHERAPY S : IMMUNOTHERAPY

» Chemicals attack N - Identify ways to
cancer customize treatment

SURGERY * Find ways to turm

- Operate on part immune system on
of the body to « Personalize treatment

diagnose or treat
cancer

: / @ ‘; with immune-activating
Advanced @ ‘ T i drugs

Personalized " X / TARGETED THERAPIES

Treatment R 4 ¢ » Drugs turn specific
" ; genes on or off

B S SN AN + TRADITIONAL THERAPIES






