Curso w’ﬁﬂ-ﬂa&*ﬂ

. ot S
Medicina Personalizada de Precision 'J;‘Rxgﬁ

De la teoria &?\x%
a la practica ﬁi“f h’;{-

Medicina de Precision en Oncologia
Presente y Futuro

".m Hospital Universitario U%
savacrs € La Princesa UNIVERSIDAD AUTONOMA

DE MADRID



26 DE SEPTIEMBRE

|6:00-20:30 Modulo 1I: Presente y futuro
de la Medicina Personalizada
de Precision
Dr: Luis Paz-Ares
Jefe de Servido de Oncologia Médica
Hospital Doce de Octubre
Dr. Ramén Colomer
Jefe de Servidio de Oncologia Médica
Hospital La Princesa



25 DE SEPTIEMBRE

26 DE SEPTIEMBRE

27 DE SEPTIEMBRE

5301600

&:00-20:30

Inauguracion

D José Lus Alvarez-Sala

Degane Focukod de Medicng LICW

D? lrene Mavarro

Directovg geneml Fundactn Madrid Excalente
D Fedenco Plaza

Vicepresidente Fundadidn nsswmo Roche

Modulo I: De la Biologia
Molecular a la Medicina:
Fundamentos de la Medicina
Personalizada de Precision

Dr Miguel Unoste
Uinidad Chnica de Cdncer Familiar
Cento Nacona de lnvestipacones Oncoldeicas
(CMICY

P
Dira. Cnstina Rodriguez
Grupo de Cdncer Endocring Hereditario
Programa de Genérioa del Cdncer Hurmano
Centt Macianal de knvesapaconss Oncoldeicas

e
(IO

[600-20:30 Modulo 1I: Presente y futuro

de la Medicina Personalizada
de Precision

Dr. Luis Paz-Ares

Jefe ae Senvicio de Oncologio Médiog
Hospital Doce de Octubre

Dr Baman Colormer

e ae Senacio de Onaologio Médiag

Hospitl [0 Princesg

&00-1%00 Modulo 11 Investigacion clinica

en Medicina Personalizada

de Precision

Dra EstherVilas

Miembvo del Peronam. Fundacidn inssitut Roche
Head of Medioal Saregy: Roche Farma

Dr. Franaisco Abad
Jefe de seacidn del Servico de Farmaoologia Chinica

Hospigl La Princesa

Leccion magistral

“H ejerdicio de la Medidna Personalizada
de Precision como modelo de
humanizacion de la asistencia sanitaria”
Dr. Fermando Bandrés

Canedrdton y profesor de g Foculad de Medicing
de o LM

Clausura

C* Irene Mavarmo
Direamrg genenl

Fundacidn Maavid Excelente

O* Consuelo Martin de Chos



Why Precision Medicine?
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Targets tumors with Mitigates Reduces
greater accuracy unnecessary prescription
treatments errors
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Dianas para el tratamiento del cancer




Dianas terapéuticas:
precision... y punteria

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



Supervivencia del cancer en hombres (rojo), y mujeres
(gris), 2017

1985-1989 1990-1994 1995-1999 2000-2004 2005-2007



Por qué el cancer tiene hoy
mas supervivencia?

* Avances en los tratamientos

* Ocurren igual en todos los tipos de cancer?



Avances en cancer de pancreas
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Avances en cancer de mama
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Supervivencia al cancer en mujeres
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Oncologia Oncologia de
estandar Precision

e Define los canceres ¢ Define los canceres

segun el organo segun sus causas

donde se originan moleculares, ademas
de los signos y
sintomas

tradicionales



Oncology Workflow
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Precision Oncology Workflow
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Genomic alterations affecting actionable
signaling pathways in common solid tumors
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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.






PILARES DEL TRATAMIENTO DEL CANCER
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MAS OPCIONES PARA EL MANEJO DEL CANCER

CANCER CARE
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El paradigma clasico: el cancer es una
enfermedad del ADN

SCIENCEPNC

Nature, 1953
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Aparicion de la biologia molecular
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Molecular targeting of cancer.... finding the right fit

Molecular
Cancer
Therapeutics
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Fases de la Oncologia de Precision

Jeff Shrager and Jay M. Tenenbaum
NATURE REVIEWS | CLINICAL ONCOLOGY



Precision Oncology 1.0

* Precision Oncology 1.0
— Testing for small numbers of molecular abnormalities

— |s almost always constrained by the tissue-of-origin, and
microscopic histology.




1. Contexto y antecedentes

Utilizaciéon 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 (mutacién) Pulmén (adenocarcinoma) Gefitinib
Erlotinib
ALK (traslocacidn) Pulmdn (adenocarcinoma) Crizotinib
BRAF (mutacion) Melanoma Vemurafenib

Sé&P'IAE“*“E"q SEP_M Plataforma de Biomarcadores en Cancer SEAP-SEOM 37



Ejemplos de asociaciones
farmacogenéticas de marcador unico con
farmaco unico

Molecular

Guidelines and

marker _ Hrug Tumor site Recommendations | FDA lagel

Estrogen and Tamoxifen Breast NCCN, ASCO Yes
Progesterone

I!'Ec_lﬂ]tDFE

HERZ2/ERBBZ Trastuzumab Breast NCCN, ASCO, NICE Yes
KRAS Cetuximab and Colon NCCN, ASCO, EGAPP | Yes

Paniturnumab
cKit " Imatinib Gastrointestinal NA ' Yes
| stroma _

ALK Crizotinib Lung NCCN Yes
EGFR Erlotinib and Afatinib | Lung MNCCN Yes
BRAF Vemurafenib, Melanoma MNA Yes

Trametinib and
' Dabrafenib




Precision Oncology 2.0

* Examining dozens or potentially
hundreds of mutational hotspots
simultaneously Requires - ——
specialized equipment VAT

* Few patients have had the opportunity to
take advantage of Precision Oncology 2.0,
but with the broad availability of next-
generation sequencing and molecular
diagnostic service providers to aid in
interpretation, it is rapidly becoming
astandard of care at leading cancer centres
worldwide




Moffitt’s Total Cancer Care
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Ejemplos de Precision Oncology 2.0

* Centre for Integrated Diagnostics.
Massachusetts General Hospital

* UW-OncoPlex—Cancer Gene Panel. University
of Washington



Precision Oncology 3.0

Pan-omics and network-based statistical reverse engineering
methods.

Treatment decisions, monitoring, and subsequent treatment choices
are all based on molecular analysis of the biochemical

Every treatment is a probe in a small cohort of patients, and
aggregating the results to achieve strong evidence. Developing
computational and analytical tools

Overcoming economic, social, and structural impediments
Convincing payers to cover off-label use of approved drugs

Many Medical Institutions involved

— Duke Centre / Weill Cornell Medical College at New York—Presbyterian Hospital

— MD Anderson Cancer Centre / University of Michigan, London, Cancer Research UK;

— Dana-Farber Cancer Institute, INCa ;, Curie Institute, Gustave Roussy, Villejuif;

— Massachussets General Hospital, Nationwide program, Norway; Princess Margaret Canc
— John Hopkins, Baltimore, USA; Michigan



Pl

Monitoring

N &

Biomarkers

Treatment

Normal Original
skin cell cancer cell \
Panomics

AATGCC
ATCATG
TCGGTA
TCGCAC

Network analysis

Treated cell



MI-ONCOSEQ:
The Michigan Oncology Sequencing Center
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MSK-IMPAK'T
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Paneles de multiples genes disponibles
comercialmente en EEUU usando next-
generation sequencing (NGS)
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TABLE 1. Commercial Targeted DNA Pan-Cancer Next-Generation Sequencing Assays

VENDOR ASSAY NAME NO. OF GENES RESULTS ESTIMATED TURNAROUND TIME
Foundation Medicine Foundation One 315 SNVs, CNVs, fusions 12-14 days
(Cambridge, MA)

University of Washington UW-Oncoplex 234 SNVs, CNVs, fusions 6 weeks
(Seattle, WA)

Paradigm (Ann Arbor, MI) PCDx 114 SNVs, CNVs, fusions 4-5 days
Genomics and Pathology Solid Tumor Gene Set 48 Hot-spot mutations, 6 fusions 3 weeks
Services, Washington University

School of Medicine

(St. Louis, MO)

ARUP Laboratories Solid Tumor Mutation Panel 48 Hot-spot mutations 14 days
(Salt Lake City, UT)

Caris Life Sciences (Irving, TX) MI Profile 46 Hot-spot mutations 14 days
Knight Diagnostic Laboratories GeneTrails Solid Tumor Panel 37 Hot-spot mutations 10-14 days

(Portland, OR)

CNVs indicates copy number variations; SNVs, single nucleotide variations or point mutations. Gene content is subject to change with additional content

added over time.

CA CANCER J CLIN 2016;66:75-88



genes point mutation
23 genes indels

18 genes amplification
6 genes fusions

Complete Sequencing of Covered Exons*

Point Mutations (SNVs) Indels Amplifications Fusions
(73 Genes) 23 Genes) (18 Genes) (6 Genes)
AKTT ALK APC AR ARAF ARIDTA ATM ATM APC AR ERAF ALK
BRAF BRCAT BRCAZ2 CCND1  CCND2 CCMNET CDH1 ARIDTA BRCAT CcCnD1 - CONDZ2 FGFR2
CDK4 CDKBE CDKNZ2A CTNNBT DDR2 EGFR ERBBZ (HERZ) BRCAZ CDH1 CCNET CDKA FGFR3
ESRT EZH2 FBXW7? FGFR1T FGFR2 FGFR3 GATAS CDKN2A  EGFR CDKB EGFR NTRK1
GNATT GNAG GNAS HNFTA HRAS IDHT IDHZ ERBEBZ2 GATAS ERBEZ2 FGFR1 RET
JAKZ JAKZ KIT KRAS MAPZKI/MEKT  MAPZSKZMEKEZ MAPKT/ERKZ KIT MET FGFR2 KIT ROS1?
MAPK3/ERKT MET MLH1T MPL MTOR MYC NF1 MLH1 MTOR KRAS MET
NFEZLZ NOTCHT  NPAM1T NRAS NTRK1T NTRKS PDGFRA NFT PDGFRA  MYC PDGFRA
PIK3CA PTEN PTENTT  RAFT REBT RET RHEEB PTEN RBT PikK3CA  RAFT
RHOA RITT ROS1 SMAD4  SMO STK11 TERT™ SMADS STK11
TP53 T5CT WHL TP53 TSC1

VHL



- - .
Next-Generation Sequencing Expanded NGS Gene List
Genomic Stability Testing (DNA)
CRLF2 KLF4
- AsL1 8TG1 0082 FSTL3 HOXC13 K2 MUTYH PATZY ANF213 TBLIXRY
) ACKR3 81K o3 GATAY HOXD11 LASPY MYCL(MYCLY) PAXS RPLIO TCEAY
wre oo AKTY C150rf6S DNM2 GATA2 HOXD13 o1 NBN POE4DIP SEPTS WA
. CBLC DNMT3A GNATL HRAS o2 NDRG! PHF6 SEPTE TERT
GENES ASSAYED IN FOUNDATIONONE o798 EF4R2 e <] IKBKE MAB NKX21 PHOX28 SFPQ e
nnee s drvred 1 o o g CoH1 ELF4 HEY! INHBA MAX NONO. PIK3CG SLC45A3
EN
€S 5805
- £TV6 GID4 (C170rf39) S0C4
C2orfa4 = EWSRI GMPS KMT20 (MLL2) MYHI PIK3R2 SOHAF2 TNFAIP3
! CACNAID CRKL e GNAI3 KRAS MYH9 P SOHB TNFRSF14
AKAPY CAR RTCH 2 GNAQ KNI NACA PML SOHC TNFRSF17
AKT2 CAMTAL CRTC3 242 GNAS X NCKIPSD PMS2 SOHD ToP1
Sere | AT CANTI CSFIR R GOLGAS P NCOA POLE SEPT9 s3
ONAQ HN) acoH2 CARDIY CSFaR FANCA GoPC LGRS NCOA2 POTI SET ™™
SN Gare e frhe e s b : o] A CARS <] FANCC GPHN P NCOM POUAFY SETBP ™
o e 1 A ik Wi KA aec CASCS cnas FANCD2 GPRI24 UFR NF1 PPARG SETD2 R
an s v he Dt st s B | 1| ARERPY CASP8 CTNNAY FANCE GRN2A wp N2 PRCC 5381 TRAF7
4 - Y arrcar2s CarAZT3 CTNNB! FANCG GSK38 LRG3 NFE2L2 PROM1 SH283 TRM26
NFEDLO NOTCHI NoMi N ARseei2 cer8 oo FANCL H3F3A P18 NFS PROM16 SH3GLY TRM27
i S " arora cBL orP06 FAS H3F38 v NFKB2 PRKARIA SLC34A2 TRM33
PIENIT R Amo2 ceLe DAXX FBXO1 HERPUDY MAF NFKBIA PRRX1 SMAD2 TRPI
ARNT ccs DOR2 FBXW? HGF MALTH NIN PSiP1 SMAD4 TRRAP
RHOA RITI 051 i) Asescmr CaNBIIPY DOX10 FCRLA HP MAML2 NOTCH2 PTCH! SMARCB! TSC1
ASXLY DY DOXS FGF10 HMGA1 MAP2K1 NPMI PTEN SMARCE TSC2
TP33 H ATF caND2 DOX6 FGF14 HMGA2 MAP2Q2 NR4A3 PTPNIL Mo TSHR
ATC caND3 DEX FGF19 HNRNPAZB1 MAP2KA NSO PTPRC SNX29 ™
ATM canel DICERI FGF23 HOOK3 MAPIKI NTSC2 RASEPY S0X10 U2AF1
ATPIAY €D274 (PDLY) DaTIL FGF3 HSPOOAA McLt NTRK1 RAC! SPECCY UsP6
AR co74 E8F1 FGF4 HSPOOAB1 MOM2 NTRK2 RADSO SPEN VEGFA
AURKA CO79A ECT2L FGF6 1DH1 MOM4 NTRG RADS1 SRGAP3 VEGFB
AURKB cocn3 EGFR FGERI 1DH2 MOS2 NUP214 RADS18 SRSF2 VA
AXINY CoHI ELK4 FGFRIOP IGFIR MEF28 NUP93 RAFY SRSF3 WHSCI
AXL (<% L FGFR2 IKZF1 MENI NUP9B RALGDS ss18 WHSCILY
8APY K6 EMLS FGFR3 2 MET (cMET) NUTMI RANBP17 ss18L1 WIF1
BARDY K8 £P300 FGFR4 IL21R WTE PALB2 RAPIGDS1 STAT3 wisP3
BCLI0 CDKN1B EPHA3 FH IL6ST MLF1 PAX3 RARA STAT4
BCL1A CDKN2A EPHAS FHIT LR MLH) PAXS RB1 STATS8 wn
scLaL o2 EPHBI APILY 1RF4 MU PAX? RBMIS sTL WWTRI
83 CHEKI EPSIS FLON K MULTIO PBRMI REL STK11
8CL6 CHER2 ERBB2 (HER2) Fu JAK MUT3 Pax1 RET SUFU
BCL7A cHC2 ERBB3 (HER3) fan AR MUT4 PCMI RCTOR suzi2 XPO1
8cL9 CHNY ERBBA (HER4) An A MULTE PCSK? RM2 SYK YWHAE
8CR ac ERCI FLT4 IAZFY MNXI POCDI (PD1) RNF43 TS ZMYM2
BIRC3 am ERCC2 FNBP1 KDMSA MRETIA PODILG2(PDL2)  ROS T2 N7
8M ae ERCC3 FOXAY KOR (VEGFR2) MSH2 POGFB RPL22 T3 ZNFI3
BMPRIA arc ERCC4 FOXO1 KEAPY MSH6 POGFRA RPLS T2 ZNF384
BRAF ara ERCCS FOXP1 KIAA1S49 msi2 POGFRB RONI TEn 2NFs21
BACA1 (< ERG FUBPY KFs8 MTOR POKI RPTOR TR ZNF703
CNTRL TFE8
Variant Transcripts (RNA)
ESARAHCANNON [+ = = m  m e m e e
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Samile PDFI Caris Life Sciences web eIAccessed Mai 2017

Presented By David Spigel at 2017 ASCO AnnualdMeetifig J. et al., atezolizumab in NSCLC (POPLAR)
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Cost of sequencing highly reduced
It is now possible for clinical

sequencing all 22,000 genes for
$1,000 or less

PAR l.:.'E["S. -i‘. HARvARD MEDICAL SCHOOL




Oxford Nanopore sequencing unit
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FDA Approved Targeted Drugs Are Rapidly
Increasing
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CANCER THERAPY TYPE
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Chemotherapy

Hormone
therapy

Epigenetic
modifiers

Immune stimulators &
Checkpoint inhibitors

Angiogenesis
inhibitors

Vaccines

Adoptive
immunotherapy

Therapeutic
antibodies

Cell signaling
inhibitors

Within each category, some therapeutics
are more precise than others
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EXAMPLES

5-Flurouracil
Carboplatin

Abiraterone acetate
Fulvestrant

Azacitidine
Decitabine

Aldesleukin
Pembrolizumab

Bevacizumab
Regorafenib

Sipuleucel-T
DCVax-L

Anti-CD19 CAR-T cell therapy
CART-Meso

Cetuximab
TDM-1

Ibrutinib
Imatinib
Ceritinib

AAC_R American Association
for Cancer Research

22015 American Assoclation for Cancer Research
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The precision-oncology illusion

Precision oncology kas not been shown to work, and perhaps it never

will, says Vinay Prasad.
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Limits to Personalized Cancer Medicine

lan F. Tannock, MO, M0, and jobe A, Hickoan, 0.5¢

Rapid advances in the mofecalsr chamctedzation
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“We suggest that the clinical benefit
of personalized medicine
as it is currently practiced
will be limited.”
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Un tema mas

* Hay un papel para los tests gendmicos para el
diagnostico precoz del cancer?



Prediccion genética: fotografia del DNA

Compaiiia screening w Costeen S

Pathway sangre
Genomics enfermedades

Genetic Testing 25 sangre 285
Laboratories enfermedades

23andMe 250 saliva 99

enfermedades



Che New YJork imes

I Had My DNA Picture Taken, With Varying Results

Kira Peikoff, 28, had her DNA tested by three direct-io-consumer companies, and the results didn't agree.

By KIRA PEIKOFF 30 Diciembre, 2013



Che New Pork Times

Genes Tested - HLA, IL12B, IL23R, Intergenic_1q21, SPATA2, STAT2, TNFAIP3, TNIP1
Description

This patient has typical genetic risk for psoriasis. This does not mean the patient will or
will not develop the disease. This test outcome was determined using genetic laboratory
results in conjunction with the patient's self-reported ethnicity. General preventive
measures, such as smoking cessation or stress reduction, could be encouraged.

Elevated Risk @
NAME
Psoriasis Ak 20.2% 10.1%

CONFIDENCE YOUR RiSX AVG. RISK COMPARED TO AVERAGE
1.99x =

The normal risk Your genetic risk level

Name of the condition Your lifetime risk

High genetic risk kval
Medium genetic risk kvel

Psoriasis 2%

101% o

Pathway found that Kira Peikoff had an average genetic risk of
psoriasis, top, while 23andMe assessed it as higher than average,

and Genetic Testing Laboratories as low.



«Es extraordinario explicar a los enfermos lo que hemos avanzado en 30 afios»

RAMON COLOMER, jefe de Oncologia y director médico del Hospital La Princesa de Madrid (Barcelona, 1959):
«Los conocimientos en biologia molecular del cancer han hecho posible el disefio de tratamientos especificos y su uso personalizados.

EL MUNDO. JUEVES 4 DE FEBRERO DE 2016




PEIRA00T0 RORRRRTOEE MODATOTSTR POROTOROTE PeRRTORINY
PEOR00000 000000000 PE00R00000 ROROT00400 PORETONINY
PERORR0GRE TORORRDOND TRRIROT000 PROTO0400 DOROTORINY
B IARETR000 TORO040000 004001000 1R00901000 tTODITONE
'Hﬂﬂ“‘m HIHPITE PORORETODD GOREDODOTR PEREGOTOM

i
i i
I s
rial allocation
Umbrella trials:
htlgyp ific, testing different
ns within a tumor type
Basket trials:

Clin Cancer Res; 21(20) Lo ?;’?i’(ﬁ]‘;‘

tm rtypes

O Cto b e r 1 5 ] 2 O 1 5 merican Association for Cancer Research

CCR Focus AAGR




