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Objetivos

Comprender las limitaciones de terapias
basadas en parametros clinico-patologicos
tradicionales

Comprender las estrategias y potenciales
beneficios de terapias de precision, asi como
los desafios que involucran

Conocer ejemplos de programas de medicina
de precision y los resultados obtenidos en
diferentes estudios




Medicina de Precision:
Principios




¢Por gué Medicina de Precision?

a Intertumoural heterogeneity Intratumoural heterogenel C Intratumoural spatial
between patients between primary and heterogeneity
metastatic sites

Functional heterogeneity Functional heterogeneity

Tumour initiating ability (stem-ness) Metastatic capacity

Primary

Tumour-initiating cell

g Lymphovascular
New tumour dissemination

Terminal Macrometastasis ~ Dormancy
differentiation o Q Q
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Heterogeneidad Entre Pacientes

Ej: tumores de prostata agresivos

Total alterations per sample
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https://dx.doi.org/10.1016/j.eururo.2012.08.053

Limitaciones de Terapias Tradicionales

Drug 1 Drug 2

v
Respuesta variable i

—}I'"“ | —l— Cell death

en el tiempo: |

Evolucion tumoral y
seleccion mediada
por tratamiento(s)

1 == ==
I : Cell death

¢Prediccion de ____ﬁ;::;
d rOgaS méS E —h{D :;Il—i— Cell death
efectivas? 2 I e

Nature Biotechnol (2012)
d0i:10.1038/nbt.2284




Outcome de Terapias Tradicionales

Respuesta puede variar entre pacientes, aun con
misma histologia y parametros clinicos
equivalentes

Respuesta puede variar a nivel celular: alta
heterogeneidad celular predice respuestas
diferenciadas

Respuesta puede variar en el tiempo: emergencia
de resistencia, metastasis

Seleccion de tratamiento adecuado?




Outcome de Terapias Tradicionales

Same Diagnosis, Same Prescription

Drug Toxic & Beneficial Drug Toxic & Not Beneficial
- N =

Costos para el paciente,
sistema de salud !

Drug Not Toxic & Not Beneficial



Outcome de Terapias Tradicionales

ANTI-DEPRESSANTS 38%
G5RIs

ASTHMA DRUGS 405%
DIABETES DRUGS 4 3%
ARTHRITIS DRUGS 50%

ALZHEIMER'S DRUGS  70%

(:;m CER DHUGD 75%

% de pacientes sin
respuesta efectiva/
beneficiosa
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https://doi.org/10.1016/S1471-4914(01)01986-4

Medicina de Precision: la Alternativa

Principio: eleccion de terapia basada en hallazgos
moleculares del tumor

Personalized medicine-The Goal
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¢Qué Predicen las Alteraciones?

 Seleccion de drogas

 Seleccion de pacientes que requieren tratamiento
« Ajuste de dosificacion

Predictive: which drug (or drugs)?
/ Response to targeted treatment

Tumor biopsy

Unselected
patients
with cancer

Prognostic: who needs treatment?

Tumour Clinical outcomes

genomic

\ analysis
N

\ Pharmacogenomic: what dose?

Drug metabolism

Nature Reviews | Drug Discovery

Nature Rev (2013) doi:10.1038/nrd3979



Alteraciones son Accionables

Genes

PIK3CA®_PIK3R1 [REF 53),
PIK3RZ, AKT1, AKTZ and AKT3
[REFS 54 55

PTEM==

MTOR®. TSC1%* and TSC2
[REF 59

RAS family (HRAS, NRAS, KRAS),
BRAF™ and MEK1

Fibroblast growth factor
receptor 1 (FGFR1), FGFRZ,
FGFR3, FGFR4 (REF. 35)

Epidermal growth factor
receptor (EGFR)

ERBB? (REF 61]

SMOF25 and PTCH1 (REF. 64)
MET®™

JAK1, JAKZ. JAK3 [REF. 66). STATL.
STAT3

Discoidin domain-containing
receptor 2 (DDRZ)

Erythropeoietin receptor (EPOR)
Interleukin-7 receptor (IL7R)

Cyclin-dependent kinasas
(CDKs:" CDK4, CDK6. CDKE),
CDEN2A and cyclin D1 (CCND1)

ABL1
Retinoic acid receptor-a (RARA)
Aurora kinase A [AURKAY

Pathways
Phosphoinesitide
3-kinase (FI3K)

FI3K
mTOR

RAS-MEK

EGFR
ERBB2Z

Hedgehog
MET

JAK-STAT

RTK

ABL
RARa

Aurora kinases

Aberration type

Mutaticn or
amplification

Deletion

Mutation

Mutation,
rearrangement or
amplification

Mutation, amplification
Of rearrangement

Mutation, deletion or
amplification

Amplification or
mutation

Mutation

Amplification or
mutation

Mutation or
rearrangement

Mutation

Rearrangement
Mutation

Amplification,
mutation, deletion or
rearrangement

Rearrangement
Rearrangement

Amplification

Disease examples

Breast, colorectal and
endometrial cancer

Mumerous cancers

Tuberous sclerosis and
Bladder cancer

MNumerous cancers, including
melanoma and prostate cancer

Myeloma, sarcoma and
bladder, breast, ovarian, lung.
endometrial and myeloid cancers

Lung and gastrointestinal
cancer

Breast, bladder, gastric and lung
Cancer

Basal cell carcinoma

Bladder, gastric and renal
CAncer

Leukaemia and lymphoma
Lung cancer

Leukasmia
Leukasmia

Sarcoma, colorectal cancer,
melanoma and lymphoma

Leukasmia
Leukasmia

Prostate cancer and breast

Nature Rev (2013) doi:10.1038/nrd3979

Futative or proven drugs

= PI3K inhibitors
» AKT inhibitors

= PI3K inhibitors
* mOR inhibitors

= RAF inhibitors
* MEK inhibitors
* P13K inhibitors

» FGFR inhibitors
* FGFR antibodies

= EGFR inhibitors
= EGFR antibodies

* ERBB? inhibitors
= ERBE? antibodies

= Hedgehog inhibitor

* MET inhibitors
* MET antibodies

= |AK—STAT inhibitors
= STAT decoys

= Some tyrosine kinase
inhibitors

» |AK-5TAT inhibitors
» |AK-5TAT inhibitors
= CDK inhibitors

= ABL inhibitors
» All-trans retinoic acid

» Aurora kinase inhibitors




Medicina de Precision: Epigenoma

Table 1 Hypermethylated genes as predictors of chemosensitivity.

MGMT

CHFR

FANCF

BRCAT

MLHT

G5TFP1
PRKCDEP
SFEN

TREAFPZE

ABCET
AFPAFT
CDK10
IGFBF3
MTIE
TGM2

TP73

Gens name

Gene function

DMNA repair

Ubiquitin protein
ligase

DNA damage
response

DMNA damage
response

DMNA repair

Detoxification
Signal transduction
Signal transduction

Transcriptional
regulator

Protein transport
Apoptotic activator
Cell cycle control
Signal transduction
Antioxidant
Apoptosis

Stress response

Tumor type application

Glioma, colon, lung,
lymphoma

esophageal, gastric,

cervical, lung, endometrial
cancer and oral squamous

cell carcinoma

Ovarian
Breast, ovary

Colon, stomach,
endometrium, covary

Prostate, breast, kidney
Colon
Lung

Colon

Breast
Melanoma
Breast
Lung
Melanoma

Lung, breast, ovary

Renal, melanoma

Chemosensitivity prediction

Sensitive to temozolomide,
BCNU, ACNU, procarbazine

Sensitive to paclitaxel and
docetaxel

Sensitivity to cisplatin

Sensitive to PARP inhibitors and
alkylating agents

Resistance to cisplatin

Sensitivity to doxorubicin
Resistance to TNF-a

Sensitive to cisplatin and
gemcitabine

Sensitivity to fluorouracil

Sensitivity to doxorubicin
Resistance to adriamycin
Resistance to anti-estrogens
Resistance to cisplatin
Sensitivity to cisplatin

Resistance to doxorubicin and
cisplatin

Sensitivity to cisplatin
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Medicina de Precision: Farmacos

Drug Name
(Brand Name)

Ado-trastuzumab emtansine  (Kadcyla ®)

Biomarker(s)
ERBB2

Indication

Breast cancer

Afatinib (Gilotrif ®)

EGFR

Metastatic non-small cell lung cancer

Anastrozole (Arimidex ®)

ESR1; PGR

Breast cancer

Arsenic trioxide (Trisenox ®)

PML-RARA

Acute promyelocytic leukemia

Busulfan  (Busulfex ® & Myleran ®)

BCR-ABL1

Leukemia

Bosutinib (Bosulif ®)

BCR-ABL1

Leukemia

Brentuximab Vedotin (Adcetris™)

CD30

Hodgkin's lymphoma, anaplastic large cell ymphoma

Capecitabine (Xeloda ®)

DPYD

Multiple cancers

Cetuximab  (Erbitux ®)

EGFR, KRAS

Colon cancer

Crizotinib (Xalkori ®)

ALK

Lung cancer

Dabrafenib  (Tafinlar ®)

BRAF; G6PD

Melanoma

Dasatinib (Sprycel ®)

BCR-ABL

Leukemia

Denileukin diftitox ~ (Ontak ®)

IL2RA

Lymphoma

Erlotinib (Tarceva®)

EGFR

Non-small cell lung cancer

Everolimus (Afinitor ®)

ERBB2; ESR1

Breast cancer

Exemestane (Aromasin ®)

ESR1,; PGR

Breast cancer

5-Fluorouracil (5-FU) (Efudex ®)

DPYD

Multiple cancers

Fulvestrant (Faslodex ®)

ESR1; PGR

Breast cancer

Gefitinib  (Iressa ®)

EGFR

Non-small cell lung cancer

Imatinib  (Gleevec ®)

BCR-ABL,; PDGFRB; KIT; FIP1L1-PDGFRA

Multiple cancers, myelodysplastic syndrome

Irinotecan (Camptosar ®)

UGTI1Al

Colon cancer, small cell lung cancer

Lapatinib  (Tykerb ®)

ERBB2; HLA-DQAL; HLA-DRB1

Breast cancer

Lenalidomide (Revlimid ®)

Del (5q)

Multiple myeloma, mantle cell lymphoma, and
myelodysplastic syndrome

Letrozole (Femara ®)

ESR1; PGR

Breast cancer

Mercaptopurine  (Purinethol ®)

TPMT

Acute lymphocytic leukemia, chronic myeloid leukemia,
Crohn's disease, ulcerative colitis

Nilotinib

(Tasigna ®)

UGT1Al; BCR-ABL1

Chronic myelogenous leukemia

Obinutuzumab (Gazyva ®)

MS4A1

Chronic lymphocytic leukemia, follicular lymphoma

Omacetaxine mepesuccinate (Synribo ®)

BCR-ABL1

Chronic myeloid leukemia

Panitumumab (Vectibix ®)

EGFR; KRAS

Colon cancer

Pemetrexed (Alimta ®)

TS

Lung cancer

Pertuzumab (Perjeta ®)

ERBB2

Breast cancer




Medicina de Precision: Farmacos

Drug Name
(Brand Name)

Platinum Therapies

Biomarker(s)

Indication

Carboplatin

ERCC1

Ovarian cancer

Cisplatin

TPMT

Multiple cancers

Oxaliplatin

ERCC1

Colorectal cancer

Nedaplatin

ERCC1

Multiple cancers

Triplatin tetranitrate

ERCC1

Multiple cancers

Satraplatin

ERCC1

Multiple cancers

Ponatinib (Iclusig ®)

BCR-ABL1

Chronic lymphocytic leukemia, acute lymphocytic leukemia

Rituximab (Rituxan ®)

MS4A1

Non-Hodgkin's lymphoma, chronic lymphocytic leukemia,
and autoimmune diseases

Tamoxifen (Nolvadex ®)

ESR1; ESR2; PGR; F5; F2; CYP2D6

Breast cancer

Thioguanine (Tabloid ®)

TPMT

Acute myeloid leukemia, acute lymphocytic leukemia, and
chronic myeloid leukemia

Tositumomab (Bexxar ®)

MS4A1

Non-Hodgkin's lymphoma

Trametinib (Mekinist ®)

BRAF

Melanoma

Trastuzumab (Herceptin ®)

ERBB2

Breast cancer

Tretinoin  (Vesanoid ®)

PML/RARalpha

Acute promyelocytic leukemia

Vemurafenib (Zelboraf™)

BRAF; NRAS

Melanoma

i PMC

PERSONALIZED
MEDICINE COALITION

http://www.personalizedmedicinecoalition.org/Education/Therapies



http://www.personalizedmedicinecoalition.org/Education/Therapies

Medicina de Precision:
Desafios, Limitaciones




Medicina de Precision: Desafios

¢Qué alteracion molecular sera mas predictiva de
una respuesta? ¢Modelos de testeo?

¢Esto sera aplicable a todos los tumores que
presenten dicha alteracion?

Porcentaje de células que presentan la alteracion
(visibilidad y método de deteccion)

¢Cuantas evaluaciones moleculares (tumor
primario, recidiva, metastasis)?

Costos!




Medicina de Precision: Desafios

¢Quién realizara la toma de muestra?

¢Modelo de funcionamiento de analisis molecular:

centralizado o institucional?

Validacion globalizada de datos

Testing not Test result
offered not available
by existing labs on time

e [ A RN g pn

Testing

Test not
requested

Test
insufficiently
reimbursed

Sample not
available for
required test

Test quality
unreliable and
inconsistent

Seamless
Testing

Keeling et al 2020. Expert Review of Molecular Diagnostics.

DOI: 10.1080/14737159.2020.1757436




Modelo: Accesibilidad de Pacientes

Community Genetics

T W Patient <\ Centro
Salud [“][”] Access Models [”]l]l] Académico

Academico e =
. 3 \ / 2. AHC Cancer genetics
consultation visit to AHC APOCIATI avet 0 (1K

3. AHC.community patient d % ‘.\HC |G_e.n.et|-cs
telemedicine consultation B Tinsse M
/ train CHC physicians
/ Centro \

Comunitario A Centro
ﬂﬂ”ﬂ ﬂ”ﬂﬂ Salud
Académico % g Académico

Melas et al. 2020. J. Clin. Med. d0i:10.3390/jcm9072125




Alteraciones: ¢Qué Téecnica de Deteccion?

Estudio compard protedmica, gendmica y
epigenomica (Costello, Nature Biotechnol 2014,

doi:10.1038/nbt.2877)

Colaboracion NCI y DREAM (Dialogue on
Reverse Engineering Assessment and Methods)

project
_ineas celulares de cancer de mama

Mejor poder predicitivo para respuesta a
drogas: perfiles de expresion (microarrays)




Estrategias Predictivas

Secuenciacion lI\/Iasiva (NGS)

1

Sequencing Sequencing report

Drug screening

/‘-;
[d 7

' pi ) »
oy

s s &
L
Ty
~

o
L4

l

OAIA Ul / 043IA Ul S3|ejown]
sojue|dxa ap edi30|o1q e1sandsay

Pauli et al. 2017. Cancer Discovery. DOI: 10.1158/2159-8290.CD-16-1154



Mutaciones Accionables: ¢Cuales, cuantas?
 ¢Cuantos y cuales genes analizar? (Panel)

« ¢Farmaco existente?

=7 mutations, 13,
8%
& mutations, 14,

EXaCT-1 overview: detected genomic 2

alterations
B Somatic alterations
in currently not targetable 5 mutations, 10,
cancer genes 6%

Somatic alterations in
targetable cancer genes
(potential off-label drug use)

Somatic alterations in
cancer genes with FDA-
approved drugs

Somatic alterations with
unknown clinical and
biological significance

0.4%

2020 NGS Panel 161 genes

2017 Whole Exome Seq n = 166 advanced cancers
n = 769 advanced cancers

54% con terapia dirigida
disponible
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Pauli et al. 2017. Cancer Discovery. DOI:
10.1158/2159-8290.CD-16-1154




Aprobaciones por la FDA

FDA: Aprobaciones correspondientes
a terapias de aplicacion personalizada
(2014-2016)

2017: 34%
2018: 42%

50%
Drogas
antineoplasicas

/B40 uonijeodaunIpawpazijeuostsad-mmm//:dny




Costos Drogas Antineoplasicas

Periodo 2010-2014

B 2010 | 2014 | Percent Change
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Percent Change 2010-2014

Germany France Japan italy Canada Spain

(IMS HEALTH)



¢Costo Eficiencia de Testeo Genético?

Beneficioso para
sistema clinico

Some tests may be in line with
physician economics

NO Beneficioso para
sistema clinico

» Hypothetical colon cancer risk marker :
risk marker increases the frequency of
diagnostic colonoscopies

+ Without test
— Average patient sees physician first
at age 50
— Frequency of preventative
colonoscopy is 7.5 years

« With test
— Patients screened for risk marker at
age 50
— High-risk patients receive
colonoscopy every 2 years

—~—

* Physicians receive ~$2,500 per high-
risk patient identified (through
additional colonoscopies)”

Other tests can in theory hurt
physician economics

* Oncotype Dx example: predicts the
recurrence of breast cancer

= Without test
— ~90% of patients would receive
follow-on chemotherapy

* With test
— Only ~50% of patients will receive
chemotherapy

v

= Physicians will administer
significantly less chemotherapy, thus
diminishing billing fees per patient
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Costo Eficiencia: Consideraciones

Necesidad de considerar varios factores al evaluar
la costo-eficiencia de la Medicina de Precision

Factores que f Factores favorables: |
encarecen: A

« Mayor sobrevida
Tecnologia (ganancia de anos-vida)

Infraestructura Menor numero de efectos
Requisito de adversos (costos,
board muertes)

multidisciplinario Ahorro en terapias
inefectivas




Toma de Decisiones Terapéuticas

Requiere grupo interdisciplinario:

- Interpretacion de datos moleculares
« Expertos en genomica del cancer
« Oncologos tratantes

« Cambio de B changed
conducta clinica ® will change
basada en datos nochange
moleculares
(Intermountain
Healthcare)




Integracion Interdisciplinaria (NGS)

 Oncologos, bioinformaticos, investigadores,
personal de laboratorio

" Test Ordering

e

Measurement

;

Observation

.

Repeat to determine resistance
mechanisms at time of progression or at

Interpretation W predeﬁned "intervals

2 Oncologist task
Decision Making VA —

: _ Shared task J
Action % ! = _d ) Laboratory task

Li and Warner, 2020. Front. Cell Dev. Biol. doi: 10.3389/fcell.2020.00048




Situacion Ideal: Reiterativa

Terapia adaptativa longitudinal, basada en
mediciones molecuares reiteradas durante
evolucion de la enfermedad
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Adaptive therapy in
Initial profiling First-line therapy response to longitudinal
profiling
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Implementacion Progresiva

* Ej.: Personalised Medicine Consortium, Luxemburgo

Think Big Act Small

* Small projects that can be
easily replicated anywhere

* Strive to:

— Prevent the preventable :
Partner with the most

innovative companies and
research institutes

— Cure the curable

— Manage chronic disease

when necessar :
Y Use best practices from

LUXEMBOURG other countries and share

INSTITUTE .
| OF HEALTH our experiences

Big Dreams » Small Practical

Projects
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Medicina de Precision:
Resultados




Programas de Medicina de Precision

Ej: Intermountain Healthcare (Stanford University;
WWW.precisioncancer.orqg): plazos factibles

Molecular

Personalized |l Day 1 analysis Day 8-9
Medicine Clinic (NGS)

Tumor Biopsy ¥ & Analytics | ,, || Day10-12
or FFPE Day 2-3 2

Molecular EESHIS | Day 13

Pathology |3 ‘ Day 4-5 Tumor Board

Review

Results and
Day 6-7 Treatment

Adapted from L. Nadauld


http://www.precisioncancer.org/

Respuesta a Tratamiento: Ensayos Clinicos

« MATCH: Molecular Analysis for Therapy
Choice (screening genomico y test de eficacia
en diferentes tipos de tumores)

IMPACT: Initiative for Molecular Profiling-
based Assignment of Cancer Therapy (terapia
dirigida a alteraciones “driver”)

Exceptional Responders’ Initiative (analisis de
pacientes con respuestas inesperadas
duraderas)

Chin Clin Oncol (2014) doi: 10.3978/j.issn.2304-3865.2015.08.01



NCI-MATCH

Identifier

Molecular eligibility variant

Treatment

EAY131-A
EAY131-B
EAY131-C1
EAY131-C2
EAY131-E
EAY131-F
EAY131-G
EAY131-H

EAY131-I
EAY131-N
EAY131-P
EAY131-Q
EAY131-R
EAY131-S1
EAY131-52
EAY131-T
EAY131-U
EAY131-V
EAY131-W
EAY131-X
EAY131-Y
EAY131-Z1A
EAY131-ZIB
EAY131-ZID

EGFR mutations

ERBEZ mutations

MET amplification

MET exon 14 skipping
T790M, rare EGFR mutations
ALK translocation

ROS translocation

BRAF V600E/K mutations

PI3KCA mutation

PTEN mutation/deletion
PTEN loss of expression
ERBB2 amplification

EBRAF nonV600E/K mutations
NF1 mutation

GNAQ/GNATI mutation

SMO or PTCH mutation

NF2 mutation

KIT mutation

FGFR1,2,3 abnormalities
DDRZ2 mutation

AKT mutations

NRAS mutation

CCND1, 2, 3 AB

Loss of MLH1 or MSH2 expression

Afatinib (Gilotrif, Boehringer Ingelheim, Germany)

Afatinib (Gilotrif, Boehringer Ingelheim, Germany)

Crizotinib (Xalkori, Pfizer, CT)

Crizotinib (Xalkori, Pfizer, CT)

Osimertinib (Tagrisso, AztraZeneca, London, UK)

Crizotinib (Xalkori, Pfizer, CT)

Crizotinib (Xalkori, Pfizer, CT)

Dabrafenib (Tafinlar, GlaxoSmithKline, UK) + trametinib
(see below)

Taselisib (GDC-0032, RG7604, Roche, Basil, Switzerland)

GSK2636771 (CGlaxoSmithKline, UK)

GSK2636771 (GlaxoSmithKline, UK)

Ado-trastuzumab emtasine ( Kadcyla, Genentech, SF)

Trametinib (Mekinist, GlaxoSmithkline, UK)

Trametinib (Mekinist, GlaxoSmithkline, UK)

Trametinib (Mekinist, GlaxoSmithkline, UK)

Vismodegib (Erivedge, Genentech, SF)

Defactinib (VS-6063 Verastem, MA)

Sunitinib (Sutent, Pfizer, CT)

AZD4547 (AztraZeneca, London, UK)

Dasatinib (Sprycel, Bristol-Myers Squibb, NY)

AZD5363 (AztraZeneca, London, UK)

Binimetinib (MEK162, ARRY-162, Array BioPharma, CO)

Palbociclib (Ibrance, Pfizer, CT)

Nivolumab (Opdivo, Bristol-Myers Squibb, NY)

Curr Prob Cancer 2017. http://dx.doi.org/10.1016/j.currproblcancer.2017.02.001



Estudios Clinicos: Limitaciones

Regulatory Inadequate
aspects insurance

Invisible Resource
trials Intensive

Poor

patient Poly-

enroliment .-,} AN i pharmacy

Patient & Chemo-
drop-out | resistance

Ethnic Radio-
diversity resistance

Tumor Drug
heterogeneity Bl toxicity

OTO'0T'€T0C¥3|ued’[/9T0T 0T /840" 10p Xp//:d1Y (¥T0T) S4ona7 Jaoue)




Ensayos Clinicos M.D. Anderson

 Clinical Center for Targeted Therapy
« Pacientes con cancer avanzado
 Estudio Fase I

) . ) Therapy N Died Medan
Therapy ailed Median Maiched 175 94 134

Matched - R B W ~  Nonmatched 116 &7 9.0

Failure-free, %

24
Time, mo Time, mo

Clin Cancer Res (2012) DOI: 10.1158/1078-0432.CCR-12-1627



Adenocarcinoma Pulmonar

Patients with an oncogenic driver mutation who did and did not
receive targeted therapy, and patients without an ocogenic driver

1.0

o
oo
1

No targeted

therapy e
e Targeted therapy )

=
NaN
1

Survival Probability
o
i

Log-rank P<.001

Panel: 10
genes

Mutacion
accionable en
466/733
casos (64%)

260 recibieron
terapia
personalizada

JAMA 2014. doi:10.1001/jama.2014.3741.



¢Impacto Clinico?

« Analisis de 570 estudios, >32.000 pacientes

Ml Fooled analysis
Meta-analysis

Survival (months, 95% Cl)
(months, 95% Cl)

Response Rate (%, 95% Cl)
Median Progression-Free
Median Overall Survival

Personalized Mot personalized Personalized Mot personalized Personalized Mot personalized

» Estrategia personalizada: predictor de mejor
outcome y menos muertes asociadas a toxicidad

J Clin Oncol 2015. DOI: 10.1200/3C0.2015.61.5997



Resultados IMPACT (2019)

» Alteracion accionable en 37% de 3487 pacientes,
cancer avanzado o refractario

1007

%

Overall Survival,

80+

60-

Matched: Total Died Median 95% CI
Yes: 711 629 9.3 8.4-10.5

— No: 3596 559 7.3 6.5-8.0

12 24 36 48 60 72 84 96 108 120 132
Months
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https://doi.org/10.1186/s13045-019-0835-1

Estudio "Know Your Tumor” (KYT)

« Analisis de 1.000 pacientes, cancer de pancreas
» Mutaciones accionables en 26%
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Pishvaian et al. 2020. Lancet Oncol. doi:10.1016/5S1470-2045(20)30074-7



Estudios Multicéntricos

Effect of expanded genomic testing in lung
adenocarcinoma (LUCA) on survival benefit: The
Lung Cancer Mutation Consortium II (LCMC II)
experience.

16 Instituciones, 900 pacientes estadio IV

« Mutaciones en 8 genes, mas amplificacion y
expresion genica en 5 genes

“Expanded tumor mutational analysis combined with
targeted therapy in LUCA provides potential for
patient benefit”

Aisner 2016. J. Clin. Oncol. 34, Abstr 11510



Formacion de Consorcio

AACR Projett|GENIE: Powe
Medidi
C

icine thrgugh an Internat;
sortium = * ST

Integracion de datos
(genémiCOS, CI|,n|COS) Center abbreviation Center name

DFCI Dana-Farber Cancer Institute, USA

GRCC Institut Gustave Roussy. France

Acceso abiertol reSUItadOS de JHU Johns Hopkins Sidney Kimmel Compre-

hensive Cancer Center, USA

>39IOOO paCienteS MDA The University cheans MD Anderson
(https://WWW'aacr'org/prOfeSSion MSE Mn;[-:nj::arl;:::rll(l:::ring(:ancer
als/research/aacr-project-genie/) center US4

MK Metherlands Cancer Institute, on be-
half of the Center for Personalized

>100.000 paC|enteS en Cancer Treatment, the Netherlands

UHN Princess Margaret Cancer Centre,

préxi mOS 5 a ﬁos University Health Network, Canada

VICC Vanderbilt-lngram Cancer Center. USA

Cancer Discov 2017. DOI: 10.1158/2159-8290.CD-17-0151


https://www.aacr.org/professionals/research/aacr-project-genie/

Tratamientos Emergentes




Vacunas
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Vacunas Aprobadas (FDA)

© Preventivas (profilacticas): vacunacion masiva,
poblacion sana

« HPV (Gardasil, Gardasil 9: uso en mujeres y
nombres; Cervarix: mujeres)

HBV (varias)

® Terapéuticas (tratamiento): como parte del
tratamiento contra el cancer

« Cancer de prostata metastasico (Provenge)

© Vacunas en ensayos clinicos
(https://www.cancer.gov/about-cancer/causes-
prevention/vaccines-fact-sheet)



https://www.cancer.gov/about-cancer/causes-prevention/vaccines-fact-sheet

También en Europa

ORYX completes Phase I/Ila trial of MicOryx
vaccine iIn MSH-H colorectal cancer patients

5 March 2015

German biotech firm ORY X has completed a Phase I/lla
trial of the therapeutic vaccine, MicOryx, to treat patients
with advanced microsatellite instable (MSI-H-) colorectal
Cancer.

The open label, single centre trial included 22 patients
(UICC stage Il or IV), who had received standard
chemotherapy.

The trial's Phase | part evaluated safety and toxicity as the
primary endpoint in six patients, while Phase lla assessed
the induction of cellular and humoral immune responses
against MicOryx in 16 patients evaluated by CT or MRI
scans according to RECIST.

« Total: 22 pacientes
 Bien tolerada, induccion de respuesta inmune humoral y celular

Kloor et al. 2020. Clin Cancer Res. DOI: 10.1158/1078-0432.CCR-19-3517



Inestabilidad de Microsatélites (MSI)

 Fenotipo de hipermutabilidad genética
- Fallas en reparacion de ADN: mismatch repair, MMR

Mismatch
repair

Mispairs and
single displaced basas

hftbbbbbbl}
(Frameshi ﬁuﬁg*v

peptides)
FSP




Inmunoterapia: Aprobaciones

Immuno-Oncology PD-1 and PD-L1 Inhibitor Uptake in the United States

MSI-H Met Unresected
1,800 Neek Scquameus Cell Colorectal  Stage I NSCLC
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Global Oncology Trends 2018. U.S. National Sales Perspectives Feb 2018.




Inmunoterapia: Estudios Clinicos 2019

Anti-PD-1-PD-L1 trials by region
Anti-PD-1-PD-L1 trials by cancer type CAR T cell trials by cancer type -
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Y en Chile

- TRIMEL (melanoma, cancer de prostata): Extracto
estandarizado de antigenos para inmunoterapia

o @ «i}%ﬁ«p

il mmr
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https://oncobiomed.cl/terapia/



https://oncobiomed.cl/terapia/

Nuevos tratamientos por categoria
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Drogas en estado avanzado de desarrollo, periodo 2007 al 2017

Global Oncology Trends 2018. U.S. FDA, IQVIA. National Sales Perspectives Feb 2018.



Virus Oncoliticos

« Virus (naturales o modificados genéticamente)

 Replicacion vy lisis selectiva en células tumorales,
sin efecto sobre las células normales

Z\ Z \ Z 7\
Y 4 \ 4 Y Y
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\. <
'3 *\

34 ) L A A & R B ) Destruction of tumor
microenvironment

Viral infection (+) Viral replication ( No damage to normal cells
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Release of tumor antigens

I\ o J/ .
As the infected cell collapses,
Viral infection (+) Viral replication (+) viruses spread around and
infect surrounding cells.

IWTIC VIrUS ’ !
Systemic anti-tumor-

Int J Urol 2017. DOI: 10.1111/iju.13325 e




T-Vec

Derivado de herpes simplex tipo 1

Produce GM-CSF: aumento de respuesta inmune
sistémica anti-tumoral

Estudio Fase III; Aprobada FDA 2015

Median (95% CI) 08
Events/n (%) in months

mm T-VEC 73/138 (53) 33.1(25.9 1o NE)
GM-CSF  48/65(74) 17,0128 10 20.9)

(= s
=
1

T-Vec como terapia de
primera linea
(melanoma)

8

Overall Survival (%)
[=7]
=

! [N |
4 Log-rank P<,001 bl
Hazard ratio 0.50{95% CI, 0.35 to 0.73)

]
=

0 B M0 15 20 25 30 3b 40 45 50 5%
No. at risk Study Month

GM-CSF 65 56 M I M 19 18 M 8 2
T-VEC 138 130 116 98 83 8 72 A0 37 12

J Clin Oncol 2015. DOI: 10.1200/1C0.2014.58.3377




Virus Oncoliticos en Desarrollo

N\

Gene
insertion

Target
disease

Company

Status

T-Vec (Imlygic,
talimogene
laherparepvec)

1X-594 (Pexa-vec,
pexastimogene

devacirepvec)
CGO0070

Reolysin (pelareorep)

Vaccinia
virus

Adenovirus

Reovirus

Human GM-CSF

Human GM-CSF,
lacZ

Human GM-CSF

Unresected
stage IIIB to IV
melanoma

Glioblastoma

Advanced stage
hepatocellular
carcinoma

Non-muscle
invasive
bladder cancer
after BCG
failure

Metastatic and/
or recurrent
head and neck
cancer

Amgen

Investigator-
initiated

Sillajen

Cold
Genesys

Oncolytics
Biotech

The drug is approved in
the USA in 2015 and in
Europe in 2016

A phase |l study started in
2015. It was designated
as Sakigake breakthrough
therapy by MHLW of
Japan

A phase lll started in 2015

A phase I/l randomized
controlled trial is ongoing
in patients with bladder
cancer

A phase lll is completed. It
received an orphan drug
designation from FDA

 Estudios Fase I o II en melanoma, glioma, pancreas, mama

Cancers 2018, 10, 356; doi:10.3390/cancers10100356




Prevencion: Estrategias
de Precision




Prevencion

- Impacto de Prevencion Primaria (poblacion sana):
Estudio prospectivo, 100.000 personas
 Habitos, BMI (Indice Masa Corporal)

f cancer-related
..... Jeatas-rriay be prevented by
ﬂﬁﬁﬂﬁﬂ lifestyle changes. '

MMM @ 5000

Alto riesgo Bajo riesgo

JAMA Oncol. 2016;2(9):1154-1161. doi:10.1001/jamaoncol.2016.0843



La Tercera

Menores chilenos entre los cinco
dEI plaHEta con més SObrepeso y Japan OECD Chile' United States
Ob ESi dad 3.Z’ii’e\.\'alence ;1? u/cfbesity (% i:":iiault populatiosns)l,széﬂﬂ

12/06/2017 - Cecilia Yanez

Uno de cada tres nifios y jovenes tiene exceso de
peso v el 10% de los menores de 20 afios es
obeso.

Chile, entre los cinco
paises que mas fuman| agosto2015 [

en el mundo Yy el més “Las adolescentes chilenas entre

2.0 13 y 15 anos son actualmente las
bebedor de Amerlca mas fumadoras del mundo (segun
Tabaco Word Atlas, 2012) y las
mujeres adultas chilenas son las
mas fumadoras de toda la region
de las Américas.”

o eSegﬁn informe de la OMS, pais lidera

ranking de hibitos que provocan
enfermedades no transmisibles como cancery
diabetes.




Prevencion de Precision

Integrar:
Estrategias de tamizaje («screening»)
Mineria de datos masivos (Big Data mining)
Educacion publica

Creacion de base de datos genomicos de pre-
cancer (Pre-Cancer Genome Atlas, PCGA):
tumores y lesiones en estadios tempranos

Investigacion, nuevas aplicaciones del
conocimiento molecular

Grupo de trabajo en Precision Prevention
(iniciativa “Cancer Moonshot")

[oued-uoqqu-on|g/aAReRU-1a0ue)

JJOUSUOOW /SOAEIHUI-ASY /UD1835a.1/A0D 190UBD MMM //:SA[Y



https://www.cancer.gov/research/key-initiatives/moonshot-cancer-initiative/blue-ribbon-panel

Prevencion de Precision

cancer cancer- precision
detected causing drug
mutation
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PRECISION

http://sitn.hms.harvard.edu/flash/2017/cancer-moonshot-musings-part-precision-prevention/



Generacion y Manejo
Masivo de Datos




Tradicionalmente...

Muchos estudios de investigacion con pocos
pacientes

Heterogeneidad en la metodologia y adquisicion
de datos, variables demograficas

Datos poco comparables, meta-analisis en
algunos casos

Largos periodos para validacion de los
descubrimientos, aplicacion clinica




Actualmente...

« Formacion de consorcios, estudios con grandes
poblaciones de pacientes (>5.000)

 Avance tecnoldgico: generacion de gran cantidad
de datos (p.ej. genoma completo) a precios cada
vez mas accesibles

Desafios:

Requisito de especialistas para analisis de datos
(bioinformaticos)

Integracion de datos (multi-omics)
Espacio de almacenaje

Temas éticos



Multi-Omics

« Datos masivos obtenidos a través de diferentes
tecnologias

Integracién de datos asociados a enfermedad

|
A |
v/ Epigenome :
| |

3
: Transcriptome !
| |

Proteome !

Environmental Exposures

Disease

Adv Genetics 2016. https://doi.org/10.1016/bs.adgen.2015.11.004



https://doi.org/10.1016/bs.adgen.2015.11.004

Integracion de Datos
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Muchos Datos son Accesibles

 Repositorios virtuales («data cloud»)

- En 2014: >1500 Bases de datos biologicos de
acceso publico

»
The Cancer Genome Atlas (TCGA): datos

moleculares de >11.000 pacientes, se han
utilizado en >1000 estudios publicados

International Cancer Genome Consortium (ICGC)

ONCOMINE: datos de expresion géenica
(microarrays)

Genomics Proteomics Bioinformatics 2015. http://dx.doi.org/10.1016/j.gpb.2015.01.006



Recursos "Big Data”

Project name

Lead institution(s)

Project URL

The Cancer Genome Atlas (TCGA)

Therapeutically Applicable Research to Generate
Effective Treatments (TARGET)

Clinical Protecmic Tumor Analysis Consortium (CPTAC)

Applied Proteogenomics Organizational Learning and
Outcomes (APOLLO) Network

The Cancer Imaging Archive (TCIA)

Genomic Data Commons (GDC)

Database of Genotypes and Phenotypes (doGaP)
NCI Cloud Resources

Broad FireCloud

Institute for Systems Biclogy Cancer Genomics Cloud
(ISB-CGC)

Seven Bridges Cancer Genomics Cloud (SB-CGC)

MNCI Cancer Research Data Commons

Mational Cancer Institute
Mational Human Genome Research Institute

MNCI Office of Cancer Genomics

MNCI Office of Cancer Clinical Proteomics Hesearch

Department of Defense
Department of Veterans Affairs
Mational Cancer Institute

University of Arkansas for Medical Sciences
MCI Division of Cancer Treatment and Diagnosis

NCI Center for Cancer Genomics

Mational Center for Biotechnology Information
National Cancer Institute

Broad Institute

Institute for Systems Biology

Seven Bridges

Mational Cancer Institute

cancergenome.nih.gov

ocg.cancer.gov/programs/target

proteomics.cancer.gov/programs/cptac

proteomics.cancer.gov/programs/apolio-network

www.cancerimagingarchive.net

gdc.cancer.gov
www.nchi.nim.nih.gow/gap
chiit.cancer.gov/cloudresources
firecloud.org

ish-cge.org

www.cancergenomicscloud.org

chiit.cancer.gov/cancerdatacommons

NCl-supported projects annotated with lead institutions and URLs.

Front. Cell Dev. Biol. 5:83. doi: 10.3389/fcell.2017.00083




Recursos en la Web

- También hay aplicaciones de acceso publico, para
analisis de datos

Mame

Main features

CGHub

EGA

COSMIC
CPRG

GDAC
SNP500Cancer
canEvolve

MethyCancer

SomamiR

cBioPortal

UCSC Cancer Genomics Browser
CGWB

GDSC

canSAR

NONCODE

Comprehensive data repository; huge data size

Comprehensive data repository; huge data size

Largest somatic mutation database; genome sequencing paper curation
Interface for cancer program resources

Data analysis; automatic pipelines; user-friendly reports

Sequence and genotype verification of SNPs

Comprehensive analysis of tumor profile; Data from 90 studies involving more
than 10,000 patients

Relationship among DNA methylation, gene expression and cancer
Correlation between somatic mutation and microRNA; genome-wide displaying
Graphical summaries; gene alteration; processed data; visualization

Clinical information; gene expression; copy number variation; visualization
Visualization; gene mutation and variation; automated analysis pipeline

Drug sensitivity information; drug response information

Multidisciplinary information; drug discovery

ncRNAs; IncRNAs; up-to-date and comprehensive resource

Genomics Proteomics Bioinformatics 2015. http://dx.doi.org/10.1016/j.gpb.2015.01.005




Datos + Analisis

HUMAN PROTEIN ATLAS®

TI€ Fathology Atlas Dm’[ains mRMNA and protein expression data for the most
COm man cancer. Correlation analyses based on mEMA expression
levels of human genes in cancer tissue and the clinical outcome for almaost 2000
commesponding cancer patients is presented in a gene-centric manner, and includes
Ao By oS L, more than 18000 Kaplan-Meier plots with high significance (p=<0.001). In addition,
T LY O hedis B immunohistochemistry (IHC) analysiz using a tissue microarray (TMA)-based analysis
PATHOLOGY ATLAS of the corresponding proteins in patients with the respective cancer types is
presented for 8 majority of the protein-coding genes. Maore than & million IHC cancer
tissue images are included in the atlas, showing protein expression levels for
individual tumaors of each cancer type.

To explore the Pathology Atlas and the prognostic genes in the 17 different cancer
types, go to the cancer-specific knowledge-based chapters.

More information is available in the Assays and annotation section and on the Cancer
Froteome pages.

The data in the Pathology Atlas is based on the integration of publicly available data from The Cancer Genome Atlas
(TCGA) and data generated within the framework of the Human Protein Atlas (HFA).

https://www.proteinatlas.org/pathology

Price et al 2017. Lancet Oncol 18:1444



https://www.proteinatlas.org/pathology

NCI Cancer Systems Biology Consortium

- Integracion de datos para generar modelos
computacionales predictivos

Aplicacion de modelos de biologia de sistemas:
estrategia multidisciplinaria (fisicos, matematicos,
ingenieros, bioinformaticos)

Physiological ~ Environment
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Networks 2 =3

Genomic ==
Alterations -t S

~
- - ~
’ -
p - re - .-
e »
-
3

Disease development , progression and treatment

—




Y en un Futuro Cercano...

« Alta complejidad y potencial de interacciones
biologicas se abordaran con estrategias de
inteligencia artificial

» Medicina de precision  EEEEE S

p=

. 7 Improvin
o Prevenuon Personalized

Care

) Risk Prediction
Therapy Planning or Diagnosis

Genomic Genomic
Considerations o Considerations

Social
Determinants of
Health

Clinical
Clinical : 2
Johnson et al. 2020 .Clin Transl Sci. Considerations Considerations

doi:10.1111/cts.12884




Herramientas Bioinformaticas: Clinica

Cancer Genome Interpreter

- Interpretacion automatizada de variantes génicas
(secuenciacion genomica de tumores), relacion con
respuesta a terapia

(http://www.cancergenomeinterpreter.org)

Tamborero et al 2018. https://doi.org/10.1186/s13073-018-0531-8

MTB Report

- Método automatizado para seleccion de terapias en
base a alteraciones genéticas de un tumor

Perera-Bel et al, 2018. https://doi.org/10.1186/s13073-018-0529-2


http://www.cancergenomeinterpreter.org/

Variantes/mutaciones = Terapia

Resource Variant Type URL
dbSNP= Germline and somatic https:/www.nchi.nim.nih.gov/projects/SNE/
COSMIC= Somatic http://cancer.sanger.ac.uk/cosmic
ClinVars Germline predisposition and somatic https://www.nchi.nim.nih.gov/clinvar/intro/
gnomADe Germline http://gnomad.broadinstitute.org/
69 genomes from CGI° Germline http://www.completegenomics.com/public-data/69-genomes/
Personalized Genome Project Germline http://www.personalgenomes.org/
MNCI Genomic Data Commons Germline and somatic https://portal.gdc.cancer.gov/
cBioPortal Somatic http://www.cbioportal.org
Intogen (FPartial TCGA dataset) Somatic https://www.intogen.org/search
Pediatric Cancer Genome Project Somatic http://explorepcgp.org
Resource URL
myvariant.info® http://myvariant.info/
CVIC? https://civic.genome.wustl.edu/home
DGldbe http://dgidb.genome.wustl.edw/
Cancer Genome Interpreters https://www.cancergenomeinterpreter.org/home
Oncokbs® http://oncokb.org/

Cancer Driver Log

Clinical Knowledge Base

My Cancer Genome

Fersonalized Cancer Therapy

PharmGKB

Precision Medicine Knowledge Base (Beta)

https://candl.osu.edu/

https://www jax.org/clinical-genomics/clinical-offerings/ckb
http://www.mycancergenome.org
https://pct.mdanderson.org

https://www.pharmgkb.org/
https://pmkb.weill.cornell.eduw/

Front. Oncol. 2017, 7:214. doi: 10.3389/fonc.2017.00214




Accesibilidad de Datos

Apoyo para interpretacion de datos, seleccion de
terapias de precision

Plataformas abiertas, o para miembros (costo!)

« Convergencia hacia standards comunes

TABLE 1 | Summary of publicly available precision oncology knowledgebases.

Knowledgebase Variant annotation Drug availability  Trial matching Literature citation Website

CaGl Yes Yes MNo Yes www.cancergenomeinterpreter.org/
CIVIC Yes Yes MNo Yes hitps://civicdb.org

DEPO Yes Yes MNo Yes http://depo-dinglab.ddns.net/
HemOnec.org Yes Yes No Yes www.hemonc.org/

JAX CKB* Yes Yes ' Yes https://ckb.jax.org/

MCG Yes Yes No https:/Awww.mycancergenome.org)’
OncoKB Yes Yes Yes hitps://oncokb.org/

PCT Yes Yes Yes https://pct. ndanderson.org/

PMKB Yes Yes Yes hitps://pmkb.weill.cornell.edu/
Drug-associated knowledgebases

Genomics of drug sensitivity in cancer Yes Yes No https://www.cancermxgene.org/
PharmGKB Yes Yes Mo hitps://www.pharmgkb.org/
Therapeutic target database Yes Yes http://db.idrblab.net/ttd/

*Available only with subscription to CKB BOOST. tPartially publicly available databases.

Li and Warner,2020Front. Cell Dev. Biol. doi: 10.3389/fcell.2020.00048




Chile: Iniciativas

Laboratorio Diagnostico Molecular Clinica Alemana
(https://portal.alemana.cl/wps/wcm/connect/Internet/Home/innov
acion-y-avances/2018/05/clinica-alemana-inauguro-nuevo-
laboratorio-de-diagnostico-molecular)

FALP: Laboratorio Diagnodstico Molecular (2018)
(https://falp.emol.com/pdfs/103.pdf)

Programa Chile Gendomico
(http://www.chilegenomico.cl/proyecto-chilegenomico-2/)

Convenio Roche y Univ. de Concepcion
(https://cienciasbiologicasudec.cl/farmaceutica-roche-y-
universidad-de-concepcion-firman-convenio-para-promover-el-
desarrollo-de-investigacion/)



https://portal.alemana.cl/wps/wcm/connect/Internet/Home/innovacion-y-avances/2018/05/clinica-alemana-inauguro-nuevo-laboratorio-de-diagnostico-molecular
https://falp.emol.com/pdfs/103.pdf
http://www.chilegenomico.cl/proyecto-chilegenomico-2/
https://cienciasbiologicasudec.cl/farmaceutica-roche-y-universidad-de-concepcion-firman-convenio-para-promover-el-desarrollo-de-investigacion/

Resumen

La medicina de precision podria mejorar
respuestas y sobrevida de pacientes con cancer

Necesidad de validar modelos, terapias

Evaluacion masiva de datos, manejo

bioinformatico

Aplicacion requiere estrategia interdisciplinaria,
infraestructura y tecnologia, personal calificado

Costos de implementacion?

Masificacion?

Think Big

Act Small




