MEDICINA DE
PRECISION EN
EL PACIENTE
ONCOLOGICO

Medicina de precision en oncologia: una
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Situacion del cancer en LATAM

En 2012, se estimaron casi 1.1 millones de
nuevos casos de cancer en la region de LATAM
correspondiendo a un 7,8% de los casos de
cancer en todo el mundo.

Tres cuartos de los nuevos casos se vieron en
la region de Ameérica del Sur.
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Pifieros et al. Cancer patterns, trends and projections in Latin America
and the Caribbean: a global context.
Salud Publica Mex 2016;58:104-117.




Situacion del cancer en LATAM
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Situacion del cancer en LATAM
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UNDERSTANDING PRECISION MEDICINE

In precision medicine, patients with tumors that share the same
genetic change receive the drug that targets that change, no
matter the type of cance
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National Cancer Institute




EVOLUCION DE LOS ESTUDIOS EPIDEMIOLOGICOS
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ESTRATEGIAS DE “PREVENCION PERSONALIZADA

Fig. 1. The three main components in the
personalized prevention scenario: the non-
genomics factors, and the multilayer ge-
nomics markers at the host and tumor lev-
els. Modified from Sebastian Kaulitzki, 3D-
rendered illustration of the male pancreas;
www.shutterstock.com.

genomics factors

__— DNA mutation/variants

(:‘— ~ RNA expression levels
N 2
— DNA methylation levels




EVOLUCION HISTORICA DEL CANCER COLORRECTAL
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INNOVACION EN ONCOLOGIA

La oncologia, protagonista de uno de cada
tres ensayos clinicos en Espana

Ensayos clinicos en oncologia en Espana (Proyecto Best) %

Evolucion del porcentaje de los ensayos clinicos en oncologia y de las participaciones de
los hospitales y los pacientes en ellos, respecto del total de ensayos clinicos del
conjunto de areas terapéuticas. Periodos 2004-2008, 2009-2013 y 2014-Primer
semestre 2016. Datos del Proyecto BEST (industria farmacéutica).

# Porcentaje de pacientes
previstos en Oncologla

& Porcentaje de
participaciones en Oncologia

® Porcentaje de EECC en
Oncologia

Porcentaje sobre el total de
cada grupo en cada periodo

2009-2013 2014-2016



DISENO DE ENSAYO CLINICO FASE 3
FLOT4 Study Design Frmmrm

Randomized, multicenter, investigator-initiated, phase Il/Ill study

« Gastric cancer or
adenocarcinoma of
the gastro-esophageal
junction type I-1lI
Medically and
technically operable

cT2-4/cN-any/cMO or
cT-any/cN+/cMO

FLOT: docetaxel 50mg/m2, d1; 5-FU 2600 mg/m?, d1;
leucovorin 200 mg/m?, d1; oxaliplatin 85 mg/m?, d1, every
two weeks

ECF/ECX x3 - RESECTION - ECF/IECX x3

Z20—-—-1>»0—M——=->04H0

: : , ECF/ECX: Epirubicin 50 mg/m2, d1; cisplatin 60 mg/m?,
Stratification: ECOG (0 or 1 vs. 2), location of primary (GEJ type | d1: 5-FU 200 mg/m? (or capecitabine 1250 mg/m? p.o.

vs. type II/Ill vs. stomach), age (< 60 vs. 60-69 vs. 270 years) and divided into two doses d1-d21), every three weeks
nodal status (cN+ vs. cN-). '

eresooa: ASCO ANNUAL MEETING 17 | #ASCO17 Presented by: Salah-Eddin Al-Batran

Stides aro the proporty of the author. Permission required for reuse.




DISENO DE ENSAYO CLINICO FASE 1

Cetuximab part, q2w Erlotinib part, q2w Erlotinib part, q3w
s

400 mg 400 mg
N=5 N=6
v v
800 mg 800 mg 800 mg
N=6 N=6 N=7
i
Dose
escalation —< 1200 mg
1 phase N=5
¥
1600 mg 1600 mg 1600 mg
N=5 N=7 N=3
v v
2000 mg 2000 mg

N=6 N=8
S—
Extension
phase

Unidad de fases 1 -Incliva Clin Cancer Res. 2017 Sep 15;23(18):5406-
5415.



https://www.ncbi.nlm.nih.gov/pubmed/?term=cervantes+a%2C+fleitas+t+phase+1
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5/18/16: atezolizumab || 2/2/17: nivolumab | | 4/18/17: atezolizumab 5/8/17: avelumab
approved for 2™ line approved for 2" accelerated approval for | | accelerated approval for 2™ line
therapy of mUC line therapy of 1* line (Cis-ineligible therapy of mUC.
mucC patients)

5/8/17: pembrolizumab
5/1/17: durvalumab approval for 2™ line therapy
accelerated approval for | | of mUC

2" line therapy of mUC 5/18/17: pembrolizumab
accelerated approval for 1 line
(Cis-ineligible patients)

Journal for ImmunoTherapy of Cancer (2017) 5:94



AIMS: integral intervention against Cancer

RISK FACTORS
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Strategies for eliminating death from gastrie cancer in Japan

Follow-up: 1 to 2 years
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Fig. 3. Strategy for elimination of gastric cancer deaths in Japan.®

Proc. Jpn. Acad., Ser. B 90 (2014)
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DIAGNOSIS EVOLUTION IN CANCER
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GENOMICS DRIVEN CANCER MEDICINE

Category of Alteration

Actionable in principle
Tier 1: FDA-approved drugs
Tier 2: Drugs in clinical trials

Prognostic

Variants of uncertain
significance (VUS)

Garraway LA, Verwey J, Ballman K. J Clin Oncol 2013



LAS BIOPSIAS LIQUIDAS CAPTAN LA HETEROGENEIDAD MOLECULAR
DEL CANCER
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Siravegna G, et al. Nat Rev Clin Oncol 2017; ahead of print



FLUIDOS CORPORALES COMO FUENTE DE INFORMACION
MOLECULAR DEL CANCER o —
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Siravegna G, et al. Nat Rev Clin Oncol 2017; ahead of print
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LAS BIOPSIAS LIQUIDAS PERMITEN MONITORIZAR LA EVOLUCION
CLONAL DEL CANCER
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EVOLUCION DE LOS BIOMARCADORES EN INMUNOTERAPIA

TME (log scale)

Fig. 1. Value of PD-L1 IHC test in gastric and GEJ cancer
PD-L1-positive gastric/GEJ cancer

PD-L1-negative gastric/GEJ cancer

This patient is more likely to This patient is less likely to
respond to immunotherapy. respond to immunatherapy.
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1% (1/9) | 37% (10/27) 7% (1/15) | 37% (14/38) 42% (5112) | 57% (26/46)
(0.3-48.2) (19.4-57.6) (0.2-31.9) (21.8-54,0) (15.2-72.3) | (41.1-71.1)
0% (0/36) 12% (5/41) 0% (0/15) 16% (6/37) 9% (1/11) 35% (6/17)
(0.0-9.7) (4.1-26.2) (0.0-21.8) (6.2-32.0) (0.2-41.3) (14.2-61.7)
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Cristescu 2018




EVOLUCION DE LOS BIOMARCADORES EN INMUNOTERAPIA
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https://www.sciencedirect.com/science/journal/00652660
https://www.sciencedirect.com/science/journal/00652660/93/supp/C

How to select better patients
for adjuvant treatment?
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James P. Allison Tasuku Honjo

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2018 was
awarded jointly to James P. Allison and Tasuku
Honjo "for their discovery of cancer therapy by
inhibition of negative immune regulation."
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EVOLUCION DEL TRATAMIENTO DEL MELANOMA

REVIEWS
KEYNOTE-001 (phaze I) | | KEYNOTE-002 (phaze Il) KEYNOTE-006 (phaze lll)
Pembrolizumes Pembrolizumeb zuperior to Pembrolizumeb superior to
monatherepy s2zociated | | chemaotherapy sfter ipiimumab ipilimumab in frontiine satting
with ORR of 19% end I
median DoR of 12.5 CheckMate 037 (phaze IIl} |
months Nivolumab superior to chemotherspy | | CheckMate 067 (phase 1il)
after progreszion on ipilimumeb Ipilimumab + nivolumab AND
CA134-002 (phaze HID) I nivolumab slone superiorin
Ipilimumed and/or gp100 CA209-004 {phaze 1) CheckMate 066 (phaze 1il) terms of progreszion-ires
vaccine: ipilimumab Ipiti b+ nivolumab: || Nivolumab superior to frontline survivel to frontiine ipdimumeb;
monothecapy equivalent | | CA203-002 (phaze 1) concurrent trestment decarbazine combination numerically
to combination therapy Nivolumeb ezzocieted | | at different doses wes . superior to nivolumab elone,
and supericr 2o gp100 with ORR of 25%, with | | azzociated with an OPTiM (phaze 1) elthough with subztantially
vaccine monatherapy durable rezponzes overall ORR of 40% Telimogene lsherparepves (T-VECT || increazed roxicity
! asa’ 2015 - Y‘-_\:_,‘
| ‘| I
BRIM2 (pheze IID BREAK-1 (phasze Ill) coBRIM (phaze I1I) :
Vemursfenib zuperiorto | | Debratenib superiorto Frontline vemurafenit = cobimetinit:
dacertazine decarbezine superior to vemurafenib + placeto
] I
METRIC (ph COMBi-d (phaze HI)
Tenmietioh ’Fﬁ': = Dabrafenib + tramesinib zuperior
R to dabrefenib = placebo in frontine
I zetting
BRF113220 {phaze VIl 3
Dabrefenib = trametinib: M"{"'“'"". )
T Dabratenib + trametinib sugerior to
zuperior ORR and lower s
incidence of cutansouz
BRAF-targeted therapy [ ESe o0 PR TEPEA

Figure 1| Timeline charting the seminal, practice-changing clinical trials in advenced-stage melanoma. Over the
pezt decade, repid improverments in efficacy of melanoma therapeuticz have been made. Since 2011, all reported large,
randomized, phaze lll studiez conducted in patients with advanced-ztage dizeaze have met their primery end point,
ultimately providing & renge of trestment options. Studies of immunotherspie: heve included ipilimumab,
pembrolizumab, nivolumab, and the ipilimumab plus nivolumeb combination. At the same time, monotherapy with BRAF
{vemurafenib end dabrafenib) and MEK {treametinib] inhibitors, and subzequently combination therapy with BRAF and
MEK inhibitors (dabrafenib plus trametinib, or vemurefenib plus cobimetinib) have been developed. In addition,
Talimogene laherparepvec (T-VEC), s modified oncolytic herpez viruz, has been clinically evelusted and approved.

DoR, durstion of rezponze; GM-CSF, granulocyte macrophage colony-stimuleting factor: ORR. objective responze rate;
5CC, zquamouz-cell carcinoma.

Luke, Nature reviews 2017




EVOLUCION DEL TRATAMIENTO DEL MELANOMA
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—— BRF113220: dabrafenib + trametinib (n=>54)
COMBI-d: dabrafenib = trametinib (n=211)

—— COMBI-v: dabrafenib + trametinib (n=352)

—— CoBRIM: vamureafenit = cobimetinib (n=247)

—— CheckMate 065: izilimumab + nivolumab (n=95)
CheckMate 066: nivolumeab (n=210)

—— KEYNOTE-006: pembrolizumab (n=55E)

—— CA154-002: ipiimumab (n=137)}

Figure 3 | Summary of overell survivel by Kaplan—Meier analysiz acrozz seminal clinicel trisls in patients with
advanced-stage melanoma. The clinical trialz that have defined modem clinical cars of patient: with acvenced-stege
melanoma are shown with colour-coding to identify each study. The BRF113220, COMBI-d, COMBi-v and CoBRIM trielz
were parformead only in patients with BRAF™ Y mutant melanomes. Madian and landmaerk overall zurvival outcomes
have been improved with both BRAF-directed treatment and immunotherapy approachez. 1, number of patients treated.

Luke, Nature Reviews 2017



EVOLUCION DEL TRATAMIENTO DEL CANCER DE PULMON

Osimertinib vs Quimioterapia: ensayo AURA 3 i S e O DR A A A R
Objetivo Principal: PFS Median
e ‘ ORIGINAL ARTICLE I
- mo (95% C1)
| Patum-prmetresed 10 44(42-56) Pembrolizumab plus Chemotherapy

S ——— in Metastatic Non—Small-Cell Lung Cancer

Qsimertinib or death, 0.30 (95% C1, 0.23- o.u.
P<0.001 L. Gandhi, D. Rodriguez-Abreu, S. Gadgeel, E. Esteban, E. Felip,
) Clingan, M.). Hochmair, S.F. Powell S.Y heng,

F. De Angelis, M. Domine, P. Clingan, M.J. Hod , S.F. Powell, S.Y.-S. Cheng,
H.G. Bischoff, N. Peled, F. Grossi, R.R. Jennens, M. Reck, R. Hui, E.B. Garon
M. Boyer, B. Rubio-Vigueira, S. Novello, T. Kurata, J.E. Gray, J.Vida, Z ‘-‘-’ey,

J. Yang, H. Raftopoulos, M.C. Pietanza, and M.C. Garassino,
for the KEYNOTE-189 Investigators®

Platinum-pemetrexed

Probability of Progression free
Survival
o
o
1

0.0 T T T T T 1
0 3 6 a 12 i5 18
Month ABSTRACT
No. at Risk
Osimertinib 2719 240 162 &8 S0 13 0 A Overall Survival
Platinum 140 a3 44 i7 7 | 0 1004
pemetrexed
90
Mok T, N Enal ) Med,2017
iy
T t d th C h & 70 Pemnbroliizumab combinatian
argeted therapy vs Chemo 3
5 &0
50
2
z ¢
g 0 Placebo combination
T 304
o
20
10 Haz ard ratio for death, 0.49 (95% CL 0.38-0.64)
P<0.001
o T T T T T T 1
a 3 3 g 12 15 iz 21
Months
No. at Risk
Pembrolzumab combination 410 377 347 278 163 71 1 9
Placebo combanation 206 183 1649 104 59 25 £ 0

Immunotherapy + Chemo



Fae NEW ENGLAND JOURNAL ¢f MEDICINE

“ ORIGINAL ARTICLE ||

Maintenance Olaparib in Patients with Newly
Diagnosed Advanced Ovarian Cancer

K. Moore, N. Colombo, G. Scambia, B.-G. Kim, A. Oaknin, M. Friedlander,
A. Lisyanskaya, A. Floquet, A. Leary, G.S. Sonke, C. Gourley, S. Banerjee, A. Oza,
A. Gonzdlez-Martin, C. Aghajanian, W. Bradley, C. Mathews, J. Liu, E.S. Lowe,
R. Bloomfield, and P, DiSilvestro

ABSTRACT

RESULTS

Of the 391 patients who underwent randomization, 260 were assigned to receive
olaparib and 131 to receive placebo. A total of 38% patients had a cenwrally confirmed
germline BRCAIJ2 mueation, and 2 pacients had a central'y confirmed somatic
BRCAIJ2 mutation. After 2 median follow-up of 41 months, the risk of disease pro-
gression or death was 70% 'ower with olaparib than with placebo (Kaplan—Meier
estimate of the rate of freedom from disease progression and from death at 3 years,
60F vs, 2™; hazard ratio for disease progression or death, 0.30; 95% confidence
interval, 0.23 ro 0.41; P<0.001). Adverse events were coasistent with the known
roxic effects of olaparib.

CONCLUSIONS

The use of maintenance therapy with olaparib provided a substantial benefit with
regard to progression-free survival among women with newly diagnosed advanced
ovarian cancer and a BRCAI)2 mutation, with a 7(0Fk lower risk of disease progres-
sion or death with olaparib than with placebo. (Funded by AstraZeneca and Merck:
SOLO1 Clinica!Trials.gov number, NCT01244986.)

70% LOWER RISK!!
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Figure 2. Kaplan—Meier Estimates of Progression-free Survival.

Panel A shows Kaplan-Meier estimates of the rate of freedom from disease progression, as assessed by investiga-
tors, and from death in the olaparib group and the placebo group. There was no avidence of a change in the shape
of the Kaplan—-Meier curve for olaparib after 24 ths, when pati with no evidence of disaase stopped the in-
tervention, in accordance with the protocol; this finding indicates & sustzined benefit of olaparib beyond the com-
pletion of treatment. In a sensitwity analysis of investigator-assessed progression-free survival that was performed
to evaluata for possible attrition bias, the median progression-free survival was approximately 36 months longer in
the olaparib group than in the placebo group (see the Supplementary Appendix). Panel B shows Kzplan-Meier esti-
mates of the rate of freadom from di prog! as d by blinded indapendent central review, and
from death. The dashed line indicates the median.
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Microsatélites : secuencias repetitivas
en el ADN y constituidos por unidades
de repeticion en tandem.

Las regiones del genoma donde se
encuentran los microsatélites son
dificiles de replicar y las enzimas
encargadas de la sintesis del ADN
pueden resbalar y originar pequenos
bucles, a causa de inserciones o
deleciones de algunos nucleétidos, en
la nueva cadena sintetizada.
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DISPONEMOS DE BIOMARCADORES PREDICTORES EFICACES DE RESPUESTA?

RESEARCH

CANCER BIOMARKERS

Mismatch repair deficiency
predicts response of solid tumors
to PD-1 blockade

Dung T. Le,’** Jennifer N. Durham,>** Kellie N. Smith,"** Hao Wang,**

Bjarne R. Bartlett,>** Laveet K. Aulakh,** Steve Lu,*** Holly Kemberling,® Cara Wilt,*
Brandon S. Luber,? Fay Wong,*** Nilofer S. Azad,"* Agnieszka A. Rucki,’® Dan Laheru,?®
Ross Donehower,” Atif Zaheer,” George A. Fisher,® Todd S. Crocenzi,” James J. Lee,®
Tim F. Greten,®” Austin G. Duffy,” Kristen K. Ciombor,’® Aleksandra D. Eyring,”

Bao H. Lam,'’ Andrew Joe,” S. Peter Kang," Matthias Holdhoff,” Ludmila Danilova,*
Leslie Cope,*® Christian Meyer,”* Shibin Zhou,"** Richard M. Goldberg,™

Deborah K. Armstrong,” Katherine M. Bever,” Amanda N. Fader,™ Janis Taube,'*
Franck Housseau,™ David Spetzler,'* Nianging Xiao,"* Drew M. Pardoll,™*

Nidkolas Papadopoulos,®®* Kenneth W. Kinzler,>* James R. Eshleman,’

Bert Vogelstein,*** Robert A. Anders,** Luis A. Diaz Jr."**+f

The genomes of cancers deficient in mismatch repair contain exceptionally high numbers
of somatic mutations. In a proof-of-concept study, we previously showed that colorectal
cancers with mismatch repair deficiency were sensitive to immune checkpoint blockade
with antibodies to programmed death receptor-1 (PD-1). We have now expanded this
study to evaluate the efficacy of PD-1 blockade in patients with advanced mismatch
repair-deficient cancers across 12 different tumor types. Objective radiographic responses
were observed in 53% of patients, and complete responses were achieved in 21% of patients.
Responses were durable, with median progression-free survival and overall survival still not
reached. Functional analysis in a responding patient demonstrated rapid in vivo expansion
of neoantigen-specific Tcell clones that were reactive to mutant neopeptides found in the
tumor. These data support the hypothesis that the large proportion of mutant neoantigens
in mismatch repair-deficient cancers make them sensitive to immune checkpoint blockade,
regardless of the cancers’ tissue of origin.

Le et al., Science 357, 409-413 (2017) 28 July 2017
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Fig. 1. Patient survival and clinical response to pembrolizumab radiographic objective responses at 20 weeks (blue) compared to the
across 12 different tumor types with mismatch repair deficiency. best radiographic responses in the same patients (red). The mean time
(A) Tumor types across 86 patients. (B) Waterfall plot of all radio- to the best radiographic response was 28 weeks. {D) Swimmer plot
graphic responses across 12 different tumor types at 20 weeks. Tumor showing survival for each patient with mismatch repair-deficient
responses were measured at regular intervals; values show the best tumors, indicating death, progression, and time off therapy. (E 2nd F) Kaplan-
fractional change of the sum of longest diameters (SLD) from the Meier estimates of progression-free survival (E) and overzall patient
baseline measurements of each measurable tumor. (C) Confirmed survival (F).

Le et al., Science 357, 409-413 (2017) 28 July 2017
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TCGA Study (~3-4 Major GC Genomic Subtypes)
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Figure 1. Overall Survival by Microsatellite Instability (MSI) Status and Treatment Arm in the Study Patients
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Figure 2. Overall Survival by Mismatch Repair (MMR) Protein Status in the Study Patients
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Patients were dichotomized into 2
groups: high MSI (MSI-H) and
microsatellite stable (MSS) or low MSI
(MSI-L), which are analyzed
separately in each treatment arm.
Differences in overali survival were
assessed using the Kaplan-Meiar
method and compared using the
log-rank test. The hazard ratios for
MSI-H vs MSS or MSI-L were 035
(85% CI, O11-1.11) for surgery alone
(P=_08)and 2.22(95% (1,

1.02-4 85) for chemotherapy and
surgery (P = .04) (interaction

P = 01). P < 05 was considerad to be
statistically significant.

No benefit from Chemo!

Patients were dichotomized into 2
groups: MMR deficiency (MMRD) and
MMR proficiency (MMRP). The
groups are analyzed separately in
each treatment arm. Differences in
overall survival wera assessed using
the Kaplan-Meier method and
compared using the log-rank test.

P < 05 was considerad to be
statistically significant.

Smyth E. JAMA Oncol. 2017 Sep 1;3(9):1197-1203
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The hallmarks of cancer revisited
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Figure 3. The halimarks of cancer revisited.

Am J Cancer Res 2017;7(5):1016-1036



Perspectives on Strengthening Cancer
Research and Control in Latin America
Through Partnerships and Diplomacy:
Experience of the National Cancer
Institute’s Center for Global Health

According to the Pan American Health Organization, noncommunicable diseases, including can-
cer, are the leading causes of preventable and premature death in the Americas. Governments and
health care systems in Latin America face numerous challenges as a result of increasing morbidity
and mortality from cancer. Multiple international organizations have recognized the need for col-
laborative action on and technical support for cancer research and control in Latin America. The
Center for Global Health at the US National Cancer Institute (NCI-CGH) is one entity among many
that are working in the region and has sought to develop a strategy for working in Latin America
that draws on and expands the collaborative potential of engaged, skilled, and diverse partners.
NCI-CGH has worked toward developing and implementing initiatives in collaboration with global
partners that share the common objectives of building a global cancer research community and
translating research results into evidence-informed policy and practice. Both objectives are com-
plementary and synergistic and are additionally supported by an overarching strategic framework
that is focused on partnerships and science diplomacy. This work highlights the overall strategy
for NCI-CGH engagement in Latin America through partnerships and diplomacy, and highlights
selected collaborative efforts that are aimed at improving cancer outcomes in the region.

Frech et al 2018
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UN BUEN EJEMPLO:

Fig. 1
HIV TREATMENT CAN NORMALIZE SURVIVAL
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