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GRAFICO 5. ESTIMACIONES DE INCIDENCIA DE CANCER EN HOMBRES Y MUJERES SEGUN EDAD. CHILE
2003-2007.(TBI POR 100.000)
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Modificado de Hanahan, D. Cell, 2000.



Teoria de la inmunoedicion del cancer
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WILLIAM BRADLEY COLEY
(1862 — 1936) NUEVA YORK,
ESTADOS UNIDOS

En 1891 inyectd bacterias de erisipela (Streptococcus
pyogenes) a un paciente de cdncer directamente en el
tumor.

El paciente sobrevivié 8 anos mds.

Mds tarde Coley la toxina de Coley, una mezcla de
bacterias muertas de Streptococcus pyogenes y
Serratia marcescens, junto con endotoxinas activas en
los tumores.

En los casos de sarcoma de tejido blando Coley
alcanzé con su método una tasa de éxito del 10%




Los tumores pueden ser inmunogénicos:

chemical carcinogen-

é‘ L _.induced tumor
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Antitumoral Immune Response
]

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation
(APCs & T cells) @

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

Cancer antigen
presentation @

(dendritic cells/ APCs)

cancer cells by T cells
(CTLs, cancer cells)

Release of @

cancer cell antigens Killing of cancer cells Chen and Mellman 2015
(cancer cell death) (Immune and cancer cells)
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* Granulocyte
* Eosinophil
* NK cell
* Platelet

Tumor
microenvironment

Mesenchymal origin I:

Hematopoetic origin

* Mastcell *Bcell *Macrophage *CTL T,y ¢ Dendritic cell

* Pericyte
* Fibroblast

|
* MDSC

Suppressive mechanisms

MDSC cell

* Secretion of NO, arginase and ROS
* Sequestration of cysteine

* Impaired differentiation

* Defective antigen presentation

T cell

* Secretion of suppressive
cytokines (TGF-B, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15

* Impaired activation of CTLs

a1
e |

Macrophage - J >

\;’.,f ]
* M2 differentiation/cytokine profile
* Defective antigen presentation
 Lack of costimulation for T cells
* Impaired tumorocidal activity

Dendritic cell

* IDO expression; induction of Tregs
* Impaired maturation

» Defective antigen presentation

* Lack of costimulation for T cells

Cancercell | ‘/ ®,

* Loss of MHC class | and antigen
processing machinery

* Antigen loss variants

* Secretion of VEGF, GM-CSF,
G-CSF and gangliosides

© 2012 American Association for Cancer Research

Cancer Research Reviews
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5Como se reconoce el cdncer?

Patrones Asociados a Dano: DAMPS
.

Stranger model Danger model
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Nature Reviews | Inmunology Nature Reviews | Immunology




DAMPs presentes en lisados celulares inducen la
maduracion de células dendriticas

1 MITOCHONDRIA:
ATP
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Gonzalez F et al. Hum Vaccin Immunother 10(11):1-9, 2014 Krysko O et al. Cell Death Dis 4:1-7, 2013



LAS CELULAS DENDRITICAS INDUCEN RESPUESTAS
INMUNES ANTITUMORALES

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation
(APCs & T cells)

Infiltration of T cells
into tumors
(CTLs, endothelial cells)

(
Cancer antigen ’; =
presentation @ Y/

(dendritic cells/ APCs) @
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Killing of cancer cells

cancer cell antigens
(Immune and cancer cells)

(cancer cell death)

Chen D et al. Immunity 39: 1-10, 2013
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Modificado de Tacken P et al. Nat Rev Immunol 7:790-802, 2007



5Como se reconocen los Tumores?

ANTIGENOS
o




Los pacientes con cancer de vesicula biliar con mayor
infiltracion por LT CD8* en sus muestras tumorales presentan un
mejor pronostico.

Sobrevida Pacientes con Cancer de Vesicula Biliar,
segun infiltracién por células CD8*.

Porcentaje Sobrevida

60
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100+
80+ _'L_LI_‘
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—— High CD8" n =24

62,5%

23,6%

0

LogRank Test p = 0,002 **

Sobrevida Pacientes con Cancer de Vesicula Biliar,

Estadios lllA, segun infiltracion por células cps*.
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60+

40-
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—— |LowCD8*n=21
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37.5%
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0
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Sobrevida Pacientes con Cancer de Vesicula Biliar,

Estadios lll y IV, segun infiltracion por células cps*.

Porcentaje Sobrevida
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80+
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5
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Sobrevida Pacientes con Cancer de Vesicula Biliar,

Estadios 0, | y I, segun infiltraciéon por células cos®.

Porcentaje Sobrevida
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0

LogRank p =0,02*



Respuesta inmune
adaptativa celular: FASES

Secondary effector
response

7 Antigen 7 7Lymphocyter 7 Antigen ~ Contraction Memory
recognition activation elimination (homeostasis)
: Effector T
Antibody- s
Sl . ymphooyle | Elimination
- of antigens
———
Humoral
immunity
Surviving
Cell-mediated memory
1 immunity cells
Antigen
presenting Clonal
cell
Naive T
lymphocyte
Naive B
lymphocyte
0 7 14 21
Days after antigen exposure
Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.
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Los antigenos provienen de la periferia y son transportados
por las CD hacia los érganos linfoides secundarios para
activar a LT naive

‘Antigen recognition
in lymphoid organs

Induction of
response

Activation of
naiveT cells in

Activation of

I h node,
deﬂ';p.:en?of effectorT cells at
effector cells site of infection;

eradication of
microbe

infection



Linfocitos T-:
Reconocimiento y

activacion
Célula dendritica \H\\ L -
activada MHC B7.1 (cpso)
class Il B7.2 (cpse)

v

Senal 1: interaccion péptido-
MHC con TCR

TCR CD28

Senal 2: moléculas co-
estimuladoras

v

LT: activacion, sobrevida

Activacion

Los linfocitos T requieren de 2 sefiales para Sobrevida
activarse



Linfocitos T:
Proliferacion

Célula dendritica
activada

v

Senal 1: interaccién péptido-
MHC con TCR

Senal 2: moléculas co-
estimuladoras

Senal 3: citoquinas

v

LT: activacion, sobrevida,
proliferacion y diferenciacion

MHC cytokines
class |l IL-6
< 112
IL-23
IL-4

TCR

Activacion
Sobrevida
Diferenciacion




Sinapsis inmunoldgica:

Interaccion biolégica que ocurre entre dos células inmunes

célula
Organization of the immunological synapse Linfocito T presentadora de
el antigenos

TCR mas MHC
péptido

CD28 mas CD86

\ |
Moléculas de
adhesion

N

Outer ring (red) Inner circle (green)
pSMAC cSMAC

" TCR, CD4, CD28
eactioawt | 108 CCRE
CD8, PKC-z




Immune modulatory receptors controlling T

cell activation and function

Activating
receptors

CD28

OX40
GITR
CD137
CcD27
1ICOS l
T cell

stimulation

Inhibitory
receptors

CTLA-4
PD-1
TIM-3

T cell Targets for
Immunoregulatory
Antibody Therapy




LTCDS8 son las principales células que

atacan los tumores
_—

Induction of anti-tumor Effector phase
T cell response of anti-tumor
(cross-priming) CTL response
Tumor cells  Phagocytosed Differentiation T
T andantigens wmorcal o ofuumor g
ingested by Costimulator ¢ e cific recognizes
host APCs T cells tumor cell

CD8+
T cell

P

R APC g/ ¥ Killing of
99 tumor cell
............. -~ Cytokines

T lymphocyte
Abbas et al: Cellular and Molecular Inmunology, 7e.
Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc.




The role of MDSCs in chronic inflammation and cancer.

Protecting tumor cells
from senescerce

Inhibition of CD8*
T cell cytotoxicity

- Inhibition of NK cell activity

Promotion of cancer
stem cell expansion

|

Polymorphonuclear Macrophages Pro-inflammatory CD8* T cell Myeloid-derived Dendritic  Natural Killer Epithelial
leukocytes P&dlEato{i Sél°||1L331 . suppressor cell cell (NK) cell cell

@ ¢ H o @ B e

Dingzhi Wang, and Raymond N. DuBois Carcinogenesis
2015;carcin.bgv123

© The Author 2015. Published by Oxford University Press. All rights reserved. For Permissions,
please email: journals.permissions@oup.com
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Las células T regulatorias inhiben la respuesta inmune antitumoral y
favorecen la angiogénesis

E i S

O Recruitment by aBn|°|<;kaeC:12 ;fs
CCL22, CCL28 giog

—

O VEGF

—

Treg expansion

CD4

TGF -B, IL-10,
Adenosine,
CytonS|s
Metabolic
dlsruptlon

(ololﬁ

{ | Antitumor immunity |

Angmgenesns

TGF B, IL-10
TGF-B, IL-10
° TGF -B, IL-10
Treg CD4
Conversion
© 2012 American Association for Cancer Research
Cancer Research .AK{

JEM VOL. 205, September 1, 2008




The role of Tregs in chronic
inflammation and cancer.

‘ Cancer cells

]
/\‘ o, n Normal epithelia cells
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Dingzhi Wang, and Raymond N. DuBois Carcinogenesis
2015;carcin.bgv123
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La expresién de HLA-G es un importante
mecanismo de escape del sistema inmune de los

tumores
I I ——,

| Physiologic expression — Tolerance |
Uterine
Decidua spiral arteries
Placenta / Trophoblast . .
s »( Cytolytic function
3 <

inhibition Cornea Endothelial cells Erythroblasts Dendritic cells

X
Trophoblast NK
Pancreatic islets Macrophages

cells
Amniotic fluid | Fetal tissues Adult organs

Membrane HLA-G ‘/

(HLA-G 1-2-3-4)

Autoimmune diseases  Viral infections Inflammatory diseases Transplantation Cancer

| Abnormal expression — Immune escape |

© 2013 American Association for Cancer Research

CCR Molecular Pathways AR




Cdémo escapan al reconocimiento: HLA-G es expresado en muchos
cdnceres tanto linfoides como epiteliales

Figure 3 — HLA-G expression in tumor lesions
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“Danger” Intrinsic tumor suppression
Transformed signals  Tymor  NKR (senescence, repair, Normal
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Beyond Today’s Topic
—

Immunotherapy

Active Passive

Recruit the endogenous Provid Froct
immune system rovide exogenous effectors

B Therapeutic Modulate T-cell |  Oncolytic Aﬂﬂmgiﬁr Cellular:

Immune : : : :
Stimulation vaccines Function viruses mAbs Adoptive

CTLA-4 inhibition Rituximab
Sipuleucel-T PD-1 inhibition Trastuzumab Adoptive
Cytokines GSK1572932A PD-L1 inhibition Cetuximab Cell Transfer
o R TG4010 PD-L2 inhibition mAb-drug (including CARs)
-21, IL-15) Belagenpumatucel-L = llallstufelr congugates (e.g. Allogeneic
Anti-KIRs B brentuximab transplantation
IDO inhibition Tergenpumatucel-L CD40 agonism dotin. TDM-1
Racotumomab OX-40 agonism vedotin, -1)
BiTE therapies

aSelected examples of approved immunotherapies or immunotherapies

under evaluation for cancer. www.clinicaltrials.gov. Accessed October 2014



Brief history of cancer

immunotherapy

Cancer immunotherapy
first documented:

Virchow described tumour immune
infiltrates’

Coley observed that injection of
bacterial products had benefits for
inoperable cancers

2

Immune component to

spontaneous regressions in
melanoma?

doptive

IFN-o as adjuvant

immunotherapy? therapy for melanoma

(Us)?

BCG approved for

bladder cancer
(Us)%3

Anti-CTLA-4 rejects
mouse tumours®

First tumour-
associated antigen

cloned (MAGE-1)?

Sipuleucel-T
approved for
prostate cancer
(2010 - US)?2

Ipilimumab approved for

advanced melanoma in
UK®

IL-2 approved
for RCC and
melanoma (US)?




Cancer immunotherapy
first documented:
Virchow described tumour
immune infiltrates’

for inoperable cancers?

1970s

Sir Macfarlane

Burnet, 1957
Im

Coley observed that injection of
bacterial products had benefits

lAdopﬁve
mmunotherapy?

1980s

mune component to

spontaneous regressions in

melanoma?

IFN-a as adjuvant
therapy for
melanoma (US)?

BCG approved
for bladder
cancer (US)23

First tumour-

associated antigen
cloned (MAGE-1)?

Sipuleucel-T
approved for
prostate cancer
(2010 - US)?

IL-2 approved
for RCC and
melanoma (US)?

Approval of several
immunotherapies
(checkpoint
inhibitors)

5 years of
excitement
Penetrating to
clinical and social
spheres



Priming and
activation

CD28/B7.1
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OX40/0X40L
CD27/CD70
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presentation

TNF-o. @
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IFN-o
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M Inhibitors

®

Trafficking of CX3CL1

T cells to tumors  CXCL9
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CCL5
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Endothelin B receptor

Recognition of
cancer cells by T cells

T cell receptor
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Killing of cancer cells

IFN-y
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Release of
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Immunogenic cell death
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The rules of engagement

T cells require multiple signals to become fully activated

Co-stimulatory signal and

Specific signal alone e
specific signal

HLA

Co-stimulator

T cell
Receptor

T cell becomes non-responsive Activates T cell

1. Janeway CA, et al. Immunobiology 2008;
2. Pardoll DM. Nat Rev Cancer 2012;12:252-264



Releasing the brakes through CTLA-4 blockade

The birth of immune-checkpoint blockade

mAbs = monoclonal antibodies.



Releasing the brakes through CTLA-4 and PD1
blockade

Intracellutsr
wesicle

Co-stimudating
ligand

L8 o
f—)

Antigen experienced T cell

Censtitutive encogenic
signalling induces PDLY
expression on wmour cells

T eell-induced
FDL1 upregulation




Combination checkpoint blockade against late stage human
melanoma (anti CTLA4 + anti PD1)

300
’/

A First occurrence
100 2004

of new lesion

1504

100+

.
lzzl ....... B 111

Baseline (%)

Change in Target Lesions From
Change in Target Lesions from Baseline (%)

0 10 20 30 40 50 60 70 80 90 100 110

Weeks Since Treatment Initiation Patients

aData shown are from patients who received IPI + NIVO in a concurrent combination regimen (A: n = 17; B: n = 47).
IPI, ipilimumab; NIVO, nivolumab.
Adapted from Wolchok JD, et al. N Engl J Med. 2013;369:122-133.



The combination of activating and inhibitory signals
defines the direction and potency of immune responses

Immune
Suppression

Well tuned
immunity

Autoimmunity




T cell Targets for Immunoregulatory

Antibody Therapy
]

Activating Inhibitory
receptors receptors

CD28 CTLA-4

OX40 PD-1
GITR TIM-3
CD137 . > BTLA
cD27 %, VISTA
ICOS l LAG-3
T cell

stimulation




However, good tumour control
comes at a cost

© 2013 American Association for Cancer Resaarch

Melero |. et al. Clin Cancer Res 2013;19:997-1008



The ideal scenario would be to mobilize only tumour-

specific T cells while avoiding healthy tissue
I =,

Healthy Tissue

Tumour-

antigens

Tumour Healthy Tissue

Mutations
(neoantigens)

Results in autoimmunity




Mutations are the Enabling /Driving

Force Behind Cancer!
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Neo-antigenic burden correlates with immune activation

at the tumour site
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Mutation signature associated with response to
anti CTLA-4 in human melanoma
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The neo-antigenic landscape is relevant to
the outcome of PD-1 blockade in NSCLC

Science, April 2015

CANCER IMMUNOLOGY

Mutational landscape determines
sensitivity to PD-1 blockade in
non-small cell lung cancer
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Inmunizar: Conferir Proteccion




Inmunoterapia con células dendriticas para el
tratamiento de melanoma maligno
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Caracteristicas generales de los pacientes ingresados
a protocolo

Hasta la fecha se han reclutado alrededor de 300
pacientes

Hemos inmunizados a pacientes con melanoma avanzado
(melanoma etapa IV vy llic) y cdncer de préstata resistente a
la castracion.

Tenemos una mediana de seguimiento de estos pacientes de
80 meses

RAM a la terapia son leves y ocasionales e incluyen, dolor y
eritema en la zona de inoculaciéon de la vacuna, vitiligo
centrofacial en pacientes con melanoma

En un grupo limitado de pacientes con carcinoma de
prostata se ha observado aumento leve de la presidn
arterial transitoria.



La induccidn de respuesta inmune por células dendriticas esta
asociada a un aumento de la sobrevida

Survival of Stage IV (97 patients)
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Lopez et al, JCO 2009



LT regulatorios se correlaciona con baja respuesta clinica
e inmunoldgica en pacientes tratados con inmunoterapia basada en CD
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Modelo propuesto
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TLR4, RAGE
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Curvas de sobrevida en pacientes con melanoma
tratados con células dendriticas TLR4 DD y DG /GG
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Inmunoterapia con células dendriticas para el

tratamiento de melanoma maligno
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TRIMEL
-

. Lisado tumoral alogénico derivado de tres lineas celulares tratadas
con un shock térmico.

- Promueve la optima maduracion de células dendriticas (expresion
de DAMPs) vy la presentacion de antigenos asociados a melanoma.

- Key factor para la efectividad de la inmunoterapia TAPCells.

ES POSIBLE UTILIZAR LISADOS TUMORALES CONDICIONADOS
COMO UNA VACUNA CONTRA EL MELANOMA?

JCO 2009; Clin Cancer Res 2011; 17(8); 2474-83 / Br J Cancer 2013; 17;109(6):1488-97.



Non-immunogenic Cell Death
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TRATAMIENTO TERAPEUTICO CON TRIMELVAX INHIBE CRECIMIENTO TUMORAL
DE LA LINEA DE MELANOMA MURINO B16F10

Tumor volume [mm3]
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Ratones hembras C57BL/6 fueron desafiados con 2,5x104 células de melanoma
murino B16F10 y a los dias 1, 6 y 12 se les inmuniz6 s.c con tres dosis de la vacuna
TrimelVax. Se realizaron mediciones del crecimiento tumoral por 19 dias. Los grupos
experimentales fueron: PBS, Lisados tumorales condicionados con calor, hemocianina
de loco (CCH), y la vacuna TrimelVax (Lisados tumorales condicionados con calor +
CCH). Se realizaron dos experimentos independientes, cada uno con n=5.

A) Curvas individuales de crecimiento tumoral para cada animal de los cuatro
diferentes tratamientos para uno de los experimentos.

B) Curvas de crecimiento tumoral promedio por grupo para uno de los experimentos.

Andlisis estadistico utilizando ANOVA con dos vias y correccion de Bonferroni. * p <
0.05.



EL TRATAMIENTO COMBINADO DE TRIMELVAX CON ANTICUERPOS ANTI-PD-1 RETARDAN
CRECIMIENTO TUMORAL EN MODELO TERAPEUTICO DE MELANOMA B16F10
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TTvax y Ttvax/anti-PD-1 induce un aumento de linfocitos T CD8+ tumorales
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CONCLUSION

La nueva tecnologia THERMOVAX ha demostrado
retardar el crecimiento In vivo de tumores en un
modelo murino.

El Proyecto IDEA de continvidad, apunta a
implementar  pruebas clinicas que permitan
transferir esta tecnologia a través de patentes de
uso Yy producto.



Desafios

La innovacidn requiere del aumento importante de
masa critica que desarrolle investigacidon bdsica y
preclinica, pertinente a la realidad de nuestros paises

La ciencia por si sola no desarrollard un pais, pero si el
esfuerzo estd dirigido a la educacién, a la creacién y
la investigacién y a la diversificacion productiva, puede
que lo logremos.

La inversidon en la formaciéon de las personas desde
pequeias, es probablemente lo que dard mayor valor
agregado, porque permitird la generacién de una
masa critica para el desarrollo nacional.
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Quimioterapia como inmunomodulador
-

1001 - High neoantigen burden
“ Low neoantigen burden

7 Quimioterapia
aumenta la
antigenicidad a través
de un aumento en la
carga de mutaciones y
la carga de Y
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Risvi et al, Science, 2016
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0 Liberacion de CRT,
HMBG1, Liberacion de
ATP etc.......

Bezu et al, Frontiers in immunology, 2015
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Alteracion de vias inmunosupresoras de

los tumores

Linfodeplecién puede
potenciar las respuesta de
LT especificos, aumentando
la respuesta antitumoral
particularmente durante la
fase de recuperacion.

Linfodeplecion elimina Treg,
Células mielodes supresores
(MDSGCs) y macréfagos
asociados a tumor (TAMs)

Ciclofosfamida elimina los
Treg y mejora la sobrevida

Aumenta la activacion
de células T

Aumenta la
proliferacion de
células T
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T cells are engineered
to express CARs that
recognize cancer cells
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Table 1: Examples of CAR-T cell clinical trials

Target Type of cancer ID
CD133 Hepatocellular carcinoma, breast cancer NCT02541370
CD171 Neuroblastoma, ganglioneuroblastoma NCT02311621
HER2 Gastric cancer, Advanced sarcoma NCT01935843 and NCT00902044
CEA gastric cancer, pancreatic cancer Colorectal adenocarcinoma NCT02349724 and NCT00004178
FAP Malignant pleural mesothelioma NCT01722149
GD2 Neuroblastoma, Ewing’s sarcoma, osteosarcoma and melanoma NCT01822652 and NCT02107963
MUC1 Hepatocellular carcinoma, NSCLC, pancreatic cancer and triple- NCT02617134 and NCT02587689
negative invasive breast cancer
IL13Ra2 Glioma NCT02208362
EGFR Advanced glioma, EGFR positive solid tumors NCT02331693 and NCT01869166
EGFR vIII Glioblastoma NCT02209376 and NCT01454596

mesothelin

Pancreatic cancer

NCT02706782
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» Toxi(‘it)' of CART=cell theral)y :

Insertional
oncogenesis

Confusion, delirium, aphasia, seizure

Neaurological toxicity

—

Cytokine release syndrome
Fever, fatigue, hypotension‘tachycardia,
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Las instituciones tienen un deber moral y ético de hacer que la
investigacion cientifica sea mds diversa y representativa. Mejorar la
participacion de los grupos menos representados no es simplemente

mds justo - podria producir una mejor investigacion



