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L'immunité du cancéreux: un nouveau paradigme

IMMUNITE & CANCER
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L'immunité du patient cancéreux

Le systeme immunitaire reconnait et réagit contre le
cancer

La reponse immune anti-tumorale est contrblée par des
mecanismes de regulation et toléerance

Certaines reponses inflammatoires peuvent promouvoir
la progression du cancer

Une meilleure compréhension de ces mécanismes a
permis le développement de 'immunothérapie
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Immuno-oncologie

. Importance des lymphocytes infiltrant les tumeurs
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Stromal TIL %: area occupied by
mononuclear inflammatory cells
over total stromal area.

Intratumoral TIL %: area occupied
by mononuclear inflammatory
cells over total tumor cell area.
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Immuno-oncologie

Les lymphocytes T reconnaissent differents
antigenes tumoraux

cultured tumour cells*

Tumour-infiltrating lymphocytes are
present in human tumours and can be
reactivated in vitro to kill autologous

Patients with

melanoma make T cell

Peptides presented by MHC responses against
molecules at the cell surface differentiation

can be eluted by acidic antigens, such as
treatment and characterized® tyrosinase 3958485107

» |[dentification of several additional human
families of cancer-germline genes, such as
BAGE, GAGE and CTAG*#3315

= |[dentification of a peptide encoded by the
gene ERBB? as a valid antigen!'®

Identification of a large number of human
tumour-specific antigens resulting from point
mutations in ubiquitously expressed genes™ 537

Identification The generation of

of a peptide some tumour-specific
of WT1 asan antigens depends on
antigenic — the type of

peptide in proteasome present
leukaemias'™ in the tumour cell**

*

Identification of the
point mutations that
result in the new
antigenic peptides

Thisindicates that
immunosurveillance of
the integrity of the
mammalian genome is a
I-Baljtyzi,.‘lﬁ

present ontum™va riants.

Identification of a gene encoding a
mouse tumour-specific antigen.
This gene is silent in normal tissues
and activated in some tumours®®

Identification of several
cancer germline genes
homologous to MAGEAT.
The MAGE family

Identification of the first human
tumour-specific antigen, encoded
by MAGEA1, that is recognized by
CTL cells on human tumours*42
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comprises 25 genes**#!

Animportant fraction of
tumour-specific antigenic
peptides are produced by

anomalous genetic processes
such as intronic transcription,

antisense transcription and
post-translational
modifications® 15813

Some tumour-specific
antigenic peptides
contain juxtaposed
distant protein
sequences. Thisresults
from the splicing of
protein fragments inside

the proteasome!¥-3

Coulie et al. Tumour antigens recognized by T lymphocytes: at the core of cancer immunotherapy.

Nature Reviews 2014
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Immuno-oncologie

Les lymphocytes T reconnaissent différents
antigenes tumoraux

a Antigens: high tumour specificity b Antigens: low tumour specificity
Mutation Tumour-specific expression Tissue-specific expression Overexpression

i ‘Many tumours | E l Some tumours !
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Immuno-oncologie

. Lymphocytes T anti-tumoraux

9 ) Mouse with
‘ ﬂs\chemical carcinogen-
4 induced tumor
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" Transplant tumor cells ’g\ ‘Transplant tumor cells | Adoptively transfer -
into original Tumor into syngeneic mouse , T cells into recipient
_tumor-bearing mouse  cells ‘ '+ of tumor transplant
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Caractéristiques des cellules cancereuses

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

OI lQ
o 4
INSTITUT

" |
JULES BORDET . ULB ||
INSTITUUT Hanahan & Weinberg, Cell 2000 l==

iris




Caracteéristiques des cellules cancéreuses
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Emerging Hallmarks

Sustaining Evading
proliferative growth
signaling suppressors

Avoiding
immune

Deregulating
cellular

Enabling . erapeutic
replicative Immuno-

Immortaiity modulatory
strategies

Resisting
cell

promoting

instability & ' :
inflammation

mutation

Inducing Activating
angiogenesis invasion &
metastasis

Enabling Characteristics
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Le concept dimmunosurveillance

Pre-malignant Elimination

lesion Immunosurveillance

Equilibri
Advanced 2 quilibrium s

. A Immunoselection
oncogenesis /

Tumour /. Escape _
% Immunosubversion
growt
Cell intrinsic Cell extrinsic (immune system)
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Echappement a la reponse immune anti-tumorale

C Release of
immunosuppressive factors

B Recruitment of
immunosuppressive cells

&® <

Tregs MDSCs

Factors/enzymes directly
e or indirectly suppress
@ immune response

" D T-cell checkpoint

A Ineffective presentation dysregulation

of tumor antigens to the
immune system

Downregulation of  Suppression
MHC expression of APC

HVEM LAG-3

Co-stimulatory Co-inhibitory
) : receptors receptors
Tumor microenvironment
Tumor APC
cell
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L'immunité du cancéreux: un nouveau paradigme

L' IMMUNOTHERAPIE CONTRE
LE CANCER
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Développement de 'immunothérapie

(1991, 1994) Discovery of

Description human tumor antigens —_—
of immune HPV vaccination to
infiltrates by prevent uterine
Virchow cervical neoplasia
'“ \‘; - .. . . ‘ - 7
1863 — 1898 —1957 —1976 —1983 — 1985 — 1991 —2002 —2009 —2010 2011 —2014

| "4
/ Ftoscwoval FDA approv
Treatment of of DC vaccine | for melanoma
cancer with | (sipuleucel-T) for
bacterial products prostate cancer
("Coley's toxin”)
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From Iinfection to Immunotherapy

New York Times - July 29, 1908

RYSIPELAS GERMS
A5 OURE FOR( CANG

Dr. Coley's Remedy of Mixed
Toxins Makes One Disease
Cast Out the Other.

MANY CASES CURED HERE

Physiclan Has Used the Cure for 15
Years and Treated 430 Cases—
Probably 150 Sure Cures.

F1G. Il—Du. CorLey’s Cask oF SancoMa oF Lowex EnD oF FEMOR.
Poamion S MOWING GRANULATING SURFACES FRODUCED BY
2 EsvsiPELAS CULTURE.

Just how this influence is exerted is at present undetermined.

The theories that have the greatest support are (1), that the

erysipelas coccus has a direct destructive action upon the cell

elements of the new growth; (2), that the /AZighk rtemperature

alone is sufficient to destroy the cells of lower vitality causing

a fatty degeneration followed by subsequent re-absorption;

(3), that sarcoma and carcinoma are both of bacterial origin
o§ and the erysipelas germ has a direct antagonistic effect upon )
the cancer bacillus. i

NSOV Contribution to the knowledge of sarcoma. William Coley M.D. Annals of surgery. 1891 = 'Ir-ls-



From infection to Immunotherapy

INTRACAVITARY BACILLUS CALMETTE-GUERIN IN THE TREATMENT
OF SUPERFICIAL BLADDER TUMORS

A. MORALES,* D. EIDINGER axp A. W. BRUCE

From the Departments of Urology, and Microbiology and Immunology, Queen’s University, Kingston, Ontario, Canada
(Reprinted from J Urol, 116: 180-183, 1976)

Quter muscle layer

Innermuscle layer
Lamina propria

Papillary tumor.

Carcinoma in situ
Prostate glan

Urethra
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Développement de 'immunothérapie

(1991, 1994) Discovery of

Description human tumor antigens —_—
of immune HPV vaccination to
infiltrates by prevent uterine
Virchow cervical neoplasia
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Immunothérapie contre le cancer

Breakthrough of the Year

Cancer
Immunotherapy
T cells on the attack ‘

«:3:2013
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THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

Antitumour immunity
enhanced by inhibiting
PD-L1/PD-1andidentifying
mutant neo-antigens

IMMUNE-CHECKPOINT
BLOCKADE IN

CANCER

PEER REVIEW MICROSCOPY

27 November 2014 £10

ACCEPT YOUR THE CASE FOR ‘NIGHT-TIME’®  wosterms

OWN PAPER AIMING HIGHER | COOLING BY DAY
How somescientists are Atomic resolution is there New materials enable
duping the system forthe taking radiative cooling in sunlight
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Immunothérapie contre le cancer

Cancer therapy
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Inhibiteurs de point de controle

2018

Nobel Prize in
Physiology or Medicine

\\

James P.
Allison

Tasuku
Honjo

CTLA-4

ANTIBODY ANTIBODY
ADDED ADDED
_’. —-’
BRAKE’ ‘BRAKE
REMOVED REMOVED
Honjo discovered another brake protein, PD-1. It operates Allison studied the T cell brake protein CTLA-4. He
by a different mechanism, but also arrests the immune developed an antibody that could bind to CTLA-4 and
response. Treatment with antibodies releases the brake. block its function, allowing the immune system to attack
This has been effective against different cancers, including cancer cells. The antibodies successfully cured mice with
metastatic cancer, previously considered untreatable. cancer, and later human trials were also successful.
§ ULB o |
KEY @ Tcell @ antigen presenting cell  # cancercell mm( ‘brake’ protein  J= antibody .":'s.




Immunothérapie contre le cancer

WAKING UP THE BODY'S DEFENCES

Tumour cells can inhibit the body’s immune response by binding to proteins, such as PD-1, on the
surface of T cells. Antibody therapies that block this binding reactivate the immune response.

T-cell receptor Ar;tltb?dlies‘bloc:«
8 recognizes ltﬂ WI;E)I <])ry signa
tumour cell _ 0 FU-

A separate therapy
uses antibodies
Tevawrvn-Ta i

& 1€ U B Cel |

inhibiting
T-cell
response

Nature 2012.
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Immunothérapie contre le cancer

Paradigm Shift in Cancer Therapy

Historical Paradigm: New Paradigm:
Targeting Tumor Cells Targeting Immune Cells
Lymphocyte

W

A —1

@

JULES BORDET ULB ll=
INSTITUUT Marabelle A. Symp iTox. 2017 .l

o




L'immunité du cancéreux: un nouveau paradigme

LA REPONSE IMMUNE ANTI-
TUMORALE
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La réponse immune anti-tumorale

The cancer immunity cycle

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) ®

blood
vessel

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

lymph node

Cancer antigen @
presentation

(dendritic cells/ APCs)

@ Recognition of

cancer cells by T cells
(CTLs, cancer cells)

Release of @ @

Killing of cancer cells

olole ! cell antigens (Immune and cancer cells) o
¢ INSTITUT Chemotherapy s
JULES BORDE Radiation therapy BRI |
INSTITUUT Targeted therapy Chen & Mellman.Immunity2013 L
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Activation des lymphocytes T

Tumor or P
epithelial cells TCR signal only No T cell

proliferation

Antigen
+ |
MHC| TCR
&) o

APC's T cell
(dendritic cells, proliferation
macrophages)
d
/ W
" 9
- v
....... » ‘
)
- ,’ \M
B -, Cytokines
* ' PP <
INSTITUT D — — [ |
JULES BORDET ULBR [ | |
INSTITUUT Sharma & Allison. Science 2015 am

iris




Activation des lymphocytes T

/ Injection site /Lymph node

MHC class s

Activated \ ﬁl’umour site \

C’ T cell

Tumour
antigen

Tumour
antigen

Naive or memory
CD8' T cell

Y

Tumour
cell lysis

‘-----.--‘ ‘--..-.-’

|

o g <«® Released
Nai ctn\:ate v o4 @tumour
Nalie ofmemary CD4* T cell 0° ¥ antigens

J K Epitope spreading /
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La réponse immune anti-tumorale

The cancer immunity cycle

Trafficking of
T cells to tumors

Anti-CTLA-4

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

vessel

lymph node

Cancer antigen @
presentation Recognition of
(dendritic cells/ APCs) (®) cancer cells by T celis

CARs

Anti-PD-1/PD-L1

4
Release of @ =54
® * cancer cell antigens N
* INSTITUT (cancer cell death) -J-
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Inhibiteurs de point de controle imunitaire

APC - Antigen-Presenting Cell ef : .' ) . .,
B oweenning 0 Cancer Therapy by |n-hlbltl0n of Negative N
it i M Immune Regulation (CTLA4, PD1) | hegasy.de

\\;;\ iy Y/ Naive
.‘-,‘Q{\:ﬁ:rj“ : "< ’/' T'Cell
o | h‘. A _, L
Tumor APC Containing TAA
(e.g. Melanoma) Migrates to Lymph Node
Immune ) e AR
Cell =
Yy £ < | cD8o = .
° CD86
T-Cell Migrates to CTLA4
PD-LL \u' o1 Loy Tumor Tissue \
; o i- ==
Anti-PD1 =g <1
0‘_ Tumor Microenvironment T-Cell Priming
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Immunothérapie en Belgique

Head & Neck CA Lung CA
OPDIVO. OPDIVO.
CKEYTRUDA
Merkel CA |_| -
@g AVENCIO D IMFINZI
Hodgkin RCC
OPDIVO. OPDIVO.
Colon CA MSI+
Melanoma Sq CA of skin
YERvo?.("' OPDIVO.
YKEYTRUDA Bladder CA
apn,fo_ - - _ QPWO.
Reimbursed in Belgium SKEYTRUDA
sept 2018 "TECENTRIQ"
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L'immunité du cancéreux: un nouveau paradigme

PERSPECTIVES POUR
LIMMUNOTHERAPIE
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Perspectives

DESPERATELY SEEKING SURVIVAL

Patients generally respond well to targeted therapies (left), which are directed at
specific mutations in a cancer, but only for a short time. Checkpoint immunotherapies
(right) do not help as many people, but those they do help tend to live longer.
Oncologists are trying to get the best out of both strategies by combining the drugs.

- Targeted therapy = |mmunotherapy
Standard therapy Standard therapy
©
=
<
== |
n
0 1 2 3 0 1 2 3

Years after diagnosis
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Le concept des tumeurs “chaudes” et “froides”

Cold Tumor

Immune-subpressing cells T cells and other
cancer fighters
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Cancers considered as “hot”
Bladder cancers, head & neck cancer,
kidney cancer, melanoma and lung
cancer

Cancers considered as “cold”
Glioblastoma, pancreatic, ovarian,
prostate cancer

BORD ULB




Convertir les tumeurs “froides” en “chaudes”?

Non immunogenic tumor Immunogenic tumor
microenvironment microenvironment

~

Combination
with agents th
immunogeni
microenviro

N

Tumor CD8  with CD45R0O
cell Tcell expression
with PD-L1  with PD-L1

expression expression

0&0
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Enhancing immunotherapy: The race to
make “Cold” tumors “Hot”

Immunogenic cancer cell death

Enhance antigen presenting/
APC function/adjuvanticity 223{2{’,,‘2233 )
Vaccine therapy Cryotherapy, other ablative therapies

PD-L1 Targeted treatment

WAL AcVEnS TRAIL-R agonists and other TNFSF

Toll like receptors

Interferon )
GM-CSF APC
CD40 - 3
- [ o>
‘ﬁ&a ’
CTLA4 & PD-1 &
D-L1 Enhance T effector activity
CcD27
Effector
T cells
Regulatory
T cells MDSC
Eliminate immune-suppression
IDO1
CXCR2
* LAG-3 and TIM-3
J PI3K

Harris SJ, Brown J, Lopez J, Yap TA, e
Immuno-oncology combinations: raising the tail of the survival curve.Cancer Biol Med.2016 iris
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Combinaisons synergigues

-defective angiogenesis
-fibrosis
' -lack of chemokines

-microbiome
-behaviour (eg smoking)

-metabolism
-organ

-exercise
-age

adenbSine &y >
Nmmunosuppressiveg
microenvironment;

Mahetationiés

-MHC loss v -costimulatory receptors
-mutation IFNg signaling -coinhibitory receptors
-epigenetic silencing of antigen presentation -epigenetic regulation of
-immature DCs T cell exhaustion

g . =2 enhancing the potential of the immune system in cancer
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Combinaisons synergigues

esearch: Cancer Immunology at the Crossroads
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Nivolumab after induction treatment in
metastatic TNBC- TONIC trial

4 N

Radiotherapy{ | @ # n

(n=10; ORR10%) | 1
1 o .
' @ ®* —

Doxorubicin s DoxorubicinA ] . = -
c = 11- o 1 ®
(n=11; ORR 45%) X ®
Cyclofosfamide{ % @& | |

(n=9; ORR 11%) [}
Cisplatin- , [ ]
1
1
1
1

Cyclophos
phamide

.
V

nivolumab

(n=9; ORR33%) —
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Intra-tumoral cancer iImmunity priming

A Treatment B Cold tumor (D Hot tumor
f {] PD- I.‘l Anti-PD-1
AN 90-1
T o
[y "" l Prior to treatment 6‘
|+ Intralesional
@%’"’1 = | injection f

Non-injected
lesions

- -
GM-CSF ceail

0&0
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Oncolytic Virotherapy Promotes Intratumoral T Cell
Infiltration and Improves Anti-PD-1 Immunotherapy

Antoni Ribas, Reinhard Dummer, Igor Puzanov, Ari VanderWalde, Robert H.I. Andtbacka, Olivier Michielin, Anthony J. Olszanski, Josep Malvehy,
Jonathan Cebon, Eugenio Fernandez, John M. Kirkwood, Thomas F. Gajewski, Lisa Chen, Kevin S. Gorski, Abraham A. Anderson, Scott J. Diede,
Michael E. Lassman, Jennifer Gansert, F. Stephen Hodi, Georgina V. Long

= >-100% and S -50% 4(16.7)
>-50% and < 25% 7(202)
- 225% 9(37.5)

Talimogene laherparepvec Pembrolizumab A Injected Lesions Clisigs Wy ot Btes i baselk %)
Genetically modified HSV-1 designed to selectively replicate Anti-PD-1 100 7 - 100 38 (76.0)
in tumors and produce GM-CSF monoclonal antibody = i si}gg;
A34.5 A34.5 AT e g 50 4 - 225% 4(8.0)
& | x 1l
154 &
J Administration % I
by IV infusion g B0 : i i H--
PA | hGM-CSF | CMV cMV [nsmcsr PA [ us11 5
-100
B Non-injected Non-visceral Lesions
Change in tumor area from baseline n (%)
- 100 10 (43.5)
m >-100% and <-50% 0(0.0)
~ Antitumor § - Y
immune response 4 =]
:E -ttty
£
2
s
o
Administration by “© S
intralesional injection - -100
| 4 - ) .
C Non-injected Visceral Lesions
Change in tumor area from baseline n (%)
’ - 100 4(16.7)

T CD4+ and CD8+ T cells
T IFN-y expression

Change from Baseline, %

b

o

L
E—
—
=y
|

-100
Includes index or new measurable lesion.
indi at least 2 with bi-di i
Safety analysis set includes all subjects who received at least 1 dose of tali orp i
Antitumor Activity .J.
(Objective Response Rate=62%) viBl [
INSTITUUT Cell Volume 170, Issue 6, September 2017 .I:s.
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Immunothérapies. combinaisons synergiques
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Synergistic effects of combined immunotherapies

Non-immune
therapies

Radiotherapy

Chemotherapy

Anti-angiogenic
agents

Targeted therapies
(including
antitumour
cytotoxic mAbs)

Virotherapy

Hallmark mechanisms of

synergy in immunotherapy

Increased lymphocyte
infiltration into turours

Immuneogenic cell death

Activation of primed
T cells and reversion
of exhaustion

)

Immunotherapies

Immunostimulatory mAbs

FPD1 or PDL1

\
\
\
N\

,/m

Attenuation of

immunosuppression in

the tumour

microenvironment:

*Teeo cell function

* Myeloid-derived
suppressor cells

* Immunosuppressive
cytokines

* Immunosuppressive
enzymes

Increased numbers of
tumour-specific T cells

Enhancing the
performance of
antigen-presenting cells

/

/ Neutralizing other

immune inhibitors:
* TGFp
s |L-10
+ |DO1

Activatory cytokines:
= |[FNo

®|L-2

s |L-12

Adoptive T cell therapy

Cancer vaccines

\

Microbiological adjuvants:
* TLR agonists

s o-GalCer

# STING activators

Nature Reviews 2015
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Immunothérapies: combinaisons synergiques

Numbers of trials using common combo strategies:
1. Anti-CTLA-4 agents: 251
2. Chemotherapies: 170
3. Radiotherapies: 64
4. Anti-VEGFA agents: 43

5. Chemoradiotherapy combos: 42

.::zo
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Perspectives . cancer-immune phenotypes
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Perspectives

. Immune precision medicine to guide therapy
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Merci pour votre attention




