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Trois types d’environnements tumoraux

IMMUNE DESERT IMMUNE EXCLUDED INFLAMED

PATTERN OF IMMUNE ACTIVITY

T cells are absent from the tumour T cells have accumulated, but T cells have infiltrated, but
and the tumour microenvironment are not efficiently infiltrating are not functioning properlyt
the tumour microenvironment”
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Les bases de
'immuno-oncologie

Dr Guy Berchem MD, PhD
Oncologue Médical

Centre Hospitalier de Luxembourg



La cellule tumorale d’ou vient elle?

Chemical attack
Irradiation
Or just transcription error!
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Le cancer et le systeme immunitaire...

|/

Ici, la cellule
Cancéreuse
perd son HLA (99% cas) ==p Cellule tuée par systéme immunitaire

Mais maintenant, c’est quoi le systeme immunitaire dans ce contexte?



La complexité du Microenvironnement tumoral

Lymphatic endothelial cells

= Tumor cells can invade existing
lymphatics or stimulate lymphatic
vessel sprouting with the production
of factors, such as VEGFC or VEGFD.
0 Lymphatic vessels are important in
the dissemination of malignant cells,
but they might also promote tumor
development by mechanomodulation
of the TME and altering the host
immune response to the tumor.

T lymphocytes

= Abundant in the majority of human
and experimental cancers (up to
10% of all cells in the tumor).

= Found within and surrounding the
tumor mass.

= Phenotypes of pro- and anti-tumor
T cells can vary with disease type
and stage. CD8* cytotoxic T cells,
CD4+ Th1 helper T cells and
10 T cells are usually associated
with a good prognosis.

 FOXP3+* T regulatory cells, CD4*
Th2 helper T cells and TH17 cells
are usually associated with a poor
prognosis.

B lymphocytes
» Sometimes found at the invasive
margin of some tumors, but more
often in secondary and tertiary
structures adjacent to the TME.
I B cellinfiltration is associated with
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good prognosis in some human
cancers. However, deposition of
B cells and immunoglobulin is
tumor-promoting in some mouse
cancer models.
= Immunosuppressive IL-10 producing
subtypes of B cells, B10 or Breg cells
also have tumor-promoting activity in
mouse models.

Myeloid cells

Mesenchymal stem cells
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Mesenchymal stems cells can be
recruited from the bone marrow and give

@ rise to CAFs, pericytes, adipocytes and
smooth muscle cells in the TME.

Adipocytes

[ ™ In some cancers, adipocytes actively
Consist of several subtypes: probably the most abundant cell aid recruitment of malignant cells
lineage in the TME. through the secretion of adipokines.
) I They also promote malignant cell
Tumor-associated macrophages (TAMs) growth by providing fatty acids as fuel

W Typically tumor-promoting.
= IL-10", IL-12°* phenotype and mannose-receptor-positive.
I TAMs also produce angiogenic factors and accumulate in

hypoxic or nectrotic areas of the TME. NK and NKT cells Cancer-associated fibroblasts Vascular endothelial cells

eloid-derived suppressor cells (MDSCs|
= - - w» Found in many human and W Angiogenic factors produced by malignant

= Inhibitory immune cells producing large amounts of IL-10. “ Innate cytotoxic d ; f i Pericytes
® Inhibit cytotoxic T cells and polarize TAMs to a lymphocytes, NK cells @ experimental cancers, especially ﬁ cells, myeloid cells or CAFs in the TME

for cancer cells.

tumor-promoting phenotype. and NKT cells are at the invasive margins. stimulate sprouting of endothelial cells. 1 Perivascular stromal cells, pericytes,

: a . - :
Tumor-associated neutrophils (TANs) usually found outside Produce tumor-promoting growth m The new blood vessels have chaotic % provide structural support for blood

= Can have both pro- and anti- tumor activity. the tumor area. factors, chemokines, cytokines, branching and uneven vessel lumina. vessels i the TME.

ECM components and ECM The vessels are also leaky, raising I Low pericyte coverage of TME vessels
Terminally-differentiated myeloid dendritic cells = For some cancers remodeling enzymes. interstitial pressure, with uneven blood correlates with poor prognosis and
= Might be defective in the TME and cannot adequately they can predicta & Can also have important flow, oxygenation, nutrient and drug increased metastases.
stimulate an immune response to tumor-associated antigens. good prognosis. immunosuppressive activity. delivery in the TME.

Balkwill et al, J Cell Science 2012



Comment toutes ces cellules nous défendent
elles contre les infections et le cancer?



Coopération entre le systeme immunitaire inné et
adaptatif dans le controle des cellules tumorales

Systeme immunitaire inné

récepteur
activateur

ligand

Systéeme immunitaire adaptatif

—

. Perforin
o Cytotoxic granules | Granzyme B

—

CD3+ Cellule

TCRop+ présentatrice

CD8+ d’antigénes

CD4-

CD28- Dendritique
Lymph B
Macrophage




Cytotoxicite T (CTL)

Cellule tumorale

Granule cytotoxique
avec Perforine et

Granzyme B

Cellule T




En réesume:

Moyens du systeme
immunitaire de
tuer les cellules
tumorales

Phagocytosis Complement

Macrophage

:: i Clq
\

Fc receptor

| e

Cranzyme
and perforin

MHQ and ,

e J CD3¢ or CD28

scFv

Genetically

Anti-CTLA4 modified T cell

T cell

Activatioh

Peptide

Cross-presentation
and T cell activation

Dendritic
cell



Mais en réalité cela ne fonctionne plus
bien quand la tumeur est installée.

CelluleT

active
tumoraux

CelluleT
inactive

APC, antigen-presenting cell. Po u rq u Oi ?

1.Gajewski TF et al. Nat Immunol. 2013;14(10):1014-1022.
2.Pardoll DM. Nat Rev Cancer. 2012;12(4):252-264.
3.Vesely MD et al. Annu Rev Immunol. 2011;29:235-271.



Comment fonctionnent les nouveaux
inhibiteurs des Checkpoint?

Ipilimumab (Yervoy)
Nivolumab (Opdivo),
Pembrolizumab (Keytruda)
Atezolizumab (Tecentriq)

Pour que les lymphocytes n’attaquent pas les
cellules normales il faut un frein....



C’est quoi un Checkpoint?

Inhibiteur
Nivolumab
(Opdivo)
Pembrolizumab
(Keytruda)

Ipilimumab
(Yervoy)

e

Atezolizumab ~ antigen-presenting cell :
(Tecentriq) |

34



Prix Nobel de Médecine en 2018

James P Allison Tasuku Honjo
MD Andersn» Cancer Center Kyoto University




Ipilimumab (Yervoy) anti
CTLA4

* Premier anticorps ciblant une molécule du checkpoint
(CTLAA4)

 Etudié dans le mélanome

B7 Ipilimumab CTLA4

—7
N
. MHC Ag
Antigen- L= TCR
presenting cell - ) T cell
SN
B7 CD28

T cell
activated



Ipilimumab, le premier medicament a montrer
un avantage de survie dans le mélanome
métastatique
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2 Years -

Survival Rate i r _m' _' Ipilimumab alone
1-yr 46%
2-yr 24%

Hodi FS et al. N Engl J Med 2010;363:711-723



Effets secondaires de grade 3 et 4

Ipilimumab + | Ipilimumab + gpl00 +
gpl100 placebo placebo

(n = 380) (n=131) | (n=132)
Adverse Event* Gr3 | Gr4d  Gr3 | Gr4 | Gr3 |Gr4
Any drug-related event 16.3% | 1.1% | 19.1% | 3.8% | 11.4% | O
Diarrhea 4.2% | 0.3% | 5.3% 0 [08% | O
Fatigue 5.0% | 0 | 6.9% 0 [3.0% | O
Anemia 29% | 0 | 3.1% 0 [(83% | O
Any immune-related event | 9.7% | 0.5% ||12.2%]| 2.3% | 3.0% | 0

Hodi FS et al. N Engl J Med 2010;363:711-723



Anti PD1

* Pembrolizumab (Optivo) et Nivolumab (Keytruda)

Inhibiteur

P ey e

PD-

\ anti-PD-1
Nivolumab —
(Opdivo)

Pembrolizumab i
(Keytruda)



Nivolumab (anti PD-1)

A Overall Survival

Patients Surviving (2%)

No. at Risk

Nivolumab
Dacarbazine

1006 Hazard ratio for death, 0.42 (99.79% Cl, 0.25-0.73)
. ., P<0.001
90- rath, 44
80-
Nivolumab
70_ ok B : Vet aymayars vagd
Dacarbazine %
60- 4§
50—1-----——----—-----—------- W= = = - -
40
30- . . ' . s -.
Patients Who Died Median Survival
20 no. /total no. mo (95% Cl)
104 Nivolumab  50/210 Not reached
Dacarbazine ~ 96/208 10.8 (9.3-12.1)
O | | | | | |
0 3 6 9 12 15 18
Months
210 185 150 105 45 8 0
208 177 123 82 22 3 0

A Target-Lesion Change in Nivolumab Group

Maximum Change from Baseline (2%)
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Patients

208 74 28 12 0 0 0

Robert C et al. N Engl J Med 2015;372:320-330




Owverall survival (26)

1 Ipilimumab followed  40/70

Nivolumab vs Ipilimumab

~A- Nivolumab followed
by ipilimumab

&~ Ipilimumab followed

by nivolumab

! bo—

Events Median overall @! ’
(n/N) i survival (95%Cl)  HR (95%Cl)

Nivolumab followed ~ 24/68 . NR(237-NR)*
by ipilimumab : 0-48(0-29-0-80)
169(9-2-26:5)1

by nivolumab

| | | | | | | | |

|
0 3 6 9 12 15 18 21 24 27 30

Months

Weber et al. Lancet, 17, 7, 943-955, 2016



Nivolumab dans le mélanome avance

PES (Intent-to-Treat)

NIVO + IPI NIVO IPI
O (N=314) (N=316) | (N=315)
- Median PFS, months 11.5 6.9 2.9
¢ 09+ oy (95% Cl) B.9-16.7) (4395 | (28-3.4)
"g 18 & HR (99.5% Cl) 0.42 057
o i) vs. IPI 0310577 | 0.43-0.76)
0 07~ 4 HR (35% CI) 0.74
4 R vs. NIVO 0.60-0.92)™
o 06 -
a *Stratified log-rank P<0.00001 vs. IP|
% B "Exploratory endpoint
> 04- |
E ( f: Q
£ 034 |
'E TESS e Bremmmrlirs |
£ . NIVO + IPI G |
& e NIVO S 50
|
TR — ]
0o | | | | | | |
0 3 g 9 12 15 18 21
lo. at Risk Months
HIVO + Il 314 219 173 151 B 1 1
HIVO 316 177 147 124 50 1
IPI 315 137 i 54 24 0



Response to Treatment

NIVO + P NIVO |PI
(N=314) (N=316) (N=315)
ORR. % (95% CI)* 37.6(52.0-63.2) | 43.7(38.1-49.3) | 19.0(14.9-23.8)
Two-sided Pvalue vs IPI <0.001 <0.001 -
Best overall response — %
Complete response 115 8.9 2.2
Partial response 46.2 34.8 16.8
Stable disease 13.1 10.8 21.9
Progressive disease 22.6 37.7 48.9
Unknown 6.7 7.9 10.2
Duration of response (months)
Median (95% Cl) NR (13.1,NR) NR (11.7,NR) NR (6.9,NR)

"By RECISTv1.1.
NR, notreached.

SLIDES ARE THE PROPERTY OF THE AUTHOR. PERMISSION REQUIRED FOR REUSE. 11 PRESENTED AT, ASC&.} AR{'{:‘L‘!,AZ



Un exemple patient

Patiente de 58 ans, extensivement prétraitée qui avait fait une
réponse (et une hypophysite) préalable sur ipilimumab...

T 3 mois



Mélanome adjuvant !!!

A Intention-to-Treat Population

No. at Risk

Nivolumab
Ipilimumab

Recurrence-free Survival (%)

1004

P<0.001

_| Hazard ratio, 0.65 (97.56% Cl, 0.51-0.83)

Nivolumab: 154 events/453 patients

453
453

399
364

353
314

332
269

I |

12 15
Months

311 291
252 225

18 2l 24 27

249 /1 5 0
184 56 2 0

Weber J et al. N Engl J Med ;377:1824-
1835



Qu’en est il du cancer du poumon?
Nivolumab en 2°™¢ ligne....

Figure 1. Overall survival

Nivolumab Docetaxel
n=135 n=137

Median OS, months 9.2

95% Cl 7.3-13.3

Number of events 86

HR = 0.59 (95% CI: 0.44-0.79), p = 0.00025

1-year OS rate = 42%

1
1.year OS rate = 24%

Time (months)

Number of patients at risk
Nivolumab 135 113 86 52
Docetaxel 137 103 68 30

Cl = confidence interval; HR = hazard ratio; 0S = overall survival

N EnglJ Med 2015; 373:123-135



Pembrolizumab en 2¢™¢ |igne

100-
90
80+
~ 10 Pembrolizumab
X
7; 60-
S Chemotherapy
3 50-
0
®
£ 40+
0
304  Hazard ratio for death, 0.60 (95% CI, 0.41-0.89)
P=0.005
20
10-
O | I | | | | |
0 3 6 9 12 15 18 21
Month
No. at Risk
Pembrolizumab 154 136 121 82 39 11 2 0
h h 151 2 1 4 4 / 1
Chemchiepy &% 1 2 & 9 ° | NEngl)Med 2016; 375:1823-1




Puis études en premiere ligne (seul) chez
patients avec Pd-L1 >50%

100
90
80
= 70- Pembrolizumab
[0)
T>u 60
S Chemotherapy
5 504
n
©
5 40-
0
304 Hazard ratio for death, 0.60 (95% Cl, 0.41-0.39)
P=0.005
20
10-
0 | | | | | | |
0 3 6 9 12 15 18 21
Month
No. at Risk
Pembrolizumab 154 136 121 82 39 11 2 0
Chemotherapy 151 123 106 64 34 7 1 0

Reck M et al. N Engl J Med 2016;375:1823-1833



Puis études Pembrolizumab en premiere
lighe + chimio

A Overall Survival

No. at Risk
Pembrolizumab combination
Placebo combination

Patients Who Survived (%)

100+
904
80
70 Pembrolizumab combination
60
504
404 Placebo combination
304
20
10- Hazard ratio for death, 0.49 (95% Cl, 0.38-0.64)
P<0.001
0 | | | | | | |
0 3 6 9 12 15 18 21
Months
410 377 347 278 163 71 18 0
206 183 149 104 59 25 8 0

Gandhi L et al. N Engl J Med 2018;378:2078-2092



Etudes en néeo-adjuvant!!!!

Radiographic responses to 2 doses of nivolumab

Pleomorphic, Squamous,
Pathologic CR Pathologic CR

PR 2 (10%)

Stable 18 (85%)
Disease

PD 1 (5%)

N
2
0
0
i
/)

I
I
I
I
I
I
v

*Measurements per RECIST v1.1
but not confirmed as surgery
followed 15t assessment

resaieon. ASCO ANNUAL MEETING 17 [ #HASCO17 Presented by: Chaft & Forde, et al.

Slides are the property of the author. Permission required for reuse.

Presented By Jamie Chaft at 2017 ASCO Annual Meeting



Ca marche dans quelles tumeurs?

* Mélanome (taux de réponse 40%)
* Poumon (taux de réponse 30%)
* Rein, Vessie, Merckel, lymphomes (Hodgkin, réponses 80%)...



Mais quelles sont les toxicités ?

Systéme nerveux? Systeme respiratoirel-?

Systeme endocrinien Tractus gastro-intestinal Cellules
1-4

2.4 hematopoietiques®




Any body system
Colitis*

Skin
Endocrnnopathy

* hypopituitarism
* hypothyroidism

Liver

*Most common cause of death from IrAEs is colonic perforation

MR=not reported

Ipilimumab

2%

12%

3%

A%
<1%

2%

PD-1 inhibitors

16%

3%

2%

<1%
1%

3%

Ipilimumab +
nivolumab

56%

15%

6%

NR
1%

20%




Réactions cutannées




Colites autoimmunes

e Diarrhée (sanglante parfois)
* Traitement corticoides

e Grade 2, 3

e Suspendre Opdivo jusqu’a la résolution des symptomes et la
fin du traitement par corticoides, s’il s‘est avere nécessaire
arréter définitivement Opdivo

* Si Gr4, arréter définitivement Opdivo



Hypophysite

* Inflammation hypophyse

* Symptomes: Fatigue, mal de
téte, perte libido, pression
derriere les yeux, nausee,
amputation champs visuel

e Laboratoire
 Dim cortisol,
testosterone, ACTH
* Radiographie
* |IRM




Toxicités de la bithéerapie Ipilimumab et

Nivolumab

Treatment-Related Select AEs Reported in
210% of Patients

; : NIVO + IPI (N=313) NIVO (N=313) IPI(N=311)
Patients Reporting Event, % -
Any Grade | Grade3-4 | Any Grade | Grade3-4 | Any Grade | Grade3d—4
Skin 59.1 5.8 41.9 16 4.0 2.9
Pruritus 33.2 19 18.8 0 354 0.3
Rash 284 2.9 217 0.3 209 16
Rash maculo-papular 11.8 19 4.2 0.3 119 0.3
Gastrointestinal 46.3 147 195 22 a6.7 116
Diarrhea 441 9.3 19,2 2.2 33.1 6.1
Colitis 11.8 1.7 13 0.6 116 8.7
Hepatic 300 18.8 6.4 2.6 7.1 16
Increase in alaning aminotransferase 17.6 8.3 3.8 1.3 3.9 16
Increase in aspartate aminotransferase 19.3 6.1 3.8 1.0 3.9 0.6
Endocrine 300 4.8 144 0.6 10.9 2.3
Hypothyroidism 15.0 0.3 8.6 I 4.2 I

Presented By Jedd Wolchok at 2015 ASCO Annual Meeting




Pseudo-progression

Progression apparente selon I'imagerie radiographique. Ce type de réponse peut survenir
lorsque des lymphocytes T infiltrent le site tumoral et provoquent un élargissement de la
tumeur ou l'apparition de «nouvelles» |ésions a I’|mager|e

Thérapie I-

Cellules T ~
infiltrées dans .
le site tumoral

Apparltlon de
“nouvelles” |ésions
a I'imagerie

I-O, immuno-oncology.
1.Wolchok JD et al. Clin Cancer Res. 2009;15:7412-7420.
2.Ribas A et al. Clin Cancer Res. 2009;15:7116-7118.



Toxicite

financiere...




Que coute un traitement immuno?

] an de traitement coute environs 120 000
euros...

*En général si le traitement est un succes on
continue 1-2ans...






Réserve



Petit rappel immunologique

* Lignée lymphoide

0%

0701%) | somwieoe * Lymphocytes B (responsables de I'immunité

Malignant cells

humorale)
* plasmatocytes
* présentateurs d’antigene
e cellules mémoire
e Brégulateurs (autoimmunité)

* Lymphocytes T (responsables de I'immunité
cellulaire)
e T cytotoxiques (CD8)
e T helpers (CD4)
* Natural Killers (NK)
* T régulateurs (immunosuppresseurs)




Petit rappel immunologique
* Lighée myéloide

* Globules rouges

* Plaquettes

e Granulocytes (TAN, tumor associated neutrophils)
* Monocytes

* Macrophages (M2, tres immunosuppressifs)

 MDSCs (myeloid derived supp. cells, tres
immunosuppressifs)

 TAMs (tumor associated macrophages)
* Cellules dendritiques (présentateurs d’antigenes)




La surveillance immunitaire

|dentification et élimination des cellules cancéreuses par le systeme immunitaire!>

production
Amorcage/

!
activation T-cell d AC
.+ Activation

«-de 'APC

, Traffic NK
KO & destruction
R tumorale
1’ ...c.?
n": ,“-
<a.. Libération
. ‘ .
7 L
o d’antigenes
LTS
- . ... r.l A
o.a'". ot T-cell activées en
[ ‘ . .
(N ,‘&..;‘ ’ migration vers la

. , 7 tumeur et destruction

Cellules tumorales

APC, antigen-presenting cell; NK, natural killer.

1.Abbas AK et al. Cellular and Molecular Immunology. 7th ed. Philadelphia, PA: Elsevier Saunders;2012.
2.Mellman | et al. Nature. 2011;480:480-489.

3.Boudreau JE et al. Mol Ther. 2011;19(5):841-853.

4. Janeway CA Jr et al. Immunobiology: The Immune System in Health and Disease. 5th ed. New York, NY: Garland Science; 2001.
5.Pardoll DM. Nat Rev Cancer. 2012;12:252-264.

o



Cytotoxicité transmise par les lymphocytes B
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Coopération entre le systeme immunitaire inné et
adaptatif dans le controle des cellules tumorales
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Cytotoxicité transmise par les lymphocytes T
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Autophagy makes tumor cells resistant to NK cell killing

NK cells (PKH26 red) LC3-GFP —MCEF-7

Normoxia Hypoxia

H .
Tumor cells’(Normoxia) 0.00hfj 10 um Tumor cells (ypoxia)




