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Bases de I'immunité des cancers

CANCER Vaccination en cancer — circonstances

L’ESPOIR cliniques

- dépistage, prise en charge, nouvelles thérapies :
les chances de guérison progressent de jour en jour -

LE FIGARO
ENQUETES

Sélection des antigenes et production
des vaccins

Objectifs des essais des vaccines en
oncologie: exemples de la Ph3 a la Phl
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Réflexions: ce nous pouvons faire
ensemble




Le cycle d’interaction entre le cancer et I'immunité

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) @

Infiltration of T cells
into tumors
(CTLs, endothelial cells)
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Cancer antigen
presentation @

(dendritic cells/ APCs) @

Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of @ @

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells) Chen & Mellman, Immunity 2013



Le cycle d’interaction entre le cancer et I'immunité
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Site d’action des anti-PD-1 /
PD-L1 et CAR-T cells

Cancer antigen
presentation @

(dendritic cells/ APCs)

Killing=e cer cells

(Immune and cancer cells) Chen & Mellman, Immunity 2013
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Le cycle d’interaction entre le cancer et I'immunité

Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation
(APCs & T cells)

Site d’action des vaccins : ‘ Z R Infiltration of T cells
; . ~— )\ =~ into tumors
thérapeutiques (CTLs, endothelial cells)
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presentation
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Recognition of
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(CTLs, cancer cells)

Release of @ @

cancer cell antigens Killing of cancer cells
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Attractivité de I'lapproche vaccinal en oncologie

Naive T cell

Vaccination

De novo tumour-
specific T cell
response

* Induction des réponses spécifiques

Tumour antigens

b Pre-existing e Bonne tolérance

tumour-specific
T el

e Utilisation seul ou en association

Amplification of
existing tumour-
specific T cell
response

Wu HO, Nature Rev Immunol 2018



Rappel des situations du cancer

Tumour load (number of cells)
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Vaccines en oncologie vs en infectiologie: différences

Cellule normale Transformation Cellule tumorale




Tous les antigenes ne sont pas pareils
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Types de cibles antigéniques en oncologie

EXPRESSION PREVALENCE EXEMPLES

Physiologically expressed

Oncofetale in fetal cells but CEA, PSA, WT1, MAGE,

re-expressed in cancer cells Shared by a large number of patients

in a specific histological indication or

subtype
ST Present in normal tissue Mesotheline, télomérase,
P but overexpressed by cancer cells HER2
Modification post- EL?cst?igi;\nerr;iigtlhgl’:;iz:ii)n Generally associated with a specific Mucl
translational in cancer tissue histology

Associated with infection

Oncovirale by oncogenic viruses

Restricted to cancers with viral etiology HPV, EBV, HBV

Specific to cancer cells, Present in the majority of patients but

Neoantigene as the result of tumor-induced mutagenesis different from one patient to another

Vaccins personnalisés

Modifié de Von Witzleben, Front Imm 2020 et Transgene Septembre 2022



Technologies des vaccines en oncologie

Fabrication facile

Tout épitope peut étre encode

Nécessité d’arriver au noyau

Risque théorique des mutations par insertion

Activité immunitaire intense
Vaccins approuvés aux USA
(Sipuleucel - T)

Plusieurs types des antigenes

peuvent étre utilisés . *_NEUEHH gen-pulsed |
dendritic cells
\ Fabrication facile

Tumour DINA Expérience clinique en

[}rgate-pulged infectiologie

dendritic cells Peut codifier tous les épitopes
Pe F'“'EIEE Viral Forte réaction immunitaire au

vectors vecteur viral limitant son action
RNA 1 i

Fabrication sans cellules
Efficients pour activer les cellules dendritiques

Plusieurs types de épitopes peuvent étre fabriques

Dégradation rapide Wu HO, Nature Rev Immunol 2018
Sahin U, Science 2018




Durée des la réponse immunitaire innée et adaptative selon le type de vaccin

Granulocytes L'-”‘J
y Dendritic cells CD8+ T cells
Macrophages A}/@
e -—--p
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Innate immunity . DAy
NK ceIIs Adaptive cellular S . sy ---» ﬁ%ﬁ

mediated killing immunity
Adaptive humoral immunity
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rocene \/
RNA .
Vaccine PeP,t'de
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Karinko K et al, Immunity 2005, Collier A NEJM 2021, et Transgene Septembre 2022
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Types de vaccins en clinique : exemple de phase 3

9 EPITOPES (TAA PEPTIDES) TARGETING 5 TAAS o‘ 1 Pan DR T Helper ®
I
|
I
!

O S E 2 1 O 1 (Tedo p|®) | S an antl cancer FREQUENTLY OVEREXPRESSED IN MANY CANCERS: ¥ cell epitope (PADRE)

vaccine of neoepitopes restricted to

HLA-A2+ targeting 5 TAAs frequently
expressed in lung cancer’

1 heterocyclic*

1 heterocyclic ;

A FSerCE b Emulsified

1 fixed-anchor** | in mineral oil
1 fixed-anchor / adjuvant.

1 fixed-anchor [

1 wild-type*** * Heterocitic araiogs hava

1 wild-type e s

2 NCrassec Aty 10 HLA binding™
1 heterocyclic % Wikd-type epitopes with 3 high

TTIBIR

HLA-A2 tincing .

Previous phase 2 study in pretreated
NSCLC patients showed promising
survival (OS) which correlated with T cell

& CEA
& p53
& HER-2
% MAGE-3
immune response?34 é | —4
[m 2-3 epitopes: 778 + 72 days of survival |

fﬁm4-6 epitopes: 875 £ 67 days of survival

0-1 epitope: 406 £ 58 days of survival

Besse et al, ESMO 2021



Types de vaccins en clinique : exemple de phase 2

A Personadlized Cancer Vaccine, mRNA-4157 (V?940),
Combined With Pembrolizumab Versus Pembrolizumab
Alone in Patients With Resected High-risk Melanoma:
Efficacy and Safety Results From the Randomized,
Open-label Phase 2 mRNA-4157-P201/KEYNOTE-942 Trial

Adnan Khattak, 2 Mattee Carline,? Tarek Meniawy 2 Gecrge Ansstas ® Theresa Medinag, ® Matthew H. Taylor,” Kevin B. Kim,? Meredith McKean,?
Georgina V. Leng,'® Ryan J. Sullivan,’ Mark Faries, 2 Thuy Tran,'? Charles Cowey,'* Andrew FPecora, ' Jennifer Segar,® Victoria Atkinson, 17
Geoffrey T. Gibney, '8 Jason Luke,? Sajeve Thomas, 2 Elizabeth Buchbinder, 2! Peijie Hou 2 Lili Zhuv, 2 Tal Zaks,2 Michelle Brown, Z Fraveen Aanur,Z
Robert S. Meehan 2 Jeffrey 5. Weber2d”

Khattak et al, AACR 2023



Types de vaccins en clinique : Atalante 1

Atalante-1 Study Design: NSCLC After Failure to Chemo - 10

- Advanced/metastatic NSCLC
- EGFRwt, ALK-negative, all

PD-L1 status Arm A: OSE2101

- HLA-A2+ (blood Q3W for 6 subcutaneous injections, then Q8W H

- Failure to E)Iatimzm-based CT up to Year 1, then Q12W until progression or Prlma.ry
and 10, combined or toxicity endpoint:
sequenced ]

- 10 last line with primary or Arm B: SoC (docetaxel or 0S
secondary resistance*  } pemetrexed) Q3W until progression or

- Brain metastases allowed if i_ Stratification: -i toxicity
asymptomatic & treated E Histology |

- ECOGPSOto1 |- Best response to 1stline |

*Primary resistance: failure within 12 weeks of 10, secondary resistance: failure after minimum 12 weeks of I0; Kluger et al. 2020

Besse et al, ESMO 2021



Types de vaccins en clinique : Atalante 1

Atalante-1 Study Design: NSCLC After Failure to Chemo - 10

Advanced/metastatic NSCLC
EGFRwt, ALK-negative, all
PD-L1 status

HLA-A2+ (blood)

Failure to platinum-based CT
and 10, combined or
sequenced

IO last line with primary or
secondary resistance*

Brain metastases allowed if
asymptomatic & treated
ECOGPSO0to1

Stratification:
|- Histology
|- Best response to 1st line

Arm A: OSE2101

Q3W for 6 subcutaneous injections, then Q8W
up to Year 1, then Q12W until progression or
toxicity

Arm B: SoC (docetaxel or

pemetrexed) Q3w until progression or
toxicity

Primary
endpoint:
0S

*Primary resistance: failure within 12 weeks of 10, secondary resistance: failure after minimum 12 weeks of 10; Kluger et al. 2020

Tumour load (number of cells)

1013_

-
(=]
1

-
(=]
-

Local therapy Adjuvant or
with or without post-adjuvant Systemic
(neo)adjuvant therapy therapy for therapy for
for non-metastatic occult disease overt metastatic
disease recurrence recurrence
rogression
=
s TSI TN TS A Clinical
diagnostic
107 threshold
)74 T TIN T T ITI S, PP e de P4 D
diagnostic
threshold

104 ".|Cure

[
<%
1
ﬂ# =

i : : *~.|Cure :
0 2 4 (5] 8 10 12
Time (years)

Situation clinique métastatique en 2L+

Besse et al, ESMO 2021



Types de vaccins en clinique : objectif principal Survie Globale

1.0
Arm A OSE 2101| Arm B SoC

0.9 - (N=80) (N=38)
> 08 Events N (%) 61 (76) 34(90) | HR (95%CI): 0.59
i 1. 75 (0.38,0.91)
° - Median (95% CI) OS (months ’
g 07 (96% CI) OS ( ) (8.6,135) | (4.7,10.3) | p stratified =0.017
£ 06-
S 05-
c% 0.4 -
T 03- |

> »x — | % *
O 0.2+ * — = iy
"l ______ X X 3
0.1 L — — —
0.0 - ——Arm A OSE2101 - - -Arm B SoC L — _‘
| | I | | I | ] | | | ] |
0 3 6 9 12 15 18 21 24 27 30 33 36
Months
#at Risk
Arm A 80 70 59 44 32 20 12 9 6 4 4 1 0
ArmB 38 29 24 15 9 5 3 2 1 0

Cut-off 15JAN2021; median follow-up 25 months Pol=Population of interest; SoC=Standard of care; 0S=Overall
_____ ___ msnnnraoce survival; HR=Hazard ratio; Cl=Confidence interval

Besse et al, ESMO 2021



Objectifs secondaires : survie apres la progression

_ Arm A OSE 2

Z 097 1 N=80)
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Types de vaccins en clinique : objectifs secondaires cliniguement importants?

Time to worsening ECOG PS 2 2 in Pol

1.0 4
2 AT OSE 2101 [ Arm B SoC-
S 1 s (N=38)
S 08 Events N (%) 62 (78) 36(95) | HR (95%CY; 0.45
. | Median (95% CR Time to 8.6 33 0. )
= 0 Lo ECOG PS = 2 (W\nths) (5.6,9.9) (14, 6.4) 0.0005
£ 0.6-
=
o 054
Q
E 04-
H
Y 0.3
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= 02
o
< 0.1
S, Arm A OSE2101 ---AmBSoC 7 Lo — == = -
1 | I I I I 1 I I | I 1 |
0 3 6 9 12 15 18 21 24 27 30 33 36
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#at Risk
Arm A 80 53 38 27 16 12 7 5 3 2 2 1 0
ArmB 38 20 12 5 4 3 2 1 1 0

Time to worsening ECOG PS 22 =delay from randomization to earliest ECOG PS 2 or more

Besse et al, ESMO 2021



Types de vaccins en clinique : exemple de phase 2

| mRNA-4157-P201/KEYNOTE-942 (NCT03897881) Study Design

Randomized, phase 2, open-label study in adjuvant resected melanoma patients at high risk of recurrence

Combination freatment arm: mRNA-4157 (V940) + pembrolizumab

Up to 1 year of pembrolizumab treatment Primary endpoint:

Key eligibility criteria MRNA-4157 (V940) 1 mg IM Q3W for up to 9 doses + RF§e<

- Stage B2 IIC, 1D, or IV pembrolizumab 200 mg IV Q3W for up to 18 cycles s d
cutaneous melanoma é (n=107) Ef_fn R cir“:

« Complete surgical g endpoinis.
resection within ‘€ DMFS,
13 weeks prior to first — 9 Stratified by disease stage® Safety, tolerability
pembrolizumab dose S

. Egeoﬂéeéérgﬁ af study eniry | | & RFS follow-up:

« Tissue available o Control freatment arm: pembrolizumab only ?Dﬁléi?nyiag
for NGS L . Up to 1 year of pembrolizumab freatment — fret d 9 ;

Pembrolizumab 200 mg IV Q3W for up to 18 cycles ST dose O
(n = 50) pembrolizumab

Designed with 80% power to detect an HR of 0.5 with 240 RFS events (with 1-sided alpha of 0.1)

Median follow-up®: 23 months for mENA-4157 (V940) + pembrolizumab
24 months for pembrolizumab only

Khattak et al, AACR 2023



Types de vaccins en clinique : exemple de phase 2

I mRNA-4157-P201/KEYNOTE-942 (NCT03897881) Study Design

Randomized, phase 2, open-label study in adjuvant resected melanoma patients at high risk of recurrence

Local therapy Adjuvant or
with or without post-adjuvant Systemic
(neo)adjuvant therapy therapy for therapy for
for non-metastatic occult disease | | overt metastatic Combination freatment arm: mRNA-4157 (V940) + pembrolizumab . .
disease recurrence fecurence Up to 1 year of pembrolizumab freatment Primary endpoint:
104 Cancer Key eligibility criteria — MRNA 4157 (V940) 1 mg IM Q3W for up to 9 doses + RFSed
5 progression . Stage B, IIC, D, or IV _ pembrolizumab 200 mg IV Q3W for up to 18 cycles Secondary
= 1071 cutaneous melanoma © (n=107) dooints:
5 L |Irrs, VI PP PP Ve PP L P4 + Complete surgical g endpoints:
g 10 resection within € DMFS,
€ 1074 13 weeks prior fo first — S Stratified by disease stage® Safety, tolerability
2 pembrolizumab dose 5
3 10 : Eg%cge%rgﬁ at study entry = RFS follow-up:
5 10 - Tissue available « Control treatment arm: pembrolizumab only ;’gﬁ:}i’fﬂé‘iﬁg
z for NGS L > Up to 1 year of pembrolizumab treatment — first o f
= 104 " [Curel Pembrolizumab 200 mg IV Q3W for up to 18 cycles IrsTdose o
w (n = 50) pembrolizumab

8 10 12 14

Designed with 80% power to detect an HR of 0.5 with 240 RFS events (with 1-sided alpha of 0.1)

Median follow-up®: 23 months for mRNA-4157 (V?940) + pembrolizumab
24 months for pembrolizumab only

Khattak et al, AACR 2023



Types de vaccins en clinique : Phase 2 mRNA-4157
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12-month RF§  18-month RFS

Types de vaccins en clinique : Phase 2 mRNA-4157

MRNA-4157 (V940) and pembrolizumab demonstrated an
improvement in recurrence-free survival (RFS) vs pembrolizumab

RFS (%)

Time From First Dose of Pembrolizumab (weeks)

Number at Risk

+ Censored
AL
II 11 1
Events Hazard Ratio
(n/N) (95% CI)°
mRNA-4157 (V740) +
pembrolizumab e 0.561 (0.309-1.017)
P =0.0266
pembrolizumab 20/50
120 140 140

mRNA-4157 (V940) +
pembrelizumab

pembrolizumab

& &

o

Khattak et al, AACR 2023



Types de vaccins en clinique :

ROUTINE
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Types de vaccins en clinique : phase 1 TG4050

Cancer ORL localement avancé

Chirurgie

Analyse des
mutations et
production du vaccin
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Arm A

Arm B

Types de vaccins en clinique : phase 1 TG4050
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Ottensmeier et al, ASCO 2023



Types de vaccins en clinique : exemple de phase 1 TG4050

ADAPTIVE IMMUNE RESPONSE

Number of responses against vaccine targets
in individual patients

102-024 W de novo response
602-008 mm Amplified response
., 602-001 Stable response”
- *Immunoreactive T cells present Tzer?lf:f:i:;gm‘grs
E 102-007 at baseline but not amplified by @ (CTLs)
® 102-025 vacene -
(a8
101-005
1 Dz-ﬂ"l 1 \ Inﬁltir:tt(i’o‘r:;nfo‘l;seells
(CTLs, endothelial cells)
102-002
0 10 20 30 \ ,
Number of targets (dndric coi/ APY g Lol s

Killing of cancer cells
(Immune and cancer cells)

cancer cell antigens
(cancer cell death)

Moyen de 9 épitopes « cibles » par patient

80% de réponses « de novo » cellules T réactives aux épitopes g av
ee o , . Amplification
20% amplification des réponses existantes

Ottensmeier et al, ASCO 2023




Réflexions: ce nous pouvons faire ensemble

Respect de la protection du patient ﬁ Parcours du patient complexe

Circonstances cliniques et
technologiques en constante évolution

Bien-fondé et pertinence du projet de recherche

Evolution des objectifs primaires et secondaires

L 4

Qualité méthodologique

en évolution




Réflexions: ce nous pouvons faire ensemble

Evaluation d’un
essai clinique en
oncologie

Investigateur

Promoteur




