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Host
Chemotherapy Efficacy & the Immune System

BALB/c wild-type mice

—@&— PBS

Tumour area (102 mm?3)
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Days after treatment

*P < 0.05; n =10 mice per group; means + SEM are shown.
MTX, mitoxantrone; PBS, phosphate-buffered saline (control).

Michaud M, et al. Science 2011;334:1573-7.



Immunogenicity of Cancers

cell

IMMUNOTHERAPY
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cell

Cancers in the Immune Targeted Era ?

Smart Cancers

Small mutational load

Immunotherapy is
ineffective
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Stupid Cancers

Large mutational load

Immunotherapy is effective

Adapted from G.Sledge & Stephens, PJ et al. Nature 462:1005-12, 2009.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Five-Year Survival with Combined Nivolumab
and Ipilimumab in Advanced Melanoma

100
NIVO+P1 vs IPE HR, 0.52 (95% Ck 0.42-0.64)
90 NIVO vs IPL: HR, 0.63 (95% CE 0.52-0.76)
80 NIVO+IPI vs NIVO*: HR, 0.83 (95% Ck 0.67-1.03)
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*D analysis. P , NVO, 1. Larkin J, et al. Oral presentation at AACR April 1-S, 2017; Washington DC, USA. Abstract CTO7S;
2. Wolchok JD, et al N EnglJ Med 2017;377:1345-1356; 3. Hodi FS, et al. Lancet Oncol 2018;19:1480-1492.

(Larkin J. N Engl J Med 2019;381:1535-46)

Imfinzi plus tremelimumab significantly improved overall
survival in HIMALAYA Phase III trial in 1st-line unresectable
liver cancer
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Immune Related Adverse Events
On-target / Jff-tumor Etfects

70% - . .
60% 59% 59%
° Treatment Related Grade 3-4 AEs 55%
Checkmate 067
50% -

40% - Anti-CTLA4
30% Anti-PD-1 27% 28% 28%

0,
21% 23%
20% -

10% -

0% -

nivolumab ipilimumab

nivolumab + ipilimumab

@ Larkin, J., et al. NEJM. (2015); 373, 23-34.
B Wolchok, J. D. et al. NEJM. (2017); 377, 1345-1356.
[ LarkinJ, et al. NEJM. (2019); 381:1535-46.



La cellule

VIRTOAL m

congress

1st line PEMBROLIZUMAB for HNSCC

KEYNOTE-048

Pembro vs Chemo

Long-Term outcomes Greil et al. ESMO 2020

Remaining in Response, %

PD-L1 CPS 220

No. at Risk
Pembro 31
EXTREME 44

ORR Median DOR, mo (range

Pembro 23.3% 23.4 (2.7-54.4+)

EXTREME 36.1% 4.2 (1.2+-38.2+)
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Pembro+Chemo vs Chemo

Remaining in Response, %

PD-L1 CPS 220

ORR Median DOR, mo (range)
Pembro + Chemo 43.7% 7.0 (2.1+-51.5+4)
EXTREME 38.2% 4.2 (1.2+-38.2+)
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No. at Risk

Pembro + Chemo 55
EXTREME 42
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Cellular Death

Immunogenic cell death

Dying tumour cell

Adapted from Kroemer G, et al. Annu Rev Immunol 2013;31:51-72.



Block/ deplete immuno-suppressive cells Boosting the intratumoral cancer
* Tregs (anti-CTLA4, etc.)

* Macrophages (anti-CSF1R, antiCCR5, etc.) lmmunlty CYCIe

Tertiary
lymphoid
structure

Activate immune effector cells

* Coinhibitory mAbs (anti-PD(L)1,-LAG3,-KIR, ...)
¢ Costimulatory mAbs (anti-OX40,-CD137, ...) Priming
 Cytokines (PEG-IL-2, IL-12 Mrna, PEG-IL-10) and activation
* immunocytokines (CEA-IL2, etc.) (APCs, T cells & B cells)

Trafficking &
infiltration to the
injected and
distant tumors

* Treg depletion
(anti-CTLA4, anti-
CD25)

® Cytokines (IL2, IL15)

Enhance TA presentation Regional

Blood vessel (T cells, B cells,
* PRR aﬁonists and analogs baeetineds antlk{tc;?éeeié:’umor
TLR agonists (1Lr-3,4,7/8,9) Normalization of
v' STING agonists vasculature (anti-VEGF) immunotherapies)

¢ Chemoattractants
(chemokines)

v Oncolytic Virus
v’ Bacteria
Anti-CD40 agonistic mAb

e Activation of APCs (PRR,

mH CDA40 agonists)
FLT3 Ilgand ® Myeloid checkpoint *  Checkpoint A \\P\Q
Gene therapy antagonists inhibition (anti- ) ’\
(GM-CSF, FLT3, HSP, CD40L) (SIGLEC15,CLEVERT1....) PD1/PDL1),... (\f)’
Dendritic cells \ e * Activation of phagocytosis * Cytokines & C > Q
c o (anti-SIRPa; anti-CD47) immunocytokines O O D
ancer antlgen ® Recruitment of APCs Q
presentation (chemokines) v .
Tumor antigen release (dendritic cells, o e = TP
« Oncolytic virus macrophages) § Cytalvtion (turmce tarseted ecognition illing o

mAbs, CAR-Ts, TILs, ...) cancer cells

(T cells, B cells, antibodies,
CAR-T’s, ADCs, tumor targeted
cytotoxics, immunostimulatory

drugs, ...)

Tumor targeting mAbs

diation therapy

Thermal ablation (RFA, MWA, CRA)
TACE

SIRT

Release of W _ .
cancer cell antigens NRCO Submitted
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Human Intra-Tumoral Immuno-Therapy (HIT-IT)
On-target / [n-tumor Effects

Local priming o

Intra-tumoral Injection

of Immunostimulatory agents
to trigger tumor-specific
Immunity

Distant effects e
Systemic anti-tumor immunity
against non-injected tumor sites

Usually 10% of systemic dose is injected
- High local concentration : efficacy / On Target
- Low systemic concentration : toxicity / Off Target

Yearly cost of Immunotherapy 40 / 100 k€

ma

un attendu
lié aux nouveaux
Cestle traitements anticancéreux de

s

pour I'Assurance Maladie X
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Marabelle, A. et al. (2017). Ann. Oncol. 28, xii33-xii43.



Intra-tumoral low dose immune checkpoint blockade can
eradicate disseminated disease (including in the CNS)

D1 of therapy

D30

Brain Tumor

ttmt

Sub-cutaneous Tumor

Marabelle A, et al. J Clin Invest 2013.
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IT tilsotolimod (rire sgonist) + ipilimumab
in aPD-1 refractory Melanoma
1
I pym—
i Unjecredtumer
b
- Dt cut o dat: I Moy 2018
Postireatment 24 weeks.
Uninjected tumor
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IT T-VEC + pembrolizumab in Melanoma

ORR = 57% (irRC)

Infected Leslons (n=50) ORR pembro alone ~ 3%

) — CR rate = 24% {irRC)
CR rate pembro alone ~ 6% (RECIST)

PFS at 9 month = 71%
PES at 9 months pembro olone ~40%

Non-Injested Non-Injected
Non-Visceral Leslons (n=20} Visceral Leslons (n=29)

G.Long, ASCO 2016 "

€V8102 as single-agent or in
with advanced solid tumors.

A phase | dose-escalation and expansion study of in
combination with anti-PD-1 antibodies i p

74-year-old female patient with stage IIC melanoma with multifocal in-transit metastases
Case 006, 150 ug DL

Melanoma lesion pre-
treatment

End of Study
(arter S months)

Partial

=
longest diameter & With minimal remaining

longest diameter 12
e palpable skin induration

Partial regression of the injected tumor lesion after S injections of CV8102

Complete regression of in-transit metastases on MRI, complete regression of all skin metastases with minimal
residual palpable induration of the injected lesion at week 12

Patient continued to receive injections at monthly intervals for 9 months without locoregional recurrence
New intraabdominal soft tissue lesion after 9 months

No
recurrence after
9 month

‘A phase | dose-escalation and expansion study of Intratumeral CV8102 s single-agent or In
combination with anti-PD-1 antibodies In patients with advanced solid tumors.

Dose Escalation

CV8102 is a non-coding, non-capped RNA
that activates the innate immunity
via TLR7/8, RIG-|
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combination with anti-PD-1 antibodies in paﬂeﬂts with advﬂlmed solid tumors.

(Bretiminary dota with cuteff April 20 2020)

| 4. Best Overall Response per RECIST 1.1
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Patel, M. R, et al. (2020). A phase | study of mRNA-2752, a lipid nanoparticle encopsulating mRNAS encoding human

0X40L, IL-23, and IL-36y, for intratumoral (iTu) injection ajone and in combination with durvalumab. Journal of Clinical
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IT tilsotolimod (rire agonist) + ipilimumab
in aPD-1 refractory Melanoma

o Preireatment
Uninjected tumor

Change o Baseine ()

Dt cutoff doc 9 May 2018

ORR= 38,1% = sy
treatment 24 wesks
(8/21 Pts Uninjoctod tumor

A.Diab et al, ASCO 2018
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combination with anti-PD-1 antibodies in patients with advanced solid tumors.
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RP2 -A fusion-enhanced oncolytic HSV expressing anti-CTLA-4

FIERL
¥

Initial results of a phase 1 trial of RP2, a first in class, enhanced potency, anti-CTLA-4 antibody
expressing, oncolytic HSV as single agent and combined with nivolumab in patients with solid
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in Combin:
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Csite > A multicenter, Phase 1/2 clinical trial of RP1, an enhanced
#SITC2020 potency oncolytic HSV, combined with nivolumab: Updated
W results from the skin cancer cohorts
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IT FLT3L & TLR3 agonist + 2x2Gy RT in Fallicular Lymphoma
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Clinical activity (8 mg intratumoral tilsotolimod with ipilimumab)

Response Assessment
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Distant Intra-Liver Response

Baseline On-Treatment

NIVIPIT TRIAL - AS OF JAN 9th 2018 CONFIDENTIAL — UNPUBLISHED DATA



Ablation

Anti-CTLA4

Blood vessel

(J Hepatol. 2017 March ; 66(3): 545-551)



Accepted Manuscript

Tremelimumab in Combination with Ablation in Patients with Advanced Hep-
atocellular Carcinoma

Austin G. Duffy, Susanna V. Ulahannan, Oxana Makorova-Rusher, Osama
Rahma, Heiner Wedemeyer, Drew Pratt, Jeremy L. Davis, Marybeth S. Hughes,
Theo Heller, Mei E1Gindi, Ashish Uppala, Firouzeh Korangy, David E. Kleiner,
William D. Figg, David Venzon, Seth M. Steinberg, Aradhana M. Venkatesan,
Venkatesh Krishnasamy, Nadine Abi-Jaoudeh, Elliot Levy, Brad J. Wood, Tim
F. Greten

J
OF HEPATOLOGY
.‘!\

The Home of Liver Research

)

Plasma exchange

Improves survival of acute INer (allure patients

e accumulation of intratumoral CD8* T-cells

increase in the ablated area (A)
Tumor (T) worsening appearances at 8 weeks with subsequent improvement and in
some cases resolution at 24 weeks.

28 HCC patients (RFA, CRA or TACE) 6 weeks after tremelimumab

PR (26.3%) outside of the areas which received local treatment

(J Hepatol. 2017 March ; 66(3): 545-551)



EMERALD-1 (locoregional HCC)

Phase 3, randomised, double-blind, placebo-controlled study (recruiting)

Study population

Confirmed HCC
U itable f ti Arm A

nsuitable for curative TACE + durvalumab
therapy,

Primary endpoint:

PFS for Arm A
versus
e.g. surgical resection, Arm C (BICR)
ablation,
transplantation Arm B
Disease amenable to TACE + eSﬁgogflna;g
TACE durvalumab + e
No extrahepatic bevacizumab PFS for Arm B
disease Versus
Arm C (BICR), OS,

Child-Pugh A to B7 ,

ECOG 0 or 1 j Arm C PROs
Exclude Vp3 and Vp4 TACE + placebo

Exclude patients with Other endpoints:

clinically significant Safety
immunogenicity, PK
S S T

cardiovascular disease
or history of
arterioembolic event

BICR, blinded independent central review; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; OS, overall survival; PFS,

progression-free survival, PK, pharmacokinetics; PROs, patient-reported outcomes; TACE, transarterial chemoembolisation
http:/clinicaltrials.gov/ct2/show/NCT03778957



http://clinicaltrials.gov/ct2/show/NCT03778957

H O LM B RAVE . Study evaluating safety and efficacy of selective intra-arterial 6Holmium radiation
therapy in combination with atezolizumab and bevacizumab for non resectable Hepatocellular carcinoma.

DRC : ok

€ : ok

CSET : ok

SCREENING CPP/ANSM/ASN : en cours

Locally Advanced or metastatic HCC

SIRT Favorable No
3

Progressive Liver disease
ECOG 0-1
Child Pugh A

15t line IGR
Beaujon
DL — Cochin
t II II Grenoble
¢ Montpellier

Atezolizumab 1200mg Q3W IV
Bevacizumab 15mg/kg Q3W IV

I Blood sample IBiopsy ' Imaging * optional ** Q6W after C2

Phase lla, Simons 2 Stage : 17 + 16 patients évaluables => Obj : ORR@6m: 50% mRECIST



Advantages of In Situ Immunization over Cancer Vaccines

CANCER VACCINES INTRATUMORAL IMMUNOTHERAPY
1L =GN «  Tumor-specific targets identification + No antigen identification nor isolation required
PRINCIPLE B Off-target (off tumor) immune stimulation » On-target (intra-lesional) immune stimulation
* Product draining into cutaneous lymph node * Product draining into tumor draining lymph node
* Mono- or pauci-clonal T-cell stimulation * Polyclonal T and B-cell stimulation

PATIENT * Peptide Vaccines: * No pre-treatment biopsy required

ELIGIBILITY g Antigen Expression * No MHC restriction
v MHC- restriction * Injectable Lesion Avalilable

* Neo-Epitope Vaccine:
v Tumor material available
v’ Blood for germinal control

DRUG * Out-licensed adjuvant * Off-the shelf
PRODUCTION Bei¥le facllity if encoded into viral vector
* Peptide Vaccines: GMP peptides
» Neo-Epitope Vaccine: Identification of neo-antigen:
DNA/RNA sequencing, HLA-I binding prediction, HLA-I
peptide elution, GMP production for every patient

Marabelle, A., Tselikas, L., de Baere, T., and Houot, R. (2017). Ann. Oncol. 28, xii33-xii43.



SPECIAL ARTICLE I h k
Starting the fight in the tumor: a I I y O u

expert recommendations for the development
of human intratumoral immunotherapy (HIT-IT)

A.Marabelle', R Andtbacka”, K. Harrington®, |. Melero®, R. Leidner, T. de Baere®, C. Robert’,
P.A. Ascierto®, J-F. Baurain®, M. Imperiale'?, S. Rahimian', D. Tersago'?, E. Klumper'?, M. Hendriks'*,

R.Kumar'®, M. Stern'®, K. Ohrling'”, C. Massacesi'®, I. Tchakov'?, A. Tse?, J-Y. Douillard®', J. Tabernero®,
Annals of Oncology

J. Haanen® & J. Brody**

Dose Determination: per patient vs per lesion, Trial Design: dose vs drug escalation, lesion,
fixed dose/various volumes or fixed concentration. escalation, vs dose-intensity escalation, priming vs
boosting vs prime-boosting.
J
Efficacy: separate assessment of injected (enestic) (|
) : : PK: tumor vasculature, volume of
\and non-injected (anenestic) tumor lesions. lesion vs volume, target expression,
reversibility of binding, local
— metabolism, ADAs, phagocytosis,
(Dose escalation: DLT definition, DLT ‘T‘ : \ systemic vs local PK in injected vs
period duration, MTD vs optimal dose ’ : i ( non-injected lesions.
vs PD read-out for RP20, bell shape ™ n
curve effects. | | Specific issues for oncolytic viruses: local
\ ‘ vs systemic replication, distribution, B I ot h e rI s
| .| shedding, metabolic vs immune
N \clearance. CIC1428 Inserm

[ Intratumoral Injections: injectability,
locations, sizes, guidance, needles,
syringes, volumes, number of injections vs
number of injected lesions, variability
@r—operators, consistence of procedures.

~

PD: pre-treatment and on-treatment
tumor biopsies of injected and non
injected lesions, local and systemic
impact of therapy, quality, of the

anti-tumor immunity, immune
phenotyping in injected and non injected \

sites, cell recruitment vs cell activation vs

cell depletion, timing of events.

\ / Gustave Rnussy |mmunntherapy Prngram

/ ﬁzt a ?F/P on Cancer

Patient Exclusion Criteria: anti-coagulants
or significant bleeding diathesis, allergy, risk
of vascular catastrophe.




