Immunothérapie et microbiote pour le traitement des
tumeurs

Franck Carbonnel
Hopital de Bicétre

APHP

Université Paris-Saclay



Une nouvelle ere dans le traitement du cancer

2018 Nobel Prize in Medicine Awarded
to 2 Cancer Inmunotherapy Researchers

James P Allison Tasuku Honjo
MO Anders~~ Cancer Center Kyoto Uneversy

The Nobel Prize for Physiology and Medicine was awarded to James P. Allison, left, and Tasuku Honjo on




Roles du CTLA-4 et du PD-1 (soutarue, Gut 2018)
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Anti CTLA-4 Anti PD-1 Combo

IrAE graves des inhibiteurs de checkpoint

Immunitaires en canceérologie Cutanée o I B
ESMD == e | Gastrointestinale +++ + ++++
CLINICAL PRACTICE GUIDELINES Hypophyse

Management of toxicities from immunotherapy: Thyroide

ESMO Clinical Practice Guidelines for diagnosis,

treatment and follow-up" Diabéte 0/+ +4 ++
J.B.A. G. Haanen', F. Carbonnel®, C. Robert?, K. M. Kerr*, S. Peters”, J. Larkin® & K Jordan’, on behalf of Renale

the ESMO Guidelines Committee”

Hépatique

Pulmonaire

Thyroide

Neurologique + + ++

Articulaire




Focus sur les toxicités digestives



Fréquences des complications intestinales des anti CTLA-4 et/ou des anti PD-1

Anti CTLA-4 30% 8%
Anti PD-1 13% 1%
Combothérapie 13.6%

v'Perforation colique chez 1% (mélanomes) a 6% (cancer du rein)

v'0.6 a 0.8% des patients déceédent des complications digestives des anti CTLA-4

Tandon J Immunoth 2018.
Wang DY Oncoimmunology 2017.
Khoja Ann Oncol.



Cancer Immunotherapy with Anti-CTLA-4
Monoclonal Antibodies Induces an Inflammatory
Bowel Disease

L. Marthey?®®, C. Mateus®, C. Mussini¢, M. Nachury®, S. Nancey',
F. Grange?, C. Zallot", L. Peyrin-Biroulet", J. E Rahier', M. Bourdier de

Beauregard', L. Mortier¥, C. Coutzac', E. Soularue?, E. Lanoy™", N. Kapel°,
D. Planchard?, N. Chaput'df, C. Robert, E Carbonnel?

Journal of Crohn's and Colitis, 2016, 1-7



Caractéristigues des colites anti-CTLA-4

N =39 %
Diarrhée
Nombre meédian de selles / 24h 36 92
. 10 [1-20]
[extrémes]
Rectorragies 25 64
Douleur abdominale 32 82
Dont douleur sévere 10 31
Amaigrissement
% poids de forme [extrémes] 8 [0-27]
Manifestation extra-intestinales
Pyoderma gangrenosum 1 3
Arthralgies 4 13
Total 5 20
Aphtose buccale 1 3
Atteinte ano-périneale 4 10
Abces intra-abdominal 4 10
Perforation colique 5 13




Endoscopie des colites a l'ipilimumab

* 8% de colites érythemateuses

 13% de colites érosives



Endoscopie des colites a l'ipilimumab

e 79% de colites ulcérées
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Evolution

Anti-CTLA-S enterocoolitis
N = 3%
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Journal of Crohn's and Colitis, 2016, 1-7



Diagnosis workup :
- stool testing for enteropathogens, C. difficile, fecal

\ calprotectin

. . or fecal lactoferrin.
Grading according to CTCAE
Diff tial di i luded .
\ Terentia] qlagnosts exeuee ‘ - IGRA, HIV and HBV testings
/ \Eﬂdﬂﬁﬂopic evaluation in grade Il or higher

New onset of diarrhea or colitis in a patient treated with ICI

Grade | : Grade Il : Grade Il : Grade IV :
- Symptomatic management : low i .
fiber diet, loperamide, _ - Withhold ICI - - Withhold ICI W't.thId ICI
) . > i . > i : - Methylprednisolone 1 mg/kg IV
psyllium,spasmolytic Symptomatic management If Oral Prednisolone 1mg/kg . ASSess response at D3*
- Maintain ICI, with close monitoring If . - Oral corticosteroids 1mg/kg . or iv methylprednisolone 1mg/kg por X
; failure failure . - If response to IV steroids, switch to oral
for aggravation of symptoms Assess response at D5 :
after after7 prednisolone 1mg/kg
15 days*
days | Y J
Corticosteroid response
os /\ NO
8 weeks steroid tapering y \
program )
Remission. Infliximab 5mg/kg 1V,
Discuss resuming ICl, relaps > S0-S2-S6
weighing < e Rapid steroid tapering \ Contraindication to
oncologic benefit infliximab

against risk of GI-IrAE recurrence J
Response
? Consider
X A no vedolizumab

A 4

CONSIDER :
Vedolizumab, high dose infliximab, fecal
microbiota transplantation, colectomy,
new testing for CMV and C difficile

yes




ROle du microbiome dans la toxicité et I'efficacité des IClI



Anti-CTLAA4 efficacy
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Vetizou M,... Zitvogel L Science 2015; 350:1079



Anti-CTLAA4 efficacy
NEEDS BACTERIA
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Anti-CTLAA4 efficacy
may need SPECIFIC bacteria
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GF tumor-bearing mice treated with anti
CTLA-4 and fed with specific bacteria

Tumor size

#*

CD4"B. distasonis. CD4" B.fragilis

T cells harvested from spleens of mice exposed to
CTLA-4 Ab and restimulated with Bf versus B.
distasonis were infused intravenously in MCA205
tumor-bearing GF mice

Vetizou M,... Zitvogel L Science 2015; 350:1079



Commensal Bifidobacterium promotes
antitumor immunity and facilitates anti-
PD-L1 efficacy
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Sivan A,... Gajewski TF, Science 2015; 350:1084



Commensal Bifidobacterium promotes

antitumor immunity and facilitates anti-
PD-L1 efficacy
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Differences in spontaneous antitumor immunity were

eliminated following fecal transfer Sivan A.... Gajewski TF, Science 2015; 350:1084



Commensal Bifidobacterium promotes

antitumor immunity and facilitates anti-
PD-L1 efficacy
F
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Oral administration of Bifidobacterium improved efficacy of

anti PDL-1 Sivan A,... Gajewski TF, Science 2015; 350:1084



Hypothese

Chez les patients atteints de melanome, la colite et la

reponse anti tumorale a lI'ipilimumab est dépendante du
microbiote intestinal

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368



GOLD study
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1 — Impact de PIPI sur le microbiote intestinal

V1
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» La composition et la diversité du microbiote ne sont pas modifiés par l'ipilimumab

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368



2 —Le microbiote dans la colite a P’ipilimumab

factor(STATUS2)
B v
- Vtox

Colitis /.

Percent of total reads (%)

|

= #_+ il

(2=1145%

' ' ' ' ' ' '
LACHN RUM BLAU CL_Iv EUB Unc_ LACH PSEUD

paired samples o |
Genus distribution decreased Firmicutes proportions

monte-carlo p=0.0059 decreased diversity

> Les colites a I'lpilimumab sont associées a une dysbiose

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368



Similitudes et differences avec la dysbiose associée aux MICI
?

Similitudes
» Diminution de la diversité bacterienne
» Faibles proportions de Firmicutes (Lachnospiraceae, Ruminococaceae, Clostridium IV, etc...)

Différences

> Proteobacteria non impliquées
» Especes bactériennes differentes (at the OTU level)

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368
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3 —Le microbiote predit la colite ?

Colitis score
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» High proportions of Bacteroidetes at

baseline are associated with colitis

protection

» Similar findings by Dubin et al.

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368

Dubin K,... Wolchok JD Nature communication 2016;7:10391



3 - Le microbiote prédit la colite ?

C mm Colitis = No_Colitis OTU 1st relative isolate Sim. Phylum Family
! ! ! ! ! ! 1 | I ! I denovo592  Prevotella sp Bl-42 0.925 Bacteroidetes Prevotellaceae
: : :  denoyo592 I © denovo3428 Bacteroides sp ALA Bac 1.000 Bacteroidetes Bacteroidaceae
denov03428 = denovo892  Bacteroides uniformis JCM 5828T 1.000 Bacteroidetes Bacteroidaceae
dgﬁggggg?g denovo3816 Faecalibacterium prausnitzii A2-165 1.000 Firmicutes Ruminococcaceae
:denoves5089 | denovo5089 Bacteroides sp Smarlab 3302996 1.000 Bacteroidetes Bacteroidaceae
‘denovo1516 : denovo1516 Parabacteroides distasonis JCM5825 1.000 Bacteroidetes Porphyromonadaceae
deno\o4666: denovo4666 butyrate producing bacterium SS2-1 0.997 Firmicutes Lachnospiraceae
_ denovo6023: denovo6023 Bacteroides ovatus CIP 103756 0.973 Bacteroidetes Bacteroidaceae
S S S denov;0869 denovo869  Clostridiales bacterium CIEAF 026 0.706 Firmicutes Ruminococcaceae
E N denovo2582: . I .
I onovo9o | denovo2582 Blautia obeum 1-33 1.000 Firmicutes Lachnospiraceae
I Gonovo6i27: denovo991  Fusicatenibacter saccharivorans TT-111  0.831  Firmicutes Lachnospiraceae
i [ Ceno\o4787: denovo6127 Roseburia inulinivorans type strain A2-194 0.974  Firmicutes Lachnospiraceae
;[ denovz051 78§ denovo4787 Gemmiger formicilis ATCC 27749 X2-56  1.000 Firmicutes Ruminococcaceae
: _ denOV03795i : | | denovo5178  butyrate producing bacterium L2-21 0.992 Firmicutes Lachnospiraceae
6.0 denovo3795 Faecalibacterium prausnitzii L2-6 0.982 Firmicutes Ruminococcaceae

—2.4 —1 2 0 1.2

LDA score (log 10)

-6.0 —4.8 —3.6 24 36 48

» Some specific OTUs may help predict immune-mediated colitis associated with ipilimumab in

melanoma patients

ChaputN,...

Carbonnel F Ann Oncol 2017; 28: 1368



Entérotypes chez les patients avec mélanome
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» 3 enterotypes described in melanoma patients at baseline (Firmicutes/Bacteroides/ Prevotella)

Chaput N,... Carbonnel F Ann Oncol 2017; 28: 1368



4 — Le microbiote prédit 'efficacitée?

B § ' LT_Benefit .
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» Before ipiimumab treatment:
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Chaput N,... Carbonnel F Ann Oncol 2017; 28

: 1368



4 — Le microbiote prédit I'efficacité?

3 especes bactériennes sont associees au bénéfice a long terme de lpilimumab

D

20

—
n

—
=)

B Faocalibacterium
prausnitzii L2-6

n

B Gemmiger formicilis
ATCC27744

Parcant of total reads (56)
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4 — Le microbiote prédit 'efficacitée?

Uncl. Ruminococcaceae
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4 — Le microbiote prédit 'efficacitée?
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L'activation des lymphocytes T chez les patients du cluster Aet B
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Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez
112 patients avec mélanome (Gopalakrishnan V, ...Wargo J L. Science 2018;359:97)
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Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez
112 patients avec mélanome (Gopalakrishnan V, ...Wargo J L. Science 2018;359:97)
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Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez
112 patients avec mélanome (Gopalakrishnan V, ...Wargo J L. Science 2018;359:97)
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Le microbiote intestinal module la réponse anti tumorale aux anti PD-1 chez
112 patients avec mélanome (Gopalakrishnan V, ...Wargo J L. Science 2018;359:97)

L 'analyse multivarieée par modele de Cox montre que le plus fort

predicteur de la reponse anti tumorale sont I'abondance en
Faecalibacterium HRr=2.95; p=0.03) et 'immunothérapie préalable (Hr=2.83; p=0.03)

% Progression

0 200 400 600
Days elapsed



Le microbiote intestinal module |la réponse anti tumorale
aux antt PD1/PDL1 routy B ... zitvogel L. Science 2018;359:91)
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Le microbiote intestinal module |la réponse anti tumorale
aux antt PD1/PDL1 routy B ... zitvogel L. Science 2018;359:91)
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High variability — some trends
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High variability — some trends

Microbiota and cancer immunotherapy:
in search of microbial signals

o _
Raad Z Gharaibeh," Christian Jobin"%> -
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Facteurs predictifs de I efficacité de I' immunothérapie du
cancer

B Facteurs liés a la tumeur

E Expression du PD-L1
E Charge mutationnelle
E MSI

E Autres

I Facteurs liés a I'héte
E Infiltrat lymphocytaire péritumoral

F Microbiote



CONCLUSION

Le microbiome module 'effet anti-tumoral de I'immunothérapie

Les patients répondeurs aux anti CTLA-4 et aux anti PD-1
ont un microbiote eubiotique

Ces resultats suggerent que la manipulation du microbiote pourrait
ameliorer l'efficacité et la tolérance de I'immunothérapie



Peut-on modifier le microbiote et avec quel résultat
clinique?

E Antibiotiques

E Changer I'alimentation pour changer le microbiote
E Probiotiques

B Cocktail de bactéries

I Transplantation fécale

E Phages



A defined commensal consortium elicits
CDS8 T cells and anti-cancer immunity
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Tumour volume (x103 mm?)

A defined commensal consortium elicits
CDS8 T cells and anti-cancer immunity
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Peut-on modifier le microbiote et avec quel résultat
clinique?

E Antibiotiques

E Changer I'alimentation pour changer le microbiote
E Probiotiques

I Cocktail de bactéries

B Transplantation fécale

E Phages



Clinical trials with FMT for melanoma

MNCT number Malignancy n Objective Intervention Outcome measure(s) Location
Modulation of the gut microbiome in cancer and cancer therapy
NCTO3341143 Melanoma 20 To study concurrent FMT (donor responder to PD-1 ORR, change in T cell LsA
use of FMT and therapy) with pembrolizumab composition and function;
pembrolizumab in change in innate and
patients with PD-1- adaptive immune subsets
resistant melanoma
MNCT0O3353402 Melanoma 40 To study use of FMT FMT (colonoscopy and Incidence of FMT- Israel
in patients with capsules) (donor responder to related adverse events,
stage IV metastatic immunotherapy) engraftment, changes in
melanoma for whom composition of immune
immunotherapy failed cell population and activity
19 UJ Recruiting Fecal Microbial Transplantation in Combination With  « Melanoma » Drug: Fecal Microbial » London Regional
Immunotherapy in Melanoma Patients (MIMic) Transplantation Cancer Program
London, Ontario,
Canada
20 UJ Recruiting Fecal Microbiota Transplant (FMT) in Melanoma + Melanoma + Drug: Fecal Microbiota « UPMC Hillman
Patients Transplant with Cancer Center
Pembrolizumab Pittsburgh,
Pennsylvania, United
States

Presented by C Robert Post-ASCO 2020
Munich
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Baruch et al., Soence 371, 602-609 (2021) 5 February 2021



Fecd miarobiota transplant overcomes resistance to

anti-FD-1thergpy in melanoma petients
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Davar et al., Sdence 371, 595-602 (2021)
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Effects by ICI Regimen

100
Ipilimumab
20+ Anti-PD-1
o Combination
O
= 60
E Median time to onset
r=1 Ipilimumab: 40 days
£ 401 Anti-PD-1: 40 days
= Combination: 14.5 days
20
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Days
No. at risk
Ipilimumab 15 2 0 (0] (0] 0 (0]
Anti-PD-1 34 11 5 2 2 2 (0]
Combination (5] (0] 0 (0] (0] 0 (0]
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