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Numbers Matters Not the Size!

In the human body:

1013 « human cells »
10 “microbial cells » 1cm
102 bacteriophages/g of fecal material

10!! bacteria/g of fecal material
1 mm

100pum

10 pm Q@

)
| Human cell

|.( )l)"_:_',.

NN e
ANUAGS Red blood cells
S v AR A
‘ A0 1 pum (~8um)
R _ Bacteria )
:"'g‘;":‘°g‘g'a ) (~0.5 to 5um) 4 \
~0,6 to 0,8pm
100nm
@ 10n m Bacteriophages Viruses
DNA (~20 to 200nm) (~100 to 800nm)
(*nm)
Inm
0.1nm

Atoms
(~1-5 Angstrém)

Cani PD. Gut 2018;67:1716-1725.
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Milestone 13 | 2013 k‘
Good bacteria make for good
cancer therapy -

light on the idea that the gut microbiota might
influence host responses to cancer
therapeutics via the immune system. Read

~
Laurence Zitvogel and Giorgio Trinchieri shed P
more. |
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Creating a session on the MICROE
Is @ major FIRST at ASCO 2023!

Hallmarks of Cancer: New Dimensions

Cancer Discovery 2022

Douglas Hanahan
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proliferative signaling growth suppressors
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PART1: Immunotherapy: a revolution in oncology
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Nobel Prlze 201 1. Innate Immunity
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2018: Nobel Prize for the discovery of
immune checkpoint blockade

Cytokines produced:
IFNy, TNFo. and granzyme B

CTLA4-targeted

Antigen

Antibodies to
block
co-inhibitory
signals

PD1-targeted
antibody B
P

.
co-inhibitory
signals
Antigen
TIM3 i‘ VISTA - APC

a Lymphoid organs b Target tissues

LAG j‘rf‘a{

‘¥ MHC TCR

= Y #5 TCR MHE

7| Dendritic cell \ E =

| Dem - =g
D28 | Naive | | | Effector | Cancer

BT g ! Teell ] ‘.I\ Teell ] cell

\Jc 4’m4 Fol\a& L
}1"% PD-L1

Anti-CTLA-4 mAbs wﬁf&: Anti-PD-1 mAbs

Ipilimumab Cemi pl mab
Nivolum

Tremelimumab
Pembr: l umab
Destarlimab U
Q7 Anti-LAG-3mAb @ ¢ Anti-PD-L1 mAbs i e @
Relatlimab Atezolizumab
v Avelumab

Tasuku Honjo & James P. Allison
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Historical Paradigm: -‘-’QEMMLLQ EISckers (antiPD1, PDL-1, CTLA4, LAG3, etc...)

Targeting Tumor Cells

18 Tumor 21 ations approved in the USA g %
8 Tumor indications approved in Europe Q 0 %
AN r indications with reimbursement in France () () ® &

TABLE 1 The approval status of commonly used ICI agents in clinlcal practice. ‘\’ 0 %
| FL Q

piec.  Mel ‘\)
NSCLC
1 ; 1 Hscot HNSCC
CTLA-4 Ipilimumah FDA, EMA, HC, NMPA Advanced MM, advanced CRC, NSCLC, HL
Trophu McC
PD-1 Nivolumab FDA, EMA, HC, MHLW, NMPA HNSCC, NSCIC, GG, ESCC, CRC, HOC, ROC, HL, MM, skin cancer blastic
Pembrolizumsb FDA, EMA, HC, NMPA, NMPA HNSCC, NSCIC, GG, ESCC, CRG, HOC, RCC, HI, MM, skin cancer, TNBC NKT Bladder %
Tumor Cell
Cemiplimab FDA, EMA, HC skin cancer, NSCLC ’
PCNSL Hodgkin
Toripalimab NMPA, EMA skin cancer, HNSCC, BRCA 0
— : ATU
Sintilimab NMPA, EMA, FDA NSCLC, HOC, HL — ! scC
Camrelizumsh NMPA, FDA NSCLC, HOC, HL, ESCC, HNSCC
Tisldizumab NMPA NSCLC, HL, BRCA lhvzowd TNBC  ATU e%
Penpulimab NMPA HOC, GC, NSCLC, NPC, HL ER+ -
: Zimberelimah NMPA HL BC 2
New Paradigm: — / o
. Serplulimab NMPA GC, CRC, NSCLC " ¢
Salival
Targeting Immune Cells & scLe
Pucotenlimab NMPA CRC, MM
Mesothel
. - PMBCL
Dastarlimab FDA, EMA, HC UCEC ioma Courte sy: A. Mara be| |e g
Lymphocyte _ i
PD-LL Durvalumab FDA, EMA, HC, NMPA NSCLC, SCLC, BRCA Biliary @i
B — Tract 3
Vo \ Aterolizumab FDA, EMA, HC, NMPA skin cancer, NSCLC, SCLC, BRCA, HOC, TNBC ;
y : Thymic HCC
/ \ Carcinoma
t ( \ Envafolimab NMPA CRC Eso .
.\\ | ; Ovarian Endo | hageal
'\\\ // Sugemalimab NMPA NSCLC Anal e metri M
- f
) = , Avelumab FDA, EMA, HC skin cancer, ROC, BRCA al
\ / LAG3 Relatlimab FDA EMA Metastatic MM

EMA, Busopean Mediclnes Ageney;FD A, Usited States Food and Deisg Adind asteatiois; HC, Health Canads; MHLW, Minkteyof Health, Labour and Welfare of | apan; NMPA, National Medieal

Products Administration of Chite BCC, basal cell carcinoma BRCA, bladder urothelial carcinoms; CC, cervical cancer; ¢HL, dassical Hodghin's lymphoma; CRC, celorectal cancer; (5CC,

Cutanecs squamous cell cardnonss; MME, mismatch repalr d Yi EC, ek i ESCC, esopluageal squarmous cell GG, gastric cancer; HOC, hepatocelubar %
arcinoms; HL, Hodghin's lymphorma; HNSCC, head and neck squamous cell carcinomas MCC, Merkel cell carc MM, maligrant mel MSI-H, high mi dlite instability; MPM, g %

maligant pleural mesothelionsa; NSCLC, non-small cell lung cancer; NPC, nasopharyngeal carcinoma; PMBCL primary medisstin large B cell lymphomsa; PMF, primary myelofib RCC,

renal cell carcinoms; SCLC, small cell lung cancer, TMB-H, high tumer mutation burden; TNBC, triple-negative breast cancer; UC, uothelial carcinome; UCEC, uterine corpus endometrial
carcinons,




THE MICROBIOME REGULATES THE CANCER IMMUNE
SET POINT

THE HUMAN MICROBIOME

Parasitic bacteria
( intracellular)

100 trillion

Eukaryote microbes

a 10-100X
' microbial :

human genes

ration of T cells 3% human bOdy
nto tumours mass

largest #
microbes - Gl
tract

1-10X microbes :
human cells

Slide credit: Ami Bhatt and Robert Jeng
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PART2: The links between gut fitness and cancer immunity




THE MICROBIOTA AND THE MICROBIOME: INHERITED ANF IMPRINTED BY MOTHER FROM BIRTH

1. Digestion des fibres, 2. protection anti-
production d’actifs, détox .. microbienne directe

3. Stimulation de P

barrlere mtestmale

WA AR
TS ’i“/q\—] / | .74, Stlmulatlon du
3 Slgnallsauon vers 4 systemelmmumtalre

[ 3

tous les organes

adapted from Gonzalez et al. 2011, EMBO reports

From J. Doré, French Gut, INRAE
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http://wordlesstech.com/2013/12/27/natural-chemical-reverse-aging/
http://wordlesstech.com/2013/12/27/natural-chemical-reverse-aging/
https://www.google.com/url?q=https://www.michaeljfox.org/understanding-parkinsons/living-with-pd/topic.php?genetics&sa=U&ei=kPwoU4SfOMO90gGP7YDYDA&ved=0CEMQ9QEwCw&sig2=HmvITl6nHBlmD4yqIYy-fA&usg=AFQjCNHbk9AYCMlJi0i4jo9sK5M8CyLCDg
https://www.google.com/url?q=https://www.michaeljfox.org/understanding-parkinsons/living-with-pd/topic.php?genetics&sa=U&ei=kPwoU4SfOMO90gGP7YDYDA&ved=0CEMQ9QEwCw&sig2=HmvITl6nHBlmD4yqIYy-fA&usg=AFQjCNHbk9AYCMlJi0i4jo9sK5M8CyLCDg
http://www.n3inc.com/blog/wp-content/uploads/2012/12/probiotic-box.jpg
http://www.n3inc.com/blog/wp-content/uploads/2012/12/probiotic-box.jpg

METAGENOMICS OF STOOLS WORDWIDE TO DEFINE THE HEALTHY M

J. Doré &D. Ehrlich

86 studies, 90 cohorts and 20,533 metagenom:as;
42 countries, 50 clinical conditions, 6 body sites

Meyer, F. BMC Bioinformatics 2008 Beghini, F. Elife 2021

Wang, M. Nat. Biotechnol 2016 Ernst, F. G. M. 2022

Pasolli, E. Nat. Methods 2017 Wang, P. Nucleic Acids Res. 2022
e Gonzalez, A. Nat. Methods 2018 Dekkers, K. F. Nat. Commun 2022

Wu, S. Nucleic Acids Res. 2020 Dai, D. Nucleic Acids Res. 2022

Kasmanas, J. C. Nucleic Acids Res. 2021  Xu, Y. Comput. Struct. Biotechnol. J. 2022
Aliquot & i Functional Bioinformatic &
Store ' exploration Statistical analysis

\’I.&‘ .

7[\"“ (5

Fecal DNA Whole -2
samples extraction metagenomic Mllllons of short DNA  Reconstruct & quantlfy short DNA
\ P sequencing  sequences (~150nt) sequences into genomes/genes /
Each step is crucial to a comprehensive and reproducible metagenomic analysis (’A:R-TUR

A. Thomas



1.6 billion Chronic NCDs 1990 - 2019

Liver disease
—— Mental disorders

Chronic inflammatory disorders S—
In Western and Industrialized countries

1.2 billion

Respiratory
diseases
Neurological
disorders

Cardiovascular

1 billion diseases

Skin diseases
Substance use
disorders
Musculoskeletal
disorders

800 million

.« . 600 million

Cancers

400 million
Digestive
diseases

200 million Other NCDs

Diabetes and
kidney diseases

0! ' ' ' ‘
1990 2000 2005 2010 2015 2019

©
()
.E
s
-
—
(72}
-3
©
=
1995
£ata source: IHME, Global Burden of Disease (2019) OurWorldInData.org/burden-of-disease | CC BY
80
20 — All
= —— Obese
> 604 I " @
= = o — Non-obese Gene richness
N 5 %071  Paucibiosis high richness .
= & 407 (low gene richness) is a health
p— =
— o] 30 N LW oL
w
2 o stratifier
- =
.g 10
g ! ! ! N 0 — T T T 1
= -0.2 0.0 0.2 0 200000 400000 600000 3800000 1000000
Principal component 1 Gene richness Le Chatelier et a’,

low to high Nature 2013




Enjeux de recherche et innovation

Nos microbiotes au coeur d’un systeme complexe
qui conditionne santé et bien-étre

NUTRITION / SANTE /
ALIMENTATION BIEN ETRE
* Diversité alimentaire * Maladies chroniques
« Modeéle alimentaire FR Microbiotes * Prédiction
* Personnalisation * « Life-style medicine »
* Prévention * Prévention

Outils de monitoring et levier d’action
pour la prévention et la santé

Votre logo _: > Le microbiote frangais
/otre logc =4 Le French Gu

Doré et al. Therapy 2017




NOUVEAUX CAS
DE CANCER EN 2023

433136

CAS

L

57%

43 %

245610 187526
HOMMES  FEMMES
TSM  TSM
D'INCIDENCE :  D'INCIDENCE :
3549 274
HOMMES  FEMMES
POUR 100000  POUR 100000

TSM: taux standardisé du monde

RCC: 15 000 nouveaux cas/an en France

LES 4 PRINCIPAUX FACTEURS DE RISQUE

/ CESO:::GE

FOIE

SEIN / ALCOOL
: ESTOMAC
FOIE
PANCREAS \ ggclz-'?tTM
REN @— \
SURPOIDS*
COLON-RECTUM ET OBESITE®
ENDOMETRE @—
./\ POUMON
AUTRES (.) \
AN
BOUCHE,
PHARYNX,
LARYNX,
CESOPHAGE
COLON- VESSIE

RECTUM

\ AUTRES (.)

* surpoids: IMC compris entre 25 et 29,9 kg/m2

obésité: IMC égal ou supérieur a 30 kg/m2 TREAE

SURPOIDS ET ALIMENTATION

=3% totalité des cancers

BOUCHE, PHARYNX, LARYNX
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26 CENTERS In France

+ CANADA

o ey [ Raw sequencmg reads ] fastq files Machine Ieaming
2 methods
Host decontamii Bowtie2
(hgﬂ PNX) (Langmead & Salzberg, 2012) MetAML
(Pasolli et al. 2016)
mmm .
(average Q score >20 and >75nt) m_galors
| Random
MetaPhlAn3 HUMANN3 forest
(Truong et al. 2015)| |(Franzosa etal. 2018)
microbial profiling profiling )
/ Experiments \
Samples Samples Cross- Clt'ozs- Leave-

T validation ssudy ongs
Taxa [ Pathways —_— validation out

abundance

Taxa Kegg Orthologs

UniRef90
abundance

[ Gut OqcoMicrobiome J < l

Signatures
\ Select the best model /

presence/absence
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Soas/ EUROPEAN NETWORK: ONCOI
— —==e

A RESEARCH AND INNOVATING ACTION
INVOLVING 17 PARTNERS IN 8 COUNTRIES

L Zitvogel G. Kroemer R. Daillére J. Fieschl AL. Martin E: Budmska
To develop novel IGR INSERM Everimmune  Veracyte Unicancer

diagnosis

L. Drewett
UCAM

M. ‘Gariboldi A. Naccarati N. Segata
in prophylaxis INT IIGM UNITN

measures against
cancar

J C.Denkert S. Loibl L. Heinzerling K. Engstrand J. De Vries

UKER UMR GBG LMU Ki RUMC A R TU R
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International research program
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PART3: Antibiotics, and cancer-associated dysbiosis
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Rationale for an impact of gut microbiota in cancer immunomodulation

"« Blunt ICB w | «Gut |
0 A/ 4 efficacy oncomicrobiome
w signatures predict
H“ [ * Reduce CAR- ICB resistance
5 ‘ ATB cell efficacy

N

Gopalakrishnan et al. Science 359, 97-103 (2018)
Derosa et al. Cancer Discovery 11, 23962412 (2021)

Davar et al. Science 371, 595-602 (2021) e .
Baruch et al. Science 2021 Feb 5,371(6529):602-609. Clinical Avatar Routy et al. Science 359, 91-97 (2018)

. __Derosa et al. Eur Urology 2020
Routy et al. Nat. Med. 2023 -
Py el T ( trials mice %
* FMT " Humanizing mouse
R->NRto gut microbiota to
Circumvent primary ¢ Mirror ICB resistance ‘
. resistance in MM J k P,

GOMS: Gut, NR: non responders
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)\~ ANTIBIOTICS FOR THE CLINICAL BENEFIT

) o OF IMMUNE CHECKPOINT INHIBITORS.

5‘-“ ( ' & f Study _ w8y Il | Weight HR [95%C1]
ATB:antibiotics e o s 13RIy
RTB NOT ONLY COMPROMISE THRER e e
_ ' EFFICACY OF e
c Tade 20314 294
S w IMMUNE CHECKPOINT £ an
) ‘ i | 54 e
s 60 INHIBITORS g a9l
=8 but also that of = s
A  CAR-T CELL THERAPY e A
S i (Smith M. et al. Nat. Med. Apr 2022, Stein-Thoeringer CK et al. é”: %ﬁ 1}% 5%?
DE_’ 20 Nat. Med. March 2023) %‘2% i‘% % %i%

k BE 255,13
: | + HEMATOPOIETIC STEM CELL =
0 20 € TRANSPLANTATION .

. —.— h B0 170,12
Months Reled JU et al. N. Engl. ). Med. 382, 822-834 (2020 il seens 1320063, 279
- 1.81 [1.50, 2.17]

Routy et al; Science, Oct 27, 2017. e | | | | |
Median PFS ATB: 3.5 months 01 o025 ; 4 00

Median PFS No ATB: 5.2 months Derosa et al. Cancer Discov. 2021 Oct;11(10):2386r@dkla) (’A‘R'TU'R'
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Mental,
neurlogical

Yonekura, Cancer Discovery 2022

Prevotella copri
Prevotella stercorea
Aeriscardovia aeriphila
Anaerostipes hadrus

Bifidc ium adc

Dialister sp CAG 357

Dorea longicatena

Eubacterium hallii

Eubacterium ventriosum

Roseburia sp CAG 471

Turicibacter sanguinis

Bacteroides galacturonicus
Bifidobacterium pseudocatenulatum
Collinsella aerofaciens
Coprococcus comes
Eubacterium rectale
Eubacterium sp CAG 274
Finegoldia magna
Fusicatenibacter saccharivorans
Lachnospira pectinoschiza
Lactobacillus rogosae
Lactobacillus ruminis
Prevotella sp CAG 520

Enriched in

Roseburia faecis

Ruminococcus torques - H V
Alistipes putredinis None
Alistipes sp CAG 831 - Ca ncer

Bacteroides sp 43 108

Bacteroides sp CAG 633
Bacteroides sp CAG 661
Bacteroides thetaiotaomicron cancer score

Clostridium aldenense i 8

Desulfovibrionaceae bacterium
Eggerthella lenta - -7
Enterococcus durans - _6
Enterococcus faecalis

Escherichia coli - 5
Eubacterium sp CAG 180 5
Flavonifractor plautii

Flavonifractor sp An100 .6
Hafnia paralvei .7

Hungatella hathewayi
Morganella morganii
Odoribacter splanchnicus
Olsenella uli
Parabacteroides distasonis
Phascolarctobacterium sp CAG 266
Prevotella sp CAG 617

Proteus mirabilis

Ruminococcaceae bacterium D16
Ruminococcaceae bacterium D5

S. oides i

is fer

| Anaerotruncus colihominis

Bilophila wadsworthia
Butyricimonas synergistica
Campylobacter gracilis
Clostridium asparagiforme

HV=5570
Cancer=1607

)

lostridium bolteae CAG 59
lostridium citroniae
lostridium clostridioforme
lostridium lavalense
lostridium sp CAG 58
lostridium symbiosum

isenbergiella tayi
Firmicutes bacterium CAG 145
Harryflintia acetispora
Intestinimonas butyriciproducens
Lawsonibacter asaccharolyticus
R wum fc mans
Bifidobacterium dentium
Butyricimonas virosa
Clostridium sp CAG 242
Hafnia alvei

Cardiovascular,
metabolic

Gastrointestinal

W
[

N
i

-+ -

Other

Gacesa et al. N
Healthy

cl
O

i

— C. asparagiforme

— Clostridium bolteae

— Anaerotruncus colihominis
— Clostridium citroniae

Arrhythmia
High cholesterol
Diabetes, type 2

Heart rate complaints
Thrombosis

Discomfort, burning

Hypertension
Discomfort, flatulence

Cancer, nonbasal

Discomfort, nausea
Discomfort, pain
Discomfort, unwell

FGID, bloating
Gallstones

IBD, CD

IBD, UC

IBS, any

IBS, type D
IBS, type M
Stomach ulcer

Burnout
Depression

Bipolar
Eating disorder

c
_

[+ ]+

Migraine

Fibromyalgia
Chronic cystitis

Cancer-associated gut dysbiosis is not cancer-specific

Osteoarthritis

Chronic rhinitis
Rheumatoid arthritis

Chronic weakness

= R;er'nococcaceae sp.D16
— Eggerthella unclassified
"Il — Flavonifractor plautii

— Oscillibacter unclassified

— Clostridium leptum

— Pseudoflavonifractor capillosus

— Holdemania filiformis
— Streptococcus parasanguinis
— S. salivarius
— Clostridium hathewayi
Veillonella atypica

— Bifidobacterium dentium

[ +]

COPD

Asthma
Atopic dermatitis

- Veillonella parvula
" — Eggerthella lenta
— Anaerotruncus unclassified
" Holdemania unclassified
— Ruminococcus torques
Lachnospiraceae sp.1.1.57FAA
— Lachnospiraceae sp.8.1.57FAA
F. prausnitzii
| E. rectale
Subdoligranulum unclassified
— K3 Dorea longicatena
Bifidobacterium adolescentis
Butyrivibrio crossotus
A. senegalensis
D. piger
— | Paraprevotella clara
— 2| Paraprevotella unclassified
Prevotella copri
Mitsuokella unclassified
B. longum
Barnesiella intestinihominis
Bacteroidales bacterium ph8
Alistipes shahii

Z-score x effect direction
-
-10 -5 0 5

General health

Partn
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| -,
) %@
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Old papers describing this cancer-associated ileal atrophy

Digestion 7 147155 (1972)

JEJUNAL BIOPSY IN MALIGNANT DISEASE!

. o M 1 ¢ of Small Bowel Mucosa in Mali 78
Doxatp J. Dereer? Timcriy G. C. Murrert? ANp Romara Browes! REERIGIES DT R plaane o

From the Universily of Adelaide Department of Medicine T. GiaT, B. Fiscire, J. DANON and M. LOFWENTHAL
Royal Adelasde Hospital

Departments of Gastroenterology and Pathology, Ichilov Hospital,
Tel Aviv University Meodical School, Tel Aviv

— . GHAT FISCHEL/ DANON LOEWENTHAL
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Fig. 1. Mild nonspecific changes. Suction biopsy, jejunum, HE, x 20,
Fig. 2. Marked nonspecific changes, Suction biopsy, jejunum, HE, * 20
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Epithelial barrier fitness: p-adrenergic receptors signaling-mediated
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» Disease and cancer

e Dysmetabolism

¢ Immunosuppression
¢ Chronic inflammation
e Stress ileopathy

» Actinomyces spp. and oral taxa
e Anaerotruncus spp.

e Bilophila wadsworthia

e Eggerthella lenta

» Eisenbergiella spp.

» Enterocloster genus

e Erysipelatoclostridium spp.

e Flavonifractor plautii

e Hungatella hathewayi

o Veillonellaceae family members
e Ruminococcaceae (SGB15201)
e Streptococcus spp.

Thomas & Fidelle et al. NRCO in press

GUT DYSBIOSIS IN CANCER PATIENTS: Divergence between healthy volunteers
and cancer patients and between responders or non responders to 10

NON RES PON DE RS Gut microbiota composition

e Health
 Fibre enriched-diets
¢ Immune fitness

foduiune | RESPONDERS

» Anaerobutyricum hallii

o Akkermansia muciniphila (SGB9226)
o Alistipes shahii

« Bifidobacterium bifidum and B. adolescentis
e Blautia spp.

« Coprococcus eutactus and C. catus

e Dorea spp.

e Eubacterium spp.

o Faecalibacterium prausnitzii

» Faecalibacterium (SGB15346)

e Lactobacillus vaginalis

o Phascolarctobacterium succinatutens
e Prevotella copri clade A (SGB1626)

e Roseburia spp.

e Ruminococcus bicirculans

l

|

1

e e aresiiaais Omics-based Prospective validation of Prospective validation of  Patient stratification
gg;weg/b?clerfL/lg Ia[c_tatiforlnans

C,o::z,:;mc; 24"2 cancer histotypes and patients receiving ICls ¢ Pharmacodynamics of
Hatnia alvei diagnosis tool for gut stages, and across microbiota-centred

Rthombactoniom lactatiormans identification and design  the diagnosis tool across  predictive value in based on dysbiosis
Butyricimonas virosa Of User-friendly
dysbiosis geographic locations interventions

Yonekura, Cancer Discovery 2022
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Intestinal Akkermansia muciniphila predicts
clinical response to PD-1 blockade in patients with

advanced non-small-cell lung cancer

Lisa Derosa®'23435 Bertrand Routy ©5¢35 Andrew Maltez Thomas(©®783, Valerio lebba®,
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In urinary tract malignancies, AKK high individuals are at
higher risk of mortality
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DIAGNOSIS TOOLS FOR DYSBIOSIS TO STRATIFY & ADAPT MICROBIOTA-

CENTERED INTERVENTIONS

éariy response evaluatioh

after therapy initiation
(ORR/RECIST1.1)

SD or PD

/

\

Gut dysbiosis-based stratification

\ aPD-1/CTLA-4 mAbs /

\

Environmental factors Diet habits Gut microbiota composition
ECOG-PS Comedications Shotgun/rRI.\lAlﬁs
PMI Antibiotics =SUEHEHE
Smaoking status PPIs Targeted-PCR on
H. pylori L catives specific bacteria

/

v

GUT DYSBIOSIS

v

/

Microbiome protection Single strain
Inactivation of A.muciniphila
ATB in the intestine (NCT-EV21-01)

(DAV132) (NCT02176005,
NCT02917200)

A

Microbiota-centered interventions

Antibiotics (-60+42d) m Moderate dysbiosis

Prebiotics
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(NCT05303493)
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NCT05251389, NCT04577729, NCT04988841,
NCT04975217, NCT05286294, NCT04924374,
NCT04729322, NCT04264975, NCT04130763,
NCT04521075, NCT04951583, NCT 05502913,/
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THE TOPOSCORE IS BORN: DEROSAL. and IEBBAV. et al. Cell, in press

Insomithecapy Eubiosis
{ NSCLC Lachnospiraceae family
Oscillospiraceae family
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ECOSYSTEM COMMUNITY STRUCTURAL ORGANIZATION
AND THE DEGREE TO WHICH SUCH FORCES INTERACT IN
LONG-TERM RESPONDERS (R) OR NON-RESPONDERS (NR)

We build intestinal communities (called species interacting groups (SIG)) as follows:

Each MGS was categorized as either “low” or “high” based on the median of its relative
abundance in the whole population of 245 subjects. For those MGS that had a majority
of null abundances, the MGS were categorized as “present” or “absent”

Cox proportional hazard (CoxPH) models were run to select MGS associated with an
elevated or reduced overall survival (OS) with a hazard ratio (HR) <0.80 or 21.25.

Among the 536 MGS identified in the discovery cohort, a total of 266 MGS was retained
in the model. Then, a score proportional to the significance of the interaction
between two MGS (-logo(p)) was defined as negative in case of co-exclusion pattern
(OR < 1) or positive in case of co-occurrence (OR > 1) ((Fisher’s exact test on 2x2
contingency tables based on their absence/presence co-occurrences and scored by the
by -logio(p) x sign{OR - 1) metrics, where p is the Fisher p-value and OR, the Odds
Ratio). Interactions with a Bonferroni-corrected p-value < 0.05 were retained for
analysis

A total of 180 connected MGS were then clustered with Ward’s method and
Manhattan distance, resulting in the identification of 7 clusters (C1 to C7)

Two clusters (C5 and C6) contained 37 MGS, mostly (95%) associated with 05<12 (HR
2 1.25) that were used to define the SIG1 signature.

Three clusters (C1, C2, C3) that contained 45 MGS all associated with 05>12 months
(HR £ 0.80) were compounded into the SIG2 signature



Enterocloster genus,
Streptococcaceae family
Veillonellaceae family

Immunotherapy Lactobacillaceae family Species interacting groups (SIGs)

SIG1
37 unfavorable bacteria

NSCLC
(n=245)

Lachnospiraceae family

. Oscillospiraceae family
Shotgun metagenomics

sequencing 45 favorable bacteria



DISCOVERY COHORT OF 245 NSCLC patient-derived stools

bacteria with trichotomic distribution (A. senegalensis, B. caccae, A. muciniphila)

The distribution of the S score is depicted by means of Kernel density estimation (KDE). Gray zone teased apart using
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FINAL STOOL CLASSIFICATION BASED ON THE DICHOTOMIC SIG1+
VERSUS SI1G2+

Immunotherapy
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SIG2+ PATIENTS HAVE A BETTER PFS AND OS THAN SIG1+
NSCLC PATlEl\b-E§overy cohort N=245 but also Validation cohort

(N=254)
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UROTHELIAL CANCER AND KIDNEY CANCER PATIENTS: N=216

Better PFS and overall survival in 1st or 2"d line PD1 blockade Yy
SIG2+ individuals Sy
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48 hr-turn around diagnosis tool for gut dysbiosis?
DOWNSCALING THE NUMBER OF CLINICALLY SIGNIFICANT BACTERIA PCR_TOPOSCORE

- Bio-Me
To transform the 83 metagenomics-based -TOPOSCORE into
a 21 PCR-based friendly-user test /{}_;_;3“ r' .
(R el
;J‘ 4/ g .

well as reliable and robust probe sets (designed by Bio-Me)

e Using the most prevalent MGS species (Park et al. 2022) as ,/:{ \\

NSCLC, n=313, Batch 1 from Cohort Test NSCLC, n=96 Batch 2 from Cohort Validation
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PCR-BASED TOPOSCORE APPLIED TO MELANOMA AND
COLORECTAL CANCERS (ATEZOTRIBE TRIAL)

.  Bio-Me

Microbiome Profiling
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MADCAM-1: GUT IMMUNE CHECKPOINT FOR CANCER IMMUNOSURVEILLANCE

MAdCAM-1 as a gut Eubiosis Antibiotics, Dysbiosis i Immunotherapy SERUM
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SERUM SOLUBLE MADCAM_1 CORRELATES WITH GUT DYSBIOSIS AND PREDICTS SURVIVAL
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PART4: Microbiota-centered interventions




CAUSE-EFFECT RELATIONSHIP: IMMUNOGENIC

COMMENSALS

CIDCTINV/ENIT NVCRINCIS.RELATED RESISTANC

Demonstrated cause-effect relationship:
The avatar model
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Table 1. Overview of current clinical studies investigafing the effects of microbiome modulations in cancer tharapies

Intarvartion Cancer tharapy Cancar antity Study phase  Endpoint Rafamnce
Fecal microbiota Immune checkpoint inhibition NSCLC, melanoma Phasa Il Tharapy response  NCTO4851583
transtar (FMT) Immune checkpoint inhibition Prostate cancer Phase Il Tharapy response NCTO4 116775
Immune chackpoint inhibition CRC Phase | Tharapy responsa NCTO4729322
Immune checkpoint inhibition RCC Phase I Therapy response NCTO4758507
Immune chackpoint inhibition Malanama, NSCLC, Phasa | Texicity NCTO38192068
GU cancer
Immune checkpoint inhibition Gl cancer Phase | Taxicity NCTO4038619
Immune chackpoint inhibition Malanama Phasa Il Responsa NCTO457 7729
Allo-HCT Hematologic cancer Phasa Il Taxicity (GVHD) NCTO3812705
Allo-HCT Hematologic cancer Phase Il Taxicity (infections)  NCTO3678403
Micrabial ecosystem Immune checkpoint inhibition Solid tumors Phase | Responsa NCTO3686202
therapeutics (MET-4)
Probiatic (Bifidobacteria)  Immune checkpoint inhibition + NSCLC Phasa | Texicity, sungical NCTO4899721
chamotherapy complications
Chernotherapy CRC Phase |l Thempy response  NCTO4131803
Probiatic (Clostrdium Immune checkpoint inhibition RCC Phase | Safety NCTO3829111
butyricurm) Allo-HCT Hematologic cancer Phase | Taxicity NCTO3922035
Prabiotic (Fibar) Immune chackpoint inhibition Malanoma Phasa | Safaty NCTO4845680
Chemaotherapy Gastrointestinal cancers  Phase || Taxicity MHCTO4447443
Radiatherapy Gastrointestinal and Phase Il Taxicity NCTO4534075
Gl cancers

Derived from clinical trials registry of the NIH Library of Medicine. allo-HCT, allegeneic hamatopaietic call transfer; CRC, colomctal cancer; GU, gani-
teurinary; RCC, renal call carcinoma; MET, defined mixture of pure live cultures of intestinal bacteria isolated from a stool sampla of a healthy donor;
NSCLC, non—small-cell lung cancer.
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FECAL MICROBIAL TRANSPLANTATION ameliorates 1L objective
response rates (by 20%) and circumvent primary resistance to
PD1 bteekatedneaa b:-ﬂéhts?o@%iﬂMHWom aPD1 Ab Feces from healthy voluntee
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Months Post FMT
Routy et al.
Nature Med. In press
EN Baruch et al. D. Davar et al.

N=20 naive metastatic melanomz¢
Disease control rate = 15/20 (75%
ORR: CR + PR =13/20 (65%)

AOR. ] UaRo
W W |
As xxﬁ[‘/\’“f‘v] pour la Recherche
sur les Tumeurs du Rein

Science 2021 Feb 5:371(6529):602-609. Science 2021 Feb 5;371(6529):595-602.

N=10 patients with anti-PD-1-refractory =~ N=15 patients with anti-PD-1-refractory
metastatic melanoma metastatic melanoma

1CR+ 2PR 1CR+2PR+3SD




FIRST PROOF OF CONCEPT OF THE EFFICACY OF THE
MICROBIOTA-CENTERED THERAPEUTIC INTERVENTION:
FMT FROM R INTO NR MELANOMA PATIENTS

Bullman S et al. Nature Cancer 2021

LUMINATE TRIAL

NATURE CANCER | VOL 2 | DECEMBER 2021|1301-1304 | www.nature.com/natcancer

Therapeutic interventions —— Reprogramming systemic immunity and TME NR
\ \ #7 TILs and CTLs (lytic machinery, innate receptors,
0 * &/ + IFNy, CD74, MHC class Il...) Tempacells T . cels
* Myeloid cells (IL-8") Qs e T Ls
e — Re-introduction: CTUT,q cell ratio IR Spp1*CXCL8* MDSCs
= anti-PD1 Abs i Blood CD56*CD8*TIGIT*Lag3* T-bet'T cells

— Recipient intestine Lachnospiraceae

Infiltration of lamina propria by CD68" M2 Coriobacteriaceae
macrophages GrzB* MAIT cells in blood Bifidobacteriaceae
Rise in donor bacteria—specific IgG serum titers
Metagenomics-based shift in the taxonomic
composition toward donor stool

Pharmacokinetics of the MCI
Immunomics and single-cell transcriptomics
Serial metagenomics

Metabolomics

Serum cytokine/chemokine multiplex ELISA

NR

CXCL13, FLT3L
. . ) T,2 cytokines,
— Intestinal barrier dysfunction CX3CL1
Reduction in serum inflammatory mediators

Rise in TLS-associated chemokines

CXCLs, CCL2
IL-18, IL-12p70

Clinical data

n = 26 patients (1 excluded), stage IV,
2nd- to 4th-line therapies

Resistant to PD-1 + CTLA-4 blockade
Safety (23 grade 1-2; 3 grade 3)
Efficacy (1 CR, 5 PRs, 3 SDs)

NR

—— Host metabolism Secondary blle
Metabolomics of plasma acids, hippurate,

Specific metabolites and lipids p-cresol sufate,
i : triacylglycerols

Primary bile acids

Mono- and diacylglycerols
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RANDOMIZED PHASE | TRIAL IN ADVANCED RCC: Clostridium butyricum MYAIRI

Nivolumab plus ipilimumab with or without live
bacterial supplementation in metastatic renal cell
carcinoma: a randomized phase 1 trial

Nazli Dizman'?8, Luis Meza ©'8, Paulo Bergerot*®, Marice Alcantara® Tanya Dorff!, Yung Lyou’, a
1.0 H
Population Treatment Primary endpoint Clinical outcome endpoint Differential results: microbiota and metabolism outcome endpoint
0.8
| Bifdobacterium spp./ | | PFS | | oRA- | | Micrabiome, cytokine and metabolic pathway profiing | #
n=19 c
Mo chan In re ders
‘,‘f//* ool 127m  58% (11 PR) T Bt P R g 06
Dual ICE Baszaline w2 A = E;.r!yri:&'ncnas fascals Basalinge w2 - E
Yl + cevsss » dTDP-f-Lrhamnose g
bio synthesis 0 Modian imants)
=g ‘2:) ‘_|: = Immunomodu latory E_ ) I 1ot ipiimumat win CBMB5S3 127
£ cytokines & B tivoiumab-iplmumab 25
n=30
\_, Dual ICB 0.2 :&gam—mn
b \"w Prac 000
Treatment-naive "" Mo change No change
metastatic RCC n=10 25m 200 (2 PR) o
Baseline Wiz Basaline w12 | | | | | | | | |
i 3 & 8 12 15 18 21 24
Fig. 1| First randomized phase 1 trial combining a probiotic strain (C. butyricum CBM588) with a nivolumab plus ipilimumab regimen in metastatic kidney srrber at risk Mnths
cancer. Primary endpoints were change in Shannon index and metagenomics-based enrichment in Bifidobacterium strains; secondary endpoints were change o ip-CBMS8E 19 15 12 n 7 5 4 2 0
Wvo—ipi 10 3 1 0 0 o 0 0 0

in median progression-free survival (PFS), objective response rates (ORR), and metabolic and immunological changes between baseline and week 12 (W12).
m, months; PR, partial response; *, no significant difference.

A. m Q.
Association pour la Recherche
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KETOGENIC DIET AND 30H BUTYRATE OR FIBER ENRICHED DIETS :
IMMUNE PRIMING AND SYNERGY WITH IMMUNE CHECKPOINT BLOC

JCl Insight. 2020. https://doi.org/10.1172/ci.insight.145207. DIET INTERVENTIONS (FIBERS AND PROBIOTICS) INFLUENCE ICB
OUTCOME IN MELANOMA

Accelerated tumor control with anti-PD1-based immune checkpoint blockade Probiotic (abJuse ik ien 1640 (2021) 24 December 2001
i No Yes
£
*% G b ti h fib h fib
CE  Gut microbiota composition High fiber | High fiber
2NERAT —p IPD'LI c 8 8 ]
- on APC .g No probiotics | + probiotics %
Ketogenic Diet Gt /R P Control cancer E» g High ﬁ.b or
\ M A @ “‘w ~ICB rogression = - No probiotics
OH =/ \) A R 5 | . S
HO W /; 2 Low fiber Low fiber 2
A FHYOROXYBUTYRATE = w . . 3
.\\ e - — e N . t. + . t.
Normal Diet T | overallsunvival © propiotics |+ problotics R

CD8*T cells Mioeouitadpaini-o,
Time

Excessive Bifidobacterium longum or Lactobacillus rhamnosus GG
| DIET | IMMUNE CHECKPOINT BLOCKADE } > Resistance to ICB

3H8: 3-hydroxybutyrate Underrepresentation of Ruminococcaceae and Faecalibacterium
ICB: immune checkpaint blocker - Reduced immunostimulation by ICB




PREBIOTICS WITH IMMUNOSTIMULATORY PROPERTIES:
POLYPHENOL CASTALAGIN FROM CAMU-CAMU

Camu-Camu and Castalagin (Cancer Discovery, Apr 2022, 1071)
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Q * ! Lachnospiraceae UCG-00608y: HQOa:m muciniphila
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0 Water/ «——log, fold change ——— CC/
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PART5: The clinicobiome at Gustave Roussy
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AMBITION: Gustave Roussy ClinicObiome L. Zitvogel & L. D«

DYSBIOSIS EPIDEMIOLOGY / DEEP COHORT MICROBIOME-REGULATING COMPOUNDS (MRC)
DISCOVERY AND VALIDATION
@ ® #% SEERAVE (WP Filotstudy
o J5ac FOUNDATION ‘ . PEACOCk
Pilot study ® EMT Nl
Clinical Data KETOREIN ®HB

~ Akkermansia spp,

_ . \etogenic die¢
Immunology O ellorgo% P
O y Q ® 0 Randomised
d -
Phase Il

.,-7-7.:“‘_\
everiMMUNE

Inflammation

ONCOPHILA
IMMUNOLIFE, FMT
5-years . Friendly-using _ . Al-based machine
expected Dynam.lc metadata dysbiosis kit D'|scovery of. 1s |r3 class drugs learning
deliverables biobank (TOPOSCORE) in the 10 microbiome arena (Patient Hologram)
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/
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Gut-microbiota based algorithm
@ Personalized approaches
Microbiota risk stratification

@ Assess host & environmental factors & Comedications &1 Dietary habits Mm i

ABX Vegetarian

Body composition R . Eubiosis
Ace PPI Mediterranean .
m : i BOME ek e Depressant drugs Red meat OPOSCORERD '@ i ﬂ s @ e
» total and visceral fat : Pr ool 1 Mild medications diversification
& Performance status Laxatives ocessed 1o TOPOSCORE 0.535-0.791, 4kk normal
Cﬁ) Physical activity n Enviro nment PI“‘_’“?““ ! Composition: -
= Rumal/City Antidiabetic drugs fiber (g/day), I AEX required Microbiome protection / FMT
2 Family (i-e. metformin) protein (source),
Mﬁ' history Exposure fat
Diagnosis of dysbiosis
Assess gut fitness _ i S [ Taxonomy 'y iﬁ _
Sample coleon. {228 ) p - Npe ey '

Mierobial species (e
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: Exfoliome shotgun sequencing
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Accumulating evidence of lower abundance in type 2 diabetes mellitus,
overweight, obesity, hepatic steatosis, metabolic syndrome

Isolation and Isolation and First proof-of-concept study published with positive
description of Complete genome First safety description of OM effect of both live and pasteurized A. muciniphila
A. muciniphila sequence of Muc’ study protein Amuc_1100 Muc’ on metabolic health
Muc' Microbes4l e
started Launch of
Genome-scale Pasteurized product with
First ecological First review of First cell line model: mucin- A. muciniphila as a pasteurized
studies Akkermansia sp. interactions independent growth novel food (EF54) strain
I

2004 2007 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

First host expression study First two studies of First evidence of Firstevidence of positive ~ Comparison of =2,000
| positive effect on positive effect of effect on responsze to (metalgenomes
First studies showing metabolic parameters pasteurization on immunotherapy
between Akkermansia and I:;ﬂi-, ¥ ti ESS{ICIEII'ISH indications: diabetes, obesity, NASH,
metabolic parameters B BRSNS IBS, immunothera
immunotherapy u PY
Strain orinvitro Human Animal | I l
= Related to strain Muc’ Accumulating evidence of positive effect in metabolic syndrome across laboratories

Fig. 1| Timeline of major advances related to Akkermansia muciniphila. Colours of the boxes depict the model: in vitro,
animals, humans. Discoveries related to the type strain or other strains are also indicated with a bold line. EFSA, European
Food Safety Authority; IBS, irritable bowel syndrome; NASH, nonalcoholic steatohe patitis.

NATURE REVIEWS | GASTROENTEROLOGY & HEPATOLOGY VOLUME 19 | OCTOBER 2022 | 627
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Cani PD et al. Nat Rev GastroEnterol & Hepatol 2022

A. muciniphila

&— Amuc_1100

&—Pg
. [
Cut microbiota
e
Acetate and e & ¥ —
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@ o
| o S8U/
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ithelial cell =8 o
= Z {8 == Goblet
cell
o
=¥
: [
a | cel
=74
=% 1
Immune = e

e Intestinal stemcell

= Mucus production

= Goblet cell numbers

= Antimicrobial peptides
= Tight junction proteins

- . Systemic
Tlmmunity
:[1 1 Body weight

“  Adipose tissue
{ kel 1 Fat mass
b L Inflammation

Brown adipose
TThermogenesis

) 5y Gut
}‘:‘ s, [ T Gut barrier

P

F - Mitochondria
b T p-oxidation
Blood

gé’"ﬁ-' 4 Plasma glucose levels
- ? 1 Plasma cholesterol levels
1 Plasma triglyceride levels

Liwver
5 1 Fatty liver

L inflammation

| = 1 Clucose production

L Insulin resistance

Fig. 2 | Metabolic e ffects and major factors invelved in Akkermansa muciniphila in the context of metabolic health.
Akke rmansia muciniphila targets host intestinal cells and contributes to the regulation of gut barier function, antimicrobial
peptide production, immune regulation, mucus layer thickness and the requlation of inflammation, A muciniphila regulates
mitechendrialactivity, thermogenesis, inflammation, and lipid and glucose metabelism, which influences metabolic health,

PO, protein 9.
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g%sJé‘éil Oncobax®-AK will be administered in combination with

g /\ ICls to advanced NSCLC or RCC patients

, Akkermansia massiliensis
Dr B. Escudier

Pr. L. Albiges
:Zr' If C?srthelhenﬂy Main inclusion eriteria: Phase A - efficacy Phase IIB - Efficacy
rF. iringheilli '
DrS. Ladoire 5 Stig,:rl'::éatLC Open-label cohort Open-label arm & Simon 2-stage design
= Stool Akkermansia ‘%
negative (companion emt “ 2to4 Oncobax®-AK -
diagnostics) g patients tid n-19 + Pembrolizumab Expansion of
= PD-L1 > 1% aﬁ g the cohort
* ECOG PS = 0-1 — which
4 — it n- demonstrates
se escalation Otcobary 50 the strongest
Starting dose: AK efficacy si!gfnl
Phase I up to 3 sites 1 oral capsule daily + 1st line
Phase lla: up to 15 sites (5x10° bacteria) combination
<ot  Phase llb: up to 20 sites immunotherapy
i Recruitment rate for either
i MNSCLE ar RCC 1z azsumad ta s :
Pr. L. AlblgeS by 0.4 patient/site/manth vs historical controls*

* Prospective comparative observational studies
conducted at leading institutions in Eurape

NSCLC: Oncobax@-AK + pembrolizumab (Keytruda@)

Primary endpoints:10% ORR ==
‘ever IM:j UNE

L
ey

RCC: Oncobax®-AK + combination immunotherapy (ipilimumab (Yervoy®) / nivolumab (Opdivo®)
Primary endpoints: 20% improvement in ORR

TuR.
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DOU; 1

ume




17¢ Rencontre Patients de I'Association A.R.TuU.R.

ranNnrar

Cancer detection

and screening Microbiome-based

cancer diagnostics

Prognostic assessment Prediction of adverse

reactions
oL @







25 SEERAVF [(elplagy

AT AT

FATATATA]
[ATATA

FOUNDATION

UNIVERSITY
OF TRENTC - Italy

D. Raoult
G. Kroemer

ASSISTANCE 0 HOPITAUX

PUBLIQUE DE PARIS

1] ¢

Il
I

CHUM'

GUSTAVE/

ROUSSY
CANCER CAMPUS l A\

GRAND PARIS

CANCER CAMPUS
GRAND PARIS

s =

‘ ,

universite

GUSTAVE/
ROUSSY

g

everiMMUNE

. SEERAVE

FOUNDATION

ASSISTANCE (6 HOPITAUX
PUBLIQUE DE PARIS

THANKS to U1015 INSERM |
" Inserm
ONCOBIOME o

SEERAVE Foundation
INRAE
AP-HP

Institut national
de la santé et de la recherche mi

IHU Méditerranée Infections

EVERIMMUNE

Acknowledgments s
ey ¢

Nicol“%"egata

@QME

Microbiota against cancer
International research program




GUSTAVE/
ROUSSY
g/ \
& universite
PARIS-SACLAY

X% ~ N
& >
.!\0\! - \@\\\

b | =

- B 7
|

5

\.».}\..\.\\\\\,‘\
ﬂ ‘“\\\‘\‘l \\\\ [ >
\“\_‘\\<\“_\\\“\\\ M: .
Z




17¢ Rencontre Patients de I'Association A.R.TuU.R.

Association pour la Recherche
sur les Tumeurs du Rein



