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=B THE SUCCESS OF IMMUNE CHECKPOINT

GERMAN
BREAST

BLOCKADE (ICB): EMA-FDA approvals.

18 Tumor indications approved in the USA % ’%
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THE MICROBIOME REGULATES THE CANCER

BREAST

IMMUNE SET POINT

Chen D. and Mellman I. Nature Jan. 2017
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=B ] IMPACT OF CANCER THERAPIES
ON HOST HOMEOSTASIS.

BREAST
2’0 22>
® ® e
|~ RO
Chemotherapy

GROUP
ooo"

@ ‘ﬁ% Ianam/matlon

)

Immune stimulation

s.a ﬁ/\ ’9‘

Radiothera
o Cytoprotection
W P> 00
Metabolites
ABX
Targeted ‘ Q) ' . =

therapy
\\\E@
|mmunotherapy Probiotics Preblotlcs FMT @ N J

Antibiotics, and Proton pump inhibitors

Zitvogel L, Cell 2016, Zitvogel L et al. Science April 2018



GBG

GERMAN
BREAST
GROUP

SPF

-O—- Iso Citrl
-0~ 0 CTLA4

MCA205 OVA
Tumor size (mm?2)
S

%)
i

o

Transplantable subcutaneous and orthotopic tumors

MCA205 sarcoma, MC38 colon cancer and RET melanoma

0

F A% A4 7

Days after tumor inoculation

B Germ-free
250- ‘
-0 Iso Cirl
— 200-| @ oCTLA4 | ns
* % E
S €
O 3 150-
8 N
Sg w
S 5 100-
= £
= 55
n=10
' n=10
25 0 | | |
0 25

WS

C

MCA205 OVA

Cancer immunotherapy (ICB) fails to work
in germ free or ATB-treated tumor bearers.

Antibiotics
2307 A~ 1s0 Cri ‘
&\200_ —A— (1CYFLA4
£
§’150 ‘ "~
= a
N
»
5 100+
=
=
= 50+
n=15
0 I I |
0 5 10 15 20 25

Days after tumor inoculation

Similar results using cyclophosphamide, platinum salts, IL-10R and PD1 blockade
(Viaud et al. Science 2013, lida et al. Science 2013, Vétizou et al. Science Nov 2015, Routy et al. Science 2017).



o ] PROOFS OF CONCEPT of the impact of
the gut microbiome in ICB
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" Four lines of evidence: ANTIBIOTICS
Betalactams PILOT trials
Fluoroquinolones FMT from R into NR pts

Tetracyclines
Macrolides...except Vanco
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CERMAN META-ANALYSIS: negative effects of ANTIBIOTICS in the clinical benefit to

BREAST immune CheCprint inhibitors (Derosa, Routy et al. Cancer Discovery 2021)
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Gut OncoMicrobiome signatures (GOMS) predicting the

BREAST

clinical benefit or resistance to ICB

Derosa et al. Cancer Discovery, 2021
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Cancer can induce an ileopathy and a protracted intestinal

dysbiosis participating in cancer progression.
Yonekura et al. Cancer Discovery (Dec 2021)
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. Cancer Discovery 2021).

MODES OF ACTION of gut microbes in immuno-oncology
(Derosa et al

).
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Molecular mimicry between enterophage and

GROUP oncogene.

/

GUT v J\ 1. Lysogenicity of E.hirae with phage antigen F I u c kige r et a I . Sc i e n ce 2020

Possible transmission of phages between two E. hirae or

between E. hirae and E. gallinarum Aug 2 1;369(6506) :936-942.

‘ d I\ \ / Y & gatiinarum J\ Siphoviridae phage
GBE: \) E. hirae — Phage transmission
1t epiiaessadien
W Enterococcus Phage
sequence harboring antigenic
PeSm— S e e Ml i E MHC class I-restricted peptides
{ ':f:’ Phoge or ster phagocytosts of dead celle sharing molecular mimicry
*" e / S iirn with an oncogene product
oc L induces or amplifies

memory Tcl immune responses
beneficial against cancer.

3. Recognition and elimination of PSMB4
overexpressing tumor cells

through cross-reactivity between tumor antigen
and phage antigen

H-2K" peptide

78% structural homology between phage and

oncogenic antigenic driver Siph O Viridae en teroph age

TCD8*
PSMB4 derived- J



GBG

GERMAN
BREAST
GROUP

Bacterial epitopes presented by tumor cells to activate TlLs.

Bacterial peptides
reveal tumoursto T cells

— Kalaora, S. et al. Nature
i https://doi.org/10.1038/s41586-021-03368-8
\ / (2021).

Bacterium

W il
HLA o Tumour cell

(-]
Bacterial
o peptide

The analysis of 17 melanoma metastases
(derived from 9 patients) revealed 248 and 35
unique HLA-I and HLA-II peptides, respectively,
that were derived from 41 species of bacteria.
The authors identified recurrent bacterial
peptides in tumours from different patients, as
well as in different tumours from the same
patient.

Figure 1| A route to andtumour immunicy
triggered by bacteria. Kalaoraeral. report that
certain bacteria can invade cells from a type of
tumour called melanoma. Peptide fragments from
bacterium-derived molecules are presented on
ithe tumour cell surface by proteins called human

S e i o VP ) k- e et P Nejman, D. et al. The human tumor microbiome

T cells recognize and are activated against these : s H
presented peptides. Thus, bacterial peptides IS com posed Of tu mor type S pelel c

ot Lros v sl it il s of e intracellular bacteria. Science 368, 973—980 (2020).
antigen — a type of molecule that enables T cellsto
distinguish tumour cells from normal tissue.
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] Causality links between GOMS and resistance to
ICB: avatar mice (gut humanized)
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Routy et al. Nat Rev Clin Oncol. 2018 Jun;15(6):382-396. Routy et al; Science, Oct 27, 2017.
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GERMAN Proof of concept of the efficacy of the microbiota-centered therapeutic intervention:
SRELE FMT from R into NR melanoma patients.

Davar and Zarour, Science Feb 2021
= Baruch et al. Science Dec. 2020
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1 DIET INTERVENTIONS (FIBERS AND PROBIOTICS) INFLUENCE ICB
cROUP OUTCOME IN MELANOMA

Probiotic (ab)use
No Yes

Spencer et al., Science 374, 1632—-1640 (2021) 24 December 2021

High fiber High fiber

c - . o
2 No probiotics | + probiotics =
(V) (7] . o
o o High fl.be[‘
= - No probiotics
= >
8 Low fiber Low fiber 2
L =
No probiotics | + probiotics “ | other three
groups
Time

Excessive Bifidobacterium longum or Lactobacillus rhamnosus GG
- Resistance to ICB

Underrepresentation of Ruminococcaceae and Faecalibacterium
- Reduced immunostimulation by ICB
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Microbiota against cancer
International research program

ESMD)pen UNICANCER: French prospective
Cancer Horizons
~ cohort study of treatment-related
e hronic toxicity in women with localised
breast cancer (CANTO)
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Vaz-Luis |, et al. ESMO Open 2019;4:e000562. doi:10.1136/esmoopen-2019-000562

Clinical, pathologic characteristics, treatment details
Median age. (range)
Body mass index (BMI), median (range)
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HER2 directed therapy,
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Missi

n=83
52 ( 35-75)
20,9 (15,6-45,5)

6 (7%)

23 (28%)
26 (31%)
29 (34%)

29 (35%)
25 (30%)
29 (35%)

31 (37%)
24 (29%)
28 (34%)

23 (27%)
23 (27%)

9 (11%)
28 (35%)

35 (42%)
21 (25%)
13 (16%)
14 (17%)

29 (35%)
36 (43%)
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21 (25%)
48 (29%)
14 (17%)

44 (53%)
22 (27%)
16 (19%)
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QUESTIONS

VALORIZATION COMMITTEE MEETING #2 MARCH 18, 2022 / P.18
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Microbiota against cancer
International research program

QUESTIONS TO BE ADDRESSED

€ Primary endpoint: Metagenomics (MG) profiling of CANTO pts

€ Correlations between stool MG and prognosis of BC

€ Effects of chemotherapy on MG profiling
€ Impact of MG profiling on BC/Chemotherapy side effects
€ Cause-effect relationship tested in preclinical BC tumor models

¢ Dissemination and Publication

AGENDA MARCH 18, 2022 P.19 /
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International research program

DESCRIPTION OF BC-
RELATED DYSBIOSIS

COMPARISON BETWEEN HV AND BC PATIENTS MARCH 18, 2022 / P. 20



FECAL TAXONOMIC COMPOSITION

Microbiota against cancer

DIFFERS BETWEEN HV VS EARLY BC.
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Cancer can induce an ileopathy and a
protacted intestinal dysbiosis participating to

cancer progression.

Tumor-derived factor
A.
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Extracted from Yonekura et al. Cancer Discov. 2021 Dec 20:candisc.0999.2021.
doi: 10.1158/2159-8290.CD-21-0999. Online ahead of print. PMID: 34930787
To be redone changing colors and order of cancer in X axis.
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IMPACT OF DYSBIOSIS ON
BC PROGNOSIS

WHETHER GUT MICROBIOTA INFLUENCES PROGNOSIS AT DIAGNOSIS MARCH 18 2022 / P.23



oBIO FECAL TAXONOMIC COMPOSITION PRE- AND POST @

Microbiota against cancer

CHEMOTHERAPY AND EARLY BC STAGING
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MG —BASED FECAL COMPOSITION PRE- AND POST CHEMOTHERAPY AND BC PROGNOSIS MARCH 2022 P.24 /




Microbiota against cancer
International research program

EFFECTS OF
CHEMOTHERAPY ON MG
COMPOSITION

HOW CHEMOTHERAPY AFFECTS MG COMPOSITION 18 MARCH 2022 / P. 25



@ FECAL TAXONOMIC COMPOSITION

IS CHANGING AFTER CHEMOTHERAPY:
ELIMINATION OF HARMFUL BACTERIA
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ANIMAL MODELS:
CAUSE-EFFECT
RELATIONSHIPS
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DYSBIOSIS AND
RESPONSE TO
CHEMOTHERAPY
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Microbes are involved in most “cancer hallmarks”
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CANCER MICROBIOME

The microbiome and human cancer
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1Graphic on left: Sepich-Poore et al. Science. March 2021
2Hanahan D (2021). Cancer Discovery
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Figure 1. Inessence: the Hallmarks of Cancer, circa 2022. Left, the Hallmarks of Cancer currently embody eight hallmark capabilities and two enabling
characteristics. In addition to the six acquired capabilities—Hallmarks of Cancer—proposed in 2000 (1). the two provisional “emerging hallmarks” intro-
ducedin 2011 (2)—cellular energetics (now described more broadly as “reprogramming cellular metabolism") and “avoiding immune destruction™—have
been sufficiently validated to be considered part of the core set. Given the growing appreciation that tumors can become sufficiently vascularized either
by switching on angiogenesis or by co-opting normal tissue vessels (128). this hallmark is also more broadly defined as the capability to induce or oth-
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— Hallmarks of Cancer: New Dimensions
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