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Symbiotic
microbes

From forgotten to su

Epidemiological associations between
commensals and cancer

Epithelilal <1 mm

/
®  >1000 bacterial species

Cancer Analyzed Association Ref
specimens (PMID)
HNSCC Saliva The total abundance of genus Streptococcus, 27259999 °
Dialister, and Veillonella can be used to
discriminate patients with tumor from controls. .
ALL Feces Lower abundance of Anaerostipes, 27527070
Coprococcus, Roseburia in the ALL group compared °
with siblings
Pancreas | Oral wash Porphyromonas gingivalis and Aggr:egatibc_zcter 27742762 DAMPSs
actinomycetemcomitans, were associated with . [
higher risk of pancreatic cancer Antigens
HPV Cervical mucus ‘When comparing CIN2+ vs CIN1: L. iners and 26935422
cancer unclassified Lactobacillus spp was associated with
CIN 2+
Breast Normal (or BC healthy tissue associated with higher relative 27342554
cancer tumor) breast abundances of Bacillus, Enterobacteriaceae and Cancer
tissue versus Staphylococcus
healthy breast
GU Urine Streptococcus abundance was nearly zero in most 25126590
cancer normal samples but significantly elevated in patient
samples
Lung Sputum and | Burning coal exposed never smoking chinese 24895247
cancer buccal samples females in sputum and not in buccal samples
compared to controls: Granulicatella
(6.1vs. 2.0%;), Abiotrophia (1.5 vs. 0.085%), and
Streptococcus (40.1 vs. 19.8%) were enriched in
cases compared with controls
AP"":_::::S Microbiome Immunity  gffectors
Metabolites Immune activation Suppressors

Immune inhibition

perorganism

Process nutrients
Produce vitamins
Protects from new microbes

Shape the immune system

Sender R. BioRxiv 2016
Zitvogel L. Cell 2016 and Nat Rev 2017



The cancer-immune set point:
the equilibrium between the factors that promote or suppress anticancer immunity

Trafficking of
T cells to tumours

Priming and
activation
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Recognition of
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Meoantigens
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associated
antigens

B Negative effect
@ Faositive effect

Release o A\ Negative or positive effect

cancer-cell antigens Killing of cancer cells

Chen D. and Mellman I. Nature Jan. 2017



Future of Immuno-Oncology:
Could a « minimalist microbiome » normalize
the cancer-immune set point?

Tumor Targeted Immune Targeted
Therapy A Therapy
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Survival (%) 2

Survival (%) 3
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The antitumor efficacy of anticancer immunotherapy
requires gut bacteria
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Similar results using cyclophosphamide, platinum salts, IL-10R
(Vétizou 2015, lida Science 2013, Viaud Science 2013,Routy 2017).



In 2 cohorts of patients, RCC and NSCLC, prior ATB was
associlated with worse outcomes with IClI
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Derosa L., Annals Oncol 2018
ATB remained independently associated with worse PFS or OS in multivariate analysis ASCO GU 2017 Merit Award



Several reports are confirming the detrimental impact of ATB

CANCER TYPE ATB WINDOW OUTCOME
Routy Science 2018 NSCLC n =140 2 months PRE or 1 month POST 4 PFS
RCCn=67 4 0S
UC= 32
Derosa Annals 2018 NSCLC n=239 1 month PRE ™ PD
RCCn=121 4 PFS
4 0S
Huemer Oncotarget 2018 NSCLC n=30 1 month PRE or 1 month POST J PFS
4 0S
Kaderbhai Anticancer Res 2017 NSCLC n=74 3 months PRE No change in PFS

J 0S (not published)

Elkiref (In press) Melanoma n=74 1 month PRE {4 PFS
4 0S8
Lalani ASCO GU 2018 RCC n=146 2 months PRE or 1 month POST J ORR
JPFS
Tinsley ASCO 2018 Melanoma n=201 14 days PRE or 42 days POST J PFS
NSCLC n=58 4 0S8
RCC n=46
Do ASCO 2018 NSCLC n=109 1 month PRE or 1 month POST J 0S
Rubio IASLC 2018 NSCLC n = 168 2 months PRE or 1 month POST {4 PFS
J 0S
Galli IASLC 2018 NSCLC n=157 ATB for an average of 9 days {4 PFS
4 0S8
Ouaknine IASLC 2018 NSCLC n=72 2 months PRE or 1 month POST 4 0S
n=1744 Elkief, Derosa et al. submitted to Annals




Working hypothesis

ATB can change the composition of the gut microbiome
(at least in a transient way)

We speculated that :

dysbiosis (gut microbiome alteration)

and ultimately the composition of microbiome
might affect the therapeutic efficacy of ICBs

Gut microbiome can predict the efficacy of
PD-1/PD-L1 blockade?




How to decipher the clinical relevance of the
composition of the gut microbiome?

Metagenomics

Avatar platform Shot gun DNA Seq
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The "GRCC Cacatheque” — Stoolbank-

a dynamic analyses in a paired fashion (before 1st inj, (after 2 inj.), after 8 inj.,
after 6 months)

NSCLC

RCC

n=100 Discovery cohort

n=53 Validation cohort Clinical data on PD-1
Toxicities

! Responses (CT scan)

(.

Taking into account ATB uptake

- ca
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- Total il iy
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sample sl P 4 microbialpl ers
eaue g Preprocess ing / -
G c t | og normalization r
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reduction R
metagenopolis o/ omes Build arid test
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Standardization is critical
CANCER CAMPUS / \
GRAND PARIS

We explored the composition of the gut using quantitative metagenomics
analyses by shotgun sequencing

E. LeChdatelier



Akkermansia muciniphila : most significantly associated with
favorable clinical outcome

I Enriched in R: Objective response (PR and SD)
I Enriched in NR: Objective response (PD or death)

# CAGO00301, 3187, Akkermansia muciniphila [
CAG00453, 1942, unclassified I
CAG01245, 780, Firmicutes I
CAG00469, 1928, Eubacterium sp. CAG:146 [y
CAG00871, 1362, Lachnospiraceae I
CAG01090, 1026, unclassified Firmicutes
CAG00274, 2209, Erysipelotrichaceae bacterium 5_2_54FAA I
CAG00134, 2690, Cloacibacillus porcorum I
CAG00347, 2087, Enterococcus faecium Iy
CAG00363, 2056, Intestinimonas I
CAG01227, 815, unclassified [
R CAGO00821, 1461, unclassified Clostridiales I
CAGO00646, 1668, Alistipes I
CAG01223, 819, unclassified Firmicutes [y
CAG00355, 2067, Bacteroides sp. CAG:661 [
CAG00328, 2113, Alistipes indistinctus [N
CAG00966, 1209, Firmicutes bacterium CAG:552 [y
CAG00892, 1324, Firmicutes I
CAG00530, 1821, Prevotella I
. CAG00391, 2019, unclassified Clostridiales I
2 d |ffe rent CAGO0676 1643, unclassified Firmicutes [
CAG01308, 666, unclassified Firmicutes I
1 I CAG01112, 1003, unclassified Clostridiales
Slgnatu resr based on I CAG01004, 1161, Prevotella
. I CAGO00960, 1213, Clostridium sp. CAG:921
baseline sample I CAG00658, 1661, unclassified Firmicutes
I CAGO0473, 1920, Prevotella sp. CAG:617
I CAG00308, 2153, unclassified
I CAG01161, 934, unclassified
I CAG00137, 2673, Clostridiales
I CAGO00048_1, 1403, Clostridiales
I CAGO0008, 6648, Clostridium bolteae
I CAG00211, 2389, Firmicutes bacterium CAG:227
I CAGD00168, 2534, Clostridiales bacterium VE202-14
P CAG01214, 832, Blautia
I CAG00175, 2509, Bacteroides clarus
NR I CAGO00835, 1444, Proteobacteria
I CAG00065, 3272, Blautia
N CAGO00116, 2783, Bacteroides nordii
P cAG00141, 2649, Parabacteroides distasonis

N - N
o =}

0.005 =
0.01 —
0.05 —
0.05 =
0.01 —

0.005 —

0.001 =

0.001 =

Signed p-value

Discovery cohort n =100 ( 60 NSCLC + 40 RCC)
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Validation cohort n=53 (27 NSCLC +26 RCC)
(Routy, Le-Chatelier, Derosa et al; Science, 2018).



Specific microbiota fingerprint signature in RCC

‘Primary resistant’
PD, SD less than 6 months

NIVOREN trial

NCT03013335 27
399

n=85 (39%)

RECIST 1.1 response was
measured and PFS also

Start assessed
therapy
" e — ———

Restagingscans
every 12 weeks

n=69
N=85 patients with mRCC going (61%
onto aPD-1 (Nivoren trial, Gustave
Roussy) were enrolled onto ‘Non- PD’
protocol and gut microbiome was CR, PR, SD for at least 6 months

profiled (n=69)

8
(30%)
mm ATB
No ATB
19
(70%)
Recent ATB was
associated with
* increased rate of
primary PD
3
(7%)
m ATB
No ATB
39

Derosa L. ASCO 2018 Merit Award



A. muciniphila and B. salyersiae were more abundantin R
(FR of 2.65 (p = 0.01) and 27.09 (p = 0.05), respectively)

Pairwise plot Species (P < 5.0%) - MD_var: OUTCOME2 Pairwise plot Species (P < 5.0%) - MD_var: TTP6
INRA_DF_GROUPvsCAGBHIT_KIDNEY _noatb INRA_DF_GROUPvsCAGBHIT_KIDNEY_noatb
INRA_MD_ScExt INRA_MD_ScExt

CAG00008_Clostridium_bolteae_ ATCC_BAA_613 -
CAGO00601_uncultured_Faecalibacterium_sp_ -
CAG01263_Clostridium_clostridioforme_2_1_49FAA -
CAG00267_Clostridium_sp__CAG_58 -
CAG00079_Clostridium_sp_ CAG_7 -
CAGO00315_Citrobacter_sp__30_2 -
CAG00720_Anaerotruncus_colihominis_DSM_17241 -
CAGO00610_Hungatella_hathewayi_12489931 -
CAGO00015_Hungatella_hathewayi_12489931 -
CAGO01301_Blautia_obeum_A2_162 -

CAG00008_Clostridium_bolteae_ ATCC_BAA_613 — I—
CAG00482_Ruminococcus_sp__SR1_5 — .
CAG01036_Eubacterium_sp__CAG_274 — .
CAG00542_Butyrivibrio_crossotus_DSM_2876 — I —
CAGO00653_Eubacterium_siraeum_CAG_80 - IIII—
CAG00523_Eubacterium_sp__ CAG_180 - I
CAG00341_Eubacterium_sp__ CAG_115 — II—
CAG00695_Firmicutes_bacterium_CAG_176 - I

A =Z
P

CAG00137_bacterium_MS4 - CAG00440 i - I
CAG00373_Oscillibacter_sp__1_3 = CAGO00062_Bacteroides_salyersiae_ CAG_189 § IIIII———
CAG00792_Firmicutes_bacterium_CAG_65 - - Firmicutes. pacterium.. = g |

CAGO01321_Faecalibacterium_prausnitzii_SL3_3 -
CAG00653_Eubacterium_siraeum_CAG_80 -
CAG00523_Eubacterium_sp__ CAG_180 -

CAGO00966_Firmicutes_bacterium_CAG_552 - I
CAG00668_Azospirillum_sp__CAG_239 - III—
CAG01236_Clostridium_sp__CAG_389 - I

CAGO00354_Candidatus_Alistipes_marseilloanorexicus_AP11 — I
CAGO00704_Clostridium_sp__CAG_448 - I
CAG00933_Mitsuokella_jalaludinii_DSM_13811 — I
CAG00452_Clostridium_sp__CAG_167 - I | NR
CAG00837_Clostridium_sp__CAG_302 - I
CAGO01061_Clostridium_sp__CAG_245 - IIIII—— R
CAG00317_Clostridium_sp__CAG_230 -
CAG00235_Blautia_wexlerae — I
CAGO00713_Firmicutes_bacterium_CAG_270 - I
CAGO01131_Sutterella_sp__CAG_521 — I

CAG01017_Faecalibacterium_sp__ CAG_74 - ==

CAG00868_Eubacterium_sp__CAG_180 - I

CAGO01158_Pseudoflavonifractor_capillosus_ ATCC_29799 - I
CAGO00587_Clostridium_sp__CAG_306 - I
CAG00595_Clostridium_sp__CAG_226 -

CAG00913_Firmicutes_bacterium_CAG_552 - I
I 1 1

2 M 0 2
DA coore 2- different L DA score
signatures, based on

baseline sample Derosa L., Poster discussion ASCO 2018

CAG00301_Akkermansia_muciniphila_CAG_154
_Firmicutes_bacterium_ _
CAG00474_Sutterella_wadsworthensis_2_1_59BFAA -
CAG00669_Firmicutes_bacterium_CAG_103 -
CAG00761_Acinetobacter_sp_ CAG_196 -
CAGO00765_Robiginitalea_biformata_ HTCC2501 -
CAG00933_Mitsuokella_jalaludini_DSM_13811 —
CAG00672_Clostridium_sp__CAG_169 -
CAG00317_Clostridium_sp__CAG_230 -
CAGO01118_Mycoplasma_sp__ CAG_776 -
CAG01061_Clostridium_sp__CAG_245 -
CAG00700_Atopobium_fossor DSM_15642 -
CAGO01017_Faecalibacterium_sp__ CAG_74 -
CAGO00713_Firmicutes_bacterium_CAG_270 -
CAGO01158_Pseudoflavonifractor_capillosus_ATCC_29799 -
CAGO01197_Dialister_succinatiphilus_YIT_11850 -
CAGO00803_Firmicutes_bacterium_CAG_552 -
CAG01091_Clostridium_sp__CAG_389 -
CAG00502_Eubacterium_sp__ CAG_161 -

o



The co-absence of A. muciniphila and B. salyersiae was a predictor
of primary resistance

100 - 100+
B m
80 - L. 80
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Months Months did not increase PFS
—— B. saly*Akk*, mPFS:19.39 months —— B. saly*Akk*, mOS: Undefined
—— B. saly*, mPFS: 11.67 months —— B.saly*, mOS: Undefined
—t Akk+, mPFS: 6.87 months — Akk+, mOS: Undefined

—— B. saly’Akk,, mPFS: 3.58 months —— B salyAkk, mOS: 24.32 months



How to decipher the clinical relevance of the
composition of the gut microbiome?

Metagenomics

Avatar platform Shot gun DNA Seq
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R: responders; NR: non responders



NSCLC Fecal microbial transplantation in « Avatar » mice
We recolonized ATB treated mice with FMT of stools from
lung cancer patients

L J J J Analysis of
=~ > tumor
€O ,
£¢0, progression
Fecal microbial transplantation Tumor Nivolumab
Responder, non-responder injection treatment
FMT Patient characteristics
All patients (n=7) Non responders Responders
B E F C H |

Age-yr | 76 77 48 | 61 66 53
Gender | Viale Male Female Male | Male ale Female Male
Smoking status Former Former Former Current Current Former Non smoker Former

. Non- Non- Non- Non- Non- Non- Non-
Histology Squamous

squamous squamous squamous squamous squamous squamous squamous
Mutation status KR.AS Negative Negative Negative Negative Negative EG.F.R Negative
positive positive

Number of metastatic sites 3 1 1 1 1 1 1 2
Brain metastasis Yes No No No No No No No
Number of prior systemic 2 ) 1 2 1 4 3 1
regimens
Time to Progression- 24 13 16 14 45 5 43 51
months

(Routy, Le-Chatelier, Derosa et al; Science, 2018).



Feces composition influences the antitumor

efficacy of anti-PD1 Abs in avatar mice
PROGRESSOR FMT

2507 -0- AISO .
—~ 200
% 150 300 - ik
s
5 1001 N
£
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£ 200 -
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0 5 10 15 20 25 N
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2 100-
RESPONDER FMT g
I_
2501 -0~ DISO
-e- DPDI1
—~ 2001 0
IS *
% 150
b 00, Non responders : A, B, E, F, NSCLC pt (RECIST criteria at 3 months
g Responders : C, D, H, |, NSCLC pt (RECIST criteria at 3 months
l_ 50_ . . .
n=5 Stools from responders conferred sensitivity
0 T 1
0 20 25

Porror

Days after tumor inoculation (Routy, Le-Chatelier, Derosa et al; Science, 2018).



Fecal microbial transplantation in the context of kidney cancer:
RCC cancer feces into ATB avatar RENCA mice

aCTLA-4+ aPD-1 Abs

ATB
on
hrot
o> immunomodulation
-
e A aPD-1 +

Iso-Citrl aCTLA4

x
] - 8
S 10000 i
S
o)
% 1000+
< .
> = 3
w = 1004 »
¥ 3
i L
N =
- ] S
E 10+ 7
O
pa
«PD-1 & |
aCTLA4
FMT " E

n: 131
FMT of 5RCC NR and 5 RCC R

R: responders; NR: non responders (Modified from Routy, Le-Chatelier, Derosa et al; Science, 2018).



Avatar model to compensate non responder
feces into good feces with oncomicrobiotics

Step1: Step2: Seps, S-tep 4,' Step5: Step 6 : Followup on
. Tumor Microbial d
Human FMT Immune maturation - z ICB treatment tumor progression
transplantation Compensation

LC Patient

stools Mouse LC
sample

collection

w/o bacteria

= e No — P
bacteria

ryaed ° s s
- | L
. T R VS ————— 41P ] 120 o
| & Py = - - - - aPC1 o
— _— N — N - ' w bacteria injections .E, P
| s 3 of ICB i -
(B : & 3
; S + \g l -g . »47"‘/'
° H » " »
Days afer vearrers

Transfer into Adaptation of
germ-free mice mice immune
system Selected Expectedresults:
microbes Tumor regression

To validate the biological significance of the commensal species identified in the
metagenomic analysis of patients with a favorable clinical outcome, we mono-
or bi-colonized mouse intestines with A. muciniphila alone or combined with
other commensals (oncoBax) in several conditions of gut dysbiosis



FMT-induced dysbiosis: Restoration of aPD1 Abs efficacy
with anticancer probiotics

Germ free
hokk
*k
Jokk 2007 o Iso Ctrl NR
200+ ns . - oPD-1
0 150
=
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w
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150+ 4@
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Sy | T8 e " ,
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3o 1007 500 ._.E. A ah %o v - 0 5 10 15 20
= 8 O g [ | o [ | Days after tumor inoculation
L * * [ 1[]
> [ J AAAA *
= ° Aa ¢ Yv? n 200-
50+ —O- Iso Ctrl
[ - «PD-1 . NR
A * . —¥— «PD-1 Akk+E.hirae
. o™
E E 150
E *x
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apb-1 \ \ > & = E 50
CJ C; é\ . aev 0 =1 4
o \\ > \ =
$ &0 e‘((\@(\ 6\(\\ (\6\ R 966
N2 &) n=5
Ps\(\\(s \(s\(\e’( \(’b’ P\\ 0 T T T 1
™ 0 5 10 15 20
FEMT NR Days after tumor inoculation

NB: random bacteria E. faecalis or B. nordii
did not compensate the dysbiosis (Modified from Routy, Le-Chatelier, Derosa et al; Science, 2018).



Next, in RENCA model oral supplementation with A. muciniphila or B.
salyersiae (but not B. xylanosolvens) post-FMT with NR feces restored the
efficacy of PD-1/CTLA-4 co-blockade

1004 &%

RENCA
Normalized Total Flux (Dx/D0

Gavage  NaCl NaCl Akk  Saly  Xyla
FMT

NR

Tumor free: Dx/DO < 10

Modified from Derosa L. ASCO 2018 Merit Award



Combo treatment results in gut toxicity but oral gavage with R feces
conferred protection against toxicity

ATB |

+12 -
+19-
v

FMT NR

RENCA Luc (orthotopic)

aCTLA4+uPD1 + oral gavage

N\
FMT R

Sacrifice for colonic IHC
score and lipocalin-2

H ..
-
o
8 0
£ 827
© C
L=
£ 9
5 514
5 £
<
LL

0
aCTLA4
+ aPD1
Gavage

* | 250- *
*kk *
T 200- o
£
gj 150 - o
o O
S 1004
© 0O ®
S ol O A
o
2 30+
7
eo®
. o-ﬁ ..Q' g-
aCTLA4
- + + + aPD1 = + +
NaCl R Gavage NaCl NaCl R

NaCl

Gavage with R feces:
48,5% increase in the prevalence of tumor free mice

Andrews M and Derosa L (Jenny Wargo’s lab) in preparation



Fecal microbiota transplant and administration of bacterial

consortia are being used experimentally in cancer

PICI-0014: A randomized trial to evaluate the impact of gut microbiome modulation in
patients going on to treatment with immune checkpoint blockade

ArmA All patients = CT scans with
FMT from complete responders RECIST week 12
(CRs) to aPD-1 -
e 7 Primary endpoint = safety
and tolerability
ArmB | -
, Ser-401 (Live bacterial product -
1 spore prep with Type 1 signature) Secondary endpoints:
B engraftment, response and
)4 \ — correlative studies
Arme immune correlates in blood
Patients with metastatic Placebo — | and tumor, metabolites)

cancer (melanoma)
going onto immune

(ant-PD-1)

[ 3

S

Pls: Tawbi & Glitza Key drivers: Burton & LaValk

There are considerable question regarding the selection of the most appropriate donor
or the optimal composition of bacterial formulation

J. Wargo lab



Modulating the microbiome to improve therapeutic resonse:
Ready for clinical trials?

00

“—_—

Favorable feces
Unfavorable feces

Diagnostic Kit

Modalities that may modify the patient microbiome:
- Fecal transplant (R or HV stools?)
- Diet
- Bacteria (single vs consortia)
- Antibiotics
- Prebiotics
- Metabolites



GRCC Cacatheque H&N Mitagenonic
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ACRONYM: ONCOBIOME

A

List of participants

‘European’ Cacatheque

research and innovation programme

Q Participant | Participant organisation name Country
— No

as 1 (Coord) Gustave Roussy Cancer Center (GRCC) France

Q 2 National Institute for Health & Medical Research (INSERM) | France

@), 3 University of Trento (UNITN) Italy

Z 4 Fondazione IRCCS Istituto Nazionale de1 Tumori (INT) Italy

5 Masaryk University (MU) Czech Republic

O 6 Universititsklinikum Erlangen (UKER) Germany
PAY 7 Radboud University (RU) Netherlands
- 8 Italian Institute for Genomic Medicine (IIGM) Italy
CC\]D 9 University of Cambridge (UCAM) UK

N 10 Karolinska Institute (NKI) Sweden

m 11 University Hospital of Montreal (CRCHUM) Canada
— 12 Unicancer (UNI) France
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®) 16 EverlImmune (EVT) France

% 17 Algoé Consultants (ALG) France

U
Z ONCOBIOME project has received funding from the European Union’s Horizon 2020




ONCOBIOME endpoints .

4 status of disease progression

s N\

| Resistance Toxicity to
to therapy therapy
\

. Incidence I Prognosis

4 models 4.8

4 operational objectives

1. To identify and validate core or cancer-specific Gut
OncoMicrobial Signatures (GOMS), associated to cancer

: 2 main goals
occurrence or progression

To develop novel

2.To decipher the functional relevance of cancer-associated diagnosis tools
gut commensal ecosystems to regulate host immunity and

impact on prevention or progression

To harness the gut
. . ) microbiomein
3. To integrate and combine gut GOMS with other relevant h i
biomarkers to define accurate diagnostic signatures for prop yl.axls measures
prediction and prognosis of cancer against cancer

4. To design optimal diagnosis tools, based on those
integrated signatures that will allow prediction of cancer
occurrence and progression

Figure 1: ONCOBIOME objectives



Conclusion and future perspectives

Microbiota affects immunity and therapeutic response in cancer

Mouse model suggest that modulation of the microbiome can
enhance responses to ICl and prevent toxicity

Ready for interventional studies?
oLife stile/diet randomized trial are challenging!

Paradigm shift in oncology
*From tumor cells

*To immune system

*To host and its environment



In GUT (bacteria), we trust!
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If You Trust Gut (Microbiota), Please Contact Me For Collaborations  |isa.derosa@qustaveroussy.fr
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