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Microbiome-derived, immunogenic molecules and their role
In the prognosis of immunotherapy for cancer
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Human microbiome

The gut microbiome

Highly diverse

>>100,000s strains

Complex networks

Essential functions

Anthropocene impacts




Microbial Systems Ecology

Expobiome

Wilmes, et al. (2022) Cell Host & Microbe 30:1201-1206.
Muller, et al. (2018) Curr. Op. in Systems Biology 8:73-80.



Microbiome functions and disease

Health @I& ®I§ease

Chronic diseases
® Autoimmune

® Cancer
® Metabolic
® Neurodegenerative

Intestinal
barrier

Inflammation

Immune system
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Wilmes, et al. (2022) Cell Host & Microbe 30:1201-1206.




Microbiome functions and disease
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Integrated multi-omics
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Microbiome differences in type 1 diabetes

Microbial functions
differentially expressed in
disease;

® encoded & expressed by
distinct populations in
distinct individuals

¢ affected by endogenous
factors (exocrine
pancreatic enzymes)

Ecosystem
services!

« Lower levels of enzymes from exocrine pancreas, e.g. a-
amylase
< Higher levels of lactotransferrin and its receptor intelectin

N\
metaP - functional profiles:
« No significant differences — largest differences relate to:
carbohydrate metabolism, ethanolamine degradation
and antioxidant synthesis
0 > Differences may reflect:
- « Adaptation to a more
metaT — functional profiles: alert immune status,
. Differ_ential expression of: s:taphopain A, catalase, including increased
putative cellulose degradation gene, genes related levels of ROS
to regulation of motility or biofilm formation and cell « Differences in the
surface structure, ornithine cyclodeaminase, accessibility of
methylaspartate mutase, mobile genetic e!ements carbohydrates
metaT — taxonomic profiles: * Top-scoring sub-network around monoamine-
meta- « Higher levels of one highly oxidase .
active Clostridiales mOTU* * Glycolysis genes and thiazole synthase correlate to
transcriptome host amylase abundance
J
Taxonomic diversity: Functional diversity:
*  No differences *  No differences
Microbial populations involved in functional differences:
« Catalase and motility genes: E. coli
metaG — taxonomic profiles: « Cellulose or hemi-cellulose degradation: C. eutactus
« No significantly differentially « Glycolysis genes and thiazole synthase: different taxa in
abundant mOTUs — largest different samples, e.g. P. copri, B. dorei/vulgatus, A.
difference in E. coli putredinis
metagenome « Antioxidant synthesis, monoamine-oxidase: Clostridiales
mOTU*
< Ornithine cyclodeaminase, methylaspartate mutase:
Clostridiales mOTU*

Heintz-Buschart, et al. (2017) Nature Microbiology 16180:1-12.
Heintz-Buschart & Wilmes (2018) Trends in Microbiology 26:563-574.



eExpoBiome

Millions of distinct biomolecules
> 30-90 % unknown
> Immunogenicity unknown

European Research Council

Established by the European Commission
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Microbiome-derived ex-omes
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Immunogenicity of biomolecular complement

Faecalibacterium spp.
(22% of reads)
Methanobrevibacter smithii

(5% of reads) | Clostridiales | Bacteroidales

ex-sRNA ex-proteins ex-metabolites
ex-DNA & ex-IRNA tRNAs, rRNAs, OmpA, OmpF, SCFAs,
CpG ex-IRNA ncRNAs FepA & BamA secondary BAs

European Research Council

Established by the European Commission

Macrophage Dendritic cell

De Saedeleer, et al. (2021) ISME Communications 1:82.
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Treatment that uses a person's
own immune system to fight
cancer

A small proportion of patients
actually see long-lasting benefits

A deeper understanding of the
relationships between ‘
immunotherapy and treatment Pembiokzumab 154
resistance is needed

Why Immunotherapy?

Progrr:sinn-frﬂ.- Survival [3%)
=

Mo, at Risk

Chemotheragy

Month

04 44
o9 Ll 18 9

eck and al. Pernbralizumab versus Chematherapy for PD-L1-Poditive Nan—-Small-Cell Lung Cancer




drug modification
microbiome signature

drug metabolism

interindividual
long-term consequences variation in drug
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drug metabolites influence microbes

Zimmermann et al. (2020) Molecular Systems Biology 17.



Metformin

Limited oral bioavailability, resulting in a high concentration of the drug in the
intestines

Discovery of a direct link between taxonomic changes in the bacterial population of
the microbiome and the improvement of metabolic dysfunctions and
hyperglycemia
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Wu et al. (2017) Nature Medicine 23:850-858.



Irinotecan bioactivation & metabolism

Liver E

SN-38G «—— SN-38

Bile duct

Intestinal lumen

& Irinotecan
(IV injection)

SN-38G p-glucuromdase)SN_38 Intestinal microbiome
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SN-38G reactivation by the gut bacterium Escherichia coli Irinotecan - prodrug
SN-38 - active drug

Side effects: diarrhea, neutropenia
SN-38G - inactive drug

Lucchetti, et al. (2024) Advanced Healthcare Materials 7:2303943.



What influences immunotherapy response?

Progression-free Survival [3%)

Mao. at Risk
Pembaolizurnab
Chemotherapy

Hazard ratio for disease progression or death,
0,50 (95% CI, 0,370 68)
P<0.001

154
151

Mlartin Reck and al. Pernbrolizwmab versus Chematherapy for PD-LI-Positive Mon-Small-Cell Lung Cancer



The impact of proton pump inhibitor (PPI1) exposure before
Immune checkpoint inhibitor

Results - Impact of PPl Exposure on Overall Survival

Median Overall Survival: 306 days

»w « Censored 1 \ + Censored
\ 1 Year before IC| Exposure . 60 days before ICI Exposure
\ 1
08 k‘\ Not Exposed 08 \‘ Not Exposed
1 \
\\ Exposed \ \ Exposed
= \ Log Rank Test p < 0.0001 E \ 1 Log Rank Test p < 0.0001
Z 06 \ Z 06 \ \
3 \\ < \
F \ \ a \
3 3
g 04 \ \ g 04 \\\
N \M-‘:“‘.\,“"*ﬂvﬁ-—-—*—', ot o \\.“‘“M bia P
00 00
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Time from ICI Initiation (days) Time from ICl initiation (days)

2033MO The impact of proton pump inhibitor (PPI) exposure before immune checkpoint inhibitor (ICI) therapy on overall survival (OS): A population-based study

Eng, L etal.
Annals of Oncology, Volume 34, S1079



Administration of antibiotics
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Eng L, Sutradhar R, Niv Y, ef a/. Impact of Antibiotic Exposure Before Inmune Checkpoint Inhibitor Treatment on Overall

Survival in Older Adults With Cancer: A Population-Based Study. /C0; Published online 24 February 2023. DOI: 10.1200/J€0.22.00074
Pinato DJ, Cortellini A. Antibiotic Therapy: The Cornerstone of latrogenic Resistance to Inmune Checkpoint Inhibitors.

JCO: Published online 24 February 2023. DOI: 10.1200/J€0.23.00049
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CLINICAL TRIALS

Fecal microbiota transplant promotes response in
immunotherapy-refractory melanoma patients

Erez N. Baruch"?*{, llan Youngster>*, Guy Ben-Betzalel', Rona Ortenberg’, Adi Lahat®, Lior Katz®,
Katerina Adler’, Daniela Dick-Necula®, Stephen Raskin®®, Naamah Bloch'®, Daniil Rotin®, Liat Anafi®,
Camila Avivi®, Jenny Melnichenko’, Yael Steinberg-Silman’, Ronac Mamtani', Hagit Harati’,

Nethanel Asher’, Ronnie Shapira-Frommer’, Tal Brosh-Nissimov'?, Yael Eshet*®", Shira Ben-Simon™,
Oren Ziv'®, Md Abdul Wadud Khan'*, Moran Amit'®, Nadim J. Ajami*®, Iris Barshack*#,

Jacob Schachter'*, Jennifer A. Wargo'*®, Omry Koren'?, Gal Markel*>7*, Ben Boursi*'®'%}

The gut microbiome has been shown to influence the response of tumors to anti~PD-1 (programmed
cell death-1) immunotherapy in preclinical mouse models and observational patient cohorts.
However, modulation of gut microbiota in cancer patients has not been investigated in clinical trials.
In this study, we performed a phase 1 clinical trial to assess the safety and feasibility of fecal
microbiota transplantation (FMT) and reinduction of anti-PD-1 immunotherapy in 10 patients with
anti-PD-1-refractory metastatic melanoma. We observed clinical responses in three patients,
including two partial responses and one complete response. Notably, treatment with FMT was
associated with favorable changes in immune cell infiltrates and gene expression profiles in both the
gut lamina propria and the tumor microenvironment. These early findings have implications for
modulating the gut microbiota in cancer treatment.

nature medicine

Article

orgfo; 023-02453

Fecal microbiotatransplantation plus
anti-PD-1immunotherapy inadvanced
melanoma:aphasel trial

Recsived: 2 February 2023

Accepted: 8 June 2023

Prhkishod anfine: 6 July 2023

[®]Check for updates

Allst of auth d their atthe end of the paper

Fecal microb plantation (FM1 ) repres apotential strategy

1o overcome resistance teimmune checkpoint inhibitors in patients with
refractory melanoma; however, the role of FMY in first-line treatment
settings has not been evaluated. we conducted amulticenter phase |
trialcombining healthy donor FMT withthe PD-linhibitors nivolumab

or pembrolizumab in 20 previously untreated patients with advanced
melanoma. The primary end point was safety. b de Jadver: t
were reported Irom FMT alene. Five patients (25%) experienced grade 3
immune-related adverse events from combination therapy. Key secondary
end polnts were objective response rate, changes in gut microblome
compaosition and systemicimmune and metabolomics analyses. The
whjective response rate was 63% (13 of 20, including four (20%) complete
responses. Longitudinal microbiome profiling revealed that all patients
engrafted strains from thelr respective donors; however, the acquired
similarity bet donor and patient mic: increased over fime
in responders, Responders experienced an enrichment of immunogenic
and aloss of deleterious bacteria following FM 1. Avarar mouse models
confirmed the role of healthy donor feces in increasing anti-PD-1efMicacy.
Our results show that FMT from healthy donors is safe in the first-line setting
and warrants further| e Incombination with | checkpoint
i Clinical Trials.gov i NCT03772899,




Study design

This is a multicentric prospective study including
60 patients diagnosed with unresectable NSCLC

Planned to start treatment with either standard
of care immune checkpoint inhibitors in
monotherapy or combined with platinum-
doublet chemotherapy.

Enrolled patients will be assigned retraspectively
to either the "responders” or “non responders”

cohort.

Response status is defined 12 weeks (+/- 28
days) after initiation of standard of care
treatment, through computed tomography scan
evaluation

. If follow up shows
.I!.am!mt progressive disease
imitiation

Treatement naive Follow up
Mon Small Cell every 3 months End of study
Lung Cancer +f- 28 days
Stage IV

= computed tomography sc:
EE) evaluation
u Itfollow up Fecal sample
[ ] shows stable or
regressive
disease, next z
follow up in 3 __p| Food Frequency
months —E questionnaire
= Blood sample
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Study design

Unresectable stage 3 or stage 4 NSCLC planned to
start treatment with either standard of care immune
checkpoint inhibitors in monotherapy or combined with
platinum-doublet chemotherapy.

Approximately 60 patients will be enrolled in this study.

Multicentric (CHL & HRS)

Diagnosis

Treatement naive
Non Small Cell
Lung Cancer
Stage IlI/IV



Study design

Diagnosis

Treatement naive
Non Small Cell

>

Lung Cancer Treatment
Stage I/ initiation
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Follow up
after 3 months



Retrospective assignment into cohorts

Non-responders to ICI Responders to ICI



Retrospective assignment into cohorts

Non-responders to ICI Responders to ICI
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Objective:
 To identify microbiome biomolecular signature differences between
responders vs. nonresponders.



Retrospective assignment into cohorts

Diagnosis

Treatement naive
Non Small Cell
Lung Cancer

Stage llI/



Retrospective assignment into cohorts

Diagnosis

Treatement naive
Non Small Cell

Lung Cancer
Stage llI/
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Objective:
 To identify microbiome biomolecular signature differences between
responders vs. nonresponders.
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Article | Open access | Published: 16 February 2024

Longitudinal gut microbiome changes inimmune
checkpoint blockade-treated advanced melanoma

Johannes R. Bjork &3, Laura A. Bolte, Andrew Maltez Thomas, Karla A. Lee, Niccolo Rossi, Thijs T. Wind,
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Fig. 2: A longitudinal balance of microbial taxa (SGBs) predicts OS at baseline.
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Fig. 5: A balance predictive of ICB-induced colitis at baseline.
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Fig. 3: Different taxon dynamics in patients with PFS >12 and PFS <12 months.
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Study design

This is a multicentric prospective study including
60 patients diagnosed with unresectable NSCLC

Planned to start treatment with either standard
of care immune checkpoint inhibitors in
monotherapy or combined with platinum-
doublet chemotherapy.

Enrolled patients will be assigned retraspectively
to either the "responders” or “non responders”

cohort.

Response status is defined 12 weeks (+/- 28
days) after initiation of standard of care
treatment, through computed tomography scan
evaluation

. If follow up shows
.I!.am!mt progressive disease
imitiation

Treatement naive Follow up
Mon Small Cell every 3 months End of study
Lung Cancer +f- 28 days
Stage IV

= computed tomography sc:
EE) evaluation
u Itfollow up Fecal sample
[ ] shows stable or
regressive
disease, next z
follow up in 3 __p| Food Frequency
months —E questionnaire
= Blood sample



Conclusion

= Wet- and dry-lab methodologies for systematic integrated
multi-omics of microbial communities

= EXxpobiome as a complex mediator of the iImmune system

= Gaining new mechanistic insights into microbiome-immune
system interactions in the context of immunotherapy

* Predictive biomarkers for personalised cancer therapy

= Potential for novel therapeutic interventions
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