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We have made major advances in the treatment of cancer through
the use of immunotherapy (immune checkpoint blockade)

Solid malignancies Haematological malignancies
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However responses are not universal and not always durable, and there is a critical

need to identify biomarkers of response, as well as strategies to improve responses
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How can we better understand responses to therapy

and optimize treatment regimens?



Responses are dependent on factors shaping tumor growth and immunity
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Translational research in tumors of patients on checkpoint blockade reveals
molecular and immune mechanisms of response & resistance

Mechanisms of resistance were identified, with defects in

IFN signaling & antigen processing / presentation,
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Translational research in novel clinical trials is also providing insights into
mechanisms of response and resistance to checkpoint blockade

Inclusion Criteria .
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Environmental factors (such as the microbiome) may also impact responses
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There Human Microbiome Project (HMP) helped to define the
composition of the microbiome in healthy individuals
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Disturbances of the gut microbiome (dysbiosis) are implicated in a
large number of diseases
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How can we characterize the microbiome?



16s and whole genome shotgun sequencing (WGS) are useful tools
In characterizing the microbiome

Metrics:

« Diversity: elucidates distribution and
assembly patterns of microbial communities
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What is the role of the microbiome In cancer?



There is a growing appreciation of the role of the microbiome in cancer
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pacteria In tumors or cancer patients may meaiate resistance to
therapy
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There Is also strong evidence that bacteria in the gut

may Iinfluence responses to cancer therapy

(particularly iImmunotherapy)



The gut microbiome may influence responses to SCT and checkpoint blockade

Diversity of the gut microbiome is associated  Composition of the gut microbiome is associated
with differential outcomes in the setting of  with differential responses to checkpoint blockade in

stem cell transplant in patients with AML murine models
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Based on this evidence, we wanted to better
understand the role of the gut microbiome in response

to checkpoint blockade in patients with melanoma



Hypothesis

« Differential bacterial “signatures” exist in responders
versus non-responders to immune checkpoint blockade

« Favorable signatures will be associated with an
enhanced anti-tumor immune response (with increased
CD8+ T cells, as well as evidence of an enhanced
Innate immune response

 Insights gained could lead to strategies to enhance
responses to therapy (through modulation of the
microbiome)



We studied oral and gut (fecal) microbiome in a large cohort of patients with
metastatic melanoma going onto systemic therapy

Microbiome sequencing
16S sequencing

: : : : : > Whole genome
Initial  Tumor  Start of Clinical Repeat oral & sequencing
oral & gut biopsy  therapy assessment & gut microbiome
microbiome restaging sampling B
sampling Molecular Profiling
:a:i::t3$ Whole Exome
Buccal Fecal Sequencing

W Anti-PD1
Immune Profiling
Immunohistochemistry
Flow cytometry
T cell Receptor

Total=233 Total=115 Sequencing
Cytokine Analysis

Gopalakrishnan et al, Science (in press) (First Release November 2 2017)



Is there an association between the diversity of the

microbiome and response to anti-PD-1 in patients with

metastatic melanoma?



The diversity of the oral and gut microbiome were analyzed in responders
versus non-responders to PD-1 blockade
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Is there an association between the composition of the

microbiome and response to anti-PD-1 in patients with

metastatic melanoma?



The composition of the oral and gut (fecal) microbiome were analyzed in
responders versus non-responders to PD-1 blockade
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What is the relationship between the gut microbiome

and anti-tumor immunity in this cohort?



Anti-tumor Immune responses were assessed and were compared to the
composition of the gut (fecal) microbiome in patients on anti-PD-1
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What is the mechanism through which a
“favorable” gut microbiome may enhance

responses to checkpoint blockade?



We are gaining insight into how the gut microbiome influences responses

Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti-PD-L1 efficacy
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Similar findings in our patients treated with anti-PD-1
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Differences in the metabolic profiles of gut bacteria in responders
versus non-responders to anti-PD-1 were noted in our cohort
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We are now building on these studies to further investigate the mechanism and
to test strategies to enhance therapeutic responses  fge  AACH
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Germ-free mice receiving FMT from responders have delayed tumor growth and enhanced response to aPD-L1
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Importantly, other groups have made similar observations in other cancer types

Routy B.,.. L. Zitvogel. Gut microbiota determines efficacy of

PD-1 blockade against lung and renal carcinoma.

Antibiotics (ATB) taken 2 months before and/or 1 month after Ruminococcaceae and Akkermansia muciniphila
the 1st administration of aPD1 Ab or aPD-L1 Ab. contrasted responders from NR

(shotgun MG in 107 pts)
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—— NoO ATB, Nn=123 (70%) msoonon s =3 -
80 cAGOOdos, 1
=gy N it

Other studies are emerging on gut microbiome and response to checkpoint blockade in pat/ents
Combination immunotherapy approaches through understanding the tumor, host, and the microbiota
(Gajewski — AACR Annual Meeting 2017)

Metagenomic shotgun sequencing to identify specific human gut microbes associated with immune
checkpoint therapy efficacy in melanoma patients (Koh Neoplasia 2017)
Baseline gut microbiota predicts clinical response and colitis in metastatic melanoma patients treated with
|p|||mumab Chaput et al, Annals of Oncology 2017
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Can we modulate the gut microbiome to

enhance responses to immunotherapy?

YES!



We are working with the Parker Institute for
Cancer Immunotherapy and others to implement a
clinical trial to test the hypothesis that modulation

of the gut microbiome will enhance responses

(using FMT and other strategies)



Conclusions and potential implications of these findings:

There is increasing evidence for the role of the microbiome in health and
disease, and evidence that the gut microbiome may influence responses to
cancer therapy

This raises important questions in the context of immunotherapy

- should we be profiling the microbiome of patients going onto therapy?

- should we also be limiting (or closely monitoring) antibiotic use in these patients?
- do we need to consider diet / pro-biotic intake in these patients?

- do we also need to consider the role of the microbiome in pre-clinical models?

There is also now strong evidence to suggest that modulation of the
microbiome can enhance responses to immune checkpoint blockade and
other forms of immunotherapy, though this needs to be tested carefully in the
context of clinical trials

There is still a great deal to learn, and the strongest gains are made through
collaboration (and we owe this to our patients)
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* Wei-Shen Chen, MD PhD

» Sangeetha Reddy MD PhD

* Liz Burton MBA

Baylor CMMR

» Joe Petrosino PhD, Nadim Ajami PhD, Diane Hutchinson PhD
Philanthropic/Grant Support

* MRA, BSF, AACR-SU2C, PICI, Sabin Family Foundation
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» Laurence Zitvogel MD PhD, Tom Gajewski MD PhD

. Ravid Straussman MD PhD Industry Sponsors/Collaborators
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