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There is a growing appreciation of the role of environmental factors in influencing
cancer development and therapy
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The Microbiome as a Biomarker

of Response to Cancer Therapy



We studied the role of tumor stroma in resistance to therapy, and identified bacteria
within cell lines derived from cancer patients that could confer resistance to therapy

We worked with a team from MIT / the Broad to study resistance to
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In these studies, one cell line rescued cancer cells from gemictabine

On routine testing, the cell line mediating Mycoplasma is responsible for rescue from Gemcitabine:
resistance was found to be positive for

ol « Eradication of mycoplamsa — no rescue
 Infection of another cell line — rescue

* WGS of HDF-pre-conditioned media — mycoplasma

* Bacteria were breaking down gemcitabine into inactive form



We validated these findings in patient samples, and showed that targeting co-targeting
the bacteria and the cancer cells was associated with improved survival in mice

10000: P <0.005
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Potential role of intratumor bacteria
in mediating tumor resistance to the
chemotherapeutic drug gemcitabine
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There is now a growing appreciation of the role of microbes in influencing cancer
development, and evidence that microbes may impact therapeutic response
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Some intra-tumoral microbes facilitate immune responses, while others hinder them
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During the course of our studies, we became aware of the outstanding work of others
regarding influence of gut microbes on response to cancer immunotherapy

Diversity of the gut microbiome is associated Composition of the gut microbiome is associated with

with differential outcomes in the setting of differential responses to checkpoint blockade in
stem cell transplant in patients with AML murine models
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We studied oral and gut (fecal) microbiome in a large cohort of patients with
metastatic melanoma going onto systemic therapy
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Responders to anti-PD-1 had a higher diversity of gut bacteria associated with prolonged PFS
* (along with additional compositional differences)

Gopalakrishnan et al, Science 2018
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Importantly, “favorable” signatures in the gut microbiome were associated with
enhanced immune responses in the tumor microenvironment

Peripheral blood phenotyping by flow cytometry
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In our cohort, we identified a gut microbiome “signature” with a high likelihood
of response to anti-PD-1 (with subsequent validation in a larger cohort)
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microbiome could be used as a
biomarker of response to
immune checkpoint blockade,
with patients with a “type I”
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What other factors may impact the

microbiome In our patients?

(that could serve as biomarkers / targets?)



In our cohort, we also studied the influence of diet and lifestyle factors on the
microbiome and response to therapy, and studied this with the type | signature

Diet & lifestyle survey ﬂEDCap
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Patients with a high fiber diet had
higher diversity in the gut microbiome
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gut bacteria) my L I Factor OR (95% Cl)
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More data to be presented by Dr. Carrie Daniel-MacDougall
“Harnessing diet and the microbiome for cancer patients and survivors” 10:30 am today
and by Dr. Deepak Gopalakrishnan — Poster session (P505)

Carrie Daniel MacDougall PhD Confidential unpublished data * PLEASE DO NOT POST* Jen McQuade MD




The Microbiome as a Therapeutic Target

for Cancer Therapy



Numerous studies in human cohorts now support a link between the
microbiome and response and toxicity to cancer therapy

Studies in patients with melanoma, RCC, and NSCLC
demonstrate differential “signatures” in R vs NR to ICB
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This includes efforts to target intra-tumoral microbes

A. Targeting the intra-tumoral microbiome

Type of therapy Target References

Antibiotics

Ciprofloxacin Gammaproteobacteria [49]

Metronidazole Fusobacterium nucleatum [127]

Targeted agents

[-glucurenidase inhibitors [-glucuronidase enzyme [134]

Immunotherapy

Adoptive T Cell therapy EBY [70]
HPY [39]
CMV [39]
MCPyV [39]

Vaceines HPV [134]

Anti PD-1/PD-LI immune  MCPyV [62]

checkpoint blockade HBY / HVC

William Coley MD
1862-1936

Cogdill et al, Trends in Immunology 2018



This also includes efforts targeting gut microbiota (via several different strategies)

Administration of

microbial consortia
(and probiotics)

Fecal Microbiota
Transplant (FMT)

Targeting of
“detrimental”

microbes
(by antibiotics / phage)

Diet & supplements
(prebiotics)



Fecal Microbiota Transplant (FMT) has been used to treat disease for centuries
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4" century

FMT is a logical (and likely necessary) first step in understanding
how best to modulate the gut microbiome to enhance responses
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colitis with
FMT

1958

FMT use is now
being extended to
numerous
indications
including cancer

2018



Fecal Microbiota Transplant (FMT) has been successfully used in the treatment
of diseases associated with dysbiosis of the gut microbiome (e.g. IBD, CDI)
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Patients with IBD and CDI have significant dysbiosis compared to healthy controls,
and treatment with healthy donor FMT has been successful in treating these conditions

We have data demonstrating that the gut

N +  American Gut . ) ) ey
2 4 Early microbiota of melanoma patients is distinct
< 3 Late from healthy individuals,

suggesting that a relative dysbiosis may be at

= = play here as well
Axis 1

Spencer, Goplakrishnan, McQuade et al, confidential unpublished data * PLEASE DO NOT POST *



Several trials are now underway involving strategies to modulate the microbiome in
combination with immune checkpoint blockade (using FMT from CR donors)

o .“

NCT03353402 Metastatic Single arm: Engraftment and safety;
melanoma patients FMT from CPI responders immune profile change
resistant to CPI via colonoscopy followed
by stool capsules

NCT03341143 Metastatic 20 Single arm: ORR; immune profile change
melanoma patients FMT from anti-PD1
resistant to CPI responders via
colonoscopy + anti-PD1

McQuade et al, manuscript under review * DO NOT POST*

However screening of CR donors via sequencing should be performed- as not all
CRs have a “favorable” gut microbiome (nor do all "healthy” donors!)

More data to be presented by Dr. Beth Helmink
“Variation of the gut microbiome in CRs to immune checkpoint blockade and healthy donors —

implications for clinical trial design” — Poster session (P572)
Beth Helmink MD PhD Deepak Gopalakrishnan PhD |3 - |



PICI-0014: A randomized trial to evaluate the impact of gut microbiome modulation in
patients going on to treatment with immune checkpoint blockade (MCGRAW)
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We already have evidence that use of fecal microbiome transplant (FMT)

could be helpful in treating immunotherapy toxicity

Post-1 dose FMT
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1st dose 2nd dose  1stdose
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50 yo female with
metastatic urothelial
cancer was treated with
aCTLA-4 + a PD-1 and
developed colitis
refractory to steroids
and aTNF

?f Mimi Wang MD PhD

Fold change

She was treated with FMT from a
healthy donor and had complete
resolution of all symptoms
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Can we engineer optimal microbial consortia to

enhance responses to immunotherapy?



Though giving microbial consortia is the ultimate goal, complexities exist as
optimal formulation for consortia is unknown (# of taxa, which ones, etc)

There is modest overlap
between taxa associated
with response to ICB in each

of the published cohorts
+ WargoR .
& Wieguilh - Re/ateq in part to |
©  Gajewski NR differences in sequencing,
¥ GajewskiR ; ;
= . S potent_lal geographic
~ & ZitvogelR differences

- Function may be more
important than phylogeny

Results from FMT and other

However some data will be presented at SITC on the use of microbial consortia from Kenya Honda’s group
“A rationally-designed consortium of human gut commensals induces CD8 T cells and modulates host and
anti-cancer immunity” — Poster session (P574)
Matson et al, Routy et al, Gopalakrishnan et al Science 20138; integrated analysis courtesy of Vastbiome * PLEASE DO NOT POST *



Can we devise rational dietary strategies to

enhance responses to immunotherapy?



We have provocative data in a human cohort demonstrating that patients with
a high fiber diet have better responses to checkpoint blockade

Patients with a high fiber diet had
higher diversity in the gut microbiome

(with higher abundancg of “favorable” | = R Importantly, parallel data exists in
gut bacteria) = .. .
| NR pre-clinical models suggesting

that modulating fiber intake may
enhance responses to immune
y checkpoint blockade
No Typel Typel Type 1+ (Vetizou, Trinchieri et al)
signature  +low fiber high fiber

Diet
High fiber intake

Gut bacteria diversity

We are working together to better understand this — and will also be
running dietary intervention trials to assess impact on microbiota,
immunity, and response to immunotherapy

Spencer, McQuade, Daniel, Gopalakrishnan et al, confidential unpublished data * PLEASE DO NOT POST*



Importantly, we and others are also studying the impact of other factors (such
as stress, medications, and probiotic use) on the microbiome and response

In our cohort, 42% of our patients reported taking
probiotics, and this was associated with a LOWER
diversity in the gut microbiome and a lower
likelihood of response to anti-PD-1 therapy

Post-antibiotic gut mucosal

microbiome reconstitution is

impaired by probiotics
Suez....Segal, Elinav Cell 2018
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NR R This is consistent with recently published data in
Cell suggesting that probiotics hinder recovery of
gut flora after antibiotic use
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Prior to treatment

Patients
- What patient population to
treat? Treatment naive or
refractory?
- Should the microbiome be
profiled to stratify / select
patients?
Pre-conditioning regimen
- Do we need to pre-treat
the gut with antibiotics to
facilitate engraftment?

How should we optimally
modulate the gut microbiota?
- FMT?

- How should FMT be
administered?

UAur Aa A aalanat

During therapy

What therapy should we
combine with modulation of
the gut microbiome?

Assessing impact

What are appropriate primary
endpoints for such studies?
- Safety and tolerability

Long-term effects

Durability of engraftment
- How durable is engraftment?
- What microbes / functional
phenotypes in gut microbiota
are associated with
responses? And can these be
used to design consortia?

)

- What is impact on overall and
disease-specific survival?

- Immune checkpoint - Engraftment
blockade (anti-PD-1)? - Others?
- Other forms of
immunotherapy?
- Other therapy?
|
How do we optimally monitor What are appropriate Overall responses
patients during therapy? secondary endpoints?
- Microbiome analyses to - Response
assess engrafment / function? - Radiographic (RECIST

- Immune profiling?
- Peripheral blood
- Tumor

and/ orirRC)
- Rate of complete
responses

Toxicity
- Can we uncouple toxicity and
response to immunotherapy?

There are a lot of considerations as we move forward with these approaches! s with

CHUUIU pausT I Isua
material be “banked”
for later auto-FMT?

- Diet?
- Designer Consortia?

- Phage / antibiotics / other?

engrarumnent s
- Should we recommend
dietary changes?
- Any medications to avoid?

neoadjuvant therapy)
- Toxicity
- Novel markers (ctDNA,
immunophenotyping)

rivi s
- Obesity?
- Depression?
- Any potentially favorable traits?



Conclusions and potential implications of these findings:

There is increasing evidence for the role of the microbiome in health and disease
(in the gut and other sites), with evidence that microbiota may influence
immunity and responses to cancer therapy

Microbiota within tumors and/or the gut of patients may serve as a biomarker of
response to cancer therapy, though this needs to be validated in larger cohorts
(with standardized approaches to characterize the microbiome)

Efforts to modulate microbes to enhance response to cancer are currently
underway, though optimal means to do this remain incompletely understood

Development of optimal strategies will rely on a deep mechanistic
understanding of how the microbiome influences therapeutic responses — as
well as an appreciation of all of the factors that influence the microbiota
(including diet, medications, and other factors) — with critical insights gained

through collaboration
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