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We have made tremendous advances in the treatment of cancer with
Immune checkpoint inhibitors, but responses are heterogeneous

. . . . H i 0,
Historic metastatic melanoma long-term survival <10% Metastatic melanoma long-term survival >50%
-0_ LU
@ ! 90+
.<_?: 0.8 g 804
g 051 ;o S
B zZ : 52%
£ 04- e s0- Rﬂ__k .
§.02_ % 40 ﬂ?d-ﬂ% L‘
o 5 0] :
T . . € 20 ! 26%
0 12 24 36 il :
Time (months) -t —:::--------r——m—a——r—a—T——
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69
Korn JCO 2009 Months
Wolchock NEJM 2019
Nivolumab aPD-1

Best Change from Baseline
in Target-Lesion Volume (%)
8 % 8B o & 8 u 8
A A T rs -
)
i
|
1
'
)
)
'
:
kasasssadaps PP
'
)
'
|
|
'
!
|
i
!
|
[4
3
5
g
-
"
L)
»
b




What factors determine response vs resistance?

Tumor intrinsic Tumor extrinsic

RTK

Modifiable factors

Host factors Obesity

(McQuade Lancet Oncology 2018,
Wang Nature Medicine 2018,

Richtig PLOS One 2018,
' Cortellini JITC 2019, Naik JITC 2019)

Diet?

Age (Kugel CCR 2018, .

&€ Exercise?
Reijers ESMO 2019, Thakur SITC 2019)
?
Sex (Conforti Lancet Oncology 2018, Stress °

——] Andrews SMR 2018, Wang Cancer Medicine 2019 )

Sleep?



The Human Microbiome
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Intimate relationship between gut microbiome & immune system

Diversity of the gut microbiome is associated
with differential outcomes in the setting of
stem cell transplant in patlents with AML
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Landmark studies demonstrated that gut microbes could
Influence response to iImmunotherapy in mice
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Gut microbiome and anticancer immune response:
really hot Sh*t!

§ Viaud"? R Daillére", IG Boneca™, P Lepage®®, P Langella®®, M Chamaillard™®*'®, MJ Pittet"", F Ghiringhelli™'>', G Trinchieri"®,
R Goldszmid™ and L Zitvogel*'*'®

Anticancer immunotherapy by CI'LA-4
blockade relies on the gut microbiota
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In human cohorts: The gut microbiome of responders to
immunotherapy is distinct from that of non-responders
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Responsiveness to immunotherapy can be transmitted via
microbiota transplant!

FMT

T
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Tumor Volume (mm’)

Studies in patients with melanoma, RCC, and NSCLC
demonstrate differential “signatures” in R vs NR to ICB

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



In MDACC cohort a gut microbiome “signature” with a high likelihood of

pe 2

crOTU abundances

ccales . Desulfovibrionales Clostridiales

response to anti-PD-1 was identified

Suggesting that the gut microbiome
could be used as a biomarker of
_____________ response to immune checkpoint
BlResponder [l Non-responder blockade, with patients with a “type I”
ipond

Patients

S T T A e

Can we use gut microbiome signatures as a biomarker for
response to immunotherapy? R
What assay should be used? (should be rapid, accurate and ‘
cost-effective)
- Can we develop strategies to monitor gut microbes and their
function for overall precision health?
\ Type 2 -

\ -
\ crOTU community type
. Lactobacillales Enterobacterales \

Erysipelotrichales . Burkholderiales \

4]

St by
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Gopalakrishnan et al, Science 2018, slide courtesy of Jen Wargo




However, there is only modest overlap between pro-response bacteria
identified in distinct cohorts

Several factors may account

i ’ for these differences:
‘ ! ‘ - Different methods of
. R | analysis |
’ ® WargoNR - Regional and dietary
| : ga!em:f :R influences
ajewski .
== o Zitvogel NR And function may be more
e + Zitvogel R important than phylogeny
J Nonetheless results from
additional cohorts and trials
NG will help to inform the

composition as will
preclinical screening

Matson et al, Routy et al, Gopalakrishnan et al Science 2018; integrated analysis courtesy of Vastbiome * PLEASE DO NOT POST *
slide courtesy of Jen Wargo



Microbiome as a therapeutic target



Can we modulate the gut microbiome to enhance response to immunotherapy?

Administration of

microbial consortia
(and probiotics)

Fecal Microbiota
Transplant (FMT)

Targeting of
“detrimental”

microbes
(by antibiotics / phage)

Diet & supplements
(prebiotics)

McQuade ASCO Post 2018



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 administered?

How do we select
donors?
- Diet?
- Designer Consortia?
- Phage / antibiotics / other?

During therapy

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

- Immune checkpoint
blockade (anti-PD-1)?

- Other forms of
immunotherapy?
- Other therapy?

Assessing impact

What are appropriate primary
endpoints for such studies?

- Safety and tolerability
- Engraftment
- Others?

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?

How do we optimally monitor

patients during therapy?
- Microbiome analyses to

assess engrafment / function?

- Immune profiling?
- Peripheral blood
- Tumor

How can we facilitate stable
engraftment?
- Should we recommend
dietary changes?
- Any medications to avoid?

What are appropriate
secondary endpoints?
- Response
- Radiographic (RECIST
and/ or irRC)
- Rate of complete
responses
- Pathologic response
(on biopsy or after
neoadjuvant therapy)
- Toxicity
Novel markers (ctDNA,
immunophenotyping)

)

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

Toxicity
Can we uncouple toxicity and
response to immunotherapy?

Other transplanted traits with
FMT?
- Obesity?
- Depression?
Any potentially favorable traits?



Numerous studies are now underway incorporating modulation of the gut microbiome in
combination with response to immune checkpoint blockade

apy
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Clinical studies are testing whether cancer immunotherapy drugs work better when
patients receive a fecal transplant. JEFF MCIN | OSH/ THE CANADIAN PRESS/AP PHOTO

Fecal transplants could help patients on
cancer immunotherapy drugs

By Jocelyn Kaiser | Apr. 5, 2019, 1:45 PM

Promising data from 2 ongoing clinical trials was presented at

.‘ , AACR Annual Meeting (March 2019) 4
MDACC PIs: Tawbi & Glitza Angeles Clinic Pl: Hamid




This includes a trial studying use of FMT in patients with metastatic melanoma who
progressed on anti-PD-1, with encouraging results (NCT 03353402)

000
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Native microbiota depletion phase:
Antibiotics and PEG-based diarrhea
solution

v

FMT - Colonoscopy followed by orally
ingested capsules

v

Re-induction of anti-PD-1 therapy
(Nivolumab, every 14 days)
+
Maintenance FMTs — orally ingested
stool capsules in conjunction to each
anti-PD-1 dose

v

After completion of 6 combined cycles
(three months) — treatment continues
as anti-PD-1 monotherapy

Confidential unpublished data* DO NOT POST*
First author: Erez Baruch

-~
Ella Lemelbaum Institute '
for Immuno-Oncology
Sheba Medical Center

Notably, clinical responses were seen (even in the setting of
prior progression on anti-PD-1) and were associated with an
increase in immune infiltrate from baseline to post-FMT
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Senior authors: Gal Markel, Ben Boursi



Intra-tumoral microbiome

Bacteria within pancreatic tumors can negatively impact However not all microbes are bad,
responses to chemotherapy and immunotherapy as the presence of some microbes

within tumors is associated with
better long-term outcomes

Bacteria translocate from the gut to
pancreatic tumors in KC mice

Short Term Survivor (STS) Long Term Survivor (LTS)
Pancreas
Duodenum

Gut microbiomsé:]‘ \ ‘ Q\f:}. \

Bacteria from patient tumors can
break down chemotherapy
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There is “cross-talk” between the gut and tumor microbiome, substantiating the
rationale for FMT and other microbiome modulation strategies in other cancers
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Can we identify defined consortia of
microbes to enhance response to

immunotherapy?



Defining optimal consortia based on pro-response bacteria from cohort studies
VS in vitro screens and/or in vivo validation

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients
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Clinical trials are now in progress based on insights gained from these & other studies...



Can patient choices impact the microbiome?



How do known determinants of the gut microbiome contribute?

External factors (modifiable)

Host factors (cannot be modified) Anthropometrics
q . BMI
Medications (M0
(antibiotics, probiotics, PPls,
metformin, anti-depressants)
Demographics Host Genomics
(age, sex) : ; (HLA, other factors) Geography

Diet
(fiber rich plant-based
diet vs. “Western” diet)

Psychological Factors
(depression, stress, etc.)




In our cohort, we also studied the influence of diet and lifestyle factors
(as well as OTC probiotic use) on the microbiome and response

Dietary components

Microbial metabolites Potential microbes involved

Fiber-rich plant foods
legumes (e.g., butyrate,

cruciferous/other veg propionate, acetate)

berries/apples/pears/citrus/

other whole fruits

whole grains
Polyphenols from soy,
cruciferous vegetables,
berries, coffee, wine,
chocolate, nuts

Phenolic compounds
(e.g., urolithin)

Red and processed meats,
animal products high in 20 bile acids [e.g
saturated fat and cholesterol deoxycholic acid’(

N-nitroso compounds

Short-chain fatty acids Faecalibacterium prausnitzii

Eubacterium rectale

Roseburia intestinalis
Rumminococcus spp.
Clostridium spp.

Akkermansia mucinphilia
Bacteroides
thetaiotaomicron
Bacteroides vulgatus
Bifidobacteriumspp.

Peptostreptococcaceae
Clostridium spp.

DCA)] Fusobacterium nucleatum
Trimethylamine (TMA) Pseudomonas spp.
Desulfovibrio desulfuricans

McQuade, Lancet Oncology 2019
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Fiber

Dairy products

Fruits and vegetables and legumes
Whole grains

Overall diet score

Red meat

Processed meat

dded sugar

Firmicutes
Ruminococcus
Ruminococcus bromii

Faecalibacterium praunitzii




Dietary fiber intake is associated with response to immunotherapy

Fiber-rich diet OR of response: high vs. low-fiber
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Tumor size (mm3)

Dietary fiber impacts anti-tumor immunity in vivo

Dietary fiber deprivation rapidly shifts gut microbiome
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There is evidence that changes in diet can have a profound impact on the
microbiome in a short time frame

Two week controlled feeding study of “swapping”
Northern African and African American diet

<20 g/fiber per day-<->>50 g
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BEGONE study: What have we learned?

Crossover study of addition of 16 g fiber/day via beans
to usual diet of colorectal cancer patient survivors
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Testing diet as a precision intervention in cancer:

Hypothesis:

A whole foods, plant-based, fiber-rich diet will modulate the microbiome and enhance systemic and anti-tumor immunity

Biomarkers
NED in the
melanoma context of
patients anti-PD1
therapy
In-progress
* Feasibility * Changes in microbiome

Changes in immunity in
context of anti-PD1

Controlled feeding study:

All calorie-containing food and beverages prepared and
provided to patients by MDACC Bionutrition Research Core
and/or Savor Health

Behavioral
intervention
diet studies

* Disease
outcomes




Antibiotics have been shown to negatively impact response to ICB

Figure, Associalion Delween pATE Therapy and Survival and Response bo 1l

."|| Kaalan-Meicr curves
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Wouldn't it be easier to just take a pill?
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Conclusions

* Gut microbiome is distinct between responders and non-responders to
immunotherapy and responsiveness to immunotherapy can be
transferred via FMT in mice

* Gut microbiome may be both a biomarker and a therapeutic target

* Diet and “biotics” are key determinants of the gut microbiome and may
influence response to immunotherapy

* Multiple studies of different approaches to gut microbiome modulation
to enhance immune response in cancer are currently underway with
promising early data from FMT studies
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