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We have made major advances in the treatment of melanoma and other
cancers through the use of targeted therapy and immunotherapy

FDA-approved agents for stage IV melanoma
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These agents are now being used successfully across cancer types and across
the spectrum of disease (alone or in combination with other therapies)

Dab, dabrafenib; FDA, Food and Drug Administration; IL-2, interleukin 2; Tram, trametinib — www.FDA.gov




Treatment with these therapies can result in rapid tumor regression

Before starting targeted

therapy (BRAF) 2 weeks later
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Despite these advances responses are heterogeneous and are
not always durable, and toxicity can be an issue...
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There is a critical need to better understand who will benefit from therapy, as well
_as proper tlmlng sequence and combination of different therapeutic agents
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Responses are dependent on factors shaping tumor growth and immunity

Systemic Immunity Tumour Genome and Epigenome

Innate and Adaptive
Tumour
| ——t
Tumour cells

Epigenetic Changes

Tumour
Microenvironment

Cogdill, Andrews, Wargo - British Journal of Cancer May 2017



There is a significant microbial contribution to the total makeup of our cellular
composition as well as our DNA that dramatically influences our physiology
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We first studied the role of the tumor

microbiome In response to cancer therapy



We used a model to study stromal-mediated resistance in melanoma
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Certain stromal cells were capable of mediating resistance to targeted therapy
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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 — —% o Lo —
chemotherapy in colorectal cancer and pancreatic cancer 5 3~ 23 O 58383=3 S
3 ©on S SHJSSr-Su«< CRC+
josd S v v SIS ~ .
Cancer S VoI3ASBLSAS § AT NY o Pancreatic
(e 0] o0 [
cell Cell  Drug P B 10Q0=200Q=220000000nw QA Cell lines
(6FP) _ \ e TOIaO<IXITaAO=STOOOO0OO0OAITT T e e
L oS oSTIRNIUODS
| ERSTSS
7 & SninpcessSigtts Colo-205
2 5 WNwasfgeie’ DLD-1
RN H -
LN psugs HCT-116
RN T
e NANAN BEEES H1-29
oo NN E A, LS411N
s, . 2 e e RKO
¥ = WiDr
AsPC-1
BxPC-3
CFPAC-1

In these studies, one cell line rescued cancer cells from gemictabine

=, -
. Onroutine testing, the cell line mediating Mycoplasma is responsible for rescue from Gemcitabine:
resistance was found to be positive for
I O « 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
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We now know from the work of others that intra-tumoral bacteria may also
negatively impact anti-tumor immunity

Bacteria translocate from the gut to pancreatic tumors in KC mice Bacteria are also found in human tumors

Normal pancreas

Ablation of bacteria with antibiotics was associated with less immunosuppressive TAMs and enhanced immune function

EEER

C—aCir
B ADX

XX _"__l

Lo [

CD206+ MHCI+  CD8e* TNFat IL12+ ILG+ IL10+

% Expression
1




However these intra-tumoral microbes may also may positively influence

response, and may be influenced by the gut microbiome

Short Term Survivor (STS)
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This suggests a “yin and yang” of intra-tumoral microbes, with some
contributing to cancer development / resistance, while others help responses

~ Positve impact on therapy response Negative impact on therapy response

Potentiation of acute IFNy responses by Decreased MHC Class | expression
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In addition to the tumor microbiome, we know
that the gut microbiome may impact

responses to cancer therapy



However we knew from the elegant work of others that gut microbes can also
modulate overall immunity (as well as anti-tumor immunity)




Landmark studies were performed several years ago demonstrating that gut microbes
could influence response to cancer immunotherapy (and checkpoint blockade in mice)

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

Commensal Rifidobacterium
promotes antitumor immunity and
facilitates anti-PD-LI1 efficacy
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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)
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Importantly, “favorable” signatures in the gut microbiome were associated with
enhanced immune responses in the tumor microenvironment
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And mechanistic studies in germ free mice showed that fecal transplant could recapitulate the phenotype
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Several important questions arise given this data:

1) Can the microbiome be used as a biomarker for response?

2) Can we modulate the microbiome to enhance response

(and / or abrogate toxicity) to immunotherapy?
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Can we modulate the gut microbiome to

enhance responses to immunotherapy?

(and/or to abrogate toxicity)

YES!



Several different strategies may be used to modulate the gut microbiota

Administration of

microbial consortia
(and probiotics)

Fecal Microbiota
Transplant (FMT)

Targeting of
“detrimental”

microbes
(by antibiotics / phage)

Diet & supplements
(prebiotics)



We are running a clinical trial using microbiome modulation with a consortia versus with
FMT in patients with metastatic melanoma going onto immune checkpoint blockade
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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) e
MDACC Pls: Tawbi & Glitza Angeles Clinic PI: 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)
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Native microbiota depletion phase:
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FMT - Colonoscopy followed by orally
ingested capsules

A 4

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

y

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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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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We have evidence that FMT may be helpful in treating immunotherapy toxicity

Pre-FMT  Post-1 dose FMT

Steraid/ Steroid/  Steroid/ Diaqnosis
1stdose  Znddose  1stdoss g
infliximaz  infliximab vedolizumab
1 1 - 1 1 | 1 caa
[ B R B S S B R |
Colan Colon Eollnwing 3 :
Biopsy Biopsy immunosupp
. ents
= COB [+ :
50 yo female with She was treated with FMT from a .
metastatic urothelial healthy donor and had complete cosEnT PO .
cancer was treated with resolution of all symptoms :

aCTLA-4 + a PD-1 and
developed colitis

. 3 FMT dose 1
refractory to steroids @
and aTNF g - M E
S 24 - =
- 8
= 2 o
= ~ FOXPD =25
Z 1 @ §
=] g o
L ®
0 T ] =
Clapnosis Falml:n Pre-FMT Poct-FT P per e o o
and bidogle -rlmﬂpﬂll'lt

MIMUINSELOAreEsSEn

Mimi Wang MD PhD Wang et al, Nature Medicine 2018 Rob Jeng MD



=ty U.5. FOOD & DR

ADPMIHISTRATIOHN

= Home § Vaccines, Blood & Bic
/  Impartant Safety Alert Regardi

Safaty & Availability
(Bialagies)

Biologic Product
Security

Blood Safety &
Bvailability

The MEW ENGLAND JOURNAL of MEDICINE

ERIEF EEPORT

Drug-Resistant E. coli Bacteremia
Transmitted by Fecal Microbiota Transplant

Zachariah DeFilipp, M.D, Patricia P. Bloom, M.D., Mariam Torres Soto, M.A.,
Michael K. Mansour, M.D., Ph.D., Maharmad E.A. Sater, Ph.D.,
Miriam H. Huntley, Ph.D., Sarah Turbett, M.D., Raymond T. Chung, M.D.,
Y¥i-Bin Chen, M.D., and Elizabeth L. Hohmann, M.D.

SUMMARY

Fecal microbiota transplantation (FM1) is an emerging therapy for recurrent or
refractory Clostridioides difficile infection and is being actively investigated for other
conditions. We describe two patients in whom extended-spectrum beta-lactamase
[ESBL)-producing Escherichia coli bacteremia occurred after they had undergone
EMI in two independent clinical trials; both cases were linked to the same stool
donor by means of genomic sequencing. One of the patients died. Enhanced donor
screcning to limit the transmission of microorganisms that could lead to adverse
infectious events and continued vigilance o define the benefits and risks of FMT
across different patient populations are warranted.
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Based on published data and on results
from upcoming FMT trials, can we identify
an optimal consortia of microbes that will

enhance responses to immunotherapy?
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Groups are working hard to identify optimal consortia to enhance immune
responses, with promising work in pre-clinical models
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Clinical trials are now in progress based on insights gained from these & other studies...



Finally, what are some other factors that impact the

microbiome that should be considered?

Slide adapted from Jen McQuade MD MDACC



Antibiotics have been shown to negative impact response to checkpoint blockade

Figure. Associalion Belween pATE Therapy and Survival and Response Lo s
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Conclusions and potential implications of these findings:

We have made significant progress in the treatment of cancer with the use of
immunotherapy, however not all patients respond and more therapeutic options
are needed

A deep understanding of the numerous factors that contribute to carcinogenesis
and to therapeutic response are needed (including factors internal and external to
the host)

As we move forward, we need to embrace novel biomarkers and targets (such
as the microbiome) — and we also need to engage in a concerted and organized
effort with novel clinical trial designs and a “Team Science” approach

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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