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| will discuss the following off label use and/or investigational use in my presentation:
Microbiome modulation strategies
Androgen receptor blockade
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Targeting the Tissue and Tumor Microenvironment and
Microbiome to Promote Health and End Cancer

l. Insights from studies of the tumor microenvironment (TME) and gut microbiome
In cancer

Il. Understanding factors that influence the TME and gut microbes in health and
disease

Ill. Targeting tissue, tumor, and gut-based microbes to intercept / prevent cancer
and to promote overall health
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We have made major advances in cancer treatment with the use of immunotherapy
and other approaches, with an overall decline in cancer-related mortality

Article

Cancer statistics, 2020
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There is a still a critical need to improve responses to cancer therapy (and limit toxicity)
In patients with established cancer, and opportunities to prevent cancer altogether
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A powerful way to better understand response (and toxicity) to cancer treatment is via
“reverse translation” — where findings go from bedside to bench, and back again

Translational research in patients with analysis of
longitudinal tissue and blood samples

Treatment 1

Treatment 2

g —»  Treatment 1 Mechanistic studies and

—> Treatment 2 therapeutic optimization
Murine models\ in murine models
Treatment 1 + Treatment 2
(GEMM, PDX, etc)
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Through these types of approaches, we have identified a number of factors that impact
tumor growth and response to cancer treatment that may be targeted

HOST-INTRINSIC FACTORS

CD8 T cells Tissue-specific stromal
CD4 T cells Metabolic and signaling pathways
B cells TMB and epigenetic defects
Treg cells Tumor microbiota
MDSCs Tumor endothelium
Neutrophils Neoantigens 208

OIS
CAFs EVs «\?o‘oe

\

N\ 2

CTLA-4 polymorphism w~ F:L

HLA heterozygosity

Morad et al, Cell 2021
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l. Insights from studies of the tumor microenvironment (TME) and gut

microbiome In cancer

“The tissueis the issugé, the scoop Is in the poop, and sex matters™
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Tissue-based analyses have helped us understand how oncogenic mutations impact
anti-tumor immunity, as well as biomarkers of response to immune checkpoint blockade

Targeting oncogenic BRAF impacts anti-tumor
Immunity, providing the rationale for combined
treatment with molecularly-targeted therapy and
immunotherapy in melanoma (and in other cancers)

Pre-treatment (Day 0) On treatment (Day 10-14)

LETTERS

Dabrafenib, trametinib and pembrolizumab or Atezolizumab plus cobimetinib and vemurafenib
placebo in BRAF-mutant melanoma in BRAF-mutated melanoma patients
Paolo. v,

Bijoyes
Antoni

LETTERS

Combined BRAF and MEK inhibition
with PD-1 blockade immunotherapy in
BRAF-mutant melanoma

Sangeetha Reddy MD MS to discuss “Targeting the interaction of oncogenic
signaling with immunity in breast cancer” Session IV: 4:40 pm on 4/21
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In addition to this, we and others have identified

tissue-based biomarkers of response to immune

checkpoint blockade, with opportunities to target
these therapeutically to improve responses

Article Article

B cells and tertiary lymphoid structures Tertiary lymphoid structuresimprove
promote immunotherapy response immunotherapy and survivalinmelanoma
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Article

B cells are associated with survival and
immunotherapy responseinsarcoma
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Helmink, Reddy et al, Cabrita et al, Petiprez et al, Bruno T. Nature 2020

Abigail Overacre-Delgoffe PhD to discuss “Microbiota-specific T follicular helper
cells support tertiary lymphoid structure formation and anti-tumor immunity in
colorectal cancer”
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Importantly, treatment with immunotherapy and other strategies are being used in
patients with earlier stage disease, and tissue +/- blood-based analyses are critical

In addition, there is a strong rationale to use these in the neoadjuvant (pre-surgical) setting
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We first studied the use of neoadjuvant targeted therapy vs. standard-of-care
upfront surgery for patients with high-risk resectable metastatic melanoma

Demonstrating improved survival over SOC upfront surgery, with pathologic Notably, other groups have observed similar findings, though
complete response (pCR) and other markers predictive of long-term benefit relapse rates were higher than observed in our trial

(RECIST response rate 85%, pCR rate 58%)
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We next studied the use of neoadjuvant immune checkpoint blockade in
patients with high-risk resectable metastatic melanoma

Demonstrating improved RECIST response and pCR rates in patients Importantly we have been working with others on neoadjuvant
receiving combined immune checkpoint blockade (aCTLA-4 + aPD-1) strategies, helping to define optimal strategies

BUT with much higher rates of toxicity (Ipi 3 / Nivo 1)
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We are working with the MRA, FDA, industry, investigators and other key stakeholders to
build on findings and improve patient outcomes (including with tissue-based analyses)

Who We Are

* >240 International Members
* Pharma engagement

* Multidisciplinary

Our Goals

Consistent trial design across
international sites

2. Align translational plans and efforts to
understand biology of response and

ARTICLES

hitps:/dol.org/10.1038/541591-020-0N188-3

W) Gheck for updates

Pathological response and survival with
neoadjuvant therapy in melanoma: a pooled
analysis from the International Neoadjuvant
Melanoma Consortium (INMOC)

resistance
* Pooled analyses 3. Develop a platform for rapid drug
* White papers & guidelines development

4. Determine if neoadjuvant therapy is
superior to adjuvant therapy

ORIGINAL ARTICLE

Neoadjuvant systemic therapy in melanoma: *"®
; . ) recommendations of the International Neoadjuvant
Pathological assessment of resection specimens after .
Melanoma Consortium

neoadjuvant therapy for metastatic melanoma

M.T. Tetzlaff'™, 1L Messina®, L E. Stein, X.Xu”, R. N. Amariz®, C. U. Blank’, B. A.ven de Wiel’,
P.M Ferguson® R V. Rawson®, M. |. Ross®, A. 1 Spillane'®, ). Gershenwald®"", R_P. M. Saw®,
A.C.J.van Akkool’, W. . van Houdt’,T. €. Mitchell”%, A M. Menzies'®, G.V. Long™, L. A Wargo™™,
M. A Davies™ ™, V. G Prieto""®, J. M. Taube™ &R A Scolyer®

fenon
The

Jennifer AWargos, Christian U Blarks, Husse

Vi, GeorginaV Long}

CLINICAL CANCER
RESEARCH

Home About Articles For Authors Alerts News coVID-19 Webinars Search Q

Reviews

Neoadjuvant Therapy for Melanoma: A U.S. Food and Drug
Administration—Melanoma Research Alliance Public Workshop

Kristen L. Mueller, Marc R. Theoret, Steven J. Lemery, Laleh Amiri-Kordestani, Charlotte E. Ariyan, Michael B. Atkins, Donald A. Berry,
Christian U. Blank, Angela M. DeMichele, Patrick M. Forde, Nageatte Ibrahim, Patricia Keegan, Tara C. Mitchell, Rebecca A. Moss,
Caroline Robert, Rajeshwari Sridhara, Janis M. Taube, Michael T. Tetzlaff, Jennifer A. Wargo, Keith T. Flaherty, Michael J. Kaplan,
Suzanne L. Topalian, Ashley F. Ward, and Marc S. Hurlbert

DOI: 10.1158/1078-0432.CCR-20-3285 Published January 2021 M) Check for updates

Tetzlaff et al Ann Onc 2018, Amaria et al, Lancet Oncology 2019; Mueller et al CCR 2021
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Importantly, treatment with neoadjuvant immune checkpoint blockade
IS being used in other cancer types with success

The NEW ENGLAND JOURNAL of MEDICINE
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THE #1 NEOADJUVANT IMMUNOTHERAPY TOPIC IN THE NEXT 5 YEARS:
More Cures—Less Surgery!

MELANOMA palpable lymph nodes

* Nivolumab 3 + ipilimumab 1: 70% pathologic CR!!
« No more TLND in >50% of patients with palpable nodes in 5 years

BLADDER CANCER

* 50% pCR for T3 bladder cancers: wait and see
« Reduction cystectomies

MSI COLORECTAL CANCER

« 19/20 pCR for MSI CRC! (Haanen et al. Nature Medicine. 2020)
* In future in case of pCR: NO surgery, but endoscopy + MRI

LUNG, HEAD and NECK, ESOPHAGEAL and GASTRIC, BREAST, GBM

‘& Alexander Eggermont MD PhD From PeerView presentation SSO 2021
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What about the role of gender / sex hormones on cancer & therapy response?
sex matters!
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In one of our neoadjuvant studies, we noted a strong sexual dimorphism in
response to therapy (which was confirmed in additional cohorts)

Patients who achieved a complete resposne to Sex-specific differences are also noted in immunity and may
neoadjuvant targeted therapy had long-term benefit impact response to immunotherapy, and AR blockade enhances
(and the majority of these patients were female) response to immunotherapy (and enhances T cell function)

) B) <) Article
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Metastatic Mefanoma (MPR) Androgenreceptor activity in T cells limits
RAEMER Inblbfiore (et checkpoint blockade efficacy
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Pathologic
>
Response
— Recurrence- Free

<MPR
<MPR 86% E

34%

https://dol.org/10.1038/s41586-022-04522-6 Guan'*%, Fanny Polesso**, Chaoiie Wang*"%, Archana Sehrawat?,
Received: 12 August 2020 Reed M. Hawkins?, Susan E. Murray’*, George V. Thomas®*, Breanna Caruso®,
fved: 12 Augu! Reid F. Thompson'®’, Mary A. Wood?®, Christina Hipfinger®, Scott A. Hammond?®,
s

Survival probability
o o
w N
(=] wn
W
o
[}
o
-
o
3
d o
[}
12

0.25 Accepted: 4 February2022 = JulieN. Graff**, Zheng Xia"**" & Amy E. Moran®*'?
n=51 Published online: 23 March 2022
Survival | Females n=30 Males n=21 0.00 'p =0.021 i UIVIAF |
p=0.001 0 20 40 60 °
Time in months ® CD8 R ® r=-0.66
W 27 25 « P ="0.0056
We validated these findings in a murine model : | £ 0
S -2.5
o
< -5.0 o
[
E) Male BP - C57BL/6 F) Female BP - C57BL/6 G)  Ls00- —0.4 0 . 04
- BRAF/MEKi + Enzalutamide + 2 p=0.98 CD8 R vs NR signature score
E ~® Testosterone 3 =
§100 - BRAF/MEKi _ S 50 o
g - -~ BRAF/MEKi + Enzalutamide E % 1000 + 106 PPSM ADT .
8 s 0 E tumour cells + enzalutamide P —0.011
£ 0 ‘® s F ! . 0.4 e
& £ 50 T 11 L h 7d __y q3d | Euthanize at
e 5 5 ;| 12 week - >150 mm? o 0.2
5100 Lp=0018 : | 700 G L ———— L ——= — male  Rat IgG or anti-PD-L1 £ 3
g 1 2 g % 18 s 1 4 8 11 15 18 22 IR W N w B fo)
o Days on Treatment Days on Treatment o ‘ag};\\;\a‘“ o oo e — ADT + enza = @
o e o — ADT + enza + anti-PD-L1 <2
- — ADT + enza + anti-PD-L1 + anti-CD8 B E-02
) 100 [&] %
Chris Vellano PhD g -0.4 Elél
S 50+
Joe Marszalek PhD 2 <0.0001 AR KO Gt
_ Vellano et al, accepted > Amy Moran
Tim Heffernan PhD for publication o 2 4 o 8 1o Guan et al, Nature 2022 PhD

Time (day)

Sncesy far Immunctharsy of Cansar



natur e ECoHuris

THE mnm.mmlumwmt

A =g Microbes maketh man
;f ‘ :Jﬁ;‘; / organis%re@ntfaﬁo%plex
5 the role of micr - co-exist with us
ancer and therapy respon}s:e”
!

%“ |
tt@sgaop s in the poop

FELLOW
TRAVELLERS

CUMATE CHANGE OU STITEM u
GET USED TO TITAN'S ELUSIVE

HE

UNCERTAINTY METH \NE
Climate modelling Tropic n's
Joces its imits end gvmu moon .
18 T g
&
. =



3.5 billion years ago,
microbes helped to shape the earth for future forms of life...

Tumor Immune Microenvironment: A Holistic Approach Workshop




3.5 billion years later,
It is now clear that microbes are pervasive in our environment
(and within living organisms)

Advances in next-generation sequencing have allowed us to better understand these microbes
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Microbes (along with other factors) can profoundly influence our physiology, cancer,
and other disease states

The microbiome has now been recognized as
one of the emerging Hallmarks and Enabling

HOST-INTRINSIC FACTORS HOST-EXTRINSIC FACTORS (EXPOSOME)

CD8 T cells Tissue-specific stromal 1 1 1
pecific strom Characteristics in the Hallmarks of Cancer
CDA4 T cells Metabolic and signaling pathways
B cells TMB and epigenetic defects
Treg cells Tumor microbiota ~ Sustaining Evading
MDSCs Tumor endothelium proliferative signaling growth suppressors
Neutrophils Neoantigens Unlocking Nonmutational
CAFs EVs «\}‘::(oe phenotypic plasticity epigenetic reprogramming
Ny
Racial injustice
Depression/anxiety
CTLA-4 polymorphism a.,&,‘}\‘? Psychological and Deregulating
" 'S 05 mental stress cellular
HLA heterozygosity metabolism

Socioeconomic
inequalities

Sexual discrimination

Avoiding immune
destruction

P— Resisting cell Er:;pling
death replicative
Drug use immortality
Medication
Surgeries
Physical activit
. Genome Tumor-promotin
Alcohol consumption instability & inﬂamr:ation g
Diet and dietary supplements mutation
Viral antigens Senescent cells

Pathogenic microbes
Household microbial contaminants . P
Inducing or accessing Activating invasion &

Environmental non-pahtogenlc microbes vasculature metastasis

“Hallmarks of Cancer: New Dimensions” provides an update to the landmark “Hallmarks of
Cancer” series. Graphic from Cancer Discovery.

Golnaz Morad PhD Morad et al, Cell 2021 Hanahan, Cancer Discovery 2022
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Could microbiome targeting become the next “pillar” of cancer care?

With strategies to monitor and modulate the microbiome to treat, intercept,
and perhaps even prevent cancer altogether?

Diagnosis

CANCER CARE

Ad39UNS
AdVYIHLONNKWNI
Recurrence

No detectable '
disease

AdVY3IHLOW3HDI JI1XOL101AD
AdVY3H1 431394V1
ATIVINOITONW

Micro-

metastases

Ancient times

-present 1890s-present 1940s-present 1990s-present 1990s-present

From AACR Cancer Progress Report Sepich-Poore et al, Science 2021
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We first studied the role of the microbiome in

cancer, but did it serendipitously

f’é"fﬁ) Tumor Immune Microenvironment: A Holistic Approach VWorkshop #SITCworkshop
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We used a model to study stromal-mediated resistance in melanoma

Cancer
Can components of , cell ngzﬁ\al Drug —

: the tumor \ (GFP) 0:0:-::::‘
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Cancer cells Q% \\\=.=="‘;’/ S
e, g gl | N
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fibroblasts Pericytes

Certain stromal cells were capable of mediating resistance to targeted therapy
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Ravid Straussman’, Teppei Morikawa?, Kevin Shee', Michal Barzily-Rokni', Zhi Rong
G-361 Qian?, Jinyan Du', Ashli Davis', Margaret M. Mongare', Joshua Gould', Dennie T.
gﬁ:mgtge Frederick3, Zachary A. Coopers, Paul B. Chapman*, David B. Solit4->, Antoni Ribas®7,
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C32
COLO 829 Straussman et al, Nature 2012
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We used the model to study stromal resistance in other cancers (with a twist)

The same strategy was employed to study resistance to
chemotherapy in colorectal cancer and pancreatic cancer

CRC+
Pancreatic
o Cell lines

T
Colo-205
DLD-1
HCT-116
HT-29
LS411N
RKO
WiDr
AsPC-1
BxPC-3
CFPAC-1

In these studies, one cell line rescued cancer cells from gemictabine
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S elisals, o e G Mycoplasma is responsible for rescue from Gemcitabine:
resistance was found to be positive for

mycoplasma

* 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
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We validated findings in human samples and mouse models, suggesting that
Intra-tumoral bacteria may mediate resistance to chemotherapy

CANCER

Potential role of intratumor bacteria
in mediating tumor resistance to the
chemotherapeutic drug gemcitabine

Leore T. Geller,* Michal Barzily-Rokni,>* Tal Danino,?t Oliver H. Jonas,*”
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Intra-tumoral microbes may also impact anti-tumor immunity, with some intra-tumoral
microbes negatively impacting it, while others promote immunity (even via neoantigens)

Bacteria are found in patient tumors and in However in other cohorts, a : : e

P . : . Microbes are identified in
GEMM of pancreatic cancer, and are more diverse tumor microbiome

associated with a more immunosuppressive IS associated with improved melanoma tumors, and
tumor microenvironment in somgiases survival, and an enh%nced microbial neoantigens are
] L processed and presented
immune infiltrate (and recognized by T calle)

Bacteria are also found in human tumors g y
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Microbial signatures are now being identified across all tumor types, with
opportunities to target them to improve outcomes (and even prevent cancer)

Intra-tumoral bacteria were identified in all
tumor types, though composition differed
depending on histology
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gl The hidden microbiota inside cancer

Intratumoral bacteria have been detected in both mucosal (exposed) body
sites and protected sites. Nejman et al. examined bacterial occurrence

in multiple primary tumor sites (black dots) and found that tumor cells and
immune cells may harbor lipopolysaccharide-expressing (LPS*) bacteria,
whereas macrophages contain at least remnants of LPS* and lipoteichoic
acid-expressing (LTA*) bacteria. These findings raise numerous questions
that require further study.
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Mining of TCGA data also reveals
microbial signatures in tumors (and in
blood) of patients with cancer
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AUROC, area under the receiver operating characteristic.

Trinchieri Nat Rev Clin Oncology 2020

m Rob Knight PhDniejman et al Science 2020, Poore et al, Nature 2020
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‘It's incredible’: HPV vaccine saves
thousands of women from cervical
cancer, UK study shows

Rates have fallen 62% in women offered the HPV jab between the
age of 14 and 16, and 34% for older teenagers

© The human papillomavirus (HPV) is becoming less common because of the vaccine against
cervical cancer. Photograph: BSIP/UIG/Getty Images
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Investigators are now interrogating the tumor (& gut) microbiome across cancer types,
with promising results
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We have some very interesting findings across cancer types, including data that will be presented at this meeting by Dr. Golnaz Morad and others,
who are interrogating the tumor (and gut / oral) microbiome in patients (and in pre-clinical models) of brain tumors
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Microbiome analytic pipeline

Differential signatures observed in the gut and
oral microbiome of patients with brain
metastases (BM) versus GBM
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In addition to microbes within tumors, we know that microbes within the gut profoundly
Impact our physiology




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

Spearman’s r

Peripheral blood phenotyping by flow cytometry
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And mechanistic studies in germ free mice showed that fecal transplant could recapitulate the phenotype
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Mechanistic insights suggest that this is mediated both at the level of the gut and mesenteric lymph node,
and also potentially via metabolites produced by gut microbes potentially mediating distant effects
Luigi Nezi PhD
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Gopalakrishnan et al, Science 2018 Alex Cogdill PhD i
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Tumor Volume (mm®)

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 Gut microbes are also strongly associated with response and toxicity to
demonstrate differential "signatures” in R vs NR to ICB CAR-T therapy, with patients receiving antibiotics demonstrating shorter

survival and higher toxicity, and specific taxa in the gut microbiome
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associated with prolonged survival and lower toxicity
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Can we modulate the gut microbiome to enhance

responses to immunotherapy?

(and/or to abrogate toxicity)
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Efforts to target gut microbes to improve response to cancer treatment are proving
to be effective

Clinical trials published in Science in 2021 demonstrate that A recent clinical trial published in Nature Medicine
treatment with fecal microbiota transplant (FMT) can demonstrated that treatment with a live bacterial
overcome resistance to immunotherapy in patients with product (CBM588) in combination with CTLA-4 and
metastatic melanoma PD-1 blockade was effective in treating patients with
SHISAR TR RINIGRETHINS metastatic renal cell carcinoma
Fecal microbiota transplant promotes responsein ~ Fecal microbiota transplant overcomes resistance to
immunotherapy-refractory melanoma patients anti-PD-1 therapy in melanoma patients mawre, L FOCUS | ARTICLES
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Jacob Schachter™*, Jennifer A. Wargo'*', Omry Koren'®, Gal Markel“2""++, Ben Boursi*'%+ John M. Kirkwood, Giorgio Trinchieri*§, Hassane M. Zarour'*}§

15 patients treated carcinoma: a randomized phase 1 trial

* 10 patients treated + Had progressed on prior

+ Had progressed on multiple

therapies - anti-PD-1 : 10 - y 10
+ 2 donors (both CR) * 7donors (4 CR, 3.PR)
i : S * 6 patients with clinical . ] e
; + 3 patients responded - benefi E £
i ] .
e + Changes in microbiome and benett - 2 oo 5°°
. L EREE + Changes in microbiome and g 8
immune infiltrates noted " : - 5 P 2 et e
immune infiltrates noted, - B 1ot i CONGER 127 BN vctumas- e win oW o s
. o M nivolumab-ipilmumab 25 B Nvomao—ipiimuman Not reachod
[ and serum metabolites 0z ] o 02
// Coriobacteriacese
nnnnnn bacteria o o
Bifidobacteriaceae T T T T T T T T 1 T T T T T T T T
o 3 & -] 12 15 18 21 24 o a3 L] 9 12 15 18 21 24
@ lcraased post WTinfs Numbser at risk Menths Number at risk Months
@ Decreased postFMTinRs Nivo—ipi—~CBM588 19 15 12 1 7 5 4 2 0 Nivo-ip—CBMS588 19 18 16 13 9 7 6 3 [
Nivo—ipi 10 3 1 o 4] o o o 0 Nivo-ipi 10 9 7 5 4 a 2 1 o
: Dizman et al Nature Medicine 2022
Y Baruch et al Science 2020; Davar et al Science 2021
Erez Baruch MD PhD Nazli Dizman MD
Diwakar Davar MD Sumanta Pal, MD
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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

_ATBx T s

1 Not Found in Stool or Normal 28__'1'4_Hm

B Found in Stool and Normal ) KPC

2 Foundin Normal Implant
o B Found in Stool
= 100- A s
'5 - STS LTS-NED HC
~2
c
)
2 5o
O . 30001 — OOF:): 0.02 | 25- P=0.03 P=0.03
— “E 2500- | £=0.03 & @)
C  25- £ O A 32 201
q:_) o 2000+ oo 2 15 O
Y 5 4500 G o 9——8
T 0- v :§1000- gm, 8——0 A
0 Normal  PDAC . 8 5 EfH s

Stool Adj Tumor - 0

STS LTS-NED HC STS LTS-NED HC

ey £ Clinical trials are underway using gut microbiome modulation (in patients with
- \4 pancreatic cancer and colorectal cancer (Pls — McAllister, Overman)

Tumor Immune Microenvironment: A Holistic Approach VWorkshop #SITCworkshop

Florencia McAllister MD PhD
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These approaches may also be helpful in treating immunotherapy toxicity

B) Pre-FMT Post- 1 dose FMT

Steroid/ Steroid/  Steroid/ Diagnosis

1st dose 2nd dose  1stdose

infliximab  infliximab vedolizumab coa i

) Following 3 p
immunosuppr 57 X
Colon Colon agents cos|i 4 R Ay
Biopsy Biopsy :
She was treated with EMT from a healthy donor and M roxes|
had complete resolution of all symptoms

50 yo female with
metastatic urothelial

. ; C)
cancer was treated with o FMT dose 1 %
aCTLA-4 + a PD-1 and % ’. - CD4 g
developed colitis refra__ry = e | ]
to steroids and aTNF 2 S g
(T —
0 - - - 2
Diagnosis Follm_wing Pre-FMT Post-FMT
steroids (10 ays) (=10 days) (+53 days)
ian?rigaocln;g::pression Timapoir'lt
Mimi Wang MD PhD Wang et al, Nature Medicine 2018 Rob Jenq MD
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ety

+<—Home / Vaccines, Blood & Biologics / Safety & Availability (Biologics)
/ Important Safety Alert Regarding Use of Fecal Microbiota for Transplantation and Risk of Serious Adverse Reactions Due to Transmission of Multi-Drug Resistant Organisms

Important Safety Alert Regarding Use of
Fecal Microbiota for Transplantation and
Risk of Serious Adverse Reactions Due to
Transmission of Multi-Drug Resistant
Organisms

f share in Linkedin | =& Email | & Print
I June 13, 2019
Safety & Availability Content current as
(Biologics) The Food and Drug Administration (FDA) is informing health care providers and of:
patients of the potential risk of serious or life-threatening infections with the use of 06/13/2019

Biologic Product

Security fecal microbiota for transplantation (FMT). The agency is now aware of bacterial

infections caused by multi-drug resistant organisms (MDROs) that have occurred due
to transmission of a MDRO from use of investigational FMT.

Blood Safety &

Availability

Summary of the Issue

Csitc >
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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?

Csitc »
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Groups are working hard to identify optimal consortia to enhance
Immune responses, with promising work in pre-clinical models

The commensal microbiome is Seres to Discontinue Microbiome Cancer ARTICLE R
associated with anti-PD-1 efficacy in . x

; p y Clinical Program A defined commensal consortium elicits
metastatic melanoma patients CD8 T cells and anti-cancer 1rnmun1ty
S B e Cenowi¥ B} Published: Mar 08, 2021 | By Mark Zipkin ; e L

3670921C

Nonresponders (n = 26) Responders (n = 16)
1 e f Closest species/strain % Strain ID
; 3 | [ ‘ . i 1 Mg s . Clostridium innocuum 99.9 81A1
ST T Tk | | [ ] bt uminococcaceae bacterium GD1 99.5 81F3
%?-" R e, ARERS e RN AN B TV £ _lostridium lavalense 984 BIEG
n.mn_hn.ﬁ'_ﬁsn.gn_nh.n_n_mgn_gmggn_n.nEgaaggmnggg&mmmg Hungatella hathewayi 99.6 81G1
= ) - - 63181 Cortobacio / Clostridium sp. ATS 945 83F2 _
ot Clostridium sp. AUH-JLC39 982 8202 —
{ & = - = 32507 Parabacteroides goldsteinii 99.8 82E8
—— : 5= gmﬁ, 2 Bacteroides thetaiotaomicron  99.9 81H8
{ 203 la fiBacteroides salyersiae 99.7 82A3
—— = } ¥ e - f/l;Bacteroides cellulosilyticus 99.6 82B7 )
ot = t =g= ESE! ° Bacteroides fragilis 999 82A12 10-mix
; Lr T T S = 2 Bacteroides eggerthii 99.7 82B11
o T T T T ¥ I LT © Anaerostipes caccae 99.5 81B4
[ - T - = E Bacteroides uniformis st mat-281 999 81A2
i 1 - 1 I T H ] Bacteroides clarus 99.5 82C1
= - I = ® Parabacteroides distasonis 99.3 82G9
T
£ = 1 T 1 - s — % Parabacteroides gordonii 97.4 81H9 21-mix
L = I £ | e I I 3 Alistipes senegalensis 99.5 81E7
T I EE - =R _L = & Parabacteroides johnsonii 999 82F11 7-mix
F 1 H b Paraprevotella xylaniphila 992 82A6
= = . 2 L I ! -Bacteroides dorei 99.7 81B11 11-mix
I -Bacteroides uniformis JCM 5828 99.7 82G1
- =T e Eubacterium limosum 99.9 81C1 —l
| T 1 1 Ruminococcaceae bacterium cv2 998 82B1 .
‘ ‘—'E € i Phasculan:tobacfenum faecium 998 82G5 4-mix
! ! L] o 906 81A6 _|
= 1 o e o e A - —
= = - - T T T . " " v ” . " S50 INNNNNS SESRRRAT a0 4 [[] OTUs corresponding to the 26 strains
| S EmEnEEmes Emm : Microbiome company Seres Therapeutics announced the discontinuation of its B5BEEEET L 5555 5hhng 2032 < < uowsdemﬁ.mcmmmm
[ = : : g“’?f —<F === [Z] OTUs not correlated with percentage IFNy* CD8 T
[ e — o o e 1 11 . ; : ; : GF _ +TYL +MNZ +STM - +AMP
|LEE = "S5 EEE=E=Es! EEEE Phase Ib trial of SER-401, an orally delivered consortia of bacteria that was intended +GHL Bs e Il OTUs positively corelated with porcentage IFNy* CD& T
1 T 1 = I 1 T5o324)
i I L= - 1 1 1 ! 2063« “ . N T N . . .
AS== E=m_ S . IEEEEEEE : n%ﬂ oy to boost the efficacy of checkpoint inhibitors in patients with metastatic melanoma.
- it ﬁ t t SRR e

The company said it was motivated both by the challenges of patient enroliment Tanoue et al, Nature 2019

during the COVID-19 pandemic and the progress of other candidates in its

Matson et al, Science 2018 2
preclinical pipeline.

Clinical trials are now in progress based on insights gained from these & other studies...
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Targeted microbial intervention in the gut (and/or tumor) may
Improve anti-tumor immunity through TLS / B cells

AOM

. . . . --
B cells and tertiary lymphoid structures (TLS) are associated with i =T
improved anti-tumor immunity, ICB response s Hﬂﬂm
C578BI/6 v 8

Article Article Hhep free f

B cells and tertiary lymphoid structures Tertiary lymphoid structuresimprove

promoteimmunotherapy response immunotherapy and survivalinmelanoma — AOM-DSS — AOM-DSS+Hhep Ce ctrl<2mm < Hhep <2mm D ctrl H. hep.
I ® ctrl >2mm e Hhep >2mm wi )
2 8 ,

et = S 100 - i

Z = 8 2

@ € 61 e® €
o =] ® S
2 50 Z 4 /.“/ z
= S e <}
8 i E 290 e E

Article re) Py S o —O -

B cells are associated with survivaland T 0+ e a o oo 0

immunotherapy responseinsarcoma 0 100 150 200 250 300 100 150 200 250 300 ctrl H. hep

Days post AOM Days post AOM

AOM-DSS + Hhep c

A AOM-DSE

o AOM-DSS
e AOM-DSS + H. hep

Number of

we w12

Overacre-Delgoffe, et al. Immunity 2021

“Z: Endeavor

S
v | ThaNK you to the Mark Foundation for supporting studies of TLS / B cells ‘\'(

Elise Nassif MD PhD Unifying signatures in the gut microbiota are found in patients Data to be presented
Manoj Chelvanambi PhD with TLS in the TME (1O responders) at ASCO 2022
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Microbes in the gut are influenced by a number of features including diet, antibiotics,
and environmental factors

Numerous studies have shown that patients However, some targeted antibiotic
receiving antibiotics before treatment with approaches may actually
immune checkpoint blockade (ICB) have worse enhance response to ICB

outcomes (response and survival)
Survival Proportions with Anti-CTLA-4
100

Exercise Figure. Association Between pATB Therapy and Survival and Response to ICls

[A] Kaplan-Meier curves

s J 104

Targeted antibiotic
Log-rank P <.001

0.8

No antibiotics

e
o
Probability of Survival
3

No pATB Broad spectrum antibiotics

Survival, %

=
IS

Genetics and Epigenetics \’y

No. at risk
No pATB 166 32 10 2
PATB 29 0 0 0 0
B | Radiologic response to ICls
o

Diet and 0
supplements 1 T T 1
o0z 0 50 100 150 200

Months

) 10 20 30 40 50

: 0 Stephanie
’ Watowich PhD
[8] Rad lglpATB to Il y : Liz Park PhD
m‘ ' o Vivek Subbiah MD
Environment
Antibiotics/drugs
Hughes Frontiers in Nutrition 2020 Pinato et al, JAMA Oncology 2019

These results have potential implications for patients with earlier stage disease, and implications far beyond cancer
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In our cohort, we also studied the influence of diet and lifestyle factors on the
microbiome and response to immune checkpoint blockade

Diet & lifestyle survey ﬂEDmCap

Christine Spencer PhD

] | | | | . . . : :
| | | | | > Patients reporting sufficient fiber intake
Initial  Tumor  Startof Clinical Repeat oral & (>20gm/day) have better outcomes on ICB
oral & gut biopsy  therapy assessment & gut microbiome
microbiome restaging sampling Lorenzo Cohen PhD
sampling

These findings were recapitulated in pre-clinical models, demonstrating

A 1.00 Dietary Fiber Intake . . . . . . .
-IS”ff';:.'e.”‘ . that mice given a low fiber fail to respond, and fail to activate T cell
nsuitticien . . . . .
= 0.75 signaling pathways in the TME on treatment with anti-PD-1
8 . “u,
.0 lso Cid - S - £2
5 70 0 High Fiber ! ~ By |
2 * PO Pih o b oo
= 0.25 o 400- - % 555"3 §E i3
C% L |mcm : 5:_‘; ‘g! x:z?s ‘;g- zs gg
3 . Low Fiber s |5 Fogzii=is. Es S5
0.00{p =0.047 = 0= Anli-PCA1 1L z
0 20 _ 40 60 M g
Time (months) o ] o
Number at risk E 200 + »
37(29%) 15 8 o E o / “
Et::—=|!l-—c=""—.—_-|n~—'!
D 5 10 5 20
Days after treatment

Jen McQuade MD
Carrie Daniel MacDougall PhD
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EL-4

MC 38

This data is galvanized by data from others that high dietary fiber intake promotes
anti-tumor immunity

Mice treated with a high fiber diet have Gut microbiota and dietary fiber shape the TME in part via
delayed tumor outgrowth and more DCs monocyte reprogramming by STING-mediated IFN signaling
A DCs B Tumor Weight C Favorable Microbiota Unfavorable Microbiota
10— **.. 400— oz 10007 -@- control (n=20)
. = i = Intact microbiota Germ-free/antibiotics
s 8 -* D 3004 e E 800~ " Fiber(n=20) ‘- S High fiber diet vs Low fiber/western diet s
9: ™ E Y ; / ’ Responder patients Non-responder patients "
O g Y % - g 0 @
é g 200 . S
g ] E - E ~di-AMP/ 3
C-di- ’
2 = 100+ - = ¥ '\ other products ;
0 ‘\ & ¥
o o4 — r r t 1 Tt 1 T T 1] ¥ “
S & > _& 0 5 10
CP& <® (-_,Oé <® Days post tumor injection
Monocytes
D DCs E Tumor Weight F
B 500+ Type | IFN
g, 0.0527 100 _xxxx . -e- Control (n=10) \
. o gt el mE 4001w Fiber (n=10) Nk oo
ao _ ' [=)] E— ;
% ° : E 60 = £ 3007 ib * ~
Pt > 7 3 i IL 15/1L-15R ‘
o 47 2 = 200+ égt; Antitumor
-.g_ .E 40— - g 100, Macrophages Protumor
T 27 £ 204 = Macrophages
oF = I ) Dendritlc cells
05 & 0-— 0 5 10 15
CP(\@ Q‘%P CP<§° &S Days post tumor injection ﬂ-
Anti-tumorigenic Microenvironment Pro-tumorigenic Microenvironment
Lam et al, Cell 2021 Romina Goldszmid, PhD »*
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Relative Abundance

There Is evidence that changes in diet can have an impact on gut
microbes and associated physiology in a short time frame

We are now running dietary intervention trials in combination with
checkpoint blockade (funded by Seerave and other foundations)

100°% =

Patients

with - Baseline Equilibration :
metastatic Assessment: : Intervention i
melanoma Diet, BMI, body- Contn.)I Diet Diet \1: % \l' % \l: Restaging

with stable composition

disease on Stool
anti-PD1 Blood
Tumor biopsy

Pre Wk-2 Wk-4 Wk-8 Wk-12
(habitual) (interv ramp- (interv) (interv) (control)
up)

L achnasparaceas (Lol 1 o)
Il ciistensenelaceas (Unol2§5n)
- Subchodigeranaiuem - Fusicataniloacier

P Fuminccoccaceas Uncozwss ] Fumencccccaceas Uncos12m
Escharichia Shigeila B Lachnosparaceas (Unc 1)
Parabacieragidas - Caoraa
Paraprewaielila Il cicsridiales (UnocCa2o1)
Fuminaoooocaceas (UnolS6wE] Fumanosooocacsas (UnciEEa)
Dialkstar Bl Fuminccoccaceas (UncBazaa)
Lachnospiraceas (LnocO035) - e
Blauta

Daniel et al, confidential unpublished data DO NOT POST
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Testing diet as a precision intervention in cancer:

Hypothesis: A whole foods-based, fiber-rich diet will modulate the microbiome and

enhance systemic and anti-tumor immunity Carrie Daniel PhD MPH

and Jen McQuade MD

Biomarkers in

NED '
the context of _Behavioral
mela.noma anti-PD1 intervention
patients therapy diet studies
In-progress
* Feasibility e Changes in microbiome e Disease
e Changes in immunity outcomes

DIET (Diet and Immune Effects Trial):

All calorie-containing food and beverages prepared and
provided to patients

#% SEERAVE Melanoma MbAnderson [\fs metromor € om

i 0y for Cancer Research
Gove  FOUNDATION  Research Alllance . Center m

1g Cancer History”
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We are seeing encouraging results in this trial, and we are working with others
to run similar dietary intervention studies

43 year old female with nnateskesi
melanoma (right arm in tran

Received immune checkpc ,
and high fiber diet on trial . ’

NSRS

Diagnosis

A: Skin, right distal arm melanoma, ellipse
Skin and subcutis with healing surgical wound/scar

Margins have been evaluated; and are free of melanoma

B: Skin, right upper arm in transit metastasis, ellipse
Skin and subcutis with healing surgical wound/scar and adjacent necrosis, hemorrhag
viable tumor not identified. See comment

Comment
B. These histologic featuresa are consistent with a melanoma lesion (clinically a satellite) with 0% viable tumor, 60% fibrosis, 1% pigmentation. The
rest of the lesion is composed of a mixed lymphohistocytic infiltrate. An immunohistochemical study on paraffin sections with anti-Mart 1 and anti-
S0OX-10 fails to reveal viable melanoma cells in the dermis

g Jen McQuade MD Confidential unpublished data * DO NOT POST *
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We are also assessing the gut microbiome and dietary patterns in “healthy” individuals
receiving vaccines for flu and SARS-CoV-2

ENDVR Trial — Environmental Determinants of Vaccine Response

MD Anderson Annual Flu Vaccine Campaign, 97% Employee Coverage

o
Stool Volunteers get a Microbiome &
Collection gut microbiome metabolomics % @
baseline report profiling QF 47
Q o
X ©
R
1000 2020-2021 Vaccine-specific é g
Blood Draw ) Blood Draw , P =
Volunteers baseline 2021-2022 ond timenoint immune e s
MDA Staff Flu Vaccine p response (ji) g
g e
Dietary Assessment of
Questionnaire dietary patterns Predicted Fiber intake (gr/day)
o=

Our goal is to have a dietary intervention trial open this year to improve vaccine response Nadim
with an eye on next-generation strategies to modulate gut microbes to improve immunity AFJ)?S' |
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How do commercially-available probiotics influence the gut microbiome and
therapeutic response?

An uninte ) THEWALLSWEETJOURNAI‘_ _ _ T biotics had
groups pU ' Home World US. Politics Economy Business Tech Markets Opinion Life&Arts RealEstate WSJ. Magazme- Search Q anti-PD-l,
patients BT @ e 7 . it microbes,
their own LIFE&ARTS | IDEAS | ESSAY ti-tumor
SO usin LN . ¢ ) /
Ay Those Pmbmhcs May Actually Be Hurtmg Your Gut Health .

1.00
£ 075 o l*
2 i
2 050 s e T
@ ~—~ANDREW WEIL, MD R 30
t
@ 0.25 -
o0.00] P=0-29 a
0 20
Number at risk - e
Yool'is 5109 17 | 1V1IN g
TRANSFORM YOUR LIFE AND
31% Of Our p HEALTH WITH THE MIX OF SIX
commerciall ) -y
and had a =
significan robiotic 2
i i i i \rgopaciernur- \actobacillus
nonetheless this was intriguing , based) based)
Spencer et al, Science 2021
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Strategies to alter gut microbiota to improve responses (and to reduce toxicity) are
currently underway, but numerous considerations exist as we use these approaches

Prior to treatment During therapy Assessing impact Long-term effects
. - . Patients
g(!:a';?nii:cfogb:fi r:gpﬁ!}fﬁ{ﬂ%ﬂtoﬁgg;gfg'g!:eacal microbiota from - What patient population to Whgt thefapy should_ we What are appropriate prir'na;y Durability of gngraftment
a donor to another individual. Alternatively, microbial consortia (targeted treat? Treatment naive or LI WIth. mOd.UIatl(;n ol L T ST Stuqles' = b durgble S engraftment?
formulations used to augment host microbiota) are being developed. Diet, refractory? the gut mlcmb'ome.' - Safety and tolerability - What microbes / functional
prebiotics, and postbiotics can also influence the microbial community. - Should the microbiome be - Immune checkpoint - Engraftment phenotypes in gut microbiota
prof”ed to Stratify | select blockade (anti'PD'1 )7 - Others? are associated with
Diet, pre-/postbiotics patients? - Other forms of responses? And can these be
Pre-conditioning regimen immunotherapy? Adapted from McQuade et al, Lancet Oncology 2019 used to design consortia?
- Do we need to pre-treat - Other therapy?
the gut with antibiotics to ; [
R facilitate engrafiment? g B How do we optimally monitor What are appropriate (OB DCE eiEes
= How should we optimally - patients during therapy? secondary endpoints? - What is impact on overall and
ﬁ; modulate the gut microbiota? - Microbiome ana|yses to - Response / TOXICIty’) disease-specific survival?
- FMT? assess engrafment / function? - Radiographic (RECIST
> — - How should FMT be - Immune profiing? and / or irRC) Toxicity
consortia, administered? - Peripheral blood - Rate of complete - Can we uncouple toxicity and
probiotics - HOW(?O we gelect - Tumor responses response to immunotherapy?
i Shomdopna(;ir;t fecal How can we facilitate stable ) P(?)t:(z)li(())glg ri?%?tnesre Other transplanted traits with
' material be “banked” gnoratmenty neoadjufarsllt therapy) FuT?
Gut microbiota for later auto-FMT? - Should we recommend - Novel markers (ctDNA - Obesity?
dietary changes? ’ - Depression?

- Diet, Designer Consortia?
- Phage / antibiotics / other?

immunophenotyping)

- Any medications to avoid? - Any potentially favorable traits?
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Could microbiome targeting become the next “pillar” of cancer care?

Diet—microbiota interactions and
personalized nutrition

Aleksandra A. Kolodziejczyk™“, Danping Zheng'*% and Eran Elinav(y'**

-

) | late the microbic

Precision
?1
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(

of fat,

vent cancer altc D v

'I"I"M"I"I‘

. P Lﬁg
%% S ’H"M‘ T'H‘T

E Personalized microbiota respon: Repod Non pd,s

\ / Personalized host respons:
The smart toilet automatically sends data

extracted from any sample to a secure, A 7 \ Personalized diet design
cloud-based system for safekeeping. E
James Strommer —

Diagnosis

\

.

=2
o

‘ You, decoded.
A B re O 1. h O IYZ e r fo r D i S ea S e Health insights, food recommendations,

and supplements formulated just for you to
support improved digestion.
Our Mission: To save 100,000 lives and $1.5B in - e

healthcare costs.

et started

Our Vision: The global leader in Breath Biopsy for

early detection and precision medicine.

Your Microbiome Could Play a
Role in Your Covid-19 Response

Gut health could be an important piece in the Covid-19 puzzle

Ancient times DISCOVER BREATH BIOPSY
-present 1890s-p

@ Markham Heid Feb3 - 7minread * m T
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lll. Targeting tissue, tumor, and gut-based microbes to
Intercept / prevent cancer and to promote overall health
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Cancer and other diseases are occurring in people at younger ages, with
opportunities for interception & prevention

HOST-INTRINSIC FACTORS HOST-EXTRINSIC FACTORS (EXPOSOME) u
.
MDA Pre-Cancer Atlas: Structure & Expertise
CD8 T cells Tissue-specific stromal Food and water contamination - -
CD4 T cells Metabolic and signaling pathways Chemical and industrial exposure Biospecimen Unit Characterization Unit
Bicolls TMB and epigenetic defects Household exposures (e.g., dust, mold) Ignacio Wistuba, MD Nicholas Navin, PhD Ken Chen, PhD
Treg cells Tumor microbiota Air pollution g 7
Your Disease-Site + e Single-Cell =
MDSCs Tumor endothelium of Eﬂvi,o UV radiation Working Group - Studies -3 — —]
N,
Neutrophils Neoantigens ¢ exposZ;e,”e/ Pets |
= 6 Informs strategy to
CAFs EVs prospectively interrogate PCA leverages APOLLO for PCA provides support for Application of PCA
2 pre-cancers standardized collection, state-of-the-art single-cell pipelines optimized for
\S.‘L Racial injustice processing and storing of transcriptomic and genomic identification and
C;’ 3 . histologically annotated, profiling of samples deconvolution of different
(o) Depression/anxiety high-quality, prospective cell populations
5 % p hologi d precursor lesions This enables study of rare
CTLA-4 polymorphism 0. sychological an cell populations engulfed by PCA pipeline incorporates
) o “‘/ﬂ mental stress PCA-supported Research normal stroma in the molecular, clinical and
HLA hetemngos'ty T ) - = Coordinators work with your pre-cancers pathological data
S Soc!oecono'rfuc disease-site team to identify
% inequalities and consent participants at

v

L e v dedicated clinics and to collect
» Sexual discrimination

clinical and pathological data

Immunosuppresive
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Antigen stimulation 3
-

Bariphacal i esll X s Investigators are also using novel approaches (spatial transcriptomics) in the interception
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stemic
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Siirgerios of endometrial cancer (thank you to Nanostring GeoMX, Pam Sharma, Jim Allison)
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Educardo Vilar Congratulations tc_) Dr._igaren Lu for her Melinda Yates PhD
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What is driving increased cancer and disease rates in younger individuals, and
how can we prevent it?

Could exposure to antibiotics and other factors Other factors contributing to cancer risk (and We know that microbes can contribute

that disrupt the microbiome be contributing to that impact the microbiome) include diet, to cancer development (such as HPV
higher rates of disease and cancer? And can we geography (“Z’NA), and physical inactivity and H. pylori). Can we study cancer
target the gut microbiome in cancer prevention? and stress — can we promote overall health and pre-malignant tissues to learn how

and reduce cancer risk by addressing these to prevent cancer altogether?
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Rates have fallen 62% in women offered the HPV jab between the
age of 14 and 16, and 34% for older teenagers
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These same factors are influencing other diseases, and we can work together to

make changes to promote overall health

Heart disease
Cancer

COVID-19
Unintentional injuries

Stroke

Chronic lower
respiratory diseases

Alzheimer disease

Diabetes

Influenza and
pneumonia

Kidney disease
1 1 1 1 1 1
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FIGURE 6 INCREASING CANCER RISK
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Research has identified numerous factors that their risk of cancer. Developing and implementing
increase an individual’s risk for developing cancer. additional public education and policy initiatives
By modifying behavior, individuals can eliminate could help further reduce the burden of cancers
or reduce many of these risks and thereby reduce related to preventable cancer risk factors.
Bolte et al, Gut 2021

American Association for Cancer Research (AACR) Cancer Progress Report 2020
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Can we monitor and modulate gut microbes, diet, and other
variables in cancer treatment, and to promote overall health?
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We can help address these issues on a global scale and also as individuals

The choices that we make every day have a tremendous impact on our
microbiome and on our physiology - and also on our planet



Conclusions and potential implications of these findings:

We have made significant progress in the treatment of melanoma and other cancers with the
use of multi-modality therapy, 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)

Multidisciplinary teams (involving patients, families, clinicians, basic & translational researchers,
foundations / funding bodies, pharma) are all key in advancing the field, and we can learn a lot
from each other to push the field forward faster

There is still a great deal to learn, but the future is bright
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Thank you for all that you do in this world...

Any questions?



