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Optimizing Sequencing: Targeting the Microbiome
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Microbiome in Renal Cell Carcinoma

Probiotic Supplemented Group
é Bifidobacterium-containing food supplement

(ActiviaTM)
Dose: 4 Oz serving twice daily

Patients with mRCC with planned treatment

with VEGF-TKIs
(n=30)

Randomization

Probiotic Restricted Group
Restriction of probiotic containing food or

supplement consumption
i.e.. yogurt, kefir
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Microbiome in Renal Cell Carcinoma
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Microbiome in Renal Cell Carcinoma
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A Triumvirate of Key Papers in Science (January 2018)
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Gut microbiome modulates response

to anti-PD-1 immunotherapy in
melanoma patients
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CANCIR IMWUNOTHERAPY
Gut microbiome influences efficacy of
PD-1-based immunotherapy against
epithelial tumors
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CANCER IMMUNOTHERAFY

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients
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Three papers linking gut
microbiome to outcome with PD-1
inhibitors.
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Papers in Science (January 2018)
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Microbiome in Renal Cell Carcinoma

N Enriched in patients PFS >3 mo
I Enriched in patients PFS <3 mo

CAGO1308, 666, unclassified Firmicutes G
CAGO0469, 1928, Eubacterium sp. CAG: 146 R
CAG00453, 1942, unclassified [N
CAG00B46, 1668, Alistipes I
GAGO0301, 3187, Akkermansia muciniphila
CAGO0363, 2056, Intestinimonas NG
CAG00084, 3310, unclassified
CAG001186, 2783, Bacteroides nordii [N
CAGO1090, 1026, unclassified Firmicutes NI
CAGO0945, 2321, Bacteroides xylanisolvens [N
CAG01262, 750, Blautia [
©AG01227, 815, unclassified IEEEG—
CAGO0871, 1362, Lachnospiraceae [N
00510, 1860, Alistipes NI

Il Enriched in R: Objective response (PR and SD)
I Enriched in NR: Objective response (PD or death)

Summary:
* 60 pts with NSCLC
* 40 pts with RCC

CAGO0301, 8187, Akkermansia muciniphila IR
CAG00453, 1942, unclassified [
CAGO1245, 780, Firmicutes NI

CAGO0469, 1928, Eubacterium sp. CAG:146
CAGO0871, 1362, Lachnospiraceae I
CAG01080, 1026, unclassified Firmicutes [
CAG00274, 2209, Erysipelotrichaceae bacterium 5_2_s54FAA [N
CAG00134, 2690, Cloacibacillus porcorum I
CAG00347, 2087, Enterococcus faecium NI
CAG003863, 2056, Intestinimonas [N
CAG01227, 815, unclassified NN
GAGO0821, 1461, unclassified Clostridiales IR
0646, 1668, Alistipes I

Baseline and serial stool collections after
checkpoint inhibitor initiated

Specific bacterial species associated with

CAGO

CAGO1223, 819, unclassified Firmicutes [
(CAGO0355, 2067, Bacteroides sp. CAG:661 N
CAG00328, 2113, Alistipes indistinctus RN

CAGO0966, 1209, Firmicutes bacterium CAG:552

response

CAG00391, 2019, unc\assmed Clostridiales | IR
CAGO0676, 1643, unclassi

CAG
GAGO0670, 1648, unclassified Firmicutes IEEEG—_—
CAGO00862, 1390, Firmicutes bacterium CAG:120 I
CAGO1245, 780, Firmicutes N
CAGO0676, 1643, unclassified Firmicutes IR
CAGO0604, 1714, Firmicutes bacterium CAG:110 I
CAGO0559, 1776, unclassified Glostridiales I

CAGO1200, 863, Clostridiales N

d Firmicutes IR
e

d Firmicutes

CAG00913, 1291, unclassified _

CAGO0854, 2572, Ruminococcaceae I
CAGO0629, 1684, Firmicutes bacterum CAG: 124 I
CAGO0317, 2130, Clostridium sp. CAG:230 =
CAGO0555, 1782, Flavonifractor [N

CAG01308, 666, unclas:
CAGO1112, 1008, unclassified Clostridiales

NN CAG01004, 1161, Prevotella

I CAGO0060, 1213, Clostridium sp. CAG:921

i hir , 1661, unclassified Fimicutes
Akkermansia E.hirae 13144 I CAGO0858, 1661, unclassified F
I CAGO0473, 1920, Prevotella sp. CAG617 CAG00391, 2019, unclassified Clostridiales IN—
3 = I CAG00308, 2153, unclassified CAG00049, 3561, Bacteroides caccae [INNENEG__
2100 p=0.032 & 100 p=0.044 I CAGO1161. 934, unclassified CAGO0695, 1618, unclassified Firmicutes NI
= - I CAGO0137, 2673, Clostridiales CAGD0994, 1171, unclassified Firmicutes I
g g I CAG00048_1, 1403, Clostridiales CAG01342, 613, unclassified Ruminococcaceas | IR
280 2 80 PR CAGO0008, 6646, Clostridium bolteae CAG00250, 2262, Ruminococcus sp. CAG:253
g 2 I CAGO00211, 2389, Firmicutes bacterium CAG:227 CAG00690, 1629, unclassified Clostridiales
B 2 M CAGO0168, 2534, Clostridiales bacterium VE202-14 CAGO0141, 2649, Parabacteroides distasonis
< ¢ 60 o 60 I CAGO1214, 832, Blautia CAGO0211, 2389, Fimicutes bacterium GAG:227
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Microbiome in Renal Cell Carcinoma

p<0.01

Summary: 100

121 pts with RCC

239 pts with NSCLC 80

Antibiotic use associated with inferior ~

outcome in pts receiving checkpoint % 60

inhibitors c

Similar trends in NSCLC and RCC pts E 40+

20
100 - Median PFS 100 Median OS

= No ATB: 7.4 mo No ATB: 30.0 mo
S ATB: 3.1 mo ATB: 234 mo
3 80 HR (95%,CI), 2.3 (1.2-4.4) g HR (95%,CI), 1.9 (0.8-4.7) 0
s p<0.01 = p=0.15
3 60 oS e ATB No ATB
o (S -
T a0 E2 40 h=22 n=99
§ 20 O 204
8 1] T T T T T 1 0 -CR -SD

@ w wm w4 B W PR W PD

22 9 4 3 1 0 0 ezl 15 5 2 1]

Months Months

Derosa L etal Ann Oncol 2018 (RCC Investigators: DeRosa, Albiges, Escudier) H gléé(g



Modulating the Microbiome: Fecal Microbiome Transplant (FMT)
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Modulating the Microbiome: Fecal Microbiome Transplant (FMT)

Primary progression on PD-1 inhibitor for
melanoma

Rechallenge with PD-1 inhibitor + FMT
from responder
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Davar et al Science 2021; Baruch et al Science 2020

Progression on PD-1 inhibitor for
melanoma

Rechallenge with PD-1 inhibitor + FMT
from responder

— Donor#1-group
-=- Donor#2-group

% Change in tumor size compared to baseline




Modulating the Microbiome: Fecal Microbiome Transplant (FMT)

Treatment naive advanced melanoma

PD-1 inhibitor + Healthy Donor FMT

® CR/PR
80 SD > 6 months
60 = PD

<= New lesion

Challenges to FMT

* Requires substantial resources/
infrastructure

» Challenging to ensure sourcing and
consistency of product

« Potential safety risks (e.g., pathogenic
transmission)

» Unknown what optimal FMT product
constitutes (e.g., healthy donor or
responder?)

Change from baseline by RESIST 1.1 (%)

Routy et al Nat Med 2023 H E{Ié}l:/)oef
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Modulating the Microbiome: Live Bacterial Products

Simple

w K ~(@

C. butyricum Bifidobacteria
Increased T-Cell
activation

Hagihara et al iScience 2020

Complicated

Gut microbiome
lic change Composition change \
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=AY, 4
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Modulating the Microbiome: Live Bacterial Products

Nivolumab/lpilimumab +/- CBM588

Metastatic renal cell carcinoma and:
Measurable me fic disease
ECOG performance status 0-1
No prior systemic therapy for metastatic
disease
Intermediate- or poor-risk disease by IMD
classification
No history of autoimmune disease

Nivolumab 3 ma/kg IV every 3 weeks x 4
+ [pilimumab 1 mag/kg IV every 3 weeks x 4
= Nivolumab 480 mg IV monthly
+

CBM-588 80 mg oral twice daily

2:1 Randomization

Nivolumab 3 ma/kg IV every 3 weeks x 4
e+ [pilimumab 1 mg/kg IV every 3 weeks x 4
= Nivolumab 480 mg IV monthly

Primary Endpoint: Change in Bifidobacterium spp from baseline fo
week 12

Secondary Endpoints: Change in Shannon index, progression-free
survival (PFS), response rate (RR) and toxicity

Statistical Analysis: With 30 patients (randomized 2:1), 0% power to
detect a 1-standard devialion change in specific Bif i
between study arms using a two-group t-test with a 1-sided type | emror
of 0.05.

Dizman et al Nature Medicine 2022

Metastatic renal cell carcinoma and:
+ Measurable metastatic disease
+ ECOG performance status 0-1

« No prior systemic therapy for metastatic
disease
Intermediate- or poor-risk disease by
IMDC classification
No history of autoimmune disease

Cabozantinib/Nivolumab +/- CBM588

Cabozantinib 40 mg oral daily +
Nivolumab 480 mg IV monthly
+

CBM-588 80 mg oral twice daily

2:1 Randomization

Cabozantinib 40 mg oral daily +
Nivolumab 480 mg [V monthly

Primary
week 12
Secondary Endpoints: Change in Shannon index, progression-free
survival (PFS), response rate (RR) and toxicity

Endpoint: Change in Bifi spp from baseline to

Statistical Analysis: With 30 patients (randomized 2:1), 80% power
to detecta 1-standard deviation change in specific Bifidiobacterium
spp between study arms using a two-group t-test with a 1-sidedtype |
error of 0.05.

Ebrahimi et al Nature Medicine 2024

K Cityof
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Modulating the Microbiome: Live Bacterial Products

Cabozantinib/Nivolumab +/- CBM588

Nivolumab/lpilimumab +/- CBM588

Dizman et al Nature Medicine 2022 Ebrahimi et al Nature Medicine 2024

H Cityof
Hope
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Modulating the Microbiome: Live Bacterial Products

Nivolumab/lpilimumab +/- CBM588

100 =
m- -
80 -

70

Cabozantinib/Nivolumab +/- CBM588

M Partial response Stable disease ] Progressive disease

100% -~

16%

21%
80 -

50

Response (%)

40 50%

Response (%)
o
Q
®

a0 -

20%

20 -

10

0 -
Nivolumab—ipilimumab with Nivolumab—ipilimumab
CBMSBB

Cabozantinib + nivolumab  Cabozantinib + nivolumab with CBM588

N Partial response Stable disease M Progressive disease (n=10) (n=19)

Dizman et al Nature Medicine 2022

Ebrahimi et al Nature Medicine 2024
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Modulating the Microbiome: Live Bacterial Products

SWOG Proposal: A Definitive Study Assessing CBM588

IO-based therapy + CBM588

Metastatic renal cell carcinoma and:
Measurable metastatic disease
ECOG performance status 0-1
No prior systemic therapy for metastatic
disease
No history of autoimmune disease

1:1 Randomization

I0-based therapy + placebo

Pls: Barata/Pal/Vaishampayan
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Ongoing Microbiome/RCC Studies at City of Hope

Nivolumab/Ipilimumab + CBM588

Camu-camu

Nivolumab/Ipilimumab

" T, Em Y & -y

Metastatic renal cell carcinoma and:
* Measurable metastatic disease

=
CBMS588 DL3

= ECOG performance status 0-1 Nivolumab/lIpilimumab
« No prior systemic therapy for metastatic +
disease CBM588 DL2
= Intermediate- or poor-risk disease by
IMDC classification Nivolumab/lpilimumab
= No history of autoimmune disease

Primary Endpoint: Safety of novel CBMS588 formulation
Secondary Endpoints: Change in Shannon index, progression-free Statistical Analysis: Classical 3+3 design
survival (PFS), response rate (RR) and toxicity

Pl: Alexander Chehrazi-Raffle, MD

MSKCC Integrative Medicine Website; Messaoudene et al Cancer Discovery 2022

Pl: Regina Barragan-Carrillo, MD
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Ongoing Microbiome/RCC Studies at City of Hope

Nivolumab/Ipilimumab + CBM588

Metastatic renal cell carcinoma and:
Measurable metastatic disease
ECOG performance status 0-1
No prior systemic therapy for metastatic
disease
Intermediate- or poor-risk disease by
IMDC classification
No history of autoimmune disease

Nivolumab/Ipilimumab
+

CBMS588 DL3
Nivolumab/lpilimumab
+
CBM588 DL2
Nivolumab/lpilimumab

+
CBM588 DL1

Nivolumab/Ipilimumab +/- Camu Camu

Metastatic renal cell carcinoma and:

+ Measurable metastatic disease
ECOG performance status 0-1
No prior systemic therapy for metastatic
disease
Intermediate- or poor-risk disease by
IMDC classification
No history of autoimmune disease

Nivolumab/Ipilimumab
+

Camu camu

2:1 Randomization

Nivolumab/Ipilimumab

Primary Endpoint: Safety of novel CBM588 formulation

Secondary Endpoints: Change in Shannon index, progression-free

survival (PFS), response rate (RR) and toxicity

Statistical Analysis: Classical 3+3 design

Primary E
week 12
Secondary Endpoeints: Change in Shannon index, progression-free
survival (PFS), response rate (RR) and toxicity

: Change in R is spp from baseline to

Statistical Analysis: With 30 patients (randomized 2:1), 80% power
to detect a 1-standard deviation change in specific Ruminococcus spp
between study arms using a two-group t-test with a 1-sided type |
error of 0.05

Pl: Alexander Chehrazi-Raffle, MD

Pl: Regina Barragan-Carrillo, MD
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On the Horizon: Oncobax AK

ATB +oPD-1 p=0.038

A 2007 ATB+Iso Ctrl
NaCl Akkermansia

o
S

RET
Tumor size (mm?)
=
o

5
Days after tumor inoculation

oPD-1 &
o.PD-1 Akkermansia

Routy et al Science 2017

U.S. National Library of Medicine

ClinicalTrials.gov

Find Studies ~ About Studies « Submit Studies « Resources v About Site ~ PRS Login

Home >  Search Results >  Study Record Detail

A Study of Oncobax®-AK in Patients With Advanced Solid Tumors

ClinicalTrials.gov Identifier: NCT05865730

[ save this study

The safety and scientific validity of this study is the

responsibility of the study sponsor and investigators. R-ecrunment FEIEG)- RERITS)

First Posted @ - May 19, 2023
May 19, 2023

Listing a study does not mean it has been evaluated by
A the U S_ Federal Government. Know the risks and

potential benefits of clinical studies and talk to your

health care provider before participating. Read our

See Contacts and Locations

disclaimer for details.
View this study on the modernized ClinicalTrials.gov

ed Cit
Hlogg
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On the Horizon: MB097 P ——

E — @ Bacteria identified by Microbiotica 800+ & ‘Vehicle
Green elevated, red reduced in responders
i & MBO97
s - . i
o 9 Lead Bacteria goo< & Ant-PD1

& Anti-PD1 + MBOS7

20

Significance (-log,, p value)
15

Tumour Volume (mm3|
L
[=]
T

" P e
= : .
- . .
- ! 200+
3 - o
= ) - |: - 0
= T i T T T ' y y
-0.2 0.0 0.2 0.4 0.6 0 10 20 30
Effect Size (-log, fold change) Days Post-Implantation

Corrie etal ESMO 2022 -:| a: ggéoef



Other Interesting Data: Interplay of Diet?

IMMUNOTHERAPY
A Overall schema for current study: to assess gut microbiota
Dletary fiber and pl‘ObIOtICS influence the gut profiles, dietary habits and prol%otic use witg outcomes in
. . . melanoma patients
microbiome and melanoma immunotherapy response L ST TEEaETEE
(n=438) associated with response

Christine N. Spencer*{, Jennifer L. McQuade®{, Vancheswaran Gopalakrishnan'1, to ICB and other therapies
John A. McCulloch®$, Marie Vetizou®t, Alexandria P. Cogdill*+9, Md A. Wadud Khan', Xiaotao Zhang®,
Michael G. White®, Christine B. Peterson®, Matthew C. Wong, Golnaz Morad®, Theresa Rodgers?,
Jonathan H. Badger®, Beth A. Helmink'#, Miles C. Andrews"’, Richard R. Rodrigues® Andrey Morgun®,
Young S. Kim'®, Jason Roszik?, Kristi L. Hoffman™, Jiali Zheng®**, Yifan Zhou®*, Yusra B. Medik®,
Laura M. Kahn*'2, Sarah Johnson®, Courtney W. Hudgens'®, Khalida Wani'®, Pierre-Olivier Gaudreau®,
Angela L. Harris'>, Mohamed A. Jamal'®, Erez N. Baruch®, Eva Perez-Guijarro'®, Chi-Ping Day'?,
Glenn Merlino®, Barbara Pazdrak®, Brooke S. Lochmann?, Robert A. Szczepaniak-Sloane?,

Reetakshi Arora®, Jaime Anderson?, Chrystia M. Zobniw?, Eliza Posada?, Elizabeth Sirmans?,

Julie Simon®, Lauren E. Haydu®, Elizabeth M. Burton®, Linghua Wang'®, Minghao Dang'®,

Karen Clise-Dwyer'>2°, Sarah Schneider'®, Thomas Chapman', Nana-Ama A. S. Anang?,

Sheila Duncan’, Joseph Toker™%, Jared C. Malke', Isabella C. Glitza%, Rodabe N. Amaria?,

Hussein A. TawbiZ, Adi Diab?, Michael K. Wong?, Sapna P. Patel?, Scott E. Woodman?,

Michael A. Davies?, Merrick I. Ross, Jeffrey E. Gershenwald’, Jeffrey E. Lee', Patrick Hwu?t1,

(n=293)

®
)

Vanessa Jensen??, Yardena Samuels??, Ravid Straussman??, Nadim J. Ajami®®, Kelly C. Nelson®®, Determine associations of dietary habits/

Luigi Nezi?®, Joseph F. Petrosino®, P. Andrew Futreal'®, Alexander J. Lazar'?'%%, Jianhua Hu®, probiotic use with response to ICB (n=128/1 58)

Robert R. Jenq'®2°, Michael T. Tetzlaff*°, Yan Yan™, Wendy S. Garrett®?, Curtis Huttenhower®-3%3433, p

Padmanee Sharma®35", Stephanie S. Watowich®, James P. Allison**’, Lorenzo Cohen®®1t, J -9 #

Giorgio Trinchieri®*11, Carrie R. Daniel®*11, Jennifer A. Wargo™*11

_ o Cityof
Spencer et al Science 2021 Hope



Other Interesting Data: Interplay of Diet?

Table 1. Associations of baseline probiotic supplement use and dietary fiber intake in late-stage melanoma patients treated with ICB and followed
for tumor response and progression-free survival. Dashes indicate not applicable. HR, hazard ratio; Cl, confidence interval; OR, odds ratio; N/R, not
reached; ref, referent group.

Progression-free survival Odds of response to ICB
Comparison
Events Median months HR* 95%Cl  Pvaluef Respondern (%) OR* 95%Cl P valuet
_ Probiotic supplement use .
No 109 56 23 1.00 ref - 74 (68%) 1.00 ref =
Yes 49 29 17 130 082, 2.07 027 29 (59%) 079 037,166 0.52
Dietary fiber intake
Per 5 g/day increase = = - 071 052,098 004 = 170 0.97, 3.00 0.06
Insufficient 91 57 13 1.00 ref - 55 (60%) 1.00 ref -
Sufficient 37 16 N/R 059 033,104 007 28 (76%) 220 036,561 0.10
Dietary fiber intake + probiotic supplement use
Total 123 72 - = = - 63% = - =
Sufficient fiber + no probiotics 22 8 N/R 044 0.21,092 003 18 (82%) 2.94  0.87,9.94 0.08
Othert 101 64 13 1.00 ref = 60 (59%) 1.00 ref =
*HR and 95% Cl estimated using Cox proportional hazards regression. OR and 95% Cl estimated using logistic regression. All models include multivariable adjustment for subtype, stage, lactate
dehydrogenase level, and BML. 1P value by Wald test. 10ther category includes patients who either reported insufficient fiber intake or probiotic use.
i o Cityof
Spencer et al Science 2021 H Ho pe



Other Interesting Data: Interplay of Diet?

o
o
o

0.50

0.25

Survival probability

0.00

Dietary Fiber Intake
B sufficient
Insufficient
p = 0.047
0 20 40 60
Time (months)
Number at risk
37(29%) 15 8 0
21(71%) 33 7 1

Spencer et al Science 2021

o)
-
[
o

—

0.75

Dietary Fiber Intake and Probiotic Use

0.50

0.25

Survival probability

:‘z‘-r,__‘L

[

0.00 { p=0.11; a vs. b p=0.015

0 20 40 60
Time (months)
Number at risk
22 (18%) 13 6 1
65 (53%) 22 5 0
12 (10%) 1 1 0
24 (19%) 9 3 0

. Sufficient fiber,
no Probiotics

. Insufficient fiber,
no Probiotics

. Sufficient fiber,
Probiotics

Insufficient fiber,
m Probiotics
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Other Interesting Data: How Do We Assess Diet?

Notably, all 26 items corresponding to foods or food groups assessed in the NCI-DSQ contribute
to the derivation of dietary fiber and calcium intake; thus, patients with 2 or more missing
responses to any query on the DSQ were excluded (n=38), while imputation by mode was applied
for 4 patients with only 1 missing response. The threshold of 20 grams per day used to define
“sufficient” versus “insufficient” dietary fiber intake (and other categorical dietary variables) was

selected based on the statistical distribution within our cohort (Fig. S10).

While the NCI-DSQ was validated against 24-hour recalls (/7), it is not a measure of an
mdividual’s absolute or true intake. For example, portion size is estimated using national survey
data, not individual level data. Thus, to define sufficient vs. insufficient fiber intake categories our
approach was informed by the NCI-DSQ evaluation and validation work by Thompson ef al. in
comparison to 24-hour recalls within a nationally representative sample (NHANES). Given that
so few meet the U.S. dietary guidelines (i.e., ~14 g per 1,000 kcal daily based on sex, age and
energy needs), these recommended levels are often 1n the lower or upper tails of the distribution
of actual intake in a population. Similarly, we considered threshold values in the top quartile (25™®

~ard

percentile) or tertile (33" percentile) of estimated usual intake to provide more accurate
classifications when using the DSQ (/7). As this threshold met by ~30% of our patients is not a
specific recommendation, the value of 20 g/day should not be over-mterpreted. Results are also
presented in the context of an incremental 5 g/day increase with patient outcomes; a unit change

that was informed by the standard deviation or sigma (Fig. S10).

Spencer et al Science 2021
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Hope



Other Interesting Data: The definition of a healthy gut?

Cell P

CellPress

Volume 187, Issue 13, 20 June 2024, Pages 3373-3389.¢16

Article

Custom scoring based on ecological
topology of gut microbiota associated with
cancer immunotherapy outcome

Lisa Derosa®?*#% %% 0 g, Valerio Iebba ' * **, Carolina Alves Costa Silva ' 2%,

Gignmarco Piccinno %, Guojun Wu 7 # %, Leonardo Lordello ' %, Bertrand Routy *° %, Naisi Zhao *2,
t122

Cassandra Thelemagque * %, Roxanne Bireben , Federica Marmorino 2 *4, Marine Fidelle 123,

Meriem Messaoudene ', Andrew Maltez Thomas ®, Gerard Zalcman %, Sylvie Friard %%,

Julien Mazieres ¥, Clarisse Audigier-Valette ¥, Denis Moro- Sibilot '%, Francois Goldwasser

- 12344
Laurence Zitvogel 5=

Derosa et al Cell 2024

Immunotherapy

202122

Species interacting groups (SIGs)

SIG1
37 unfavorable bacteria

e

NSCLC
(n=245)

-

Shotgun metagenomics
sequencing (MGS)

SIG2

45 favorable bacteria
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Other Interesting Data: The definition of a healthy gut?

Immunotherapy

I NSCLC
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RCC
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Derosa et al Cell 2024
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