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Disclosures

* Patents regarding the intestinal microbiome in relation to CAR T cell
therapy

* Advisory Board: A28 Therapeutics

e Consultancy: CVS Caremark
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Objectives

* The role of the intestinal microbiome in outcomes
following allogeneic hematopoietic cell transplantation
(allo-HCT) or chimeric antigen receptor (CAR) T cell
therapy

* The impact of allo-HCT and CAR T cell therapy on the
iIntestinal microbiome

* Interventions, including diet and lifestyle changes, that
promote a healthy microbiome
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Objectives

 The role of the intestinal microbiome in outcomes
following allo-HCT or CAR T cell therapy
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Cancer Immunotherapy

Radar Detection of the Immune System
F—*—

Adesayjounwiwii
laouen

Cancer

Cancer immunotherapy is a class of cancer treatments that enhance the immune
system’s ability to fight cancer
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Cancer Immunotherapy

| Allogeneic hematopoietic cell transplant (allo-HCT) |

| Immune Checkpoint Blockade (anti-PD-1, anti-CTLA-4) |

| Adoptive cellular therapy (CAR and TCR) |

CAR: chimeric antigen receptor
TCR: T cell receptor
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Cancer Immunotherapy

| Allogeneic hematopoietic cell transplant (allo-HCT) |

Immune Checkpoint Blockade (anti-PD-1, anti-CTLA-4)

Adoptive cellular therapy (CAR and TCR)
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Allo-HCT for Blood Cancers
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Shono Y and van den Brink RM. Nat Rev Cancer 2018
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Conventional allo-HCT

Recipient receives all the
cells from the transplant
donor

No removal of specific
cells, such as T cells

Rate of acute graft-versus-
host disease (GVHD)
ranges from 40-60%
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MEDICINE



Relapse and GVHD following Allo-HCT

Mortality 1-year post-allo-HCT
1% 1%

1%

1% ]

* Relapse and GVHD are the
leading causes of death
following allo-HCT

* Much of allo-HCT research
focuses on strategies to:

1. enhance graft-versus-leukemia

m Primary Disease = Graft Rejection

GVHD = [nfection /1

Organ Failure Malignancy Subsequent to HCT (GVL) aCtIVIty and
= Hemorrhage = Other L
= Unknown 2. mitigate GVHD

CIBMTR summary 2020
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Cancer Immunotherapy

Allogeneic hematopoietic cell transplant (allo-HCT)

Immune Checkpoint Blockade (anti-PD-1, anti-CTLA-4)

Adoptive cellular therapy (CAR and TCR) |

CAR: chimeric antigen receptor
TCR: T cell receptor
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The Chimera in Greek Mythology

B

Chimera was a fire-breathing
hybrid creature consisting of —

* The head and body of a lion,

* The head of a goat protruding

from its back,

 Atail that might end with a

shake's head
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Credit: Musée du Louvre

Chimeric Antigen Receptor
(CAR)

F

The CAR receptor is often
introduced into the T cell using
viral technology.

The portion of the receptor
outside the cells binds to the
antigen, which is a marker on
the tumor.



Five CD19 CAR T-cell Constructs Approved by

the FDA

Axicabtagene ciloleucel Brexucabtagene Tisagenlecleucel Lisocabtagene maraleucel
(aka Axi-cel; Yescarta) autoleucel (aka Tiso-cel;Kymriah) (aka Liso-cel;Breyanzi)
LBCL/FL (aka Brexu-cel, Tecartus) B-ALL, LBCL LBCL, FL, DLBCL
MCL, B-ALL

FMCe63 FMC63 FMC63
® 00000000 00000000 0000000 00000000 000000000

CD28 CD8a CD28
® 0000000 00000000 0000000 00000000 0000000

CD28 4-1bb 4-1bb

Cb3¢ CD3 CD3C
Retrovirus Lentivirus Lentivirus

Indications include NHL and B-ALL

Adapted from van der Stegen, SJ et al. Nat Rev Drug Discov 2015
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Obecabtagene autoleucel
(aka Obe-cel; Aucatzyl)

B-ALL

CD37

Lentivirus

Stanford
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Advancements in CAR T Cell Therapy for
Hematologic Malignancies

* CART cells have revolutionized the treatment of patients with relapsed or
refractory hematologic malignancies

« Seven CAR T cell products targeting CD19 or BCMA are FDA approved for B-
cell malignancies and multiple myeloma, respectively

Two patients declared 'cured’ of
leukemia, a decade after innovative
treatment that has transformed
blood cancer care

Karen Weintraub
USA TODAY
Published 12:31 p.m. ET Feb. 2,

F 2022 | Updated 3:39 p.m. ET Feb. 3, 2022

Credit: Emily Whitehead Foundation
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Limitations of CAR T cell Therapy

Disease relapse

0.251 - L.

Probability of Progression-free Survival

T T T T T 1

0 12 24 36 48 60 72
Months

No. at Risk 24 10 9 5 5 3 0

Up to 60% of CAR T cell recipients
experience disease relapse

Chong, E. et al. NEJM 2021
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CRS and ICANS

CAR T cell infusion

v

\/_\:AR T cell expansion

Days I I )

CRS

Up to 80% of patients experience CAR-
mediated toxicities — CRS or ICANS

Santomasso, B. et al. Am Soc Clin Oncol Educ
Book 2019

Stanford
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Advancements in Cellular Therapies for
Hematologic Malignancies

* Given these limitations of cell therapies, we are
iInvestigating ways to improve patient outcomes.

* One approach we are focusing on is whether endogenous
factors — factors within the host — alter patient response.

* One of these endogenous factors that we are interrogating
Is the impact of the intestinal microbiome.
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What IS the Intestinal Microbiome?

The microorganisms that live in the
human body, including —

e Bacteria
* Viruses
* Funagi

Interesting Facts
& ° 10" microbes per person
THE HUMAN ¥ °* Makes up 3% of the human body

June 2012 * 99% of microbes reside in the Gl tract
A BMT INFONET Stanford
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Cancer Immunotherapy

| Allogeneic hematopoietic cell transplant (allo-HCT) |

| Immune Checkpoint Blockade (anti-PD-1, anti-CTLA-4) |

| Adoptive cellular therapy (CAR and TCR) |

Allo-HCT: Taur Y, et al. Blood 2014; Jenq R, et al. BBMT 2015; Peled J, et al. NEJM 2020 Immune
Checkpoint Blockade: Vétizou M, et al. Science 2015; Gopalakrishnan V, et al Science 2018; Matson V,
et al. Science 2018; Routy B, et al. Science 2020
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Summary |: Cancer Immunotherapy and the
Intestinal Microbiome
 Cancer immunotherapies are a class of cancer treatment that enable

the immune system to target cancer that may have otherwise gone
undetected by the immune system.

* Allo-HCT and CAR T cell therapy are cancer immunotherapies that
offer key therapeutic options for patients with blood cancers.

* The intestinal microbiome, which consists of the bacteria, viruses, and
fungi in the host, has been implicated in the patient’s response to
these therapies.
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Objectives

* The impact of allo-HCT and CAR T cell therapy on the
iIntestinal microbiome
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The Intestinal Microbiome: HCT and CAR T cells
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Antibiotics Induce Dysbiosis and Impair Cellular Therapy Outcomes

Hematopoetic Cell Transplant CAR-T Cell Therapy
¢ Increased mortality due to acute o Decreased progression free and overall
gastrointestinal graft-versus-host survival
disease (GVHD) * Increased immune effector cell-
* Increased antibiotic resistance associated neurotoxicity syndrome
(ICANS; neurotoxicity)

% BMT INFONET Darwin A, Xie J, and Smith M, Blood Adv 2025 E I\SlltEaDr}Ecl)ECl!



High Microbiota Diversity Predicts Survival and Protection from

Acute GVHD

Overall Survival

sampled within 7 days post-engraftment
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Taur, et al. Blood 2014, n = 80
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Cumulative incidence (%)

Lethal GVHD

Inverse Simpson diversity index
and GVHD-related mortality
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Antibiotics and Cellular Therapy

* Exposure to various medications has a differential impact on the
intestinal microbiome (Nguyen CL, et al. Cell 2023).

* |n particular, antibiotics disrupt the intestinal microbiome, a condition
referred to as dysbiosis.

* Antibiotics, especially those aimed at obligate anaerobes
(microorganisms that can’t survive in the presence of oxygen), greatly
impact these beneficial gut bacteria that play a crucial role in
maintaining health.

* Obligate anaerobes play a crucial role in the immune response.

* Anaerobe-targeting antibiotics have also been linked to the responses
to cellular therapy.
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‘ MEDICINE



Anaerobic-targeting Antibiotics are Associated with
Decreased Survival and GVHD Mortality

Overall survival GVHD-related mortality
100 25-
*P =0.029

Q 75 201

Sg P =0.87 15.
8 50 —-“s-__,._.z

g, 104

25- 5.

0 L \J ! 0 T T 1
0 20 40 60 0 20 40 60
Months after HSCT Months after HSCT
— Received imipenem-cilastatin or — Received aztreonam or -~ Not treated for neutropenic fever (n = 474)
piperacillin-tazobactam first-line (n = 306) cefepime first-line (n = 77)
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Anaerobic-targeting Antibiotics (PIM) Before CAR-T Infusion
are Associated with Decreased Survival

Combined
Malignancies:
B-ALL, NHL

& BMTINFONET
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Smith, M. et al. Nat Med 2022 E Stanford



A Non-anaerobic-targeting Antibiotic (Cefepime) Before
CAR-T Infusion is not Associated with Decreased Survival

Exposure to Cefepime

None/Other P-I-M
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Anaerobic Antibiotic Exposure Before CAR-T Infusion is
Associated with Decreased Survival

— No antibiotics
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Stein-Thoeringer, C et al. Nat Med 2023
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Anaerobic Antibiotic Exposure Before CAR-T Infusion is
Associated with Increased ICANS

CRS ICANS
100 — Yes == No Cytokine release syndrome (CRS) Neurotoxicity (ICANS)
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The Intestinal Microbiome Is Associated with
the Outcomes of CAR T cell Therapy

Pre-infusion samples

Low Ruminococcus abundance Day 100 CR
High Ruminoccocus abundance Nomm mmYes
Day 100 CR P 60 Peptidoglycan bios)ynth,esis
@ i , IV, E. faecium
F. prausnitzii o CMP-legionaminate
P > 40 : : biosyntt?esis I
R. bromii a ! ! Pre QO biosynthesis
I T T _g 20 I I B
0.0 25 5.0 o : I : 3-2-10 1 2 3
LDA Score (log10) 0 L R LDA Score (log10)

000 025 050 075 1.00
Predicted probablity of Day 100 CR

Specific bacteria and their metabolites (the compounds they produce)
have been linked to how well patients respond to CAR T cell therapy.

MEDICINE
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Summary ll: Antibiotics and Cellular Therapy

* Anaerobic-targeting antibiotic exposure during allo-HCT is associated
with decreased survival and increased GVHD mortality.

* Exposure to anaerobic-targeting antibiotics in the weeks preceding
CAR T cell therapy is linked to decreased survival and increased
neurotoxicity.

* This data provides potential insights regarding antibiotic stewardship
for clinicians caring for CAR-T and allo-HCT patients.

* Ongoing studies are investigating the mechanisms behind these
antibiotic associations.
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Objectives

* Interventions, including diet and lifestyle changes, that
promote a healthy microbiome
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Cancer Immunotherapy: Probiotics and High-Fiber Diet

>
>
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Impact of Dietary Intervention
on the Intestinal Microbiome

vVersus

36 adults were randomly assigned to a 10-week diet high in fiber
versus fermented foods.

33 BMT INFONET Wastyk, HC. et al. Cell 2021. p Stanford
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Fermented Diet Increased Microbiome Diversity

& BMTINFONET

More Than a High Fiber Diet

High fiber diet

High fermented food diet

T Increased microbiome function
(CAZymes, SCFA,s)
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Wastyk, HC. et al. Cell 2021.
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Summary lll: Interventions

* There is limited data on dietary interventions and cancer
Immunotherapy.

* However, extrapolation from other studies suggests that a
diet in both fermented and high fiber foods promotes a
healthy intestinal microbiome.

* There is no evidence to support the use of probiotics to
Improve the microbiome or clinical outcomes in this
setting.
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Questions?

Melody Smith, MD, MS
Stanford Medicine
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Let Us Know How We Can Help You

Visit our website: bmtinfonet.org
Email us: help@bmtinfonet.org

Phone: 888-597-7674 or 847-433-3313
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