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Adoptive Therapy using CAR-Engineered T Cells

- Preconditoning regimens
- Route of administration

Key variables in adoptive transfer ]

- T-cell dosage
- Frequency of infusion

- Enriched memory subsets

Key variahles in T-cell isolation
- Unselected PBMC
- Defined CD4/CDS8 ratios

1. Leukapheresis and
T-cell enrichment

%

Stimulation = 2. Activate cells

&

in T-cell activaction
(OKT3)

Key variahles in T-cell expansion

- Cytokines, e.g. IL-2, -7, 15, -21

- Immune modulators, e.g. Wnt, AKT
- Ex-vivo culture and fold expansion

costimulation
ntigen-presenting cells

3. Engineer CAR T cells
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CD19-CAR T Cells for Relapsed B-Cell Lymphoma and Leukemia

Case Report:

61 yr; male

Relapsed high-grade B cell ymphoma
Lymphodepletion: Flu/Cy

CD19-28z CART cells (200M; Tn/mem)
Grade 2 CRS (1x toci); no neurotoxicity

Clinical Disease Cell Population
Trial

NCT
02051257 w/ auto-transplant
(MRD; low/neg
antigen)
NCT CD19+ B cell
02153580 Neoplasms
(Active disease)
NCT B-ALL
02146924 (Active disease)

Tn/mem

Tn/mem

Tem

Tn/mem

HIP Mo cut
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LT,

Pre-treatment

Cell Dose
(CAR+)

200M

200M

600M
200 M
200 M

CONFIDENTIAL
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Post CAR T cells: 28 days

Treated Patients Response
Rate

Pending
5 1 of 1 CR (4 Pending)
2 Pending
3 30% CR (1 of 3)
13 100% CR (13 of 13)
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Clinical Development of CAR T Cells
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The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Regression of Glioblastoma after Chimeric
Antigen Receptor T-Cell Therapy

Christine E. Brown, Ph.D., Darya Alizadeh, Ph.D., Renate Starr, M.S.,
Lihong Weng, M.D., Jamie R. Wagner, B.A., Araceli Naranjo, B.A.,
Julie R. Ostberg, Ph.D., M. Suzette Blanchard, Ph.D., Julie Kilpatrick, M.S.N.,
Jennifer Simpson, B.A., Anita Kurien, M.B.S., Saul J. Priceman, Ph.D.,
Xiuli Wang, M.D., Ph.D., Todd L. Harshbarger, M.D., Massimo D’Apuzzo, M.D.,

Julie A. Ressler, M.D., Michael C. Jensen, M.D., Michael E. Barish, Ph.D.,

Mike Chen, M.D., Ph.D., Jana Portnow, M.D., Stephen J. Forman, M.D.,
and Behnam Badie, M.D.
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CAR T Cell Therapies for Solid Tumors: Resistance Mechanisms

 Tumor antigen heterogeneity
— Multitargeted CAR T cell strategies: tandem CARs, universal, syn-notch
— Sparking endogenous anti-tumor immunity?

 Immunosuppressive tumor microenvironment (TME)
— Combination strategies: radiation therapy, chemotherapy, oncolytic viruses
— Intrinsic strategies: gene editing checkpoints, secreting ICB, targeting TGFb
— Preconditioning, routes of T cell administration, repeat infusions

Cityof
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T Cell Therapy at COH

- Glioma - Prostate - Leukemia — AML, ALL
- Brain Metastasis - Breast - Lymphoma

- Pancreatic - Multiple Myeloma

- Ovarian

- Liver

Hort



PSCA Expression in Prostate Cancer

* Prostate Stem Cell Antigen (PSCA) was
identified by Reiter et al. at UCLA in 1998

* Over-expressed in <60% of primary prostate
tumors and 80-100% of metastatic tumors

» Limited expression pattern in normal tissue,
making it an ideal target for CAR T cell therapy

Chung et al, Neoplasia 2019
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PSCA-41BB{ CAR T Cells Show Increased
Control of Disseminated Disease

Survival

0/8
0%
NSG

PSCA-CAR human 0/9

CD3+ T cells 0%

>
LAPC-9
(intratibial)

-4-1BB co-stimulation demonstrates
durable anti-tumor activity in patient-
derived PSCA+ PCa bone metastasis
xenograft model, compared with CD28
co-stimulation

Cityof
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Phase | Clinical Trials to Evaluate PSCA-BB{ CAR T Cells
in Solid Tumors

PSCA+ metastatic castration resistant prostate cancer
(Clinical PI: Tanya Dorff, MD, Research PIl: Saul Priceman, PhD) — Enrolling

PSCA+ metastatic pancreatic cancer — TBD
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Disease Staging and Correlatives

Table 1. CAR+ Cell Dose Schedule

Starting
Dose -1 Dose (a Dose Ob Dose 1 Dose 2
S0M 100M 100M +precond. | 300M +precond. | 600M + precond.

PSCA-CAR in mCRPC phase 1 trial

Prostate Cancer
Foundation
Curing Together.
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Immunologically “Hot” vs. “Cold” Tumors

ttHotJl
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Syngeneic Immunocompetent Cancer Mouse Model
“Safety and Efficacy”

- Generation of fully-murine CAR
construct in retrovirus

- Effective transduction and ex vivo
expansion of murine splenic T cells

Murad et al. Mol Ther 2021
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Requirement of Lymphodepleting Preconditioning for
Solid Tumor CAR T Cell Efficacy
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-Safe and effective CPA-preconditioning and PSCA-CAR T cell-mediated anti-tumor responses
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Lymphodepleting Preconditioning Promotes Endogenous and
CAR T Cell Infiltration to Solid Tumors
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-Tumor infiltration of T cells and PSCA-CAR T cell antitumor activity requires
CPA pre-conditioning

-CPA converts to immunologically “warm” tumors with increased CD11c+ DCs
and reduced CD206+ M2 macrophages
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Lymphodepleting Preconditioning Promotes Endogenous and
CAR T Cell Infiltration to Solid Tumors

Tumor cell WITHOUT Pre-conditioning WITH Pre-conditioning
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What are the most rational immunotherapy
combinations for CAR T cells?

d Cityof
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XXX Pathway Upregulation Following CAR T Cell Therapy

e Despite the benefits of CPA pre-conditioning, PSCA-mCAR T cells only achieve ~50% CR

 |n PSCA-mCART cell + CPA treatment groups, IPA analysis of enriched canonical pathway
reveals increased XXX signaling:

* Top Canonical Pathways

Mame p-value

XXX Pathway - 3.95E-06
XXX Signaling Pathway . 1.17E-05
XXX Activation Pathway . 3.63E-05
XXX Signaling . 1.57E-04
XXX Signaling and Preduction in . 2.84E-04

* Could combination of PSCA-CAR T cell + targeted XXX inhibition improve outcomes?

Cityof
Murad et al. Unpublished CONFIDENTIAL H 0) pe®




XXX Blockade Promotes CAR T Cell Efficacy
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What are the most rational immunotherapy
combinations for CAR T cells?

Oncolytic Viruses?

d Cityof
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Oncolytic Viruses (OV)

« Selectively infect and replicate in tumors,
causing direct killing or promoting
immunogenic cell death (ICD)

« |CD can induce tumor-associated antigen
release, recruitment of APCs, and elicit
adaptive antitumor immunity

« Engineer-able to express genes of interest
for tumor delivery

 T-VEC — FDA approved HSV-I expressing
GM-CSF for metastatic melanoma

« Challenges with using OV as a single
therapeutic reagent




Oncolytic Viruses Deliver CAR Targets and ‘Warm Up’ Solid Tumors

Oncolytic
Virus

d Cityof
Hope.
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Oncolytic Viruses Deliver CAR Targets to “Targetless” Solid Tumors

|
Vaccinia Oncolytic Virus P
CF33-(SE)hCD19t SE —SD1ot > I Vaccinia Virus
B cb1s

b Il Dparl
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CD19-CAR T Cells Kill OV19t-Infected Tumors
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-OV19t + CD19-CAR T cells show potent anti-tumor activity in vitro CityOf
Hope.

Park et al. Science Translational Medicine 2020



OV19t Drive CD19-CAR T cell Anti-Tumor Responses in Solid Tumors

Tumor injection OV19t  CAR T cells
DO D36 D46 Monitor tumor growth
a it 10M i.t. 5M Mock or b
pfu OV 19t CD19-CART cells No treatment Mock alone CAR alone
~ 6001 ; 6001 6001
.c. 400+ 400+ 400+
MDA-MB-468 ~200{ | 200- 200-
— E 1
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S 600+ O\:/ TCG"S é 0 T 1 T 1 0 LI | T 1 0 T T T 1
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- » :l 0<0.05 S 600~ N 600- 600+
S O T T T 1 E i i
£ 0 20 40 60 80 4001 1 4007 400-
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-Combination of OV carrying CD19t and CD19-CAR T cells promotes
tumor regression in xenograft model of TNBC
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OV19t Promotes Endogenous and CAR T Cell Tumor Infiltration

a Mock CAR OVmM19t+Mock OVm19t+CAR D p=00003
o T 800 § o CAR
(1]
S 6004 p=0.01 ® OVmM19t + Mock
3 — e OVMI9t+CAR
o :-’ 400+ Q '-l
S 8 o W
© S 200-
oK

-Combination of OV carrying CD19t and CD19-CAR T cells promotes .
endogenous cytotoxic T cells and CAR T cells, and memory T cell responses C|tyof
Hope.
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No treatment
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Vaccinia / DAPI

CD19-CAR T Cells Drive Intratumoral OV Spread
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-CD19-CAR T cells amplify viral spread in solid tumors
-CD19-CAR T cells do not amplify virus spread in normal tissues

Park et al. Science Translational Medicine 2020
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Where do we go from here?

 Lessons from phase 1 trials: reverse translation
— Prostate, brain metastasis, ovarian cancer, pancreatic cancer

« Overcoming tumor antigen escape / immunosuppression
— Do immunologically “warm” tumors following better engage endogenous immunity (ICB, CAR, etc)?
— What is the right combination approach?
— What is the optimal timing and duration of combination strategies for durable anti-tumor activity?
— What constitutes a responsive/non-responsive tumor to immunotherapy?
— Contribution of microbiome? Contribution of neuro-signaling?

Cityof
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