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Safety Data from a First-in-Human Phase 1 Trial of NKG2D Chimeric Antigen Receptor-T Cells in AML/MDS and Multiple Myeloma
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Abstract

Introduction: Conventional CAR-T cells in current clinical trials express a single chain
antibody variable fragment that restricts recognition to one tumor antigen and a limited
set of cancers. This study employs a novel CAR fusing full-length human NKG2D with t
CD3z signaling domain which receives endogenous costimulation via DAP10 to target
multiple NKG2D-ligands that are upregulated in solid and hematologic malignancies.
Methods: A phase 1 dose-escalation study was conducted to establish safety and
feasibility of a single infusion of CM-CS1 T cells without lymphodepleting conditioning
enrolled subjects with AML/MDS-RAEB or relapsed/refractory progressive multiple
myeloma (MM) without standard therapy options (NCT02203825). Dose-escalation

spanned 4 cohorts [half-log increments from 1x10° to 3x107 CM-CS1 T cells] according to

a 3+3 design.
Results: From April 2015 through July 2016, 11 subjects were infused, and 10

completed the DLT period. Eight of 11 were male, 6 had AML/MDS, and median age was

70 (range 44 to 79) (Panel A). Median percentage of blasts in bone marrow for
AML/MDS patients was 50% (range 4-68%). All myeloma patients had undergone > 5
therapies including >1 autologous SCT.

Dose-escalation proceeded from 1x100 to 3x107 CM-CS1 T cells, dosed on viable T cells

The first 10 subjects have completed their 28 day evaluation period without DLTs. There

have been no cases of cytokine release syndrome, cell-related neurotoxicity, auto-
immunity, or CAR T-related death.

At these initial cell doses, no patient to date has had an objective tumor response at the

28 day evaluation mark., cases of unexpected survival without further therapy and
responses to subsequent treatments were noted in both AML and MM patients. As

anticipated, no CAR T cell persistence has been detected at or beyond 2 weeks, with one

exception. CAR T cell DNA has been detected sporadically from 1 hour to 1 week after
infusion.
Conclusion: In the first 3+ dose-escalation cohorts of patients with AML/MDS and

myeloma, a single dose of CM-CS1 T cells without lymphodepletion was feasible and well-

tolerated, with no DLTs. CAR T cells generally have not persisted beyond 1 week,

consistent with pre-clinical models. Future studies of multiple infusions of NKG2D CAR T

cells in both hematologic malignancies and solid tumors at the higher cell doses
associated with efficacy in pre-clinical models are in planning.

Basic CM-CS1 CAR Construct

he COOH-

EC TM| Cyto

CD3C Cyto-rev NH2

Background

* Pre-clinical and clinical observations emphasize the role of NKG2D-expressing
cells in immune surveillance against tumor growth. !

« NKG2D is an activating receptor expressed on natural killer and other cells as
a homodimer in association with the natural adaptive protein DAP10, which
provides control over surface expression and provides a co-stimulatory signal

analogous to that of CD28.3 _ Cohort 1
- Killing activity by NK and CD8+ T cells through the 6-protein receptor complex }‘%
is dependent on NKG2D ligand expression and independent of inhibitory @ conort2
signaling. S

: : : QO Cohort 3
 NKG2D ligands consist of MHC Class I-related proteins MIC-A, MIC-B and .
various UL16 binding proteins (ULBPs 1-6), also called RAET1 proteins. -
*NKG2D ligands are found on lymphomas, leukemias, myelomas, melanomas, Cohort 4

ovarian cancers and many other malignancies but protein expression is absent
or minor in healthy tissues. A given tumor cell may express multiple NKG2D
ligands.

« In murine models of leukemia, myeloma, colorectal cancer, melanoma, and
ovarian cancer, adoptive therapy with T cells expressing an NKG2D CAR
construct led to complete remissions.*

*NKG2D CAR-T cells target and eliminate immunosuppressive regulatory T cells
and myeloid-derived suppressor cells, activate macrophages within the tumor
microenvironment, and target tumor vasculature endothelaial cells.

‘NKG2D CAR-T cell therapy, in pre-clinical models, induces durable CD4+ and
CD8+ T-cell memory against tumor antigens capable of protecting against
tumor re-challenge, despite relatively short-term circulation of CAR-T cells
themselves.
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Pre-clinical Efficacy Demographics (n=11)
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Phase 1 Dose-Escalation Trial— Single Infusion

#patients

1x10° CM-CS1 T cells

3-6

3x10° CM-CS1 T cells

3-6

1x107 CM-CS1 T cells

3-6

Follow-up/Research studies

3x/week until day 21

Monthly x 5 months

At 6 months
At 9 months

At 12 months
At 15 months

At 24 months

At least 1 pt from each disease group at each dose level

Inclusion Criteria

 Histologically confirmed AML, MDS-RAEB not in
remission and without reasonable standard treatment
options

« Relapsed or relapsed/refractory multiple myeloma
with progressive disease

 Suitable organ function

Exclusion Criteria

« Chemotherapy or radiotherapy within 3 weeks prior to
infusion

« Active infections, autoimmune disease or CNS
involvement

 Prior T-cell, allogeneic stem-cell, or gene-modified
cellular therapy

Objectives

* Primary - Safety and feasibility

« Secondary — Progression-free survival and clinical
anti-tumor effect

DLTs

« > Gr 3 non-hematologic toxicity or > Gr 2
autoimmune toxicity related to CAR T cells

« Up to 15 years of gene-therapy safety monitoring
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cytogenetics; 3 with mutated p53; 1 with FLT3-ITD

Safety Data (n=10)

AML/MDS patients: 4 with secondary disease;; 3 with complex

All AEs UNRELATED to NKG2D CAR Therapy. No DLTs.
* No infusion reactions

* No cases of cytokine release syndrome, CM-CS1-related neurotoxicity, auto-immunity

or CAR T-related death. Both Grade 4 SAEs 2/2 disease progression

* No replication competent

retrovirus identified

AE monitoring Grade 3 (40%)

Grade 4 (20%)

» As anticipated, no vector |1otal incidence, 4 2

detected at or beyond 2
weeks, with 1 exception

« CAR T cell DNA has been

1 — Parainfluenza
1- elevated LFTs

2- Anemia

Cohort 1 (n=3)

1-Neutropenia,

thombocytopenia

Product Characterization (n=11)

 All 11 manufacturing runs to date passed all release criteria
« 5 subjects had cells manufactured from whole blood; 6 underwent
apheresis

NKG2D CM-CS1 CD8+ Cells KG2D CM-CS1 CD4+ Cells
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NKG2D Expression

Characteristic Median (n=11)

1.46 x 1018
Cohort 1 7.38x1015
Cohort 2 2.15x1076
Cohort 3 6.92x1076
Cohort 4 2.49x10™N7

Range

CM-CS1 T cell harvested 0.72-16.2 x 10"8
Cohort 1 7.35-7.95
Cohort 2 1.64-2.67
Cohort 3 6.31-7.54

Cohort 4 2.28-2.70

# NKG2D CAR/ transduced T

cells received

% NKG2D CAR on CD8+ cells 63.3% 15.3%-86.7%
% NKG2D CAR on CD3+ cells 74.6% 54.7-90.5%
CD8+ T cell % in product 31.0% 5.4-88.4%
VCN in product (NKG2D CAR

0.68 0.37-1.86

copies/0.1ug DNA)

Cohort 1 7.38x10/5
Cohort 2 2.15x1076
Cohort 3 6.92x1076
Cohort 4 2.49x10™N7

Cohort 1 7.35-7.95
Cohort 2 1.64-2.67
Cohort 3 6.31-7.54
Cohort 4 2.28-2.70

# NKG2D CAR/ transduced T

cells received

RPMI 8666
IFNy secretion 3578 70-8105
_ MM line
in coculture P815 ligand
(n=6), pg/mL 32 0-66
negative line

Potential Future Steps

detected sporadically
1 hour to 1 week after
infusion

1 — Influenza A
Cohort 2 (n=3) 1- Cord Compression |0

1- Thromboembolism

9 initiated subsequent
therapy

Cohort 3 (n=3) 1 — Febrile neutropenia

1. Intracochlear bleed

Cohort 4 (n=1) 0 0

* 4 deaths 2/2 disease

No objective tumor responses although unexpected longevity of few patients seen

Conclusions

Correlative Immunobiology Objectives

 Detailed CM-CS1 composition, persistence, trafficking and bioactivity
« Impact on endogenous milieu

« Levels of soluble NKG2D-ligands and tumor ligand expression
Subsequent Clinical Trials

« Hematologic and solid tumor malignancies

« Higher NKG2D CAR T cell doses and multiple infusions
 Introduction of lymphodepleting chemotherapy

 In the first 3+ cohorts of AML/MDS and MM patients, a single dose of CM-

CS1 NKG2D CAR T cells without lymphodepletion was feasible to
manufacture and well tolerated.

« CAR T cells have generally not persisted beyond 1 week, consistent with

pre-clinical models.

« This study paves the way for safety studies of multiple infusions and/or

higher doses of NKG2D-ligand directed cells in multiple malignancies
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