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Forward-Looking Statements

This presentation contains "forward-looking statements" within the meaning of the Private Securities Litigation Reform Act of 1995, 

including statements regarding the Company's research and development activities and its progress, plans and timelines for its 

manufacture, preclinical development and clinical investigation of its product candidates, the timing for the Company’s receipt of data 

from its clinical trials and preclinical studies, the Company’s clinical development and regulatory strategy, and the therapeutic and 

market potential of the Company’s product candidates. These and any other forward-looking statements in this presentation are based 

on management's current expectations of future events and are subject to a number of risks and uncertainties that could cause actual 

results to differ materially and adversely from those set forth in or implied by such forward-looking statements. These risks and 

uncertainties include, but are not limited to, the risk that results observed in prior studies of its product candidates will not be observed in 

ongoing or future studies involving these product candidates, the risk of a delay in the initiation of, or in the enrollment or evaluation of 

subjects in, any clinical studies, and the risk that the Company may cease or delay manufacture, or preclinical or clinical development, 

of any of its product candidates for a variety of reasons (including regulatory requirements, difficulties in manufacturing or supplying the 

Company's product candidates, and any adverse events or other negative results that may be observed during preclinical or clinical 

development). These statements are also subject to other risks and uncertainties as further detailed in the Company's most recently 

filed periodic report, and subsequent periodic reports filed by the Company, under the Securities Exchange Act of 1934, as amended, 

any of which could cause actual results to differ materially from those contained in or implied by the forward-looking statements in this 

presentation. The Company is providing the information in this presentation as of the date hereof and does not undertake any obligation 

to update any forward-looking statements contained in this presentation unless required by applicable law.
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2019 – A Break-through Year for the FATE iPSC Product Platform

Feb 2019 – First-ever Patient Treated with an iPSC-

derived Cell Therapy in U.S.

From left: Sandip Patel, MD; Dan Kaufman, MD, PhD; Derek Ruff

FT500
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2019 – A Break-through Year for the FATE iPSC Product Platform

Oct 2019 – First-ever Patients Treated with Cell Therapy 

derived from a Clonal Master Engineered iPSC Line
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2019 – A Break-through Year for the FATE iPSC Product Platform

Sept 2019 – Secured FDA Clearance of IND Application for First-ever Cell 

Therapy Engineered with Three Anti-Tumor Modalities

➢ Completed GMP production of FT596 at FATE facility in November

➢ Single “small-batch” manufacturing campaign yielded ~320 cryopreserved, infusion-ready doses

➢ Estimated actual cost per dose: <$2,500
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2019 – A Break-through Year for the FATE iPSC Product Platform

Aug 2019 – Issuance of Foundational U.S. Patent Covering 

iPSC-derived CAR T Cells

iPSC-derived CAR T-cell Phenotype

➢ Priority Date =  April 3, 2013

➢ Publication Date = October 9, 2014
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2019 – A Break-through Year for the FATE iPSC Product Platform

Dec 2019 – No Morphologic Evidence of Leukemia, with Complete Neutrophil 

Recovery, Observed in First Patient Treated with FT516 Monotherapy for AML

41 year old male diagnosed with AML in January 2019

• Refractory to initial induction therapy and multiple additional lines of therapy

Enrolled in FT516 Study (Oct 2019)

• Early assessment following first three doses of FT516 with IL-2 cytokine support showed:

– No morphologic evidence of leukemia, with evidence of hematopoietic recovery, in bone marrow

– No circulating leukemic blasts in peripheral blood

– Recovery of neutrophils (>1,000 per µL)

– No observed CRS, neurotoxicity or GvHD

– FT516 chimerism detected in the bone marrow at Day 18 by digital PCR
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Off-the-Shelf T-cell Immunotherapy
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1XX CAR19: Novel chimeric antigen receptor consisting 

of CD28 costimulatory domain and modified CD3z 

signaling domain for optimal effector cell persistence and 

anti-tumor potency

-------------------------------------

-
TRAC targeted CAR: Chimeric antigen receptor 

integrated into the T Cell Receptor Alpha Constant region 

to be regulated by endogenous control of TCR expression 

for optimal CAR performance 

-------------------------------------

-
TCR null: Bi-allelic disruption of TRAC at the clonal level 

for complete removal of TCR expression and the 

elimination for the possibility of GvHD in allogeneic 

setting

FT819 Universal, Off-the-Shelf CAR19 T-Cell Product

Novel CAR19 Targeted to the TRAC Locus for Improved Safety and Efficacy

First-in-Class Off-the-Shelf Adoptive CAR19 T cell Product 

Uniformly Consisting of Novel Engineering Elements

1H20 IND Submission Planned
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Using Single-Cell iPSC System to Conduct Complex Engineering

TRAC targeted, TCR less, 1XX CAR19 T cell Product Profile Comparison

Single-cell Engineered 

iPSC-derived T cells
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1. Regulated CAR expression for 

enhanced function

2. Elimination of TCR expression to avoid 

GvHD

3. Introduce next gen CAR1XX for 

optimized CAR signaling

Number of clones passing in-process testing

iPSCs Expanded

Biallelic, specific TRAC-targeted clones

Clones Maintaining Pluripotency

Clones free of reprogramming vectors

Clones demonstrating genomic stability

Clones without off-target edits

Clones with ideal propensity to become T cells

Clones with desired CAR anti-tumor specificity

Selected MCB
C
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Molecular 
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FT819 Path to IND – iPSC Clone Generation

Multi-parameter iPSC engineering, clone screening and MCB selection



New Directions in CAR T Cell Engineering
From current CD19 CAR therapy to FT819

Michel Sadelain, MD, PhD

Director, Center for Cell Engineering

Memorial Sloan Kettering Cancer Center

New York, NY



The rise of CAR T cell therapy (1)

Nature Biotechnology, 2002

Nature Medicine, 2003



2019
430 studies registered 

at clinicaltrials.gov

The rise of CAR T cell therapy (2)



Rapid and complete eradication of refractory leukemia by 19-28z CAR T cells 

Brentjens, Davila, Rivière et al, 
Science Transl Med, March 2013

June and Sadelain, 
N Engl J Med, 2018

Breakthrough of the year
Science, December 2013



Rapid and complete eradication of refractory leukemia by 19-28z CAR T cells 

Brentjens, Davila, Rivière et al, 
Science Transl Med, March 2013

June and Sadelain, 
N Engl J Med, 2018

Breakthrough of the year
Science, December 2013



Prototypic CD19 CARs

CD28 CAR 4-1BB CAR
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Clinical Success in B cell leukemia and lymphoma
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Ti sagen l ecl eu cel  i n  B-Cel l  Lymph obl ast i c  Leu k emi a

B-Cel l  Apl asia

All patients with a response to treatment had 

B-cell aplasia, and most patients in the study 

received immunoglobulin replacement in accor-

dance with local practice. The median time to 

B-cell recovery was not reached (Fig. S4 in the 

Supplementary Appendix). The probability of 

maintenance of B-cell aplasia at 6 months after 

infusion was 83% (95% CI, 69 to 91).

Cyt okine Response

Among the 75 patients who received tisagenlec-

leucel, transient increases in serum interleu-

kin-6, interferon gamma, and ferritin levels oc-

curred during the cytokine release syndrome 

after infusion; these increases tended to be more 

pronounced in patients with grade 4 cytokine 

release syndrome than in patients with lower 

grades (Fig. S5 in the Supplementary Appendix). 

Similar trends were observed in the levels of 

other cytokines, including interleukin-10, inter-

leukin-12p70, interleukin-1β, interleukin-2, inter-

leukin-4, interleukin-8, and tumor necrosis fac-

tor α. A transient increase in the C-reactive 

protein level was observed in most patients, but 

with large variability.

Saf et y

The safety analysis set included all 75 patients 

who received an infusion of tisagenlecleucel; the 

median time from infusion to data cutoff was 

13.1 months (range, 2.1 to 23.5). Eighteen pa-

tients (24%) received their infusions in an outpa-

tient setting. All patients had at least one adverse 

event during the study; 71 of 75 patients (95%) 
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Figure 2. Duration of Remission, Event-free Survival, 

and Overall Survival.

Panel A shows the duration of remission, defined as 

the time to relapse after the onset of remission, in the 

61 patients who had a best overall response of either 

complete remission or complete remission with incom-

plete hematologic recovery. Panel B shows event-free 

survival among the 75 patients who received an infusion, 

defined as the time from tisagenlecleucel infusion to 

the earliest of the following events: no response (8 pa-

tients), relapse before response was maintained for at 

least 28 days (2), or relapse after having complete re-

mission or complete remission with incomplete hema-

tologic recovery (17). A total of 32 patients had still not 

had an event at the time of data cutoff. Data for 16 more 

patients were censored for event-free survival — 8 pa-

tients for allogeneic stem-cell transplantation during 

remission, 7 patients for new cancer therapy other than 

stem-cell transplantation during remission (4 received 

humanized anti-CD19 CAR T cells, 1 received ponatinib, 

1 received vincristine sulfate and blinatumomab, and  

1 received antithymocyte globulin), and 1 patient for 

lack of adequate assessment. Ten patients were followed 

for relapse after new therapy, 4 of whom had a relapse 

or died. Panel B also shows overall survival among the 

75 patients who received an infusion from the date of 

tisagenlecleucel infusion to the date of death from any 

cause. Nineteen patients died after tisagenlecleucel in-

fusion, and 56 patients had their data censored at the 

time of the last follow-up. Tick marks indicate the time 

of censoring.

The New England Journal of Medicine 
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Overall Survival Event-free and Overall Survival
CD28 CAR 4-1BB CAR

(Neelapu SS et al, NEJM 2017) (Schuster SJ et al, NEJM 2018)
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Increasing CAR therapy efficacy and availability

1. Regulated CAR expression

2. Titrated CAR signaling

3. “Off-the-shelf” TiPSC – derived CAR T cell production



Viral vector integration – variegated expression

MLV-based vector

HIV-based vector

CAREF1a

CARLTR

Zhao et al., Cancer Cell , 2015

Milone et al., Mol. Therapy , 2009

LTR

LTR LTR
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TRAC-CAR T cells are less exhausted in vivo
CAR surface expression is down-regulated upon exposure to antigen

CAR
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Summary TRAC-CAR

• TRAC-1928z T cells show enhanced in vivo anti-tumor activity relative to RV/LV CAR T cells

• The TCR alpha promoter provides highly homogeneous and optimal control of 1928z CAR 
expression

• TRAC-1928z sustains functional persistence by averting rapid T cell differentiation and 
exhaustion

• Established link between CAR expression level and therapeutic activity.

• Simultaneous CAR knock-in and TCR knock-out enables allogeneic application
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CD28 + TCR CAR

ITAM-based calibration of activation strength in CD28/CD3z CARs

Feucht, Sun, Nat Med 2019



1928ζ ITAMs differentially regulate CAR T cell potency



TRAC-1XX CAR T cells promote memory and protect against tumor re-challenge

Feucht, Sun, 
Nat Med 2019



CAR ITAM-calibration directs T cell fate
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Summary  1XX
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• CD3ζ ITAM domains within 1928ζ CARs direct 
qualitatively different CAR T cell functions

• ITAM number & position within 1928ζ CARs 
impact CAR function 

• CD3ζ ITAM mutations direct T cells to different 
fates by balancing effector and memory 
programs 

• 1XX leads to fast & efficient long-term tumor 
eradication by inducing strong effector function 
without shutting off memory programs

• Further reducing activation potential (XX3) 
results in high CAR persistence, but insufficient 
effector function



Hassall’s 
corpuscle

Medulla

Cortex

Immunobiology: The Immune System in Health and
Disease. 5th edition. Janeway CA Jr, Travers P, Walport
M, et al. New York: Garland Science; 2001. F. Macfarlane BurnetJacques Miller

Where do T cells and their natural receptor come from
Thymic origin, VDJ recombination and clonal selection

The clonal selection theory
•Each lymphocyte bears a single receptor
with a unique specificity. • Interaction
between a foreign molecule and a
lymphocyte receptor capable of binding
that molecule with a high affinity leads to
lymphocyte activation and clonal
expansion. • Lymphocytes bearing
receptors specific for ubiquitous self
molecules are deleted at an early stage in
lymphoid cell development
and are therefore absent 
from the repertoire of 
mature lymphocytes.

https://www.portrait.gov.au/files/2/7/c/1/i11193.jpg


“Off-the-shelf” CAR T cells produced from pluripotent stem cells

Adapted from: Themeli, Riviere & Sadelain, Cell Stem Cells, 2015



1. Early TCRαβ expression

2. Notch stimulation

3. CAR expression

TiPSC differentiation – reconciling Notch, pre-TCR, TCR and CAR
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CD4+CD8𝛼𝛽+ DP T cell development – Central roles of TCR and Notch signaling
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Solutions: TRAC-1928z TiPSC-derived T cells
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Solutions: ITAM-control enhances 𝛼𝛽 lineage fate 
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Summary T-iPSC

• Early TCR⍺β expression skews T cell differentiation

• hDLL4 can induce CD4/CD8 DP T cells

• CD8 SP T cells arise from DP population

• CAR expression interferes with DP T cell development

• Delayed CAR expression can facilitate DP > SP conversion

• TRAC-encoded CAR expression with controlled ITAM 
strength enhances ⍺β T cell development

DLL4

TRAC-1XX
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FT819 Phenotype, Potency, Specificity and Proliferation Capacity

Derived from a TRAC-targeted CD19 CAR, TCR-null Master iPSC line 
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FT819 Controls Tumor Growth and Promotes Long-term Survival

Intraperitoneal Xenograft Model of Lymphoblastic Leukemia
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FT819 Displays Enhanced Control of Tumor Growth

Disseminated Xenograft Model of Lymphoblastic Leukemia



In vitro CAR T cell development

SP-THE CLP ProT DP-TiPSC

D0 D10 D35 D42

1x106 iPSC 5x107 iCD34 1x1011 T-cells



Prototypic CD19 CARs

CD28 CAR 4-1BB CAR
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EC
and
TM

CD28 
or
4-1BB

CD3ζ

Antigen binding
• Epitope
• Affinity
Structure
• Affects binding
• Affects function

Costimulation
• Function
• Metabolism
• Persistence
Activation
• Function trigger
• Proliferation

FDA approved in 2017
Axicabtagene Ciloleucel     Tisagenlecleucel 

(Yescarta)                   (Kymriah) 

TRAC-CARCAR-1XX 

T-iPSC platform

From current CD19 CAR therapy to FT819



TiPSC for T cell immunotherapy

Antigen specificity
Targeted gene disruption

Targeted integration
Checkpoint modulation

Histocompatibility

Genotype selection

TSCM TN phenotype
CD8 or CD4 T cells

𝛾𝛿 T cells
NKT cells

Tregs

100% purity
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1XX CAR19: Novel chimeric antigen receptor consisting 

of CD28 costimulatory domain and modified CD3z 

signaling domain for optimal effector cell persistence and 

anti-tumor potency

-------------------------------------

-
TRAC targeted CAR: Chimeric antigen receptor 

integrated into the T Cell Receptor Alpha Constant region 

to be regulated by endogenous control of TCR expression 

for optimal CAR performance 

-------------------------------------

-
TCR null: Bi-allelic disruption of TRAC at the clonal level 

for complete removal of TCR expression and the 

elimination for the possibility of GvHD in allogeneic 

setting

FT819 Universal, Off-the-Shelf CAR19 T-Cell Product

Novel CAR19 Targeted to the TRAC Locus for Improved Safety and Efficacy

First-in-Class Off-the-Shelf Adoptive CAR19 T cell Product 

Uniformly Consisting of Novel Engineering Elements

Publication Number: 4434

Monday, December 9, 2019, 6:00 - 8:00 PM
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iPSC Product Innovation
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iPSC Product Platform

Clonal Master iPSC Lines for Off-the-Shelf Cell Products

(Engineered) Single Pluripotent Stem Cell

• Renewable

• Potential to differentiate into 200+ cell types

Expansion & Banking

Master Cell 

Bank

Working Cell Banks

Working Cell Banks

Working Cell Banks

Differentiation & Expansion

Single

iPSC Clone

Unlimited Supply of

Clonal Master iPSC 

Lines

Thousands of

Clonally-derived Doses

of Cell Products

Off-the-Shelf 

Homogeneous | Multi-Dosing

(Engineered) Cell Products

“to reach more patients in need”
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Better Cells For Better Therapies™


