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T lymphocytes: thymic origin, VDJ The clonal selection theory
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T cells fighting cancer: a complex history
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The rise of engineered T cells as cancer drugs

» A major limitation of
many current cancer
therapeutics is their
lack of curative
potential

» Immunotherapy must
harness T cell
specificity, persistence
and potency to achieve

» Safety

» Efficacy

» Specificity
» Long-acting

» Potency
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First steps in
primary T cell
engineering
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Identification
of CD19 as an

effective CAR
target
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Rapid and complete eradication of refractory
19-28z CAR T cells
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T cells on the attack
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Science, December 2013

leukemia by

Table 1. Reponses to CAR T-Cell Therapy.#

Disease

Leukemia

B-cell acute lymphoblastic leuke-
mia (in adults)

B-cell acute lymphoblastic leuke-
mia (in children)

Chronic ymphocytic leukemia

Lymphoma
Diffuse large B-cell hmphoma

Follcular lymphoma

Transformed follcular lymphoma

Refractory multiple myeloma

Solid tumors.
Glioblastoma

Pancreatic ductal adenocarcinoma

Response Rate

percent

83-93

5771

64-86

25-100

ND

Comments.

High niial remission rates; unresolved
issue is whether CAR T-cel therapy is
definitive therapy or should be fol
lowed by allogeneic hematopoietic
stemcell therapy

Approximately 25% of patients reported
o have a elapse with CD19-negative
or CD19-low leukemi
cells may improve survival among,
some patients with CDI relapses

Relapse s are n patients who have a
complete response; brutinib appears
o increase response rates

Approximately 40-50% of atients re-
ported to have a durable complete re-
sponse

Ata median follow-up of 8.6 mo, the re-
sponse was maintained in 89% of pa-
tients who had 2 response

Park et al.* Davila et al. * Turtle
etal’

Maude et al, Maude et al,* Fry
etal,” Leeetal.”

Porter et al.," Turtle et al.

Turtle et al, Kochenderfer et al,
Schuster etal, " Neelapu et

Schuster etal.*

Atotal of 3 of 3 patients with transformed Turtle etal. Schuster etal.,

follcular lymphoma had a complete re-
sponse

8-cell maturation antigen CAR T cels;
stringent complete response in ap-
proximately 25% of patients

{a#)in case report from phase 2 stucy,
complete response on magnetic reso-
nance imaging after intravenous and
cerebrospinal fluid administration of
CART cels; complete response last-
ed7.5mo

In one patient with liver metastasis, CAR
T-cell treatment produced a complete
‘metabolic response n the lver but
was ineffective against the primary
pancreatic tumor

“Neclapuetal *

Alietal, Fan etal, ® Berdeja et
e

Brownetal

Beattyetal

June and Sadelain,
N Engl J Med, 2018




Rapid and complete eradication of refractory leukemia by
19-28z CAR T cells
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©2012 The New York Times NEW YORK, MONDAY, DECEMBER 10, 2012

In Girl’s Last Hope, Altered Cells Beat Leukemia

syoenisecrapy  ---DT. Michel Sadelain, who conducts similar
studies at the Sloan-Kettering Institute, said:
“These T-cells are living drugs.”
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CD19 CAR
therapy in R/R
ALL and NHL -
overall survival

Renier
_ Brentjens

Probability of Survival

Overall Survival (%)

Overall survival

CD28 CAR

(Park JH et al,
NEJM 2018)
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Building on |
The evolution of cell therapy
the SUccess trials for cancer since 1993
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Fig. 2| The evolution of cell therapy trials for cancer since 1993. Both currently active and
inactive trials are included for this analysis, which is based on data extracted from ClinicalTrials.
» 1 45 gov in March 2019, and so the data for this year isincomplete, indicated by an asterisk.
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The therapeutic landscape for cells engineered
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Generation and 3rd Party Off-the-shelf T cell therapy
distribution of

off-the-shelf Donor PBMCs
VSTs |

Patient B

Multiple
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Future
targets
for VST
therapy

Keller et al. Blood. 2020

Potential VST targets Targets/antigen sources Clinical studies Reference
HSV AQ2-restricted T cells expanded None Ma et al®2
vzv VZV vaccine Used in prophylaxis post-BMT Ma et al®
HPV E6, E7 peptide libraries Prior use against HPV-associated cancers | McCormack et al®

Respiratory viruses
Influenza A

Respiratory syncytial virus

Human metapneumovirus
Human parainfluenza virus

Nucleocapsid protein, Matrix protein 1
peptide libraries
Nucleoprotein and glycoprotein FO protein
peptide libraries
Nucleocapsid, fusion protein peptide libraries
HPIV3 matrix protein

None
None

None
None published/NCT03180216

Vasileiou et al®”
Vasileiou et al®”

Tzannou et al®?
McLaughlin et al®

Enteric viruses
Norovirus
Mycobacteria spp.

Mucormycosis

VP1, NSé6 peptide libraries

Ag85B, PPE68, ESAT6, CFP10 peptide
libraries (Mycobacteria tuberculosis)

Rhizopus oryzae extract

None
None

None

Hanajiri et al
Patel et al®®

Castillo et al®

BMT, bone marrow transplantation; HPV, human papillomavirus; VZV, varicella-zoster virus.
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Fig. 3. Historical overview of CAR-T cell therapy. CAR: chimeric antigen receptor; cGMP: current good manufacturing practices; DLI: donor leukocyte
infusion; LAK: lymphokine-activated killer; Mfg: Manufacturing; NK: natural killer; TIL: tumor-infiltrating lymphocytes.

Dunbar et al., Science 359, eaan4672 (2018) 12 January 2018
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Genome-edited CAR T cells

TRAC-CAR: CAR Knock-in

TRAC-CAR T Cell Manufacturing Platform

Memorial Sloan Kettering
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CAR ITAM-calibration
directs T cell fate
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General workflow for personalized enrichment of antigen-specific T-cells from bulk
tumor-infiltrating lymphocyte (TIL) [or peripheral blood lymphocyte (PBL)] cultures
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Toolset for
personalized

Patient sample:

PREDICTION-BASED PURIFICATION

TILs or PBLs

AGNOSTIC ENRICHMENT

| Direct labelling

enrichment

Antigen re-stimulation

Autol tumor r

Early a priori isolation

PMHC multimers

of T-cell
infusion
products

pMHC

afTCR

Pros:

- Antigen specificity

- Up to 100s-1000s specificities
Cons:

- Clinical-grade tetramer production
- Cost

- Activation-induced cell death

Isolation:

Bianchi et al. Front Immunol. 2020

Cytokine capture

Detection mAb

Capture mAb

Tumor Ag-sp
CD8* or CD4*
T-cell

Pros:

Versatility (CD8+ and CD4+ T cells)
GMP-grade kits available

Cons:

T-cell activation required
Limited to one T-cell function

Activation markers

S\ D137 CD154

CD137 0X40

ICAM-1

Pros:

Versatility (CD8+and CD4+ T cells)
GMP-grade kits available for CD137

Cons:

Longer activation kinetics
Potential bystander activation

FACS or MACS

Activation markers

ICAM-1

Autologous
tumor

Pros:

- Less time-consuming

- Both CD8+and CD4+T cells
Cons:

- Availability of autologous tumor
- Longer activation kinetics

Activation or
exhaustion markers
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PD-1 -
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\ D39
Pros:
- Lesstime-consuming
- Younger TILs
Cons:

- Availability of GMP-grade reagents
- Consensus on the best marker



A Suggested
Approach for
Comprehensive
Identification of Tumor
Neoantigen-Reactive
T Cells and Their Use
for Personalized
Immunotherapy

Leko et al. Cancer Cell. 2020
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Table 2. Characteristics of Different Tumor Antigen Types

Tumor Antigen Role in Structural Similarity =~ Shared Among  Clinical Experience
Class  Type Oncogenesis  Expression in Normal Tissues  to Normal Proteins Patients? with Targeting?
TAAs CGAs uncertain limited (germ cells, placenta) high yes yes
HERVs uncertain variable (type dependent) low yes limited
TDAs uncertain yes high yes yes
overexpressed uncertain yes high yes yes
antigens
TSAs mSNVs rarely drivers  no moderate rarely yes
INDELs rarely drivers no low rarely limited
gene fusions rarely drivers no low rarely limited
viral oncoproteins  drivers no low yes yes
UCAs  splice variants unexplored unexplored; some are variable unexplored no

alternative ORFs
post-translational
modifications

expressed in normal cells

TSAs, tumor-specific antigens; UCAs, unconventional antigens.

Leko et al. Cancer Cell. 2020



Table 3. Neoantigens Recognized by TILs from Patients with Select Epithelial Cancers

# Of Patients # Of Patients with # Of Mutations # Of Immunogenic
Cancer Type Screened Neoantigen Reactivity (%) Screened Mutations (%)
All gastrointestinal 75 62 (83) 7,654 124 (1.6)
Colorectal 51 45 (88) 5688 94 (1.6)
Biliary 12 8 (67) 866 12 (1.4)
Pancreatic 7é 5 (71) 852 8 (2.3)
Gastric =) 2X(6) 378 6 (1.6)
Esophageal 2 2 (100) 225 4(1.8)
Ovarian 7/ S (7)) 1714 8 (0.5)

Leko et al. Cancer Cell. 2020



Schematic overview
of the processes for
adoptive cell
therapy (ACT) of
tumor-infiltrating
lymphocytes (TIL),
ACT with T cell
receptor (TCR)
gene therapy and
ACT with chimeric
antigen receptor
(CAR)-modified T
cells

Rohaan et al. Virchows Arch. 2019
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Adoptive
cell therapy:
points to
consider

Yee et al. Curr Opin Immunol. 2018
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CAR T cell sources

AutologousT
cells

AllogeneicT
cells

In vitro
generatedT
cells

With TCR

With/Without

Themeli, Riviere & Sadelain,

Cell Stem Cells, 2015
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TiPS for T cell immunotherapy: a long-term aspiration for

synthetic immunity
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CD19 CAR therapy
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CART cells: beyond cancer

Senescence-associated pathologies

Senolytic CAR T cells
e.g., liver fibrosis, NASH
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Isolate and Expand  CD19 CAR paradigm - pesign and Manufacture

Natural T Cells Engineered T Cells
Bone Marrow Tumor Chimeric antigen
Transplant Immunology Gene Transfer receptorsg
! . A . (Eeme Eehing) (Synthetic biology)
Graft vs Leukemia Adoptive Immunity
Natural ACTs Engineered ACT

» LAK » The CD19 Paradigm
» TIL » Combinatorial targeting
» DLI » Gene edited T cells
» VST » Armored CARs

Sadelain. CARs: driving immunology toward synthetic biology, Curr Opin Immunol, 2016
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