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Immunotherapy options for B-lineage
(CD19%) ALL and lymphoma

T-cell therapy
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Rationale

Targeting CD19 determinant on B cells A
CD19 antigen is a 95 kDa B lineage-specific

membrane glycoprotein, found on >95% of B-cell COOH
lymphomas and B-ALL cells;

CD19 is rarely lost during the process of neoplastic
transformation, but disappears upon differentiation to
mature plasma cells;

CD19 is not expressed on hematopoietic stem cells,
nor on normal tissues outside the B lineage;

CD19 is not shed into the circulation.




Improve T-cell therapeutic potential
Jmprove persistence
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Most clinically-effective T-cell
therapies includes ex vivo antigen-
dependent proliferation
* Therefore develop culture systems ex vivo

that select for T cells that can sustain
CAR-dependent proliferation
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Experimental design
Re-programming T cells in culture
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Production of T cells expressing
CAR
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% Specific Lysis

SB T-cell data

CD19-dependent cytotoxicity
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T cells killing tumor cells
expressing CD19
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CD19-specific T cells from
umbilical cord blood
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Improve T-cell therapeutic potential
JImprove persistence

+ Proliferative potential
— Reprogramming culturing p-environment
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CD19-specific CARs

1°* generation 2" generation 3'd generation
(CD19R) (CD19RCD28) (CD19RCD28CD134 or,
CD19RCD28CD137)
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Relative In vivo T-cell persistence
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Relative anti-tumor effect
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CD28 costimulation improves
expansion and persistence of CAR* T

cells in lymphoma patients
J Clin Invest. 2011 May 2;121(5):1822-6
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Signaling through chimeric CD28
results In anti-tumor responses
Blood. 2010 Nov 18;116(20):4099-102.
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Signaling through chimeric CD28

results In anti-tumor responses
Blood. 2011 Aug 17. [Epub ahead of print]

Pretreatment 4 weeks following treatment 14 weeks following treatment




Signaling through chimeric CD137 results In
anti-tumor responses

B Bono Marrow Aspirates
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Comparing clinical effects of CD19-
specific CAR™ T cells

n . Loss of
: CD19 Clinical Gene Transfer Extracellular scFv . .
MBI Disease Trial.gov Method Scaffold clone SR Elgraling nc()::arlr:g’l?B
U Penn CLL NCT01029366 Lentivirus CD8alpha FMC63 CD137 and CD3-zeta YES
Follicular :
NCI NCT00924326 Retrovirus FMC63 CD28 and CD3-zeta YES
Lymphoma
CLL and B- NCT00466531
MSKCC ALL and Retrovirus CD8alpha SJ25C1 CD28 and CD3-zeta YES
NCT01044069
B-NHL or . CD3 zeta vs. CD28 and
BCM CLL NCTO00586391 Retrovirus IgG1 Fc FMC63 CD3-zeta YES
COH Follicular — \~100182650  Electroporation IgG4 Fc FMC63 CD3 zeta NO

Lymphoma



NIH STRAP grant will compare

« Common pool of patients with CLL (one
protocol)

e Admixture of 1:1

— T cells manufactured at MSKCC
 Signaling through CD28

— T cells manufactured at U PN
 Signaling through CD137
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Which T-cell sub-population to
genetically modify?

Research article

Adoptive transfer of effector CD8* T cells
derived from central memory cells establishes
persistent T cell memory in primates

Carclina Berger,' Michael C. Jensen,® Peter M. Lansdorp,™#
Mike Gough,* Carole Elliott,” and Stanley A. Riddel'®

Fred Hutchinson Cancer Flesearch Center, Seattie. Washington, UISA. Dirvision of Cancer Immunatherapeutics asd Tumat Immunciogy.
Gty of Hope National Med uIEenIlr D_mr Caléornia, USA. Terry Fox Laboratory, Br-‘v'-(‘dum.aulrcl ﬂnn—rr

Vancouver, Britsh Columba, Canada. <0 of Medicing, Usiversity of Beitish Colembi, Vancouver, B

“University of Wastengton National Primate Ceater. '}u—a- Washington, UISA. *Oepartment of Medicina, Unteersity of Washington, Sma Washingion, LISA

The adoptive transfer ormllg\‘n 5pf(1f( T cells thar have been expanded ex vivo is being acrively pmsucd
to treat infections and malignancy in humans. The T cell populations that are available for adoptive immu-
notherapy include borh effector memory and rcmral memory cells, and these differ in pllmol)'pc. function,
and homing. The efficacy of adoptive i py requires that I T cells persist in vivo, but
identifying T cells tha can reproducibly survive in vive after they have been numeric expnnd(d by in vitro
culture has proven difficule. Here we show that i pecific CD8* T cel ived from
central memory T oells, bur not effector memory T:e]!s pmuslrd long: in vive, h

and functional properties of memory T cells, and oecupied memory T cell niches. These results demnmlmlc
that clonally derived CIM* T cells isolated from central memory T cells are distinet from thase derived from
effector memory T eells and retain an i mnsk npam)' (ha ables :hem 0 sury fve. nl’m‘ ad.op(wr wransfer and
revert to th y cell pool. Th i FT cells to
expand or 1o mg«m-r for adoprive i P

antation, the admi

u‘l| trans;

1 vivo (16, 17]
e eransfirre,
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Adoptively transferred effector cells derived from
naive rather than central memory CD8* T cells
mediate superior antitumor immunity

Christian 5. Hinrichs®, Zachary A. Borman®, Lydie Cassard®, Luca Gattinonl, Rosanne Spolski®, Zhiya Yu,
Luis Sanchez-Perez®, Pawel Muranski®, Steven ). Kern®, Carol Logun®, Douglas C. Palmer®, Yun Ji*, Robert N. Reger®,
Warren J. Leonard®, Robert L. Danner’, Steven A Rosanberg®, and Nicholas P. Restifor !
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| Inatities of Heafth, Beshesda, MD 20832

Edited by Philipps Marick. Howaril Hughies Medicsl Inititutaiational Jewish, Denver, €6, and spsovwed Auguat 34, 2000 (receivd for review July 9, 2009

Effector colls derived from central memary CD&* T calls were
.-.pnmd %o engraft and survive better than those derived from
w ing that they perior for
use in adoptive immunatherapy studies. However, previous stud-
ies did not evaluate the relative efficacy of effector cells derived
from naive T cells. We sought to investigate the sfficacy of
wells derived fi central memary
Tcoll subsats wsing transgenkc or retrovirally transduced T cells
engineered 1o express a tumar-specific T-cell receptor. We found
that nalve, rather than central memory T cells, gave rise to an
effector population that mediated superior antitumor immunity
upon adoptive lunlin. Erfmnrum developed from naive T cells
derived from
amul memory T oolll. buk did not acquire the expression of
KLRG-1, a marker for terminal differentiation and replicative se-
mescance. Consistent with this KLRG-1- phanotype, naive-derlved
cells were capable of & greater proliferstive burst and had e
hanced cytokine production after adeptive transter, These results
indicate that insertion of genes that confer antitumar specificity
inte naive rather than central memory CDB* T cells may allow
superior efficacy upon adoptive transfer,

reactive T cells to treat cancer is mmsitioning
m 3 promising poesibility 1o 5 succesdul reality, Adoptive

herapy with T cells can effe tively treat paticets with
’ o, and ap
o of this treatment is broadening as our ability 10 generate

T cells tarpeting diverse tumor antigens improves. (1=} Our
expanding capacity to tanget novel antigens is driven, in part, by
achaances in gu..-.i..u;.m. m-ll hat permit high efficiency transder

“\-u».-..n_. recogniee tumor l\'lluu il e m.h.“:nl-,.\!m
rew loming infusion into patients (9),

The ..r..m. 0 e Hion permits mot only
targeting of any antigen TR can be identificd,
Bt adsar selection of the CD8* Teeell subset from which the cells for
therapy will be generased, Resting CD8° T oells exist as natve (Tx,
centrl memory (Tew), and effector memory (Tya) populations,
each with distine phenotypic and functional charceristies (1), In
vitro stimulation of these subsets induces their proliferation and
differentiation into the evtolytic eff cells [Teprd wsed for
patient treatment. While the nature of CDE* Tecell subsets s well
defined (12). the heritable influence of those populatis
traits of their effec .
Unlerstanding this relationship might be important for gencrating
optimal effector cells for patient treatme

he actertstics of COE* T-cell subsets have been elucidated
primariky through stady of virl infection (15-17). In ths setiing,
memory cells are superior o aive cells due to their inereased
precunsar frequency (18, their mpid prolderdion and their effi-
cien acquisition of effector functions | 12). However, these qualitics

s o ool 10,3071/ s 0507448106

s for addoptive y where the
cells infused,
r cells oceurs hefore cell infusion.
Inddeed, recent studdies. intinete: this. possihility: in nonhuman pri-
mates, induction of cffecioe memory cells has been uniquely
sugeessful in protecting fn an immunodeficiency virs (19)
wet, in another macaque study, adopeively transferred effector cells
generated from cffector memory cells rapidly perished (200}

Previous studics on the influence of CDSE™ T cell differenti-
ation states have ot focused on the relative efficacy of naive T
cells (200-23). Wi emergence of TCR p
cells. which represent the most common C DS Tecell phene
ab souroe

therapeutic efficacy of effector o
arigin. and we report the superior ¢
erived directly from mabve T cells for
of cancer,

3
optive immunotherapy

Results
We used the pmel-1 TCR transgenic model of adoptive mmunio-
: ihe developent, function, and eff

beeak-
f

s * Tacell popa
Ratsonss entiched for Ty o Toas phienotype coll were Bobated from
pmel-1 splenocytes (Fig. $1). These cells displayed ot only the
antypic but ko the fanctional qualities ascrived to nane s

1FN-y
,m-dmuun.uu!.m.mu o were more el Bieicnt in he T subsel
AFig 1.4 and By (12). Emulating dlinical |1rn|uw!. effector CDE

T cells were ,ﬂ“mr\ll.-(l from e nn by two stimulations
(Fig. 1C) (%) For simplicity. nff\\1|\r n.|l~ of maive or central
llh.llhlr\ origln were teemed Tery™ and Ter ™, respectively.

Effectar Cells Generated from Nabve or Central Memery Cells Acquire
Cytolytic Efector Coll Phanstype and Function, Foth Ty ™ and
Terr' ™ demonstrated high levels of specific tareet killing consistent
with effector CDE* Taell function (Fig. 1), They abo expressed
the cytohytic gramile proteins that typify effoctor colls, perforin 1.

Busthar commribsstions: €5, TAR. LE#, LD, SAR
CAN, EAR LE, LG, K8, 27, LA-F. P, CL OCF
reiearch CAH_EAB. 51K, RLD. and PR analyred
rate the papes

L e p——
AN W,
A LAR, and HPA

The aushors declirn o corthct of itersat
Thin article

A% Dhrect bobemmssse,
e o cormeiperdene thoud be addrised Emal rais@ed gm
Thi

rticte comaim g ircmation oelne st e s orgEge
481 S Sappharrn Lo

AL | October TLI00B | wol 106 | no &1 | ATES-1TATE



Improve T-cell therapeutic potential
Improve persistence
. Factors fhat Influence persistence

— ReC|p|ent -
“Toelt N T




Manipulating...

e Recipient
— Lymphoablation
— Cytokines (supraphysiologic dosing)
e IL-2, IL-7, IL-15, IL-21
 Tcells
— CAR

» Endodomains

— Cellular substrate
 Memory, “stem cell”, naive
« “Bi-specific’ T cells

— Co-stimulation for improved potency and homing
« Cytokines and receptors, chemokine receptors



Clinical application of SB system




Non-viral gene transfer

 DNA plasmids are less expensive to produce
and require less sophisticated infrastructure
compared with producing clinical grade
recombinant retrovirus

« Faclilitates design and redesign of CAR (other
transgenes)

e Two transposons can be synchronously
electrotransferred

— Produce CAR* T cells and CAR*TK* T cells for PET
Imaging (and conditional ablation)



Applied Cellular Therapy (ACT)

How the Cooper How the technicians How the graduate

How the post-docs How the faculty
explained it heard it students heard it heard it heard it

How the IRB
heard it

How the patient
heard it

How the project
was documented

How the project
was funded

What the patient
really needed




Single integration of SB transposon

Amg iffcation Plot
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Preclinical Integration Statistics

« 33 individual samples
» Raw sequence overlap among samples < 5%

e Total = 7,436,108 raw reads

* Unique reads 687,176 (9.24 %)
* IR/DR present 99.998 %
» TA present 99. 9%

Human Genomic Sequence Matches 87 %

 Mapped insertion Sites >11,000
* |nsertions in Intergenic Regions 56 %
* Insertions within a Gene 44 %
* Intronic 96.5 %
+ Exonic 3.5 % (mostly non-coding)
* |nsertion in Repeat Regions >25,000

* No obvious hot spots

« SBinsertions into TSS correlates with quiescent T cell
expression proflle (vs activated T cell profile for retroviral transductions)

* Preference for AT rich regions (gene poor regions)
* Preference for repeat/replicated regions (250% of genome)



Absence of T-cell autonomous
growth
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Manufacturing T cells




Trial
esign

Enrollment

Principal Investigator = Dr. Partow Kebriaei

Venipuncture orLeukapheresis #1
(Steadystate)

to obtain PBMC to manufacture T cells

Within 30 days of signing consent

d

Leukapheresis #2

(To obtain G-CSF mobilized
PBSC, approximate time point)

Time Line for IRB #2007-0635

Infusion of PBSC
Day O

28 day post-T-cell infusion monitoring

d

x * Week Wegk eek Wedk Week
Interval therapy
Indeterminate time interval; =
but least 49 days are anticipated to be needed g 1
to manufacture and release CD19-specific autologous T cells 2=
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Conditioning therapy

Day -7 to Day -1

Daily SQ IL-2, if eligible.
Ideally, starting day of, but after, T-cell infusion
Day +2 to Day +16 (assuming T cells infused day +2)

=}

o
<

~

Day-6

Day-5

Day -4

Day-3

Day-2

Day-1

Day0

Day +1

Day+14

:

Admit
Hydration

Carmustine

Etoposide
Cytarabine

Melphalan

Rituximab

Rituximab




CAR™ T-cell trials at MDACC

Trial Agent Preclinical | NIH-OBA IND
ymphoma | speciio T cells N X Enrolling
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