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Objectives

AWhy CAR-Eell (chimeric antigen receptordell)
therapy shows promise for blood cancers

AApproved and emerging CARAIl therapies
ASide effects of CARCEIl therapy: what to expect

AThe future of CAR-@ell therapy for blood cancer
patients

Multiple Mechanisms of Modulating Immune
System to Treat Cancer

AMonoclonal antibodies \ //
or antibody drug

conjugates o) = & l \\\:
ADual antigen re @ \,JMS"' e >€

targeting proteins @ I W
Almmune checkpoint

antibodies

AChimeric antigen
receptor T cells

Batlevi, C. L. et al, Nat. Rev. Clin. Oncol, 2015
Nature Reviews | Clinical Oncology
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What is CAR-dell therapy?

CAR <ell therapy is a type of cancer therapy that uses
I LI GASYyuQa 20y YZRATASR
cells.
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CAR Tells are at The Intersection of Three
Innovative Technologies

Using the padelisasnt 6s o

Gene therapy
therapy Gene therapy
I nsertion of genes in

cells, thereby causing these cells to
produce a new therapeutic protein
(CAR)

Immunotherapy
Harnessing the patien
system (T- cells) to treat his/her
disease

Immunotherapy




12/15/2020

Tragedy, Perseverance, and Chanckhe Story of
CART Therapy

The emergence of CARherapy, like most scientific advances,
reflects the incremental insights of hundreds of scientists over
decades. Indeed, the story of CAEherapy says as much
about the methodical nature of scientific progress as it does
aboutthe passions that sustain it.

Lisa Rosenbaum, M.D.

N Engl J Med 377;14 nejm.org October 5, 2017

From Manufacturing of CARCElIs to Infusion

Blood is collected

from cancer patient _____ T cells are separated
NSt and removed
P \v}‘
\ @ ls_4
A

Remaining blood is
returned to patient

T cells are genetically
altered to have
special receptors called
chimeric antigen receptors
(CAR)

CAR T cells are
then delivered ~__
to patient (]
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i
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CART cells =§7g-\§

Patient receives ‘i“ &4@?@%
chemotherapy —_ Tf'zk /\’?;\ ér*é/\[
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prior to CART < i
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Millions of CAR T cells  Cleveland
are grown Clin
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Structure of TCell Receptors and CAR

Modified TFcells

T o Tumor-specific antigen
oAt esn Chimeric Antigen

scFvs Receptor

T-Cell Receptor )
Targeting element

JiiTransmembrane s
Sl domain

CD28 or 4-1BB
(costimulatory domain)

D3¢

June CH, Sadelain M. N Engl J Med 2018;379:64-73

June CH, Sadelain M. N Engl J Med 2018;379:64-73

CAR T Cells Traffic to Tumor and Proliferate Extensively after Inf

CART cells are infused
into bloodstream Cells undergo
extensive proliferation
(

CART cell

Endogenous

T cell
N,

- X CART cells make their way
T cells are primed R
and activated toward tumor cells
R e wlt
'
CART cell

5 y e, % =
A . |
B G 4 Yo f
*  Neodntigens © / {
s )
SR (
TS Deathof cancer cell )
o [eq and antigen release A o
- ecognition
i of tumor cell
) B %
L. e
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Ideal CAR Target

ATumor specific antigen (Ag)
ARequired for tumor pathogenicity (ability to cause disease)
ACritical for survival, such that loss of that Ag comes at reall;
high cost for the cancer
AHighly expressed on all tumor cells (cancer stem cells?)
ACell surface molecule

AAbsent from normal tissue (or where normal tissue is
dispensable)

AAbsent from T cells (to avoid self killing)

11
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CD19 as a Target of®Il Malignancies
Bcell lymphomas and
PreB-ALL leukemias myelomas
Stem Cell proB pre B immature B mature B plasmacell
CD19 <= >
Ch22 >
Ch20 < >
CD19 expression is generally restricted to B cells acalIBrecursors and, importantly, is expressed by
most Bcell malignancies, and represents a rational target for therapy
12
12
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Evolution iCARDesign

First-generation Second-generation Third-generation
CAR CAR CAR
mAB scFv
TM domain - Hinge

enaniaaned | fasseaaned | insgessnt
Y | FEMASSANRRAL | ISNSSEIIRSY | (e

/
CD3C or FCRy
One co-stimulatory domain

(CD28, 4-1BB, 0X-40) Two co-stimulatory domains
(CD28, 4-1BB, 0X-40)

Park Jet al. JClin Oncol. 2015;33(6):651-653.
13
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Total Registered CARTrials Worldwide
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 --Academia =-Industry
Industry is Taking Over CARCEIl Development
Data sourceCellTrials.org
14
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https://celltrials.org/
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Selected Approved or Lagtage CAR T Therapies
[ougname  [company  [indicaton  [Taget |

Marketed
Tisagenlecleucel Childhood BO S t f !
(CTL%lQ) Novartis Adult DLBCL, transforme| CD19
FL (tFL)

Axicabtagene ciloleucgq Gilead Sciences DLBCL, tFL and PMBCL|CD19

(KTEC19) (Kite Pharma)
Brexucabtagene Gilead Sciences
autoleucel

(KTEX19) (Kite Pharma)

Phase IlI

Lisocabtagene Celgene

maraleucel (JCAR 017| (Juno Therapeutics) BNHL CD19

Idecabtagene vicleuce

(bb2121) Bluebird bio/Celgene Multiple myeloma BCMA

15

15
CAR JCell Therapy in-Bell Acute
Lymphoblastlc Leukemla-eELL)
Atlas of Genetics and Cytogenetics in Oncology and Hematology 16
16
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Pediatric Relapsed/Refractory (R/F3LR.: ELIANA
Study Design

AELIANANCT0243584ds a phase 2, opeabel, singlearm study
in pediatric and young adult patients withr B-cell ALL2

Screening :
Tisagenlecleucel
Apheresis and b M —A

. manufacturing
cryopreservation

Primary safety Survival and
Lymphodepleting and efficacy long-term safety
chemotherapy” follow-up follow-up
St et 4
Screening phase Pretreatment phase Treatment and followup phase

B-cell ALL, B cedlcute lymphoblastic leukemia.
“To be completed 2 to 14 days prior to Tisagenlecleucel infusion.

1. Buechner J, et al. Haematologica. 2017;102(suppl 2) [abstract S476];
2. Maude SL, et al. N Engl J Med. 2018;378:439-448; 17

17

ELIANA Study inA.L

A Single arm, opetabel, multicenter, global phase 2 study
A107 pts screened, 88 enrolled, 68 treated
ADose of Tisagenlecleucet5x 1076 CAH cells/kg
AConditioning chemo: Flu 30 mg/m2 x 4days + Cy 500 mg/m2 x 2
days
AResponse rates: Complete Remission/Complete Remission with
incomplete hematologic recove@R/CRI: 81%CR 60% + CRi 21%)

ATisagenlecleucel approved for treatment of patients up to age
25 with BALL that is refractory or in™@ or later relapse

1. Buechner J, et al. Haematologica. 2017;102(suppl 2) [abstract S476];
2. Maude SL, et al. N Engl J Med. 2018;378:439-448;

18

18
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ELIANA: Patient Demographics and Baseline
Clinical Characteristics

Age, median (range), years 11 (323)
Prior stem cell transplant, n (%) 46 (61)
Previous line of therapies, median (range 3(1:8)
Primary refractory 6 (8)
Chemaorefractory or relapsed 69 (92)
Morpholog|c blast count in bone marrow, 74 (599)
median (range), %

19

Durdionof RemissiorELIANA

i 75% (95% Cl, 57-87)

Relapse-Free Survival
g =i =]
<
% 6-month RFSa
Q
o
[\B

9- and 12- month RFS?
- 64% (95% Cl, 42-87)

Patients at risk
n= 52 52 48 45 36 23 15 14 1 7 7 5 1 1 1 0

T T T T T T T

T
0 1 2 3 4 5 6 T 8 9 10 N1 12 13 14 15
Time (months)

Median follow-up, 4.8 mo

Patients (N = 52) Number of events (n = 11) Median DOR. not reached
]

Buechner Jet al. EHA 2017, Abstract S476

20
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Overall Survivai_IANA

100
80 -
3
~ 60
2 6-month OS2
3 89% (95% Cl, 77-94)
3 40
C.L‘E 9- and 12- month OS2
79% (95% Cl, 63-89)
20
Patients at risk
n=68 64 61 57 54 47 36 31 28 22 17 15 13 9 6 3 2 1 0
0 T T T T T T T T T T T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
Time (months)
. Median follow-up, 6.2 mo
Patients (N = 68) Number of events (n = 11) P

(max, 17.6 mo)
Median OS, 16.6 mo

Buechner Jet al. EHA 2017, AbstractS476

21

21

ELIANA: Overall safety of Tisagenlecleucel

=8 Wk >8 Wkto 1 Yr
Any Time after Infusion after Infusion
Event (N=75) (N=75) (N=70)

number of patients (percent)

Adverse event of any grade 75 (100) 74 (99) 65 (93)
Suspected to be related to tisagenlecleucel 71 (95) 69 (92) 30 (43)

Grade 3 or 4 adverse event 66 (88) 62 (83) 31 (44)
Suspected to be related to tisagenlecleucel 55 (73) @ @

Maude SL, et al. N Engl J Med. 2018;378:439-448

22

22
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Outcomes with CART19 Therapy in Children and

Adults with Relapsed/RefractoryABL

Maude et al. NEJM 201| PENN ALL (peds/adults) | CR: 81%
4-1BB N=71 6mo EFS & OS: 73% & 90
12mo EFS & OS: 59% & 7
11% proceeded to alloHSC
after CAR T cells
Park J et al. ASCO 2011 MSKCC ALL (adults) CR: 84.6%
Abstract 7008 CD28 N=53 MRDCR rate: 66.6%
39% proceeded to alloHS(
after CAR T cells.
Turtle et al. JCI 2016 | Seattle ALL (adults) CR=93%
4-1BB N=30 MRDCR rate: 86%
Defined CD4/CD8 1 pt proceeded to alloHSC
composition after CAR T cells
Lee et al. Lancet 2015 | NCI ALL (peds/adults) | CR=67%
CD28 N=21
23
23
CART 19 Associated Toxicities
Neurologic: Constitutional:
32:?32"5: level of consciousness ;’e);:r’ss P :
* Delirium Malaioo ardiovascular:
+ Aphasia Fatigue * Tachycardia
:SE’ET ﬁ:&z ’ E:'v;:z:‘::s E’I:se pressure
:?:J:J'gi:va(ions » Decreased left ventricular
* Dysmetria ejection fraction
* Myoclonus. * Troponinemia
* Facial nerve palsy * QT prolongation
* Seizures
Pulmonary:
[ o
« Hyperilirubinemia
Renal:
« Acute kidney injury
Hamatologi: it
Lgu?n.;wm i
« Febrile neutropenia
« Lymphopenia Gastrointestinal:
* B-cell aplasia * Nausea
* Prolonged prothrombin time * Emesis
* Prolonged activated partial thromboplastin time| * Diarthan
* Elevated D-Dimer
* Hypofibrinogenemia
* Dissemil in y Musculoskeletal:
* Hemophagocytic lymphohistiocytosis « Myalgias
* Elevated creatine kinase
* Weakness
Professional illustration by Patrick Lane, SCEYEnce Studios "
24
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CART 19 Associated Toxicities

ACytokine Release syndrome (CRS)
AFevers, fldike syndrome, low blood pressure, difficulty breathing

ANeurologic changes (NT, CRES, ICANS)

AHeadaches, tremors, mental status changes, difficulty speaking, rarely
seizures (normal MRI

AOrgan toxicity (liver, kidneys)

AOff tumor/On target: B cell aplasia
A Prolonged; Cases requiring IVIG repletion

AToxicities are usually manageable and reversible

25

Mechanism of Cytokine Release Syndrome (CRS)
Stimulus CRS Grading
Activation Lysis
- Grade 1
T e . .
N (B.) :":’H | sympt
o L i
2 o Og(‘x\,\{; @ | stitutional symptoms
° o o
@0
° \ Vo 0%o0o0 o
o \,‘/° < %0 6 009%°
° O° o " o o o
(] o IFN4TNFa 0 o o0 o
o°°°°o°°°°° e e® ° Grade 2
e « Hypotension responding to fluids/low dose
n,‘l_o\, N Vasopressors
: > ( %; + Grade 2 organ toxicities
o W
] Y el
0 |Mecrophage o
O AR W, o A
$ --oou S\ o . ° Grade 3
o L NETEY — ®
L) | M ) o A S e « Shock requiring high dose/multiple vasopressors
° °°o%°g = Hypoxia requiring 2 40 % FiO2
= + Grade 3 organ toxicities, grade 4 transaminases
o IL6 o IFNy
1L-1, IL-8, TNFa
IL-10, TNF-a )
0, %00 Grade 4
o A % o + Mechanical ventilation
° y o = Grade 4 organ toxicities (excl. transaminases)
0”0
[}
Shimabukuro-Vornhagen, A., Gédel, P., Subklewe, M. et al. Cytokine release
syndrome. j. immunotherapy cancer 6, 56 (2018) 2

13
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Inhibitory Action of Tocilizumab ir8LSignaling

Signal transduction Signal transduction

Norihiro Nishimoto, ToruMima, inRheumatoid Arthritis2009

27

27

Neurdogic ©xicity with CAR-Tells

A Symptomsand signsheadaches, tremorsomnolencespeech
difficulty, confusion,paralysis of limhsrarely seizures, etc.

A 1st phase(Days0-5) ¢ symptoms mayppearwith other CRSymptoms
A 2ndphase (After day &) starts afterCRS symptoms hasabsided

A Neurotoxicity typically lasts-2 daysbut may varyin durationfrom
few hoursto few weeks.It is generallyeversible.
A Corticosteroidgreatment of choice in managingeurotoxicity.

A Seizureprophylaxigs recommendeavith levetiracetam (750 mg
oral/lV q12hrs)from day Oto day30.

Neelapu, SS, et al. Nature Reviews Clinical Oncology, 15(1), 47-62.
28

28
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https://www.sciencedirect.com/book/9780323054751

12/15/2020

Mechanism oNeurotoxicity

A Pathophysiology remainsclear
A Diffusionof cytokinesinto central nervous system
A Trafficking of T cells into central nervaystem

A CSF is usually positifer CART cells
A MRI ofbrain is usually negative

A Reversiblewhite matterchanges and cerebral edema
have beerrarelyobserved
A EEG is either nefocal with generalized slowingr might
show nonconvulsive seizurpattern

Maude et al. NEJM 2014; Davila et al. SciTrMed 2014; Lee et al. The Lancet 2015; Turtle et al. JCI
2016; Kochenderfer et al. JCO 2015; Turtle et al. JCI 2016; Gust et al. Cancer Disc. 2017

29
Tools for Grading Neurotoxicity
Encephalopathy Assessment Tools for Grading of ICANS
CARTOX-10[12] ICE
« Orientation: orientation to year, month, city, hospital, « Orientation: orientation to year, month, city, hospital: 4 points
president/prime minister of country of residence: 5 points
* Naming: ability to name 3 objects (eg, point to clock, pen, button): 3 points
* Naming: ability to name 3 objects (eg, point to clock, pen,
button): 3 points * Following commands: ability to follow simple commands (eg, “Show me 2
fingers” or “Close your eyes and stick out your tongue”): 1 point
* Writing: ability to write a standard sentence (eg, “Our national
bird is the bald eagle”): 1 point « Writing: ability to write a standard sentence (eg, “Our national bird is the
bald eagle”): 1 point
« Attention: ability to count backwards from 100 by 10: 1 point
* Attention: ability to count backwards from 100 by 10: 1 point
CARTOX-10 (left column) has been updated to the ICE tool (right column). ICE adds a command-following assessment in place of 1 of the CARTOX-10 orientation
questions. The scoring system remains the same.
Scoring: 10, no impairment;
7-9, grade 1 ICANS;
3-6, grade 2 ICANS;
0-2, grade 3 ICANS;
0 due to patient unarousable and unable to perform ICE assessment, grade 4 ICANS.
Lee DW, et al. (2018, December 19). ASBMT Consensus Grading for Cytokine Release Syndrome and
Neurological Toxicity Associated with Immune Effector Cells. Biology of Blood and Marrow Transplantation.
doi: https://doi.org/10.1016/j.bbmt.2018.12.758
30
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B-Cell Aplasia Following GAR

o
o

@
o
1

A All patients with a response
to treatment had Bcell

aplasia.

g
< 60
1 A The median time to Bell
g 40 recovery was not reached.
A The probability of
20 nogs maintenance of Rell aplasia
Barn=t3 — at 6 months after infusion
ledian time -Cell recovery not rea
0 : ‘ : : : ‘ : : : was 83% (95% Cl, 69 to 91)
0 2 4 6 8 10 12 14 16 18
Time (months)
Patients at risk
66 53 46 33 23 18 3 3 3 0

31

31

CAR Lell Therapy in-Bell NoAHodgkin
Lymphoma (NHL)

ADIffuse Large &ell Lymphoma (DLBClRQative Incidence of the Most Prevalent NHL
Al\/lantle Ce” Lymphoma (MCL) Subtypes in the United Statés

AFollicular Lymphoma PR \‘Fﬂ »

AMarginal Zone Lymphoma

MZL, 5%10%

SLL, 5%4.0% » DLBCL, 33%

T-cell ymphomas constitute < 15% of all NHL cases.

32

32
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Treatment of Aggressive DLBCL

1. First Line: Chemotherapy-EHOP or{£POCH) + Anti
CD20 monoclonal antibody (Rituximab)

2. Common &d line regimens if disease comes back(E,
RDHAP, kemOx*

*These regimens may induce remission but response is generally short
f A@OSR RdzS (G2 fe&YLK2Yl aaSy OStfta
R2aSaé¢ 2F OKSY2UKSNJI LR

3. Autologous stem cell transplant (ASCT)

33

Autologous Stem Cell Transplant (ASCT)

treatment, ASCT is used teaintain the remission.

producing cells are obtained and frozen.
A After completing 2d line chemotherapy, patient receives
I GKAIK R2a8S OKSY2UGKSNJI LRE
of their own healthy blooeproducing cells.
¢t KAAa KSfLA LINBoSyid G2EAOAGE

ALF I LIGASY(IQa f & YLK2ndline 32 4

A Duringddf AYS GNBIFIYSyas - LI GA

2

34

34
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Autologous Stem Cell Transplant

3. Stem cells stored

2. Stem cells a/;i :E{;; Lo
collected r—— -
Aviust be in remission H ey oo N
Astem cells derived from patient \yif o, |
Adigh dose chemotherapy N
Astem cell infusion \ y \
ABone marrow recovers in 1%

5. Stem cells
returned to
bloodstream

weeks SN
\ed /

Mdverse effects in ~3%
TN\ 4=
1. Bone marrow <ERTY)

removedorblood  * (& (%) V
is drawn / :,\.,‘-)”E.x_‘_) : 4\7
\§ N ()

Autologous bone
marrow transplant

35

35

Treatment Challenges

AWnhat if lymphoma comes back after an
autologous stem cell transplant?

AWnhat if lymphoma will not go into remission in
order to proceed to an autologous stem cell
transplant?

36

36

18



12/15/2020

ThreelargeMulticenterCAR Budiesfor DLBCL

A Zumal (Kite/Gilead) Axicabtagene CiloleuceFirst FDA
approval October 2017

A Treatment of adult patients withelapsed or refractory large-8ll lymphoma after
two or more lines of systemic therapincluding diffuse large-Bell lymphoma
(DLBCL) not otherwise specified, primary mediastinal lasgel|Bymphoma
(PMBCL), higgrade Bcell lymphoma, and DLBCL arising from follicular lymphoma
(transformed follicular lymphoma, or tFL).

A Juliet (Novartis) TisagenlecleueelFDA approval May 2018
A Treatment of adult patients withelapsed or refractory (r/r) large-8ell lymphoma
after two or more lines of systemic therajncluding diffuse large-Bell lymphoma
(DLBCL), high gradecBll lymphoma and DLBCL arising from follicular lymphoma.

A Transcend NHL 001 (Juno/Celgene) Lisocabtagene maraleucel

Neelapu SS, et al. N Engl J Med. Volume 377(26):2531-2544. December 28, 2017
Schuster etal. N Engl J Med. Volume 377(26):2545-2554. December 28, 2017
Abramson, Palomba etal. ICML 2017

37

37
Three Major AMiCD19 CARcCell Products for Lymphoid Malignancies
Construct antiCD19CD28CD3z antiCD1941BBCD3z antiCD1941BBCD3z
T-cell Manufacturin Retroviral vector Lentiviral Vector Lentiviral Vector
9 Bulk Fcells Bulk Fcells CD4:CDS8 1:1 ratio
Dose 2 x 10/kg (max 2 x 19 0.6 10 6.0 x 1® lD(I)‘Bl: 0.5x19DL2: 1.0x
None allowed in pivotal trial
Bridging Therapy but often used in standard 93% 72%
practice
Lymphodepletion | Flu/Cy 500/30 x 3d Flu/Cy 250/25 x 3d, or BR | Flu/Cy 300/30 x 3d
Treatment Locale Inpatient Only Inpatient and Outpatient* Inpatient and Outpatient*
Fiﬁ:gg;?me?nfor:o%:a' hig FDA approved for pediatric
Approval Status 9 ymphoma, ALL, DLBCL, higrade Bcell | Not yet FDA approved
transformed FL, primary
- lymphoma, transformed FL
mediastinal Bcell lymphoma
* Qutpatient therapy requires careful patient selection and is center dependent based on outpatient resources
1. Schuster SJ, et al. NEJM 2018; 2. Neelapu SS, et al. NEJM 2017; 3. Abramson JS, et al. ASCO 2019 38
38
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CART 19 Therapy Outcomes in R/R LBCL

Pts leukapheresed, n | 111, 108 infused 141, 111 infused 102, 70 infused
Histologies Cohort 1: DLBCL DLBCL/tFL DLBCL, PMBCL, tFL, FL3b
Cohort 2: PMBCL, tF (CORE)

ta[ X al[ZX w

Efficacy in R/R DLBCL

Best OOR 42% 52% 73%

Best CRR 40% 40% 53%

6 month CRR 40% 30% 33% R/R DLBCL DL1, 46%
DL2

12-mo PFS 83% in CR/PR pts at 3m

[l

Schuster SJ, et al. NEJM 2018; 2. Neelapu SS, et al. NEJM 2017; 3. Abramson JS, et al. ASCO 2019

39

39
Axicabtagene Ciloleucel CARdI Therapy in Refractory LBCL
Kaplani Meier Estimates of the Duration of Response, Progression-free Survival, and Overall Survival.
Neelapu SS et al. N Engl J Med ;377:2531-2544 %0
40
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