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Objectives

ÅWhy CAR T-cell (chimeric antigen receptor T-cell) 
therapy shows promise for blood cancers

ÅApproved and emerging CAR T-cell therapies 

ÅSide effects of CAR T-cell therapy: what to expect

ÅThe future of CAR T-cell therapy for blood cancer 
patients
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Multiple Mechanisms of Modulating Immune 
System to Treat Cancer

ÅMonoclonal antibodies 
or antibody drug 
conjugates

ÅDual antigen re-
targeting proteins

ÅImmune checkpoint 
antibodies

ÅChimeric antigen 
receptor T cells

Batlevi, C. L. et al, Nat. Rev. Clin. Oncol, 2015
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What is CAR T-cell therapy?

CAR T-cell therapy is a type of cancer therapy that uses 
ŀ ǇŀǘƛŜƴǘΩǎ ƻǿƴ ƳƻŘƛŦƛŜŘ ǿƘƛǘŜ ōƭƻƻŘ ŎŜƭƭǎ ǘƻ ƪƛƭƭ ŎŀƴŎŜǊ 
cells.
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CAR T-Cells are at The Intersection of Three 
Innovative Technologies

Cellular

therapy

Gene

therapy

Immunotherapy

Cellular therapy
Using the patientôs own T- cells as 

therapy

Gene therapy
Insertion of genes into a patientôs 

cells, thereby causing these cells to 

produce a new therapeutic protein 

(CAR)

Immunotherapy
Harnessing the patientôs own immune 

system (T- cells) to treat his/her 

disease
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Tragedy, Perseverance, and Chance τThe Story of 
CAR-T Therapy

The emergence of CAR-T therapy, like most scientific advances, 
reflects the incremental insights of hundreds of scientists over 

decades. Indeed, the story of CAR-T therapy says as much 
about the methodical nature of scientific progress as it does 

about the passions that sustain it.

Lisa Rosenbaum, M.D.

N Engl J Med 377;14 nejm.org October 5, 2017
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From Manufacturing of CAR T-Cells to Infusion
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Structure of T-Cell Receptors and CAR 
Modified T-cells

June CH, Sadelain M. N Engl J Med 2018;379:64-73
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CAR T Cells Traffic to Tumor and Proliferate Extensively after Infusion

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

ÅTumor specific antigen (Ag)
ÅRequired for tumor pathogenicity (ability to cause disease)
ÅCritical for survival, such that loss of that Ag comes at really 

high cost for the cancer

ÅHighly expressed on all tumor cells (cancer stem cells?)
ÅCell surface molecule

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

ÅAbsent from T cells (to avoid self killing)
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PreB-ALL
B cell lymphomas and  

leukemias
myelomas

StemCell pre B immatureB mature B plasmacellpro B

CD19

CD22

CD20

CD19 expression is generally restricted to B cells and B-cell precursors and, importantly, is expressed by 
most B-cell malignancies, and represents a rational target for therapy

CD19 as a Target of B-Cell Malignancies
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Park J   et al. J  Clin Oncol.2015;33(6):651-653. 

Evolution in CARDesign
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Data source: CellTrials.org

Total Registered CAR-T Trials Worldwide
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Industry is Taking Over CAR T-Cell Development
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https://celltrials.org/
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Selected Approved or Late-Stage CAR T Therapies
Drug name Company Indication Target

Marketed 

Tisagenlecleucel
(CTL-019)

Novartis
Childhood B-ŎŜƭƭ ![[ όҖнрύ
Adult DLBCL, transformed 
FL (tFL)

CD19

Axicabtagene ciloleucel
(KTE-C19)

Gilead Sciences 
(Kite Pharma)

DLBCL, tFL and PMBCL CD19

Brexucabtagene 
autoleucel
(KTE-X19)

Gilead Sciences 
(Kite Pharma)

Phase III

Lisocabtagene 
maraleucel (JCAR 017)

Celgene
(Juno Therapeutics)

B-NHL CD19

Idecabtagene vicleucel
(bb2121)

Bluebird bio/Celgene Multiple myeloma BCMA

16

CAR T- Cell Therapy in B-Cell Acute 
Lymphoblastic Leukemia (B-ALL)

Atlas of Genetics and Cytogenetics in Oncology and Hematology
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Pediatric Relapsed/Refractory (R/R) B-ALL: ELIANA 
Study Design

ÅELIANA (NCT02435849) is a phase 2, open-label, single-arm study 
in pediatric and young adult patients withr/r B-cell ALL1-2

B-cell ALL, B cell acute lymphoblastic leukemia.

Enrollment

Screening 

Apheresis and 

cryopreservation

Tisagenlecleucel

manufacturing

Lymphodepleting 

chemotherapy*

Tisagenlecleucel

infusion

Primary safety 

and efficacy 

follow-up

Pretreatment phaseScreening phase Treatment and follow-up phase

Survival and    

long-term safety 

follow-up

*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; 

18

ELIANA Study in B-ALL

ÅSingle arm, open-label, multi-center, global phase 2 study

Å107 pts screened, 88 enrolled, 68 treated

ÅDose of Tisagenlecleucel: 2-5 x 10^6 CAR-T cells/kg

ÅConditioning chemo: Flu 30 mg/m2 x 4days + Cy 500 mg/m2 x 2 
days

ÅResponse rates: Complete Remission/Complete Remission with 
incomplete hematologic recoveryCR/CRi: 81% (CR 60% + CRi 21%)

ÅTisagenlecleucel approved for treatment of patients up to age 
25 with B-ALL that is refractory or in 2nd 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; 
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ELIANA: Patient Demographics and Baseline 
Clinical Characteristics

Characteristics Patients (N = 75) 

Age, median (range), years 11 (3-23) 

Prior stem cell transplant, n (%) 46 (61) 

Previous line of therapies, median (range), n 3 (1-8) 

Disease status, n (%) 

Primary refractory 6 (8) 

Chemo-refractory or relapsed 69 (92) 

Morphologic blast count in bone marrow, 
median (range), % 

74 (5-99) 

20

Duration of Remission:ELIANA

Relapse-FreeSurvival

Buechner J  et al. EHA  2017, AbstractS476
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Overall Survival:ELIANA

Buechner J  et al. EHA  2017, AbstractS476
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ELIANA: Overall safety of Tisagenlecleucel

Maude SL, et al. N Engl J Med. 2018;378:439-448
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Outcomes with CART19 Therapy in Children and 
Adults with Relapsed/Refractory B-ALL

Reference CAR Population Response

Maude et al. NEJM 2018PENN
4-1BB

ALL (peds/adults)
N=71

CR: 81%
6mo EFS & OS: 73% & 90%
12mo EFS & OS: 59% & 76%
11% proceeded to alloHSCT 
after CAR T cells

Park J et al. ASCO 2017, 
Abstract 7008

MSKCC
CD28

ALL (adults)
N=53

CR: 84.6%
MRD-CR rate: 66.6%
39% proceeded to alloHSCT 
after CAR T cells.

Turtle et al. JCI 2016 Seattle
4-1BB
Defined CD4/CD8 
composition

ALL (adults)
N=30

CR=93%
MRD-CR rate: 86%
1 pt proceeded to alloHSCT 
after CAR T cells

Lee et al. Lancet 2015 NCI
CD28

ALL (peds/adults)
N=21

CR=67%
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CAR-T 19 Associated Toxicities

Professional illustration by Patrick Lane, ScEYEnce Studios
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CAR-T 19 Associated Toxicities

ÅCytokine Release syndrome (CRS)
ÅFevers, flu-like syndrome, low blood pressure, difficulty breathing

ÅNeurologic changes (NT, CRES, ICANS)
ÅHeadaches, tremors, mental status changes, difficulty speaking, rarely 

seizures (normal MRI)

ÅOrgan toxicity (liver, kidneys)

ÅOff tumor/On target: B cell aplasia
ÅProlonged; Cases requiring IVIG repletion

ÅToxicities are usually manageable and reversible

26

Mechanism of Cytokine Release Syndrome (CRS)

Shimabukuro-Vornhagen, A., Gödel, P., Subklewe, M. et al. Cytokine release 

syndrome. j. immunotherapy cancer 6, 56 (2018)
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Inhibitory Action of Tocilizumab in IL-6 Signaling

NorihiroNishimoto,ToruMima, inRheumatoid Arthritis, 2009

28

Neurologic Toxicity with CAR T-Cells

Å Symptoms and signs: headaches, tremors, somnolence, speech 
difficulty, confusion, paralysis of limbs, rarely seizures, etc.

Å1st  phase (Days 0-5) ςsymptoms may appear with other CRSsymptoms
Å2nd phase (After day 5) ςstarts after CRS symptoms havesubsided

ÅNeurotoxicity typically lasts 2-4 days but may vary in duration from 
few hours to few weeks. It is generallyreversible.

ÅCorticosteroidstreatment of choice in managingneurotoxicity.

ÅSeizure prophylaxis is recommended with levetiracetam (750 mg  
oral/IV q 12 hrs) from day 0 to day30.

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

27
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https://www.sciencedirect.com/book/9780323054751
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Mechanism of Neurotoxicity

ÅPathophysiology remainsunclear:

ÅDiffusion of cytokinesinto central nervous system

ÅTrafficking of T cells into central nervoussystem

ÅCSF is usually positive for CAR Tcells

ÅMRI of brain is usually negative

ÅReversible white matter changes and cerebral edema 
have been rarely observed

ÅEEG is either non-focal with generalized slowingor might 
show non-convulsive seizurepattern

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

30

Tools for Grading Neurotoxicity

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
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B-Cell Aplasia Following CAR-T

Å All patients with a response 
to treatment had B-cell 
aplasia.

Å The median time to B-cell 
recovery was not reached. 

Å The probability of 
maintenance of B-cell aplasia 
at 6 months after infusion 
was 83% (95% CI, 69 to 91).

32

CAR T-Cell Therapy in B-Cell Non-Hodgkin 
Lymphoma (NHL)

ÅDiffuse Large B-Cell Lymphoma (DLBCL)

ÅMantle Cell Lymphoma (MCL)

ÅFollicular Lymphoma

ÅMarginal Zone Lymphoma

SLL, 5%-10%

MCL, 5%

MZL, 5%-10%

HCL, 1%

WM, 1%-2% BL, 1%-2%

PMLBCL, 2%

DLBCL, 33%

FL, 20%

Relative Incidence of the Most Prevalent NHL 
Subtypes in the United States1

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

31
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Treatment of Aggressive DLBCL

1. First Line: Chemotherapy (R-CHOP or R-EPOCH) + Anti-
CD20 monoclonal antibody (Rituximab) 

2. Common 2nd line regimens if disease comes back: R-ICE, 
R-DHAP, R-GemOx*

*These regimens may induce remission but response is generally short-

ƭƛǾŜŘ ŘǳŜ ǘƻ ƭȅƳǇƘƻƳŀ ǎǘŜƳ ŎŜƭƭǎ ǘƘŀǘ ŀǊŜ ǊŜǎƛǎǘŀƴǘ ǘƻ άǎǘŀƴŘŀǊŘ 
ŘƻǎŜǎέ ƻŦ ŎƘŜƳƻǘƘŜǊŀǇȅ 

3. Autologous stem cell transplant (ASCT)

34

Autologous Stem Cell Transplant (ASCT)

Å LŦ ŀ ǇŀǘƛŜƴǘΩǎ ƭȅƳǇƘƻƳŀ ƎƻŜǎ ƛƴǘƻ ǊŜƳƛǎǎƛƻƴ ǿƛǘƘ нnd line 
treatment, ASCT is used to maintain the remission. 

Å During 2nd ƭƛƴŜ ǘǊŜŀǘƳŜƴǘΣ ŀ ǇŀǘƛŜƴǘΩǎ ƘŜŀƭǘƘȅ ōƭƻƻŘ-
producing cells are obtained and frozen. 

Å After completing 2nd line chemotherapy, patient receives 
ŀ άƘƛƎƘ ŘƻǎŜ ŎƘŜƳƻǘƘŜǊŀǇȅέ ǊŜƎƛƳŜƴΣ ŦƻƭƭƻǿŜŘ ōȅ ƛƴŦǳǎƛƻƴ 
of their own healthy blood-producing cells. 

-¢Ƙƛǎ ƘŜƭǇǎ ǇǊŜǾŜƴǘ ǘƻȄƛŎƛǘȅ ƻŦ ǘƘŜ άƘƛƎƘ ŘƻǎŜ ŎƘŜƳƻǘƘŜǊŀǇȅΦέ 
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Autologous Stem Cell Transplant

ÅMust be in remission 
ÅStem cells derived from patient 
ÅHigh dose chemotherapy 
ÅStem cell infusion 
ÅBone marrow recovers in 1.5-3 
weeks 
ÅAdverse effects in ~ 3-7% 

36

Treatment Challenges

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

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

35
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Three Large Multicenter CAR T Studies forDLBCL

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

Å Zuma-1 (Kite/Gilead) Axicabtagene Ciloleucel -> First FDA 
approval October 2017
Å Treatment of adult patients with relapsed or refractory large B-cell lymphoma after 

two or more lines of systemic therapy, including diffuse large B-cell lymphoma 
(DLBCL) not otherwise specified, primary mediastinal large B-cell lymphoma 
(PMBCL), high-grade B-cell lymphoma, and DLBCL arising from follicular lymphoma 
(transformed follicular lymphoma, or tFL).

Å Juliet (Novartis) Tisagenlecleucel -> FDA approval May 2018
Å Treatment of adult patients with relapsed or refractory (r/r) large B-cell lymphoma 

after two or more lines of systemic therapyincluding diffuse large B-cell lymphoma 
(DLBCL), high grade B-cell lymphoma and DLBCL arising from follicular lymphoma.

Å Transcend NHL 001 (Juno/Celgene) Lisocabtagene maraleucel

38

Three Major Anti-CD19 CAR T-cell Products for Lymphoid Malignancies

Axicabtagene 
Ciloleucel-
ZUMA-1

Tisagenlecleucel
JULIET

Lisocabtagene 
Maraleucel

TRANSCEND NHL-
001

Construct antiCD19-CD28-CD3z antiCD19-41BB-CD3z antiCD19-41BB-CD3z

T-cell Manufacturing
Retroviral vector
Bulk T-cells

Lentiviral Vector
Bulk T-cells

Lentiviral Vector
CD4:CD8 1:1 ratio

Dose 2 x 106/kg (max 2 x 108) 0.6 to 6.0 x 108
DL1: 0.5 x 107, DL2: 1.0 x 
108

Bridging Therapy
None allowed in pivotal trial 
but often used in standard 
practice

93% 72%

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*

Approval Status

FDA approved for DLBCL, high-
grade B-cell lymphoma, 
transformed FL, primary 
mediastinal B-cell lymphoma

FDA approved for pediatric 
ALL, DLBCL, high-grade B-cell 
lymphoma, transformed FL

Not yet FDA approved

* Outpatient 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
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CART 19 Therapy Outcomes in R/R LBCL
Zuma-1
(Axicabtagene 
Ciloleucel)

Juliet
(Tisagenlecleucel)

Transcend NHL 001
(Lisocabtagene Maraleucel)

Pts leukapheresed, n 111, 108 infused 141, 111 infused 102, 70 infused

Histologies Cohort 1: DLBCL
Cohort 2: PMBCL, tFL

DLBCL/tFL DLBCL, PMBCL, tFL, FL3b 
(CORE)
¢a½[Σ a/[Σ wƛŎƘǘŜǊΩǎ

Efficacy in R/R DLBCL
Best OOR
Best CRR
6 month CRR

12-mo PFS

42%
40%
40%

52%
40%
30%

83% in CR/PR pts at 3mo

73%
53%
33% R/R DLBCL DL1, 46% 
DL2

1. Schuster SJ, et al. NEJM 2018; 2. Neelapu SS, et al. NEJM 2017; 3. Abramson JS, et al. ASCO 2019
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KaplanïMeier Estimates of the Duration of Response, Progression-free Survival, and Overall Survival.

Neelapu SS et al. N Engl J Med ;377:2531-2544

Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory LBCL
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