
Chimeric Antigen Receptor T-cells

Αποτελεσματικότητα στην υποτροπή 
Οξείας Λεμφοβλαστικής Λευχαιμίας και 

Μη Hodgkin Λεμφώματος 



Tisagenlecleucel (KYMRIAH, Novartis, Basel, Switzerland), a synthetic 

bioimmune product of anti-CD19 chimeric antigen receptor - T cells (CAR-T), 

approved by FDA and EMA, for the treatment of children and young 
adults with relapsed/refractory B-cell acute lymphoblastic 
leukemia (B-ALL).

Axicabtagene ciloleucel (YESCARTA®, Kite Pharma, a Gilead Company) 

and tisagenlecleucel (KYMRIAH®, Novartis Pharmaceuticals Corp.) are 

two CD19-directed chimeric antigen receptor T cell (CD19 CAR T) products 
that are currently approved by the U.S. Food and Drug Administration, the 
European Medicines Agency, Health Canada, Ministry of Health, Labor and 

Welfare (Japan) and Therapeutic Goods Administration (Australia) for 
treatment of specific subtypes of relapsed/ refractory aggressive 
B cell non-Hodgkin lymphoma (NHL).



Role of the Immune System in Cancer Control/Eradication

Two distinct forms of immunity

Murphy KM, Weaver C, Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor & Francis Group; 2017

Rapid initiation of immune 
response

Slow-developing, efficient, 
and specific immune 

response

• Active surveillance of pathogens

• Elimination of infected cells

T cells are central players in 
adaptive immunity 



T Cell Activation

APC=antigen presenting cell; MHC=major histocompatibility complex; TCR=T cell receptor.

Abbas A, et al (ed). Basic Immunology (fourth edition). 2014. Elsevier Saunders  2. Murphy KM, Weaver C, 

Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor & Francis Group; 2017

T cell activation requires two signals1,2

T cell 
proliferation

T cell 
differentiation 
into effector cells

• Activation(Signal 1): TCR binds to 
MHC:antigen

• Co-stimulation (Signal 2): Co-
stimulatory molecule binds to its 
ligand on APC

• Signal 1 and 2 together lead to

− T cell activation

− T cell expansion and 
differentiation

1

2

APC



Activated T Cell Subset: Effector CD8 CTLs

CTLs induce apoptosis through multiple mechanisms, including release of 
cytotoxic granules containing perforin and granzyme B

CTLs are selective serial killers of targets expressing a specific antigen

CTL, cytotoxic T lymphocyte; MHC=major histocompatibility complex; TCR, T cell receptor 

Murphy KM, Weaver C, Mowat A, et al. Janeways Immunobiology. 9th ed. Garland Science, Taylor &

Francis Group; 2017

virus-infected cell 

cytotoxic T cell 

granzyme B
perforin

TCR

MHC



CD19 is a Widely Expressed Antigen in B-lineage Cells 

• CD19 is present almost throughout the entire B cell maturation process
• CD19 is present in most B cell leukemias and lymphomas but not in any normal 

tissue other than the B cell lineage





Chimeric antigen receptor (CAR) T cell therapy is a class of 
immunotherapy that involves engineering patient’s own immune 

cells with a goal of1,2:

scFV= single chain variable fragment.

1. June CH, Sadelain M. N Engl J Med. 2018;379(1):64-73 

2. 2. Lee DW, et al. Clin Cancer Res. 2012;18:2780-2790. 

Recognizing tumor cells

Signaling through the CAR intracellular domains

Activating and proliferating CAR T cells 

Inducing tumor cell death





B cell Acute Lymphoblastic Leukemia







• Lymphodepleting chemotherapy prior to infusion
– Fludarabine 30 mg/m2 IV daily for 4 doses
– Cyclophosphamide 500 mg/m2 IV daily for 2 doses

• Tisagenlecleucel dose range (single infusion)
– 0.2 to 5.0 × 106 cells/kg for patients ≤ 50 kg

– 0.1 to 2.5 × 108 cells for patients > 50 kg

• Inclusion: 
– r/r B-cell ALL, aged 3-21 yearsa

– Bone marrow with ≥ 5% lymphoblasts

• Exclusion: 
– Isolated extra-medullary disease 

relapse 
– Prior CD19-directed or gene therapy

• Primary endpoint: Overall 
remission rate 
(CR + CRi) within 3 months 

– IRC assessment4-week maintenance 
of remission

• Secondary endpoints 
– MRD status, DOR, OS, EFS, cellular 

kinetics, safety

ELIANA Study Design
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a Age of 3 years at the time of screening to age of 21 years at time of initial diagnosis. 
CR, complete response; CRi, CR with incomplete blood count recovery; DOR, duration of response; IRC, Independent Review Committee; 
MRD, minimal residual disease; OS, overall survival; r/r B-ALL, relapsed or refractory B-cell acute lymphoblastic leukemia.

Key Eligibility Criteria Endpoints

Study Treatment





High Response Rate;

Median Duration of Remission Not Reached
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• Relapse-free survival rate among 
responders

– 12-month: 66% (95% CI, 52-
77) 

– 18-month: 66% (95% CI, 52-
77)

– 24-month: 62% (95% CI, 47-
75) 

• Overall remission rate (CR + CRi) 
within 3 months was 82% (65/79; 
95% CI, 72-90)a,b

– 98% (64/65) achieved MRD(–)c

bone marrow



Median Overall Survival Not Reached

• Overall survival rates among 
all infused patients

– 12-month: 76% (95% CI, 
65-85)

– 18-month: 70% (95% CI, 
58-79)

– 24-month: 66% (95% CI, 
54-76)

All patients (N = 79)
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1. Where and when should patients be referred for CAR-T in B-
cell acute lymphoblastic leukemia?

2. Is the sequence of CAR-T therapy with blinatumomab and/or
inotuzumab important?

3. What is the optimal strategy to manage bridging
chemotherapy and administer lymphodepleting
chemotherapy between T-cell collection and infusion of CAR-
T?

4. Are CAR-T a bridging therapy to allo-HCT or sufficient alone
as definitive relapse therapy?

5. What are the late effects of CAR-T therapy?



B-Cell Non Hodgkin Lymphomas



Outcomes in refractory large B cell lymphoma with traditional standard of care 
are extremely poor
The SCHOLAR-1 analysis demonstrated an ORR of 26%, a CR  rate of 7%, and a 
median OS of 6.3 months in this patient population



ZUMA-1 study
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ZUMA-1 Treatment Schema

• Bridging chemotherapy was not allowed per study protocol

Axi-Cel
Infusion

Manufacturing Day 0 Day 28

Conditioning 
Chemotherapy

Leukapheresis

First Tumor 
AssessmentScreening

Day 7

Follow-Up Period 
(Post-Treatment Assessment 
and Long-Term Follow-Up)

Hospitalization
Period



ZUMA-1 Results 

objective response rate 82%
complete response rate 54%
With a median follow-up of 15.4 months:
42% of the patients continued to have a response, with 40% continuing to have a 
complete response. The overall rate of survival at 18 months was 52%.

PFS

OS



JULIET Study



JULIET Study





Tisagenlecleucel (KYMRIAH, Novartis, Basel, Switzerland), a synthetic 

bioimmune product of anti-CD19 chimeric antigen receptor - T cells (CAR-T), 

approved by FDA and EMA, for the treatment of children and young 
adults with relapsed/refractory B-cell acute lymphoblastic 
leukemia (B-ALL).

Axicabtagene ciloleucel (YESCARTA®, Kite Pharma, a Gilead Company) 

and tisagenlecleucel (KYMRIAH®, Novartis Pharmaceuticals Corp.) are 

two CD19-directed chimeric antigen receptor T cell (CD19 CAR T) products 
that are currently approved by the U.S. Food and Drug Administration, the 
European Medicines Agency, Health Canada, Ministry of Health, Labor and 

Welfare (Japan) and Therapeutic Goods Administration (Australia) for 
treatment of specific subtypes of relapsed/ refractory aggressive 
B cell non-Hodgkin lymphoma (NHL).

Another CAR T-cell product, liso-cel (JCAR017) is currently being studied in 

clinical trials with promising efficacy.





CD19-directed CAR T cells gain traction
www.thelancet.com/oncology Vol 20 January 2019

“…It is also important to keep in mind that available anti-CD19 CAR T-cell
products are only the beginnings of progress in this field and that, together

with the addition of B-cell targets other than CD19, CAR T cells will be
amenable to modulation of their function to improve efficacy and enhance
safety.

The current status of CD19-directed CAR T-cell therapies brings to mind a
quote from the late Carroll Shelby, an innovative American automotive

designer, who said, “I’ve always been asked, ‘what is my favorite car?’, and
I’ve always said ‘the next one.’”













(A) overall population (B) refractory subgroups

(C) tumor response
(D) post refractory
transplantation status

Outcomes in refractory large B cell lymphoma with traditional standard of care 
are extremely poor1

The SCHOLAR-1 analysis demonstrated an ORR of 26%, a CR  rate of 7%, and a 
median OS of 6.3 months in this patient population




