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Overview of presentation

• Dwell in the history

• Evolution of CAR T cell therapy

• Indian Data 

• Relapse and other challenges with CD19 CARTs

• Other strategies 



Potential B Cell Antigen Targets !!



Mechanism of Action



Zelig Eshhar – Israeli Immunologist

In 1989, Israeli immunologist Dr Zelig
Eshhar reported the “Expression of
immunoglobulin-T-cell receptor
chimeric molecules as functional
receptors with antibody-type
specificity.” Subsequently, in 1991,
Eshhar reported “Targeting of T
lymphocytes to Neu/HER2-expressing
cells using chimeric single chain Fv

receptors.”
However, these initial reports faced
challenges as the structure lacked
components to effectively activate
and proliferate T cells in response to
stimuli.



CAR T Cells: Mechanism of Action
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CAR Gene Transduction



Generations of CAR T cell therapy

Source: https://doi.org/10.3390/cancers14051241

We are Here



• Diffuse large B-cell lymphoma (DLBCL)

• Acute lymphocytic leukemia (ALL)

• Mantle cell lymphoma (MCL)

• Chronic lymphocytic leukemia (CLL)

• Multiple Myeloma (MM)

• AIDS

Hematologic Malignancies Solid Tumors

• Lung Cancer

• Breast Cancer

• Glioblastoma

• Oral Cancer

• RCC

CAR-T cell therapy workflow



Evolution of CAR T Cells

1980-
1990s:
Altering T-
cell 
receptor 
can lead to 
targeted cell 
killing

1990s:
First 
Generation 
CARTs – slow 
tumor 
growth in 
mice

2000s:
Second 
Generation 
CARTs –
improved in 
vitro killing 
and 
persistence 
in mice

2012:
Adult studies 
begin 
showing 
promise of 
CD19 CAR 
(Seattle, NCI, 
MSKCC, Penn)

2013:
2 children 
with 
refractory 
ALL, achieve 
remission 

2017:
FDA 
Approves 
first CART 
product
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Overall Survival With Novel Agents in R/R ALL

1. Kantarjian HM, et al. N Engl J Med. 2017;376(9):836-847.

2. Kantarjian HM, et al. Cancer. 2019 Mar 28. doi: 10.1002/cncr.32116. [Epub ahead of print].

Overall Survival2Overall Survival1



ELIANA Trial



ZUMA 3 Trial



Survival and durability of response

• ELIANA trial : Tisagenlecleucel for pediatric and young adult patients, 75 patients were treated, 
with a CR rate of 81%. 

EFS and OS at 12 months of 50% and 76%, respectively. 

• Multicenter ZUMA-3 study treating 55 adults with r/r ALL with KTE-X19, CR rate was 71% and 
median OS was 18.2 months. 

The median duration of remission for responders was 12.8 months.

• Another multicenter study treated 38 adult and pediatric patients with CART19 with a CR rate of 
71%, with OS and progression-free survival of 67% and 47%, respectively, at 1 year. The median 
duration of response was 14.8 months

Ortíz-Maldonado V, Rives S, Castellà M, et al. CART19-BE-01: a multicenter trial of ARI-0001 cell therapy in 
patients with CD19+ relapsed/refractory malignancies. Mol Ther. 2021;29(2):636-644.
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Anti-CD19 CAR T Cells Have Dramatic Activity in R/R ALL
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HSCT/ 

GVHDa

36% / NR

37% / 0

43% / 72%

38% / 0

61% / NR

62% / 4%e

CR/MRD- CR

Rate

Grade

3/4a

Cytokine 

Release 

Syndrom

e

26%

83%

19%

76% CRS

(29% severe)

61%d

23%

Grade 3/4b

Neurotoxicit

y

42%

50%

23%

29%

13%

21%

Site/Ref

83% / 67%c
MSKCC1

Park JH, et al. NEJM 2018

93% / 86% Seattle2,3

Turtle CJ, et al. JCI 2016

NR / 85%
Hay KA, et al. Blood 2019

70% / 60% NCI4

(ITT) Lee DW, et al. Lancet 2015

60% / 60%
ELIANA Study5

Maude SL, et al. NEJM 2018

NR / 93%
Seattle Children’s Hospital6

Gardner RA. Blood 2017

NR, not reported.
a A difference in the rate or severity of toxicity in patients with a prior allogeneic HCT was not apparent.
b The grading criteria were different in all the studies. Please refer to the original publication for additional details.
c Minimal residual disease assessed on a total of 48 patients who had sufficient bone marrow samples.
d Severe CRS required intensive care with varying degrees of respiratory support (from placement of a

nasal cannula to mechanical ventilation).

e GVHD in 1 out of 27 patients who received previous HSCT.
1. Park JH, et al. N Engl J Med. 2018;378(5):449-459. 2. Turtle CJ, et al. J Clin Invest. 2016;126(6):2123-2138. 3.

Hay KA, et al. Blood. 2019;133(15):1652-1663. 4. Lee DW, at al. Lancet. 2015;385(9967):517-528. 5. Maude SL, et

al. N Engl J Med. 2018;378(5):439-448. 6. Gardner RA, et al. Blood. 2017;129(25):3322-3331.
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CRS

Days 14 2870

CAR-T cells in

blood

CAR-T cell infusion

Neurologic toxicities

CRS median  

onset day 2

CRS median

duration 7 days
Neurologic toxicity  

median duration 17 days

Neurologic toxicity

median onset day 4

Adapted from Lee DW, et al. Blood. 2014

Neutropenia and infections

CAR-T Cell Therapy – Timing of toxicities
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Where do we stand in the race of CAR T cells

S. 

No.

Institute/Company Location CAR-Design Vector Manufacturing Status Approved

1 IIT Mumbai

ACTRAC

Mumbai 2nd Gen CD19 

(humanized 

CD19)

Unknown Manual Clinical trial 

started on 05-

06-2021 YES (>15 years 

old)

2 Immuneel in collaboration 

with HCB & IDIBAPS, Spain

Bangalore 2nd Gen CD19 

CAR

Same as in 

Kymriah

Prodigy Phase II trial 

completed YES for NHL

3 Intas Biopharmaceuticals

(Intas, TMC Kolkata, ICMR)

Ahmedabad 2nd Gen CD19 

CAR

Miltenyi product

No data No data available No data 

available No

4. CMC Vellore

Miltenyi Biotech

Vellore 2nd Gen CD19 

CAR

Miltenyi product

Lentigen Prodigy Phase II CT 

initiated No

5. Dr Reddy’s in collaboration 

with Pregene Biopharma

Hyderabad 2nd Gen BCMA 

CAR

Lentiviral ? Prodigy Phase I CT 

started

No

6. Cellogen Therapeutics Delhi 3rd and 4th Gen 

CAR

Indigenous 

Lentiviral vector

Prodigy

and in-house

Pre-clinical –

completed

Phase I CT to 

be initiated

No



•

•

•
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Primary Objectives:

• Safety at 3 months

• Objective response rate (ORR) at 3 months

Primary Endpoints:

• Adverse events, specifically cytokine release syndrome (CRS) and Immune effector Cell 

Associated Neurotoxicity Syndrome (ICANS) and Treatment Related Mortality (TRM) after infusion

• Efficacy at 3 months based on NCCN criteria (CR, CRi, MRD)

Inclusion Criteria

• 3 to 45 years

• Beyond first relapse

• Primary refractory disease

• Philadelphia positive ALL intolerant of TKI 

• Ineligible or declines allogeneic transplant

• MRD positive

• ECOG 0 or 1

• Adequate organ function

Exclusion Criteria

• GVHD or ongoing immunosuppressants

• Prior CD19 targeted therapy

• Clinically significant infection

• Current CNS disease / other CNS pathology

PHASE-2 FIRST-IN-INDIA INDUSTRY STUDY OF VARNIMCABTAGENE AUTOLEUCEL

(IMN-003A) IN RELAPSED REFRACTORY B CELL MALIGNANCIES (IMAGINE STUDY):

B-ALL PEDIATRIC SUBANALYSIS



Varnimcabtagene Autoleucel – Summary
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Varnimcabtagene Autoleucel – Swimmer Plot
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No statistically significant 

improvement in OS in ~30 years

Statistically significant

survival benefit

Var-cel is the first treatment in 

India to significantly improve 

OS in B cell malignancies

Var-cel

62%
reduction in risk of death 

at 6 months

HR: 0.38

95% CI 0.22, 0.66

Robust manufacturing

Survival benefit is reliant on 

manufacturing success and 

turnaround time

IMAGINE Study

Received var-cel*

Manufacturing 

success

* 1 patient withdrawn before Infusion
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Importance of persistence for durable remissions
• Impact of prior blinatumomab on efficacy: CHOP reported outcomes from 166 patients treated 

with CART19. The CR rate was 93%, and 67 patients ultimately relapsed, 39 with CD19– disease due to antigen escaper. 
Prior therapy with blinatumomab was associated with a higher risk for CD19– relapse

• Rapid loss of CART persistence

• Duration of B-cell aplasia

• Fludarabine to cyclophosphamide lymphodepletion improved persistence 
and disease-free survival 

• Murine vs Humanized anti-CD19



CD19 Antigen Escape

CART 

cell

Cancer cell

CD19

CART 

cell

Cancer cell

CART 

cell

Antigen binding

• CAR T cell activation

• Tumor cell killing

Antigen downregulation

• No CAR T cell activation

• No Tumor cell killing

Antigen loss

• No CAR T cell activation

• No Tumor cell killing

Cancer cell

Lineage switching

• No CAR T cell activation

• No Tumor cell killing

Cancer cell

Between 10-25% in ALL and between 20-30% in DLBNHL show recurrence after 

CD19 CAR T therapy due to CD19 antigen loss.

CART 

cell



Selection by immune pressure. A small number of pre-existing CD19-
negative tumor cells escape recognition of CD19 CAR T-cells and are 
transformed to dominant clones under selective therapeutic stress. 



Trogocytosis and cooperative killing. B-ALL cells change CD19 to CD19 CAR T-cells, resulting in antigen escape 
and fratricide T cell killing.



Tonic signaling  in CAR T cells

Taku et al, 2023; JTM



How to ameliorate CD19 relapses

• CD 22 CAR T

• Dual CART cell therapy

• Tandem CAR T therapy

• Side CAR T 

• Tri- CAR T therapy

• Sequential infusion

Consolidative Allogeneic HSCT  



Role of consolidative SCT

• Treatment-related morbidity and mortality needs to be balanced against risk of relapse

• CARTs with functional persistence would be destroyed by SCT, losing their benefit of ongoing 
tumor surveillance

• There are no studies to randomize patients after CART therapy to allogeneic SCT or observation

• The decision is not likely generalizable across different CART19 products

• For example, patients taking 4-1BB CART19 products have better persistence (with potentially 
longer disease-free intervals, although more data are needed) than recipients of CD28-CART19 
products



Blood. 2022 Nov 23:blood.2022016937



Sequential CAR-T(Cocktail CAR-T)

• Sequential infusion- CD19 CAR-T for induction to CR, followed by infusion of CD 22 CAR-T cells for 
consolidation

• Less complex and cost effective than dual CAR/ Bivalent CAR

• Doesn’t require complex manufacturing 

Responses
MRD negative: 96%
31months  OS: 95%



Allogenic CAR T Cell Therapy

• “Universal off-the-shelf” CAR T products derived from allogeneic sources (UCART)

• Alloreactivity can lead to rejection of the UCART mediated by the recipient T and NK cells, and 
alloreactivity from the UCART can lead to GVHD

• TCR as the main mediator of both rejection and GVHD, disruption of the TCR through one of a 
number of gene editing techniques has become the predominate means of preventing GVHD by 
UCART



Our “Emily” at more than 28
month follow up
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Question 1

The development of ICANS after CAR-T therapy in B-ALL is most closely 
linked to:  

A: Direct CART cell infiltration of brain parenchyma 

B: Blood-brain barrier disruption with endothelial activation 

C: Immune complex deposition in cerebral vessels 

D: Cerebral leukemia infiltration 



Question 2

Compared with CD28 based CARs, 4-1BB based CAR-T cells used in B 
ALL are characterized by:

A: Faster expansion and higher early CRS rates

B: Greater terminal differentiation and exhaustion 

C: Slower expansion with enhanced persistence 

D: Reduced memory phenotype formation 



Question 3

The pathophysiology of Cytokine Release Syndrome (CRS) following 
CART cell infusion is primarily mediated by :

A: Direct tumour lysis by CAR-T cells 

B: Expansion of regulatory T cells 

C. Massive release of inflammatory cytokines

D. Complement mediated cytotoxicity 
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