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CAR T
ÅCAR T cells are T lymphocytes that have been genetically engineered to create 

artificial T cell receptors for use in immunotherapy 

ÅCAR T cell therapy emerges as a novel therapeutic practice, and now it is at the 
frontier of personalized immunotherapy 

ÅThe most significant advantage of such kind of therapy is that it directly identifies 
and kills tumor antigen without involving a major histocompatibility complex

ÅGross and Colleagues were considered the founder of CAR T cell therapy as they 
laid the foundation for the first time
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Å1. Manufacturing of a CAR T-cell product starts with leukapheresis to obtain autologous 
peripheral blood mononuclear cells (PBMCôs). 

Å2. PBMCs are shipped to a centralized corporate GMP facility where they are enriched for T-cells 
and activated; typically using a combination of anti-CD3 and or CD28 antibody coated beads plus 
or minus stimulating cytokines. 

Å3. The target CAR gene is then transduced into T-cells utilizing a lentiviral vector. 

Å4. The now CAR expressing T-cells are then expanded to well above the target dose (most 
commonly 2 × 106/kg), viably cryopreserved, and then undergo quality control prior to shipping 
to the requesting hospital.

Å 5. Prior to infusion of CAR T-cell therapy, patients will undergo lymphodepleting conditioning 
chemotherapy, most commonly with cyclophosphamide and fludarabine.

Å6, Infusion of CAR T-cells most commonly occurs in the inpatient setting to ensure close 
monitoring for CRS and ICANS. 











Clinical Management of CAR-T Cell Therapy ï Before Infusion
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Patient screening

 Biological fitness

 Organ function

 Frailty score

 Informed consent

Disease burden

 Consider debulking to reduce risk of cytokine release syndrome

 Debulking options: B-ALL ï Inotuzumab +/- steroids

   B-NHL ï R-ICE / R-DHAP / GDP / Alternative / Involved Field Radiotherapy

Timing

 Plan for bridging post apheresis, if aggressive disease

 Bridging options: Similar to above. If localized disease, consider radiotherapy for B-NHL

Apheresis

 Minimum ALC: 100 cells/ul (prefer >400)

 Close liaison with manufacturing team for scheduling and logistics

 Plan for venous access for leukapheresis procedure

 Review medications to stop chemotherapy at least 14 days before apheresis

 Stop steroids at least 3 days prior to apheresis

 Irradiated red cells and platelets (if needed), such as red cells for priming for low body weight 



Clinical Management of CAR-T Cell Therapy ï Infusion
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Planning for Infusion

 Close liaison with the manufacturer for scheduling and logistics

 Start lymphodepletion preparative regimen (usually Fludarabine and Cyclophosphamide, dose adjusted 

 for organ function) on Day -5

 Stop steroids at least 3 days prior to infusion

 Good venous access

 Ensure patient is stable with no active infections such as Covid or bacterial sepsis

 Access to Tocilizumab (and Anakinra)

 Medical cover 24/7 including access to neurology consultation

During Infusion

 Ensure patient is stable with no active infections

 Verification of patient identity and infusion bag details by two independent trained medical / nursing staff

 Timing infusion preferably between 7am to 2pm

Premedication including antihistamine and paracetamol. DO NOT administer steroids unless life 

threatening emergency

 Use normal infusion set (DO NOT use in-line leukodepleting filter)

CRS and ICANS Management

 Close monitoring of inflammatory parameters ï CRP, LDH, Ferritin, IL6

 Regular use of ASTCT app for CRS and ICANS grading

 Proactive management  of CRS ensuring sepsis is excluded / covered with appropriate antibiotics

 Early use of Tocilizumab, e.g., persistent Grade 1 CRS beyond 24 hours

 Prompt access to CRS and ICANS treatment algorithms in the BMT unit

Daily Monitoring

Å ICE Score 

Å Physical exam

Å ECOG Score

Å NEWS Score

Å Weight

Å Vital signs

Å Adverse events

Å Concomitant medication

Å Laboratory parameters

Å Complete blood count

Å Biochemical panel

Å Coagulation panel

Å Cytokine level ï IL6



Clinical Management of CAR-T Cell Therapy ï Infusion
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Prophylaxis

 Antiviral / antifungal / anti-PJP / antibiotic as per local guidelines

 Regular personal hygiene with chlorhexidine / betadine / benzydamine mouthwash

 HEPA filtered room (at least for the duration of neutropenia)

 G-CSF (after 14 days), if needed

 TPO agonist (after 14 days), if needed

Monitoring Efficacy

 Assess efficacy at Day +28 and Day +90

Pharmacovigilance

 Compliance with Risk Evaluation and Mitigation Strategy (REMS) for reporting adverse events and 

 outcomes







Clinical Management of CAR-T Cell Therapy ï Post Infusion
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Discharge planning

If discharged before Day +28, patient should stay within one hour travel distance from hospital

No driving for 8 weeks

Watch for delayed ICANS

Discharge wallet card with out-of-hours contact details

Hypogammaglobulinemia

 IVIg replacement if IgG <400 mg/dL on a case-by-case basis (usually 4 / 6 / 8 weekly)

Vaccination

 Consider Covid re-vaccination and annual flu vaccine 6 months after infusion

 No published data on administration of live vaccines post infusion

Long-term Follow-up

 Compliance with Risk Evaluation and Mitigation Strategy (REMS) for reporting adverse events and outcomes

Management of Relapse / Refractory Disease

 Biopsy proven disease

 Guided by disease burden, CAR-T persistence, B cell aplasia, biological fitness and access to second CAR-T reinfusion

 Salvage options include radiotherapy (especially for localized disease), conventional chemotherapy, PD1 inhibitors, newer 

 molecules

 CAR-T reinfusion (without conditioning regimen, if persistent CAR-T with B cell aplasia; with conditioning regimen if CAR-T 

 not detectable)

 Consolidation may be provided with second CAR-T reinfusion, CAR-T targeting different antigen or allogeneic transplant, if 

 and when applicable



What makes an ideal therapeutic target in ALL?

Advani AS. Hematology 2013;1:131ï137
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See summary of prescribing information on the last page



Expression of antigens in B-lineage ALL basis for effective 
cellular therapy

1. Kumar J et al. Indian J Hematol Blood Transfus 2012;30:16ς18; 2. Hoelzer D et al. Blood Rev 2012:25ς32; 3. Raponi S et al. Leuk Lymphoma 2011;52:1098ς1107; 4. 
Jabbour E et al. Blood 2015;125:4010ς4016; 5. Maude SL et al. Blood 2015;125:4017ς4023; 6. Novartis Pharmaceuticals. (tisagenlecleucel) summary of product 
characteristics. 2018. Available at: https://www.medicines.org.uk/emc/product/9456 (accessed 14 November 2020)

Surface antigen ALL subtype Expression on LBC, % Approved therapies

CD20 Burkitt1

B-precursor1
80ς901

30ς501

CD19 B-precursor2,3

Mature B-ALL2,3

95ς1002,3

94ς1002,3

Å Blinatumomab bi-specific 
CD3/CD192,4 

Å Tisagenlecleucel5,6

CD22 B-precursor3,4

Mature B-ALL3
923

Ғмлл3

Å Inotuzumab ozogamicin4

See summary of prescribing information on the last page



Nat Rev Clin Oncol. 2016, 13(6):370-83

CD19-specific-CAR T-cell therapy outcomes 
in patients with B-ALL









































CART T CELL THERAPY INDIA -TRIALS

ÅTATA MUMBAI ς JUNE 2021

ÅLEUKEMIA/LYMPHOMA

ÅNARAYANA HEALTH ς BANGALORE APRIL 2022

ÅLEUKEMIA / LYMPHOMA

ÅAURIGENE - 2024

ÅMYELOMA



4838 High Efficacy and Excellent Safety Profile of Actalycabtagene  Autoleucel , a 
Humanized CD19 CAR-T Product in r/r B -Cell Malignancies: A Phase II Pivotal Trial

ÅMaterials and methods: The Phase I study (n=10) was a single-center trial to test the safety of Actaly-cel at a dose of 
1x107 to 5x109 CAR-T cells in patients with r/r DLBCL, tFL and PMBCL(CTRI/2021/04/032727).

Å The Phase II study (n=50) was a single-arm, multi-center study conducted across 3 centers in India 
(CTRI/2022/12/048211). Patients with r/r B -cell malignancies (including aggressive and indolent B-cell lymphomas and acute 
n{orjqdncuvke"ngwmgokc+"cigf"ּמӁ¦"37"{gctu."ykvj"pqtocn"qticp"hwpevkqp."GEQI"RU"2-2 and measurable disease were eligible. 

ÅResults: A total of 59 patients with r/r DLBCL (41), ALL (16) and indolent lymphomas (2) were 
enrolled (Phase I; 06/2021 till 06/2022 and Phase II; 12/2022 till 07/2023), 56 underwent 
leukapheresis (ITT set) and 47 received Actaly-cel (safety set). 

Å43 patients received the target dose (Figure 1A). 

ÅThe median age was 43 years (16-71) with 46 (65%) male patients. 

ÅPatients had a median of 2 prior lines of therapy (1-6), 65% had refractory disease,25% of 
lymphoma patients had bulky disease, and the median bone marrow blast was 69% (6-98%) in the 
B-ALL cohort. The median vein-to-vein time was 17(7-132) days.

ÅTotal 78%(33/43) patients reached the day 28 timepoint at the time of analysis

ÅThe ORR was 70% (23/33), including 58% (19/33) with a CR. 

ÅIn the lymphoma cohort, the ORR was 71%(17/24) and CR was observed in 54%(13/24), 

Å in the leukemia cohort, the CR rate was 66% (6/9, n=5 MRD negative). 

ÅThe median follow-up of evaluable patients was 57 days (21-453). All nine patients and 3 out of 4 
patients maintained the response after 3 months and 12 months follow -up, respectively.



4838 High Efficacy and Excellent Safety Profile of Actalycabtagene  Autoleucel , a 
Humanized CD19 CAR-T Product in r/r B -Cell Malignancies: A Phase II Pivotal Trial

ÅNone of the patients developed ICANSof any grade. 
ÅCRS developed in 22/33(66%) cases (grade 1/2 in 61%, grade 3/4 in 

6%). 
ÅOf note, no grade>3 CRS was noticed in the lymphoma cohort. 

ÅGrade 3/4 cytopenias developed in all cases. 

ÅThe median duration of neutropenia was 7 (4-32) days. 

ÅOn Day 28, grade 3/4 neutropenia was observed in 11/33(33%) cases, grade 3/4 
thrombocytopenia was observed in 7/33 (21%).

ÅOnly 1(3%) patient required ICU admission, 2(6%) required vasopressor support, tocilizumab 
was administered to 18 (55%) patients, median 1 dose (1-4) and steroids were used in 5 (15%) 
cases. Patients were hospitalized for a median of 8 days (7-19 ).

ÅConclusions: Actaly-cel demonstrated efficacy in r/r B -cell 
malignancies with a very favorable safety profile. 
ÅThe absence of ICANS, shorter duration of cytopenias and a lower incidence of grade 

3/4 CRS makes it one of the safest CD19 CAR-T cell therapy products. Actaly-cel can 
improve the ease of delivery of CAR T-cell therapy in a wide-range of settings.



257 Excellent Safety Profile of a Low -Cost Novel Humanized CD19 CAR T-Cell Therapy, 
Actalycabtagene  Autoleucel  : Potential Impact on Access and Feasibility

ÅMethods: This is a retrospective analysis of the HCRU costs of patients with r/r B -cell malignancies 
treated on Phase I/II study with Actaly-cel at 3 centers in India between June 2021 through July 
2023. The key components of HCRUs are defined in Table 1 and were quantified from the electronic 
records from the time of enrolment till their last follow -up. Once enrolled, bridging therapy was 
allowed at investigatorâ֗ s discretion. After lymphodepletion (LD) with a fludarabine plus 
cyclophosphamide (FC) regimen for 3 days, patients received Actaly-cel cv"c"vctigv"fqug"ּמӁ¦"7"
million CAR-T cells/kg (upper limit; total 2 x10 9). 

ÅThe patients were monitored for toxicities particularly CRS, ICANS and cytopenias, as inpatient 
(non-HEPA filtered rooms) for at least a week. 

ÅCRS and ICANS were graded as per ASTCT grading system and cytopenias as per CTCAE v5.

ÅResults: Total 59 patients were enrolled in this study and 47 patients received the infusion. 

ÅThirty seven patients (r/r lymphoma; n=28, r/r B-ALL; n=9) who completed 28 days post-infusion 
were evaluable for HCRU analysis. 

ÅThe median age was 37 years (16-71). The median follow-up of the cohort was 60 days (21-644); 
19% (7/36) and 11% (4/36) patients completed 6 months and 12 months follow -up respectively.



257 Excellent Safety Profile of a Low -Cost Novel Humanized CD19 CAR T-Cell 
Therapy, Actalycabtagene  Autoleucel  : Potential Impact on Access and Feasibility

ÅAmong all patients (n=37) who received LD therapy, 46% of lymphoma patients received LD in the 
outpatient setting while 78% of B-ALL patients required hospitalization for LD. The median 
hospitalization period post Actaly-cel infusion was only 8 days (range: 7-17 days) in the lymphoma 
cohort, and 13 days (range: 7-19 days) for B-ALL patients.

Å Importantly, none of the lymphoma patients required ICU admission, and only one B-ALL patient 
required ICU admission for management of adverse events

ÅThe projected production cost of Actaly-cel in the regional decentralized 
manufacturing model at the scale of 300 patients/year is ~15,000 USD per 
patient. 

ÅThe mean cost of HCRU for clinical management (until last follow -up) per patient 
was ~ 4,400 USD in an academic centre (lymphoma; ~4,000 USD, B-ALL; ~5,565 
USD) and interestingly, only about 14% of these costs were incurred due to 
inpatient management (Figure 1).

ÅConclusions: Actaly-cel was efficacious, with no incidence of ICANS and 
manageable CRS across a wide dose range.

Å More importantly, this study reported low HCRUs due to negligible ICU admission 
and shorter duration of hospitalization, ensuring potential usage of Actaly-cel in 
outpatient settings, and ultimately improving the access and feasibility of CD19 
CAR-T cell therapy in resource constrained settings such as LMICs.



OCT 2023
ÅRecently, the IIT Bombay-incubated company Immuno Adoptive Cell 

Therapy has received Central Drugs Standard Control Organisation 
(CDSCO) approval of the first  humanized CD19-targeted Chimeric 
Antigen Receptor T cell (CAR-T cell) Therapy product called 
NexCAR19 (Actalycabtagene autoleucel) for use in cases of 
relapsed/refractory B-cell Lymphomas and Leukaemia in India.

ÅNexCAR19 is a result of adecade-long collaborative effort between 
IIT Bombayand Tata Memorial Centre (TMC) and has undergone 
rigorous clinical investigations and translational studies.

https://www.drishtiias.com/daily-news-analysis/draft-notification-for-medical-implants
https://www.drishtiias.com/daily-news-analysis/draft-notification-for-medical-implants
https://www.drishtiias.com/daily-updates/daily-news-analysis/car-t-cell-therapy
https://www.drishtiias.com/daily-updates/daily-news-analysis/car-t-cell-therapy
https://www.drishtiias.com/pdf/1687769789.pdf


2104 Primary Analysis of Varnimcabtagene Autoleucel  (IMN-003A) in 
Phase 2 Study (IMAGINE), a First-in-India Industry CD19-Directed CAR-T 
Cell Therapy for Patients with Relapsed Refractory B Cell Malignancies
Program: Oral and Poster Abstracts
Session: 704. Cellular Immunotherapies: Early Phase and Investigational 
Therapies: Poster I
Hematology Disease Topics & Pathways:
Research, clinical trials, Lymphoid Leukemias, ALL, Biological therapies, 
Lymphomas, non-Hodgkin lymphoma, Clinical Research, B Cell lymphoma, 
Chimeric Antigen Receptor (CAR)-T Cell Therapies, Diseases, indolent 
lymphoma, aggressive lymphoma, Therapies, Lymphoid Malignancies, 
Minimal Residual Disease

Saturday, December 9, 2023, 5:30 PM -7:30 PM
Sharat Damodar, MBBS, MD, DM1*, Sunil Bhat, MD1*, Raja Thirumalairaj, MD DM2*, Pankaj 
Malhotra, MD3, Akshatha Nayak, MD1*, Pooja Mallya, MD1*, Ravi Joshi, MD1*, Revathy Raj, 
MD2*, Rameez Ahamed, MD2*, Charanpreet Singh, MD, MBBS, DM3*, Deepak MB, MD1*, 
Sudarshan Chougule, MD1*, Lakshman Vaidhyanathan, MD2*, Man Updesh Singh Sachdeva, 
MD3*, Karthik GA, MD1*, Sunil HV, MD1*, Jayaraj Govindaraj, MD2*, Shelley Simon, MD2*, 
Rajender Kumar Basher, MD3*, Sudeshna Dhar4*, Arun Kumar MG4*, Pallavi Arasu4*, Sri 
Ramulu Elluru4*, Mohammed Manzoor Akheel, MPH MBA4* and Anil Kamat, MD FRCP 
FRCPath MBA4
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ASH 2023



A PHASE 2 STUDY TO DETERMINE THE SAFETY AND EFFICACY OF 
VARNIMCABTAGENE AUTOLEUCEL (IMN-003A) IN PATIENTS WITH 

RELAPSED AND REFRACTORY CD19 POSITIVE B CELL MALIGNANCIES

Principal Investigators:
Dr. Sharat Damodar , NH-MSMC, Bengaluru
Dr. Sunil Bhat , NH-MSMC, Bengaluru

Sites Å Narayana Health h Mazumdar Shaw Medical Center, Bengaluru

Å Apollo Cancer Centre, Chennai

Å Postgraduate Institute  of Medical Education and Research, Chandigarh

Sponsor Immuneel  Therapeutics  Private  Limited  

29/P2, 8th Floor, Narayana Health City, Hosur Road,

Bommasandra Industrial  Area, Bengaluru, Karnataka, India,  560099 .
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Dr. Raja Thirumalairaj , Apollo Cancer Centre, Chennai
Dr. Pankaj Malhotra , PGIMER, Chandigarh



n = 10 to 12 per cohort

(Total 20-24)

Tandem recruitment

54

IMAGINE Trial Design



Varnimcabtagene Autoleucel  in B-NHL: Summary

Unpublished, Data under review



PET CT Images: B-NHL                                                                              1/2
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PET CT Images: B-NHL                                                                                      2/2
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Varnimcabtagene autoleucel: Swimmer Plot

58

Complete Response

Partial Response

Progressive Disease

Salvage / Other treatment

Efficacy Assessment

Bridging Therapy

Allogeneic Transplant

Reinfusion of varnim-cel

 X Death

Alive at last follow-up

Subject ID D -28D0 D+150 D+180 D+240 D+300 D+365 D+420 D+480 D+520 D+560 D+600 D+640 D+680

001-1001 B-ALL; 30/F   X

001-1005 B-ALL; 43/F X

001-3001 B-ALL; 21/M

001-1003 B-ALL; 4/F

001-1004 B-ALL; 7/M

001-1006 B-ALL; 10/M

001-1010 B-ALL; 10/M

001-1013 B-ALL; 7/F       X

001-1018 B-ALL; 14/M

001-1020 B-ALL; 17/M

001-2003 B-ALL; 9/F

001-3003 B-ALL; 16/M

001-1008 B-NHL; 64/M

001-1009 B-NHL; 59/F

001-1011 B-NHL; 34/M    X

001-1012 B-NHL; 40/M   

001-1014 B-NHL; 66/M X

001-1015 B-NHL; 53/M      X

001-1016 B-NHL; 53/F

001-1017 B-NHL; 65/F

001-2001 B-NHL; 31/F

001-2002 B-NHL; 53/M

001-2004 B-NHL; 52/M

001-3002 B-NHL; 50/M  

D+28 D+90 D+365

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU

Ą Continuing  on LTFU
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LTFU: Long Term Follow Up
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Varnimcabtagene autoleucel: Pharmacokinetic profile

Cmax: Median 125,242 CAR copies/ɒ( gDNA (range: 18,256 to 413,968)
Tmax: Median 10 days (range: 7 to 21)
Var-cel  persistence: range 21 to NR
B cell aplasia: Median not reached (range 42 to NR)
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Endpoints n = 12 B-NHL Patients

Efficacy

Overall Response Rate (ORR) @ Day 90
Primary endpoint

83.3% (n=  10 / 12)
CR 70% (n = 7 / 10); PR 30% (n = 3 / 10)

Overall Response Rate (ORR) @ Day 28
91.7% (n = 11 / 12)

CR 63.7% (n = 7 / 11); PR 36.3% (n = 4 / 11)

Progression Free Survival Median not reached

Duration of Response Median not reached

Overall Survival Median not reached

Safety

Cytokine Release Syndrome (CRS)
G3+ 0% 

Overall 75% (n = 9 / 12)

Immune Effector Cell Associated Neurotoxicity 
Syndrome (ICANS)

0%

TRM 0%

Tocilizumab Use

For CRS 41.7% (5 / 12)

Varnimcabtagene Autoleucel h Safety and Efficacy Summary for B -NHL

Unpublished, Data under review



Chimerism and Donor 
Lymphocyte Infusion

Dr. Anant Gokarn

ACTREC, Tata Memorial Centre
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Chimerism analysis

ÅCrucial tool for post transplant surveillance

ÅHelp track successful engraftment.

ÅHelps in predicting impending graft rejection and disease relapse 

ÅTimely intervention

VTo avoid rejection- Guide withdrawal of immunosuppression

VTo maintain engraftment and 

VTo treat imminent relapse





Principles of Chimerism testing

ÅPost HSCT monitoring of proportions of donor & recipient cells 

ÅGenetic differences between donor & recipient are evaluated to predict success of donor 

engraftment/ rejection and impending relapse



Methods of Chimerism Analysis

P Bader at al, BMT 2005; 35: 107-119 P Bader at al, EBMT Handbook 2022



Short Tandem Repeats (STR)

ÅTandem repeats of 2-10 nucleotides

ÅNumber of STRs are highly variable leading unique genetic profiles



Chimerism analysis 
post HSCT



STR PCR based Chimerism : Methodology at glance





Short Tandem Repeats (STR) are chosen to uniquely define the donor 
and recipient



Genemapper v4.0 : Complete Chimerism



Genemapper v4.0 : Mixed Chimerism



Chimerism analysis

ÅQuantify  chimerism by the ratio of donor 

& recipient peaks 

ÅUsually expressed in %



Chimerism ς Total & Split

ÅTotal chimerism of complete hematopoietic compartment 

     & 

ÅChimerism in subsets including granulocytes, T, B , NK & CD34+ cells where clinically appropriate

Lineage specific chimerism       Split chimerism



Lineage specific chimerism analysis



Lineage specific chimerism analysis


