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Key Points

• Varnim-cel is a novel 
autologous CD19-
directed CAR T-cell 
therapy with a murine 
A3B1 binder.

• Varnim-cel in a 
fractionated infusion 
protocol (10%, 30%, 
and 60%) yielded 
durable responses and 
a favorable safety 
profile.

Varnimcabtagene autoleucel (varnim-cel), an autologous CD19-directed chimeric antigen 
receptor (CAR) T-cell therapy, has demonstrated an antitumor activity and toxicity profile 
consistent with known CAR T-cell–associated adverse effects in patients with relapsed or 
refractory B-cell malignancies, including B-cell acute lymphoblastic leukemia (B-ALL) and 
B-cell non-Hodgkin lymphoma (B-NHL). In this phase 2 clinical trial, we evaluated the 
efficacy and safety of varnim-cel in individuals with relapsed or refractory B-cell 
malignancies with at least 1 prior line of therapy. Varnim-cel was administered at a dosage 
range of 0.1 × 10 6 to 5 × 10 6 CAR + T cells per kg. Primary end points were safety and overall 
response rate (ORR), defined as complete remission (CR) or CR with incomplete 
hematologic recovery for B-ALL and CR or partial response for B-NHL. Of the 24 patients 
treated with varnim-cel, day +28 ORR was 92% (22 of 24 patients). Twenty of 24 patients 
(ORR, 83%) demonstrated a clinical response at day +90 (primary end point). At a median 
follow-up of 10.6 months, 10 of the 24 patients (42%) maintained a response. Median 
progression-free survival was 8.9 months. Common treatment-emergent adverse events 
were cytopenias (neutropenia, 100%; anemia, 96%; and thrombocytopenia, 92%), cytokine 
release syndrome in 16 patients (67%), including 1 case (4%) of grade ≥3 severity and 1 
patient (4%) with grade 1 immune effector cell–associated neurotoxicity syndrome, with no 
cases of grade ≥3. Varnim-cel induced durable responses in relapsed or refractory B-cell 
malignancies, with a favorable safety profile and low incidence of severe immune-mediated 
adverse events. This trial was registered at www.ctri.nic.in as CTRI/2022/03/041162.

Introduction

Chimeric antigen receptor (CAR) T-cell therapy can induce sustained responses in relapsed or 
refractory B-cell cancers. 1 Tisagenlecleucel has been available for children and young adults (aged
≤25 years) with relapsed or refractory B-cell acute lymphoblastic leukemia (B-ALL) since 2017 in the 
United States and since 2018 in Europe. 1-3 Brexucabtagene autoleucel (brexu-cel) has been licensed
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for adults aged ≥18 years with relapsed or refractory B-ALL. 4-6 

Obecabtagene autoleucel has recently been approved for adults 
with relapsed or refractory B-ALL. 7

Varnimcabtagene autoleucel (varnim-cel) is an autologous 4-1BB-ζ 
anti-CD19 CAR T-cell therapy featuring a murine A3B1 binder. 
Unlike other CAR T-cell therapies, varnim-cel is administered using 
a fractionated infusion protocol to reduce toxicities and enhance 
safety. The preclinical evaluation of varnim-cel (ARI-0001) was 
conducted in Spain. 8,9 The phase 1 study of varnim-cel (ARI-0001) 
in Spain included patients with relapsed or refractory B-cell malig-
nancies and demonstrated a high response rate, durable CAR T-cell 
persistence, and a low incidence of severe immune-related toxic-
ities. 10-12

Varnim-cel (IMN-003A) was subsequently evaluated in the multi-
center phase 2 IMAGINE trial, conducted across clinical sites in 
India. This study represents the first industry-sponsored phase 2 
trial of its kind in the country and was implemented in midst of the 
COVID-19 pandemic with strict adherence to COVID precautions 
despite resource limitations. Here, we present the results of the 
IMAGINE trial, a pivotal, multicenter phase 2 registration study 
designed to assess the safety and therapeutic efficacy of varnim-
cel in patients with relapsed or refractory B-cell malignancies.

Methods
Study design and patients

The IMAGINE study was conducted at 3 clinical trial sites in India. 
The investigators and sites are listed in the supplemental Appendix. 
This was a multicenter, phase 2 clinical trial conducted in patients 
with relapsed or refractory B-cell malignancies in a resource-
constrained setting and included both patients with B-ALL and 
patients with B-cell non-Hodgkin lymphoma (B-NHL). Eligible par-
ticipants included individuals aged 3 to 45 years with B-ALL, and 
adults aged ≥18 years with B-NHL. The inclusion criteria were 
measurable disease, defined as the presence of lymphoid blasts in 
B-ALL or metabolic tumor burden in B-NHL, with prior exposure to 
at least 1 line of therapy, documented relapse or refractoriness to 
the last treatment, an Eastern Cooperative Oncology Group per-
formance status of 0 or 1, and adequate organ function. Demo-
graphic and disease characteristics of the patients are described in 
Table 1. Eligibility is detailed in the supplemental Appendix, and 
inclusion and exclusion criteria are listed in supplemental Tables 1 
and 2 in the supplemental Appendix.

Varnim-cel was manufactured under the current Good 
Manufacturing Practice compliant conditions. The target varnim-
cel dose was 1 × 10 6 CAR + cells per kg for patients with B-
ALL and 5 × 10 6 CAR + cells per kg for those with B-NHL (dose 
range across all patients, 0.1 × 10 6 /kg to 5 × 10 6 /kg). The infusion 
was administered in a fractionated manner over 3 days (10%, 
30%, and 60%), with a minimum 24-hour interval between each 
dose. Bridging therapy was permitted during the manufacturing 
period, provided it was discontinued at least 7 to 14 days before 
varnim-cel infusion and limited to specified drug classes.

Lymphodepletion preparative regimen consisted of fludarabine 
(30 mg/m 2 per day) and cyclophosphamide (300 mg/m 2 per day), 
administered over 3 consecutive days, followed by a 2-day rest 
period before varnim-cel infusion. Patients were monitored for a

minimum of 12 months postinfusion and subsequently invited to 
enroll in a separate long-term follow-up study. Additional methods 
are provided in the supplemental Appendix.

End points and assessments

The primary end points were overall response rate (ORR), defined 
as complete remission (CR) or CR with incomplete hematologic 
recovery (CRi) for B-ALL and CR or partial response (PR) for B-
NHL, evaluated at day 90 following the first varnim-cel infusion, 
along with safety. Disease response was assessed according to 
the National Comprehensive Cancer Network guidelines for B-ALL 
and the International Working Group criteria for B-NHL. Minimal 
residual disease (MRD) in B-ALL was evaluated by flow cytometry 
with a sensitivity threshold of 10 −4 , whereas tumor burden in B-
NHL was assessed using positron emission tomography– 
computed tomography. The primary efficacy end points were 
subject to independent verification to ensure the accuracy and 
robustness of disease response assessments.

Adverse events were graded using the Common Terminology 
Criteria for Adverse Events, version 5.0. 13 Cytokine release syn-
drome (CRS) and immune effector cell–associated neurotoxicity 
syndrome (ICANS) were assessed according to the American 
Society for Transplantation and Cellular Therapy consensus 
grading criteria. 14

Secondary end points included MRD-negative remission in B-ALL, 
progression-free survival (PFS), and overall survival (OS). Addi-
tional details are available in the supplemental Appendix.

Statistical analysis

The safety and efficacy analyses were conducted in all 24 patients 
who received varnim-cel. The primary end point was ORR, defined 
as the proportion of patients achieving either CR or CRi in the 
B-ALL cohort and CR or PR in the B-NHL cohort.

There was no approved CAR T-cell therapy for this indication in 
India. Based on the existing literature, the expected ORR for 
currently available second-line therapies is ~30%, with estimates 
ranging from 20% to 40%. 15-17 Accordingly, a null hypothesis (H 0 : 
p = p 0 ) was formulated, assuming a historical control ORR (p 0 ) of 
30%. The alternative hypothesis (H 1 : p > p 1 ) assumed an ORR of 
at least 60% (p 1 ), which was conservatively estimated based on 
preliminary evidence from the varnim-cel phase 1 study demon-
strating an ORR exceeding 70%. 11

Sample size calculations were based on a 1-sample binomial test, 
with an α-level of 0.05 (1-sided) and a power of 85%. Under these 
parameters, a minimum of 18 evaluable patients were required to 
detect a statistically significant difference from the historical con-
trol. However, the IMAGINE phase 2 trial enrolled 24 patients, 
allowing for both a robust assessment of safety and efficacy and 
for greater precision in estimating ORR. With the 24 treated 
patients, the observed ORR could be estimated at 95% exact 
confidence interval ranging from 34.7% to 81.8%, excluding the 
null value of 30% and supporting the hypothesis of clinical supe-
riority. Therefore, the study was adequately powered to demon-
strate a meaningful treatment effect of varnim-cel compared with 
historical therapies.

Time-to-event end points, including PFS and duration of response, 
were analyzed using the Kaplan-Meier method. Patients who
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initiated subsequent nonprotocol anticancer therapies, including 
varnim-cel reinfusions and hematopoietic stem cell transplantation, 
were censored at the time of treatment initiation for the relevant 
analyses.

Study oversight

The study was conceptualized and designed collaboratively by the 
investigators and study sponsor and conducted in compliance 
with the International Council for Harmonisation guidelines for 
Good Clinical Practice and the ethical principles outlined in the 
Declaration of Helsinki. The protocol received approval from the 
institutional review boards or institutional ethics committees at 
each participating center. Written informed consent was obtained 
from all patients before enrollment. The authors confirm the 
accuracy and integrity of the data presented, as well as the study’s 
adherence to the approved protocol. All manuscript drafts were

critically reviewed and revised by the authors. The author contri-
butions are detailed in supplemental Table 3 in the supplemental 
Appendix. The authors vouch for the completeness and accuracy 
of the data and for the adherence of the study to the protocol.

Results
Patient disposition

Between 17 March 2022 and 16 May 2023, a total of 25 patients 
were enrolled and underwent leukapheresis (Figure 1). Of these, 
24 (96%) received varnim-cel infusions; however, 1 patient with-
drew before the infusion (supplemental Table 7). The median age 
of the treated patients was 32.5 years (range, 4-66). The patients 
had received a median of 3 prior lines of therapy (range, 1-5), and
1 patient (4%) had previously undergone autologous hematopoi-
etic stem cell transplantation. Bridging therapy was administered

Table 1. Demographic and disease characteristics of the patients before enrollment

Characteristic B-ALL cohort (n = 12) B-NHL cohort (n = 12) Overall (N = 24)

Demographic characteristics

Age

Median (range), y 12.0 (4-43) 53.0 (31-66) 32.5 (4-66)

<18 years, n (%) 9 (75) — 9 (37.5)

≥18 years, n (%) 3 (25) 12 (100) 15 (62.5)

Sex, n (%)

Male 7 (58.3) 8 (66.7) 15 (62.5)

Female 5 (41.7) 4 (33.3) 9 (37.5)

Previous therapies

No. of previous lines, median (range) 2 (1-5) 3 (2-5) 3 (1-5)

Refractory disease, n (%) 8 (66.7) 3 (25) 11 (45.8)

Relapsed disease, n (%)

First relapse 1 (8.3) — 1 (4.2)

Second plus relapse 3 (25) 9 (75) 12 (50)

Previous use of inotuzumab ozogamicin, n (%) 4 (33.3) — 4 (16.7)

Previous autologous stem cell transplantation, n (%) — 1 (8.3) 1 (4.2)

Disease characteristics

Median percentage of bone marrow blasts (range) 00.34 (0.01-27.2) — 00.34 (0.01-27.2)

Philadelphia chromosome–positive disease, n (%) 1 (8.3) — 1 (4.2)

B-NHL subtypes, n (%)

Large B-cell lymphomas: diffuse large B-cell lymphoma, 
NOS

— 4 (33.3) 4 (16.7)

Transformations of indolent B-cell lymphomas — 3 (25) 3 (12.5)

Follicular lymphoma — 4 (33.3) 4 (16.7)

Mantle cell lymphoma — 1 (8.3) 1 (4.2)

Bulky disease >7 cm — 3 (25) 3 (12.5)

TMTV (range), mL — 67.9 (27.1-1 177) 67.9 (27.1-1 177)

SPD (range), mm 2 — 3 846 (1 001-35 849) 3 846 (1 001-35 849)

ECOG performance status score, n (%)

0 12 (100) 8 (66.7) 20 (83.3)

1 0 4 (33.3) 4 (16.7)

ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise specified; SPD, sum of the product of the perpendicular diameters for multiple lesions; TMTV, total metabolic 
tumor volume.
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to 12 patients (50%) during the manufacturing phase. 
Manufacturing feasibility is detailed in the supplemental Results of 
the supplemental Appendix.

Efficacy

Patients received varnim-cel at target doses of 1 × 10 6 CAR + T 
cells per kg for B-ALL and 5 × 10 6 CAR + T cells per kg for B-NHL 
(dose range across all patients, 0.1 × 10 6 /kg to 5 × 10 6 /kg).

At the day +28 evaluation, 22 of the 24 patients (92%) demon-
strated a clinical response (11/12 patients each in B-ALL and 
B-NHL cohorts). Twenty of 24 patients (83%) demonstrated a 
clinical response (10/12 patients each in B-ALL and B-NHL 
cohorts) at day +90 (primary end point). In the B-ALL cohort, MRD 
negativity, defined as <10 −4 nucleated cells, was achieved in 9 of 
the 10 responders (90%). In the B-NHL cohort, the CR rate 
among responders was 70%. Of 3 patients (30% of responders) 
with PR at day +90, 2 patients lost response and 1 patient 
remained in PR at day +365. At a median follow-up of 
10.6 months, 10 of the 24 patients (42%) maintained a response, 
including 9 patients (38%) with a CR. Table 2 summarizes the 
response according to cohort and in all patients who received 
varnim-cel.

The median time to initial response was 28 days (range, 28-33). 
The median duration of response was 7.9 months (range, 0 to not 
reached [NR]; B-ALL, 6.6 months [range, 0 to NR]; B-NHL, NR

[range, 0 to NR]). Median PFS was 8.9 months (range, 0.4 to NR), 
whereas the median OS was NR (range, 0.4 months to NR). 
Survival curves are shown in Figures 2 and 3.

Following disease progression, 4 patients received a second 
infusion of varnim-cel; 2 of these patients (50%) achieved a sub-
sequent response. All were redosed with the same cell dose as 
during their initial infusion.

Safety

Adverse events, including immunotoxicity, cytopenia, and infec-
tions, are summarized in Table 3.

CRS

CRS of all grades occurred in 16 of 24 patients (67%; 58% in B-
ALL and 75% in B-NHL [aggressive, 42%; indolent, 33%; P = not 
significant]). One patient (4%) experienced grade ≥3 CRS. The 
median time to CRS onset was 5 days postinfusion (range, 1-9), 
and the median duration was 3 days (range, 1-7). Management 
included tocilizumab in 9 patients (37%), anakinra in 1 patient 
(4%), and corticosteroids in 2 patients (8%).

ICANS

ICANS of grade 1 was observed in 1 patient (4%) with B-ALL, with 
no events exceeding grade 2 severity. The onset occurred 10 days 
postinfusion and lasted 3 days. Treatment included anakinra and 
corticosteroids. No other patient experienced ICANS or 
neurotoxicity.

Cytopenias

All patients (100%) developed neutropenia, with 92% experi-
encing grade ≥3 severity. Anemia was reported in 23 patients 
(96%), with grade ≥3 in 8 (33%). Thrombocytopenia was 
observed in 22 patients (92%), with 5 cases (21%) being grade
≥3. B-cell aplasia was observed in all patients. Posttreatment 
hypogammaglobulinemia occurred in 11 patients (46%), and 18 
patients (75%) received IV immunoglobulin, including prophylactic 
administration.

Intensive care unit admission

Only 1 patient (4%) required intensive care unit admission for
2 days, related to the management of grade ≥3 CRS.

Mortality

One patient with B-ALL died because of CRS with tumor lysis 
syndrome, an event attributed to varnim-cel. In total, 5 patients

Signed informed consent (n = 27)

Not meeting inclusion criteria (n = 2)

Apheresis performed (n = 25)

Varnim-cel (IMN-003A) infused (n = 24)

24 patients included in 
safety and efficacy evaluation

Withdrawn, Investigator decision (n = 1)

Figure 1. Screening, enrollment, and infusion.

Table 2. Response according to the cohorts and among all patients who received varnim-cel

Response, n (%)

B-ALL cohort (n = 12) B-NHL cohort (n = 12) Overall (N = 24)

D +28 D +90 D +365 D +28 D +90 D +365 D +28 D +90 D +365

ORR 11 (92) 10 (83) 4 (33) 11 (92) 10 (83) 6 (50) 22 (92) 20 (83) 10 (42)

MRD-negative* 10 (91) 9 (90) 2 (50) — — — — — —

CR* 11 (92) 10 (83) 4 (33) 7 (64) 7 (70) 5 (83) — — —

PR* — — — 4 (36) 3 (30) 1 (17) — — —

D, day.
*Responses among responders.
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(21%) died during the study period, with all remaining deaths 
attributed by the investigator to underlying disease progression. 
Additional details are provided in supplemental Tables 10 and 11 
in the supplemental Appendix.

Cellular pharmacokinetics

The median peak CAR T-cell concentration in all the patients who 
received varnim-cel infusion was 125 242 copies per microgram 
of genomic DNA (range, 18 256-413 968). The median time to 
peak CAR T-cell concentration was 10 days (range, 7-28) after 
varnim-cel infusion. The median duration of CAR T-cell persistence 
in peripheral blood as assessed by droplet digital polymerase 
chain reaction assay was 56 days (10 to NR). Additional details 
are provided in the supplemental Appendix.

Replication competent lentivirus assay results were negative for all 
patients at baseline and up to 1 year after varnim-cel infusion.

Discussion
In this phase 2 study, varnim-cel was administered to 24 patients 
with relapsed or refractory B-cell malignancies. Formal hypothesis 
testing was conducted for the primary end point of ORR, defined 
as CR or CRi in B-ALL and CR or PR in B-NHL along with safety 
outcomes.

At the day +28 evaluation, 22 of the 24 patients (92%) demon-
strated a clinical response (11/12 patients each in the B-ALL and 
B-NHL cohorts). At day 90 postinfusion, the ORR was 83% (pri-
mary end point). The median time to first response was 28 days 
(range, 28-33), with a median duration of response of 7.9 months 
(range, 0 to NR). Median PFS was 8.9 months (range, 0.4 to NR),

and the median OS was NR at the time of data cutoff. Importantly, 
varnim-cel exhibited a favorable safety profile, with only 1 case of 
grade ≥3 CRS and no cases of grade ≥3 neurotoxicity.

Current therapeutic agents such as blinatumomab and inotuzumab 
ozogamicin have demonstrated improved response rates in 
relapsed or refractory B-ALL but typically require consolidation 
with allogeneic hematopoietic stem cell transplantation to achieve 
durable remission. 18,19 Brexu-cel, a CD28-ζ–based CD19 CAR 
T-cell product, is approved for adults with relapsed or refractory B-
ALL and has demonstrated an ORR of 71%. 4-6 Brexu-cel is 
associated with higher rates of grade ≥3 CRS (24%-26%) and 
ICANS (25%-35%) than other CD19 CAR T-cell products, such 
as obecabtagene autoleucel, for which reported incidences of 
grade ≥3 CRS and ICANS are 2.4% and 7.1%, respectively. 6,7,20 

In contrast, in this study, varnim-cel was not associated with any 
grade ≥3 ICANS or neurotoxicity events, and only 1 patient 
developed grade ≥3 CRS.

This study represents a landmark in India’s advancement in cellular 
immunotherapy, being the first industry-sponsored, multicenter 
phase 2 trial of a CAR T-cell therapy conducted in the country. 
Varnim-cel, a personalized autologous CAR T-cell product with a 
unique A3B1 binder (non-FMC63) and a 4-1BB costimulatory 
domain, was manufactured in India’s first integrated cell and gene 
therapy research, development, and manufacturing facility. The trial 
was executed during the COVID-19 pandemic without any 
COVID-related mortality, underscoring the resilience of the infra-
structure, COVID prevention, and patient care protocols. Varnim-
cel was administered using a fractionated dosing schedule and 
demonstrated a favorable safety profile, with a particularly low 
incidence of severe neurotoxicity, supporting its potential for
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Figure 2. PFS.
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Figure 3. OS.
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treatment in a low-resource setting. The study also established 
critical operational capabilities, including ultracold chain logistics 
for individualized therapy (first-in-India for a personalized treat-
ment), marking India’s entry into the global CAR T-cell therapy 
domain with high manufacturing and clinical standards. An interim 
analysis of this study has been published previously. 21-38

Overall, the IMAGINE trial demonstrated that varnim-cel is asso-
ciated with a high rate of durable responses and a low incidence of 
severe immune-mediated toxicities in patients with relapsed or 
refractory B-ALL and B-NHL. These results suggest that varnim-cel 
offers a favorable safety profile compared with other CD19 CAR T-
cell therapies, with a potential for achieving long-term efficacy in 
patients with B-cell malignancies and especially relevant for use in 
low- and middle-income countries with a huge unmet need.
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