
BACKGROUND
•	 Chimeric antigen receptor (CAR) T‑cell therapy has transformed the 

treatment landscape and significantly extended survival for patients with 
relapsed or refractory non‑Hodgkin lymphoma (NHL)1‑4

•	 Non‑canonical and rare toxicities of CAR T‑cell therapies, beyond cytokine 
release syndrome (CRS) and immune effector cell‑associated neurotoxicity 
syndrome (ICANS), may impact long‑term survivorship4,5

•	 Non‑relapse mortality (NRM), defined as any death not primarily caused 
by disease progression, is important in clinical decision‑making but has 
not been consistently characterized among patients with NHL receiving 
CAR T‑cell therapy4

•	 A recent report on NRM after CAR T‑cell therapy in large B‑cell lymphoma 
(LBCL) has demonstrated the impact of follow‑up time on NRM,6 but 
time‑adjusted analyses by NHL subtype and product are lacking

	– It is critical that comparative analyses include adjustments for follow‑up 
time for calculations to be considered valid

METHODS
•	 This systematic literature review and meta‑analysis was conducted based 

on PRISMA7 guidelines; the study is registered with PROSPERO (ID: 
CRD420251174206). Further details can be found at: https://www.crd.york.
ac.uk/PROSPERO/view/CRD420251174206

•	 References and studies were selected that met predefined eligibility criteria 
(Suppl. Methods) and included adult patients with NHL (LBCL, follicular 
lymphoma [FL], or mantle cell lymphoma [MCL]) treated with an FDA‑ or 
EMA‑approved anti‑CD19 CAR T‑cell therapy (axicabtagene ciloleucel 
[axi‑cel], brexucabtagene autoleucel [brexu‑cel], lisocabtagene maraleucel 
[liso‑cel], or tisagenlecleucel [tisa‑cel]) in a prospective clinical trial

•	 During study selection, it was observed that extended follow‑up impacted 
NRM calculations; thus, for the meta‑analysis, a method was established to 
identify and compare studies with similar follow‑up times

•	 Variables for the meta‑analysis were extracted manually
	– The primary variable was the number of patients with an NRM event
	– Subgroup analyses were conducted by NHL subtype and product type

•	 NRM prevalences were determined via a meta‑analysis of prevalence8; 

heterogeneity was assessed using Q tests of parameter equality and T 2, I 2, 
and H 2 statistics

RESULTS
Systematic literature review
•	 From the systematic literature review, 31 references reporting on 21 clinical 

trials met the inclusion criteria (Figure S1 and Table 1)

Meta‑analysis study selection and impact of 
follow‑up time on NRM
•	 One report from each study was selected for the meta‑analysis (21 reports 

total). Among studies with multiple reports, the report with median follow‑up 
time closest to the median follow‑up time across all trials (15.2 months) was 
usually selected (Figure S2)

	– A benchmark median follow‑up time of 15.2 months was calculated 
as the average median follow‑up from references with a single 
follow‑up report

	– Exceptions were made for PILOT (where the report with 12.3 months of 
follow‑up was selected instead of 18.2 months to align more closely with 
the 12 months of follow‑up in a comparable trial, ALYCANTE, for patients 
who are transplant‑ineligible) and ZUMA‑1 Cohorts 1+2 (where the 
Phase 1/2 report with longer follow‑up was selected to align more closely 
with follow‑up in TRANSCEND, a similar Phase 1/2 trial)

•	 Across the 21 reports used in the meta‑analysis, 1810 patients were 
infused, 130 NRM events were reported, and the average median follow‑up 
was 16.7 ± 6.8 months

•	 Among studies with multiple reports, NRM prevalences (95% CI) for the 
shortest and longest average median follow‑up timepoints were 5.4% 
(3.4‑7.8) at 17.3 months and 12.0% (8.5‑16.0) at 43.3 months, respectively 
(Figure 1)

	– NRM prevalences increased significantly with longer follow‑up (P=.002)
	– Among axi‑cel studies, the impact of longer follow‑up on NRM 

prevalence was more pronounced (6% vs 14%) due to longer follow‑up/
more mature data compared with other products (Figure 2)

Follow‑up‑time–adjusted meta‑analysis of NRM
•	 After adjusting for follow‑up time for the 21 studies in the meta‑analysis, 

the overall NRM prevalence (95% CI) was 6.4% (4.8‑8.3) with an average 
median follow‑up time (standard deviation) of 16.7 ± 6.8 months

•	 NRM prevalences for FL, LBCL, and MCL were 3.8% (1.8‑4.4), 6.7% 
(5.3‑8.3), and 9.4% (2.5‑19.6) with average median follow‑up times of 17.7 ± 
1.2, 16.9 ± 8.1, and 14.6 ± 2.0 months, respectively (Figure S3)

•	 NRM prevalences for axi‑cel, brexu‑cel, liso‑cel, and tisa‑cel were 5.4% 
(3.3‑8.0), 5.9% (1.2‑13.4), 9.1% (5.9‑12.8), and 4.2% (1.0‑9.3) with average 
median follow‑up times of 17.5 ± 8.1, 13.9 ± 2.3, 17.5 ± 6.6, and 13.3 ± 
4.6 months, respectively (Figure 3)

	– The NRM prevalence for the combined axi‑cel/brexu‑cel group (same 
anti‑CD19 CAR construct) was 5.5% (3.6‑7.8) with an average median 
follow‑up time of 16.9 ± 7.5 months (Figure S4)

	– Despite numerical differences, no significant differences in NRM 
prevalences were observed overall or between any of the products

•	 Among all 130 NRM events, the primary cause was infections (n=59; 45.4%)
	– Further causes of NRM were organ‑related toxicity (n=32; 24.6%), 

subsequent primary malignancy (n=11; 8.5%), CRS or HLH (n=4; 3.1%), 
neurotoxicity (n=1; 0.8%), and other (n=12; 9.2%)

	– For 11 NRM events, the causes were unspecified

•	 Overall, 0.22% (4/1810) and 0.06% (1/1810) of patients died due to CRS/
HLH or neurotoxicity

•	 Only 0.85% (3/351) of patients with FL died due to infections compared 
with 3.45% (42/1217) and 5.79% (14/242) of patients with LBCL and MCL, 
respectively (Figure S5)

•	 Rates of Grade 5 infections were not statistically different across all products 
but were numerically highest for axi‑cel/brexu‑cel; organ‑related NRM 
events were numerically highest for liso‑cel (Figure 4)
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Table 1. Relevant References Identified During the Systematic Literature Reviewa

NHL Subtype Product Study Name/Acronym Author, Year, Referenceb Phase ITTc (N) mITTd (N) Median Follow‑Up (mo)

LBCL

Axi‑cel

ALYCANTE Houot 20239 2 69 62 12
JapicCTI Kato 202210 2 17 16 5.5

NCT03954106 Jacobson 202311 2 25 25 NR
NCT05108805 Dholaria 202512 2 25 20 12.1

ZUMA‑1 Cohorts 1+2e

Locke 201913 1/2 119 109 27.1
Neelapu 201714

2 111 101
15.4

Neelapu 202315 63.1
ZUMA‑1 Cohort 3f Locke 202416 2 42 38 31.9/55.9g

ZUMA‑1 Cohort 5h van Meerten 202417 2 58 50 15.1/31.1g

ZUMA‑7
Locke 202218

3 180 170
24.9

Westin 202319 47.2

ZUMA‑12
Neelapu 202220 2

42 40
15.9

Chavez 202521 2 47
ZUMA‑24 Leslie 202522 2 35 30 13

Liso‑cel

OUTREACH Linhares 202423 2 104 82 10.6

PILOT
Sehgal 202224

2 74 61
12.3

Sehgal 202525 18.2
TRANSCEND NHL 001 Abramson 202426 1/2 345 270 29.3

TRANSFORM
Kamdar 202227

3 92 90
6.2

Abramson 202328 17.5
Kamdar 202529 33.9

Tisa‑cel BELINDA Bishop 202230 3 162 155 10

MCL
Brexu‑cel

ZUMA‑2 Cohort 1i Wang 202031 2 74 68 12.3
ZUMA‑2 Cohort 3j van Meerten 202532 2 95 86 15.5

Liso‑cel TRANSCEND MCL Wang 202433 1 104 88 16.1

FL

Axi‑cel ZUMA‑5k

Jacobson 202234

2 127 124
17.5

Neelapu 202435 41.7
Neelapu 202536 64.6

Liso‑cel TRANSCEND FL Morschhauser 202437 2 139 130 18.9

Tisa‑cel ELARA
Fowler 202238

2 98 97
16.6

Dreyling 202439 28.9
a Studies in bold were used in the meta‑analysis. b Details of references 9‑39 are available through the QR code (Suppl. Results); c ITT refers to patients enrolled and apheresed. d mITT refers to patients who received CAR T‑cell infusion. e ZUMA‑1 pivotal Cohorts 1 and 2: DLBCL, tFL, and PMBCL. f ZUMA‑1 Cohort 3: tocilizumab prophylaxis. g Primary and long‑term analysis. h ZUMA‑1 Cohort 5: debulking. i 

ZUMA‑2 pivotal Cohort 1: 2×106 cells/kg. j ZUMA‑2 Cohort 3: BTKi‑naïve. k ZUMA‑5: only FL population extracted.

Figure 1. NRM Prevalences for Studies With Multiple Follow‑Up 
Timepoints Among All Productsa,b
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a The meta‑analysis of prevalence was performed using a random‑effects model and the restricted maximum likelihood (REML) method. b Subgroup‑specific NRM prevalence (including 95% CIs) is 
indicated by red diamonds. c Weight represents the relative contribution of each individual study to the overall pooled effect estimate; it is proportional to the size of the population and the contribution of 
each study to the variance. d Details of references are available through the QR code (Suppl. Results). e Test of 𝜃i=𝜃j: Q(8)=12.52, P=.13. f Test of 𝜃i=𝜃j: Q(8)=18.79, P=.02. g Test of 𝜃i=𝜃j: Q(17)=53.27, 
P=.00; test of group differences: Qb(1): 9.45, P=.002.

Figure 2. NRM Prevalences for Studies With Multiple Follow‑Up 
Timepoints for Axi‑Cel Onlya,b
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a The meta‑analysis of prevalence was performed using a random‑effects model and the restricted maximum likelihood (REML) method. b Subgroup‑specific NRM prevalence (including 95% CIs) is 
indicated by red diamonds. c Weight represents the relative contribution of each individual study to the overall pooled effect estimate; it is proportional to the size of the population and the contribution 
of each study to the variance. d Details of references are available through the QR code (Suppl. Results). e Test of 𝜃i=𝜃j: Q(5)=9.03, P=.11. f Test of 𝜃i=𝜃j: Q(5)=3.13, P=.68. g Test of 𝜃i=𝜃j: Q(11)=29.20, 
P=.00; test of group differences: Qb(1): 10.83, P<.001.

Figure 3. NRM Prevalences by Product at Average Median 
Follow‑Up of 16.7 Monthsa,b
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Figure 4. Incidences of NRM Causes by Product at Average 
Median Follow‑Up of 16.7 Months
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a Organ‑related NRM causes comprised death cases due to cardiovascular, pulmonary, gastrointestinal, CNS, or any other organ/multiorgan‑related reasons. b Includes fludarabine‑associated 
leukoencephalopathy and progressive multifocal leukoencephalopathy. c Other NRM causes after axi‑cel included motorcycle accident (n=1), euthanasia (n=1), and renal failure following allogeneic stem cell 
transplantation (n=1). d Other NRM causes after brexu‑cel included failure to thrive after hip fracture (n=1). e Other NRM causes after liso‑cel included erythema multiforme (n=1), tumor lysis syndrome (n=1), 
graft‑versus‑host disease (n=1), and motorcycle accident (n=1). f Other NRM causes after tisa‑cel included general disorders and administration site conditions (n=1), death (n=2), and euthanasia (n=1).
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Objective
•	 To characterize follow‑up‑time–adjusted, product‑specific NRM prevalences in patients with 

NHL who received an approved CAR T‑cell product in a clinical trial

•	 To assess types and proportions of NRM causes

Conclusions
•	 In this systematic review and meta‑analysis of patients with NHL who were treated with CAR T‑cell 

therapy in clinical trials, NRM prevalences were significantly impacted by follow‑up time

	– Adjustment for follow‑up time in this analysis addresses a major limitation in prior NRM 
analyses and allows for more valid cross‑trial comparisons

•	 At a median follow-up time of 17.5 months for both products, NRM prevalence was numerically 
higher for liso‑cel compared with axi‑cel, although the difference was not statistically significant

•	 Infection was the most common cause of NRM, accounting for 45.4% of NRM events; this 
is relevant to clinical decision‑making, particularly for long‑term monitoring and supportive 
care strategies

	– Very few patients died due to CRS or neurotoxicity

•	 This study was limited by lack of patient‑level data because the data were extracted from 
published clinical trial reports; thus, differences in patient profiles between the products could 
not be accounted for in the meta‑analysis

Plain Language Summary
Chimeric antigen receptor (CAR) T‑cell therapy has changed the treatment landscape for 
people with non‑Hodgkin lymphoma (NHL). Some people who receive CAR T‑cell therapy 
may die for reasons other than their lymphoma getting worse. This is called non‑relapse 
mortality (NRM)

This analysis looked at rates of and reasons for NRM in people with different types of NHL 
who received different CAR T‑cell therapies. Importantly, this analysis only compared NRM in 
studies that followed people for similar amounts of time

Researchers found that NRM was more common for people with mantle cell lymphoma 
compared with follicular lymphoma and large B‑cell lymphoma. The type of CAR T‑cell 
therapy did not significantly impact NRM. The most common cause of NRM was infection
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