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META-ANALYSIS

Network meta-analysis of CAR T-Cell therapy for the treatment of 3L+ R/R LBCL 
after using published comparative studies
Olalekan O. Oluwole a, Sattva S. Neelapub, Markqayne D. Rayc, Eve H. Limbrick-Oldfield d, Sally W. Wadee, 
Steve Kanters d, Anik R. Patelc and Frederick L. Lockef

aVanderbilt Ingram Cancer Center, Vanderbilt University Medical Center, Nashville, TN, USA; bThe University of Texas MD Anderson Cancer Center, 
Houston, TX, USA; cKite, A Gilead Company, Santa Monica, CA, USA; dRainCity Analytics, Vancouver, BC, Canada; eWade Outcomes Research & 
Consulting, Salt Lake City, UT, USA; fH. Lee Moffitt Cancer Center, Tampa, FL, USA

ABSTRACT
Introduction: Studies have compared chimeric antigen receptor (CAR) T-cell therapies and salvage 
chemotherapy in relapsed/refractory large B-cell lymphoma (LBCL) patients, but further evidence of 
their relative effectiveness is warranted.
Methods: Our systematic review identified studies comparing efficacy and safety outcomes of axicab
tagene ciloleucel (axi-cel), lisocabtagene maraleucel (liso-cel) and tisagenlecleucel (tisa-cel) trials to 
salvage chemotherapy cohorts in LBCL patients with ≥2 prior lines of treatment; and an extended 
evidence network included indirect comparisons comparing CAR T-cell therapies. We conducted net
work meta-analyzes using Bayesian hierarchical modeling.
Results: Three studies comparing ZUMA-1 (axi-cel), TRANSCEND (liso-cel) and JULIET (tisa-cel) trials to 
salvage chemotherapy within the SCHOLAR-1 cohort were identified. Axi-cel (odds ratio [OR]:5.63; 95% 
credible interval [CrI]:2.66–12.42) and liso-cel (OR:4.26; 95%CrI:2.33–7.93) showed a significant increased 
overall response rate compared to tisa-cel, but not to one-another. Axi-cel demonstrated significant 
improvements in overall survival relative to liso-cel (hazard ratio [HR]:0.54; 95%CrI:0.37–0.79) and tisa-cel 
(HR:0.47; 95%CrI:0.26–0.88). Higher rates of grade ≥3 neurological events were observed with axi-cel 
than with tisa-cel and liso-cel.
Conclusions: We highlight important differences in clinical outcomes between CAR T-cell therapies. 
Axi-cel demonstrated improved overall survival compared to tisa-cel and liso-cel, and both axi-cel and 
liso-cel showed higher response rates compared to tisa-cel.
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1. Introduction

The introduction of anti-CD19 chimeric antigen receptor (CAR) 
T-cell therapies has transformed the treatment landscape of 
relapsed/refractory (R/R) large B-cell lymphoma (LBCL) in 
recent years. Three CAR T-cell therapies – axicabtagene cilo
leucel (axi-cel), tisagenlecleucel (tisa-cel), and most recently 
lisocabtagene maraleucel (liso-cel) – may offer curative poten
tial among patients who have failed curative treatment 
options in the first- and second-line of therapy (LoT). 
Although these treatments are all of the same class (CAR 
T-cell therapies), they differ with respect to their co- 
stimulatory domains (anti-CD19 vs 4-1BB) and differ in 
a variety of ways with respect to mechanisms of action [1,2]. 
It is unclear how these differences can translate with respect 
to efficacy and safety.

Initial regulatory approval of these treatments was based 
on results of three pivotal single-arm, Phase II trials: ZUMA-1 
for axi-cel [3,4], TRANSCEND for liso-cel [5], and JULIET for tisa- 
cel [6]. And the promising results from these trials have been 
confirmed by a growing number of real-world CAR T-cell 
therapy studies [7–9]. Recent real-world data also suggest 

important efficacy and safety differences may exist between 
these transformative agents, warranting further investigation 
of their relative treatment effects [10–12].

Given the non-comparative nature of the CAR T-cell ther
apy clinical studies, indirect treatment comparisons (ITCs) are 
of interest. There are multiple methods that attempt to emu
late randomized clinical trials (RCTs) by optimizing internal 
validity. When individual patient data (IPD) are available for 
both treatments, propensity score analyzes can be used to 
optimize the internal validity of a comparative analysis. 
However, when IPD is only available for one treatment, with 
aggregate data available for the other treatment, matching- 
adjusted indirect comparisons (MAICs) are an effective 
approach to reduce confounding bias [13]. MAICs have been 
conducted to compare the CAR T-cell therapies to one another 
with respect to efficacy and safety using results from the 
pivotal trials [14,15]. As these pivotal trials were single-arm, 
all MAICs that have been conducted to compare the trial 
results are unanchored, meaning the two treatments are com
pared in the absence of a common comparator, such as 
salvage chemotherapy. For unanchored MAICs, the primary 
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assumption is that there are no unobserved prognostic factors, 
while the primary assumption for propensity score analyzes is 
no unobserved confounders (a subset of prognostic factors). 
For this reason, anchored MAICs should be used, when possi
ble, to provide a more robust comparison [13,16].

In addition to comparing CAR T-cell therapies to one 
another, ITC methods have been used to compare them to 
salvage chemotherapy, which was the historical standard of 
care (SoC) prior to the introduction of CAR T-cell therapies 
[17]. For example, an external control cohort, SCHOLAR-1, was 
developed using two real-world cohorts and the extended 
follow-up of two trials to act as a historical SoC for comparison 
with outcomes from ZUMA-1 (axi-cel) [3,18]. A propensity 
score analysis has been used to compare axi-cel with 
SCHOLAR-1, which consists of R/R LBCL patients eligible for 
CAR T-cell therapy [19]. The existence of such studies allows 
the construction of an anchored network for indirect treat
ment comparisons between the trial outcomes from CAR T-cell 
therapies.

Evaluating comparative effectiveness and safety of CAR 
T-cell therapies is important for clinical decisions and policy
making. Given the dearth of direct comparative evidence, our 
aim was to identify all comparative studies of CAR T-cell 
therapies and salvage chemotherapy through a systematic 
literature review, and, where feasible, to provide a more 
robust evaluation of comparative efficacy and safety using 
an anchored network meta-analysis (NMA).

2. Methods

2.1. Systematic literature review

We systematically searched Embase and Medline via Ovid on 
16 January 2023, for evidence from inception (i.e. from 1946 
to 2023). Searches of medical literature databases were sup
plemented by hand searches of conferences in years deter
mined to not be indexed in Embase. Study selection was 
conducted using set PICOS (population, intervention, com
parator, outcomes, and study design) criteria [20]. Eligible 
studies included adults with R/R LBCL with ≥2 prior LoTs. 
Eligible interventions were CAR T-cell therapeutics commer
cially available to the target population: axi-cel, liso-cel and 
tisa-cel. Studies were required to be comparative, with eligi
ble comparator for the primary evidence base being salvage 
chemotherapy or another form of historical SoC. Study selec
tion was also extended for a secondary evidence base, which 
allowed for other CAR T-cell therapeutics among the eligible 
interventions as comparators. As our interest was in evaluat
ing the trial evidence supporting CAR T-cell therapies in this 
population, real-world CAR T-cell studies were excluded. 
Furthermore, eligible studies were required to use methods 
designed to emulate RCTs, including propensity score ana
lyses and population-adjusted indirect comparisons (PAIC) 
such as MAICs (see Supplementary Materials). Eligible studies 
were required to report on at least one outcome of interest, 
which included overall survival (OS), progression-free survival 
(PFS), objective response rate (ORR), complete response (CR), 
cytokine release syndrome (CRS) and neurological events 

(NE). The search terms used for database, full PICOS criteria, 
and conference searches are presented in Tables S1–3.

All study selection and data extraction steps were con
ducted by two reviewers working independently and in dupli
cate in accordance with PRISMA guidelines [21]. In situations 
where consensus could not be reached between the two 
reviewers, a third reviewer provided arbitration. Following 
the identification of eligible publications, these were mapped 
to their underlying studies. Study characteristics, patient char
acteristics, and outcomes were extracted into standardized 
data extraction templates. Patient characteristics included 
both those observed and adjusted (e.g. by propensity score 
methods). Quality and risk of bias assessments were con
ducted using the Newcastle-Ottawa Scale (NOS) for cohort 
studies [22]. The instrument evaluates the quality of observa
tional studies based on three domains: study group selection; 
study group comparability; and outcome ascertainment.

2.2. Statistical analyses

Prior to statistical analysis, the evidence base was assessed to 
evaluate what analyses were feasible. The feasibility assess
ment consisted of determining the reporting of each outcome 
within the network of evidence, evaluating the methods and 
adjustments used in each study within the network, compar
ing the post-weighting patient characteristics and reviewing 
the resulting effective sample sizes and/or sum of weights. 
Outcomes were included in the analyzes if they were reported 
in two or more eligible studies.

For sufficiently reported outcomes, we conducted network 
meta-analyzes (NMAs) using Bayesian hierarchical models 
[23,24]. Bayesian models use priors, likelihoods, and models to 
obtain posterior estimates based on the observed data. In these 
analyses, the priors were non-informative, and results of these 
Bayesian analyses are similar to their frequentist NMA counter
parts. Advantages to the Bayesian approach are that they use 
likelihoods that better reflect the underlying data (i.e. they 
avoid Normal approximations) and lend themselves better to 
more complicated models (not needed here). For time-to-event 
outcomes, the log hazard ratios from the included studies were 
modeled using a mean difference NMA. In these analyses, the 
log hazard ratios were treated as continuous outcomes from 
the studies using a normal likelihood with identity link function, 
the standard approach to modeling survival data meeting the 
proportional hazards condition. NMAs for dichotomous out
comes consisted of a logistic regression model with binomial 
likelihood. In all cases, non-informative normal priors were used. 
By using non-informative priors, the credible intervals pre
sented in this study are equivalent to confidence intervals. All 
analyses used the adjusted estimates from the propensity score 
analyses or the MAICs. When multiple analyses were presented 
within the same study, the results of the primary analysis as 
identified by the study authors were selected.

The primary analysis consisted of the studies which reported 
CAR T-cell therapy vs. salvage chemotherapy comparisons, 
which allowed the construction of an anchored network with 
salvage chemotherapy as the common comparator. This com
plements the previously published CAR T-cell to CAR T-cell 
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therapy comparisons, while providing an opportunity to com
pare results. As a secondary analysis, this network was 
expanded to include the studies that reported comparisons 
between CAR T-cell therapy (e.g. axi-cel vs tisa-cel, without 
a common comparator). In this larger network, all available 
evidence was included, and the network still benefitted from 
the addition of the common comparator. Fixed and random- 
effects models were applied, dependent upon how many stu
dies were included in each model. Model selection was con
ducted using the deviance information criterion in accordance 
with set conventions [25,26]. As there were closed loops in the 
extended network, inconsistency was assessed using node split
ting. All analyses were performed using R version 4.1.0 and 
using JAGS version 4.3. Bayesian analyses used a burn-in of 
10,000 iterations with a further 25,000 iterations. Convergence 
was assessed using density plots and Gelman plots.

2.3. Ethical approval

No ethical approval was required as data in this study are from 
previously published studies in which informed consent was 
obtained by primary investigators.

3. Results

3.1. Evidence base

From the 467 publications identified through database and 
conference searches, a total of 3 studies [19,27,28] were 
included in the primary evidence base (i.e. studies with salvage 

chemotherapy as a comparator), with an additional 5 studies 
[29–33] included in the extended network (Figure 1). The eight 
total studies were reported in 18 publications (Supplemental 
Table S4). From the feasibility assessment, OS, ORR, and CR 
were sufficiently well-reported to be included in the primary 
analysis, while neither PFS or safety outcomes could be ana
lyzed. Quality assessment revealed studies were of generally 
high-quality (Table S5 of the Supplemental Materials).

Figure 2 presents the networks of evidence. Compared to 
most networks of evidence, there was an important overlap in 
the included salvage chemotherapy common comparator 
cohorts. Two studies included the SCHOLAR-1 external control 
cohort. The third study, salvage chemotherapy SoC to data 
from JULIET [27], used the CORAL study cohort – a subset of 
SCHOLAR-1 consisting of follow-up data from a second-line 
clinical trial [34,35]. For the primary network, the comparisons 
between ZUMA-1 and SCHOLAR-1 [19], and JULIET and CORAL 
[27] used propensity score methods. The comparison between 
TRANSCEND and SCHOLAR-1 used a MAIC [28]. Propensity 
score methods are better suited than MAICs to reduce bias. 
The extended network included an additional five studies. All 
five were unanchored MAICs comparing two CAR T-cell thera
pies: two comparisons between ZUMA-1 and TRANSCEND 
[30,32], two comparisons between TRANSCEND to JULIET 
[29,33], and one study comparing JULIET to ZUMA-1 [31].

In addition to the methods used by each study, impor
tant considerations are the variables used to make these 
adjustments and the resulting sample sizes. These are 
reported in Table 1. For the primary network, age and 
prior stem cell transplant (SCT) were the only covariates 

Figure 1. Study selection flow diagram.
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that were adjusted for across all three studies. Many vari
ables were adjusted for in one or more of the primary 
studies, including non-Hodgkin’s lymphoma (NHL) subtype, 
refractory to last LoT and either International Prognostic 
Index (IPI), or factors that contribute to IPI. Post- 
adjustment sample sizes and effective sample sizes (ESS) 
ranged from 80 to 248 patients among the CAR T-cell 
cohorts, while the sum of weights and ESS for the salvage 

chemotherapy cohorts ranged from 145 to 636 patients. 
Further details for the extended network are provided in 
Supplementary Table S6.

3.2. Comparative analyses

Results of the NMAs for the primary analysis are presented in 
Table 2. As all hazard ratios (HRs) for OS were based on 

Figure 2. Network of evidence for (a) the primary evidence base; and (b) the extended evidence base.
Axi-cel, axicabtagene ciloleucel; IPI, international prognostic index; liso-cel, lisocabtagene maraleucel; MAIC, matching-adjusted indirect comparison; SoC, standard of care, tisa-cel; 
tisagenlecleucel. 
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analyses that met the proportional hazards assumption, ana
lyses were conducted using the HRs. Across all outcomes, CAR 
T-cell therapies performed significantly better than salvage 
chemotherapy. For OS, the HRs of 0.27 (95% credible interval 
[CrI]: 0.19–0.38), 0.50 (95% CrI: 0.40–0.60) and 0.57 (95% CrI: 
0.44–0.73) favored axi-cel, liso-cel and tisa-cel, respectively, 
when compared to salvage chemotherapy. Similarly, response 
outcomes were in favor of CAR T-cell therapies in comparison 
to salvage chemotherapy, although CR was not reported in 
the tisa-cel study.

When comparing CAR T-cell therapies using the 
anchored network, axi-cel was associated with a significant 

improvement in OS compared to liso-cel (HR: 0.54; 95% CrI: 
0.37–0.79) and tisa-cel (HR: 0.47; 95% CrI: 0.26–0.88). The 
comparison of OS between liso-cel and tisa-cel was not 
statistically differentiable (HR: 0.87; 95% CrI: 0.42–1.78). For 
ORR, axi-cel was associated with a higher response rate 
compared to tisa-cel (OR: 5.62; 95% CrI: 2.64–12.42), but 
not liso-cel (OR: 1.32; 95% CrI: 0.64–2.87), and liso-cel was 
associated with a higher response rate compared to tisa-cel 
(OR: 4.24; 95% CrI: 2.28–7.91). For CR, only a comparison 
between axi-cel and liso-cel was possible, and no significant 
difference was observed (OR: 0.67; 95% CrI: 0.32–1.37) 
between these treatments.

Table 1. Adjustment methods and details in the primary network.

Axi-cel (IPD) vs salvage CT (IPD) Liso-cel (IPD) vs salvage CT (summary data) Tisa-cel (IPD) vs salvage CT (IPD)

Variables included in adjustments
Sex Yes Yes
Lines of therapy Yes –
NHL subtype Yes Yes Restriction
IPI Sensitivity only Yes

Age Yes Yes Yes
Disease stage Sensitivity only Yes Yes
ECOG – – Restricted
LDH – – –
Extranodal site involvement – – –

SCT
Prior ASCT Yes Yes Yes
Prior allogeneic SCT – – Restricted
Relapse within 12 months of ASCT Yes – –
Post-treatment SCT † Yes – –

R/R to last LoT – Yes Yes
Refractory to ≥ 2 consecutive LoT Yes –
Primary refractory Yes – –
Status of disease – – Yes
Number of relapses – – Yes
Patients didn’t receive rituximab at 2nd LoT – – Restricted
Time to second LoT – – Yes
CNS involvement – – Restricted

Sample sizes
CAR T-cell 80–81 ESS:142 11–143
Standard of Care ESS: 331–340‡ 523–603 ESS:205‡

ASCT, autologous stem cell transplant; axi-cel, axicabtagene ciloleucel; CAR, chimeric antigen receptor; CNS, central nervous system; CT, chemotherapy; ECOG, 
Eastern Cooperative Oncology Group; ESS, effective sample size; IPD, individual patient data; IPI, international prognostic index; LDH, lactate dehydrogenase; liso- 
cel, lisocabtagene maraleucel; LoT, line of therapy; NHL, non-Hodgkin lymphoma; PMBCL, primary mediastinal B-cell lymphoma; R/R, relapsed/refractory; SCT, 
stem-cell transplantation; tisa-cel; tisagenlecleucel. †While other variables are included in the derivation of weights, this one is included in the model itself as 
a time-varying predictor. ‡Sum of standardized mortality ratio weights. 

Table 2. Network meta-analysis results using the primary network.

OS 
(HR, 95% CrI)

ORR 
(OR, 95% CrI)

CR 
(OR, 95% CrI)

Compared to salvage CT:
Axi-cel vs salvage CT 0.27 

(0.19, 0.38)
9.29 

(5.18, 18.16)
8.57 

(4.95, 15.00)
Liso-cel vs salvage CT 0.50 

(0.40, 0.60)
7.06 

(4.71, 10.73)
12.89 

(8.06, 20.87)
Tisa-cel vs salvage CT 0.57 

(0.44, 0.73)
1.66 

(1.05, 2.61)
–

Between CAR T-cell therapy comparison:
Axi-cel vs liso-cel 0.54 

(0.37, 0.79)
1.32 

(0.64, 2.89)
0.67 

(0.32, 1.39)
Axi-cel vs tisa-cel 0.47 

(0.26, 0.88)
5.63 

(2.66, 12.54)
–

Liso-cel vs tisa-cel 0.87 
(0.42, 1.78)

4.26 
(2.33, 7.93)

–

Axi-cel, axicabtagene ciloleucel; CAR T-cell therapy, chimeric antigen receptor T-cell therapy; CrI, credible 
interval; CR, complete response; CT, chemotherapy; liso-cel, lisocabtagene maraleucel; ORR, overall 
response rate; OS, overall survival; SoC, standard of care; tisa-cel; tisagenlecleucel. 
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All analyses were repeated in the expanded network 
(Supplementary Table S8). Despite the inclusion of more com
parisons, the pattern of results and significance of the treat
ment comparisons did not change. For OS, the estimates of 
the comparisons remained almost unchanged, whilst effect 
sizes were generally increased for response outcomes in the 
extended network. Due to increased data availability, the 
extended network allowed for comparisons to tisa-cel to be 
made for CR. Axi-cel was associated with a higher CR com
pared to tisa-cel (OR: 3.23; 95% CrI: 1.96–5.26), but not liso-cel 
(OR: 1.01; 95% CrI: 0.88–2.00), and liso-cel was associated with 
a higher response rate compared to tisa-cel (OR: 3.23; 95% CrI: 
2.04–5.00).

The extended network also provided an opportunity to 
analyze safety outcomes (Supplementary Table S9). There 
was an increased risk of CRS and NE with axi-cel relative to 
both liso-cel and tisa-cel. The odds ratio of grade ≥3 CRS with 
axi-cel relative to liso-cel was 4.63 (95% CrI: 2.01–11.48) and 
relative to tisa-cel was 0.47 (95% CrI: 0.17–1.13). The odds ratio 
of grade ≥3 NE with axi-cel relative to liso-cel was 4.53 (95% 
CrI: 2.68–7.69) and relative to tisa-cel was 2.85 (95% CrI: 1.47– 
5.45). Liso-cel and tisa-cel were not statistically different with 
respect to NEs, but liso-cel led to reduced odds of CRS relative 
to tisa-cel.

To place these results in context, Table 3 presents the 
results from our primary analysis and the results from pub
lished unanchored CAR T-cell to CAR T-cell ITC studies, which 
also contributed to our extended network of evidence. For all 
other outcomes and comparisons, the direction and signifi
cance of the anchored network aligned well with the pub
lished ITCs, and this despite the comparisons being done 
using completely different (network) pathways. In most 
cases, the magnitude of the effect was also similar. For exam
ple, with respect to OS in the comparison of axi-cel to liso-cel, 
our study results aligned very well with those of a prior MAIC 
[32]. However, there was a more notable difference in the 
estimated OR of liso-cel to tisa-cel for ORR, which shifted 
from 2.78 to 4.24.

4. Discussion

This study compared the efficacy of axi-cel, liso-cel, and tisa- 
cel through a common comparator. Our findings suggest that 

important differences exist between several clinical outcomes 
achieved by approved CAR T-cell therapies in treating 3 L+ R/R 
LBCL [14]. In these analyses, axi-cel demonstrated significant 
improvements in OS compared to both tisa-cel and liso-cel, 
while no difference in OS was observed between tisa-cel and 
liso-cel. Axi-cel and liso-cel both significantly improved ORR 
when compared to tisa-cel; however, we did not observe 
a statistically significant difference in ORR or CR between 
them. These results help confirm those observed in previously 
published studies and add to the growing body of compara
tive evidence between CAR T-cell therapies.

For oncology trials and studies, OS is the gold-standard 
outcome due to both its objectivity (i.e. death can be 
measured without prejudice) and its clinical meaningfulness 
[38]. All three commercially available CAR T-cell products 
showed survival benefits over salvage chemotherapy 
[19,27,28]. Axi-cel also showed reduced mortality compared 
to both liso-cel and tisa-cel. This significant difference 
between axi-cel and liso-cel was found in a previous MAIC 
[32]. Of note, relative to TRANSCEND-NHL-001, ZUMA-1 
patients tended to have more prior lines of therapy, fewer 
patients with complete response as the best response to 
last treatment, more patients with higher tumor burden and 
more patients with elevated LDH [3,5]. While a naïve com
parison between trials would not lead to a significant dif
ference in overall survival, re-weighting on these variables 
does. The difference in overall survival between axi-cel and 
tisa-cel is also well-understood. The recent DESCAR-T regis
try real-world study provided robust, high-quality evidence 
of the comparative efficacy of axi-cel and tisa-cel using 
propensity score modeling [10]. Here too, evidence sup
ported improved overall survival and progression-free survi
val using axi-cel, which is further supported by a growing 
number of real-world studies adding to this evidence base 
[11,12,39]. A similar study will be needed to draw inference 
on the comparison of liso-cel to both axi-cel and tisa-cel, 
but as this real-world evidence is not yet available, this 
study provides further insights into the comparison.

Like OS, all three CAR T-cell therapies were superior to 
salvage chemotherapy for ORR, and axi-cel and liso-cel both 
showed higher ORR compared to tisa-cel. Unlike for OS, axi- 
cel and liso-cel response rates were not statistically different 
(both ORR and CR). However, both treatments had high 

Table 3. Comparison of the three CAR T-cell treatments – NMAs vs published ITC results.

Network Axi-cel vs Liso-cel Axi-cel vs Tisa-cel Liso-cel vs Tisa-cel

Overall survival 
(HR)

ITC 0.53 (0.34–0.82) [32] 
1.23 (0.67–2.27) [14]

0.51 (0.31–0.83) [31] 0.89 (0.49–1.61) [29] 
0.67 (0.47–0.95) [33]

NMA 0.54 (0.37, 0.79) 0.47 (0.26, 0.88) 0.87 (0.42, 1.78)
Overall response rate 

(OR)
ITC 2.18 (0.96–4.98) [32] 

0.71 (0.29–1.79) [14]
4.77 (1.90–12.01) [31] 2.78 (1.63–4.74) [33]

NMA 1.32 (0.64, 2.87) 5.62 (2.64, 12.42) 4.24 (2.28, 7.91)
Complete response 

(OR)
ITC 1.84 (0.97–3.50) [32] 

0.83 (0.38–1.79) [14]
2.65 (1.26–5.58) [31] 2.01 (1.22–3.30) [33]

NMA 0.67 (0.32, 1.37) – –

ITC results are from published matching-adjusted indirect comparisons, anchored results are from the NMA we conducted. IPD was used for axi-cel in 
two studies [15]; 95% CI’s were used in the published ITC studies, and 95% CrI’s were used in the NMA comparisons and; IPD was used for liso-cel in 
two studies [14,43]; IPD was used for tisa-cel in one study [44]; otherwise summary level data was used. Note that for axi-cel vs liso-cel, the primary 
analysis did not include liso-cel patients who had received bridging therapy. 

Axi-cel, axicabtagene ciloleucel; CI, confidence interval; CrI, credible interval; HR, hazard ratio; ITC, indirect treatment comparison; liso-cel, lisocabta
gene ciloleucel; NMA, network meta-analysis; OR, odds ratio; tisa-cel, tisagenlecleucel. 
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response rates, making differences more difficult to identify 
statistically. Moreover, prior studies have suggested a longer 
duration of response with axi-cel relative to liso-cel [32], 
which could help explain why OS is differentiable and 
response is not.

In sensitivity analyzes, safety was investigated in the 
absence of salvage chemotherapy. For grade ≥3 CRS, liso-cel 
showed lower rates than both axi-cel and tisa-cel while the 
latter two were not statistically differentiable from one 
another. For grade ≥3 NE, liso-cel showed lower rates than axi- 
cel while the other comparisons were not statistically differ
entiable. Importantly, these data are from early clinical trial 
data, and real-world evidence suggests that safety outcomes 
have improved for CAR-T since this time [10]. Specifically, the 
rates of grade ≥3 CRS and NE were both more than halved in 
the DESCAR-T registry relative to ZUMA-1 and JULIET, suggest
ing that safety outcomes have greatly changed since these 
trials were conducted.

The survival differences observed between CAR T-cell pro
ducts in this setting may have multiple etiologies. One factor 
could be the construct differences between the agents. Another 
emerging factor could be variations across products in the time 
elapsed between apheresis and infusion (vein-to-vein time) [40]. 
Recent studies of axi-cel and tisa-cel have suggested that an 
increased vein-to-vein time could result in less favorable clinical 
outcomes [41,42]. The median vein-to-vein times in ZUMA-1, 
TRANSCEND, and JULIET were 23 days, 37 days, and 54 days, 
respectively [6,36,40]; however, further research is needed to 
establish the extent to which this factor could have played 
a role. There were some differences in the covariates that were 
used in the models comparing each CAR T-cell therapy to 
salvage chemotherapy, although the differences were unlikely 
to be drivers of the estimated survival difference. One covariate 
that was not addressed in the primary analyses was the use of 
bridging therapy because there was no need for bridging in the 
salvage chemotherapy arm. The difference due to bridging 
cannot be controlled for; however, a scenario analysis including 
patients from a ZUMA-1 cohort that allowed bridging did not 
affect the MAIC results [32]. In addition, there were no indica
tions in any of the baseline patient characteristics that sug
gested that ZUMA-1 patients were healthier than in other 
trials. Therefore, it is unlikely that selection bias explains the 
treatment effect we observed.

The results from the expanded network NMA aligned with the 
primary analyses. For the axi-cel to liso-cel comparison, results for 
the MAIC by Oluwole et al. suggested improved OS with axi-cel 
relative to liso-cel and our comparison through SCHOLAR-1 cor
roborate this finding [32]. Results by Maloney et al. did not find 
a statistically significant difference between the two treatments, 
but most of their estimates were also in favor of axi-cel [30]. The 
inclusion of both estimates in the secondary analysis did not 
deter from the NMA results aligning with those of Oluwole et al. 
Overall, there tended to be strong alignment between these 
NMA results and those of the previously published MAICs, thus 
providing a form of scientific replication.

Our study has several strengths and limitations. Among its 
strengths are the ability to inform the salvage chemotherapy 
node within the network of evidence with a common study and 
treatment (namely salvage chemotherapy SCHOLAR-1 and its 

sub-cohorts) [18] and to compare the results against other 
indirect comparisons that have been conducted previously. 
The most important limitation is the study design of the studies 
included in the NMA. In general, evidence bases used to con
duct NMAs are composed of RCTs in order to capitalize on their 
internal validity [25]. By contrast, this evidence base uses stu
dies that emulate RCTs. While these reduce bias, they may not 
eliminate it completely. Nonetheless, three points should be 
kept in mind. First, the SoC common comparator used the 
same patient cohort, thus reducing the within node heteroge
neity. Second, there was strong alignment between the results 
of this study and those of previously published MAICs real- 
world comparative data, as discussed previously. For example, 
the HR for OS in real-world studies range between 0.41 and 
0.69 [11,12], and our 0.54 HR estimate falls within that range. 
Third, indirect treatment comparisons lead to larger uncertainty 
in treatment effect estimates, so conducting NMA on propen
sity score and MAIC analyses will naturally lead to estimates 
with larger confidence intervals than what we could expect 
among randomized trials. Another limitation is that the adjust
ments for patient characteristic imbalances may not have 
included unobserved confounders or, in some cases, could 
not include known confounders. For example, the study by 
Maziarz et al. acknowledges that elevated lactate dehydrogen
ase is a prognostic factor, but it could not be included in the 
model. This concern is highlighted by the heterogeneity in the 
choice of variables used to derive the model weights. While our 
study adds further context to how these CAR T-cell therapies 
compare to one another, it provides limited insights into the 
challenges of determining when these treatments should be 
given, as discussed by others [37]. Nonetheless, the recent 
success of ZUMA-7 and TRANSFORM do suggest that second- 
line use is appropriate [1,2]. Finally, our study was limited to 
only select efficacy outcomes due to the limited outcomes 
reported in the included studies. Importantly, none of the 
three included studies reported on safety outcomes. 
Fortunately, they were feasible in the secondary analyses.

5. Conclusion

Comparative effectiveness analyzes are critical to facilitate 
efficient and clinically appropriate decision-making in the 
treatment of R/R LBCL. CAR T-cell therapies have addressed 
a substantial unmet need for R/R LBCL patients who previously 
experienced poor outcomes from salvage chemotherapy. 
Among these, axi-cel has been associated with improved sur
vival relative to tisa-cel and liso-cel and these findings are 
consistent both with other published ITCs and a growing 
body of real-world evidence.
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