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I N TRODUC TION

Despite progress in the up- front treatment of large B- cell lym-
phoma (LBCL), up to a third of patients with LBCL will be re-
fractory to first- line immuno- chemotherapy or will relapse after 
achieving complete response (CR). Of them, at least half are un-
likely to be eligible for aggressive approaches due to advanced 
age and comorbidities. Therefore, only 50% of these patients 

can be approached with curative intent.1– 3 Based on the results 
of the Collaborative Trial in Relapsed Aggressive Lymphoma 
(CORAL) study, patients with previous rituximab exposure 
have a response rate to salvage therapy of 50%; therefore, at most, 
only 25% of all relapsing patients today will undergo autologous 
stem cell transplantation (ASCT). The 3- year event- free survival 
(EFS) of those treated with ASCT in the CORAL study was 50%, 
so only 10% patients of the relapsed/refractory (R/R) patients are 
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Summary
Treatment with high- dose chemotherapy followed by autologous stem cell transplan-
tation (ASCT) is considered standard of care (SOC) second- line treatment for relapsed 
or refractory large B- cell lymphoma (LBCL). However, outcomes remain suboptimal. 
A systematic review and meta- analysis of randomised controlled trials comparing 
efficacy and safety of SOC versus chimeric antigen receptor T- cell (CAR- T) therapy 
as second- line for patients with LBCL refractory or relapsing within 12 months. 
Outcomes included overall survival (OS), event- free survival (EFS), overall response 
rate (ORR) and safety. Three trials published in 2021 (involving 865 participants) 
fulfilled the eligibility criteria. EFS as well as OS were significantly improved with 
CAR- T therapy as compared to SOC, hazard ratio (HR) 0.57 (95% confidence inter-
val [CI] 0.49– 0.68) and HR 0.77 (95% CI 0.60– 0.98) respectively. CAR- T therapy was 
associated with significantly better ORR, relative risk (RR) 1.55 (95% CI 1.12– 2.13, 
p = 0.001). The risk of Grade III/IV adverse event was comparable between the two 
arms, RR 1.03 (95% CI 0.93– 1.14). In summary, CAR- T therapy has superior outcomes 
as compared to SOC in patients with LBCL refractory or relapsing within 12 months, 
without excess of toxicity. Longer follow- up is needed to confirm these results and 
determine the optimal sequencing of CAR- T therapy in the management of LBCL.

K E Y W O R D S
B- cell, CAR- T, CD19 chimeric antigen receptor, diffuse large cell, lymphoma, meta- analysis,  
relapse: refractory

www.wileyonlinelibrary.com/journal/bjh
mailto:﻿
https://orcid.org/0000-0002-6429-148X
http://creativecommons.org/licenses/by-nc/4.0/
mailto:liatshar@gmail.com


   | 839SHARGIAN et al.

ultimately cured of lymphoma with ASCT.4– 6 Subset of patients, 
either refractory or relapsing within 12 months after the com-
pletion of first- line immuno- chemotherapy have even worse 
outcomes. Response rates to salvage therapy are much inferior; 
in the CORAL study only 46% of the refractory and early re-
lapse patients achieved CR or partial response (PR) versus 88% 
of patients relapsing at >12 months after therapy completion 
(p < 0.001).4 ASCT outcomes are also inferior, with higher re-
lapse rate during the first 6 months.7

First autologous anti- CD19 chimeric antigen receptor 
T- cell (CAR- T) therapy, axicabtagene ciloleucel (Axi- cel), 
was approved in 2017 for third- line R/R LBCL, followed by 
approval of tisagenlecleucel (Tisa- cel) in 2018 and lisocabta-
gene maraleucel (Liso- cel) last year.8– 10 With an unprece-
dented overall response rate (ORR) of 50%– 80% and durable 
responses of 30%– 40% at 4– 5 years,11,12 CAR- T therapy is 
now considered standard of care (SOC) for patients with R/R 
LBCL after two or more lines of therapy.

Recently, several randomised controlled trials (RCTs) 
evaluating the role of anti- CD19 CAR- T therapy as second- 
line treatment for R/R LBCL have been published. The aim 
of the present study was to compile all evidence and compare 
the efficacy and safety of CAR- T therapy versus high- dose 
chemotherapy followed by ASCT as second- line treatment 
for R/R LBCL.

M ATER I A L S A N D M ETHODS

We searched PubMed until February 2022, the Cochrane 
Central Register of Controlled Trials (CENTRAL), published 
in The Cochrane Library, until January 2022, and the fol-
lowing conference proceedings until 2021: Annual Meeting 
of the American Society of Haematology, Annual Meeting of 
the American Society of Clinical Oncology, Annual Meeting 
of the European Haematology Association, International 
Conference of Malignant Lymphoma, Annual Meeting of 
the European Society of Blood and Marrow Transplantation 
and Transplantation and Cellular Therapy Meetings of the 
American Society for Transplantation and Cellular Therapy 
(ASTCT) and Center for International Blood and Marrow 
Transplant Research (CIBMTR).

We cross searched the terms ‘large B cell lymphoma’ or 
‘aggressive lymphoma’ and similar terms, ‘CAR- T’ or ‘CD19 
chimeric antigen receptor’ and ‘second line’ and ‘autologous 
stem cell transplantation’ and similar terms. For PubMed, 
we added the Cochrane highly sensitive search term for 
identification of clinical trials.13 In addition, we scanned ref-
erences of all included trials and reviews identified for addi-
tional studies.

Study selection

We included all RCTs comparing second- line treatment of 
high- dose salvage chemotherapy followed by ASCT versus 
anti- CD19 CAR- T therapy for R/R LBCL.

Data extraction and quality assessment

Two reviewers (L.S., R.G.) independently extracted data 
regarding case definitions, characteristics of patients, and 
outcomes from included trials. In the event of disagreement 
between the two reviewers regarding any of the above, a 
third reviewer (A.G.) extracted the data. Data extraction was 
discussed, and decisions were documented.

Two reviewers independently assessed the trials for the 
following domains: allocation concealment, generation of 
the allocation sequence, blinding of participants and person-
nel, blinding of outcome assessment, incomplete outcome 
data reporting, and selective outcome reporting. We made 
critical assessment separately for each domain and graded it 
as low- , unclear- , or high- risk of bias according to the criteria 
specified in the Cochrane Handbook version 6.1.0.7.13

Outcome measures

Primary outcomes included both EFS and overall sur-
vival (OS). Secondary outcomes included ORR, CR rate, 
progression- free survival (PFS) and safety. OS was defined as 
the time from randomisation to death from any cause. EFS 
in the included trials was defined as: time from randomi-
sation to death from any cause, progressive disease (PD), 
failure to achieve CR or PR by 9 weeks (TRANSFORM;14 
ClinicalTrials.gov Identifier: NCT03575351) or day 150 
(21 weeks) [ZUMA- 7;15 ClinicalTrials.gov Identifier: 
NCT03391466) after randomisation, or start of new anti- 
neoplastic therapy, whichever occurred first. The BELINDA 
trial16 (ClinicalTrials.gov Identifier: NCT03570892) defined 
EFS as the time from randomisation to stable disease (SD) or 
PD at or after the week 12 assessment or death at any time. 
Response assessment was conducted in all trials by independ-
ent review committee according to the Lugano criteria.17 
Dates of initial response assessment varied; TRANSFORM 
–  weeks 9 and 18, ZUMA- 7 –  day 50 and 100 and BELINDA 
–  weeks 6 and 12.

Data synthesis and statistical analysis

Hazard ratios (HRs) and variances for time- to- event out-
comes were estimated and pooled in Review Manager (ver-
sion 5.4 for Windows; The Cochrane Collaboration, Oxford, 
UK). A HR of <1.0 was in favour of CAR- T therapy.

Relative risks (RRs) and 95% confidence intervals (CIs) 
for dichotomous data were estimated and pooled using the 
Mantel– Haenszel method.

We assessed heterogeneity of trial results by the chi- 
square test of heterogeneity, and the I2 statistic of inconsis-
tency.12 Statistically significant heterogeneity was defined 
as p < 0.1 or an I2 statistic >50%. We conducted the meta- 
analysis of dichotomous outcomes using a fixed- effect 
model (FEM), and in case of high heterogeneity, we used the 
random- effects model (REM).13
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We planned to perform subgroup analyses, according to:

1. Cell of origin –  Germinal centre B- cell (GCB) and non- GCB.
2. High- grade B- cell lymphoma (HGBL) defined as HGBL 

with MYC rearrangement plus rearrangement of BCL2, 
BCL6, or both in all the studies and also HGBL not other-
wise specified in BELINDA trial.

3. Age >65 years.

R E SU LTS

Description of trials

The literature search yielded 75 trials, of which 23 were con-
sidered as potentially relevant. In all, 20 were excluded for 
various reasons (Figure 1). Two trials published in peer review 
journals fulfilled the inclusion criteria,15,16 in addition to one 
abstract.14 Overall, only three trials fulfilled the inclusion cri-
teria. Trials were conducted between the years 2018 and 2021, 

and all were published in 2021. Each trial assessed one of the 
three United States Food and Drug Administration (FDA) 
approved anti- CD19 CAR- T products: Axi- cel (ZUMA- 
715), Tisa- cel, (BELINDA16) and Liso- cel (TRANSFORM14). 
Table 1 depicts the characteristics of the included trials.

Patient characteristics

Our analysis included 865 patients. Patients' age ranged 
between 19 and 81 years. The median follow- up ranged be-
tween 6 and 25 months. All trials included patients with 
LBCL, either refractory or relapsed, within 12 months 
after the completion of first- line immunochemotherapy 
including an anti- CD20 monoclonal antibody and an 
anthracycline- containing regimen. In addition to histo-
logically confirmed LBCL, two trials also included patients 
with primary mediastinal B- cell lymphoma and follicular 
lymphoma Grade 3B.14,16 Regarding central nervous sys-
tem (CNS) involvement, one trial included patients with 

F I G U R E  1  Flow chart of study selection 
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secondary CNS lymphoma,14 another study –  only if past 
history,16 while the third one excluded any patient with a 
history of CNS involvement.15 Patients had to be eligible 
for ASCT according to the investigator's assessment and 
have an Eastern Cooperative Oncology Group (ECOG) 
Performance Status score of 0 or 1. Table 2 shows the char-
acteristics of the included patients.

SOC and CAR- T therapy procedure

After screening, patients underwent randomisation in a 1:1 
ratio to receive SOC immunochemotherapy or CAR- T cell 
therapy. Patients in the SOC arm received two or three cycles 
of investigator- selected, platinum- based immunochemo-
therapy. Responding patients (either CR or PR) were to pro-
ceed to ASCT, mostly with BEAM (carmustine, etoposide, 
cytarabine, melphalan) conditioning. The BELINDA trial 

allowed patients with an inadequate response to first proto-
col to switch to another immunochemotherapy protocol.16

Lymphocyte collection by leukapheresis was carried out 
before randomisation in the TRANSFORM and BELINDA 
trials,14,16 while in the ZUMA- 7 trial, leukapheresis was 
done after randomisation to the CAR- T therapy arm only.15 
Bridging immunochemotherapy with SOC regimens was 
allowed in two trials,14,16 while the third trial allowed only 
bridging with glucocorticoids.15 Lympho- depletion condi-
tioning included cyclophosphamide and fludarabine in all 
trials in different dosing schedules.

Crossover was included in the protocol of BELINDA 
and TRANSFORM trials and allowed for SOC patients 
demonstrating SD or PD to receive CAR- T therapy.14,16 The 
ZUMA- 7 trial allowed crossover outside the protocol.15 All 
SOC- arm patients who crossed over to receive CAR- T ther-
apy continued to be followed for OS/EFS in the SOC arm in 
all three trials.

T A B L E  1  Characteristics of trials

ZUMA- 7 BELINDA TRANSFORM

Locke et al.15 2021 Bishop et al.16 2021 Kamdar et al.14 2021

Autologous
Anti- CD19 CAR

Axicabtagene ciloleucel Tisagenlecleucel Lisocabtagene maraleucel

Co- stimulatory domain CD28 4- 1BB 4- 1BB
T- cell selection No No CD4:CD8
Inclusion criteria RD and relapse <1 year RD and relapse<1 year RD and relapse <1 year

LBCL LBCL
PMBL
FL3B
Hx of CNS

LBCL
PMBL
FL3B
Sec. CNS lymphoma

Randomisation 1:1 1:1 1:1
Randomisation 

stratification
sAAIPI
RD vs. relapsed disease.

sAAIPI
RD and relapse <6 months vs. 

relapse 6– 12 months.
US vs. non- US

sAAIPI
RD and relapse <3 months vs. relapse 

3– 12 months.

Primary outcome EFS EFS EFS
Definition of EFS Time from randomisation to death or PD, 

or failure to achieve CR or PR by day 
150 or start of new anti- neoplastic 
therapy.

Time from randomisation to SD 
or PD at or after the week 12 
assessment or death at any time.

Time from randomisation to death or 
PD or failure to achieve CR or PR 
by 9 weeks or start of new anti- 
neoplastic therapy.

Date of initial response 
assessment

Day 50 and 100 Weeks 6 and 12 Weeks 9 and 18

CAR- T therapy arm
Bridging chemotherapy No (only steroids) Allowed (switching allowed) Allowed
Lymphodepletion Flu 30/Cy500 mg/m2 X3d Flu 25/Cy250 mg/m2 X3d Flu 30/Cy300 mg/m2 X3d
Cell dose 2 × 106 cell/kg 0.6- 6 × 108 cells

Median 2.9 × 108
1 × 108 cells

SOC arm
Salvage regimen ICE

DHAP
GDP
ESHAP

ICE
DHAP
GDP
GEMOX

ICE
DHAP
GDP

Cycle number 2– 3 2 (Switching allowed) 3

Abbreviations: DHAP, dexamethasone- cytarabine- cisplatin; ESHAP, etoposide- methylprednisolone- cytarabine- cisplatin; FL3B, follicular lymphoma grade 3B; GDP, 
gemcitabine- dexamethasone- cisplatin; GEMOX, gemcitabine- oxaliplatin; ICE, ifosfamide- carboplatin- etoposide; PD, progressive disease; PMBL, primary mediastinal B cell 
lymphoma; RD, refractory disease; sAAIPI, second- line age- adjusted International Prognostic Index; US, United States.
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Risk of bias of included trials

The ZUMA- 7 and BELINDA trials were judged as low risk of 
selection bias in terms of randomisation generation and al-
location concealment.15,16 In the TRANSFORM trial, which 
was published as an abstract, methods of allocation conceal-
ment and generation were not reported.14 Blinding of pa-
tients and personnel was not done in all trials. All trials were 
judged as low risk of attrition bias, and at low risk of selective 
outcome reporting bias as clinically important outcomes in-
cluding OS were well addressed.14– 16

Primary outcomes

Data from all three trials were available for analysis of OS and 
EFS.14– 16 OS was significantly improved with CAR- T therapy 
as compared to SOC (HR 0.77, 95% CI 0.60– 0.98; I2 = 29%, 865 
patients, three trials) (Figure 2). EFS was significantly improved 
with CAR- T therapy as compared to SOC (HR 0.57, 95% CI 
0.49– 0.68; I2 = 94%, 865 patients, three trials) (Figure 3).14– 16 
Due to considerable heterogeneity in this analysis, we con-
ducted a sensitivity analysis excluding the BELINDA trial (HR 
0.39, 95% CI 0.31– 0.48; I2 = 0%, two trials).

The advantage in terms of EFS with CAR- T therapy re-
mained consistent across subgroup analyses among patients 
with HGBL (HR 0.57, 95% CI 0.38– 0.87; I2  = 22%, 179 pa-
tients, three trials) and GCB cell of origin (HR 0.47, 95% 
CI 0.36– 0.62; I2  = 59%, 402 patients, three trials).14– 16 Yet, 
among non- GCB patients, the EFS advantage was not statis-
tically significant (HR 0.87, 95% CI 0.58– 1.32; I2 = 80%, 170 
patients, three trials) (Figures S1– S2).14– 16 Subgroup analysis 
of EFS among patients aged >65 years also favoured CAR- T 
therapy over SOC (HR 0.29, 95% CI 0.18– 0.45; I2 = 0%, 168 
patients, two trials).14,15

Secondary outcomes

The CAR- T therapy was associated with significantly bet-
ter ORR (RR 1.55, 95% CI 1.12– 2.13; I2 = 85%, REM, 865 pa-
tients, three trials, p = 0.001) and CR rates (RR 1.49, 95% CI 
1.09– 2.05; I2 = 72%, REM, 865 patients, three trials, p = 0.03) 
(Figures S3– S4).14– 16 Data from two trials were available for 
PFS analysis and showed improved PFS in the CAR- T ther-
apy group compared with SOC (HR 0.47, 95% CI 0.37– 0.60; 
I2 = 0%, 543 patients, two trials).14,15

Safety

All trials reported Grade III or IV adverse events (N = 739). 
The risk of any Grade III or IV adverse event was comparable 
between the two arms (RR 1.03, 95% CI 0.93– 1.14; I2 = 74%, 
REM, 865 patients) (Figure 4).

Regarding haematological toxicity, there was an in-
creased risk of Grade III– IV neutropenia among CAR- T T
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therapy patients, 257/424 (61%) in the CAR- T therapy arm 
versus 178/419 (42%) in the SOC arm (RR 1.41, 95% CI 1.06– 
1.90; I2 = 79%, REM, three trials). However, the risk of febrile 
neutropenia, was decreased among CAR- T therapy patients 
compared to the SOC arm, 40/424 (9%) versus 110/419 (26%) 
(RR 0.33, 95% CI 0.13– 0.88; I2  = 85%, REM, three trials). 
Also, the risk of Grade III– IV thrombocytopenia was sig-
nificantly decreased in the CAR- T therapy arm versus the 
SOC arm, 122/424 (29%) versus 229/419 (55%) (RR 0.52, 95% 
CI 0.28– 0.95; I2 = 92%, REM, three trials). There was no dif-
ference in the risk of Grade III- IV anaemia between the two 
arms (RR 0.76, 95% CI 0.55– 1.04; I2 = 73%, REM, three tri-
als) (Figures S5– S8).14– 16

DISCUSSION

In this systematic review and meta- analysis of RCTs, we 
demonstrate that CAR- T therapy has statistically significant 
superior outcomes compared to high- dose chemotherapy 
and ASCT in patients with LBCL refractory or relaps-
ing within 12 months. CAR- T therapy was associated with 
statistically significant improved ORRs and CR rates and 
longer EFS and PFS, translating into improved OS, without 
excess of toxicity.

All three trials are ground- breaking in their design. They 
represent the first attempt to challenge the superiority of 
ASCT in patients with R/R LBCL set in the 1990s following 

F I G U R E  2  Overall survival 

F I G U R E  3  Event- free survival 

F I G U R E  4  Rate of serious adverse events 
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the PARMA trial.2 Until now, efforts to improve outcomes of 
patients eligible for transplant focused on incorporation of 
novel agents to high- dose chemotherapy, ASCT condition-
ing regimen or maintenance with anti- CD20. Yet, results of 
RCTs were discouraging.18– 20

Now, for the first time since the PARMA trial, investi-
gators assessed a completely new treatment modality, which 
undermines the concept of employing mega doses of che-
motherapy to overcome front- line chemotherapy resistance 
in patients with LBCL. The concept of an immunotherapy, 
chemotherapy free treatment, is increasingly being imple-
mented not only in patients with lymphoma but also among 
patients with leukaemia, myeloma, and even solid oncology. 
Recently, the potential role of several novel immunothera-
pies alone or in combinations; tafasitamab, polatuzumab, 
lenalidomide and anti- CD20xCD3 T- cell engagers, has been 
evaluated among patients with R/R LBCL. However, none 
has been compared with high- dose chemotherapy and ASCT 
in transplant- eligible patients.21– 24

The main strength of this meta- analysis stems from its 
large sample size and the pooling of results. While two trials 
demonstrated only improved EFS and the third one demon-
strated no advantage compared to high- dose chemotherapy, 
pooled analysis of all three trials showed that CAR- T therapy 
significantly improved both EFS and OS compared to the 
SOC. One can argue that as a third of transplant- eligible pa-
tients can be cured with ASCT, and remaining patients can 
be ‘salvaged’ with third- line CAR- T therapy, ASCT should 
not be abandoned. This is especially relevant, taking into 
consideration the substantially higher cost of CAR- T ther-
apy and the heavy burden on health system budget if applied 
as second- line with greater patient potential as assessed by 
Lin et al.25 Yet our outcomes contest this claim. Owing to 
high rate of crossover to CAR- T therapy in the SOC arms 
(51%– 56% in the different trials), all three trials are essen-
tially comparing second- line CAR- T therapy to third- line 
CAR- T therapy (rather than to high- dose chemotherapy 
with ASCT). Pooled analysis of all trials allows us to see that 
early administration of CAR- T therapy provides a statisti-
cally significant survival advantage.

Another strength of the meta- analysis, is the fact that the 
results can also be applied to the older population, not fit 
for transplant. Usually, patients aged >70 years are not con-
sidered eligible for high- dose chemotherapy and ASCT due 
to substantial morbidity.26 Yet, patients aged >65 years com-
prise about a third of all three trials (272/865, 31%). Subgroup 
analysis of EFS per age group demonstrated similar efficacy 
among patients aged >65 years. These findings are supported 
by several encouraging reports on third- line CAR- T therapy 
among elderly patients with lymphoma including pivotal 
studies and real- world data that describe comparable out-
comes for CAR- T therapy among older patients.27,28

Interestingly, both the GCB and non- GCB cohorts had 
better results with CAR- T therapy compared to the SOC. 
However, results were statistically significant only for GCB 
patients. These findings may be related to the smaller sample 
size of the non- GCB subgroup or to the less favoured prognosis 

of this cohort. Recent retrospective studies reported inferior 
results for the non- GCB patients treated with CAR- T therapy 
compared to GCB, although not statistically significant.29– 31 
Future studies exploring the association between cell of ori-
gin and response to CAR- T therapy are warranted.

Several limitations of our analysis merit consideration. 
The main limitation lies in the fact that CAR- T therapy is an 
innovative treatment, researched in randomised studies only 
in the last 2 years with preliminary results only recently pub-
lished. We therefore have a very small number of studies, one 
of which has only been published as an abstract. The median 
follow- up time, ranging between 6 and 24 months, is much 
too short and impairs our ability to draw strict conclusions.

Another important limitation is the variability in the 
design of the studies, translating into high heterogene-
ity between the studies, especially between the BELINDA 
trial and the other two trials. Even though there are many 
similarities between the trials, still there are two major dif-
ferences: first, the definition of EFS in each of the trials. In 
addition to death and disease progression, all three trials in-
cluded SD at different time points as events (ZUMA- 7: day 
150, BELINDA: week 12, TRANSFORM: week 9). Although 
initiation of new anti- lymphoma therapy was considered 
an event within ZUMA- 7 and TRANSFORM, BELINDA 
did not include initiation of a second salvage within the 
first 12 weeks as an event. Second, there is a difference in 
the product manufacturing time. The ZUMA- 7 trial, with 
a median manufacturing time of 13 days, did not allow 
chemotherapy bridging and reported a median (interquar-
tile range [IQR]) time from randomisation to infusion of 
29  (27– 34)  days. Whereas, Tisa- cel manufacturing time in 
BELINDA trial was twice as long (median 26 days) and 83% 
of BELINDA patients received chemotherapy. The median 
(IQR) time from leukapheresis to infusion day was 52 (43– 
61)  days. The third trial did not report on manufacturing 
or infusion time. The inability to provide bridging therapy 
has a considerable selection bias potential. Treating physi-
cians might have feared to enrol patients with high kinetics 
aggressive lymphoma, thus recruiting more favourable prog-
nosis patients to such a trial.

In conclusion, treatment of patients with LBCL refrac-
tory or relapsing early after front- line therapy has been con-
sidered an unmet need for the last several decades. Pooled 
analysis of three pioneering trials demonstrated that CAR- T 
therapy has significantly superior outcomes compared to 
the SOC. This analysis demonstrates that early adminis-
tration of CAR- T therapy provides a statistically significant 
survival advantage. Nevertheless, results are quite prelimi-
nary. Longer follow- up and future trials designed to com-
pare CAR- T therapy with and without bridging to ASCT are 
needed to confirm these results and determine the optimal 
sequencing of CAR- T therapy in the management of R/R 
LBCL.
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