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Abstract 

This study aimed to analyze the efficacy and safety of chimeric antigen receptor T-cell (CAR-T) therapy 
for B-cell lymphoma using published literature data. Literature on CAR-T therapy for B-cell lymphoma 
was collected by searching common databases. The literature was screened, quality assessed, and data 
extracted according to the inclusion and exclusion criteria. We performed a quantitative meta-analysis of 
the efficacy and safety of combined literature data. If the data could not be combined, descriptive analysis 
was performed. The meta-analysis results indicated that compared with tisagenlecleucel (tisa-cel), 
axicabtagene ciloleucel (axi-cel) had higher objective response rate (ORR) and complete response rate, 
with odds ratio (OR) of 0.63 for both sides (95% confidence interval [CI], 0.50–0.79) and statistically 
significant differences. Partial response rate was lower with axi-cel than with tisa-cel, with an OR of 1.02 
for tisa-cel versus axi-cel (95% CI, 0.75–1.40) and no statistically significant difference. Compared with 
tisa-cel, axi-cel had longer progression-free survival and overall survival, with risk ratios of 0.70 (95% CI, 
0.62–0.80) and 0.71 (95% CI, 0.61–0.84) for axi-cel and tisa-cel, respectively. Compared with tisa-cel, 
axi-cel had higher incidence rates of cytokine release syndrome (CRS) and immune effector cell-related 
neurotoxicity syndrome (ICANS), with ORs of 3.84 (95% CI, 2.10–7.03) and 4.4 (95% CI, 2.81–6.91), 
respectively. CAR T-cell therapy is an effective treatment option for relapsed/refractory B-cell 
lymphoma. Axi-cel has better ORR and survival advantages compared with tisa-cel; however, axi-cel has 
higher incidence rates of CRS and ICANS compared with tisa-cel. 

Keywords: Axi-cel, Tisa-cel, Efficacy, Safety, Meta-analysis, CAR-T Therapy, Chimeric Antigen Receptor T Cells (CAR-T), B-Cell 
Lymphoma 

1. Introduction 
Lymphoma is a malignant tumor that originates 

in the blood, lymph nodes, and lymphatic tissues. 
Based on its histopathological characteristics, 
lymphoma can be divided into two main categories: 
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma 
(NHL). The incidence rate of NHL is significantly 
higher than that of Hodgkin’s lymphoma. NHL can be 
classified into B-cell, T-cell, and natural killer-cell 
lymphomas based on tumor cell origin, with B-cell 
lymphomas accounting for 70–85% of all lymphoma 

cases. The most common subtypes of B-cell 
lymphoma include diffuse large B-cell lymphoma 
(DLBCL), follicular lymphoma (FL), marginal zone 
B-cell lymphoma, and mantle cell lymphoma (MCL). 
Commonly used treatment options for B-cell 
lymphoma include chemotherapy, targeted therapy, 
and hematopoietic stem cell transplantation (HSCT). 
With the development of diagnostic techniques and 
new drugs, the cure rate of patients has gradually 
improved. However, clinical needs remain unmet. 
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Owing to the cell toxicity and nonselective 
mechanism of chemotherapy drugs, several 
chemotherapy-related adverse reactions, including 
bone marrow suppression, infection, and 
gastrointestinal reactions, which affect the full dose 
and course of chemotherapy treatment to a certain 
extent, are observed. Anti-CD20 monoclonal 
antibodies have improved the prognosis of CD20+ 
B-cell lymphoma and demonstrated the feasibility 
and effectiveness of immunotherapy in B-cell 
lymphoma [1, 2]. However, some patients may still 
develop resistance [3-7]. HSCT can effectively prolong 
the progression-free survival (PFS) and overall 
survival (OS) of patients with chemotherapy-sensitive 
lymphoma. However, owing to patient age, physical 
condition limitations, or chemotherapy resistance, 
some patients with relapsed/refractory (R/R) disease 
cannot undergo HSCT or benefit from it. Therefore, 
better treatment options for this condition need to be 
explored. CAR-T immunotherapy is currently a 
popular research area, and its emergence has 
provided new opportunities for the treatment of B-cell 
lymphoma [6-8].  

CAR-T therapy mainly uses genetic engineering 
technology to reorganize and recognize the 
single-chain fragment variable of tumor-associated 
antigens and the intracellular signaling domain 
“immune receptor tyrosine activation motif” in vitro 
and then transfect the recombinant plasmid into T 
cells of the recipient through gene transfer 
technology. After CAR-T cells recognize and bind to 
tumor cell surface antigens, signal transduction 
pathways are activated in T cells and tumor cell 
apoptosis is triggered through a series of reactions, 
thus exerting antitumor effects. In 2013, the New 
England Journal of Medicine reported that two patients 
with R/R acute lymphoblastic leukemia (ALL) 
achieved complete remission after receiving 
anti-CD19 CAR-modified T-cell adoptive transfer 
therapy. CAR-T therapy provides a new treatment 
option for prolonging survival and improving the 
prognosis of patients with R/R disease, with 
significant clinical application prospects [9]. 
Subsequently, an increasing number of clinical trials 
on CAR-T therapy have been conducted, and CAR-T 
cells targeting CD33, CD20, CD30, CD123, ERRB2, 
and other targets have been developed and applied. 
As of March 2023, eight CAR-T products have been 
approved for clinical application by the US Food and 
Drug Administration and National Medical Products 
Administration. As of February 2023, there are 2517 
CAR-T-related clinical studies registered on clinical 
trials.gov [10, 11]. 

However, certain factors have hindered the 
development of CAR-T therapy. First, several factors 

may lead to the failure of CAR-T therapy, including 
its toxic side effects, such as CRS and ICANS. CRS is 
the most common adverse reaction in cellular 
immunotherapy, triggered by tumor cell-associated 
antigens and activated T cells following CAR-T 
binding [10, 11], and is characterized by high fever, 
tachycardia, hypotension, hypoxia, cardiac 
depression, and other organ dysfunctions [12]. ICANS 
is a neurological toxicity caused by immune effector 
cells, such as CAR-T cells, which manifests as a series 
of clinical symptoms in the nervous and mental 
systems, including changes in mental status, aphasia, 
varying degrees of consciousness disorders, 
hemiplegia, and epilepsy [13, 14]. Although current 
experience and techniques for managing 
CAR-T-related adverse reactions are relatively 
mature, early suppression of CRS or ICANS may limit 
the activity and proliferation capacity of CAR-T cells 
and thus cause loss of efficacy. Additionally, severe 
adverse reactions can endanger patients’ lives and 
cause sequelae and long-term toxicity [15, 16]. 

The results of different CAR-T products in terms 
of therapeutic efficacy and safety are different, and 
there remains a lack of studies on the comparison of 
the efficacy and safety of different CAR-T products or 
combinations. Moreover, appropriate selection among 
different CAR-T therapies remains unclear. Therefore, 
to evaluate the efficacy and safety of commonly used 
CAR-T therapies, this study aimed to conduct a 
systematic review of the efficacy and safety of CAR-T 
therapy for B-cell lymphoma (MCL, DLBCL, FL, etc.) 
using published literature data and conduct a 
meta-analysis of high-quality controlled studies. 

2. Materials and methods 
2.1 Literature retrieval strategy 

We searched using the Population, Intervention, 
Comparison, Outcomes, and Study design principles: 
Population: B-cell lymphoma (MCL, DLBCL, FL, etc.); 
Intervention: CAR-T therapy; Outcome indicators: 
primary outcome indicators (clinical efficacy, ORR, 
CR, PR, OS, PFS) and secondary outcome indicators 
(adverse reactions: CRS and ICANS); and Study 
design: Efficacy and safety studies. 

2.2 Development of search formulas 
The Scopus, Web of Science (WOS), China 

National Knowledge Infrastructure (CNKI), Chong-
qing VIP Information(cqVIP), Wanfang Medicine, 
Chinese biomedical literature database, and PubMed 
databases were searched from the establishment of 
the database to March 31, 2023, without language 
restrictions. The search method of subject headings 
and free words was used. 
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2.3 Inclusion and exclusion criteria 
The inclusion criteria were as follows: (1) studies 

assessing patients diagnosed with B-cell lymphoma 
(MCL, DLBCL, FL, etc.); (2) studies assessing patients 
who received CAR-T treatment (monotherapy or 
combination therapy); (3) studies with controlled 
study as the study method; and (4) studies with ORR, 
CR, PR, OS, and PFS as the primary outcome 
indicators and CRS and ICANS as the secondary 
outcome indicators. The exclusion criteria were as 
follows: (1) studies with repeated publication or 
without full text and valid data; (2) noncontrolled 
studies, case reports, reviews, meta-analyses, and 
other secondary studies; and (3) studies with total 
sample sizes of < 10 cases. 

2.4 Literature screening 
The retrieved literature was imported into 

EndNote X7 software for deduplication, and the 
deduplicated literature was screened by two 
lymphahematologists according to the inclusion and 
exclusion criteria and cross-checked. If any 
controversial issues arose, a third professional was 
consulted to resolve them. 

2.5 Quality evaluation of the literature 
The cohort study was evaluated using the 

Newcastle–Ottawa Scale. According to the scores, the 
literature can be divided into three grades: low, 
medium, and high. The results of the quality 
assessment of the above methods were low, and the 
studies were not included in this analysis. In case of 
disagreement, a third investigator was consulted, and 
a consensus was reached. 

2.6 Data extraction from the literature 
The following information was recorded in the 

included studies: author, year, study type, sample 
size, treatment protocol, and outcome indicators. 

2.7 Data analysis 
If two or more studies reported the same 

outcome indicator, a meta-analysis was performed 
using the “meta (version 6.5-0)”, “gemtc (version 
1.0-2)” and “rjags (version 4-15)” software packages of 
R software 3.6.1. Binary variables are expressed as 
odds ratios (ORs) and their 95% confidence intervals 
(CIs). Survival data are expressed as hazard ratios 
(HRs) and their 95% CIs. If the original literature did 
not provide the HRs, we used the Engauge-Digitizer 
(Version 8.3) data extraction software to extract data 
from survival curves and Tierney’s summary method 
to calculate the HRs [17, 18]. When a quantitative 
meta-analysis was not feasible because only a single 
article reported the same outcome or heterogeneity 

between study populations, we performed a 
descriptive analysis of the outcome indicator only. 

2.8 Heterogeneity analysis 
We used the chi-squared test to calculate the I2 

and P values. If the Q test results showed I2 > 50% or P 
< 0.05, indicating significant heterogeneity among 
studies, we used a random-effects model for analysis, 
and subgroup or sensitivity analysis was performed 
to detect bias and further discuss the heterogeneity. 
Conversely, if no heterogeneity was found among the 
studies, a fixed-effects model was used for the 
analysis. 

2.9 Bias test 
When the number of studies included in the 

meta-analysis was > 10, the bias test was performed, 
and funnel plots were used to analyze the bias of the 
included studies using the R software 3.6.1 “meta” 
package. 

3. Results 
3.1 Literature search results 

The literature selection process is shown in 
Figure 1; 16 studies were included in the final 
analysis. Among them, there were six articles on 
tisa-cel and axi-cel treatment control, which could be 
quantitatively meta-analyzed. The results of the 
remaining 10 controlled studies were analyzed using 
descriptive analysis. 

3.2 Basic information on the literature 
included in the quantitative meta-analysis 

The basic information of the six articles is shown 
in Table 1. 

3.3 Quality evaluation 
In summary, the six articles of tisa-cel and axi-cel 

treatment control were all cohort studies assessed 
using the Newcastle–Ottawa Scale, and the six articles 
were all medium- and high-quality literature. The 
results of the quality evaluation are presented in Table 
2. 

3.4 Statistical results 

3.4.1 Quantitative meta-analysis results 

3.4.1.1 Objective response rate of axi-cel and tisa-cel 
treatments 

The ORRs of tisa-cel and axi-cel were presented 
in all six studies (I2 = 0.0%, P = 0.60), and there was no 
heterogeneity among the studies. The overall ORRs 
were 51.5% for tisa-cel and 59.1% for axi-cel. With an 
OR of 0.63 (95% CI, 0.50–0.79) based on a fixed-effect 
model, axi-cel was associated with a statistically 
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significant ORR compared with tisa-cel (Figure 2). 

3.4.1.2 Complete response rates (CRRs) of tisa-cel and 
axi-cel treatments 

The CRRs of tisa-cel and axi-cel were presented 
in all six studies (I2 = 0.0%, P = 0.71), and there was no 
heterogeneity among the studies. The overall CRR for 

tisa-cel and axi-cel were 36.0% and 45.8%, 
respectively. The OR was 0.63 (95% CI, 0.50–0.79) 
according to a fixed-effect model. Axi-cel had higher 
CRR compared with tisa-cel, and the difference was 
statistically significant (Figure 3). 

 

 
Figure 1. Document screening flowchart 

 

Table 1. The basic characteristics of the literature 

Author Year Population Treatment regimen Previous Median age(years) Bridge therapy(n) Research category Outcome measures 
      Arm A Arm B treatment lines Arm A Arm B Arm A Arm B     
Bachy [19] 2022 R/R DLBCL Tisa-cel Axi-cel Median previous 85 86 180 183 Cohort studies OR/CR/PR/PFS/OS/CRS/ICANS 

n=209 n=209 lines:2 
Kuhnl [20] 2022 R/R LBCL Tisa-cel Axi-cel 37.3% pts: ≥3 63 57 62 198 Cohort studies OR/CR/PR/PFS/OS/CRS/ICANS 

n=76 n=224 
Kwon [21] 2023 R/R DLBCL Tisa-cel Axi-cel Median previous 62 59 106 104 Cohort studies OR/CR/PR/PFS/OS/CRS/ICANS 

n=127 n=134 lines:2 
Bastos-Oreiro [22] 2022 R/R LBCL Axi-cel Tisa-cel Median previous 54 56 54pts in 2 Arms Cohort studies OR/CR/PR/PFS/OS 

n=101 n=91 lines:2 
Riedell [23] 2022 R/R LBCL Tisa-cel Axi-cel Tisa-cel Median:4 67 59 62 98 Cohort studies OR/CR/PR/PFS/OS/CRS/ICANS 

n=82 n=149 Axi-cel Median:3 
Benoit [24] 2023 R/R LBCL Tisa-cel Axi-cel ≥2 67 59 11pts in 2 Arms Cohort studies OR/CR/PR/CRS/ICANS 

n=10 n=15 
Locke [25] 2021 R/R LBCL SOC Axi-cel 1 NA NA NA NA RCT OR/CR/PR 

n=179 n=180 
Kamdar [26] 2021 R/R LBCL SOC Liso-cel 1 NA NA NA NA RCT OR/CR/PR 

n=92 n=90 
Bishop [27] 2021 R/R NHL* SOC Tisa-cel 1 NA NA NA NA RCT OR/CR/PR 

n=162 n=160 

Note: LBCL, large B-cell lymphoma; Liso-cel, lisocabtagene maraleucel;SOC, standard‐of‐care: SOC refers to the established treatments that medical professionals generally 
agree are appropriate and widely used for a particular type and stage of cancer; RCT, randomized controlled trial.* The major subtype in this study was diffuse large B-cell 
lymphoma-not otherwise specified, followed by high-grade B-cell lymphoma, primary mediastinal B-cell lymphoma, and follicular lymphoma grade 3B. bridging treatments 
(systemic treatment, radiotherapy, combined modality treatment) 
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Table 2. Results of the quality evaluation in six articles 

Author Year Cohort selection Comparability Outcome Total score 
Bachy [19] 2022 ★★★★ ★★ ★★ 8 
Kuhnl [20] 2022 ★★★ ★★ ★★ 7 
Kwon [21] 2022 ★★★★ ★★ ★★ 8 
Bastos-Oreiro [22] 2022 ★★★ ★★ ★★ 7 
Riedell [23] 2022 ★★★ ★★ ★★ 7 
Benoit [24] 2023 ★★★★ ★★ ★★ 8 

 

3.4.1.3 Partial response rates (PRRs) of tisa-cel and axi-cel 
treatments 

The PRRs of tisa-cel and axi-cel were presented 
in all six studies (I2 = 0.0%, P = 0.46), with no 
heterogeneity among the studies. The overall PRRs 
were 15.5% for tisa-cel and 13.3% for axi-cel.22 
According to a fixed-effect model,23 the OR was 1.02 
(95% CI, 0.75–1.40), and axi-cel had lower PRR 
compared with tisa-cel (Figure 4). 

3.4.1.4 PFS of tisa-cel and axi-cel 
Five of the included studies [19-23, 27] presented 

the PFS rates of tisa-cel and axi-cel (I2 = 0.0%, P = 0.68), 
with no heterogeneity among the studies. In five 
studies, the 1-year PFS rates ranged from 41.0% to 
46.6% for axi-cel and from 27.4% to 33.2% for tisa-cel. 
With an HR of 0.70 (95% CI, 0.62–0.80) according to a 
fixed-effect model, axi-cel had a longer PFS compared 
with tisa-cel, and the difference was statistically 
significant (Figure 5). 

3.4.1.5 Total OS of tisa-cel and axi-cel treatments 
Five of the included studies [19-23] presented the 

OS rates of tisa-cel and axi-cel (I2 = 0.0%, P = 0.48), and 
there was no heterogeneity among the studies. In five 
studies, the 1-year OS rates ranged from 51.0% to 
63.5% for axi-cel and from 43.8% to 59.0% for tisa-cel. 
According to the fixed-effect model, the HR was 0.71 
(95% CI, 0.61–0.84), and axi-cel had longer OS 
compared with tisa-cel, and the difference was 
statistically significant (Figure 6). 

 
 

 
Figure 2. Forest plots of objective response rate in a fixed-effects model 

 

 
Figure 3. Forest plots of complete remission rate in a fixed-effects model 
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Figure 4. Forest plots of partial remission rate in a fixed-effects model 

 
Figure 5. Forest plots of progression-free-survival in a fixed-effects model 

 
3.4.1.6 Main toxicity of CAR-T therapy 

3.4.1.6.1 Cytokine release syndrome 
Five of the included studies [19-23] presented the 

incidence rates of CRS (Table S1 showed the toxicity 
grading method [28]) treated with tisa-cel and axi-cel 
(I2 = 73%, P < 0.01); there was heterogeneity in the 
literature. The overall incidence rates of CRS were 
88.3% and 68.4% for axi-cel and tisa-cel, respectively. 
With an OR of 3.84 (95% CI, 2.10–7.03) according to a 
random-effects model, axi-cel was associated with a 
statistically significantly higher CRS compared with 
tisa-cel (Figure 7). To determine the source of 
heterogeneity, subgroup analysis of CRS severity was 
performed, and the incidence rates of grade 1–2 CRS 
and ≥ 3 CRS were determined. Regarding the 
incidence rates of grade 1–2 CRS, the calculated 
results suggested an I2 value of 45% and a P value of 
0.12, and there was no heterogeneity among the 
studies. The overall incidence rates of grade 1–2 CRS 
for axi-cel and tisa-cel were 81.1% and 61.7%, 
respectively. With an OR of 2.71 (95% CI, 2.08–3.53) 
according to a fixed-effect model, axi-cel had a 
statistically significantly higher incidence rate of 
grade 1–2 CRS compared with tisa-cel (Figure 8). In 
grade ≥ 3 CRS, the results suggested an I2 value of 55% 
and a P value of 0.09, indicating a slight heterogeneity 

among the literature. The overall incidence rates of 
grade ≥ 3 CRS were 7.2% for axi-cel and 6.7% for 
tisa-cel. With an OR of 1.09 (95% CI, 0.53–2.25) 
according to the random-effects model, axi-cel had a 
higher incidence rate of grade ≥ 3 CRS compared with 
tisa-cel, but the difference was not statistically 
significant (Figure 9). Other common adverse 
toxicities showed in Table 3. 

3.4.1.6.2 Immune effector cell-associated 
neurotoxicity syndrome 

Five of the included studies [19-23] presented the 
incidence rates of ICANS (Table S1 showed the 
toxicity grading method) treated with tisa-cel and 
axi-cel, and meta-analyses suggested an I2 value of 
53% and a P value of 0.08, with mild heterogeneity 
among the literature. The total incidence rates of 
ICANS were 47.7% and 17.8% for axi-cel and tisa-cel, 
respectively. With an OR of 4.4 (95% CI, 2.81–6.91) 
according to the random-effects model, axi-cel had a 
statistically significantly higher ICANS rate compared 
with tisa-cel (Figure 10). To determine the source of 
heterogeneity, subgroup analyses were performed to 
analyze the severity of ICANS, and the incidence rates 
of grade 1–2 ICANS and ≥ 3 ICANS were identified. 
Regarding the incidence rate of grade 1–2 ICANS, the 
calculated results suggested an I2 value of 0.0% and a 
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P value of 0.82, and there was no heterogeneity 
among the studies. The incidence rates of grade 1–2 
ICANS were 26.2% for axi-cel and 14.6% for tisa-cel. 
With an OR of 2.29 (95% CI, 1.68–3.11) according to a 
fixed-effect model, axi-cel had a statistically 
significantly higher incidence rate of grade 1–2 
ICANS compared with tisa-cel (Figure 11). In grade ≥ 
3 ICANS, the results suggested an I2 value of 20% and 

a P value of 0.82, and there was no heterogeneity 
among the studies. The incidence rates of grade ≥ 3 
ICANS were 21.5% for axi-cel and 3.2% for tisa-cel. 
The OR was 7.62 (95% CI, 4.51–12.88) according to the 
fixed-effect model, with a statistically significant 
difference in the incidence rate of grade ≥ 3 ICANS 
between axi-cel and tisa-cel (Figure 12). 

 

 
Figure 6. Forest plots of overall survival in a fixed-effects model 

 

 
Figure 7. Forest plots of the rates of cytokine release syndrome in a random-effects model 

 

 
Figure 8. Forest plots of the rates of grade 1–2 cytokine release syndrome in a fixed-effects model 
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Figure 9. Forest plots of the rates of grade ≥ 3 cytokine release syndrome in a random-effects model 

 
Figure 10. Forest plots of the rates of immune effector cell-related neurotoxicity syndrome in a random-effects model 

 

Table 3. Other common adverse toxicities 

Author Year Population Treatment regimen Neutropenia (any Grade/Grade ≥3) Anemia (any Grade/Grade ≥3) Thrombocytopenia (any Grade/Grade ≥3) 
      Arm A Arm B Arm A Arm B Arm A Arm B Arm A Arm B 
Bachy [19]  2022 R/R DLBCL Tisa-cel Axi-cel 57/20 124/53 58/0 94/4 62/19 116/46 

n=209 n=209 
Kuhnl [20] 2022 R/R LBCL Tisa-cel Axi-cel NA/4* NA/22* NA NA NA/4* NA/15* 

n=76 n=224 
Kwon [21] 2023 R/R DLBCL Tisa-cel Axi-cel 116/22 110/31 NA NA 115/46 104/49 

n=127 n=134 
Bastos-Oreiro [22] 2022 R/R LBCL Axi-cel Tisa-cel NA NA NA NA NA NA 

n=101 n=91 
Riedell [23] 2022 R/R LBCL Tisa-cel Axi-cel NA NA NA NA NA NA 

n=82 n=149 
Benoit [24] 2023 R/R LBCL Tisa-cel Axi-cel NA/1 NA/6 NA/0 NA/2 NA/1 NA/5 

n=10 n=15 
Locke [25] 2021 R/R LBCL SOC Axi-cel From 63rd ASH Abstracts:Grade ≥3treatment-emergent adverse events :155 (axi-cel) and 140 (SOC) pts 

n=179 n=180 
Kamdar [26] 2021 R/R LBCL SOC Liso-cel 49/NA 75/NA 58/NA 58/NA 62/NA 53/NA 

n=92 n=90 
Bishop [27] 2021 R/R NHL SOC Tisa-cel NA NA NA NA NA NA 

n=162 n=160 

Note: *Cytopenia at 3 months 

 

3.4.2 Publication bias 
As there were < 10 studies in the quantitatively 

pooled meta-analysis for each index, we concluded 
that there was no publication bias between the 
studies, and no publication bias assessment was 
required.3.4.2 Quantitative meta-analysis and MeSH 

meta-analysis results (CRR)Three RCTs were used for 
network meta-analysis (axi-cel and liso-cel, tisa-cel 
and liso-cel, SOC and liso-cel), with ORs of 0.89 (95% 
CI, 0.26–3.00) for the comparison between axis-cel and 
liso-cel, 0.53 (95% CI, 0.15–1.80) for the comparison 
between tisa-cel and liso-cel, and 0.33 (95% CI, 0.12–
0.92) for the comparison between SOC and liso-cel. 
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Therefore, based on the results, the CRR of the axis-cel 
was higher, followed by the tisa-cel, and the SOC was 
the worst, but the difference was not statistically 
significant, as shown in the supplementary figure. 

3.4.3 Qualitative descriptive analysis results 
The basic literature information of the 10 

controlled studies is shown in Table S2. Salles et al. 
[29] showed that tisa-cel therapy was more effective 
than the conventional third-line therapy for R/R FL. 
Sermer et al. [30] showed that in R/R DLBCL, the 
efficacy of CAR-T therapy was superior to that of 
alternative therapy (the most commonly used 
third-line regimen was a platinum-based regimen 
[29%], investigational regimen [26%], etoposide 
regimen [8.9%], and anthracycline-based regimen 
[8.9%]).Avivi et al. [31] showed that the CAR-T arm 
was more effective than the polatuzumab vedotin 
(Pola)-based regimen for treating R/R DLBCL. Locke 
et al. [25] showed that axi-cel treatment was more 
effective than platinum-based salvage chemotherapy 

combined with SOC for autologous HSCT in R/R 
B-cell lymphoma. Kamdar et al. [26] showed that 
liso-cel treatment was more effective than SOC 
treatment for R/R B-cell lymphoma. Bishop et al. [27] 
showed that tisa-cel was more effective than SOC in 
treating R/R NHL. Yan et al. [32] showed that 
patients with R/R B-ALL treated with CAR-T cells 
had a slightly higher efficacy than CD3 CD19 
bispecific antibodies and was significantly higher than 
that in the traditional chemotherapy group. 

4. Discussion 
The current treatment options for B-cell 

lymphoma include chemotherapy, targeted therapy, 
and HSCT. However, there are several 
chemotherapy-related adverse reactions due to the 
cytotoxic and nonselective mechanism of action of 
chemotherapy drugs, which affect the full dose and 
course of chemotherapy treatment to a certain extent. 

 
 
 

 
Figure 11. Forest plots of the rates of grade 1–2 immune effector cell-related neurotoxicity syndrome in a fixed-effects model 

 
 

 
Figure 12. Forest plots of the rates of grade ≥ 3 immune effector cell-related neurotoxicity syndrome in a fixed-effects model 
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The use of anti-CD20 monoclonal antibodies has 
improved the prognosis of CD20+ B-cell lymphoma; 
however, resistance persists in some patients. Owing 
to age, physical condition limitations, and 
chemotherapy resistance, some patients cannot 
undergo or benefit from HSCT. Therefore, better 
treatment options for this condition need to be 
explored. The emergence of CAR-T technology has 
provided new opportunities for the treatment of 
lymphatic and hematopoietic tumors. As of 2022, six 
different CAR-T products have been approved for 
clinical application by the US Food and Drug 
Administration and National Medical Products 
Administration. The therapeutic efficacy and safety of 
different CAR-T products differ, and there remains a 
lack of studies on the comparison of the efficacy and 
safety of different CAR-T products or combinations. 
Moreover, appropriate selection among different 
CAR-T therapies remains unclear. Therefore, we 
aimed to perform a meta-analysis using published 
literature data on the efficacy and safety of CAR T-cell 
therapy for B-cell lymphoma. Through meta-analysis, 
it can be observed that among the different CAR-T 
designs, efficacy is also different. The ORR and CRR 
of axi-cel were higher than those of tisa-cel. The 
overall ORRs were 59.1% for axi-cel and 51.5% for 
tisa-cel, whereas the overall CRRs were 45.8% for 
axi-cel and 36.0% for tisa-cel. Notably, the PRR of 
axi-cel was lower than that of tisa-cel; however, 
considering that the ORR and CRR of axi-cel were 
both higher than those of tisa-cel, we hypothesized 
that this was due to the higher CRR rate of the axi-cel 
treatment. We used three RCTs to perform a network 
meta-analysis on liso-cel, axi-cel, and tisa-cel to 
indirectly compare the difference in efficacy between 
liso-cel and the other two CAR-T products. However, 
owing to the loss of statistical performance caused by 
the sample size, number of clinical studies, and 
indirect comparison, no statistically significant results 
were obtained. Further clinical studies are required to 
answer these questions. 

Overall, we believe that axi-cel is more effective 
than tisa-cel. Although CAR-T treatment has good 
efficacy in R/R B-cell lymphoma, its adverse reactions 
also need to be monitored to better benefit from it. The 
most common adverse reactions associated with 
CAR-T treatment are CRS and ICANS. Therefore, we 
performed a meta-analysis on the incidence rates of 
CRS and ICANS for axi-cel and tisa-cel. In our study, 
the incidence rates of CRS and ICANS in axi-cel were 
higher than those in tisa-cel. To exclude 
heterogeneity, we further performed a subgroup 
analysis according to severity grading, and the results 
indicated that in the same level group, axi-cel still 
showed a higher incidence rate than tisa-cel. 

Therefore, although the efficacy of axi-cel is better 
than that of tisa-cel, the incidence rates of CRS and 
ICANS are higher in axi-cel than in tisa-cel. Both these 
factors must be considered when making 
individualized assessments and treatment choices for 
patients. Relevant literature indicates that the 
prophylactic use of steroids, anakinra, and 
tocilizumab significantly reduces the incidence rate of 
severe CRS or ICANS. For example, a recent 
prospective evaluation study on the early use of 
dexamethasone in axi-cel therapy showed that the 
rate of grade ≥ 3 ICANS was only 17% [33]. Toxicity 
may cause greater concern in older patients and offset 
higher efficacy. Bachy et al. also performed planned 
subgroup analyses on patients aged < 70 and > 70 
years. Axi-cel therapy showed higher efficacy in 
different age groups for PFS and OS, and the PFS was 
significantly prolonged [19]. Therefore, they believe 
that, even if the toxicity of axi-cel is high, longer PFS 
and OS can still be achieved. 

Both axi-cel and tisa-cel are anti-CD19 CAR-T 
therapies with similar CAR designs and extracellular 
binding domains. However, they differ in the 
following aspects: (1) In terms of the design of the 
CAR-T molecule, the co-stimulatory domain of axi-cel 
is CD28, whereas that of tisa-cel is 4-1BB; (2) 
regarding CAR-T transduction, axi-cel is transduced 
by retrovirus, whereas tisa-cel is transduced by 
lentivirus. Regarding starting materials, axi-cel is a 
fresh leukocyte separation product, whereas tisa-cel is 
a frozen leukocyte separation product. The difference 
in CAR design, especially the co-stimulatory domain 
of CAR between tisa-cel and axi-cel, affects cell 
kinetics and cell fate immediately after infusion. The 
CD28 co-stimulatory domain induces faster expansion 
and differentiation; therefore, axi-cel has advantages 
in terms of efficacy. However, the 4-1BB 
co-stimulatory domain can lead to a lower expansion 
peak and longer persistence, allowing tisa-cel to 
reduce the incidence of acute toxicity from autologous 
CAR-T cells. This may explain why axi-cel had better 
efficacy in this study than tisa-cel, but the incidence 
rates of CRS and ICANS were lower in tisa-cel than in 
axi-cel. 

Single CAR-T therapy has shown great 
advantages over other third-line treatments, as shown 
in previous studies. Sermer et al. showed that in R/R 
B-cell lymphoma, CAR-T therapy was more effective 
than other regimens (based on platinum, etoposide, 
anthracycline) [30]. Avivi et al. suggested that CAR 
T-cell therapy was superior to Pola-based treatment 

[31]. Su et al. found that in R/R B-ALL, the efficacy of 
CAR-T therapy was slightly higher than that of the 
CD3 CD19 bispecific antibody (blinatumomab) and 
significantly higher than that of traditional 
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chemotherapy [32]. CAR-T cells show good efficacy in 
the treatment of other small-molecule targeted drugs, 
alone or in combination. 

In the real world, we should balance 
pharmacoeconomics, the patient's performance status, 
tumor burden, the timing of CART preparation, and 
the patient's tolerance of adverse effects to develop an 
appropriate treatment strategy. In some studies, such 
as Peter A. Riedell's study [23], we found that 
regardless of the cause, whether it is death from 
recent toxicity (Death within 28 days of infusion) or 
death from long-term toxicity (Death beyond 28 days 
of infusion), Axi-cel has a higher mortality rate due to 
Neurotoxicity, infection, and heart than Tisa-cel. This 
may be related to higher rates of CRS, ICANS, and 
cytopenias in Axi-cel. Several CRS prediction models 
[34] and data from our pooled analysis help us 
distinguish patients at high risk for toxic reactions. By 
choosing products with relatively small toxic effects 
such as Tisa-cel, patients can have a better experience 
during the treatment process. In addition, we also 
conducted subgroup and multiple regression analysis 
on each included study (see Table S3) and found that 
high ECOG score, lactate dehydrogenase greater than 
normal value, primary refractory, etc. are risk factors 
with higher occurrence rate. These seem to prompt us 
how to more efficiently screen the advantageous 
groups for CART treatment. It is worth mentioning 
that in the 2 included studies [19, 22], patients who 
received an autologous transplant before CART 
improved PFS, but not OS. Statistical significance. It 
tells us that some high-risk factors can be improved 
by other therapies (such as autologous 
transplantation, combination therapy with new 
drugs, etc.), which may improve the effectiveness of 
CART treatment. Furthermore, ASCT tandem CART 
has the opportunity to become a good way to improve 
patients with refractory lymphoma. These are issues 
worthy of our continued thinking and practice. 

Another interesting issue is that the bispecific 
antibodies glofitamab and epcoritamab and 
mosunetuzumab are now approved for use in DLBCL 
[35]. It gives new options to certain patients who 
cannot wait for CAR-T product manufacturing, or 
whose socioeconomic status is a barrier to commercial 
CAR-T, or who may lack enough circulating T cells for 
adequate blood separation. BsAb can achieve rapid 
response and remission, with a median of 20 months 

[36], but there is no convincing evidence of cure so far. 
This may be related to the fact that the target of 
bispecific antibodies is CD20 and the target of CART 
is CD19. The first-line treatment with rituximab 
(anti-CD20) weakens or even eliminates the 
expression of CD20 on the tumor surface, while the 
CD19 antigen is retained. Fortunately, the use of 

bispecific antibody treatment after CART failure still 
has a good therapeutic effect. The side effects are 
similar to those of CAR-T, but the frequency and 
severity are lower [37]. In current clinical practice, 
CART is still the first choice for bispecific antibodies 
for relapsed and refractory B-cell lymphoma. 

5. Innovation and limitations 
Innovation: This study constructed a network 

meta model of Axi-cel, Liso-cel, Tisa-cel and standard 
of care, which is shown in the supplementary file. If 
more studies are updated, such as dual-target CART 
compared with single-target CART, and Axi-cel 
compared with autologous transplantation, they can 
be included in the model for indirect comparison. In 
addition, compared with previously published 
papers, our study conducted a summary analysis of 
various risk factors that are detrimental to survival 
and obtained several relatively stable risk factors, 
which provides support for the screening of patients 
with advantages in CART treatment and the 
construction of a prognostic index model. Limitations: 
In meta-analysis, some clinical studies and real-world 
controlled studies are combined for analysis, which 
may introduce bias in the results caused by 
imbalances in baseline and subsequent treatment 
methods. For example, one study included a small 
number of patients undergo CD19-based prior 
treatments based on mAbs (usually <5%) and the 
proportion and type of bridging regimens used were 
different. It is worth mentioning that we examined the 
lymphoma subtypes of these studies, which basically 
included DLBCL, Transformed FL, HGBL, PMBCL, 
and transformed indolent lymphoma, of which 
DLBCL accounted for about 64%-84%. Riedell, Kuhnl 
[20], Bachy [19], Bastos-Oreiro [22], and Kwon [21] 
were retrospective studies, and there was no 
statistical difference between their ARM A and ARM 
B in the classification of lymphoma subtypes (P>0.05). 
Locke [25], Kamdar [26], and Bishop [27] were 
prospective randomized controlled clinical trials. Due 
to the large differences in the number of various 
lymphoma subtypes, it is impossible to obtain the 
original data corresponding to each lymphoma 
subtype studied, so further subgroup analysis cannot 
be performed for specific lymphoma subtypes. 
Although this retrospective analysis has some 
limitations, such as the possible practice patterns and 
patient selection bias of specific centers, our data 
show that in the real world, patients treated with 
commercial axi-cel and tisa-cel show consistent 
practice patterns and results. The majority of patients 
achieved durable complete remissions after these 
treatments, even with high-risk disease, underscoring 
the positive impact of axi-cel and tisa-cel in treating 
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relapsed/refractory B-cell non-Hodgkin lymphoma 
(R/R B-NHL). Finally, there are differences in the 
studies we included. In some studies, Previous 
treatment lines are factors that affect PFS, but do not 
affect OS. Now, it turns out that more and more 
studies move CART treatment lines forward, which 
may improve patients' quality of life. Survival is 
helpful, but the inclusion criteria in each independent 
study (the same study) are consistent, and the number 
of previous treatment lines in each treatment arm is 
basically similar, so there will be a small impact, but it 
will not affect the conclusion. 

In conclusion, CAR-T therapy is an effective 
treatment option for patients with R/R B-cell 
lymphoma. In the CAR-T treatment regimen, axi-cel 
has better ORR and OS than tisa-cel; however, axi-cel 
treatment leads to higher incidence rates of CRS and 
ICANS than tisa-cel treatment. Treatment decisions 
should be made on an individualized basis after 
weighing the advantages and disadvantages. 

Supplementary Material 
Supplementary figure.  
https://www.jcancer.org/v15p5729s1.pdf 
Supplementary table 1.  
https://www.jcancer.org/v15p5729s2.xlsx 
Supplementary table 2.  
https://www.jcancer.org/v15p5729s3.xlsx 
Supplementary table 3.  
https://www.jcancer.org/v15p5729s4.xlsx 

Acknowledgements 
Funding 

The authors gratefully acknowledge the financial 
support provided by the National Natural Science 
Foundation of China (No. 82260042), Joint Project on 
Regional High-Incidence Diseases Research of 
Guangxi Natural Science Foundation under Grant 
(No. 2024GXNSFAA010016,2023GXNSFDA026019), 
the Natural Science Foundation of Guangxi 
(2018GXNSFBA281026), and Guangxi Medical 
University 2023 Undergraduate Innovation and 
Entrepreneurship Training Program (S202310598210). 

Author contributions 
 Chengcheng Liao, Conceptualization, Data 

curation, Formal analysis, Writing – original draft, 
Writing – review & editing, Lin Zeng, Writing – 
original draft, Shengjuan Lu, Data curation, Software, 
Writing – original draft, Writing – review & editing, 
Shaocu Zheng, Resources, Visualization, Baoping Guo 
Formal analysis, Mingyue Wang, Software, Jie Sun, 
Writing – review & editing, Jie Sun, Project 
administration, Chao Rong, Conceptualization, Sha 

He, Conceptualization, Dani Zhong, Project 
administration, Qing Ke, Supervision, Mei Huang, 
Writing – review & editing, Xiaohong Tan, Resources, 
and Hong Cen, Conceptualization, Formal analysis, 
Funding acquisition, Investigation, Resources, 
Supervision. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1.  Bezombes C, Perez-Galan P. Immunotherapies in Non-Hodgkin's Lymphoma. 

Cancers (Basel). 2021; 13: 3625. 
2.  Frey N, Porter D. Cytokine Release Syndrome with Chimeric Antigen 

Receptor T Cell Therapy. Biol Blood Marrow Transplant. 2019; 25: e123-e7. 
3.  Jiang M, Bennani NN, Feldman AL. Lymphoma classification update: T-cell 

lymphomas, Hodgkin lymphomas, and histiocytic/dendritic cell neoplasms. 
Expert Rev Hematol. 2017; 10: 239-49. 

4.  Matasar MJ, Zelenetz AD. Overview of lymphoma diagnosis and 
management. Radiol Clin North Am. 2008; 46: 175-98, vii. 

5.  Heward JA, Kumar EA, Korfi K, Okosun J, Fitzgibbon J. Precision medicine 
and lymphoma. Curr Opin Hematol. 2018; 25: 329-34. 

6.  Mugnaini EN, Ghosh N. Lymphoma. Prim Care. 2016; 43: 661-75. 
7.  Kenderian SS, Ruella M, Gill S, Kalos M. Chimeric antigen receptor T-cell 

therapy to target hematologic malignancies. Cancer Res. 2014; 74: 6383-9. 
8.  Pico de Coana Y, Choudhury A, Kiessling R. Checkpoint blockade for cancer 

therapy: revitalizing a suppressed immune system. Trends Mol Med. 2015; 21: 
482-91. 

9.  Grupp SA, Kalos M, Barrett D, Aplenc R, Porter DL, Rheingold SR, et al. 
Chimeric antigen receptor-modified T cells for acute lymphoid leukemia. N 
Engl J Med. 2013; 368: 1509-18. 

10.  Zhang Y, Xu Y, Dang X, Zhu Z, Qian W, Liang A, et al. Challenges and optimal 
strategies of CAR T therapy for hematological malignancies. Chin Med J 
(Engl). 2023; 136: 269-79. 

11.  Freyer CW, Porter DL. Cytokine release syndrome and neurotoxicity 
following CAR T-cell therapy for hematologic malignancies. J Allergy Clin 
Immunol. 2020; 146: 940-8. 

12.  Brudno JN, Kochenderfer JN. Recent advances in CAR T-cell toxicity: 
Mechanisms, manifestations and management. Blood Rev. 2019; 34: 45-55. 

13.  Gu T, Hu K, Si X, Hu Y, Huang H. Mechanisms of immune effector 
cell-associated neurotoxicity syndrome after CAR-T treatment. WIREs Mech 
Dis. 2022; 14: e1576. 

14.  Wehrli M, Gallagher K, Chen YB, Leick MB, McAfee SL, El-Jawahri AR, et al. 
Single-center experience using anakinra for steroid-refractory immune effector 
cell-associated neurotoxicity syndrome (ICANS). J Immunother Cancer. 2022; 
10: e003847. 

15.  Jin Y, Dong Y, Zhang J, Sun J, Liu Y, Chen Y. The toxicity of cell therapy: 
Mechanism, manifestations, and challenges. J Appl Toxicol. 2021; 41: 659-67. 

16.  Wang Z, Han W. Biomarkers of cytokine release syndrome and neurotoxicity 
related to CAR-T cell therapy. Biomark Res. 2018; 6: 4. 

17.  Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for 
incorporating summary time-to-event data into meta-analysis. Trials. 2007; 8: 
16. 

18.  Lin EP, Hsu CY, Berry L, Bunn P, Shyr Y. Analysis of Cancer Survival 
Associated With Immune Checkpoint Inhibitors After Statistical Adjustment: 
A Systematic Review and Meta-analyses. JAMA Netw Open. 2022; 5: 
e2227211. 

19.  Bachy E, Le Gouill S, Di Blasi R, Sesques P, Manson G, Cartron G, et al. A 
real-world comparison of tisagenlecleucel and axicabtagene ciloleucel CAR T 
cells in relapsed or refractory diffuse large B cell lymphoma. Nat Med. 2022; 
28: 2145-54. 

20.  Kuhnl A, Roddie C, Kirkwood AA, Tholouli E, Menne T, Patel A, et al. A 
national service for delivering CD19 CAR-Tin large B-cell lymphoma - The UK 
real-world experience. Br J Haematol. 2022; 198: 492-502. 

21.  Kwon M, Iacoboni G, Reguera JL, Corral LL, Morales RH, Ortiz-Maldonado V, 
et al. Axicabtagene ciloleucel compared to tisagenlecleucel for the treatment of 
aggressive B-cell lymphoma. Haematologica. 2023; 108: 110-21. 

22.  Bastos-Oreiro M, Gutierrez A, Reguera JL, Iacoboni G, López-Corral L, Terol 
MJ, et al. Best treatment option for patients with refractory aggressive B-cell 
lymphoma in the CAR-T cell era: real-world evidence from 
GELTAMO/GETH Spanish groups. Frontiers in immunology. 2022; 13: 
855730. 

23.  Riedell PA, Hwang WT, Nastoupil LJ, Pennisi M, McGuirk JP, Maziarz RT, et 
al. Patterns of Use, Outcomes, and Resource Utilization among Recipients of 
Commercial Axicabtagene Ciloleucel and Tisagenlecleucel for 
Relapsed/Refractory Aggressive B Cell Lymphomas. Transplant Cell Ther. 
2022; 28: 669-76. 



 Journal of Cancer 2024, Vol. 15 

 
https://www.jcancer.org 

5741 

24.  Benoit A, MH BB, Dery N, L MG, Simard M, Poirier M, et al. CAR T-Cells for 
the Treatment of Refractory or Relapsed Large B-Cell Lymphoma: A 
Single-Center Retrospective Canadian Study. Clin Lymphoma Myeloma Leuk. 
2023; 23: 203-10. 

25.  Locke FL, Miklos DB, Jacobson C, Perales MA, Kersten MJ, Oluwole OO, et al. 
Primary Analysis of ZUMA-7: A Phase 3 Randomized Trial of Axicabtagene 
Ciloleucel (Axi-Cel) Versus Standard-of-Care Therapy in Patients with 
Relapsed/Refractory Large B-Cell Lymphoma. Blood. 2021; 138:20-22. 

26.  Kamdar M, Solomon SR, Arnason J, Johnston PB, Glass B, Bachanova V, et al. 
Lisocabtagene maraleucel versus standard of care with salvage chemotherapy 
followed by autologous stem cell transplantation as second-line treatment in 
patients with relapsed or refractory large B-cell lymphoma (TRANSFORM): 
results from an interim analysis of an open-label, randomised, phase 3 trial. 
Lancet. 2022; 399: 2294-308. 

27.  Bishop MR, Dickinson M, Purtill D, Barba P, Santoro A, Hamad N, et al. 
Second-Line Tisagenlecleucel or Standard Care in Aggressive B-Cell 
Lymphoma. N Engl J Med. 2022; 386: 629-39. 

28.  Lee DW, Santomasso BD, Locke FL, Ghobadi A, Turtle CJ, Brudno JN, et al. 
ASTCT Consensus Grading for Cytokine Release Syndrome and Neurologic 
Toxicity Associated with Immune Effector Cells. Biol Blood Marrow 
Transplant. 2019; 25: 625-38. 

29.  Salles G, Schuster SJ, Dreyling M, Fischer L, Kuruvilla J, Patten PEM, et al. 
Efficacy comparison of tisagenlecleucel vs usual care in patients with relapsed 
or refractory follicular lymphoma. Blood Adv. 2022; 6: 5835-43. 

30.  Sermer D, Batlevi C, Palomba ML, Shah G, Lin RJ, Perales MA, et al. Outcomes 
in patients with DLBCL treated with commercial CAR T cells compared with 
alternate therapies. Blood Adv. 2020; 4: 4669-78. 

31.  Avivi I, Perry C, Segman Y, Amit O, Bar-On Y, Katz OB, et al. 
Polatuzumab-based regimen or CAR T cell for patients with 
refractory/relapsed DLBCL-a matched cohort analysis. Ann Hematol. 2022; 
101: 755-62. 

32.  Su Y, Bao S, Wei YP, Song LJ, Xue YM, Wei XD, et al. [Targeted 
immunotherapy efficacy analysis in patients with relapsed/refractory B cell 
acute lymphocytic leukemia]. Zhonghua Xue Ye Xue Za Zhi. 2022; 43: 946-51. 

33.  Topp MS, van Meerten T, Houot R, Minnema MC, Bouabdallah K, Lugtenburg 
PJ, et al. Earlier corticosteroid use for adverse event management in patients 
receiving axicabtagene ciloleucel for large B-cell lymphoma. Br J Haematol. 
2021; 195: 388-98. 

34.  Komanduri KV, Belousov A, Byrtek M, Kwan A, Perez-Callejo D, Li C-C, et al. 
Development of a predictive model for cytokine release syndrome to inform 
risk stratification and CRS management following immunotherapy. Blood. 
2021; 138: 1459. 

35.  Falchi L, Vardhana SA, Salles GA. Bispecific antibodies for the treatment of 
B-cell lymphoma: promises, unknowns, and opportunities. Blood. 2023; 141: 
467-80. 

36.  Thieblemont C, Karimi Y, Jurczak W, Cheah C, Clausen M, Cunningham D, et 
al. Subcutaneous epcoritamab induces deep, durable complete remissions in 
relapsed/refractory large B‐cell lymphoma: longer follow‐up from the pivotal 
Epcor NHL‐1 trial. Hematological Oncology. 2023; 41:7525 

37.  Trabolsi A, Arumov A, Schatz JH. Bispecific antibodies and CAR-T cells: 
dueling immunotherapies for large B-cell lymphomas. Blood Cancer J. 2024; 
14: 27. 


