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Abstract. – OBJECTIVE: Diffuse large 
B-cell lymphoma (DLBCL) is the most com-
mon non-Hodgkin lymphoma (NHL). This study 
aimed to systematically evaluate the efficacy 
of chimeric antigen receptor T cells (CAR-T) in 
treating relapse/refractory DLBCL (R/R DLBCL) 
and associated complete-remission rate (CR). 

MATERIALS AND METHODS: PubMed, 
Cochrane Library, CNKI, VIP, CBM, and Wan-
fang databases were searched, and literature 
was collected up to January 2019. According 
to inclusion criteria and exclusion criteria, 
two researchers independently reviewed and 
screened literature, extracted required data and 
crossly checked them. This meta-analysis was 
conducted using RevMan 5.3 software.  

RESULTS: This study finally included 13 En-
glish literatures and 263 cases. There was no 
heterogeneity among all these studies, there-
fore, fixed effect model was used. Meta-analy-
sis findings showed that total CR rate of R/R 
DLBCL treated with CAR-T was 46.8% (95% CI: 
0.408-0.533). Subgroup analysis showed that CR 
rate of CD28 group was slightly higher [52.5%, 
with 95% confidence interval (CI): 0.441-0.602] 
compared to that of 4-1BB group (41.5%, with 
95% CI: 0.324-0.510). CR rate of CD19 group 
was slightly higher (49.2%, with 95% CI: 0.429-
0.556) compared to that of CD20 group (42.2%, 
with 95% CI: 0.231-0.639). Funnel chart of total 
CR rate, co-stimulatory factor, and target an-
tigen demonstrated fundamental symmetry. 
Moreover, age, HSCT administration, CAR-T cell 
counts, and drug pre-treatment also affected 
immunotherapy on CAR-T on R/R DLBCL. 

CONCLUSIONS: CAR-T treatment for R/R DL-
BCL demonstrated evident curative effect and 
high complete remission rate. CAR-T cell immu-
notherapy would be expected to become main-
stream therapy for hematolymph system tumors.

Key Words:
Diffuse large B-cell lymphoma, Chimeric antigen 

receptor T cells, Complete-remission rate, Immuno-
therapy.

Introduction

Diffuse large B-cell lymphoma (DLBCL), as 
the most common non-Hodgkin lymphoma (NHL), 
accounts for about 30% of NHL with the rising 
incidence1. The first-line chemotherapeutic regi-
men could alleviate symptoms in 60%-70% DLB-
CL patients, while 30%-40% of DLBCL patients 
would be difficult to treat or relapse post the first 
response, with poor prognosis2. DLBCL is usually 
progressive, with high heterogeneity and invasive-
ness. Many DLBCL patients develop complete re-
mission or relapse 1-3 years post the hematopoietic 
stem cell transplantation, or even multiple relaps-
es, and then transform into relapse/relapsed diffuse 
large B-cell lymphoma (R/R DLBCL)3. The tradi-
tional treating strategy has poor efficacy and short 
median survival. Chimeric antigen receptor T cells 
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(CAR-T) is the latest developed cell-immunother-
apy in recent years and demonstrates remarkable 
achievements in lymphoblastic leukemia with 
its unique advantages4. Presently, the targets for 
CAR-T therapy mainly include CD19, CD20, κ light 
chain, CD22 and receptor-tyrosine-kinase-like or-
phan receptor 1 (ROR1)5,6. CAR-T has a promis-
ing prospect for treating R/R DLBCL, which also 
has related toxicity and application limitations7. 
Therefore, the present meta-analysis attempted to 
investigate effects of CAR-T on R/R DLBCL by 
reviewing all relevant studies, and finally provided 
more theoretical evidence for application of CAR-T 
in R/R DLBCL.

Materials and methods

Literature Retrieval Strategies 
and Methods

In this study, PubMed, Cochrane Library, 
CNKI, VIP, CBM, and Wanfang databases were 
searched, and the literature was collected from 
initial establishment of above database to January 
2019. The strategy of subject words combining free 
words was adopted. The strings values retrieved 
mainly included the followings, including chemo-
therapy-refractory, refractory, relapsed, chemo-
therapy refractory, refractory, relapse, diffuse large 
B-cell lymphoma, diffuse large B cell lymphoma 
(DLBCL), chimeric antigen receptor (CAR), chi-
meric antigen receptor T cell (CAR-T), chimeric 
antigen receptor modified T-cell, chimeric antigen 
receptor transduced T-Cell. At the same time, the 
above included references were traced back, and 
the secondary literature retrieval was carried out 
to ensure comprehensive data acquisition.

Inclusion and Exclusion Criteria
Inclusion criteria: 1) published studies on 

treatment of R/R DLBCL with CAR-T; 2) The 
involved DLBCL patients were diagnosed as re-
lapsed or refractory, regardless of stem cell trans-
plantation, age and gender; 3) The document pro-
vided the evaluative effects of CAR-T treatment 
on DLBCL.

Exclusion criteria: 1) all documents that did 
not meet the inclusion criteria; 2) the repeat pub-
lished research; 3) document with incomplete or 
inconsistent original data, or too little informa-
tion, or lack of data; 4) the literature without effi-
cacy evaluation for DLBCL patients post CAR-T 
treatment; 5) summary, case reports, abstracts 
and animal experiments were excluded.

Literature Selection and Data Extraction
According to the inclusion criteria and ex-

clusion criteria, two researchers independently 
reviewed and screened the literature, extract-
ed the required data and crossly checked them. 
If there were different judgments between these 
two researchers, the third researcher would help 
to judge again. In case of any missing data, au-
thors should be contacted if possible to obtain lit-
erature and then it should supplement it. In the 
process of literature selection, post reading the 
title and abstract, if they met the inclusion cri-
teria, we read the full text further to determine 
whether they could be included. Data extraction 
mainly included the first author, publication time, 
research design type, research results, and data 
sorting/summary.

Descriptive Analysis Evaluation
In order to further explore effects of CAR-T 

cell immunotherapy on R/R DLBCL and discover 
the related factors for adverse reactions, the pres-
ent meta-analysis was conducted as a descriptive 
analysis. Due to the efficacy might be related 
to age, stage, previous hematopoietic stem cell 
transplantation (HSCT), pretreatment scheme, 
co-stimulatory factor, target antigen, CAR-T 
treatment and other factors, we conducted the sta-
tistics on these associated factors. 

Statistical Analysis
This meta analysis was conducted using 

RevMan 5.3 software, and the classification data 
were represented using risk ratio (RR) and odds 
ratio (OR). The Q test and I2 test were employed 
to evaluate heterogeneity of the included litera-
ture. According to the results of heterogeneity 
test, the corresponding statistical effect model 
was selected. If p>0.1 or I2<50% indicated the 
homogeneity among studies, the fixed effect 
model was used for analysis. If p<0.1 or I2>50% 
indicated heterogeneity among studies, the ran-
dom effect model was used for analysis. If there 
was statistical heterogeneity, sub-group anal-
ysis should be conducted for possible relevant 
factors. Additionally, we would find the source 
of heterogeneity through sensitivity analysis by 
eliminating literature one by one. If the hetero-
geneity cannot be eliminated post grouping, it 
would be considered to make the systematically 
evaluation for included literature or carefully ap-
ply the random effect model for combined anal-
ysis. Moreover, the publication bias of this study 
was evaluated using the funnel plot.
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There was no case-control study on the treat-
ment of R/R DLBCL with CAR-T, therefore, the 
incidence p and standard error [SE(p)] of single 
rate should be calculated before statistical analy-
sis. In year of 2014, some scholars have confirmed 
that the meta-analysis results of single rate in 
RevMan are the same as those calculated by Stata 
software8, therefore, the statistical analysis find-
ings of RevMan 5.3 software in this study were 
reliable. In this study, the incidence of p did not 
meet the normal distribution, and the ratio type 
data was used to calculate the incidence. The for-
mula was as the followings: p = ln (odds) = ln (X/
(n-X)), SE(p) = SE(ln(odds)) = 

 

The complete remission rate and 95% con-
fidence interval (95% CI) were calculated ac-
cording to conversion of effect indexes based on 
combined results of forest map. The formula and 
calculation results were as followings: pf = OR/
(1+OR) = 0.88/(1+0.88) = 0.468. The lower lim-
it conversion of 95% CI: LL = LLOR/(1+LLOR) = 
0.69/(1+0.69) = 0.408. The upper limit conversion 
of 95% CI: UL = ULOR/ (1+ ULOR) = 1.14/(1+1.14) 
= 0.533. The values of p and SE(p) calculated by 
formula in each study were shown in Table I.

Results

Literature Search Findings
According to the retrieval strategy, a total 

of 132 documents were preliminarily searched. 
Based on the inclusion criteria and exclusion cri-
teria, after reading the title, abstract and full text, 
a total of 119 articles were excluded due to the 
un-association to topic, summary, meeting ab-
stract, repeated publication and case report. Final-
ly, 13 English articles were included in the present 
study. The flow chart and literature screening re-
sults were illustrated in Figure 1.

Total Complete Response 
Rate (CR)

The CR rate of R/R DLBCL treated with 
CAR-T was recorded in all 13 studies (Figure 
2)9-21. The results of RevMan 5.3 software anal-
ysis showed that there was no heterogeneity be-
tween the included literature (I2=0%, p=0.45) 
and the fixed effect model was used (Figure 

2). According to the meta-analysis results and 
conversion calculation of effect indexes, the 
complete remission rate was 46.8% (95% CI: 
0.408-0.533) (Figure 2). Compared with the 
complete remission rate of 7% reported in large 
international retrospective studies22, CAR-T 
was proved to have significantly better effects 
on R/R DLBCL compared to that of traditional 
treatment (Figure 2).

Subgroup Analysis 
of Co-Stimulatory Factors 
of CD28 and 4-1BB

According to the different treating co-stimula-
tory factors, CAR-T cells were divided into CD28 
group and 4-1BB group. The results showed that 
12 out of 13 included studies10-21 recorded their 
co-stimulatory factors, including 7 studies treat-
ing with CD28 co-stimulatory factors11-14, 17-19 and 
5 studies treating with 4-1BB co-stimulatory fac-
tors10,15,16,20,21 (Figure 3). The statistical analysis 
showed that there was no heterogeneity among 
the 7 studies in CD28 group, therefore, the fixed 
effect model was used here. The complete re-
sponse rate of CD28 group was 52.5% (95% CI: 
0.441-0.602) (Figure 3). Moreover, there was no 
heterogeneity among the above 5 studies in group 
4-1BB, therefore, the fixed effect model was also 
used here. The complete response rate of 4-1BB 
group was 41.5% (95% CI: 0.324-0.510) (Figure 
3). These results suggest that CAR-T cells con-
taining CD28 co-stimulatory factor demonstrated 
a higher complete remission rate for the R/R DL-
BCL therapy.

Table I. The p-values and SE (p) values calculated in all 
literatures. 

Literature p-values SE(p) values

Abramson et al 201721 0.405 0.456
Kochenderfer et al 201514 0.288 0.764
Kochenderfer et al 201718 -0.251 0.504
Locke et al 201713 0.288 0.764
Neelapu et al 201717 0.182 0.229
Ramos et al 201612 0 1
Schuster et al 201720 -0.288 0.54
Schuster et al 201716 -0.555 0.255
Wang et al 201611 0.981 0.677
Wang et al 201410 -1.792 1.08
Zhang et al 201615 0 0.707
Jensen et al 20109 0 0.707
Savoldo et al 201119 0 0.447
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Subgroup Analysis of CD19 
and CD20 Target Antigens

Dependent on the different target antigens, 
CAR-T cells were divided into CD19 group and 
CD20 group. In all involved 13 studies, 12 stud-
ies9-11,13-21 recorded target antigens, including 9 
studies on CD19 target antigens11,13,14,16-21, and 3 
studies on CD20 target antigens9,10,15. (Figure 4). 
There were no heterogeneities in both CD19 group 
and CD20 group, therefore, the fixed effect mod-
els were applied directly, and forest maps were 
drawn. The results indicated that the complete 
response rate of CD19 group was 49.2% (95% CI: 

0.429-0.556), and that of CD20 group was 42.2% 
(95% CI: 0.231-0.639) (Figure 4). These results 
indicated that there was no significant difference 
in efficacy of CAR-T cells between CD19 target 
antigen and CD20 target antigen. However, the 
complete remission rate of R/R DLBCL treated 
by CAR-T cells using CD19 target antigen was 
slightly higher.

Publish Bias Analysis Findings
In this study, the publication bias was quali-

tatively evaluated using the funnel plot. By an-
alyzing funnel chart of total complete remission 

Figure 1. Flow chart and results 
of literature screening.

Figure 2. The forest map for the total complete response rate.
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rate (Figure 5A), co-stimulatory factor subgroup 
analysis (Figure 5B), and target antigen subgroup 
analysis (Figure 5C), the results showed that all 

above three funnel charts demonstrated funda-
mental symmetry. Therefore, there was even less 
possibility for the publication bias in whole study. 

Figure 3. The forest map for the complete response rate in subgroup analysis of co-stimulatory factors (CD28 and 4-1BB).

Figure 4. The forest map for the complete response rate in subgroup analysis of target antigens (CD19 and CD20).
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Sensitivity Analysis
In this study, the sensitivity analysis was con-

ducted to evaluate impact of a single study on re-
sults of the combined effects. By recording p and 
I2 values after the literature removal one by one, 
the validation results showed that the combined 
effect without significant changes. This result 
suggests that the present meta-analysis results are 
robust and credible.

Age-Mediated Effects of CAR-T 
Cell Immunotherapy on R/R DLBCL 

The statistical results showed that 4 litera-
tures10,13,15,18 comprehensively recorded these re-
lated factors, therefore, the descriptive statisti-
cal analysis for above literature was carried out. 
There were 11 patients over 65 years old, among 
whom 5 patients with CR outcome, with CR 
rate of 45.4% and grade 3 adverse reaction inci-
dence of 54.5% (Table II). There were 27 patients 
less than 65 years old, among whom 10 patients 

achieved CR, with CR rate of 37.0%, and grade 
3 adverse reaction incidence of 66.7% (Table II). 
Comparing the results of the above two groups, 
the effect of CAR-T was better in patients over 
65 years old, with higher complete remission and 
lower incidence of adverse reactions.

HSCT Administration-Mediated 
Effects of CAR-T Cell Immunotherapy 
on R/R DLBCL 

A total of 7 patients out of HSCT administrated 
10 patient undergoing CAR-T therapy reached CR 
with CR rate of 70% (Table II). The average duration 
was more than 10.7 months. The patients with ad-
verse reaction incidence more than grade 3 achieved 
to 50% (Table II). A total of 8 patients out of 28 pa-
tients without HSCT administration and undergo-
ing CAR-T therapy achieved CR, with CR rate of 
28.6% (Table II). Among the 28 patients, 5 patients 
have not recorded the duration, the others demon-
strated the average duration more than 7.3 months.  

Figure 5. Funnel charts for the total CR rate, co-stimulatory factor and target antigen. A, Funnel chart for total CR rate. B, 
Funnel chart for co-stimulatory factor. C, Funnel chart target antigen.

A

B C
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No. Age Pathological   Previous HSCT Pretreatment CAR-T Co-stimulatory Target Therapeutic Duration Side effect 
  type Staging treatment or not scheme measurement factor antigen response (M) ≥3 grade
 
1 85 DLBCL IIIB 10 Not COED 22×106/kg 4-1BB CD20 SD 2 3 grade, CRS
2 47 DLBCL IVB 6 Not COD 3×106/kg 4-1BB CD20 Death  4 grade, acute 
            gastrointestinal hemorrhage
3 70 DLBCL IIIB 8 Not None 10×106/kg 4-1BB CD20 CR 14 None
4 37 DLBCL IVA 14 Not CHODE 9×106/kg 4-1BB CD20 PR 3 3 grade, lung injury
5 76 DLBCL IIA 5 Not COED 18×106/kg 4-1BB CD20 PR 6 None
6 57 DLBCL IVB 12 Not ESHAP 15×106/kg 4-1BB CD20 PD >14 3 grade, serous cavity effusion
7 65 DLBCL IVS 12 Not CHODE 20×106/kg 4-1BB CD20 PR 3 None
8 59 DLBCL (non-GCB) IV 3 Yes Cyclophosphamide + Fludarabine 2×106/kg CD28 CD19 PR 4.3 None
9 68 DLBCL (GCB) II 2 Not Cyclophosphamide + Fludarabine 2×106/kg CD28 CD19 CR 9 ≥3 grade, neurotoxicity
10 69 DLBCL (non-GCB) III 4 Not Cyclophosphamide + Fludarabine 2×106/kg CD28 CD19 SD 1.9 ≥3 grade, neurotoxicity
11 67 DLBCL (GCB) I 4 Yes Cyclophosphamide + Fludarabine 1.1×106/kg CD28 CD19 CR ≥12 ≥3 grade, neurotoxicity
12 34 DLBCL (non-GCB) IV 3 Yes Cyclophosphamide + Fludarabine 2×106/kg CD28 CD19 CR ≥12 None
13 40 DLBCL (GCB) I 3 Yes Cyclophosphamide + Fludarabine 1.9×106/kg CD28 CD19 CR ≥12 None
14 29 DLBCL (non-GCB) III 3 Not Cyclophosphamide + Fludarabine 1.2×106/kg CD28 CD19 NE 0.5 5 grade, intracranial hemorrhage
            4 grade, CRS and neurotoxicity
15 53 DLBCL (ABC) IIISB 2 Not Cyclophosphamide 6.9×106/kg 4-1BB CD20 CR 13 None
16 57 DLBCL (ABC)  IVA 1 Not Cyclophosphamide 9.0×106/kg 4-1BB CD20 PR 6 3 grade, hypokalemia
17 25 DLBCL (ABC) IVA NA Yes Cyclophosphamide 5.3×106/kg 4-1BB CD20 CR 4 None
18 64 DLBCL (ABC) IIA 1 Not Cyclophosphamide 4.1×106/kg 4-1BB CD20 PR 2 None
19 36 DLBCL (ABC) IVXA 4 Not Cyclophosphamide 9.0×106/kg 4-1BB CD20 SD 2 None
20 44 DLBCL (NOS) IIA 3 Not Cyclophosphamide 4.8×106/kg 4-1BB CD20 PR 13 None
21 64 DLBCL (ABC) IIB 1 Not Cyclophosphamide 12.9×106/kg 4-1BB CD20 CR 6 None
22 70 DLBCL (GCB) IIIXB 3 Not Cyclophosphamide 4.7×106/kg 4-1BB CD20 CR 27 None
23 66 DLBCL (NOS) None 3 Yes Cyclophosphamide + Fludarabine 1×106/kg CD28 CD19 PR 7 4 grade, CRS
24 65 DLBCL None 4 Yes Cyclophosphamide+ Fludarabine 1×106/kg CD28 CD19 PR 14 4 grade, CRS
25 47 DLBCL (NOS) None 2 Not Cyclophosphamide+ Fludarabine 1×106/kg CD28 CD19 PR 1 3 grade, CRS
26 26 DLBCL (NOS) None 7 Not Cyclophosphamide+ Fludarabine 1×106/kg CD28 CD19 PD NA 4 grade, CRS
27 54 DLBCL (NOS) None 3 Not Cyclophosphamide+ Fludarabine 1×106/kg CD28 CD19 PD NA 4 grade, CRS
28 28 DLBCL (NOS) None 2 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 SD 2 3 grade, CRS
29 29 DLBCL None 3 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 SD 3 3 grade, CRS
30 65 DLBCL None 5 Yes Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >18 None
31 40 DLBCL None 2 Not Cyclophosphamide+ Fludarabine 6×106/kg CD28 CD19 PD NA 4 grade, neurotoxicity
32 53 DLBCL (NOS) None 4 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >13 4 grade, neurotoxicity and CRS
33 51 DLBCL (NOS) None 3 Yes Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >12 4 grade, neurotoxicity and CRS
34 51 DLBCL (NOS) None 5 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >13 4 grade, neurotoxicity and CRS
35 62 DLBCL (NOS) None 6 Yes Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >12 4 grade, CRS
36 39 DLBCL (NOS) None 4 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 PR 3 4 grade, neurotoxicity and CRS
37 64 DLBCL (NOS) None 4 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 CR >11 4 grade, CRS
38 51 DLBCL (NOS) None 5 Not Cyclophosphamide+ Fludarabine 2×106/kg CD28 CD19 PD NA 4 grade, CRS

Table II. Detailed data in the relevant literature.
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Meanwhile, the patients with adverse reaction inci-
dence more than grade 3 achieved to 67.9% (Table 
II). Comparing with the R/R DLBCL patients with-
out HSCT administration, the effect of CAR-T was 
better in HSCT administrated R/R DLBCL patients, 
with higher complete remission, longer duration, 
and lower incidence of adverse reactions.

Effects of CAR-T Cell Counts
on Immunotherapy of R/R DLBCL 

It is also observed that CAR-T cell counts 
(1.88×106/kg) of target antigen CD19 was signifi-
cantly lower compared to that of target antigen 
CD20 (12.7×106/kg) (Table II, p<0.05). A total of 
82.6% of patients demonstrated more than grade 3 
adverse reaction incidence in target antigen CD19 
group, however, 33.3% of the patients had grade 3 
or more adverse reactions in target antigen CD20 
group (Table II). These results indicated that dos-
age of CAR-T cells with CD19, as the target an-
tigen, was significantly lower compared to that of 
CD20. Meanwhile, the incidence of adverse reac-
tions was also very high, which needs the attention 
of clinicians. However, due to the small number of 
patients included in this paper, large data statistics 
are still needed to verify these results.

Pre-Treatment Assistant CAR-T 
Cell Immunotherapy Effects 
on R/R DLBCL 

In this study, 23 patients were pre-treated 
with cyclophosphamide combining fludarabine, 
the target antigen of which was CD19, and the 
co-stimulatory factor of which was CD28 (Table 
II). A total of 10 patients achieved CR post the 
CAR-T treatment, with complete remission rate 
of 43.5% (Table II). However, 15 patients were 
pre-treated with other drugs, demonstrating com-
plete remission rate 33.3% (Table II). Therefore, 
comparing with the other drug administration, 
the cyclophosphamide combining fludarabine 
treatment demonstrated a higher complete remis-
sion rate, and a lower CAR-T cell counts, howev-
er, with a higher adverse reaction rate.

Discussion

DLBCL, as the most common NHL, is charac-
terized by higher heterogeneity, higher invasive-
ness and lower complete remission rate23. Many 
DLBCL patients relapse in 1-3 years post the 
hematopoietic stem cell transplantation, or even 
multiple recurrences, and finally progress to R/R 

DLBCL24. Relapsed lymphoma is a kind of lym-
phoma, which relapses post the complete permis-
sion (CR) achieving in the first chemotherapy25. 
Refractory lymphoma can be diagnosed if any 
of the following conditions are met26: 1) tumor 
shrinks less than 50% or the disease progresses 
after 4 courses of standard chemotherapy; 2) CR 
is achieved by standard chemotherapy, but relaps-
es within half a year; 3) two or more relapses af-
ter CR; 4) relapses after hematopoietic stem cell 
transplantation. R/R DLBCL is caused by relapse 
of disease, therefore, it is an important strategy to 
explore the blocking recurrence regimen to R/R 
DLBCL.

Prior to the application of cellular immuno-
therapy, the first-line treatment is rituximab-cy-
clophosphamide-adriamycin-vincristine-predni-
sone method (R-CHOP). The chemotherapy can 
alleviate symptoms in 60%-70% of DLBCL pa-
tients, while 30%-40% of patients will progress to 
refractory or relapse stage post the first response, 
with poor prognosis2. For these R/R DLBCL pa-
tients, the rescue chemotherapy, high-dose treat-
ment and autologous stem cell transplantation 
could be selected. However, less than half of pa-
tients with R/R DLBCL received HDT-HSCT, be-
cause of their comorbidity and chemo-sensitivity. 
The carmustine-etoposide-cytarabine- mefalen 
(BEAM) is the most widely applied therapeutic 
strategy, however, without higher efficacy2,27.

CAR-T is a novel cell immunotherapy technol-
ogy with rapid development in the recent years4. 
CAR-T can destroy the local microenvironment 
of tumor without restriction of MHC; therefore, it 
demonstrates a unique advantage in treatment of 
lymphoma. Through the continuous improvement 
and modification of CAR-T, which has experi-
enced four generations of development, the clin-
ical efficacy and safety of CAR-T have also been 
improved in recent years. The present meta-anal-
ysis showed that the second-generation CAR-T 
containing CD28 co-stimulatory factor demon-
strated a higher complete remission rate for R/R 
DLBCL treatment. Our results are consistent with 
the findings of Chow et al28 reporting the efficacy 
of CAR-T in treatment of B-cell lymphoma. How-
ever, it has not been reported that the third gener-
ation CAR-T containing CD28 and 4-1BB is more 
effective than the second-generation CAR-T, and 
our associated research is in progress. The target 
antigens of CAR-T cells mainly include CD19, 
CD20, CD22, κ light chain5,12, however, the most 
studied are CD19, CD20. Through subgroup anal-
ysis of the target antigens, our findings showed 
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that there was no significant difference in com-
plete remission rate between CD19 target antigen 
and CD20 target antigen. The complete remis-
sion rate of R/R DLBCL treated using CAR-T 
cells with CD19 target antigen was slightly high-
er. However, because the number of cases is too 
small, it may affect the results of bias. Therefore, 
the future study needs to expand the sample size. 
The common adverse reactions in CAR-T treating 
process mainly include cytokine release syndrome 
(CRS), neurotoxicity, tumor lysis syndrome and 
miss target effect, among which CRS and neuro-
toxicity are the two most common adverse reac-
tions29. Locke et al13 also reported that CRS and 
neurotoxicity were high in the treatment of B-cell 
lymphoma using CAR-T strategy. In our study, 
the results of descriptive analysis showed that the 
adverse reaction incidence more than grade 3 in 
CAR-T treatment was high, which should be paid 
more attention in clinical practice. Meanwhile, the 
adverse reactions should be monitored and treated 
in process of treatment. However, none literatures 
mentioned the death caused by adverse reactions 
in CAR-T treatment, indicating that the adverse 
reactions can be well controlled and the safety is 
high. Previously, a large international retrospective 
study involving NHL patients22 demonstrated that 
in aggressive B-cell lymphoma patients resistant 
to chemotherapy or in patients with relapse within 
chemotherapy, the objective effective rate of exist-
ing treatment was 26%, CR was 7%, and the over-
all survival median was 6.3 months. In the present 
study, the overall CR rate of R/R DLBCL treated 
with CAR-T was 46.8%, which was significantly 
higher compared to that of existing therapies. Since 
there is no case-control study in studies of CAR-T 
treatment of R/R DLBCL, the number of reported 
cases is too small. Therefore, there are also many 
studies that are still in progress.

Conclusions

CAR-T treatment for R/R DLBCL demon-
strated evident curative effect and high complete 
remission rate. The complete remission rate of 
CAT-T cells containing CD28 co-stimulatory fac-
tor was higher compared that of 4-1BB co-stimu-
latory factor. There was no significant difference 
in complete remission rate of CAR-T cells be-
tween CD19 target antigen and CD20 target an-
tigen. CAR-T cell immunotherapy is expected to 
become the mainstream therapy for hematolymph 
system tumors.
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