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Abstract: The aim of this study is to systematically evaluate the safety and efficacy of rituximab plus CHOP (R-CHOP 
combined regimen) in patients with previously untreated diffuse large B cell lymphoma (DLBCL). Electronic data-
base were searched for randomized-controlled studies only comparing R-CHOP to CHOP standard alone in patients 
with untreated DLBCL were included. The risk ratios (RRs) with their 95% corresponding intervals (95% CI) were 
employed to estimate the efficacy of overall response (OR), complete response (CR), risk of dying and relapse rate in 
followed-up period. Total ten case-control studies containing 2941 patients met the inclusion criteria. The addition 
of R to standard CHOP were showed to increase the proportion of CR (RR=1.23, 95% CI=1.13-1.35, P<0.00001) 
and OR (RR=1.39, 95% CI=1.24-1.55, P<0.00001) in a fixed-effect model, indicating that rituximab combined with 
CHOP regimen is efficacy than CHOP alone. It did not increase the overall risk of dying as a consequence of infection 
(RR=0.79, 95% CI=0.55-1.13, P=0.20). Furthermore, the relapse rates is significantly lower in R-CHOP (RR=0.52, 
95% CI=0.38-0.71, P<0.0001). The adverse effects were also not significant (P>0.05). In summary, R-CHOP regi-
men is superior to standard CHOP in terms of overall response and complete response. It does not increase the in-
cidence of adverse effects. However, more studies concerning different age groups and special patients are needed 
to discuss the potential role of R in DLBCL.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the 
most frequent lymphoid malignancy, compris-
ing 30%-40% of all new diagnoses of non-
Hodgkin lymphoma (NHL) [1]. It is characterized 
by heterogeneity involving clinical presentation, 
morphology, and molecular pathogenesis [2]. 
DLBCL is consisted of molecularly distinct sub-
types that differ in gene expression, oncogenic 
aberrations and clinical outcome [3]. The 4th 
edition of the WHO Classification of Tumors of 
Haematopoietic and lymphoid tissues creates 
that DLBCL includes the categories of “diffuse 
large cell” and “immunoblastic” lymphoma 
from the Working Formulation and “centroblas-
tic” and “immunoblastic” lymphoma in the Kiel 
classification [4]. DLBCLs are aggressive but 
potentially curable malignancies. Management 
of elderly patients is challenging as critical co-
morbidities often account for increased num-
ber of treatment-related complications.

The combination of cyclophosphamide, vincris-
tine, doxorubicin, and prednisone (CHOP) has 
been the standard therapy for DLBCL since 
1970s with the 5-year survival of 30-35% [5]. 
However, CHOP is associated with a high risk  
of developing febrile neutropenia, which is an 
important cause of treatment failure in DLBCL 
patients for the occurrence of treatment-relat-
ed morbidities. Rituximab is a chimeric mono-
clonal antibody that targets the CD20 molecule 
on the surfaces of normal and malignant pre-B 
and mature B lymphocytes [6]. It depletes B 
lymphocytes through a variety of mechanisms. 
Rituximab alone has a reaction rate of 30-40% 
in relapsed DLBCL [7]. In 2002, the addition of 
the chimeric anti-CD20 monoclonal antibody 
rituximab to CHOP (R-CHOP) was shown to  
significantly improve the prognosis of patients 
with DLBCL. In patients with relapsed/resistant 
DLBCL, R-CHOP increased the 5-year overall 
survival of 58% compared with 45% for CHOP 
alone [8]. R-CHOP has modified the prognostic 
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factors and biological prognostic factors must 
be re-evaluated in the era of rituximab espe-
cially with young patients with poor prognosis.

The combination of rituximab and CHOP che-
motherapy (every 14 or 21 days) has since 
become the standard treatment for DLBCL 
patients. However, over 30% of patients will not 
respond to currently available regimens or will 
relapse with resistant disease. The aim of this 
study is to systematic assess the efficacy and 
safety of rituximab combined with chemothera-
py in the treatment of DLBCL.

Materials and methods

Identification and selection of relevant studies

The electronic database of PubMed, Medline, 
Embase and CNKI (China National Knowledge 
Infrastructure) were employed for searching  
relevant articles published between January 
2002 and March 2014 (Any new reports need 
to be updated?). The following terms: “diffuse 
large B-cell lymphoma or DLBCL”, “rituximab”, 
“combined”, “CHOP”, and “versus or compare” 
as well as their combinations were used. Re- 
ferences of retrieved articles were searched 
with no language restrictions. Only full-text arti-

cles and the most recent studies were included 
in this meta-analysis.

Criteria for inclusion

The inclusion criteria were as follows: 1) the 
paper should be randomized-controlled stud-
ies; 2) all patients were diagnosed with untreat-
ed DLBCL; 3) the R-CHOP group and CHOP 
group were matched in age, sex, ECOG scores 
and serum LDH level; 4) evaluation of efficacy 
and disease recurrence according to the inter-
national curative effect evaluation standard 
[9]; and 5) the results were expressed in com-
plete response (CR), overall response (OR), 
overall survival (OS) and adverse effect.

Exclusion criteria: 1) non-randomized studies; 
2) without data about clinical outcome; 3) 
including non-lymphoma patients; 4) without 
identical CHOP in both arms or an R-free arm; 
and 5) studies about maintenance purging and 
sequential treatment.

Data extraction

Two investigators (only one author?!) indepen-
dently assessed the quality of the included 
studies. Any disagreement was subsequently 

Figure 1. Flow chart demonstrating studies that were 
processed for inclusion in the meta-analysis.
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resolved by discussion with a third author. The 
following information was extracted from each 
article: first author, year of publication, country, 
ethnicity, sample size, clinical stage and dura-
tion of follow-up.

Statistical analyses

The overall result was measured by risk ratios 
(RRs) and 95% confidence interval (CI) [10]. The 
significance of the pooled ORs was determined 
by the Z test with a P value less than 0.05. The 
Q-statistic test and the I2 test were used to 
assess the heterogeneity among induced stud-
ies. The fixed-effect model was employed when 
the P-value more than 0.10 for the Q-test and I2 
less than 50%, assuming homogenous among 
studies; Otherwise, the random-effect model 
was used. The evidence of publication bias  
was assessed by visual funnel plot inspect- 

Clinical outcomes

All the ten articles reported the outcome of  
CR. The rate of CR was higher with patients  
in R-CHOP group than that in CHOP group 
(63.2% versus 50.7%). As shown in Figure 2, 
the pooled RRs of risk for CR has a significant- 
ly difference between these two groups (RR= 
1.23, 95% CI=1.13-1.35, P<0.00001), which 
suggested that patients receiving R-CHOP had 
a better end of treatment outcome, than pati- 
ents in CHOP arm.

Severn studies involved the OR (compete 
response and partial response). As shown in 
Figure 3, we found a significantly difference 
between these two groups (RR=1.39, 95% 
CI=1.24-1.55, P<0.00001), indicating that ri- 
tuximab combined with CHOP regimen is effi-
cacy than CHOP alone. No significantly hetero-

Table 1. Main characteristic of the included studies
First 
author Year Country Age

Patients Clinical 
stage

Duration of 
follow-upTotal Cases Controls

Feugier 2005 Belgium 60-75 399 202 197 I-IV 60
Wang YH 2006 China 24-78 48 26 22 I-IV 24
Aviles-a 2007 Mexico 65-85 204 101 103 IV 60
Aviles-b 2007 Mexico 25-65 196 98 98 III-IV 53.4
Jia XL 2011 China 23-76 36 18 18 II-IV 26 (12-48)
Yang SL 2011 China 18-78 49 23 26 I-IV 35 (4-66)
Jin H 2012 China 19-78 43 25 18 I-IV 12-36
Liu J 2012 China 19-82 116 52 64 I-IV 12-36
Xu SF 2013 China 14-74 73 39 34 I-IV 28 (6-59)
Zeng AP 2013 China 29-69 48 24 24 I-IV 36

Table 2. Outcomes of the retrieved articles during follow-
up period

R-CHOP CHOP group
CR OR Death Relapse CR OR Death Relapse

Feugier 106 121 17 40 72 83 5 67
Wang YH 20 22 3 8 13 14 5 13
Aviles-a 75 33 20 73 30 20
Aviles-b 79 20 77 19
Jia XL 10 16 5 7 11 11
Yang SL 19 7 3 17 14 6
Jin H 21 22 6 1 12 14 10 6
Liu J 18 39 28 10 34 30
Xu SF 16 38 3 10 12 23 5 12
Zeng AP 20 22 4 9 13 16 12 15
CR, complete response; OR, overall response.

7 in Chinese) including 2941 patients 
were ultimately included in the sys-
tematic review and meta-analysis. 
The study selection process is shown 
in Figure 1.

Of them, seven was from China, one 
from Belgium [8], and two from Mexi- 
co [11, 12]. The number of patients 
range from 36 to 399. The median 
age was more than 50 year old. The 
clinical stage is from I to IV, and the 
follow-up period is from 1 to 66 
months. Characteristics of the stud-
ies included in this analysis were pre-
sented in Table 1. Table 2 summa-
rized the main outcomes of included 
articles.

ion. Statistical analyses 
were conducted in Re- 
view Manager (version 
5.2, The Cochrane Colla- 
boration). All the tests 
were two-sided.

Results

Characteristics of stud-
ies included

The electronic database 
search identified 118 re- 
ferences. After applying 
the inclusion criteria, 10 
articles (3 in English and 
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geneity was found between studies (I2=0, 
P=0.90).

Overall survival and relapse during follow-up 
period

All ten studies reported mortality during follow-
up period. The mortality rate was lower in R- 

CHOP group. As shown in Figure 4, no signifi-
cant difference was noted between these two 
groups (RR=0.79, 95% CI=0.55-1.13, P=0.20) 
in a random-effect model.

Seven articles considered the relapse cases. 
The frequency of relapse rate is lower with 
patients in R-CHOP group than that in CHOP 

Figure 2. Clinical outcome of complete response with R-CHOP compared with CHOP alone.

Figure 3. Forest plot for risk ratios of overall response with R-CHOP compared with CHOP alone.

Figure 4. Risk ratios of mortality with R-CHOP compared with CHOP alone.
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group (20.7 vs. 32.8). Figure 5 showed the for-
est plots with results of relapse rates (RR= 
0.52, 95% CI=0.38-0.71, P<0.0001), indicating 
that patients with R-CHOP has a good progno-
sis than that with CHOP alone.

Adverse effect

The adverse events were not consistent with 
the expected toxic effects of CHOP chemother-
apy and occurred with similar frequency in both 
groups. So we can’t perform statistical analy-
sis. No differences were observed in relation to 
toxicity and other adverse effect when compar-
ing these two groups.

Publication bias

Begger’s funnel plot was conducted to assess 
the publication bias of the literature. The shape 

less relapse rate and morality during follow-up 
period.

Rituximab is a chimeric monoclonal antibody 
against CD20 and is the first monoclonal anti-
body approved for the treatment of low-grade 
or follicular B-cell non-Hodgkin’s lymphoma in 
relapse or refractory stage [14]. It can induce  
a high level of complete response when used 
as a first-line treatment in follicular lymphoma 
[15]. The addition of rituximab to chemothe- 
rapy has improved the overall survival of the 
patients to 50-80% [16]. Researchers have 
showed that rituximab can improve the efficacy 
of chemotherapy after relapse [17]. However, 
the rationale for including an independently 
active agent with non-overlapping toxicity is 
strong.

Rituximab added to six cycles of CHOP-like che-
motherapy improved long-term outcomes of 

Figure 5. Risk of relapse rate when comparing R-CHOP with CHOP alone.

Figure 6. Funnel plot analysis on the detection of publication bias in the meta-
analysis.

of funnel plots did not reveal 
any evidence of funnel plot 
asymmetry. As shown in Fig- 
ure 6.

Discussion

DLBCL, a heterogeneous gr- 
oup of lymphomas, is con- 
sidered an aggressive lym-
phoma [13]. Although new 
developments in chemother-
apy have improved the sur-
vival of patients with DLBCL, 
to date, there is still no ab- 
solute consensus of the effi-
cacy and safety of rituximab 
in DLBCL. Our data demon-
strate that R-CHOP is safe 
and highly effective for the 
management of DLBCL, with 
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young patients with good-prognosis DLBCL 
[18]. Long-term outcome of patients in the 
LNH-98.5 trial conducted by Coiffier et al. found 
that the end points of survival were improved in 
patients treated with R-CHOP: the 10-year pro-
gression-free survival and overall survival was 
36.5% and 43.5%, respectively, compared with 
20% and 27.6% with CHOP alone [19]. Rituximab 
is partially antagonistic with inhibitors of the 
B-cell receptor pathway in DLBCL [20], which 
regulates signaling pathways and alters gene 
expression associated with cell death and sur-
vival in DLBCL, and may provide new targets in 
future treatment protocols [21].

Rituximab can also combine with other mono-
clonal antibodies or chemotherapies to improve 
the results. Fu et al. proved that bevacizumab 
combined with R-CHOP regimen is effective  
for untreated DLBCL [22]. Ruan et al. showed 
that bortezomib with R-CHOP-21 can be safely 
administered and may enhance outcomes, par-
ticularly in non-germinal center B cell DLBCL, 
justifying randomized studies [23]. Recher et 
al. identified that intensified immunochemo-
therapy with R-ACVBP significantly improves 
survival of patients aged 18-59 years with 
DLBCL with low-intermediate risk according to 
the International Prognostic Index when com-
pared with standard R-CHOP [24]. Katterer et 
al. found that rituximab combined with three 
cycles of ACVBP plus consolidation is signifi-
cantly superior to ACVBP plus consolidation 
alone in young patients with low-risk localized 
DLBCL [25]. Phan’s study showed significant 
improvements in OS and PFS among patients 
who received consolidation RT after R-CHOP 
chemotherapy for DLBCL [26].

Several limitations are presented in this meta-
analysis. First, real associations between R- 
CHOP and countable outcomes may be misin-
terpreted. Second, several risk factors such  
as the age group should be considered [27]. 
Third, the method of rituximab administrat- 
ion should be considered. Studies have shown 
that R-CHOP-21 remains the standard first-line 
treatment in patients with this haematologi- 
cal malignancy [28]; In elderly patients with 
untreated DLBCL, a 2-week dose-dense R- 
CHOP regimen did not improve efficacy com-
pared with the 3-week standard schedule [29]. 

Conclusions

In conclusion, our results indicate that R-CHOP 
is an effective regimen for management of 

untreated DLBCL. However, the value of adding 
rituximab to standard CHOP remains to be 
determined in more well-designed, large-scale 
randomized trials.
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