
Efficacy of rituximab maintenance therapy for
aggressive B-cell lymphoma depends on use of 
rituximab in induction therapy: a meta-analysis of
randomized controlled trials

Contrary to the established role of rituximab mainte-
nance therapy for advanced follicular lymphoma with a
high tumor burden,1 it remains controversial as to whether
rituximab confers advantageous effects for aggressive lym-
phoma when used as maintenance therapy. Recently, a car-
dinal study from an Austrian group reported the results of
the randomized NHL13 trial, which demonstrated no sig-
nificant prolongation in event-free survival (EFS) by adding
rituximab maintenance for patients with aggressive lym-
phoma who achieved CR/CRu with R-CHOP-like regi-
mens.2 The interpretation of this study and previous trials
featuring rituximab maintenance for aggressive lymphoma,
suffers from the problem of inconsistent results, which are
probably attributable to the different study designs among
trials. Therefore, we conducted a meta-analysis to inquire
into those features connected to the benefits  associated
with rituximab maintenance. 
We extracted studies by searching Medline (years dating

from 1960 to May 2015), The Cochrane Library, and ongo-
ing and unpublished trials.3,4 The terms “rituximab”, “main-
tenance”, and “lymphoma” were cross-searched. Out of the
739 candidate papers and clinical study registries, we
extracted prospective randomized controlled trials where
case cohorts were administered with single-agent ritux-
imab as maintenance therapy for responding patients (PR
or better) to induction treatments, with or without consol-
idative autologous stem-cell transplantation (ASCT), and
were compared with control cohorts who were followed
with observation alone. Studies focusing mainly on mantle
cell lymphoma were excluded as the basic treatment
scheme for mantle cell lymphoma differs to that for aggres-
sive lymphoma. As a result, we extracted 4 relevant
reports.2-5-7 The details of these studies are shown in Table
1. Three studies targeted untreated patients and the other
targeted patients with relapsed/refractory status. Induction
regimens included rituximab in two studies, and not in one.
The remaining study had randomized patients into two
arms of those receiving rituximab-containing and non-rit-
uximab containing regimens before maintenance therapy,

thus patients in this study were divided into rituximab-
naïve or not in the subgroup analysis.6 The pooled esti-
mates of the effect were calculated using the random
effects model using the DerSimonian-Laird method with
inverse-variance weighting. Hazard ratio (HR) was selected
to measure responses, and adverse effects were evaluated
by using risk difference (RD). Three of the studies exam-
ined event-free survival (EFS) and one examined failure-free
survival (FFS), and we used these parameters to estimate
treatment effects, considering the similarity of endpoints.
When HR was not available for a given study, data meas-
urement was estimated using methods described by
Tierney et al.8 We assessed the heterogeneity of the trial
results using a chi-squared test of heterogeneity and the I2
measure of inconsistency. We analyzed the data for the
1546 patients with aggressive lymphoma from the 4 stud-
ies, which comprised 773 subjects in maintenance and 773
patients in observation arms. Overall, rituximab mainte-
nance had significant impact on EFS (HR): 0.74, 95% con-
fidential interval (CI): 0.62 – 0.89, P=0.0015).
Heterogeneity among the trials was not statistically signifi-
cant (P=0.58). To investigate the factors associated with the
significant impact of rituximab maintenance, we performed
subset analyses according to various parameters inherent to
the study design of each report. The nonuse of rituximab as
part of induction treatment prior to randomization was sig-
nificantly associated with better EFS in the rituximab main-
tenance arm (HR: 0.52, 95% CI: 0.37 – 0.77, P<0.001). In
contrast, rituximab maintenance had no impact on out-
comes when patients had already received rituximab in
induction therapy (HR: 0.84, 95%CI: 0.67 – 1.04, P=0.11).
Furthermore, rituximab maintenance had positive effects
when used for first-line therapy (HR: 0.70, 95% CI: 0.57 -
0.87, P=0.0012), but not in later lines of treatment (HR:
0.87, 95% CI: 0.61 – 1.23, P=0.42). When ASCT was not
included in the treatments prior to randomization, ritux-
imab maintenance significantly improved EFS (HR: 0.71,
95% CI: 0.56 – 0.91, P=0.006), whereas this effect was not
significant when ASCT was included (HR: 0.79, 95% CI:
0.59 – 1.05, P=0.10). In order to examine the relative
impact of these features, we conducted meta-analyses
using mixed effects models treating these parameters (the
conduct of ASCT prior to rituximab maintenance, the use
of rituximab in induction treatment and first-line therapy
for lymphoma) as categorical moderators. Rituximab
administration prior to randomization remained the sole
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Table 1. Summary of abstracted studies.
Study name Age Histology Setting Status at Prior Maintenance End-point No. total Ref.

randomization Therapy (case/control)

NHL13 >18 DLBCL / FL3B Untreated CR/CRu R 8 courses 375mg/m2 q 2 EFS 683 (338/345) 2
& CHOP-like months for 
4 to 8 courses 6 doses

or 12 doses 
(amendment)

CORAL 18-65 Aggressive Relapsed/ CR/CRu/PR R-ICE 375mg/m2 q  EFS 242 (122/120) 5
lymphoma Refractory (before ASCT) or R-DHAP 8 weeks

& ASCT for 6 doses
LNH 98-3 18-60 DLBCL/other Untreated CR/CRu/PR ACVBP or 375mg/m2 q EFS 269 (139/130) 7

high grade AC/ACE 4 courses per week
lymphoma & ASCT for 4 doses 

ECOG 4494 60 or over DLBCL Untreated CR/PR CHOP 6 courses 375mg/m2 q FFS 352 (174/178) 6
with or without 6 months
R 4 to 5 courses for 4 doses 

DLBCL: diffuse large B-cell lymphoma; CR: complete response; CRu: CR undetermined; R: rituximab; EFS: event-free survival; FFS: failure-free survival.



significant factor (rituximab during induction; (HR: 1.83,
95% CI: 1.08 – 3.09, P=0.025), ASCT before rituximab
maintenance; (HR: 1.46, 95% CI: 0.75 – 2.83, P=0.26), rit-
uximab as first-line therapy; (HR: 1.38, 95% CI: 0.62 – 3.07,
P=0.42). This result suggests that rituximab maintenance
does not have a positive effect on EFS when induction ther-
apy contains rituximab. This result is important because rit-
uximab is widely used as induction therapy for CD20-pos-
itive B-cell lymphoma in current practice. We also exam-
ined the side effects of rituximab maintenance therapy.
Rituximab maintenance was associated with a higher inci-
dence of neutropenia (RD: 0.06, 95% CI: 0.01 – 0.12,
P=0.026) and a non-significant increase of infection (RD:
0.14, 95% CI: -0.08 – 0.36, P=0.21) in patients, compared
with those in observation alone. 
Considering that, in the rituximab era, the role of consol-

idative autologous stem-cell transplantation proved to be
ambiguous even for high-risk aggressive lymphoma,9 we
should make an attempt to explore other modalities.
Alternatively, identifying the beneficial features for patients
from these consolidative treatments would be a realistic
approach. Indeed, the NHL 13 study revealed an apparent
difference of the effect of rituximab maintenance between
male and female patients; only the males experienced a sig-
nificant benefit, even following induction containing ritux-
imab.2  This effect was likewise observed in the SMARTE-
R-CHOP-14 study where rituximab administration was
moved to a later phase, after induction.10 These results are
attributed to higher rituximab clearance in males who are
undertreated without rituximab maintenance.11 The risk of
relapse at onset (age-adjusted International Prognostic
Index) or disease status after induction (CR or PR) would
also affect the applicability of rituximab maintenance and
should be clarified. 
In conclusion, rituximab maintenance was not associated

with better EFS in subjects generally. Rituximab has a pos-
itive effect on EFS only when it was not used in induction
therapy, which is a rare situation nowadays, negating the
practical usefulness of adding rituximab maintenance for
aggressive lymphoma. 
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