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but before organ dysfunction occurs. 
For patients with advanced-stage FL who require treatment,

the aims are to achieve disease control and to minimize lym-
phoma-related symptoms. Because of the high likelihood of
eventual relapse with current therapy, attaining a prolonged
disease-free interval with available regimens is a key goal of
therapy. Maintenance therapy with rituximab (Rituxan, Roche/
Genentech/Biogen Idec) has been found to significantly
 improve outcomes in patients with both untreated and  relapsed
FL.5 –12 This article reviews the clinical data for maintenance
rituximab in FL and discusses its role in treatment. 

TREATMENT 
Initial Therapy

Treatment with rituximab, in combination with various
chemotherapy regimens, has significantly improved progres-
sion-free survival and overall survival in patients with FL com-
pared with chemotherapy alone (Table 1).13–17 The two most
commonly used chemoimmunotherapy regimens for the treat-
ment of FL include rituximab in combination with  cyclo-
phosphamide, vincristine, and prednisone (R-CVP), and ritux-
imab in combination with cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP).13,16

In a phase 3 randomized study of 428 patients with advanced-
stage FL, R-CHOP was significantly superior to CHOP for all
endpoints, including time to treatment failure (P < 0.001), re-
mission rate (P = 0.011), duration of response (P < 0.001),
time to next treatment (P < 0.001), and overall survival (P =
0.016).13 Similarly, R-CVP provided clinical improvements,
compared with CVP, in a randomized study of patients with pre-
viously untreated, advanced-stage FL.16 The complete response
rate, time to progression, disease-free survival, duration of re-
sponse, time to treatment failure, and time to next treatment
were all significantly better in the R-CVP arm of the study.Clin-
ical benefits with R-CHOP and R-CVP were maintained across
all patient subgroups, regardless of risk profile or age.13,16

Rituximab continues to be studied in combination with new
agents with the goal of improving outcomes and patient safety.
The phase 3 Study Group Indolent Lymphomas, Germany
(StiL) trial compared rituximab plus bendamustine (Treanda,
Cephalon) with R-CHOP as first-line treatment in patients with
advanced FL.17 The complete response rate was significantly
better for rituximab plus bendamustine (40.1% vs. 30.8%, re-
spectively; P = 0.0323), as were the median progression-free
survival rate (54.8 vs. 34.8 months, respectively; hazard ratio
[HR] = 0.5765; P = 0.0002) and the median event-free survival
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vances in first-line therapy have resulted in improved  response
rates and response duration. Maintenance therapy with ritux-
imab (Rituxan) after induction treatment with rituximab alone
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resulted in further improvement in progression-free survival
in both treatment-naive and previously treated  patients. Effi-
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 Rituximab and Maintenance (PRIMA) trial in the first-line set-
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sion-free survival, in the rate of patients achieving complete
 remission, and in the proportion of patients remaining in com-
plete remission using maintenance rituximab. 

The use of maintenance therapy is also under study in
 additional hematological malignancies, including diffuse large
B-cell lymphoma and chronic lymphocytic leukemia. Clinical
investigation is ongoing to address the optimal duration of
maintenance therapy and the question of whether re-treat-
ment upon disease progression is as beneficial as maintenance
for follicular lymphoma. 
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INTRODUCTION
Non-Hodgkin’s lymphoma (NHL) is the most common adult

hematological cancer, with 66,360 new cases expected in the
U.S. alone in 2011.1 NHL comprises a heterogeneous group of
diseases, the most common of which are follicular lymphomas
(FLs), comprising approximately 22% of diagnosed cases, and
diffuse large B-cell lymphomas (DLBCLs), comprising ap-
proximately 31% of cases.2 Unlike the aggressive lymphomas
(DLBCLs), indolent lymphomas, such as FLs, are generally con-
sidered incurable.3 However, because of the prolonged natural
history of low-grade lymphoma and the slow rate of progres-
sion, many patients are initially observed without treatment.4

Treatment goals focus not only on survival, but also on
maintaining good quality of life (QOL) with minimal symptoms.
The indications for treatment at initial diagnosis often include
the presence of B symptoms (fevers, night sweats, and weight
loss), bulky disease, compromise of normal organ function, and
the presence of cytopenias resulting from marrow involve-
ment. If the primary approach is observation, therapy is usu-
ally initiated when significant progressive adenopathy is noted
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rate (54 vs. 31 months, respectively; HR = 0.6014; P = 0.0002).17

Rituximab plus bendamustine was associated with fewer
 serious adverse events (AEs) compared with R-CHOP (49 vs.
74, respectively). The combination regimen was also associated
with significantly lower rates of grade 3 or 4 neutropenia (10.7%
vs. 46.5%; P < 0.0001) and with significantly lower rates of grade
3 or 4 leukocytopenia (12.1% vs. 38.2%; P < 0.0001). Granulo-
cyte–colony-stimulating factor (G-CSF) was used more often in
 patients treated with R-CHOP than in those treated with
 rituximab plus bendamustine (20% vs. 4% of all cycles, respec-
tively).17

Relapsed or Refractory Follicular Lymphoma
Rituximab, as chemoimmunotherapy, has also improved

survival outcomes in patients with relapsed or refractory FL
(see Table 1).18,19 In a phase 3 study of 147 patients with re-
lapsed or refractory FL or mantle-cell lymphomas, rituximab
plus fludarabine, cyclophosphamide, and mitoxantrone (R-
FCM) significantly improved the overall response rate (79% vs.
58%; P = 0.01), complete response rate (33% vs. 13%; P = 0.005),
median progression-free survival (16 vs.10 months; P = 0.0381),
and overall survival (estimated 2-year survival rates: 73% vs. 53%;
P = 0.003) compared with FCM alone.18 R-FCM was also supe-
rior to FCM in all subgroups, including patients who had re-
ceived one previous therapy (overall response rate, 82% vs.
71%, respectively), those who had received two or more prior
therapies (overall response rate, 74% vs. 41%), and those with

disease that was refractory to prior therapy (overall response
rate, 62% vs. 20%). A similar survival benefit was observed when
R-FCM was compared with FCM in the subset of patients with
recurrent FL (2-year survival rates, 90% vs. 70%, respectively).18

The phase 3 European Organization for Research and Treat-
ment of Cancer (EORTC) 20981 trial followed a double-
 randomization design. Patients received either R-CHOP or
CHOP during the initial induction phase, and  responders re-
ceived maintenance rituximab or observation.19 Results from
465 patients in the induction phase (without prior rituximab)
showed that the overall response rate was significantly better
for R-CHOP compared with CHOP alone (85.1% vs. 72.3%, re-
spectively; P < 0.001), primarily because of a  sig nificant  increase
in the complete response rate (29.5% vs.15.6%; P < 0.001). The
median progression-free survival rate and the 3-year overall sur-
vival rate were also improved in patients  receiving R-CHOP
 versus CHOP (see Table 1). Results from the maintenance
phase of this study are described in the next section.

Maintenance Therapy 
Treatment with maintenance rituximab after a response to

induction therapy appears to be an effective approach for ex-
tending the duration of disease remission (Figure 1).20 In ran-
domized phase 3 trials in both patients with newly diagnosed
FL and in those with relapsed or refractory FL, investigators
have reported significantly improved event-free and progres-
sion-free survival with maintenance rituximab compared with
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Table 1 Clinical Efficacy of Induction Therapy in Follicular Lymphoma (FL): Results From Randomized, 
Controlled Phase 3Trials

Study
No. of 

Patients* Regimen Efficacy

Untreated FL

Rummel, 200917 549 BR vs. R-CHOP • Median PFS: 54.8 mo vs. 34.8 mo (P = 0.002)
• Median EFS: 54 mo vs 31 mo (P = 0.0002) 

Marcus, 200816 321 R-CVP vs. CVP • Median TTF: 27 months vs. 7 months (P < 0.0001)
• 4-year OS rate: 83% vs. 77% (P = 0.029) 

Salles, 200814 358 R-CHVP-IFN vs. CHVP-IFN • 5-year EFS rate: 53% vs. 37% (P = 0.001)
• 5-year OS rate: 84% vs. 79% (P = 0.1552)

Herold, 200715 201 R-MCP vs. MCP • 4-year OS rate: 87% vs. 74% (P = 0.0096)

Hiddemann, 200513 428 R-CHOP vs. CHOP • 60% reduction risk for treatment failure (P < 0.001)
• 2-year OS rate: 95% vs. 90% (P = 0.016)

Relapsed or Refractory FL

Van Oers, 200619 465 R-CHOP vs. CHOP • ORR: 85% vs. 72% (P < 0.001)
• Median PFS: 33 months vs. 20 months (P < 0.001)

Forstpointner, 200418 93 R-FCM vs. FCM • ORR: 94% vs. 70% (P = 0.011)
• Median PFS: not yet reached vs. 21 months (P = 0.0139)
• Median OS: not yet reached in either arm
• 2-year OS rate: 90% vs. 70% (P = 0.0943)

* Number represents enrolled patients with a diagnosis of FL; total trial population may have been larger.
BR = bendamustine + rituximab; CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone; CHVP = cyclophosphamide, doxorubicin,

etoposide, and prednisone; CVP = cyclophosphamide, vincristine, and prednisone; EFS = event-free survival; FCM = fludarabine, cyclophosphamide,
and mitoxantrone; IFN = interferon; MCP = mitoxantrone, chlorambucil, prednisone; mo = months; MR = maintenance rituximab; OBS = observation;
ORR = overall response rate; OS = overall survival; PFS = progression-free survival; R = rituximab; TTF = time to treatment failure.
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observation after induction therapy with rituximab combined
with various chemotherapy regimens (e.g., CVP, CHOP, and
FCM), chemotherapy alone, or rituximab monotherapy (Table
2).5–11

Various dosing schedules for maintenance rituximab have
been investigated in these trials. Dosing schedules have in-
cluded a single dose administered every 2 or 3 months and
once-weekly doses for 4 weeks every 6 months for up to 2 years
after initial induction therapy. Improvements in the duration of
the response to therapy have been observed across studies re-
gardless of the induction regimen (with or without rituximab
initially), the maintenance schedule, or the disease setting
(first-line or relapsed). The optimal dose, schedule, and dura-
tion of treatment have yet to be established and are under in-
vestigation.

Table 2 summarizes the efficacy results from clinical stud-
ies of maintenance rituximab by disease setting, induction
treatment, and the maintenance schedule employed in each
trial. In the phase 3 Eastern Cooperative Oncology Group
(ECOG) 1496 study, 311 treatment-naive patients with indolent
lymphoma (including 282 patients with FL) received CVP in-
duction and were randomly assigned to maintenance rituximab
or observation.5

Maintenance rituximab significantly prolonged median pro-
gression-free survival compared with post-treatment obser-
vation (51.6 vs. 15.6 months, respectively; P < 0.0001). Main-
tenance rituximab also demonstrated a trend toward an
improved 3-year overall survival rate (91% vs. 86%; P = 0.08).
The significant improvement in progression-free survival was
maintained in all patient subgroups in terms of tumor burden
(low or high), histology (follicular or other), degree of resid-

ual disease (minimal or gross), and the Follicular Lymphoma
International Prognostic Index (FLIPI; low, intermediate, or
high).

The Swiss Group for Clinical Cancer Research (SAKK)
35/98 trial included 138 previously treated patients and 64
 untreated patients with FL; all of the previously treated patients
were rituximab-naive.6 The patients received single-agent
 rituximab. If their disease did not progress, they were ran-
domly assigned to no further treatment (observation) or to four
additional doses of rituximab given at 2-month intervals. 

The long-term follow-up results (median period, 9.5 years)
showed that the median event-free survival rate was almost
doubled after maintenance rituximab compared with obser-
vation—24 months vs. 13 months, respectively (P < 0.001)
(see Table 2). Further, 27% of the patients receiving mainte-
nance rituximab were still in remission at 8 years compared
with 5% of the observation arm. A subanalysis of initially un-
treated patients who received induction rituximab showed an
even greater benefit after maintenance rituximab, with ap-
proximately 45% of these patients still in remission at 8 years. 

Results from the phase 3 Primary Rituximab and Mainte-
nance (PRIMA) trial demonstrated a significant benefit in
progression-free survival as well as in other clinical outcomes
after maintenance rituximab in patients with FL with a high
tumor burden (see Table 2).7,21 In this study, patients who re-
sponded to induction immunochemotherapy consisting of
eight cycles of R-CVP or six cycles of R-CHOP or R-FCM (plus
two additional rituximab infusions) were randomly assigned to
maintenance rituximab or observation. Maintenance ritux-
imab significantly prolonged progression-free survival in
 patients who responded to induction with rituximab-based

Maintenance Rituximab for Follicular Lymphoma

Figure 1  How and when to use maintenance therapy. Chemo = chemotherapy; CR = complete response; MR = maintenance
 rituximab; PD = progressive disease; PR = partial response; R-Chemo = rituximab plus chemotherapy.

* Chemotherapy alone is a treatment option for patients 
whose disease was refractory to first-line rituximab therapy.
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chemotherapy. The risk of disease progression was reduced
by 45% (HR = 0.55; P < 0.0001; see Table 2). Three-year pro-
gression-free survival rates were 74.9% in the maintenance
 rituximab arm and 57.6% in the observation arm (P < 0.0001).21

The benefit of maintenance rituximab was observed re-

gardless of the induction regimen (R-CHOP, HR = 0.51; R-CVP,
HR = 0.68; and R-FCM, HR = 0.54), the patient’s age (< 60 years,
HR = 0.49; > 60 years, HR = 0.67), and the response to induc-
tion therapy (complete response or complete response
 unconfirmed, HR = 0.57; partial response, HR = 0.48).21 Not

Maintenance Rituximab for Follicular Lymphoma

Table 2  Clinical Efficacy of Maintenance Rituximab in Follicular Lymphoma

Study
Disease
Setting

No. of
Patients Regimen

Maintenance
Schedule Efficacy

Salles, 201021 First-line 1,217 R + Chemo + MR
vs.

R + Chemo + Obs

Single dose every 2
months for 2 years

• 3-year PFS rate: 74.9% vs. 57.6% (HR = 0.55; 
P < 0.0001)

• CR/CRu: 72% vs. 52% (P = 0.0001)
• Patients converting from PR/SD to CR/CRu:

52% vs. 30% (P < 0.0001)

Hochster,
20095

First-line 311 CVP + MR
vs.

CVP + Obs

4 weekly doses
every 6 months for
2 years

• Estimated 3-year PFS rate: 64% vs. 33% 
(HR = 0.4; P < 0.0001)

• Estimated 3-year OS rate: 91% vs. 86% 
(HR = 0.6; P = 0.08)

Ardeshna,
201022

First-line 720 R + MR
vs. Obs

Single dose every 2
months for 2 years

• Risk of additional therapy reduced by 80% 
(HR = 0.20; P < 0.001) 

• 79% reduction in the risk of progression 
(HR = 0.21; P < 0.001).

• In the Obs group, median time to initiation of
new therapy was 34 months and median PFS
was 23 months; in the R + MR group, median
time of these parameters was significantly
longer (P < 0.0001) and has not been reached
after 4 years

Martinelli,
20106

First-line
and 
recurrent

202 R + MR
vs. 

R + Obs

Single dose at 3, 5, 7,
and 9 months 

• Median EFS: 24 months vs. 13 months 
(P < 0.001)

Foá, 201011 First-line
and 
recurrent

545 R + Chemo + MR Single dose every 2
months for 2 years

• Of 381 patients with post-induction CR/CRu,
353 (92.6%) remained in CR/CRu during 
maintenance (median follow-up, 28.8 months)

• 11 (6.7%) of 164 patients with PR converted 
to CR during maintenance

Van Oers,
20108

Recurrent 465 CHOP ± R + MR
vs. 

CHOP ± R + Obs

Single dose every 3
months for 2 years 

• Median PFS: 44.4 mo vs. 15.6 mo 
(HR = 0.55; P < 0.0001)

• 5-year OS rate: 74.3% vs. 64.7% 
(HR = 0.7; P = 0.07)

Pettengell,
201037

Recurrent 280 R + MR 
vs. 

R + Obs

Single dose every 3
months for 2 years

• 5-year PFS rate: 59.4% vs. 42.0% 
(HR = 0.65; P = 0.01)

• 5-year OS rate: 80.0% vs. 81.5% 
(HR = 0.88; P > 0.06)

Forstpointner,
20069

Recurrent 125 R-FCM + MR 
vs. 

R-FCM + Obs

4 weekly doses at 3
months and 9
months after induc-
tion 

• 3-year OS rate: 77% vs. 57% (P = 0.1)

Hainsworth,
200510

Recurrent 90 R + MR 
vs. 

R + Re-treatment

4 weekly doses
every 6 months for
2 years 

• Median PFS: 31.3 vs. 7.4 mo (P = 0.007)

Chemo = chemotherapy; CHOP = cyclophosphamide, doxorubicin, vincristine, and prednisone; CR = complete response; CRu = complete
 response unconfirmed; EFS = event-free survival; FCM = fludarabine, cyclophosphamide, and mitoxantrone; HR = hazard ratio; MR = maintenance
 rituximab; Obs = observation; OS = overall survival; PFS = progression-free survival; PR = partial response; R = rituximab; SD = stable disease.
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 surprisingly, patients treated with maintenance rituximab also
had a significantly longer time before they needed the next
treatment (HR = 0.60; P < 0.001). 

At the end of maintenance therapy, 72% of the patients in the
maintenance rituximab arm attained a complete response com-
pared with 52% of patients in the observation arm (P = 0.0001).21

Further, 52% of responders in the maintenance rituximab arm
who had achieved a partial response were able to attain a com-
plete response, in contrast to 30% of responders in the obser-
vation arm (P < 0.0001). Additional follow-up in the PRIMA trial
will allow the effect of maintenance rituximab on overall sur-
vival to be evaluated.

The preliminary results of the phase 3 Watch-and-Wait study,
which enrolled 462 patients with asymptomatic, non-bulky,
stage 2, 3, or 4 FL, were presented in 2010.22 Patients were ran-
domly assigned to watchful waiting or to treatment with
 rituximab, which was administered in two different sched-
ules. Patients in both treatment groups received rituximab
375 mg/m2 weekly for 4 weeks, and one group also received
maintenance rituximab once every 2 months for 2 years. The
study began in September 2004. By September 2007, it was
clear that the maintenance rituximab arm was superior to the
single-agent rituximab arm (no maintenance rituximab); there-
fore, the latter treatment arm was discontinued.

At 3 years, 8% of the patients in the watch-and-wait arm had not
required further treatment compared with 80% of patients in the
rituximab induction arm and 91% of patients who had received
induction rituximab, followed by maintenance rituximab.22

Although the study results suggest that progression-free sur-
vival is improved with early treatment, the long-term effect of
intervention, maintenance therapy, or both, in patients with
asymptomatic indolent lymphoma is unknown. Questions re-
garding the impact on the time to second treatment and over-
all survival will require longer follow-up. 

Preliminary results from follow-up of all three study arms
showed that the time to initiation of chemotherapy or radio-
therapy was significantly increased by rituximab.22 At 3 years,
49% of patients in the watchful-waiting group had not received
treatment compared with 80% in the group receiving ritux-
imab for 4 weeks and 91% in the group receiving rituximab for
4 weeks followed by maintenance rituximab. Progression-free
survival was also significantly improved (see Table 2). After 
3 years of follow-up, 30% of patients in the watchful-waiting
group did not have disease progression, compared with 60% of
patients who had received rituximab for 4 weeks and 81% of
 patients who had received rituximab for 4 weeks and then
 received maintenance rituximab. No significant differences in
overall survival were observed among the three study arms;
96% of the patients were still alive in each group. 

In the relapsed setting, long-term follow-up (a median of 
6 years after randomization to maintenance) of previously
 rituximab-naive patients in the EORTC 20981 trial showed
that maintenance rituximab significantly prolonged the median
progression-free survival, compared with observation (44.4 vs.
15.6 months, respectively; HR = 0.55; P < 0.0001).8 The pro-
gression-free survival benefit from maintenance rituximab,
compared with observation, was maintained whether or not rit-
uximab was included in the induction regimen—CHOP (3.1 vs.
1.0 years; HR = 0.37; P < 0.001) or R-CHOP (4.4 vs. 1.2 years;

HR = 0.69; P = 0.043). 
Although not statistically significant, there was a trend to-

ward improved 5-year overall survival in the maintenance
 rituximab arm compared with the observation arm (74.3% vs.
64.7%, respectively; HR = 0.70; P = 0.07). This benefit was seen
with both CHOP (HR = 0.59, P = 0.05) and R-CHOP (HR = 0.80,
P = 0.42).

Maintenance Therapy Versus Re-treatment 
After Relapse 

A key clinical question is whether maintenance therapy with
rituximab offers comparable or better outcomes than rituximab
re-treatment in patients after relapse. A re-treatment approach
offers the benefit of fewer doses of rituximab, which might
avoid the development of resistance resulting from prolonged
exposure in the maintenance setting. 

This question was first investigated in the phase 2, ran-
domized Minnie Pearl Cancer Research Network trial, in which
114 patients with relapsed or refractory indolent NHL were
 initially treated with four once-weekly doses of single-agent
 rituximab.10 Patients who showed a response to treatment or
those with stable disease (N = 90; 62 with FL and 28 with small
lymphocytic lymphoma) received either maintenance ritux-
imab (four once-weekly doses repeated at 6-month intervals for
up to 2 years) or rituximab re-treatment (four once-weekly
doses) at disease progression. In the maintenance rituximab
arm, six additional responses were achieved with maintenance
therapy, increasing the overall response rate from 39% (after
induction) to a best response rate of 52%. The complete re-
sponse rate also increased from 9% (after induction) to 27%. The
median follow-up period for all patients was 41 months.

The median progression-free survival rate was significantly
prolonged in the maintenance arm compared with the re-treat-
ment arm (31.3 vs. 7.4 months, respectively; P = 0.007).10 Sim-
ilarly, in the subset of patients with FL, median progression-
free survival was longer in the maintenance arm than in the
re-treatment arm (31 vs. 13 months, respectively). Signifi-
cantly more patients in the maintenance arm (n = 10) had a
complete response at the end of the study compared with
those in the re-treatment arm (n = 1) (P = 0.03). 

There was no significant difference in 3-year overall survival
rates between the two groups (72% for maintenance rituximab,
68% for re-treatment). There also was no significant difference
between the two groups with regard to rituximab benefit, de-
fined as the time from the date of study entry to the date of the
next (non-rituximab) lymphoma treatment (31.3 vs. 27.4
months in the maintenance and observation arms, respec-
tively). The cumulative rituximab dose was approximately 29%
lower in the re-treatment group. Both maintenance rituximab
and rituximab re-treatment were well tolerated; no treatment-
related hospitalizations or patient discontinuations were
 associated with AEs. 

A comparison of maintenance treatment and re-treatment
upon relapse is under investigation in the randomized, phase
3  Rituximab Extended Schedule or Re-treatment (RESORT)
trial.23 As in the Minnie Pearl study, patients with stage 3 or 4
indolent FL with low tumor burden were initially treated with
four once-weekly doses of single-agent rituximab as induction
therapy. Patients were re-evaluated 9 weeks after induction

Maintenance Rituximab for Follicular Lymphoma
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treatment. Those with a partial or complete response to in-
duction rituximab were randomly assigned to one of two treat-
ment arms. In Arm 1 (re-treatment rituximab), patients re-
ceived rituximab once weekly for 4 weeks upon disease
progression provided the time to progression was more than
6 months. In Arm 2 (maintenance rituximab), patients re-
ceived a single dose of rituximab once every 13 weeks until dis-
ease progression and in the absence of unacceptable toxicity. 

The primary endpoint was the time to rituximab failure.
Secondary endpoints included the time to first cytotoxic ther-
apy in patients treated with these regimens, patient response,
the duration of response, and health-related QOL. The clinical
results of RESORTS have not yet been published.

Safety of Maintenance Therapy 
The long-term use of rituximab as maintenance therapy has

raised concerns regarding the potential for additional toxicity.
Results from the PRIMA study showed that the safety of main-
tenance rituximab was consistent with the known safety pro-
file of rituximab, with no new or unexpected findings (Table
3).21 The most common AEs in 1,009 patients treated with at
least one maintenance dose of rituximab were grade 2 to 4
 infections (maintenance rituximab, 39% vs. observation, 24%).
Grade 3 to 4 AEs were reported in 24% of patients treated with
maintenance rituximab compared with 17% of patients under
observation (neutropenia, 4% vs. <1%, respectively, and infec-
tions, 4% vs. <1%). A similar rate of infections (4.1%) was re-
ported in the Maintenance Rituximab in Follicular Lymphoma
(MAXIMA) study.11

In the SAKK 35/98 trial, the rates of grade 3 and 4 neu-
tropenia were comparable for maintenance rituximab (16%)
and observation (17%); slightly higher rates of asthenia and
other nonhematological toxicities were reported for mainte-
nance rituximab (see Table 3).24 The occurrence of secondary
malignancies was not significantly different in patients who re-
ceived maintenance rituximab and in those undergoing ob-
servation (10 and 12 patients with tumors, respectively). Sim-
ilarly, long-term follow-up in the EORTC 20981 trial showed
that the rates of secondary malignancies were similar between
maintenance rituximab and observation (5% vs. 8%, respec-
tively) (see Table 3).8

The safety of long-term maintenance rituximab is under in-
vestigation in the phase 3 SAKK 35/03 trial, which enrolled 270
patients with treatment-naive FL or relapsed or refractory dis-
ease who had received rituximab as induction therapy.25 A
total of 167 responders were randomly assigned to receive four
doses of maintenance rituximab once every 2 months or main-
tenance rituximab every 2 months for 5 years. At the time of
the analysis, the median  duration of maintenance rituximab
therapy was 3.3 years. A total of 899 hematological and non-
hematological AEs were  reported; 26 AEs were grade 3 in
severity, and six were grade 4. After randomization, additional
cancers developed in five  patients.25 The RESORT trial inves-
tigators plan to further  assess the long-term safety of mainte-
nance rituximab.23

Concern has been expressed about the potential conse-
quences of hypogammaglobulinemia associated with mainte-
nance rituximab. The PRIMA study reported an increased
 incidence of infectious events, mostly mild to moderate in sever-
ity, despite the absence of a significant decrease in serum
 immunoglobulin levels.21 The safety results after long-term fol-
low-up in the EORTC 20981 study showed that in the obser -
vation arm, serum immunoglobulin G (IgG) levels increased
from 6.6 g/L at the second randomization to 7.3 g/L at the end
of the 2-year observation period.8 In the maintenance arm, IgG
levels at the second randomization and at the end of the main-
tenance period were 6.5 g/L and 6.3 g/L, respectively. No
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Table 3  Safety Profile of Maintenance Rituximab

Study Key Safety Data

Maintenance Rituximab vs. Observation*

Salles, 201021 • Any AE: 56% vs. 37%
• Any grade 3 or 4 AE: 24% vs. 17%
• Neutropenia: 4% vs. <1%
• Febrile neutropenia: <1% vs. <1%
• Infections: 4% vs. <1%

Ghielmini, 200924 • Neutropenia: 17% vs. 16%
• Other nonhematological toxicity: 8% vs.

3%
• Asthenia: 4% vs. 0%
• Secondary tumors: 10 patients vs. 12

patients

Forstpointner,
20069

• Anemia: 3% vs. 3%
• Thrombocytopenia: 4% vs. 3%
• Leukocytopenia: 10% vs. 5%
• Infection: 4% vs. 3%

van Oer, 20108 • Neutropenia: 11.5% vs. 6.0%
• Infections: 9.7% vs. 2.4%
• Secondary tumors: 5% vs. 8%
• Only 7 of 167 patients (4%) withdrew

from maintenance rituximab because of
toxicity

• No deaths related to maintenance 
rituximab

Hainsworth,
200510

• Grade 3 toxicities in two patients in
each study arm: maintenance rituximab
(2/44) vs. rituximab re-treatment (2/46)

Foá, 201011 • 52 infusion-reaction events in 32 of 534
patients (6%); most events (80.1%) were
grade 1 

• Infections: 4.1%
• All grade 3, 4, and 5 AEs: 16.1%, 5.6%,

and 1.7%, respectively

Taverna, 201025 • 26 grade 3 and six grade 4 AEs in a total
of 899 hematological and nonhemato-
logical AEs

• Neutropenia: 3.6 %
• Seven infections reported; after 2 years

of maintenance rituximab, only two
grade 3 infections occurred

• Secondary cancers in five patients

* Specific adverse events (AEs) are grade 3 or grade 4 unless other-
wise stated.
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 patient was withdrawn from the study because of persistent
IgG levels below 3 g/L.8 Trials are continuing to be conducted
to investigate hypogammaglobulinemia and its potential con-
sequences.

Quality-of-life data from the PRIMA study indicated no
 significant differences between maintenance rituximab and
 observation.21 Similarly, maintenance rituximab was found to
be safe in a prospective QOL study in which 122 patients with
FL were randomly assigned to receive maintenance rituximab
or observation. 26 There were no significant differences in
QOL measures between the two groups.

Maintenance Therapy in Aggressive Lymphoma 
Current clinical data do not support the use of maintenance

rituximab in patients with DLBCL.27,28 In a two-stage random-
ized trial,27 DLBCL patients 60 years of age and older received
CHOP (n = 314) or R-CHOP (n = 318), with a second random
assignment to maintenance rituximab or observation in re-
sponders (n = 207 and n = 208, respectively). The 2-year fail-
ure-free survival rates after the second random assignment
were 76% for maintenance rituximab and 61% for observation
(P = 0.009). A significant difference in failure-free survival
rates at 2 years was noted between maintenance rituximab and
observation after CHOP (74% vs. 45%, respectively; P = 0.0004)
but not after R-CHOP (79% vs. 77%; P = 0.81). There were no
significant differences in overall survival with maintenance
 rituximab after CHOP (HR = 0.73; P = 0.27) or R-CHOP (HR =
1.28; P = 0.48).27

In another study, 50 untreated patients with high-risk
DLBCL who had achieved a complete response after treatment
with  rituximab and chemotherapy were randomly assigned to
maintenance rituximab (n = 21) or observation (n = 29) for up
to 2 years.29 Maintenance rituximab significantly increased
the disease-free survival rate compared with observation
(93.3% vs. 69.4%, respectively; P = 0.046), but overall survival
rates did not differ significantly (93.8% vs. 87.7%; P = 0.519).

Ongoing Clinical Investigations of Maintenance Therapy
Clinical studies continue to address important questions

concerning the role of maintenance rituximab in patients with
FL and seek to identify the optimal dosing schedule in this pop-
ulation. Whether re-treatment has been as beneficial as main-
tenance therapy will be more evident with the publication of
the phase 3 RESORT trial.23

Another area of study is the optimal duration of mainte-
nance therapy with rituximab. The phase 3 MAINTAIN trial,
with a planned enrollment of 874 patients with NHL  (including
FL and mantle-cell lymphoma), will compare a maintenance
schedule of one dose every 2 months for 2 years with a sched-
ule of one dose every 2 months for 4 years in responders to
 rituximab plus bendamustine in the first-line setting.23 The on-
going SAKK 35/03 trial is comparing a single dose of rituximab
every 2 months for a total of 8 months with a long-term main-
tenance schedule of one dose every 2 months for 5 years in pre-
viously untreated FL and relapsed or refractory FL.25

Maintenance rituximab is also under investigation in other
lymphomas and in chronic lymphocytic leukemia (CLL). The
ongoing NHL-13 trial is an open-label, phase 3 study of 600
 patients with DLBCL or grade 3b FL who received R-CHOP–

like chemotherapy as induction treatment.30 Responders were
randomly assigned to maintenance rituximab (one dose every
2 months for 2 years) or observation. 

In another study, 256 newly diagnosed or relapsed patients
with CLL are being treated with rituximab induction. Respon-
ders will be randomly assigned to maintenance rituximab (one
dose every 3 months for 2 years) or observation.31

In a study of 200 patients with relapsed CLL, responders to
induction therapy (rituximab plus cladribine and cyclophos-
phamide) will be randomly assigned to maintenance ritux-
imab (one dose every 3 months for 2 years) or observation.32

Current Trends in Maintenance Therapy 
Maintenance therapy is used routinely for FL in the practice

setting, and patterns of use of maintenance rituximab have
been reported in the National LymphoCare Study.33,34 This
large prospective, multicenter, observational study (N = 2,734)
has collected data on treatment and outcomes in patients with
newly diagnosed FL in the U.S. Initial treatment and mainte-
nance or observation decisions were made by the treating
physician. Patients without disease progression within 215
days after completing first-line induction were  classified as ei-
ther receiving maintenance rituximab or observation.34

Among 1,046 patients who received rituximab-based induc-
tion therapy, 467 (45%) were treated with R-CHOP; 220 (21%)
received single-agent rituximab; 195 (19%) received R-CVP; 122
(12%) received rituximab plus fludarabine; and 42 (4%) re-
ceived other rituximab-based regimens.34 After initial treat-
ment with rituximab monotherapy, 54% of patients received
maintenance rituximab and 46% were observed. After initial
treatment with rituximab plus chemotherapy, 45% of patients
received maintenance rituximab and 55% were observed.
 Patients receiving maintenance rituximab were more likely to
have grade 1 or 2 FL, stage 3 or 4 disease, normal lactate de-
hydrogenase, involvement of more than four lymph nodes, and
two or more extranodal sites.31 There were no differences in
maintenance use by age, sex, race, or FLIPI prognostic score.34

Cost Effectiveness 
A cost-effectiveness evaluation based on the PRIMA intent-

to-treat population showed that first-line maintenance ritux-
imab represented greater value for costs than observational
practice.35 In an analysis from the United Kingdom National
Healthcare Service, the incremental cost-effectiveness ratio
(ICER) was £15,977 ($24,958) per quality-adjusted life-year
(QALY) gained—well below the assumed willingness-to-pay
threshold of £30,000 ($46,863). The average life expectancy of
patients treated with first-line maintenance rituximab was pro-
jected to be 1.27 years longer than that in observed patients and
to be associated with an additional 1.17 QALYs.35 This is largely
because the maintenance rituximab patients spend more time
in a progression-free state compared with patients in an ob-
servation cohort. Total costs were £14,129 ($22,069) higher for
first-line rituximab maintenance compared with observation.
However, this was partially offset by the lower costs of second-
line rituximabtherapy and by the supportive care incurred dur-
ing progression. The ICER remained cost-effective in most
plausible sensitivity scenarios.35

A U.S.-based cost analysis of maintenance rituximab in the
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setting of relapsed FL has been performed according to results
from EORTC 20981.19,36 Five years after a second induction
with R-CHOP, disease-free survival rates were estimated at 47%
and 22% for maintenance rituximab and observation, respec-
tively, during the second remission, and overall survival rates
were estimated at 73% and 61%. The discounted ICER for the
addition of maintenance rituximab was expected to be $19,522
per QALY gained—well below currently accepted thresholds.36

DISCUSSION
When used as part of induction chemotherapy, rituximab is

highly active and has consistently been shown to improve out-
comes in both untreated and relapsed low-grade lymphoma
(Table 4). The results of multiple studies confirming this ben-
efit have led to the near-universal use of rituximab in induction
therapy. Unfortunately, despite improvements in progression-
free survival and in overall survival, most patients with FL
still relapse after initial treatment. Relapses are associated
with impaired QOL and are characterized by diminishing
 durations of response to treatment.

Maintenance therapy has the potential to improve the degree
of response and to extend remission, thereby improving QOL.
Attempts to use chemotherapy as a backbone for maintenance
resulted in prolonged disease control, but they were associated
with significant toxicity and failed to show a benefit in overall
survival. Initial studies using rituximab as part of a mainte-
nance strategy for patients in a first relapse who had achieved
a response after treatment were promising, showing a clear ben-
efit in response duration with minimal additional  toxicity. How-
ever, interpretation of early studies remained  difficult  because
of the absence of rituximab in the induction arms, heteroge-
neous patient populations, and various dosing schedules.

The large, randomized PRIMA study has confirmed a ben-
efit of rituximab not only in progression-free survival but also
in the degree of response in untreated patients after a ritux-
imab-containing induction regimen.7,21 These findings leave
 little doubt that maintenance rituximab is an effective strategy
in responding patients. 

Despite these positive results, questions remain. To date, no
prospective randomized study has shown a consistent im-
provement in overall survival with the addition of maintenance

rituximab. Although follow-up of the PRIMA trial and other
maintenance rituximab studies remains short (see Table 4),
 results from the EORTC 20891 trial demonstrate that sub -
sequent rituximab use by relapsing patients in both arms make
observing a difference in overall survival questionable. The ab-
sence of an observed overall survival benefit in multiple reports
suggests that re-treatment with rituximab at progression may
be as effective as maintenance rituximab. The only published
study that compared maintenance therapy with re-treatment
showed an improvement in the degree and length of response
with maintenance rituximab; however, the duration of benefit
was similar between the two arms, and overall survival was not
significantly improved with maintenance rituximab.10

Although the optimal duration of rituximab maintenance is
unknown, most published studies used a 24-month schedule.
In the absence of mature safety data with longer dosing, treat-
ment beyond 24 months is not recommended outside of a clin-
ical study. Although the PRIMA trial used a rituximab regimen
of one dose every 2 months, multiple dosing schedules appear
to be effective. The choice of a schedule in our clinic is often
based on multiple factors, including the patient’s preference
and the physician’s experience with a given regimen.

CONCLUSION
For the practicing physician, translating the increasing

amount of data from emerging maintenance studies into clin-
ical practice remains challenging. However, it is becoming
 increasing clear that rituximab dosing after initial therapy
 results in improved disease control and should be considered
in all patients with FL.

Questions regarding the optimal timing, schedule, and
length of treatment as well as the effect of maintenance ritux-
imab on overall survival remain unanswered and call for future
randomized studies. Until these studies are performed, the de-
cision to recommend maintenance rituximab should include
a detailed discussion with the patient about the known poten-
tial benefits and risks of extended dosing. The use of mainte-
nance rituximab in my own practice is also influenced by
 factors such as the presence of pretreatment risk factors and
the patient’s response to and tolerance of induction therapy. 
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