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Abstract
The German study groups, the German Low-Grade Lymphoma Study Group (GLSG) and Ostdeutsche Studiengruppe Hämatologie
und Onkologie (OSHO), initiated in 2007 a double randomized trial to investigate efficacy and safety of rituximab maintenance versus observation in remission after randomly assigned induction treatment in the first-line follicular lymphoma. Previously untreated
patients with stage II–IV follicular lymphoma in need of therapy were randomized to receive 6 cycles of R-CHOP, R-MCP, or R-FCM.
Responding patients were subsequently randomized to 2 years rituximab maintenance or observation, stratified by type of immunochemotherapy, quality of remission, and Follicular Lymphoma International Prognostic Index (FLIPI). Recruitment was stopped
in 2011 after the PRIMA results had been published. Median age of the 206 recruited patients was 66 years (range, 24–86), and
(FLIPI) was low in 13%, intermediate in 28%, and high in 60%. High and comparable overall response rates were observed after
R-CHOP (88%), R-MCP (89%), and R-FCM (91%). Rituximab maintenance substantially prolonged progression-free survival (PFS)
in comparison to observation in remission (hazard ratio 0.39, P = 0.0064). In the rituximab maintenance group, the 3-year PFS was
89% compared with 69% in the observation group. No differences in overall survival were observed for maintenance vs. observation
(hazard ratio 1.04, 95% confidence interval 0.32–3.43, P = 0.95). In this randomized trial, 2 years of rituximab maintenance was associated with significantly prolonged PFS in comparison to observation after response to first-line immunochemotherapy in follicular
lymphoma. Our data represent an independent confirmation of the PRIMA trial results.
(Clinical Trial EudraCT Number: 2005-005473-29, 2006-09-26)
by chemoimmunotherapy.1–3 The natural course of follicular lymphoma is characterized by decreasing response rates and shorter
response durations with every new disease recurrence.4,5 The addition of rituximab to first-line standard chemotherapy led not only

Introduction
Follicular lymphoma (FL) is the most common nodal indolent
lymphoma in western Europe and the United States and is incurable

Klinik für Innere Medizin C, Universitätsmedizin Greifswald, Germany
Medizinische Klinik III, Klinikum der Universität München, Germany
3
Institut für Medizinische Informationsverarbeitung, Biometrie und Epidemiologie,
LMU Universität München, Germany
4
Klinik für Innere Medizin III, Klinikum Chemnitz, Germany
5
Gemeinschaftspraxis Innere Medizin, Hämatologie, Onkologie, Dresden, Germany
6
Klinik für Innere Medizin, Städtisches Klinikum Dessau, Germany
7
Klinik für Hämatologie, Onkologie und Gastroenterologie, Kliniken Maria Hilf,
Mönchengladbach, Germany
8
Medizinische Klinik III, Dr.-H.-Schmidt-Kliniken Wiesbaden, Germany
9
Innere Medizin—Hämatologie/Onkologie, Georg-August-Universität Göttingen,
Germany
10
III. Medizinische Klinik, Klinikum Mannheim, Germany
11
Hämato-Onkologische Gemeinschaftspraxis, Münster, Germany
12
Hämatologisch-Onkologische Schwerpunktpraxis, Würzburg, Germany
13
Medizinische Klinik II, Universitätsklinikum Eppendorf, Hamburg, Germany
14
Hämatologie/Onkologie, Gesundheitszentrum St. Marien, Amberg, Germany

Medizinische Klinik III, Städtisches Klinikum Braunschweig, Germany
Onkologische Schwerpunktpraxis Hof, Germany
17
Institut für Pathologie, Universität Würzburg, Germany
18
Institut für Hämatopathologie, Universitätsklinikum Schleswig-Holstein, Kiel,
Germany
19
Helios Klinikum Erfurt, Germany
Supplemental digital content is available for this article.
Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
on behalf of the European Hematology Association. This is an open-access
article distributed under the terms of the Creative Commons Attribution-Non
Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible
to download and share the work provided it is properly cited. The work cannot
be changed in any way or used commercially without permission from the
journal.
HemaSphere (2021) 5:7(e600).
http://dx.doi.org/10.1097/HS9.0000000000000600.
Received: 9 February 2021 / Accepted: 11 May 2021

1

15

2

16

1

Hirt et al

Rituximab Maintenance After first-line Chemoimmunotherapy in Follicular Lymphoma

to an increase in progression-free survival (PFS) but also to superior
overall survival rates in most trials.6–9 To prolong the duration of
remission even further, rituximab maintenance therapy was added
for patients who achieved a response after induction with either
rituximab, chemotherapy, or immunochemotherapy.10–15 A recent
meta-analysis that evaluated individual patient data from 2315
patients from seven randomized controlled trials found a survival
benefit for rituximab maintenance for all patients except for patients
after rituximab-containing first-line therapy.16 The latest follow-up
of the pivotal PRIMA study confirmed the statistically and clinically significant improvement of the median PFS of 10.5 years in
the maintenance compared to 4.1 years in the observation arm after
response to immunochemotherapy.17 But even with a mature median
follow-up of 9.0 years, the PRIMA study failed to show an overall
survival benefit for patients who received a 2-year rituximab maintenance therapy after induction with rituximab in combination with
chemotherapy. The present double randomized GLSG-OSHO70trial that started in 2007 was designed to first identify the optimal
rituximab combination chemotherapy (R-CHOP versus R-MCP
versus R-FCM) for untreated advanced stage FL patients and second
to assess whether a rituximab maintenance therapy would improve
PFS for patients with at least partial remission (PR) after induction.
After publication of the results of the PRIMA trial13 and approval
of rituximab for maintenance therapy after first-line induction in FL
patients, the second randomization between rituximab maintenance
and observation was stopped in October 2011 and subsequently all
patients received rituximab maintenance therapy. At the same time,
recruitment to GLSG-OSHO70 was closed prematurely due to slow
accrual since results of the StiL NHL1-2003-study suggested that
rituximab-bendamustine was at least as efficacious and less toxic as
R-CHOP.18 Here, we present the final trial results.

induction, progression or death, time from randomization to initiation of a new antilymphoma treatment (TTNT), overall survival
(OS) from randomization until death from any cause, and toxicities
(CTCAE V 3.0).
The GLSG-OSHO70 trial was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice guidelines. The study protocol and all amendments were approved by
the ethics committee of the State Medical Board of Thuringia
and the national competence authority (Paul-Ehrlich-Institute).
All patients provided written informed consent.
Response was assessed according to the 1999 International
Working Group criteria for non-Hodgkin lymphoma.20 The restaging after induction therapy was performed 2–4 weeks after the last
rituximab infusion of induction. Patients who achieved a CR, CRu,
or PR were randomized to either observation or maintenance rituximab 375 mg/m2 every 8 weeks for 2 years. Rituximab maintenance started 4–8 weeks after the last rituximab administration of
induction therapy. Patients in both arms had response assessment
by clinical evaluation every 8 weeks and a computed tomographie
(CT) scan every 6 months during observation /maintenance. Clinical
examination of patients who completed 2 years of maintenance
treatment or observation was scheduled every 3 months for the first
year and every 6 months from then on. CT scans were performed
every 6 months or when clinically indicated. Relapses or progressions were determined based on clinical or radiologic assessment.
The trial was initially planned to have 95% power to detect
significant differences among the 3 induction arms in the case
of true improvements in complete remission rates from 20%
to 35%. Similarly, it was planned to have 95% power to detect
significant differences for maintenance versus observation in the
case of a true PFS hazard ratio of 0.60. Allowing for 5% dropouts during the induction period and additional 15% patients
not undergoing randomization for maintenance, a total number
of 878 was necessary to answer the trial questions and considered feasible to be recruited within 7 years.
The trial recruitment was closed prematurely on October 10,
2011 after the results of the PRIMA study showed a significant
PFS benefit for rituximab maintenance treatment after first-line
rituximab chemoimmunotherapy for advanced stage FL patients.
Moreover, patient accrual had been very low after the presentation of the results of the StiL-NHL1-study at the ASH meeting
in 2009,18 so the Ostdeutsche Studiengruppe Hämatologie und
Onkologie and German Low-Grade Lymphoma Study Group
study groups decided to close the study recruitment without
knowledge of the results for the 2 parts of the study up to that
point. At recruitment stop, 206 patients had been randomized
for induction therapy and 131 patients had undergone second
randomization. After the termination of study enrollment, all
patients who completed induction therapy and achieved at least
a PR were assigned to rituximab maintenance therapy. Clinical
follow-up ended on March 20, 2013.

Patients and methods
Trial design, patients, and treatments
The GLSG-OSHO70-study was an open-label, multicenter,
factorial, randomized phase III trial in patients with previously
untreated, high–tumor-burden follicular lymphoma in need of
treatment. Eligibility criteria were diagnosis of a stage III or IV or
stage II with bulky disease, untreated, CD-20-positive follicular
lymphoma (histologic grade 1, 2, or 3a), age ≥18 years and the
presence of modified GELF-criteria (B symptoms, hematopoietic
insufficiency, organ compression, nodal involvement >7 cm, and
malignant effusion).19 Patients had to be ineligible for myeloablative
high-dose chemotherapy and autologous stem cell transplantation
either due to patient’s refusal or due to comorbidities or advanced
age (≥65 years). Exclusion criteria included a diagnosis of FL grade
3b, evidence of histologic transformation into an aggressive lymphoma at the time of diagnosis, central nervous system involvement, or history of previous malignancy. The study comprised 2
parts: The first randomization at inclusion was 1:1:1 among 3 different induction chemoimmunotherapy regimens (R-CHOP versus
R-MCP versus R-FCM, for details see Supplemental Digital Table
1, http://links.lww.com/HS/A166). Patients who achieved at least
a PR at the end of induction were then randomized 1:1 between
observation and rituximab maintenance. Both randomizations
were blocked and stratified for Follicular Lymphoma International
Prognostic Index (FLIPI) risk groups, and the second randomization was additionally stratified for type of induction treatment and
response quality at the end of induction. Randomization was performed centrally by computer random number generation upon
investigator request via fax. Blinding was not feasible. The primary
end point for the first randomization was complete response (CR)
rate (excluding CRu) after induction therapy, and the primary end
point of the second randomization was PFS from end of induction.
Key secondary endpoints were CR/CRu rates, failure-free survival
(FFS) from first randomization to either stable disease at the end of

BCL2/IgH minimal residual disease detection
BCL2/IgH minimal residual disease (MRD) assessments from
peripheral blood (PB) and bone marrow (BM) samples were performed by quantitative PCR as described earlier.21 Samples with
<50,000 tested cells were regarded as noninformative. A BCL2/
IgH-MRD marker was established if BCL2/IgH frequency was
>1/100,000 in an initial blood or bone marrow sample or if a
corresponding BCL2/IgH rearrangement could be detected in a
diagnostic lymph node. Samples from patients without MRD
marker were excluded from analysis.

Statistical analyses
The pairwise comparisons of CR rates between induction
arms were performed by Fisher’s exact test using a two-sided
2
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estimated 3-years FFS rate was 62% (95% confidence interval
[CI] 48%–73%) in the R-CHOP-arm, 86% (95% CI 73%–93%)
after R-FCM, and 71% (95% CI 58%–81%) in the R-MCP-arm
(Figure 1A). After adjustment for differences in ECOG and FLIPI,
the FFS hazard ratio was 0.44 (95% CI 0.22–0.89, P = 0.023)
for R-FCM versus R-CHOP and 0.87 (95% CI 0.49–1.55, P =
0.64) for R-MCP versus R-CHOP. There were no differences in
overall survival between patients treated with R-CHOP, R-FCM,
or R-MCP chemoimmunotherapy (P = 0.60, Figure 1B).

significance level of 1.67% each to maintain an overall significance level of 5% (Bonferroni-correction). The primary
endpoint to evaluate maintenance versus observation was monitored sequentially by means of a two-sided truncated probability ratio test (Whitehead 1992) for the log-rank statistics
with an overall significance level of 5%. The sequential design
allowed early stopping for superiority and futility.
The primary analysis cohorts were according to the intention-to-treat with the modification that patients in whom the
diagnosis of FL grade 1–3a was not confirmed based on pretreatment histology were excluded. Furthermore, for primary
analysis of the induction part, patients without any staging
results during induction were excluded as dropouts and the latest staging result was used for patients without staging result at
the end of induction. For primary analysis of the maintenance
part, PFS was calculated in patients with at least PR from end
of induction to progression or death from any cause, censored
at last date in remission in patients without progression at last
contact and at initiation of a new antilymphoma treatment. PFS
and FFS were censored at last date without failure, TTNT at
the last date without initiation of a new treatment, OS at last
contact date in patients without respective events. Time-to-event
endpoints were described by Kaplan–Meier estimates. In sensitivity analyses, differences for time-to-event endpoints between
trial arms were adjusted for FLIPI risk groups and ECOG performance status using multiple Cox regression. To explore a
potential modification of maintenance PFS effects by induction
treatment, an interaction analysis was performed by means of
multiple Cox regression. For safety analyses, patients were evaluated according to the treatment strategy actually started.
MRD negativity rates at the end of induction in PB, BM,
and pooled PB/BM were compared between treatment groups
by exact tests. In the pooled PB/BM evaluation, a patient was
considered MRD positive if at least one available PB or BM
sample was MRD positive; a patient was considered MRD negative only if all other available samples for the same time point
were MRD negative. As sensitivity analyses, samples within a
3-month window after the EOI staging time point were included
in the evaluation, considering a patient MRD positive if at least
1 positive MRD sample was observed during this time period.
P values for comparisons of secondary endpoints were interpreted as hypothesis generating.

Rituximab maintenance therapy
Out of 206 patients randomized for induction, 131 patients
underwent the second randomization. Main reasons for not
being randomized between maintenance and observation were
premature discontinuation of induction (24 patients, R-FCM:
16), no response to induction (18 patients), delay of induction (9
patients), and assignment to rituximab maintenance after stop
of randomization (12 patients, Figure 2). After exclusion of 3
patients because of FL 3b histology, 63 and 65 patients in the
observation and in the rituximab maintenance arm were evaluable for PFS, the primary endpoint of the second randomization
(Figure 2). Patients in the maintenance arm had a significantly

Results
Induction therapy
The median age of the 206 patients who underwent the first
randomization between June 6, 2007, and July 28, 2011, was
66 years, and the age as well as FLIPI risk were well balanced
among the 3 treatment groups (Supplemental Digital Table 2,
http://links.lww.com/HS/A166). For the analysis of the primary
end point of the first randomization, the CR rate of the induction
therapy regimens of 190 patients were evaluable (Supplemental
Digital Figure 1, http://links.lww.com/HS/A166). After induction
with R-FCM, 25/58 patients (43%) achieved a CR compared to
23% (15/66 patients) and 24% (16/66 patients) for R-CHOP and
R-MCP, respectively (Supplemental Digital Table 3, http://links.
lww.com/HS/A166). Pairwise comparisons showed no statistically significant difference in CR rates between treatment arms
at the 1.6667% significance level (correction for multiple testing).
Of note, due to the reduced sample size, a statistical power of
only about 30% can be assumed to detect the initially planned
clinically relevant differences. Similarly, overall response rates
were not different between induction therapy arms (88% versus
91% versus 89% for R-CHOP, R-FCM, and R-MCP, respectively;
Supplemental Digital Table 3, http://links.lww.com/HS/A166).
After a median follow-up of 3.5 years, there was no clear difference in FFS between the three treatment arms (P = 0.086). The

Figure 1. Treatment outcome after immunochemotherapy with
R-CHOP, R-FCM or R-MCP for untreated FL patients. Failure-free
survival (FFS, A) and overall survival (OS, B) according to induction therapy
regimen.
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Figure 2. CONSORT diagram for patient allocation at second randomization. FL = follicular lymphoma; R = rituximab.

OS rates were 91% (95% CI 78%–96%) for the R-maintenance
arm and 92% (95% CI 80%–97%) in the observation arm of
the study.

prolonged PFS compared to patients in the observation arm
(hazard ratio 0.39, P = 0.0064 after the correction for interim
analyses, Figure 3A). Secondary Cox-regression analyses showed
a hazard ratio of 0.31 (95% CI 0.14–0.71, P = 0.006) for
R-maintenance with similar results after adjustment for FLIPI
(0.30, 95% CI 0.13–0.70, P = 0.005), ECOG performance status, or type of induction therapy. After a median follow-up of
3.2 years, the estimated 3-year PFS of responding patients was
69% (95% Cl 54%–80%) for the observation and 89% (95%
CI 78%–95%) for the rituximab maintenance arm. The P value
for the interaction term between the treatment arms of the first
and the second part of the study was 0.53; hence, there was no
indication that the effect of the rituximab maintenance therapy
on PFS was influenced by the type of induction therapy.
Similar to the effects on PFS, patients in the R-maintenance
treatment arm had prolonged time to next treatment (TTNT)
compared to patients in the observation arm (P = 0.0089, estimated 3-year TTNT rate 89% [95% CI 76%–95%] and 71%
[95% CI 57%–82%] for R-maintenance versus observation,
Figure 3B, HR 0.32, 95% CI 0.13–0.79). A total of 17 patients
received second-line lymphoma treatment, 14 patients in observation and 3 patients in the R-maintenance arm. Seven patients
died without the start of a second-line treatment, 3 patients in
the observation, and 4 patients in the maintenance arm.
There was no difference in overall survival between the 2 treatment arms (Figure 3C). After a median follow-up of 3.2 years, 6
of 67 patients in the R-maintenance and 5 of 64 patients in the
observation arm had died, resulting in a Hazard-ratio of 1.04
(95% CI 0.32–3.43, P = 0.95), with similar results after adjustment for FLIPI (1.07, 95% CI 0.32–3.51, P = 0.92), ECOG performance status, and induction therapy. The estimated 3-year

Toxicity
During induction, therapy marked differences in toxicity
were only observed for hematological toxicity and polyneuropathy. Patients treated with R-FCM and R-MCP had higher rates
of grade 3–4 leukopenia (92% and 88%) compared to R-CHOP
patients (63%). Similarly, R-FCM caused the highest rates of
thrombocytopenia (70%, grade 3–4: 17%; R-MCP 49%, grade
3–4: 6%; R-CHOP 25%, grade 3–4: 3%). Despite these differences in hematotoxicity, there was no clear difference in the rates
of febrile neutropenia or infections with or without neutropenia
among the 3 immunochemotherapy regimens. As expected, neurological toxicity was most pronounced in the R-CHOP treatment arm (40%, grade 3–4: 6%) compared to R-FCM (16%,
grade 3–4: 3%) and R-MCP (14%; grade 3–4: 1%).
Seventy-nine patients started rituximab maintenance therapy,
66 patients who were randomly assigned, and 12 patients who
were allocated to maintenance therapy after randomization
were stopped. One patient who received rituximab maintenance
had not undergone second randomization and terminated rituximab maintenance prematurely. Another patient who was randomized to rituximab maintenance withdrew consent and did
not receive maintenance therapy. The median duration for 78
patients with documentation of the maintenance treatment was
20 months (0–23 months).
Sixty-nine patients out of 78 patients (88%) who started rituximab maintenance completed 2 years of maintenance treatment.
4
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tolerated and there were only a very few toxicities of grade 3 or
4 (Supplemental Digital Table 4, http://links.lww.com/HS/A166).
There was a trend for an increased rate of leukopenia (grade
1–5 leukopenia: R-maintenance 58% versus observation 40%,
P = 0.067; grade 3 or 4 leukopenia: R-maintenance 16% versus
observation 7%), and the higher rate of leukopenia was statistically significant in the subgroup of patients ≥65 years (grade
1–5 leukopenia: R-maintenance 67% versus observation 37%,
P = 0.02; grade 3 or 4 leukopenia: R-maintenance 19% versus
observation 6 %, Supplemental Digital Table 5, http://links.lww.
com/HS/A166). But the higher leukopenia rate in the rituximab
maintenance arm did not transform into clear differences in
neutropenia, febrile neutropenia, or infections with or without
neutropenia (Supplemental Digital Table 4, http://links.lww.com/
HS/A166). There was also a trend for a higher rate of gastrointestinal (GI) toxicity, which was predominantly grade 1 and 2
(grade 1–5 GI toxicity: R-maintenance 26% versus observation
10%, P = 0.040). Four patients in the observation arm had grade
3/4 cardiac events compared to no grade 3 or 4 cardiac events in
the R-maintenance arm (P = 0.038, Supplemental Digital Table
4, http://links.lww.com/HS/A166). Except for the slightly higher
rate of leukopenia rituximab maintenance showed no increased
toxicity in elderly patients (≥65 years of age, Supplemental
Digital Table 5, http://links.lww.com/HS/A166).
A total of 30 patients have died, of these 8, 9, and 13 patients
were treated with R-CHOP, R-FCM, and R-MCP, respectively.
Six patients have died after R-maintenance treatment, all 6
patients died >45 days after the completion of maintenance
therapy. The most common causes of death were lymphoma
progression (19 patients).

Minimal residual disease
For 19 out of 206 patients who underwent the first randomization, no samples for MRD marker establishment were
submitted. In the remaining 187 patients, we were able to establish a BCL2/IgH-MRD marker for 89 patients (48%) from PB,
BM, or diagnostic lymph node samples. Patients with BCL2/
IgH-MRD marker were slightly younger (median age 64 versus
67 years, P = 0.027) and had a slightly lower FLIPI risk score
(Supplemental Digital Table 6, http://links.lww.com/HS/A166).
Fifty-four patients had an MRD sample at the end of induction immunochemotherapy, all of which had achieved a clinical response. The BCL2/IgH MRD negativity rate was slightly
higher after R-FCM compared to R-CHOP (93% of 14 versus
83% of 18, Table 2), with lowest MRD negativity rates after
R-MCP induction treatment (77% of 22, P = 0.53). We obtained
similar results if MRD samples that were tested within 3 months
after the end of induction were included (n = 65, Table 2). For
conclusions about the prognostic implications of MRD results
or the differential effectivity of rituximab maintenance therapy,
the number of BCL2/IgH-MRD samples was too small.

Discussion
One of the aims of this study was to identify the most efficacious induction treatment for patients with untreated follicular
lymphoma in need of therapy. Unfortunately, the primary end
point of the first randomization of this study, the CR rate after
induction therapy with either R-CHOP, R-MCP, or R-FCM
showed no significant difference among the 3 treatment arms.
Similarly, FFS as well as OS at 3 years were not different
between treatment arms. One reason for this negative result of
the first randomization is the substantially reduced statistical
power due to the premature termination of the study recruitment. We therefore can by no means conclude from our data
that the 3 induction arms are equally effective. The toxicity
profile of the 3 induction therapy regimens was as expected

Figure 3. Treatment outcome after rituximab maintenance therapy versus observation for patients in remission after induction immunochemotherapy. Progression-free survival (PFS, A), time to next therapy (TTNT, B),
and OS (C) for evaluable (PFS) and all patients (TTNT and OS) who underwent 2
randomizations.

Reasons for maintenance discontinuation were toxicity in 3,
patient’s or physician’s decision in 3, and unknown reasons in
3 patients. In general, rituximab maintenance therapy was well
5
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Table 1.
Baseline Characteristics of Evaluable Patients who Underwent Second Randomization
Observation
Variable
Age at randomization
Sex
ECOG

Histological diagnosis

Stage
(Ann Arbor)
B-symptoms
Bone marrow involvement
Hemoglobin
LDH
Number of nodal sites
FLIPI

Induction immunochemotherapy

Response after induction

Median age at randomization
Median LDH/ULN
Median hemoglobin

R-Maintenance

Value

n

Number of Patients/Median (Min-Max)

%

n

Number of Patients/Median (Min-Max)

≥65 y
Male
0
1
2
3
FL Grade 1/2
FL Grade 3A
FL NOS
II
III
IV
Present
Present
<12 g/dl
>ULN
>4
Low risk
Intermediate risk
High risk
R-CHOP
R-FCM
R-MCP
CR
CRu
PR
(years)

63
63
63

36
31
26
35
2
0
54
7
2
2
15
14
19
8
14
28
19
6
19
38
26
15
22
17
24
22
65 (33–76)
0.96 (0.53–2.4)
13.7 (7.1–16.6)

57
49
41
56
3
0
86
11
3
6
48
45
30
26
22
44
31
10
30
60
41
24
35
27
38
35

65
65
65

38
28
27
34
4
0
54
6
5
3
8
15
25
14
10
14
25
11
18
36
22
19
24
26
19
20
65 (25–86)
0.81 (0.55–3.3)
13.8 (8.9–16.8)

(g/dl)

63

31

63
31
63
63
62
63

63

63

64
64
64

65

26

65
26
63
65
65
65

65

65

67
67
67

%

P

58 >0.99
43
0.59
42
0.80
52
6
0
83
0.58
9
8
12
0.38
31
58
38
0.36
54
0.055
16
0.50
22
0.008
38
0.46
17
0.52
28
55
34
0.70
29
37
40
0.29
29
31
0.87
0.067
0.93

ECOG = ECOG Performance Status; FL = follicular lymphoma; FLIPI = Follicular Lymphoma International Prognostic Index; LDH = lactate-dehydrogenase; n = number of patients with nonmissing value;
NOS = not otherwise specified; P = P value for exact Fisher-Test or exact Test according to Mehta and Patel37 or Mann–Whitney U test; PR = partial remission; ULN = upper limit of normal.

Table 2.
BCL2/IgH MRD Results at End of Induction According to Immunochemotherapy Regimen
R-CHOP
BCL2/IgH MRD-Negativity at EOI

n

Number of Patients

PB
BM
PB+BM combined
PB
(Q1 included)
BM
(Q1 included)
PB+BM combined
(Q1 included)

18
8
18
21

16
6
15
19

9
21

R-FCM
n

Number of Patients

89%
75%
83%
90%

14
6
14
18

14
5
13
17

7

78%

6

18

86%

18

R-MCP
n

Number of Patients

Pa

100%
83%
93%
94%

22
5
22
26

18
3
17
22

82%
60%
77%
85%

0.26
0.82
0.53
0.70

5

83%

6

4

67%

>0.99

16

89%

26

21

81%

0.83

Q1 included: includes results from patients without EOI MRD sample who had a MRD sample within 3 months after EOI.
a
Exact test according to Mehta and Patel.37
BM = bone marrow; EOI = end of induction immunochemotherapy; PB = peripheral blood.

R-CHOP and R-CVP but had similar PFS as the other anthracycline-containing regimen R-CHOP, with no difference in OS
among the 3 treatment arms.22,23 Rummel et al18,24 conducted
a noninferiority trial in patients with untreated indolent NHL
that also including patients with mantle cell lymphoma. This
StiL1-trial reported that R-bendamustine (BR) was at least as
efficacious as R-CHOP regarding overall response and CR rate
as well as PFS but was significantly less toxic than R-CHOP.
These results were confirmed by the BRIGHT study, comparing R-bendamustine to R-CHOP and R-CVP,25,26 which led to
the implementation of BR as standard first-line treatment of

with the highest rates of hematotoxicity after R-FCM and lowest rates after R-CHOP. However, the significant differences in
hematotoxicity did not translate into clear differences in rates of
infectious complications. Regarding neurologic adverse events,
we observed the expected rates of increased vincristine-associated polyneuropathy after R-CHOP compared to F-MCP and
R-FCM. The FOLL05 trial of the Fondazione Italiana Linfomi
compared R-CVP, R-FM, and R-CHOP as induction treatment
for patients with advanced follicular lymphoma and reported
comparable results: the fludarabine-containing regimen R-FM
caused higher rates of grade 3 and 4 hematotoxicity than
6
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advanced FL in addition to established regimens like R-CHOP
and R-CVP.27,28
Although the 3.2-year median follow-up of the present study
is short for follicular lymphoma, the results of the second randomization confirm the results of the PRIMA study.13,17 The
2-year rituximab maintenance treatment led to a statistically significant and clinically meaningful longer PFS (hazard ratio 0.39,
P = 0.0064) and an increased TTNT compared to observation.
With limited statistical power, we could not detect differences in
OS. Similar to the results of the PRIMA study, patients benefited
from rituximab maintenance treatment irrespective of the type
of induction chemoimmunotherapy. The toxicity of rituximab
maintenance treatment was comparable to that in the observation arm except for slightly higher rates of leukopenia and more
gastrointestinal toxicity. Bachy et al17 reported a higher number
of deaths due to infections in the maintenance arm, potentially
due to much smaller patient numbers and shorter follow-up,
there was no difference in deaths due to infections in our study.
Similarly, with short follow-up, we could not confirm the higher
number of deaths due to second malignancies in the observation
arm of the PRIMA study. Therefore, conclusions from our study
with regard to the toxicity of a 2-year rituximab maintenance
therapy should be interpreted with caution. A meta-analysis
of 2586 patients from 9 rituximab maintenance trials found a
higher rate of grade 3 or 4 adverse events, and in particular a
hazard ratio of 3.55 for grade 3 or 4 infections in patients with
rituximab maintenance compared to observation.16 This points
out that rituximab maintenance, although generally well tolerated, is associated with relevant toxicity. The meta-analysis by
Vidal et al16 found, similar to our study, a significant improvement in PFS for rituximab maintenance (HR 0.54, 95% CI
0.48–0.60), which was consistent for previously untreated and
relapsed patients. Even though rituximab led to an improved
OS in the total cohort of 2586 patients (HR 0.76, 95% CI
0.62–0.92), a subgroup analysis showed that only patients with
relapsed or refractory lymphoma had a clear benefit with rituximab maintenance (HR 0.72, 95% CI 0.57–0.91), whereas
patients who received rituximab maintenance after response to
first-line treatment demonstrated no clear improvement in OS
(HR 0.86, 95% CI 0.60–1.25). This lack of OS benefit despite
a significant improvement of PFS which was observed in this
and other studies of rituximab maintenance after first-line
induction therapy16,17,29 might have several explanations. First,
in FL, which has a median OS well beyond 10 years now,3,30
trials that are powered to show the impact of first-line treatment
on OS are not feasible. Second, with a long median OS and the
availability of a steadily increasing number of effective salvage
therapy options, PFS to the first-line treatment might not be
as relevant for long-term survival as in the prerituximab era.
But even with effective salvage treatment options, there are FL
patients with significantly inferior outcomes, especially patients
with disease progression within 2 years after first-line induction30–32 and transformation.30,33 To identify those FL patients
for whom rituximab maintenance might not achieve long-term
disease control new strategies are needed. Molecular prognosis
scores like the m7-FLIPI34 or minimal residual disease detection21,35,36 might aid to develop treatment strategies that help to
individualize therapy and identify patients who derive the greatest benefit from rituximab maintenance therapy after first-line
immunochemotherapy.

LFvW received honoraria from Astra Zeneca, Novartis, Pierre-Fabre,
and Roche Pharma AG; MD received research support from AbbVie,
Bayer, Celgene, Janssen, and Roche Pharma AG and received honoraria
from Bayer, Celgene, Gilead, and Roche and served on Advisory Boards
for Acerta, Bayer, Beigene, Celgene, Gilead, Janssen, Novartis, and
Roche Pharma AG; WH received travel support and research funding by
Roche Pharma AG and was also member of Roche AG advisory boards;
MH research funding by Roche Pharma AG;

Sources of funding
The study was supported by AMGEN GmbH, Germany, and Roche
Pharma AG, Germany.

References
1.
2.

3.

4.
5.
6.

7.

8.

9.
10.

11.

12.

Disclosures
CH received travel support from Roche Pharma AG; EH received
travel support from Roche Pharma AG; UG received travel support
from Amgen, Boehringer Ingelheim and Merck and received honoraria
from Amgen, Astra Zeneca, Boehringer Ingelheim, Daiichi Sankyo and
Servier and served on Advisory Boards for Amgen, Bristol Myers Squibb,
Celgene, Hexal, Johnson & Johnson, Merck, and MSD Oncology;

13.

7

A clinical evaluation of the International Lymphoma Study Group classification of non-Hodgkin’s lymphoma. The non-Hodgkin’s lymphoma
classification project. Blood. 1997;89:3909–18.
Anderson JR, Armitage JO, Weisenburger DD. Epidemiology of the
non-Hodgkin’s lymphomas: distributions of the major subtypes differ by geographic locations. Non-Hodgkin’s lymphoma classification
project. Ann Oncol. 1998;9:717–720.
Provencio M, Sabín P, Gomez-Codina J, et al; GOTEL (Spanish
Lymphoma Oncology Group). Impact of treatment in long-term survival patients with follicular lymphoma: a Spanish lymphoma oncology group registry. PLoS One. 2017;12:e0177204.
Johnson PW, Rohatiner AZ, Whelan JS, et al. Patterns of survival in
patients with recurrent follicular lymphoma: a 20-year study from a
single center. J Clin Oncol. 1995;13:140–147.
Horning SJ. Natural history of and therapy for the indolent non-Hodgkin’s lymphomas. Semin Oncol. 1993;20(5 suppl 5):75–88.
Hiddemann W, Kneba M, Dreyling M, et al. Frontline therapy with
rituximab added to the combination of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) significantly improves the
outcome for patients with advanced-stage follicular lymphoma compared with therapy with CHOP alone: results of a prospective randomized study of the German Low-Grade Lymphoma Study Group.
Blood. 2005;106:3725–3732.
Herold M, Haas A, Srock S, et al.; East German Study Group
Hematology and Oncology Study. Rituximab added to first-line mitoxantrone, chlorambucil, and prednisolone chemotherapy followed by
interferon maintenance prolongs survival in patients with advanced
follicular lymphoma: an East German Study Group Hematology and
Oncology Study. J Clin Oncol. 2007;25:1986–1992.
Marcus R, Imrie K, Solal-Celigny P, et al. Phase III study of R-CVP
compared with cyclophosphamide, vincristine, and prednisone alone
in patients with previously untreated advanced follicular lymphoma. J
Clin Oncol. 2008;26:4579–4586.
Salles G, Mounier N, de Guibert S, et al. Rituximab combined with
chemotherapy and interferon in follicular lymphoma patients: results
of the GELA-GOELAMS FL2000 study. Blood. 2008;112:4824–4831.
Ghielmini M, Schmitz SF, Cogliatti SB, et al. Prolonged treatment with
rituximab in patients with follicular lymphoma significantly increases
event-free survival and response duration compared with the standard weekly x 4 schedule. Blood. 2004;103:4416–4423.
Hainsworth JD, Litchy S, Shaffer DW, Lackey VL, Grimaldi M, Greco
FA. Maximizing therapeutic benefit of rituximab: maintenance therapy
versus re-treatment at progression in patients with indolent non-Hodgkin’s lymphoma--a randomized phase II trial of the Minnie Pearl
Cancer Research Network. J Clin Oncol. 2005;23:1088–95.
Forstpointner R, Dreyling M, Repp R, et al; German Low-Grade
Lymphoma Study Group. The addition of rituximab to a combination
of fludarabine, cyclophosphamide, mitoxantrone (FCM) significantly
increases the response rate and prolongs survival as compared
with FCM alone in patients with relapsed and refractory follicular
and mantle cell lymphomas: results of a prospective randomized
study of the German Low-Grade Lymphoma Study Group. Blood.
2004;104:3064–3071.
Salles G, Seymour JF, Offner F, et al. Rituximab maintenance for
2 years in patients with high tumour burden follicular lymphoma
responding to rituximab plus chemotherapy (PRIMA): a phase 3, randomised controlled trial. Lancet. 2011;377:42–51.

Hirt et al

Rituximab Maintenance After first-line Chemoimmunotherapy in Follicular Lymphoma

14. van Oers MH, Klasa R, Marcus RE, et al. Rituximab maintenance
improves clinical outcome of relapsed/resistant follicular non-Hodgkin lymphoma in patients both with and without rituximab during
induction: results of a prospective randomized phase 3 intergroup
trial. Blood. 2006;108:3295–3301.
15. Hochster H, Weller E, Gascoyne RD, et al. Maintenance rituximab after
cyclophosphamide, vincristine, and prednisone prolongs progression-free survival in advanced indolent lymphoma: results of the randomized phase III ECOG1496 Study. J Clin Oncol. 2009;27:1607–14.
16. Vidal L, Gafter-Gvili A, Salles G, et al. Rituximab maintenance
improves overall survival of patients with follicular lymphoma-Individual patient data meta-analysis. Eur J Cancer. 2017;76:216–225.
17. Bachy E, Seymour JF, Feugier P, et al. Sustained progression-free
survival benefit of rituximab maintenance in patients with follicular lymphoma: long-term results of the PRIMA Study. J Clin Oncol.
2019;37:2815–2824.
18. Rummel MJ, Niederle N, Maschmeyer G, et al. Bendamustine
plus rituximab is superior in respect of progression free survival
and CR rate when compared to CHOP plus rituximab as first-line
treatment of patients with advanced follicular, indolent, and mantle cell lymphomas: final results of a randomized phase III study
of the StiL (Study Group Indolent Lymphomas, Germany). Blood.
2020;114:405–405.
19. Brice P, Bastion Y, Lepage E, et al. Comparison in low-tumor-burden follicular lymphomas between an initial no-treatment policy, prednimustine, or interferon alfa: a randomized study from the
Groupe d’Etude des Lymphomes Folliculaires. Groupe d’Etude des
Lymphomes de l’Adulte. J Clin Oncol. 1997;15:1110–1117.
20. Cheson BD, Horning SJ, Coiffier B, et al. Report of an international
workshop to standardize response criteria for non-Hodgkin’s lymphomas. NCI Sponsored International Working Group. J Clin Oncol.
1999;17:1244.
21. Hirt C, Schüler F, Kiefer T, et al. Rapid and sustained clearance of
circulating lymphoma cells after chemotherapy plus rituximab: clinical
significance of quantitative t(14;18) PCR monitoring in advanced stage
follicular lymphoma patients. Br J Haematol. 2008;141:631–640.
22. Federico M, Luminari S, Dondi A, et al. R-CVP versus R-CHOP versus R-FM for the initial treatment of patients with advanced-stage
follicular lymphoma: results of the FOLL05 trial conducted by the
Fondazione Italiana Linfomi. J Clin Oncol. 2013;31:1506–13.
23. Luminari S, Ferrari A, Manni M, et al. Long-term results of the FOLL05
trial comparing R-CVP versus R-CHOP versus R-FM for the initial
treatment of patients with advanced-stage symptomatic follicular
lymphoma. J Clin Oncol. 2018;36:689–696.
24. Rummel MJ, Maschmeyer G, Ganser A, et al. Bendamustine
plus rituximab (B-R) versus CHOP plus rituximab (CHOP-R)
as first-line treatment in patients with indolent lymphomas:

25.
26.

27.
28.
29.

30.
31.

32.
33.
34.
35.
36.

37.
38.
39.

8

nine-year updated results from the StiL NHL1 study. J Clin Oncol.
2017;35(suppl):7501.
Flinn IW, van der Jagt R, Kahl BS, et al. Randomized trial of bendamustine-rituximab or R-CHOP/R-CVP in first-line treatment of indolent NHL or MCL: the BRIGHT study. Blood. 2014;123:2944–52.
Flinn IW, van der Jagt R, Kahl B, et al. First-line treatment of patients
with indolent non-hodgkin lymphoma or mantle-cell lymphoma with
bendamustine plus rituximab versus R-CHOP or R-CVP: results of the
BRIGHT 5-year follow-up study. J Clin Oncol. 2019;37:984–991.
Dreyling M, Ghielmini M, Rule S, et al. Newly diagnosed and relapsed
follicular lymphoma: ESMO clinical practice guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2016;27(suppl 5):v83–v90.
Zelenetz AGLAJ. B-Cell Lymphomas. nccn.org. Accessed November
8, 2020.
Barta SK, Li H, Hochster HS, et al. Randomized phase 3 study in
low-grade lymphoma comparing maintenance anti-CD20 antibody
with observation after induction therapy: a trial of the ECOG-ACRIN
Cancer Research Group (E1496). Cancer. 2016;122:2996–3004.
Sarkozy C, Maurer MJ, Link BK, et al. Cause of death in follicular
lymphoma in the first decade of the rituximab era: a pooled analysis
of french and US Cohorts. J Clin Oncol. 2019;37:144–152.
Casulo C, Byrtek M, Dawson KL, et al. Early relapse of follicular lymphoma after rituximab plus cyclophosphamide, doxorubicin, vincristine,
and prednisone defines patients at high risk for death: an analysis from
the National LymphoCare Study. J Clin Oncol. 2015;33:2516–2522.
Maurer MJ, Bachy E, Ghesquières H, et al. Early event status informs
subsequent outcome in newly diagnosed follicular lymphoma. Am J
Hematol. 2016;91:1096–1101.
Ban-Hoefen M, Vanderplas A, Crosby-Thompson AL, et al.
Transformed non-Hodgkin lymphoma in the rituximab era: analysis of
the NCCN outcomes database. Br J Haematol. 2013;163:487–495.
Jurinovic V, Kridel R, Staiger AM, et al. Clinicogenetic risk models
predict early progression of follicular lymphoma after first-line immunochemotherapy. Blood. 2016;128:1112–1120.
Pott C, Sehn LH, Belada D, et al. MRD response in relapsed/refractory
FL after obinutuzumab plus bendamustine or bendamustine alone in
the GADOLIN trial. Leukemia. 2020;34:522–532.
Galimberti S, Luminari S, Ciabatti E, et al. Minimal residual disease
after conventional treatment significantly impacts on progression-free
survival of patients with follicular lymphoma: the FIL FOLL05 trial. Clin
Cancer Res. 2014;20:6398–6405.
Mehta CR, Patel NR. A network algorithm for performing Fisher exact
test in R X C contingency-tables. J Am Stat Assoc. 1983;78:427–434.
Whitehead J. The Design and Analysis of Sequential Clinical Trials.
Statistics in Practice. Ellis Horwood; 1992.
Whitehead J. Overrunning and underrunning in sequential clinical trials. Control Clin Trials. 1992;13:106–121.

