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Key Points

•Upfront rituximab in ad-
vanced FL resulted in
10-year OS .80% in
responsive patients,
irrespective of mainte-
nance duration.

• At a follow-up of 10
years, one third of
rituximab-responsive
patients did not need
additional treatment
after rituximab
monotherapy.

The Swiss Group for Clinical Cancer Research (SAKK) conducted the SAKK 35/03 randomized

trial (NCT00227695) to investigate different rituximab monotherapy schedules in patients

with follicular lymphoma (FL). Here, we report their long-term treatment outcome. Two-

hundred and seventy FL patients were treated with 4 weekly doses of rituximab

monotherapy (375 mg/m2); 165 of them, achieving at least a partial response, were

randomly assigned to maintenance rituximab (375 mg/m2 every 2 months) on a short-term

(4 administrations; n 5 82) or a long-term (up to a maximum of 5 years; n 5 83) schedule.

The primary end pointwas event-free survival (EFS). At amedian follow-up period of 10 years,

median EFS was 3.4 years (95% confidence interval [CI], 2.1-5.5) in the short-term arm and

5.3 years (95% CI, 3.5-7.5) in the long-term arm. Using the prespecified log-rank test, this

difference is not statistically significant (P 5 .39). There also was not a statistically

significant difference in progression-free survival or overall survival (OS). Median OS was

11.0 years (95% CI, 11.0-NA) in the short-term arm and was not reached in the long-term

arm (P 5 .80). The incidence of second cancers was similar in the 2 arms (9 patients after

short-term maintenance and 10 patients after long-term maintenance). No major late

toxicities emerged. No significant benefit of prolonged maintenance became evident with

longer follow-up. Notably, in symptomatic patients in need of immediate treatment, the

10-year OS rate was 83% (95% CI, 73-89%). These findings indicate that single-agent

rituximab may be a valid first-line option for symptomatic patients with advanced FL.

Introduction

Follicular lymphoma (FL) is the most common indolent non-Hodgkin lymphoma (NHL), accounting for
;35% of NHL cases.1 Although the past 2 decades have seen important progress in the treatment of
FL, it continues to be considered a usually incurable disease. Progression of disease within 24 months of
chemoimmunotherapy (POD24) has been associated with particularly poor survival.2 Clinical studies
developed and conducted by the Swiss Group for Clinical Cancer Research (SAKK) and the Nordic
Lymphoma Group (NLG) demonstrated that rituximab monotherapy can produce durable remissions in
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a substantial subset of FL patients, with overall survival (OS)
similar to that achieved with immunochemotherapy but with less
toxicity,3-8 providing a rationale for further development of front-line
chemotherapy-free treatment strategies.9 Because the expected
survival of FL patients is continuously improving, the long-term
safety of treatment is becoming increasingly important, and there
is a strong interest in developing therapeutic alternatives that may
limit or delay cytotoxic exposure with its potentially serious late
toxicity.10 The SAKK 35/03 trial, designed to better define the
optimal duration of rituximab monotherapy, investigated 2 sched-
ules of maintenance in patients with FL: patients achieving at least
a partial response after 4 weekly doses of rituximab were randomly
assigned to receive maintenance rituximab every 2 months on
a short schedule (4 administrations) or on a prolonged schedule (up
to 5 years). The trial, which recruited 270 patients with untreated
and relapsed FL across 7 countries, did not meet its primary end
point, because no statistically significant difference was shown in
event-free survival (EFS) between the treatment arms.5 Here, we
report a post hoc analysis of the trial with long-term results after
a median follow-up of 10 years.

Patients and methods

Study design and treatment analysis

Patients with untreated, relapsed/progressed, stable, or chemotherapy-
resistant histology-proven grades 1, 2, 3a, or 3b FL judged to be in
need of therapy were included in this trial. For those previously
treated with rituximab or radiolabeled anti-CD20 antibody,
$12 months must have elapsed from the last administration.
Patients were required to have a performance status #2, to be
$18 years of age, HIV-negative, and free from serious underlying
medical conditions that could impair their ability to participate in
the trial. The presence of prior or concurrent malignancies, the
transformation to high-grade lymphoma, and evidence of central
nervous system involvement were considered exclusion criteria.
Patients were registered and treated in 26 centers in 7 countries,
and the trial was approved by the ethics committees of each
participating institution and conducted in accordance with the
Declaration of Helsinki. All patients provided written informed
consent before registration.

Details of the study design have been published.5 In brief, patients
achieving a partial response or a complete response (CR) after
4 weekly administrations of single-agent rituximab (375 mg/m2

per week) were randomly assigned in a 1:1 ratio to short rituximab
maintenance (4 additional 375 mg/m2 courses given IV every
2 months) or to prolonged maintenance (375 mg/m2, every 2 months
for a maximum of 5 years or until relapse, progression, or unaccept-
able toxicity).

Statistical analysis

The primary end point was EFS. Progression-free survival (PFS),
OS, and toxicity were secondary end points. EFS was defined as
the time from randomization until progressive disease (PD) or
relapse, unacceptable toxicity, death from any cause, initiation
of nonprotocol anticancer treatment, or secondary malignancy.
PFS was defined as the time from randomization to relapse/
progression or death from any cause. Patients not experiencing
events were censored at the last known time that they were alive
without PD or relapse. All randomly assigned patients were

included in the analyses on an intent-to-treat basis. POD24 was
defined according to the LymphoCare Study,2 excluding from
the analysis the patients who, within 24 months from treatment
start, died without PD or who were lost to follow-up without
progression. Comparison of categorical data between the study
arms was performed using Pearson’s x2 test or Fisher’s exact
test, as appropriate. Survival curves were estimated with the
Kaplan-Meier method, and treatment arms were compared using
the log-rank test.11 The assumption of proportional hazard was
checked by using the Grambsch-Therneau test.12 Kaplan-Meier
estimates of survival probabilities at 10 years were compared
using a 2-sample test for survival curves at a fixed point in time.13

Cox proportional-hazard models were used for the estimation of
hazard ratios (HRs) with their 95% confidence interval (CI), as well
as to investigate the potential effects of stratification factors. All
statistical analyses were performed using SAS 9.4 software.

Results

Patient characteristics

Between August 2004 and September 2007, 270 patients were
included in the trial, and 165 were randomly assigned to short-term
(n5 82) or long-term (n5 83) maintenance. One hundred and five
patients were not randomized because of PD/relapse (n 5 17),
stable disease (n 5 75), toxicity (n 5 2), refusal (n 5 1), or other
causes (n 5 10). The characteristics of the patients were reported
in detail.5 The 2 groups were well balanced, with the exception of
elevated lactate dehydrogenase and extranodal disease, which
were more frequent in the long-term maintenance arm. The median
age was 55 years (range, 25-82), with a slight prevalence of females
(62%). Bulky disease (.5 cm) was present in 27% of patients,
and 15% had grade 3 FL. Almost 70% of the randomized patients
had intermediate-risk or high-risk disease according to the Follic-
ular Lymphoma International Prognostic Index. Seventy percent
of patients were untreated at the time of study enrollment, and
10% of patients previously received anti-CD20 therapy. Table 1
summarizes the main clinicopathological features of the randomized
patients.

Table 1. Baseline demographics and clinical characteristics

Variable Short maintenance Long maintenance Total

No. of randomized patients 82 83 165

Median age (range), y 55 (34-81) 57 (25-81) 55 (25-81)

Males 37 (45) 26 (31) 63 (38)

Stage III-IV disease 63 (77) 66 (80) 129 (79)

Histologic grade 3 5 (6) 8 (10) 13 (9)

Therapy naive 58 (71) 59 (71) 117 (71)

FLIPI high risk 20 (25) 27 (33) 47 (28)

B symptoms 14 (17) 12 (14) 26 (16)

Nodal areas .4 45 (55) 49 (60) 94 (57)

Extranodal involvement 18 (22) 37 (45) 55 (33%)

Elevated LDH 6 (7) 19 (23) 25 (15)

Bulky lesion .5 cm 22 (27) 23 (28) 45 (27)

Unless otherwise noted, data are n (%).
FLIPI, Follicular Lymphoma International Prognostic Index; LDH, lactate dehydrogenase.
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Outcome

The response rates to induction therapy were published previously
and remained unchanged (overall response rate, 63%).5 Two
patients in the short-term maintenance arm discontinued the
treatment because of PD, and 37 patients in the long-term
maintenance arm discontinued treatment primarily as a result of
PD/relapse (n 5 26) or unacceptable toxicity (n 5 3).

At a median follow-up of 10 years, 107 events were recorded: 54
(65.9%) in the short-term maintenance arm, and 53 (63.9%) in the
long-term maintenance arm. Table 2 describes the events accord-
ing to the treatment arm.

Figure 1 displays the Kaplan-Meier curves for EFS, PFS, and OS for
each treatment arm. Despite the apparent crossing of the curves, no
indication of nonproportional hazards was found for the analyzed
time-to-event end points (P 5 .295 for EFS, P 5 .614 for PFS, and
P 5 .964 for OS, Grambsch-Therneau test).

Median EFS was 3.4 years (95% CI, 2.1-5.5) in the short-duration
arm and 5.3 years (95% CI, 3.5-7.5) in the long-duration arm. Using
the prespecified log-rank test, this difference is not statistically
significant (P 5 .385; Table 3). Although in a multivariable Cox
proportional-hazards model including the 146 patients still at risk
after 8 months from randomization (time point corresponding to the
treatment difference between the 2 arms), only the duration of
maintenance maintained a significant effect on EFS (HR, 0.62; 95%
CI, 0.40-0.94; P 5 .024) after controlling for prior treatment and
bulky disease. When the same analysis was performed for all 165
patients, the impact of treatment duration on EFS was no longer
significant (HR, 0.83; 95% CI, 0.57-1.22; P 5 .340).

Median PFS was 3.5 years (95% CI, 2.1-6.6) in the short-duration
arm and 7.4 years (95% CI, 5.5-9.5) in the long-duration arm, but
the difference was not statistically significant (P 5 .189, log-rank
test; Table 3).

OS at 10 years in the entire study cohort was 78% (95% CI, 71-
84): 78% (95% CI, 66-86) in the short-maintenance arm and 79%
(95% CI, 68-87) in the long-maintenance arm. Median OS with
short maintenance was 11.0 years (95% CI, 11.0 to not assess-
able) and was not reached in the long-maintenance arm, with no
statistically significant difference (P 5 .797, log-rank test; Table 3).

No impact of maintenance duration on time-related end points was
evident between the study arms when the analysis was limited to the

117 patients who had no prior systemic treatment. In particular,
median EFS, PFS, and OS of 97 treatment-naive patients with $1
of the clinical characteristics that generally define the need for
active therapy (ie, bulky nodal masses, presence of B symptoms or
cytopenias) were 5.1 years (95% CI, 3.1-7.4), 7.4 years (95% CI,
4.6 to not assessable), and 11.0 years (95% CI, not assessable),
respectively, with no significant difference between arms (Figure 2).
For patients responding after 4 weekly administrations of single-
agent rituximab, 10-year survival was .80% in both arms, and
more than one third of the patients did not require any further

Table 2. Events for EFS analysis in the intent-to-treat population

Short maintenance

(n 5 82)

Long maintenance

(n 5 83)

Events 54 (65.9) 53 (63.9)

Censored 28 (34.1) 30 (36.1)

Type of event

Death 3 (5.6) 4 (7.6)

Disease progression or relapse 47 (87.0) 35 (66.0)

Secondary malignancy 4 (7.4) 7 (13.2)

Unacceptable toxicity 0 (0) 6 (11.3)

Initiation of nonprotocol anticancer
treatment

0 (0) 1 (1.9)

Data are n (%).
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Figure 1. Kaplan-Meier estimates by maintenance duration in the intent-to-

treat population. EFS (A), PFS (B), and OS (C).
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treatment after front-line rituximab (Table 3). In this subset of 97
symptomatic patients needing upfront therapy, the 10-year survival
of 14 (15%) patients with POD24 was lower than in patients
without POD24, although the difference was not significant
(68.4%; 95% CI, 35.9-86.8 vs 85.6%; 95% CI, 75.5-91.8), and
median OS was not reached.

For the 48 patients previously treated for FL, median EFS and PFS
were 2.6 and 3.0 years, respectively, whereas median OS was not
reached.

Safety

As reported previously,5 a higher proportion of patients in the
prolonged-maintenance arm experienced serious adverse events,
most commonly infections. Table 4 summarizes the main adverse
events of randomized patients.

Despite the fact that the number of patients with low immunoglob-
ulin G levels in the follow-up phase was significantly higher in the
prolonged maintenance arm, there was no evidence of a significant
correlation between low immunoglobulin G levels and/or B-cell
depletion and grade 3-4 infections.

After a median follow-up of 10 years, 33 deaths were reported:
17 in the short-maintenance arm and 16 in the long-maintenance
arm. The leading cause of death was lymphoma (12 and 9 patients
in the short- and long-maintenance arms, respectively). The inci-
dence of subsequent cancers increased in both arms over
time; 9 patients were reported to develop cancer in the short-
maintenance arm, including 3 cases with reported histological
transformation (2 to classical Hodgkin lymphoma and 1 to diffuse
large B-cell lymphoma), and 10 patients developed cancer in the
long-maintenance arm. There was no major additional toxicity with
longer follow-up.

Discussion

This long-term evaluation of the SAKK 35/03 trial provides
important clinical information. Protracted exposure to rituximab
was well tolerated and was not associated with unexpected
toxicity. However, with a longer follow-up of 10 years, this study
failed to demonstrate any advantage for prolonged maintenance
in terms of EFS, PFS, or OS. This may be explained by the limited

number of patients per arm; however, it should be noted that
the significant benefit previously reported for PFS5 was no
longer evident with prolonged follow-up. Nevertheless, more
than one third of advanced FL patients responding to frontline
rituximab monotherapy did not require further therapy and
had a 10-year survival .80%, irrespective of maintenance
duration.

The optimal duration of rituximab administration has not been
completely clarified by the different clinical trials conducted over
the last 20 years. Based on the results of this study, maintenance
rituximab given every 2 months for 8 months (the short-term
schedule) has been accepted as a front-line approach in most
Swiss institutions. However, for patients treated with rituximab
in association with chemotherapy, clinicians, in general, admin-
ister maintenance rituximab every 2 months for a total of 2 years
based on the results of other studies (eg, the PRIMA or the
GALLIUM trial).14,15 In this setting, maintenance therapy exceed-
ing 2 years has also been associated with increased toxicity,
in particular toward the end of maintenance,16 and it is currently
not recommended. Several trials reported a higher rate of
mortality not related to lymphoma, in particular in patients re-
ceiving maintenance after bendamustine-based combinations.15,17

The main cause of mortality in these patients was Pneumocystis
jirovecii pneumonia; for that reason, it is recommended to
administer long-term prophylaxis with trimethoprim-sulfamethoxazole
or an alternative drug. Finally, prolonged rituximab administration
may have an impact on the cost of medical care. For the present
trial, we estimate an average total cost of 50 000 USD and
220 000 USD for the short-term and long-term schedules,
respectively.

With our trial, we confirmed the results of the previous SAKK 35/98
trial4 indicating that a substantial proportion of patients with FL
treated with 8 courses of front-line rituximab can have a favorable
outcome.With a median follow-up of 10 years, more than one third of
patients responding after 4 weekly administrations of single-agent
rituximab and treated with either the short-term or the long-term
schedule did not experience any events (ie, relapse, progression,
death). Notably, the favorable outcomes and the lack of benefit from
prolonged maintenance were also evident in the subset of patients
with symptomatic advanced disease, even though there was no

Table 3. Long-term survival estimates in the intent-to-treat population

End point

Treatment-naive patients in need of therapy Randomized patients

All (N 5 97)

Short maintenance

(n 5 46)

Long maintenance

(n 5 51) P* All (N 5 165)

Short maintenance

(n 5 82)

Long maintenance

(n 5 83) P*

EFS

Median (95% CI), y 5.1 (3.1-7.4) 5.5 (2.1-9.8) 5.0 (2.6-NA) .924 4.3 (3.1-5.6) 3.4 (2.1-5.5) 5.3 (3.5-7.5) .385

10-y (95% CI), % 36.3 (26.2-46.5) 34.2 (19.1-49.9) 38.8 (25.5-51.9) .608 31.5 (24.1-39.1) 27.8 (17.6-39.0) 34.9 (24.6-45.3) .364

PFS

Median (95% CI), y 7.4 (4.6-NA) 6.6 (2.1-NA) 7.4 (4.0-NA) .739 5.9 (3.6-7.6) 3.5 (2.1-6.6) 7.4 (5.5-9.5) .189

10-y (95% CI), % 42.5.0 (31.4-53.3) 43.9 (27.2-59.3) 42.0 (27.2-56.1) .869 36.0 (27.9-44.1) 34.8 (23.5-46.3) 37.8 (26.6-48.9) .716

OS

Median (95% CI), y 11.0 (NA) 11.0 (NA) Not reached (NA) .521 11.0 (11.0-NA) 11.0 (11.0-NA) Not reached (NA) .797

10-y (95% CI), % 83.2 (73.6-89.5) 80.7 (65.0-89.9) 85.3 (71.6-92.7) .567 78.4 (70.7-84.3) 77.9 (66.3-85.9) 79.0 (67.9-86.7) .867

NA, not assessable.
*Log-rank test and 2-sample test for survival curves at a fixed point in time (see "Patients and methods").
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definition of need for therapy in the protocol. Indeed, when limiting
survival analysis to patients presumed to need treatment, 10-year OS
exceeded 80%. These results are in keeping with the 78% of patients
alive at 10 years from diagnosis in a recent pooled analysis6 of 2
randomized NLG trials of upfront rituximab monotherapy, with or
without interferon, in symptomatic FL.7,8

Even though a direct comparison with the outcome of patients
treated with front-line immunochemotherapy will be misleading
because of the diversity of the studied population, the long-term
results of the 35/03 SAKK trial confirmed once again that single-
agent rituximab is effective, well tolerated, and led to long-term
remission and prolonged failure-free survival in a substantial portion
of patients. Moreover, for patients responding to the induction
therapy, upfront treatment with rituximab alone does not appear to
hamper the chances of favorable long-term outcomes, because
10-year OS for patients was excellent and comparable to the one
reported in the rituximab-chemotherapy trials (Table 5)18-24

without major safety issues. Our results provide further evidence
supporting that single-agent rituximab may also be considered
a first-line therapeutic option for patients with advanced symp-
tomatic disease, not only for those with low tumor burden.25,26

Our results are also in line with the above mentioned NLG
findings6 and indicate that chemotherapy can be safely delayed in
the majority of patients.

As stated in our previous report,5 this trial has some limitations;
patients were enrolled at the discretion of the treating physician,
without a precise definition of need for therapy in the protocol, and
the study population is heterogeneous, including untreated and
pretreated patients. Detailed information regarding subsequent
therapies after progression/relapse was not prospectively collected
and neither was the proportion of patients showing histological
transformation.

In conclusion, prolonged maintenance was associated with increased
toxicity and did not lead to a significant improvement in the outcome.
Unlike in the primary trial report,5 at a median follow-up of 10 years, we
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Figure 2. Kaplan-Meier estimates by maintenance duration in the group of

patients in need of therapy receiving rituximab alone as front-line

treatment. EFS (A), PFS (B), and OS (C).

Table 4. Adverse events according to treatment arm

Variable

Short maintenance

(n 5 82)

Long maintenance

(n 5 83)

All grades Grade 3 or 4 All grades Grade 3 or 4

$1 AE 41 (50.0) 1 (1.2) 63 (75.9) 14 (16.9)

Hematologic AEs

Neutropenia — — — 1 (1.2)

Nonhematologic AEs

Infection 17 1 (1.2) 59 (71.1) 4 (4.8)

Cardiac arrhythmia — — 3 (3.6) —

Hypertension — — 1 (1.2) 1 (1.2)

Constitutional symptoms 17 (20.7) — 49 (59.0) —

Skin rash 5 (6.1) — 29 (34.9) 2 (2.4)

Gastrointestinal symptoms 10 (12.2) — 49 (59.0) 1 (1.2)

Hemorrhage 1 (1.2) 9 (10.8) —

Hepatobiliary/pancreas — — 2 (2.4) —

Edema 3 (3.7) — 7 (8.4) —

Musculoskeletal — — 11 (13.3) —

Neurological symptoms 4 (4.9) — 22 (26.5) 5 (6.0)

Ocular 2 (2.4) — 4 (4.8) —

Pain 27 — 78 (94.0) 1 (1.2)

Renal/genitourinary 2 (2.4) — 7 (8.4) —

All data are n (%).
AE, adverse event; —, no adverse events.
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no longer found an indication of nonproportional hazards in
EFS, despite the apparent crossing of the curves. Moreover,
the observed difference in PFS also has become statistically
insignificant. Nevertheless, the OS observed in this trial supports
the use of a front-line chemotherapy-free approach as an alterna-
tive to standard immunochemotherapy for a substantial portion
of patients. Rituximab monotherapy (at the standard dose of
375 mg/m2, given $8 times) may still represent an appropriate
benchmark upon which to build future clinical trials exploring
chemotherapy-free alternatives in FL.
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Table 5. Long-term survival rates in the present study compared with those reported with immunochemotherapy regimens

Reference Study ClinicalTrials.gov identifier Regimen N 10-y OS (95% CI), %

Present study SAKK 35/03 NCT00227695 43 R weekly 1 short R maintenance 82 77.9 (66.3-85.9)

43 R weekly 1 long R maintenance 83 79.0 (67.9-86.7)

Morschhauser et al, 201321 FIT NCT00185393 Chemotherapy 6 R* 202 81 (NR) at 8 y

Chemotherapy 6 R* 190Y-ibritumomab 207 84 (NR) at 8 y

Bachy et al, 201318 FL2000 NCT00136552 CHVP 1 interferon 183 69.8 (63.1-76.6) at 8 y

R-CHVP 1 interferon 175 78.6 (72.5-84.7) at 8 y

Rummel et al, 201723 StiL NHL1 NCT00991211 R-bendamustine 261 71 (NR)

R-CHOP 253 66 (NR)

Nastoupil et al, 201722 MDACC NCT00577993 FND, followed by R and IFN 78 76 (67-86)

R-FND followed by IFN 80 73 (64-84)

Luminari et al, 201820 FOLL05 NCT00774826 R-CVP 178 85 (77-91) at 8 y

R-CHOP 178 83 (75-89) at 8 y

R-FM 178 79 (71-85) at 8 y

Shadman et al, 201824 SWOG-S0016 NCT00006721 R-CHOP 267 81 (75.9-85.4)

CHOP 1 131I-tositumomab 264 75 (69.3-80.2)

Bachy et al, 201919 PRIMA NCT00140582 R-CHOP/R-CVP/R-FCM 513 79.9 (NR)

R-CHOP/R-CVP/R-FCM 1 R maintenance 505 80.1 (NR)

CHOP, cyclophosphamide, doxorubicin hydrochloride (hydroxydaunorubicin), vincristine, and prednisolone; CHVP, cyclophosphamide, doxorubicin hydrochloride (hydroxydaunorubicin),
etoposide, and prednisolone; CVP, cyclophosphamide, vincristine, and prednisone; IFN, interferon; NR, not reported; R, rituximab; R-FCM, rituximab, fludarabine, cyclophosphamide, and
mitoxantrone; R-FM, rituximab, fludarabine, and mitoxantrone; R-FND, rituximab, fludarabine, mitoxantrone, and dexamethasone; 6, with or without.
*First-line therapy with chlorambucil, CVP, CHOP, CHOP-like, fludarabine combinations, with or without rituximab.
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