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ORIGINAL ARTICLE
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in patients with newly diagnosed follicular lymphoma responding to
R-CHOP. Long-term follow-up results
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ABSTRACT
This is a randomized phase-2 trial aimed to compare consolidation vs. maintenance in untreated
patients with follicular lymphoma (FL) responding to induction. 146 patients were enrolled from
25 Spanish institutions (ZAR2007; ClinicalTrials.gov #NCT00662948). Patients in PR or CR/CR[u] after
R-CHOP were randomized 1:1 to 90Y-ibritumomab-tiuxetan 0.4mCi/kg (arm A) vs. rituximab
375mg/m2 every 8weeks for 2 years (arm B). After a median follow-up of 10.55 years, 53 patients
eventually progressed with a 10-year PFS of 50% vs. 56% for patients in arm A and B, respectively
(HR ¼ 1.42; p> 0.1). No significant differences were seen in OS (10-year OS 78% vs. 84.5%; HR ¼
1.39, p> .1). Patients receiving 90Y-ibritumomab-tiuxetan showed higher incidence of second neo-
plasms than those in arm B (10-year cumulative incidence 18.5 vs. 2%, respectively; p¼ .038). In
conclusion, in FL patients responding to R-CHOP, no significant differences were found between
consolidation and maintenance, although with higher late toxicity for consolidation.
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Introduction

Follicular lymphoma (FL) is the most common indolent
lymphoma in Western countries, representing about
one-fourth of all lymphomas. Patients with FL usually
respond to front line treatments and can survive for
many years [1,2], however, the disease typically show
repeated relapses, needing recurrent therapies. For
patients needing treatment, immunochemotherapy is
currently the standard of care [3]. Which regimen is

the best partner for rituximab is still a matter of
debate. Once partial (PR) or complete response (CR) is
achieved, next aim is to improve and prolong
response. Maintenance with different drugs, consolida-
tion with radio-immunotherapy or intensification with
high-dose chemotherapy have been assayed in differ-
ent studies [4–6]. Given its efficacy, its pharmacokinet-
ics and safety profile, maintenance with rituximab has
been used in several combinations with excellent
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tolerance in FL patients either in first line or at relapse
[4,7–9]. The PRIMA trial demonstrated that mainten-
ance with rituximab significantly prolongs progression-
free survival (PFS) in patients responding to immuno-
chemotherapy [10–11]. After these data, this approach
became the gold standard in many countries; despite
no improvement in overall survival (OS) has been
never demonstrated [3,10,11]. More recently, obinutu-
zumab, a new third-generation anti-CD20 monoclonal
antibody, have demonstrated superiority to rituximab
in combination with chemotherapy and has become
another standard of care for these patients [12]. Other
possibility to extend the duration of response is the
so-called ‘consolidation’ after induction by means of
radioimmunotherapy (90Y ibritumomab tiuxetan) that
also demonstrated prolongation of PFS when com-
pared against observation [5,13]. The main objection
to the original study [5] was that de majority of
patients had not previously received immunochemo-
therapy at induction.

In this setting, in 2008, before the publication of
PRIMA trial [10] and other papers on 90Y ibritumomab
tiuxetan [14–15], the Spanish Intergroup of Lymphoma
designed and promoted a randomized phase 2 trial, in
order to compare two not yet registered approaches,
consolidation vs. maintenance, in patients with FL
responding to R-CHOP. The aim of the current manuscript
is to communicate the results with mature data with
more than ten years of follow-up after randomization.

Patients and methods

Study design and treatment

ZAR-2007 was an open label, multicenter, randomized
phase 2 trial designed to study the role of further
therapy after initial response, comparing consolidation
with 90Y ibritumomab tiuxetan versus maintenance
with rituximab in patients with FL responding to R-
CHOP regimen. The primary endpoint of the study
was PFS from the time of randomization.

Patients were eligible for induction if they were
between 18 and 75 years of age, and had FL grade 1,
2 or 3 A, diagnosed by a tissue biopsy performed
within 4months before registration, in Ann Arbor
stages II, III or IV. Eligibility also included the presence
of at least one criterion indicating the need of
treatment (see Supplementary material). Key exclusion
criteria included grade 3B FL or transformation to
high-grade lymphoma, poor performance status and
inadequate hematologic or biochemistry functions,
unless secondary to the lymphoma.

Initial staging procedures included physical exam,
WBC counts and serum biochemistry, including LDH
and b2m, computed tomography (CT) scans of the
chest, abdomen and pelvis, and unilateral bone mar-
row biopsy.

During the induction phase, patients received the
standard R-CHOP regimen, which consisted of rituxi-
mab 375mg/m2 on day 1, cyclophosphamide 750mg/
m2 on day 1, vincristine 1.4mg/m2 [capped at 2mg]
on day 1, doxorubicin 50mg/m2 on day 1, and pred-
nisone 60mg/m2 on days 1–5, every cycle repeated at
a 3-week interval for 6 cycles.

Response to induction was evaluated between 4 and
6weeks after the last induction cycle. Patients who
reached CR, unconfirmed CR (CRu) or PR were eligible
for randomization to either consolidation or mainten-
ance. At that point, as additional inclusion criteria,
patients were required to have received at least 4 cycles
of R-CHOP. In addition, patients required no contraindi-
cation for 90Y ibritumomab tiuxetan administration,
namely, platelet count �150� 109/L and bone marrow
infiltration inferior to 25%. An amendment was carried
out in October 2008 for safety reasons, incorporating a
new requirement of neutrophil count �1.5� 109/L
before randomization. Finally, serious induction treat-
ment-related toxicity also precluded eligibility.

Patients were randomized in a 1:1 ratio to consoli-
dation with 90Y-ibritumomab tiuxetan (arm A) or main-
tenance with rituximab (arm B). Patients in arm A
received rituximab 250mg/m2 intravenously on days
�7 and 0, followed on day 0 by a single infusion of
90Y-ibritumomab 14.8 MBq/kg (0.4mCi/kg), not
exceeding a total dose of 1,184 MBq (32mCi). Patients
in arm B received 12 infusions of 375mg/m2 of rituxi-
mab, administered intravenously every 8weeks. Both
consolidation and maintenance started within
60–90 days after the last dose of rituximab in the
induction period. Randomization was stratified for
response to induction treatment (CR/CRu, PR).

Patients were evaluated in both arms by clinical
exam every 8weeks and CT scans every 6months dur-
ing the 2-year maintenance phase of the study. At the
end of the maintenance phase, a new bone marrow
biopsy was performed unless the initial one was nega-
tive. Follow-up assessments included clinical evalu-
ation every 3months and CT scans every 6months for
an additional 3-year period.

Study management

Fundaci�on PETHEMA acted as a sponsor of the study
on behalf of the participating cooperative groups,
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namely, PETHEMA, GELTAMO, GELCAB and GLIMCE. The
trial was approved by local and/or regional ethics com-
mittees as well as the Agencia Espa~nola del
Medicamento according to the Spanish law, and the
study was conducted in accordance with the
Declaration of Helsinki. Written informed consent of
each patient was required prior to registration. The
study was registered at clinicaltrials.gov (NCT00662948).

Statistical analyses

The primary endpoint of the study was PFS from ran-
domization to either consolidation with 90Y ibritumo-
mab tiuxetan or maintenance for two years with
rituximab. The design was of a randomized phase 2
trial, using the method of Fleming for phase 2 trials
and the method of Simon for randomized phase 2 tri-
als [16–17]. To demonstrate a 15% increase in 5-year
PFS (H0: p� 60% and H1: p� 75%, with a power of
80% and an overall two-sided type I error of 5% using
a two-sided long-rank test, a sample for randomization
of 122 valid patients (61 per arm) was estimated.
Patients lost (due to not reach PR/CR or other circum-
stances) were estimated in 20%. A total sample size of
146 was calculated. In addition to the phase 2 consid-
erations, with a rate of initial PFS of 60%, a sample of
32 patients per treatment group (total 64 patients)
would be sufficient to identify the most effective treat-
ment regimen with a chance of 90%. Therefore, the
sample size of 122 patients would be sufficient to
identify the most effective treatment regimen, pro-
vided that the difference in PFS rate of treatment
was �15%.

Secondary endpoints were CR rate at the end of
maintenance period, event-free survival (EFS), time to
next treatment (TTNT), OS, as well as safety, toxicity
and quality of life.

Evaluation of response and progression or relapse
was performed according to international standard cri-
teria [18]. All efficacy analyses were performed in the
intent-to-treat population. Safety during maintenance
was evaluated for patients who performed at least
one visit after randomization.

Results

Patient characteristics

From June 2008 to July 2010, 146 patients (66M/80F;
median age 55 years) were registered in 25 centers.
After the induction therapy, 20 patients were not
randomized for different reasons: incomplete induc-
tion treatment or response less than PR (n¼ 8), low

platelet or neutrophil counts (n¼ 5), bone marrow
infiltration after induction >25% (n¼ 2), patient deci-
sion (n¼ 2), and other causes (n¼ 3). Therefore, 126
patients (57 in PR, 69 in CR/CRu) were finally random-
ized to either consolidation with 90Y ibritumomab tiux-
etan (n¼ 64) or maintenance with rituximab (n¼ 62).
Initial characteristics and response to treatment were
well balanced between the two study arms as listed in
Supplementary table 1. In Figure 1, the CONSORT dia-
gram with the patient disposition is shown.

All the patients randomized received 100% of the
planned doses of rituximab during the induction
phase. No reduction in 90Y ibritumomab tiuxetan dose
was required; the median administered dose was 1050
MBq (range, 733–1184 MBq). No reduction in the
planned doses of rituximab maintenance was done.

Primary endpoint: PFS

Current analysis includes data with a median follow-
up from randomization of 10.55 years (range
2.13–12.56 years) for surviving patients, with a cutoff
date on June 15th, 2021. Fifty-three patients experi-
enced progression, 31 in the 90Y ibritumomab tiuxetan
arm and 22 in the rituximab arm. In addition, 3
patients from the rituximab arm died due to unrelated
causes at 4.4, 5.5 and 6.8 years from randomization
(Crohn disease, myocardial infarction and cerebral
stroke, respectively) while being in response to the
lymphoma. Ten-year PFS of the whole series was 53%
(95% confidence interval [CI] 43–63%), namely 50%
(95%CI 38–62%) in the 90Y ibritumomab tiuxetan arm,
and 56% (95%CI 43–69%) in the rituximab arm (hazard
ratio [HR] 1.42; p¼ .19) (Figure 2(A)). Variables predict-
ing poor PFS in the univariate analysis were male sex,
bone marrow involvement, and PR status after induc-
tion (p� .05 in all cases). Pre-planned subgroup ana-
lysis only included response to induction treatment.
No significant differences in terms of PFS were
observed in either CR or PR patients after R-CHOP.
Finally, in a multivariate analysis, the treatment arm
(90Y ibritumomab tiuxetan vs. rituximab) did not show
prognostic importance for PFS either, with only sex
(male vs. female; HR 2.7; p¼ .002) and bone marrow
status (involved vs. non-involved) (HR 1.79; p¼ .04)
maintaining significant value for PFS in the final model
with 124 cases.

Secondary endpoints

At the end of maintenance phase, 42 of 64 evaluated
patients (66%) were in CR in the 90Y ibritumomab
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tiuxetan arm and 50 of 62 (81%) in the rituximab arm
(p¼ .057). In Table 1 the status at the end of the
maintenance phase is shown according to the

response to induction and the therapeutic arm.
Patients in PR after induction receiving rituximab (arm
B) showed a trend for higher rate of conversion to CR

Figure 1. CONSORT diagram for the ZAR2007 trial.

Figure 2. A. Kaplan–Meier estimates of progression-free survival (PFS) with 90Y ibritumomab tiuxetan (arm A) vs. rituximab main-
tenance (arm B). B. Kaplan–Meier estimates of overall survival.
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(67% vs. 40%; p¼ .06) and lower risk of progression
(11 vs. 40%; p¼ .01) during the maintenance period.

Ten-year EFS was 52% (95% CI: 45–65%), with 10-
year EFS of 48% (95%CI: 35–61) vs. 56% (95%CI:
43–69%) for arms A and B, respectively. In addition, 50
patients needed further therapy after relapse, with a
10-year TTNT of 58% (95%CI: 48–68%) in the whole
series, and with a 10-year TTNT of 53% (95%CI:
41–65%) vs. 63% (95%CI: 51–75%) for arms A and B,
respectively. Seven patients (4 in arm A; 3 in arm B)
developed histological transformation to diffuse large
B-cell lymphoma.

After a median follow-up of 10.55 years, 22 patients
had died, with a 10-year OS of 81% (95% CI: 74–88%),
including 13 cases in arm A and 9 in arm B. The
causes of death were apparently unrelated to FL in 6
cases (myocardial infarction 2, vascular dementia, cere-
bral stroke, complications of a Crohn disease, and
COVID-19 infection, 1 each), and related in 16 (pro-
gression 11, secondary neoplasms 3, complications of
allogeneic stem cell transplant 2). Ten-year OS for
patients receiving 90Y ibritumomab tiuxetan and rituxi-
mab was 78% (95%CI: 67–89%) vs. 84.5% (95%CI:
74–95%), respectively (HR 1.39, p> .1) (Figure 2(B)).

Safety

Toxicity during the induction period with R-CHOP regi-
men was expected (data not shown). Among the 126
patients evaluated for safety after randomization, dur-
ing the maintenance phase adverse events were
reported in 48 and 52 for arms A and B, respectively,
including serious adverse events in 16 (25%) and 25
(26%) patients, respectively. Main grades 3–4 adverse
events are listed in Table 2. Of note, all the hemato-
logical toxicities observed in the 90Y ibritumomab tiux-
etan arm occurred within 3months from
randomization. In Supplementary figure S1, WBC and
platelet counts along the maintenance period are
shown by randomization arm. No patient withdrew for
toxicity-related reasons during the maintenance period

in the 90Y ibritumomab tiuxetan arm, whereas in the
rituximab arm, two patients prematurely stopped rit-
uximab infusions. No death was reported related to
toxicity of treatment.

Regarding late adverse events, eleven second neo-
plasms were diagnosed during the follow up: nine in
the 90Y ibritumomab tiuxetan arm and two in the rit-
uximab arm (14% vs. 3%; p¼ .054) as detailed in
Table 2. In actuarial terms, 10-year cumulative inci-
dence of second neoplasm were 18.5 (95%CI:
7.5–29.5%) vs. 2% (95% CI: 0–6%), respectively
(p¼ .036) (Figure 3). Patients in arm A more frequently
showed hematological malignancies, including

Table 1. Status of the 126 randomized patients at the end of
the maintenance phase according to the response to induc-
tion and the treatment arm (A – 90Y ibritumomab tiuxetan; B
– Rituximab).

CR PR
Relapse/

progression

Patients in CR after R-CHOP
Arm A (N¼ 34) 30 (88%) – 4 (12%)
Arm B (N¼ 35) 32 (91%) – 3 (9%)

Patients in PR after R-CHOP
Arm A (N¼ 30) 12 (40%) 6 (20%) 12 (40%)
Arm B (N¼ 27) 18 (67%)� 6 (22%) 3 (11%)��

�p¼ .06 (vs. arm A); ��p¼ .01 (vs. arm A).

Table 2. Grades 3–4 adverse events by randomization arm in
126 patients assessable for safety.

90Y ibritumomab
tiuxetan
N¼ 64

Rituximab
N¼ 62

Any grade 3–4 adverse event 16 (25%) 16 (26%)
Neutropenia 6 (9%) 2 (3%)
Thrombocytopenia 5 (8%) 0 (0%)�
Infectious complications 1 (2%) 8 (13%)��
Febrile neutropenia 0 1
Pneumonia 1 3
Gastrointestinal 0 4

Thrombotic events 1 (2%) 1 (2%)
CNS disorders 1 (2%) 2 (3%)
Late toxicities
Second neoplasms 9 (14%) 2 (3%)��
Epithelial cancera 3 (5%) 2 (3%)
MDS/AML/HL 6 (9%) 0���

MDS: myelodisplastic syndrome; AML: acute myeloid leukemia; HL:
Hodgkin’s lymphoma�p¼ .055; ��p¼ .01; ���p¼ .028.
aArm A: lung squamous carcinoma, adenocarcinoma of colon and adeno-
carcinoma of rectum; Arm B: skin squamous carcinoma and blad-
der carcinoma.

Figure 3. Cumulative incidence of second neoplasms with 90Y
ibritumomab tiuxetan (arm A) vs. rituximab maintenance
(arm B).
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myelodisplastic syndrome (2 cases), acute myeloid leu-
kemia (3) and Hodgkin’s lymphoma (1) than in arm B
(no case) (9.4% vs. 0%, respectively; p¼ .028).

Discussion

Patients with FL needing therapy have a favorable
outcome with immunochemotherapy. However, the
risk of relapse/progression is high and the curves of
the duration of response do not show any plateau.
This is the reason for the different attempts to
improve the duration of response in the last decades.
In this sense, maintenance with rituximab, or obinutu-
zumab, after achieving some response (PR or CR) with
immunochemotherapy has demonstrated substantial
improvement in PFS [10–11] and, in fact, it became
the standard of care in many guidelines [3].
Intensification by means of autologous stem cell trans-
plantation had been used, but it is not generally con-
sidered after first response in the rituximab era [19].
Other approaches, including vaccines, never arrived to
the clinical practice outside clinical trials. Finally, con-
solidation with 90Y ibritumomab tiuxetan also showed
a significant increase of PFS with respect to mere
observation in FL patients responding to front-line
regimens in a randomized trial [5,13]. However, the
majority of the patients included in the above-men-
tioned study had not received rituximab as part of the
induction therapy. So, a trial was needed to demon-
strate the same effect in patients responding to immu-
nochemotherapy. This was the main reason to launch
in 2008 the ZAR trial herein reported.

Regarding the main objective of the present study,
90Y ibritumomab tiuxetan arm failed in demonstrating
any advantage with respect to rituximab. It is of note
that our figures in the rituximab arm are close to
those observed in the investigational arm of the
updated PRIMA trial [11]. Moreover, one of the sec-
ondary end-points, namely the CR rate at the end of
maintenance period also favored arm B, whereas no
differences were detected in terms of EFS or, more
importantly, in terms of OS. The same finding was
observed in other trials, including the PRIMA that has
been recently updated: with very mature data (median
follow-up of 10 years) OS curves were almost identical
[11]. In the only pre-planned subset analysis, no differ-
ences in terms of PFS were seen for patients in either
CR or PR after the induction R-CHOP.

No unexpected early side effects were observed in
any arm: thrombocytopenia was seen only in patients
receiving 90Y ibritumomab tiuxetan during the first
weeks after infusion, whereas infectious complications

during the maintenance period were more frequent in
the rituximab arm, leading to stop the treatment in a
small proportion of cases, similarly to previous reports
[10,11,20]. Main late effects were secondary hemato-
logical malignancies that were significantly more fre-
quent in patients treated with 90Y ibritumomab
tiuxetan, as shown in Table 2 and Figure 3. Although
not statistically significant, a higher number of neo-
plasm after 90Y ibritumomab tiuxetan had been
pointed out in previous publications [13–15]. Since the
use of fludarabine combinations has been suggested
as a possible cause of higher risk for malignancies, this
is not the case of patients in the current series who
did not receive this drug, at least in the first line.
Fortunately, for the moment the higher number of
neoplasms has not translated into worse survival, but
certainly it is a factor of great concern.

The main limitation of the trial is the relatively low
number of patients, sufficient for a randomized phase
2 trial, but not enough to establish solid conclusions
in terms of efficacy comparison between the two
arms. The follow-up of the series (median longer than
10 years) is adequately mature at least in terms of PFS.
As in other recent trials in the setting of first-line ther-
apy in FL, OS resulted excellent in both arms and
reflects what a fact is in real life nowadays: although
probably not cured, the outcome of patients with FL
in the rituximab era is very encouraging [21].

Current information may raise the question of the
role of 90Y ibritumomab tiuxetan as consolidation ther-
apy in the light of these findings. A priori, radioimmu-
notherapy had some advantages over maintenance,
including the shorter duration of the treatment (one
dose compared with 12 doses of maintenance with rit-
uximab along two years), less infectious complications
during maintenance period, and presumably a favor-
able choice in economics terms. The absence of differ-
ences in PFS and OS herein observed precludes any
strong statement in favor of one of the arms.
Moreover, the fact that patients in CR after R-CHOP
showed a similar outcome in both arms might open a
niche for using 90Y ibritumomab tiuxetan in at least
selected patients. For instance, nowadays immersed in
the COVID-19 pandemic, a short consolidation with
90Y ibritumomab tiuxetan might be considered.

In summary, the conclusion of the ZAR trial is that
in patients with FL needing therapy and responding
to R-CHOP, no significant differences were found
between maintenance with rituximab and consolida-
tion with 90Y ibritumomab tiuxetan in terms of PFS or
OS, although late toxicity in the consolidation arm is a
concern. Current circumstances make difficult any
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further phase 3 trial that would have reinforced the
results of the present study.
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