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Bortezomib plus rituximab versus rituximab alone in patients 
with relapsed, rituximab-naive or rituximab-sensitive, 
follicular lymphoma: a randomised phase 3 trial
Bertrand Coiffi  er, Evgenii A Osmanov, Xiaonan Hong, Adriana Scheliga, Jiri Mayer, Fritz Off ner, Simon Rule, Adriana Teixeira, Jan Walewski, 
Sven de Vos, Michael Crump, Ofer Shpilberg, Dixie-Lee Esseltine, Eugene Zhu, Christopher Enny, Panteli Theocharous, Helgi van de Velde, 
Yusri A Elsayed, Pier Luigi Zinzani, for the LYM-3001 study investigators*

Summary
Background Bortezomib and rituximab have shown additive activity in preclinical models of lymphoma, and have 
been shown to be active and generally well tolerated in a randomised phase 2 study in patients with follicular and 
marginal zone lymphoma. We compared the effi  cacy and safety of rituximab alone or combined with bortezomib in 
patients with relapsed or refractory follicular lymphoma in a phase 3 setting.

Methods In this multicentre phase 3 trial, rituximab-naive or rituximab-sensitive patients aged 18 years or older with 
relapsed grade 1 or 2 follicular lymphoma were randomly assigned (1:1) to receive fi ve 35-day cycles consisting of 
intravenous infusions of rituximab 375 mg/m² on days 1, 8, 15, and 22 of cycle 1, and on day 1 of cycles 2–5, either 
alone or with bortezomib 1·6 mg/m², administered by intravenous injection on days 1, 8, 15, and 22 of all cycles. 
Randomisation was stratifi ed by FLIPI score, previous use of rituximab, time since last therapy, and region. Treatment 
assignment was based on a computer-generated randomisation schedule prepared by the sponsor. Patients and treating 
physicians were not masked to treatment allocation. The primary endpoint was progression-free survival analysed by 
intention to treat. This trial has been completed and is registered with ClinicalTrials.gov, number NCT00312845.

Findings Between April 10, 2006, and Aug 12, 2008, 676 patients were randomised to receive rituximab (n=340) or 
bortezomib plus rituximab (n=336). After a median follow-up of 33·9 months (IQR 26·4–39·7), median progression-free 
survival was 11·0 months (95% CI 9·1–12·0) in the rituximab group and 12·8 months (11·5–15·0) in the bortezomib plus 
rituximab group (hazard ratio 0·82, 95% CI 0·68–0·99; p=0·039). The magnitude of clinical benefi t was not as large as 
the anticipated prespecifi ed improvement of 33% in progression-free survival. Patients in both groups received a median 
of fi ve treatment cycles (range 1–5); 245 of 339 (72%) and 237 of 334 (71%) patients in the rituximab and bortezomib plus 
rituximab groups, respectively, completed fi ve cycles. Of patients who did not complete fi ve cycles, most discontinued 
early because of disease progression (77 [23%] patients in the rituximab group, and 56 [17%] patients in the bortezomib 
plus rituximab group). Rates of adverse events of grade 3 or higher (70 [21%] of 339 rituximab-treated patients vs 152 [46%] of 
334 bortezomib plus rituximab treated patients), and serious adverse events (37 [11%] patients vs 59 [18%] patients) were 
lower in the rituximab group than in the combination group. The most common adverse events of grade 3 or higher were 
neutropenia (15 [4%] patients in the rituximab group and 37 [11%] patients in the bortezomib plus rituximab group), 
infection (15 [4%] patients and 36 [11%] patients, respectively), diarrhoea (no patients and 25 [7%] patients, respectively), 
herpes zoster (one [<1%] patient and 12 [4%] patients, respectively), nausea or vomiting (two [<1%] patients and 
10 [3%] patients, respectively) and thrombocytopenia (two [<1%] patients and 10 [3%] patients, respectively). No individual 
serious adverse event was reported by more than three patients in the rituximab group; in the bortezomib plus rituximab 
group, only pneumonia (seven patients [2%]) and pyrexia (six patients [2%]) were reported in more than fi ve patients. In 
the bortezomib plus rituximab group 57 (17%) of 334 patients had peripheral neuropathy (including sensory, motor, and 
sensorimotor neuropathy), including nine (3%) with grade 3 or higher, compared with three (1%) of 339 patients in the 
rituximab group (no events of grade ≥3). No patients in the rituximab group but three (1%) patients in the bortezomib plus 
rituximab group died of adverse events considered at least possibly related to treatment.

Interpretation Although a regimen of bortezomib plus rituximab is feasible, the improvement in progression-free 
survival provided by this regimen versus rituximab alone was not as great as expected. The regimen might represent 
a useful addition to the armamentarium, particularly for some subgroups of patients.

Funding Johnson & Johnson Pharmaceutical Research & Development and Millennium Pharmaceuticals, Inc.

Lancet Oncol 2011; 12: 773–84

Published Online
July 4, 2011
DOI:10.1016/S1470-
2045(11)70150-4

See Comment page 714

*All LYM-3001 study 
investigators are listed in the 
webappendix (pp 4–6)

Hematology, Hospices Civils de 
Lyon, Lyon, France 
(Prof B Coiffi  er MD); Cancer 
Research Centre, Moscow, 
Russia (Prof E A Osmanov MD); 
Cancer Hospital, FuDan 
University, Shanghai, China 
(Prof X Hong MD); INCA, 
Instituto Nacional De Cancer, 
Rio De Janeiro, Brazil 
(A Scheliga MD); CEITEC Brno, 
and Department of Internal 
Medicine, Haematology and 
Oncology, University Hospital 
Brno and School of Medicine, 
Masaryk University, Brno, 
Czech Republic 
(Prof J Mayer MD); Dienst 
Hematologie, UZ Gent, Gent, 
Belgium (Prof F Off ner MD); 
Department of Haematology, 
Derriford Hospital, Plymouth, 
UK (S Rule MD); Hospitais da 
Universidade de Coimbra, 
Coimbra, Portugal 
(A Teixeira MD); The Maria 
Skłodowska-Curie Memorial 
Institute and Cancer Centre, 
Warsaw, Poland 
(Prof J Walewski MD); 
David Geff en School of 
Medicine at the University 
of California, Los Angeles, and 
Translational Oncology 
Research International, Los 
Angeles, CA, USA (S de Vos MD); 
Princess Margaret Hospital, 
University of Toronto, Toronto, 
ON, Canada (Prof M Crump MD); 
Institute of Haematology, 
Rabin Medical Center, 
Petah Tikva, Israel 
(Prof O Shpilberg MD); 
Millennium Pharmaceuticals 
Inc, Cambridge, MA, USA 
(D-L Esseltine MD); 
Janssen Research & 

Introduction
Follicular lymphoma is an incurable, indolent, B-cell 
non-Hodgkin lymphoma that accounts for 22% of cases 
of non-Hodgkin lymphoma.1 Median overall survival has 

improved in recent years thanks to the introduction of 
new drugs;2,3 however, follicular lymphoma still typically 
follows a relapsing course, with patients receiving 
multiple lines of therapy. Treatment goals in relapsed 
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follicular lymphoma are to provide a durable remission 
and to contribute to improved outcomes by off ering 
longer progression-free survival, with minimum side-
eff ects. As noted in systematic reviews,4–6 many treatment 
options have been investigated with the aim to improve 
outcomes, but few large, well-controlled, randomised 
studies have been done.7–10

Rituximab is approved for the treatment of CD20+ 
relapsed or refractory follicular lymphoma, and is widely 
used in treatment of follicular lymphoma as a single drug 
and in combination regimens.11–15 Retreatment with 
rituximab alone or in combination has been shown to be 
feasible and active;16,17 however, no randomised studies 
have been published reporting the response rate, duration 
of response, and progression-free survival with rituximab 
retreatment in relapsed patients with follicular lymphoma 
initially responsive to rituximab-containing therapy. To 
further improve outcomes in relapsed follicular 
lymphoma, including augmenting the effi  cacy of 
rituximab retreatment, additional therapeutic options 
that incorporate novel active drugs are needed.

The proteasome-inhibitor bortezomib is approved for 
treatment of multiple myeloma and, additionally in the 
USA, for the treatment of patients with mantle-cell 

lymphoma after at least one previous therapy. Single-
drug bortezomib has also shown activity in heavily 
pretreated patients with indolent lymphoma.18–20 As 
reviewed previously,21 this activity might arise from the 
inhibitory eff ects of bortezomib on the nuclear factor-κB 
(NF-κB) signalling pathway, which seems to be associated 
with the overexpression of Bcl-2 that is caused by the 
hallmark t(14;18) translocation in follicular lymphoma. 
Rituximab also inhibits NF-κB in cell lines of B-cell non-
Hodgkin lymphoma, associated with chemosensitisation 
eff ects,22 and bortezomib increases CD20 expression in 
rituximab-resistant cell lines in vitro.23 Bortezomib and 
rituximab had additive activity in preclinical models of 
lymphoma.24,25 Bortezomib in combination with rituximab 
alone or plus other chemotherapy drugs was active and 
generally well tolerated in early-phase studies in follicular 
lymphoma and other subtypes of non-Hodgkin 
lymphoma.26–31 Results from a randomised phase 2 study 
of weekly versus twice-weekly bortezomib in combination 
with rituximab showed similar effi  cacy and better 
tolerability for the weekly regimen in patients with 
follicular lymphoma or marginal zone lymphoma.30

On the basis of these results, we compared the effi  cacy 
and safety of rituximab alone with that of rituximab 
combined with weekly bortezomib in patients with 
relapsed or refractory, rituximab-naive or rituximab-
sensitive, follicular lymphoma.

Methods
Patients
This randomised, open-label, multicentre, phase 3 
clinical trial was done in 164 centres in 29 countries 
across Europe, the Americas, and Asia-Pacifi c. Patients 
were enrolled between April 10, 2006, and Aug 12, 2008. 
Clinical data cut-off  was June 15, 2010. Eligible patients 
were aged 18 years or older and had grade 1 or 2 follicular 
lymphoma (WHO classifi cation32) with at least one 
measurable lesion and documented relapse or 
progression after their last previous treatment. The 
decision to initiate treatment was taken by the investigator 
on the basis of clinical lymphoma progression. Patients 
were rituximab naive or rituximab sensitive (response to 
and time to progression ≥6 months for previous 
rituximab-containing treatment), and had an Eastern 
Cooperative Oncology Group performance status of 0–2, 
no active CNS lymphoma, and adequate haematological, 
renal, and hepatic functions. Exclusion criteria included: 
peripheral neuropathy or neuropathic pain of grade 2 or 
higher (National Cancer Institute Common Terminology 
Criteria for Adverse Events [NCI-CTCAE] version 3.0); 
clinical evidence of transformation to aggressive 
lymphoma; treatment with antineoplastics, investigational 
therapy, or radiation therapy within 3 weeks, nitrosoureas 
within 6 weeks, radioimmunoconjugates or toxin 
immunoconjugates within 10 weeks, stem-cell 
transplantation within 6 months, or bortezomib at any 
time before randomisation.

775 patients assessed for eligibility

676 randomised

340 allocated to rituximab alone

1 did not receive treatment because
they had a response duration 
<6 months for previous 
rituximab-containing treatment

2 did not receive treatment
1 died
1 other reason

15 excluded from response analysis
because they had no post-baseline
assessment or they did not
meet lesion requirement

19 excluded from response analysis
because they had no post-baseline
assessment or they did not
meet lesion requirement

336 allocated to bortezomib-rituximab

339 received treatment (safety population)
 245 completed tratment (five cycles)
 94 discontinued treatment before 
  five cycles
  77 disease progression
  5 adverse events
  6 patient choice
  2 deaths
  4 other reasons

334 received treatment (safety population)
 237 completed tratment (five cycles)
 97 discontinued treatment before 
  five cycles
  56 disease progression
  19 adverse events
  14 patient choice
  2 deaths
  2 lost to follow-up
  4 other reasons

324 response-assessable population 315 response-assessable population

99 excluded

Figure 1: Trial profi le
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All patients provided written informed consent. 
Review boards at all participating institutions approved 
the study, which was done according to the provisions 
of the Declaration of Helsinki, the International 
Conference on Harmonisation, and the Guidelines for 
Good Clinical Practice.

Randomisation and masking
Patients were assigned based on a computer-generated 
randomisation schedule pre-prepared by the sponsor. 
Patients were randomly assigned (1:1 ratio) and stratifi ed 
by means of an interactive voice response system. 
Randomisation was stratifi ed by Follicular Lymphoma 
International Prognostic Index (FLIPI)33 score (0–1 [low], 
2 [intermediate], ≥3 [high]), previous rituximab treatment 
(yes, no), time since last dose of antilymphoma treatment 
(≤1, >1 year), and region (USA and Canada, EU, rest of 
world). Permuted-blocks central randomisation was 
used. Treatment codes were assigned after investigators 
phoned patient details into the interactive voice response 
system. Investigators, study-site personnel, and patients 
were not masked to treatment.

Procedures
Patients were randomly assigned to receive fi ve 5-week 
cycles comprising intravenous infusions of rituximab 
375 mg/m² on days 1, 8, 15, and 22 of cycle 1, and on day 1 
of cycles 2–5, alone or in combination with bortezomib 
1·6 mg/m², given by intravenous injection (3-s to 5-s bolus) 
on days 1, 8, 15, and 22 of all cycles. All concomitant 
medications were permitted, except corticosteroids—only 
prednisone of 15 mg/day or less, or equivalent, was 
allowed. No prophylactic antiviral therapy was mandated 
in the protocol. Bortezomib dose modifi cations were 
required for prespecifi ed haematological and non-
haematological toxic eff ects; bortezomib-related neuro-
pathic pain and peripheral sensory neuropathy were 
managed with a predefi ned algorithm.

The primary endpoint was progression-free survival. 
Secondary endpoints were overall response rate, complete 
response rate, duration of response, time to progression, 
1-year survival, and safety and tolerability. Time to next 
treatment (time from randomisation to start of next 
antilymphoma treatment, initiated at the discretion of the 
treating physician) was an additional predefi ned effi  cacy 
endpoint. Several biomarker analyses were specifi ed as 
exploratory research; these will be reported separately. 
Patient-reported outcomes were an exploratory endpoint.

An independent radiology committee assessed tumour 
response and progression using modifi ed International 
Working Group Response Criteria.34 CT scans with 
contrast (and MRI scans if necessary) were done at 
baseline, and every 10 weeks during and after treatment 
until disease progression or death. To confi rm complete 
response, we analysed bone marrow aspiration and 
biopsy samples. After disease progression, patients were 
followed up every 3 months for survival.

Rituximab
(n=340)

Bortezomib-rituximab 
(n=336)

Median age (years) 57 (21–84) 57 (24–83)

Aged >65 years 87 (26%) 81 (24%)

Sex (male) 137 (40%) 172 (51%)

Ethnic origin

White 258 (76%) 250 (74%)

Asian 69 (20%) 71 (21%)

Other 13 (4%) 15 (4%)

Region

USA and Canada 26 (8%) 23 (7%)

European Union 132 (39%) 130 (39%)

Rest of the world 182 (53%) 183 (54%)

Baseline ECOG performance status

0 177 (52%) 162 (48%)

1 141 (41%) 153 (46%)

2 22 (6%) 21 (6%)

FLIPI score

0–1 (low) 81 (24%) 77 (23%)

2 (intermediate) 119 (35%) 120 (36%)

≥3 (high) 140 (41%) 139 (41%)

Ann Arbor stage

I 21 (6%) 18 (5%)

II 40 (12%) 35 (11%)

III 135 (40%) 115 (34%)

IV 144 (42%) 168 (50%)

High tumour burden by modifi ed GELF criteria38 179 (53%) 185 (55%)

Elevated serum LDH 103 (30%) 110 (33%)

Previous lines of therapy

1 137 (40%) 143 (43%)

2 90 (26%) 85 (25%)

≥3 113 (33%) 108 (32%)

Common previous therapies

CHOP 139 (41%) 118 (35%)

CVP 85 (25%) 85 (25%)

Rituximab alone 60 (18%) 54 (16%)

R-CHOP 33 (10%) 49 (15%)

R-CVP 39 (11%) 33 (10%)

Chlorambucil alone 24 (7%) 31 (9%)

Chlorambucil–prednisone 30 (9%) 23 (7%)

Interferon 21 (6%) 20 (6%)

FND 15 (4%) 19 (6%)

Rituximab-ibritumomab tiuxetan 7 (2%) 9 (3%)

Any previous rituximab-containing therapy 150 (44%) 145 (43%)

Median time since initial diagnosis (months) 40·6 (1·3–270·4) 41·8 (1·5–297·1)

Median time since last antilymphoma treatment 
(months)

13·4 (0·4–182·5) 15·5 (0·3–261·1)

>1 year since last antilymphoma treatment 185 (54%) 200 (60%)

Data are number (%) or median (range). ECOG=Eastern Cooperative Oncology Group. FLIPI=Follicular Lymphoma 
International Prognostic Index. GELF=Groupe d’Etude des Lymphomes Folliculaires. LDH=lactate dehydrogenase. 
CHOP=cyclophosphamide, doxorubicin, vincristine, prednisone. CVP=cyclophosphamide, vincristine, prednisone. 
R-CHOP=rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone. R-CVP=rituximab, cyclophosphamide, 
vincristine, prednisone. FND=fl udarabine, mitoxantrone, dexamethasone.

Table 1: Patient demographics and baseline disease characteristics
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We assessed safety throughout the study until 30 days 
after the last dose of study drug and graded adverse 
events according to NCI-CTCAE version 3.0. Patients 
completed the European Organization for Research and 
Treatment of Cancer (EORTC) QLQ-C30 questionnaire at 
screening, on day 1 of each cycle, at the end-of-treatment 
visit, and during preprogression follow-up.

Statistical analysis
The planned sample size was 670 patients, 335 for each 
group, and the target number of progression-free 
survival events was 514, to achieve 90% power (α=0·05, 
2-sided) to detect a 25% reduction in the risk of 
progression or death with bortezomib plus rituximab 
versus rituximab (ie, hazard ratio [HR] 0·75), 
corresponding to a 33% improvement in progression-
free survival. We did two prespecifi ed interim analyses: 
one analysis after the fi rst 100 patients enrolled had 
completed a minimum of two disease assessments (to 
test for inferiority of response rate with bortezomib plus 
rituximab versus rituximab), and the other when 
338 progression-free survival events had occurred (to 
test for early stopping based on progression-free survival 
diff erence). After both interim analyses, the study 
continued as planned. We did the fi nal analysis of the 
study after the occurrence of 440 progression-free 
survival events. This decision was taken after 
recommendation from the independent data monitoring 
committee and as agreed with regulatory agencies, since 
it was concluded that the planned 514 events would 
probably be unachievable within a reasonable timeframe 
because of very low ongoing accumulation of progression-
free survival events and the number of patients 
permanently censored. With 440 progression-free 
survival events, the power was 84% to detect a 33% 
improvement in progression-free survival.

We analysed the primary endpoint, progression-free 
survival, as well as time to progression, time to next 
treatment, and overall survival, by intention to treat. We 
estimated distributions by treatment group with the 
Kaplan-Meier method; we based comparisons on 
unstratifi ed log-rank tests, and estimated HRs and 95% CIs 
with a Cox regression model. Preplanned effi  cacy analyses 
were done in patient subgroups defi ned according to sex, 
age, ethnic origin, FLIPI score, previous rituximab, 
previous lines of therapy, time since last dose of 
antilymphoma treatment, disease stage, and tumour 
burden. Data regarding bulky disease were not collected 
prospectively in this study but were calculated 
retrospectively on the basis of supplied data on nodal sizes. 
Therefore, bulky disease was not included as a variable in 
these prespecifi ed subgroup analyses or in the multivariate 
analysis of factors infl uencing progression-free survival.

We analysed the secondary effi  cacy endpoints of overall 
response rate, complete response rate, and durable 
response rate in the response-assessable population, 
which was defi ned as all patients who received at least 
one dose of study drug, had at least one measurable 
tumour mass at baseline, and had at least one post-
baseline disease assessment by the independent radiology 
committee. We analysed duration of response in 
responding patients with the Kaplan-Meier method. 
Safety was analysed in the safety population, which 
consisted of all patients who received at least one dose of 
study drug. Statistical analyses were done with software 
SAS version 9.1.3.

We assessed observed mean scores of the global health 
status subscale of the EORTC QLQ-C30 questionnaire 
over the course of treatment and follow-up in both 
treatment groups. For analyses of changes from baseline 
and comparisons between groups, a joint modelling 
approach was used to address the potential issue of non-
random missing values. These values diff ered from the 
observed means because of incorporation of informative 
dropout and repeated measures. Per EORTC QLQ-C30 
criteria,35 and the fi ndings from previous studies,36,37 
clinical signifi cance was defi ned as a change from 
baseline or a diff erence between groups of fi ve points or 
greater. This study is registered with ClinicalTrials.gov, 
number NCT00312845.

Role of the funding source
Representatives of the study sponsors were involved in 
the design of the study, the collection, analysis, and 
interpretation of the data, and the writing of the report. 
The corresponding author had full access to all data in 
the study and had fi nal responsibility for the decision to 
submit for publication.

Results
676 patients were randomised and included in the 
intention-to-treat population (fi gure 1). Three 
patients were not treated. Demographics and disease 
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Figure 2: Progression-free survival per independent radiology committee review according to 
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characte ristics were generally well balanced between 
treatment groups (table 1). By chance, the proportion of 
male patients was lower in the rituximab group than in 
the bortezomib plus rituximab group. Overall, 
364 (54%) patients had high tumour burden by modifi ed 
Groupe d’Etude des Lymphomas Folliculaires (GELF) 
criteria,38 and 279 (41%) had high FLIPI score (table 1). 
Numbers and types of previous lines of therapy were 
similar between groups (table 1).

Patients in both groups received a median of fi ve 
treatment cycles (range 1–5). The mean rituximab dose 
intensity received by patients in the rituximab group 

was 131·05 mg/m² per week and in the bortezomib plus 
rituximab group was 131·64 mg/m² per week, 
representing a mean relative dose intensity (dose 
received as a percentage of dose planned) of 97% and 
96%, respectively. The mean dose intensity of bortezomib 
was 1·16 mg/m² per week, representing a mean relative 
dose intensity of 88%.

After a median follow-up of 33·9 months 
(IQR 26·4–39·7), median progression-free survival 
assessed by the independent radiology committee was 
11·0 months (95% CI 9·1–12·0) in the rituximab group 
and 12·8 months (11·5–15·0) in the bortezomib plus 

0·05 0·1 0·2 0·5 1 2 5 10
Favours rituximabFavours bortezomib-rituximab

20

Age

≤65 years 172/253 9·2 155/255 13·6 0·73 (0·59–0·91)

>65 years 56/87 11·5 57/81 11·6 1·19 (0·82–1·73)

Sex

Male 98/137 9·2 114/172 11·5 0·76 (0·58–0·99)

Female 130/203 11·7 98/164 14·3 0·82 (0·63–1·07)

Ethnic origin 

Asian 40/69 8·4 37/71 11·6 0·70 (0·46–1·07)

White 170/258 11·4 164/250 13·6 0·85 (0·68–1·05)

Other 9/13 9·2 11/15 11·5 1·01 (0·41–2·47)

Previous rituximab therapy 

0 136/190 11·4 114/191 14·0 0·75 (0·58–0·96)

1 62/107 9·2 68/105 11·7 0·90 (0·64–1·27)

2 22/30 6·9 21/29 9·0 0·77 (0·42–1·42)

>2 8/13 10·7 9/11 4·4 2·78 (0·98–7·92)

FLIPI score

Low 47/81 12·5 31/77 17·4 0·61 (0·39–0·96)

Intermediate 74/119 12·3 85/120 11·6 1·08 (0·79–1·47)

High 107/140 7·9 96/139 11·4 0·71 (0·54–0·93)

Region

USA/Canada 12/26 12·3 12/23 10·6 0·92 (0·41–2·06)

European Union 84/132 12·5 80/130 14·3 0·85 (0·62–1·15)

Rest of world 132/182 9·0 120/183 11·8 0·80 (0·63–1·03)

Time since last antilymphoma therapy

≤1 year 107/155 9·0 95/136 9·4 0·98 (0·74–1·29)

>1 year 121/185 12·5 117/200 16·8 0·74 (0·58–0·96)

Ann Arbor stage

I 9/21 22·3 6/18 NE 0·81 (0·29–2·30)

II 17/40 18·3 20/35 16·7 1·19 (0·62–2·27)

III 92/135 9·2 74/115 12·5 0·77 (0·57–1·05)

IV 110/144 9·0 112/168 11·5 0·75 (0·57–0·97)

High tumour burden

Yes 137/179 8·4 132/185 11·3 0·75 (0·59–0·95)

No 91/161 16·0 80/151 20·5 0·85 (0·63–1·15)

Previous lines of therapy

1 86/137 12·5 81/143 16·6 0·79 (0·59–1·08)

2 63/90 9·0 54/85 13·0 0·75 (0·52–1·08)

>2 79/113 9·2 77/108 10·0 0·94 (0·69–1·29)

Rituximab Bortezomib-rituximab

Number of events/N Median (months) Number of events/N Median (months)

HR (95% CI) p value

0·005

0·353

0·043

0·137

0·097

0·133

0·989

0·023

0·556

0·404

0·043

0·031

0·646

0·013

0·838

0·285

0·078

0·886

0·022

0·697

0·605

0·100

0·030

0·019

0·289

0·137

0·117

0·718

Figure 3: Analyses of progression-free survival by patient subgroups
FLIPI=follicular lymphoma international prognostic index. NE=not estimable.
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rituximab group. The HR for progression-free survival 
was 0·82 (95% CI 0·68–0.99, p=0·039; fi gure 2). 
Estimated 2-year progression-free survival rates were 
23·5% and 31·2%, respectively.

Analyses of progression-free survival by patient 
subgroups showed a HR in favour of the bortezomib plus 
rituximab group in most of the subgroups analysed 
(fi gure 3), with HRs more in favour of bortezomib plus 
rituximab in some of the subgroups than in the overall 
analysis, although the diff erences between groups were 
not necessarily signifi cant. Improvement in progression-
free survival was seen in patients aged 65 years or 
younger (fi gure 3; p=0·005), but not in patients older 
than 65 years (p=0·353). In the rituximab group, 
54 (62%) of 87 patients older than 65 years had low 
tumour burden, a factor associated with better outcome, 
compared with 107 (42%) of 253 patients aged 65 years or 
younger; in the bortezomib plus rituximab group, these 
rates were 39 (48%) of 81 patients and 112 (44%) of 
255 patients, respectively. Longer progression-free 
survival was seen with bortezomib plus rituximab in 
patients with high-risk features (fi gure 3, webappendix 
p 1), including high FLIPI score (p=0·013), and high 
tumour burden (p=0·019; fi gure 3).

Progression-free survival was longer with bortezomib 
and rituximab than with rituximab alone in patients 
who had received one or two previous lines of therapy, 
but the diff erences were not signifi cant (one previous 
line p=0·137; two previous lines p=0·117; fi gure 3, 
webappendix p 2). In patients who had received more 

than two previous lines of therapy, the median 
progression-free survival did not diff er between groups 
p=0·718); of these patients, 44 (39%) of 113 in the 
rituximab group and 63 (58%) of 108 in the bortezomib 
plus rituximab group were male, and 53 (47%) and 
61 (56%) had high tumour burden, respectively. These 
two factors were associated with poorer outcome on 
multivariate analysis. In both groups, progression-free 
survival seemed longer in rituximab-naive patients and 
progressively shorter in patients who had received one 
or two previous lines of rituximab-containing treatment 
(fi gure 3); few patients had received more than two 
previous rituximab-containing treatments. Among 
patients who had received any previous rituximab, the 
median progression-free survival was 9·2 months in 
the rituximab group versus 11·4 months in the 
bortezomib plus rituximab group (HR 0·93, 95% CI 
0·70–1·24; p=0·609).

We did a post-hoc multivariate analysis to identify 
independent prognostic factors for progression-free 
survival (table 2). Treatment with bortezomib plus 
rituximab, time since last antilymphoma treatment 
longer than 1 year, female sex, absence of high tumour 
burden, and stage I and II disease emerged as 
independent factors prognostic for better progression-
free survival.

Overall response rate calculated by the independent 
radiology committee in response-assessable patients 
was lower in the rituximab group than in the bortezomib 
plus rituximab group (table 3). This included lower 
rates of complete response or unconfi rmed complete 
response, verifi ed by bone marrow, in the rituximab 
group than in the bortezomib plus rituximab group. 
Table 3 shows median durations of response. Fewer 
patients had responses durable for at least 12 months in 
the rituximab group than in the bortezomib plus 
rituximab group (table 3).

Median time to progression was 11·3 months (95% CI 
9·2–12·3) in the rituximab group and 13·3 months 
(11·5–15·9) in the bortezomib plus rituximab group 
(HR 0·81, 95% CI 0·67–0·98; p=0·027); median time to 
next treatment was 17·7 months and 23·0 months 
(HR 0·80, 0·66–0·97; p=0·024; webappendix p 3). 
Median overall survival was not reached in either group 
and did not diff er between groups (HR 0·97, 0·71–1·33; 
p=0·854; webappendix p 3); 1-year survival rates were 
90·5% (95% CI 87·4–93·7) in the rituximab group and 
90·1% (86·9–93·4) in the bortezomib plus rituximab 
group. Overall, 80 (24%) of 340 patients in the rituximab 
group and 79 (24%) of 336 in the bortezomib plus 
rituximab group died.

Safety profi les are summarised in table 4. Rates of 
adverse events of grade 3 or higher, serious adverse 
events, and adverse events leading to study withdrawal or 
dose reduction were lower in the rituximab group than in 
the bortezomib plus rituximab group. The safety profi le 
of bortezomib plus rituximab group did not seem to be 

HR* (95% CI) p value

Treatment group (bortezomib-rituximab vs rituximab) 0·73 (0·60–0·89) 0·002

FLIPI score: low (0–1) vs high (>2) 0·76 (0·53–1·08) 0·122

FLIPI score: intermediate (2) vs high (>2) 0·85 (0·68–1·07) 0·156

Time since last antilymphoma therapy: ≤1 vs >1 year 1·52 (1·23–1·87) <0·0001

Region: USA and Canada vs rest of the world 0·75 (0·47–1·20) 0·229

Region: European Union vs rest of the world 0·79 (0·62–1·01) 0·060

No previous rituximab vs previous rituximab with 3/4 lines 0·68 (0·40–1·16) 0·158

Previous rituximab with 1 line vs previous rituximab with 3/4 lines 0·95 (0·55–1·63) 0·853

Previous rituximab with 2 lines vs previous rituximab with 3/4 lines 1·31 (0·74–2·35) 0·357

Sex: male vs female 1·28 (1·05–1·56) 0·013

Previous lines of therapy: 1 vs ≥3 0·85 (0·66–1·10) 0·223

Previous lines of therapy 2 vs ≥3 1·02 (0·79–1·32) 0·874

High tumour burden: yes vs no 1·73 (1·40–2·14) <0·0001

Stage: III vs I and II 1·52 (1·04–2·21) 0·030

Stage: IV vs I and II 1·59 (1·08–2·34) 0·020

Ethnic origin: white vs other 1·02 (0·64–1·64) 0·922

Ethnic origin: Asian vs other 0·81 (0·49–1·34) 0·421

Age (continuous variable) 1·00 (0·99–1·01) 0·874

HR=hazard ratio. FLIPI=follicular lymphoma international prognostic index. *HRs of >1 indicate an increased risk of 
progression for patients with the fi rst versus the second category of the covariate. HRs were estimated using Cox’s 
proportional hazards model.

Table 2: Multivariate analysis (Cox regression model) of prognostic factors for progression-free survival

See Online for webappendix
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aff ected by the extent of previous treatment, appearing 
similar in patients who had received one, two, or more 
than two previous lines of treatment (data not shown; 
analysis not prespecifi ed). The most common adverse 
events are shown in table 5. Of the infections, 
20 (6%) patients in the rituximab group and 40 (12%) in 
the bortezomib plus rituximab group had upper 
respiratory tract infections, and eight (2%) and 22 (7%), 
respectively, had nasopharyngitis. 

Peripheral neuropathy events (including sensory, 
motor, and sensorimotor neuropathy) were reported in 
three (1%) of 339 patients in the rituximab group and 
57 (17%) of 334 patients in the bortezomib plus 
rituximab group, including none and nine (3%) with 
events of grade 3 or higher. Most events were peripheral 
sensory neuropathy (table 5). The risk of peripheral 
neuropathy was not aff ected by previous vincristine 
treatment (analysis not prespecifi ed); 48 (17%) of 
278 patients who had received previous vincristine and 
nine (16%) of 56 who had not reported peripheral 
neuropathy events. One patient in the bortezomib plus 
rituximab group discontinued because of peripheral 
neuropathy. In the bortezomib plus rituximab group, 
53 (78%) of 68 events of peripheral neuropathy resolved 
or improved by one grade in a median of 58 days 
(range 1–1104), with 48 (71%) events resolving fully in a 
median of 109 days (range 1–1104).

We analysed the mean observed global health status 
score (EORTC QLQ-C30 questionnaire) over the course 
of treatment and follow-up (fi gure 4). With a joint 
modelling approach for analyses of changes from 
baseline and diff erences between treatment groups, 
mean global health status score was signifi cantly 

improved compared with baseline from week 5 onwards 
in the rituximab group, and improvements were clinically 
meaningful (fi ve points or greater) at some timepoints, 
with mean changes ranging from 1·93 at week 5 to 7·91 
at week 70. In the bortezomib plus rituximab group, 
diff erences in mean global health status score versus 
baseline were not signifi cantly or clinically meaningful 
through the end of treatment. Mean global health status 
score was signifi cantly improved from week 30 onwards, 
and improvements were clinically meaningful at some 
timepoints, with mean changes ranging from 3·57 at 
week 30 to 6·55 at week 80. Mean scores signifi cantly 
diff ered between treatment groups at weeks 10 (mean 
change –0·69 vs 2·78, mean diff erence vs baseline –3·46, 
bortezomib and rituximab group minus rituximab 
group), 15 (mean change –1·44 vs 2·75, mean 
diff erence –4·18), and 20 (mean change –1·98 vs 1·95, 
mean diff erence –3·90). No signifi cant or clinically 
meaningful diff erences were seen between groups after 
the end of treatment (fi gure 4).

Discussion
The results from this multicentre, randomised, phase 3 
study showed that addition of weekly bortezomib to 
rituximab therapy was associated with a smaller-than-
anticipated improvement in progression-free survival, 
and with increases in response rates, durability of 
response, and time to next treatment, as well as increased 
rates of toxic eff ects (including grade ≥3 adverse events 
and serious adverse events). The observed clinical benefi t 
of bortezomib plus rituximab in terms of the primary 
endpoint (progression-free survival), although signifi cant, 
was not of the anticipated magnitude; the observed 

Rituximab
(n=324)

Bortezomib-rituximab 
(n=315)

Odds ratio
(95% CI)

p value

ORR (verifi ed CR/CRu†+PR) 160 (49%) 199 (63%) 0·57 (0·42–0·78) 0·0004

Verifi ed CR/CRu† 59 (18%) 79 (25%) 0·67 (0·46–0·97) 0·035

CR 44 (14%) 56 (18%) NS NS

CRu 15 (5%) 23 (7%) NS NS

PR 101 (31%) 120 (38%) NS NS

Unverifi ed CR/CRu‡ 35 (11%) 33 (10%) NS NS

Stable disease 120 (37%) 78 (25%) NS NS

Progressive disease 44 (14%) 38 (12%) NS NS

Median DOR, months (95% CI) 13·8 (11·8–16·1) 16·0 (12·6–20·9) NS NS

Median DOR, with verifi ed CR/CRu†, months (95% CI) 30·9 (14·2–NE) 28·6 (21·6–NE) NS NS

Durable response (≥6 months) rate 124 (38%) 159 (50%) 0·61 (0·44–0·83) 0·002

Durable (≥6 months) verifi ed CR/CRu† 54 (17%) 76 (24%) NS NS

Durable response (≥12 months) rate 74 (23%) 100 (32%) 0·64 (0·45–0·90) 0·012

Durable (≥12 months) verifi ed CR/CRu† 42 (13%) 55 (17%) NS NS

Data are number (%) or median (range). ORR=overall response rate. CR=complete response. CRu=complete response unconfi rmed. PR=partial response. NS=analysis not 
specifi ed in statistical analysis plan. DOR=duration of response. NE=not estimable. *The response-assessable population included all patients who received at least one dose 
of study drug, had ≥1 measurable tumour mass at baseline, and had ≥1 post-baseline disease assessment by the independent radiology committee. †Responses of CR/CRu 
verifi ed by bone marrow. ‡Radiological CR/CRu not supported by bone marrow. 

Table 3: Response rates and durability of response to treatment by group, per independent radiology committee review, in the response-assessable 
population*
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improvement in progression-free survival was less than 
the prespecifi ed 33% improvement (HR 0·75) used in 
the calculation of sample size.

One factor that could aff ect the signifi cance level of the 
results is that the study was closed early, after 440 of the 
target 514 events had occurred, at the recommendation of 
the independent data monitoring committee because of 
low accumulation of events. Additionally, our multivariate 
analysis identifi ed male sex as an independent adverse 
prognostic factor for progression-free survival; by chance, 
there was a substantially higher proportion of male 
patients in the bortezomib plus rituximab group, which 
may have aff ected the progression-free survival diff erence 
between groups. The identifi cation of male sex as an 
adverse prognostic factor for progression-free survival is 
supported by a recent report showing similar fi ndings in 
patients with diff use large B-cell lymphoma or follicular 
lymphoma treated with immunochemotherapy.39

To our knowledge, this study is one of the largest 
phase 3 studies done in patients with rituximab-sensitive 
relapsed follicular lymphoma (panel). Importantly, this is 
the fi rst randomised phase 3 study to describe the benefi t 
associated with rituximab retreatment in patients initially 
responsive to a rituximab-containing regimen. Although 
our results confi rm the benefi t associated with 
retreatment with rituximab alone, enhanced effi  cacy is 
desirable, and this might be provided by combination of 
rituximab with other drugs such as bortezomib. The 
proportion of rituximab-naive patients was higher in this 
study than would be expected in the Western relapsed 
population with follicular lymphoma, in which most 
patients have received previous rituximab, but was overall 
refl ective of the global nature of the study. The use of 
rituximab maintenance after achievement of response to 
bortezomib plus rituximab was not included in the 
planned study treatment as there were no data to support 
the benefi cial eff ect of this treatment modality at the time 
of protocol development. Subsequently, use of rituximab 
maintenance in patients with relapsed or resistant 
follicular lymphoma responding to immunochemo-
therapy or chemotherapy induction has been shown to 
result in a highly signifi cant improvement in progression-
free survival compared with observation alone in a 
phase 3 Intergroup study.10 The use of rituximab 
maintenance after achievement of response with 
bortezomib plus rituximab might have similarly resulted 
in increased clinical benefi t in this study. The eff ect of 
using rituximab maintenance after response to fi rst-line 
treatment for follicular lymphoma40 on the activity of 
subsequent treatment remains to be identifi ed.

Although the overall clinical benefi t in terms of 
progression-free survival was lower than anticipated, 
analyses in prespecifi ed subgroups identifi ed patients 
having most clinical benefi t with bortezomib plus 
rituximab versus rituximab alone, as evidenced by HRs 
more in favour of bortezomib plus rituximab; however, 
these diff erences between groups were not necessarily 

Rituximab (n=339) Bortezomib-rituximab (n=334)

All grades Grade ≥3 All grades Grade ≥3

Diarrhoea 28 (8%) 0 174 (52%) 25 (7%)

Nausea or vomiting 36 (11%) 2 (<1%) 120 (36%) 10 (3%)

Pyrexia 35 (10%) 1 (<1%) 84 (25%) 2 (<1%)

Fatigue 27 (8%) 0 75 (22%) 5 (1%)

Constipation 14 (4%) 0 59 (18%) 1 (<1%)

Neutropenia† 24 (7%) 15 (4%) 58 (17%) 37 (11%)

Peripheral sensory neuropathy 2 (<1%) 0 54 (16%) 9 (3%)

Cough 31 (9%) 0 51 (15%) 0

Herpes zoster 5 (1%) 1 (<1%) 43 (13%) 12 (4%)

Thrombocytopenia 13 (4%) 2 (<1%) 32 (10%) 10 (3%)

Infection 92 (27%) 15 (4%) 178 (53%) 36 (11%)

Data are number (%). *The safety population consisted of all patients who received at least one dose of study drug. †Three 
(<1%) patients in the rituximab group and fi ve (1%) in the bortezomib+rituximab group had febrile neutropenia.

Table 5: Most common adverse events by treatment group, reported by ≥15% of patients at any grade or 
by ≥3% of patients at grade ≥3 severity (safety population)*

Rituximab 
(n=339)

Bortezomib-rituximab 
(n=334)

Any adverse event 265 (78%) 316 (95%)

Any treatment-related adverse event

Related to rituximab 156 (46%) 206 (62%)

Related to bortezomib NA 276 (83%)

Any grade ≥3 adverse event 70 (21%) 152 (46%)

Any serious adverse event† 37 (11%) 59 (18%)

Any adverse event leading to treatment withdrawal 5 (1%) 19 (6%)

Any adverse event leading to modifi cation of dose or schedule

Rituximab 32 (9%) 65 (19%)

Bortezomib NA 139 (42%)

Any adverse event leading to bortezomib dose reduction NA 51 (15%)

Any adverse event leading to dose withholding

Rituximab 17 (5%) 18 (5%)

Bortezomib NA 91 (27%)

Deaths within 30 days of last dose of study drug 4 (1%) 9 (3%)

Due to adverse events‡ 2 (<1%) 6 (2%)

Due to progressive disease 2 (<1%) 3 (<1%)

Data are number (%). NA=not applicable. *The safety population consisted of all patients who received at least one dose of 
study drug. †No individual serious adverse event was reported by more than three patients in the rituximab group; in the 
bortezomib-rituximab group, only pneumonia (seven patients, 2%) and pyrexia (six patients, 2%) were reported in more 
than fi ve patients. ‡In the rituximab group, the two deaths due to adverse events were from pneumonia and meningitis, 
both deemed unrelated to treatment. The patient who died from pneumonia had a neutrophil count at screening of 
2·4 × 10⁹ cells per L and was receiving infection prophylaxis, developed grade 2 neutropenia on cycle 1, day 7 that resolved 
in 8 days after treatment with fi lgrastim, had a serious adverse event of pneumonia on cycle 1, day 31, received the dose of 
rituximab on cycle 2, day 1, and died of pneumonia 13 days later. The patient who died from meningitis had a white blood 
cell count of 8·4 × 10⁹ cells per L and a neutrophil count of 6·68 × 10⁹ cells per L on cycle 1, day 1, had a serious grade 2 
confusional state not related to rituximab on cycle 1, day 25, was admitted to hospital and had serious grade 4 leukopenia 
on cycle 1, day 26, was diagnosed with serious grade 5 meningitis on cycle 1, day 28, and had a cardiac arrest and died on 
cycle 1, day 30, 10 days after the last dose of rituximab. In the bortezomib-rituximab group, the six deaths due to adverse 
events were from: upper respiratory tract infection (in a patient with a history of chronic obstructive pulmonary disease, 
pulmonary infi ltrates and systolic murmur, who had grade 1 dyspnoea on cycle 1, day 1), cerebrovascular accident, and 
sepsis (in a patient with a history of ascites, liver cirrhosis, hyperbilirubinaemia, diabetes mellitus, anaemia, pancytopenia, 
and generalised lymphadenopathy, who had grade 3 alanine aminotransferase, grade 3 aspartate aminotransferase, 
grade 3 alkaline phosphatase, and grade 1 bilirubin at screening), all deemed unrelated to treatment; febrile neutropenia 
and sepsis, septic shock (both deemed possibly related to bortezomib and rituximab); and bilateral pneumonia (deemed 
possibly related to bortezomib but not rituximab) with acute respiratory failure and acute cardiac failure (both unrelated).

Table 4: Safety profi le of rituximab and bortezomib-rituximab treatment groups (safety population)*
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signifi cant. These subgroups included patients aged 
65 years or younger, patients receiving bortezomib plus 
rituximab as second-line or third-line therapy, rituximab-
naive patients, and patients with high-risk factors such as 
high FLIPI score or high tumour burden. The 
improvements in progression-free survival with 
bortezomib plus rituximab versus rituximab seem 
associated with the higher response rates and rates of 
durable response (lasting at least 6 and 12 months) 
achieved. The overall duration of response was slightly 
longer and the duration of complete response or 
unconfi rmed complete response, verifi ed by bone 
marrow, was slightly shorter in the bortezomib plus 
rituximab group than in the rituximab group. Thus, 
although responses seemed of similar durability in both 
groups, the bortezomib plus rituximab group had 
signifi cantly more responders.

The bortezomib dosing regimen used in this study, 
1·6 mg/m² once weekly, was selected on the basis of 
similar effi  cacy but a reduced profi le of toxic eff ects 
compared with twice-weekly dosing of bortezomib 
1·3 mg/m² in combination with rituximab in a 
randomised phase 2 study.30 However, recent results 
from another phase 2 study20 of single-drug bortezomib 
in relapsed follicular lymphoma showed higher 
response rates, but similar progression-free survival, 
with twice-weekly bortezomib 1·5 mg/m² versus once-
weekly bortezomib 1·6 mg/m², and in a smaller phase 2 
study,41 twice-weekly bortezomib 1·5 mg/m² has also 
been shown to result in higher response rates than 

once-weekly bortezomib 1·8 mg/m² on a diff erent 
schedule to the once-weekly 1·6 mg/m² schedule used 
in this study.

The effi  cacy improvements reported with bortezomib 
plus rituximab were accompanied, as would be expected 
with the addition of another drug, by increased rates of 
adverse events, which were mostly mild or moderate, 
compared with rituximab alone. These increases did 
not substantially aff ect overall treatment feasibility 
when given over the planned fi ve cycles; a similar 
proportion of patients in the rituximab and bortezomib 
plus rituximab groups discontinued therapy before 
completing fi ve cycles, primarily because of disease 
progression (which was more frequent in the rituximab 
group) and toxic eff ects or patient choice (which was 
more frequent in the bortezomib plus rituximab group). 
Notably, patient-reported global health status between 
groups did not diff er in a clinically meaningful way, as 
assessed by the EORTC QLQ-C30 questionnaire. 
Signifi cant diff erences in mean global health status 
score, of –3·46 to –4·18 points, were seen between the 
bortezomib plus rituximab and rituximab groups 
during treatment, associated with the expected 
additional adverse events in the bortezomib plus 
rituximab group; the magnitude of these diff erences 
did not reach the threshold considered to indicate 
clinically meaningful changes (fi ve points or more).35–37 
Following the end of treatment, mean scores were 
higher compared with baseline and were similar 
between groups.
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Figure 4: Changes in quality of life (global health status score, EORTC QLQ-C30 questionnaire) by treatment group
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The safety profi les portrayed the established safety 
profi les of rituximab and bortezomib, and the adverse 
events in the combination group were similar to previous 
experience in earlier-phase studies.30,31 Notably, the rate 
of peripheral neuropathy with the weekly bortezomib 
dosing regimen was limited, as was also seen in the 
small study of single-drug twice-weekly bortezomib 
1·5 mg/m² (23% adverse events in nervous system, 
including 7% grade 3) versus once-weekly bortezomib 

1·6 mg/m² (15%, including 4% grade 3).20 As in multiple 
myeloma, the potential for peripheral neuropathy should 
be borne in mind when considering treatment with 
bortezomib. However, it should be noted that, as in 
studies in multiple myeloma,42 most bortezomib-
associated peripheral neuropathy events reported in our 
study resolved completely. Also, rates of peripheral 
neuropathy were not increased by previous treatment 
with vincristine. Furthermore, the risk of peripheral 
neuropathy with bortezomib might be reduced through 
the use of subcutaneous instead of intravenous 
administration.43 As reported previously,42 reactivation of 
herpes zoster was more common in patients receiving 
bortezomib; however, no antiviral prophylaxis was 
mandated in the protocol.

Various drugs and regimens have been investigated 
for the treatment of relapsed follicular lymphoma, 
including randomised phase 3 studies of immuno-
chemotherapy, radioimmunotherapy, and high-dose 
therapy with autologous stem-cell transplantation.7–9 
However, these treatment options are limited to selected 
patient populations. Various other drugs and regimens, 
including bendamustine and other immunotherapy 
drugs, have been investigated in single-arm or phase 2 
studies that have seemed to show promising activity 
and tolerability in the context of the fi ndings of our 
study, as reviewed recently.5,6 Currently, there remains 
no standard of care for relapsed follicular lymphoma 
and thus, in determining appropriate treatment, 
clinicians should consider the available evidence for the 
various therapeutic options investigated in this setting 
and make treatment decisions on the basis of individual 
patients’ characteristics. We suggest that bortezomib 
plus rituximab might represent a useful addition to the 
armamentarium for the management of certain 
subgroups of patients with relapsed follicular 
lymphoma. Further studies are building on the 
bortezomib plus rituximab combination in this disease 
and other lymphoma subtypes, with bortezomib, 
rituximab, and bendamustine27,28 and bortezomib 
in combination with immunochemotherapy26,29 
demonstrating promising activity. The rationale for 
such combinations is provided by the mechanism of 
action of bortezomib, which results in additive or 
synergistic activity in preclinical studies in multiple 
myeloma and lymphoma with alkylating drugs and 
doxorubicin, as well as rituximab.44

In conclusion, this phase 3 study has shown a lower-
than-anticipated overall clinical benefi t in favour of the 
combination of bortezomib plus rituximab in terms of 
progression-free survival, with greater benefi t seen in 
some patient subgroups, including those with adverse 
prognostic factors. Consistent benefi ts in terms of 
improved lymphoma response and time to next 
treatment were also seen with the regimen. This 
combination is now being investigated with other 
eff ective drugs and regimens.

Panel: Research in context

Systematic review
As noted in systematic reviews,4–6 follicular lymphoma is 
incurable and patients typically receive multiple lines of 
therapy, with progressively shorter progression-free survival. 
Treatment goals in the relapsed setting are to provide a 
durable remission and additional progression-free survival 
time with minimum side-eff ects. Although many treatment 
options have been investigated, few have been compared 
with each other, particularly in large, randomised 
phase 3 trials. Rituximab is approved in this setting and is 
widely used in treatment of follicular lymphoma. To further 
improve outcomes, including augmenting the effi  cacy of 
rituximab retreatment, additional therapeutic options are 
required incorporating novel active drugs. Studies of 
bortezomib in patients with indolent lymphoma show it to 
be active and well tolerated, with similar effi  cacy and better 
tolerability with weekly versus twice-weekly dosing shown in 
a phase 2 study in combination with rituximab. These 
fi ndings led to the present study of rituximab alone or 
combined with weekly bortezomib in patients with relapsed 
or refractory follicular lymphoma.

Interpretation
Our fi ndings show that addition of weekly bortezomib to 
rituximab treatment is associated with a lower-than-
anticipated improvement in progression-free survival, with 
greater clinical benefi t seen in some patient subgroups, 
including those aged 65 years or younger, and those with poor 
prognostic factors such as high FLIPI score and high tumour 
burden. Signifi cant improvements were also noted in 
response rates, durability of response, and time to next 
treatment. Although the effi  cacy improvements shown with 
bortezomib plus rituximab were accompanied, as expected, 
by increased rates of mostly mild or moderate adverse events, 
this did not aff ect treatment feasibility or result in clinically 
meaningful diff erences in patient-reported global health 
status. Other studies of drugs for the management of relapsed 
follicular lymphoma suggest promising activity and 
tolerability in the context of the fi ndings of our study; 
nevertheless, although bortezomib plus rituximab might not 
represent the optimum therapy for all patients with relapsed 
follicular lymphoma, our results suggest that it represents a 
useful addition to the armamentarium, particularly in certain 
subgroups of patients. 
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