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Summary 

Background 

Fit patients with mantle cell lymphoma aged 18–65 years are usually given cytarabine and 
rituximab-based induction regimens followed by autologous haematopoetic stem-cell 
transplantation (HSCT). We investigated whether post-autologous HSCT maintenance with 
lenalidomide improves progression-free survival in this population. 

Methods 

This open-label, randomised, multicentre, phase 3 trial was done at 49 haematology and 
oncology units in Italy and Portugal. Eligible patients had Ann Arbor stage III or IV treatment-
naive mantle cell lymphoma (or stage II plus bulky disease [≥5 cm] or B symptoms), and had 
evidence of cyclin D1 overexpression or the translocation t(11;14)(q13;q32). Patients were 
aged 18–59 years with Eastern Cooperative Oncology Group (ECOG) performance status 0–3, 
or aged 60–65 years with ECOG 0–2. After an optional prephase with vincristine and steroids 
(intravenous vincristine 1·4 mg/m2 on day 1, oral prednisone 100 mg [total dose] on days 1–5), 
patients were given three courses of R-CHOP (21-day cycle, intravenous rituximab 375 mg/m2 
on day 1; intravenous doxorubicin 50 mg/m2, vincristine 1·4 mg/m2, and cyclophosphamide 
750 mg/m2 on day 2; oral prednisone 100 mg/m2 on day 2–6). Patients then received one 
cycle of high-dose CTX (intravenous cyclophosphamide 4 g/m2 on day 1, intravenous 
rituximab 375 mg/m2 on day 4). After restaging, patients received two cycles of R-HD-
cytarabine (high-dose intravenous cytarabine 2 g/m2 every 12 h on days 1–3, intravenous 
rituximab 375 mg/m2 on days 4 and 10). Patients with complete remission or partial remission 
proceeded to autologous HSCT and responding patients (complete remission or partial 



remission) with haematological recovery were randomly assigned (1:1) to receive 24 courses 
of oral lenalidomide maintenance (15 mg per day for patients with platelets >100 × 109 cells 
per L or 10 mg per day for platelets 60–100 × 109 cells per L, days 1–21 every 28 days) for 24 
months, or observation. The primary endpoint was progression-free survival, measured in the 
randomised population. This study is registered with EudraCT (2009–012807–25) and 
ClinicalTrials.gov (NCT02354313). 

Findings 

Between May 4, 2010, and Aug 24, 2015, 303 patients were screened for inclusion and 300 
patients were enrolled (median age 57 years, IQR 51–62; 235 [78%] male). 95 patients were 
excluded before randomisation, mostly due to disease progression, adverse events, and 
inadequate recovery. 104 patients were randomly assigned to the lenalidomide maintenance 
group and 101 patients to the observation group. 11 (11%) of 104 patients assigned to 
lenalidomide did not start treatment (3 withdrew, 6 adverse events or protocol breach, 2 lost 
to follow-up). At a median follow-up of 38 months after randomisation (IQR 24–50), 3-year 
progression-free survival was 80% (95% CI 70–87) in the lenalidomide group versus 64% (53–
73) in the observation group (log-rank test p=0·012; hazard ratio 0·51, 95% CI 0·30–0·87). 41 
(39%) of 104 patients discontinued lenalidomide for reasons including death or progression. 
Treatment-related deaths were recorded in two (2%) of 93 patients in the lenalidomide group 
(1 pneumonia, 1 thrombotic thrombocytopenic purpura), and one (1%) of 101 in the 
observation group (pneumonia). 59 (63%) of 93 patients in the lenalidomide group had grade 
3–4 haematological adverse events versus 12 (12%) of 101 patients in the observation group 
(p<0·0001). 29 (31%) of 93 patients in the lenalidomide group and eight (8%) of 101 patients in 
the observation group had grade 3–4 non-haematological adverse events (p<0·0001), of which 
infections were the most common.Serious adverse events were reported in 22 (24%) of 93 
patients in the lenalidomide group and five (5%) of 101 patients in the observation group. 
Pneumonia and other infections were the most common serious adverse events. 

Interpretation 

Despite non-negligibile toxicity, lenalidomide after autologous HSCT improved progression-
free survival in patients with mantle cell lymphoma, highlighting the role of maintenance in 
mantle cell lymphoma. 

Funding 

Fondazione Italiana Linfomi and Celgene. 

 

Research in context 

Evidence before this study 

We searched PubMed for full reports of clinical trials published in English before Dec 31, 
2008, using the terms “mantle cell lymphoma” and “lenalidomide”. No phase 3 randomised 
clinical trials focusing on young, untreated patients were found. Autologous haematopoietic 
stem-cell transplantation (HSCT) is considered the gold standard for these patients, and 
evidence arising from phase 2 studies indicated that inclusion of rituximab and high-dose 



cytarabine in the induction schedule was beneficial. We speculated that long-term 
maintenance treatment could be useful in delaying or reducing the pattern of constant 
relapse. We designed a phase 3 study to assess the benefit of oral maintenance with 
lenalidomide versus observation after autologous HSCT in patients aged 18–65 years with 
mantle cell lymphoma. 

Added value of this study 

Our results indicate that lenalidomide maintenance after first-line autologous HSCT can 
significantly improve progression-free survival in patients younger than 66 years with mantle 
cell lymphoma. The recorded toxicity did not preclude a clinically meaningful benefit. 

Implications of all the available evidence 

Progression-free survival in mantle cell lymphoma is improved by maintenance with several 
agents that have completely different mechanisms of action. This study, substantiated by 
results of a randomised phase 3 trial of rituximab maintenance that took place at the same 
time, provides further evidence of the crucial role of maintenance in the management of 
mantle cell lymphoma. With a clear benefit to overall and progression-free survival reported in 
two studies of rituximab maintenance, a combination of rituximab and lenalidomide 
compared with rituximab alone could be considered for future maintenance trials in both 
autologous HSCT and non-autologous HSCT-based settings. 

Introduction 

Mantle cell lymphoma is an uncommon mature lymphoid neoplasm that accounts for 
approximately 6% of all non-Hodgkin lymphomas and is characterised by the CCND1-IGH 
translocation t(11;14)(q13;q32), which leads to cyclin D1 overexpression.1 Despite 
substantial improvements in outcome,2 mantle cell lymphoma is still considered an 
incurable disorder, with a continuous relapse pattern and median survival of approximately 5–
7 years.3 

Treatment for young, physically fit patients with mantle cell lymphoma consists of induction 
treatment with rituximab and cytarabine-based chemotherapy, followed by consolidation with 
autologous haematopoeitic stem-cell transplantation (HSCT).4, 5, 6 Induction regimens are 
based either on standard dose regimens (such as alternating R-CHOP [cyclophosphamide, 
doxorubicin, vincristine, and prednisone or prednisolone] and R-DHAP [rituximab, 
dexamethasone, cytarabine, and cisplatin])5 or on more intense regimens (such as that used 
by the Nordic group and the high-dose sequential [R-HDS] schedule).7 R-HDS induced 
clinical and molecular remission in previous phase 2 studies.8, 9, 10 Results from a study 
published in 201711 reported that rituximab maintenance every 2 months for 3 years after 
autologous HSCT can improve both progression-free survival and overall survival. 
Immunotherapy maintenance treatment was also efficacious in patients aged 60 years or 
older after conventional immunochemotherapy.12, 13 Several other agents are available for 
long-term maintenance, but the benefit of these treatments has not yet been investigated. 

Lenalidomide is an oral agent with documented activity in mantle cell lymphoma14, 15, 16 
due to immunomodulatory, microenvironmental, and antiangiogenic mechanisms and direct 
effects on malignant cells.17 Lenalidomide has been tested as maintenance treatment in 



several lymphoid malignancies, including diffuse large B-cell lymphoma and multiple 
myeloma, and in multiple myeloma it is now part of routine treatment,18, 19, 20 but has not 
been tested in patients with mantle cell lymphoma after conventional treatment or 
autologous HSCT. 

We aimed to assess the benefit of lenalidomide maintenance versus observation after 
intensive chemo-immunotherapy with R-HDS and autologous HSCT. 

Methods 

Study design and participants 

This open-label, randomised, phase 3 trial was done at 49 haematology and oncology units 
(48 in Italy, 1 in Portugal; appendix pp 2–5). The protocol (appendix p 31) was reviewed and 
approved by the independent ethics committee of all participating centres. 

Eligible patients were aged 18–59 years with Eastern Cooperative Oncology Group (ECOG) 
performance status 0–3, or aged 60–65 years with an ECOG performance status 0–2 (except 
when impairment of performance status was related to non-Hodgkin lymphoma). Eligible 
patients had treatment-naive advanced mantle cell lymphoma with Ann Arbor stage III or IV, 
or stage II plus bulky disease (≥5 cm) or B symptoms; had evidence of cyclin D1 
overexpression or the translocation t(11;14)(q13;q32) by fluorescence in situ hybridisation or 
RT-PCR (evidence of overexpression of cyclin D2 or D3 by immunohistochemistry was 
acceptable for patients whose tumours were negative for the cyclin D1); had measurable 
disease (two diameters) in at least one site; were willing and able to comply with the protocol 
for the duration of the study; and understood that the study drug could have a potential 
teratogenic risk (and were counselled about pregnancy precautions and risks of fetal 
exposure). Patients were excluded if they had non-Hodgkin lymphoma subtypes other than 
mantle cell lymphoma; clinical features of indolent mantle cell lymphoma; history of 
malignancy (other than squamous cell carcinoma, basal cell carcinoma of the skin, 
carcinoma in situ of the cervix, carcinoma in situ of the breast, or incidental histological 
finding of prostate cancer [TNM stage T1a or T1b]) within the past 3 years; major surgery (other 
than diagnostic surgery) within the past 4 weeks; evidence of CNS involvement; clinically 
significant cardiac disease (ventricular ejection fraction <45%, congestive heart failure, 
symptomatic coronary artery disease, or cardiac arrhythmias not well controlled with 
medication) or myocardial infarction within the past 6 months; New York Heart Association 
class III or IV heart disease; marked impairment of pulmonary function (pulmonary diffusing 
capacity <50%); lymphoma-unrelated unacceptable haematologic values (haemoglobin <9 
g/dL, white blood cells <3 × 109 cells per L, platelets <60 × 109 cells per L, absolute 
neutrophil count [ANC] <1·5 × 109 cells per L) in the week before the start of study; 
lymphoma-unrelated abnormal liver function tests (serum bilirubin >2 mg/dL, alanine 
aminotransferase or aspartate aminotransferase >3 × upper limit of normal, alkaline 
phosphatase >2·5 × upper limit of normal) in the week before the start of the study; 
lymphoma-unrelated abnormal renal function (serum creatinine >2·0 mg/dL); active 
opportunistic infections; known serological positivity or active infection with HIV, hepatitis C 
virus, or hepatitis B virus (except HbsAg− patients and HbcAb+ patients, who could enter the 
trial under lamivudine prophylaxis; appendix p 5–7); or being pregnant or lactating. Diagnosis 



was obtained locally, followed by central pathological revision as detailed in the appendix (p 
8). 

This study was done according to the principles of the Declaration of Helsinki and in 
adherence with Good Clinical Practice Standards. Written informed consent was obtained 
from all patients. 

Randomisation and masking 

Patients were randomly assigned (1:1) in permuted blocks (size 2, 4, or 6) to lenalidomide or 
observation (appendix p 15). Placebo was not considered because patients receiving 
lenalidomide would be recognisable by history and laboratory examinations. Randomisation 
was stratified by centre and the presence of a clinical or molecular response (molecular 
response and clinical response vs absence of either or both). The randomisation sequence 
was generated by the statistician (AE) using the ralloc module in STATA (version 11.0) and 
implemented through a web-based procedure concealed from researchers. Investigators and 
patients were not masked to treatment. 

Procedures 

Eligible patients had clinical examination, complete blood count, and serum chemistry tests 
within 7 days before the first chemotherapy course. Patients had CT of the chest, abdomen, 
and pelvis and bone marrow specimens were obtained during the screening phase (and no 
longer than 1 month before the patient signed the written informed consent form). Tumour 
specimens were sent for central pathological revision as detailed in the appendix (p 8). 

A detailed treatment description and schema is available in the appendix (pp 7–8, 20). After 
an optional prephase with vincristine and steroids (intravenous vincristine 1·4 mg/m2 on day 
1, oral prednisone 100 mg [total dose] on days 1–5), patients were given three courses of R-
CHOP (21-day cycle, high-dose intravenous rituximab 375 mg/m2 on day 1; intravenous 
doxorubicin 50 mg/m2, vincristine 1·4 mg/m2 [max 2 mg], and cyclophosphamide 750 mg/m2 
on day 2; oral prednisone 100 mg/m2 on day 2–6). The R-HDS scheme was slightly modified 
from the original protocol to improve feasibility compared to the phase 2 study schedule.8 In 
this study, R-HDS consisted of R-CTX (high-dose intravenous cyclophosphamide 4 g/m2 on 
day 1, intravenous rituximab 375 mg/m2 on day 4). After restaging (appendix p 20), patients 
received two cycles of R-HD-cytarabine (high-dose intravenous cytarabine 2 g/m2 every 12 h 
on days 1–3; plus intravenous rituximab 375 mg/m2 on days 4 and 10). CD34+ peripheral 
blood stem cells (PBSCs) were harvested by local procedures after the first course of R-HD-
cytarabine. At least 3·5 × 106 CD34+ cells per kg were required. PBSCs were only collected a 
second time in patients with inadequate harvesting or no documented minimal residual 
disease-negativity in the harvested PBSCs (centrally determined21 at the University of Torino, 
Torino, Italy, and communicated to centres through Fondazione Italiana Linfomi operative 
offices). The induction programme included eight infusions of rituximab 375 mg/m2 (appendix 
p 7). 

After completing the whole R-HDS sequence [R-CTX and R-HD-cytarabine], patients with 
complete remission or partial remission (assessed by CT according to the 2007 International 
Working Group Criteria for non-PET avid lymphomas)22 proceeded to autologous HSCT. The 



conditioning regimen was BEAM (intravenous carmustine 300 mg/m2 on day −6; intravenous 
etoposide 200 mg/m2 on days −5, −4, −3, and −2; intravenous cytarabine 400 mg/m2 on days 
−5, −4, −3, and −2, intravenous melphalan 140 mg/m2 on day −1, PBSC reinfusion on day 1, 
and granulocyte colony-stimulating factor [G-CSF] 5 μg/kg from day 2 until ANC >1·5 × 109 
cells per L). At least 3·5 × 106 PBSCs per kg were infused for autologous HSCT support. 
Subcutaneous G-CSF 5 μg/kg was given from the day after every high-dose chemotherapy 
course until recovery or completion of PBSC harvesting (appendix p 7). 

Responding patients (complete remission or partial remission) with haematological recovery 
(ANC >1·5 × 109 cells per L and platelets >60 × 109 cells per L) within 120 days after 
autologous HSCT were randomly assigned to receive oral lenalidomide (15 mg per day for 
patients with platelets >100 × 109 cells per L or 10 mg per day for platelets 60–100 × 109 cells 
per L, days 1–21 every 28 days) for 24 months, or observation. Treatment was continued for 24 
months or until disease progression, unacceptable toxic effects, or voluntary withdrawal of 
the patient. If toxic effects occurred, lenalidomide treatment was interrupted or modified as 
described in the appendix (pp 9–12). The frequency and severity of adverse events were 
recorded on the basis of National Cancer Institute Common Terminology Criteria for Adverse 
Events (CTCAE) version 4.0. AEs were assessed during follow-up visits or when otherwise 
notified. Serious adverse events were defined as adverse events resulting in death, 
considered life-threatening by the investigators, those requiring hospitalisation or an 
extension of hospitalisation, those resulting in significant disability or incapacity (a 
substantial disruption of the patient's ability to conduct normal life functions), congenital 
anomaly or birth defects, and those constituting an important medical event. Prophylactic 
use of filgrastim was allowed, and used to support ANC recovery and to prevent febrile 
neutropenia even when not specifically recommended (appendix p 7). During the treatment 
and consolidation phases, safety was assessed before and after chemotherapy 
administration by haematology and blood chemistry including total protein, albumin, 
calcium, glucose, uric acid, total bilirubin, alkaline phosphatase, alanine aminotransferase, 
aspartate aminotransferase, creatinine, and lactate dehydrogenase; ECOG performance 
status; vital signs; physical examinations; bodyweight; and concomitant medications. During 
maintenance and in the observation group, patients had monthly physical examinations, 
ECOG performace status determination, complete blood counts and blood chemistry, and 
periodic quality of life assessments. These examinations were done at least every 3 months in 
the post-maintenance and observation follow-up period. 

Response to therapy was assessed locally according to the 2007 Revised Criteria for 
Malignant Lymphoma for non-PET-avid disorders.22 Response was assessed by CT after R-
HD-CTX, before and after autologous HSCT, and then during maintenance or observation at 6, 
12, 18, and 24 months, and during follow-up at 30 and 36 months. PET was not mandatory but 
suggested before and after autologous HSCT, but was not used for response assessment as 
established by response criteria.22 

Data were centralised by the sponsor. The statistical analysis was done by the Unit of Clinical 
Epidemiology (CPO Piemonte, Italy), which also contributed to the design. The study protocol 
had four amendments that were approved by the institutional review boards of all 
participating centres (appendix pp 16–19). Two amendments were related to biological 



studies not described in this report, and modification of the informed consent due to 
accumulation of more knowledge on lenalidomide safety. The third amendment increased the 
sample size from 200 to 300 patients because of a higher than expected dropout rate during 
the pre-randomisation phase, extended the randomisation window after autologous HSCT, 
and increased the period of accrual. Amendement four introduced slight modifications in 
hepatitis B and varicella zoster virus monitoring and prophylaxis, as suggested by Italian 
regulatory authorities. 

Outcomes 

The primary endpoint was progression-free survival, measured from the date of 
randomisation to progression, relapse, or death from any cause, according to the 2007 
Revised Criteria for Malignant Lymphoma for non-PET avid disorders.22 Secondary endpoints 
were overall survival, event-free survival, disease-free survival, overall response rate, 
complete response rate,22 safety, and incidence of secondary malignancies (defined in 
appendix pp 14–15). Additional secondary endpoints were minimal residual disease, 
prognostic impact of molecular response, molecular relapse and disease kinetics on 
progression-free survival, quality of life, and cost-effectiveness (results not shown; to be 
included in future reports). 

Statistical analysis 

We expected progression-free survival 30 months after randomisation in approximately 70% 
of patients in the observation group and at least 85% of patients in the lenalidomide group. 
According to the O'Brien and Fleming group sequential design with two interim analyses, 200 
complete or partial responders should have been randomly assigned (100 per group) to 
ensure 60 progression-free survival events and detect the anticipated difference with α=5% 
and power=85%, assuming 3 years of accrual and a minimum follow-up of 2 years. As two 
interim analyses were done during the study, p was fixed at 0·045 for the final analysis. 
Because of a higher than expected dropout rate during the pre-randomisation phase (20% 
expected vs 30% actual), a protocol amendment in September, 2014, increased the sample 
size to 300. Statistical analyses were done in the enrolled population (all patients enrolled in 
the study), the intention-to-treat (ITT) population (all patients randomly assigned to 
lenalidomide or observation), and safety population (all patients who received at least one 
dose of the assigned treatment). Time-to-event efficacy endpoints (progression-free survival, 
overall survival, event-free survival, and disease-free survival) were estimated by the Kaplan-
Meier method starting from the date of enrolment in the enrolled population, and the date of 
randomisation in the ITT population. Differences between groups were assessed in the ITT 
population by stratified log-rank test according to stratified randomisation by clinical and 
molecular response. Hazard ratios (HRs) were estimated using the stratified Cox model 
according to randomisation for clinical response and molecular response, and adjusting for 
Mantle Cell Lymphoma International Prognostic Index (MIPI) in an additional sensitivity 
analysis. To evaluate the heterogeneity of the maintenance effect on progression-free 
survival, planned (by stratification variable, age, and sex) and post hoc (by systemic 
symptoms, bulky disease, bone marrow involvement, Ki-67,23 and MIPI score24) subgroup 
analyses were done. A Cox model was estimated for each subgroup, adjusting for the 
stratification variable. The presence of interaction was tested by including an interaction term 



between the randomised group and the subgroup covariate of interest. The cumulative 
incidence of secondary malignancies was estimated using the method proposed by Gooley 
and colleagues.25 Death without secondary malignancy was defined as a competing event 
and comparisons between groups were done using the Fine and Gray model, adjusted for 
MIPI.26 The proportion of patients who had grade 3–4 toxic effects was compared between 
groups using the Fisher's exact test, calculating the p value by doubling the one-tailed exact 
probability from exact test. See the appendix (pp 12–13) for the statistical analysis plan. This 
study is registered with EudraCT, 2009–012807–25, and ClinicalTrials.gov, NCT02354313. As 
detailed in the protocol (p 39) a data safety and monitoring committee was put in place for the 
entire duration of the study. 

Role of the funding source 

The funder provided lenalidomide for maintenance therapy and supported the study but did 
not contribute to study design, data collection, data analysis, interpretation, or to manuscript 
writing or submission. All authors contributed and reviewed subsequent drafts and jointly 
decided to submit the manuscript for publication. Data and statistical analyses were 
available to all authors, who controlled their accuracy, completion, integrity, and adhesion to 
protocol. The corresponding author had the final responsibility to submit for publication. 

Results 

Between May 4, 2010, and Aug 24, 2015, 303 patients were screened for inclusion (figure 1). 
Three patients were excluded as they did not have mantle cell lymphoma, and 300 patients 
were enrolled. Clinical characteristics at baseline are shown in table 1. Median age was 57 
years (IQR 51–62), and 235 (78%) of 300 patients were male. All enrolled patients started 
treatment. 115 (38%) of 300 patients received the optional prephase and all others proceeded 
directly to R-CHOP. 284 (95%) patients started R-HD-CTX, and 281 (94%) started R-HD-
cytarabine. 251 (84%) patients had autologous HSCT. Treatment was stopped in 95 (32%) of 
300 patients due to disease progression (n=31, 10%), toxic death (n=9, 3%), and other causes 
(n=55, 18%; 15 adverse events [4 infectious, 2 gastrointestinal, 2 neurological, 2 
cardiovascular, 2 pulmonary, and 3 other causes], 7 withdrew from treatment, 1 had poor 
mobilisation of stem cells, 2 were lost to follow-up, 3 had major protocol violations [1 delay in 
restaging after autologous HSCT, 1 not randomly assigned in time due to organisational 
problems, 1 switched to another therapeutic protocol with cytarabine], 1 medical decision, 2 
poor compliance, and 24 could not be randomly assigned due to inadequate haematopoietic 
recovery after autologous HSCT). 

 
After autologous HSCT, 205 (68%) of 300 patients had at least partial remission (191 complete 
remission and 14 partial remission) and met eligibility criteria for random assignment (figure 1). 104 
patients were randomly assigned to lenalidomide maintenance treatment, and 101 patients were 
randomly assigned to observation only. Baseline characteristics of the patients randomised to each 
group are shown in table 1. 

11 (11%) of 104 patients randomly assigned to lenalidomide did not start the study drug, six of whom 
had a protocol violation (randomisation performed before haematological recovery). 52 (50%) of 104 
patients completed the maintenance treatment, and 41 (39%) did not complete lenalidomide 



maintenance. Two (2%) of 104 patients died, seven (7%) relapsed, 25 (24%) had adverse events, and 
five (5%) discontinued for other reasons. In the observation group, observation was interrupted in 24 
(24%) of 101 patients due to death (n=1 [1%]), relapse (n=20 [20%]), and other causes (n=3 [3%]). Two 
(2%) of 104 patients in the lenalidomide group were still on treatment at the time of analysis and six 
(6%) of 101 patients in the observation group were still followed up at the time of analysis. 25 (48%) of 
52 patients who completed treatment with lenalidomide remained at the 15 mg dose throughout, and 
27 patients (52%) reduced the dose (16 patients to 10 mg; 11 patients to 5 mg). Median time to first 
dose reduction was 3 months (IQR 2–9) and median time to interruption was 12 months (3–17). 

Median follow-up for the enrolled population was 48 months (IQR 8·0–88·0) from enrolment and 38 
months (24·0–50·0) from randomisation. 22 (21%) of 104 patients in the lenalidomide group had a 
progression-free survival event, compared with 38 (38%) of 101 patients in the observation group. After 
randomisation, six (80%) of eight patients with partial remission in the lenalidomide group converted 
to complete remission. The same occurred in one (25%) of four patients in the observation group. The 
median progression-free survival was not reached in either group. 3-year progression-free survival was 
80% (95% CI 70–87) in patients given lenalinomide and 64% (53–73) in the observation group (stratified 
HR 0·51, 95% CI 0·30–0·87; stratified log-rank p=0·012, stratified MIPI-adjusted HR 0·48; 95% CI 0·28–
0·81, p=0·0062; figure 2). Median overall survival was not reached in either group, and 3-year overall 
survival did not differ significantly between groups (93% [95% CI 85–97] in the lenalidomide group vs 
86% [95% CI 76–92] in the observation group, stratified HR 0·92; 95% CI 0·40–2·08, stratified log-rank 
p=0·83; stratified MIPI-adjusted HR 0·75, 95% CI 0·33–1·73; p=0·5, figure 2). Progression-free survival 
and overall survival of the entire randomised population are shown in the appendix (p 21). 3-year 
disease-free survival was 83% (95% CI 72–90) in the lenalidomide group and 65% (53–75) in the 
observation group (stratified HR 0·44, 95% CI 0·24–0·80; stratified log-rank p=0·0055) and 3-year 
event-free survival in the lenalidomide group was 46% (35–57; appendix p 22). Because event-free 
survival includes discontinuation of therapy (and progression, death, adverse events) among the 
outcomes, this outcome can only be seen in the lenalidomide group, and is therefore not presented for 
both groups with statistical comparison. 

 

We did a subgroup post hoc analysis of progression-free survival to evaluate whether the benefit of 
lenalidomide was more prominent in specific subgroups. Patients with no bone marrow involvement 
at diagnosis seemed to benefit more from lenalidomide maintenance (HR 0·11 [95% CI 0·02–0·52]) 
than did those with bone marrow involvement at diagnosis (0·75 [0·43–1·32], interaction p=0·023; 
appendix p 23). Other investigated parameters (eg, response status, MIPI systemic symptoms, bulky 
disease, and Ki67) did not seem to have an effect on the efficacy of lenalidomide in terms of 
progression-free survival (appendix p 23). 

An exploratory multivariable analysis indicated that only Ki67 proliferation index was associated with 
worse progression-free survival (HR 1·96, 95% CI 1·10–3·50; p=0·023). Moreover, treatment with 
lenalidomide was associated with better progression-free survival in patients with Ki67 (0·53, 0·31–
0·90; p=0·020, appendix, p 26).13 

Median progression-free survival and overall survival of the enrolled population calculated from study 
inclusion was also not reached. 4-year progression-free survival was 60% (95% CI 54–66), and 4-year 
overall survival was 82% (76–86) for the whole enrolled population (appendix p 24). 

4-year progression-free survival according to MIPI was 71% (95% CI 62–78) in low-risk patients, 52% 
(41–62) in intermediate-risk patients, and 38% (23–53) in high-risk patients (log-rank test p<0·0001). 
Overall survival was 91% (95% CI 85–94) in low-risk patients, 75% (64–83) in intermediate-risk 
patients, and 60% (41–74) in high-risk patients (log-rank test p<0·0001). An exploratory multivariable 



analysis identified MIPI or MIPI-c, male sex, and bulky disease as independent adverse 
prognosticators of progression-free survival, whereas MIPI or MIPI-c, male sex, B-symptoms, and Ki-67 
adversely affected overall survival (appendix p 26). 

At the end of induction, or at study interruption for those not completing R-HDS for toxic effects or 
withdrawal, we recorded an overall response in 254 (85%) of 300 patients. 234 (78%) of 300 patients 
had complete remission and 20 (7%) patients had partial remission. 30 (10%) patients had disease 
progression. 

During induction, nine (3%) of 300 patients in the enrolled population died (5 infections, 3 
cardiovascular toxic effects, and 1 car accident). After randomisation, there were three treatment-
related deaths; two (2%) of 104 patients in the lenalidomide safety population (1 pneumonia, 1 
thrombotic thrombocytopenic purpura) and one (1%) of 101 patients in the observation group 
(pneumonia). During induction, 269 (90%) of 300 patients had grade 3–4 haematological adverse 
events, most frequently in the R-HD-cytarabine and autologous HSCT phases. Further details on the 
haematological adverse events during the induction and consolidation phases are shown in the 
appendix (p 27). During induction, 205 (68%) of 300 enrolled patients had grade 3–4 non-
haematological adverse events, mostly during the autologous HSCT phase (154 [61%] of 251 patients, 
appendix p 28). The most frequent non-haematological adverse event was febrile neutropenia, which 
occurred in 146 (49%) of 300 patients overall and 106 (42%) of 251 patients during the autologous 
HSCT phase (appendix p 28). After randomisation, 59 (63%) of 93 patients in the lenalidomide safety 
population had grade 3–4 haematological adverse events, compared with 12 (12%) of 101 patients in 
the observation group (Fisher's exact test p<0·0001; table 2). Grade 3–4 non-haematological adverse 
events occurred in 29 (31%) of 93 patients in the lenalidomide safety population and eight (8%) of 101 
patients in the observation group (p<0·0001), mostly caused by infections (10 [11%] of 93 patients in 
the lenalidomide group vs 4 [4%] of 101 patients in the observation group, p=0·12; table 2). After 
randomisation, serious adverse events occurred in 22 (24%) of 93 patients in the lenalidomide group 
(7 pneumonia, 6 other infections, 2 neurological, 2 gastrointestinal, 5 other toxic effects) and five (5%) 
of 101 patients in the observation group (1 pneumonia, 2 other infections, two other toxic effects). 

We recorded non-cutaneous solid tumours in 13 (4%) of 300 patients, skin cancers in two (1%) of 300 
patients, and secondary myelodysplastic syndrome or acute myeloid leukaemia in a total of four (1%) 
of 300 patients. Nine (9%) of 95 patients in the non-randomised population had secondary malignancy 
(incidence 15·6% [95% CI 7·1–27·1] 48 months after enrolment) compared with ten (5%) of 93 patients 
in the randomised population (incidence 6·2% [3·5–13·6] 48 months after enrolment). Two of these ten 
secondary tumours were fatal. Secondary malignancies were reported in five (5%) of 93 patients in the 
lenalidomide safety population and in three (3%) of 101 patients in the observation group. The 
cumulative incidence of any secondary malignancy at 48 months was 10·3% (95% CI 3·2–22·3) in the 
lenalidomide safety population versus 3·2% (0·5–10·5) in the observation group (MIPI-adjusted HR 
2·00, 95% CI 0·50–8·03; p=0·33, appendix p 25). 

Discussion 

In this multicentre, randomised, phase 3 trial, we report a substantial improvement in progression-free 
survival among patients with mantle cell lymphoma given lenalidomide maintenance after autologous 
HSCT. The 15 mg dosing schedule had a non-negligible proportion of treatment stoppings, and many 
patients required dose reductions. However, the reduced treatment intensity did not preclude a 
clinically meaningful improvement in progression-free survival. Our data also suggest that R-HDS8 is 
feasible for induction, despite its intensity, but has substantial toxicity, which prevented a proportion 
of patients from being randomly assigned after autologous HSCT. Finally, the follow-up is still too brief 



to draw definitive conclusions about overall survival and late toxic effects, including secondary 
malignancies. 

The study did not include a placebo, as the active treatment has easily recognisable effects on blood 
counts, making it difficult to mask clinicians in the treatment group. The improved progression-free 
survival result was achieved despite stoppings and dose reductions, suggesting remarkable clinical 
activity and low tolerance of the maintenance scheme. We recorded objective difficulties in delivering 
the planned dose of lenalidomide, mostly due to haematological adverse events and infections, which 
can be explained, at least in part, by the presence of a particularly stressed haematopoietic 
compartment due to R-HDS and autologous HSCT. Almost 10% of patients who had HSCT could not 
be randomly assigned due to inadequate haematopoietic recovery, which largely explains the 
increased rate of randomisation failures compared with the LYMA trial11 of post-autologous HSCT 
rituximab maintenance in a similar patient population. On the other hand, lenalidomide has well 
known myelotoxic properties that might have been amplified by the intensive induction treatment. A 
broad ancillary substudy on clonal haematopoiesis and stem-cell damage to try to clarify these issues 
is ongoing (see protocol). However, haematological adverse events (particularly neutropenia) were 
frequently observed in trials investigating post-autologous HSCT lenalidomide maintenance in 
multiple myeloma,18 even if induction and consolidation were less chemo-intensive than R-HDS. 
Nevertheless, lenalidomide toxicity did not preclude the clinical benefit in both settings. 

Ours is the second study to show the benefit of adding a maintenance regimen after autologous HSCT 
in mantle cell lymphoma. Previous studies have already established the value of a maintenance 
regimen in the non-transplantation setting.12 The LYMA study11 reported a benefit in both 
progression-free survival and overall survival of post-autologous HSCT rituximab maintenance 
compared with observation in 2017, after the completion of enrolment for our study. The notion that 
both rituximab and lenalidomide, despite different mechanisms of action, had a substantial effect on 
the residual mantle cell lymphoma clone strengthens the value of maintenance for the successful 
management of mantle cell lymphoma. The main differences between our trial and the LYMA trial11 
are related to the superior feasibility and inferior toxicity of rituximab compared with lenalidomide. 
Moreover, the progression-free survival advantage observed in the LYMA trial translated into a 
significant overall survival benefit that was not observed in our study with the current length of follow-
up (LYMA 4-year overall survival in rituximab group 88·7% [95% CI 80·7–93·5] vs 81·4% in the 
observation group [72·3–87·7], p=0·0413). There are several possible explanations, including shorter 
follow-up (50 vs 39 months from randomisation), the nature and duration of treatment, higher rate of 
early lenalidomide stopping, the availability of better salvage regimens, and the effect of late adverse 
events. Long-term results will help clarify these issues. 

One major concern associated with lenalidomide treatment is the occurrence of secondary 
malignancies. We recorded 19 secondary malignancies, including 13 non-cutaneous solid cancers, 
two skin cancers, and four cases of secondary myelodysplastic syndrome or acute myeloid 
leukaemia. Nine of these secondary malignancies occurred in the non-randomised population. Of the 
ten cases in the randomised population, two were fatal, with a 48-month cumulative incidence of 
6·2%. More secondary malignancies were reported in the lenalidomide group than in the observation 
group and, although this difference was not significant, careful monitoring of future secondary 
malignancies is crucial. In the MCL Younger trial,5 the cumulative incidence of secondary tumours 
was 4·8% in the group given R-CHOP + DHAP and 4·3% in the group given R-CHOP. 

In the LYMA trial,11 three patients died from secondary malignancies in the rituximab group and one 
patient died from secondary malignancies in the observation group. This is in line with our findings, in 
which only two cases in the enrolled population were fatal. Again, long-term analysis will help clarify 
this important safety aspect. 



Patients in our study uniformly had R-HDS8 as induction therapy before randomisation. This regimen, 
similar to that used by the Nordic group,7 does not contain platinum derivatives and is characterised 
by an intense induction phase before autologous HSCT, with delivery of an R-HD-cytarabine dose that 
is considerably higher than other commonly used schedules, such as the classic CHOP + DHAP 
regimen.5 Overall, the R-HDS schedule proved to be feasible, with an overall response rate of 85%, a 
rate of toxic deaths similar to that of less intense regimens, and a high rate of successful stem-cell 
mobilisation. However, the programme was more cumbersome, particularly because of the need for 
hospital admission for R-HD-cytarabine delivery. This necessity was a problem for both patients and 
institutions, but no superior disease control was recorded compared with easier and more 
manageable programmes. 

Our results indicate that lenalidomide improves progression-free survival in patients with mantle cell 
lymphoma, at the cost of an increased rate of adverse events. We are waiting to see if this 
improvement will translate into improved overall survival, which will be included in a later report. The 
toxicity profile observed in the lenalidomide population suggests that either a reduction of 
lenalidomide dosing or a less intense induction is needed. Nevertheless, the encouraging progression-
free survival finding suggests the need to further improve maintenance programmes in mantle cell 
lymphoma, including the option of combining lenalidomide and rituximab, or use of ibrutinib as 
maintenance. Both of these approaches are under investigation within European MCL network phase 
3 trials (NCT01865110 and NCT02858258). 
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