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A BS T R AC T
BACKGROUND

Mantle-cell lymphoma is generally incurable. Initial treatment is not standardized
but usually includes cytotoxic chemotherapy. Lenalidomide, an immunomodulatory compound, and rituximab, an anti-CD20 antibody, are active in patients with
recurrent mantle-cell lymphoma. We evaluated lenalidomide plus rituximab as a
first-line therapy.
METHODS

We conducted a single-group, multicenter, phase 2 study with induction and maintenance phases. During the induction phase, lenalidomide was administered at a
dose of 20 mg daily on days 1 through 21 of every 28-day cycle for 12 cycles; the
dose was escalated to 25 mg daily after the first cycle if no dose-limiting adverse
events occurred during the first cycle and was reduced to 15 mg daily during the
maintenance phase. Rituximab was administered once weekly for the first 4 weeks
and then once every other cycle until disease progression. The primary end point
was the overall response rate. Secondary end points included outcomes related to
safety, survival, and quality of life.
RESULTS

A total of 38 participants were enrolled at four centers from July 2011 through
April 2014. The median age was 65 years. On the basis of the Mantle Cell Lymphoma International Prognostic Index scores, the proportions of participants with
low-risk, intermediate-risk, and high-risk disease at baseline were similar (34%,
34%, and 32%, respectively). The most common grade 3 or 4 adverse events were
neutropenia (in 50% of the patients), rash (in 29%), thrombocytopenia (in 13%),
an inflammatory syndrome (“tumor flare”) (in 11%), anemia (in 11%), serum sickness (in 8%), and fatigue (in 8%). At the median follow-up of 30 months (through
February 2015), the overall response rate among the participants who could be
evaluated was 92% (95% confidence interval [CI], 78 to 98), and the complete response rate was 64% (95% CI, 46 to 79); median progression-free survival had not
been reached. The 2-year progression-free survival was estimated to be 85% (95%
CI, 67 to 94), and the 2-year overall survival 97% (95% CI, 79 to 99). A response
to treatment was associated with improvement in quality of life.
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CONCLUSIONS

Combination biologic therapy consisting of lenalidomide plus rituximab was active
as initial therapy for mantle-cell lymphoma. (Funded by Celgene and Weill Cornell
Medical College; ClinicalTrials.gov number, NCT01472562.)
n engl j med 373;19
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antle-cell lymphoma, which is
characterized by CD5+CD23− follicular
mantle B cells with t(11;14)(q13;q32)
translocation and cyclin D1 overexpression,1 is
generally incurable and is associated with a median survival of approximately 4 to 5 years.2-4
Initial treatment for mantle-cell lymphoma varies but usually includes chemoimmunotherapy5-7
and often involves intensive approaches, such as
high-dose chemotherapy and hematopoietic-cell
transplantation.8-10 Treatment selection is influenced by age, coexisting conditions, and individual preferences. Treatment of patients with mantlecell lymphoma, who are frequently older (median
age, 65 years) and unsuitable candidates for intensive regimens,11 remains a clinical challenge.
Lenalidomide is a second-generation immunomodulatory compound that has pleiotropic antitumor effects, including stimulation of T-cell
and natural killer (NK)–cell expansion, inhibition of tumor-associated angiogenesis and lymphangiogenesis,12-14 and induction of lymphomacell apoptosis through the down-regulation of
cyclin D1.15 When combined with rituximab in
vitro, lenalidomide augments antibody-dependent
cell-mediated cytotoxicity by enhancing apoptosis and activation of NK-cell–mediated cytotoxicity16 and has been shown to overcome rituximab
resistance in patients with lymphoma.17,18 Lenalidomide, either as a single agent19,20 or in combination with rituximab,21 has shown clinical efficacy
in patients with recurrent mantle-cell lymphoma.
The major therapeutic goals in patients with
mantle-cell lymphoma are to extend survival and
improve quality of life. We hypothesized that
initial management of mantle-cell lymphoma
with biologic agents might offer patients effective disease control and a favorable side-effect
profile relative to some chemotherapy approaches
and that it could be applicable to a broad range
of patients. We therefore conducted an uncontrolled, multicenter, phase 2 study to evaluate
the efficacy and safety of the combination of
lenalidomide and rituximab as induction and
maintenance therapy in patients with previously
untreated mantle-cell lymphoma.
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histologic, immunophenotypic, and cytogenetic
features. A score on the Mantle Cell Lymphoma
International Prognostic Index (MIPI) indicating
low-risk or intermediate-risk disease (<6.2) or a
score indicating high-risk disease (≥6.2) with
concomitant contraindications to chemotherapy
was required (for a complete description of the
index, see the Supplementary Appendix, available
with the full text of this article at NEJM.org).
Other requirements for enrollment included an
Eastern Cooperative Oncology Group performance
status of 0, 1, or 2 (on a scale of 0 to 5, with 0
representing no symptoms and higher numbers
reflecting greater disability), an absolute neutrophil count of at least 1000 per microliter, a platelet count of at least 75,000 per microliter, a creatinine clearance of 30 ml per minute or higher,
and total levels of bilirubin, aspartate aminotransferase, and alanine aminotransferase that
were no higher than 2 times the upper limit of
the normal range. Patients were excluded if they
had central nervous system lymphoma, human
immunodeficiency virus infection, or active hepatitis B or C virus infection, or if they had had
invasive malignant tumors within the previous
5 years.
Study Design

This open-label, single-group, uncontrolled study
consisted of induction and maintenance phases
(see Fig. S1 in the Supplementary Appendix).
During the induction phase, patients with a creatinine clearance of 60 ml per minute or higher
received lenalidomide at a dose of 20 mg daily
on days 1 through 21 of every 28-day cycle for
12 cycles; the dose was escalated to 25 mg daily
after the first cycle if no dose-limiting adverse
events occurred during the first cycle. Rituximab
was administered at a dose of 375 mg per square
meter of body-surface area during weeks 1, 2, 3,
4, 13, 21, 29, 37, and 45, for a total of nine
doses. During the maintenance phase, lenalidomide was administered at a dose of 15 mg daily
on days 1 through 21 of every 28-day cycle, and
rituximab was administered once every 8 weeks.
Treatment was continuous for at least 36 cycles
or until disease progression, development of unacceptable adverse effects, or withdrawal from
Me thods
the study. For patients with a creatinine clearPatient Eligibility
ance of 30 to less than 60 ml per minute, the
We enrolled patients who had untreated, measur- starting dose of lenalidomide was 10 mg daily
able mantle-cell lymphoma with characteristic during the induction phase (with escalation to
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15 mg daily if no dose-limiting adverse events
occurred) and 5 mg daily during the maintenance
phase (without dose escalation). Patients received
thromboprophylaxis with aspirin or low-molecular-weight heparin unless they required treatment for known thrombosis. Asymptomatic
carriers of hepatitis B virus received antiviral
therapy. Prophylactic growth factors were not
empirically administered.

well-being, and lymphoma-specific questionnaires [ranging from 0 to 116]) were obtained
for information related to clinical features, treatment, and response. Previous literature suggests
that a minimally important difference is indicated by a change of 2.9 to 5.4 in the score on the
lymphoma-specific questionnaire, 3 to 7 in the
FACT-G total score, 6.5 to 11.2 in the Fact-Lym
total score, and 5.5 to 11 in the Fact-Lym trial
outcome index score.24

Efficacy and Safety Assessments

We used the criteria reported by Cheson et al.
(see the Supplementary Appendix) to determine
responses to treatment.22 Computed tomography
(CT) was performed at baseline, every 3 months
for 2 years, and then every 6 months thereafter
until disease progression. Combined positronemission tomography and CT (PET-CT) was
optional at baseline. A bone marrow biopsy and
PET-CT were performed to confirm a complete
response. Adverse events were graded according
to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0
(http://evs.nci.nih.gov/f tp1/CTCAE/CTCAE_4.03
_2010-06-14_QuickReference_5x7.pdf).
Quality-of-Life Analysis

Health-related quality of life was measured with
the use of the Functional Assessment of Cancer
Therapy–Lymphoma (FACT-Lym),23 which includes
a general questionnaire (FACT-G) that assesses
physical well-being (7 items, with the total score
ranging from 0 to 28), social well-being (7 items,
with the total score ranging from 0 to 28), emotional well-being (6 items, with the total score
ranging from 0 to 24), and functional well-being
(7 items, with the total score ranging from 0 to
28) — with higher scores on each component
indicating higher quality of life — as well as a
lymphoma-specific questionnaire (15 items, with
the total score ranging from 0 to 60 and higher
scores indicating better control of lymphomaspecific symptoms). The assessment was performed at baseline, every 3 months for 2 years,
and every 6 months thereafter. At 24 months, a
quality-of-life exploratory analysis was performed
on data from the first 32 patients. The FACTLym total score (the sum of the FACT-G total
score and the score on the lymphoma-specific
questionnaire [ranging from 0 to 168]) and the
FACT-Lym trial outcome index score (the sum of
the scores on the physical well-being, functional
n engl j med 373;19

Study Oversight

This multicenter, phase 2 study was designed by
investigators at Weill Cornell Medical College.
All the authors participated in the collection and
analysis of the data and vouch for the accuracy
and completeness of the data and the fidelity of
the study to the protocol (available at NEJM.org).
The first draft of the manuscript was prepared
by the first and last authors, and all the authors
contributed to revisions and approved the final
manuscript. The study was approved by the institutional review board at each participating center.
All the participants provided written informed
consent, and the trial was conducted in accordance with the Declaration of Helsinki and
Good Clinical Practice guidelines. An independent data and safety monitoring board at Weill
Cornell Medical College conducted safety reviews twice a year. Celgene funded the research
and provided the lenalidomide free of charge;
Celgene approved the original protocol and all
amendments as written, but had no role in the
design of the study, the collection, analysis, and
interpretation of the data, or the preparation of
the manuscript.
Statistical Analysis

The primary end point was the overall response
rate. Sample size was determined according to
Simon’s two-stage “minimax” design,25 with a
response rate of less than 40% as the null hypothesis that treatment was unacceptable and a response rate of higher than 60% as the alternative
hypothesis that the regimen deserved further exploration. We calculated a sample size that would
give the study 80% power, at a significance level
of 10%, to test the null and alternative hypotheses of the primary end point. Responses would
be measured starting after month 3 and then
every 3 to 4 months for the first 2 years. During
the first stage, a response assessment based on
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4 (11)

the best response measured at month 6 would be
conducted on the first 16 patients who could
be evaluated. If 7 or more of the 16 patients had
a response to treatment, enrollment would extend to 28 patients. During the second stage, if
15 or more of these 28 patients had a response,
the treatment would then be worthy of further
testing. Enrollment would be expanded post hoc
to enhance the precision of the observed response rate, as determined by the calculation of
90% and 95% confidence intervals. With an estimated final sample size of 38 patients (34 patients who could be evaluated), a 90% confidence interval for an expected response rate of
60% could be calculated to be within ±14.0% of
the observed response rate and a 95% confidence
interval could be calculated to be within ±16.7%
of the observed response rate.
Secondary end points of progression-free and
overall survival were assessed with the use of a
Kaplan–Meier analysis. Paired t-tests were used
to compare quality-of-life measures obtained at
follow-up time points with those obtained at
baseline. Data from all participants who received any therapy were included in the safety
analyses. For the secondary end points, all P values were two-sided, and P values of less than
0.05 were considered to indicate statistical significance. All analyses were performed with the
use of SAS software, version 9.4 (SAS Institute),
and Stata software, version 13.0 (StataCorp).

<30%

26 (68)

R e sult s

≥30%

8 (21)

Patient Characteristics

Unavailable

4 (11)

During the period from July 2011 through April
2014, a total of 38 patients were enrolled in the
study (Table 1). The median age was 65 years
(range, 42 to 86); 100% had Ann Arbor stage III
or IV disease, 39% had elevated lactate dehydrogenase levels, and 89% had bone marrow involvement. On the basis of the MIPI scores, 34% had
low-risk disease, 34% had intermediate-risk disease, and 32% had high-risk disease; on the basis
of the scores on the International Prognostic
Index (IPI, which ranges from 0 to 5, with higher
scores indicating greater risk; for a complete
description of the index, see the Supplementary
Appendix), 47% had low-intermediate–risk disease (score of 2), 26% had high-intermediate–
risk disease (score of 3), and 11% had high-risk
disease (score of 4 or 5). Results of staining for

Table 1. Baseline Characteristics.
Characteristic

Patients (N = 38)

Sex — no. (%)
Male

27 (71)

Female

11 (29)

Age — yr
Median

65

Range

42–86

ECOG performance status — no. (%)*
0–1
>1
Ann Arbor stage III or IV — no. (%)

37 (97)
1 (3)
38 (100)

Lactate dehydrogenase level — no. (%)
Normal

23 (61)

Elevated

15 (39)

Bone marrow involvement — no. (%)
Yes

34 (89)

No

4 (11)

MIPI score — no. (%)†
<5.7

13 (34)

5.7 to <6.2

13 (34)

≥6.2

12 (32)

IPI score — no. (%)‡
0–1

6 (16)

2

18 (47)

3

10 (26)

4–5
Ki-67 index — no. (%)

Indication for treatment — no. (%)
Symptomatic lymphadenopathy

20 (53)

Cytopenia

7 (18)

Bulky disease (>5 cm)

5 (13)

Gastrointestinal symptom

3 (8)

Patient preference

2 (5)

Rapidly rising white-cell count (>100,000/μl)

1 (3)

*	An Eastern Cooperative Oncology Group (ECOG) performance-status score of
0 indicates no symptoms, and a score of 1 indicates mild symptoms; higher
scores indicate greater disability.
†	A Mantle Cell Lymphoma International Prognostic Index (MIPI) score lower than
5.7 indicates low-risk disease, a score of 5.7 to less than 6.2 indicates intermediate-risk disease, and a score of 6.2 or higher indicates high-risk disease.
‡	A International Prognostic Index (IPI) score of 0 or 1 indicates low-risk disease,
a score of 2 indicates low-intermediate–risk disease, a score of 3 indicates highintermediate–risk disease, and a score of 4 or 5 indicates high-risk disease.
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Ki-67 were available for 34 patients (89%), and
the Ki-67 index (the percentage of cells positive
for Ki-67) was 30% or higher in 8 patients (21%).
No patients had pleomorphic or blastoid histologic features. All the patients had indications
for treatment, the most common of which were
symptomatic lymphadenopathy (53%), cytopenias
(18%), and bulky disease (13%). Two patients —
one with a MIPI score indicating intermediaterisk disease and one with a score indicating
high-risk disease — could not be evaluated because they had an inflammatory syndrome (“tumor flare”) during the first cycle and were
withdrawn before response assessment. At the
median follow-up of 30 months (through February 2015), the 36 patients who could be evaluated
had collectively undergone a total of 932 cycles
of therapy with lenalidomide and had each received a median of 16 doses (range, 4 to 26) of
rituximab.
Efficacy

At the median follow-up of 30 months (range,
10 to 42), in the intention-to-treat population
(38 patients), the overall response rate was 87%
and the complete response rate was 61%. Among
the patients who could be evaluated (36 patients),
the overall response rate was 92% and the complete response rate was 64% (Table 2). The number of complete responses increased over time
with continuous treatment (Fig. S2 in the Supplementary Appendix). The median time to a
partial response to treatment was 3 months
(range, 3 to 13), and the median time to a complete response was estimated to be 11 months
(range, 3 to 22). The 2-year progression-free
survival rate was 85% (95% confidence interval
[CI], 67 to 94), and the 2-year overall survival
rate was 97% (95% CI, 79 to 99). Median progression-free survival and median overall survival had not yet been reached at the median
follow-up (Table 3 and Fig. 1 and 2).
Neither the MIPI and IPI scores nor the Ki-67
index measurements were correlated with response to treatment or progression-free survival.
A MIPI score indicating high-risk disease was
correlated with an unfavorable overall survival
(P = 0.05) (Fig. 2). Of the 36 patients who could
be evaluated, 28 (78%) were in remission without disease progression, including 26 who had
completed induction therapy and were receiving
maintenance therapy, 1 who had almost comn engl j med 373;19

Table 2. Rates of Best Response at the Median Follow-up of 30 Months.

Response

Patients

Intention-toTreat
Population
(N = 38)

no.
Overall response

33

Complete response*
Partial response

Patients Who
Could Be
Evaluated
(N = 36)
%

87

92

23

61

64

10

26

28

Stable disease

1

3

3

Progressive disease†

2

5

6

Could not be evaluated‡

2

5

*	A complete response was confirmed by means of combined positron-emission
tomography and computed tomography and, when indicated, by means of a
bone marrow biopsy.
†	Although eight patients had progressive disease, two had primary progressive
disease; six other patients had either stable disease, partial remission, or complete remission before progressive disease developed.
‡	Treatment was discontinued because an inflammatory syndrome (tumor flare)
without disease progression occurred before the response assessment was
performed.

Table 3. Survival and Follow-up Data.
Variable
Median progression-free survival

Value
Not reached

2-Yr progression-free survival — % of patients
(95% CI)

85 (67–94)

2-Yr overall survival — % of patients (95% CI)

97 (79–99)

Follow-up time — mo
Median

30

Range

10–42

Time to partial response — mo
Median

3

Range

3–13

Time to complete response — mo*
Median

11

Range

3–22

*	A complete response was confirmed by means of combined positron-emission
tomography and computed tomography and, when indicated, by means of a
bone marrow biopsy.

pleted induction therapy, and 1 who had received
the study treatment for 3 years and was no longer receiving therapy while remaining in complete remission. Eight patients who could be
evaluated had disease progression: 3 had primary refractory disease, and 5 had disease pro-
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B Progression-free Survival According to MIPI Score
Probability of Progression-free
Survival

1.00
MIPI <6.2
0.75
MIPI ≥6.2
0.50

0.25
P=0.60 by log-rank test
0.00

0

10

20

30

40

Months since the Initiation of Treatment
No. at Risk
MIPI <6.2
MIPI ≥6.2

25
11

22
10

16
8

9
2

1
1

Figure 1. Progression-free Survival.
Panel A shows the probability of progression-free survival among the 36 patients who could be evaluated. Panel B shows the probability of progressionfree survival according to the baseline score on the Mantle Cell Lymphoma
International Prognostic Index (MIPI) — lower than 6.2 (indicating low-risk or
intermediate-risk disease) versus 6.2 or higher (indicating high-risk disease).

gression after having had initial responses (2 who
had had complete responses and progressionfree survival of 18 and 39 months and 3 who had
had partial responses and progression-free survival of 14, 25, and 28 months). Two participants
died from progressive disease, including 1 who
could not be evaluated and had had disease progression after multiple subsequent regimens and
1 who had been in complete remission for 18
months.
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Treatment was associated with toxic effects that
have been reported previously with these agents
(Table 4, and Table S1 in the Supplementary Appendix). Grade 3 or 4 hematologic adverse events
included neutropenia (in 50% of the patients,
42% during the induction phase and 32% during
the maintenance phase), thrombocytopenia (in
13% of the patients, 11% during the induction
phase and 5% during the maintenance phase),
and anemia (in 11% of the patients, 8% during
the induction phase and 3% during the maintenance phase). Two patients (5%) had febrile
neutropenia, which resolved with the administration of granulocyte colony-stimulating factor
and systemic antibiotic agents. Grade 3 or 4 nonhematologic adverse events that occurred in
more than 5% of patients were rash (in 29%), an
inflammatory syndrome (tumor flare) (in 11%),
serum sickness associated with rituximab (in
8%), and fatigue (in 8%); these were reported
only during the induction phase. Grade 1 or 2
nonhematologic adverse events that occurred in
more than 25% of patients were diarrhea, cough,
hyperglycemia, constipation, edema, nausea, anorexia, dyspnea, and elevated aminotransferase
levels. Grade 1 or 2 infections that occurred during both the induction and maintenance phases
included upper respiratory tract infection (in 39%),
urinary tract infection (in 18%), sinusitis (in
11%), and cellulitis (in 8%). Grade 3 infections
— including three cases of pneumonia, one case
of cholangitis, and one case of West Nile viral
encephalitis — were reported during the maintenance phase; all resolved with the administration of antibiotics and supportive care. Secondary cancers were predominantly noninvasive skin
cancers requiring local therapy, including two
cases of squamous-cell carcinoma, one case of
basal-cell carcinoma, and two cases of melanoma in situ. Merkel-cell carcinoma developed
in an 86-year-old participant after 18 months of
therapy, and pancreatic cancer was diagnosed
in a 68-year-old participant after 12 months of
therapy.
Treatment Modifications

Among the 33 patients with normal renal function, 36% had no unacceptable side effects associated with the dose escalation from 20 mg to
25 mg, whereas 42% required a dose reduction
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A Overall Survival
1.00

Probability of Overall Survival

from 20 mg to 15 mg or less. During the induction phase, serum sickness–like symptoms developed in 2 patients; rituximab was discontinued and treatment with single-agent lenalidomide
was continued. During the maintenance phase,
6 patients received modified therapy while they
were in remission: rituximab was discontinued in
2 patients with hypogammaglobulinemia (1 with
recurrent urinary tract infections and 1 with
sinusitis), and lenalidomide was discontinued in
4 patients (2 at the investigators’ discretion, 1 after development of an asymptomatic grade 4
liver-function abnormality, and 1 because of a
reversible grade 4 ventricular arrhythmia that
required placement of an automatic implantable
cardiac defibrillator in a patient with a history of
dysrhythmia).

0.75

0.50

0.25

0.00

0

10

20

30

No. at Risk

38

37

30

20

1.00

Quality-of-Life Assessment

The completion rate of the FACT-Lym questionnaire ranged from 62 to 88% at any given time
point. At baseline, the mean (±SD) total score
was 130.8±22.8, and the mean modified trial
outcome index score was 91.0±17.5. The scores
were not correlated with age, performance status, MIPI or IPI score, or clinical response.
Quality-of-life scores remained stable or improved throughout the induction and maintenance phases. Trends toward improvement from
baseline were noted in the mean FACT-Lym total
scores for patients who completed the assessment both at month 12 and at baseline

n engl j med 373;19

6

B Overall Survival According to MIPI Score
Probability of Overall Survival

Outcomes after Relapse

Of the eight patients who had disease progression while they were receiving treatment, all remained alive except for an 86-year-old participant
who opted for palliation. Seven had responses to
subsequent therapy, with generally favorable outcomes (Table S2 in the Supplementary Appendix).
Three had a response to bendamustine-based
therapy; one of these patients then underwent
autologous stem-cell transplantation. One patient
received radiotherapy. The remaining three had
responses to ibrutinib-based therapy. Four of the
seven patients had a repeat tissue biopsy at the
time of relapse; in all four patients, the Ki-67
index was similar to that measured at baseline
(range, 5 to 20%). Therefore, data obtained after
relapse showed no evidence of treatment resistance or unfavorable tumor biologic features.

40

Months since the Initiation of Treatment

MIPI <6.2
MIPI ≥6.2

0.75

0.50

0.25
P=0.05 by log-rank test
0.00

0

10

20

30

40

Months since the Initiation of Treatment
No. at Risk
MIPI <6.2
MIPI ≥6.2

26
12

25
12

20
10

15
5

4
2

Figure 2. Overall Survival.
Panel A shows the probability of overall survival among all 38 patients.
Panel B shows the probability of overall survival according to the baseline
MIPI score — lower than 6.2 (indicating low-risk or intermediate-risk disease) versus 6.2 or higher (indicating high-risk disease).

(139.1±19.1 at month 12 vs. 133.6±22.8 at baseline, P = 0.04) and those who completed the assessment both at month 21 and at baseline
(139.3±24.1 vs. 133.7±24.6, P = 0.06). Trends toward improvement from baseline were also noted
in the mean FACT-Lym trial outcome index
scores for patients who completed the assessment both at month 9 and at baseline (98.2±13.1
at month 9 vs. 92.6±18.9 at baseline, P = 0.07),
those who completed the assessment both at
month 12 and at baseline (98.2±14.0 vs. 93.0±17.9,

nejm.org

November 5, 2015

1841

The New England Journal of Medicine
Downloaded from nejm.org at INST NAL CANCEROLOGIA BIBL on November 9, 2015. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

Table 4. Adverse Events.*
Adverse Event

Both Phases
Any Grade

Induction Phase

Grade ≥3

Any Grade

Grade ≥3

Maintenance Phase
Any Grade

Grade ≥3

number of patients (percent)
Hematologic
Neutropenia

28 (74)

19 (50)

27 (71)

16 (42)

21 (55)

12 (32)

Anemia

23 (60)

4 (11)

18 (47)

3 (8)

11 (29)

1 (3)

Thrombocytopenia

15 (39)

5 (13)

11 (29)

4 (11)

11 (29)

2 (5)

Febrile neutropenia

2 (5)

2 (5)

1 (3)

1 (3)

1 (3)

1 (3)

15 (39)

0

9 (24)

0

11 (29)

0

Urinary tract infection

7 (18)

0

4 (11)

0

4 (11)

0

Sinusitis

4 (11)

0

1 (3)

0

3 (8)

0

Cellulitis

3 (8)

0

2 (5)

0

1 (3)

0

Pneumonia

3 (8)

3 (8)

1 (3)

1 (3)

2 (5)

2 (5)

Infectious
Upper respiratory tract infection

Other
Fatigue

28 (74)

3 (8)

25 (66)

3 (8)

12 (32)

0

Rash

25 (66)

11 (29)

25 (66)

11 (29)

0

0

Fever

22 (58)

0

19 (50)

0

4 (11)

0

Cough

21 (55)

0

18 (47)

0

6 (16)

0

Diarrhea

21 (55)

0

20 (53)

0

14 (37)

0

Hyperglycemia

19 (50)

2 (5)

12 (32)

2 (5)

14 (37)

0

Constipation

17 (45)

0

17 (45)

0

4 (11)

0

Edema

16 (42)

0

14 (37)

0

3 (8)

0

Inflammatory syndrome (tumor flare)

13 (34)

4 (11)

13 (34)

4 (11)

0

0

Infusion reaction

13 (34)

1 (3)

13 (34)

1 (3)

0

0

Nausea

12 (32)

0

12 (32)

0

1 (3)

0

Anorexia

11 (29)

0

10 (26)

0

3 (8)

0

Dyspnea

11 (29)

1 (3)

10 (26)

1 (3)

1 (3)

0

Elevated alanine aminotransferase level

13 (34)

2 (5)

9 (24)

1 (3)

4 (11)

1 (3)

Elevated aspartate aminotransferase level

11 (29)

2 (5)

8 (21)

1 (3)

4 (11)

1 (3)

6 (16)

0

6 (16)

0

0

0

Hypothyroidism

*	The table includes all treatment-related hematologic and infectious adverse events, as well as other adverse events that
occurred in more than 15% of the 38 patients.

P = 0.06), and those who completed the assessment both at month 21 and at baseline (98.7±15.7
vs. 93.7±18.5, P = 0.09) (Fig. S3 in the Supplementary Appendix).

Discussion
We report the results of an uncontrolled study
delineating the efficacy and safety of a combination biologic therapy as initial therapy for mantle-cell lymphoma. Our data show that a lowerintensity approach for initial therapy than that
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usually used in the case of patients with this
cancer can be highly active, with durable responses observed in most patients. In addition to induction therapy with lenalidomide plus rituximab,
maintenance therapy with those agents is feasible
and effective. The patients who had disease progression had generally favorable responses to subsequent therapy, without evidence that initial
therapy with lenalidomide plus rituximab compromised subsequent treatment outcomes.
Initial treatment for mantle-cell lymphoma
varies but usually includes chemotherapy. Al-
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though historical comparisons are of limited
reliability, the estimated 2-year progression-free
survival of 85% among patients receiving lenalidomide plus rituximab is of interest relative to
data reported on patients receiving outpatientbased chemotherapy regimens, including R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone),5 R-CHOP with interferon-alfa maintenance therapy,6,26 R-CHOP plus
bortezomib as induction and maintenance therapy,27,28 and bendamustine plus rituximab7; the
median progression-free survival associated with
those regimens has ranged from 16.6 to 35.4
months. The efficacy of lenalidomide plus rituximab in a broad patient population, including
patients who were ineligible for intensive approaches, is particularly notable in the context
of data reported on patients receiving inpatientbased regimens, including high-dose chemotherapy with autologous hematopoietic-cell transplantation.8-10
The patients with mantle-cell lymphoma who
were involved in this study had a median age
of 65 years, with 24 patients (63%) older than
60 years of age, 10 (26%) older than 70 years of
age, and 5 (13%) older than 80 years of age. Two
thirds of the participants had MIPI scores indicating intermediate-risk disease (34%) or highrisk disease (32%), and 95% were symptomatic
and required initiation of treatment. These patient characteristics underscore the relevance of
the current study to patients routinely seen in
clinical practice.
The number of complete responses to lenalidomide plus rituximab increased over time during
the induction and maintenance phases; a complete response was observed in 4 patients (11%)
at month 6, in 9 (24%) at month 9, and in 19
(50%) at month 12. By month 24, during the
maintenance phase, 23 patients (61%) had a complete response, reflecting the durability of responses and the measurable clinical benefit of
maintenance therapy. Rituximab has previously
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