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A B S T R A C T

Purpose
Lenalidomide is a novel immunomodulatory agent with antiproliferative activities. Given its
efficacy in a wide range of hematologic malignancies, we conducted a phase II trial (NHL-001) of
single-agent lenalidomide in indolent non-Hodgkin’s lymphoma (NHL).
Patients and Methods
Patients with relapsed/refractory indolent NHL were eligible, with no limit on the number of
previous therapies. Oral lenalidomide 25 mg was self-administered once daily on days 1 to 21 of
every 28-day cycle for up to 52 weeks as tolerated, or until disease progression. The primary end
point was objective response rate (ORR), with secondary end points of duration of response (DR),
progression-free survival (PFS), and safety.
Results
Forty-three enrolled patients were assessable for response and safety. Patients received a median
of three prior systemic therapies (range, 1 to 17) and half were refractory to last therapy. ORR was
23% (10 of 43), including a 7% complete response (CR) or unconfirmed CR rate. Twenty-seven
percent (six of 22) of patients with follicular lymphoma grade 1 or 2, and 22% (four of 18) with
small lymphocytic lymphoma responded to therapy. Median DR was not reached, but was longer
than 16.5 months with seven of 10 responses ongoing at 15 to 28 months. Median PFS for the
whole group was 4.4 months (95% CI, 2.5 to 10.4 months). Adverse events were predictable and
manageable; the most common grade 3 or 4 adverse events were neutropenia (30% and 16%,
respectively) and thrombocytopenia (14% and 5%, respectively).
Conclusion
Oral lenalidomide monotherapy produces durable responses with manageable adverse events in
patients with relapsed/refractory indolent NHL, warranting further investigation of treatment for
indolent NHL.

J Clin Oncol 27:5404-5409. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Non-Hodgkin’s lymphomas (NHL) are a biologi-
cally diverse group of lymphoid malignancies, which
are generally classified as aggressive or indolent. The
worldwide annual incidence of NHL is estimated to
be 175,123 for males, and 125,448 for females.1 Ap-
proximately one third of all NHL patients in the
United States are classified as indolent.2 Although
indolentNHLtypicallyrespondswelltoinitialchem-
otherapy, most patients will eventually relapse with
indolent or transformed lymphoma, and require
multiple therapeutic regimens during the subse-
quent course of their disease.3

The addition of rituximab to chemotherapeu-
tic regimens has improved response rates and dura-

bility in patients with newly diagnosed or relapsed
indolent B-cell NHL.4-6 In addition, radioimmuno-
therapy (RIT) with yttrium-90 ibritumomab tiux-
etan, or tositumomab and iodine-131 tositumomab
is effective in up to 83% of patients with relapsed
indolent NHL with many of these patients achiev-
ing durable responses.7 However, benefits to
overall survival have remained modest, and de-
spite the addition of rituximab and RIT agents to
the armamentarium of indolent NHL therapies,
there remains a need for new agents with novel
mechanisms of action.

Lenalidomide (Revlimid; Celgene, Summit, NJ)
is a promising immunomodulatory agent with
proven activity in B-cell malignancies including
multiple myeloma, chronic lymphocytic leukemia
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scheduled visit. Patient compliance was monitored by reconciliation of re-
turned lenalidomide capsules at each scheduled study visit.

Lenalidomide dose reductions from 25 mg were applied in 5-mg decre-
ments for the following adverse events: grade 4 neutropenia; grade 3 neutro-
penia associated with fever or grade 3 neutropenia sustained for ! 7 days;
grade 3 or 4 thrombocytopenia; grade 3 or 4 desquamating rash or grade 4
nondesquamating rash; grade 3 or 4 erythema multiforme; grade 3 or 4 venous
thromboembolism; grade 3 or 4 constipation; grade 3 or 4 nonhematologic
drug-related toxicity; grade ! 2 allergic reaction or hypersensitivity; grade ! 2
hyperthyroidism or hypothyroidism; grade ! 2 sinus bradycardia or other
cardiac arrhythmias; and grade ! 2 neuropathy.

Patients were encouraged to receive prophylaxis for tumor lysis syn-
drome (allopurinol or equivalent) and to keep well hydrated during the
first 7 days in cycle 1 of lenalidomide treatment, or as clinically indicated.
Prophylaxis for thrombosis was not mandated as part of this study. Con-
comitant medications such as antibiotics, analgesics, antihistamines,
growth factors, and transfusions of RBCs, platelets, or fresh frozen plasma,
were permitted at the discretion of the physician for the management of
disease- or treatment-related complications. Concurrent use of anticancer
therapies other than the study drug was not permitted, and previous
anticancer therapies were discontinued at least 28 days before commencing
treatment with lenalidomide.

Response and Safety Assessment
Study visits were scheduled to occur every 28 days to coincide with the

beginning of each new treatment cycle. Target and nontarget lesions were
assessed at baseline and then every 2 months using conventional or spiral
computed tomography scans, and/or magnetic resonance imaging. Re-
sponse and disease progression were assessed according to International
Workshop Lymphoma Response Criteria.22 All patients who discontinued
the treatment phase for any reason were observed until disease progres-
sion, or administration of another lymphoma treatment. Bone marrow
biopsy was used to confirm a complete response (CR) in patients who had
bone marrow involvement at baseline and who had achieved all other
criteria for a CR.

Adverse events, blood pressure and pulse, hematology and chemistry
laboratory evaluations, serum thyroid function tests, and serum/urine
"-human chorionic gonadotropin levels in females of childbearing potential
were included as safety assessments. Adverse events and their severity were
assessed according to National Cancer Institute Criteria for Adverse Events,
version 3.0.

Statistical Analysis
The primary end point was objective response rate (ORR), which was

defined as the proportion of patients whose best response was CR, uncon-
firmed CR (CRu), or partial response (PR). Patients who discontinued the
study without having a response assessment were counted as nonre-
sponders and assigned a best response of progressive disease (PD) along
with patients who demonstrated PD at their first response assessment. The
association between response and patient demographics was analyzed via
univariate analyses using the Fisher’s exact test. Secondary end points
included duration of response (DR), progression-free survival (PFS), and

safety. DR was calculated as the time from first response (! PR) to
progression of disease or death due to NHL. PFS was defined as the time
from the start of lenalidomide therapy to the first observation of disease
progression or death due to any cause. The Kaplan-Meier method was used
to estimate PFS and DR. PFS was censored for patients who had not
progressed or had not died at the time of last follow-up. Patients who
received other treatments for NHL before progression were censored at the
last date they were known not to have progressed. The study had a two-
stage design with a target enrollment of approximately 40 patients. Stage 1
involved the recruitment of 20 patients, with enrollment continuing to
stage 2 and a further 20 patients if 1 or more patients from stage 1
responded to lenalidomide (calculated based on the 0.88 probability of
observing at least 1 response among 20 patients if the true response rate
was ! 10%).
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Fig 1. (A) Kaplan-Meier estimate for duration of response after lenalidomide
monotherapy in patients with relapsed or refractory indolent non-Hodgkin’s
lymphoma (n ! 10). (B) Kaplan-Meier estimate for progression-free survival after
lenalidomide monotherapy in patients with relapsed or refractory indolent non-
Hodgkin’s lymphoma (n ! 43).

Table 2. Response to Lenalidomide by Non-Hodgkin’s Lymphoma Histologic Subtypes (n ! 43)

Histology No.

Response

ORR
(%)

CR CRu PR SD PD

No. % No. % No. % No. % No. %

Indolent non-Hodgkin’s lymphoma 43 2 5 1 2 7 16 16 37 17 40 23
Follicular lymphoma, grade 1 or 2 22 2 9 0 4 18 7 32 9 41 27
Small lymphocytic lymphoma 18 0 1 6 3 17 7 39 7 39 22
Marginal zone B-cell lymphoma 3 0 0 0 2 67 1 33 0

Abbreviations: CR, complete response; CRu, unconfirmed CR; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease.
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A B S T R A C T

Purpose
Lenalidomide and rituximab (LR) are active agents in follicular lymphoma (FL). Combination
regimens have not been previously assessed in randomized studies.

Patients and Methods
The Cancer and Leukemia Group B (Alliance) 50401 trial is a randomized phase II trial studying
rituximab (375 mg/m2 weekly for 4 weeks), lenalidomide (15 mg per day on days 1 to 21, followed
by 7 days of rest, in cycle 1 and then 20 mg per day on days 1 to 21, followed by 7 days of rest,
in cycles 2 to 12), or LR. The rituximab-alone arm was discontinued as a result of poor accrual.
Eligibility included recurrent FL and prior rituximab with time to progression of ! 6 months from
last dose. Aspirin or heparin was recommended for patients at high thrombosis risk.

Results
Ninety-one patients (lenalidomide, n ! 45; LR, n ! 46) received treatment; median age was 63
years (range, 34 to 89 years), and 58% were intermediate or high risk according to the Follicular
Lymphoma International Prognostic Index. In the lenalidomide and LR arms, grade 3 to 4 adverse
events occurred in 58% and 53% of patients, with 9% and 11% of patients experiencing grade 4
toxicity, respectively; grade 3 to 4 adverse events included neutropenia (16% v 20%, respectively),
fatigue (9% v 13%, respectively), and thrombosis (16% [n ! 7] v 4% [n ! 2], respectively; P !
.157). Thirty-six percent of lenalidomide patients and 63% of LR patients completed 12 cycles.
Lenalidomide alone was associated with more treatment failures, with 22% of patients discon-
tinuing treatment as a result of adverse events. Dose-intensity exceeded 80% in both arms.
Overall response rate was 53% (20% complete response) and 76% (39% complete response) for
lenalidomide alone and LR, respectively (P ! .029). At the median follow-up of 2.5 years, median
time to progression was 1.1 year for lenalidomide alone and 2 years for LR (P ! .0023).

Conclusion
LR is more active than lenalidomide alone in recurrent FL with similar toxicity, warranting further
study in B-cell non-Hodgkin lymphoma as a platform for addition of novel agents.

J Clin Oncol 33:3635-3640. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Despite high response rates to chemotherapy-based
regimens, most patients with indolent non-
Hodgkin lymphoma (NHL) develop recurrent or
refractory disease, and many ultimately die from
lymphoma-related complications. The anti-CD20
monoclonal antibody rituximab was originally ap-
proved by the US Food and Drug Administration
for use in patients with relapsed and refractory fol-
licular lymphoma (FL) and low-grade lymphoma,
after a pivotal trial of 166 patients demonstrated an
objective response rate of 48% (approximately 60%
in FL), with a median time to progression (TTP) of

12 months in responders.1 For patients with indo-
lent NHL who initially respond (complete or partial
remission with a TTP of at least 6 months) and then
experience relapse after single-agent rituximab ther-
apy, re-treatment with rituximab alone or in combi-
nation with chemotherapy is commonly used.2

However, until recently,3 the effectiveness of
rituximab single-agent treatment in patients with
relapsed FL after rituximab-chemotherapy combi-
nation regimens was not well established although
of clinical importance.

One approach to enhance the activity of ritux-
imab is through the use of biologic agents to explore
the potential for additive or synergistic activity.
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minority of cycles. In the lenalidomide-alone and LR arms, grade 3 to 4
adverse events were reported in 58% and 52% of patients, respectively,
including neutropenia (16% v 20%, respectively), fatigue (9% v 13%,
respectively), and rash (4% v 4%, respectively). Grade 4 adverse events
occurred in 9% of patients in the lenalidomide-alone arm and 11% of
patients in the LR arm (Table 2). The incidence of thrombosis was com-
paredamongtreatmentarmsandoccurred insevenpatients (16%)inthe
lenalidomide-alone arm and two patients (4%) in the LR arm (P! .157).
Table 3 lists the thrombosis rates in specific risk groups. Nonsignificant
trends toward higher rates of thrombosis were observed in groups receiv-
ing lenalidomide alone (v LR), those with diabetes, and those on antico-
agulation (presumably associated with high-risk status). The sample size
and nonrandomized (risk factor–driven) nature of prophylaxis and het-
erogeneity of the patient population limit correlations of risk factors and
prophylaxis with risk of thrombosis.

Efficacy data for both arms are listed in Table 4. Among patients
receiving lenalidomide alone, 24 (53%) achieved an objective response
(nineCRs[20%]),where35patients(76%)receivingLRwereresponders

(18 CRs [39%]). The OR rate of patients receiving LR was significantly
higherthanthatofpatientsreceivinglenalidomidealone(P! .029).With
amedianfollow-uptimeof2.5years(range,0.1to4.8years),medianTTP
was 1.1 year for lenalidomide alone and 2 years for LR (P! .002, log-rank

Table 1. Key Patient Characteristics

Characteristic

L Arm (n ! 45) LR Arm (n ! 46)

No. of
Patients %

No. of
Patients %

Age, years
Median 63 64
Range 34-85 36-89

FLIPI 36 35
Low 33.3 51.4
Intermediate 41.7 28.6
High 25.0 20.0

TTP since last R dose, years 1.6 1.4
Stage 45 45

I/II 22.3 33.4
III/IV 77.8 66.7

LDH 44 44
" NL 15.9 2.3

Abbreviations: FLIPI, Follicular Lymphoma International Prognostic Index;
L, lenalidomide; LDH, lactate dehydrogenase; LR, lenalidomide plus ritux-
imab; NL, normal limit; R, rituximab; TTP, time to progression.

Table 2. Grade 3 to 4 Hematologic Adverse Events Occurring in
" One Patient

Adverse Event

% of Patients

L (n ! 45) LR (n ! 46)

Grade 3 Grade 4 Grade 3 Grade 4

Lymphopenia 1 0 3 0
Neutrophils 16 0 16 4
Platelets 0 0 4 0
Fatigue 9 0 11 2
Rash 2 2 4 0
AST 4 0 0 0
Infection (with neutropenia) 4 0 2 0
Thrombosis 9 7 2 2

Abbreviations: L, lenalidomide; LR, lenalidomide plus rituximab.

Table 3. Thrombosis Risk Factors and Development of Grade 3 or 4
Thrombosis on Treatment

Characteristic
No./Total No. (%)

Thrombosis P

Treatment arm .157
L 7/45 (15.6)
LR 2/46 (4.4)

Prior thrombosis 1.000
No 8/79 (10.1)
Yes 1/11 (9.1)

Family history of DVT 1.000
No 9/85 (10.6)
Yes 0/3 (0.0)

Smoking history .802
Current 2/15 (13.3)
Quit " 6 months ago 2/27 (7.4)
Never smoked 5/48 (10.4)

Oral contraceptive use .133
No 5/20 (25.0)
Yes 0/11 (0)

Diabetes .169
No 6/75 (8.0)
Yes 3/15 (16.7)

History of coronary disease 1.000
No 8/77 (10.4)
Yes 1/12 (8.3)

Aspirin use 1.000
No 3/31 (9.7)
Yes 5/53 (9.4)

Anticoagulant use .165
No 5/65 (7.7)
Yes 2/9 (22.2)

Aspirin # anticoagulant use 1.000
No 2/26 (7.7)
Yes 6/58 (10.3)

Abbreviations: DVT, deep vein thrombosis; L, lenalidomide; LR, lenalidomide
plus rituximab.

Table 4. Response Rate and Progression-Free Survival

Outcome L Arm (n ! 45) LR Arm (n ! 46)

Overall response
No. of patients 24 35
% 53.3 76.1

95% CI! 37.9 to 68.3 61.2 to 87.4
Complete response

No. of patients 9 18
% 20.0 39.1

95% CI 9.6 to 34.6 25.1 to 54.6
Partial response rate, % 33.3 37.0
Median TTP, years 1.1 2.0
2-Year TTP, % 27 52

Abbreviations: L, lenalidomide; LR, lenalidomide plus rituximab; TTP, time
to progression.

!The 95% CIs are calculated using the Jennison-Turnbull method for the true
overall response rate of each arm.
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test; Fig 2). OS was similar in the two arms and was 4.5 years for lenalido-
mide alone and not reached in LR (P ! .149; Fig 3).

DISCUSSION

CALGB (Alliance) 50401 represents the largest multicenter experience
of single-agent lenalidomide in patients with relapsed (non–
rituximab-refractory) FL. In 23 patients, largely with rituximab-
refractory disease, Witzig et al9 reported a 27% OR rate. We observed
a 53% OR rate and median TTP of greater than 1 year in a less
refractory population. Furthermore, on the basis of a strong pre-
clinical rationale, we developed the combination of LR to explore
the potential of biologic doublets in FL and other lymphomas.
Although there are modest differences in the patient characteristics
in the two arms, our data demonstrate that the addition of ritux-
imab to lenalidomide in this population significantly increases the
OR rate (76%; P ! .029) and TTP (2.0 years; P ! .002) compared
with lenalidomide alone.

This trial helps to establish the safety profile of single-agent lena-
lidomide in FL, and the randomized nature also allows a direct assess-

ment of potential toxicity resulting from the addition of rituximab to
lenalidomide. Both lenalidomide alone and LR were well tolerated,
and the principal grade 3 and 4 toxicities included cytopenias, fatigue,
and thrombosis. Dose adjustments were not uncommon, but dose-
intensity was greater than 80% in both arms. There was no evidence of
increased toxicity from the LR combination compared with lenalido-
mide alone. In fact, the addition of rituximab allowed for a longer
duration of therapy (as a result of fewer treatment failures). Interest-
ingly, there was a trend toward less thrombosis in the LR arm, which
we speculate may be a result of better lymphoma control, reducing
venous obstruction and other risks for clot. It is important to stress
that the heterogeneous nature of the patient population with respect
to thrombosis risk (and associated use of aspirin and anticoagulants as
prophylaxis) makes it difficult to assess the effectiveness of ancillary
care measures in preventing this complication.

Since the initiation of this trial, other groups have begun to
evaluate the LR combination for indolent lymphoma. To our knowl-
edge, our trial is the first randomized, multicenter cooperative group
experience and provides a median follow-up time of 2.5 years (with "
4 years in some patients). The high frequency and durability of re-
sponses justify further study of the LR regimen, including as initial
treatment. CALGB (Alliance) 50803 is a phase II multicenter trial of
LR as first-line therapy for FL.14 Among 54 evaluable patients, the
preliminary OR rate was 93% and CR rate was 72%. As in the study
reported here, principal toxicities included cytopenias, rash, and fa-
tigue. Similar data have been preliminarily reported in abstract form
from a single-institution experience.15 This work has led to the devel-
opment of the RELEVANCE study (ClinicalTrials.gov identifier:
NCT01476787), an international randomized phase III trial of LR
versus chemotherapy plus rituximab as initial treatment of FL. In
addition, on the basis of our study, the AUGMENT (ClinicalTrials.gov
identifier: NCT01938001) international randomized phase III study
of LR versus rituximab alone is under way in patients with relapsed/
refractory indolent NHL including FL.

Our group believes that the results from CALGB (Alliance) 50401
provide sufficient safety and efficacy data to support the use of LR as a
backbone to move toward combination biologic triplet therapy as we
explore our next generation of chemotherapy-free regimens in
indolent and other lymphomas. One example is Alliance 051103
(ClinicalTrials.gov identifier: NCT01829568), a trial of rituximab,
lenalidomide, and the Bruton tyrosine kinase inhibitor ibrutinib in
patients with previously untreated FL. Such combinations of targeted
agents offer the potential to further improve efficacy while moving us
further in the direction of more rationally designed chemotherapy-
free therapeutic regimens.
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Fig 2. Kaplan-Meier curve for time to progression by treatment arm (arm B !
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Fig 3. Kaplan-Meier curves for overall survival by treatment arm (arm B !
lenalidomide [L], arm C ! lenalidomide and rituximab [LR]).
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Lenalidomide	
   Lenalidomide	
  +	
  RTX	
  

PaBents	
   Grade	
  3-­‐4	
   Grade	
  3-­‐4	
  

Neutropenia	
   16%	
   20%	
  

InfecBons	
  with	
  neutropenia	
   4%	
   2%	
  

Thrombocytopenia	
   0	
   4%	
  

Thrombosis	
   16%	
   5%	
  



Frontline Combination of Lenalidomide and 
Rituximab (R2) for FL: Clinical Response 

*7 patients inevaluable for response: 
•  5 due to adverse event in cycle 1 
•  1 due to non-compliance 
•  1 due to withdrawal of consent 

Fowler	
  N,	
  et	
  al.	
  Lancet	
  Oncol	
  2014	
  

SLL  
(N = 24) 

Marginal   
(N = 24)* 

Follicular 
(N = 45)* 

All patients 
Eval 

(N = 93) 
ITT 

(N = 100) 

ORR, n (%) 20 (83) 21 (88) 44 (98) 85 (91) 85 (85) 

CR/Cru 6 (25) 16 (67) 38 (85) 60 (65) 60 (60) 

PR 14 (59) 5 (21) 6 (13) 25 (27) 25 (25) 

SD, n (%) 2 (8) 3 (13) 1 (2) 6 (6) 6 (6) 

PD, n (%) 2 (8) 0 0 2 (2) 2 (2) 



Safety and activity of lenalidomide and rituximab in 
untreated indolent lymphoma: an open-label, phase 2 trial 

Fowler	
  NH	
  et	
  al,	
  Lancet	
  Oncol	
  2014;	
  15:	
  1311–18	
  



Rituximab	
   R2	
   P	
  

PaBents	
   77	
   77	
  

Median	
  age	
   63	
   61	
  

CR/Cru	
  (%)	
   36	
   61	
  

Grade	
  ≥3	
  	
  Aes	
  (%)	
   22	
   56	
  

Grade	
  ≥3	
  neutropenia	
  (%)	
   7	
   23	
  

Median	
  PFS	
   2.3	
  years	
   Not	
  reached	
  

CR30	
   19%	
   42%	
   0.001	
  

TTNT	
   2.1	
  years	
   Not	
  reached	
   0.02	
  

3-­‐year	
  OS	
  (%)	
   92	
   93%	
  

•  Rituximab:	
  375mg/m2	
  at	
  week	
  1,	
  2,	
  3,	
  4,	
  12,	
  13,	
  14	
  and	
  15	
  
•  R2:	
  	
  rituximab	
  (same	
  schedule)	
  plus	
  lenalidomide	
  (15	
  mg	
  daily,	
  from	
  14	
  days	
  before	
  the	
  
	
  	
  	
  	
  	
  	
  first	
  unBl	
  14	
  days	
  acer	
  the	
  last	
  rituximab	
  administraBon).	
  	
  

Rituximab	
  vs	
  R2	
  in	
  untreated	
  Follicular	
  Lymphoma	
  Pa8ents	
  in	
  Need	
  of	
  Therapy.	
  	
  
First	
  Analysis	
  of	
  Survival	
  Endpoints	
  of	
  the	
  Randomized	
  Phase-­‐2	
  Trial	
  SAKK	
  35/10	
  	
  

Kimby	
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  ASH	
  2016	
  



	
  R	
  

•  R-­‐Chemo	
  
─  invesBgator	
  choice	
  of	
  R-­‐CHOP,	
  R-­‐CVP,	
  R-­‐B	
  

•  Lenalidomide	
  20	
  mg	
  x	
  6	
  cycles,	
  if	
  CR	
  then	
  10	
  mg	
  	
  

•  Co-­‐primary	
  end-­‐points	
  
─  surrogate	
  end-­‐point:	
  CR/CRu	
  rate	
  at	
  1.5	
  years	
  
─  PFS	
  

Interna8onal,	
  mul8-­‐centre,	
  randomized	
  study	
  (Frank	
  Morchhauser,	
  Nathan	
  Fowler)	
  

RELEVANCE:	
  Phase	
  3	
  Study	
  Design	
  
(Rituximab	
  and	
  LEnalidomide	
  Versus	
  	
  

ANy	
  ChEmotherapy,	
  FL-­‐001)	
  

1st-­‐line	
  
	
  FL	
  

n	
  =	
  1,000	
  

	
  R2	
  maintenance	
  

Rituximab	
  maintenance	
  	
  

	
  R2	
  

	
  R-­‐Chemo	
  	
  	
  	
  	
  	
  	
  	
  

CR,	
  CRu,	
  PR	
  

CR,	
  CRu,	
  PR	
  

NCT01476787.	
  Available	
  from:	
  hGp://clinicaltrials.gov.	
  Accessed	
  March	
  2012.	
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MCL-002 (SPRINT): Phase II European 
Multicenter, Open-Label Study (5/2009-3/2013) 

Lenalidomide† 
25 mg/day PO, days 1-21, q28d  

(until PD or toxicity) 

CT scans every  
56 days for  

6 months; then 
every 90 days 

thereafter 

Primary endpoint: PFS (per independent central review) 
Secondary endpoints: ORR, DOR, TTR, OS, and safety 

Control: 
Investigator’s choice If PD 

Crossover to 
 lenalidomide 

Chlorambucil or rituximab until PD or toxicity 
Cytarabine, fludarabine, or gemcitabine for up to 6 cycles 

R/R MCL (N = 254) 
•  Pretreatment* 
•  ECOG 0-2 
•  Cyclin D1 or t(11;14) 
•  Measurable disease 
≥2 cm 

R
an

do
m

iz
at

io
n 

Stratification  
•  <3 or ≥3 years from 

diagnosis 
•  <6 vs ≥6 months from 

last systemic anti-
lymphoma therapy 

•  Prior SCT 

2:1 

Courtesy of Marek Trněný, Lancet Oncology 2016  
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MCL-002: Efficacy (ITT)* 

Efficacy, n (%)† Lenalidomide (n = 170) IC (n = 84) P value 

ORR 68 (40) 9 (11) <0.001 

CR/CRu 8 (5) 0 0.043 

PR 60 (35) 9 (11) − 

PD 34 (20) 26 (31) − 

Median DOR, months 
(95% CI) 16.0 (9.5-20.0) 10.4 (8.4-18.6) 0.42 

•  For 39 patients who crossed over from IC to lenalidomide, best responses 
included 2 (5%) CR, 4 (10%) PR, 3 (8%) SD† 

Courtesy of Marek Trněný, Lancet Oncology 2016  
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MCL-002: Progression-Free Survival (ITT)* 

*Data cut-off March 7, 2014. 

•  Lenalidomide vs IC showed a 39% reduction in the risk of PD or death, reflected 
as an estimated improvement in median PFS of 3.4 months 

Lenalidomide  
(n = 170) 

IC  
(n = 84) 

Median PFS, mo (95% CI) 8.6 (5.5-12.1) 5.2 (3.6-6.9) 
HR (95% CI) 0.61 (0.44-0.84); P = 0.004 
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Wang	
  et	
  al.	
  Lancet	
  Oncol	
  2012	
  

Response	
   %	
  

ORR	
   57	
  

CR	
   36	
  

PR	
   20	
  

SD	
   23	
  

PD	
   20	
  

Median	
  RD	
  (months)	
   18.9	
  	
  

Median	
  PFS	
  (months)	
   11.1	
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were men (table 1). The median age was 66 years 
(range 46–85) and the median time from diagnosis was 
27 months (3–95). The median number of previous lines 
of treatment was two (range one to four). For 18 of 
44 patients with assessment of the Ki-67 index at study 
entry, the median value was 28% (range 5–80%). 
Although we aimed to measure Ki-67 expression for all 
patients, we were not able to obtain specimens for all 
cases or in some cases there was not enough tissue for 
diagnostic or prognostic analyses. All patients in phase 2 
had received previous rituximab-containing treatments. 
12 patients had received previous bortezomib therapy, 
nine of whom were refractory to bortezomib.

379 cycles of study treatment were delivered to the 
44 patients in phase 2, and the median dose applied was 
15 mg (range 5–20 mg). Common (≥10 events) grade 1–2 
haematological adverse events included lymphopenia, 
neutropenia, leucopenia, anaemia, thrombocytopenia, and 
febrile neutropenia (table 3; appendix). Grade 3–4 haem-
atological adverse events were neutropenia, lympho penia, 
leucopenia, anaemia, thrombocytopenia, and febrile neu-
tropenia. Common grade 1–2 non-haematological adverse 
events (experienced by >50% of patients) were fatigue, 
constipation, neuropathy, hyper glycaemia, and diarrhoea. 
Grade 3–4 non-haematological events were fatigue, 
neuropathy, cough, ataxia, abdominal pain, limb pain, 
pleural eff usion, non-neutropenic infection, rash, myalgia, 
hyperuricaemia, hypercalcaemia, hypophos phataemia, 
hyperglycaemia, hyperkalaemia, facial oedema, and throm-
bosis or thrombo  embolism. Infusion-related reactions to 
rituximab developed in seven patients and occurred mainly 
during the fi rst administration of rituximab.

23 of 44 patients (52%) in phase 2 needed at least one 
dose reduction or interruption because of adverse events. 
These were due to neutropenia in 23 patients (52%), and 
thrombocytopenia in four patients (9%). Neutropenia 
coexisted with thrombocytopenia in fi ve patients. Patients 
received a median of two cycles (range one to 26 cycles) 
at the MTD. 

All 44 patients in phase 2 were assessed for response to 
treatment: 36% achieved a CR, 20% a PR, 23% had stable 
disease, and 20% had progressive disease (table 4). Nine 
of the 25 patients who achieved an OR (PR or CR) had 
treatment breaks longer than 1 week (median 2 weeks, 
range 1–5 weeks), and all nine remained in remission 
during the breaks. 

The median follow-up was 23·1 months (range 
15·6–54·2 months) and the median time to fi rst 
response was 2 months (range 2–8 months; table 4). 
Only one of 44 patients had a CR after six cycles of 
treatment. The median response duration for the 
25 patients with an OR was 18·9 months (95% CI 17·0 
months to not reached [NR]), the median PFS was 
11·1 months (95% CI 8·3 to 24·9 months), and the 
median OS was 24·3 months (19·8 months to NR; 

Phase 2 (n=44)*

Complete response 16 (36%)

Partial response 9 (20%)

Overall response 25 (57%)

Stable disease 10 (23%)

Progressive disease 9 (20%)

Response duration (months) 18·9 (17·0–NR)

Progression-free survival (months) 11·1 (8·3–24·9)

Overall survival (months) 24·3 (19·8–NR)

Time to fi rst response (months) 2 (2–8)

Time to best response (months) 2 (2–12)

Follow-up time (months) 23·1 (15·6–54·2)

Data are number (%) or median (range). NR=not reached. *Includes six patients 
from phase 1 who were treated with 20 mg lenalidomide. 

Table 4: Response rates at the maximum tolerated dose in phase 2 

Figure: Response duration, progression-free survival, and overall survival
(A) Response duration for 25 patients who achieved an overall response, 
(B) progression-free survival, and (C) overall survival of 44 patients enrolled 
in phase 2. 
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Lenalidomide in combination with rituximab for patients 
with relapsed or refractory mantle-cell lymphoma: 
a phase 1/2 clinical trial
Michael Wang, Luis Fayad, Nicolaus Wagner-Bartak, Liang Zhang, Fredrick Hagemeister, Sattva S Neelapu, Felipe Samaniego, Peter McLaughlin, 
Michelle Fanale, Anas Younes, Fernando Cabanillas, Nathan Fowler, Kate J Newberry, Luhong Sun, Ken H Young, Richard Champlin, Larry Kwak, 
Lei Feng, Maria Badillo, Maria Bejarano, Kimberly Hartig, Wendy Chen, Yiming Chen, Catriona Byrne, Neda Bell, Jerome Zeldis, Jorge Romaguera

Summary
Background The combination of rituximab and lenalidomide has shown promise for the treatment of mantle-cell 
lymphoma (MCL) in preclinical studies. We aimed to identify the maximum tolerated dose (MTD) of lenalidomide 
when combined with rituximab in a phase 1 trial and to assess the effi  cacy and safety of this combination in a phase 2 
trial in patients with relapsed or refractory MCL.

Methods Patients with relapsed or refractory MCL who had received one to four previous lines of treatment were 
enrolled in this single-arm, open-label, phase 1/2 trial at MD Anderson Cancer Center. In phase 1, to identify the 
MTD of lenalidomide, four patient cohorts received escalating doses (10, 15, 20, and 25 mg) of daily oral lenalidomide 
on days 1–21 of each 28-day cycle. 375 mg/m² intravenous rituximab was also administered in four weekly doses 
during cycle 1 only. In phase 2, patients received rituximab plus the MTD of lenalidomide, following the same 
cycles as for phase 1. Treatment in both phases continued until disease progression, stem-cell transplantation, or 
severe toxicity. The primary effi  cacy endpoint was overall response (complete or partial response). The secondary 
effi  cacy endpoint was survival. We used the Kaplan-Meier method to estimate response duration, progression-free 
survival, and overall survival. Analysis was by intention to treat. This study is registered with ClinicalTrials.gov, 
number NCT00294632. 

Findings 52 patients were enrolled between Feb 10, 2006 and July 30, 2009, 14 in phase 1 and 44 (including six patients 
who received the MTD of lenalidomide in the phase 1 portion) in phase 2. The MTD was 20 mg lenalidomide. One 
patient who was treated with 25 mg lenalidomide developed a grade 4 non-neutropenic infection and died. In the 
phase 2 portion of the study, grade 3–4 haematological toxicities included neutropenia (29 patients), lymphopenia 
(16 patients), leucopenia (13 patients), and thrombocytopenia (ten patients). There were only two episodes of febrile 
neutropenia. Among 44 patients in phase 2, 25 (57%) had an overall response: 16 (36%) had a complete response and 
nine (20%) had a partial response. The median response duration was 18·9 months (95% CI 17·0 months to not 
reached [NR]). The median progression-free survival was 11·1 months (95% CI 8·3 to 24·9 months), and the median 
overall survival was 24·3 months (19·8 months to NR). Five of 14 patients who had received bortezomib treatment 
before enrolment achieved an overall response. 

Interpretation Oral lenalidomide plus rituximab is well tolerated and eff ective for patients with relapsed or refractory MCL. 

Funding Celgene.

Introduction
Mantle-cell lymphoma (MCL) is a distinct subset of B-cell 
non-Hodgkin lymphoma characterised by t(11;14) 
chromosomal translocation, which results in over-
expression of cyclin D1 and dysregulation of the cell 
cycle.1–3 MCL is incurable with the current front-line 
treatments, and innovative approaches are needed.4–6

The anti-CD20 monoclonal antibody rituximab has 
minimal toxicity and modest monotherapy activity in 
patients with MCL.7,8 Lenalidomide is an immuno-
modulatory drug that is eff ective against lymphoma.9,10 
In our laboratory at The University of Texas MD 
Anderson Cancer Center (Houston, TX, USA), 
lenalidomide in combination with rituximab inhibited 
cell growth and induced apoptosis in vitro in four MCL 

cell lines and in primary MCL cells to a greater extent 
than either drug alone.11 Furthermore, this combination 
pro longed the survival of MCL-bearing mice in vivo.11  
Lenalidomide increased the antibody-dependent cellular 
cytotoxicity of rituximab both in vitro and in vivo via a 
natural-killer-cell-mediated mechanism.12,13

On the basis of these preclinical data in vitro and 
in vivo, we hypothesised that the combination of 
rituximab and lenalidomide might have more anti-MCL 
activity than either drug alone and might prove to be an 
eff ective therapeutic regimen for patients with relapsed 
or refractory MCL. To test this hypothesis, we initiated a 
single-arm, open-label, phase 1/2 clinical trial to identify 
the maximum tolerated dose (MTD) of lenalidomide 
when combined with rituximab and to assess the 
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were men (table 1). The median age was 66 years 
(range 46–85) and the median time from diagnosis was 
27 months (3–95). The median number of previous lines 
of treatment was two (range one to four). For 18 of 
44 patients with assessment of the Ki-67 index at study 
entry, the median value was 28% (range 5–80%). 
Although we aimed to measure Ki-67 expression for all 
patients, we were not able to obtain specimens for all 
cases or in some cases there was not enough tissue for 
diagnostic or prognostic analyses. All patients in phase 2 
had received previous rituximab-containing treatments. 
12 patients had received previous bortezomib therapy, 
nine of whom were refractory to bortezomib.

379 cycles of study treatment were delivered to the 
44 patients in phase 2, and the median dose applied was 
15 mg (range 5–20 mg). Common (≥10 events) grade 1–2 
haematological adverse events included lymphopenia, 
neutropenia, leucopenia, anaemia, thrombocytopenia, and 
febrile neutropenia (table 3; appendix). Grade 3–4 haem-
atological adverse events were neutropenia, lympho penia, 
leucopenia, anaemia, thrombocytopenia, and febrile neu-
tropenia. Common grade 1–2 non-haematological adverse 
events (experienced by >50% of patients) were fatigue, 
constipation, neuropathy, hyper glycaemia, and diarrhoea. 
Grade 3–4 non-haematological events were fatigue, 
neuropathy, cough, ataxia, abdominal pain, limb pain, 
pleural eff usion, non-neutropenic infection, rash, myalgia, 
hyperuricaemia, hypercalcaemia, hypophos phataemia, 
hyperglycaemia, hyperkalaemia, facial oedema, and throm-
bosis or thrombo  embolism. Infusion-related reactions to 
rituximab developed in seven patients and occurred mainly 
during the fi rst administration of rituximab.

23 of 44 patients (52%) in phase 2 needed at least one 
dose reduction or interruption because of adverse events. 
These were due to neutropenia in 23 patients (52%), and 
thrombocytopenia in four patients (9%). Neutropenia 
coexisted with thrombocytopenia in fi ve patients. Patients 
received a median of two cycles (range one to 26 cycles) 
at the MTD. 

All 44 patients in phase 2 were assessed for response to 
treatment: 36% achieved a CR, 20% a PR, 23% had stable 
disease, and 20% had progressive disease (table 4). Nine 
of the 25 patients who achieved an OR (PR or CR) had 
treatment breaks longer than 1 week (median 2 weeks, 
range 1–5 weeks), and all nine remained in remission 
during the breaks. 

The median follow-up was 23·1 months (range 
15·6–54·2 months) and the median time to fi rst 
response was 2 months (range 2–8 months; table 4). 
Only one of 44 patients had a CR after six cycles of 
treatment. The median response duration for the 
25 patients with an OR was 18·9 months (95% CI 17·0 
months to not reached [NR]), the median PFS was 
11·1 months (95% CI 8·3 to 24·9 months), and the 
median OS was 24·3 months (19·8 months to NR; 

Phase 2 (n=44)*

Complete response 16 (36%)

Partial response 9 (20%)

Overall response 25 (57%)

Stable disease 10 (23%)

Progressive disease 9 (20%)

Response duration (months) 18·9 (17·0–NR)

Progression-free survival (months) 11·1 (8·3–24·9)

Overall survival (months) 24·3 (19·8–NR)

Time to fi rst response (months) 2 (2–8)

Time to best response (months) 2 (2–12)

Follow-up time (months) 23·1 (15·6–54·2)

Data are number (%) or median (range). NR=not reached. *Includes six patients 
from phase 1 who were treated with 20 mg lenalidomide. 

Table 4: Response rates at the maximum tolerated dose in phase 2 

Figure: Response duration, progression-free survival, and overall survival
(A) Response duration for 25 patients who achieved an overall response, 
(B) progression-free survival, and (C) overall survival of 44 patients enrolled 
in phase 2. 
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BACKGROUND
Mantle-cell lymphoma is generally incurable. Initial treatment is not standardized 
but usually includes cytotoxic chemotherapy. Lenalidomide, an immunomodula-
tory 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 main-
tenance 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 Lym-
phoma 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 sick-
ness (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 re-
sponse 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.

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.)
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gression after having had initial responses (2 who 
had had complete responses and progression-
free survival of 18 and 39 months and 3 who had 
had partial responses and progression-free sur-
vival of 14, 25, and 28 months). Two participants 
died from progressive disease, including 1 who 
could not be evaluated and had had disease pro-
gression after multiple subsequent regimens and 
1 who had been in complete remission for 18 
months.

Adverse Events
Treatment was associated with toxic effects that 
have been reported previously with these agents 
(Table 4, and Table S1 in the Supplementary Ap-
pendix). 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 mainte-
nance phase). Two patients (5%) had febrile 
neutropenia, which resolved with the adminis-
tration of granulocyte colony-stimulating factor 
and systemic antibiotic agents. Grade 3 or 4 non-
hematologic 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, an-
orexia, dyspnea, and elevated aminotransferase 
levels. Grade 1 or 2 infections that occurred dur-
ing 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 main-
tenance phase; all resolved with the administra-
tion of antibiotics and supportive care. Second-
ary 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 mela-
noma 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 func-
tion, 36% had no unacceptable side effects as-
sociated with the dose escalation from 20 mg to 
25 mg, whereas 42% required a dose reduction 

Figure 1. Progression-free Survival.

Panel A shows the probability of progression-free survival among the 36 pa-
tients who could be evaluated. Panel B shows the probability of progression-
free 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).
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from 20 mg to 15 mg or less. During the induc-
tion phase, serum sickness–like symptoms de-
veloped in 2 patients; rituximab was discontin-
ued 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 af-
ter 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).

Outcomes after Relapse
Of the eight patients who had disease progres-
sion while they were receiving treatment, all re-
mained alive except for an 86-year-old participant 
who opted for palliation. Seven had responses to 
subsequent therapy, with generally favorable out-
comes (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 resis-
tance or unfavorable tumor biologic features.

Quality-of-Life Assessment
The completion rate of the FACT-Lym question-
naire 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 sta-
tus, MIPI or IPI score, or clinical response. 
Quality-of-life scores remained stable or im-
proved throughout the induction and mainte-
nance phases. Trends toward improvement from 
baseline were noted in the mean FACT-Lym total 
scores for patients who completed the assess-
ment both at month 12 and at baseline 

(139.1±19.1 at month 12 vs. 133.6±22.8 at base-
line, P = 0.04) and those who completed the as-
sessment both at month 21 and at baseline 
(139.3±24.1 vs. 133.7±24.6, P = 0.06). Trends to-
ward improvement from baseline were also noted 
in the mean FACT-Lym trial outcome index 
scores for patients who completed the assess-
ment 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, 

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 dis-
ease) versus 6.2 or higher (indicating high-risk disease).
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FL/Indolent	
   MCL	
   DLBCL	
  

R/R	
   1L	
   R/R	
   1L	
   R/R	
   1L	
  

Lenalidomide	
   ORR:	
  20%	
  
	
  
CR:	
  <10%	
  
	
  
mPFS:	
  4	
  	
  

ORR:	
  40%	
  
	
  
CR:	
  5%	
  
	
  
mPFS:	
  9	
  

ORR:	
  30%	
  
	
  
CR:	
  10%	
  
	
  
mPFS:	
  3	
  
	
  

Rituximab	
  +	
  
Lenalidomide	
  
(R2)	
  

ORR:	
  75%	
  
	
  
CR:	
  40%	
  
	
  
mPFS:	
  24	
  

ORR:	
  90%	
  
	
  
CR:	
  60%	
  
	
  
mPFS:	
  NR	
  

ORR:	
  57%	
  
	
  
CR:	
  36%	
  
	
  
mPFS:	
  11	
  

ORR:	
  87%	
  
	
  
CR:	
  61	
  %	
  
	
  
mPFS:	
  NR	
  

ORR:	
  30%	
  
	
  
CR:	
  15%	
  
	
  
mPFS:	
  	
  

Lenalidomide	
  ±	
  Rituximab	
  in	
  NHL	
  



Ibru8nib	
  



ORR	
  in	
  50	
  pts=	
  60%	
  
CR	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  16%	
  	
  
Median	
  PFS	
  	
  	
  	
  =	
  14	
  mths	
  

	
  
Advani	
  RH	
  et	
  al.	
  J	
  Clin	
  Oncol	
  2013	
  

	
  





•  ORR:	
  67%	
  

•  CR: 	
  22.5%	
  

•  Median	
  Bme	
  to	
  response:	
  1.9	
  months	
  

•  Median	
  Bme	
  to	
  CR:5.5	
  months	
  

•  Median	
  duraBon	
  of	
  response:	
  17.5	
  months	
  

•  EsBmated	
  median	
  follow-­‐up:	
  26.7	
  months	
  

•  Median	
  PFS:	
  13	
  months	
  

•  Median	
  OS:	
  22.5	
  months	
  

•  24-­‐month	
  Kaplan-­‐Meier	
  PFS:	
  31%	
  

•  24-­‐month	
  Kaplan-­‐Meier	
  OS:	
  47%	
  

Wang et al. ASH 2014!



Ibru8nib	
  +	
  Rituximab	
  in	
  relapsed	
  MCL	
  	
  

Wang et al. ASH 2014!

ALL	
   Ki-­‐67	
  <	
  50%	
   Ki-­‐67	
  ≥	
  50%	
   Ibru8nib	
  
NEJM	
  2014	
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CR	
   38%	
   48%	
   8%	
   22.5%	
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   13	
  months	
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ENRICH	
  –	
  NCRI	
  mulRcentre	
  Randomised	
  open	
  label	
  
phase	
  II/III	
  trial	
  of	
  Rituximab	
  &	
  IbruRnib	
  vs	
  
Rituximab	
  &	
  CHemotherapy	
  in	
  Elderly	
  mantle	
  cell	
  
lymphoma	
  	
  

IR/R	
  
IntervenRon	
  

R-­‐CHEMO/R	
  
Standard	
  care	
  

IbruRnib	
  daily	
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  Rituximab	
  
(every	
  21/28	
  

days)	
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  8	
  cycles	
  

R-­‐CHEMO	
  
(every	
  21/28	
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  6-­‐8	
  

cycles	
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(every	
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•  Ibru8nib	
  ac8vity	
  will	
  be	
  restricted	
  to	
  ABC	
  DLBCL	
  
•  Ibru8nib	
  ac8vity	
  will	
  be	
  dependent	
  on	
  pathogene8c	
  

events	
  within	
  the	
  BCR	
  pathway	
  

Months	
  on	
  Study	
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Ibru8nib	
  	
  Has	
  Preferen8al	
  Ac8vity	
  	
  in	
  the	
  Ac8vated	
  B	
  Cell-­‐like	
  (ABC)	
  
Subtype	
  of	
  Relapsed/Refractory	
  (R/R)	
  DLBCL:	
  Phase	
  2	
  	
  



Phase	
  1b/2	
  Study	
  of	
  Ibru8nib	
  in	
  Combina8on	
  	
  
With	
  Lenalidomide	
  and	
  Rituximab	
  in	
  Pa8ents	
  with	
  R/R	
  DLBCL	
  	
  

Goy	
  et	
  al	
  ASH	
  2016	
  

Single-­‐Agent	
  Ibru8nib	
  in	
  R/R	
  CNS	
  DLBCL	
  

Drug	
  concentraBons	
  in	
  CSF	
  are	
  higher	
  at	
  steady	
  state	
  (day	
  29)	
  and	
  meaningful	
  
CSF	
  concentraBons	
  are	
  reached.	
  	
  
Clinical	
  response	
  was	
  seen	
  in	
  75%	
  of	
  CNS	
  lymphoma	
  paBents.	
  	
  
A	
  combinaBon	
  arm	
  will	
  assess	
  the	
  adverse	
  events	
  of	
  ibruBnib	
  in	
  combinaBon	
  
with	
  high-­‐dose	
  methotrexate	
  chemotherapy.	
  

Grommes	
  et	
  al	
  ASH	
  2016	
  





Results: response 
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Treon	
  SP	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2015;372:1430-­‐1440	
  



Responses to Ibrutinib according to 
MYD88 and CXCR4 mutation status 

MYD88L265P 

CXCR4WT 

MYD88L265P 

CXCR4WHIM 

MYD88WT 

CXCR4WT 

P value 

Patients 36 21 5 

ORR 100% 86% 60% <0.05 

Major RR 92% 62% 0% <0.001 

Treon	
  SP	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2015;372:1430-­‐1440	
  



Progression-­‐Free	
  Survival	
  and	
  Overall	
  Survival	
  

Treon	
  SP	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2015;372:1430-­‐1440	
  

2-­‐year:	
  OS:	
  95%	
  2-­‐year	
  PFS:	
  69%	
  

Treatment-­‐related	
  toxic	
  effects	
  of	
  grade	
  2	
  or	
  higher	
  included:	
  	
  
•  neutropenia	
  (22%	
  of	
  the	
  paBents)	
  	
  
•  thrombocytopenia	
  (14%)	
  
•  bleeding	
  (in	
  6%)	
  
•  atrial	
  fibrillaBon	
  (5%)	
  



Idelalisib 



	
  	
  

1.	
  Idelalisib	
  SmPC	
  (Aug	
  2015;	
  available	
  at	
  www.ema.europa.eu).	
  
2.	
  Lannuo	
  BJ,	
  et	
  al.	
  Blood	
  2011;	
  117:591–594	
  

3.	
  Hoellenriegel	
  J,	
  et	
  al.	
  Blood	
  2011;	
  118:3603–3612.	
  
Figure	
  adapted	
  from	
  Somoza	
  JR,	
  et	
  al.	
  J	
  Biol	
  Chem	
  2015;	
  290:8439–8446.	
  

Idelalisib	
  provides	
  a	
  direct	
  and	
  
indirect	
  ac8on	
  on	
  malignant	
  	
  
B	
  cells	
  to:	
  

• 	
  Reduce	
  proliferaBon	
  

• 	
  Induce	
  apoptosis	
  

• 	
  Inhibit	
  homing	
  and	
  retenBon	
  of	
  B	
  cells	
  in	
  
the	
  protecBve	
  microenvironments	
  (lymph	
  
nodes	
  and	
  bone	
  marrow)1–3	
  	
  

Idelalisib	
  is	
  a	
  first-­‐in-­‐class,	
  oral,	
  selec8ve	
  
PI3Kδ	
  inhibitor	
  



Linfomi	
  follicolari:	
  
	
  Indicazioni	
  terapeu8che	
  di	
  	
  Idelalisib	
  

Idelalisib	
  è	
  indicato	
  in	
  monoterapia	
  per	
  il	
  tra+amento	
  di	
  
linfoma	
  follicolare	
  refra+ario	
  a	
  due	
  preceden8	
  linee	
  di	
  
tra+amento	
  comprensive	
  di	
  rituximab	
  e	
  alchilan8	
  

Dosaggio	
  raccomandato	
  di	
  Idelalisib:	
  150	
  mg	
  2	
  volte	
  al	
  giorno	
  



Hg:	
  haemoglobin;	
  LPL:	
  lymphoplasmacyBc	
  lymphoma;	
  	
  
MZL:	
  marginal	
  zone	
  lymphoma;	
  SLL:	
  small	
  lymphocyBc	
  lymphoma;	
  	
  
ULN:	
  upper	
  limit	
  of	
  normal;	
  WM:	
  Waldenström’s	
  macroglobulinaemia	
   Gopal	
  AK,	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2014;	
  370:1008–1018.	
  

Eligible	
  pa8ents	
  were	
  double-­‐refractory	
  FL	
  	
  
to	
  both	
  rituximab	
  and	
  an	
  alkyla8ng	
  agent	
  

Key	
  eligibility	
  criteria	
  

Refractory	
  iNHL	
  (FL,	
  
SLL,	
  MZL,	
  LPL	
  ±	
  WM)	
  

•  Defined	
  as	
  less	
  than	
  PR	
  on	
  therapy,	
  or	
  progression	
  within	
  
6	
  months	
  of	
  comple8on	
  of	
  therapy	
  

•  Refractory	
  to	
  BOTH	
  rituximab	
  and	
  an	
  alkyla8ng	
  agent	
  

Radiographically	
  
measurable	
  disease	
  

•  Presence	
  of	
  ≥1	
  lymph	
  nodes	
  with	
  perpendicular	
  dimensions	
  
measuring	
  ≥2.0	
  ×	
  ≥1.0	
  cm	
  

Organ	
  func8on	
  
•  Neutrophils	
  ≥1.0	
  ×	
  109/L,	
  Hg	
  ≥80	
  g/L,	
  platelets	
  ≥50	
  ×	
  109/L	
  
•  Serum	
  transaminases	
  ≤2.5	
  ×	
  ULN,	
  bilirubin	
  ≤1.5	
  ×	
  ULN	
  
•  Serum	
  creaBnine	
  <1.5	
  ×	
  ULN	
  

Performance	
  status	
   •  Karnofsky	
  score	
  ≥60	
  (ECOG	
  performance	
  status	
  0‒2)	
  

‡	
      



a	
  Refractoriness	
  to	
  two	
  cycles	
  required	
  to	
  meet	
  eligibility	
  criteria	
  but	
  one	
  
paBent	
  received	
  only	
  one	
  cycle,	
  with	
  no	
  response	
  acer	
  that	
  cycle	
  

1.	
  Gopal	
  AK,	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2014;	
  370:1008–1018.	
  
2.	
  Gopal	
  AK,	
  et	
  al.	
  ASH	
  2013	
  (Abstract	
  85;	
  oral).	
  

Pa8ents	
  were	
  heavily	
  pretreated	
  and	
  refractory	
  	
  
to	
  rituximab	
  and	
  an	
  alkyla8ng	
  agent	
  

Prior therapy exposure1,2
  

Patients 
(N=125) 

Median (range) prior regimens, n 4 (2–12) 

Prior therapy, n (%) 

Rituximab 125 (100) 

Alkylating agent 125 (100) 

R + alkylating agent  114 (91) 

Bendamustine 81 (65) 

Anthracycline 79 (63) 

Purine analogue 42 (34) 

Stem cell transplantation  14 (11) 

Median time from last regimen to 
study entry, months 3.9 

Prior therapy refractoriness,  
n/n (%)1,2 

Patients 
(N=125) 

Rituximab 125/125 (100) 

Alkylating agent 124/125 (99)a 

R + alkylating agent 108/114 (95) 

R-CVP 29/36 (81) 

R-bendamustine 47/60 (78) 

Bendamustine 61/81 (75) 

R-CHOP 40/56 (71) 

Refractory to ≥ 2 regimens 99/125 (79) 

Refractory to last regimen 112/125 (90) 

‡	
      



Disease	
  control	
  =	
  CR	
  +	
  PR	
  +	
  SD	
  
a	
  LPL/WM	
  paBent	
  

ORR	
  results	
  for	
  the	
  overall	
  study	
  popula8on	
  
Primary	
  endpoint	
  

ORR:	
  57%	
  
	
  

Disease	
  
control:	
  
91%	
  

CR	
  
SD	
  

PR	
  
PD	
  

‡	
      

Median	
  8me	
  to	
  response:	
  1.9	
  months	
  PI3Kδ Inhibition by Idelalisib in Relapsed Indolent Lymphoma

n engl j med 370;11 nejm.org march 13, 2014 1013

pendent review committee, the response rate was 
57% (95% confidence interval, 48 to 66), with 71 
responses in 125 patients. A total of 7 patients 
(6%) had a complete response, 63 patients (50%) 
had a partial response, and 1 patient (1%) with 
Waldenström’s macroglobulinemia had a minor 
response. There was a high degree of concordance 
between the assessments of response by the in-
dependent review committee and the assess-
ments by the investigators, with 85% agreement 
with respect to overall response (Table S1 in the 
Supplementary Appendix, available at NEJM.org). 
The rates of response were consistent across sub-
groups, with favorable response rates observed 
regardless of the number of prior regimens, re-
fractoriness of the disease to the most recent 
prior therapy, refractoriness to bendamustine, dis-
ease subtype, bulky disease status, age, and sex 
(Fig. 2). The response rates ranged from 47 to 
80% in various subgroups. There was no correla-
tion of efficacy with pharmacokinetic measures 
(Fig. S2 in the Supplementary Appendix).

Responses were rapid and durable with con-
tinued administration of idelalisib. The median 
time to a response was 1.9 months (range, 1.6 to 
8.3) (Fig. 3A). The median duration of response 
was 12.5 months (range, 0.03 to 14.8) (Fig. 3B), 

exceeding the median duration of response (5.9 
months) in the group of 28 patients who had 
had a response to the most recent therapy before 
idelalisib. The median progression-free survival 
was 11.0 months (range, 0.03 to 16.6) (Fig. 3C), 
with 47% of the patients remaining progression-
free at 48 weeks. At the time of data cutoff, the 
median overall survival was 20.3 months (range, 
0.7 to 22.0) (Fig. 3D), and overall survival at 1 year 
was estimated to be 80%. The median follow-up 
time was 9.7 months.

Safety Profile
The median duration of treatment with idelalisib 
was 6.6 months (range, 0.6 to 23.9), and the mean 
(±SD) duration was 8.1±5.7 months. At the time 
of the data cutoff, 108 patients (86%) had received 
idelalisib at a dose of 150 mg twice daily for at 
least 2 months, and 68 patients (54%) had re-
ceived the drug for at least 6 months; treatment 
was ongoing for 40 patients (32%). The incidence 
rates of adverse events occurring during treatment 
in 10% or more of the patients are listed in Table 
2. The following events (all grades) occurred in 
more than 20% of patients: diarrhea (in 43%), 
fatigue (in 30%), nausea (in 30%), cough (in 29%), 
and pyrexia (in 28%). The most frequently re-
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Figure 1. Best Overall Response.

The best response with respect to tumor size during idelalisib treatment, according to assessment by an indepen-
dent review committee, is shown for the 125 patients in the study. Among the 122 patients with measurable lesions 
both at baseline and after baseline, 110 patients (90%) had improvements in lymphadenopathy, as assessed by 
changes in the sums of the products of the perpendicular dimensions (SPD) of index lesions. The dashed line shows 
the percentage change that represents the criterion for lymphadenopathy response, according to Cheson et al.25 
FL denotes follicular lymphoma, LPL/WM lymphoplasmacytic lymphoma with or without Waldenström’s macro-
globulinemia, MZL marginal-zone lymphoma, and SLL small lymphocytic lymphoma.
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a	
  Long-­‐term	
  follow-­‐up	
  (June	
  2014	
  cut-­‐off)	
   Salles	
  GA,	
  et	
  al.	
  ASCO	
  2015	
  (Abstract	
  8529;	
  poster).	
  

Idelalisib	
  delays	
  progression	
  compared	
  with	
  	
  
last	
  prior	
  therapy	
  in	
  pa8ents	
  with	
  FL	
  

Idelalisiba:	
  11.0	
  (0–30.6)	
  	
  
Last	
  prior	
  therapy:	
  5.1	
  (4.4–6.0)	
  

Median	
  (range)	
  PFS,	
  months	
  

PF
S	
  
(%

)	
  

Time	
  (months)	
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   27	
   30	
   33	
   36	
   39	
   42	
  

Median	
  (range)	
  dura8on	
  of	
  response:	
  10.8	
  (0–26.9)	
  months	
  

Patients at risk (events)	
  
Idelalisi
b	
  

72 
(0)	
  

55 
(8)	
  

35 
(22)	
  

26 
(28)	
  

18 
(33)	
  

14 
(37)	
  

11 
(37)	
  

6 
(38)	
  

5 
(38)	
  

3 
(39)	
  

1 
(39)	
  

0 
(40)	
  

0 
(40)	
  

0 
(40)	
  

0 
(40)	
  

Last 
prior 
therapy	
  

72 
(0)	
  

50 
(22)	
  

28 
(43)	
  

17 
(54)	
  

9 
(62)	
  

7 
(64)	
  

6 
(65)	
  

4 
(67)	
  

4 
(67)	
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Idelalisib	
  effec8ve	
  in	
  pa8ents	
  with	
  FL	
  who	
  relapsed	
  
within	
  24	
  months	
  first-­‐line	
  chemoimmunotherapy	
  

Median	
  es8mated	
  OS:	
  NR	
  

ORR:	
  57%	
  (PR	
  43%	
  and	
  CR	
  14%)	
  
Median	
  dura8on	
  of	
  response:	
  11.8	
  months	
  (95%	
  CI=3.8,	
  NE)	
  

79%	
  surviving	
  at	
  24	
  months	
  

Median	
  (95%	
  CI)	
  PFS:	
  
11	
  (5.5,	
  19.3)	
  months	
  

29%	
  progression	
  free	
  at	
  24	
  months	
  

OS	
  in	
  high-­‐risk	
  FL	
  subgroup	
   PFS	
  in	
  high-­‐risk	
  FL	
  subgroup	
  

37 
(0)	
  

34 
(1)	
  

33 
(2)	
  

32 
(2)	
  

32 
(2)	
  

27 
(6)	
  

20 
(7)	
  

16 
(7)	
   8 (7)	
   5 (7)	
   2 (7)	
   0 (7)	
   37 

(0)	
  
30 
(2)	
  

18 
(12)	
  

16 
(14)	
  

12 
(16)	
  

9 
(19)	
  

7 
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(20)	
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(21)	
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  at	
  risk	
  (events)	
   Pa8ents	
  at	
  risk	
  (events)	
  



Lenalidomide	
   Ibru8nib	
   Idelalisib	
  

Neutrop-­‐grade	
  ≥3:	
  20-­‐50%	
   Atrial	
  FibrillaBon:	
  5-­‐10%	
   Diarrhea	
  grade	
  ≥3:	
  13%	
  

InfecBons	
   Bleeding	
  grade	
  >	
  2:	
  3-­‐13%	
   PneumoniBs	
  grade	
  ≥2:	
  2%	
  

Thrombo-­‐embolism	
   Diarrhea	
  grade	
  >	
  2:	
  2-­‐7%	
   AST-­‐ALT	
  grade	
  ≥3:	
  13%	
  

InfecBons:	
  8-­‐10%	
   Neutrop.	
  grade	
  ≥3:	
  27%	
  

Safety	
  profile	
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Verso	
  un	
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  algoritmo	
  di	
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