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ABSTRACT

Mucosa associated lymphoid tissue lymphoma shares certain features with multiple myeloma. In view of this and
the activity of lenalidomide in various B-cell lymphomas, we have initiated a phase II study of lenalidomide in
patients with mucosa associated lymphoid tissue lymphoma. Patients with histologically verified advanced stages
of this lymphoma were included in the study. Treatment consisted of oral lenalidomide 25 mg Days 1-21, with a
7-day break after each cycle. A total of 18 patients were included in the trial: 5 had gastric and 13 had extragastric
mucosa associated lymphoid tissue lymphoma, but 2 discontinued therapy during the first course of therapy. In
the intent to treat analysis, an overall response rate of 61% was seen (11 of 18; 6 complete and 5 partial remissions). Three patients had stable disease while 2 progressed. Side effects were manageable and included neutropenia (grade III in 3 patients) as the leading hematotoxicity. After a median follow up of 20.3 months, one patient
has died from lymphoma while the remaining patients are alive and relapse-free. These data suggest activity of
lenalidomide monotherapy in mucosa associated lymphoid tissue lymphoma. The study protocol had been
approved by the Ethical Board of the Medical University Vienna (EK-No.: 146/09), and before opening the trial, it
had been registered at www.clinicaltrials.gov. (identifier: NCT00923663).

Introduction
Extranodal marginal zone B-cell lymphoma of the mucosa
associated lymphoid tissue (MALT-lymphoma) accounts for
approximately 8% of all newly diagnosed lymphomas.1 The
cell of origin is postulated to be a marginal zone B cell, with
a close relationship to the plasma cell.2
Antibiotic eradication of Helicobacter pylori (HP) has become
the mainstay of therapy for patients with gastric MALT lymphoma, while the role of antibiotics has not been unequivocally clarified in ocular adnexal MALT lymphoma. In patients
with non-response to HP-eradication or non-gastric MALT
lymphoma, different treatment approaches have been published, including radiation in case of localized disease, as well
as a variety of systemic treatments. However, standards have
still not been clearly defined.3
Lenalidomide belongs to a class of compounds termed
immunomodulatory derivatives of thalidomide (IMiDs),
which display both anti-angiogenic as well as immunomodulatory effects.4 Due to its high activity in multiple myeloma,
a phase II study of thalidomide in MALT lymphoma was initiated, but was closed prematurely due to the absence of
activity in the initial 8 patients.5 Recent studies have shown
lenalidomide to be of similar if not higher efficacy in mutiple
myeloma6-8 and a variety of B-cell lymphomas.9-12
In view of the close relation between multiple myeloma

and MALT lymphoma, the immunological component in the
genesis of this disease, as well as a probably increased activity
over thalidomide, we have performed a phase II study to
assess the therapeutic efficacy of lenalidomide in MALT lymphoma.

Design and Methods
Patients with histologically confirmed MALT lymphoma according
to the recent WHO classification1 aged between 18 and 80 years were
eligible for the trial, and all histologies were (re-)assessed by a reference hematopathologist (LM).
The study protocol had been approved by the Ethical Board of the
Medical University Vienna, and before opening the trial, it had been
registered at www.clinicaltrials.gov.
Patients with non-gastric MALT lymphoma or HP-negative gastric
MALT lymphoma were directly eligible for inclusion, while patients
with gastric MALT lymphoma and evidence of HP-infection had to
have documented non-response to antibiotic therapy as judged by a
minimum follow up of 12 months after successful HP-eradication. For
inclusion in the trial, patients were required to have an ECOG performance status of 0-2, a life expectancy of at least three months, adequate cardiac, renal and liver function tests, and had to give their written informed consent.
Exclusion criteria were use of any investigational agent within 28
days prior to initiation of treatment with lenalidomide, history of
malignancy other than squamous cell carcinoma, basal cell carcinoma
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of the skin or carcinoma in situ of the cervix within the last five
years or major surgery, other than diagnostic surgery, within the
last four weeks. In addition, patients with evidence of central nervous system (CNS) involvement, a history of uncontrolled seizures,
CNS disorders or psychiatric disability judged by the investigator
to be clinically significant and adversely affecting compliance to
study drugs, severe peripheral polyneuropathy, clinically significant cardiac disease or myocardial infarction within the last six
months, inadequate hematologic status at baseline prior to study
entry, with active opportunistic infections, pregnancy, uncontrolled diabetes mellitus, pre-existing thromboembolic events or
documented hypersensitivity to thalidomide were ineligible.
Treatment consisted of oral lenalidomide given at a dose of 25
mg daily for 21 days, and cycles were repeated every 28 days. As
thromboembolic prophylaxis, all patients had to take 100 mg of
acetylsalicylic acid daily while on study. Restaging was performed
after the third cycle of therapy, and patients with at least stable
disease or better were given another three courses for a maximum
of six cycles. Response was assessed by radiological criteria for
complete remission (CR), partial response (PR), stable disease (SD)
and progressive disease (PD) in patients with non-gastric lymphoma, while patients with gastric MALT lymphoma were also
assessed by applying the GELA criteria13 for histologicalal
response on biopsies obtained by gastroscopy.

Results and Discussion
A total of 18 patients (10 female and 8 male) were
included in the trial. Two patients discontinued therapy

during the first course for personal reasons, while the
remaining 16 patients underwent at least one assessment
for response.
Information concerning localization of the lymphoma
and patients’ clinical characteristics are shown in Table 1.
Five patients had gastric MALT lymphoma, 7 ocular
adnexal, 3 pulmonary, while one patient each had MALT
lymphoma of the colon, the subcutis and the parotid
gland, respectively. Eleven patients were therapy-naive,
while the remaining patients had undergone various forms
of therapy before inclusion in the trial either for progressive disease or recurrence of the lymphoma. Four patients
had an underlying autoimmune disease (2 patients each
with chronic autoimmune thyroiditis and Sjögren’s syndrome). Sufficient material for genetic testing was available for 14 patients, 3 had a t(11;18)(q21;q21) and one trisomy 3. Two patients discontinued treatment during the
first course of therapy (one patient due to pruritus on the
scalp without objective changes and the other patient for
vertigo after four days of treatment), and were replaced
according to protocol in order to reach the target number
of 16 patients. Twelve patients were given six cycles, and
3 discontinued therapy after three courses of treatment
(due to PD in one patient, for personal reasons while being
in SD in another patient and due to transformation to diffuse large B-cell lymphoma in the stomach without any
sign of a remaining small cell component in the third
patient). Another patient with parotid lymphoma withdrew consent for further therapy after five courses due to
painful parotid swelling; this returned to normal within

Table 1. Characteristics of MALT lymphoma patients receiving lenalidomide.

Patient Gender/ Initial Stage Initial
Previous
N.
age localization
diagnosis therapies
1
2

F/74
M/74

3
4
5
6
7
8
9
10
11
12

F/54
M/68
M/76
F/78
F/67
M/78
F/78
F/74
F/67
M/66

13
14
15
16
17
18

stomach
colon

I
I

2005
2000

I
I
I
III
I
I
I
II
I
IV

2008
2005
2009
2010
2010
2010
2010
2010
2010
2010

F/61
F/79
F/70
M/41
M/58

stomach
stomach
orbita
lung
stomach
orbita
stomach
orbita
orbita
soft tissuse
(lower leg)
orbita
orbita
parotid gland
lung
lung

I
I
II
II
I

2006
2010
2010
2010
2004

M/71

orbita

I

2003

Autoimmune t(11;18) t(14;18)
disease

N. of
cycles

Cycle 3

Cycle 6
FUP
(late response) (months)

fludarabine x6
no
R x4, 2CdA x2, R x1,
oxaliplatin x3, R-CNOP x1,
R-CNP x5, R-Y90 ibritumomab
no
tiuxetan x2
R-2CdA x4
no
R-2CdA x6
no
none
Hashimoto's disease
none
no
none
no
none
no
none
no
none
Sjögren's disease
none
no
none
ND

yes

ND

6

PR

PR (CR1)

31.2

yes

no

3

PD

-

8.4 (†)

no
no
ND
no
no
ND
no
no
no
no

ND
ND
ND
no
no
ND
no
no
no
no

3
02
6
02
63
63
6
6
6
6

SAE DLBCL
CR
SD
PR
CR
SD
PR
PR

CR
SD (PR1)
PR
CR
SD
CR
CR

29.0
27.72
24.2
22.5
22.1
21.1
20.9
20.9
19.3
18.9

bortezomib x8
no
none
no
none
Sjögren's disease
none
Hashimoto's disease
R x4, R-chlorambucilND
prednisolone x6
oxaliplatin x4, R-CNOP x6
no

no
no
ND
ND
yes

no
no
ND
ND
ND

6
6
5
63
3

SD
SD
PR
SD
SD

CR
PR
PR
SD
-

18.9
18.1
17.7
11.00
16.7

no

no

6

SD

PR

16.1

Late responder to lenalidomide, showing best response 9, respectively 5 months after end of therapy; 2off study due to patient’s wish after 3, respectively 4 days of cycle 1; 3patient received
reduced dose (15 mg) at some point of the study. N.: number; FUP: follow up; PR: partial remission; CR: complete remission, R: rituximab; R-CNOP: rituximab, cyclophosphamide, mitoxantrone,
prednisone, vincristin; Y90: ibritumomab tiuxetan; PD: progressive disease; SAE: serious adverse event; DLBCL: diffuse large B-cell lymphoma; SD: stable disease; ND: no data.
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four weeks after discontinuation of therapy. Radiological
re-assessment showed ongoing SD, and the phenomenon
was rated as a tumor flare. Side-effects were mainly nonhematologic, while only 3 patients had transient neutropenia WHO grade III (along with leukocytopenia in one
patient); these were not complicated by infection. Nonhematologic toxicities varied widely, and 2 patients
required hospitalization either due to pneumonia (in the
absence of hematologic toxicities in this patient) or exanthema with desquamation. In both patients, a consecutive
dose reduction to 15 mg daily did not result in recurrence
of severe symptoms. In a third patient, dose reduction to
15 mg was performed for diarrhea WHO grade II after the
third course of therapy, and the remaining three courses
could be tolerated without any further toxicities.
Interestingly, the most commonly encountered side-effect
was pruritus WHO grade I/II occurring in a total of 7
patients, with 5 of these patients complaining of isolated
pruritus of the scalp without dermatological changes.
Table 2 shows detailed information on non-hematologic
toxicities. One patient developed a biliary colic and one
patient required surgery for a fracture of the femur following an accident; both events were rated as non-related to
the study drug. In terms of efficacy, 11 of 18 patients
(61.1%) achieved an objective response in the intent to
treat analysis, including 6 patients with CR (33.3%) and 5
with PR (27.8%) as best response, while 3 patients were
rated as SD (16.7%). When classified by prior therapy, 3 of
7 patients with prior systemic treatment responded, while
8 of 11 previously untreated patients also showed an
objective response to therapy. A conversion to a better
response from the first to the second restaging (i.e. after
three and six courses, respectively) was seen in 5 patients
(SD to PR and PR to CR in 2 patients each, and SD to CR
in one additional patient). One patient with CR was rated
as PR/responding residual disease according to GELA13
after six courses of therapy, and developed a CR nine
months after the end of therapy. In addition, another
patient with gastric lymphoma rated as SD after three and
six cycles developed a PR/responding residual disease five
months after stopping lenalidomide. Two patients had
progressive disease after three courses of therapy, including one patient who showed only pure diffuse large B-cell
lymphoma in the stomach as opposed to the initial MALT
lymphoma. In spite of the absence of radiological progression, the patient was rated as treatment failure/PD due to
the occurrence of this transformation. Both patients were
switched to second-line therapy, resulting in CR after RCHOP now ongoing for 20 months in the patient with
transformation and in disease stabilization following R
plus bendamustine in the other patient. In the latter, however, this stabilization lasted only four months, and the
patient died from progressive lymphoma. After a median
follow up of 20.3 months (range 8.4-31.2 months), the
remaining 17 patients are alive without signs of lymphoma progression/recurrence (Table 1), and only one
patient was lost to follow up after 11 months in SD. No
second malignancies have been reported to date. Four
patients had documented autoimmune diseases which
remained clinically unchanged during treatment with
lenalidomide.
Recently, lenalidomide has been studied in patients with
various histological subtypes of B-cell lymphomas, such as
mantle cell lymphoma and diffuse large B-cell lymphoma,
either transformed or de novo, and chronic lymphocytic
haematologica | 2013; 98(3)

leukemia.11,12,14-16 As monotherapy, in a study by
Habermann et al.,11 a response rate of 53% (3 CR and 5 PR
out of 15 patients) was seen in patients with mantle cell
lymphoma, while in a study by Wiemik et al.,9 this was
35% in relapsed or refractory aggressive lymphomas,
including 12% CR. In this latter study, it was also reported
that 25% of patients with SD at initial evaluation
improved with more prolonged treatment, suggesting that
a more prolonged schedule of therapy might be beneficial
when administering lenalidomide.9
To our knowledge, this is the first study to assess the
activity of lenalidomide monotherapy in patients with
MALT lymphoma indicating activity of lenalidomide at an
objective response rate of 61% (11 of 18). However, only
6 patients achieved a CR (33.3%) while 5 had a PR
(27.8%). In 5 patients, the results changed with continous
therapy, as 2 patients with SD after the third course
achieved PR, 2 PRs switched to CR, after six courses, and
one patient from SD to CR. One initial PR after six cycles
of lenalidomide converted to CR nine months after discontinuation of therapy, while another patient was rated
as stable after six cycles achieved a PR five months later.
In total, 7 of 18 patients (38.9%) benefitted from prolonged duration of therapy, suggesting that the 6-month
treatment schedule as applied in our protocol might have
been too short. This is in keeping with findings in other
hematologic malignancies, as prolonged duration of therapy with lenalidomide has been suggested to be beneficial
in terms of responses.

Table 2. Characteristics of hematologic and non-hematologic toxicities.

Adverse event
Hematologic
Anemia
Thrombopenia
Leukopenia
Neutropenia
Lymphopenia
Non-hematologic
Anorexia
Biliary colic
Conjunctivitis
Constipation
Cough
Edema of the eye
Emesis
Exanthema
Fatigue
Febrile infection
Fracture (femur)
Headache
Heartburn
Nausea
Pain joints
Paresthesia
Pneumonia
Pruritus
Tremor
Vertigo
Others**

Grade I + II*

Grade III + IV*

9
9
6
6
2

0
1
1
3

2
SAE
2
3
2
2
2
5
5
2

1
2 (incl. 1 SAE)
SAE

2
2
4
2
2
SAE
7
3
3
14

*Adverse events were always rated in there maximal severity; **in one patient each;
grade I or II: agitation, alopezia, bursitis (ellbow), cramp (legs), diarrhea, dry skin, dyseugesia, dyspnea, insomia, herpes zoster, mucositis, pain of a limb, pain in the parotid
gland, pleural effusion.
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Two patients discontinued therapy before first assessment of response (during cycle 1) and were replaced
according to protocol. In one patient, itching of the scalp
without any objective dermatological findings was the
reason for early discontinuation, while the other patient
complained of vertigo on Day 4 of cycle 1 and refused further therapy. Out of the remaining 16 patients, 12
patients were given the planned six cycles of therapy (3
with a dose reduction to 15 mg), one patient finished five
courses while 3 patients discontinued treatment after
three courses (one patient due to PD, one for transformation to diffuse large B-cell lymphoma, and one for personal reasons). Hematologic side-effects were rare, and only
3 patients experienced neutropenia WHO grade III. The
rate of non-hematologic toxicities, however, varied widely and the most prominent side-effect was mild
itching/pruritus in 7 patients. Interestingly, the majority
of patients (5 of 7) located the itching sensations on the
scalp. In 4 patients, an additional exanthema on the trunk
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