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ORIGINAL ARTICLE: CLINICAL
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ABSTRACT
Patients with mantle cell lymphoma (MCL) usually respond to initial combination chemotherapy,
but the disease inevitably relapses and often follows an aggressive course. Here, clinical study
results published since 2008 for patients with relapsed/refractory MCL were reviewed to compare
available evidence for treatment guidance. Most trials identified were non-randomized, phase II
studies performed at a limited number of sites, and many evaluated MCL as one of multiple
non-Hodgkin lymphoma subtypes. Additional randomized, comparative trials are needed.
Treatment selection generally depends on patient need, age and fitness, time of relapse, and
line of therapy. Combination regimens typically produce higher response rates than single
agents, and adding rituximab generally improves outcomes. The inclusion of ibrutinib, lenalido-
mide, temsirolimus, and bortezomib, represents an important advance for patients ineligible for,
unable to tolerate, or failing high-intensity combination chemotherapy. A high need for effective
treatments in relapsed/refractory MCL remains, particularly for elderly and frail patients.
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Introduction

Mantle cell lymphoma (MCL) is a distinct histologic
type of non-Hodgkin lymphoma (NHL), with a median
age of 65 years at diagnosis and predominantly more
aggressive course of disease [1,2]. Diagnosis is based
on morphology and immunophenotype (CD20þ,
CD5þ, CD23–, and FMC7þ), but detection of chromo-
somal translocation t(11;14)(q13;q32) or the resulting
cyclin D1 overexpression is mandatory [3,4]. Although
technically categorized as an indolent form of NHL,
MCL typically follows an aggressive clinical course and
is considered incurable. The majority of patients
receive treatment upon diagnosis, except for a small
fraction of patients with very indolent disease identifi-
able by gene expression profiling [5,6] or low-risk char-
acteristics and/or evolution of disease [7,8].

Median overall survival (OS) following initial induc-
tion therapy is 3–5 years with the use of dose-intense

chemotherapy or combination therapy, incorporation
of antilymphoma antibodies, and autologous stem cell
transplantation [1,2,9–11]. US guidelines issued by the
National Comprehensive Cancer NetworkVR (NCCNVR )
categorize induction based on aggressive versus less
aggressive treatment [12], whereas the European (EU)
guidelines categorize induction based on the patient’s
age (<65 versus �65 years) and status (fit versus frail)
[1,2,13]. Aggressive treatment in the US guidelines and
treatment of fit patients �65 years of age in EU guide-
lines consist of high-dose chemoimmunotherapy fol-
lowed by consolidation with high-dose therapy and
autologous stem cell transplantation. R-hyperCVAD (rit-
uximab combined with hyperfractionated cyclophos-
phamide, vincristine, doxorubicin, and dexamethasone
alternating with high-dose methotrexate and cytara-
bine) is also recommended as an aggressive regimen
in US but not EU guidelines. Less aggressive treatment

CONTACT Martin Dreyling Martin.Dreying@med.uni-muenchen.de Medizinische Klinik und Poliklinik III, Klinikum der Universit€at M€unchen,
Marchioninistrasse 15, Munich, Germany
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in the US and treatment of fit, elderly patients in the
EU consist of a conventional regimen such as R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone) or BR (bendamustine and rituximab).

Although MCL generally responds to initial treat-
ment, the disease inevitably relapses, even after an
intensive intervention [14]. Treatment of relapsed or
refractory disease, characterized by increasingly shorter
periods of remission with successive lines of treatment
and progression to more clinically aggressive pheno-
type, is challenging [1,2,14,15]. This review covers cur-
rent treatment options in the relapsed/refractory
setting, examining selection based on prior therapy,
patient characteristics, performance status, and line of
therapy. Conventional chemotherapy approaches as
well as newer molecular-based therapies are included.

Methods

A review of the literature was carried out using
PubMed to identify studies reporting clinical trial
results in patients with relapsed/refractory MCL pub-
lished between January 2008 and July 2017. Search
terms included: title mantle cell lymphoma, publication
type clinical trial, and language English. Abstracts from
major conferences (American Society of Clinical
Oncology [ASCO], American Society of Hematology
[ASH], European Hematology Association [EHA], and
International Conference on Malignant Lymphoma
[ICML]) were also evaluated. Trials in previously
untreated MCL patients, those with <10 MCL patients,
pharmacokinetic studies, and publications such as let-
ters to the editor were excluded, and the resulting list
was focused on studies of key marketed and investiga-
tional agents. Studies were categorized as monother-
apy, chemotherapy/chemoimmunotherapy,
chemotherapy/immunotherapy combinations with
molecular-based agents, and combination biologic
therapies.

Study data

Chemoimmunotherapy

Chemoimmunotherapy trials in relapsed/refractory
MCL are shown in Table 1, with key results discussed
below [16–26]. Many recommendations regarding use
of chemoimmunotherapy to treat relapsed/refractory
MCL are based on limited studies and few randomized
comparative trials. The most commonly used combina-
tions in this setting are CHOP and regimens containing
bendamustine, cytarabine, or fludarabine in combin-
ation with rituximab. The addition of rituximab to

chemotherapy regimens has shown improved OS [27].
These combination regimens tend to be more appro-
priate in first and second relapse in younger patients
and elderly fit patients. While they appear to produce
higher response rates than monotherapy, few compari-
sons have been made in randomized trials.

The alkylating agent bendamustine in combination
with rituximab (BR regimen) has high activity in
relapsed/refractory MCL [28]. Phase II findings with BR
within this time period showed 92% overall response
rate (ORR), 55% complete response (CR)/CR uncon-
firmed (CRu), and median duration of response (DOR)
of 19 months in relapsed/refractory MCL [17].
Subsequent studies of BR showed significantly pro-
longed progression-free survival (PFS), producing a sig-
nificantly higher ORR compared with fludarabine plus
rituximab (FR) in a phase III study conducted in
patients with relapsed follicular, indolent, and mantle
cell lymphomas [18]. Among MCL patients who were
randomized to BR or FR, ORR was 71% (38% CR) and
26% (13% CR), respectively, and median PFS was 17.6
and 4.7 months, respectively (p¼ .01). BR was also
associated with improved OS (median 35.3 versus 20.9
months). Among all patients treated with BR, the most
common grade 3/4 adverse events (AEs) were leuko-
penia (13%), neutropenia (9%), and nausea and emesis
(4%). In a phase II study with relapsed or refractory
MCL (median 2 prior therapies), BR treatment resulted
in an 82% ORR (40% CR), median PFS of 17.2 months,
and a 3-year OS rate of 55% [19]. Among patients
evaluated by positron emission tomography (PET)
scan, complete metabolic response was observed in
75%. Grade 3/4 neutropenia and lymphopenia
occurred in 44 and 89% of patients, respectively.
Serious AEs occurred in 40% of patients, but only
three patients withdrew from the study due to AEs.
The use of BR in the treatment of relapsed/refractory
MCL has increased steadily based on recent results
from the multicenter, randomized, phase III non-infer-
iority StiL and BRIGHT studies, which reported signifi-
cantly prolonged PFS and CR rates, respectively, in
comparison to R-CHOP or R-CVP (rituximab, cyclophos-
phamide, vincristine, and prednisone), in the small
subsets of previously untreated MCL [29–32].

Novel monotherapy treatment options for
relapsed/refractory MCL

Pivotal trials of monotherapy options in relapsed/
refractory MCL are shown in Table 2 and results from
key studies are discussed below [33–54]. Multiple
treatment options are available in this setting, but no
clear standard of care is recognized in EU or US
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