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ABSTRACT

The natural history of mantle cell lymphoma (MCL) undergoing
chemotherapy is a cyclical pattern of remission followed by
recurrence of disease due to acquired chemotherapy resist-
ance. The median age of the occurrence of MCL is 65 years, so
half of the newly diagnosed MCL patients are considered
“elderly.” The tolerance to long-term chemotherapy in elderly
patients is decreased; hence, the response to frontline therapy
used is of paramount importance. We hope that our review
may guide clinicians in treating such populations in a more per-
sonalized and evidence-based manner.
In the older patients with risk variables, frontline treatment is
determined according to different body status of fit, unfit or com-
promised, and frail. In the fit patients, the pursuit of remission

and prolongation of survival might currently justify the use of
more intense and toxic therapies. For unfit or compromised older
patients, disease control needs to be prioritized, maintaining a
balance between the benefits and toxicities of the treatment. For
frail patients, tolerance of treatment and minimizing myelotoxic-
ity should be the primary focus. “Chemotherapy-free” regimens
are likely to be considered as the first-line strategy for this popula-
tion. On the other hand, in the older MCL population without risk
variables, observation or “watch and wait” can prevent overtreat-
ment. Furthermore, more clinical trials and research studies on
novel agents and targeted therapies need to be translated into
the general population to provide optimal treatment and to guide
personalized treatment.The Oncologist 2018;23:1–14

Implications for Practice: This review emphasizes the importance of frontline therapies for older MCL patients. MCL patients
commonly experience a cyclical pattern of remission followed by recurrence of disease due to acquired chemotherapy resistance.
As a special population, elderly patients have various comorbidities and decreased organ function, which may reduce the chances
of undergoing treatment for recurrent disease. Thus, this older population of patients with MCL should be treated separately and
exceptionally. So far, systematic reviews with regard to frontline treatment for older patients with MCL have not been encountered,
but the hope is that this review may guide clinicians in treating such populations in a more personalized and evidence-based
manner.

INTRODUCTION

Mantle cell lymphoma (MCL) is an incurable subtype of non-
Hodgkin’s lymphoma with a median age of occurrence of 65
years [1, 2]. More than half of newly diagnosed MCL patients
are thus considered “elderly.” Some scholars consider the
threshold of age to be 60 years; on the other hand, some
patients aged <70 years with performance status5 0 can
tolerate intensive chemotherapy regimens usually reserved
for young MCL patients. As a special population, elderly
patients have various comorbidities and decreased organ
function, which may result in reduced tolerance to chemo-
therapy. Moreover, social and family factors may lead to
more complexities with their management, which could
potentially reduce the chances of undergoing treatment for
recurrent disease [3–5].

Furthermore, elderly MCL patients with various risk profiles
should be treated separately. A personalized treatment for MCL
patients is usually based on validated prognostic tools, such as
the MIPI-c (the combination of Mantle Cell Lymphoma Interna-
tional Prognostic Index [MIPI] and the Ki-67 Proliferative Index),
and early predictors of treatment response, such as minimal
residual disease analysis, as well as genomic alterations [6] As
for prognostic genomic alterations,TP53 was shown to be a sig-
nificant independent molecular marker predicting dismal out-
come for MCL patients [7–10], and NOTCH1/2 mutations and
MYC oncogene have also been associated with an aggressive
clinical process [11–14]. Thus, for elderly MCL patients with
adverse prognostic factors, therapy should be offered, while
those with good prognostic variables can even be observed
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due to remarkable treatment-related toxicity in this population
(Fig. 1). We discuss here frontline treatments for elderly MCL
patients who need treatment in three different fitness levels—
fit, unfit or compromised, and frail. (Fig. 1) Actually, under each
fitness level, no randomized controlled trials exist that can be
used as evidence that one regimen is better than others. In clin-
ical practice, we still need to evaluate different individual cir-
cumstances and the patient’s own choice.

OLDER MCL PATIENTS WITH RISK VARIABLES

Frontline Therapy for Elderly Fit MCL Patients (Table 1)

RHCVAD/MA
Rituximab plus fractionated cyclophosphamide, vincristine, dox-
orubicin, and dexamethasone alternating with rituximab plus
methotrexate-cytarabine (HCVAD/MA) with adjustment of the
cytarabine (1 g/m2/dose) is an active regimen for elderly
patients (>65 years) with untreated MCL [15]. In an early phase
II study fromMD Anderson Cancer Center, 25 patients, including
6 patients with gastrointestinal (GI) involvement, received
HCVAD/MA regimen up to eight cycles, without stem cell trans-
plant (SCT). The overall response rate (ORR) was 92%, and the

complete remission (CR) rate was 68%. After a median follow-up
of 17 months, the median failure-free survival (FFS) was 15
months. Hematologic toxicity was remarkable after four cycles,
including 89% of grade 4 neutropenia and 75% of grade 4
thrombocytopenia, but only 5% of the cycles were associated
with grade 3 infection. Treatment-related death occurred in two
patients. Subsequently, rituximab (R) was added in HCVAD/MA
for elderly MCL patients, and this produced a 3-year FFS and
overall survival (OS) for elderly patients aged >65 years of 50%
and 75%, respectively [16]. The principal toxicity in the study
was still hematologic, especially significant grade 4 neutropenia
and thrombocytopenia. In both young and older patients, 29%
of 97 patients did not finish their intended number of cycles
because of toxicity. The rate of dose adjustments (decrease in
dose) caused by any toxic effect was significantly higher in the
elderly patients (>65 years) compared with the younger
patients (�65 years; p 5 .00001). After 10 years of follow-up,
patients older than 65 years had 8-year time to treatment failure
(TTF) and OS rates of 16% and 33%, respectively, which were sig-
nificantly less than the TTF and OS rates for patients aged 65
years or younger (46% and 68%, p 5 .003 and .0007, respec-
tively) [17]. Thus, this intense chemoimmunotherapy without
SCT is effective for younger (�65 years) patients with untreated
aggressive MCL but is not recommended for older patients
because of significant acute toxicities in this age group [18–20].

High-Dose Cytarabine-Containing Regimens Except for
HCVAD/MA
In light of favorable outcomes with high-dose cytarabine (HD-
Ara-c)-containing induction chemotherapy in younger MCL
patients [21–24], HD-Ara-c-containing regimens have been
used in clinical trials for elderly fit MCL patients. However,
randomized prospective controlled studies conducted in this
area are scarce. A multicenter, prospective phase 2 study from
the Finnish Lymphoma Group added HD-Ara-c (cycles 2, 4, and
6–8; the total cumulative dose is 20 g/m2) into induction chem-
otherapy for 60 cases of MCL (age: 65–83 years). Intermediate-
and high-risk untreated MCL patients accounted for 98% and
87% of the patients. Induction therapy included alternating
standard dose R-CHOP and R-AraC. Thereafter, three cycles
(R-Fludara-AraC, cycles 6–8) included R-AraC with two doses of
fludarabine, and the last two cycles included standard dose
CHOP (cycles 9–10), which resulted in very good response
(ORR: 95%, unconfirmed complete remission (CR/Cru): 87%).
Additionally, 11 cases of stable disease (SD), partial remission
(PR), or unconfirmed complete remission (CRu) obtained fur-
ther remission after R-Fludara-AraC regimen (cycles 6–8). Sub-
sequently, 45 cases were reported to have a negative test for
minimal residue disease (MRD) in the bone marrow by flow
cytometry. After a median follow-up of 3.3 years, progression-
free survival (PFS) and OS at 4 years was about 70% each in all
patients [25]. This study was characterized by patients with
older age, mostly intermediate- to high risk, and high intensity
of regimens with multiple cycles (up to 10). There were no
severe infections during induction, with infections of grade 3 in
12 patients and grade 4 in only 1 patient during the first course
(R-CHOP) of treatment. The treatment-related mortality (TRM)
was low (3%). However, 17% of patients who responded
(CR1 PR), because of tolerance issues, were not able to receive
more than six courses of chemotherapy. In addition, nearly one
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third of patients needed a reduced dose of chemotherapy. Of
note, due to the associated toxicities, the agent fludarabine is
no longer used in MCL.

Another regimen containing HD-Ara-c is R-MACLO-IVAM-T
(Cycle 1 R-MACLO: rituximab, doxorubicin, cyclophosphamide,
vincristine, methotrexate, leucovorin. Cycle 2 R-IVAM: rituxi-
mab, cytarabine with the total cumulative dose of 8 g/m2, eto-
poside, ifosfamide, and mesna). This study also obtained a
favorable survival outcome, with 78% 3-year PFS in 22 cases of
untreated MCL. However, it was also toxic (before mentioning
death, you need to mention percentage of grade 3–4 neutrope-
nia, thrombocytopenia, infections, or any other toxicity). Two
patients (9%) died: one from sepsis during cycle 1 and another
at 38 months while in remission from MCL. However, the total
sample size was small and with merely eight cases (37%) aged
60–79 years [26]. Thus, the role of this regimen in older
patients needs to be further elucidated.

Autologous Hematopoietic Stem Cell Transplantation
Autologous hematopoietic stem cell transplantation (ASCT)
plays an important role in consolidation in young and fit MCL
patients, as shown by numerous phase II studies demonstrating
significantly prolonged survival [27–30]. Thus far, the data with
respect to ASCT in older MCL patients are limited primarily due
to a small sample size [31–35]. In the second Nordic MCL trial,
patients who received intensive therapy followed by ASCT
were mostly younger than 65 years (41 cases older than 60
years) [29]. Very few serial studies reported ASCT as the front-
line consolidation therapy in MCL patients older than 65 years.

The European Group for Blood and Marrow Transplantation
registry retrospectively analyzed 712 cases of MCL who under-
went ASCT between 2000 and 2007. Patients were compared
between 79 cases of older than 65 years (patients in CR1 and PR1
at transplantation accounted for 35.4% and 26.6%, respectively)
and 633 cases of younger than 65 years. They found that there
were no differences in engraftment of neutrophils (12 vs. 12
days) and platelets (13 vs. 13 days), relapse rate (66% vs. 55%),
PFS (29% vs. 40%), and OS (61% vs. 67%) at 5 years between
both groups. Multivariate analysis showed age�65 at transplant
was not associated with risk of nonrelapse mortality (NRM). The
NRM at 3 months and 5 years after transplantation in patients
older than 65 years was not higher than that in patients younger
than 65 years. The only factor of importance in NRM was the
number of treatment lines (two ormore) prior to ASCT. No special
toxicity of the patients older than 65 with consolidation SCT was
reported in this retrospective study.This study also suggested that
ASCTcould be performed in selected patients older than 65 years.
In addition, these older patients received intensive induction
chemotherapy prior to ASCT. Therefore, in order to improve sur-
vival for older patient with MCL through transplantation, age is
not a major constraint if the decision for ASCT is based on appro-
priate case selection along with utilization of adequate treatment
strategies prior to and after transplantation [36].

In order to understand the efficacy and toxicity of intensive
chemotherapy and ASCT for older MCL patients, Abramson
Cancer Center retrospectively analyzed 38 cases of intermedi-
ate- to high-risk MCL according to the MIPI score and who
were older than 60 years (range: 61–74 years) [34] and who
had received R-CHOP or R-HyperCVAD/MA with or without
consolidation ASCT. There were 21 cases (55%) who receivedTa
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consolidation ASCT after R-CHOP (14 cases, 74%) or after R-
HyperCVAD/MA (7 cases, 37%). All patients achieved CR,
including five cases of PR after induction therapy. At a median
follow-up of 2.7 years, 20 patients (57%) developed progressive
disease. The median PFS (mPFS) and median OS (mOS) were
3.2 and 6 years, respectively. This study demonstrated a similar
PFS between the group that received R-CHOP followed by
ASCT and the group that received R-HyperCVAD without ASCT
as the first-line therapy for older patients with MCL. Also, the
toxicity profile was not significantly different between the two
groups. ASCT-related mortality was not observed. Fifteen patients
(71%) experienced infection, and eight patients (38%) experi-
enced mucositis requiring patient-controlled analgesia or nutri-
tional support. Other adverse events included five patients
requiring intensive care and four patients requiring readmission
less than 100 days after discharge due to ASCT-related complica-
tions. However, the toxicity was markedly different between
R-HyperCVAD and R-CHOP for induction.Manymore transfusions
were required (100% vs. 62%, p 5 .008) and more dose reduc-
tions (33% vs. 6%, p 5 .08) were observed in the R-HyperCVAD
group than in the R-CHOP group. All the patients in the R-CHOP
group completed all cycles, whereas only 67% of patients in the
HyperCVAD group completed them (p 5 .01). Of note, compared
with the group who only received R-CHOP chemotherapy, these
two intensive therapies could achieve longer PFS for intermedi-
ate- to high-risk patients. This needs to be further verified in pro-
spective, randomized, controlled trials with larger sample sizes.

Bendamustine-Based Regimen plus Low-Dose
Cytarabine
These intensive regimens mentioned above are effective but
with remarkable toxicities. Since the bendamustine plus rituxi-
mab (BR) was reported by Rummel et al. [37], the BR regimen
has become a standard first-line therapy for older MCL patients
[38], which can be used in elderly fit or unfit MCL patients.We
discuss the BR regimen in unfit MCL patients. In elderly fit MCL
patients, BR plus low-dose cytarabine (800–500 mg/m2 3
3 days) was tested.

In a phase II study, R-BAC (rituximab, bendamustine, and
cytarabine 800 mg/m2 3 3d) without maintenance rituximab
demonstrated encouraging results in 20 cases of previously
untreated fit older (age �65 years) patients with MCL [39],
with an ORR of 100% and a CR rate of 95%. At a median follow-
up of 2.2 years, the 2-year PFS and duration of response (DOR)
rates were 95% and 100%, respectively. However, hematologic
toxicities occurred frequently, with grade 3/4 thrombocytope-
nia and neutropenia occurring in 70% and 17% of untreated
patients, respectively. Grade 3 or 4 infections occurred in five
patients, including refractory or relapsed patients. Because of
this, another multicenter trial (FIL-RBAC500) was initiated with
a reduced cytarabine dose of 500 mg/m2 [40, 41], which
resulted in a substantially reduced hematological toxicity. The
proportion of cycles requiring platelet transfusion was reduced
from 118 (65%) of 182 cycles of RBAC800 to 89 (29%) of 304
cycles of RBAC500, and the frequencies of severe hemorrhage
or infection were low. Efficacy was still excellent, with a CR rate
of 91%, negative MRD testing in 51% of tested BM samples,
and a 2-year PFS of 81%. Thus, R-BAC500 is a safe treatment
that can be administered as first-line therapy to elderly fit
patients with MCL.

Elderly fit MCL patients with risk variables need intensive
therapy in order to achieve survival benefit. Thus, our recom-
mendation is to use RHD-Ara-c containing regimen plus ASCT
as frontline therapy in this population.

Frontline Therapy for “Unfit or Compromised” Older
MCL Patients
For the “unfit or compromised” patients, the aim of treatment
is to get the disease under adequate control, because the pur-
suit of remission with intense toxic therapy could induce dam-
age from side effects due to the comorbidities and decreased
organ function. Therefore, regimens like bendamustine-based
therapy, modified R-HCVAD, and RCHOP are proposed to these
unfit older patients with MCL.

For the “unfit or compromised” patients, the aim of
treatment is to get the disease under adequate con-
trol, because the pursuit of remission with intense
toxic therapy could induce damage from side effects
due to the comorbidities and decreased organ func-
tion. Therefore, regimens like bendamustine-based
therapy, modified R-HCVAD, and RCHOP are proposed
to these unfit older patients with MCL.

Bendamustine-Based Therapy (Table 2)
Bendamustine, as a single agent or in combination with rituxi-
mab, has been a very effective and well-tolerated treatment
for relapsed or refractory MCL patients [42–47]. This prompted
its use in frontline combination therapy for elderly MCL
patients. The BR regimen was studied in the StiL trial, which
was an open-label, randomized, controlled phase III trial among
81 centers in Germany between 2003 and 2008. In this trial,
patients were randomized to either BR or R-CHOP for a maxi-
mum of six courses. Of 514 patients entered in the study, 94
were MCL (ages: 64.5–74, median: 70) and 420 were cases of
other types of indolent lymphoma (279 follicular lymphoma, 67
marginal zone lymphoma, 41 lymphoplasmacytic lymphoma,
21 small lymphocytic lymphoma, 12 low-grade, unclassifiable
lymphoma). The ORR did not differ between the two treatment
arms (242 [93%] of 261 patients in the BR group vs. 231 [91%]
of 253 in the R-CHOP group); however, the CR rate was signifi-
cantly increased in patients in the BR group (104 [40%] vs. 76
[30%]; p 5 .021). At median follow-up of 45 months, median
PFS was significantly longer in the BR group than in the R-CHOP
group for MCL patients (35.4 [28.8–54.9] vs. 22.1 [15.1–33.8];
p 5 .0044), whereas OS did not differ between the treatment
groups and median OS was not reached in either group for all
subtypes of lymphoma [37]. Fewer adverse events were
observed in the BR group than in the R-CHOP group. There
were significantly fewer hematological toxic effects in patients
in the BR group than in the R-CHOP group, with less grade 3–4
leucocytopenia (p< .0001) and neutropenia (p< .0001). Infec-
tions were significantly less frequent in patients in the BR group
than in the R-CHOP group. Severe infectious complications like
sepsis with a fatal outcome were also less frequent in the BR
group than in the R-CHOP group (one patient vs. five patients).
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Twenty secondary malignancies were observed in the BR group
(261 assessed) compared with 23 in the R-CHOP group (253
assessed), with one hematological malignancy in each group
(one case of myelodysplasticsyndrome (MDS) in the BR group
and one of acute myelocytic leukemia (AML) in the R-CHOP
group). This study suggested that the BR regimen had higher
CR rates and longer PFS as frontline therapy for untreated older
MCL patients compared with the R-CHOP regimen. Since then,
the BR regimen has gradually become the standard therapy for
newly diagnosed older MCL patients. However, the CR rate
(40%) of the BR regimen is still low.

In order to verify the efficacy and toxicity of the BR regi-
men, the randomized, noninferiority, global, phase III BRIGHT
trial compared BR (n 5213 [n 5 36 MCL]) with R-CHOP/R-CVP
(n 5 206 [n 5 38 MCL]) in indolent NHL (iNHL) and MCL, sug-
gesting that BR is noninferior to R-CHOP/R-CVP with regard to
clinical response [48]. In MCL patients, the CR rate in the BR
arm was superior to that in standard therapy (CR rate ratio:
1.95; p 5 .018; 22 patients received R-CHOP and 11 R-CVP).
After a median follow-up of about 65 months, the updated
BRIGHT study has confirmed that PFS, event-free survival, and
DOR were significantly better for BR, and OS was not yet statis-
tically different between BR and R-CHOP/R-CVP [49]. The haz-
ard ratio (95% confidence interval) for PFS was 0.70 (p 5 .0582)
in iNHL and PFS 0.40 (p 5 .0035) in MCL comparing BR versus
R-CHOP/R-CVP, which indicated MCL patients benefit most from
BR. Adverse events including vomiting and drug-hypersensitivity
reactions were markedly higher in BR group (p< .05), and
peripheral neuropathy/paresthesia and alopecia were signifi-
cantly higher in the standard-therapy regimens group (p< .05).
The incidence of infections was not significantly different across
treatment groups. Grade 3/4 leucocytopenia were more com-
mon in the BR group, and grade 3/4 neutropenia were more
common in the standard chemotherapy group, most notably R-
CHOP. No significant difference of death incidence was observed
between the BR group and the standard-therapy group (12
deaths, 5% vs. 9 deaths, 4%). These data indicate BR is noninfe-
rior to standard therapy with acceptable safety profile. However,
this BRIGHT trial included not only old patients but also young
patients (age: 25–86 years).

An early randomized phase III study from Germany
reported that the combination of bendamustine, vincristine,
and prednisone (BOP) had similar CR rates to those of the
cyclophosphamide, vincristine, prednisone (COP) regimen (22%
vs. 20%), but the projected 5-year survival rate of the BOP
group was higher than that of the COP group (61% vs. 46%).
The most common adverse event requiring dosage reduction
was leucopenia, and the two groups had a similar frequency of
leucopenia (63% of COP cycles vs. 55% of BOP cycles). Except
for old patients withMCL, the 164 untreated cases (18–75 years
of age) included young MCL patients and other B cell lymphoma
(follicular lymphoma and plasmacytic lymphoma); however, the
study still demonstrated the efficacy of the BOP regimen for old
MCL patients, with a 5-year survival of 43% [50].

A study based on the combination of bendamustine and
bortezomib was conducted by the LYSA group, bortezomib
being the first drug approved for use in the treatment of
relapsed MCL. In this prospective phase II trial “Lymphome Du
Manteau 2010 SA,” the RiBVD regimen (rituximab IV, benda-
mustine IV, velcade 1.3 mg/m2 subcutaneously on days 1, 4, 8,Ta
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and 11, dexamethasone IV) was applied in 74 cases of previ-
ously untreated elderly MCL (>65 years or not eligible for
ASCT). Patients with intermediate- and high-risk MIPI scores
accounted for 94% of the total cases. After four courses, the
ORR and CR/CRu rates were 86% and 57%, respectively. Treat-
ment with an additional two courses raised the CR/CRu rate by
17%. Eighty-six percent of patients achieved MRD negativity in
the peripheral blood after six courses, and this was significantly
correlated with PFS and OS. At a median follow-up of 1.8 years,
2-year PFS and OS were 69% and 80%, respectively. Thus, this
regimen was shown to be very effective as the first-line
chemotherapy for older MCL patients but with considerably
high toxicities [51, 52]. The adverse events included grade 3
or 4 neutropenia (21%), grade 3 or 4 thrombocytopenia
(15%), grade 3 or 4 anemia (2%), and four (6%) toxic deaths
(one pneumonia, two cardiac arrest, and one following pro-
gressive multifocal leukoencephalopathy).

One of the newer agents approved in MCL is lenalidomide
[53, 54]. The Nordic Lymphoma Group evaluated in a phase
I1 II trial (NLG-MCL4 trial) the combination of L-R-B (lenalido-
mide-rituximab-bendamustine) for frontline treatment of
elderly MCL patients [55]. The CR/CRu rate achieved after an
induction phase was 64%. This result was higher than the 50%
CR rate in the MCL subgroup of the R-B arm in the BRIGHT trial,
although the BRIGHT trial included positron emission tomogra-
phy (PET) as part of the response evaluation, and it is difficult to
compare separate clinical trial results [48]. However, the CR rate
of L-R-B was inferior to that of 74% achieved after six cycles of
R-B plus bortezomib (RiBVD) in untreated patients with similar
patient characteristics, as well as to the CR rate of 93%–95%,
observed with R-B in combination with cytarabine (R-BAC) in
the subgroup of untreated MCL patients after 4–6 cycles [39,
40, 52]. Of note, the L-R-B regimen in this study was associated
with an unfavorable safety profile including a high rate of infec-
tions (42%) and of second malignancies (16%). The hematologic
adverse events included grade 3–4 neutropenia (38%) and
thrombocytopenia (10%). Six cases (11.8%) of TRM were
observed, including three due to infection and two due to sec-
ondary malignancies (lung cancer and chronicmyelomonocyti-
cleukemia (CMML)). One patient with progressive disease died
without a report of the cause of death. Nine secondary malig-
nancies were found in eight patients (16%) during follow-up.

Modified R-HCVAD plus Maintenance R
The Wisconsin Oncology Network study recently published on
a nonintensive regimen incorporating bortezomib into a previ-
ously reported modified R-HyperCVAD regimen VcR-CVAD for
the treatment of 30 cases (median age: 61, range: 48–74) of
previously untreated MCL (60% intermediate-/high-risk MIPI)
[56] The VcR-CVAD regimen is built upon a modified R-
hyperCVAD chemotherapy with maintenance rituximab, by the
incorporation of bortezomib (VcR-CVAD). The VcR-CVAD regi-
men achieved higher ORR (90% vs. 77%) and CR rate (77% vs.
64%) than modified R-hyperCVAD. The active anti-MCL compo-
nent of this regimen was due to the suppression of the crucial
NF-kappa B pathway of MCL by bortezomib [57, 58], along with
the synergistic effect of bortezomib with R and cyclophospha-
mide [59], and the shorter cycle interval (21 days vs. 28 days)
[56, 60]. After a median follow-up of 3.5 years, the 3-year PFS
and OS were 63% and 86%, respectively. There were no

significant differences noted in PFS or OS between patients
<60 and patients �60 years of age. Thus, by adding bortezo-
mib for elderly patients with previously untreated MCL, VcR-
CVAD showed an approximately 10% improvement in 3-year
PFS and OS [16], which were also comparable to the outcomes
with other more intensive regimens [61]. Major toxicities from
VcR-CVAD included myelosuppression and peripheral neuropa-
thy (PPN). Grade 3–4 neutropenia and thrombocytopenia were
observed in 20% and 23% of patients, respectively. Nine
patients experienced grade 3–4 PPN. The addition of bortezo-
mib seemed not to worsen the myelosuppression but did
increase the risk of peripheral neuropathy, requiring dose
adjustments in bortezomib and vincristine. However, patients
younger than 65 years accounted for the majority in these stud-
ies. Hence, it is still difficult to compare between this regimen
and regimens that have patients uniformly older than 65 years.
This study provided the basis for combination chemotherapy
with bortezomib in a clinical practice setting [56], which was
further confirmed in the multicenter setting by the Eastern
Cooperative Oncology Group E1405 study, in which VcR-CVAD
followed by maintenance rituximab was used in newly diag-
nosed MCL (median age: 62 years, range: 40–76 years) [62].

Subsequently, a pivotal LYM-3002 study phase III trial com-
pared R-CHOP with VR-CAP (vincristine in R-CHOP regimen is
replaced by bortezomib) in previously untreated MCL patients.
The two groups had similar sample sizes (n 5 243–244) and age
distribution (median: 65–66, �60 years accounting for 73% of
the population). The CR rate of VR-CAP (53%) was significantly
higher than that of R-CHOP (42%). At a median follow-up of 3.3
years, the median duration time of CR of VR-CAP group was sig-
nificantly longer (1.5 years vs. 3.5 years). The mPFS was also
improved by 59% (1.2 years vs. 2.1 years, p< .001), but there
were no significant differences in mOS among the two groups.
In this study, most patients were older, and hematologic toxicity
was common. As compared with the VR-CAP group, lower rates
of grade 3–4 neutropenia (67% vs. 85%) and thrombocytopenia
(6% vs. 57%) were observed in the R-CHOP group. Drug-related
death, such as infection, cardiac failure, etc., was observed in 14
patients (6%) in the R-CHOP group and 11 patients (5%) in the
VR-CAP group. Low- and intermediate-risk patients benefited
most from this regimen [63]. Therefore, this study led to
extendedU.S. Food andDrug Administration approval for borte-
zomib in previously untreated MCL in October 2014 [64]. Later,
a LYM-3002 clinical trial compared R-CHOP with VR-CAP in
newly diagnosed MCL patients unsuitable for SCT, which
showed that the VR-CAP regimen almost doubled PFS relative
to R-CHOP (24.7 vs. 14.4 months; hazard ratio5 0.63,
p< .001).VR-CAP was also a cost-effective treatment [65].

Another bortezomib-containing combination therapy
comes from GOELAMS in France, which predominantly focuses
on patients with high-risk MIPI score. This prospective, multi-
institutional phase II study utilized the RiPADC regimen (borte-
zomib in combination with doxorubicin, dexamethasone, chlor-
ambucil, and rituximab) without maintenance therapy for
newly diagnosed older (age>65 years) MCL patients [66]. MIPI
high-risk-score patients accounted for 70% of the participants
in the study (n 5 39). Patients who achieved PR or CR after
four courses could receive two more courses, accounting for a
total of six courses. The ORR and CR was 74% and 59%, respec-
tively. At a median follow-up of 2.3 years, the mPFS was 26
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months and mOS was not reached. Treatment-related grade 3
and 4 adverse events predominantly comprised myelosuppres-
sion (neutropenia for 8% of patients and thrombocytopenia
for 11%), infection, lung toxicity, and peripheral neuropathy.
TRMwas 5%, which is high for this age population.

R-CHOP–Like Therapy (Table 3)
The European MCL network conducted a large, prospective,
phase III, randomized controlled trial that compared R-CHOP (rit-
uximab, cyclophosphamide, doxorubicin, vincristine and predni-
sone) with R-FC (rituximab, fludarabine and cyclophosphamide)
in 457 evaluable patients older than 60 years. Patients who
showed response underwent a second randomization tomainte-
nance therapy with rituximab (R) or interferon alfa [2]. The CR
rate was similar between the R-CHOP and R-FC regimen (40% vs.
34%), but the ORR was lower after R-FC (78% vs. 87%;
p 5 .0508). Specifically, progression of disease was more fre-
quent during treatment with R-FC (14% vs. 5%), and the mOS
was significantly inferior after R-FC (40 vs. 64 months;
p 5 .0072). In addition, more patients in R-FC group relapsed.
Fludarabine in the R-FC arm was thought to have contributed to
the remarkable toxicities in older patients, which included more
frequent, long-lasting hematologic grade 3–4 toxicity and the
immunosuppression of Tcell functions and more life-threatening
infections.

In an unplanned statistical analysis of this study, among
patients who had a response to R-CHOP, maintenance therapy
with R significantly improvedOS. Subsequently, a study from Japan
demonstrated R maintenance therapy is effective as well and pro-
longed OS for patients 60 years of age and older with newly diag-
nosed MCL [67]. Only grade 1 or 2 infections were observed
during long-term Rmaintenance after R-CHOP.Therefore, R-CHOP
induction followed by maintenance therapy with R can be recom-
mended for older patientswith newly diagnosedMCL.

So far, the longest mOS achieved for older patients aged
>65 years is 5.7 years, which was reported by a multicenter
phase II trial in which R-CHOP was given for four cycles fol-
lowed by radioimmunotherapy (RIT; 90Y–ibritumomab tiuxeta-
nin) to 21 cases of MCL patients aged>65 years. The ORR and
CR rate was found to be 76% and 48%, respectively. Response
rates did not differ by age, which were 86% (30 of 35) for
patients 65 years old compared with 76% (16 of 21) for
patients older than age 65 [68]. Although the number of
patients in the trial is small, these data correlated with the
known sensitivity of MCL to radiotherapy. In addition, this
combination has no unexpected short- or long-term toxicities.
Of the 51 patients who received RIT, 46 patients had a grade 2
or greater reduction in neutrophils, hemoglobin, or platelets.
After 10-year follow-up, all second malignancies included
therapy-related myeloid neoplasia (n 5 1), non-small cell lung
cancer (n 5 2), bladder cancer (n 5 1), ampullary adenocarci-
noma (n 5 1), and resected localized nonmelanoma skin can-
cers (n 5 2). Long-term follow-up of this cohort of patients
treated with a brief <4-month therapeutic regimen consisting
of R-CHOP for four cycles followed by 90Y-RIT demonstrated
this combination is an effective regimen for the initial treat-
ment of MCL [69]. However, in this new drug era, R-CHOP fol-
lowed by RIT may not be of high priority in clinical practice.
Furthermore, this combination is currently not a recom-
mended regimen as part of the National ComprehensiveTa
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Cancer Network Guidelines for B-cell Lymphomas (version
5.2017, September 26, 2017) for the frontline treatment of MCL.
In our opinion, as compared with RCHOP, BR is more effective
and has less toxicity. Thus, we favor BR over the combination of
bendamustine with other myelotoxic regimens such as immunor-
adiotherapy in elderly MCL patients.

For unfit or compromised elderly MCL patients, a comprehen-
sive risk-benefit assessment is needed to find a balance between
the benefit and the toxicities of the treatment in order to decide
the best available treatment. Thus, our recommendation is to
use the BR regimen as frontline therapy in this population.

Frontline Therapy for “Frail” Older MCL Patients
(Table 4)
For “frail” MCL patients, improvement in quality of life and pallia-
tive treatment should take precedence over prolonged survival.
Thus, a mild immune-chemotherapy regimen is suitable. A study
from the Swiss Group for Clinical Cancer Research showed the
monotherapy with R is active in older previously untreated MCL
patients [71]. This study included 104 cases of MCL aged from 41
to 83 years (median age: 65 years). After the induction phase of
monotherapy R, patients who achieved SD, PR, and CRwere then
randomized to two arms. Patients in arm A did not receive any
treatment, whereas patients in arm B received rituximab
375 mg/m2 every other month for an additional four doses. After
the induction phase, 34 cases of previous untreatedMCL showed
ORR and CR rates of 27% and 3%, respectively. At a median
follow-up of 2.4 years, the ORR and the duration time of response
in the two arms were similar. Also, there was no significant differ-
ence in median survival time between the two arms (0.5 year vs.
1 year, p 5 .1). Due to mild overall toxicity with about 12% of
grade 3–4 hematologic toxicities, monotherapy with R is suitable
for the treatment of frail older patients withMCL.

Lenalidomide plus rituximab (R2) is another potential first-
line therapy for “unfit or compromised” older MCL patients. A
multicenter phase II study from Weill Cornell Medical College
designed the R2 regimen as the first-line therapy for 38 cases
of MCL (median age: 65 years, range: 42–86 years). The trial
included induction and maintenance phases. During the induc-
tion phase, lenalidomide was given at a dose of 20 mg daily on
days 1–21 of every 28-day cycle for 12 cycles; If there were no
evident side effects at the first course, the dose of lenalidomide
was increased to 25 mg daily. Then it was reduced to 15 mg
daily at the maintenance phase. Rituximab was given once a
week in the first 4 weeks and then once every other cycle for at
least 36 cycles or until the disease progressed.This trial demon-
strated a very good ORR (92%) and CR rate (64%), with
improvement in quality of life and with tolerable hematologic
and nonhematologic (mainly rash) toxicity. At a median follow-
up of 2.5 years, the 2-year PFS and OS was 85% and 97%,
respectively [54]; although this was not a randomized trial, the
ORR and PFS were similar to historical controls.

Other oral chemotherapy such as chlorambucil [72, 73], pred-
nisone, cyclophosphamide [74–77], or the oral combination of
these drugs can be used as frontline therapy for “frail” older MCL
patients [78–80]. The tolerance to oral single-agent chlorambucil
[73] and combination of chlorambucil with R was good in pub-
lished studies [81, 82]. None of the patients developed granulocy-
topenia or significant nausea and vomiting after the treatment of
single-agent chlorambucil with a mean total dose of 600 mg [73].Ta
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The most important toxicity for the combination of chlorambucil
with R was hematological, with grade 3–4 neutropenia and
thrombopenia in five (36%) and three (21%) patients, respectively
[82]. In this study, patients received a median of six cycles (range:
2–11) of chlorambucil and four cycles (range: 2–12) of rituximab
[82]. However, the sample size of the trial was not adequately
large, with only two cases of previously untreated MCL being
reported [82]. Also, frail old patients with MCL can be treated
with the R-CVP regimen, in which anthracycline-like drugs are
removed from the R-CHOP regimen due to cardiac toxicity.

In addition, with the development of targeted, less-toxic
therapies for lymphoma such as ibrutinib [83], acalabrutinib
[84, 85], and venetoclax [86], among others currently on clinical
trials [87–92], “unfit” and “frail” elderly MCL patients stand to
benefit more from their use in the frontline setting.

For frail elderly MCL patients, the primary focus should be
on tolerance of treatment and minimizing myelotoxicity. Thus,
we recommend use of the “chemo-free” regimen R plus ibruti-
nib or R2 as frontline therapy in this population.

For frail elderly MCL patients, the primary focus
should be on tolerance of treatment and minimiz-
ing myelotoxicity. Thus, we recommend use of the
“chemo-free” regimen R plus ibrutinib or R2 as
frontline therapy in this population.

OLDER MCL PATIENTSWITHOUT RISK VARIABLES (TABLE 4)
For the older MCL population without adverse prognostic varia-
bles, observation or “watch and wait” could be proposed. In a

retrospective analysis of 97 patients with MCL, 31 patients
(32%) were observed for more than 3 months before initial sys-
temic therapy. The observation group had a median age of 58
years (range, 40–81 years). Compared with the treatment
group, better performance status and lower-risk standard Inter-
national Prognostic Index scores were more commonly present
in those undergoing observation. After a median follow-up of
55 months, the survival of the observation group was signifi-
cantly superior to that of the early treatment group (not
reached vs. 64 months, p 5 .004) [93]. Thus, in older MCL
patients with low-risk variables, observation or “watch and
wait” can be an acceptable first management choice.

However, if localized bulky diseases with risk to end organ are
observed, radiotherapy would be given (Fig. 1). Accumulating evi-
dence demonstrated that MCL is a radio-sensitive disease with
excellent responses to relatively low radiation doses [94].

We recommend observation of patients fulfilling all the fol-
lowing: Ki-67 less than 30%, maximum tumor diameter less than
3 cm, normal serum LDH and b 2 –microglobulin levels, lack of B
symptoms, low MIPI score, without C-myc, TP53 and NOTCH1/2

mutations, and nonblastoid/pleomorphic histology [95].

Ongoing Trials on Frontline Therapy for Older MCL
Patients (Table 5)
In order to increase the CR rate and prolong survival, additional
drugs are being tested in combination with the BR regimen.
The international, double-blind, randomized, controlled phase
III trial SHINE enrolled patients 65 years or older with newly
diagnosed MCL (No. 2013-0056) and treated them with six
cycles of a standard regimen of bendamustine and rituximab
plus either ibrutinib or placebo.The objective of the trial was to
prolong PFS and, potentially, OS. If the primary objective is
achieved, this could become the new standard for elderly MCL
patients around the world. The RI (rituximab plus ibrutinib) trial

Table 5. Ongoing trials using novel agents alone or in combination as frontline therapy for older MCL patients

Trial Regimen Design Sponsor
ClinicalTrials.gov
identifier

SHINE BR1 IBN vs.
BR1 placebo

Randomized, double-blind,
phase III

Janssen Research &
Development, LLC

NCT01776840

ECHO BR1ACP-196 vs.
BR1 placebo

Randomized, triple phase III Acerta Pharma BV NCT02972840

RI R1 IBN Nonrandomized, phase II,
open-label

MD Anderson Cancer Center NCT01880567

— IBN Phase II, open-label MD Anderson Cancer Center NCT03282396

— IBN1 R1 L Phase II, open-label MD Anderson Cancer Center NCT03232307

— O-hyper-CVAD/
O-MA

Phase II, open-label Roswell Park Cancer Institute NCT01527149

— BTZ Retrospective and
prospective cohort

Xian-Janssen Pharmaceutical Ltd. NCT03053024

— RCT Phase I/ II, open-label Alliance for Clinical Trials
in Oncology

NCT00787969

— VCR Phase II, open-label University of Arizona NCT00980395

— RB/RC Phase II, open-label Dana-Farber Cancer
Institute

NCT01661881

— ACP-196 Phase II, open-label Acerta Pharma BV NCT02213926

Abbreviations: —, trial name are not define; ACP-196, acalabrutinib; BR, Bendamustine and Rituximab; hyper-CVAD, hyperfractionated cyclophosphamide,
vincristine, doxorubicin, dexamethasone; BTZ, bortezomib; IBN, ibrutinib; L, lenalidomide; MA, Methotrexate and Cytarabine; O, ofatumumab; R, rituximab;
RB/RC, rituximab-bendamustine followed by rituximab-cytarabine; RCT, rituximab, cladribine, and temsirolimus; RiBVD, rituximab, bendamustine, velcade,
dexamethasone; VCR, bortezomib (Velcade), cladribine, and rituximab; .
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has achieved high ORR (100%) and CR (90%) in young newly
diagnosed MCL patients [96]. However, it is still not clear in
older patients. If this RI trial can bring favorable outcome, this
combination will become another “chemo-free” option for
newly diagnosed older MCL patients.

CONCLUSION
The frontline treatment for older MCL patients is of paramount
importance, in that older patients are a population with specific
characteristics. The treatment goals for older patients with MCL
are markedly different from those of young MCL patients (<65
years). In the fit older population with risk variables, the pursuit
of remission and prolongation of survival might currently justify
the use of more intense and toxic therapies. Our first choice of
frontline therapy for this population is RHD-Ara-c-containing
regimen plus ASCT. For unfit or compromised older patients, a
balance between the benefits and toxicities of the treatment
should be considered. Our first choice of frontline therapy for
this population is BR regimen. For frail patients, tolerance of
treatment and minimizing myelotoxicity should be the primary
focus. We recommend “chemotherapy-free” regimens, such as
R plus ibrutinib or R2, as the first choice for this population.
On the other hand, in the older MCL population without

risk variables, observation or “watch and wait” can prevent
overtreatment. Furthermore, more clinical trials and research
studies on novel agents and targeted therapies need to be
translated into the general population in order to provide opti-
mal treatment and to guide personalized treatment.
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