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Introduction

Mantle cell lymphoma (MCL) is a biologically and clinically 
heterogeneous subtype of B-cell non-Hodgkin lymphoma 
characterized by cyclin D1 overexpression resulting from 
the t(11;14)(q13;q32) or, in a small percentage of patients, 
by overexpression of alternative G1 cyclins, cyclin D2 or 
D3 (1,2). The clinical spectrum ranges from in situ and 
indolent subtypes to the more common advanced-stage and 
symptomatic variants, commonly featuring both nodal as 
well as extranodal involvement of marrow, gastrointestinal 
tract, other organs, and/or soft tissue sites. Initial therapy 
for patients with MCL has evolved considerably in recent 
years with an appreciable divergence in therapies that can 
be offered to elderly patients compared to their younger 
counterparts with otherwise-similar disease features. This 
review will examine recent clinical trial results that inform 
and improve upon current standards of care, and those that 

will impact management of elderly MCL patients in the 
coming years.

Chemoimmunotherapy regimens

Anthracycline-based therapy with rituximab, and the role 
of maintenance therapy

As with diffuse large B-cell lymphoma (DLBCL), CHOP 
(cyclophosphamide, doxorubicin, vincristine, prednisone) 
was identified early on as an active regimen in patients with 
MCL. Although not achieving the same durable responses 
seen with DLBCL, this regimen was tolerated reasonably 
well in elderly patients with MCL and became a standard 
of care in older patients able to receive combination 
anthracycline-based chemotherapy (3,4). With the advent 
of rituximab, subsequent trials combining the anti-CD20 
monoclonal antibody with standard multi-agent regimens 
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Table 1 Phase III studies regarding front-line therapy in elderly patients with MCL

Trial name Regimen Comparison Maintenance
Total  
pts

Median  
f/u (m)

ORR 
(%)

CR  
(%)

PFS OS Reference

MCL 
elderly

RCHOP FCR Rituximab vs. 
interferon alfa

560 37 86 vs. 
78

49 vs. 
53

28 vs. 26 m*;  
58% vs. 29%**

62 vs. 47%  
(at 4 years)

Kluin-Nelemans  
et al., NEJM 2012

STiL BR RCHOP None 514 45 93 vs. 
91

40 vs. 
30

69.5 vs. 31.2 m  
(HR 0.58)

(median  
not reached)

Rummel et al.,  
Lancet 2013

BRIGHT BR RCHOP, 
RCVP

None 447 65 97 vs. 
91

31 vs. 
25

65.5% vs. 55.8% 
(at 5 years;  
HR 0.61)

81.7% vs. 85.0% 
(at 5 years)

Flinn et al., Blood 
2014; Flinn et al., 

JCO 2019

LYM-3002 VR-CAP R-CHOP None 487 82 92 vs. 
89

53 vs. 
42

24.7 vs. 14.4 m  
(HR 0.63)

90.7 vs. 55.7 m 
(HR 0.66)

Robak et al., NEJM 
2015; Robak et al., 
Lancet Onc 2018

*, time to treatment failure, RCHOP vs. FCR; **, PFS, maintenance rituximab vs. interferon alfa. RCHOP, rituximab, cyclophosphamide, 
doxorubicin, vincristine, prednisone; FCR, fludarabine, cyclophosphamide, rituximab; BR, bendamustine, rituximab; RCVP, rituximab, 
cyclophosphamide, vincristine, prednisone; VR-CAP, bortezomib, rituximab, cyclophosphamide, doxorubicin, prednisone.

such as CHOP have shown notable improvement in 
outcomes without significant additive toxicity (5). Despite 
high overall complete and partial response rates, the 
duration of response was typically only 15–18 months.

Incorporating bortezomib in combination with R-CHOP 
(with vincristine omitted; the VR-CAP regimen) showed a 
significant advantage in outcomes vs. R-CHOP in a phase 
III trial; these results are reviewed below.

Borrowing from studies in the relapsed/refractory 
setting, fludarabine-based therapy was considered early 
on as a plausible alternative to R-CHOP and led to the 
randomized study comparing this regimen with the 
combination of fludarabine, cyclophosphamide, and 
rituximab (FCR) (6). This phase III multicenter study 
enrolled 560 patients across Europe, age >65 and with a 
new diagnosis of MCL, who were randomized between 
these two regimens. A second randomization followed 
for those achieving partial or complete response (PR or 
CR) to maintenance therapy with either rituximab once 
every 8 weeks until relapse or unacceptable toxicity versus 
interferon-alpha. Those receiving FCR induction ultimately 
had significantly shorter median overall survival (OS; 
47% vs. 62% at 4 years) and higher rates of hematologic 
toxicity during therapy; infection rates were similar. Across 
all patients undergoing second randomization to receive 
maintenance therapy (n=316, 56% of initial enrollment), 
rituximab maintenance was associated with a significant 
45% decrease in risk of death or disease progression. For 
responding patients receiving R-CHOP induction therapy, 
rituximab maintenance was associated with statistically 

improved OS (87% vs. 63%) compared to interferon  
(Table 1). With long-term follow-up these data were 
confirmed with a persisting prolongation of OS and PFS (7).

This study defined two critical points in the standard 
of care for elderly patients with MCL. First, it confirmed 
R-CHOP to be an effective and better-tolerated therapy 
versus fludarabine-based therapy. Second, it established a 
role for maintenance rituximab therapy in MCL as a viable 
means to improve disease-free and overall survival following 
combination chemoimmunotherapy with R-CHOP. This 
maintenance paradigm has since been used as a model for 
various other combination regimens, as described in later 
sections. 

While R-CHOP followed by maintenance rituximab 
[now typically given for 2–3 years rather than indefinitely, 
as utilized in the above phase III trial (6)] remains an 
option for front-line therapy in elderly MCL patients 
without anthracycline contraindications, it largely has been 
supplanted by other regimens and emerging therapies, as 
detailed below. 

Bendamustine-based therapy

Prior to the fall of the Berlin Wall in 1989, many 
chemotherapy regimens in East Germany utilized 
bendamustine, a derivative of nitrogen mustard developed 
there in the early 1960s. Given its generally good 
tolerability profile, bendamustine re-emerged in a number 
of combination regimens during the past 20 years, including 
bendamustine-rituximab (BR) for B-cell lymphomas. Two 
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phase III studies have directly evaluated front-line BR for 
patients with MCL, each of which also included patients 
with various indolent lymphomas (Table 1). 

The German STiL trial (8) compared BR with R-CHOP, 
enrolling 94 patients with MCL over age 65; younger MCL 
patients were referred to alternative clinical trials which 
incorporated autologous SCT consolidation. Patients 
received 6 cycles of combination chemoimmunotherapy, 
without maintenance rituximab, with improvement in 
progression-free survival of 35 vs. 22 months favoring BR 
over R-CHOP as well as significantly lower rates of both 
hematologic toxicities and infectious complications in the 
BR group. 

The international BRIGHT study (9) compared BR 
to R-CHOP or R-CVP (cyclophosphamide, vincristine, 
prednisone) in patients with previously untreated indolent 
NHL or MCL. Subgroup analysis of patients with MCL 
showed higher CR rates in those receiving BR (50%, n=34) 
compared to 27% with R-CHOP (n=22) or R-CVP (n=11). 
However, while non-inferiority (primary outcome) was 
demonstrated for BR across the combined study population, 
it was notably not powered to make statistical inferences 
for the MCL subgroup. The results of the BRIGHT 
study with 5-year follow-up were recently reported, which 
verified an ongoing PFS benefit for MCL (HR 0.65 for BR 
vs. R-CHOP, and HR 0.80 vs. R-CVP), though notably 
there was no significant difference in OS (10), likely related 
to the availability of additional effective treatment options 
at relapse. Five MCL patients in each study arm received 
maintenance rituximab, too few to draw conclusions as to 
effect. No long-term monitoring or collection of adverse 
events was obtained during the follow-up period of the 
BRIGHT study, although across all indolent NHL and 
MCL patients enrolled (BR =224, R-CHOP/R-CVP =223) 
there were more secondary malignancies with BR, primarily 
squamous or basal cell skin cancers. There was also a trend 
for higher mortality, mostly infectious or cardiac, among 
BR-treated patients. 

The allowance of the less-effective R-CVP as an option 
in the control arm for BRIGHT has been cited as an 
important qualifier of the BR results for MCL in that 
study (11). Nonetheless, both BRIGHT and STiL showed 
high rates of response and response duration as well as 
tolerability for BR among elderly patients with MCL. Based 
upon these results, this regimen is now established as a 
front-line treatment option in this population.

Serious or fatal infections with bendamustine have 
emerged during and after treatment completion as a 

significant concern, and are often delayed by 6–9 months 
or longer after initiating therapy or during anti-CD20 
maintenance therapy. This is thought to be related especially 
to prolonged lymphodepletion of CD4+ T-cell subsets, 
although both B- and T-cell depletion are commonly noted 
when bendamustine is combined with anti-CD20 antibody 
therapies (12). Bacterial, viral, fungal, and other opportunistic 
infections such as Pneumocystis jirovecii pneumonia have all 
been reported in this context (13). A recent meta-analysis 
also demonstrated that infection rates may be higher 
than initially reported with bendamustine (14), and the 
follicular lymphoma GALLIUM trial showed increased 
infections and mortality with bendamustine versus CVP 
or CHOP chemotherapy combined with rituximab or  
obinutuzumab (15). Oncologists thus may consider 
incorporating antimicrobial prophylaxis into bendamustine-
based treatment plans when treating elderly patients. 

Today, bendamustine/rituximab is the most commonly 
used front-line regimen in elderly MCL patients, especially 
for those with contraindications to anthracycline-based 
therapy. Later sections will discuss various iterations and 
additions to this backbone, and most current front-line 
studies in this patient population will compare therapy to a 
BR-based standard-of-care arm. 

Although maintenance rituximab following R-CHOP 
induction showed a significant benefit (6), improvement in 
PFS and OS with post-BR maintenance has not yet been 
confirmed in the limited trial data available. It’s use has 
been extrapolated from the R-CHOP study and from other 
regimens (including after autologous SCT) or in other B-cell 
malignancies (6,16-18). In the randomized MAINTAIN 
trial, preliminary results showed no benefit in PFS after 
5-year follow-up for maintenance rituximab ×2 years (n=59) 
versus observation (n=61) following BR induction (19).

Cytarabine

In younger and medically fit patients, high-dose cytarabine 
has been shown to be a highly effective component of front-
line therapy in MCL. The MCL Younger study (20), an 
international phase III trial in previously-untreated stage II-
IV MCL patients below age 65 compared R-CHOP with 
alternating R-CHOP/R-DHAP (dexamethasone, high-
dose cytarabine, cisplatin) prior to autologous SCT with 
cytarabine-based conditioning. Results of this study showed 
marked improvement in time to treatment failure (9.1 vs.  
3.9 years), along with anticipated increase in treatment-
related toxicities (hematologic, febrile neutropenia, renal) 
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in those receiving cytarabine. Given its efficacy in MCL 
as well as its toxicity potential, various attempts have 
been made to modify cytarabine-based therapy for elderly 
patients. 

Combining cytarabine with BR using reduced-intensity 
bendamustine (70 mg/m2), Visco et al. studied the so-called 
R-BAC regimen in 40 elderly patients (median age 70) with 
previously untreated MCL or having relapsed after one 
line of therapy (21). Following an initial dose-escalation 
stage with 6 patients to determine the optimal dose of 
cytarabine (800 mg/m2, later reduced to 500 mg/m2),  
29 of 34 patients receiving R-BAC during phase II 
completed 4 or more cycles of therapy. Though reversible 
myelosuppression was frequent and 5 patients experienced 
grade 3/4 infectious complications, treatment was otherwise 
relatively well-tolerated and highly-effective. All previously-
untreated patients achieved response, with a CR rate of 
95%; ORR including relapsed refractory patients was 90%. 
With a median of 26 months follow-up at time of reporting, 
median PFS had not yet been reached and 2-year PFS in the 
previously-untreated cohort remained 100%. A subsequent 
multi-center study using this same regimen showed that, of 
57 patients receiving R-BAC (median age 71), 52 achieved 
a CR after 4–6 cycles and 74% of patients were alive and 
disease-free at 35 months (22). 

The impressive results of these studies show that careful 
application of cytarabine to existing combination regimens 
can be done safely and effectively, and R-BAC is currently 
being studied in ongoing trials. Similarly, a phase III study 
of alternating R-CHOP/R-cytarabine-dexamethasone 
(R-HAD) versus R-CHOP, followed by rituximab alone 
or rituximab plus lenalidomide maintenance, is currently 
underway through the European Mantle Cell Network 
(NCT 01865110). 

Non-cytotoxic chemotherapy regimens 
and combinations of targeted agents plus 
chemoimmunotherapy

Lenalidomide

Borrowing from the relapsed/refractory setting (23,24), the 
immunomodulatory agent lenalidomide was tested in the 
front-line setting for elderly MCL patients in a small, multi-
institution phase II study in combination with rituximab (25). 
Thirty-eight patients (median age 65, 71% male) received 
a starting dose of 20 mg lenalidomide daily, given 21 days 
on/7 days off for 12 cycles. Dosage was escalated to 25 mg 

daily after cycle 1 if well-tolerated and decreased to 15 mg 
daily after completion of induction. This was paired with 
rituximab 375 mg/m2 given weekly for the first 4 weeks 
of therapy, then every other 28-day cycle until disease 
progression. 

After a median of 30 months follow-up, patients achieved 
an ORR of 92% with a 64% CR rate. Two-year PFS was 
85% with 2-year overall survival remaining very high at 
97%. Adverse events noted with this combination included 
rash (29%), cytopenias (grade 3–4: neutropenia in 50%, 
thrombocytopenia in 13%, anemia in 11%), and a “tumor 
flare” inflammatory syndrome in 11% which occurred early 
in therapy and resolved with supportive care measures. 
Quality-of-life assessment using the FACT-Lym were 
also assessed pre-treatment, post-induction, and during 
maintenance therapy. Though not statistically significant, 
survey outcomes at each point were stable or trended 
towards improvement across age, baseline performance 
status, MIPI score, and clinical response. Five-year follow-up 
of this trial found that 27/36 patients were able to complete 
at least 3 years of therapy, and that 8 of 10 evaluable patients 
were negative for minimal residual disease. PFS and OS at  
3 years were 80% and 90%, respectively, with estimated 
5-year rates of 64% and 77% (26).

This rituximab plus lenalidomide combination has 
three important implications for front-line therapy. First, 
it offers a “biologic only” front-line option which can be 
especially applicable for frail patients unable to receive 
conventional chemotherapy. This comes in contrast to 
rituximab monotherapy, which has relatively poor single-
agent efficacy in MCL (27). Second, the synergistic efficacy 
of lenalidomide and rituximab shown in this study has 
reinforced the reported preclinical and clinical synergy 
achieved by adding lenalidomide to rituximab; this may 
extend to maintenance therapy with this combination 
following other induction regimens and thus provide 
additional clinical benefit (28,29). The latter is the focus 
of two key ongoing trials in Europe (NCT01865110) and 
in the US (ECOG 4411 trial, NCT01415752; see below), 
which are expected to report preliminary data in the coming 
year. However, the third implication cannot be ignored: 
regimens like this combination will cause marked increases 
in costs of treatment. 

Bortezomib

Approved as single-agent therapy for MCL in the relapsed/
refractory setting, the proteasome inhibitor bortezomib 
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has been applied to front-line treatment of MCL in a 
number of different combinations. An early phase II study 
added bortezomib to 6 cycles of standard R-CHOP for 
patients with DLBCL or MCL, the latter group enrolling 
36 patients with a median age of 66 (30). Though achieving 
an ORR of 81% and CR/unconfirmed CR rate of 64% in 
the intention-to-treat analysis, MCL patients experienced 
significant added toxicity with 5 of 36 relatively-healthy 
patients requiring major modifications to therapy for 
treatment-related complications. 

The French phase II GOELAMS study used bortezomib 
in combination with rituximab, infusional doxorubicin, 
chlorambucil, and dexamethasone in elderly, previously-
untreated MCL patients (31). Very similar to the previous 
study with bortezomib + R-CHOP, this RiPAD+C 
combination was considerably toxic for elderly patients, 
with nearly a third of patients requiring hospitalization for 
therapy-related complications and 7 of 39 experiencing 
grade 3 neuropathy. Despite achieving an ORR of 79% 
and CR rate of 59%, this regimen is rarely used in clinical 
practice.

Replacing the vincristine with bortezomib (1.3 mg/m2,  
4 doses per cycle), Robak et al. compared the so-called 
VR-CAP combination to standard R-CHOP over 6–8 
cycles in a phase III study which enrolled 487 patients with 
untreated MCL (32). No maintenance therapy was given 
with either arm. Median age was 66 years, and all patients 
were considered ineligible for high-dose chemotherapy 
and autologous SCT in order to enroll. After a median 
follow-up of 40 months, those receiving VR-CAP showed 
significant improvements in CR rate (53% vs. 42%) and 
progression-free survival [24.7 vs. 14.4 months; hazard 
ratio (HR) 0.63]. A recent update of this trial with a median 
follow-up of 82 months showed a significant increase in OS 
for VR-CAP of 91 vs. 56 months for R-CHOP (HR 0.66, 

P=0.001) (33). In terms of toxicity, there was an increase in 
hematologic toxicity with VR-CAP, especially grade 3–4 
thrombocytopenia, but roughly equal rates of treatment-
related neuropathy. No emergent serious adverse events 
were observed with addition of bortezomib to the modified 
R-CHOP backbone, although with longer follow-up there 
were two second primary malignancies in the VR-CAP arm 
(lung and gastric cancer) and one grade 2 pneumonia in the 
R-CHOP arm.

ECOG 1411 is a phase III trial assessing the role of 
two agents—bortezomib and lenalidomide, both active in 
MCL—at key positions in front-line therapy (see schema; 
Figure 1). Patients age 60 and older were randomized 
to BR with or without bortezomib induction, followed 
by rituximab with or without lenalidomide maintenance 
therapy for a total of 2 years. Study enrollment was 
completed and results are anticipated in 2020.

Bruton tyrosine kinase (BTK) inhibitors

With increased understanding of the B-cell receptor (BCR) 
pathway and its role in the oncogenesis and persistence 
of MCL, various signaling enzymes including BTK have 
emerged as potential targets in our evolving approach to 
this disease (34). Ibrutinib is an oral, irreversible inhibitor 
of BTK which binds at its phosphorylation site and has 
shown significant activity in the relapsed/refractory setting 
(35,36). Side effects notably include rash, arthralgias, atrial 
fibrillation, as well as bleeding complications which can be 
severe to life threatening (37). Initially prescribed as a single 
agent, combinations of ibrutinib with rituximab in both 
relapsed MCL (38) and other B-cell malignancies such as 
lymphoplasmacytic lymphoma (39) have shown synergistic 
efficacy without any significant emerging toxicities from the 
combination.

Multiple studies are planned or ongoing to assess the 
role of ibrutinib in the front-line setting, both alone 
(NCT03282396) and as part of multi-agent regimens 
(rituximab/lenalidomide/ibrutinib - NCT03232307; 
bendamustine/rituximab/ibrutinib - NCT01776840). The 
ongoing MCL Younger Trial (NCT02858258) is also 
testing ibrutinib in the front-line setting, albeit with a more 
intensive immunochemotherapy induction regimen than 
is applicable to elderly patients. The second generation 
BTK inhibitor acalabrutinib was also recently shown to 
have activity in the relapsed/refractory setting, and notably 
has far lower rates of bleeding complications and atrial 
fibrillation than the first-generation ibrutinib (40). Though 
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Figure 1 ECOG 1411 Study Design (NCT01415752). Accrual 
to this randomized phase III clinical trial completed in 2016, final 
report is anticipated in 2020. B, bendamustine; R, rituximab; V, 
bortezomib (Velcade); L, lenalidomide.
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neither of these agents are currently FDA-approved in the 
front-line setting, BTK inhibitors show significant promise 
and further study is warranted to assess their efficacy 
and tolerability as part of initial MCL-directed therapy, 
especially in elderly patient populations. 

Venetoclax

The BCL-2 inhibitor venetoclax is another emerging 
therapy with potent clinical activity in MCL which is being 
studied in various combinations. Side effects are generally 
less frequent than with BTK and PI3K inhibitors, with the 
notable exception of tumor lysis syndrome which can be 
severe and warrants slow, step-wise dose-escalation when 
initiating venetoclax therapy. There is appreciable synergy 
with BTK inhibition in preclinical models (41), which has 
supported the combination of venetoclax with ibrutinib in 
the relapsed/refractory setting in published (42) and in an 
ongoing clinical trial (NCT03112174). As it is generally 
well-tolerated and highly active in MCL, venetoclax is a 
rational consideration for future combination studies in the 
front-line setting, especially for elderly patients.

Treatment approaches in the very frail elderly 
MCL patient

There is relatively little clinical trial data that specifically 
addresses this patient population, who necessarily 
require a careful approach to balance disease control and 
amelioration of MCL-related symptoms with treatment risk 
and toxicity. In the patient without overt lymphoma-related 
symptoms observation is preferred, while symptomatic 
patients may be offered single-agent rituximab or rituximab 
plus lenalidomide (see above) (26). Cytotoxic chemotherapy 
is typically avoided in the very frail patient population, but 
some experience is emerging with BTK inhibitors although 
caution and close monitoring is warranted due to the risk of 
serious adverse events such as atrial fibrillation or bleeding. 
Finally, involved field radiotherapy can be very helpful for 
local symptoms in select cases.

Conclusions

Elderly patients with MCL have several effective front-
line therapeutic options, and multiple ongoing studies 
expected to report out in the near future may better define 
the optimal treatment approach in this population. Today, 
deciding the ideal front-line regimen should be based on 

extent of medical comorbidities, overall fitness to receive 
intensive induction chemotherapy, and for select, highly 
fit elderly patients, consideration of autologous SCT in 
first remission. R-CHOP with maintenance rituximab 
and BR are both considered standards of care, as is VR-
CAP, although traditional R-CHOP is being increasingly 
supplanted by the latter regimens, or by lenalidomide plus 
rituximab in the frail elderly patient. Patient selection and 
consideration of medical comorbidities are essential when 
counseling patients as to therapeutic options, which should 
also include watchful waiting for the subset of patients with 
slow paced, lower burden and asymptomatic MCL. 

The coming years will see continued evolution of front-
line and maintenance therapy for elderly patients with 
MCL, including a broader incorporation of novel agents 
at various points in treatment as ongoing trial results are 
reported. It is further anticipated that biomarkers such as 
p53 mutation status and minimal residual disease analyses 
will be incorporated into clinical algorithms of risk-adapted 
therapy.
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