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Purpose of review

Mantle cell lymphoma (MCL) is a disease predominantly affecting elderly patients with bad prognosis.
Recently, a number of new agents have been shown to be active in this disease. This article reviews this
data from the standpoint of everyday practice.

Recent findings

Front-line regimens combining rituximab with CHOP, cytarabine, bendamustine or lenalidomide, frequently
followed by rituximab maintenance, remain the standard. Choice depends on the aggressiveness of the
disease, patient characteristics and local availability. BTK inhibitors have emerged as most important agents
for the treatment of relapsed/refractory disease, but many other options exist, including rituximab,
chemotherapy, immunomodulators, bortezomib and venetoclax that can be used in combination and
sequentially. In frail patients, combinations of rituximab with low-intensity chemotherapy, immunomodulators
and BTK inhibitors can be useful but care must be taken to avoid additive drug toxicities and interaction.

Summary

Recent advances in treatment of MCL enable the delivery of multiple lines of therapy resulting in prolonged
survival in most patients. Results of treatment of blastoid MCL with high Ki67 remain unsatisfactory and are
an unmet medical need.
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Mantle cell lymphoma (MCL) is a rare type of B-cell
non-Hodgkin lymphomas (NHL), constituting
approximately 6% of all cases, usually affecting
elderly men and presenting with aggressive dissem-
inated disease and a continuous tendency to relapse
[1

&&

,2]. Although still one of the B-NHLs with worst
prognosis, the median overall survival (OS)
increased in the last decade from around 3 years
to above 5 years. Recently, a number of new agents,
with relatively low toxicity have been identified to
be active in MCL. This substantially not only
increased the possibilities of treatment but also
made therapeutic decisions more complicated. This
review focuses on practical approach to elderly MCL
patients, not eligible for autologous stem cell trans-
plantation (ASCT), which is considered standard for
younger and fit patients.
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PROGNOSTIC FACTORS

In MCL, disease characteristics are an important
factor in deciding on the aggressiveness of treat-
ment. Morphologic variants include the classical
rs Kluwer Health, Inc. All rights rese
forms with inferior prognosis, and small-cell and
marginal zone-like type forms that usually have a
more indolent course. Other important prognostic
factors are age, performance status, LDH, leukocyte
count (combined in the Mantle cell lymphoma
international prognostic index – MIPI) and rate of
Ki67 positivity [3]. The integration of MIPI with Ki67
positivity is known as the combined MIPI (MIPI-c) [4].

The prognostic implication of p53 mutations is
not completely clear. Patients whose tumors harbor
these mutations usually also have other negative
prognostic characteristics [5] and in some, but
not all series, do not respond well to standard
rved. www.co-oncology.com
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KEY POINTS

� Indolent MCL exists and needs to be recognized in
order to avoid unnecessary treatment.

� Rituximab, combined with standard cytotoxic agents
(CHOP, bendamustine and cytarabine) or lenalidomide
remains the preferred front-line therapy option.

� BTK inhibitors are the most important and effective
agents for treatment of R/R/MCL, but multiple other
options exist and should be exploited in the course of
the disease.

Lymphoma
immunochemotherapy [6
&

]. It seems possible that
different agents (e.g. bendamustine) [7] are less sen-
sitive to the effects of p53 mutations than others
(e.g. cytarabine).
STAGING

MCL is staged similar to other types of NHL. Lymph
node biopsy should be performed whenever feasible
because Ki67 positivity cannot be reliably deter-
mined from a bone marrow biopsy. Due to frequent
marrow infiltration, bone marrow biopsy is strongly
recommended except in cases with lymphoma cells
in the blood. In patients with clinically localized
MCL, PET scanning and colonoscopy are useful in
excluding asymptomatic extranodal and colon
involvement. Minimal residual disease (MRD) deter-
mination in blood or marrow, by PCR using indi-
vidually sequenced primers spanning the IgH
rearrangement region or flow cytometry, is not rec-
ommended outside of clinical studies.
INDOLENT MANTLE CELL LYMPHOMA

At least 10% of MCL cases are indolent and do not
require therapy for a longer period of time [8

&&

].
They typically present with leukemic disease and
splenomegaly, without significant lymphadeno-
pathy. Patients are usually women, and tumor cells
are usually SOX11 negative. Rare findings of in-situ
mantle cell neoplasia restricted to mantle zones of
hyperplastic appearing lymphoid tissue have been
described [9]. Occasionally, patients with typical
nodal MCL (SOX11 positive) present with indolent
features. Asymptomatic patients with low-tumor
mass should first be observed without treatment
in order to reliably determine their need for therapy.
This is even more important in frail elderly.
FRONT-LINE THERAPY

European guidelines for front-line treatment of MCL
recommend bendamustine with rituximab, R-CHOP
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(rituximab, cyclophosphamide, doxorubicine, vin-
cristine, steroid), VR-CAP (bortezomib, rituximab,
cyclophosphamide, doxorubicine, steroid) and R-
BAC (rituximab, bendamustine, cytarabine, dexa-
methasone) [10

&

]. American (NCCN) recommenda-
tions also include Vcr-CVAD (rituximab, bortezomib,
cyclophosphamide, vincristine, doxorubicin and
dexamethasone) and lenalidomide with rituximab
[11

&&

]. A recently described regimen not included
in these recommendations is R-CHOP alternating
with intermediate doses of cytarabine and rituximab
(R-CHOP/R-HD-AraC) [12

&

]. Published results of
these regimens are presented in Table 1. All of them
have excellent response rates, but the duration of
response after less intensive regimens is suboptimal
if maintenance is not used. Addition of bendamus-
tine to lenalidomide with rituximab results in an
increase in immune-mediated side-effects, without
clear-cut improvement in efficacy, and should prob-
ably not be used outside of clinical trials [20].

Randomized studies compared R-CHOP to bend-
amustine with rituximab, and R-CHOP to VR-CAP
[13,14]. R-CHOP had inferior PFS but not OS in both.
In the former study, median PFS of patients treated
with R-CHOP was 22 and 35 months with benda-
mustine with rituximab (hazard ratio 0.49,
P¼0.0044). In the latter study, median PFS was
14 months with R-CHOP and 25 months with VR-
CAP (hazard ratio 0.63, P<0.001), 4-year OS was 54
vs. 64% (P¼0.17). None included rituximab main-
tenance making the interpretation of this difference
for everyday practice difficult.

Rituximab maintenance is proven to be beneficial
after R-CHOP induction [16]. Phase II studies and the
extrapolation of data from a trial performed in youn-
ger patients, suggest that the same is true for HD-AraC-
containing regimens and Vcr-CVAD [12

&

,19,21
&&

]. The
role of rituximab maintenance after bendamustine-
containing regimens is debatable. The randomized
study designed to address this question after benda-
mustine with rituximab has so far been presented only
as an abstract with statistically insignificantly pro-
longed PFS (median 69 months with and 57 without
maintenance) and no difference in OS (66% with vs.
70% without maintenance at 6 years) [17]. There are
no data on rituximab maintenance after R-BAC [15

&&

].
The seminal study [16] was designed using rituximab
every 2 months until progression or unacceptable
toxicity and a substantial number of patients contin-
ues with it for more than 5 years [22

&

]. Therefore,
continuation of rituximab maintenance until progres-
sion or unacceptable toxicity, should be considered
the standard of care in elderly MCL patients treated
with R-CHOP or similar regimens.

In the lenalidomide plus rituximab regimen
double maintenance with both agents was used
Volume 31 � Number 00 � Month 2019
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Table 1. Results of most important front-line regimens

Regimen Maintenance RR/CR (%) PFS OS

Without maintenance

R-CHOP [13,14] No 89/42 Median 14–22 months 54% at 4 years

Bendamustine with
rituximab [13]

No NR Median 35 months NR

VR-CAP [14] No 92/53 median 25 mo 64% at 4 years

R-BAC [15&&] No 91/91 86% at 2 years 81% at 2 years

With maintenance

R-CHOP [16] Rituximab
66% randomized

86/34 52% at 4 yearsa 79% at 4 yearsa

Bendamustine with
rituximab [17]

rituximab
73% randomized

Median 68 monthsa 66% at 6 yearsa

Lenalidomide with
rituximab b [18&&]

lenalidomide with rituximab 92/64 80% at 3 years 90% at 3 years

Vcr-CVADc [19] Rituximab 95/77 Median 4.7 years 70% at 6 years

R-CHOP/R-HD-AraC [12&] Rituximab 89/75 51% at 4 years 69% at 4 years

CR, complete remission rate; NR, not reported; OS, overall survival; PFS, progression-free survival; R-BAC, rituximab, bendamustine, cytarabine, dexamethasone;
R-CHOP, rituximab, cyclophosphamide, doxorubicine, vincristine, steroid; RR, response rate; Vcr-CVAD, rituximab, bortezomib, cyclophosphamide, vincristine,
doxorubicin and dexamethasone; VR-CAP, bortezomib, rituximab, cyclophosphamide, doxorubicine, steroid.
aData relates to the randomized cohort.
bData are not reported separately for elderly; median age was 65.
cR/R/CR and OS are not reported separately for the elderly; median age was 61.
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[18
&&

]. The same approach is being explored after R-
CHOP-like induction in a randomized study of the
EU-MCL Network. Bortezomib maintenance seems
to be more toxic and less effective [23].

Toxicities of these regimens in elderly are signifi-
cant but different. More intensive regimens result in
more hematological toxicity, which was most pro-
nounced inR-BAC,andVcr-CVAD [15

&&

,19].Majority
of patients needed dose reductions, and one-third to
one-half needed platelet transfusions. Infectious tox-
icity was most prominent in the R-CHOP/R-HD-AraC
study [12

&

]. Fit elderly patients can usually tolerate
these regimens, but need to be followed more closely
during therapy, which might be a liability in some
cases. Neutropenia and dose reductions are frequent
with lenalidomide with rituximab, but serious infec-
tions are rare [18

&&

]. Skin reactions, fatigue and asthe-
nia occur commonly, second primary malignancies
possibly occur more frequently.

Peripheral sensory neuropathy is a major prob-
lem of bortezomib and vincristine. In patients older
than 60, R-CHOP and VR-CAD frequently induce
neutropenia; primary G-CSF prophylaxis is recom-
mended to reduce risk of neutropenic fever [24].
Other important side-effects of doxorubicine-con-
taining regimens are cardiotoxicity and neuropathy.
Alopecia is not dangerous but disturbing to some
patients. Bendamustine with rituximab is neither
cardiotoxic nor neurotoxic; hematologic toxicity is
limited, but the immunomodulatory effects of
bendamustine, resulting in prolonged susceptibility
to infections, cutaneous (including development of
1040-8746 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
skin cancers) and gastrointestinal side-effects are
insidious and prolonged [25]. Physicians using bend-
amustine with rituximab should be alert to infectious
complications in their patients, months after end of
treatment, and not hesitate to reduce the dose of
bendamustine (the dose–efficacy ratio is weak) and
use immunoglobulin supplementation in patients
with low IgG concentration and infections [26].

Bruton tyrosine kinase (BTK) inhibitors are very
effective drugs for treatment of MCL. Studies in
front-line treatment either alone or in combination
have not been published, but preliminary results are
encouraging, and results of randomized trials are
eagerly awaited as they might constitute the new
standard [27]. Data on the efficacy of venetoclax in
this setting are extremely limited.
STAGE I/II DISEASE

Observational studies suggest that the addition of
radiotherapy after standard (or abbreviated) induc-
tion immunochemotherapy results in prolonged dis-
ease-free survival [28,29]. This is especially important
for the elderly who do not tolerate aggressive thera-
peutic approaches and in whom the expected very
late side-effects of irradiation are less of a concern.
RELAPSED/REFRACTORY DISEASE

Advanced-stage MCL will almost universally
relapse. Responses to subsequent lines of therapy
become ever shorter. Treatment strategies for
relapsed/refractory (R/R) disease call for use of
rved. www.co-oncology.com 3
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different drugs, in combination or sequence, con-
sidering patient’s condition and comorbidities, dis-
ease-related risk factors (MIPI, Ki67 and cytology),
and toxicities of potential therapies to avoid under-
treatment and overtreatment and additive toxic-
ities. Sequential use of treatments is made easier
by limited cross-resistance between different drugs
and rare overlap of long-term side-effects. Guide-
lines recommend repeating previous regimen in
case of late relapse (defined as remission duration
>12–24 months by ESMO and longer than median
PFS by NCCN) [10

&

,11
&&

]. Although this seems rea-
sonable, data to support such an approach are miss-
ing. In case of early relapse, noncross-resistant
immunochemotherapy regimens, use of HD-AraC-
containing regimens (if not administered previ-
ously) or biologic agents are recommended. Ritux-
imab maintenance makes sense in patients who did
not progress while receiving it, but there are no
controlled studies to support this approach in
patients who were previously exposed to it.

There are no data on CHOP-based approaches in
R/R MCL. Bendamustine with rituximab results in
median PFS of 18 months [30]. R-BAC seems supe-
rior with 75% PFS and OS rates at 2 years but has
high hematological toxicity and frequent need for
platelet-transfusion years (data not reported sepa-
rately for elderly, median age of enrolled patients
was 70 years, cytarabine dose was higher than in the
elderly front-line study) [31]. Around one-third of
patients respond to bortezomib or temsirolimus, PFS
is below 1 year; addition of rituximab seems benefi-
cial (reviewed in [10

&

]). Combining bortezomib with
immunochemotherapy is feasible, outcomes are
improved (median PFS of the cyclophosphamide
and bortezomib with rituximab combination was
9 months; PFS 47% at 2 years for bendamustine and
bortezomib with rituximab), but at a price of signif-
icant increases in neuropathy [32,33].

BTK inhibitors are most effective single agents
for treatment of R/R MCL. Around two-third of
patients respond to ibrutinib, median PFS is around
18 months [34

&&

]. Standard prognostic factors
remain important; patients who have received less
therapy lines, have lower MIPI, lower Ki67 (<30%)
and nonblastoid cytology fare better. Uncontrolled
studies suggest that the addition of rituximab to
ibrutinib might increase the response rates to over
80% and PFS to 75% at 1 year [35]. The outcome of
patients failing ibrutinib is dependent on disease
characteristics and previous treatments. Initial
reports of dismal prognosis were probably because
of patient selection [36] and most patients failing
second-line treatment with ibrutinib still remain
sensitive to standard salvage immunochemotherapy
[37

&

].
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Important toxicities of ibrutinib include bleed-
ing because of inhibition of platelet function and
propensity to cause or exacerbate cardiac rhythm
disturbances, mostly atrial fibrillation but also ven-
tricular arrhythmias [38

&&

,39
&

]. Cutaneous and
bowel movement problems also occur as well as
drug interactions, especially in the elderly who fre-
quently have multiple comorbidities and take mul-
tiple drugs. Ibrutinib should not be given in
combination with warfarin. Direct oral anticoagu-
lants and heparins are acceptable, but the decision
on the intensity of anticoagulation must be made on
an individual basis, taking into account thrombo-
embolic and bleeding risks for each patient sepa-
rately. Antiarrythmic agents, except beta blockers,
have significant interactions with ibrutinib and
should be avoided. Other methods for controlling
life-threatening heart conduction disturbances
should be sought, for example, cardioverter–
defibrillirator implantation.

There is less data on acalabrutinib in R/R MCL
but results appear similar with 81% response rates
and PFS 67% at 1 year [40

&&

]. Currently, it is not clear
whether alternative BTK inhibitors cause less side-
effects than ibrutinib.

Forty percent of patients with R/R MCL respond
to lenalidomide monotherapy. Those who do, usu-
ally patients with less aggressive disease, have a
median response duration of 16 months with good
quality of life [41]. Addition of rituximab to lenali-
domide possibly improves response rates to 57%
with median duration of response of 19 months
but at the expense of increased, probably
immune-mediated toxicity [42]. The combination
of ibrutinib, lenalidomide and rituximab had a
response rate of 76% and median PFS of 16 months
[43

&

]. These results do not seem significantly better
than those of ibrutinib with rituximab (or even
ibrutinib alone); this combination should not be
used outside of clinical trials.

Venetoclax is the newest addition to the arma-
mentarium of treatments for MCL [44

&

]. The com-
bination with ibrutinib is well tolerated and results
in a 78% response rate and 55% PFS at 15 months,
but additional data and longer follow-up are needed
to define more precisely the role of this very
expensive combination.
ALTERNATIVE AGENTS

Combinations containing cladribine have lately
been reported with response rates around 80%
[45]. Its use is hampered by significant hematologic
toxicity. Oxaliplatinum is another potentially effec-
tive cytotoxic agent [46]. Regarding immunother-
apy, obinutuzumab is active, but so far there have
Volume 31 � Number 00 � Month 2019
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been no comparative studies to suggest its superior-
ity over rituximab [47]. The efficacy of thalidomide
in MCL has been known for years [48], but the drug
was never directly compared with lenalidomide.
Thalidomide is more toxic [49], causes more severe
neuropathy, has a higher risk of thromboembolism,
and is therefore, nowadays rarely used except in
countries where lenalidomide is not available and
possibly in patients with severe renal failure. There
are no data on the efficacy of pomalidomide in MCL.
The combination of oral arsenic trioxide, chloram-
bucil and ascorbic acid in R/R MCL resulted in a
response rate of 49% and 16 months median PFS
[50]. A combination with the PI3K inhibitor idela-
lisib has been tested in MCL and found to be very
toxic and not very effective [51

&

].
FOLLOW-UP

As with other types of lymphoma, routine perfor-
mance of radiologic studies to detect asymptomatic
relapse is not useful and should be avoided [52

&&

].
FRAIL ELDERLY

It is paramount to balance treatment efficacy and
toxicity. Rituximab is generally well tolerated, but
not effective as monotherapy [53]. In patients with
low Ki67 and nonblastoid morphology, it is reason-
able to combine it with less aggressive chemother-
apy, such as lower dosed bendamustine, mini-
CHOP, CVP or even chlorambucil and steroids.
Alternatives include combinations of rituximab
with lenalidomide or thalidomide that can some-
times, if it does not cause neuropathy, be better
tolerated than the former because of less systemic
and hematologic side-effects. Ibrutinib (and other
BTK inhibitors) are effective and usually reasonably
well tolerated, but care must be taken to adjust
comedications accordingly.

None of the available treatment options show
reliable prolonged activity in very aggressive blas-
toid disease. In that case, best supportive care, after
thorough discussions with the patient and his/her
family, might be an appropriate option.
CONCLUSION

MCL remains an incurable lethal disease for most
patients, but the sequential use of wisely chosen
options enables the majority to receive multiple
lines of therapy and enjoy prolonged survival with
reasonable quality of life. Both older (i.e. cytotoxic
agents, rituximab and radiotherapy) and newer
agents (i.e. immunomodulators, BTK, proteasome
and BCL2 inhibitors) should be used in sequence or
1040-8746 Copyright � 2019 Wolters Kluwer Health, Inc. All rights rese
combination adapted to patient characteristics and
local circumstances. Due to the continuous propen-
sity for relapse, continuous therapy or maintenance
should be preferred. Current data suggest that BTK
inhibitors, possibly in combination with rituximab,
should be used as early in the course of R/R disease,
as possible.

Prognosis of blastoid disease with high Ki67 is
still grave. This remains an unmet need, together
with the treatment of multiply relapsing patients.
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