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Management of relapsed and refractory mantle cell lymphoma: a
review of current evidence and future directions for research
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Abstract: Mantle cell lymphoma (MCL) is an uncommon subtype of non-Hodgkin’s lymphoma (NHL)
with heterogeneous disease biology and a high response rate to initial therapy. While duration of response
(DOR) to frontline treatment has improved with advances in therapy, including the use of intensified
cytarabine containing induction regimens and autologous stem cell transplantation (ASCT) consolidation,
MCL remains incurable with standard therapy. Relapsed MCL typically follows an aggressive clinical
course. Management is challenging and depends upon patient characteristics, preferences, and candidacy
for allogeneic hematopoietic cell transplant (allo-HCT). Chemo-immunotherapy, including cytarabine and
bendamustine containing regimens, remain an important option both for salvage therapy prior to allo-HCT
and for disease control for patients not eligible for transplant. The biologic agents bortezomib, lenalidomide,
and ibrutinib are approved as single agent therapy for relapsed or refractory MCL and provide effective
treatment options including in older patients. While ibrutinib represents a therapeutic breakthrough in the
relapsed setting, patients will eventually progress and outcomes are poor following progression, leaving a
need for novel treatments. In this review we will review in detail the management of relapsed and refractory
MCL and discuss future directions under investigation including new targeted biologic agents, novel

combination therapies, and adoptive immunotherapy.
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Introduction are seen with induction chemo-immunotherapy, relapse is

almost universal, occurring linearly even beyond 6 years

Mantle cell lymphoma (MCL) is a rare subtype of non-
Hodgkin’s lymphoma (NHL) comprising less than 10% of
NHL, characterized cytogenetically by translocation (11;14)

from end of therapy (9). Management of relapsed disease is
challenging, with treatment decisions based on patient and

(q13,q32) resulting in overexpression of cyclin D1 and disease characteristics.

clinically by a heterogeneous but often aggressive disease In this review we will review in depth the management
course (1-4). The median age at diagnosis is between of relapsed/refractory MCL. We will discuss data from
60-66 years with men affected more frequently than women recent and ongoing clinical trials and future directions for
by a ratio of more than 2:1 (5-8). While high response rates investigation.
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Relapsed and refractory MCL, current
management

For patients with relapsed MCL, choice of therapy depends
upon multiple factors including prior therapy, duration of
response (DOR), and patient characteristics such as fitness
and comorbidities which impact the ability to tolerate
hematopoietic cell transplant (HCT). There is a subset
of patients with MCL with indolent disease biology and
primarily non nodal disease (10-12). Observation has
been shown to be safe in selected cases at initial diagnosis
in retrospective studies (13,14) and may have a role in
patients with indolent disease at relapse. However, therapy
is warranted at relapse in the majority of cases due to the
aggressive clinical nature of MCL.

Intensive combination chemo immunotherapy for
transplant eligible patients

For fit patients who are ASCT candidates and have not
previously undergone ASCT consolidation or for patients
with relapse after ASCT deemed to be candidates for
allogeneic HCT, intensive chemo-immunotherapy should
be considered as a bridge to transplant. Intensive cytarabine
containing regimens including R-DHAP (rituximab plus
dexamethasone, cytarabine, and cisplatin), R-ESHAP
(rituximab plus etoposide, methylprednisolone, cytarabine,
and cisplatin), or R-BAC (rituximab plus bendamustine
and cytarabine) are options for relapsed disease
(15-18). BR (bendamustine and rituximab) is an alternative
option, particularly for patients not previously treated
with bendamustine, which had a 50% CR and 75% overall
response rate (ORR) in patients with relapsed MCL treated
as part of a phase II study (19). R-ICE (rituximab plus
ifosfamide, carboplatin, and etoposide) is an alternative
regimen that has also been used for relapsed MCL as
salvage therapy prior to transplant (20,21).

The evidence for ASCT for patients with relapsed disease
comes primarily from retrospective studies including MCL
patients transplanted both as consolidation in first CR (CR1)
and with relapsed disease. Vandenberghe ez 4l. reported
outcomes for 195 MCL patients undergoing ASCT with
variable conditioning regimens with 50% OS and 33% PFS
at 5 years, but noted that patients in CR1 fared significantly
better than patients with relapsed/refractory disease (hazard
ratio 2.9) (22). Till er 4l. again noted superior outcomes
for patients receiving ASCT for MCL in CRI, but noted
a 3-year PFS of 63% in relapsed chemosensitive disease
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and 35% with refractory disease prior to transplant (23).
Fenske ez al. reported a 29% PFS and 44% OS at 5 years
for 132 MCL patients receiving ASCT following disease
relapse (24). Thus, while ASCT for patients with relapsed
chemosensitive disease offers less benefit compared
with ASCT as initial consolidation, it does offer durable
disease control for a minority of patients. Cassaday
et al. retrospectively assessed 67 patients with relapsed/
refractory MCL undergoing ASCT at a single institution
and identified absence of B symptoms at diagnosis, low risk
MIPI score, longer time from diagnosis, and fewer prior
lines of therapy as predictive of more durable response (25).
Patients with favorable risk factors demonstrated a 55%
S-year PES suggesting risk stratification can aid in selecting
patients most likely to achieve meaningful benefit from
ASCT (25).

For relapsed MCL following prior ASCT, allogeneic
HCT historically has offered the most durable remissions
for suitable patients (26-28). Evidence for HCT in MCL
comes from a limited number of prospective studies as well
as retrospective series and registry studies with considerable
variation in reported outcomes (27,29,30). Vaughn et 4.
reported a 10-year OS of 44% and 41% PFS for patients
receiving non-myeloablative allogeneic HCT for MCL
at the Fred Hutchinson Cancer Center, while Tam et al
reported 6-year OS of 46% and 53% PFS at the M.D.
Anderson Cancer Center with non-myeloablative allogeneic
HCT (27,31). Other series reported less encouraging results
which may be due in part to differences in disease status
of patients at time of transplant, including Cook et al who
reported 5-year OS of 37% and PFS of 14% (32). Non-
myeloablative conditioning appears to be the preferred
approach for patients with MCL with a recent meta-
analysis demonstrating lower non relapse mortality (NRM)
as well as superior OS and PFS compared with ablative
regimens (33). However, NRM still contributes significantly
to mortality in patients undergoing non-myeloablative
HCT with reported rates ranging from 18-32%
(27,30-32,34-36).

HCT appears to have the highest likelihood of success
in patients with chemo-sensitive disease, but patients with
refractory disease have been treated successfully. Hamadani
et al. reported outcomes for patients with chemotherapy
refractory aggressive NHL including MCL treated with
HCT and noted a 5-year PFS and OS of 46% of patients
with stable disease prior to transplant compared with 21%
PFS and 7% OS for patients with progressive disease
following their antecedent therapy (37). Hamadani ez 4l
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Table 1 Summary of results from trials of chemo and chemo-immunotherapy in relapsed or refractory mantle cell lymphoma

Regimen ORR (%); (ref.)

CR rate (%); (ref.) PFS (months); (ref.)

Bendamustine + R

R-BAC 80; (17)
Fludarabine + R 26; (40)
Gemcitabine 28; (41)
Gemcitabine and dex* 36; (42)
Gemcitabine, dex, and cisplatin** 85; (42)
R-GemOx 85; (43)
CHOP 47; (44)
V+CHOP 83; (44)
FC +/- R 75; (45)

71-92; (19,39,40)

38-50; (19,39,40) 17.6-18.1; (19,39,40)

70; (17) NR, 70% 2-year PFS; (17)
13; (40) 4.7; (40)

5.6; (41) 8.0; (41)

22; (42) 3.0; (42)

60; (42) 8.5; (42)

60; (43) 22; (43)

22; (44) 8.1; (44)

35; (44) 16.5; (44)

56; (45) 11.0; (45)

* *k

, included only patients aged 70 and older;

, included only patients aged less than 70. ORR, overall response rate; CR, complete

response; PFS, progression free survival; R, rituximab; R-BAC, rituximab, bendamustine, and cytarabine; NR, not reached; dex,
dexamethasone; R-GemOx, rituximab, gemcitabine, and oxaliplatin; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone;

V, bortezomib; FC, fludarabine and cyclophosphamide; ref. reference.

reported outcomes for 202 patients with chemoresistant
MCL from the Center for International Blood and Marrow
Transplant Research database and found that allogeneic
transplant was associated with durable remission in
20-25% of patients at three years (38). NRM was high at
45% overall; there was no significant difference observed
between choice of myeloablative and non-myeloablative

conditioning and NRM, PFS, or OS in this series (38).

Chemo-immunotherapy for patients who are not optimal
candidates for transplant

For patients who are not good candidates for intensive
therapy with the goal of proceeding to transplant due
to comorbidities, fitness, disease behavior, or patient
preference, multiple options for treatment are available
including chemo-immunotherapy. Results from trials of
chemoimmunotherapy are summarized in Tuzble 1. The
choice of therapy depends upon disease characteristics
including prior therapies received and DOR achieved and
patient characteristics including comorbidities and PS. For
patients without prior treatment with bendamustine or
with a previous prolonged response to bendamustine, BR
or single agent bendamustine for patients with rituximab
refractory disease are preferred options with ORR ranging
from 75-93% in phase II studies and median progression
free survival (PFS) ranging from 17-18 months (19,39,46).
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A phase II trial of R-BAC demonstrated 80% ORR,
including 70% CR, and a 70% 2-year PFS (17); however,
hematologic toxicity was significant including 57% of
patients with grade 3/4 leukopenia and 87% grade 3/4
thrombocytopenia. Less hematologic toxicity was seen in a
subsequent study of R-BAC for previously untreated MCL
using a lower dosage of cytarabine (17,47). Ibrutinib has
been added to BR with promising efficacy and an acceptable
safety profile warranting further study (48). Gemcitabine
has modest single agent activity against MCL with an ORR
of 28% (41), and higher response rates have been shown
in phase II studies in combination with platinum agents
(42,43). Although rituximab, gemcitabine and cisplatin has
not been directly compared with rituximab, gemcitabine,
and oxaliplatin (RGemOx), tolerability may be better with
RGemOx with less nausea and nephrotoxicity seen with
oxaliplatin compared with cisplatin and response rates and
DOR appear similar. Fludarabine and cyclophosphamide (FC)
with or without rituximab achieved an ORR of 75% for 16
patients with relapsed MCL, but responses were typically not
durable with a median DOR of 11 months (45). Fludarabine
and rituximab was compared with BR in a phase III trial
with an inferior ORR (26%) and PFS (4.7 months) in
comparison to BR for patients with MCL (40). CHOP was
studied with or without bortezomib in a phase III trial of
46 patients with MCL at first relapse with an ORR of 47%
with median PFS of 8.1 months for CHOP alone versus
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Table 2 Summary of results from phase II and III trials of single agents in MCL

Rate of discontinuation

- o/ o/ . ) )
Medication ORR (%); (ref.) CR (%); (ref.) PFS (months); (ref.)  Non hematologic serious AE due to toxicity (%): (ref.)
Ibrutinib 68-72; (53,56) 19-21; (53,56) 13-14.6; (53,56)  Atrial fibrillation, bleeding, rash, 6; (56)
lymphocytosis (53,56)
Lenalidomide 35-40; (57,58) 5-12; (57,58) 8.7-8.8; (57,58) Rash, diarrhea, fatigue, tumor 15; (58)
flare (57,58)
Bortezomib 32-41; (59,60) 8-21; (59,60) 6.5; (59,60) Neuropathy, hypotension, 22; (59)
fatigue, rash, nausea (59,60)
Temsirolimus 22-40; (56,61) 1-2; (56,61) 4.8-6.2; (56,61) Mucositis, pneumonitis, elevated 26; (56)

triglycerides, diarrhea, fever,
edema (56)

MCL, mantle cell ymphoma; ORR, overall response rate; CR, complete response rate; PFS, median progression free survival; AE, adverse

events.

82.6% ORR and 16.5 months PFS with the addition of
bortezomib (44). However, interpretation is limited as the
CHOP arm did not include rituximab which improves
ORR and time to treatment failure when added to CHOP
frontline and improves response rates with cytotoxic
chemotherapy in the relapsed setting (49,50).

Biologic agents for the treatment of relapsed or refractory MCL

Ibrutinib (Imbruvica, Pharmacyclics; Sunnyvale, CA, USA)
is an oral inhibitor of B-cell receptor (BCR) signaling
through targeting of Bruton’s tyrosine kinase (BTK) which
has become the preferred therapy at relapse for a majority
of patients. In addition to BTK, ibrutinib also inhibits
interleukin-2-inducible kinase mediating a shift towards
Th1 mediated immunity as well as off target toxicities (51).
A phase I study in relapsed/refractory B-cell malignancies
showed a promising 78% ORR among patients with MCL
prompting a large phase II study (52).

In the landmark phase II international trial reported by
Wang et al., 111 patients with relapsed/refractory MCL
were treated with ibrutinib 560 mg daily until disease
progression or unacceptable toxicity (53). The median age
was 68, 43% had previously received bortezomib, and 86%
had intermediate or high-risk disease by MIPI. An ORR
of 68% was achieved including 21% CR (53). Adverse
events included diarrhea (50%), nausea (31%), edema
(28%), anorexia (21%), and rash (19%). Hematologic
toxicity included neutropenia in 18% of patients (16%
> grade 3), thrombocytopenia in 18% (11% > grade 3),
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and anemia in 10%. Lymphocytosis was seen in 34%
of patients with a peak at 4 weeks, and flow cytometric
analysis showed circulating lymphocytes to be primarily
CD19 and CDS5 positive and CD3 negative consistent with
redistribution of MCL cells from lymph nodes into the
peripheral circulation. With extended follow-up, median
PFS was 13 months with median OS of 22.5 months (54).
The median DOR was 17.5 months with 31% 24-month
PFS. Patients with refractory rather than relapsed disease
at study entry had inferior outcomes with a median OS of
13 months. With extended follow-up, adverse events of
interest included atrial fibrillation in 11% and any bleeding
events reported in 50% of patients including 6% of patients
with > grade 3 events (54). Grade 3 bleeding events
included subdural hematoma (2%) and hematuria 2%). A
second phase II trial confirmed similar results among 120
patients previously treated with bortezomib and rituximab
containing regimens with a 63% ORR including 21% CR
and toxicities similar to those previously reported including
diarrhea (43%), bleeding (38%), atrial fibrillation (11%),
and major bleeding (3%) (55).

Ibrutinib was compared with temsirolimus in a phase III
trial of 280 patients with relapsed/refractory MCL. Ibrutinib
was associated with a greater ORR (72%, P<0.0001) and
CR rate (19%) as well as a significantly longer PFS (14.6
vs. 6.2 months, P<0.0001) (56). Therapy with ibrutinib was
better tolerated with fewer dose reductions (4% vs. 43%)
and fewer discontinuations due to AE (6% vs. 26%). For an
overview of results from phase II and III trials of biologic
agents for MCL, refer to Tuble 2.
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Outcomes after progression on ibrutinib

Published experience to date suggests that patients who
discontinue ibrutinib due to disease progression have
a grave prognosis with currently available therapies
(62-64). Cheah et al. reported outcomes for 42 patients
treated with ibrutinib alone or with rituximab who
subsequently discontinued therapy, most commonly
due to disease progression (39%) including 19% with
primary refractory disease (62). The median OS was
8.4 months after ibrutinib discontinuation; 74% of patients
received subsequent therapy. The ORR to subsequent
therapy was 32% with no therapy associated with superior
response. Martin et al reported outcomes for 114 patients
across 15 academic medical centers experiencing disease
progression while on ibrutinib (63). The median age
was 68 and median duration of ibrutinib therapy was
4.7 months. 55% of patients had objective response to
ibrutinib prior to disease progression; 35% of patients had
a best response of progressive disease. The median OS after
discontinuation of ibrutinib was 2.9 months. Following
ibrutinib discontinuation, 30% of patients received no
subsequent therapy with a median OS of 0.8 months.
For the remaining 70%, a 26% ORR was reported with
1.9 month median PFS (63). Further evidence of
unsatisfactory outcomes following ibrutinib discontinuation
comes from a retrospective series of patients treated
for MCL with ibrutinib as standard of care at five
US academic medical centers. A total of 49 patients
discontinued ibrutinib, with disease progression the
reason for discontinuation in 45 of 49 cases; the median
OS following discontinuation was 2.5 months (64).
Patients with progression after initial response fared
better than patients with refractory disease (median OS
5 vs. 1 month) (64). The reason for poor outcomes after
ibrutinib discontinuation is unclear and interpretation is
limited by the retrospective nature of published series.
Patient characteristics including age and number of prior
treatments are likely contributory, but whether disease
biology is uniquely altered at progression while on ibrutinib
is unknown. Patients who discontinue ibrutinib for reasons
other than disease progression do not appear to have
similarly poor outcomes (65). Given poor outcomes for
patients with progressive MCL while on ibrutinib, well-
designed clinical trials are urgently needed to address the
best approach to treatment. Encouraging response rates
(3 PR, 2 CR) were reported with multi-agent therapy
(bortezomib, lenalidomide, dexamethasone, and rituximab)
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in a series of 5 ibrutinib resistant patients warranting further
study (66). Given the poor outcomes following progression
on ibrutinib, allogeneic HCT is warranted for suitable
patients with response to therapy after progression on
ibrutinib, and should be considered for patients who are
transplant candidates currently responding to ibrutinib.

Bortezomib (Velcade, Millennium Pharmaceuticals,
Cambridge, MA, USA) is a proteasome inhibitor which
inhibits nuclear factor « B (NF-«xB) signaling pathway
through prevention of IxB degradation within the
proteasome (67). Targeting NF-kB signaling in MCL cell
lines has been shown to induce apoptosis, leading to interest
in utilizing bortezomib for therapy in MCL (68). In a phase
II study of bortezomib dosed at 1.5 rng/rn2 1V, 2 40% ORR
was seen with 20% CR in patients with MCL (59). In the
landmark phase II PINNACLE trial, 155 patients with
relapsed/refractory MCL were treated with bortezomib
1.3 mg/m’ IV days 1, 4, 8, and 11 of a 21-day cycle until
disease progression or toxicity (69). A 32% ORR was seen
including 8% CR, with a median DOR of 9.2 months
(60,69). Toxicities included grade 3 neuropathy (13%),
fatigue (11%), and thrombocytopenia (10%), with a 3%
mortality rate attributed to treatment (69). A phase II study
of bortezomib 1.5 mg/m’ IV in combination with rituximab
was limited due to high rates of grade 3 or higher neurologic
toxicity, and the trial was amended to decrease the dose of
bortezomib to 1.3 mg/m’ (70). In a separate phase II trial
bortezomib dosed at 1.3 mg/m’ was combined with rituximab
and dexamethasone in 16 patients with MCL. An 81%
ORR was seen including 44% CR with a median PFS of
12.1 months (71). Grade 3 toxicities included
thrombocytopenia (38%), fatigue (19%), and neuropathy
(13%). Bortezomib was combined with rituximab and
bendamustine in a phase II trial with 71% ORR in
MCL and overall 2 year PFS of 47%; 23% of patients
were unable to complete all 6 cycles of treatment due to
toxicity (72). Finally, bortezomib has been combined with
cyclophosphamide in a phase II study in relapsed/refractory
MCL (73). Grade 3/4 hematologic toxicity occurred in
25% of cycles, the ORR was 74% with 42% CR and a
median PFS of 9 months (73). Overall, combination studies
of bortezomib show higher rates of toxicity compared
with monotherapy and it remains unclear response rates
and DOR are superior in the absence of a comparative
trial. In patients with prior treatment-related neuropathy,
bortezomib can be difficult to administer.

Lenalidomide (Revlimid, Celgene; Summit, NJ, USA)

Ann Lymphoma 2017;1:5
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is a novel oral thalidomide derivative. After demonstrating
promising activity with a 53% ORR including 20% CR in a
subset of 15 patients with relapsed/refractory MCL enrolled
in the NHL-002 pilot study, 57 patients with relapsed/
refractory MCL were enrolled in the international phase
II NHL-003 study (74). Patients received lenalidomide
25 mg days 1-21 of a 28-day cycle until disease progression
or unacceptable toxicity. A 35% ORR including 12%
CR was seen among MCL patients by blinded central
review with a median PFS of 8.8 months and 23.0-month
DOR in responding patients (57). Grade 3/4 toxicity was
primarily hematologic and included neutropenia (41%),
thrombocytopenia (19%), and anemia (9%). Interruptions
or dose reductions were required in slightly over 50% of
patients with neutropenia or thrombocytopenia the most
common reason. Common non-hematologic toxicities
included gastrointestinal symptoms, rash, and fatigue. In
the phase II MCL-001 (EMERGE) trial, 134 patients
with relapsed/refractory MCL previously treated with
bortezomib were treated with lenalidomide (75). The
ORR was 28% (8% CR), median PFS was 4.0 months, and
DOR was 16.6 months (76). In the international phase II
MCL-002 trial, 254 patients with relapsed/refractory MCL
were randomized to either lenalidomide or investigator’s
choice of therapy. PFS was 8.7 months with lenalidomide
25 mg versus 5.2 months with investigators choice which
included single agent rituximab, fludarabine, gemcitabine,
and chlorambucil (58). The addition of rituximab
375 mg/m’ weekly for four doses to lenalidomide
20 mg days 1-21 was studied in a phase II study of 52 patients
with relapsed/refractory MCL with a 57% ORR (36% CR)
and median PFS of 11.1 months (77). Hematologic toxicities
included grade 3/4 neutropenia in 56% of patients and
thrombocytopenia in 31%.

Temsirolimus (Torisel, Pfizer; New York City, NY, USA)
is a prodrug of sirolimus, an inhibitor of the mammalian
target of rapamycin (mTOR). Sirolimus has been shown to
mediate decreased production and increased destruction of
cyclin D1 (78), providing a rationale for mTOR inhibition
in MCL. A phase II trial in relapsed/refractory MCL with
temsirolimus 250 mg IV weekly achieved a 38% ORR
and 3% CR rate, but 71% of patients experienced > grade
3 hematological toxicities, and 9% experienced grade 4
toxicity (79). In a subsequent phase II study of temsirolimus
25 mg IV weekly, a 41% ORR was noted including one
patient with CR, with lower rates of grade 3 toxicity
including thrombocytopenia (39%) and neutropenia
(18%) (80). In a phase III study, 162 patients with relapsed/
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refractory MCL were randomized to investigators choice
of single agent therapy (most commonly gemcitabine or
fludarabine) or temsirolimus dosed at 175 mg IV weekly
for 3 weeks followed by 25 mg (175/25) weekly or 75 mg
(175/75) weekly (61). The median PFS was 4.8 months
with temsirolimus 175/75, 3.4 months with 175/25, and
1.9 months for investigator’s choice. While the benefit in
PES between 175/75 and investigators reached statistical
significance, the ORR was only 22% for temsirolimus
175/75 (2% CR) and 2% for investigator’s choice. Non-
hematologic adverse events (AE) with temsirolimus
included diarrhea (44%), fever (39%), mucositis (35%),
pruritis (26%), and edema (22%). Grade 3 or 4 toxicities
included thrombocytopenia (59%), neutropenia (15%),
rash (7%), and infection (9%). A subsequent phase III study
was performed comparing temsirolimus dosed at 175/75
to ibrutinib in relapsed or refractory MCL (56). The ORR
with temsirolimus was 40% including 1% CR, median PFS
was 6.2 months, and AEs led to discontinuation of therapy
in 26% of patients, including pneumonia or pneumonitis
seen in 5 patients respectively. Temsirolimus was approved
by the European Medicines Agency in 2006 for relapsed/
refractory MCL, but does not have US FDA approval for
this indication. With significant rates of discontinuation
due to toxicity and lack of prolonged PFS in responding
patients, temsirolimus has at best a very limited role in
management of relapsed/refractory MCL and is inferior to
ibrutinib.

Authors’ approach to treatment

The author’s approach to management of patients with
relapsed MCL is outlined in Figure 1. There is no standard
treatment for relapsed MCL and participation in a well-
designed clinical trial is our recommendation for patients
with relapsed disease who are eligible. For patients who
are ineligible for a clinical trial or who do not wish to
participate, ibrutinib is our preferred treatment for many
patients given the high response rates, tolerability, and
median PFS of greater than 12 months. The majority
of patients will not achieve a CR with ibrutinib, and
combination chemo-immunotherapy may be required for
transplant eligible patients with multiply relapsed disease
for disease control prior to allogeneic HCT. BR is another
generally well tolerated therapy with high response rates
and median PFS greater than 1 year that is attractive for
patients with relapsed disease who prefer to avoid indefinite
daily oral therapy.

Ann Lymphoma 2017;1:5
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Candidate for ASCT and not previously treated with ASCT

/

Candidate for allogeneic HCT

Clinical trial

or

ibrutinib

or

BR or R-BAC

or

R-DHAP or RICE or R-ESHAP*

Chemo-sensitive disease Not chemo-sensitive

Discuss allo- Clinical trial recommended
HCT versus or )
continuing ibrutinib (preferred if not
with current contra-indicated)
treatment or

Alternate salvage treatment

\

Consider salvage therapy
(see allo candidate) followed by ASCT
if chemosensitive disease

Clinical trial
or

ibrutinib

or

BR

Not candidate for ibrutinib or BR due to prior
progression on these agents or other contra-indication

\ 4

Clinical trial recommended
or

Lenalidomide or
bortezomib or R-GemOx
or R-CHOP

Figure 1 Authors’ approach to management of relapsed/refractory MCL. *, recommended only if plan to proceed immediately to HCT

following salvage treatment. MCL, mantle cell lymphoma; ASCT, autologous stem cell transplant; HCT, hematopoietic cell transplant; BR,

bendamustine and rituximab; R-BAC, rituximab, bendamustine, and cytarabine; DHAP, dexamethasone, cytarabine, and cisplatin; R-ESHAP,

rituximab, etoposide, methylprednisolone, cytarabine, and cisplatin; R-ICE, rituximab, ifosfamide, carboplatin, and etoposide.

Future directions
Targeting Bcl-2 with venetoclax

B cell leukemia/lymphoma 2 (Bcl-2) is an anti-apoptotic
protein key to the pathogenesis of multiple sub-types of
NHL. The gene encoding Bcl2 resides on chromosome
18q21-22 (81,82). Copy number gains or amplification
of 18q21-22 are frequently identified in MCL (83) and
preclinical cell line models demonstrated activity of
the small molecule Bel-2 specific inhibitor venetoclax
(Venclexta, formerly ABT-199, Abbvie Inc., North Chicago,
IL, USA) versus MCL (84). In the NHL cohort of the
M12-175 study, 106 patients with relapsed/refractory NHL
including MCL were treated with oral venetoclax (85).
Tumor lysis syndrome (TLS) occurred in earlier studies of
venetoclax (86), and patients with bulky MCL (>10 cm) were
hospitalized at initial treatment for monitoring, hydration,
and supportive treatment (85). Grade 3 or 4 toxicities
were hematologic; serious AEs included hyponatremia and
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febrile neutropenia. The most common AEs were nausea,
diarrhea, fatigue, and headache. TLS was reported in 3
patients with bulky MCL within 24 hours of start of therapy
and was managed supportively. Of the 24 MCL patients,
ORR was 75% including 21% CR, with a median PFS of
14 months (85). None of the enrolled patients had
previously received ibrutinib.

Venetoclax and ibrutinib synergistically induce apoptosis
in MCL cell lines, leading to interest in combination
therapy (87). Preliminary results were recently presented
from the phase II AIM study (NCT02471391) of ibrutinib
in combination with venetoclax (88). At 16 weeks, the ORR
was 71% with 63% CR. Common AE included fatigue,
diarrhea, nausea, neutropenia, bruising, and TLS. While
mature results are needed before drawing conclusions
regarding efficacy and longer follow up for DOR, the
high observed CR rate is promising and compares
favorably to historical trials of alternate therapies in the
relapsed/refractory setting. A phase III study of ibrutinib
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combined with venetoclax versus placebo (SYMPATICO
NCTO03112174) is planned to determine whether
combination therapy with ibrutinib and venetoclax is
superior to ibrutinib monotherapy.

Type II CD-20 targeted antibody obinutuzumab

Obinutuzumab (Gazyva, formerly GA-101, Roche, Basel,
Switzerland) is a type II glycoengineered monoclonal
antibody with a distinct CD-20 binding orientation leading
to increased antibody dependent cell-mediated cytotoxicity
when compared with rituximab (89,90). In the phase II
GAUDIN study, patients with relapsed/refractory MCL
including patients with rituximab refractory disease were
treated with obinutuzumab at two dosing levels (91). Of the
15 patients with MCL, 11 were treated at the lower dose
level with 2 patients achieving CR, while 2 of 4 patients
treated at the higher dose level (1,600 mg cycle 1 and 800
mg cycle 2) achieved CR. Toxicities included infusion
reactions, TLS and thrombocytopenia. Obinutuzumab
is currently being studied in combination with ibrutinib
(NCT02736617), ibrutinib and venetoclax (NCT02558816),
and in combination with entospletinib (NCT03010358) in
patients with relapsed/refractory MCL.

Alternate BTK inbibitors

The efficacy of ibrutinib is thought to be due primarily to
BTK inhibition, but ibrutinib has off target effects that
contribute to toxicities including risk of atrial fibrillation
and bleeding. Alternate selective BTK inhibitors offer
potentially improved toxicity profile with less off target
effects.

Acalabrutinib (formerly ACP-196, Acerta Pharma,
Redwood City, CA, USA) is a second-generation irreversible
BTK inhibitor with improved selectivity for BTK (92). In
a phase I/II trial in CLL, acalabrutinib was well tolerated
with the most common AEs headache, diarrhea, and
weight gain with no reported cases of atrial fibrillation or
major bleeding (93). A phase II study of acalabrutinib for
the treatment of MCL has completed enrollment with
preliminary results expected shortly (NCT02213926).
Combination studies including acalabrutinib are currently
underway in relapsed/refractory MCL including with
BR (NCT02717624 and NCT02972840), the immune
checkpoint inhibitor pembrolizumab (NCT02362035) and
the PI3K inhibitor ACP-319 (NCT02328014).
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Tirabrutinib (formerly GS-4059, Gilead Sciences,
Foster City, CA, USA) is an alternate second-generation
irreversible BTK inhibitor. In a phase I study including 16
MCL patients, grade 3 or higher toxicities were primarily
hematologic and rash (94). One grade 3 bleeding event
was observed. Gastrointestinal toxicity was reported less
frequently than with alternate BTK inhibitors. Of 12 MCL
patients evaluable, responses were noted in 11 patients
including 5 patients with CR. In addition to an ongoing
study of single agent tirabrutinib in patients with relapsed/
refractory B-cell malignancies (NCT02457559), study of
combination therapy with other targeted agents including
idelalisib, obinutuzumab, and entospletinib is currently
underway (NCT02457598).

Finally, BGB-3111 (BeiGene, Fort Lee, NJ, USA) is
a selective, small molecule, irreversible BTK inhibitor
currently under development for the treatment of patients
with lymphoid malignancy. A phase I dose escalation
study treated 6 MCL patients with escalating doses of
BGB-3111 (95). Five patients achieved an objective
response including 1 patient with CR. BGB-3111 is
currently being studied in combination with obinutuzumab
(NCTO02569476) as well as in combination with the
immune checkpoint inhibitor BGB-A317 (NCT02795182)
in patients with relapsed/refractory lymphoid malignancy.

Targeting PI3K

Phosphatidylinositol-3-kinase (PI3K) is a lipid kinase critical
to downstream BCR signaling leading to phosphorylation
of AKT (96). In vitro inhibition of AKT and mTOR in
MCL leads to degradation of cyclin D1, and inhibition of
AKT leads to MCL cell apoptosis (97). PI3K consists of a
regulatory and catalytic subunit with four catalytic isoforms,
a, B, v, and 8. PI3KS is essential to B-cell signaling (98), and
inhibiting PI3K$ blocks AK'T phosphorylation in lymphoid
malignancies (99). The PI3Ka isoform is variably present
in MCL with greater expression following multiple lines
of treatment, and increased expression of PI3Ka confers
resistance to selective PI3K9 inhibition in vitro which is
overcome with combined PI3K o and § inhibitors (100).
Idelalisib (Zydelig, formerly GS-1101 and CAL-101,
Gilead Sciences, Foster City, CA) is a selective PI3K3d
inhibitor. In a phase I study, 40 patients with relapsed/
refractory MCL were treated with idelalisib once or twice
daily at doses ranging from 50 to 350 mg (101). Grade 3 or
higher hematologic toxicities included neutropenia, anemia,
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and thrombocytopenia. Grade 3 or higher non-hematologic
toxicities included elevated AST/ALT, diarrhea, anorexia
and pneumonia. The ORR was 40% including 5% CR, but
responses were not durable in the majority of patients with
a median DOR of 2.7 months, median PFS of 3.7 months,
and 1 year PFS of 22%. Given the activity with idelalisib
and limited hematologic toxicity, combination therapy has
been explored; however, a phase 1 study of idelalisib with
rituximab and lenalidomide in patients with relapsed MCL
(NCT 01838434) was halted due to unexpected toxicity (102)
as was a study of idelalisib and entospletinib (103). A phase Ib
study of idelalisib combined with the Bcl-2 inhibitor BCL-
201 (NCT02603445) in patients with relapsed/refractory
MCL is currently underway as is a study of idelalisib and
tirabrutinib (NCT02457598).

Umbralisib (formerly TGR-1202 and RP-5264, TG
Therapeutics, New York, NY, USA) is an alternative
selective PI3KS$ inhibitor currently under investigation in
lymphoid malignancies including an ongoing phase 1/Ib
study in combination with ibrutinib for the treatment of
MCL (NCT 02268851). Preliminary results showed 11 of
13 evaluable MCL patients exhibiting objective response
(ORR 85%, 8% CR) with reported > grade 3 toxicities
including neutropenia, lipase elevation, hypophosphatemia,
atrial fibrillation, and infectious complications including
CNS aspergillus infection in two patients (104). The
recommended phase II dosage was ibrutinib 560 mg and
umbralisib 800 mg daily.

Copanlisib (formerly BAY 80-6946; Bayer AG, Berlin,
Germany) is an intravenous class IA PI3K o and 3 inhibitor (105).
In a phase II study, 33 patients with indolent lymphoma and
51 with aggressive lymphoma including MCL were treated
with copanlisib 0.8 mg/kg on days 1, 8, and 15 of a 28-day
cycle (106). Grade 3 or higher AE included lung infection,
diarrhea, febrile neutropenia, hyperglycemia, and pancreatitis.
Opportunistic infections included a fatal case of Cryprococcus
neoformans meningitis and one case of Pneumocystis jirovecii
pneumonitis. There were no reported episodes of colitis
and elevation in liver function tests was not dose limiting
suggesting a distinct toxicity profile in comparison to oral
PI3KS inhibitors. The ORR was 64% in MCL patients
including 2 of 11 patients with unconfirmed CR.

Targeting cyclin dependent kinase

MCL constitutively overexpresses cyclin D1 which
complexes with cyclin dependent kinase (CDK) 4 leading
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to phosphorylation of retinoblastoma protein driving tumor
proliferation (107). The pan-CDXK inhibitor flavopiridol
demonstrated clinical activity in a subset of patients with
MCL supporting a role for the therapeutic application of
CDK inhibition (108,109). Orally administered CDK 4/6
specific inhibitors offer strong CDK 4 and 6 inhibition as
well as significantly less off target effect (110). The CDK
4/6 inhibitor palbociclib (Ibrance, formerly PD0332091,
Pfizer, New York City, NY) was studied in a phase Ib pilot
study in which 17 relapsed/refractory MCL patients were
treated with oral palbociclib 125 mg daily for 3 out of
4 weeks of a 28 day cycle (111). AEs included neutropenia,
thrombocytopenia, and diarrhea. While preclinical models
of CDK 4 inhibition in MCL predicted arrest of cell growth
rather than cell killing (112), objective response was seen in
3 patients (ORR 18%) including one CR (111). The median
PFS was 4 months; responding patients experienced a DOR
of 18 months or greater. An alternative CDK 4/6 inhibitor,
abemaciclib (formerly 1Y2835219, Eli Lilly, Indianapolis,
IN), was studied in 22 patients with relapsed/refractory
MCL dosed at 200 mg every 12 hours (113). Hematologic
toxicities included thrombocytopenia, neutropenia, and
other toxicities included diarrhea, vomiting and fatigue.
Five of 22 patients achieved PR (23%) and an additional 9
patients achieved stable disease. After 6 cycles (28 days per
cycle), 8 patients remained on therapy with no evidence of
disease progression.

Combination therapy with CDK 4/6 inhibitors is
currently being explored. A Phase I study of ibrutinib and
palbociclib in MCL has been completed with acceptable
safety profile and an ORR of 67% including 44% CR
which compares favorably to studies of single agent
ibrutinib (114). A phase II study is planned. A phase I dose
escalation study of palbociclib and bortezomib in relapsed/
refractory MCL established palbociclib 125 mg on days
1-12 and bortezomib 1 mg/m’ twice weekly for 21-day
cycles as the recommended phase II dose with higher dosage
of bortezomib associated with prohibitive hematologic
toxicity (115). Of the 7 patients treated at the recommended
dose level, 4 experienced freedom from disease progression
lasting greater than 12 months including 1 patient with CR.

Combination therapy with ibrutinib

Ibrutinib has a high single agent response rate but the
majority of patients will not achieve CR and will ultimately
develop resistance. This has led to interest in combination
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studies to improve depth and DOR. The combination of
ibrutinib with rituximab was shown to be feasible with
promising efficacy in a single center phase II trial enrolling
50 patients with relapsed/refractory MCL previously treated
with rituximab containing regimens (116). Rituximab
was administered weekly for four doses and then given
on day 1 of cycles 3-8 with ibrutinib 560 mg continued
daily throughout treatment. An 88% ORR was reported
including 44% CR with 12 month PFES of 75%. Toxicities
included diarrhea, sensory neuropathy, atrial fibrillation,
and > grade 3 bleeding. A Ki67 index of >50% was observed
to be associated with lower response rate. While response
rates with combination therapy compare favorably to those
reported with single agent ibrutinib, comparison is limited
due to the low percentage (12%) of patients with high risk
MIPT at time of diagnosis.

The combination of BTK and proteasome inhibitors
is currently being studied with trials of ibrutinib
and bortezomib (NCT02356458) and ibrutinib and
carfilzomib (NCT02269085) ongoing. The combination
of lenalidomide and ibrutinib is being investigated in
ongoing trials with and without rituximab (NCT02460276,
NCT02446236, and NCT01955499). Preliminary results
from the phase II MCLO6 trial (PHILEMON) showed
an 83% ORR including 41% CR, with median PFS not
reached at 7 months and 7/13 patients achieving MRD
negativity on bone marrow assessment following treatment
with ibrutinib, lenalidomide, and rituximab (117). Multiple
other ibrutinib containing combinations are currently under
investigation with ongoing studies of targeted treatments
for MCL summarized in Table 3.

Targeting spleen tyrosine kinase

Spleen tyrosine kinase (Syk) is an intracellular tyrosine
kinase involved in downstream BCR signaling where
it complexes with PI3K and phospholipase Cy2 and is
activated in lymphoid malignancies including MCL
(118,119). The oral Syk inhibitor fostamatinib was studied
in patients with CLL and NHL including MCL with
clinical activity in a minority of patients including an ORR
of 11% (1 of 9 patients) in MCL (120). Entospletinib
(formerly GS-9973, Gilead Sciences, Foster City, CA) is
an alternative Syk inhibitor with less off target effects in
comparison with fostamatinib (121). Entospletinib was
studied in a phase II trial of 186 patients with CLL or NHL
including MCL. Safety results from the entire cohort have
been published, with the most common grade 3 or higher
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non-hematologic AE increased ALT, fatigue, dyspnea,
and nausea and > grade 3 hematologic toxicities including
neutropenia, anemia, and thrombocytopenia (122). Efficacy
has not yet been reported for the MCL patients (122).
Future trials of combination therapy with entospletinib for
NHL including MCL are planned.

Chimeric antigen receptor (CAR) T cell therapy

CAR T cells are an approach to adoptive immunotherapy
whereby T cells are modified using viral vectors to
express a receptor for a tumor surface antigen coupled
with a stimulatory intracellular signaling domain. CAR-T
cells targeting the B cell surface marker CD-19 have
demonstrated encouraging results in patients with relapsed/
refractory B cell NHL, with >50% CR rate in heavily
pretreated patients with conditioning chemotherapy
followed by autologous CD-19 targeted CAR-T cell
infusion (123,124). The ZUMA-2 trial NCT02601313)
is currently underway assessing the safety and efficacy of
conditioning chemotherapy with FC followed by infusion
of the autologous CD-19 CAR-T construct axicabtagene
ciloleucel (formerly KTE-C19, Kite Pharma, Los Angeles,
CA, USA) in patients with relapsed/refractory MCL. Trials
with alternate CAR-T constructs are ongoing assessing
whether the safety and/or efficacy of CAR-T therapies
can be improved with the addition of immunomodulatory
medications including immune checkpoint inhibitors
(NCT02926833) or ibrutinib (NCT02640209). Results
from these and other studies are eagerly anticipated as the
role of CAR-T therapy in the treatment of MCL remains to
be seen.

Conclusions

Although the management of relapsed MCL is challenging
due both to its aggressive clinical course and the limited
prospective data specific to this relatively rare disease,
significant progress has been made recently including
the development of targeted therapies and the successful
completion of phase III trials for relapsed and refractory
disease. Advances in our understanding of disease biology
are currently being translated into a growing list of targeted
agents under clinical development. Expanding options for
treatment appear to be on the horizon, and combinations of
targeted therapies and advances in adoptive immunotherapy
have the potential to shift the treatment paradigm of this
disease in the years to come.
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Table 3 Therapeutic targets and drugs in development for MCL
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Target Drug Combination Trial
Bcl-2 Venetoclax + ibrutinib NCT03112174
CDK Palbociclib + ibrutinib NCT02159755
Abemaciclib n/a NCTO01739309
BTK Acalabrutinib Single agent NCT02213926
+ pembrolizumab NCT02362035
Tirabrutinib Single agent NCT02457559
+ obinutuzumab NCT02457598
BGB-3111 + obinutuzumab NCT02569476
+ BGB A317 NCT02795182
CD-20 Obinutuzumab + ibrutinib NCT02736617
+ venetoclax NCT02558816
Ublituximab + ibrutinib NCT02013128
+ lenalidomide NCT01744912
Proteasome Carfilzomib + ibrutinib NCT02269085
PI3K Idelalisib + tirabrutinib NCT02457598
+ BCL 201 NCT02603445
Umbralisib + ibrutinib NCT02268851
+ ublituximab NCT02006485
Copanlisib
SYK Entospletinib + obinutuzumab NCT03010358
+ vincristine NCT02568683
+ tirabrutinib NCT02457598
CD-19 Axicabtagene ciloleucel Conditioning chemotherapy NCT02601313
Tisagenlecleucel
PD-1 Pembrolizumab + ibrutinib NCT03153202, NCT02950220

Androgen receptor

SINE

Nivolumab
Enzalutamide

Selinexor

+ lenalidomide
n/a

+ ibrutinib

NCT03015896

NCT 02489123

NCT02303392

MCL, mantle cell lymphoma; Bcl-2, B cell leukemia/ lymphoma 2; CDK, cyclin dependent kinase; BTK, Bruton’s tyrosine kinase; NF-kB,
nuclear factor kappa B; PI3K, phosphatidylinositol-3-kinase; SYK, spleen tyrosine kinase; PD-1, programmed death 1; SINE, selective

inhibitor of nuclear export.
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