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Abstract

Background: Mantle cell lymphoma (MCL) is a rare type of mature B-cell lymphoid

malignancy with the pathologic hallmark of translocation t(11;14) (q13, q32), which

leads to an overexpression of Cyclin D1 (CCND1). The disease is also characterized

by the presence of a high number of recurrent genetic alterations, which include

aberrations in several cellular pathways. MCL is a heterogeneous disease with a wide

range of clinical presentations and a majority presenting with aggressive disease in

advanced stages.

Recent findings: Management of MCL is bereft with challenges due to its resistant

and relapsing pattern. Despite improvements in remission durations, the disease is

currently incurable with standard therapy and has a median survival of about

3–5 years. The use of small molecules like the bruton tyrosine kinase (BTK) and BCL2

inhibitors, for treating relapsed MCL has been established leading to a diminishing

role for conventional chemotherapy. Combinations of small molecule inhibitors with

or without chemoimmunotherapy, are showing promising results. Cellular therapy in

the form of CAR-T cell therapy, has been approved recently.

Conclusions: Personalized cancer treatment and chemo-free regimens are showing

promise and results from well-planned long-term studies are evolving. In India, there

is a paucity of epidemiological, clinical, and research data in this field.
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1 | INTRODUCTION

Mantle cell lymphoma (MCL) is a mature B-cell neoplasm and

accounts for 5% of all non-Hodgkin's lymphomas (NHL).1 It is morpho-

logically, phenotypically, and genetically well defined. The annual inci-

dence of MCL is around 1 in 200 000 with a male predominance (3:1).

The median age of diagnosis is around 71 years.2 In India, 6% of all

newly diagnosed NHL are MCL with a median age of diagnosis around

57 years.3 The two subtypes of MCL as defined by the 2016 revision

of the WHO Classification of lymphoid neoplasms, the Indolent and

Classic variants, have variable clinical course and require varied

approaches for their management. The decision on management is
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also influenced by other factors like the age of the patient, functional

status, comorbidities, morphology, disease stage, cost and access to

drugs, tolerance to treatment and availability of clinical trials for

patients among others.4

This article attempts to review the presentation and management

of MCL, with a glimpse into its pathophysiology, and emphasis on

treatment options with the current role and impact of novel therapies.

We also reflect on the data available from Indian centres.

2 | PATHOPHYSIOLOGY

MCL is a lymphoproliferative disorder characterized by proliferation

of mature B-lymphocytes, with most cases derived from naïve pre-

germinal center and some, developing from post-germinal Centre

B-cell populations. The pathologic hallmark of MCL is the presence of

t (11;14) (q13, q32) translocation leading to an overexpression of

Cyclin D1 (CCND1) which deregulates the cell cycle progression at

G1-S checkpoint by overcoming the suppressor effect of retinoblas-

toma 1 (RB1) and the cell cycle inhibitor p27.5 In less than 5% cases, a

variant CCND1 translocation with immunoglobulin (IG) light chains

kappa and lambda, leading to over expression of Cyclin D1 has been

noted.6 The 2016 revision of the WHO classification of lymphoid neo-

plasms identifies two different pathways for development of MCL.7

CCND1 overexpression by itself is incapable of driving the malignant

process in MCL. A myriad of secondary genetic and epigenetic

changes leads to alterations in the key signaling pathways, which con-

tribute to malignant transformation. Figure 1 shows a schematic dia-

gram of the pathogenesis of MCL with an outline of the management

options based on disease state.

In situ Mantle-cell Neoplasia: This is a rare lesion of uncertain clini-

cal significance and most often ‘incidentally’ diagnosed. It is charac-

terized by CD5 and Cyclin D1 positive cells in the mantle zone of the

lymphoid follicle in a morphologically reactive lymph node. It has an

indolent course and rarely progresses to overt mantle cell lym-

phoma.7,8

3 | CLINICAL PRESENTATION

MCL has a wide range of clinical presentations. Nearly 70%–80% of

MCL patients present with an aggressive disease manifesting as symp-

tomatic lymphadenopathy or extra-nodal disease, in an advanced

stage (Stage III–IV). However, patients may also present with an indo-

lent disease consisting of asymptomatic lymphocytosis or non-bulky

nodal/extra nodal disease, with minimal symptoms. B symptoms (uni-

ntentional weight loss, drenching night sweats, and fever) are seen in

about 40% of the patients. Patients can present with abdominal dis-

tension due to hepatosplenomegaly. Lymph nodes and spleen are

common sites of involvement followed by Waldeyer's ring, bone

F IGURE 1 Schematic diagram of pathophysiology of MCL and outline of management options. ASCR, autologous stem cell rescue; CIT,
chemoimmunotherapy; HDT, high dose therapy; IG, immunoglobulin; ISMCN, in-situ mantle cell neoplasia; MC, mantle cell; MCL, mantle cell
lymphoma
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marrow and peripheral blood. Patients can also present with symp-

toms due to extra-nodal involvement of GI tract, lungs, and/or CNS

and orbit. An uncommon, but distinctive, presentation is the occur-

rence of multiple lymphomatous polyposis.9,10

4 | DIAGNOSIS

A complete history and physical examination undertaken to assess B

symptoms, co-morbidities and performance status of MCL patients is

essential. Laboratory investigations should include a complete blood

count with differential counts to assess for cytopenias secondary to

bone marrow involvement, lactate dehydrogenase levels (correlates

with tumor burden), complete metabolic panel, and viral serology

(hepatitis and HIV panels).

Morphologically, MCL presents as a spectrum of findings, with

classical tumors showing proliferation of small–medium sized lympho-

cytes with irregular nuclei and inconspicuous nucleoli on one end, and

blastoid MCL showing cells with blastoid morphology having rounded

nuclei, finely dispersed chromatin, and inconspicuous nucleoli, at the

other end. Some tumors have larger cells with irregular and pleomor-

phic nuclei and distinct small nuclei. The Blastoid and Pleomorphic

variants of MCL have an aggressive histology with high proliferation

rates and the transformed variants have a high degree of aneuploidy

and exhibit KMT2B, KMT2D and other mutations. These variants

have an aggressive clinical behavior.11 Rare variants include small cell

and marginal zone like MCL.

Immunophenotyping of tumor cells by multi-parameter flow cyto-

metry or immunohistochemistry tumor tissue biopsy, bone marrow

sample or peripheral blood helps differentiate MCL from other B cell

tumors and confirms diagnosis. Lymph node biopsy is preferred over

aspiration. A typical immunophenotyping report by flow cytometry

and immunohistochemistry report on tissue biopsy of MCL will be

positive for CD5 (a T-cell-associated antigen), CD20, CD19, FMC7,

sIgM/sIgD, CD22, CD79b and strongly Cyclin D1, and negative for

CD23 (a key cell surface molecule for B-cell activation and growth)

and CD10 (a germinal centre-associated antigen). MCL phenotype can

be confused with a CLL immunophenotype. Table 1 shows the differ-

ences between MCL and different Lymphomas.12,13

Expression of cyclin D1 is seen in more than 95% of cases. Cyto-

genetic analysis by Fluorescence in situ hybridization (FISH) will show

the classic chromosome translocation, t(11;14) (q13;q32) in most

cases.

Cyclin D1 negative MCL: This is a rare type of MCL identifiable by

its lack of Cyclin D1 immunophenotypic expression or gene

rearrangement. They are identical in morphology, immunophenotype

(except Cyclin D1 expression) and clinical features to the classical

MCL. Comprehensive gene expression profiling can confirm them as

MCL, while molecularly, most demonstrate CCND2 (accounting to

around 50% cases) or CCND3 gene rearrangements.14 They are posi-

tive for SOX11.15

Staging by good quality contrast enhanced imaging of chest,

abdomen and pelvis, is recommended. Whole body PET-CT, though

not mandatory, is a common staging modality and has replaced con-

ventional CT based staging in many centres. Staging is important not

only to determine the extent of disease, but also to decide an appro-

priate treatment strategy. A lumbar puncture and CSF cytology is rec-

ommended in patients with blastoid morphology or neurological signs

and symptoms. Patients with significant gastrointestinal symptoms

must be evaluated with endoscopic examination (and biopsies) where

appropriate to rule out involvement. MCL is commonly staged now

using the Lugano classification for Non-Hodgkin Lymphoma

(Table 2).16

5 | PROGNOSIS

Several markers have been evaluated to predict the survival outcomes

in MCL. Some of the currently recognized prognostic markers include

performance status, CNS involvement at diagnosis, transformed MCL

status, blastoid/pleomorphic morphology, Mantle cell International

Prognostic index (MIPI) High risk group, Ki 67% >30%, Complex kar-

yotype, Tp53 mutations or overexpression, MYC translocation or

overexpression and unmutated IGHV status. Many novel markers like

TABLE 1 Immunophenotypic markers in different B-cell malignancies

Histologic subtype CD5 CD23 CD43 CD10 BCL6 Cyclin D1 sIg (type) CD 20 CD200

MCL + � + � � + + (M ± D) + �
FL � �/+ � +/� + � + (G ± M) + +/�
SLL/CLL + + + � � � + (M ± D) + +

LPL � � �/+ � � � +/� (M) +

SMZL � � � � � � + (M ± D) + +/�
EMZL (MALT type) � �/+ �/+ � � � + (M) + +/�
HCL � �/+ �/+ � � + + +/�

Note: Immunophenotypic markers in different B-cell malignancies.

Abbreviations: EMZL, extranodal subtype of marginal zone lymphoma; FL, follicular lymphoma; HCL, hairy cell leukemia; LPL, lymphoplasmacytic

lymphoma; MALT, mucosa-associated lymphoid tissue; MCL, mantle cell lymphoma; SLL/CLL, small lymphocytic leukemia/small lymphocytic leukemia;

SMZL, splenic marginal zone lymphoma. +, >90% positive; +/�,>50% positive; �/+,<50% positive; and �,<10% positive.
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the CCND1, NOTCH 1 and 2 mutations, bruton tyrosine kinase (BTK),

MAP3K14, CARD11, PCR for t(11;14), and so forth are being actively

explored.4,17 Among all known prognostic markers, blastoid morphol-

ogy, TP53 mutation, complex karyotype and high Ki-67 score are

clearly associated with poor prognosis.18–20 The simplified MIPI,

which is commonly used in practice, is shown in Table 3.21,22

6 | MANAGEMENT OF MANTLE CELL
LYMPHOMA

MCL is an aggressive disease and is known to exhibit short durations

of response, early relapse, shorter progression free survival (PFS) and

overall survival (OS) compared to other NHLs.23 The goals of therapy

in MCL are symptom reduction, disease control, improvement in qual-

ity of life, and cure when feasible. While choosing appropriate man-

agement strategy for patients with MCL, one needs to consider the

following factors: assessment of physical fitness (performance status,

or frailty in the elderly), comorbidities, disease stage, blastoid /non-

blastoid morphology, Ki-67/MIPI score, access to therapy in various

countries, cost-coverage and availability of ongoing clinical trials.24

6.1 | Initial management of mantle cell lymphoma

MCL patients can present with Indolent or aggressive disease based

on clinical presentation and prognostic markers. (Figure 1) The man-

agement approach differs accordingly.

Indolent MCL patients having a good performance status, asymp-

tomatic disease (no or minimal symptoms, low volume lymphadenopa-

thy, lymphocytosis and splenomegaly), no high-risk prognostic

markers and/or low risk MIPI can be managed with “Watchful

waiting” without a need for immediate systemic therapy. Such

patients can be put under observation and carefully monitored for

appearance of signs and symptoms of progressive disease. The MCL

Biobank Observational Study by McCulloch et al, evaluated 315 MCL

TABLE 2 Revised staging system for primary nodal lymphomas

Stage Involvementa Extranodal statusb

I One node or a group of adjacent nodes Single extranodal lesions without nodal

involvement

II Two or more nodal groups on the same side

of the diaphragm

Stage I or II by nodal extent with limited

contiguous extranodal involvement

II (bulky)c as above with “bulky” disease Not applicable

III Nodes on both sides of the diaphragm;

nodes above the diaphragm with spleen

involvement

Not applicable

IV Additional noncontiguous extralymphatic

involvement

Not applicable

Note: Lugano classification for non-Hodgkin lymphoma used for staging of MCL.
aPET-CT is used for avid lymphomas and CT for nonavid histologies to determine the extent of disease.
bTonsils, Waldeyer's ring, and spleen are considered nodal tissue.
cStage II bulky disease is treated as limited or advanced disease based on histology and number of prognostic factors.

TABLE 3 Simplified mantle cell International Prognostic Index (MIPI)

Points Age (years) ECOG PS LDH (UNL) WBC (�109/L)

0 <50 0–1 <0.67 <6.700

1 50–59 – 0.67–0.99 6.700–9.999

2 60–69 2–4 1.00–1.49 10.000–15.000

3 70 – 1.500 >15.000

Risk stratification based on MIPI score and their overall survival rates

SCORE Risk stratification OS in months (5 year OS %)

0–3 Low risk NR (60%)

4–5 Intermediate risk 51 months

6–11 High risk 29 months

Note: Simplified mantle cell International Prognostic Index (MIPI).

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; OS, overall survival; UNL, upper normal

limit; WBC, white blood cells.
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patients and showed that 67.3% of patients received upfront systemic

therapy at baseline, 4.1% received localized radiation therapy and

27.6% of the patients were put on wait and watch strategy, 90 days

beyond diagnosis. Of the 87 patients put on wait and watch strategy,

73.5% of them were under observation at 1 year, and 50.6% at end of

2 years. The study demonstrated the high prevalence of wait and

watch strategy in clinical practice and reassured clinicians that half of

them remained on observation beyond 2 years. However, the study

also demonstrated the need for better predictive markers for indolent

MCL.25

In the aggressive MCL, treatments depend on the extent of dis-

ease. In early-stage disease (Stage1A and 2A), the evidence for man-

agement is scarce due to the small numbers of patients. Involved field

radiotherapy (IFRT) can achieve up to 80% complete remission

(CR) rates and long-term remission, with potential cure in some

patients.26,27 In advanced stage disease, most patients need systemic

chemoimmunotherapy. Indications for treatment include symptomatic

disease (B symptoms, symptomatic organomegaly, organ dysfunction,

GI symptoms including bleeding, and so forth), bulky disease, and

bone marrow failure (significant cytopenia), among others.

TABLE 4 Suggested treatment regimens for first line and supporting references

Treatment Comparator

Sample

size (n)

Median

follow-up ORR CR PFS OS Safety/AE Reference

Aggressive therapy

Hyper CVAD + R 97 40 mo 97% 87% 64% 82% Hematologic

myelodysplasia/AML

32

63 46 mo 83% 72% 73% 61% 39

Nordic regimen with

Maxi-CHOP

160 6 years 96% 54% 66% 70% Neutropenic fever

Infections

Heart failure

40

RCHOP/RDHAP 60 67 mo 95% 57% 83mos 75% Renal toxicity

Neurologic toxicity

41

RDHAP 299 50.2 mo 89% 77% 83% 89% 42

Less aggressive therapy

BR R-CHOP 274 45 mo – – 69.5 mo – Erythematous skin reactions 43

R-CHOP/R-CVP 447 – 97% 31% – – Vomiting

Drug hypersensitivity

44

BR+ R(maintenance) BR 120 54.2 mo – – 54.7 mo 69.6 mo 33

VR-CAP R-CHOP 487 82 mo – – – 90.7 mo Infections

Cardiogenic shock

Acute renal failure

Pulmonary carcinoma

45

R-CHOP FCR 560 37mo – 34% – 62% Constipation

Neuropathy

Febrile neutropenia

37

Modified Hyper

CVAD + R(maintenance)

– 22 37 mo 77% 64% 37 mo NR 46

L + R – 38 64 mo – – 80% 90% Cytopenias infections 47

RBAC500 – 57 – – 91% – – Neutropenia,

thrombocytopenia

Fatigue nausea vomiting

48

Maintenance therapy

Rituximab R-CHOP vs FCR 560 7.6 years – – 5.4 years 9.8 years High incidence

of death

in remission

Leukopenia

infection

37

Note: Summary of important Trials supporting use of different regimens in management of treatment naïve MCL.

Abbreviations: BR, bendamustine + rituximab; Hyper CVAD, cyclophosphamide vincristine doxorubicin dexamethasone alternating with high dose

methotrexate and cytarabine; L + R, lenalidomide + rituximab; mo, months; NORDIC Regimen, dose intensifying induction immunochemotherapy with

rituximab + cyclophosphamide vincristine doxorubicin prednisone (maxi CHOP) alternating with rituximab + high dose cytarabine; R, rituximab; RBCA500,

rituximab bendamustine cytarabine; RCHOP, rituximab + cyclophosphamide + doxorubicin + vincristine + prednisone; RDHAP, rituximab

+ dexamethasone + cytarabine + cisplatin; VR-CAP, bortezomib + rituximab + cyclophosphamide + doxorubicin + prednisone.
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6.2 | First Line therapy for mantle cell lymphoma

Once a decision to treat the patient is made, patients who are treatment

naïve are initially given induction therapy followed by maintenance

therapy. There are two approaches in induction therapy, depending on

the fitness of patients, based on current guidelines.28,29 In the fit

patients, an intensive therapy approach consists of high dose cytarabine

containing induction regimens like Hyper-CVAD + R/Mtx-HA,

R-DHAP, etc.30,31 This results in PFS and OS rates in the range of 73%

and 61% at 46 months respectively.32 Once a response is achieved with

induction therapy, the fit patients must be considered for consolidation

therapy with high-dose chemotherapy (HDT) like BEAM and autologous

stem cell transplantation (ASCT). They receive maintenance therapy

with Rituximab monotherapy for 3 years thereafter. In the patients who

are not fit, a less aggressive approach with RCHOP or BR is preferred.

Maintenance rituximab is administered without a post-induction

HDT-ASCT consolidation in these patients. Outcomes in this setting are

conservative and yield a PFS and OS rate in the range of 54.7 and

69.6 months, respectively.33 Maintenance therapies are not without

controversy.34 Specifically, it is difficult to recommend an optimum

duration or regimen for maintenance therapy. In the European MCL

Network Study, MCL Elderly Study,35 treatment was continued until

disease progression; however, many institutions limit the frequency to

rituximab once in 3 months and the duration to 2 years.

Currently there are many studies that aim to improve upfront

therapy in the young and fit patients by incorporation of targeted

agents already known to have activity in relapsed setting. These

agents include ibrutinib, lenalidomide, bortezomib and others. They

are incorporated into the induction phase, maintenance phase, or both

phases of treatment. A similar approach in the elderly has been tested

in the Nordic MCL4 (LENA-BERIT) study. Treatment naïve elderly

patients (>65) or younger patients unfit for intensive therapy were

treated with BR plus lenalidomide for six cycles followed by mainte-

nance lenalidomide for a total of seven cycles. Despite a high

response rate, this study noted significantly higher toxicity.36 A recent

update from the European MCL Elderly trial, which evaluated

R-CHOP versus R-FC in 560 newly diagnosed MCL patients, showed

that, at a median follow-up of 7.6 years, R-CHOP showed superior

benefits in terms of OS and median PFS. Rituximab maintenance fol-

lowing R-CHOP had lesser toxicity than after R-FC regimen.37 In the

Phase2 WINDOW-1 study, 131 patients were given ibrutinib-

rituximab (IR) induction (part-A) until they achieved CR, for a maxi-

mum of 12 cycles. This was followed by a maximum of 4 cycles of

Hyper-CVAD + R/Mtx-HA as consolidation therapy (part-B). The

study showed that frontline treatment with IR followed by a short

course Hyper-CVAD + R/Mtx-HA is extremely potent and safe in

patients aged ≤65 years with MCL38 Table 4 summarizes the impor-

tant trials supporting use of therapies in aggressive and less aggressive

settings. The commonly used aggressive and less aggressive therapy

are listed in Table 5.

Role of CNS prophylaxis: The ability of CNS-penetrating therapies

to reduce the incidence of CNS relapse is unclear, however empirical

use of CNS-penetrating chemotherapy may be beneficial in patients

with high Ki67 and/or blastoid morphology. CNS relapse rates of

1.6%–25.4% are reported mainly in patients with high Ki67 and

blastoid histology.49 CNS relapse tends to occur early within a median

duration of 15–20 months and in them survival is poor (3–8 months).

Ninety percent of CNS relapses are leptomeningeal disease confirmed

by flow cytometry, and parenchymal disease is rare.50

6.3 | Stem cell transplantation in mantle cell
lymphoma

Autologous stem cell transplantation (ASCT) and the Allogenic stem

cell transplantation (AlloSCT) have been used in the treatment of man-

tle cell lymphoma.51

6.3.1 | Autologous stem cell transplantation

ASCT is generally advised in the fit MCL patients to consolidate a

response to induction therapy. Superior outcomes are noticed when

patients are treated with ASCT while in first CR or in a minimal dis-

ease state and have not received multiple prior chemotherapy regi-

mens.52 The HDT regimens routinely used are BEAM or TBI based.

Patients, who do not achieve CR despite multiple chemotherapy regi-

mens, are not ideal candidates for ASCT. As the treatment landscape

of MCL is quickly evolving, it would be appropriate to re-visit the role

of ASCT in real-world practice soon.53 There is an active interest in

radio immunotherapy in some groups.54 Whether ASCT can be safely

omitted from intensive first-line therapy that incorporates a Bruton's

tyrosine kinase (BTK) inhibitor, is being tested in the European MCL

Network TRIANGLE trial (NCT02858258): ASCT after a rituximab/

ibrutinib/Ara-c containing induction in mantle cell lymphoma.55

6.3.2 | Allogenic stem cell transplant

AlloSCT is an attractive therapeutic modality in MCL due to a poten-

tial benefit from a graft versus lymphoma effect, and avoidance of

marrow contamination by the tumor as possible in ASCT.56,57 Stan-

dard AlloSCT is yet not considered in the upfront treatment setting.

This is due to the improved results from ASCT, advanced age at pre-

sentation for most patients, toxicity and higher non-relapse mortality

from AlloSCT, and an overall paucity of data. Currently, AlloSCT is

considered only in the setting of relapsed refractory MCL and younger

fit patients. Reduced intensity conditioning regimens are the preferred

preparative treatment in such a scenario.

6.4 | Therapy for relapsed and refractory mantle
cell lymphoma

Despite excellent responses following primary therapy (60%–97%), it

is exceptional to experience long-term relapse free survival in mantle
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cell lymphoma. The duration of responses hinges considerably on the

aggressiveness of the disease at presentation and type of initial treat-

ment used. Most patients relapse and progress to refractory dis-

ease.58 Most second line therapies for relapsed and refractory (R/R)

MCL do not offer cure, with the potential exception of allogenic stem

cell transplantation. Therefore, almost always, the goal of therapy

remains to palliate symptoms, gain control and prolong remission rates

and progression free survival. There have been a few agents, used as

monotherapy or in combination strategies, explored with limited effi-

cacy and backed by insufficient data.59 The past decade witnessed

the use of non-chemotherapy options to perturb pathways or the

microenvironment. It saw the FDA approval of five such agents in

relapsed refractory MCL including bortezomib, lenalidomide, ibrutinib,

acalabrutinib and zanubrutinib.

Prior to the advent of targeted approaches to treat R/R MCL, sal-

vage chemotherapy was the standard for treating relapsed mantle cell

lymphoma. The initial use of gemcitabine, in combination with plati-

num (cisplatin and oxaliplatin) resulted in PFS rates ranging from 85 to

22 months.60,61 The later use of bendamustine with rituximab also

yielded similar PFS rates.61,62 The improvement in survival came with

the exploration of targeted therapy with or without chemotherapy/

immunotherapy. The retrospective MANTLE-FIRST study recently

reported on the outcomes of a large cohort of patients with first

relapsed-refractory MCL after upfront intensive high-dose cytarabine

based therapy. Bendamustine based regimens (50%) and Ibrutinib

(19%) were the common first salvage treatments received. Though

overall outcomes were superior in the patients who received salvage

rituximab-bendamustine-cytarabine (R-BAC) and ibrutinib with a

median PFS ranging around 24 months, there was a significant benefit

with Ibrutinib in patients who had early relapse or progression

(defined as <24 months from diagnosis).63

The past decade saw the emergence of non-chemotherapy

approaches including bortezomib, temsirolimus, rituximab,

lenalidomide, ibrutinib, acalabrutinib and zanubrutinib into the thera-

peutic armamentarium. More recently, BCL2 inhibitor-venetoclax and

CDK inhibitor-palbociclib are being explored. The currently approved

drugs/regimens for R/R MCL include Bendamustine, R-CHOP,

temsirolimus, rituximab, bortezomib, lenalidomide, ibrutinib,

acalabrutinib and zanubrutinib. Regimen and evidence supporting

their use in R/R MCL are discussed in Table 6.

The ability of bortezomib to induce tumor cell apoptosis in lym-

phomas primarily through NFKB inhibition and caspase independent

mechanisms led to its exploration in R/R MCL.76 The phase II PINNA-

CLE trial used bortezomib in combination with rituximab showing an

overall response rate of 32% with 8% CR/uCR (unconfirmed CR) with

median time to progression (TTP) of 6.7 months and a median OS of

23.5 months in an updated analysis.65 Further combinations, with che-

motherapeutic agents, improved PFS although at the expense of some

increased toxicity.64 Prior treatments with neurotoxic chemothera-

peutic agents increased the incidence of neuropathy.77

Lenalidomide as an immunomodulatory agent demonstrated nota-

ble activity in mantle cell lymphoma through it antineoplastic and anti-

proliferative effects. The NHL 003 study, which also included R/R

MCL, showed a 35% ORR with 12% CR/ uCR with a median duration

of response (DoR) of 16.3 months, and median PFS of 8.8 months.67

The definitive role for lenalidomide in R/R MCL was explored in the

phase II MCL001, EMERGE study. The ORR was 38% with CR/ uCR

being 8%, and a median DoR, PFS and OS at 16.6, 4 and 20.9 months,

respectively. An exploratory analysis in the study demonstrated activ-

ity for lenalidomide irrespective of the Ki67 status although OS was

significantly lower for groups with <30% Ki67 versus those with

higher (9.7 vs. 28.4 months respectively).78 The addition of Rituximab

to lenalidomide improved ORR to 53% with a CR of 31%, and a

median OS of 14 months with duration of response lasting

18 months.68

The constitutive activation of B cell receptor signaling (BCR) is inte-

gral to survival and proliferation of malignant B cells. Inhibitors of B cell

receptors associated kinase interfere with BCR signaling reducing tumor

burden. Ibrutinib, a first in class BTK inhibitor reduced tumor burden in

7 out of 9 patients with R/R MCL in a phase I study.79 The follow up

phase II study yielded unprecedented response rates of 68% (CR 21% and

PR 47%) with median response lasting 17.5 months, median PFS of

13.7 months and updated OS of 22.5 months.80 The randomized Phase III

study showed better ORR and longer PFS with better toxicity profile over

comparator Temsirolimus.81 The pooled analysis of 370 patients treated

on Ibrutinib in clinical trials showed a third of patients continuing on ther-

apy for 2 years or more with about 10% still continuing on Ibrutinib at

4 years.82 The greatest impact was in the setting of first relapse with a

median PFS of 33.5 months and DoR of 34.4 months.83 The combination

therapies with Ibrutinib have generally not shown added benefits over

monotherapy, this is however subject to debate. A phase II study of

ibrutinib and rituximab (IR) combination did not improve outcomes in the

initial report, though there was a higher ORR in patients with lower Ki-67

(<50% vs. >50%).71 A recent update from a longer follow-up of the same

IR cohort reports durable remissions with 58% achieving CR, mPFS of

43 months, 3 year PFS of 54% and 3 year OS of 69%, at a median follow

up of 47 months. The patients with lower Ki67 had a 3 year OS of 67%

compared to 27% for Ki67-high group.84 The PHILEMON study explored

the combination of Ibrutinib with Lenalidomide and Rituximab and

reported an ORR of 76% and CR of 56% at a median follow-up of

17.8 months.85 The toxicity profile was however high with frequent neu-

tropenia, infections and cutaneous reactions.

The next generation BTK inhibitor, acalabrutinib, a more selective

BTK inhibitor was designed to mitigate the ‘off-target action’ induced
adverse effect profile encountered with ibrutinib. The phase II study

involving 124 patients with R/R MCL achieved an ORR of 81% with

CR rates of 40%. The PFS at 12 months was 72% with OS of 87%.

There were lower side effects (6%) encountered with progressive dis-

ease (31%) being the primary reason for discontinuation.71 Similar

results were seen with another selective BTK inhibitor, zanubrutinib,

which received accelerated FDA approval based on the impressive

results from phase II and phase I/II clinical trials yielding ORR of 84%

(CR 59% and PR 24%) in relapsed MCL previously treated with one

line therapy.72,86

Venetoclax, a BCL2 inhibitor has been used effectively in a range

of hematological malignancies with impressive results particularly in
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chronic lymphatic leukemia when used in combination with ibrutinib.

As a single agent in MCL the ORR was 75% (CR 21%) and a PFS of

14 months.87 Two other venetoclax monotherapy studies report ORR

in the range of 50%–60%, with nearly 21% achieving CR at follow-up

periods of up to 17 months. The mPFS and OS were in the range of

2.6–8 months and 4.3–13.5 months, respectively.88,89 Given its syn-

ergy with ibrutinib, the AIM study explored this combination with a

lead-on period for ibrutinib followed by addition of venetoclax. The

CR at 16 weeks of therapy was 42% with a measurable residual clear-

ance of 67% in the bone marrow assessed by flowcytometry. In an

updated analysis with a follow up of 37.5 weeks the median DoR and

TTP were not reached. The median PFS and OS was 29 and

32 months respectively.90

Given the invariable resistance encountered for Ibrutinib in MCL,

palbociclib, an oral CDK4/6 inhibitor capable of overcoming primary

ibrutinib resistance was explored in combination with ibrutinib.91 The

phase I study demonstrated an ORR of 67% with 37% and a 2-year

PFS of 59%.92 The study gave credence for this rationale behind the

combination, and further studies are underway.

The future of treatment for mantle cell lymphoma particularly in

the R/R setting is evolving. The use of small molecules for treating

relapsed MCL is now established, with diminishing role for conven-

tional chemotherapy. The emerging role for CAR-T cell and other

immunotherapy-based approaches (discussed separately) will redefine

MCL treatments. The key lies in defining subsets for optimized out-

comes in subgroup of patients.

7 | GUIDELINE RECOMMENDATIONS FOR
MANTLE CELL LYMPHOMA

Current recommendations from the European Society for Medical Oncol-

ogy (ESMO),28 British Society for Hematology (BSH)24 and National Com-

prehensive cancer Network NCCN29 are summarized in Table 5.

8 | FUTURE TRENDS IN MANAGEMENT OF
MANTLE CELL LYMPHOMA

8.1 | Newer Bruton's tyrosine kinase inhibitors

Ibrutinib use is associated with certain toxicities in the long term like

higher rates of cardiac arrhythmias, hypertension, and risk of bleeding.

These and emergent resistance lead to discontinuation of the therapy

in many patients.93 To overcome these, BTK inhibitors with higher

specificity, the second-generation BTK inhibitors like acalabrutinib,

zanubrutinib, orelabrutinib, tirabrutinib and pirtobrutinib (formerly

LOXO-305) have emerged.94–97 As discussed above, the second-

generation BTK inhibitors have much better selectivity, reducing the

off-target effects of the drugs.98 When considering the currently

available BTK inhibitors, emerging data suggest that acalabrutinib and

tirabrutinib may have higher kinase selectivity than other available

BTKi's.99T
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8.2 | Chimeric antigen receptor T-cell therapy in
mantle cell lymphoma

Chimeric antigen receptor (CAR) T-cell therapy is one of the

major advances in synthetic biology and successful examples

of personalized cancer therapy to be made commercially avail-

able in the recent past. This therapy has shown success in

hematologic cancers with reduction in remission rates of up

to 80%, particularly for ALL and DLBCL, and received

FDA approval.100,101 In July 2020, brexucabtagene autoleucel

(KTE-X19), a CD19-directed genetically modified autologous

T-cell immunotherapy was granted accelerated approval by

US-FDA for the treatment of adult patients with relapsed or

refractory mantle cell lymphoma.

The approval followed the impressive results from the phase

II multicentric ZUMA-2 trial evaluating KTE-X19 in 74 patients

with relapsed/refractory mantle cell lymphoma previously treated

with a BTK inhibitor. Of the 74 patients enrolled, 68 received

KTE-X19 with a median follow-up of 12.3 months (range = 7 to

32.3 months). The Objective response rate was 93% (95% CI 84–

98), and the complete response 67% (95% CI 53–78). 57% of

patients were in remission at 12 months. The estimated PFS was

61% and OS was 83% at 12 months. Cytopenia (94%), infection

(32%), neurologic events (31%) and cytokine release syndrome

(15%) were the common >grade 3 adverse events encountered

during the trial (all resolved successfully). There were two deaths

due to infections during the trial. The study showed that KTE-

X19 is an effective and viable option for patients with R/R MCL

with a manageable safety profile.102

In line with CAR-T Cell therapies, newer modalities of adoptive

cellular therapies like next generation CAR strategies including dual

CAR and multi-CAR T-cell therapies, natural-killer (NK) cell-based

therapies, dendritic cell therapies, and so forth are in early phases of

clinical testing across the world.

8.3 | Novel combination therapies in mantle cell
lymphoma

Combinations of novel therapies with conventional as well as mono-

clonal antibody-based therapies hold the potential of deepening

response in MCL patients and improve efficacy. Many such combina-

tion therapies have been tried in clinical trials. They are summarized in

Table 7.

F IGURE 2 Schematic algorithm of management of MCL with currently available treatment options in India. BR, bendamustine + rituximab;

CBC, complete blood counts; CECT, contrast enhanced computed tomography; CT, computed tomography; FISH, Fluorescent In-situ
Hybridization; Hyper CVAD, cyclophosphamide vincristine doxorubicin dexamethasone alternating with high dose methotrexate and cytarabine;
IHC, immuno-histo-chemistry; L + R, lenalidomide + rituximab; NORDIC Regimen, dose intensifying induction immunochemotherapy with
rituximab + cyclophosphamide vincristine doxorubicin prednisone(maxi CHOP) alternating with rituximab + high dose cytarabine; PET, positron
emission tomography; R, rituximab; RBAC, rituximab bendamustine cytarabine; RCHOP, rituximab + cyclophosphamide + doxorubicin
+ vincristine + prednisone; RDHAP, rituximab + dexamethasone + cytarabine + cisplatin; VR-CAP, bortezomib + rituximab
+ cyclophosphamide + doxorubicin + prednisone
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9 | MANTLE CELL LYMPHOMA IN A
MIDDLE-INCOME SETTING, INDIA

A review of literature on MCL from India is constrained by the paucity

of data. The rarity of the disease poses challenges in its reporting.

One retrospective epidemiological study looking at the distribution of

different non-Hodgkin lymphomas in India showed that MCL

accounted for 1.59%–3.4% of NHL in India.107 A registry study by

Naresh et al. which investigated lymphoid malignancies from three

different regions in India reported 562 lymphoid malignancies of

which 386 (68.6%) were NHL. They noted differences in relative fre-

quencies of MCL in the 3 regions where MCL accounted for 0% cases

of NHLs in rural Barshi, 4.6% (95%CI: 0.2%–9.0%) in Pondicherry and

1.9% (95%CI: 0.1–3.7%) in Jaipur.108 A retrospective case series com-

prising of 13 MCL cases from a tertiary care center in Southern India

over a period of five and half years showed that MCL accounted for

4% of all NHLs, with a male preponderance (2.25:1) and a median age

of presentation of 57 years.109 Another retrospective study of

93 MCL cases, over a period of 4 years, showed that MCL accounted

for 2.1% of all NHLs with a median age of presentation of 57 years

and a male preponderance (3.8:1). The study concluded that although

the incidence of MCL is low compared to western population, inci-

dence and frequency of the usual morphological variants and sub-

types of nodal and extra nodal MCL is similar.110 A prospective study

to determine the prevalence of t11,14 in healthy volunteers by nested

polymerase chain reaction (PCR) on peripheral blood samples reported

a prevalence of 0.48% among 210 samples.111 A similar study from

the west reported a prevalence of 1%.112 Data on treatment out-

comes in the Indian setting is limited to case-reports, and a few case-

series, which have reported on mantle-cell lymphoma as a part of a

cohort of NHL. The largest retrospective series of 51 patients, from a

single centre, reported an earlier age at presentation

(median = 57 years), frequent use of Cyclophosphamide, doxorubicin,

vincristine, prednisolone (CHOP) based chemotherapy with or without

Rituximab, 3-year overall survival (OS) rate of 54%, 2-year progression

free survival (PFS) of 27%, and improved outcomes with the addition

of rituximab to chemotherapy.113 The smaller case series document

the use of ibrutinib,114 and lenalidomide,115 in relapsed or refractory

MCL. On perusal of the clinical trials registries of India (www.ctri.nic.

in) and the national institutes of health (www.clinicaltrials.gov), we

found only five clinical studies in various phases. There were five

pharma-sponsored, and no investigator-initiated studies. These

were three novel therapy based clinical trials evaluating P-276-00

(a cyclin-dependent kinase inhibitor), Ibrutinib and Acalabrutinib in

Indian population. (www.ctri.nic.in). Two large ongoing consortium-

based registry programs under the aegis of Oncocollect® database,

and Hematology cancer consortium® are expected to report soon on

lymphoma outcomes from India. Middle-income countries and their

emerging economies will drive an aspirational populace to seek incor-

poration of novel therapies in the treatment of hard-to-treat cancers

like MCL. Cost–benefit analyses will be key to their successful use. A

schematic algorithm of management of MCL based on currently avail-

able treatment options in India is shown in Figure 2.

10 | CONCLUSION AND FUTURE
CHALLENGES

Management of MCL is bereft with challenges due to its resistant and

relapsing pattern. Despite improvements in remission durations, the dis-

ease is currently incurable with standard therapy with a median survival

of 3–5 years. As a biological entity, MCL is increasingly being considered

as a heterogenous disease and this needs further understanding. The

asymptomatic patients with (non-nodal) indolent disease can be managed

by close surveillance. In the aggressive variety, there is no single standard

of care approach. Treatment decisions and iterations are based on disease

biology and fitness of patients. Many studies today are aiming to improve

upfront therapy by incorporation of targeted agents already known to

have activity in relapsed setting and are proving to have better efficacy

and tolerability than conventional chemoimmunotherapy. The future of

treatment for mantle cell lymphoma particularly in the relapsed setting is

an area of continuous movement. The use of small molecule inhibitors for

treating relapsed MCL is increasingly established, with a diminishing role

for chemotherapy. Combinations of novel therapies in MCL show prom-

ise and hope for better outcomes in MCL patients. Immunotherapy

approaches like CAR-T cell therapy, though approved now, need long-

term studies. Middle and lower-middle income countries like India have

unique challenges. As an increasingly aspirational society and intuitively,

there is an urgent need for a systematic approach to determine the dis-

ease burden and current outcomes in MCL and other lymphomas. This

can be achieved through ongoing registry efforts and prospective studies

incorporating novel therapeutics, with a focus on cost–benefit analyses

and patient reported outcomes.

ACKNOWLEDGMENTS

We would like to acknowledge the contribution of Dr. Ashish Babu

Gorantla, for his contribution in revising the sections on pathology

and molecular studies.

CONFLICT OF INTEREST

Vivek S. Radhakrishnan reports advisory fees (institutional) and non-

financial Institutional support from PFIZER, Institutional grants and

non-financial support from INTAS Pharmaceuticals, Institutional

grants from NATCO Pharmaceuticals, Institutional grants from

ROCHE, Institutional grants from BMS, Institutional grants and non-

financial support from CIPLA Pharmaceuticals, Institutional grants

from EMCURE, personal fees (institutional) from ASTRA ZENECA,

non-financial institutional support from Dr. REDDY's Laboratories,

outside the submitted work. Prashanth S.P. is an employee of

AstraZeneca Pharma India Limited. Other authors do not report any

significant conflicts of interest with regards to the submitted work.

ETHICAL STATEMENT

Not applicable.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

14 of 18 RADHAKRISHNAN ET AL.

http://www.ctri.nic.in
http://www.ctri.nic.in
http://www.clinicaltrials.gov
http://www.ctri.nic.in


AUTHOR CONTRIBUTIONS

Vivek S Radhakrishnan: Conceptualization (lead); data curation

(equal); formal analysis (lead); methodology (lead); project administra-

tion (lead); resources (lead); software (equal); supervision (lead); writ-

ing – original draft (lead); writing – review and editing (lead). Padmaja

Lokireddy: Conceptualization (supporting); data curation (supporting);

formal analysis (equal); methodology (supporting); resources

(supporting); supervision (supporting); writing – original draft (equal);

writing – review and editing (equal). Mayur Parihar: Conceptualization

(supporting); data curation (supporting); formal analysis (equal); meth-

odology (supporting); project administration (supporting); resources

(supporting); supervision (supporting); validation (equal); writing –

original draft (equal); writing – review and editing (equal). Prashanth S P:

Conceptualization (supporting); data curation (equal); formal analysis

(equal); funding acquisition (equal); methodology (supporting); project

administration (supporting); resources (equal); software (equal); supervi-

sion (supporting); validation (equal); writing – original draft (equal); writ-

ing – review and editing (equal). Hari Menon: Conceptualization

(supporting); data curation (supporting); formal analysis (equal); method-

ology (equal); project administration (supporting); resources (equal);

supervision (equal); validation (equal); writing – original draft (equal);

writing – review and editing (equal).

ORCID

Vivek Sulekha Radhakrishnan https://orcid.org/0000-0001-9484-

5669

Prashanth Srirangapattana Prakash https://orcid.org/0000-0002-

4653-1187

REFERENCES

1. Lynch DT, Koya S, Acharya U. Mantle cell lymphoma. StatPearls.

StatPearls Publishing; 2021. https://www.ncbi.nlm.nih.gov/books/

NBK536985/

2. Lynch DT, Acharya U. Cancer, mantle cell lymphoma. StatPearls.

StatPearls Publishing; 2020. https://www.ncbi.nlm.nih.gov/books/

NBK536985/

3. Doval CD, Bhurani D, Nair R, et al. Indian Council of Medical

Research consensus document for the management of non-

Hodgkin's lymphoma (high grade). Indian J Med Paediatr Oncol. 2017;

38(1):51-58. doi:10.4103/0971-5851.203500

4. Jain P, Wang M. Mantle cell lymphoma: 2019 update on the diagno-

sis, pathogenesis, prognostication, and management. Am J Hematol.

2019;94:710-725. doi:10.1002/ajh.25487

5. Vandenberghe E, De Wolf-Peeters C, Van Den Oord J, Wlodarska I,

Delabie J, Stul M, Thomas J, Michaux JL, Mecucci C, Cassiman JJ,

Van Den Berghe H Translocation (11; 14): a cytogenetic anomaly

associated with B-cell lymphomas of non-follicle centre cell lineage.

J Pathol 1991; 163(1):13–8.), 18
6. Mozos A, Royo C, Hartmann E, et al. SOX11 expression is highly

specific for mantle cell lymphoma and identifies the cyclin

D1-negative subtype. Haematologica. 2009;94(11):1555-1562. doi:

10.3324/haematol.2009.010264 Erratum in: Haematologica 2010;

95(9):1620.

7. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the

World Health Organization classification of lymphoid neoplasms.

Blood. 2016;127(20):2375-2390. doi:10.1182/blood-2016-01-643569

8. Klener P. Advances in molecular biology and targeted therapy of

mantle cell lymphoma. Int J Mol Sci. 2019;20(18):4417. doi:

10.3390/ijms20184417

9. Gill S, Herbert KE, Prince HM, et al. Mantle cell lymphoma with central

nervous system involvement: frequency and clinical features. Br J

Haematol. 2009;147(1):83-88. doi:10.1111/j.1365-2141.2009.07835.x

10. Argatoff LH, Connors JM, Klasa RJ, Horsman DE, Gascoyne RD.

Mantle cell lymphoma: a clinicopathologic study of 80 cases. Blood.

1997;89:2067-2078.

11. Jain P, Zhang S, Kanagal-Shamanna R, et al. Genomic profiles and

clinical outcomes of de novo blastoid/pleomorphic MCL are distinct

from those of transformed MCL. Blood Adv. 2020;4(6):1038-1050.

doi:10.1182/bloodadvances.2019001396

12. Poongodi R, Varma N, Naseem S, Parveen B, Varma S. Utility of

CD200 expression and CD20 antibody binding capacity in differenti-

ating chronic lymphocytic leukemia from other chronic lympho-

proliferative disorders. Indian J Pathol Microbiol. 2018;61(1):50-57.

doi:10.4103/IJPM.IJPM_267_17

13. Boyd SD, Natkunam Y, Allen JR, Warnke RA. Selective immuno-

phenotyping for diagnosis of B-cell neoplasms: immunohistochemistry

and flow cytometry strategies and results. ApplImmunohistochem Mol

Morphol. 2013;21(2):116-131. doi:10.1097/PAI.0b013e31825d550a

14. Salaverria I, Royo C, Carvajal-Cuenca A, et al. CCND2

rearrangements are the most frequent genetic events in cyclin D1�
mantle cell lymphoma. Blood. 2013;121(8):1394-1402. doi:10.1182/

blood-2012-08-452284

15. Ek S, Dictor M, Jerkeman M, Jirström K, Borrebaeck CAK. Nuclear

expression of the non–B-cell lineage Sox11 transcription factor

identifies mantle cell lymphoma. Blood. 2008;111(2):800-805. doi:

10.1182/blood-2007-06-093401

16. Cheson BD, Fisher RI, Barrington SF, et al. Recommendations for ini-

tial evaluation, staging, and response assessment of Hodgkin and

non-Hodgkin lymphoma: the Lugano classification. J Clin Oncol.

2014;32:3059-3068. doi:10.1200/JCO.2013.54.8800

17. Jain P, Dreyling M, Seymour JF, Wang M. High-risk mantle cell lym-

phoma: definition, current challenges, and management. J Clin Oncol.

2020;38:4302-4316. doi:10.1200/JCO.20.02287

18. Aukema SM, Hoster E, Rosenwald A, et al. Expression of TP53 is asso-

ciated with the outcome of MCL independent of MIPI and Ki-67 in tri-

als of the European MCL network. Blood. 2018;131(4):417-420.

19. Sarkozy C, Terre C, Jardin F, et al. Complex karyotype in mantle cell

lymphoma is a strong prognostic factor for the time to treatment

and overall survival, independent of the MCL international prognos-

tic index. Genes Chromosomes Cancer. 2014;53(1):106-116.

20. Hoster E, Rosenwald A, Berger F, et al. Prognostic value of Ki-67

index, cytology, and growth pattern in mantle-cell lymphoma: results

from randomized trials of the European mantle cell lymphoma net-

work. J Clin Oncol. 2016;34(12):1386-1394.

21. Vose JM. Mantle cell lymphoma: 2017 update on diagnosis, risk-

stratification, and clinical management. Am J Hematol. 2017;92(8):

806-813. doi:10.1002/ajh.24797 published correction appears in

Am J Hematol. 2018;93(5):E134.

22. Hoster E, Dreyling M, Klapper W, et al. A new prognostic index

(MIPI) for patients with advanced mantle cell lymphoma. Blood.

2008;111:558-565. doi:10.1182/blood-2007-06-095331

23. Teodorovic I, Pittaluga S, Kluin-Nelemans JC, et al. Efficacy of four

different regimen in 64 mantle cell lymphoma cases: clinicopatho-

logic comparsion with 498 other non-Hodgkin's lymphoma sub-

types. J Clin Oncol. 1995;13(11):2819-2826.

24. McKay P, Leach M, Jackson B, Robinson S, Rule S. Guideline for the

management of mantle cell lymphoma. Br J Haematol. 2018;182(1):

46-62. doi:10.1111/bjh.15283

25. McCulloch R, Smith A, Wainman B, et al. 40% of females with man-

tle cell lymphoma are managed with initial observation: results from

RADHAKRISHNAN ET AL. 15 of 18

https://orcid.org/0000-0001-9484-5669
https://orcid.org/0000-0001-9484-5669
https://orcid.org/0000-0001-9484-5669
https://orcid.org/0000-0002-4653-1187
https://orcid.org/0000-0002-4653-1187
https://orcid.org/0000-0002-4653-1187
https://www.ncbi.nlm.nih.gov/books/NBK536985/
https://www.ncbi.nlm.nih.gov/books/NBK536985/
https://www.ncbi.nlm.nih.gov/books/NBK536985/
https://www.ncbi.nlm.nih.gov/books/NBK536985/
info:doi/10.4103/0971-5851.203500
info:doi/10.1002/ajh.25487
info:doi/10.3324/haematol.2009.010264
info:doi/10.1182/blood-2016-01-643569
info:doi/10.3390/ijms20184417
info:doi/10.1111/j.1365-2141.2009.07835.x
info:doi/10.1182/bloodadvances.2019001396
info:doi/10.4103/IJPM.IJPM_267_17
info:doi/10.1097/PAI.0b013e31825d550a
https://doi.org/10.1182/blood-2012-08-452284
https://doi.org/10.1182/blood-2012-08-452284
https://doi.org/10.1182/blood-2007-06-093401
info:doi/10.1200/JCO.2013.54.8800
info:doi/10.1200/JCO.20.02287
info:doi/10.1002/ajh.24797
info:doi/10.1182/blood-2007-06-095331
info:doi/10.1111/bjh.15283


the MCL biobank observational study. Blood. 2019;134-

(Supplement_1):2821. doi:10.1182/blood-2019-128340

26. Vandenberghe E, Ruiz de Elvira C, Loberiza FR, et al. Outcome of

autologous transplantation for mantle cell lymphoma: a study by the

European blood and bone marrow transplant and autologous blood

and marrow transplant registries. Br J Haematol. 2003;120(5):793-

800. doi:10.1046/j.1365-2141.2003.04140.x

27. Rosenbluth BD, Yahalom J. Highly effective local control and pallia-

tion of mantle cell lymphoma with involved-field radiation therapy

(IFRT). Int J Radiat Oncol Biol Phys. 2006;65(4):1185-1191. doi:

10.1016/j.ijrobp.2006.02.011

28. Dreyling M, Campo E, Hermine O, et al. Newly diagnosed and

relapsed mantle cell lymphoma: ESMO clinical practice guidelines for

diagnosis, treatment and follow-up. Ann Oncol. 2017;28(4):iv62-

iv71. doi:10.1093/annonc/mdx223

29. National Comprehensive cancer Network (NCCN). Clinical Practice

Guidelines in Oncology (NCCN Guidelines®) for B-Cell Lymphomas

V.5. 2021. © 2021 National Comprehensive Cancer Network, Inc.

30. Hermine O, Hoster E, Walewski J, et al. European mantle cell lym-

phoma network. Addition of high-dose cytarabine to

immunochemotherapy before autologous stem-cell transplantation

in patients aged 65 years or younger with mantle cell lymphoma

(MCL younger): a randomised, open-label, phase 3 trial of the

European mantle cell lymphoma network. Lancet. 2016;388(10044):

565-575. doi:10.1016/S0140-6736(16)00739-X

31. Le Gouill S, Thieblemont C, Gyan E, et al. High response rate after

4 courses of R-DHAP in untreated mantle cell lymphoma (MCL)

patients in the ongoing phase III randomized GOELAMS and GELA

LyMa trial. Blood. 2010;116(21):1758. doi:10.1182/blood.

V116.21.1758.1758

32. Romaguera JE, Fayad L, Rodriguez MA, et al. High rate of durable

remissions after treatment of newly diagnosed aggressive mantle-

cell lymphoma with rituximab plus hyper-CVAD alternating with

rituximab plus high-dose methotrexate and cytarabine. J Clin Oncol.

2005;23(28):7013-7023. doi:10.1200/JCO.2005.01.1825 published

correction appears in J Clin Oncol. 2006;24(4):724.

33. Rummel M, Knauf W, Goerner M, et al. Two years rituximab mainte-

nance vs. observation after first-line treatment with bendamustine

plus rituximab (B-R) in patients with mantle cell lymphoma: first

results of a prospective, randomized, multicenter phase II study

(a subgroup study of the StiL NHL7-2008 MAINTAIN trial). J Clin

Oncol. 2016;34(15):7503. doi:10.1200/JCO.2016.34.15_suppl.7503

34. Till BG. Maintenance therapy in diffuse large B cell lymphoma and

mantle cell lymphoma. Curr Treat Options in Oncol. 2018;19(9):45.

doi:10.1007/s11864-018-0561-x

35. Kluin-Nelemans HC, Hoster E, Hermine O, et al. Treatment of older

patients with mantle-cell lymphoma. N Engl J Med. 2012;367:

520-531.

36. Jerkeman M, Kolstad A, Laurell A, et al. Lenalidomide, bendamustine,

and rituximab as first-line therapy for patients >65 years with mantle

cell lymphoma: results from the phase I portion of the Nordic lym-

phoma group MCL4 (LENA-BERIT) trial. Blood. 2011;118(21):2700.

doi:10.1182/blood.V118.21.2700.2700

37. Kluin-Nelemans HC, Hoster E, Hermine O, et al. Treatment of older

patients with mantle cell lymphoma (MCL): long-term follow-up of

the randomized European MCL elderly trial. J Clin Oncol. 2020;38(3):

248-256. doi:10.1200/JCO.19.01294

38. Wang ML, Jain P, Lee HU, et al. Frontline treatment with ibrutinib

plus rituximab (IR) followed by short course R-Hypercvad/MTX is

extremely potent and safe in patients (age ≤65 years) with mantle cell

lymphoma (MCL) - results of phase-II Window-1 clinical trial. Blood.

2019;134(Supplement_1):3987. doi:10.1182/blood-2019-126044

39. Merli F, Luminari S, Ilariucci F, et al. Rituximab plus HyperCVAD

alternating with high dose cytarabine and methotrexate for the ini-

tial treatment of patients with mantle cell lymphoma, a multicentre

trial from Gruppo Italiano studio Linfomi. Br J Haematol. 2012;

156(3):346-353. doi:10.1111/j.1365-2141.2011.08958.x

40. Geisler CH, Kolstad A, Laurell A, et al. Long-term progression-free

survival of mantle cell lymphoma after intensive front-line

immunochemotherapy with in vivo-purged stem cell rescue: a non-

randomized phase 2 multicenter study by the Nordic lymphoma

group. Blood. 2008;112(7):2687-2693. doi:10.1182/blood-2008-03-

147025

41. Delarue R, Haioun C, Ribrag V, et al. CHOP and DHAP plus

rituximab followed by autologous stem cell transplantation in mantle

cell lymphoma: a phase 2 study from the Groupe d'Etude des Lym-

phomes de l'Adulte. Blood. 2013;121(1):48-53.

42. Le Gouill S, Thieblemont C, Oberic L, et al. Rituximab after autolo-

gous stem-cell transplantation in mantle-cell lymphoma. N Engl J

Med. 2017;377:1250-1260. doi:10.1056/NEJMoa1701769

43. Rummel MJ, Niederle N, Maschmeyer G, et al. Bendamustine plus

rituximab versus CHOP plus rituximab as first-line treatment for

patients with indolent and mantle-cell lymphomas: an open-label,

multicentre, randomised, phase 3 non-inferiority trial. Lancet. 2013;

381(9873):1203-1210. doi:10.1016/S0140-6736(12)61763-2 publi-

shed correction appears in Lancet. 2013;381(9873):1184.

44. Flinn IW, van der Jagt R, Kahl BS, et al. Randomized trial of

bendamustine-rituximab or R-CHOP/R-CVP in first-line treatment

of indolent NHL or MCL: the BRIGHT study. Blood. 2014;123(19):

2944-2952. doi:10.1182/blood-2013-11-531327

45. Robak T, Jin J, Pylypenko H, et al. Frontline bortezomib, rituximab,

cyclophosphamide, doxorubicin, and prednisone (VR-CAP) versus

rituximab, cyclophosphamide, doxorubicin, vincristine, and predni-

sone (R-CHOP) in transplantation-ineligible patients with newly

diagnosed mantle cell lymphoma: final overall survival results of a

randomised, open-label, phase 3 study. Lancet Oncol. 2018;19(11):

1449-1458. doi:10.1016/S1470-2045(18)30685-5

46. Kahl BS, Longo WL, Eickhoff JC, et al. Maintenance rituximab fol-

lowing induction chemoimmunotherapy may prolong progression-

free survival in mantle cell lymphoma: a pilot study from the

Wisconsin oncology network. Ann Oncol. 2006;17(9):1418-1423.

doi:10.1093/annonc/mdl127

47. Ruan J, Martin P, Christos P, et al. Five-year follow-up of

lenalidomide plus rituximab as initial treatment of mantle cell lym-

phoma. Blood. 2018;132(19):2016-2025. doi:10.1182/blood-2018-

07-859769

48. Visco C, Chiappella A, Nassi L, et al. Rituximab, bendamustine, and low-

dose cytarabine as induction therapy in elderly patients with mantle cell

lymphoma: a multicentre, phase 2 trial from Fondazione ItalianaLinfomi.

Lancet Haematol. 2017;4(1):e15-e23. doi:10.1016/S2352-3026(16)

30185-5

49. Chihara D, Asano N, Ohmachi K. Ki-67 is a strong predictor of cen-

tral nervous system relapse in patients with mantle cell lymphoma

(MCL). Annals of Oncology. 2015;26(5):966-973.

50. Robinson KS, Williams ME, van der Jagt RH, et al. Phase II multicen-

ter study of bendamustine plus rituximab in patients with relapsed

indolent B-cell and mantle cell non-Hodgkin's lymphoma. J Clin

Oncol. 2008;26(27):4473-4479. doi:10.1200/JCO.2008.17.0001

51. Friedberg JW, Vose JM, Kelly JL, et al. The combination of

bendamustine, bortezomib, and rituximab for patients with

relapsed/refractory indolent and mantle cell non-Hodgkin lym-

phoma. Blood. 2011;117(10):2807-2812.

52. Goy A, Bernstein SH, Kahl BS, et al. Bortezomib in patients with

relapsed or refractory mantle cell lymphoma: updated time-to-event

analyses of the multicenter phase 2 PINNACLE study. Ann Oncol.

2009;20(3):520-525.

53. Furtado M, Johnson R, Kruger A, Turner D, Rule S. Addition of

bortezomib to standard dose chop chemotherapy improves

response and survival in relapsed mantle cell lymphoma. Br J

Haematol. 2015 Jan;168(1):55-62. doi:10.1111/bjh.13101

16 of 18 RADHAKRISHNAN ET AL.

info:doi/10.1182/blood-2019-128340
info:doi/10.1046/j.1365-2141.2003.04140.x
info:doi/10.1016/j.ijrobp.2006.02.011
info:doi/10.1093/annonc/mdx223
info:doi/10.1016/S0140-6736(16)00739-X
info:doi/10.1182/blood.V116.21.1758.1758
info:doi/10.1182/blood.V116.21.1758.1758
info:doi/10.1200/JCO.2005.01.1825
info:doi/10.1200/JCO.2016.34.15_suppl.7503
info:doi/10.1007/s11864-018-0561-x
info:doi/10.1182/blood.V118.21.2700.2700
info:doi/10.1200/JCO.19.01294
info:doi/10.1182/blood-2019-126044
info:doi/10.1111/j.1365-2141.2011.08958.x
info:doi/10.1182/blood-2008-03-147025
info:doi/10.1182/blood-2008-03-147025
info:doi/10.1056/NEJMoa1701769
info:doi/10.1016/S0140-6736(12)61763-2
info:doi/10.1182/blood-2013-11-531327
info:doi/10.1016/S1470-2045(18)30685-5
info:doi/10.1093/annonc/mdl127
info:doi/10.1182/blood-2018-07-859769
info:doi/10.1182/blood-2018-07-859769
info:doi/10.1016/S2352-3026(16)30185-5
info:doi/10.1016/S2352-3026(16)30185-5
info:doi/10.1200/JCO.2008.17.0001
info:doi/10.1111/bjh.13101


54. Zinzani PL, Vose JM, Czuczman MS, et al. Long-term follow-up of

lenalidomide in relapsed/refractory mantle cell lymphoma: subset

analysis of the NHL-003 study. Ann Oncol. 2013;24:2892-2897.

55. Wang M, Fayad L, Wagner-Bartak N, et al. Lenalidomide in combina-

tion with rituximab for patients with relapsed or refractory mantle-

cell lymphoma: a phase 1/2 clinical trial. Lancet Oncol. 2012;13(7):

716-723.

56. Coleman M, Martin P, Ruan J, et al. Low-dose metronomic,

multidrug therapy with the PEP-C oral combination chemotherapy

regimen for mantle cell lymphoma. Leuk Lymphoma. 2008;49(3):447-

450. doi:10.1080/10428190701837330

57. Rule S, Jurczak W, Jerkeman M, et al. Ibrutinib versus temsirolimus:

3-year follow-up of patients with previously treated mantle cell lym-

phoma from the phase 3, international, randomized, open-label RAY

study. Leukemia. 2018;32(8):1799-1803. doi:10.1038/s41375-018-

0023-2

58. Wang ML, Lee H, Chuang H, et al. Ibrutinib in combination with

rituximab in relapsed or refractory mantle cell lymphoma: a single

Centre, open-label, phase 2 trial. Lancet Oncol. 2016;17(1):48-56.

doi:10.1016/S1470-2045(15)00438-6

59. Wang M, Rule S, Zinzani PL, et al. Acalabrutinib in relapsed or refrac-

tory mantle cell lymphoma (ACE-LY-004): a single-arm, multicentre,

phase 2 trial. Lancet. 2018;391(10121):659-667. doi:10.1016/S0140-

6736(17)33108-2

60. Song Y, Zhou K, Zou D, et al. Zanubrutinib in patients with

relapsed/refractory mantle cell lymphoma [abstract no. 015].

Hematol Oncol. 2019;37(Suppl 2):45-46. doi:10.1002/hon.15_2629

61. Song Y, Song Y, Liu L, et al. Safety and efficacy of orelabrutinib mon-

otherapy in Chinese patients with relapsed or refractory mantle cell

lymphoma: a multicenter, open-label, phase II study. Blood. 2019;

134(Supplement_1):755. doi:10.1182/blood-2019-126305

62. Mato AR, Shah NN, Jurczak W, et al. Pirtobrutinib in relapsed or

refractory B-cell malignancies (BRUIN): a phase 1/2 study. Lancet.

2021;397(10277):892-901. doi:10.1016/S0140-6736(21)00224-5

63. Cheah CY, Seymour JF, Wang ML. Mantle cell lymphoma. J Clin

Oncol. 2016;34(11):1256-1269.

64. Greenwell B, Cohen JB. When to use stem cell transplant in mantle

cell lymphoma. Expert Rev Hematol. 2019;12(4):207-210.

65. Dreger P, Laport GG. Controversies in lymphoma: the role of hema-

topoietic cell transplantation for mantle cell lymphoma and periph-

eral T cell lymphoma. Biol Blood Marrow Transplant. 2008;14(1 Suppl

1):100-107. doi:10.1016/j.bbmt.2007.10.019 Erratum in: Biol Blood

Marrow Transplant 2008;14(11):1317–1318.
66. Kiss TL, Mollee P, Lazarus HM, Lipton JH. Stem cell transplantation

for mantle cell lymphoma: if, when and how? Bone Marrow Trans-

plant. 2005;36(8):655-661. doi:10.1038/sj.bmt.1705080

67. Nademanee A, Forman S, Molina A, et al. A phase 1/2 trial of high-

dose yttrium-90-ibritumomab tiuxetan in combination with high-dose

etoposide and cyclophosphamide followed by autologous stem cell

transplantation in patients with poor-risk or relapsed non-Hodgkin

lymphoma. Blood. 2005;106(8):2896-2902. doi:10.1182/blood-2005-

03-1310

68. Dreyling M, Ladetto M, Doorduijn JK, et al. Triangle: autologous trans-

plantation after a rituximab/ibrutinib/ara-c containing induction in

generalized mantle cell lymphoma—a randomized European MCL net-

work trial. Blood. 2019;134(Supplement_1):2816. doi:10.1182/blood-

2019-127863

69. Sohn SK, Bensinger W, Holmberg L, et al. High dose therapy with

allogeneic or autologous stem cell transplantation for relapsed man-

tle cell lymphoma: the Seattle experience (abstract). Proc Am Soc Clin

Oncol. 1998;17:17a.

70. Lin RJ, Ho C, Hilden PD, et al. Allogeneic haematopoietic cell trans-

plantation impacts on outcomes of mantle cell lymphoma with TP

53 alterations. Br J Haematol. 2019 Mar;184(6):1006-1010. doi:

10.1111/bjh.15721

71. Njue A, Colosia A, Trask PC, et al. Clinical efficacy and safety in

relapsed/refractory mantle cell lymphoma: a systematic literature

review. Clin Lymphoma Myeloma Leuk. 2015;15:1-12.

72. Morschhauser F, Depil S, Jourdan E, et al. Phase II study of

gemcitabine dexamethasone with or without cisplatin in relapsed or

refractory mantle cell lymphoma. Ann Oncol. 2007;18(2):370-375.

doi:10.1093/annonc/mdl395

73. Obrador-Hevia A, Serra-Sitjar M, Rodríguez J, et al. Efficacy of the

GemOx-R regimen leads to the identification of oxaliplatin as a

highly effective drug against mantle cell lymphoma. Br J Haematol.

2016;174(6):899-910. doi:10.1111/bjh.14141

74. Rummel M, Kaiser U, Balser C, et al. Study group indolent lympho-

mas. Bendamustine plus rituximab versus fludarabine plus rituximab

for patients with relapsed indolent and mantle-cell lymphomas: a

multicentre, randomised, open-label, non-inferiority phase 3 trial.

Lancet Oncol. 2016;17(1):57-66. doi:10.1016/S1470-2045(15)

00447-7

75. Visco C, Di Rocco A, Evangelista A, et al. Outcomes in FIRST

relapsed-refractory younger patients with mantle cell lymphoma:

results from the MANTLE-FIRST study. Leukemia. 2021;35(3):787-

795. doi:10.1038/s41375-020-01013-3

76. Olejniczak SH, Blickwedehl J, Belicha-Villanueva A, et al. Distinct

molecular mechanisms responsible for bortezomib-induced death of

therapy-resistant versus -sensitive B-NHL cells. Blood. 2010;

116(25):5605-5614.

77. Argyriou AA, Cavaletti G, Bruna J, Kyritsis AP, Kalofonos HP.

Bortezomib-induced peripheral neurotoxicity: an update. Arch

Toxicol. 2014;88(9):1669-1679.

78. Goy A, Sinha R, Williams ME, et al. Single-agent lenalidomide in

patients with mantle-cell lymphoma who relapsed or progressed

after or were refractory to bortezomib: phase II MCL-001 (EMERGE)

study. J Clin Oncol. 2013;31:3688-3695.

79. Advani RH, Buggy JJ, Sharman JP, et al. Bruton tyrosine kinase

inhibitor ibrutinib (PCI-32765) has significant activity in patients

with relapsed/refractory B-cell malignancies. J Clin Oncol. 2013;31:

88-94. doi:10.1200/JCO.2012.42.7906

80. Wang ML, Rule S, Martin P, et al. Targeting BTK with ibrutinib in

relapsed or refractory mantle-cell lymphoma. N Engl J Med. 2013;

369(6):507-516. doi:10.1056/NEJMoa1306220

81. Dreyling M, Jurczak W, Jerkeman M, et al. Ibrutinib versus temsirolimus

in patients with relapsed or refractory mantle-cell lymphoma: an inter-

national, randomised, open-label, phase 3 study. Lancet. 2016;

387(10020):770-778. doi:10.1016/S0140-6736(15)00667-4

82. Rule S, Dreyling M, Goy A, et al. Median 3.5-year follow-up of

ibrutinib treatment in patients with relapsed/refractory mantle cell

lymphoma: a pooled analysis [abstract]. Blood. 2017;130(Supplement

1):151. doi:10.3324/haematol.2018.205229

83. Rule S, Dreyling M, Goy A, et al. Outcomes in 370 patients with

mantle cell lymphoma treated with ibrutinib: a pooled analysis from

three open-label studies. Br J Haematol. 2017;179(3):430-438. doi:

10.1111/bjh.14870

84. Jain P, Romaguera J, Srour SA, et al. Four-year follow-up of a single

arm, phase II clinical trial of ibrutinib with rituximab (IR) in patients

with relapsed/refractory mantle cell lymphoma (MCL). Br J Haematol.

2018;182(3):404-411. doi:10.1111/bjh.15411

85. Jerkeman M, Eskelund CW, Hutchings M, et al. Ibrutinib,

lenalidomide, and rituximab in relapsed or refractory mantle cell lym-

phoma (PHILEMON): a multicentre, open-label, single-arm, phase

2 trial. Lancet Haematol. 2018;5(3):e109-e116. doi:10.1016/S2352-

3026(18)30018-8

86. Tam CS, Wang M, Simpson D, et al. Updated safety and efficacy

data in the phase 1 trial of patients with mantle cell lymphoma

(MCL) treated with Bruton tyrosine kinase (BTK) inhibitor

zanubrutinib (BGB-3111) [abstract no. 191]. Hematol Oncol. 2019;

37(Suppl 2):245-247. doi:10.1002/hon.55_2630

RADHAKRISHNAN ET AL. 17 of 18

info:doi/10.1080/10428190701837330
info:doi/10.1038/s41375-018-0023-2
info:doi/10.1038/s41375-018-0023-2
info:doi/10.1016/S1470-2045(15)00438-6
info:doi/10.1016/S0140-6736(17)33108-2
info:doi/10.1016/S0140-6736(17)33108-2
info:doi/10.1002/hon.15_2629
info:doi/10.1182/blood-2019-126305
info:doi/10.1016/S0140-6736(21)00224-5
info:doi/10.1016/j.bbmt.2007.10.019
info:doi/10.1038/sj.bmt.1705080
info:doi/10.1182/blood-2005-03-1310
info:doi/10.1182/blood-2005-03-1310
info:doi/10.1182/blood-2019-127863
info:doi/10.1182/blood-2019-127863
info:doi/10.1111/bjh.15721
info:doi/10.1093/annonc/mdl395
info:doi/10.1111/bjh.14141
info:doi/10.1016/S1470-2045(15)00447-7
info:doi/10.1016/S1470-2045(15)00447-7
info:doi/10.1038/s41375-020-01013-3
info:doi/10.1200/JCO.2012.42.7906
info:doi/10.1056/NEJMoa1306220
info:doi/10.1016/S0140-6736(15)00667-4
info:doi/10.3324/haematol.2018.205229
info:doi/10.1111/bjh.14870
info:doi/10.1111/bjh.15411
info:doi/10.1016/S2352-3026(18)30018-8
info:doi/10.1016/S2352-3026(18)30018-8
info:doi/10.1002/hon.55_2630


87. Davids MS, Roberts AW, Seymour JF, et al. Phase I first-in-human

study of venetoclax in patients with relapsed or refractory non-

Hodgkin lymphoma. J Clin Oncol. 2017;35(8):826-833. doi:

10.1200/JCO.2016.70.4320

88. Zhao S, Kanagal-Shamanna R, Navsaria L, et al. Efficacy of ven-

etoclax in high risk relapsed mantle cell lymphoma (MCL)—outcomes

and mutation profile from venetoclax resistant MCL patients.

Am J Hematol. 2020;95:623-629. doi:10.1002/ajh.25796

89. Eyre TA, Walter HS, Iyengar S, et al. Efficacy of venetoclax mon-

otherapy in patients with relapsed, refractory mantle cell lymphoma

after Bruton tyrosine kinase inhibitor therapy. Haematologica. 2019;

104(2):e68-e71. doi:10.3324/haematol.2018.198812

90. Handunetti SM, Anderson M, Burbury K, et al. Three year update of

the phase II ABT-199 (Venetoclax) and ibrutinib in mantle cell lym-

phoma (AIM) study. Blood 2019;134(suppl-1):756.

91. Chiron D, Di Liberto M, Martin P, et al. Cell-cycle reprogramming for

PI3K inhibition overrides a relapse-specific C481S BTK mutation

revealed by longitudinal functional genomics in mantle cell lym-

phoma. Cancer Discov. 2014;4(9):1022-1035. doi:10.1158/2159-

8290.CD-14-0098

92. Martin P, Bartlett NL, Blum KA, et al. A phase 1 trial of ibrutinib plus

palbociclib in previously treated mantle cell lymphoma. Blood. 2019;

133(11):1201-1204. doi:10.1182/blood-2018-11-886457

93. Mato AR, Nabhan C, Thompson MC, et al. Toxicities and out-

comes of 616 ibrutinib-treated patients in the United States: a

real-world analysis. Haematologica. 2018;103(5):874-879. doi:

10.3324/haematol.2017.182907

94. Wu J, Liu C, Tsui ST, Liu D. Second-generation inhibitors of Bruton

tyrosine kinase. J Hematol Oncol. 2016;9(1):80. doi:10.1186/s13045-

016-0313-y

95. Imbruvica (Ibrutinib) tablets/capsules (package insert on internet)

United states Pharmacyclics. 2013. https://imbruvica.com/files/

prescribing-information.pdf

96. Calquence (Acalabrutinib) Capsules (Package insert on Internet)

United States AstraZeneca, 2017. Accessed October 2017.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/210259s

000lbl.pdf

97. Brukinsa (Zanubrutinib) Capsules (package insert on internet)

United States AstraZeneca, 2019. Accessed November 2019.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/213217

s000lbl.pdf

98. Owen C, Berinstein NL, Christofides A, Sehn LH. Review of Bruton

tyrosine kinase inhibitors for the treatment of relapsed or refractory

mantle cell lymphoma. Curr Oncol. 2019;26(2):e233-e240.

99. Kaptein A, de Bruin G, van Hoek ME, et al. Potency and selectivity

of BTK inhibitors in clinical development for B-cell malignancies.

Blood. 2018;132(Supplement 1):1871. doi:10.1182/blood-2018-99-

109973

100. Feins S, Kong W, Williams EF, Milone MC, Fraietta JA. An introduc-

tion to chimeric antigen receptor (CAR) T-cell immunotherapy for

human cancer. Am J Hematol. 2019;94:S3-S9. doi:10.1002/ajh.25418

101. Mohanty R, Chowdhury CR, Arega S, Sen P, Ganguly P, Ganguly N.

CAR T cell therapy: a new era for cancer treatment (review). Oncol

Rep. 2019;42:2183-2195. doi:10.3892/or.2019.7335

102. Wang M, Munoz J, Goy A, et al. KTE-X19 CAR T-cell therapy in

relapsed or refractory mantle-cell lymphoma. N Engl J Med. 2020;

382:1331-1342. doi:10.1056/NEJMoa191434

103. Tam CS, Anderson MA, Pott C, et al. Ibrutinib plus Venetoclax for

the treatment of mantle-cell lymphoma. N Engl J Med. 2018;378:

1211-1223. doi:10.1056/NEJMoa1715519

104. Le Gouill S, Morschhauser F, Bouabdallah K, et al. Ibrutinib, ven-

etoclax plus obinutuzumab in newly diagnosed mantle cell lym-

phoma patients. Blood. 2019;134(Supplement_1):1530.

105. Maddocks K, Christian B, Jaglowski S, et al. A phase 1/1b study of

rituximab, bendamustine, and ibrutinib in patients with untreated

and relapsed/refractory non-Hodgkin lymphoma. Blood. 2015;

125(2):242-248. doi:10.1182/blood-2014-08-597914

106. Phillips TJ, Smith SD, Jurczak W, et al. Safety and Efficacy of

Acalabrutinib Plus Bendamustine and Rituximab (BR) in Patients

with Treatment-Naive (TN) or Relapsed/Refractory (R/R) Mantle

Cell Lymphoma (MCL). Blood. 2018;132(Supplement 1):4144. doi:

10.1182/blood-2018-99-110617

107. Nair R, Arora N, Mallath MK. Epidemiology of non-Hodgkin's lym-

phoma in India. Oncology. 2016;91(Suppl. 1):18-25.

108. Naresh KN, Agarwal B, Sangal BC, Basu DD, Kothari AS, Soman CS.

Regional variation in the distribution of subtypes of lymphoid neo-

plasms in India. Leuk Lymphoma. 2002;43(10):1939-1943. doi:

10.1080/1042819021000016069

109. Roy A, Kar R, Basu D. Nodal mantle cell lymphoma: a descriptive

study from a tertiary care center in South India. Indian J Pathol

Microbiol. 2013;56(2):94-97. doi:10.4103/0377-4929.118680

110. Gujral S, Agarwal A, Gota V, et al. A clinicopathologic study of man-

tle cell lymphoma in a single center study in India. Indian J Pathol

Microbiol. 2008;51(3):315-322. doi:10.4103/0377-4929.42503

111. Nambiar M, Raghavan SC. Prevalence and analysis of t(14;18) and t

(11;14) chromosomal translocations in healthy Indian population.

Ann Hematol. 2010 Jan;89(1):35-43. doi:10.1007/s00277-009-

0755-1

112. Hirt C, Schüler F, Dölken L, Schmidt CA, Dölken G. Low prevalence

of circulating t(11;14) (q13;q32)-positive cells in the peripheral blood

of healthy individuals as detected by real-time quantitative PCR.

Blood. 2004;104(3):904-905. doi:10.1182/blood-2004-02-0738

113. Das CK, Gogia A, Kumar L, Sharma A, Sharma MC, Mallick SR. Man-

tle cell lymphoma: a north Indian tertiary care Centre experience.

Asian Pac J Cancer Prev. 2016;17(10):4583-4586. doi:

10.22034/apjcp.2016.17.10.4583

114. Agarwal MB, Bhurani D, Shah C, et al. Efficacy and safety of

ibrutinib in Indian patients with relapsed or refractory chronic lym-

phocytic leukemia and mantle cell lymphoma: cases from a named

patient program. Indian J med Paediatr Oncol. 2017;38(4):508-515.

115. Lakshmaiah KC, Rachan Shetty KS, Sathyanarayanan V,

Lokanatha D, Abraham LJ, Babu KG. Lenalidomide in relapsed

refractory non-Hodgkin's lymphoma: an Indian perspective. J Cancer

Res Ther. 2015;11(4):857-861. doi:10.4103/0973-1482.151418

How to cite this article: Radhakrishnan VS, Lokireddy P,

Parihar M, Prakash PS, Menon H. Mantle cell lymphoma: A

clinical review of the changing treatment paradigms with the

advent of novel therapies, and an insight into Indian data.

Cancer Reports. 2022;5(7):e1590. doi:10.1002/cnr2.1590

18 of 18 RADHAKRISHNAN ET AL.

info:doi/10.1200/JCO.2016.70.4320
info:doi/10.1002/ajh.25796
info:doi/10.3324/haematol.2018.198812
info:doi/10.1158/2159-8290.CD-14-0098
info:doi/10.1158/2159-8290.CD-14-0098
info:doi/10.1182/blood-2018-11-886457
info:doi/10.3324/haematol.2017.182907
info:doi/10.1186/s13045-016-0313-y
info:doi/10.1186/s13045-016-0313-y
https://imbruvica.com/files/prescribing-information.pdf
https://imbruvica.com/files/prescribing-information.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/210259s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/210259s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/213217s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/213217s000lbl.pdf
info:doi/10.1182/blood-2018-99-109973
info:doi/10.1182/blood-2018-99-109973
info:doi/10.1002/ajh.25418
info:doi/10.3892/or.2019.7335
info:doi/10.1056/NEJMoa191434
info:doi/10.1056/NEJMoa1715519
info:doi/10.1182/blood-2014-08-597914
http://dx.doi.org/10.1182/blood-2018-99-110617
info:doi/10.1080/1042819021000016069
info:doi/10.4103/0377-4929.118680
info:doi/10.4103/0377-4929.42503
info:doi/10.1007/s00277-009-0755-1
info:doi/10.1007/s00277-009-0755-1
info:doi/10.1182/blood-2004-02-0738
info:doi/10.22034/apjcp.2016.17.10.4583
info:doi/10.4103/0973-1482.151418
info:doi/10.1002/cnr2.1590

	Mantle cell lymphoma: A clinical review of the changing treatment paradigms with the advent of novel therapies, and an insi...
	1  INTRODUCTION
	2  PATHOPHYSIOLOGY
	3  CLINICAL PRESENTATION
	4  DIAGNOSIS
	5  PROGNOSIS
	6  MANAGEMENT OF MANTLE CELL LYMPHOMA
	6.1  Initial management of mantle cell lymphoma
	6.2  First Line therapy for mantle cell lymphoma
	6.3  Stem cell transplantation in mantle cell lymphoma
	6.3.1  Autologous stem cell transplantation
	6.3.2  Allogenic stem cell transplant

	6.4  Therapy for relapsed and refractory mantle cell lymphoma

	7  GUIDELINE RECOMMENDATIONS FOR MANTLE CELL LYMPHOMA
	8  FUTURE TRENDS IN MANAGEMENT OF MANTLE CELL LYMPHOMA
	8.1  Newer Bruton's tyrosine kinase inhibitors
	8.2  Chimeric antigen receptor T-cell therapy in mantle cell lymphoma
	8.3  Novel combination therapies in mantle cell lymphoma

	9  MANTLE CELL LYMPHOMA IN A MIDDLE-INCOME SETTING, INDIA
	10  CONCLUSION AND FUTURE CHALLENGES
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	ETHICAL STATEMENT
	DATA AVAILABILITY STATEMENT

	AUTHOR CONTRIBUTIONS
	REFERENCES


