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Mantle cell lymphoma (MCL) is a rare but aggressive B-cell hemopathy characterized by the translocation t(11;14)

(q13;q32) that leads to the overexpression of the cell cycle regulatory protein cyclin D1. This translocation is the initial

event of the lymphomagenesis, but tumor cells can acquire additional alterations allowing the progression of the disease

with a more aggressive phenotype and a tight dependency on microenvironment signaling. To date, the

chemotherapeutic-based standard care is largely inefficient and despite the recent advent of different targeted therapies

including proteasome inhibitors, immunomodulatory drugs, tyrosine kinase inhibitors, relapses are frequent and are

generally related to a dismal prognosis. As a result, MCL remains an incurable disease.
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1. Physiopathology of Mantle Cell Lymphoma

Mantle cell lymphoma (MCL) is a rare B-cell lymphoma that represents 5–10% of all non-Hodgkin lymphomas (NHLs),

with an incidence of 0.8 cases per 100,000 persons . It develops primarily among elderly individuals with a median age

of approximately 67 years and a male-to-female ratio of 2–3:1. At diagnosis, 70% of patients or more have disseminated

disease (stage III or IV), with lymphadenopathy (75%), hepato-splenomegaly (35–60%), bone marrow (>60%) and

peripheral blood (13–77%) involvement . Waldeyer’s ring and extranodal sites including the gastrointestinal tract, are

also frequently involved . The clinical evolution is usually very aggressive, and despite overall response rates above

70% with standard immunochemotherapeutic schemes, few patients can be cured .

2. MCL Subtypes

MCL has been recognized as an aggressive small B-cell lymphoma that developed in a linear fashion from naive B-cells.

Paradoxically, a subset of patients follows an indolent clinical evolution with a stable disease, and a longer survival, even

in the absence of chemotherapy , reflecting, in part, that MCL develops along two different pathways. Classical MCL

(cMCL) is usually composed of IGHV-unmutated or minimally mutated B-cells that express SOX11 (SRY (sex determining

region Y)-box 11), features genetic instability and typically involves lymph nodes and other extranodal sites. Acquisition of

additional molecular/cytogenetic abnormalities can lead to even more aggressive, blastoid or pleomorphic MCL. Leukemic

non-nodal MCL (nnMCL) develops from IGHV-mutated SOX11−B cells, carrying epigenetic imprints of germinal center

(GC)-experienced B cells. It usually involves peripheral blood, bone marrow, and often spleen. These cases feature

genetic stability and are frequently clinically indolent; however, secondary abnormalities, often involving TP53, may occur

and lead to a very aggressive disease. A third MCL subtype, in situ mantle cell neoplasia (ISMCN), is characterized by the

presence of cyclin D1+ cells; most typically in the inner zone of the follicles. Although disseminated, this subtype appears

to have a low rate of progression (Figure 1) . Morphologically, three main subtypes of MCL are recognized: the classic,

the blastic/blastoid, and the pleomorphic variants. The last two subtypes have higher proliferation rates and are

associated with inferior clinical outcome .

Figure 1. Hypothetical models of major mantle cell lymphoma (MCL) subtypes. Precursor B cells may colonize the inner

portion of the mantle zone, representing in situ mantle cell neoplasia (ISMCN). After the introduction of additional genetic

and molecular abnormalities, ISMCN may progress, involving or not the transit through the germinal center (GC), to
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classical MCL or leukemic non-nodal MCL, respectively. More frequently, classical MCL but also leukemic non-nodal MCL

undergo additional molecular/cytogenetic abnormalities leading to clinical and sometimes to morphological progression.

Adapted from Swerdlow et al. .

3. MCL Biological Features and Prognostic Factors

The phenotype of MCL is relatively characteristic with high expression of IgM/IgD surface immunoglobulins.

Immunophenotyping reveals that neoplastic cells are usually CD5+ and CD43+ and express the B-cell-associated

antigens CD19, CD20, CD22, and CD79. They are usually negative for CD3, CD23, CD11c, CD10, and CD200. MCL cells

are generally B-cell lymphoma (BCL)-2 positive and BCL-6 negative . Demonstration of t(11;14)(q13;q32) by FISH or

cyclin D1 overexpression by immunohistochemistry is generally required to diagnose MCL, although a small number of

cases are cyclin D1−. These cases have a high expression of cyclin D2 or cyclin D3; however, this is not helpful for

diagnostics as these proteins are also overexpressed in other B-cell neoplasms. The nuclear SOX11 expression is a

highly specific marker for both cyclin D1+/− MCL [‎8].  SOX11 is a transcription factor that has been reported to block

terminal B-cell differentiation by regulating PAX5 expression in aggressive MCL. There is also data demonstrating a role

for SOX11 as a driver of pro-angiogenic signals in MCL through the regulation of platelet-derived growth factor A,

contributing to a more aggressive phenotype .

A specific MCL international prognostic index (MIPI) classifies MCL patients into low, intermediate, and high-risk groups,

based on four independent prognostic factors: age, Eastern Cooperative Oncology Group (ECOG) performance status,

lactate dehydrogenase (LDH), and leukocyte count . Other factors such as proliferation of the tumor, karyotypic

complexity, genetic aberrations, and DNA methylation are independent prognostic factors for MCL outcome .

4. MCL Therapy

Some newly diagnosed MCL patients can be diligently observed, deferring therapy to a later date. Asymptomatic, low

tumor burden MCL cases with non-nodal presentation and genetic stability are candidates for this strategy . Delayed

treatment in these patients does not adversely affect overall survival (OS) from time of treatment initiation . Although

the monoclonal antibody (mAb) anti-CD20 rituximab is considered a standard of care for all newly diagnosed MCL

patients, for patients requiring frontline therapy, the initial therapeutic decision is dictated by the age and the fitness of the

patient. Since the 1990s, a standard regimen of cyclophosphamide, hydroxydaunomycin (doxorubicin), vincristine, and

prednisone (CHOP) has been frequently used to treat MCL patients. Response rates associated with CHOP in this

disease are rarely complete or durable, compared with those observed in other B-cell aggressive lymphomas. Therefore,

more-intensive strategies have been explored, combining additional agents to improve both the response rates and the

durations of response. Induction regimens have included rituximab and high-dose cytarabine (araC) (an antimetabolite

pyrimidine analogue), usually followed by autologous stem cell transplantation (ASCT) in younger patients (see below)

. The addition of rituximab to CHOP (R-CHOP) was further established as a standard-of-care regimen for the treatment

of naive MCL patients. This regimen is now typically administered to patients who are elderly and considered intermediate

to high risk, as well as those with relapsed or refractory (R/R) disease, and has been associated with improved OS .

However, median survival remains around 5 years, and it is not yet entirely clear how the improved outcomes observed in

clinical trial have translated to real-world settings. For patients that achieve remission, consolidation therapy is

recommended . For older, less-fit patients there is no generally accepted frontline therapy. R-CHOP regimen followed

by rituximab maintenance achieved a significant improvement of OS, with a 4-year survival rate of 87%, largely superior to

the 63% survival obtained with interferon (IFN)α therapy .

In transplant-ineligible patients with untreated, newly diagnosed MCL, a phase 3 trial demonstrated that frontline

bortezomib plus rituximab, cyclophosphamide, doxorubicin, and prednisone (VR-CAP regimen) was associated with a

survival benefit over R-CHOP, with a median OS of 90.7 months, significantly longer that the value observed in the R-

CHOP group (55.7 months). Therefore, this approach should be considered as a standard of care in this subgroup of

patients .

Maintenance therapy with rituximab after R-CHOP-based induction has demonstrated clear survival benefit in MCL

patients, therefore it represents a well-established approach for postponing disease progression. Among novel agents, the

thalidomide-derivative, immunomodulatory drug (IMiD), lenalidomide (Revlimid), has not demonstrated benefit when used

as maintenance therapies in MCL, while the first-in-class Bruton’s tyrosine kinase (BTK) inhibitor, ibrutinib (Imbruvica ) is

still under investigation in these settings .
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While ASCT is preferentially used in youngest/fit cases as first-line consolidation treatment and almost never employed in

the real-cohort patients in R/R MCL , allogeneic stem cell transplantation (alloSCT) produces long-term disease-free

remissions for around 30–40% patients, especially in younger patients with early relapse or MCL refractory to induction

therapy. This approach is considered the sole potentially curative therapy for R/R MCL . In front-line settings, alloSCT

was demonstrated to be feasible but should only be considered for patients at high risk of early progression following

conventional therapy .

Due to the limitations of stem cell transplantation and also considering the relatively poor outcomes associated with

chemotherapy, the potential for several chemotherapy-free strategies has been evaluated in MCL patients since early

2000s. Consequently, a growing number of biologically-targeted therapies are profoundly altering the landscape of MCL

treatment options in both first-line and relapsed settings . Among these agents, there are currently four drugs licensed

across the world: the proteasome inhibitor bortezomib (BTZ, Velcade ), the mechanistic target of rapamycin (mTOR)

inhibitor temsirolimus (Torisel ), lenalidomide (Revlimid ), and ibrutinib (Imbruvica ). As single agents, overall response

rates (ORRs) are 33% (8% complete response (CR)), 22% (2% CR), 28% (8% CR), and 68% (21% CR), respectively 

. Beside this clinical efficacy, major differences have been observed in the degree and frequency of adverse

events (AEs) associated to these agents in MCL patients. In bortezomib-receiving patients, the most commonly reported

AEs are asthenia (72%), peripheral neuropathies (55%), constipation (50%), diarrhea (47%), nausea (44%), and anorexia

(39%), the apparition of neuropathy being the most common toxicity, leading to discontinuation and eventually to death

. In the case of temsirolimus, hematological toxicity (thrombocytopenia, 72–100%; anemia, 52–66%; neutropenia, 24–

77%) is the most frequent AE observed in the clinical setting, and can be generally successfully managed by dose

reductions or treatment delay . Hematologic toxicity was also the most common AE observed in R/R MCL patients

receiving lenalidomide, with neutropenia and thrombocytopenia observed in 40–62% or 28–12% of the cases, depending

on the cohort. Importantly, these effects did not culminate into serious events in any studies, all hematological toxicities

being manageable and reversible upon discontinuation of the IMiD . Finally, ibrutinib is by far the safest agent among

this list, with hematologic AEs limited to thrombocytopenia (22%), neutropenia (19%), and anemia (18%). Other common

AEs including diarrhea (54%), fatigue (50%), nausea (33%), dyspnea (32%), and infection (<10%) were mostly observed

during the first 6 months of therapy and with less frequency, thus confirming the safety profile of ibrutinib in R/R MCL .

Several novel agents using different target points have also been used with some reported efficacy in R/R MCL. Among

the most exciting recent advances in the management of B-cell malignancies, has been the development of chimeric

antigen receptor (CAR) T cells . In a recent phase 2 study involving MCL patients who did not respond to BTK inhibitor

therapy, the anti-CD19 CAR T-cell therapy, KTE-X19, achieved durable remission in patients with R/R MCL (93% ORR,

67% CR, with progression-free survival (PFS) of 61% and OS of 83% at 1 year) but not without risks: many study

participants experienced high-grade cytopenias, infections, and neurologic events . Cyclin-dependent kinase (CDK)4/6

inhibitors (e.g., abemaciclib, palbociclib) are also an attractive therapeutic option given the role of cell-cycle deregulation

in the pathogenesis of MCL . Anti-CD20 mAbs, such as ofatumumab  and obinutuzumab,  have single-agent

activity in rituximab-treated patients and are good candidates to be used in combination with other therapies. Moreover,

BH3 mimetic-type BCL2 inhibitors such as ABT-199 (venetoclax), phosphatidylinositol 3-kinase (PI3K)δ inhibitors such as

idelalisib, histone deacetylase (HDAC) inhibitors (e.g., vorinostat, abexinostat or panobinostat), mTOR inhibitors (e.g.,

everolimus), or other small molecules including some second-generation BTK inhibitors, are being developed and

explored in MCL . Finally, the promising activity of anti-CD38 mAb, such as daratumumab in multiple

myeloma, has prompted the initiation of studies in other B-cell malignancies, including MCL .
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