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ABSTRACT

Mantle cell lymphoma (MCL) is a B-cell
neoplasm that comprises about 5 percent of all
non-Hodgkin lymphoma (NHL) cases diagnosed
yearly. It is characterized by distinct morphological,
immunophenotypic, genetic and clinical features.
MCL cells typically express CD5, CD43, CD19,
CD20 and an IgM or 1gD immunoglobulin on the
cell surface, although some CDb5-negative cases
have been reported. Translocation (11;14) is present
in approximately 95% of MCL cases and confirms
the diagnosis in the majority of patients. Several
other genetic abnormalities are also relatively
common in this disease. The number of abnormalities
present increases with time and appears to correlate
with resistance to conventional therapies. Clinically
most patients will present at diagnosis with
advanced stage disease (stage Il or 1V), and will
require some form of therapy within the first year
of diagnosis. The advent of more modern regimens,
which typically include consolidation with
autologous stem cell transplantation, have markedly
improved response rates. Nevertheless, the disease
remains incurable and the current estimate of
survival is 5-10 years after diagnosis. New small
molecule inhibitors that target specific proteins
and/or pathways that are essential to the survival
and proliferative advantage of the malignant cell
are showing promise in clinical trials and may
allow therapy to be tailored to the patient’s disease,
including individual mutations. While the future
appears bright for this once dismal disease, much
work remains before this goal can be reached.
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1. Introduction

Mantle cell lymphoma (MCL) is a B-cell neoplasm
that comprises ~5-6% of all non-Hodgkin lymphoma
(NHL) cases diagnosed yearly [1]. The disease
typically occurs in older patients (median age at
diagnosis is 65), affects Caucasians twice as
frequently as African Americans and has a strong
male predominance. The malignant cell is thought
to originate from a naive pre-germinal center B-
cell. Originally, classification of this disease fell
under several subtypes of an indolent lymphoma
until 1992, when the subtypes were united under
the name mantle cell lymphoma at a consensus
conference [2]. Classifying this lymphoma was
difficult because the disease shares features of
both indolent and aggressive lymphomas. Similar
to indolent lymphomas, MCL cells are typically
small and cleaved. However, the clinical behavior
and outcome of this lymphoma resembles aggressive
lymphoma, with most patients presenting with
bone marrow, Gl, and/or diffuse nodal involvement
at diagnosis. Historically, the disease is incurable
and the duration of remission obtained with
treatment is short. Survival rates have improved
over the last several decades, reaching the current
estimate of 5-10 years after diagnosis. Here we
will review the characteristic genetic abnormalities,
diagnosis, prognostication, clinical course, and
treatment for this complex disease.

2. Genomic abnormalities

Several genetic abnormalities characterize MCL.
These mutations occur in genes that regulate cell
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cycle, DNA damage, and cell survival and
proliferation pathways. The number of genetic
abnormalities appears to increase as the disease
becomes more resistant to traditional chemotherapy.
Here will we review several of the genomic changes
that are known to occur in MCL.

2.1. Cyclin D1

The translocation (11;14), a pathognomonic feature
of MCL [3, 4], relocates BCL-1 locus from 11913
next to an enhancer region on the Ig heavy gene
locus on 14g32. his rearrangement leads to
deregulated PRAD1, which in turn over-activates
cyclin D1. The exact role that the (11;14)
translocation plays in the pathogenesis of MCL is
unclear, as increased expression of cyclin D1
in vitro is not sufficient to induce malignant
transformation. The CCND1 gene consists of
5 exons, which can be alternatively spliced to
create 2 major isoforms, cyclin D1a and D1b. The
cyclin D1b isoform is shorter, more stable and the
more common isoform in non-MCL tumors. Its
presence is associated with an inferior clinical
course. The D1a isoform is 4.5 kb in length, with
a coding region of only 882 bp. The majority of
this mRNA is a 3" untranslated region (UTR),
which contains mRNA destabilizing elements,
that limits the transcript half-life and levels of
cyclin D1 protein expression [5-9]. Some MCL
patients harbor deletions and point mutations in
this gene that shorten the 3’'UTR of cyclin Dla
MRNA. The shorter transcript is more stable than
the full-length version and does not contain the
binding site for microRNAs miR15/16, so these
microRNAs cannot bind and inhibit the translation
of cyclin D1 mRNA. Clinically this truncation leads
to a more aggressive phenotype [10]. Cyclin D1
functions by forming complexes with cyclin-
dependent kinase 4 or 6 (CDK 4/6). In the nucleus
the cyclin D1/CDK 4/6 complex phosphorylates
the retinoblastoma tumor suppressor protein (Rb).
Hyper-phosphorylated Rb releases E2F, allowing
E2F to activate cyclin E transcription and promote
cell cycle progression [11-13]. The cyclin D1-
CDK4 complex can also sequester p27Kipl and
p21Waf1/Cipl away from cyclin E-CDK2, further
facilitating the G1/S transition. Increased CDK
4/6 activity can result from the homozygous deletion
of CDKN2A, encoding the CDKA4/6-selective
inhibitor p16INK4A or through the amplification

of BMI-1, which leads to overexpression of a
transcriptional repressor of the CDKN2A locus
[14-21]. In the cytoplasm cyclin D1 is
polyubiquitinated by the E3 ligase, SKp1-Cull-F
box protein, and degraded through the proteasome.
Recently mutations in UBRS5, which encodes an
E3 ligase, were detected in 18% of MCL tumor
[22]. While the impact of this is not known,
mutations in this gene in solid tumors have been
linked to increased nuclear retention of cyclin D1.

2.2.S50X 11

The transcription factor SRY (sex-determining
region Y)-box 11 (SOX 11) is expressed during
fetal development and is important in organogenesis.
It is not typically expressed in normal B-cells but
is expressed in 90-95% of MCL patients. Its
expression is rare in other lymphoma subtypes
and so it can be used to discriminate the few MCL
cases that are negative for cyclin D1. The clinical
significance of SOX 11 expression in MCL has
been widely debated. Several publications have
linked absence of SOX 11 expression to a more
aggressive clinical course, while others have linked
its absence to a more favorable indolent course.
Notably, most of the aggressive cases lacking
SOX 11 expression harbored a concomitant p53
mutation. While invariably more research is needed
to clarify this discrepancy, recent work [23-25]
linked SOX 11 expression to the regulation of
PAX5, which in MCL helps block terminal
differentiation of B-cells. The authors speculate
that SOX 11 contributes to tumor development by
altering the terminal B-cell differentiator program
of MCL.

2.3. NOTCH1

The NOTCH pathway is a highly conserved
signaling system that enables communication between
adjacent cells. It functions in a variety of
physiological processes such as cell proliferation,
death, and differentiation. The NOTCH1 receptor
is cleaved by y-secretase, releasing an active
intracellular portion that migrates to the nucleus
and activates transcription of downstream targets.
Dysregulation of NOTCH1 has been linked to
oncogenesis in several malignancies, and mutations
in the NOTCH1 gene have been best described in
T-cell acute lymphoblastic leukemia and more
recently in B-cell chronic lymphocytic leukemia.
Truncating mutations in the PEST domain of
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NOTCH1 have been identified in up to 12% of
MCL cases. These mutations lead to increased
activation of NOTCH1 signaling through impaired
degradation of the protein’s intracellular component.
NOTCH1 mutations may have prognostic significance
as MCL patients with this mutation had an inferior
overall survival [26].

2.4. ATM/p53

Ataxia telangiectasia mutated (ATM) is a serine/
threonine protein kinase that plays a key role in
the cellular response to DNA double-stranded
breaks (DSBs) [27, 28]. It is also required for
telomere maintenance and for processing the
physiological DNA strand breaks that occur
during meiosis and immune system maturation.
DNA damage induces auto-phosphorylation of
ATM, thereby activating its kinase activity. ATM
phosphorylates several substrates involved in cell
cycle arrest, DNA repair and apoptosis including
p53, breast-cancer-associated 1 (BRCAL), p53-
binding protein 1 and the checkpoint kinase2
[27-30]. Loss of ATM function, which occurs in
40-75% of patients with MCL has not been
associated with a change in prognosis. Tumor
suppressor protein p53 binds its recognition site in
DNA and stimulates transcription of hundreds of
target genes, including p21"VA*/“"L The p21 protein
inhibits cyclin-dependent kinases (cdks), leading
to cell cycle arrest. Loss of functional p53 occurs
in up to 30-40% of MCL cases, either through
point mutation or deletion, and is most common in
the blastic variant of MCL. This genetic
abnormality has been associated with significant
decline in overall survival.

2.5. JAK/Stats

The Janus kinase (JAK) and signal transducer
and activator of transcription (Stat) signaling
pathway mediates cellular responses to a number
of cytokines and growth factors. Upon ligand
binding, the cytokine receptors associated with
JAKSs undergo conformational changes that allow
JAK trans-phosphorylation. The activated JAKs
then phosphorylate multiple targets including
cytokine receptors and Stats [31-37]. Phosphorylated
Stat3 (pStat3) is highly oncogenic, as it leads to
increased cell proliferation and survival through
the up-regulation of c-myc, Cyclin D1, Bcl-X,
and other anti-apoptotic proteins [38-41]. Stat3

up-regulates transcription of cytokines IL-6 and
10, which in turn activates Stat3, creating a positive
feedback loop. High expression of pStat3 has
been noted in MCL and has been linked to tumor
growth and chemotherapy resistance [20, 42, 43].

2.6. B-cell receptor (BCR)

Normal B-cells are under selective pressure to
express non-autoreactive and functional B-cell
receptors (BCRs). Murine lymphoid cells with
ablated BCR expression undergo apoptosis [44,
45]. Activation of BCR triggers downstream
signaling pathways that are crucial for the survival
of normal mature B-cells. Upon antigen binding,
the B-cell receptor initiates signaling by inducing
Src-family kinases to phosphorylate tyrosine residues
in ITAM domains of CD79A (lg-alpha) and
CD79B (lg-beta). Upon this phosphorylation, Syk,
another tyrosine kinase, is recruited and activated
by binding to the ITAM motifs. This triggers
downstream signaling that involves the Bruton
tyrosine kinase (BTK), with subsequent activation
of adaptor proteins, including phosphatidylinositol 3
kinase (PI3K) and phospholipase C gamma 2
(PLCy2). Activation of PI3K results in recruitment
and activation of the serine/threonine kinase AKT
(PIBK/AKT pathway), while PLCy2 activation
leads to release of intracellular Ca?* and activation
of protein kinase C (PKC). PKC signaling proceeds
with activation of the MAPK pathway (MEK/ERK)
and phosphorylation of CARD11, with recruitment
of BCL10 and MALT1 into a complex denominated
CBM. This complex activates | Kappa B kinase
(IKK), resulting in activation of NF kappa beta,
increased transcription of anti-apoptotic proteins
and promotion of cell survival [46]. B-cell
lymphomas also depend on BCR signaling, and
express BCR on their surface, albeit at different
levels. Also, translocations into Ig-loci, frequent
genetic hallmarks of lymphomas, virtually always
occur in the non-productively rearranged
immunoglobulin (Ig) gene loci. This suggests that
translocations that disrupt expression of the BCR
(i.e. coded by the productively rearranged Ig)
would be incompatible with malignant cell survival.
In addition, multiple proteins downstream of the
BCR (e.g., Syk, BTK, and P13K) have increased
activity in different B cell neoplasms, promoting
malignant cell survival and proliferation [47-49].
Blockade of some of the key downstream effectors
may halt the pro-survival machinery.
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2.7. PI3BK/AKT/mTOR

The phosphatidylinositol-4,5-bisphosphate  3-
kinase/AKT/mammalian target of rapamycin
(PIBK/AKT/mTOR) pathway plays a critical role
in cellular proliferation and survival. High levels
of activated AKT, mTOR, and their downstream
targets have been identified in MCL patients [50-
52]. PI3K belongs to the PIK3CA family of
kinases and is located within the cytosol. Following
external signals from IGF1, B-cell receptor (BCR)
engagement or other external signals, PI3K recruits
Akt to the cell membrane where it is phosphorylated.
A second phosphorylation on the mTORC2 complex
stabilizes Akt [53]. Akt next phosphorylates the
tuberous sclerosis complex (TSC1 and TSC2) [54,
55] which releases the negative inhibition of a
small protein, Rheb. Rheb causes mTOR to form
a complex with a series of scaffold proteins,
including mTORC1 and mTORC2. mTORCL1 is
responsible for many of the growth functions
attributed to the mTOR pathway; however inhibition
of mTORC1 leads to increased mMTORC?2
phosphorylation and subsequent hyper-stimuation
of Akt. This suggests that mTORC2 may play a
more important role in the malignant potential of
the mTOR pathway than what was originally
considered [56]. The entire pathway is under
proximal negative control by the tumor suppressor
gene, PTEN, which blocks PI3K signaling and
whose dysfunction has also been noted in patients
with MCL.

3. Diagnosis

The malignant B-cell that is characteristic of MCL
expresses CD5, CD43, CD19, CD20 and an IgM
or IgD immunoglobulin on the cell surface, although
some CD5-negative cases have been reported.
Negativity for CD23 distinguishes MCL from
chronic lymphocytic leukemia. Approximately 95%
of MCL patients carry translocation (11;14)
(913;032), which confirms the diagnosis. This
translocation leads to abnormal expression and
activity of the cell cycle protein cyclin D1, which
is not expressed in normal B-cells. In the
remaining 5% of cases that are negative for cyclin
D1, detection of the neural transcription factor
SOX 11 can clinch the diagnosis [57, 58]. Several
studies have shown that the majority of the cyclin
D1-negative samples abnormally express cyclin

D2 or D3 [59-62], suggesting that expression of
one cyclin D family member is required for the
development of MCL. Testing for the other cyclin
D proteins is not yet standard practice. Lastly,
most MCL patients will have peripheral blood
involvement at the time of diagnosis, and some
patients will even present with a leukemic variant
of the disease [63].

4. Clinical course

MCL exhibits the worst features of aggressive
and indolent lymphomas. Similar to aggressive
lymphomas, most patients will present at diagnosis
with advanced stage disease (stage Il or 1V), and
will require some form of therapy within the first
year of diagnosis [64, 65]. Furthermore, remissions
in between therapies are typically very short,
which is characteristic of indolent lymphomas. The
advent of more modern regimens, which typically
include consolidation with autologous stem cell
transplantation, have markedly improved response
rates; however, most patients succumb to their
disease within 5 years of diagnosis. A small subset
of patients (10-15%) will present with an indolent
form of MCL that may not require treatment at
diagnosis. These patients survive for years
without therapy and typically have an overall
survival that far exceeds 5 years. Identifying this
patient cohort early on has proven to be very
difficult. Several studies have tested different
diagnostic criteria to distinguish these patients,
including exam results (e.g., splenomegaly,
leukocytosis with circulating MCL, and absence
of adenopathy at diagnosis), histologic findings
(e.g., low Ki-67 expression and mantle zone
pattern), and/or genetic changes (e.g., mutation of
the IGH variable region and presence/absence of
SOX 11) [66-75]. SOX 11 expression correlated
most strongly with clinical outcome, but like the
other factors, it cannot definitely identify patients
with indolent MCL [24, 42, 66]. Currently, most
patients receive therapy at diagnosis regardless of
risk classification, and this approach will likely
continue until more research supports a watch and
wait approach in asymptomatic patients with MCL.

5. What’s in a score?

Development of a prognostic scoring system to
stratify newly diagnosed MCL patients into risk
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categories has proven challenging. Both the internal
prognostic index (IP1) and the follicular lymphoma
international prognostic index (FLIPI) failed to
adequately stratify all patients [76]. The MCL
international prognostic index (MIPI) was developed
in 2008 to overcome the limitations of the IPI and
FLIPI; its ability to appropriately prognosticate
patients with MCL has been confirmed in multiple
studies [77-91] including a recent European study
that evaluated over 900 patients [92]. However,
the MIPI in its current iteration is not an ideal
scoring system. Several studies have challenged
the prognostic relevance of the MIPI in MCL
patients [93-96] and unlike the IPI or FLIPI, the
MIPI score is difficult to calculate without the
assistance of an electronic device.

6. Treatment

6.1. Young/fit patients

There has never been a consensus on how to treat
newly diagnosed MCL patients; even today a
standard for front-line treatment does not exist.
Some of the difficulty has stemmed from poor
understanding of the disease classification in addition
to the lack of durable and effective treatments
regimens. During the early days of chemotherapy,
MCL patients were classified and treated as other
indolent lymphomas. Regimens evolved from
chlorambucil/prednisone to more modern regimens
such as cyclophosphamide/ vincristine/prednisone
and CHOP (cyclophosphamide/adriamycin/
vincristine/prednisone). Probably the most significant
leap during the chemotherapy era was the utilization
of high-dose chemotherapy followed by autologous
stem cell transplantation [97]. Another key finding
was the clinical benefit of including high-dose
cytarabine (HiDAC) in the induction regimen [98-
102]. Regimens that have utilized these components
such as the Nordic regimen and R-Hyper-CVAD
have increased survival rates from a median of
just over two years to five years or more. In fact,
some studies have reported long-term survival
rates of ten years or more, albeit most of the cases
were not typical MCL patients. For example, most
patients enrolled in studies evaluating an aggressive
induction chemotherapy regimen followed by
autologous stem cell transplant were at least a
decade younger than the median age of MCL
patients at diagnosis [84, 103-108]. Based on these

studies, an R-CHOP-like regimen alternating with
HiDAC followed by a consolidative autologous
stem cell transplant is recommended for young, fit
patients.

The future for R-Hyper-CVAD in this disease is
unclear, although it is the only regimen that has
impressive survival data without the utilization of
autologous stem cell transplantation. The multicenter
SWOG and Italian group trials evaluating rituximab
plus Hyper-CVAD alternating with high-dose
methotrexate and cytarabine resulted in lower than
expected response rates, high toxicity rates, and
a high dropout rate [81, 109]. Additionally, the
current Intergroup study (SWOG 1106) evaluating
bendamustine-rituximab (BR) vs. R-Hyper-CVAD
has closed the Hyper-CVVAD arm due to toxicity.

With the recent introduction of effective and well
tolerated oral targeted agents, the role and timing
of transplantation in MCL patients has been
widely debated, similar to what has played out in
the myeloma arena. Allogeneic hematopoietic stem
cell transplant (allo-HCT) is widely considered to
be the only curative approach in MCL,; yet with its
high treatment related mortality and even higher
morbidity it has a very narrow therapeutic index.
Allo-HCT is typically reserved for young, very fit
patients who have relapsed after frontline therapy
and consolidative autologous transplant. Data
from 202 patients with refractory MCL who
underwent allo-HCT, collected by the Center for
International Blood & Marrow Transplant Research,
demonstrated a non-relapse rate of 43-47%,
progression free survival (PFS) of 20-25%, and
an overall survival (OS) of 25-30%. Additionally
no difference in outcome was noted between the
groups that received a myeloablative conditioning
regimen vs. a reduced intensity/non-myeloablative
regimen [110].

6.2. Elderly/unfit patients

Given that the median age of diagnosis of patients
with MCL is 65, it is not surprising that many
patients are not ideal candidates for intense
chemotherapy regimens or eligible for consolidative
autologous stem cell transplantation. Most elderly
or unfit patients have historically been treated
with R-CHOP-like regimens and achieved poor
responses by today’s standards. The poor response
rate to R-CHOP may be due to the limited utility
of an anthracycline in MCL, similar to the experience
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with indolent NHL subtypes [111]. Still, R-CHOP
alone was frequently given until a recent study
by Rummel et al. demonstrated non-inferiority
of bendamustine-rituximab (BR) compared with
R-CHOP in indolent lymphomas and MCL.
Specifically, the PFS of MCL patients treated with
BR was greater than 12-months, with less treatment-
related toxicity reported [112]. The benefit of
BR vs. R-CHOP was confirmed in the subsequent
BRIGHT study [113]. Thus, BR will likely be
the front-line treatment of choice for elderly and
unfit MCL patients who are treated outside of a
clinical study.

6.3. Depth of response

Evaluation of disease response currently is limited
to imaging (either computed tomography and/or
positron emission tomography), morphologic
evaluation of bone marrow, or endoscopy at the
conclusion of therapy. Minimal residual disease
(MRD) during therapy is not standardly
performed in any lymphoma, because testing has
not been standardized nor is it widely available. In
addition, the long term benefit of attaining MRD
status is still in question. A recent clinical trial
demonstrated a disease-free survival benefit in
patients who were MRD-negative after induction
therapy and in patients who remained MRD-
negative at least a year after transplant [105, 114].
Thus, attainment of MRD negativity after induction
and consolidation may be an important prognostic
marker, but this will need to be validated in future
studies. We will also need to determine if MRD
negativity results in any long-term benefits, as the
study reported only short-term follow-up data.
Further, when a patient inevitably becomes MRD-
positive, is there a role for medical intervention
and if so, how aggressive should it be? Lastly, we
will need to standardize the methodology for
evaluating MRD, including sample type (peripheral
blood vs. marrow) and timing of sample collection
before this modality can be implemented in
standard clinical practice.

6.4. Maintenance

Maintenance therapy is increasingly used in MCL,
and its benefit is much less controversial than
when used in indolent lymphomas because of
the aggressive nature of MCL at relapse. While
clinical studies are currently evaluating several

targeted therapies as maintenance agents, the only
agent that has been proven to be effective in this
setting is rituximab (R). The MCL Elderly Trial
compared R-CHOP to R-fludarabine plus
cyclophosphamide (R-FC) in patients older than
60, and responding patients were further randomized
to maintenance R once every 2 months vs.
maintenance interferon alpha given three times
per week. In this study, maintenance R improved
OS and PFS when given after R-CHOP [115].
Additional support for the utility of maintenance
R comes from a small U.S. study that evaluated
maintenance R given once weekly for four
consecutive weeks every 6 months for a total of
two years in which the median PFS was reported
to be 37 months [116].

6.5. Targeted agents

Over the last several years, several drugs have
been approved for MCL, and others are showing
promise in completed and ongoing clinical trials.
Most if not all of these treatments are small-
molecule agents that target specific molecular targets
and/or pathways that are essential to the survival
and proliferative advantage of the malignant cell.

6.5.1. Bortezomib

Bortezomib (Velcade, PS-341) is a first-in-class
proteasome inhibitor that was approved for
treatment of relapsed/refractory MCL patients
following at least one prior therapy based on the
results of the Phase Il PINNACLE trial. The
overall response rate (ORR) was 33%, including
8% complete response (CR)/unconfirmed CR (CRu),
a median duration of response (DOR) of 9.2 months,
and median time to progression (TTP) of 6.2 months
[117]. After a median follow-up of 26.4 months,
patients demonstrated a TTP of 6.7 months, a
median time to next therapy (TTNT) of 7.4 months,
and median OS of 23.5 months. In responding
patients, the median TTP was 12.4 months, DOR
was 9.2 months, median TTNT was 14.3 months,
and median OS was 35.4 months, while in the 8%
that achieved a CR, TTP and DOR were not
reached, and median OS was 36.0 months. The
one-year survival rate was 69% overall and 91%
in responding patients [118].

6.5.2. Lenalidomide

Lenalidomide (Revlimid, CC-5013) is a potent
immunomodulatory derivative of thalidomide that
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was initially approved for treatment of patients
with multiple myeloma and myelodysplastic
syndrome with a 5g-deletion. Because its efficacy
was demonstrated in pre-clinical lymphoma models
[119-121], lenalidomide was further explored in
patients with relapsed/refractory disease. Results
from two clinical studies (NHL-002 and -003)
demonstrated some encouraging response rates,
especially in patients with MCL [122-125]. The
study that followed, MCL-001 (EMERGE),
administered single agent lenalidomide dosed at
25 mg, days 1-21 of a 28 day cycle to patients
with relapsed/refractory MCL. The study enrolled
a total of 134 patients, who on average were
heavily pretreated, with a median age of 67. The
drug was relatively well tolerated and led to an
ORR of 28% with a rapid time-to-response and a
median DOR of 16.6 months [126]. Based on
these results, lenalidomide was approved for
patients with MCL who have relapsed or progressed
after two prior therapies, one of which must include
bortezomib.

6.5.3. Ibrutinib

BTK is a cytoplasmic tyrosine kinase with a well-
defined role in BCR signaling that is important in
B lymphocyte development, differentiation, and
signaling. BTK is a member of the Tec family of
kinases. Activation of BTK triggers a cascade of
signaling events that culminates in the generation
of calcium mobilization and fluxes, cytoskeletal
rearrangements, and transcriptional regulation of
NF-kB and nuclear factor of activated T-cells
[127-133]. Ibrutinib (Imbruvica, PCI-32765) is a
first-in-class selective, irreversible small-molecule
inhibitor of BTK. In vitro studies have shown that
ibrutinib binds covalently to cysteine-481 in the
BTK active site, leading to potent and irreversible
inhibition of BTK enzymatic activity at sub-
nanomolar levels [134]. In cellular signal transduction
assays with the B-cell lymphoma cell line DOHH2,
ibrutinib inhibited autophosphorylation of BTK,
phosphorylation of BTK’s physiological substrate,
PLCy2, and phosphorylation of downstream ERK.
Ibrutinib has been demonstrated to be effective at
doses of 420 and 560 mg daily in several subtypes
of NHL including MCL [135-137]. In the initial
phase | study, seven of the nine enrolled MCL
patients had an objective response to treatment,
with three CRs reported [138]. Results from

completed phase Il studies indicate that most
adverse events were grade 1 or 2, and included
diarrhea, fatigue, bleeding and nausea, while
cytopenias were uncommon [135-137]. The agent
was approved in 2013 for relapsed/refractory
MCL patients who have received at least one prior
line of therapy. This approval was based on a
phase Il study of ibrutinib that enrolled 111
patients into two groups (bortezomib refractory
vs. bortezomib naive) [136]. The ORR was 68%,
including 21% CRs, and prior treatment with
bortezomib had no effect on RR. After a median
follow-up of just over one year, the median DOR
was 17.5 months, the estimated median PFS was
13.9 months, and the median OS was not reached.
The estimated rate of OS was 58% at 18 months
[136].

6.5.4. Idelalisib/IP1-145

Gene expression studies have implicated over-
activity of the PI3K/AKT signaling pathway in the
pathogenesis of MCL [50]. Constitutive activation of
this pathway was found in cases of classic and
blastoid MCL [50, 52], and Akt inhibition down-
regulated cyclin D1 levels. Idelalisib (CAL-101,
GS-1101) is an orally bioavailable inhibitor of the
delta isoform of PI3K, which is expressed in a
large percentage of B-cell lymphomas. The phase |
study of idelalisib enrolled 40 patients with
relapsed/refractory MCL who had received a
median of 4 prior therapies. The median duration
of idelalisib treatment was 3.5 months and the
most common grade 3/4 adverse events (AES)
were diarrhea, nausea and transaminitis. ORR was
40% with CR in 2 patients, a median DOR of
2.7 months, median PFS of 3.7 months, and 1-year
PFS of 22% [139]. Another oral inhibitor, IPI-145
targets the delta and gamma isoforms of PI3K and
is currently being evaluated in relapsed/refractory
aggressive B and T cell lymphomas. An early
analysis of this study reported responses in 2/3
of the evaluable MCL patients enrolled [140].
Additionally, studies utilizing inhibitors of this
signaling pathway either in combination with other
agents or as single agents are ongoing as noted in
recent ASCO abstracts [141, 142] and on clinical
trials.gov.

6.5.5. Temsirolimus/Everolimus

MTOR is a downstream signaling molecule in the
BCR/PI3K/AKT pathway that regulates mRNA
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translation and cyclin D1 expression. Inhibition of
AKT or mTOR can result in cell cycle arrest in
MCL cells, as well as decreased expression of
cyclin D1 [50]. Temsirolimus (Torisel, CCI-779)
and Everolimus (Zortress, RADO001) are allosteric
inhibitors of mMTORC1, administered intravenously
and orally respectively. Both agents are FDA
approved for the treatment of renal cell
carcinoma. Several clinical trials have explored
the effectiveness of both agents for treatment of
relapsed and refractory MCL with encouraging
results, especially for temsirolimus, although
toxicity was a concern with both agents [143-148].
The initial phase Il trial treated MCL patients with
temsirolimus dosed at 250 mg weekly and reported
an ORR of 38%, but the majority of patients
required dose reductions. A high hematologic toxicity
rate of 71% was reported, with thrombocytopenia
being the most common abnormality [145]. A
second study evaluating this agent in MCL
utilized a lower dose of temsirolimus and
demonstrated an improved toxicity profile without
a reduction in efficacy (ORR of 41%) [143]. A
phase Il study in relapsed/refractory MCL
patients further evaluated two dosing regimens
of temsirolimus vs. investigator’s choice; the
temsirolimus regimens were 175 mg weekly for
three weeks followed by 75 mg weekly (175/75),
or 175 mg weekly for three weeks followed by
25 mg weekly (175/25). The study concluded that
temsirolimus dosed at 175/75 significantly improved
PFS and RR as compared to investigator’s choice
[144]. A study evaluating temsirolimus dosed at
25 mg weekly in combination with standard dose
rituximab, given every week for the 1% cycle then
on day 1 only of subsequent cycles, demonstrated
a CR rate of 19% and a ORR of 63% in the
relapsed setting [149]. The other rapamycin analog,
everolimus, was initially evaluated in a phase Il
study of patients with relapsed/refractory MCL. In
this study, the RR to everolimus was 30% overall
and 32% in patients with MCL [148]. Another
study (PILLAR-1) evaluated single-agent everolimus
in 58 MCL patients who were either refractory or
intolerant to bortezomib and reported an ORR of
8.6%, PFS of 5.2 months, a median TTP of 6.7
months and an OS of 16.9 months. Approximately
70% of patients experienced grade 3/4 non-
hematologic AEs, of which, infection, abdominal
pain and fatigue were the most common. Grade

3/4 hematologic toxicities were common as well
[147]. A third study (SAKK 36/06) evaluated
single-agent everolimus in 36 patients with
relapsed/refractory MCL who had received a
maximum of three prior lines of therapy. This
study reported an ORR of 20%, 2 CRs, and
reduced rates of non-hematologic grade 3/4
toxicities compared to previous studies [146].

6.5.6. LEEO11 and PD0332991

LEEO11 and PDO0332991 are both orally
bioavailable, highly specific CDK4/6 inhibitors
that are being evaluated in early phase clinical
studies. The initial study of PDO0332991 in
patients with relapsed MCL demonstrated an
ORR of 18% with the most common AEs reported
being anemia, thrombocytopenia and fatigue [150].
A phase | study that enrolled patients with
advanced solid tumors and lymphomas demonstrated
similar safety profiles for LEE0O11 and PD0332991.
Expansion cohorts are ongoing to further evaluate
efficacy [151].

6.5.7. HDAC inhibitors

HDAC inhibitors (HDACI) regulate oncogenesis
by modulating transcription of oncogenes and
tumor suppressor genes. Vorinostat (suberoylanilide
hydroxamic acid) is an orally bioavailable synthetic
hydroxamic acid class HDACI that is currently
approved for the treatment of advanced cutaneous
T-cell lymphoma. The drug was evaluated in a
phase Il study [152] of relapsed/refractory indolent
lymphoma patients including patients with MCL.
There were no formal responses in the nine
patients with MCL [153]. A phase Il trial
evaluated the oral pan-HDACi abexinostat (PCI-
24781) in relapsed follicular and mantle cell
lymphoma and demonstrated an ORR of 27%
with a PFS of approximately 4 months [154].
Several pre-clinical trials have demonstrated efficacy
of HDACI given in combination with targeted and
cytotoxic agents, and clinical studies of these
combinations are ongoing [155, 156].

6.5.8. Anti-apoptotic agents

Several agents targeting pro-survival proteins
have been studied in lymphoma, and the new
selective Bcl-2 inhibitor ABT-199 (GDC-0199)
has shown the most promise thus far. The phase |
study demonstrated an ORR of 100% in the eight
MCL patients enrolled. Further studies evaluating
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this agent in MCL and other lymphoid malignancies
are ongoing. The pan-BH3 mimetics Obatoclax
(GX15-070) and Navitoclax (ABT-263) have
been or are currently being evaluated in several
clinical studies [157, 158]. Both agents may have
limited utility, however, due to drug-induced
thrombocytopenia caused by inhibition of Bcl-X_

6.5.9. Other agents

Several other agents are being investigated as
potential treatment options for patients with MCL.
These include inhibitors of the NOTCH pathway,
foregoing the y-secretase inhibitors due to dose-
limiting Gl toxicity, in favor of more specific anti-
NOTCH antibodies. B-cell activating factor (BAFF),
a pro-survival TNF family member, promotes
survival in B-cell malignancies, and studies of
BAFF-neutralizing antibodies in mice support the
therapeutic potential of this target in lymphoma.
Additional agents being evaluated clinically include
small molecular inhibitors of poly (ADP-ribose)
polymerase 1 (PARP-1), the JAK/Stat pathway,
Syk, PCKp and heat shock proteins.

7. Conclusion

The outlook for patients with MCL has improved
remarkably. Previously, survival rates for patients
with MCL were bleak, but now long-term survival
is a possibility. This has resulted, at least in part,
from research over the last decade focused on
the biologic and molecular drivers of MCL. The
information that emerged from these studies has
informed prognostic modeling and treatment
strategies for MCL. Additionally, several new and
promising targeted therapies have expanded our
treatment armamentarium. Implementing these
tools into clinical practice has steadily improved
the quality of life for MCL patients. Although
this success is encouraging, the disease remains
incurable for the majority of patients. Thus, more
research on the genetic alterations, deregulated
signaling pathways and their triggering elements
in MCL is needed to reach the ultimate goal of
curing the disease.
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