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Abstract: Mantle cell lymphoma (MCL) is an incurable, typically aggressive subtype of 

non-Hodgkin lymphoma, accounting for 4%–7% of newly diagnosed non-Hodgkin lymphoma 

cases. Chemoresistance commonly ensues in MCL, and patients with this heterogeneous disease 

invariably relapse, underscoring the unmet need for better therapies. Over the past few years, 

several novel agents with promising activity and unique mechanisms of action have been deemed 

effective in MCL. Bortezomib is a reversible proteasome inhibitor, approved as a single agent 

for patients with relapsed/refractory MCL who have received at least one prior line of therapy. 

Addition of bortezomib to chemoimmunotherapies has demonstrated good tolerability and 

superior efficacy, both in the upfront and salvage settings, and recently one such combination of 

bortezomib plus rituximab, cyclophosphamide, doxorubicin, and prednisone was approved as a 

frontline regimen in untreated patients with MCL. This review examines the role of bortezomib 

in a multitude of clinical settings and ongoing clinical trials designed to optimize its integration 

in the current treatment paradigms of MCL.
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Introduction
Mantle cell lymphoma (MCL) is a strikingly male predominant, distinct subtype of 

non-Hodgkin lymphoma (NHL), accounting for 4%–7% of all newly diagnosed adult 

NHL in the USA and Europe. Approximately 5,000 cases are diagnosed annually 

in the USA, with the median age being approximately 68 years at diagnosis.1–3 An 

increasing incidence with age and an overall age-adjusted incidence rate of 0.64 per 

100,000 person years has been reported for MCL.3 MCL involves mature B-cells that 

are characterized by translocation t(11;14)(q13;q32), resulting in overexpression of 

cyclin D1. Immunophenotyping in MCL typically reveals a CD5+, CD20+, CD10-, 

FMC7+, CD23-, CD43+, and cyclin D1+ profile. Although lymph node enlargement 

is the primary presenting feature in the majority of the cases, a number of patients 

may additionally demonstrate extranodal disease, including involvement of the bone 

marrow, peripheral blood, gastrointestinal tract, central nervous system, or liver.4

Management-related challenges
MCL remains an incurable malignancy and usually has an aggressive disease course, 

with a majority of patients requiring initiation of treatment upon diagnosis itself. 

However, the outcomes of patients with this biologically heterogeneous disease are 

disparate, and management-related challenges are formidable. A small proportion 

(10%–15%) of patients generally presents with splenomegaly, marrow and peripheral 

blood involvement, normal serum lactate dehydrogenase in the absence of lymphade-

nopathy and exhibits an indolent disease course. A retrospective study has suggested 
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that a “wait and watch” approach does not necessarily 

affect the overall survival (OS) adversely in such patients.5 

However, the means to accurately identify this subset still 

remains unclear. Recent studies have found that although 

non-nodal indolent MCL and conventional MCL largely 

share a genetic profile, the expression of SOX11 gene was 

the most notable of the differences seen.6 In an independent 

case series of 112 patients with MCL, the lack of SOX11 

protein expression correlated with a better prognosis. Highly 

mutated immunoglobulin heavy chain variable gene is 

another independent factor that has been found to be associ-

ated with indolent MCL.7 Ki-67 index, a measure of tumor 

proliferative activity, along with MCL International Prognos-

tic Index (MIPI) score may be useful tools but have not yet 

been validated as indicators for initiation of therapy.8

No standard frontline therapeutic approach currently 

exists for patients with an aggressive disease. Most, even the 

autologous stem-cell transplant (ASCT) eligible and young 

patients, eventually relapse. A median survival of only up 

to 5 years is demonstrable even in patients with the lowest 

MIPI score.9

Outline of current therapies
The therapeutic strategies for MCL are based primarily on 

the disease stage, age, and the fitness of the patients. MIPI 

is used to classify patients on the basis of age, performance 

status, lactate dehydrogenase, and leukocyte count into three 

subgroups: low, intermediate, and high risk.9 This prognos-

tic index currently serves as an important tool facilitating 

risk-adapted treatment decisions in advanced-stage patients. 

Those requiring treatment at diagnosis are broadly classified 

as 1) young (typically ,65 years) and/or fit individuals who 

can tolerate intensive regimens, usually involving cytarabine-

based induction followed by conditioning (generally, BEAM, 

carmustine, etoposide, cytarabine, melphalan) with stem-cell 

rescue, 2) older individuals with good performance status 

who may not be ASCT eligible but can tolerate relatively 

intense regimens and continuous/maintenance therapy, and 

3) frail patients who are suitable candidates for only milder 

chemoimmunotherapies.

Currently, rituximab, a monoclonal chimeric antibody 

targeting the CD20 antigen expressed on B-cells, is the most 

commonly used agent in MCL that can easily be combined 

with chemotherapeutic regimens. A meta-analysis of three 

trials, involving 260 patients, has shown rituximab plus 

chemotherapy (R-chemo) to be associated with superior 

outcomes compared with chemotherapy alone.10 In a Surveil-

lance, Epidemiology, and End Results (SEER)–Medicare 

database study of older patients with MCL, R-chemo has 

shown to improve OS (median 37 months) in comparison 

with chemotherapy alone (median 27 months), along with 

a lower all-cause and cancer-specific mortality in the front-

line setting.11 Therefore, rituximab, with its tolerability and 

probable survival benefit, is currently routinely used in most 

patients with MCL.

Common combination regimens include R-Hyper CVAD 

(rituximab + cyclophosphamide, doxorubicin, vincristine, 

dexamethasone alternating with methotrexate and cytarabine), 

R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-

cristine, and prednisone), the Nordic regimen of maxi-CHOP 

alternating with rituximab and high-dose cytarabine, R-CVP 

(rituximab, cyclophosphamide, vincristine, and prednisone), 

R-FC (rituximab, fludarabine, and cyclophosphamide), BR 

(bendamustine with rituximab), R-CHOP alternating with 

R-DHAP (rituximab, dexamethasone, cytarabine, and cis-

platin), VcR-CVAD (bortezomib, rituximab, cyclophosph-

amide, vincristine, doxorubicin, and dexamethasone), and 

the more recently studied VR-CAP (bortezomib, rituximab, 

cyclophosphamide, doxorubicin, and prednisone). Consolida-

tion with ASCT is considered in patients achieving at least a 

partial response (PR) with induction. Addition of rituximab 

and ASCT to chemotherapeutic regimens has been shown to 

independently improve durability of response in patients with 

MCL.12 Rituximab maintenance is a viable effective alterna-

tive to ASCT in older ASCT-ineligible patients.13

In the younger and/or fit patients, R-CHOP followed by 

ASCT consolidation, results in a superior overall response 

rate (ORR; 94% vs 75%; P=0.005), complete response (CR) 

rate (34% vs 7%; P,0.001), and time-to-treatment failure 

(TTF) compared with CHOP alone (median 21 vs 14 months; 

P=0.013).14 More recently, in a large randomized Phase III 

trial involving 455 patients, R-CHOP alternating with 

R-DHAP followed by high-dose cytarabine-based myeloab-

lative regimen with stem-cell rescue was shown to result in 

superior OS (median not reached (NR) vs 82 months; P=0.04) 

in comparison with R-CHOP followed by ASCT, without any 

significant difference in toxicities associated with the two 

approaches.15 There are currently no standard therapies for 

MCL, and the patients’ age, comorbidities, and performance 

status need to be taken into account before recommending 

an induction regimen (Table 1).

In patients who are fit enough to tolerate intense chemo-

immunotherapy, R-Hyper CVAD alternating with rituximab 

plus high-dose methotrexate/cytarabine regimen has been 

proposed as an alternative therapeutic option. Exception-

ally high CR rate of 87% and an 8-year OS of 56% have 
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been reported with this approach in a Phase II single-center 

trial, but similar results could not be replicated in two other 

Phase II multicenter studies.16–18 A high dropout rate, espe-

cially among patients older than 65 years, irrespective of the 

comorbidities, was observed in these trials due to therapy-

related toxicities, and as such, precludes use of this regimen 

in older patients.

A randomized trial involving 485 patients with 

MCL, $60 years of age or older, comparing R-CHOP 

and R-FC demonstrated a significant survival benefit with 

R-CHOP (4-year OS, 62% vs 47% with R-FC; P=0.005; 

Table 1).13 Addition of maintenance rituximab (MR) in the 

patients responding to R-CHOP in this study also showed 

improved survival (4-year OS, 87% with MR vs 63% with 

interferon alfa maintenance; P=0.005).

Bendamustine rituximab (BR) is another suitable option 

with a better toxicity profile and longer progression-free 

survival (PFS) than R-CHOP (PFS, median 35.4 months 

vs 22.1 months with R-CHOP) and deeper response rates 

than R-CHOP/R-CVP (CR rate 50% vs 27% with R-CHOP/ 

R-CVP; CR rate ratio 1.95 in favor of BR; P=0.018) as sug-

gested by two (StiL and BRIGHT) Phase III trials, although 

no survival advantage has been observed with BR, thus far 

(Table 1).19,20 The impact of MR was not studied in either of 

these trials. BR regimen has become a preferred induction 

regimen, and many experts use it outside of clinical trials 

prior to either consolidation with ASCT in the transplant 

eligible patients or prior to maintenance with rituximab in 

the older, fit but transplant ineligible patients with MCL.

Bortezomib is the first of the three novel agents approved 

in the USA for the treatment of relapsed/refractory MCL. In 

the European Union, it is approved in combination with ritux-

imab, cyclophosphamide, doxorubicin and prednisone for the 

treatment of previously untreated patients with MCL who are 

not candidates for ASCT. It is also the first novel agent to be 

integrated into the traditional frontline approaches. A number 

of bortezomib-containing regimens such as VR-CAP, modi-

fied R-HyperCVAD ± bortezomib with MR and RiPAD + C 

(rituximab, bortezomib, doxorubicin, dexamethasone, and 

chlorambucil), discussed in detail in the subsequent sections, 

have shown promising activity in recent years. In a large ran-

domized Phase III trial, VR-CAP was associated with superior 

PFS and CR rates compared with R-CHOP, and has recently 

been approved in the frontline setting.21 Less intensive and 

more tolerable chemoimmunotherapy regimens like BR, 

chlorambucil plus rituximab (ORR of 64%–95%), and PEP-C 

(prednisone, etoposide, procarbazine, and cyclophosphamide; 

ORR of 82%) are options for the frail/elderly patients.19,22–24 

Maintaining the quality-of-life (QoL) with symptom palliation 

is the primary management goal in this challenging subset 

of patients. Similar to the frontline approaches, there are no 

recommended sequences of salvage therapies for the patients 

with relapsed/refractory MCL.

Emerging therapies
The roles of newer monoclonal anti-CD20 antibodies, obinu-

tuzumab and ofatumumab as alternatives to rituximab, are cur-

rently being examined in MCL.25,26 Ibrutinib and lenalidomide 

are other novel agents that have been approved in addition 

to bortezomib as salvage therapies from different classes for 

MCL in the USA. In addition to these agents, temsirolimus, 

an mTOR inhibitor, has been approved in Europe.

Ibrutinib, an irreversible, oral Bruton tyrosine kinase 

inhibitor, is the most promising of these agents as mono-

therapy (Table 2).27 Its toxicity profile is favorable, with 

common adverse effects being nausea, fatigue, diarrhea, and 

edema. Ibrutinib has shown promising activity in combina-

tion with BR in an early Phase I trial.28

The other two agents, lenalidomide and temsirolimus, 

have moderate activity (Table 2) as monotherapies in the 

relapsed/refractory setting, and are currently being inves-

tigated in combination with established chemotherapeutic 

regimens.29–31 Single-agent lenalidomide has also been 

compared with single agents other than bortezomib (chloram-

bucil, cytarabine, fludarabine, gemcitabine, or rituximab) 

in the recently reported SPRINT study. The patients were 

Table 2 Comparison of outcomes with approved monotherapies in MCL

Study 
type

Therapy Dose N Median OS 
(months)

Median PFS 
(months)

ORR 
(%)

CR/CRu 
(%)

PR 
(%)

Phase ii29 Bortezomib 1.3 mg/m2, days 1, 4, 8, 11, every 21 days 155 23.5 6.5 32 8 24
Phase ii30 Lenalidomide 25 mg/day PO on days 1–21 of a 28-day cycle 134 19 4 28 8 20
Phase ii27 ibrutinib 560 mg/day 111 NR, 58% at 18 m 14 68 21 47
Phase iii31 Temsirolimus 175 mg weekly for 3 weeks followed by 75 mg weekly 54 13 5 22 2 20

175 mg weekly for 3 weeks followed by 25 mg weekly 54 10 3 6 0 6

Abbreviations: CR, complete response; CRu, complete response unconfirmed; m, months; N, evaluable patients; NR, not reached; ORR, overall response rate; OS, overall 
survival; PFS, progression free survival; PO, per oral; PR, partial response.
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randomized to receive either lenalidomide (n=170) or other 

monotherapies based on choice of investigators (n=84). 

A longer PFS was observed with lenalidomide (median 

8.7 months vs 5.2 months; P=0.004).32 Lenalidomide plus 

rituximab has shown an ORR of 56.5% with a CR of 34.8% 

in the relapsed/refractory setting. Median PFS and OS of 

14.1 months (95% CI: 8.2–26.7), and 24.6 months (95% CI: 

16.8–33.7), respectively, were observed.33

Idelalisib, an oral PI3K delta isoform-selective inhibitor, 

has shown encouraging results in a Phase I trial as mono-

therapy with an ORR of 62% and an acceptable safety profile 

in relapsed/refractory MCL.34 Phase II studies are further 

investigating its activity in MCL.

Pharmacology and mode of action 
of bortezomib
Bortezomib, a first-in-class proteasome inhibitor, is approved 

by the US Food and Drug Administration (FDA) for the 

treatment of relapsed/refractory MCL.35 It is a reversible 

inhibitor of the ubiquitin-proteasome pathway (UPP), a 

complex pathway involving two distinct processes: 1) the 

poly-ubiquitination of intracellular proteins targeted for 

degradation, and 2) the 26S proteasome-associated (the 

target for bortezomib) proteolysis.36 UPP plays a major role 

in the degradation of cellular proteins, and consequently 

affects a multitude of basic cellular processes.37 The precise 

mechanism of action of bortezomib in MCL is not entirely 

understood, but it likely involves the effect of UPP inhibition 

on several cellular pathways. These include direct impact on 

the cell-cycle regulation, proapoptotic/antiapoptotic balance 

proteins, and induction of endoplasmic reticulum (ER) stress 

and unfolded protein response.37

A hallmark in MCL is the overexpression of cyclin-D1, 

which plays a critical role in the cell-cycle progression. The 

level of the cyclin-dependent kinase inhibitor CDKN1B 

(p27Kip1) that can induce cell-cycle arrest by inhibiting 

cyclin-D1 is decreased in patients with MCL.38 The inhibition 

of the UPP by bortezomib leads to an increase in p27Kip1 level, 

and consequently a reduction in cyclin-D1 and regulation of 

the cell cycle.39

Proteasome inhibition by bortezomib has also been shown 

to upregulate the proapoptotic genes and downregulate 

antiapoptotic genes.40 The inhibition of the UPP decreases 

expression of the transcription factor, nuclear factor-κB, 

which is responsible for upregulation of genes that promote 

cell growth.41 Bortezomib also leads to an increase in the 

levels of NOXA, a proapoptotic protein. The induction of 

NOXA expression seems to be selective to the malignant 

cells only.35,42 Bortezomib has been shown to induce ER 

stress, ultimately leading to cytochrome c release, activation 

of caspases, and apoptosis.35,43

Through their preclinical study on MCL cell lines and 

patient samples, Alinari et al showed that the combination 

of bortezomib and rituximab induced enhanced caspase- 

dependent as well as independent apoptosis, decreased the 

levels of nuclear factor-κB complexes, and diminished the 

activation of Akt pathway.44 Baiocchi et al demonstrated 

enhanced activity and improved survival with this combination 

in mice model.45 Bortezomib has also been shown to increase 

CD20 expression in rituximab-resistant cell lines and thus may 

play a role in reversing the acquired resistance to rituximab.46 

Bortezomib in combination with rituximab and cyclophosph-

amide (BRC) leads to synergistic inhibition of growth in MCL 

cells and enhances apoptosis with early pan-caspase activation. 

In vivo studies showed that BRC eradicates subcutaneous 

tumors in MCL-bearing SCID mice and improves long-term 

event-free survival outcomes in 70% of the mice.47

The current recommended dose of bortezomib is 

1.3 mg/m2 administered intravenously or subcutaneously 

on days 1, 4, 8, and 11 of a 21-day cycle. Subcutaneous 

administration has shown similar plasma concentration 

and pharmacodynamic profile compared with intravenous 

route at the same dose in patients with multiple myeloma.48 

While no such studies have been conducted so far in MCL, 

subcutaneous route has the potential to reduce toxicity. Bort-

ezomib requires no dose adjustments in patients with renal 

impairment, although moderate-to-severe hepatic impairment 

necessitates dose reduction to 0.7 mg/m2.49,50 All patients 

receiving bortezomib require concurrent antiviral prophylaxis 

against herpes zoster.

Efficacy of bortezomib and its 
comparison with other therapies 
in MCL
The antitumor activity of bortezomib is evident in multiple 

studies in MCL, and this novel agent with its unique mecha-

nism of action has been found to be effective in various 

clinical settings.

Bortezomib for relapsed and/or 
refractory MCL
In an initial Phase II study involving patients with NHL dur-

ing 2001–2003, 11 patients with relapsed/refractory MCL 

were administered bortezomib (1.5 mg/m2 on days 1, 4, 8, 

and 11 in a 21-day cycle). Of the ten evaluable patients, 

one achieved a CR and four achieved PR (Table 3).51  
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In another Phase II trial of 33 patients with relapsed/refrac-

tory MCL, an ORR of 41% (20.5% CR, 20.5% PR) was 

noted (Table 3).52

Bortezomib was ultimately approved in the USA in 

December 2006 for use in patients with relapsed or refractory 

MCL who had received at least one prior therapy, based on the 

results of the Phase II, PINNACLE study.29 In this study, 155 

patients with relapsed/refractory MCL received single-agent 

bortezomib for up to 17 cycles or up to four cycles beyond 

achieving a CR/complete response unconfirmed (CRu) or 

until progressive disease. An ORR of 32% with 8% CR/

CRu and a short median time-to-first response of 1.4 months 

were observed (Table 3). During the follow-up (median, 

26.4 months), the median duration of response was 9.2 months 

and median TTP was 6.7 months (95% CI: 5–10 months). 

Median OS was almost 2 years (95% CI: 20–28 months). For 

responders, the median TTP was 12.4 months and the median 

OS was 35.4 months. Four deaths on study were considered 

to be related to bortezomib.

In the IND 150 trial conducted by Canadian Clinical 

Trials Group, 28 patients with MCL, 13 of whom were 

treatment-naive, were assessed for response to single-agent 

bortezomib.53 An ORR of 46% with one CRu and 12 PRs 

(44%) were achieved. An association with bortezomib and 

fluid retention was noted.53 However, no such events were 

witnessed following a change in the study protocol to exclude 

patients with preexisting conditions predisposing to fluid 

retention.

Encouraging single-agent activity triggered interest in 

evaluating bortezomib-based combinations. The Canada 

Clinical Trials Group conducted IND 172 study examining 

the combination of bortezomib (1 mg/m2 IV on days 1, 4, 8, 

and 11 of a 21-day cycle) with gemcitabine (1,000 mg/m2 on 

days 1 and 8) in 25 patients with relapsed/refractory MCL 

who had received up to 1–3 prior therapies.54 An ORR of 60% 

with a median PFS of 11.4 months was observed. Although 

the PFS was better than that noted with single-agent bort-

ezomib in the PINNACLE study (median PFS, 6.5 months), 

the patients enrolled in the PINNACLE study were more 

heavily pretreated. Most patients experienced hematological 

toxicities with bortezomib and gemcitabine combination.54 

Pain and fatigue were common nonhematologic side effects. 

Of the three patients who experienced serious adverse events 

with this regimen, two had pleural effusions.

A Phase II trial of rituximab plus bortezomib (R-bortezomib) 

in the relapsed/refractory setting has shown an ORR of 29% 

with all responders achieving a CR by the third cycle.45 

The median PFS was a dismal 1.9 months with 46% of the 

patients dying from disease progression (Table 3). Salvage 

R-bortezomib with additional dexamethasone showed a 

better ORR of 81% with a CR of 44% in another Phase II 

study.55 A promising activity was observed in this study, and 

patients achieving CR demonstrated sustained disease control 

(Table 3). Bortezomib has also been studied in combination 

with bendamustine and rituximab (Table 3) in a small Phase II 

study.56 A number of novel bortezomib-based combinations 

(discussed in the subsequent sections of our review) are being 

evaluated in MCL currently.

Bortezomib in newly diagnosed MCL
An ORR of 46% attained with bortezomib monotherapy in MCL 

improves to 79%–95% with bortezomib-based combinations 

in the frontline setting, with CR rates improving to 53%–64% 

(Table 4) underscoring the value of bortezomib-chemotherapy 

combinations. The R-CHOP regimen has been commonly 

employed in newly diagnosed MCL, leading to a median 

Table 3 Phase ii trials with bortezomib in relapsed/refractory MCL

Study 
type

Therapy Dose of bortezomiba N Median OS 
(months)

Median PFS 
(months)

ORR 
(%)

CR/CRu 
(%)

Phase ii29 v 1.3 mg/m2; up to 17 cycles 155 23.5 6.5 32 8
Phase ii45 v with rituximab 1.3–1.5 mg/m2; 5 cycles 14 – 2 29 29
Phase ii51 v 1.5 mg/m2,b 10 – – 50 10
Phase ii52 v 1.5 mg/m2; 6 cycles 29 – – 41 21
Phase ii53 v 1.3 mg/m2,c 15 – – 47 7
Phase ii54 v with gemcitabine 1.0 mg/m2 ivc 25 – 11 60 12
Phase ii56 v with bendamustine  

and rituximab
1.3 mg/m2; 6 cycles 7 – – 71 –

Phase ii55 vRD 1.3 mg/m2; 6 cycles 16 37 12 81 44
Phase ii75 Temsirolimus and bortezomib Days 1, 8, 15, and 22 of a 35 day cycle;  

up to 6 cycles
7 – 7.5 57 43

Notes: aAdministered intravenously on days 1, 4, 8, and 11 of a 21-day cycle, unless stated otherwise. bCycles were continued until unacceptable toxicity or two cycles after 
achieving CR. cAt least two cycles after CR or stable PR, four cycles after stable disease or until progressive disease.
Abbreviations: CR, complete response; CRu, complete response unconfirmed; D, dexamethasone; N, evaluable patients; ORR, overall response rate; OS, overall survival; 
PFS, progression-free survival; R, rituximab; v, bortezomib; vRD, bortezomib, rituximab, dexamethasone; y, years.
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PFS of 16–20 months.14,57 Bortezomib was studied by Ruan 

et al in combination with the R-CHOP regimen in 36 patients 

of MCL (94% stage III or IV, and intermediate or high-risk 

MIPI in two-thirds) in a dose-escalation Phase I/II multi-

center study (Table 4).58 The study suggested that bortezomib 

could be safely added to R-CHOP at doses up to 1.3 mg/m2  

on days 1 and 4 of six 21-day cycles. A superior median PFS 

of 23 months was also observed with this combination in 

comparison to that seen with R-CHOP alone (16.6 months) and 

R-CHOP followed by either ASCT or interferon alpha mainte-

nance (20 months) in two previously conducted trials.14,57

In LYM-3002 Phase III study involving 487 ASCT-

ineligible newly diagnosed patients with MCL, R-CHOP 

was compared with VR-CAP, a regimen in which vincris-

tine of R-CHOP was replaced by bortezomib.21 Bortezomib 

(1.3 mg/m2) was administered intravenously for six 3-week 

cycles, twice weekly (days 1, 4, 8, and 11) for the first 

2 weeks followed by a 10-day rest period in each cycle. 

Two additional cycles of VR-CAP were recommended for 

patients who first demonstrated a response at cycle 6. The 

results of LYM-3002 led to the approval of VR-CAP regi-

men for frontline treatment of MCL in the USA, Europe, 

and Canada. Although there are several new targeted drugs 

approved by the FDA for patients with relapsed/refractory 

MCL, up to the year 2014, no therapy was approved for 

the treatment of patients with previously untreated MCL. 

VR-CAP resulted in a superior PFS (Table 4), irrespective 

of the baseline characteristics or Ki-67 expression status. 

However, the favorable impact on PFS was not appreciable 

in the MIPI high-risk category patients. The time-to-next-

treatment was 45 months with VR-CAP versus 24.8 months 

with R-CHOP, with the VR-CAP cohort demonstrating an 

advantage of a median period of 1.7 years without therapy. 

No survival advantage was discernible at last follow-up. 

The 4-year OS rate was 64% with VR-CAP versus 54% 

with R-CHOP, and longer follow-up is required to assess 

the true OS benefit with VR-CAP. Although the ORR was 

similar between the two regimens, the depth of response 

was significantly better with VR-CAP (CR 53% vs 42% 

with R-CHOP; P=0.0007). The rate of discontinuation of 

therapy due to adverse events was similar between the two 

regimens. However, grade 3 or higher adverse events were 

more common with VR-CAP (93% vs 85% with R-CHOP). 

Hematologic toxicity was the most common adverse effect 

observed in both the groups, with thrombocytopenia being 

much more frequent with VR-CAP (72% vs 19% with 

R-CHOP). Grade 3 or higher adverse events of neutrope-

nia and infections were observed in 85% and 21% of the 

patients, respectively, in the VR-CAP arm. The rates of 

peripheral neuropathy (PN) were similar in the two groups 

as one neurotoxic agent (vincristine) was replaced with the 

other (bortezomib) between the two groups, but fortunately, 

PN was reversible in the majority of the patients. The rate of 

neurotoxicity with bortezomib (30%) was lower compared 

with that typically observed in the patients with myeloma 

(37%–44%).59–61 VR-CAP was associated with the discon-

tinuation rate of 8%.21 Serious adverse events like febrile 

neutropenia and pneumonia were seen in 11% and 8% of 

the patients, respectively.

Importantly, neither did the LYM-3002 study utilize 

subcutaneous route of administration of bortezomib, which 

is associated with reduced toxicity, nor did it explore the role 

of rituximab or bortezomib maintenance.

The ongoing Intergroup study randomizing the patients 

$60 years of age with previously untreated MCL to BR 

versus BR plus bortezomib arms followed by a second ran-

domization of rituximab versus lenalidomide plus rituximab 

maintenance (Table 5) would help shed more light on the 

impact of maintenance strategies following bortezomib-

based therapy.

In an attempt to build upon their previous experience 

with the less-intensive regimen of modified R-hyperCVAD 

Table 4 Phase ii and iii trials in newly diagnosed MCL

Study type Therapy N Median OS Median PFS ORR (%) CR/CRu (%) PR (%)

Phase iii21 (LYM-3002) R-CHOP vs vR-CAP 244 vs 243 56.3 m vs NR 14.4 m vs 24.7 m* 89 vs 92 42 vs 53* –
Phase ii53 v 13 – – 46.2 0 46.2
Phase ii58 vR-CHOP 36 86% at 2 y 23 m 81 64 –
Phase ii62 vcR-CvAD with ASCT or MR 30 86% at 3 y 63% at 3 y 90 70 13
Phase ii64 vcR-CvAD with MR 75 88% at 3 y 72% at 3 y 95 68 –
Phase ii65 RiPAD + C 39 NR 26 m 79 59
Phase ii66 (S0601) vR-CHOP followed by 2-year  

v maintenance
65 85% at 2 y 62% at 2 y – – –

Note: *P,0.05.
Abbreviations: CAP, cyclophosphamide, doxorubicin, prednisone; CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; CR, complete response; CRu, complete  
response unconfirmed; CVAD, cyclophosphamide, vincristine, doxorubicin, dexamethasone; m, months; MR, maintenance rituximab; N, evaluable patients; NR, not 
reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; R, rituximab; RiPAD + C, rituximab, bortezomib, doxorubicin, dexamethasone, 
cyclophosphamide; v, bortezomib; vR or vcR-bortezomib, rituximab; y, years.
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chemotherapy with MR resulting in 3-year PFS of 50%, the 

Wisconsin Oncology Network Study used bortezomib (VcR-

CVAD) along with extended MR (beyond 2 years). Designed 

with the intent of improving the CR rate by the addition of 

bortezomib and the durability of remission through extended 

rituximab maintenance, the trial studied 30 newly diagnosed 

patients with MCL who received VcR-CVAD chemotherapy 

every 21 days for six cycles. Patients achieving at least a PR 

went on to receive rituximab consolidation (375 mg/m2 for 

4 weekly doses) followed by MR (375 mg/m2 every 12 weeks 

for 20 doses). All patients had advanced-stage disease and 

60% had a medium-to-high MIPI score.62 The response 

rates achieved with VcR-CVAD (Table 4) were better than 

those seen historically with the modified R-hyper-CVAD. 

Although 3-year PFS and OS were comparably better than 

the outcomes with modified R-hyper-CVAD regimen alone, 

a more intensive regimen of 21 days instead of 28 days was 

used in this study.63 Myelosuppression of comparable severity 

was the major toxicity with both regimens.62,63 PN was more 

common with VcR-CVAD but adequately managed with 

necessary dose reductions in bortezomib and vincristine.

The Eastern Cooperative Oncology Group (ECOG) 

conducted a similar but a larger Phase II multicenter study 

(E1405) with VcR-CVAD involving 75 treatment naive 

patients with MCL with a goal of assessing the impact of 

additional bortezomib.64 Transplant-eligible patients were 

additionally given an option of receiving ASCT consolidation 

instead of rituximab maintenance post-induction (Table 4). 

The CR rate was a conservative estimate since some patients 

were coded as PR as a result of missing end-of-treatment 

evaluations. No difference was observed in the outcomes of 

patients who underwent ASCT versus those who received 

rituximab maintenance. Myelosuppression was the most 

common toxicity with VcR-CVAD regimen. Grade 3 or 

higher PN was not evident with the use of modified doses of 

bortezomib (1.3 mg/m2 IV on days 1 and 4) and vincristine 

(1 mg IV on day 3 per cycle). The induction regimen was also 

associated with high adherence with nearly 90% of patients 

completing all six cycles. None of the patients experienced 

grade 3/4 PN in the E1405 trial in which the reduced dos-

age was adopted from the beginning. The results of this 

trial confirmed the efficacy of incorporation of bortezomib, 

providing foundation for the currently ongoing E1411 trial 

(NCT01415752; Table 5) investigating the role of addition 

of bortezomib to BR.

The Groupe Ouest Est d’Etude des Leucémies aiguës 

et Autres Maladies du Sang (GOELAMS) had developed 

RVAD + C (rituximab, vincristine, doxorubicin, dexam-

ethasone, and chlorambucil), a frontline regimen for elderly 

patients that was found to be as effective as R-CHOP, but 

less toxic. The group subsequently conducted a Phase II 

study replacing vincristine with bortezomib in the com-

bination (RiPAD + C) to enhance its efficacy in elderly 

patients.65 Thirty-nine patients with a median age of 72 years 

(range: 65–80) were enrolled in this study (Table 4), and 

the outcomes were superior compared with those seen with 

RVAD + C, despite a greater proportion of patients treated 

with RiPAD + C having an aggressive disease (30% vs 18% 

blastoid subtypes). The response rates (CR rate 60% vs 

34–48%) and survival outcomes (median PFS, 26 months 

vs 16–20 months) were also better in comparison with those 

seen with R-CHOP in the studies involving younger patients 

and better prognostic MIPI scores.14,57 The discontinuation 

rate was only 10% (4/39) with this regimen. However, myelo-

suppression and neurotoxicity were common with a signifi-

cantly higher proportion of patients requiring transfusions 

Table 5 Ongoing trials of bortezomib in mantle cell lymphoma

Phase Identifier Patient population Therapy

i NCT00671112 R/R everolimus and bortezomib
i NCT01111188 R/R Palbociclib plus bortezomib
i NCT01695941 R/R Alisertib, bortezomib, and rituximab
i/ii NCT02356458 R/R ibrutinib and bortezomib
i/ii NCT01439750 TN and R/R Bortezomib, cladribine, and rituximab
i/ii NCT01322776 R/R Bortezomib, fludarabine, and cyclophosphamide
ii NCT00114738 TN ePOCH-R ± bortezomib
ii NCT01267812 Post ASCT weekly maintenance bortezomib and rituximab
ii NCT01415752 TN Rituximab, bendamustine, and bortezomib followed by rituximab and lenalidomide
ii NCT00992446 Post ASCT Bortezomib and vorinostat as maintenance therapy
ii NCT01457144 TN Rituximab, bortezomib, bendamustine, and dexamethasone (RiBvD)
iii NCT01449344 R/R Rituximab, cytarabine, dexamethasone, and bortezomib

Abbreviations: ASCT, autologous stem cell transplant; ePOCH-R, prednisone, etoposide, doxorubicin, vincristine, and rituximab; R/R, relapsed/refractory; TN, treatment 
naive.
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(24%) and/or developing neurotoxicity (45%). Nearly 18% 

experienced grade 3 or higher neuropathy with intravenous 

bortezomib in this trial, an issue which could probably be 

alleviated without compromising the regimen’s efficacy by 

switching to the subcutaneous route of administration. As 

frontline therapy, RiPAD + C regimen has been associated 

with a high hospitalization rate of 34% (median duration of 

7 days).65 A total of 10% of the patients had to discontinue 

treatment prematurely due to toxicity. Two out of 39 patients 

in the study died due to severe sepsis.

Bortezomib consolidation or 
maintenance in MCL
The South West Oncology Group (SWOG) investigated the 

impact of adding bortezomib to R-CHOP for induction (at 

a schedule previously established by Ruan et al) followed 

by bortezomib maintenance (1.3 mg/m2 days 1, 4, 8, and 11 

of every 3-month cycle for eight cycles) for 2 years.58,66 The 

preliminary results indicated that 65 eligible patients were 

treated, and that the estimated 2-year PFS and OS were 62% 

and 85%, respectively, suggesting near doubling of the his-

torical 2-year PFS with R-CHOP alone.14,57 Hematological 

toxicities of grade 4 were experienced by 48% of patients. 

Surprisingly, despite concomitant use of vincristine and 

bortezomib, the investigators reported grade 3 PN in only 

8% of patients during induction and 2% during maintenance 

phase. Owing to its design of utilizing bortezomib in both 

the induction and the maintenance phases, the independent 

impact of the addition of bortezomib at each phase on the 

outcome could not be ascertained from this study.

The Cancer and Leukemia Group B (CALGB) devel-

oped an intensive regimen, CALGB 59909 involving high-

dose chemotherapy followed by ASCT with rituximab in 

untreated patients with MCL.67 It was associated with an 

impressive 5-year OS of 64%. In the subsequent CALGB 

50403 trial, the patients were randomized after the adminis-

tration of the CALGB 59909 regimen to receive bortezomib 

either as consolidation (BC; 1.3 mg/m2 on days 1, 4, 8, and 

11 for up to four 3-week cycles) or as maintenance (BM; 

1.6 mg/m2 on days 1, 8, 15, and 22 for up to ten 8-week 

cycles).68 Preliminary analysis revealed that the 2-year PFS 

were 89% and 84% post-randomization with BC and BM, 

respectively. In the patients who underwent ASCT, the 

posttransplant 3-year PFS was significantly better in the 

CALGB 50403 study (n=118) compared with the CALGB 

59909 study (n=66; 3-year PFS, 67% vs 59%; P=0.0086). 

The completion rates with both consolidation and main-

tenance bortezomib regimens were over 65%, although 

consolidation therapy was associated with slightly higher 

rates of adverse events.

Toxicities
As discussed earlier, with the passage of time, clinicians have 

gained substantial experience in using bortezomib-based 

regimens and managing their toxicities more effectively. 

Bortezomib monotherapy has arguably a lower rate of toxic-

ity with grade $3 neutropenia seen only in 7% and grade $3 

PN in only 8% of the patients.53 PN appears to resolve in 

the majority of the patients (80%) within a few months of 

reduction or discontinuation of bortezomib. Fatigue (72%), 

diarrhea (48%), and anorexia (35%) are other common 

nonhematologic side effects. The incidence of pyrexia with 

bortezomib is higher (23%) among patients with myeloma 

compared with those with MCL (10%) while rates of 

orthostatic hypotension are similar (8%–9%). Maintenance 

therapy with bortezomib has been associated with grade 3 

nonhematologic toxicities in 13% and grade 3 PN in only 

2% of patients.

Although no published studies in MCL have specifically 

reported on the impact on QoL outcomes with the addition 

of bortezomib, neurotoxicity is a major concern that has the 

potential to adversely affect patients’ QoL.

Future directions
Buoyed by its recent approval in the USA and the European 

Union in the frontline setting in combination with rituximab, 

cyclophosphamide, doxorubicin, and prednisone, the role 

of bortezomib in MCL is poised to expand in the coming 

years. Indeed a wide array of trials using other combination 

regimens integrated with bortezomib backbone is underway. 

Bortezomib is currently being investigated in combination 

with newer agents including everolimus (an mTOR inhibi-

tor), alisertib (an aurora A kinase inhibitor), and palbociclib 

(a CDK 4 and 6 inhibitor; Table 5). It is also being studied in 

a Phase I/II trial in combination with ibrutinib.27 The highly 

effective combination of bendamustine and rituximab is 

also being studied in multiple Phase II trials in combina-

tion with bortezomib as frontline therapy in patients with 

MCL. Bortezomib in combination with rituximab, high-dose 

cytarabine, and dexamethasone is another regimen currently 

under evaluation in a Phase III trial in relapsed or refrac-

tory MCL. Its role as maintenance therapy post-ASCT is 

also being investigated further (Table 5). The future of this 

proteasome inhibitor appears to be exciting and promising in 

MCL as researchers continue to explore its efficacy through 

a multitude of studies in various clinical settings.
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