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Abstract
Proteasome inhibitors effectively kill tumor cells in myeloma and

other plasma cell-related diseases. Preclinical data indicated that lym-
phoplasmatic cells are also vulnerable to proteasome inhibition and
proteasome-targeting therapies have proved their clinical activity in
Waldenström’s macroglobulinemia (WM). Bortezomib is the first in
class proteasome inhibitor (PI), and has been used in several clinical
trials either alone or in combination with rituximab. Bortezomib
treatment alone might induce major responses in 25%–60% of pa-
tients with WM but in combination with rituximab major responses
might be as high as 50%–83%. Bortezomib might reduce immuno-
globulin M levels rapidly and is not myelotoxic. However, peripheral
neuropathy remains a major toxicity of bortezomib therapy; alterna-
tive schedules and dosing or route of administration (subcutaneous)
might reduce neurotoxicity. Second generation PIs, such as carfil-
zomib, are also promising but further investigation is needed.

Waldenström’s macroglobulinemia (WM) is an incurable B-cell
lymphoproliferative disorder with a median survival of 5–10 years for
symptomatic patients. Current treatment options include alkylating
agents, nucleoside analogues, and rituximab-based therapies. How-
ever, complete responses are infrequent in patients treated with con-
ventional therapies, including rituximab-based combinations. Fur-
thermore, almost all patients with WM will relapse after initial
therapy and will need additional treatment. Thus, innovative ap-
proaches are needed for the treatment of patients with WM, espe-
cially considering the heterogeneity of presentation of the disease and
the requirement for an individualized treatment approach.

Proteasome inhibition effectively kills tumor cells in myeloma and
other plasma cell-related diseases. The survival of cells that produce
large amounts of protein is dependent on the effective regulation of
intracellular protein maturation, trafficking, and degradation, and
proteasome has a critical role in this process.1 Preclinical data have
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shown that lymphoplasmatic cells are vulnerable to proteasome in-
hibition2-5; proteasome-targeting therapies have shown promising

reclinical and clinical results. Bortezomib is the first in class protea-
ome inhibitor (PI), which has been approved for the treatment of
ultiple myeloma and mantle cell lymphoma. The antitumor activ-

ty of bortezomib is mediated by blocking the ubiquitin–proteasome
egradation pathway through reversible inhibition of the 26S pro-
easome.6 In preclinical studies bortezomib was active against WM
ell lines and primary tumor cells and showed synergistic and/or
dditive in vitro activity in combination with several agents includ-
ng rituximab, dexamethasone, and cyclophosphamide, and other
ovel agents.7,8 Importantly, the combination of bortezomib with

Akt pathway inhibitors (perifosine)4 or TORC1 inhibitors (everoli-
us)9 was synergistic. Novel PIs with activity against other protea-

some proteolytic domains and different affinity and kinetics are also
effective, at least in preclinical studies.2,10,11

As a single agent, bortezomib was the first PI to show activity in
patients with relapsed or refractory WM. In 3 different studies,
single-agent bortezomib demonstrated activity in patients with
relapsed or refractory WM resulting in partial remissions (PRs) in
41%– 60% and a 60%– 85% overall response rate (minor re-
sponse [MR] or better) (Table 1).12-18 Importantly, immuno-
lobulin IgM reduction was rapid, with a �25% decrease occur-
ing within the first 2 cycles of therapy. The median progression-
ree survival for patients with relapsed or refractory WM was 7 to
ore than 11 months.12,13 The development of peripheral neu-

ropathy was the main reason for dose reductions or discontinua-
tion of bortezomib. Another phase II study, which is scheduled to
enroll 34 patients with relapsed or refractory WM, also designed
to investigate single-agent intravenous (I.V.) bortezomib at the
standard dose (1.3 mg/m2) and schedule (days 1, 4, 8, and 11
very 21 days), with the addition of dexamethasone in nonre-
ponding patients, but the results of this study are not yet
vailable.

Translating preclinical data to clinical evidence, the combination
f bortezomib with rituximab was further tested in patients with
elapsed or refractory WM in a phase II study.15 To reduce the risk of
eurotoxicity, bortezomib was given at a weekly schedule at a dose of

.6 mg/m2. At least MR or better was observed in 81% of 37 pa-
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tients, and 5% achieved a complete remission (CR) or near CR and
46% a PR. This alkylator and steroid-free regimen was associated
with a median time to progression of 16.4 months and peripheral
neuropathy was observed in 41% but was grade 3 in only 5% of
patients.

Consequently bortezomib was investigated in patients with newly
diagnosed WM. In the National Cancer Institute of Canada study,14

12 previously untreated patients were given single-agent bortezomib
and 25% of them achieved PR or better using composite criteria of
IgM paraprotein and imaging response. In order to further increase
activity, Treon et al17 combined bortezomib with dexamethasone
nd rituximab (BDR) in 23 patients with previously untreated WM.
ortezomib was given at the standard dose and schedule and there
as also a maintenance phase with the BDR. Responses were rapid

median time to �25% IgM decrease, 1.4 months) and overall re-
ponse rate (MR or better) was 96% (PR or better in 83%) and 5
atients (22%) achieved CR and/or near CR (nCR). After a median
ollow-up of approximately 2 years, 18 of 23 patients remained pro-
ression-free. Despite prophylactic plasmapheresis in patients with
ery high levels of IgM, an ‘IgM flare’ occurred in 2 patients (9%),
oth of whom required plasmapheresis. However, 61% of patients
iscontinued bortezomib because of neurotoxicity.
Based on data indicating that weekly bortezomib might be associ-

ted with similar efficacy but significantly less neurotoxicity, the Eu-

Table 1 Results of Clinical Trials With PI-Based Therapy

Combination Untreated/
Pretreated

Dose and Schedule
of PI

Bortezomib12 0/10 1.3 mg/m2 on days 1, 4, 8,
and 11

Bortezomib13 1/26 1.3 mg/m2 on days 1, 4, 8,
and 11

Bortezomib14 12/15 1.3 mg/m2 on days 1, 4, 8,
and 11

Bortezomib-rituximab15 0/37 1.6 mg/m2 on days 1, 8,
and 15

Bortezomib-rituximab16 26/0 1.6 mg/m2 on days 1, 8,
and 15

Bortezomib-rituximab-
dexamethasone17 23/0 1.3 mg/m2 on days 1, 4, 8,

and 11

Bortezomib-rituximab-
dexamethasone18 60/0

1.3 mg/m2 on days 1, 4, 8,
and 11 for the first cycle,

then 1.6 mg/m2 on days 1,
8, 15, and 22

Carfilzomib-rituximab-
dexamethasone20 16/4

20 mg/m2 on days 1 and 2
of the first cycle, then 27
mg/m2 on days 8 and 9,
and days 1, 2, 8 and 9

thereafter

Abbreviations: CR � complete remission; EFS � event-free survival; Ig � immunoglobulin; MR
PI � proteasome inhibitor; PR � partial response; VGPR � very good partial response.
opean Myeloma Network (EMN) investigated a modified weekly
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chedule for bortezomib in a large phase II study that included 60
atients. The rapid activity of single-agent bortezomib was also ex-
loited to reduce ‘IgM flare’ which is associated with the use of
ituximab. Thus, an initial cycle of bortezomib at standard dose and
chedule (1.3 mg/m2 on days 1, 4, 8, and 11) was followed by 4 cycles

of weekly bortezomib (at 1.6 mg/m2) in combination with rituximab
and dexamethasone (BDR). Preliminary results18 showed a PR or
better in 65% and MR or better in 80%, including 4% CRs; median
time to MR or better was 2.3 months. Importantly, plasmapheresis
was not required in any patient before or after treatment with BDR
and this was attributed to the initial course of single-agent bort-
ezomib. Peripheral sensory neuropathy was observed in 35%, but
neuropathy grade �3 in only 5%; neuropathic pain in 19%, but
grade �3 in only 1 patient (2%).18

Based on the same premise of reduced neurotoxicity with the use
of weekly bortezomib, a phase II study16 in patients with untreated
WM used bortezomib at the dose of 1.6 mg/m2 weekly on days 1, 8,
and 15, every 28 days for 6 cycles, and rituximab at the standard dose
of 375 mg/m2 weekly on cycles 1 and 4; there was no maintenance.
Among 26 patients, MR or better was observed in 88% with 2 CRs
and/or nCRs (8%) and PRs in 58%. The estimated 1-year event-free
rate was 79%. Peripheral neuropathy developed in 54% of patients
but no neuropathy grade �3 occurred; hematologic toxicity was low.

Second generation PIs are also under investigation in WM. Carfil-

er of Cycles
Given Maintenance ORR PFS

4 No MR or better: NR
PR: 60% �11 months

6 No MR or better: 85%
PR: 48% 8 months

6 No

MR or better: 78%
PR: 44% (per IgM)

and 26%
(composite)

16.3 months

6 No
MR or better: 81%

PR: 46%
CR and/or nCR: 5%

15.6 months

6 No
MR or better: 88%

PR: 58%
CR and/or nCR: 8%

1-year
EFS 79%

4 Yes

MR or better: 96%
PR: 48%

VGPR: 13%
CR and/or nCR: 22%

�30 months

5 No
MR or better: 80%

PR: 61%
CR: 4%

NR

6 Yes
MR or better: 75%

PR: 45%
VGPR: 5%

NR

or response; nCR � near CR; ORR � overall response rate; PFS � progression-free survival;
Numb
zomib is a tetrapeptide epoxyketone and a selective PI which binds
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irreversibly and inhibits the chymotrypsin-like activity of the 20S
proteasome.19 Carfilzomib is not neurotoxic and was recently ap-

roved by the FDA for the treatment of patients with myeloma
efractory to bortezomib and immunomodulatory drugs. Treon et
l20 presented data from a phase II study of carfilzomib in combina-

tion with rituximab and dexamethasone in 20 patients with WM,
most of whom were previously untreated. Carfilzomib was given
(I.V.) at a dose of 20 mg/m2 on cycle 1 days 1 and 2 and then 27

g/m2, thereafter, on days 1, 2, 8, and 9; a schedule which is differ-
ent from the standard used in patients with myeloma. CARD (dexa-
methasone and rituximab) was given for 6 cycles. A maintenance
phase, with CARD was also given. The overall response rate was 75%
(better than PR in 50% and very good PR in 4%); asymptomatic
‘IgM flare’ was observed in 2 patients (10%). Median time to MR or
better was 2 months. The follow-up of the study is short and most
patents are still taking the protocol therapy. Importantly, no signif-
icant neurotoxicity was observed; other carfilzomib-related toxicities
included asymptomatic elevation of lipase (in 35%) and azotemia (in
10%). The data on carfilzomib are still immature but it seems that
the lack of neurotoxicity is a significant advantage of this drug. Fur-
ther evaluation of the activity and safety of this PI in patients with
WM is needed as well as exploration of the optimal schedule and
dose.

Based on the results from several phase II studies in pretreated and
untreated WM, bortezomib can be considered as a treatment option
for patients with WM and in certain settings could also be considered
for primary therapy.21 Bortezomib is not myelotoxic and this is im-
portant especially for young patients who might be considered for
stem cell collection. Based on the rapid reduction of IgM, bort-
ezomib therapy even as a single agent could be considered for the
primary therapy in patients with hyperviscosity, in addition to plas-
mapheresis—in this scenario rituximab could be initiated later, after
reduction of IgM. The combination BDR is an alkylator-free regi-
men with significant activity, and might be considered for the pri-
mary therapy in some selected patients, but more data and longer
follow-up are needed. The results of the EMN study will help to
define the role of this combination in the first-line setting. Neverthe-
less, data from randomized studies are lacking but a prospective ran-
domized European collaborative study will explore if the addition of
bortezomib to standard dexamethasone, rituximab, cyclophospha-
mide (DRC) can significantly improve the outcome of WM patients.
Neuropathy related to WM is common and unfortunately, neuro-
toxicity is the major drawback of bortezomib therapy. Alternative
regimens, such as the weekly administration or alternative routes of
administration, such as the use of subcutaneous bortezomib, might
effectively reduce the occurrence of neuropathy. Fortunately, neuro-
toxicity does not seem to be a PI class effect. Carfilzomib shows
promising activity but data are still immature. Other PIs such as

NPI-0052 (marizomib), and ONX0912 (oprozomib) have shown
preclinical activity in WM2,5 and could be tested in future trials. In
addition, novel combinations with Akt inhibitors are promising and
under clinical investigation.

Disclosures
M.A.D has received honoraria from OrthoBiotech and Celgene.

E.T. and E.K. have no relevant conflicts to disclose.

References
1. Moreau P, Richardson PG, Cavo M, et al. Proteasome inhibitors in multiple my-

eloma: 10 years later. Blood 2012; 120:947-59.
2. Roccaro AM, Leleu X, Sacco A, et al. Dual targeting of the proteasome regulates

survival and homing in Waldenstrom macroglobulinemia. Blood 2008; 111:
4752-63.

3. Leleu X, Xu L, Jia X, et al. Endoplasmic reticulum stress is a target for therapy in
Waldenstrom macroglobulinemia. Blood 2009; 113:626-34.

4. Leleu X, Eeckhoute J, Jia X, et al. Targeting NF-kappaB in Waldenstrom macro-
globulinemia. Blood 2008; 111:5068-77.

5. Roccaro AM, Sacco A, Aujay M, et al. Selective inhibition of chymotrypsin-like
activity of the immunoproteasome and constitutive proteasome in Waldenstrom
macroglobulinemia. Blood 2010; 115:4051-60.

6. Rajkumar SV, Richardson PG, Hideshima T, et al. Proteasome inhibition as a novel
therapeutic target in human cancer. J Clin Oncol 2005; 23:630-9.

7. Wang M, Han XH, Zhang L, et al. Bortezomib is synergistic with rituximab and
cyclophosphamide in inducing apoptosis of mantle cell lymphoma cells in vitro and
in vivo. Leukemia 2008; 22:179-85.

8. Alinari L, White VL, Earl CT, et al. Combination bortezomib and rituximab treat-
ment affects multiple survival and death pathways to promote apoptosis in mantle
cell lymphoma. MAbs 2009; 1:31-40.

9. Roccaro AM, Sacco A, Jia X, et al. Mechanisms of activity of the TORC1
inhibitor everolimus in Waldesntrom’s macroglobulinemia. Clin Cancer Res
2012; 18:6609-22.

10. Sacco A, Aujay M, Morgan B, et al. Carfilzomib-dependent selective inhibition of
the chymotrypsin-like activity of the proteasome leads to antitumor activity in
Waldenstrom’s macroglobulinemia. Clin Cancer Res 2011; 17:1753-64.

11. Roccaro AM, Sacco A, Aujay M, et al. Selective inhibition of chymotrypsin-like
activity of the immunoproteasome and constitutive proteasome in Waldenstrom
macroglobulinemia. Blood 2010; 115:4051-60.

12. Dimopoulos MA, Anagnostopoulos A, Kyrtsonis MC, et al. Treatment of relapsed
or refractory Waldenström’s macroglobulinemia with bortezomib. Haematologica
2005; 90:1655-8.

13. Treon SP, Hunter ZR, Matous J, et al. Multicenter clinical trial of bortezomib in
relapsed/refractory Waldenstrom’s macroglobulinemia: results of WMCTG trial
03-248. Clin Cancer Res 2007; 13:3320-5.

14. Chen CI, Kouroukis CT, White D, et al. Bortezomib is active in patients with
untreated or relapsed Waldenstrom’s macroglobulinemia: a phase II study of the
National Cancer Institute of Canada Clinical Trials Group. J Clin Oncol 2007;
25:1570-5.

15. Ghobrial IM, Hong F, Padmanabhan S, et al. Phase II trial of weekly bortezomib in
combination with rituximab in relapsed or relapsed and refractory Waldenstrom
macroglobulinemia. J Clin Oncol 2010; 28:1422-8.

16. Ghobrial IM, Xie W, Padmanabhan S, et al. Phase II trial of weekly bortezomib in
combination with rituximab in untreated patients with Waldenström Macroglob-
ulinemia. Am J Hematol 2010; 85:670-4.

17. Treon SP, Ioakimidis L, Soumerai JD, et al. Primary therapy of Waldenström
macroglobulinemia with bortezomib, dexamethasone, and rituximab: WMCTG
clinical trial 05-180. J Clin Oncol 2009; 27:3830-5.

18. Dimopoulos MA, Garcia-Sanz R, Gavriatopoulou M, et al. Primary therapy of
Waldenstrom’s macroglobulinemia (WM) with weekly bortezomib, low-dose dexa-
methasone and rituximab (BDR): a phase II study of the European myeloma net-
work. ASH Annual Meeting Abstracts 2010. 2010; 116:1941.

19. Shah JJ, Orlowski RZ. Proteasome inhibitors in the treatment of multiple myeloma.
Leukemia 2009; 23:1964-79.

20. Treon SP, Tripsas CK , Sheehy P, et al. Prospective phase II clinical trial of Carfil-
zomib, Rituximab and Dexamethasone (CARD) in patients with symptomatic
Waldenström’s Macroglobulinemia (WM). IMWWM 7 Newport, August 2012.

21. Dimopoulos MA, Gertz MA, Kastritis E, et al. Update on treatment recommenda-

tions from the fourth International workshop on Waldenstrom’s macroglobuline-
mia. J Clin Oncol 2009; 27:120-6.

Clinical Lymphoma, Myeloma & Leukemia April 2013 237


	Proteasome Inhibitor Therapy for Waldenström`s Macroglobulinemia
	Disclosures
	References


