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Bortezomib as a Treatment Option in Patients

With Waldenstrom Macroglobulinemia

Meletios A. Dimopoulos,! Christine Chen,2 Efstathios Kastritis,!
- Maria Gavriatopoulou,! Steven P Treon3

Abstract

‘Waldenstrém macroglobulinemia (WM) is a B-cell lymphoproliferative disorder characterized by lymphoplasmacytic
bone marrow infiltration and immunoglobulin M (lgM) monoclonal gammopathy. It remains incurable, with a median
survival of 5-10 years in symptomatic WM. Current first-line treatment options include alkylating agents, nucleoside
analogues, and rituximab-based therapies. However, primary or secondary resistance invariably develops. Thus, new
treatment options are needed. Preclinical studies have shown that the proteasome inhibitor bortezomib targets signaling
pathways of relevance in WM. Bortezomib, alone and in combination with rituximab, has demonstrated notable activ-
ity in clinical studies in patients with WM, predominantly in phase Il trials in the relapsed or refractory setting. In newly
diagnosed patients, bortezomib plus rituximab and dexamethasone is highly active (complete response/near-complete
response = 22%). Bortezomib-based therapies result in rapid responses, potentially making them suitable treatment
options for patients with hyperviscosity-related symptoms who require a rapid reduction in igM level. In addition, bort-
ezomib appears unique in reducing rituximab-associated IgM fiares. Bortezomib is generally well tolerated in WM.
However, neurotoxicity is common and might be the cause of dose reduction or treatment discontinuation. Bortezomib
has no adverse effect on stem cell harvesting and engraftment, making it a feasible treatment option in transplantation-
eligible patients. These encouraging data have led to the inclusion of bortezomib as a salvage treatment option in the
recently updated Fourth International Workshop on Waldenstrém’s Macroglobulinemia treatment recommendations.
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introduction

) Waldenstrom macroglobulinemia (WM) is an incurable, relaps-
ing, rare B-cell lymphoproliferative disorder. It is characterized by
lymphoplasmacytic bone marrow infiltration and elevated immu-
noglobulin M (IgM) levels!3 and is associated with cytokine and
chemokine upregulation, which facilitate survival of the malignant
clone4 The most common clinical presentations include cytope-
nias (notably anemia), increased vascular resistance, and serum
hyperviscosity.>6 The median overall survival is estimated to be
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5-10 years, with disease-specific survival of 11.2 years reported in
one study23.57-10; however, because of the relapsing nature of the
disease, most patients die of disease progression.4

Waldenstrém macroglobulinemia accounts for 1%-2% of all
hematologic malignancies, with an overall incidence of approxi-
mately 3 per million persons per year.211:12 The median age at
diagnosis varies between 63 years and 75 years, and 55%-70% of
patients are men.27:10:11,13 The incidence of WM is higher among
the white versus black population, with the latter representing only
5% of all patients.!1:12 Genetic factors might have a role in familial
clustering of WM, with 19% of the patients in one study having a
first-degree relative with a B-cell neoplasm. 1415

The predominant risk factor for the development of WM is preex-
isting monoclonal gammopathy of unknown significance MGUS),
which confers a 46-fold increased risk of disease in comparison
with the general population.16 Increasing IgM level is linked to a
progressive increase in risk of transformation from asymptomatic
IgM-MGUS to symptomatic WM.17 However, although " elevated
serum IgM causes hyperviscosity and other complications, it does not
accurately reflect tumor burden or prognosis alone.4
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Poor prognosis has also been associated with advanced age, high
B,-microglobulin level, cytopenias, low albumin level, and organo-
megaly.910.18,19 Indeed, the International Prognostic Scoring
System for WM allows patients to be stratified as low, medium, or
high risk based on age, hemoglobin concentration, platelet count,
B,-microglobulin, and M-protein.20 Inactivation of the TRAF3 and
TINFAIP3 tumor suppressor genes, which are both negative regula-
tors of the nuclear factor (NF)—xB pathway, has been reported,
- suggesting a therapeutic role for inhibitors of NF-xB.2!

The proteasome inhibitor bortezomib acts through inhibition of
the NF-kB and additional signaling pathways22-24 and has demon-
strated notable activity in frontline25:26 and relapsed or refractory?>
multiple myeloma (MM), and in relapsed or refractory?’ mantle
cell lymphoma (MCL). Thus, bortezomib might also represent a
therapeutic option for patients with WM.

Current Treatment Options for
Waldenstrém Macroglobulinemia

In accordance with current guidelines, treatment is initiated only
when WM patients become symptomatic.2.3.11:28 Criteria for start-
ing treatment are hemoglobin < 100 g/L, platelets < 100 x 109/L,
clinically significant adenopathy or organomegaly, symptomatic
hyperviscosity, severe neuropathy, amyloidosis, cryoglobulinemia,
cold agglutinin disease, or evidence of large-cell transforma-
tion. 1,228 Patients with asymptomatic WM should be followed
without treatment until 2 1 of the above criteria are met.29:30

Most WM therapies were originally derived from those for other
lymphoproliferative diseases presenting with elevated immuno-
globulin levels, such as MM or chronic lymphocytic leukemia.4
However, because of the low incidence of WM, clinical trials in
this disease have small sample sizes, and no large comparative stud-
ies have been performed. Subsequently, there is no US Food and
Drug Administration— or European Medicines Agency-approved
regimen for frontline or relapsed or refractory WM.} Current treat-
ment regimens include alkylating agents, nucleoside analogues, and
rituximab,131

Recommendations from the Fourth International Workshop on
Waldenstrom's Macroglobulinemia have recently been published.28
Treatment options for WM in the front-line setting include single-
agent chlorambucil, cladribine, fludarabine, or rituximab and com-
bination treatment comprising doublets of cladribine or fludara-
bine plus cyclophosphamide or rituximab, or triplets of cladribine,
fludarabine or pentostatin plus cyclophosphamide and rituximab.28
Other recommended therapies include rituximab plus thalidomide
{RT), R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, and prednisone), and cyclophosphamide, dexamethasone,
and rituximab (CDR).28 Treatment options in the relapsed or
refractory setting are similar to those in the frontline setting, with
the omission of the CDR regimen and the inclusion of single-agent
alemtuzumab or thalidomide, or these agents in combination with

dexamethasone.28 High-dose therapy plus autologous stem-cell

transplantation (HDT-ASCT) is also considered a treatment option
in various settings.?8 '

Unfortunately, response rates for these various regimens are low,
with approximately 50% of patients achieving a partial response
(PR; 2 50% M-protein reduction) and few achieving a complete

response {(CR; 100% M-protein reduction).5-32 For example, CR
rates in the frontline setring using alkylating agents, nucleoside
analogues, and monoclonal antibodies, alone or in combination,
are € 10%.1 Major response rates (2 PR) in WM are 31%-85%
in frontline and 20%-54% in relapsed or refractory settings with
single agents and 74%-94% in both settings using combination
therapies.27:8,18.33-49

The choice of treatment for WM depends on several facrors,
including candidacy for ASCT, the presence of cytopenias, and the
need for rapid disease control. Recommendations from the Fourth
International Workshop on Waldenstrdm's Macroglobulinemia
relate to each of these factors.?8 The prolonged use of alkylating
agents and nucleoside analogues is unsuitable in patients undergo-
ing ASCT because these therapies can adversely affect bone marrow
function,® thereby impairing stem-cell mobilization and poten-
tially preventing the harvésting of sufficient stem cells for patients
to undergo ASCT. However, cyclophosphamide is an alkylating
agent that has no adverse effect on stem cell collection. Rituximab
plus thalidomide, R-CHOR and CDR regimens are therefore
appropriate in ASCT candidates.28 Other alkylating agents can
induce myelodysplasia and acute nonlymphocytic leukemia, and
nucleoside analogues might induce bone marrow suppression and
immunosuppression.50 The use of these agents is further limited
in patients with cytopenias, particularly thrombocytopenia; such
patients might benefit from therapies with low myelotoxiciry; RT
and CDR regimens are suggested as options in these patients, even
in non-ASCT patients.28 A rapid response to therapy is important in
WM, particularly for patients presenting with hyperviscosity symp-
toms. R-CHOP and CDR are recommended for these patients.?8

Standard therapies typically have slow response rates; for exsmple,
with chlorambucil, several months are required to determine the
chemosensitivity of the disease, and rinimab has a median time
to response of 3.3 months.>-38:51 Rinuximab is also associated with
transient increases in IgM titers, known as ‘IgM flares.” Flares can lead
to hyperviscosity-associated events, including epistaxis, headaches and,
in one case, a subdural hemorthage.52 In one study, flares occurred
in 54% of the patients and were associated with lower response rates
(28% vs. 80% for patients with and without flares, respectively).53

Because of the limitations of standard therapies in certain patient
groups and the relapsing nature of WM, additional treatment
options are required for this disease.428 Consequently, novel agents
and new approaches continue to be investigated. These include treat-
ment options effective in MM, such as lenalidomide and allogeneic/
mini-allogeneic SCT as well as novel agents targeting pathways of
relevance in WM, such as Ake and mammalian target of rapamycin
inhibitors. 12115457 Bortezomib, effective in MM and MCL, also
targets signaling pathways of relevance in WM.25-27:58,59 Therefore,
bortezomib appears a highly suitable treatment option for WM and,
as reviewed in the next section, has demonstrated notable activity as
a single and combination agent in clinical studies.

Bortezomib as a Treatment Option
in Waldenstrom Macroglobulinemia
Preclinical Studies _
Preclinical studies have elucidated the mechanism of action of
bortezomib in a number of tumor types. Bortezomib blocks the
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ubiquitin-proteasome degradation pathway through reversible inhi-
bition of the 268 proteasome, thereby affecting multiple signaling
pathways, including NF-xB, via inhibition of transcription. This
process induces cell-cycle inhibition, endoplasmic reticulum stress
through disruption of the unfolded protein response, and apoptotic
induction, resulting in antitumor, antiangiogenic, and antiprolif-
erative activities.22-24

Preclinical studies have demonstrated the activity of bortezomib
in WM. Bortezomib promoted apoptosis in the WM-WSU cell
line and in primary tumor cells isolated from patients with WM,
including patients whose disease was refractory to fludarabine- or
rituximab-based therapies, via suppression of NF-kB and upregu-
lation of AP-1. This resulted in downregulation of antiapoptotic
proteins and in caspase-8 and -9 activation.6¢ The induction of
endoplasmic reticulum stress by bortezomib might also be impor-
tant because this process has been identified as a therapeutic target
in WM.61.62

Bortezomib has demonstrated synergistic/additive preclini-
cal activity in combination with numerous agents in WM cells.
Synergistic activity was observed with the combination of bortezo-
mib, rituximab, and dexamethasone in WM cells. Bortezomib in
combination with perifosine, an Akt inhibitor, showed enhanced
cytotoxicity in WM cells by targeting NF-xB signaling pathways
and reducing PI3K/Akr and extracellular signal-regulated kinase
(ERK) signaling,63 while in combination with another proteasome
inhibitor, NPI-0052, synergistic cytotoxicity was demonstrated
in WM cells through NF-xB inhibition and caspase-3, -8, and
-9, and PARP cleavage. This synergistic activity occurred through
differential effects on Akt activity and chymotrypsin, caspase, and
trypsin-like proteasomal activities.#4 Resveratrol, an antioxidant
constituent of plant, has demonstrated antiproliferative activity
and apoptotic induction through synergistic cytotoxicity in com-
bination with bortezomib in WM cell lines, WM primary tumor
cells, IgM-secreting cells, and peripheral blood mononuclear
cells.65 Further synergistic activity has been established with simv-
astatin, which decreases IgM secretion in WM and increases bort-
ezomib cytotoxicity. Interestingly, as with perifosine, this cytotoxic
activity in combination with bortezomib was linked to a reduction
in Ake and ERK signaling, suggesting that bortezomib might also
negatively affect these pathways.56 Finally, plerixafor (AMD3100),
a CXCR4-receptor inhibitor, caused reduced adhesion of WM
cells to stromal cells, leading to increased bortezomib cytotoxic-
ity.67 Based on its activity in MM and the preclinical studies
described, bortezomib has been investigated in clinical studies in
patients with WM.

Clinical Studies
Efficacy

The preclinical activity of bortezomib in WM cells has been
confirmed in clinical studies of bortezomib in patients with WM.
Bortezomib has been investigated alone or in combination in 12
phase I and II clinical trials in both the frontline and relapsed or
refractory settings. Seven of these studies contained 2 5 patients
with WM (Tables 1A and 1B).

As a single agent, bortezomib has shown substantial activity in
multiple phase II studies of patients with WM alone or as part of
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broader patient populations, with the majority of studies including
patients with relapsed or refractory WM.6873 In the phase IT mul-
ticenter study by Treon et al (Waldenstrom's Macroglobulinemia
Clinical Trials Group [WMCTG] study), where 26 of 27 patients
had relapsed disease or were refractory to previous therapy, the over-
all response rate was 85%, with 13 (48%) major responses (= PR)
and 10 (37%) minor responses (MRs; > 25% and < 50% M-protein
reduction). Importantly, all 3 patients with hyperviscosity-related
complaints demonstrated symptom resolution.”3 In a second phase
11 study in 27 relapsed/refractory patients treated with single-agent
bortezomib, Chen et al (National Cancer Institute of Canada
[NCIC] trial) observed = MR by serum IgM reduction alone in
21 patients (78%), with ‘12 patients (44%) achieving 2 PR.68.In a
preliminary single-center study involving 10 relapsed or refractory
patients, Dimopoulos et al reported major responses by serum IgM
reduction in 6 patients (60%), of whom 3 had a 2 75% serum
IgM reduction, with a further 2 patients (209%) achieving an MR.
One patient, who had WM complicated by serum hyperviscosity
and type 1 cryoglobulinemia, with severe acrocyanosis, demon-
strated a reduction in IgM from 9 to 5 g/dL, after a single course of
bortezomib. Importantly, 1 of 3 patients with disease refractory to
alkylators and rituximab achieved a PR.69

Patients with WM might benefit from a therapy that can induce
response rapidly and decrease IgM levels in order to alleviate hyper-
viscosity and other disease-related symptoms. Responses to bort-
czomib were rapid, with median times to first and best responses
of 1.4 months and 4.1 months, respectively, in the WMCTG trial.
The authors noted that the median time to response appeared favor-
able with bortezomib, in comparison with alkylating agents and
rituximab, indicating a possible therapeutic option in patients with
hyperviscosity-associated symptoms requiring a rapid reduction in
IgM levels.73 In the NCIC wial, median time to first response by
IgM reduction was 6 weeks (2 cycles). Nodal responses were slower
and occurred in most patients with nodal disease, with a median
time to PR of 12 weeks (4 cycles) in 5 patients. The authors note
that the lower response rate might reflect the reported lag in nodal
tumor disease reduction and suggest that extended therapy might
be of benefit to maximize tumor impact in these patients.58 In
addition, Dimopoulos et al reported a median time to response of
1 month and suggested that bortezomib might induce responses in
WM more rapidly than any other agent.6 Such rapid responses have
been associated with rare reports of tumor lysis syndrome in patients
with MM; however, this has not been described with bortezomib in
patients with WM.7476

Reductions in IgM levels were reported in some of the single-agent
bortezomib studies. For example, median plasma IgM level decreased
from 4,660 mg/dL to 2,092 mg/dL at best response in the WMCTG
trial.73 The median change in bone marrow involvement (—50%)
generally paralleled the median change in serum IgM levels following
treatment (—44%) in the 10 patients for whom data were available.

Time-to-event outcomes in the WMCTG wial included a
median time to progression (TTP) of 6.6 months in all patients
and 7.9 months in responding patients. Median TTP in patients
with major responses (8.9 months) appeared longer than in patients
with minor responses (6.6 months), although this difference was
not statistically significant.” The NCIC trial noted a median
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Study [ Design ! Regimen Total Enrolled Response Outcomes Toxicities
Monotherapy S
Single-agent CR + PR + MR 2 85%; Median TTF, ﬁ%ﬁ@;ﬂ%’ﬁ:&
bortezomib; WMCTG y PR, 48%:; MR, 37%; 6.6 months; . .
03-248 trial: 2 8 3-week cycles of edian time to edian TP neuropathy, 22%/C;
Treon et ai” phase Il mutticenter bortezormib 27 rf]i1rstlaresponsn one o ‘and letkopenia, 19%T0,
mut 1.3 mg/m2 on days (1 untreated) . {responders), neutropenia, 11%/4%;
study; patients 148 11 1.4 months; 7.9 months; dizziness, 11%/0; and
with relapsed/ - P median time to best median follow-up, thromb;chtopef,\ia
refractory WM response, 4.1 months 18.2 months %0
M-protein criteria:
CR+ PR+ MR, Drug-related grade
. 78%; PR, 44%; 3/4 toxicities:
Singie-agent ) ST ’ .
bortszomib; National | 3-Week cycles of e MednPFS, | pgormocrd b
Cancer Institute of bortezzomib 27 p(2 cyé;les)' 16.3 months; 19%,'0. fatigue, !
Chen et alé® Canadq; 1.3 mg/m? on days 1, (12 untreated, composite criteriab: median DOR {PR), sensory neuropathy,
phase I multicenter = 4, 8, 11 {until PD; no 15 i : 10 months; . .
R h relapsed) PR, 26%; 25% in . ) and myalgia, 11%/0;
study; patients maximum number : median duration of ; .
with untreated or of cycles) unireated patients, | ey 44 3 months anemia, 7%/4%;
relansed WM 27% in relapsed P neuropathic pain,
P patients; median diarhea, and dyspnea,
time to response, 7%/0
12 weeks {4 cycles)
Single-agent Grade 3 toxicities:
bortezomip; 4 3-week cycles of ileus, 30%; fatigue
Dimopoulos singgﬂgztigﬁgu ” bortezomib 7 re;a% ot mggﬂﬁfn Expected median neuropathy, and
el patients with | 1" Tgﬁm; % days 3 refractory) response, 1 month | TTR.>11 months mro;g(mema,
relapsed/ e i
refractory WM neutropenia, 10%
Single-agent
bortezomib; 8 3-week cycles of
72 phase Il muiticenter bortezomib 51
Strauss et al study; patients with © 1.3 mg/m2 on days- (WM: 5) 2PR¢ NA NA
relapsed/refractory 1,4,8 11
lymphoma _

aThird international Workshop on Waldenstrm’s Macroglobulinemia consensus response criteria. %

bCompuosite response criteria (ie, reduction in IgM protein and bidimensional disease as per Cheson criteria). 8’

£Second International Workshop on Waldenstrom's Macroglobulinemia consensus uniform response criteria, %8

Abbreviations: CR = complete response; DOR = duration of response; MR = minor response; NA = data not given; nCR = near- complete response, PD = progressive disease; PR = partial
response; SO = stable disease; TTP = time to progression; WM = Waldenstrém macroglobutinemia; WMCTG = Waldenstrom's Macroglobufinemia Clinicat Trials Group

progression-free survival (PFS) of 16.3 months and a median dura-
tion of response (DOR) of 10 months for patients achieving a PR.68
In the Dimopoulos et al study, 2 of the responders developed pro-
gressive disease after 9 and 11 months, while, importantly, 4 patients
remained progression-free for 2 months to 12 months. The median
TTP was expected to exceed 11 months.®? In addition, bortezomib
as a single agent has demonstrated activity in other phase I and Il
trials in patients with relapsed or refractory hematologic malignan-
cies, including WM.70-72

Bortezomib has also been investigated in combination with
rituximab in patients with relapsed/refractory WM. Ghobrial et al
observed a response rate (2 MR) of 83%, including 6% CR/nCR
and 48% PR, in 35 of 37 response-evaluable patients with WM.
After 2 median follow-up of 1 year, the median TTP and DOR
were not reached. After 2 years of follow-up, 8 of 35 patients (23%)
had shown disease relapse. Rituximab IgM flares were noted only in
{20%) patients, compared with 60% with rituximab monotherapy
and 40%-75% with other rituximab-based combinations, suggest-
ing that bortezomib might help to decrease rituximab-mediated

IgM flare.52.77-80 In a further study of 45 patients with B-cell lym-
phomas, including 10 with recurrent WM, Agathocleous et al noted
thar 8 (809%) of the patients with WM achieved a PR, with.a median
reduction in M-protein of 77.5% among responding patients. Three
patients with WM requiring transfusion before therapy had normal
hemoglobin levels restored.81

In the front-line setting, Treon et al investigated bortezomib
in combination with dexamethasone and rituximab (BDR) in
23 patients with previously untreated WM. The overall response
rate (2 MR) was 96%. An impressive major response (= PR) rate
of 83% was reported, and 5 patients (22%) achieved CR/aCR.
Responses were rapid, with a median time to > 25% IgM decrease
of 1.1 months. In all patients, serum IgM level decreased signifi-
cantly (4,830-682 mg/dL; P = .0009), and median hematocrit levels
increased significantly (28.9%-38.2%; P = .0002). After a median
follow-up of 22.8 months, 18 of 23 patients remained progression
free.82 Rituximab-associated IgM flares occurred in 9% of patients
with the BDR. Bortezomib might therefore increase the number of
patients for whom rituximab therapy is suitable.
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Response

Qutcomes Toxicities
Combination Therapy
Four 3-week cycles Grade USég toxi_cities:
. i ; neutropenia,
Bortezomib plus of bortezomib Median TTP, open
dexamethasone 1.3 mg/m? on days CA + PR + MR: 96%; not reached, 26%/4%; peggg:/rgl
and rituximab; 1.4,8,11; 2 CR + PR: 83%; 18/23 patients ";"mpamy' /0;
- WMCTG 05-180; dexamathasong CRINCR: 22%; | Pprogression free after VOmgQ%%QDema-
Treon et al phase I, multicenter | 40 Mmaondays 1,4, median ime o > 25% | median follow-up o
ook 8, 11; rituximab h 81% of patients had
study; patients ) decrease in IgM, of 22.8 months Jution of arade
with previously 375 mg/me on day 1.4 months (range, 3.3-33.2 resolution of g
unireated WM 11; 3-month pause, months) 22PNt gradg <1
then 4 more cycles at a median time
each 3 months apart of 6 months
. Six 4-week cycles Grade 3/4 toxicities:
Bortezomib plus h ; ”
ritudmab; af bortezzomrb 37 . CR + PR + MR®: 83% Median DOR, neutn’o;g;:z;,1¥%,
phase Il multicenter | O MM Ondays (21 relapsed, CR -+ PR: 54% not reached; anemis, 11%;
Ghobrial et al”? Stud);' patients 1, 8,15, all cycles; 5 refractory; CR/NCR: 6% median TTP thrombocytopenia,
with ;elaps od/ rituximab 375 mg/m? 11 relapsed and - 1 4% not reached 11%; peripheral
refractory WM ondays 1,8, 15, 22, refractory) : neuropathy, 5%
Y : cycles 1 and 4 only {no grade 4)
Eight 3-week cycles
of bortezomib
1.3 mg/m? on days 1. Grade 3/4 toxicities
4, 8, 11; rituximab P
o (all 45 patients):
Bortezomib plus 375 t:;llg/m onkcliay 1 neutropenia,
rituximab; (iice- weekly PR, 80%; 12%/12%:
Agathocleous phase {/ll, multicenter s ORU ) no significant thrombocytopenia,
g study; patients with | g o o 45 difference in efficacy NA 12%/9%;
a recurrent FL, X f l—)\gee cycies (Wi, 10) between twice-weeldy neurctoxicity, 7%/5%;
MCL, o WM of bortezomib and weekly schedules diarthea, 2%/2%; o
1.6 mg/m? on days 1, o :
significant difference
8, 15, 22, all cycles; S
M in toxicity between
rituximab 375 mg/m2 oW
d twice-weekly and
ondays 1,8, 15, 22, weekly schedules
cycles 1 and 4 only
(weekly schedule)

#Second International Workshap on Waldenstrdm’s Macroglobulinemia consensus uniform response criteria. %

5Third International Workshop on Waldenstrom's Macrogiobufinemia consensus response criteria. %

Abbreviations: CR = complete response; DOR = duration of response: FL = follicutar lymphoma; MCL = mantle cell lymphoma; MR = minor response; NA = data not given; nCR = pear-complete
response; PD = progressive disease; PN = peripheral neuropathy; PR = partial response; SD = stable disease; TTP = fime fo progression; WM = Waldenstrém' macroglobulinemia; WMCTG =

Waldenstrom's Macroglobufinemia Clinical Trials Group

Safety
- Bortezomib is generally well rolerated, with the safety profile in
WM reflecting the well-characterized safety profiles seen in MM
and MCL.68.69.73,77.82 However, the incidence of bortezomib-
associated sensory neuropathy in patients with WM appeared
higher than in patients with relapsed or refractory MM.68,73.83-85
In the single-agent bortezomib WMCTG study, 6 of 27 patients
(22%) developed grade 2 3 sensory neuropathy,?3 while the NCIC
trial reported 20 patients (74%) with new or deteriorating neu-
ropathy, with 12 (44%), 2 (7%), and 6 (22%) patients having sen-
sory neuropathy, neuropathic pain, and mixed sensory and painful
neuropathy, respectively.68 In the studies investigating bortezomib
in combination with ricuximab, grade 3 peripheral neuropathy
was reported in 5% of patients by Ghobrial et al and grade 3/4
neurotoxicity occurred in 12% of the patients in the Agathocleous
et al study.”7:8! In addition, grade 3 peripheral neuropathy was
reported in 30% of patients being treated with the BDR regimen.82
These data might reflect an underlying WM-associated clinical
or subclinical neuropathy, both of which have been commonly
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observed.11,68.73,86 Indeed, the WMCTG trial reported 12 patients
(44%) with grade | sensory neuropathy at baseline.”3 Development
of bortezomib-associated neuropathy did not appear to be related to
neuropathy at baseline in patients with WM.68.73 The NCIC trial
noted that 5 patients developed grade 3 neuropathy, of whom only
1 had pre-existing neuropathy.68

Previous studies in newly diagnosed and relapsed/refractory
MM have shown bortezomib-associated peripheral neuropathy to
be reversible in most patients.5%:87-91 Similar findings have been
reported with sensory neuropathy or neuroparesthesias in WM,
with the majority of patients experiencing improvement or com-
plete resolution of the toxicity.68.73:82 In the WMCTG trial, 5 of
the 6 patients (83%) with grade > 3 sensory neuropathy achieved
complete resolution or improvement in symptoms to grade < 2, ina
median time of 6 months after onset. The remaining patient ceased
therapy for grade 3 sensory neuropathy, without improvement, and
died due to disease progression 14 months after termination of ther-
apy.73 Furthermore, the NCIC trial reported that 15 of 20 patients
(75%) with new or deteriorating neuropathy achieved improvement




of 2 1 grade in sensory neuropathy, with complete resolution occur-
ring in 14 patients (70%).68 Neuropathy improved in 3 patients while
still receiving bortezomib. Of the 5 patents with grade 3 peripheral
neuropathy, 2 resolved at 16 months and 25 months after drug discon-
tinuation, while the other 3 patients improved to grade 2 at 16, 20.6,
and 25.2 months off-study, with symptoms persisting. Treatment with
bortezomib was discontinued in 5 patients (19%) because of neuropa-
thy.88 In the BDR study, 81% of grade = 2 peripheral neuropathies
resolved to grade < 1 after a median time of 6 months.82 Variations
in the incidence of peripheral neuropathy between studies in patients
with WM might be related to differing regimens, such as weekly versus
biweekly bortezomib and duration of therapy. Bortezomib-associated
peripheral neuropathy might be managed using a dose-modification
guideline developed based on experience in phase II studies in MM.90
Data indicate that use of this guideline might have contributed 0 a
reduced incidence of grade = 3 peripheral neuropathy in the APEX
(Assessment of Proteasome Inhibition for Extending Remission) phase
111 study.9! Careful monitoring of patients, including through the
use of patient-reported outcomes, such as the Functional Assessment
of Cancer Therapy/Gynecologic Oncology Group—Neurotoxicity
(FACT/GOG-Nw) questionnaire, might also optimize management
of this side effect.9!

The most common grade 2 3 hematologic rtoxicities were
bortezomib-associated thrombocytopenia and neutropenia. These side
effects were transient and cyclical, rather than cumulative, thereby not
necessarily limiting use in patients with cytopenias.68.73:82.92 These
hematologjc toxicities appeared similar to those described in the phase
I APEX study in MM, where bortezomib-associated thrombocyto-
penia and neutropenia were transient and cyclical, with rapid recov-
ery.93:94 Although a greater incidence of thrombocytopenia occurred
with bortezomib versus dexamethasone treatment in this study, the
incidence of significant bleeding events was similar.9394 Likewise, in
the single-agent bortezomib study in patients with WM conducted
by Dimopoulos et al, grade 3 thrombocytopenia was readily reversible
and not associated with bleeding.6? These data contrast with studies
using alkylating agents, in which prolonged exposure was associated
with cumulative hematologic toxicity in MM.%4

Clinical studies have demonstrated that bortezomib has no toxic
effects on stem cells, megakaryocytes, or neutrophil precursors because
of a similar transient, rather than cumulative, effect on these cells.
Indeed, bortezomib has no adverse effect on stem cell harvesting or
engraftment when used as induction therapy in MM. Therefore,
bortezomib represents a feasible treatment option for patients who are
candidates for HDT-ASCT, which is recommended as a salvage treat-
ment in WM.

Conclusion

Bortezomib offers extensive benefits as a therapeutic option for
patients with WM. Studies indicate that bortezomib has substantial
activity alone and in combination with rituximab, predominantly
in the relapsed or refractory setting.68-73.77.81 In newly diagnosed
patients with WM, the BDR regimen was found to be highly active,
with a substantial CR/nCR rate in the context of data reported on
other agents in the frontline setting.82 Bortezomib-based therapies
result in rapid responses, potentially making them suitable treatr-
ment options for patients with hyperviscosity-related symptoms who
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require a rapid reduction in IgM level. Furthermore, bortezomib
appears unique in its ability to mitigate rituximab-induced IgM
flares, making rituximab-based regimens accessible to more patients.
This has clinical relevance as the Fourth International Workshop
on Waldenstrom’s Macroglobulinemia recommended rituximab-
based regimens as preferred first-line treatment options for most
patients.28 In addition, bortezomib was recommended as a salvage
treatment option for patients with relapsed WM, and the BDR regi-
men was trecommended in patients with hyperviscosity who require
a rapid reduction in paraprotein.28 Furthermore, the National
Comprehensive Cancer Network has recently added bortezomib as a
primary treatment option for WM.3!

Clinical trials in WM continue to investigate the use of
bortezomib as a single agent in relapsed or refractory patients
(NCT00777738), and in combination with rituximab in the front-
line setting (NCT00492050). Additionally, erials have been initiated
thar investigate novel drug combinations in WM, including combi-

nation chemotherapy plus bortezomib, thalidomide, and rituximab

before double stem-cell transplantation in newly diagnosed patients
(NCT00723658), and rituximab, cyclophosphamide, bortezomib,
and dexamethasone in relapsed/refractory patients (NCT00711828).

In conclusion, the addition of bortezomib-based regimens to the
therapeutic armamentarium for WM has substantial potential ben-
efits including rapid responses, the absence of effect on stem cells,
and the mitigation of IgM flares. Therefore, bortezomib represents
an important additional treatment option, particularly in patients in
whom other standard therapeutic options have limitations.
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