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Abstract

Waldenstrom macroglobulinemia (WM) is a rare lympho-
plasmacytic lymphoma. The primary goal of therapy is to re-
duce symptoms related to direct infiltration of the bone mar-
row and decrease monoclonal IgM-associated complica-
tions. Active agents in the management of WM can be
broadly classified as rituximab-alkylator combination thera-
py, proteasome inhibitor-based therapy, and Bruton’s tyro-
sine kinase inhibitor-based therapy. MYD88-%5° and CXCR4
genetic status are pivotal for tailoring treatment options.
Ibrutinib is a suitable treatment option for both treatment-
naive and relapsing WM patients. Recent advances in the in-
tracellular B cell and cytokine signaling pathways have con-
tributed to the development of novel therapeutic strategies.
Current clinical trials are promising and may further advance

WM-directed therapy. ©2020S. Karger AG, Basel

Introduction

Waldenstrom macroglobulinemia (WM) is a rare,
low-grade lymphoma in which lymphoplasmacytic cells
infiltrate the bone marrow and produce a monoclonal
IgM protein [1]. Other low-grade lymphoproliferative
disorders may also present with IgM monoclonal protein
and should be excluded (Table 1). Anemia, lymphade-
nopathy, and splenomegaly are typical clinical features of
WM. Specific immunological characteristics of monoclo-
nal IgM can result in neuropathy, hyperviscosity, and
cryoglobulinemia.

According to the Surveillance, Epidemiology, and End
Results database, approximately 1,000-1,500 new WM
cases are diagnosed every year in the United States [2].
However, cancer registry data may be biased as there is
no differentiation among IgM monoclonal gammopathy
of undetermined significance, asymptomatic WM, and
symptomatic WM [3-5]. The decision to initiate treat-
ment is based on clinical and laboratory criteria. Treat-
ment response in WM is primarily determined by a re-
duction in the serum IgM protein, in addition to the pres-
ence or absence of clinical manifestations of active and
extramedullary disease [6]. However, serum IgM re-
sponses do not always correlate with bone marrow assess-
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Table 1. Differential diagnosis of WM

Disease Clinical features Histology/bone marrow Immunophenotype/genetic
biopsy

WM hepatomegaly (20%), splenomegaly plasmacytoid cells >10%; pan B cell markers and typically
(15%), and lymphadenopathy (15%);  intertrabecular pattern CD3 and CD103 negative;
fatigue due to anemia MYD882%P (90% of cases)

IgM MGUS IgM level <3 g/dL; absence of lymphoplasmacytic MYD88M°P cannot be used to
end-organ damage lymphoma of <10% differentiate between WM

Multiple myeloma end-organ damage (e.g., lytic bone >10% infiltration of plasma MYD88 is not mutated in IgM
lesions and renal dysfunction) cells multiple myeloma

Chronic lymphocytic lymphocytosis, autoimmunity small mature lymphocytes  always CD5+, CD23+

leukemia

Marginal zone more likely to present with prominent

nodular nonparatrabecular

differentiation between WM can be

lymphoma lymphadenopathy, splenomegaly, or  infiltration pattern challenging; MYD88 seen in 5-10%
extranodal involvement
Mantle cell lymphoma involves lymph nodes and extranodal =~ monomorphous, small- CD5+, CD23—; t(11;14; q13:q32)

sites

medium lymphoid cells
with irregular nuclei

MGUS, monoclonal gammopathy of undetermined significance;

WM, Waldenstrém macroglobulinemia.

ment. Owen et al. [6] proposed updated criteria to define
clinical responses in patients with WM. The modified
standard response criteria are predictive of overall out-
come and are critical to the standardization of reporting
in clinical trials.

WM remains incurable. The management of WM has
been derived from therapeutic options available in the
treatment of multiple myeloma and low-grade lympho-
ma. The decision to treat should consider a patient’s clin-
ical manifestations (i.e., fatigue, anemia, cryoglobuline-
mia, and hyperviscosity syndrome) [7], tolerance of med-
ications, and the avoidance of short- and long-term
toxicity. Recent advances in the understanding of the cy-
togenetic, intracellular B cell, and cytokine signaling
pathways have contributed to the development of novel
therapeutic strategies (Table 2).

Alkylating Agents

Alkylating agents including chlorambucil, melphalan,
and cyclophosphamide were the first therapies utilized in
the treatment of WM [8-10]. Single-agent chlorambucil
may be effective in up to 40% of WM patients [11]. How-
ever, alkylating agents are limited by their toxicity profiles
and adverse effect on future stem cell harvesting.

Management of Waldenstrém
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Nucleoside Analogs

The use of nucleoside analogs can lead to higher re-
sponse rates. However, nucleoside analogs are not con-
sidered primary options for the first-line treatment of
WM. In a large prospective observational multicenter
clinical trial of 118 untreated and symptomatic WM in-
dividuals, fludarabine demonstrated an overall response
rate (ORR) of 36% and a complete remission rate of 2%
[12]. The WML trial, a large phase 3 randomized clinical
trial, demonstrated that oral fludarabine had higher re-
sponse rates (47.8 vs. 38.6%), progression-free survival
(PES) (36.3 vs. 27.1 months), and overall survival (OS)
(70.3 vs. 61.4%) in newly diagnosed WM versus chloram-
bucil treatment [13].

Fludarabine has been investigated in combination
with rituximab, with or without cyclophosphamide. In a
study of 43 patients with symptomatic WM treated with
fludarabine, cyclophosphamide, and rituximab, the ORR
was 79% [14]. However, significant toxicities (mainly my-
elosuppression) occurred in 45% that led to discontin-
uation of treatment [14]. Fludarabine-based therapy re-
mains an option for patients with relapsed/refractory
(R/R) disease, but fludarabine-based combinations are
not recommended for primary therapy.

Acta Haematol 2021;144:146-157
DOI: 10.1159/000509286

147



Table 2. Novel approaches in WM

Ref. Agent Molecular target Phase  Clinical trial Patients, Study population ORR in WM Most common adverse events
No. information n
82 entospletinib selective inhibitor of spleen 2 NCT01799889 17 R/RWM 24% (6% PR, 18% MRR) fatigue, gastrointestinal, neutropenia,
tyrosine kinase increased creatinine and ALT
68 idelalisib PI3KS$ inhibitor 1 NCT00710528, 9 WM 55% asymptomatic grade >3 serum trans-
NCT01090414 aminase elevations occurred in ~25%
69 idelalisib PI3K3 inhibitor 2 NCT01282424 10 LPL/WM 80% (70% PR, 10% MRR) neutropenia, elevations in aminotrans-
ferase levels
83 idelalisib PI3KS inhibitor 2 NCT01282424 pl(n=9), R/RWM (p1) + 56% (p1) and 80% (p2) increased ALT/AST
p2 (n=10) refractory disease to
both rituximab and
alkylating agent (p2)
70 idelalisib + PI3KS inhibitor + novel 2 NCT02962401 49 R/RWM 90% (76% MRR, 68% PR, hepatotoxicity (20%), diarrhea (10%),
obinutuzumab anti-CD20 8% VGPR) and dermatologic complications (4%)
73 duvelisib PI3K3 and vy inhibitor 1 NCT01476657 4 WM/LPL 58%% cytopenias, increased ALT (38.6%)/
AST (37.6%), diarrhea (41.9%)*
84 everolimus mTor inhibitor 2 NCT00436618 50 R/RWM 70% (42% PR, 28% MRR) hematological toxicities, pulmonary
toxicity (10%)
85 everolimus mTor inhibitor 2 NCT00436618 60 R/RWM 73% (50% PR, 23% MRR) hematological (67%), pulmonary
toxicity (5%)
86 everolimus + bortezo-  mTor inhibitor + PI + 1/2 NCTO01125293 46 WM 87% (46% PR, 37% MRR) fatigue, cytopenias, and sensory
mib and rituximab anti-CD20 inhibitor peripheral neuropathy (41%)
87 everolimus mTor inhibitor 2 NCT00976248 33 symptomatic, previ- 72.7% (58% PR, 60.6% MRR) mucositis (27.3%), infection (21.2%),
ously untreated WM and pneumonitis (18.2%)
88 ofatumumab CD20 monoclonal antibody 2 NCTO00811733 37 untreated WM and 59% (41% PR, 19% MRR) infusion-related reactions

R/RWM

? Includes all indolent non-Hodgkin lymphoma cases. ALT, alanine aminotransferase; AST, aspartate aminotransferase; LPL, lymphoplasmacytic lymphoma; MRR, major response rate; mTOR, mammalian
target of rapamycin; ORR, overall response rate; p1, phase 1; p2, phase 2; PI, proteasome inhibitor; PI3K, phosphatidylinositol 3-kinase; PI3K8, phosphatidylinositol 3-kinase delta; PR, partial response; R/R, relapsed/

refractory; VGPR, very good partial response; WM, Waldenstrom macroglobulinemia.

Rituximab as a Monotherapy

Currently, rituximab-based regimens are the primary
recommended therapy for the majority of patients with
WM. Rituximab is a selective chimeric anti-CD20 mono-
clonal antibody that lacks long-term toxicity and is rela-
tively well tolerated.

As a monotherapy, rituximab has reduced response
rates compared to other combination regimens. In a pro-
spective phase 2 study, 27 individuals with WM were
treated with rituximab intravenously for a total of 4
weeks [15]. Forty percent (6/15) of previously untreated
WM patients achieved partial response (PR) [15]. A low-
er response to rituximab was reported in patients with
high levels of serum monoclonal protein [15]. Similar
tindings were observed with the use of an extended ritux-
imab dose with no evidence of myelosuppression [16].
However, a transient increase in IgM level during or
shortly after treatment may be expected and worsen
IgM-related morbidities. Therapeutic plasmapheresis is
recommended as a short-term measure, followed by the
initiation of systemic therapy. The IgM flare due to ritux-
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imab does not predict treatment failure, and in the ma-
jority of cases, IgM levels returned to baseline at 12 weeks
[17].

In selected populations, single-agent rituximab may be
useful as a treatment option for elderly patients who do
not have a strong indication for cytotoxic therapy [18]. A
population-based study of 1,310 Medicare beneficiaries
(>65 years old) with WM demonstrated no difference in
OS between patients receiving single-agent rituximab
compared to combination with chemotherapy [19]. IgM
levels and prophylactic measures were not recorded.
However, no increased risk of plasmapheresis or hospi-
talization was observed.

Combination therapies have a synergistic activity that
may provide a vital overlap to eradicate the entire WM
clone [20]. The preferred frontline treatment options for
WM can be broadly classified as rituximab-alkylator
combination therapy, proteasome inhibitor-based thera-
py, and Bruton’s tyrosine kinase (BTK) inhibitor-based
therapy.
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Rituximab with Alkylators (Chemoimmunotherapy)

One of the earliest combination chemotherapy regi-
mens used with rituximab was dexamethasone and cy-
clophosphamide (DRC) [21]. The updated report of a
phase 2 clinical trial in 72 newly diagnosed WM patients
evaluating primary therapy with DRC showed a response
rate of 83%, with 67% of patients achieving PR [21]. Dis-
ease progression at 3 years was 45%, and the median time
to retreatment was 51 months [21]. The majority of cas-
es retreated with a rituximab-based regimen achieved re-
sponse rates of 82%. Solid tumors were the most com-
mon cause of WM-unrelated death. Secondary myelo-
dysplastic syndrome occurred in 3% of WM patients, and
10% had transformation to diffuse large B cell lymphoma
[21]. In the updated analysis, the 8-year and estimated
10-year OS related to WM were 64 and 53%, respectively
[22]. The 8-year OS per the International Prognostic
Scoring System for Waldenstrom Macroglobulinemia
(ISSWM) was 100% for high-risk disease [22]. DRC is
currently an alternative regimen for first-line treatment
if the disease burden is low based on the Mayo Stratifica-
tion of Macroglobulinemia and Risk-Adapted Therapy
guidelines [23].

Bendamustine has been widely used since the 1970s in
patients with lymphoid malignancies. In a phase 3, non-
inferiority trial of 514 patients with mantle cell or indo-
lent lymphoma, a subset of 41 WM patients was analyzed
[24]. Twenty-two patients received bendamustine-ritux-
imab (Benda-R) and 19 patients received R-CHOP. The
Benda-R arm demonstrated a significantly longer PFS
(69.5 vs. 28.1 months, p = 0.0033) [25]. Benda-R treat-
ment was better tolerated, with no alopecia, fewer hema-
tological toxic effects, less frequent infections, and less
peripheral neuropathy. Benda-R is the backbone regimen
in the Study Group Indolent Lymphomas studies. At our
institution, Benda-R is the preferred induction regimen
for newly diagnosed WM [26].

In a retrospective study, the Benda-R regimen given
every 4 weeks up to six cycles (bendamustine 90 mg/m?
i.v. on days 1 and 2 in addition to rituximab 375 mg/m?
on day 1) was compared to the DRC regimen (dexameth-
asone 20 mg i.v. on day 1, rituximab 375 mg/m? i.v. on
day 1, and cyclophosphamide 100 mg/m? p.o. daily on
days 1 through 5) given every 3 weeks for up to six cycles
in all symptomatic WM patients (n = 160) [27]. In the
treatment-naive (TN) setting, the Benda-R and the DRC
group had similar reductions in IgM, but the Benda-R
cohort had a better median time to best response (6.1 vs.
11 months, respectively) [27]. Although the difference
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was not statistically significant, the 2-year PFS was im-
proved in the Benda-R group (88 vs. 61%, p = 0.07) with-
out associated toxicity [27]. Both regimens demonstrated
remarkable activity and effectiveness independent of
MYD88M%® status [28]. In the setting of R/R disease,
Benda-R therapy is well tolerated and has durable re-
sponses [29, 30].

Proteasome Inhibitor-Based Therapy

Bortezomib

Bortezomib is a selective proteasome inhibitor that has
significant activity in the treatment of WM [31]. As a
monotherapy, bortezomib was initially studied in 10 pa-
tients with R/R WM [32]. The number of cycles was lim-
ited since most of the patients had previously been ex-
posed to other neurotoxic agents. Sixty percent of WM
patients achieved PR after treatment with bortezomib.
Bortezomib was well tolerated, but 3 patients developed
peripheral neuropathy [32].

A subsequent phase 2 clinical trial of symptomatic
WM patients demonstrated that 78% (21/27) of WM cas-
es had a reduction in IgM of at least 25%, 26% achieved
PR, and 70% had stable disease [33]. However, 74% of the
patients developed new or worsening peripheral neurop-
athy with early discontinuation [33]. Similar results were
demonstrated in a multicenter study that showed an ORR
of 85% among individuals with R/R WM disease with a
median time of response of 1.4 months [24]. In prior
studies, the most concerning adverse event was sensory
neuropathy, and caution is recommended in patients
with preexisting peripheral neuropathy grade 2 or greater
[34].

Various studies have been conducted to support the
rationale for combining bortezomib with other agents.
The combination of bortezomib, dexamethasone, and
rituximab (BDR) was evaluated in 23 WM patients [35].
Bortezomib (1.3 mg/m2 i.v.ondays 1,4, 8,and 11), dexa-
methasone (40 mg on days 1, 4, 8, and 11), and rituximab
(375 mg/m? on day 11) therapy consisted of four consec-
utive cycles followed by a 12-week pause, and then four
additional cycles of BDR spaced 12 weeks apart [35]. Pro-
phylaxis against herpes zoster was added due to an unex-
pectedly high incidence of herpes zoster infection. A suc-
cessful decline in the median IgM levels and bone marrow
involvement was observed. The ORR and the major re-
sponse rate (MRR) were 96 and 83%, respectively [35].
Twenty-two percent of the patients achieved complete re-
sponse (CR) and 35% achieved very good PR (VGPR) or
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better. Peripheral neuropathy was the most common ad-
verse event, resulting in discontinuation of therapy in
60% of the cases. Similar findings were reported in 33
patients where ORR and MRR were 96 and 91%, respec-
tively [36].

A phase 1/2 trial was conducted in the United King-
dom to determine the optimal schedule for bortezomib
administration. In the phase 2 trial, 42 patients were
randomized to receive two different doses and schedules
of administration (twice weekly vs. weekly) of bortezo-
mib plus rituximab (BR) [37]. Overall, the response rate
(CR + PR) was similar in the two groups. In the subgroup
analysis of 10 WM patients, the response rates were high
(90%), and 4 of the patients who responded remained
transfusion-free without progression between 2 and 2.5
years following completion of therapy [37]. BR combina-
tion appears promising, but further clinical studies are
warranted. Neuropathy was the most commonly report-
ed toxicity and may be a limiting factor to complete
planned therapy. The higher incidence of bortezomib-re-
lated peripheral neuropathy in WM may be explained by
underlying nerve damage. Nerve damage may be second-
ary to amyloid deposition and/or paraprotein-mediated
demyelination [38].

In previously untreated WM patients, a phase 2 trial of
the BR regimen displayed greater activity, with an im-
proved toxicity profile and lower incidence of severe neu-
rotoxicity related to bortezomib. Sixty patients from five
European countries were included, and 45% were consid-
ered high-risk. The ORR was 85%; 65 and 68% achieved
PR and MRR, respectively. Almost 40% of the patients
had complete or partial resolution of their lymphadenop-
athy. The estimated median PFS was 42 months and the
3-year OS was 82% [39]. Furthermore, limited myelotox-
icity was observed with the BR regimen. The BR regimen
is an attractive option for patients who are candidates for
an autologous stem cell transplant.

The efficacy of three combination regimens as prima-
ry therapy for symptomatic WM (Benda-R, BDR, and
DRC), in addition to the role of maintenance rituximab
following induction with rituximab-containing regi-
mens, have also been evaluated [40]. No difference in re-
sponse rates was observed between treatment groups.
However, the time to best response was considerably lon-
ger with DRC when compared with Benda-R and BDR.
Patients who received maintenance rituximab had a high-
er MRR (97 vs. 68%) compared to cases who did not, in
addition to superior PFS and OS [40].

The use of maintenance rituximab in WM was studied
by Rummel et al. [41]. A total of 257 patients received
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Benda-R (as first-line therapy) with up to six cycles of
Benda-R plus two additional cycles of rituximab. Half of
the patients (109/218) were then randomized to ritux-
imab maintenance (every 2 months for 2 years) and half
(109/218) to observation. The 2-year rituximab mainte-
nance group had a better disease control compared to the
observation group; however, it was not statistically sig-
nificant (PFS 101 vs. 83 months, p = 0.32) [41]. There was
no difference in OS. These results confirm Benda-R as an
effective first-line treatment for WM, but 2-year ritux-
imab maintenance was not demonstrated to be better
than observation alone.

Carfilzomib

Carfilzomib is a second-generation proteasome inhib-
itor that is associated with low neuropathy risk (including
those with baseline peripheral neuropathy), but associ-
ated with cardiotoxicity [42]. In preclinical models of
multiple myeloma, carfilzomib exhibited potent antipro-
liferative and proapoptotic effects in myeloma cell lines
[43].In 2012, carfilzomib was approved for the treatment
of R/R multiple myeloma, and subsequent trials in WM
patients have been conducted.

A phase 2 prospective open-label study was conducted
to evaluate carfilzomib, rituximab, and dexamethasone in
symptomatic WM patients who never received bortezo-
mib and rituximab. Median IgM levels and bone marrow
involvement declined significantly. The ORR and MRR
were 87.1 and 67.7%, respectively [44]. CR/VGPR was at-
tained in 36% of the patients, with similar clinical re-
sponses to BDR regimens [35, 45]. Almost all patients ex-
pressed MYD8825P somatic mutation, and CXCR4"HM
mutations were present in 36.7%, with an ORR of 90.9%
in the latter group. Following therapy, CT-defined ade-
nopathy resolved or remained stable. All patients were
alive with a median follow-up of 15.4 months, and 64.5%
remain free of disease progression [44]. Hyperglycemia
and carfilzomib-related hyperlipasemia were the most
commonly observed toxicities, and only 1 patient devel-
oped cardiomyopathy in the setting of smoking and heavy
alcohol use.

In the standard of care setting, the carfilzomib-based
combination showed a MRR of 67%, 50% PR, and a
100% resolution of B symptoms and anemia after treat-
ment [46]. All patients had reduced levels of IgA and
IgG, and only 2 required initiation of intravenous im-
munoglobulin with subsequent clinical improvement
[46]. However, the data are limited by the small sample
size and the retrospective nature of the study. The ef-
ficacy of carfilzomib-based combinations may offer a
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neuropathy-sparing alternative to bortezomib-based
protocols.

Novel Oral Proteasome Inhibitors

Alternative oral proteasome inhibitors have been ac-
cepted for use in patients with multiple myeloma [47].
Ixazomib is a proteasome inhibitor that blocks the chy-
motrypsin-like activity of the 5 subunit of the 20S pro-
teasome [48]. Early-phase clinical studies of ixazomib
in combination with dexamethasone and rituximab as
primary therapy in WM have shown significant re-
sponse rates and low toxicity. A phase 2 clinical trial of
26 patients with untreated WM was conducted. Pa-
tients received ixazomib 4 mg orally, dexamethasone
20 mg (on days 1, 8, and 15), and rituximab (375 mg/
m? i.v. on day 1) that was administered for six 4-week
cycles followed by maintenance (six 8-week cycles) for
a total of 12 cycles [49]. Rituximab was administered
after ixazomib and dexamethasone to reduce the risk of
IgM flare. The ORR was 96%, VGPR was 15%, and PR
was 62%. No CR was observed [49]. PFS was not reached
at 2 years, which compares to data in the bortezomib-
and carfilzomib-based regimens. Ixazomib in combina-
tion with dexamethasone and rituximab appeared to be
well tolerated.

Effective, tolerable, and convenient proteasome inhib-
itors are highly desirable. Oprozomib, a chymotrypsin-
like inhibitor (similar to carfilzomib), was evaluated as a
single agent in a phase 1b/2 multicenter clinical study in
previously treated WM patients [50]. However, gastroin-
testinal adverse events (primarily diarrhea) may limit its
use in clinical practice.

BTK Inhibition

Ibrutinib

Ibrutinib is an oral agent that is a potent irreversible
inhibitor of BTK and is highly effective, with the best
treatmentresponsesobservedin patients with MYD8826°"
and CXCR4WT mutations [51, 52]. Ibrutinib also can
cross the blood-brain barrier and may be effective for
Bing-Neel syndrome, a rare complication of WM [53].
However, ibrutinib is not specific and blocks several oth-
er kinases.

In a prospective study, 63 symptomatic WM patients
who had been given at least one previous treatment re-
ceived ibrutinib (at a dose of 420 mg) for twenty-six
4-week cycles until disease progression or unacceptable
adverse events occurred [52]. At the time of best response,
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the median serum IgM levels and median bone marrow
involvement were significantly decreased. ORR and MRR
were 90.5 and 73%, respectively, and were the highest
among patients with MYD882%°P and CXCR4"T geno-
type [52]. The 2-year PES was 69.1% (95% CI 53.2 to
80.5), and the estimated OS rate was 95.2% (95% CI 86.0-
98.4) [52]. Cytopenias (neutropenia and thrombocytope-
nia) were the most common related toxicities. Infections
were mostly associated with preexisting hypogamma-
globulinemia.

In 4 patients with R/R WM, oral ibrutinib induced
profound and durable responses. Ibrutinib was adminis-
tered between 560 mg/day and 12.5 mg/kg/day until pro-
gressive disease or unacceptable toxicity [54]. Three out
of the 4 patients achieved durable PR with no evidence of
progression (at 4 years) and sustained clinical improve-
ment (hemoglobin levels and reduction in lymphadenop-
athy).

The safety and efficacy of ibrutinib in a population with
rituximab-refractory WM disease was also evaluated [54].
Patients received oral ibrutinib 420 mg daily until disease
progression, occurrence of unacceptable toxicity, or with-
drawal of consent. ORR and MRR were achieved in 90 and
71% of WM cases, respectively. Response rates were simi-
lar in individuals with MYD88"26°* and MYD88V!. Me-
dian PFS was not reached at the median follow-up (18.1
months), and OS was 97% at 18 months [54]. Addition-
ally, ibrutinib had a clinically meaningful impact on qual-
ity of life that has not been previously reported.

The majority of nonhematological reported toxicities
were diarrhea and infections (mainly respiratory tract in-
fection) that occurred in 68% of patients [54]. Atrial fi-
brillation was seen in 6-11% of the patients receiving
ibrutinib [54]. No events of IgM flare were reported, but
close monitoring should be considered due to associated
elevated IgM levels with ibrutinib cessation [55]. With-
drawal symptoms have been reported (20% of the pa-
tients) while holding ibrutinib to manage toxicities or in
anticipation of surgery. Symptoms resolved after ibruti-
nib was restarted [56].

Based on preclinical data, the combination of ibrutinib
and rituximab would be an ideal regimen. The ibrutinib-
rituximab regimen was studied among TN WM patients
and among those with disease recurrence. The iNNO-
VATE trial included a total of 150 patients that were ran-
domly assigned in a 1:1 ratio to receive either oral ibruti-
nib (420 mg once daily) or placebo until disease progres-
sion or undesirable toxic effects [57]. Both groups also
received prolonged i.v. rituximab (375 mg/m?, with infu-
sions at weeks 1-4 and 17-20). If disease progression was

Acta Haematol 2021;144:146-157 151
DOI: 10.1159/000509286



confirmed, patients in the placebo group were permitted
to cross over to receive ibrutinib. The 30-month PFS rate
was higher in the ibrutinib-rituximab group compared to
the placebo-rituximab group (82 vs. 28%), with an 80%
lower risk of progression or death [57]. In the subgroup
analysis, higher rates of PFS were seen in TN patients and
those with relapsed disease at 24 months. Similar findings
were consistent among high-risk ISSWM score patients.
When response rates were assessed, the ibrutinib-ritux-
imab group had higher ORR and VGPR (23 and 92% vs.
4 and 47%, respectively).

Moreover, IgM levels declined more rapidly, and he-
moglobin levels showed a sustained rise. As reported in
prior reports, the most common toxicities were diarrhea
(28%), arthralgia (24%), and nausea (21%). Atrial fibril-
lation occurred in 12% of ibrutinib-rituximab cases and
was treated with dose modification and supportive medi-
cations [57]. The rate of discontinuation between both
groups (ibrutinib-rituximab and placebo-rituximab) was
similar (5 and 4%, respectively). The response rates with
ibrutinib-rituximab were similar across different CXCR4
genotypes, but slightly lower among patients without
MYD8826%? activity. Combination therapy (ibrutinib-
rituximab) is a viable treatment approach in WM pa-
tients, including WM patients who are TN, even if out-
comes are not comparable to those seen in patients with
relapsed WM disease.

Second- and Next-Generation BTK Inhibitors

Acalabrutinib (ACP-196) was developed to be more
potent and selective than ibrutinib. Acalabrutinib is rap-
idly absorbed, has a short half-life, and lacks irreversible
targeting to alternative kinases including the epidermal
growth factor receptor, interleukin 2-inducible T cell ki-
nase, and T cell X chromosome kinase [58]. In preclinical
studies, acalabrutinib was initially evaluated in several B
cell non-Hodgkin lymphoma animal models [59]. In
clinical studies, acalabrutinib has been shown to be active
and well tolerated in patients with relapsed chronic lym-
phocytic leukemia [60]. In a phase 2 multicenter study of
106 patients (14 TN and 92 R/R WM), oral acalabrutinib
(100 mg) was administered twice a day in 28-day cycles
until disease progression or toxic effects developed [61].
Dose modifications (100 mg once per day) were allowed
for persistent drug-related grade 3-4 toxic effects [61].
The median follow-up was 27.4 months, and acalabruti-
nib was demonstrated to achieve an ORR of 93% in TN
and R/R WM patients [61]. Major response was shown
in 79 and 78% of TN and R/R WM patients, respectively.
Treatment discontinuation occurred in 7 (50%) and 23

Acta Haematol 2021;144:146-157
DOI: 10.1159/000509286

152

(25%) of TN and R/R WM patients, respectively. Overall,
neutropenia (16%), pneumonia (7%), anemia (5%), low-
er respiratory tract infection (5%), increased alanine
aminotransferase, and hyponatremia were the most
common grade 3-4 adverse events documented [61].
Atrial fibrillation occurred in 5%, which is significantly
lower than for ibrutinib as well as for ibrutinib and ritux-
imab. Despite limited data on patients with MYD88 mu-
tation, clinically meaningful responses were also demon-
strated. Combination therapy and further randomized
trials are warranted to elucidate the efficacy of acalabru-
tinib. However, acalabrutinib can be safely administered
and may be a potential treatment option for R/R WM
patients.

Zanubrutinib is a potent irreversible next-generation
BTK inhibitor. It has demonstrated excellent activity and
tolerability in TN or R/R chronic lymphocytic leukemia/
small lymphocytic lymphoma [62]. Preliminary data
from the ASPEN trial (NCT03053440), a phase 3 multi-
center clinical trial, compared zanubrutinib (160 mg
twice daily) to ibrutinib (420 mg once a day). The ASPEN
trial included two cohorts. Cohort 1 included 102 pa-
tients (19 TN and 83 R/R) and 99 patients (18 TN and 81
R/R) in the zanubrutinib and ibrutinib group, respec-
tively. As of August 2019, the median follow-up was 19.4
months. In the overall patient population and R/R pa-
tients, VGPR and MMR rates were higher in the zanu-
brutinib versus the ibrutinib arm. Although there is no
statistical significance, zanubrutinib demonstrated a
substantial clinical benefit. The 1-year PFS rate was also
higher in all patients and R/R WM patients in the zanu-
brutinib group (90 and 93%, respectively), compared to
all patients and R/R WM patients in the ibrutinib group
(87 and 86%, respectively) [63]. Zanubrutinib was found
to be safe, with a lower rate of atrial fibrillation when
compared to ibrutinib (2 vs. 15.3%). Minor bleeding was
similar in both groups. However, neutropenia was high-
er in the zanubrutinib group compared to the ibrutinib
group (30 vs. 13.3%). Overall, zanubrutinib is safe, and
the rate of discontinuation due to adverse events is lower
when compared to ibrutinib.

In some centers, based on MYD88 and CXCR4 geno-
type, BTK inhibitors have replaced Benda-R therapy.
While BTK inhibitors are convenient due to oral admin-
istration, intolerable side effects and reduced efficacy in
the MYD88WT cohort may limit its use. No randomized
controlled trials comparing BTK and chemoimmuno-
therapy are available, and therapy should be individual-
ized to the patient and mutational profile.
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BCL2 Inhibitors

BCL2 is a protein that inhibits apoptosis and is overly
expressed in primary WM cells [64]. Venetoclax (ABT-
199) is a unique small molecule that selectively inhib-
its BCL2 and has demonstrated substantial efficacy in
patients with R/R. WM. In a phase 2 clinical trial
(NCT02677324), venetoclax (at a maximum target dose
of 800 mg daily) demonstrated an ORR and MRR of 87
and 80%, respectively [65]. The median time to response
was 1.9 months, but a slower response was noted in 16
patients (52%) that had previously been exposed to BTK
inhibitors. No tumor lysis syndrome or IgM flares were
observed, and cytopenias and diarrhea were the most
common adverse events. Interestingly, all patients had a
MYD88"%P mutation detected, and results may not be
generalizable to the M YD88WT subset. Venetoclax, when
combined with ibrutinib, demonstrated a synergistic ef-
fect against WM cells, and a phase 2 clinical study in un-
treated WM is expected (NCT04273139).

Phosphatidylinositol 3-Kinase Inhibitors

The phosphatidylinositol 3-kinase (PI3K) pathway
plays a significant role in the initiation and progression
of malignancies, enhancing cell survival by stimulating
cell proliferation and cell survival [66]. PI3K$ inhibitors
have been shown to induce cell death in WM cell lines
[67], making it a potential target in patients with WM
(Table 2).

Idelalisib (GS-1101, CAL-101) is a potent, highly se-
lective, oral PI3K8/AKT inhibitor that promotes apopto-
sis. A phase 1b, dose escalation study evaluating idelalisib
in patients with relapsed B cell malignancies demonstrat-
ed an ORR of 55% in 9 patients with WM. Overall, grade
3 serum transaminase abnormalities occurred in approx-
imately 25% of patients [68]. Similar elevations in amino-
transferase levels occurred in 13% of patients with R/R
indolent non-Hodgkin lymphomas. In the subset of pa-
tients with WM, 8 of 10 patients reported responses to
idelalisib with a median PFS of 22 months [69]. In an at-
tempt to develop a “chemo-free” approach, a single-arm
phase 2 study assessed the combination of obinutuzu-
mab (anti-CD20 antibody) with idelalisib in patients with
R/R WM (NCT02962401) [70]. Idelalisib was given
continuously at a dose of 150 mg with intravenous obi-
nutuzumab at 100 mg on day 1 followed by 900 mg on day
2 and 1,000 mg on days 8 and 15 during cycle 1 (induc-
tion phase), and subsequently at the same fixed dose of
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1,000 mg on day 1 of cycles 2-6 of each 28-day cycle
(maintenance phase). The median follow-up was 18.3
months, and 96% of the patients had MYD88 mutation.
ORR and MRR were 90 and 76%, respectively. The esti-
mated PFS was 25 months with a 1- and 2-year PFS of 90
and 70%, respectively. Combination therapy had an effec-
tive response, but the low proportion of MYD88WT pa-
tients and significant hepatotoxicity may limit its use [71].

The efficacy of other PI3K inhibitors which are less
hepatotoxic, such as duvelisib and umbralisib (TGR-
1202), is currently being evaluated in WM [72, 73]. In a
phase 2b, multicenter, multicohort trial in patients with
R/R marginal zone lymphoma, umbralisib monotherapy
was effective and side effects were tolerable. The median
time to initial response was 2.7 months, and 86% of pa-
tients had a reduction in tumor burden [74]. Phase III
studies are planned in other indolent non-Hodgkin lym-
phoma subtypes.

Anti-CXCR4 Therapy

Patients with WM characterized by mutated CXCR4
are less likely to respond to single-agent ibrutinib or ibru-
tinib/rituximab combination therapy than those who
have CXCR4™T disease [75]. A small number of drugs
targeting CXCR4 are currently under investigation.

Ulocuplumab (BMS-936564) is a fully human IgG4
monoclonal antibody which inhibits the binding of
CXCR4 to CXCL12, resulting in decreased WM cell pro-
liferation [76]. Ulocuplumab (NCT03225716) is being
evaluated in combination with ibrutinib in a phase
1/2 clinical trial for symptomatic patients who have
CXCR4MVT [77]. As of February 2020, 13 participants
have been enrolled in daily oral ibrutinib plus intrave-
nous ulocuplumab 2-4 times per cycle for cycles 1-6 [77].
The results of this trial are pending.

Mavorixafor (AMD-070) is a potent, noncompetitive
antagonist of chemokine receptor CXCR4. Mavorixafor
is a small molecule that is orally available and adminis-
tered once daily. In warts, hypogammaglobulinemia, in-
fections, and myelokathexis syndrome, a rare congenital
immune deficiency, mavorixafor demonstrated a favor-
able safety profile and resulted in meaningful increases
in neutrophils and lymphocyte biomarker counts along
with a reduction in wart burden and infection rates [78].
A phase 1b trial designed to assess the safety and tolera-
bility of mavorixafor and ibrutinib in patients with WM
and CXCR4 mutation (NCT04274738) is in progress
[79].
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Plerixafor (AMD3100) is a CXCR4 antagonist that dis-
rupts the CXCR4/SDF-1a bond. Plerixafor was approved
by the Food and Drug Administration in combination
with granulocyte colony-stimulating factor for hemato-
poietic stem and progenitor cell mobilization in patients
with lymphoma and multiple myeloma [80, 81].

Conclusion

WM is a type of non-Hodgkin lymphoma, also known
as lymphoplasmacytic lymphoma. Some patients with
WM have a smoldering form that may be surveilled with-
out intervention. For patients requiring treatment, Ben-
da-R therapy can be considered the first-line treatment.
Other chemoimmunotherapy combinations with DRC
and BR provide effective and durable responses, but are
limited by drug-specific toxicities. The success of ibruti-
nib in WM may change the current management of WM.
Moreover, the recent and promising advances in the un-
derstanding of WM biology may expand future initial
treatment options.
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