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Summary
Waldenstr€
om macroglobulinaemia (WM) is a rare and incurable lymphoma. Comparative studies evaluating the efficacy of primary therapy in
symptomatic WM patients have not been performed. In this study, we
compared response and survival outcomes in WM patients who received
primary therapy with cyclophosphamide-dexamethasone-rituximab (CDR),
bortezomib-dexamethasone-rituximab (BDR) and bendamustine-rituximab
(Benda-R), as well as maintenance rituximab following primary therapy.
Analyses were adjusted for relevant clinical factors associated with response
and survival. Maintenance rituximab was analysed as a time-varying covariate. Our study included 182 patients, of which 57 (31%) received Benda-R,
87 (48%) BDR and 38 (21%) CDR; 116 (64%) received maintenance rituximab. The median time to best response was shorter for Benda-R and BDR
than CDR (18, 20 and 30 months, respectively). Benda-R and BDR were
associated with better median progression-free survival (PFS) than CDR
(55, 58 and 48 years, respectively), and better 10-year overall survival
rates (OS; 95%, 96% and 81%, respectively). Maintenance rituximab was
associated with higher rates of major response (97% vs. 68%), and better
median PFS (68 years vs. 28 years) and 10-year OS rate (84% vs. 66%)
when compared to not receiving maintenance. Benda-R, BDR and maintenance rituximab associate with higher response rates and longer survival in
WM patients than CDR and no maintenance, respectively.
Keywords: Waldenstr€
om macroglobulinaemia, bendamustine, bortezomib,
rituximab, survival.

Waldenstr€
om macroglobulinaemia (WM) is characterized by
the malignant accumulation of IgM-secreting lymphoplasmacytic cells in the bone marrow or other organs (Swerdlow
et al, 2016). WM is rare and incurable with current treatment options. However, the survival of WM patients has
improved, and in some cases can be measured in decades
(Castillo et al, 2015). Therefore, the treatment of WM should
be personalized, taking into account the patients’ symptoms,
comorbidities, preferences and genomic profile, among other
factors.
Primary therapy for symptomatic WM patients often consists of combination regimens, such as cyclophosphamide,
dexamethasone and rituximab (CDR), bortezomib, dexamethasone and rituximab (BDR) and bendamustine and rituximab (Benda-R). Prospective studies, however, are small and,
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in many cases, without a comparator, as in the case of
cyclophosphamide and bortezomib-based regimens (Treon
et al, 2009; Dimopoulos et al, 2013; Kastritis et al, 2015).
The use of Benda-R is supported by a subset analysis of a
randomized study that included approximately 20 WM
patients per arm (Rummel et al, 2013). In WM patients, the
use of maintenance rituximab after rituximab-containing regimens is commonly used based on prospective data from
other indolent B cell lymphomas. A previous retrospective
study evaluated the role of maintenance rituximab versus
observation following induction with a rituximab-containing
regimen in WM patients a univariate manner (Treon et al,
2011).
We therefore performed a retrospective study evaluating
and comparing the characteristics, response to therapy,
doi: 10.1111/bjh.15148
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survival and factors associated with response and survival in
WM patients who received primary therapy with Benda-R,
BDR and CDR at our institution as well as the role of
maintenance rituximab following induction with rituximabcontaining regimens.

Patients and methods
We searched our database for WM patients who received
primary therapy with Benda-R, BDR or CDR between January 2005 and December 2016. All patients met diagnostic
criteria for WM and criteria for treatment initiation based
on the recommendations made by the 2nd International
Workshop for WM (IWWM) (Kyle et al, 2003; Owen et al,
2003). Pertinent clinical data were collected, including age,
sex, date of WM diagnosis, time from WM diagnosis to
treatment initiation, baseline laboratory data [i.e. haemoglobin, platelet count, serum beta-2-microglobulin (B2M)
level, serum IgM level and bone marrow involvement],
extramedullary disease, baseline International Prognostic
Scoring System for WM (IPSSWM) (Morel et al, 2009),
MYD88 and CXCR4 mutational status, treatment, best
response and time from initiation of therapy to progression and death or last follow-up. The presence of MYD88
and CXCR4 mutations were determined by allele-specific
polymerase chain reaction (AS-PCR) and Sanger sequencing methods, as previously described (Xu et al, 2013,
2016).
Benda-R was administered as bendamustine 70–90 mg/m2
intravenously (IV) on days 1 and 2 plus rituximab 375 mg/
m2 IV on day 2 after bendamustine for 4–6 cycles, given
every 28 days. BDR was administered as bortezomib 16 mg/
m2 IV or subcutaneously plus dexamethasone 20 mg IV or
orally on days 1, 4, 8 and 11 or 1, 8, 15 and 22, every 3 and
4 weeks, respectively, plus rituximab 375 mg/m2 IV on day
11 or 22, respectively, for four cycles. CDR was administered
as cyclophosphamide 1000 mg/m2 IV plus dexamethasone
20 mg IV plus rituximab 375 mg/m2 IV on day 1, for six
cycles. Rituximab was not administered for cycles 1 and 2 of
induction therapy in patients with serum IgM level >40 g/l
to minimize the risk of an IgM flare. Following induction
therapy, maintenance rituximab was administered as rituximab 375 mg/m2 IV every 2–3 months for up to 2 years.
Standard pre-medications were provided prior to rituximab
administration. Patients who received BDR received zoster
prophylaxis.
Patients’ characteristics are presented using descriptive
statistics. Continuous variables were categorized to facilitate
analysis, and comparisons were made using the Chi-square
and Fischer exact test. Response was assessed based on criteria from the 6th IWWM (Owen et al, 2013). Univariate
and multivariate logistic regression models were fitted to
evaluate the association between clinical variables and
response. The outcome of interest was odds ratio (OR)
with 95% confidence interval (CI) of achieving a response.
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Progression-free survival (PFS) was estimated as the time
from treatment initiation to progression or death from any
cause. Overall survival (OS) was estimated as the time
from treatment initiation to death from any cause. Time
to events was estimated using the Kaplan–Meier method
for incomplete observations. The Cox proportional-hazard
regression method was used to fit univariate and multivariate models for PFS and OS. The outcome of interest was
the hazard ratio (HR) with 95% confidence interval (CI)
of progression and death from any cause (for PFS) or
death from any cause (for OS). MYD88 and CXCR4 mutations were not included in the regression models for
response, PFS and OS because these were available is less
than 50% of the patients (n = 58). Maintenance rituximab
was considered a time-varying covariate in the multivariate
regression survival models. In the univariate regression
analyses, prognostic factors were considered significant if
P-values <01. Otherwise, P-values <005 were considered
statistically significant. All calculations and graphs were
obtained using STATA (StataCorp, College Station, TX,
USA).

Results
Patients and therapy
One hundred and eighty-two patients with WM met the
inclusion criteria, of whom 57 (31%) received frontline
therapy with Benda-R, 87 (48%) received BDR and 38
(21%) received CDR. The median time from WM diagnosis
to initiation of therapy for patients who received Benda-R,
BDR and CDR was 9 months (95% CI 4–17 months),
6 months (95% CI 3–9 months) and 3 months (95% CI
1–12 months), respectively (log-rank P = 063). The median
number of cycles of induction administered for Benda-R
was 4 (range 3–6), for BDR was 4 (range 2–6) and for
CDR was 6 (range 4–8). Patients treated with Benda-R and
CDR were more likely to be older than 65 years, patients
treated with Benda-R were more likely to have b2-microglobulin (B2M) >3 mg/l, lymphadenopathy, splenomegaly and
high IPSSWM score, patients treated with BDR were more
likely to have serum IgM level >40 g/l, patients treated with
CDR were more likely to have low IPSSWM scores
(P < 005 for all comparisons; Table I). BDR was given
more frequently to patients with hyperviscosity, while
Benda-R was given more frequently to patients with extramedullary disease, and CDR to patients with neuropathy
(P < 005 for all comparisons). No differences in sex, hemoglobin level, platelet count, bone marrow involvement, and
MYD88 and CXCR4 mutational status were observed
between treatment groups. One hundred and sixteen
patients (64%) received maintenance rituximab. The rate of
maintenance therapy did not differ between treatment regimens. The median number of cycles of maintenance administered was 6 (range 1–12 cycles).
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Table I. Patients’ characteristics.

Age >65 years
Male sex
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Serum beta-2-microglobulin >3 mg/l
Serum IgM >40 g/l
Marrow involvement ≥50%
Lymphadenopathy
Splenomegaly
MYD88 L265P mutation
CXCR4 mutations
IPSSWM
Low risk
Intermediate risk
High risk
Indication for treatment
Anaemia
Hyperviscosity
Constitutional symptoms
Extramedullary disease
Peripheral neuropathy
Best response to therapy
Complete response
Very good partial response
Partial response
Minor response
No response
Received maintenance

Total (n = 182)

Benda-R (n = 57)

BDR (n = 87)

CDR (n = 38)

P-value

87
108
60
18
98
98
88
54
26
53
28

36
35
23
9
39
21
33
25
18
17
10

32
53
27
7
43
62
38
15
6
23
11

19
20
10
2
16
15
17
14
2
13
7

001
064
032
020
002
<0001
029
0001
<0001
060
071

(48%)
(59%)
(33%)
(10%)
(54%)
(54%)
(49%)
(30%)
(14%)
(91%)
(48%)

(63%)
(61%)
(40%)
(16%)
(64%)
(37%)
(58%)
(44%)
(32%)
(89%)
(53%)

(37%)
(61%)
(31%)
(8%)
(49%)
(71%)
(45%)
(17%)
(7%)
(88%)
(42%)

(50%)
(53%)
(26%)
(5%)
(42%)
(39%)
(45%)
(37%)
(5%)
(100%)
(54%)

89 (49%)
54 (30%)
38 (21%)

20 (35%)
17 (30%)
20 (35%)

45 (52%)
30 (35%)
11 (13%)

24 (63%)
7 (18%)
7 (18%)

0006

90
43
30
22
17

(50%)
(24%)
(17%)
(12%)
(9%)

34
9
7
14
6

(60%)
(16%)
(12%)
(25%)
(11%)

41
31
19
3
3

(47%)
(36%)
(21%)
(3%)
(3%)

15
3
4
5
8

(40%)
(8%)
(11%)
(14%)
(22%)

016
0001
018
0001
0006

22
48
84
10
14
116

(12%)
(27%)
(47%)
(6%)
(8%)
(64%)

11
14
28
2
2
35

(19%)
(26%)
(49%)
(4%)
(4%)
(61%)

9
20
40
6
8
55

(11%)
(24%)
(48%)
(7%)
(10%)
(65%)

2
14
16
2
4
26

(5%)
(37%)
(42%)
(5%)
(11%)
(68%)

037

079

Benda-R, bendamustine and rituximab; BDR, bortezomib, dexamethasone and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; IPSSWM, International Prognostic Scoring System for Waldenstr€
om Macroglobulinaemia.

Table II. Univariate and multivariate logistic regression models for major response.
Univariate analysis
OR (95% CI)
Age >65 years
Male sex
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Beta-2-microglobulin >3 mg/l
Serum IgM >40 g/l
Marrow involvement ≥50%
Lymphadenopathy
Splenomegaly
Low risk IPSSWM
Intermediate risk IPSSWM
High risk IPSSWM
CDR
Benda-R
BDR
Maintenance rituximab

167
067
060
267
097
032
138
067
060
100
098
103
100
248
092
129

(069–404)
(027–165)
(025–144)
(034–211)
(041–228)
(012–086)
(058–330)
(027–164)
(036–178)
(Ref)
(036–267)
(034–315)
(Ref)
(065–948)
(033–263)
(417–399)

Multivariate analysis
P-value
026
028
025
035
093
002
047
038
036

OR (95% CI)

P-value

028 (010–080)

002

139 (441–441)

<0001

097
096
018
088
<0001

BDR, bortezomib, dexamethasone and rituximab; Benda-R, bendamustine and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; CI, confidence interval; IPSSWM, International Prognostic Scoring System for Waldenstr€
om Macroglobulinaemia; OR, odds ratio.
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Response to therapy
Rates of complete response, very good partial response
(VGPR), partial response (PR), minor response and no
response to therapy for all patients were 12% (n = 22), 27%
(n = 48), 47% (n = 84), 6% (n = 10) and 8% (n = 14),
respectively. The rate of overall (minor response or better)
and major response (PR or better) for all patients was 92%
and 86%, respectively, and the rate of deep response (VGPR
or better) was 39%. No difference in rates of response was
observed between treatment regimens (Table I). The median
times to best response for Benda-R, BDR and CDR were
18 months (95% CI 11–23 months), 20 months (95% CI
14–25 months) and 30 months (95% CI 16–48 months),
respectively. Time to best response was significantly longer
with CDR than with Benda-R and BDR (log-rank
P = 0003). In univariate and multivariate logistic regression
analyses, patients with serum IgM level >40 g/l had lower
odds of major response to therapy, whereas patients who
received maintenance rituximab had higher odds of major
response (Table II). The major response rate for patients
who received maintenance rituximab was higher than for
patients who did not (97% vs. 68%; Chi square P < 0001).
Age, sex, haemoglobin level, platelet count, serum B2M level,
bone marrow involvement, lymphadenopathy, splenomegaly,
IPSSWM and therapy were not associated with major
response. We also performed univariate and multivariate
logistic regression analyses for deep response using the same
clinical variables as the analysis for major response. Maintenance rituximab was the only factor associated with higher
rates of deep response (45% vs. 29%; adjusted OR 207, 95%
CI 107–402; P = 003). No other factors were associated
with deep response (data not shown).

Maintenance rituximab as a time-varying covariate was associated with a better PFS (Table III). Adjusting for serum
B2M level, serum IgM level and maintenance rituximab,
BDR had worse PFS than Benda-R (HR 243, 95% CI 105–
563; P = 004).

Overall survival analysis
The median follow-up from initiation of treatment for the
entire group was 35 years (95% CI 3–4 years). The median
follow-up times for Benda-R, BDR and CDR were 3 years
(95% CI 2–35 years), 4 years (95% CI 3–5 years) and
5 years (95% CI 3–7 years), respectively (log-rank
P < 0001). The estimated 5- and 10-year OS rates for all
patients were 92% (95% CI 84–96%) and 79% (95% CI 61–
89%), respectively; the median OS has not been reached. The
estimated 5-year OS rates among patients treated with
Benda-R, BDR and CDR were 95% (95% CI 81–99%), 96%
(95% CI 85–99%) and 81% (95% CI 60–92%), respectively

Progression-free survival analysis
The median PFS for the entire group was 58 years (95% CI
49–68 years). For patients treated with Benda-R, BDR and
CDR, the median PFS was 55 years (95% CI 49–not
reached), 58 years (95% CI 44–74 years) and 49 years
(95% CI 28–70 years), respectively (Fig 1A). There was a
trend towards better PFS for patients who received Benda-R
when compared to BDR (log-rank P = 010) and CDR (logrank P = 010). There was no difference in PFS between
BDR and CDR (log-rank P = 069). The median PFS for
patients who did and did not receive maintenance rituximab
was 68 years (95% CI 59–not reached) vs. 28 years (95%
CI 21–41 years), respectively (Fig 1B). In the univariate
analysis, serum B2M level >3 mg/l, serum IgM level >40 g/l
and lymphadenopathy were associated with worse PFS, while
use of Benda-R and maintenance rituximab were associated
with better PFS (Table III). In the multivariate analysis,
serum B2M level >3 mg/l and serum IgM level >40 g/l were
associated with worse PFS, and both Benda-R and BDR were
associated with a better PFS when compared to CDR.
4

Fig 1. PFS estimates by (A) Benda-R versus BDR versus CDR, and
(B) maintenance rituximab. BDR, bortezomib, dexamethasone and
rituximab; Benda-R, bendamustine and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; PFS, progression-free
survival. [Colour figure can be viewed at wileyonlinelibrary.com]
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(Fig 2A). For patients treated with BDR and CDR, the estimated 10-year OS was 87% (95% CI 67–95%) and 61%
(95% CI 26–83%), respectively, and was not evaluable for
patients treated with Benda-R. The 5- and 10-year OS rates
for patients who received maintenance rituximab were 95%
(95% CI 86–98%) and 84% (95% CI 60–94%), respectively,
and, for patients who did not receive maintenance rituximab,
the corresponding rates were 84% (95% CI 63–94%) and
66% (95% CI 35–85%), respectively (Fig 2B). By univariate
analysis, treatment with BDR and use of maintenance rituximab were associated with better OS (Table IV). There was
no difference in risk of death between Benda-R and BDR
(HR 058, 95% CI 009–389, P = 058). In the multivariate
analysis, treatment with BDR and maintenance rituximab
was independently associated with a decreased risk of death.
Adjusting for maintenance, the risk of death from any cause
was not different between BDR and Benda-R (HR 060, 95%
CI 009–396, P = 059).

Exploratory analyses
Based on the dose of bendamustine administered, we divided
patients in two groups: patients who received 90 mg/m2 per
dose (n = 40; 70%) and patients who received 60–70 mg/m2
per dose (n = 17; 30%). There were no differences with
regards to major response (OR 130, 95% CI 013–134;
P = 083), deep response (OR 086, 027–270; P = 079),
PFS (HR 385, 95% CI 061–244; P = 015) or OS (HR 374,
95% CI 022–633, P = 036) between groups. These results
did not change when adjusting for maintenance therapy
(data not shown).

Based on the number of cycles of bendamustine administered, we divided patients in two groups: patients who
received six cycles (n = 24; 42%) and patients who received
fewer than six cycles (n = 33; 58%). There were no differences with regards to major response (OR 230, 95% CI
022–236; P = 048), deep response (OR 115, 040–331;
P = 080), PFS (HR 071, 95% CI 014–357; P = 068) and
OS (HR 101, 95% CI 006–164, P = 099) between groups.
These results did not change when adjusting for maintenance
therapy (data not shown).
Based on the route of administration of bortezomib, we
divided patients in two groups: those that received bortezomib twice weekly (n = 58; 67%) and patients who
received bortezomib once weekly (n = 29; 33%). There
were no differences with regards to major response (OR
084, 95% CI 025–281; P = 078), deep response (OR
054, 95% CI 020–149; P = 024) and PFS (HR 059, 95%
CI 024–144, P = 024) between groups. These results did
not change when adjusting for maintenance therapy (data
not shown). HR estimates for OS was not possible as none
of the patients receiving once weekly bortezomib have
died.
The median PFS in patients who received Benda-R, BDR
and CDR without maintenance was 49, 22 and 14 years,
respectively (log-rank P = 0003), and in patients who
received maintenance rituximab it was NR, 65 and 64 years,
respectively (P = 032). The median OS for patients who
received Benda-R, BDR and CDR without maintenance was
NR, NR and 44 years, respectively (log-rank P < 0001), and
in patients who received maintenance rituximab it was NR
for all groups (log-rank P = 033).

Table III. Univariate and multivariate Cox proportional-hazard regression models for progression-free survival.
Univariate analysis
HR (95% CI)
Age >65 years
Male sex
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Beta-2-microglobulin >3 mg/l
Serum IgM >40 g/l
Marrow involvement ≥50%
Lymphadenopathy
Splenomegaly
Low risk IPSSWM
Intermediate risk IPSSWM
High risk IPSSWM
CDR
Benda-R
BDR
Maintenance rituximab*

098
089
105
059
180
154
111
182
178
100
148
113
100
049
090
018

(059–163)
(053–147)
(062–180)
(021–164)
(108–300)
(093–256)
(068–184)
(108–309)
(089–356)
(Ref)
(085–259)
(057–227)
(Ref)
(022–109)
(052–157)
(010–031)

Multivariate analysis
P-value
095
065
085
032
003
009
067
003
011

HR (95% CI)

P-value

224 (128–393)
190 (110–330)

0005
002

171 (096–305)

007

017
073
008
072
<0001

100
018
055
054

(Ref)
(007–043)
(030–099)
(045–066)

<0001
0046
<0001

BDR, bortezomib, dexamethasone and rituximab; Benda-R, bendamustine and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; CI, confidence interval; HR, hazard ratio; IPSSWM, International Prognostic Scoring System for Waldenstr€
om Macroglobulinaemia.
*Maintenance rituximab was considered a time-varying covariate in the multivariate analysis
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Discussion
Herein, we present results from a retrospective study that
examined the efficacy of three combination regimens with
and without maintenance rituximab as primary therapy in
patients with symptomatic WM. Our study provides additional insights to the available data on primary therapy for
WM. Our results can be summarized as follows: (i) primary
therapy with Benda-R, BDR and CDR produces high response
rates with more rapid time to best response seen with BendaR and BDR than with CDR; (ii) PFS appears longer in WM
patients treated with Benda-R and BDR when compared to
CDR; (iii) OS appears longer in WM patients treated with
BDR than with CDR; and (iv) WM patients who received
maintenance rituximab had deeper responses to therapy as
well as superior PFS and OS than patients who did not
receive maintenance, adjusting for treatment regimen.
Our findings in WM patients who received CDR are consistent with the results of a prospective study from Greece
(n = 72) as well as a recent retrospective study from the US

Fig 2. OS estimates by (A) Benda-R versus BDR versus CDR, and
(B) maintenance rituximab. BDR, bortezomib, dexamethasone and
rituximab; Benda-R, bendamustine and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; OS, overall survival. [Colour figure can be viewed at wileyonlinelibrary.com]
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(n = 50) (Dimopoulos et al, 2007; Kastritis et al, 2015;
Paludo et al, 2017). In these studies, the ORR to CDR ranged between 80% and 90% with a median PFS of about
3 years. Of note, none of these studies followed induction
CDR with maintenance rituximab. It is possible that the
median PFS of 5 years observed in our study (n = 37)
reflects that about 70% of patients treated with CDR at our
institution received maintenance rituximab.
Two prospective studies from Greece (n = 59) and the US
(n = 23) have reported findings for WM patients who were
treated with BDR (Treon et al, 2009, 2015a; Dimopoulos
et al, 2013; Gavriatopoulou et al, 2017). The ORR also ranged between 80% and 90% with a median PFS of 35 years
in the Greek study and 55 years in the US study. There were
differences in the design of these studies that might have
accounted for the difference in PFS. The US study used twice
weekly dosing of bortezomib and 1 year of maintenance
therapy. Our study (n = 88) shows a median PFS for BDR of
58 years, which could reflect that 64% of these patients
received also rituximab maintenance.
Finally, the data on the use of Benda-R as primary therapy
in WM is supported by a subset analysis of a randomized
controlled study (n = 20) from Germany and preliminary
data on a prospective study on primary therapy with BendaR (n = 182) followed by maintenance rituximab (Rummel
et al, 2012, 2013). In these studies, the ORR was reported at
90% and the median PFS was approximately 5 years, which
was longer than with the combination of rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone.
Our study (n = 57) shows an ORR of 95% and a median
PFS of 55 years. About 60% of WM patients treated with
Benda-R in our study received maintenance rituximab.
The use of maintenance rituximab following a rituximabcontaining regimen in WM patients has been controversial,
as no prospective study has been done exclusively in WM. A
number of studies have evaluated maintenance rituximab
after rituximab-containing regimens in the more common
follicular lymphoma and have shown an improvement in
PFS although OS benefit has not been demonstrated (Salles
et al, 2011; Barta et al, 2016). A previous retrospective study
showed PFS and OS benefit in favour of maintenance rituximab over observation in WM patients (Treon et al, 2011).
However, in that study, the prognostic modelling was univariate and included both untreated and previously treated
patients. In our study, we show that maintenance rituximab
provides deeper responses and PFS and OS benefits. We fully
adjusted our analyses for pertinent clinical variables, as well
for each regimen received as induction. Additionally, to deal
with immortal bias, we analysed maintenance rituximab as a
time-varying covariate in our statistical modelling. An ongoing prospective study is evaluating maintenance rituximab
in WM patients (Rummel et al, 2012).
Our study, however, is not without limitations. The retrospective nature of this study makes it prone to missing data
and selection bias. However, our rate of missing data was less
ª 2018 John Wiley & Sons Ltd, British Journal of Haematology
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Table IV. Univariate and multivariate Cox proportional-hazard regression models for overall survival.
Univariate analysis

Age >65 years
Male sex
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Beta-2-microglobulin >3 mg/l
Serum IgM >40 g/l
Lymphadenopathy
Splenomegaly
Marrow involvement ≥50%
Low risk IPSSWM
Intermediate risk IPSSWM
High risk IPSSWM
CDR
Benda-R
BDR
Maintenance rituximab*

Multivariate analysis

HR (95% CI)

P-value

215
235
042
UTC
234
130
174
148
032
100
118
045
100
039
027
032

(070–661)
(064–857)
(009–191)

018
019
027

(072–762)
(043–400)
(057–534)
(033–677)
(009–118)
(Ref)
(037–372)
(005–364)
(Ref)
(008–199)
(008–092)
(011–095)

016
064
033
061
010

HR (95% CI)

P-value

100
024
014
072

009
0009
001

078
045
026
004
004

(Ref)
(005–127)
(003–061)
(055–093)

BDR, bortezomib, dexamethasone and rituximab; Benda-R, bendamustine and rituximab; CDR, cyclophosphamide, dexamethasone and rituximab; CI, confidence interval; HR, hazard ratio; IPSSWM, International Prognostic Scoring System for Waldenstr€
om Macroglobulinaemia; UTC,
unable to calculate.
*Maintenance rituximab was considered a time-varying covariate in the multivariate analysis.

than 3%, with exception of MYD88 and CXCR4 mutational
status. In addition, the age and sex distribution, treatment
indications and other factors were otherwise representative of
the clinical features of the general population with WM. An
obvious major limitation is the lack of randomization, which
is identifiable by the imbalances between the groups of
patients treated with CDR, BDR and Benda-R. However, we
addressed this limitation by performing a multivariate analysis that took into account the most relevant clinical factors
that could impact response, PFS and OS. Finally, the results
of our exploratory analyses might have been underpowered
and should be considered with caution.
Based on the results of our study, one could argue that
both BDR and Benda-R induce faster and more prolonged
responses than CDR, and should be considered as reasonable
primary therapy options for patients with WM. Given that
the efficacy of BDR and Benda-R is similar, one could further personalize treatment recommendations based on the
toxicity profile of these regimens, which have been well
established. One of the most important adverse events associated with BDR therapy is neuropathy, which can be minimized, although not eliminated, with subcutaneous and/or
weekly administration of bortezomib. On the other hand,
bendamustine, although well tolerated overall, can be associated with a small but real risk of secondary leukaemia. Given
the characteristics of these regimens, it is our practice to
offer BDR to younger patients and Benda-R to elderly
patients. CDR, although less effective, has a benign toxicity
profile with manageable cytopenias and gastrointestinal
symptoms, and is also a reasonable treatment option.
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We acknowledge that it is a common practice in the US
to offer single agent rituximab as primary therapy in WM
patients (Olszewski et al, 2016). However, we consider single agent rituximab a less effective therapy in WM, which
is associated with an ORR of 30–40% and median PFS
ranging between 1 and 2 years (Gertz et al, 2004; Treon
et al, 2005). In addition, the use of single agent rituximab
has been associated with IgM flares, a unique complication
seen in patients with WM (Ghobrial et al, 2004; Treon
et al, 2004). Although not reflective of rapid disease progression, IgM flares can induce abrupt increases of 25–
300% in baseline serum IgM levels that can induce hyperviscosity and make WM patients with neuropathy or cryoglobulinaemia more symptomatic. However, patients with
low burden of disease or who might not tolerate chemoimmunotherapy can be considered for single agent rituximab
therapy.
As none of the treatment options discussed here are curative, the treatment of patients with WM has to be personalized. Components of the decision-making process should
include the patient’s disease presentation, the efficacy and
toxicity of the regimen to be used and patient’s preferences
and goals of care. Of interest, a recent population-based
study showed that the inclusion of rituximab in the primary
therapy of patients with WM is associated with a benefit in
OS (Olszewski et al, 2017). In light of the approval of ibrutinib for the treatment of patients with symptomatic WM and
emerging data on the use of ibrutinib as primary therapy
(Treon et al, 2015b, 2017; Dimopoulos et al, 2017), additional research is needed to further refine our treatment
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options, which should take into account not only efficacy
and toxicity but also cost.
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