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Rituximab-based chemo-immunotherapy is currently the standard first-line treatment for Waldenstrom macroglobulinaemia (WM),
while ibrutinib has emerged as an alternative. In the absence of randomised trials (RCTs) comparing these regimens, the optimal
first-line treatment for WM remains uncertain. In this systematic review and meta-analysis, we sought to assess the efficacy and
safety of first-line treatment regimens for WM. We searched key databases from January 2007 to March 2023, including phase II and
III trials, including treatment-naïve WM patients treated with rituximab-based regimens or ibrutinib. Response rates, progression-
free survival (PFS), overall survival (OS), and toxicities were evaluated. Four phase III and seven phase II trials were included among
736 unique records. Pooled response rates from all comparative and non-comparative trials were 46%, 33% and 26% for
bendamustine rituximab (BR), bortezomib-dexamethasone, cyclophosphamide, rituximab (BDRC) and ibrutinib rituximab (IR),
respectively. Two-year pooled PFS was 89%, 81% and 82% with BR, BDRC and IR, respectively. Neuropathy was more frequent with
bortezomib, while haematologic and cardiac toxicities were more common with chemo-immunotherapy and ibrutinib-based
regimens respectively. Our findings suggest that BR yields higher response rates than bortezomib or ibrutinib-based combinations.
RCTs comparing BR against emerging therapies, including novel Bruton Tyrosine Kinase Inhibitors, are warranted.
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INTRODUCTION
Waldenstrom macroglobulinaemia (WM) is a rare mature B-cell
neoplasm characterised by clonal lymphoplasmacytic (LPL) bone
marrow (BM) infiltration and immunoglobulin M (IgM) parapro-
teinaemia [1]. While a watch-and-wait approach is appropriate for
asymptomatic patients, treatment is indicated when clinical
manifestations arise due to the IgM paraprotein or LPL infiltrate
[2]. Major classes of agents commonly used for the treatment of
WM include monoclonal antibodies, alkylating agents, proteasome
inhibitors, and Bruton Tyrosine Kinase inhibitors (BTKi) [3].
Rituximab is a key component of WM treatment, and has been

evaluated in combination with bortezomib [4, 5], dexamethasone
and bortezomib (BDR) [6, 7]; dexamethasone and cyclophospha-
mide (DRC) [8], bortezomib cyclophopshamide dexamethasone(B-
DRC) [9], and bendamustine (BR) [10–12]. The BTKi ibrutinib was
shown to be an effective therapy for newly diagnosed WM and is
approved by the Food and Drug Administration for this indication
[13]. While oral administration and a favourable toxicity profile have
made ibrutinib an attractive option, fixed-duration treatment with
chemo-immunotherapy remains a valid alternative [2, 14].
The rarity of WM and the paucity of randomised trials (RCTs)

comparing chemo-immunotherapy and BTKi-based treatment has

resulted in uncertainty regarding the optimal therapy for treatment-
naïve WM patients. In this systematic review and meta-analysis, our
objective was to compare the efficacy and safety of rituximab-based
chemo-immunotherapy and BTKi-based regimens for newly diag-
nosed WM from all comparative and non-comparative trials.

METHODS
A systematic literature review was performed according to the “Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [15]. A study protocol was written a priori and registered with
PROSPERO (Registration number: 283550).
We performed literature searches of the following electronic databases:

Medline and Medline In-process (using the PubMed platform), Embase (using
the Elsevier Platform), and The Cochrane Library from January 2007 to March
2023. The rationale for the period of the search strategy was that the key trials
of rituximab-based chemo-immunotherapy and BTKi therapy were published
after 2006. We also searched ClinicalTrials.gov and the International Clinical
Trials Registry Platform (http://www.who.int/ctrp/en/.) to identify ongoing,
discontinued and completed clinical trials: There was no limit on language or
geographical perspective. Briefly, the population studied was treatment-naïve
WM patients, and the interventions included rituximab-based chemo-
immunotherapy or BTKi-based regimens. Detailed inclusion and exclusion
criteria are presented in Supplementary Tables S1 and S2.
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The study selection process was performed in the following two phases:
Level 1 screening: titles and abstracts of studies identified from the electronic
databases and the internet searches were reviewed by two researchers
(SDM, WLC), independently and in parallel, to determine eligibility according
to the criteria in Supplementary Table S1. Level 2 screening: Full texts of
studies selected at level 1 were obtained and reviewed by two researchers
(SDM, WLC), independently and in parallel, to determine eligibility according
to the criteria in Supplementary Table S2. Where there was disagreement
about study relevance at either stage of screening, consensus was reached
with a third member of the study team (MS).
The results of the systematic literature review were summarised

qualitatively and quantitatively as appropriate. The outcomes of interest
were: response rates based on International Waldenstrom Macroglobuli-
naemia Working Group (IWWM) criteria [16] (Supplementary Table S3),
time to achievement of partial response or complete response, rates of
relapse, progression-free survival (PFS), overall survival (OS), treatment-
related complications, and quality-of-life scores. Where outcomes were
reported as dichotomous data in trials, we calculated the risk ratios (RR)
and 95% confidence interval (CI) for meta-analysis using Review Manager
software (version 5.4). Evidence from single-arm studies was summarised
using descriptive summary statistics. Continuous measures were expressed
in the form of mean (standard deviation).
Where the demographics of the study populations and inclusion/

exclusion were relatively similar between the single-arm cohort studies, a
meta-analysis of proportions (expressed as a percentage), with their 95%
CI, was performed using the software Comprehensive Meta-analysis
(version 3.3). To establish the variance of raw proportions, a Freeman-
Tukey transformation was applied. To incorporate heterogeneity (antici-
pated among the included studies), transformed proportions were
combined using DerSimonian-Laird random effects models.
In order to assess whether effect sizes were consistent across the included

studies, heterogeneity was quantified. The test for heterogeneity was
performed using the I2 statistic, which provides a magnitude of variability,
where 0% indicates that any variability is due to chance, whilst higher I2

values (>50%) indicate increasing levels of unexplained variability. Where we
have judged that the included trials are too clinically heterogeneous to
warrant a formal meta-analysis, we presented the results of the included
trials in a narrative format instead of performing a meta-analysis. All the
studies were evaluated with the critical appraisal tools by the Joanna Briggs
Institute or the Centre for Reviews and Dissemination (Table 1).

RESULTS
Results of the search
The searches yielded 736 distinct references. Of these, 16 records
were duplicates, therefore 720 titles and abstracts were eligible for
screening. After removing irrelevant and clearly ineligible studies,
we assessed the full texts of 93 studies for eligibility. Finally,
61 studies were excluded, and 30 publications that reported
results from 11 unique trials were included in this systematic
review and meta-analysis (Fig. 1).

Study characteristics
Of the 30 publications reporting on 11 trials, four were phase III
RCTs [9–11, 13], and seven were phase II single-arm studies. The
comparisons in the RCTs included the following interventions: BR
versus R-CHOP (1 trial), BR versus R-CHOP or R-CVP (1 trial); I-R
versus rituximab (I trial); and B-DRC versus DRC (1 trial). All
11 studies used the World Health Organisation (WHO) criteria for
diagnosis of WM [1] and IWWM criteria for response definitions
(Supplementary Table S3) [16]. The sample sizes of the studies
ranged from 23 to 261, with a male predominance and a median
age of patients ranging from 58 to 70 years. Details of the
included studies are summarised in Table 2. All relevant outcome
measures were reported in most studies except for quality-of-life
measures, which were not reported in most trials.

Meta-analysis
Rituximab-based chemo-immunotherapy regimens
Response rates and time to best response: Rates of complete
response (CR) and very good partial response (VGPR) based on

IWWM criteria were reported in all 11 trials that were included.
When the response rate was reported by more than one study,
proportions were pooled from both RCTs and single-arm trials to
find the estimates (Fig. 2 and Supplementary Fig. S1). The
response category near CR (nCR) was reported in only one trial [4].
The combined CR, VGPR and nCR rates in patients given
rituximab-based chemo-immunotherapy regimens were 47%
(95% CI 34–60%) with bortezomib bendamustine rituximab
(BBR); 46% (95% CI 30–63%) with BR; 33% (95% CI 24–40%) with
BDRC; 30% with BDR; 25% with R-CHOP; 15% with DRC and 8%
with bortezomib rituximab.
A comparison of regimens showed that bendamustine-based

therapies (BR and BBR) had a higher probability of achieving a CR
or VGPR than other regimens (Fig. 3). Two RCTs (Rummel et al.,
2013 [10], Flinn et al., 2014 [17]) compared BR versus R-CHOP or R-
CHOP/R-CVP respectively and the pooled evidence shows that
response rates were higher with BR; however, the risk difference
was not statistically significant (RD 0.06, 95% CI −0.02 to 0.14).
Similar results were observed with one RCT that compared B-DRC
to DRC (Buske et al., 2023 [9]). The evidence suggests that patients
in the B-DRC arm had higher rates of CR or VGPR than those in the
DRC group, although the difference observed was not statistically
significant (RD 0.12, 95% CI −0.01 to 0.24).
Overall pooled major response (combined CR, VGPR, PR) rates

for each regimen were as follows: BBR (89%), BR (83%), BDR (82%),
Bortezomib, Rituximab (66%), DRC (81%), BDRC (85%) and RCHOP
(91%) (Supplementary Fig. S4). PR rates for each regimen (pooled
values for regimens evaluated in more than one trial) were as
follows: BR (44%), BBR (42%) BDR (54%), Bortezomib, Rituximab
(58%), DRC (71%), BDRC (53%) and RCHOP (66%) (Supplementary
Figs. S2 and S3).
The median time to best response was 6.8 months for DRC [18]

and five [19] to 15 months [6] for BDR. Median time to best
response was not reported in the trials evaluating BR. The median
time to first response was 1.4 to 3 months for BDR [6, 19] and
3.3 months for B-DRC [9]. As the time to response data were not
consistently reported across trials, a meaningful comparison
between regimens was not possible in this case.

Progression-free survival
Two-year pooled PFS rates for each regimen were as follows: BR (89%),
BBR (89%), BDR (69%), Bortezomib, Rituximab (66%), DRC (69%),
Bortezomib-DRC (81%) (Fig. 4). Evidence from one trial evaluating the
BBR regimen reported a PFS of 75% at 3 years [12]. Five-year PFS was
reported for three regimens: BDRC (63%), BR (74%) and DRC (32%)
(Supplementary Fig. S5). These data suggest that Bendamustine-based
regimens result in better PFS at 3- and 5- years compared to other
rituximab-based chemo-immunotherapy regimens.

Overall survival
The duration of follow-up and reporting of OS varied across trials.
However, 2-year OS rates were reported by six trials and the
available data were combined when two or more trials reported
this outcome to evaluate the pooled estimate. The 2-year OS rates
reported were as follows: BR (97%), BDR (80%), DRC (91%), BDRC
(94%) (Supplementary Fig. S6).

Comparing BTK inhibitor-based regimens with rituximab-
based immuno-chemotherapy
The major response rate for patients treated with IR was 73%, and
the median time to best response was 3 months (range
1–46 months) [20]. The combined CR and VGPR rate for IR was
26% (95% CI 17–35%) compared to 47% (95% CI 34–60%) for BBR;
46% (95% CI 30–63%) with BR; and 33% (95% CI 24–40%) with
BDRC (Fig. 2). IR resulted in 2-year PFS (Fig. 4) and OS
(Supplementary Fig. S6) of 82% and 90%, respectively [20] which
is comparable to the rituximab-based immuno-chemotherapy
regimens overall.
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Outcomes based on MYD88 and CXCR4 mutational status
Outcomes based on MYD88/CXCR4 mutational status were not
reported in most trials. A phase II trial of BR showed no significant
difference in response rates or PFS based on MYD88 or CXCR4
mutational status [21]. It is however noteworthy that the numbers
of patients in each mutational category were small, and none of
the MYD88/CXCR4 double mutant patients progressed, while two
of six double wild type patients did. The INNOVATE trial also
reported similar response rates and PFS in patients treated with IR
across mutational subtypes [13, 20]. It is noteworthy that
responses to the BDRC regimen also appeared to be independent
of MYD88/CXRC4 mutational status [9].

Treatment-related adverse effects
In terms of toxicities, IR was associated with more grade 3 and 4
cardiac/vascular toxicities, including hypertension and arrhythmias
[13, 20]. Bortezomib-containing regimens were associated with an
increased incidence of peripheral neuropathy, with approximately
20% and 10% of patients experiencing at least grade 2 and grade
3-4 neuropathy, respectively [4, 6, 7, 19]. It is noteworthy that
more recent studies using subcutaneous bortezomib reported a
lower incidence of peripheral neuropathy (10% grade 1 and 2%
grade 3) [9]. Chemotherapy-based regimens, such as DRC, were
associated with a higher incidence of haematological toxicity than
those using bortezomib and ibrutinib. Of note, 20% of patients
receiving DRC [8, 18] and 29% of those receiving BR [10, 11]
experienced grade 3-4 neutropenia, compared to approximately
12% in those receiving bortezomib-based treatments [4, 6, 7, 19]
and 10% of those receiving IR [13, 20].

DISCUSSION
We present the first systematic review and meta-analysis
comparing first-line treatment regimens for WM in the BTKi era.
Current practice recommendations by the IWWM [2] suggest the
use of either rituximab-based chemo-immunotherapy, rituximab
combined with proteasome inhibitors, or BTKi, in symptomatic,
treatment-naïve patients with WM. In this systematic review,
evidence from comparative and non-comparative studies sug-
gests that among the options recommended by the IWWM,
bendamustine-based regimens may result in improved response
rates and PFS compared to BTKi- and bortezomib-based regimens.

It is noteworthy that OS did not differ significantly between the
treatment groups, which may be a function of the effective
second-line therapies available.
A comparison of treatment regimens for WM had previously

been attempted by Santos Lozano et al. [22]. This study did not
however include the key RCTs evaluating BR and was performed
before the advent of BTKi. More recent studies by Khurshid et al.
[23] and Zheng et al. [24] also did not include BTKi in their
comparison of treatment options. Of these, Khurshid et al. [23]
focused exclusively on purine analogues in combination with
rituximab and did not include bendamustine-containing regi-
mens. Zheng et al. [24] found that rituximab, in combination with
either proteasome inhibitors or alkylating agents, yielded the best
outcome, with overall response rates of 86% in both groups. A
meta-analysis comparing first and second-generation BTKi in
newly diagnosed and relapsed WM has also been performed,
suggesting they are of similar efficacy but differ in their toxicity
profiles [25]. A retrospective multi-centre comparison of treat-
ment-naïve WM patients showed that BR resulted in improved
response rates but not prolonged survival compared to ibrutinib
[26]. These findings are concordant with our analysis.
Unlike previous studies, we did not include purine analogue-

based therapy in our analysis as these regimens are not part of the
first-line treatment recommendations by the IWWM [2]. We also
did not include second-generation proteasome inhibitors or novel
anti-CD20 antibodies such as ofatumumab and obinutuzumab for
the same reason.
The identification of MYD88 and CXCR4 mutations has been

shown to have prognostic and therapeutic implications, resulting
in the latest IWWM recommendations that treatment (especially
for BTKi) be adapted based on mutational status [2]. The majority
of data supporting the impact of mutational status on therapeutic
outcomes are in relapsed WM [27]. Results from ongoing studies
are eagerly awaited in the first-line setting.
Although this would have provided valuable information for our

analysis, we were unable to compare the efficacy of treatment
regimens based on mutational status, as most trials did not report
this data. It is interesting that the activity of the B-DRC, BR and IR
regimens in treatment-naïve WM appears to be independent of
MYD88/CXCR4 mutational status. The number of patients in the
genomic analyses was however small, and the studies were not
powered to answer this question [9, 13, 21]. Nevertheless, these

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) chart for the study. We identified 30 separate
publications reporting on 11 trials.
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Fig. 2 Response rates across trials. Complete, near complete or very good partial response rates for all trials.

Fig. 3 Risk difference for response rates between regimens. The risk difference for complete, near complete response, very good partial
response or partial responses.
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results bring into question the role of MYD88 and CXCR4
mutations as biomarkers of response to therapy. Future studies
stratifying patients by mutational subtype will be crucial to
address this important question.
We were not able to compare the PFS in patients achieving a CR

or VGPR with those achieving a PR as we do not have access to
individual patient data from the trials. This would have been an
interesting analysis to determine if the depth of response correlates
with PFS. Another major limitation of our study, as it was with
previous systematic reviews, is the heterogeneity among the
existing trials, not just in terms of trial design but also with regard
to the reporting of results. Key outcome measures such as PFS, time
to next treatment and time to achievement of response were not
consistently reported in the published studies, and those that are
reported are limited by varying duration of follow-up. As a result, it
was not possible to perform a quantitative meta-analysis of these
outcomemeasures. We pooled the clinical trials based on treatment
groups; heterogeneity was identified within most groups, likely due
to variations in the trial design. Furthermore, the genomic subtypes
(based on MYD88 and CXCR4 mutational status) of patients were
not reported in several trials, resulting in heterogeneity among the
patient characteristics in the studies that are included in this review.
The advanced age of the typical WM patient, as well as the

chronic, incurable nature of the disease, means that quality of life

(QOL) and treatment-related toxicities are very important con-
siderations when making treatment decisions. Despite the
availability of several objective measures of QOL [28], these were
not consistently assessed in most studies and is a key area to
improve on in future WM trials.
The rapidly expanding treatment arsenal for WM holds great

promise for patients [29]. Novel BTKi such as acalabrutinib,
zanubrutinib and tirabrutinib are showing promising results, and it
remains to be seen how they compare to ibrutinib, especially in
MYD88 L265P wild-type patients [30]. Recent RCTs suggest that
the novel BTKi have a favourable toxicity profile (cardiac and
gastrointestinal toxicity in particular) compared to ibrutinib,
although their efficacy appears similar [31].
With regard to bortezomib-based regimens, the incidence of

neuropathy is an important consideration, given that even mild
grade 1 neuropathies are chronic and often impair QOL. Second-
generation proteasome inhibitors (carfilzomib, ixazomib) [32] are
emerging as highly effective, neuropathy-sparing agents and will
be an important consideration for the future. It is also noteworthy
that lenalidomide [33] and everolimus [34] have been shown in
small studies to be effective, while the results of ongoing studies
are awaited. BCL2 inhibition using venetolcax is under active
investigation for WM [35] and is likely to play an important role in
the treatment of WM in the near future. The inclusion of these

Fig. 4 Progression-free survival. Two-year progression-free survival in trials where it was reported.
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agents as monotherapy or in combination with anti-CD20
monoclonal antibodies in future trials promises interesting results
that could change practice.
In conclusion, evidence from this review suggests that BR yields

higher response rates compared to the other first-line treatment
options recommended by the IWWM. Given the efficacy and
favourable toxicity profile of the novel BTKi, these may also be
considerations for front-line therapy in the near future. The future
of WM treatment is however likely to involve a genomically
stratified treatment approach. Collaborative, international clinical
trials comparing BR against other front-line treatment options in
patients stratified by MYD88 and CXCR4 mutational status are
called for to definitively identify the optimal first-line treatment
for WM.
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