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I N TRODUC TION

Waldenström macroglobulinaemia (WM) is characterized 
by clonal expansion of mature B cells in the bone marrow 
(BM) and the presence of an immunoglobulin M (IgM) 
monoclonal protein.1 Although the BM is the primary site 
of disease, patients with WM may also present with extra-
medullary disease, including both nodal and extra-nodal 
manifestations.2,3 In other indolent B-cell lymphomas, the 
nodal tumour burden is a predictor of adverse outcomes and 
an indicator of a need for treatment.4,5 However, the clini-
cal significance and prognostic impact of nodal involvement 
(NI) in patients with WM remains largely unknown. We 
present data from a population-based study that systemat-
ically aimed to determine the clinical characteristics and 
outcomes of patients with NI.

PATIE N TS A N D M ETHODS

The study cohort covered patients with WM diagnosed in 
Region Zealand between 2000 and 2022. Region Zealand 
covers ~850 000 citizens, corresponding to 15% of the Danish 
population. The diagnosis of WM was made in accordance 
with consensus guidelines and included diagnostic evaluation 
by an expert hematopathologist.1 Clinical data were collected 
from medical records. NI included clinically or radiologically 
detected lymphadenopathy and splenomegaly. WM-directed 
first-line therapies were recorded, and response to treatment 
was evaluated according to consensus criteria.6 Patients with 
discordant lymphoma at primary diagnosis, other than dif-
fuse large B-cell lymphoma (DLBCL), were excluded.

Clinical characteristics were reported using descriptive 
statistics. Chi-square or Mann–Whitney tests were used for 
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Summary
The clinical and prognostic implications of nodal involvement (NI) in Waldenström 
macroglobulinaemia (WM) are largely unknown. In this study, we explored the im-
pact of NI on clinical presentation and outcome in a population-based cohort of 469 
patients with WM, consecutively diagnosed between 2000 and 2022. NI was detected 
in 34% of patients and was associated with symptomatic disease, adverse prognos-
tic factors, an increased risk of transformation, and lymphoma-related death. Our 
findings indicate that NI is of prognostic significance in WM, suggesting a need for 
enhanced surveillance in these patients.
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comparison between groups. Time-to-event curves were 
generated using the Kaplan–Meier method and differences 
were compared using the log-rank test. Lymphoma-related 
survival (LRS) was calculated from the date of diagnosis 
to the date of death caused by lymphoma or the date of last 
follow-up, and patients who died from treatment-related 
complications or other causes other than lymphoma were 
censored. Univariate and multivariate analyses were per-
formed using a Cox proportional hazards regression model.

R E SU LTS

We identified a total of 469 patients with WM, and their base-
line characteristics are summarized in Table S1. The number 

of patients with NI was 160/469 (34%). Computed tomogra-
phy (CT) or fluorine-18-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) was performed in 427/469 (91%) 
patients (Table S1). In 48/160 (30%) patients, NI was further 
confirmed through tissue biopsy. NI was present at the time of 
WM diagnosis in 143/160 (89%) patients and detected at pro-
gression or relapse in 17/160 (11%) cases. Splenomegaly was 
present in 16/143 (11%) patients simultaneously with NI at the 
time of WM diagnosis. MYD88L265P mutational status was 
available in 262/469 (56%) patients, primarily from the late 
study period, and the MYD88L265P mutation was identified in 
252/262 (96%) of these cases. MYD88WT was detected in 9/178 
(5%) patients without NI and 1/84 (1%) patients with NI.

The number of symptomatic patients treated at diagnosis 
was significantly higher among patients with NI compared 

F I G U R E  1   Survival analysis of Waldenström macroglobulinaemia patients with and without nodal involvement (NI). (A) Overall survival of the 
entire cohort (n = 469). (B) Overall survival of symptomatic patients (n = 282). (C) Overall survival of patients with available MYD88L265P mutational 
status (n = 262). (D) Lymphoma-related survival of the entire cohort (n = 469). (E) Lymphoma-related survival of patients without transformation (n = 448).
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with those without NI (Table  S1). Details on treatments, 
including the distribution of therapies between the NI and 
non-NI groups, are shown in Table S2. Response assessment 
was available in 254/282 (90%) patients. Complete remission 
or very good partial remission was achieved in 36% of pa-
tients with NI and 37% of patients without NI. Partial re-
mission was achieved in 32% and 40% of patients with and 
without NI, respectively. In asymptomatic patients who were 
not treated within 3 months following WM diagnosis, the 
median time to treatment was 2.4 years (95% CI 1.8–4.5) in 
patients with NI and 4.8 years (95% CI 4.6–5.6) in patients 
without NI (p = 0.002). The median number of treatment 
lines from diagnosis to follow-up was 2 (range 0–10) in the 
NI group and 1 (range 0–7) in the non-NI group (p < 0.001).

The median (range) follow-up time in surviving patients 
was 74 months (11–277). The 5- and 10-year overall survival 
(OS) estimates for the total group of patients with WM were 
63% and 44%. Median OS was significantly shorter for pa-
tients with NI at primary diagnosis when compared with pa-
tients without NI (94 months [95% CI 65–114] vs. 115 months 
[95% CI 90–132]) (Figure 1A). The number of symptomatic 
patients was higher in the NI group; however, a similar 
trend was found when analysing only symptomatic patients 
treated at diagnosis (median OS 83 months [95% CI 53–94] 

vs. 104 months [95% CI 87–121]) (Figure 1B). We also per-
formed an analysis in patients with MYD88L265P status avail-
able which confirmed a shorter survival in patients with NI 
(median OS 81 months [95% CI 63–122] vs. 121 months [95% 
CI 104–145]) (Figure 1C). LRS was also significantly inferior 
in patients with NI at primary diagnosis (183 months [95% 
CI 137–183]) compared with patients without NI (median 
LRS not reached) (Figure 1D). In the univariate Cox regres-
sion model of the entire WM group, we found that NI was 
significantly associated with OS and LRS (Table  1). In the 
multivariate model, NI remained a significant predictor of 
inferior LRS.

Histological transformation (HT) to DLBCL was found in 
17/143 (11.9%) patients with NI and 4/326 (1.2%) without NI 
(p < 0.001). In patients with NI and HT, biopsies with DLBCL 
were obtained from lymph nodes (9/17), BM (2/17), or other 
extra-medullary sites (6/17). The MYD88L265P mutational 
status was available in 12 transformed patients, and the mu-
tation was detected in all cases. In 6/17 (35%) patients with 
NI, HT occurred within 6 months after the primary diagno-
sis of WM with two cases of concurrent diagnoses of WM 
and DLBCL. No patients without NI had HT at the time of 
primary WM diagnosis. Median (range) time to transforma-
tion in patients with and without NI was 12 months (0–98) 

T A B L E  1   Cox regression model of overall survival (OS) and lymphoma-related survival (LRS) for patients with Waldenström macroglobulinaemia.

OS LRS

HR 95% CI p-Value HR 95% CI p-Value

Univariate

Nodal involvement 1.36 1.01–1.83 0.041 2.32 1.58–3.42 <0.001

Sex (male) 0.98 0.73–1.32 0.912 0.94 0.63–1.39 0.746

Age (≥65 years) 3.00 1.92–4.69 <0.001 2.45 1.38–4.37 0.002

Hgb (≤11.5 g/dL) 2.19 1.63–2.94 <0.001 2.30 1.56–3.39 <0.001

Platelets (<100 × 109/L) 1.20 0.71–2.06 0.492 0.90 0.39–2.06 0.799

IgM (>20 g/L) 1.07 0.80–1.44 0.657 1.48 1.00–2.20 0.050

LDH (>ULN) 1.21 0.86–1.44 0.278 1.56 1.01–2.41 0.046

β2M (>3 mg/L) 2.35 1.75–3.16 <0.001 2.16 1.46–3.19 <0.001

Albumin (<35 g/L) 2.06 1.54–2.76 <0.001 2.31 1.57–3.40 <0.001

Symptomatic at diagnosis 1.35 0.99–1.83 0.060 2.61 1.62–4.21 <0.001

B-symptoms 1.95 1.38–2.75 <0.001 2.02 1.28–3.19 0.003

BM infiltration (≥30%) 1.12 0.83–1.52 0.449 1.02 0.69–1.51 0.927

Multivariate

Nodal involvement 1.04 0.75–1.44 0.817 1.77 1.07–2.92 0.019

Age (≥65 years) 2.93 1.83–4.67 <0.001 2.24 1.11–4.56 0.010

Hgb (≤11.5 g/dL) 1.54 1.10–2.14 0.011 1.28 0.75–2.17 0.372

IgM (>20 g/L) - - - 1.63 0.99–2.69 0.057

LDH (>ULN) - - - 2.07 1.25–3.43 0.010

β2M (>3 mg/L) 1.59 1.16–2.18 0.004 1.41 0.80–2.48 0.241

Albumin (<35 g/L) 1.60 1.17–2.19 0.003 1.39 0.84–2.32 0.204

Symptomatic at diagnosis - - - 2.14 1.16–3.96 0.015

B-symptoms 1.33 0.91–1.95 0.145 1.21 0.70–2.09 0.503

Abbreviations: BM, bone marrow; Hgb, haemoglobin; IgM, immunoglobulin M; LDH, lactate dehydrogenase; ULN, upper limit of normal range; β2M, beta-2 microglobulin.
Bold values indicates statistically significant p-values.
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and 26 months (5–135) respectively (p = 0.3). To evaluate 
the expected effect of transformation on lymphoma-related 
death, we compared LRS in patients with and without NI ex-
cluding patients with HT from the analysis. LRS remained 
significantly shorter in patients with NI, but the difference 
was less pronounced (Figure 1E).

DISCUSSION

We report that approximately one in three WM patients had 
NI at primary diagnosis, whilst the appearance of NI at re-
lapse or progression was rare. In a Spanish population, and 
according to data from the Greek Myeloma Study Group, 
lymphadenopathy and splenomegaly were reported in less 
than a third of symptomatic patients at the time of WM di-
agnosis.7,8 However, two studies examining the role of FDG-
PET in symptomatic patients found lymphadenopathy in 
up to 60% of cases, indicating that the true incidence of NI 
might be higher than previously assumed.9,10

Roughly two-thirds of WM patients are symptomatic 
with a need for treatment at diagnosis.8,11 In comparison, 
we found equivalent rates of symptomatic disease across all 
patients, but significantly more symptomatic cases among 
patients with NI. The time to first treatment was shorter for 
asymptomatic patients with NI compared with those without 
NI. Additionally, patients with NI typically received more 
lines of treatment throughout the course of their disease. In 
other low-grade B-cell lymphomas, a large nodal tumour 
burden has been associated with an a priori need of treat-
ment.4 However, WM is defined by malignant infiltration 
of the BM, and indications for treatment are mainly driven 
by cytopenias and complications associated with the mono-
clonal IgM.1,8 Our findings suggest that the importance of 
nodal manifestations may have been underestimated with 
an increased rate of symptomatic disease and need of treat-
ment in patients with NI.

We also observed a significantly higher rate of transfor-
mation to DLBCL in patients with NI and approximately 
a third of transformation events occurred within the first 
6 months after the diagnosis of WM. HT generally occurs 
in about 1%–4% of WM patients, with lymph nodes being 
the most frequent site of transformation.12,13 In our study, 
biopsy-proven transformation was equally distributed be-
tween nodal and extra-nodal sites. Another intriguing find-
ing was a significantly shorter OS and LRS associated with 
NI. In our multivariate model, NI did not maintain its sig-
nificance as an independent predictor of OS but remained 
a significant variable for LRS. Our results indicate that NI 
is accompanied by a more aggressive lymphoma phenotype 
with an increased risk of transformation and lymphoma-
related death. Our data also demonstrate that the higher rate 
of transformation only accounts for part of the increased 
risk of lymphoma-related death. Lymphadenopathy has also 
been included in prognostic models that predict long-term 
outcome in other indolent lymphomas.5 In contrast, extra-
medullary involvement is not part of prognostic scores for 

WM.14,15 The findings of our study reveal a likely prognostic 
impact of NI that needs to be validated in further studies.

Our study has some limitations, including its retro-
spective nature and the partial lack of molecular data. 
Additionally, the treatment landscape for WM has evolved 
in recent years, which may influence the prognostic implica-
tions of NI compared with our data spanning two decades. 
Future studies incorporating quantitative data on nodal tu-
mour burden and more comprehensive molecular data are 
warranted.

The impact of nodal disease has been relatively neglected 
in WM. Our study provides novel insights, suggesting that 
nodal tumour burden, alongside BM disease, holds signifi-
cant clinical and prognostic relevance in WM. Specifically, 
NI is associated with an increased need for treatment, in-
ferior lymphoma-specific survival, and an increased risk of 
transformation. These findings indicate a need for height-
ened surveillance in these patients and the inclusion of NI 
in future studies.
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