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ABSTRACT
Waldenström macroglobulinemia (WM), a rare incurable low-grade B-cell lymphoma, exhibits 
heterogeneous survival outcomes. We evaluated the prognostic performance of a novel modified 
staging system of WM (MSS-WM) through comparison with existing models in a single-center 
cohort of 294 symptomatic WM patients. MSS-WM demonstrated significant stratification capacity 
(p < 0.0001), with 5-year overall survival rates of 89% (low-risk), 84% (low-intermediate), and 52% 
(intermediate/high-risk). All MSS-WM factors, including age, serum albumin, and LDH demonstrated 
independent prognostic impact. In addition, high beta-2 microglobulin level also showed negative 
prognostic impacts (p = 0.0002). While high concordance of MSS-WM and the revised IPSS 
(rIPSS-WM) was confirmed, the rIPSS-WM exhibited better predictive accuracy. However, MSS-WM’s 
simplified structure enhances clinical utility, enabling rapid risk stratification: 89% 5-year survival 
in low-risk vs 52% in high-risk groups. This practical staging system requires no complex 
calculations, making it preferable for routine clinical implementation while maintaining comparable 
prognostic discrimination.

Introduction

Waldenström macroglobulinemia (WM) has been rec-
ognized as a rare subtype of low-grade B-cell lym-
phoma [1]. Although WM mostly has an indolent 
course and the prognosis has improved during the last 
decades [2], WM remains incurable and perpetually 
relapse and most patients succumb to disease pro-
gression [3,4]. Approximately one-third to two-thirds of 
the WM patients die from WM-related reasons [5,6]. 
The firstline therapies for WM mostly rely on the use 
of immunochemotherapy or alkylating drugs [7], while 
proteasome inhibitors and Bruton tyrosine kinase (BTK) 
inhibitors have recently been introduced in the front-
line treatment regimens [8,9]. The use of these new 
therapies has improved the progression-free survival 
and overall survival of WM.

In order to predict the prognosis of symptomatic 
WM, the International Prognostic Scoring System for 

WM (IPSS-WM) has been formulated to stratify patients 
into three risk groups with 5-year survival rates of 
87%, 68%, and 36%, respectively [10]. However, the 
IPSS-WM was based on data of WM patients primarily 
treated with alkylating agents and did not account for 
non-WM-related deaths [11]. A revised version of 
IPSS-WM (rIPSS-WM) based on age, lactate dehydroge-
nase (LDH), beta-2 microglobulin (β2-MG), and albu-
min, was developed in 2019 to address some of the 
deficiencies. The rIPSS-WM stratifies WM patients into 
five risk groups with 10-year survival rates of 84%, 
59%, 37%, 19%, and 9%, respectively [5]. However 
rIPSS-WM contains more biomarkers which might add 
difficulties in clinical use and requires further valida-
tion in Asian population.

In 2024, the modified staging system of WM 
(MSS-WM) [12] was developed to identify and validate 
clinical prognostic factors and categorize patient into 
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distinct risk groups. As a simplified risk stratification 
model for WM, MSS-WM was derived from data of 
over 800 patients with WM treated in accordance with 
the current treatment consensus [7]. It stratifies 
patients into four risk groups with 5-year survival rates 
of 93%, 82%, 69%, and 55%, respectively. However, the 
survival difference was not significantly in the high-risk 
and intermediate-risk groups in the validation cohort. 
There is a lack of data regarding its performance in 
Asian population.

The purpose of our current study was to provide 
evidence for MSS-WM and compare the performance 
of MSS-WM, rIPSS-WM, and IPSS-WM in symptomatic 
WM patients in Asia.

Methods

Patient cohort

We identified symptomatic WM patients diagnosed 
between January 2000 and December 2023 from the 
Department of Hematology, Peking Union Medical 
College Hospital, Beijing, China. Patients with available 
clinical data were included. All diagnoses were 
reviewed based on the 2003 diagnostic criteria in the 
Second International Workshop on Waldenström 
Macroglobulinemia [13]. In accordance with the ethical 
standards of the 1964 Declaration of Helsinki and its 
later amendments. Ethical approval and waivers of 
informed consent were obtained from the Peking 
Union Medical College Hospital Ethics Committee.

Clinical data and specimens

Medical records were reviewed to collect baseline clin-
ical features, physical examination results, biological 
data, radiological data, treatment, and survival for 
analysis. Unsorted bone marrow samples were col-
lected at screening. MYD88L265P and CXCR4S338X muta-
tions were assayed by real-time allele-specific 
polymerase chain reaction [14,15]. Genomic DNA of 
some patients were also sequenced by targeted gene 
sequencing panel of 76 genes in relation to lymphop-
roliferative disorders, including MYD88 and CXCR4 
(Table S1). Treatment regimens were categorized into 
chemotherapy, immunochemotherapy (rituximab com-
bined with chemotherapy), proteasome inhibitor-based 
therapy, and BTK inhibitors [16].

Risk stratification system and outcome parameters

Prognosis stratification was analyzed based on the 
2024 modified staging system for WM (MSS-WM, 

using age ≤65 years (0 point), 66-75 years (1 point), 
>75 years (2 points), serum albumin <3.5 g/dL (1 
point), and LDH > upper limit of normal (2 points). 
Prognosis of WM patients calculated by MSS-WM 
was grouped into low-risk (score 0), low-intermediate 
risk (score 1), intermediate-risk (score 2), and 
high-risk (score ≥3) [12]. Staging predicted by 
MSS-WM were compared with the results calculated 
by the 2009 prognostic scoring system for WM 
(IPSS-WM) [10] and the 2019 revised international 
prognostic scoring system (rIPSS-WM) [5]. Time to 
next treatment (TTNT) was defined as the interval 
from the date of initiation of a treatment to the date 
of the next line of therapy [17]. Overall survival (OS) 
was defined as the duration from diagnosis to death. 
WM-related death includes those occurring due to 
progressive disease, transformation, infections during 
therapy and post-therapy period, or treatment-related 
complications [5,6]. Patients without a recorded date 
of death or documented events were censored on 
the date of their last follow-up contact with the 
medical center. The final follow-up date was May 
31, 2024.

Statistical analysis

Patient clinical and demographic characteristics were 
reported using descriptive statistics. MSS-WM scores 
were available in all patients, while IPSS-WM and 
rIPSS-WM scores were vacant in some patients 
because of the missing data in serum β2-MG or 
serum monoclonal protein levels. Student’s t-test or 
the Mann–Whitney U-test was used for continuous 
outcomes. Categorical data were analyzed with the 
chi-square test or Fisher’s exact test. Spearman’s cor-
relation analysis was applied to measure the mono-
tonic relationship between biomarkers. Univariate 
and multivariate regression analysis were employed 
to analyze the predictors of OS and TTNT. Kaplan–
Meier analysis and a log-rank test and Cox regres-
sion model characterized the OS and TTNT of 
patients stratified according to MSS-WM, rIPSS-WM, 
or IPSS-WM. Competing events are non-WM-related 
death occurring in the remission of WM, such as car-
diovascular event, COVID-19 infection, other malig-
nancies, and trauma. A competing risk analysis was 
used to validate the model on the basis of the cause 
of death (cmprsk package, version 2.2.12,R) [6,18]. 
Statistical analyses were performed using SPSS (ver-
sion 25, IBM Corp., Armonk, NY, USA), and GraphPad 
Prism (version 5.01). All tests were two-tailed, and 
p < 0.05 was considered statistically significant.
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Results

Patient clinical characteristics

A total of 294 symptomatic WM patients were identi-
fied, and the demographics and baseline characteris-
tics are summarized in Table 1. The median age was 
64 years old (29-92 years old), and the majority (71.4%) 
were male. MYD88 mutations were found in 174 
(84.4%) patients and CXCR4 mutations were present in 
30 (14.6%) patients in bone marrow. MYD88L265P muta-
tions were detected in 173 of 174 patients, while the 
other patient had MYD88T294P. CXCR4S338X mutations 
were detected in 25 of 30 patients, while other patients 
had CXCR4S343fs, CXCR4c.1021_1022delTC, CXCR4c.952dupA, and 
CXCR4c.976dupC. WM-Related complications included 
peripheral neuropathy (9.5%), amyloidosis (8.5%), cold 
agglutinin disease (7.1%), cryoglobulinemia (6.1%) and 
Bing-Neel syndrome (2.4%).

Indications for therapy included anemia (63.6%), 
fatigue (47.3%), liver/spleen/lymph node enlargement 
(46.6%), B-symptoms (38.4%), WM-related complica-
tions (30.3%), and hyperviscosity (20.1%) (Table 1). At 
baseline, the median hemoglobin level was 91 g/L 
(42-157 g/L). The median serum β2-MG level was 
4.3 mg/L (0.2-36.6 mg/L). The median serum M-protein 
and IgM level was 21.1 g/L (0.14-75.7g/L) and 35.0 g/L 
(1.23-118.0g/L), respectively. A subset of patients 
(68/294, 23%) exhibited difference between serum 
M-protein and IgM levels exceeding 10 g/L, likely due 
to polyclonal IgM elevation or laboratory methodolog-
ical differences. Most of the patients received systemic 

first-line therapy including chemotherapy (37.1%), 
rituximab-based immunochemotherapy (33.0%), prote-
asome inhibitor-based therapy (12.9%), BTK inhibitors 
(11.6%), while 16 patients were not treated because of 
patients will. The median year of treatment initiation 
within our cohort was 2018.

Survival outcomes

The median follow-up period was 48 months 
(0.3-241 months). Eighty-three patients died during the 
follow-up, including 46 (55.4%) patients died of WM 
disease progression, 21 (25.3%) patients died of infec-
tions, four (4.8%) patients died of stroke, three (3.6%) 
patients died of unrelated second primary malignan-
cies, one (1.2%) patient died of trauma, and eight 
(9.6%) patients died of unknown causes. Among them, 
64 WM patients (77.1%) were deemed to die of 
WM-related causes. The estimated 5-year and 10-year 
OS rates of all patients were 74.2% and 58.2%, respec-
tively, and the median OS was 192 months (Figure 1(A)). 
On univariate analysis of all of the 294 patients, inde-
pendent prognostic impacts were revealed with haz-
ard ratios 2.44 for age 66-75 years old (p = 0.0003), 3.83 
for age older than 75 years old (p < 0.0001), 2.21 for 
albumin lower than 35 g/L (p = 0.0017), 2.06 for LDH 
higher than upper limit of normal (p = 0.0345), and 
2.10 for hemoglobin level lower than 115 g/L 
(p = 0.0225). Univariate analysis in 236 patients avail-
able of data of β2-MG showed independent prognos-
tic impact of β2-MG higher than 4 mg/L with hazard 

Table 1. P atients baseline characteristics.
Baseline Characteristics N = 294

Gender  (Male,  n,  %) 210 (71.4%)
Age  (median,  range) 64 (29-92)
Manifestations Fatigue  (n,  %) 139 (47.3%)

Fever/Sweat/Weight  Loss  (n,  %) 113 (38.4%)
Liver/Spleen/Lymph  node  enlargement  (n,  %) 137 (46.6%)
Hyperviscosity  (n,  %) 59 (20.1%)
Bleeding  (n,  %) 37 (12.6%)

Laboratory  features Hemoglobin  (g/L,  median,  range) n = 294 91 (42-157)
Platelet  (x109/L,  median,  range) n = 294 210 (14-1113)
LDH  (U/L,  median,  range) n = 294 138 (43-722)
β2-MG  (mg/L,  median,  range) n = 236 4.3 (0.2-36.6)
Serum  M-protein  (g/L,  median,  range) n = 252 21.1 (0.14-75.7)
Serum IgM (g/L, median, range) n = 294 35.0 (1.23-118.0)

Bone  marrow  genotype MYD88mut  (n,  %) 174/206  (84.4%)
CXCR4mut  (n,  %) 30/206  (14.6%)

IgM-related clinical complications Peripheral  neuropathy  (n,  %) 28  (9.5%)
Amyloidosis  (n,  %) 25  (8.5%)
Cryoglobulinemia  (n,  %) 18  (6.1%)
Cold  agglutinin  disease  (n,  %) 21  (7.1%)
Bing-Neel  syndrome  (n,  %) 7  (2.4%)

First-line  therapy Chemotherapy  (n,  %) 109  (37.1%)
R + Chemotherapy  (n,  %) 97  (33.0%)
Proteasome inhibitor  (n,  %) 38  (12.9%)
BTK inhibitor  (n,  %) 34  (11.6%)
not  treated  (n,  %) 16  (5.4%)

LDH: Lactate dehydrogenase; β2-MG: beta-2 microglobulin
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ratio of 3.07 (p = 0.0002) (Table 2). The prognostic 
impacts of MYD88 mutation (p = 0.4705) or CXCR4 
mutation (p = 0.9450) were not significant. In the mul-
tivariate analysis of 236 patients available of data in 
age, albumin, LDH, β2-MG and hemoglobin levels, haz-
ard ratios were 2.34 (p = 0.002) for age 66–76 years old, 
2.7 (p = 0.0126) for age older than 75 years old, 1.94 
(p = 0.0636) for albumin, 2.16 (p = 0.0636) for LDH, and 
2.12 (p = 0.0277) for β2-MG.

One hundred and sixty-five patients had disease 
progression or relapse during the follow-up. The esti-
mated 5-year TTNT rate of all treated patients was 44.9%, 
and the median TTNT was 53 months (Figure 1(A)). 
Univariate analysis revealed independent prognostic 
impact of age 66-75 years old, albumin lower than 
35 g/L, β2-MG, and hemoglobin levels on TTNT with 
hazard ratios of 1.61 (95% CI, 1.15–2.23, p = 0.0052), 
1.81 (95% CI, 1.31–2.54, p = 0.0004), 2.47 (95% CI, 

1.71–3.65, p < 0.0001), and 1.62 (95% CI, 1.10–2.48, 
p = 0.0188). The multivariate analysis showed hazard 
ratio of 1.58 (p = 0.0162) for age 66-75 years old, 1.61 
(p = 0.0337) for albumin, 1.96 (p = 0.0239) for LDH, and 
2.20 (p = 0.0004) for β2-MG level.

Performance of MSS-WM

The MSS-WM scores were available in all 294 patients. 
According to MSS-WM, 58 (19.7%) patients were classi-
fied as low risk (MSS-LR), 129 (43.9%) as low-intermediate 
risk (MSS-LIR), 76 (25.8%) as intermediate risk (MSS-IR), 
and 31 (10.5%) as high risk (MSS-HR). The 5-year OS 
rates were 89%, 84%, 52%, 52% in the low to high risk 
groups, respectively (p < 0.0001, Figure 1B). The 10-year 
OS rates were 75%, 70%, 28%, 18% in the low to 
high-risk groups, respectively. The hazard ratios were 
1.49 (95% CI, 0.71–3.53, p = 0.3205) for MSS-LIR versus 

Figure 1.  Survival outcome in the cohort. (A) Overall survival (OS) and time to next treatment (TTNT) in the cohort. (B) OS of 
patients grouped by MSS-WM; MSS-WM staging model: age ≤65 years (0 point), 66-75 years (1 point), >75 years (2 points), serum 
albumin <3.5 g/dL (1 point), and LDH > upper limit of normal (2 points); low-risk (score 0), low-intermediate risk (score 1), 
intermediate-risk (score 2), and high-risk (score ≥3). (C) OS of patients grouped by rIPSS-WM. (D) OS of patients grouped by 
IPSS-WM.*TTNT: time to next treatment or death (whichever comes first).
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MSS-LR, 3.99 (95% CI, 2.36–6.84, p < 0.0001) for MSS-IR 
versus MSS-LIR, and 1.03 (95% CI, 0.54–1.87, p = 0.9182) 
for MSS-HR versus MSS-IR. According to competing risk 
analysis, the MSS-WM demonstrated significantly dif-
ferent cumulative incidence of WM-related death 
(p < 0.0001) and WM-unrelated death (p = 0.0004) 
(Table 3).

Performance of rIPSS-WM

The rIPSS-WM scores were available in 236 (80.3%) 
patients. Among them, 30 (12.7%) patients were classi-
fied as very-low risk (rIPSS-VLR), 73 (30.9%) were low 
risk (rIPSS-LR), 69 (29.2%) were intermediate risk 
(rIPSS-IR), 46 (19.5%) were high risk (rIPSS-HR), and 18 
(7.6%) were very-high risk (rIPSS-VHR). The 5-year OS 
rates were 97%, 85%, 78%, 56%, and 40% in the very- 
low to very-high risk groups, respectively (p < 0.0001, 
Figure 1(C)). The 10-year OS rates were 89%, 76%, 58%, 
17%, 27% in the low to high risk groups, respectively. 
The hazard ratios were 2.35 (95% CI, 0.63–15.23, 

p = 0.2600) for rIPSS-LR versus rIPSS-VLR, 2.06 (95% CI, 
1.01–4.44, p = 0.0425) for rIPSS-IR versus rIPSS-LR, 2.46 
(95% CI, 1.31–4.60, p = 0.0046) for rIPSS-HR versus 
rIPSS-IR, and 1.16 (95% CI, 0.51–2.44, p = 0.7100) for 
rIPSS-VHR versus rIPSS-HR. Based on competing risk 
analysis, the rIPSS-WM demonstrated significantly dif-
ferent cumulative incidence of WM-related death 
(p = 0.0023) and WM-unrelated death (p = 0.0040) 
(Table 3).

Performance of IPSS-WM

In 233 (79.3%) patients with scores of IPSS-WM, 43 
(18.5%) of them were classified as low risk (IPSS-LR), 
102 (43.8%) as intermediate risk (IPSS-IR), and 88 
(37.8%) as high risk (IPSS-HR). The 5-year OS rates were 
86%, 84%, and 60% in the low- to high-risk groups, 
respectively (p = 0.0001) (Figure 1(D)). The 10-year OS 
rates were 81%, 66%, 36% in the low to high-risk 
groups, respectively. The hazard ratios were 1.62 (95% 
CI, 0.70–4.41, p = 0.2942) for IPSS-IR versus IPSS-LR, and 

Table 2. U nivariate and multivariate analysis of prognostic factors affecting OS of WM.

Variable

Univariate Analysis Multivariate Analysis

*n HR  (95%  CI) P  value n HR  (95%  CI) P  value

Overall  Survival,  potential  factors
Age  66-75ys  vs  ≤65ys 294 2.44  (1.51–3.94) 0.0003 236 2.34  (1.36–4.03) 0.0020
  >75ys  vs  ≤65ys 3.83  (1.98–7.04) < 0.0001 2.70  (1.17–5.67) 0.0126
Albumin < 35g/L 294 2.21  (1.37–3.72) 0.0017 236 1.94  (1.00–4.09) 0.0636
LDH  >  ULN 294 2.06  (0.99–3.83) 0.0345 236 2.16  (0.89–4.53) 0.0597
β2-MG > 4mg/L 236 3.07  (1.74–5.78) 0.0002 236 2.12  (1.12–4.32) 0.0277
IgM > 70g/L 294 1.52  (0.87–2.52) 0.1164
HGB ≤ 115g/L 294 2.10  (1.16–4.19) 0.0225 236 1.18  (0.50–3.19) 0.7195
PLT ≤ 100 × 109/L 294 1.10  (0.58–1.92) 0.3002
MYD88mut 206 0.72  (0.39–1.69) 0.4705
CXCR4mut 206 0.90(0.43–1.91) 0.9450
Overall  Survival,  MSS-WM  groups
MSS  LIR  vs  LR  

294
1.49  (0.71–3.53) 0.3205

 I R  vs  LIR 3.99  (2.36–6.84) <0.0001
 H R  vs  IR 1.03  (0.54–1.87) 0.9182

LDH: Lactate dehydrogenase; β2-MG: beta-2 microglobulin
*n: number of patients with available data for univariate analysis.

Table 3.  Cumulative incidence of disease-specific death and overall survival of WM.

Model Risk group

WM-related death WM-unrelated death Overall survival

5-year 10-year 5-year 10-year 5-year 10-year

MSS Low 6.30% 19.50% 4.60% 4.60% 89.10% 75.90%
Low-Intermediate 15.10% 27.30% 1.10% 3.10% 83.80% 69.60%
Intermediate 36.90% 61.00% 11.30% 11.30% 51.80% 27.70%
High 34.10% 43.00% 13.70% 39.10% 52.20% 17.90%
P value <0.0001 0.0004 <0.0001

rIPSS Very Low 3.30% 11.40% 0% 0% 96.70% 88.60%
Low 11.40% 20.00% 3.80% 3.80% 84.80% 76.20%
Intermediate 17.00% 32.70% 5.40% 9.10% 77.60% 58.20%
High 27.90% 56.20% 15.60% 26.90% 56.50% 16.90%
Very High 43.50% 57.00% 16.10% 16.10% 40.40% 26.90%
P value 0.0023 0.0040 <0.0001

IPSS Low 13.70% 18.50% 0% 0% 86.30% 81.50%
Intermediate 11.90% 27.30% 3.70% 6.30% 84.40% 66.40%
High 25.10% 43.30% 15.00% 21.10% 59.90% 35.60%
P value 0.0281 0.0073 0.0001
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2.64 (95% CI, 1.56–4.59, p = 0.0004) for IPSS-HR versus 
IPSS-IR. Based on competing risk analysis, the IPSS-WM 
demonstrated significantly different cumulative inci-
dence of WM-related death (p = 0.0281) and 
WM-unrelated death (p = 0.0073) (Table 3).

Comparison of MSS-WM, IPSS-WM, and rIPSS-WM

Overall survival analysis performances using 
Concordance Index (C-index) were 0.68 (95% confi-
dence interval [CI] 0.63–0.74) in MSS-WM, 0.69 (95% CI 
0.62–0.76) in rIPSS-WM, and 0.64 (95% CI 0.57–0.71) in 
IPSS-WM. The majority of patients had comparable 
performance between MSS-WM and IPSS-WM or 
rIPSS-WM. Based on IPSS-WM (Figure 2(A)), a propor-
tion of high risk patients (11/88, 12.5%) were 
down-staged in MSS-WM, and a few patients in low 
risk (2/43, 4.6%) and in intermediate risk group (3/102, 
2.9%) were up-staged in MSS-WM. Based on rIPSS, a 
small fraction of rIPSS low-risk patients (5/73, 6.8%) 
were up-staged as MSS-WM IR (Figure 2(B)). Subgroup 
analysis of the re-staged IPSS-IR, IPSS-HR, rIPSS-LR, and 
rIPSS-IR showed that the overall survival was signifi-
cantly different (Figure S1, P value 0.0003 ∼ 0.0217), 
which the patients who were re-staged into MSS-IR or 
MSS-HR tend to have shorter overall survival compared 
to MSS-LR and MSS-LIR (Figure S1).

Discussion

The results of the present study provided evidence for 
the prognostic value of MSS-WM for WM on an inde-
pendent patient cohort in Asia, and compared it to 
the existing prognostic models including IPSS-WM and 
rIPSS-WM. In newly diagnosed WM of all ages treated 
according to recognized standards, the MSS-WM 

discriminated four groups of LR, LIR, IR, and HR, with 
5-year OS rates of 89%, 84%, 52%, and 52%. Although 
the survival rates were not significantly different 
between LR vs LIR, and IR vs HR, the MSS-WM largely 
grouped patients into relatively low and high-risk 
groups as a simplified and modified stratification 
model. MSS-WM was initially developed in a cohort of 
341 symptomatic WM patients and subsequently vali-
dated in an external cohort of 335 patients by the 
Mayo Clinic [12]. In their validation cohort, the 5-year 
OS rates were close in LR and LIR groups (93% vs 
90%), which aligns with our findings.

The majority of our patients demonstrated compa-
rable risk level among MSS-WM and IPSS-WM or 
rIPSS-WM, while the survival stratification predicted by 
rIPSS-WM appeared to perform the best in our cohort. 
The IPSS-WM has long served as a cornerstone for risk 
stratification among WM patients [19]. However, it did 
not account for alternate causes of death and requires 
validation by competing risk analysis. Therefore, the 
rIPSS-WM attempted to overcome these limitations 
and identified stratified age and albumin, LDH, and 
β2-MG levels as independent prognostic factors [5]. 
Despite the advancement, the rIPSS-WM has not been 
fully validated and remains underutilized in routine 
clinical practice. We performed competing risk analysis 
and validated all of the three stratification models in 
an Asian cohort. The MSS-WM contains less biomarkers 
and was available in all of the 294 patients, while 
IPSS-WM and rIPSS-WM were not available in a few 
patients, reinforcing the simplified and practical value 
of the MSS-WM.

The discrepancy in survival prediction of these 
stratification models comes from the included bio-
markers. In the development of MSS-WM, stratified 
age, elevated LDH level, and low serum albumin level 
were found to be independently prognostic [12]. These 

Figure 2.  Sankey diagram showing concordance between MSS-WM, rIPSS-WM, and IPSS-WM. (A) Sankey diagram of IPSS-WM and 
MSS-WM. (B) Sankey diagram of rIPSS-WM and MSS-WM.
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three biomarkers have been consistently observed in 
the reported stratification models and have been 
shown to be independently associated with short-term 
survival of WM [19–21]. Advance age at diagnosis has 
been identified as the most substantial risk factor for 
survival, with increasing age being consistently cor-
relating with inferior outcomes [5,22]. MSS-WM places 
greater emphasis on prognostic value of advance age 
and elevated LDH level while weakens the role of 
β2-MG compared to rIPSS-WM [12]. Nonetheless, our 
results indicated that β2-MG retained significant prog-
nostic value in both the univariate and multivariate 
analyses of overall survival. And it might be more 
appropriate to assign only one point to the elevated 
LDH level in our results. Consequently, the survival 
stratification predicted by rIPSS-WM appeared to per-
form better than that of MSS-WM in our cohort.

The prognostic value of MYD88L265P mutation 
remains controversial. In symptomatic WM, some stud-
ies have reported a higher risk of disease transforma-
tion and shorter overall survival in patients with 
wild-type MYD88 (MYD88WT) [23,24], while other stud-
ies found no significant difference in survival between 
patients with MYD88L265P and MYD88WT [12,25,26]. In 
asymptomatic WM, the presence of the MYD88 muta-
tion confers a negative impact in progression-free sur-
vival [27,28]. Since mutated MYD88 promote malignant 
survival of lymphoplasmacytic cells through down-
stream Bruton tyrosine kinase (BTK) [29], the MYD88L265P 
mutation may be associated with better treatment 
responses and longer progression-free survival in WM 
patients treated with BTK inhibitors [30]. In our cohort, 
only 34 patients received BTK inhibitor as first-line 
treatment. Similar to previous study [12], the prognos-
tic significance of MYD88 mutations was not observed 
in the overall cohort or in patients treated with BTKi in 
our study. Other clinical and laboratory factors associ-
ated with overall survival of WM include somatic vari-
ations in CXCR4 and SP1 [31], TP53 mutations [32], 
hepatosplenomegaly [22], extramedullary involvement 
[33]. However, the prognostic impact of these factors 
was not significant in our study. Additionally, higher 
CXCL13 and CRP levels have been reported to be asso-
ciated with poor survival outcome in WM, as high-
lighted in previous studies [16,34,35]. Unfortunately, 
serum CXCL13 and CRP levels were not included in the 
univariate analysis for overall survival in this cohort 
due to a lack of data in the majority of patients.

There are several limitations of our study. There was 
potential variability in the time between diagnosis and 
treatment start. About 12.5% of the patients received 
treatment after one month after diagnosis. This could 
introduce confounding if biomarkers fluctuated 

significantly during this period. Another potential lim-
itation is the relatively short median follow-up duration 
of 48 months after first treatment, given the long diag-
nostic period (2000–2023). This may limit the accurate 
assessment of long-term overall survival, particularly 
for patients treated in later years. Extended follow-up 
might be necessary to validate these findings.

The majority of patients in our cohort died of 
WM-related causes, for over half succumbing to dis-
ease progression and approximately a quarter experi-
encing death from infectious complications. A small 
group of patients died of WM-unrelated causes such 
as trauma and other malignancies. However, there is a 
lack of the detailed information on the relationships 
between the rest of death events and WM disease sta-
tus. Therefore, we did not evaluate prognostic models 
based solely on WM-related deaths, which is one of 
the limitations of our study. In the existing prognostic 
models, the IPSS-WM was derived in the WM patients 
where 20%-40% succumb to WM-unrelated causes 
[10,19]. The rIPSS-WM model was formulated with a 
focus on early WM-related death in a cohort that 
included about 22% of patients who died of 
WM-unrelated causes, demonstrating good perfor-
mance for overall survival concerning all causes of 
death [5,7,36,37]. The MSS-WM model was initially pro-
posed based on the overall survival, and a competing 
risk analysis was performed to assess the WM-related 
mortality [6,12]. Our study validated these prognostic 
models by performing competing risk analyses in an 
Asian WM cohort. In our results, the rIPSS-WM appeared 
to demonstrate better performance on OS than the 
MSS-WM concerning WM-related causes and across all 
causes. However, as a simplified model, MSS-WM 
employs fewer clinical biomarkers than both rIPSS-WM 
and IPSS-WM which might facilitate its implementation 
in clinical use.

Conclusion

In conclusion, our study validates the prognostic utility 
of the MSS-WM serve in an Asian WM cohort treated 
according to current standards and compares its per-
formance with the established scoring system IPSS-WM 
and rIPSS-WM. The MSS-WM demonstrates greater 
accessibility and effectively discriminates low-risk 
patients (89% 5-year OS) from intermediate/high-risk 
cohorts (52% OS). Importantly, MSS-WM’s reliance on 
routinely available clinical parameters (age, serum 
albumin, LDH) makes it immediately applicable in clin-
ical practice. Multicenter validation is needed across 
diverse populations, particularly in different treatment 
patterns.
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