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Abstract
Asymptomatic IgM gammopathy encompasses IgM monoclonal gammopathy of undetermined significance (MGUS) and

asymptomatic Waldenström macroglobulinemia (AWM), both having a risk of progression to symptomatic disease. Here, we

assessed the risk of progression and the mortality of 956 patients with asymptomatic IgM gammopathy across 25 Spanish

centers. After a median follow‐up of 5.7 years, 156 patients progressed, most of them to symptomatic WM (SWM). The

cumulative incidence of progression was 13% and 20% at 5 and 10 years, respectively. The serum IgM ≥10 g/L, bone marrow

(BM) infiltration ≥20%, β2‐microglobulin ≥3mg/L, and albumin <4 g/dL were the most potent predictors of disease progression

in a multivariate Cox regression model, allowing the identification of three risk categories. The probability of progression to

symptomatic disease at 5 years was 4.5%, 15.7%, and 42.8% for low‐, intermediate‐, and high‐risk groups, respectively. In

patients without a BM evaluation, the presence of none or 1 risk factor and 2 or 3 risk factors conferred a progression risk of 6%

and 27% at 5 years, respectively. The model was independent of the presence of MYD88 L265P, which conferred a negative

impact only in AWM patients. The relative survival (RS) ratio at 5 years of asymptomatic patients was similar to the Spanish

population, which contrasted with the 0.76 5‐year RS of SWM patients. Overall, the Spanish Multicenter Model comprehensively

describes the risk of progression of asymptomatic patients and shows that the excess mortality is increased only in the

symptomatic stage of the disease.
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INTRODUCTION

The association of a monoclonal immunoglobulin M (IgM) in serum
with diverse lymphoproliferative disorders has been extensively
reported, being IgM monoclonal gammopathy of undetermined
significance (MGUS) and Waldenström macroglobulinemia (WM) the
two most well characterized. The prevalence of IgM MGUS increases
with age and could eventually progress to a B cell or plasma cell ma-
lignancy.1 The spectrum of disease progression includes predominantly
WM, followed by diffuse large B cell lymphoma (DLBCL), AL amyloi-
dosis, chronic lymphocytic leukemia (CLL), and multiple myeloma (MM),
among others.2,3 Meanwhile, WM is a B cell lymphoplasmacytic lym-
phoma that is most of the time preceded by IgM MGUS. This re-
lationship has long been studied, as both share the same cell of origin in
terms of morphological, immunophenotypic, and genomic features.4–7

In this sense, there has been great interest to model disease
progression for both IgM MGUS and asymptomatic WM (AWM), as
they also share similar biomarkers of disease progression.8–10 For
instance, the largest study of patients with AWM showed that the
progression rate was 30.8% at 2 years,9 which was modeled by the
presence of risk factors, such as low albumin, high serum IgM, high
bone marrow (BM) infiltration by biopsy, and high β2‐microglobulin.
Its applicability is of great importance in AWM; however, many
patients who lack a BM biopsy or have less tumor burden are still not
well represented. More recently, the addition of the MYD88 mutation
as a potential predictor of disease progression has been reported,
and its validation on large series is still pending.11,12 These issues,
added to the low incidence13 and the clinical heterogeneity of disease
progression, challenge an appropriate risk stratification.

Regarding survival trends, it is even more challenging to model
the excess mortality in asymptomatic IgM gammopathy patients.
Population‐based studies have reported that lymphoplasmacytic
lymphoma/WM patients had an excess mortality, regardless of
whether they were asymptomatic or not.14,15

To better understand the natural history of asymptomatic IgM
gammopathy in terms of progression risks and survival trends, we
gathered a large cohort of patients with asymptomatic IgM mono-
clonal gammopathies from 25 Spanish hospitals with real‐world data.
We retrospectively validated previous risk models and proposed a
revised, comprehensive, and easily applicable model to the clinic for
patients with and without a BM evaluation, an examination not so
frequent in standard clinical practice. We also showed how different
are the mortality outcomes of these patients compared to a group of
patients with symptomatic WM in the same country.

MATERIALS AND METHODS

Study design

This is a retrospective and multicenter study from 25 hospitals from
the Programa de Registro de Macroglobulinemia de Waldenström en
España (PRAME). We included 956 patients diagnosed with asymp-
tomatic IgM gammopathy (encompassing both IgM MGUS and AWM)
as the main group of interest, while patients with symptomatic WM
served as controls for the analysis of the excess mortality. The study
involved patients diagnosed between 1979 and 2021. The analysis of
predictors' performance and relative survival was performed in the
whole set of patients (N = 956). Data from patients who were available
for the analysis of the risk of progression (N = 679) were then divided
for those who had a BM evaluation (N = 495) and those who did not
(N = 184) (Figure 1). The diagnostic criteria followed local institutional
protocols of each center and included the Mayo Clinic16,17 or the

International Consensus criteria.18,19 Treatment initiation followed the
criteria from the International Consensus, and this was used to define
symptomaticWM patients.20 Patients who required treatment because
of IgM‐related disorders or IgM monoclonal gammopathy of clinical
significance were excluded. The study was approved by the local
institutional review boards from all the centers involved. More details
can be found in the Supporting Information Material.

Data collection and endpoints

Clinical and laboratory information was collected from individual
registries and consisted of serum IgM/IgG/IgA levels, serum monoclonal
protein (M‐protein), isotype of light chain, BM infiltration either by
aspirate (N= 495) or by biopsy (N = 270), MYD88 L265P mutation,
serum albumin, β2‐microglobulin, lactate dehydrogenase (LDH), and
blood counts (red blood cell, lymphocyte, and platelet counts). The
MYD88 L265P mutation was assessed using either allele‐specific poly-
merase chain reaction (AS‐PCR) or droplet digital PCR (ddPCR) on whole
bone marrow cells. Immunoparesis was defined as a reduction below
the normal range in the serum IgG (less than 6 g/L) and/or IgA (less
than 0.6 g/L).10,17,21 Quantitative assessment of variables at the time of
progression was available in patients who presented progression during
follow‐up. Progression‐free survival (PFS) was defined as the time from
diagnosis to the time of disease progression that required treatment.

Statistical analyses

The Gönen and Heller k‐statistic was used to evaluate the perfor-
mance of risk models that were designed for both IgM MGUS and
AWM patients, including the one reported by the Italian group in
2005,8 the Dana Farber Cancer Institute (DFCI) in 2019,9 and the
Barcelona group in 2021.10 The log‐rank test was used to calculate
the significance of the difference between survival curves.

To analyze the predictors in our series, we iteratively calculated
the hazard ratios (HRs) and the C‐index using a Cox proportional
hazards regression for each potential cutoff, as previously reported.22

To find the best predictors, we used a backward stepwise Cox
regression followed by bootstrap with 1000 replications. We then
assigned one point for each biomarker after visual inspection of the
observed and predicted survival probabilities for each point to cluster
and generate risk groups. The prognostic model was also analyzed by
considering all‐cause deaths before progression as competing events.
TheWilcoxon matched‐pairs signed‐rank test was used to analyze the
differences between the predictors as continuous at diagnosis and
at disease progression. Logistic regression was used to assess the
receiver operating characteristic (ROC) between risk models to
discriminate disease progression at 5 years. To analyze the relative
survival (RS) in our cohort, we leveraged data from the Human
Mortality Database and matched the Spanish population in terms of
year, age, and sex, with a cutoff date in 2020. The Ederer II method
was used to analyze the RS rates.23 Poisson regression was used to
analyze the excess mortality according to each diagnosis. All the
analyses were performed in Stata version 18 (StataCorp LLC).

RESULTS

Patients' characteristics

The clinical and laboratory characteristics of patients are summarized
in Table 1. About 74% of patients had a kappa light chain isotype by
immunofixation, and the median serum M‐protein and serum IgM
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were 9.0 and 7.6 g/L, respectively. The median lymphocyte and
plasma cell infiltration rates were 14% and 2%, respectively. The
MYD88 L265P analysis was only available in 453 patients, being
positive in 68.4% of the entire cohort. Around 136 (14.2%) and 820
(85.8%) patients were diagnosed before and after the year 2005,
respectively (Supporting Information S1: Figure 1). About 440 (47%)
patients had a BM infiltration less than 10% or a serum IgM less than
5 g/L. Missing data were not imputed as they were associated with
the lack of BM assessment (Supporting Information Material).

Biomarkers of disease progression

After a median follow‐up of 5.7 years (interquartile range [IQR]:
2.8–9.6), 156 patients progressed to a lymphoproliferative/plasma
cell disorder that required treatment (144 to SWM, 5 cases of DLBCL,
3 IgM AL amyloidosis, 1 CLL, 1 IgM MM, and 2 follicular lymphoma).
The cumulative probability of progression was 13.1% (95%

confidence interval [CI]: 10.9–15.7) and 19.5% (95% CI: 16.4–23.2) at
5 and 10 years, respectively (Figure 2A). No differences in PFS were
observed between patients diagnosed before or after 2005 (log‐rank
p = 0.956).

We then analyzed the performance in our series of three
prognostic models that took into account patients diagnosed
with asymptomatic IgM gammopathy. First, we evaluated the risk
model proposed by the Italian group considering the M‐protein size
(<7.0, 7.0–13.9, 14.0–20.9, ≥21 g/L), hemoglobin (≥15.0, 13–14.9,
11.0–12.9, <11.0 g/dL), and sex (female as low risk).8 The Gönen
and Heller k‐statistic was 0.61 (N = 712), and the probability of
progression at 5 years in our series was 5.6%, 12.0%, and 23.9%
for low, intermediate, and high risk, respectively (p < 0.001)
(Figure 2B). Second, we evaluated the model proposed by the DFCI,
considering serum IgM, BM infiltration rate, β2‐microglobulin, and
albumin. In this model, the risk was categorized according to the
quartile distribution of the predicted HR generating three groups.9

The Gönen and Heller k‐statistic was 0.72 (N = 495), and the

F IGURE 1 Flowchart and design of the study of the Spanish registry of asymptomatic IgM monoclonal gammopathy patients. n, number of patients.
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probability of progression at 5 years was 4.0%, 8.5%, and 38.9% for
low, intermediate, and high risk, respectively (p < 0.001) (Figure 2C).
More recently, the Barcelona group developed a two‐risk model
considering immunoparesis and a BM infiltration cutoff point of
20%.10 Here, the Gönen and Heller k‐statistic was 0.67 (N = 495),
and the probability of progression at 5 years was 6.2% and 27.0%
for low and high risk, respectively (Figure 2D).

Considering that the categorization of variables is dependent on
many factors such as the center‐specific protocol for patient follow‐
up or how each variable was measured, we aimed to investigate
whether there were any other potential risk factors that could help
to improve the aforementioned models. To do that, we first analyzed
the impact on progression of the four predictors for which cutoff
points were difficult to establish. For these variables, we iteratively
calculated the predicted HR and Harrell's C‐index for each value.

Accordingly, the best cutoff points were a serum IgM between
10 and 15 g/L, a BM infiltration rate of 20%, a β2‐microglobulin
between 2.5 and 3mg/L, and an albumin between 4 and 4.5 g/dL.
The cumulative incidence of progression at 5 years was 22.4%
for IgM ≥10 g/L, 26.2% for bone marrow infiltration ≥20%, 25.8% for
β2‐microglobulin ≥3mg/L, and 22.1% for serum albumin <4 g/dL
(Supporting Information S1: Figures 2 and 3).

As a biomarker, the MYD88 L265P mutation (N = 453) was
associated with a shorter PFS (HR: 3.5, CI: 1.8–7.1, p < 0.001). To
explore the impact ofMYD88 on the type of diagnosis in patients who
had a BM biopsy, we observed a higher risk of progression in AWM
compared to IgM MGUS (Supporting Information S1: Figure 4).

Prognostic risk model

Subsequently, we analyzed the independent impact of the risk factors
from previous risk models. Here, we did not considerMYD88 because

only less than half of the study population were diagnosed before the
universal setup of the technique, neither sex (male vs. female, HR:
0.9, CI: 0.7–1.3, p = 0.734) nor age (≥65 vs. <65, HR: 0.9, CI: 0.7–1.4,
p = 0.885) because of their lack of impact on disease progression.
Table 2 summarizes the univariate analysis of each biomarker on a
Cox proportional hazards model. The backward stepwise method
selected serum IgM ≥10 g/L, BM infiltration ≥20%, β2‐microglobulin
≥3mg/L, and albumin <4 g/dL. The 1000‐bootstrap replicates of this
model showed comparable findings with a p < 0.10 selection cutoff
(Supporting Information S1: Table 1). In order to build a parsimonious
and easy‐to‐use model, we assigned one point to each biomarker and
clustered the patients based on the observed and predicted HRs
(Supporting Information S1: Figure 5). Consequently, patients with
either no points or 1 point were categorized as being in the low‐risk
group, whereas those with two points or three to four points were
classified into the intermediate‐ and high‐risk groups, respectively
(Figure 3A). The 5‐year probability of progression was 4.5%, 15.7%,
and 42.8% in the low‐, intermediate‐, and high‐risk groups (log‐rank
p < 0.001). The Gönen and Heller k‐statistic of this model was
0.72 (N = 495). With this, we developed a model that can be easily
abbreviated as the “10‐20‐3‐4” related to numbers from the cutoff
values for each biomarker. After fitting a logistic regression model to
evaluate the discrimination between the DFCI model versus ours,
we observed that the ROC area was 0.76 versus 0.79 (p = 0.025) at
5 years of follow‐up, respectively. In a competing risk framework, the
risk categories behaved similarly (high risk vs. low risk—subhazard
ratio [SHR]: 10.03, 95% CI: 5.47–18.42, p < 0.001; intermediate risk
vs. low risk—SHR 5.20, 95% CI: 2.76–9.78) (Supporting Information
S1: Figure 6).

In patients who did not have a BM evaluation by aspiration, the
same model (IgM ≥10 g/L, β2‐microglobulin ≥3mg/L, and albumin
<4 g/dL) was able to predict the risk of progression. The cohort
(N = 184) was divided into two risk groups according to the presence
of none or 1 risk factor (low risk) and 2 or 3 risk factors (high risk). The
cumulative incidence of progression at 5 years was 6.0% and 27.1%,
respectively, in this BM‐free model (Figure 3B).

In addition, we only identified 270 patients (62 IgM MGUS and
208 AWM patients) who have both a BM aspirate and BM biopsy,
respectively (Supporting Information S1: Table 2), following local
guidelines and clinical criteria. Only one patient with IgM MGUS
progressed after 10 years of follow‐up, while the cumulative
incidence of progression of AWM patients at 5 years was 23.8%
(95% CI: 18.0–31.0) (Figure 3C). The diagnostic performance of
the patients with full criteria using BM biopsy was quite similar to the
prognostic model of those with only a BM aspirate (Figure 3D).

We further analyzed the additional impact of the MYD88
mutation on the prognostic model. The MYD88 mutation was only
associated with higher BM infiltration rates and serum IgM values
(Supporting Information S1: Table 3). In patients who had complete
data on all predictors (N = 327), the MYD88 mutation (HR: 1.83, 95%
CI: 0.75–4.45; p = 0.180) did not change the prognostic model score
predictions (HR: 2.53, 95% CI: 1.93–3.31; p < 0.001) after fitting a
multivariate Cox regression analysis. After adjusting the prognostic
model with the type of diagnosis based on BM biopsy, AWM (HR:
7.27; 95% CI: 0.97–53.9; p = 0.052) was not an independent factor
(Supporting Information S1: Table 4).

Refining the low risk

Given that there is also great interest in identifying patients who
will not progress during the entire follow‐up, we reanalyzed the
whole set of patients and plotted the distribution of the two most

TABLE 1 Clinical and laboratory characteristics of patients.

Patients' characteristics N

Age, median (IQR) 956 69.4 (60.5–77.1)

Sex, female (%) 956 411 (43.0)

Laboratory values, median (IQR)

Hemoglobin, mg/dL 920 13.5 (12.2–14.6)

Platelets, K/µL 916 236.0 (183.0–288.0)

Albumin, g/dL 864 4.2 (3.9–4.5)

β2‐microglobulin mg/L 727 2.3 (1.8–3.1)

Serum M‐protein, g/L 727 9.0 (4.0–14.7)

Serum IgM, g/L 912 7.6 (3.5–16.2)

Serum IgG, g/L 901 8.7 (6.7–10.7)

Serum IgA, g/L 899 1.5 (0.9–2.3)

LDH, UI/L 857 249 (175.0–328.0)

Bone marrow, %

Mature lymphocytes 601 14 (8–25)

Plasma cells 570 2 (1–4)

IgM <5 g/L or bone marrow infiltration
<10%, (%)

926 440 (47.5)

kappa light chain, (%) 737 545 (74.0)

MYD88 L265P mutation, (%) 453 310 (68.4)

Abbreviations: IQR, interquartile range; LDH, lactate dehydrogenase.
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important risk factors (serum IgM and BM infiltration) across the
low, intermediate, and high risk of progression groups to dis-
criminate a new subgroup of patients with very low tumor burden
characterized by a serum IgM less than 5 g/L and a BM infiltration
less than 10%. After a graphical inspection of the series, 83 patients
had a serum IgM less than 5 g/L and a BM infiltration less than 10%.
These patients were followed for a median of 6 years and had an
even lower probability of progression compared to the low‐risk
group mentioned above. The cumulative incidence of progression

was 1.6% (95% CI: 0.23–10.74) at 5 years (Supporting Information
S1: Figure 7).

Predictors during progression

For patients who experienced progression, we had access to in-
formation about various potential biomarkers and observed how they
changed over time. In this sense, we analyzed the 4 predictors from

(A) (B)

(C) (D)

F IGURE 2 Progression‐free survival (PFS) in the Spanish multicenter registry and according to each prognostic risk model. Each plot reflects a Kaplan–Meier

survival curve of the progression risk in the Spanish Cohort (A), the Italian group (B), the Dana Farber Cancer Institute (DFCI) group (C), and the Barcelona group (D).

TABLE 2 Impact of biomarkers included in previous prognostic models.

Univariate analysis Multivariate analysis
Variable N HR 95% CI p Value N HR 95% CI p Value

IgM ≥10 g/L 912 4.41 2.96–6.57 <0.001 495 2.16 1.23–3.78 0.007

BM lymphocytes ≥20% 601 3.79 2.50–5.73 <0.001 495 3.47 2.04–5.93 <0.001

β2‐microglobulin ≥3mg/L 727 2.38 1.64–3.46 <0.001 495 1.90 1.17–3.09 0.010

Albumin <4 g/dL 864 2.59 1.82–3.69 <0.001 495 1.58 0.97–2.56 0.060

IgA <0.6 g/L 899 3.14 2.14–4.63 <0.001 495 ‐ ‐ ‐

IgG <6 g/L 901 1.51 1.05–2.17 0.025 495 ‐ ‐ ‐

Hemoglobin <11.5 g/dL 920 2.56 1.69–3.87 <0.001 495 ‐ ‐ ‐

LDH ≥450 UI/L 857 1.37 0.51–3.72 0.533 495 ‐ ‐ ‐

Abbreviations: BM, bone marrow; CI, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; N, number of patients for each biomarker.
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the model. Each individual subject was analyzed in two‐time points
showing an increase in IgM, β2‐microglobulin, and BM infiltration;
meanwhile, a decrease was seen in the case of albumin (Figure 4A–D).

Mortality trends

Two hundred and forty‐seven patients died during follow‐up. Among
them, 127 (51.5%) died because of solid neoplasms, 30 (12.1%) from
age‐related comorbidities, 23 (9.3%) from disease progression or
complications related to the treatment received, and 67 (27.1%) were
missing. Compared to the remaining healthy Spanish population,
asymptomatic patients had a 5‐, 10‐, 15‐, and 20‐year RS rates of
0.99, 0.97, 0.90, and 0.86, respectively (Table 3). So, during the first
5 to 10 years from diagnosis, the mortality remained similar to the
Spanish population in asymptomatic patients (p = 0.940) (Figure 5A).
To give more insights into the survival trends of patients with IgM
gammopathy, we gathered data from a cohort of 448 patients with
symptomatic WM from our registry. We identified 227 deaths, from
whom 61 (26.9%) were directly linked to the disease either because
of progression or treatment complications, another 61 (26.9%) deaths
were because of concomitant solid neoplasms, 22 (9.7%) because
of other age‐related comorbidities, and 83 (36.5%) were missing. The
RS rates at 5‐, 10‐, 15‐, and 20‐year were 0.76, 0.66, 0.44, and 0.36,

respectively (Figure 5B). Thus, symptomatic WM exhibited a higher
excess mortality compared to the Spanish population in each time-
span (p < 0.001). Overall, patients with IgM gammopathy showed a
trend to worse survival trends in the symptomatic stage.

DISCUSSION

We have assembled a large cohort of patients diagnosed
with asymptomatic IgM monoclonal gammopathy, allowing us to
describe its progression risk and give more insights into its natural
history, so far needed. Many factors challenge a comprehensive
evaluation of the progression risk in asymptomatic IgM monoclonal
gammopathies, such as the low incidence, the high dependency
on single‐center registries, the arbitrary inclusion of biomarkers
in multivariate analyses, and the difficulty of assessing the risk in
patients with low tumor burden or those who lack a BM biopsy and
do not fit in any diagnostic criteria. Although not yet analyzed, the
latter situation is very common in routine practice. In fact, low‐risk
IgM MGUS patients usually lack a BM biopsy and are diagnosed
based on serum biomarkers.3 This inevitably might lead to mis-
classification in certain cases, as it has been reported that the BM
lymphocytic infiltration does not correlate well with the monoclonal
serum IgM.19

(A) (B)

(C) (D)

F IGURE 3 The new proposed model of the risk of progression in the entire series of patients with complete data with (A) and without a bone marrow aspirate

(B). Below are depicted the 270 patients with an available bone marrow biopsy, allowing to study the different risks of progression of IgM monoclonal gammopathy of

undetermined significance (MGUS) and asymptomatic Waldenström macroglobulinemia (AWM) (C), and the performance of the proposed model based on bone

marrow aspirate in patients with bone marrow biopsy (D). PFS, progression‐free survival.
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To surpass these issues, we designed a multicenter approach to
blindly analyze patients with a monoclonal IgM in serum that were
asymptomatic at the time of diagnosis. In our study, as in many
European centers,6,8,10,24 we had data based on the BM aspirate
given its easier applicability, while the biopsy is usually performed in
patients with high tumor burden or there is suspicion of disease
progression or other lymphoproliferative condition.

We first observed that the cumulative incidence of progression
from our series (20% at 10 years) was lower compared to that

proposed by the DFCI9 (close to 80% at 10 years). Although several
explanations can arise underlying this phenomenon, we consider the
inclusion of more patients with low tumor burden in our series as the
most important argument. The DFCI series reported a minority of
patients with low tumor burden (for instance, those with less than
10% of BM infiltration), while in our study they represented half of
the entire series based on the BM aspirate. In fact, our results were
similar to the cumulative incidence of progression of 15% and 34%
at 10 years reported by Baldini et al. in patients with IgM MGUS and
AWM, respectively.8

With our data, we validated previous risk models that took into
account asymptomatic IgM gammopathy patients. We showed that
the models proposed by the Italian group, the DFCI, and the Barce-
lona group classified patients into separate risk categories; however,
there was great variation between intermediate‐ and low‐risk groups,
probably due to the low number of patients with less tumor burden
that were included in each study. Another important issue was related
to the inclusion of predictors, as they varied across all three studies or
were not reported in multivariate analyses. As a result, we improved
the accuracy of the risk classification by incorporating all previous
biomarkers. We proposed the “10‐20‐3‐4” Spanish Multicenter
Model, a new and easy‐to‐handle model that showed common vari-
ables such as 10 g/L of serum IgM, 20% of BM infiltration, 3 mg/L of
β2‐microglobulin, and 4 g/dL of albumin. The predictors had different
cutoff points compared to other studies,8,9,11 which reflects the
inclusion of patients with low tumor burden. The predictors also

(A) (B)

(C) (D)

F IGURE 4 Longitudinal performance of the prognostic biomarkers. Each dot represents a separate time point per subject for the bone marrow infiltration by

aspirate (A), serum IgM (B), albumin (C), and β2‐microglobulin (D). N, number of subjects.

TABLE 3 Relative survival (RS) rates in patients with asymptomatic IgM

monoclonal gammopathy and symptomatic Waldenström macroglobulinemia.

Diagnosis Start End RS CI

Asymptomatic IgM gammopathy 0 5 0.99 0.96–1.00

5 10 0.97 0.92–1.00

10 15 0.90 0.81–0.90

15 20 0.86 0.70–0.90

Symptomatic Waldenström
macroglobulinemia

0 5 0.76 0.70–0.81

5 10 0.66 0.59–0.74

10 15 0.44 0.34–0.54

15 20 0.36 0.25–0.49

Abbreviation: CI, 95% confidence interval.
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allowed a clear separation of the risk groups at 5 years, each of them
having three times the estimated probability of progression of the
previous risk category. In patients who had a BM biopsy and
were able to be further classified into IgM MGUS and AWM by
the International Consensus Criteria,19,25 we observed that only one
patient with IgM MGUS progressed, while AWM represented the
majority of the population whose progression risk was modeled. This
prompted us to identify a very low‐risk group characterized by having
a serum IgM less than 5 g/L and a BM infiltration by aspirate less than
10%, which resembled the progression risk of patients with less than
10% of BM infiltration by biopsy reported by the DFCI.9

We showed that the BM aspirate is a reliable surrogate marker
of disease infiltration and that the risk of progression of “true” IgM
MGUS was lower than that reported by other studies,3 and therefore, a
BM evaluation can help to precisely model the risk of progression and
to avoid potential misclassification in this subset of patients. However,
we highlight that performing BM biopsies on patients with a suspicion
of IgM MGUS can be delayed in certain cases, as previously reported,
given its very low risk of progression.3,26 In this context, we also ap-
plied our new proposed model in patients without a BM assessment
and were able to differentiate the risk into two categories by using the
same biomarkers, allowing a “BM‐free” system for stratification to be
explored. These patients were selected by their physicians as low risk

before the decision of not to undergo a BM study. Overall, we consider
that patients without a BM study but who have other high‐risk fea-
tures such as low albumin, high β2‐microglobulin, and high IgM ac-
cording to our model should undergo a BM biopsy/aspirate, as an
important proportion of them progress during follow‐up. In patients
with low or intermediate risk, the BM aspirate could be an excellent
tool especially in the presence of other comorbidities. This strategy can
help to discriminate better those patients who are unlikely to progress
in the next 5 years. Patients who have a BM infiltration less than 10%
and a serum IgM less than 5 g/L may not require further studies with a
hematologist and may continue their follow‐up with their primary care
team. Thus, we provided a clinically relevant prognostic model, fitting
different types of scenarios that are usually present in real clinical
practice.

Another novelty of our study was to include the largest series
of asymptomatic patients from whom the analysis of the MYD88
mutation was available. We observed that there was a negative im-
pact on PFS in the whole series, a finding that has been reported
previously.12 In patients with available BM biopsy, this pattern was
only observed in AWM. Our results differed from other studies that
showed a negative impact in MYD88 wild‐type patients.9 This can be
due to technical differences and the number of patients included. As a
retrospective multicenter study, sample processing might differ from
each center, or the PCR assay may change throughout time. In fact,
we used now either AS‐PCR or ddPCR to detect the mutation.
Regardless of the sensitivity, our results resembled more the biolo-
gical continuum of progression in patients with IgM gammopathy,
as the MYD88 mutation has recently been even identified in early
precursors of lymphoplasmacytic clones,7 followed by an increased
mutation tumor burden in each state of the disease.5,12 After
adjusting the prognostic model with the mutation status, the MYD88
did not add an extra value, probably due to its association with the
BM disease burden. We showed that the predictive ability of MYD88
in the risk of progression was lower compared to common clinical
biomarkers. As stated by others,11,12,27 the data from our study
served as another attempt to model disease progression based on
molecular biomarkers in IgM monoclonal gammopathy. However, we
consider that efforts to standardize the MYD88 testing, inclusion
of other somatic mutations such as CXCR4 using high‐throughput
techniques, and longer follow‐up can be further exploited to precisely
and uniformly assess the risk of progression based on the MYD88
L265P status prospectively.

Finally, we analyzed the mortality of asymptomatic IgM gam-
mopathy. Previous studies have focused the analysis on the diagnosis
of lymphoplasmacytic lymphoma or WM without the distinction
of those who required treatment or not. In fact, a 5‐year RS was
reported to be between 0.6 and 0.8 with an improving trend for each
decade,14 and another recent population‐based study reported a
5‐year conditional RS of 84% in WM patients.15 We observed that
the RS rate of asymptomatic patients resembled that of the rest of
the Spanish population during the first 5 to 10 years from diagnosis,
being the development of solid neoplasms the most frequent cause of
death. However, we acknowledge that asymptomatic patients can
benefit from early access to the healthcare system and, in some cases,
the long time that takes to develop disease progression as potential
causes for our findings.28 When compared to a cohort of sympto-
matic WM from our registry, the differences were much more
marked, showing an excess of mortality in patients who were diag-
nosed in the symptomatic stage; in them, the most frequent causes of
death were disease progression or treatment complications.

Our study has several strengths, such as the high number
of centers and patients included, the validation of other risk models,
the analysis of all previous biomarkers in a single framework to

(A)

(B)

F IGURE 5 Relative survival rates compared with the Spanish Health

records from the Human Mortality Database. Each plot reflects the relative

survival rate (in red), the Spanish population actuarial survival (in blue), and the

patients' actuarial survival (in green) (A). Symptomatic Waldenström

macroglobulinemia patients showed a survival curve below the Spanish

population since diagnosis (B). CI, confidence interval.
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comprehensively build a new prognostic model, the inclusion of pa-
tients with very low risk of progression, and the analysis of the re-
lative survival of asymptomatic patients in contrast to symptomatic
patients. Although we relied more on the BM aspirate instead of the
biopsy as recommended in the consensus,19,25 and that a bias might
have been introduced in the models, the high number of patients
allowed us to use the prognostic model in those with a BM evaluation
either by aspirate or biopsy, reflecting the clinical practice in many
countries. Thus, our study intended to give a full picture of the clinical
course of patients with IgM monoclonal gammopathies. The limita-
tions of our study are related to its multicenter approach. In our
study, the MYD88 impact in IgM MGUS patients was challenging to
assess, since none of them progressed. Other potential predictors
such as the CXCR4 mutations were not analyzed, as they were not
routinely assessed. Another limitation is the shorter follow‐up time
compared to others,3,8,9 explained by the large proportion of patients
diagnosed in the last decade, especially for those with very low
tumor burden. However, we showed similar progression rates in this
subgroup of patients compared to studies with longer follow‐up.3

Regarding the new prognostic model, we acknowledge that its per-
formance on risk prediction needs to undergo continued evaluation
and validation in another national database to determine the real
advantage in front of the DFCI model.

In summary, we described the risk of progression of patients with
asymptomatic IgM gammopathy and proposed a prognostic model
available worldwide for patients with or without a BM evaluation,
highlighting the presence of a very low‐risk group. In addition, we de-
monstrated that the relative mortality of these patients was different
from those with symptomatic WM. Our results may help in the algo-
rithm on how to follow these patients, with social and economic impact.
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