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Characteristics and Outcomes of Finnish Patients

with Waldenstrom Macroglobulinemia—A
Real-World Study

Eleonora Mikeld,! Johanna Vikkula,? Essi Havula,? Pekka Anttila’

Abstract

In this nationwide retrospective real-world evidence (RWE) study, we report the incidence, prevalence, patient
characteristics, comorbidities, overall survival, causes of deaths and healthcare resource utilization (HCRU)
of all Finnish patients diagnosed with Waldenstroém macroglobulinemia during 2007-2021. The median overall
survival (mOS) for all WM patients during the entire study period was 7.3 years and an improvement in the OS

was observed over time.
Introduction: Waldenstrém macroglobulinemia (WM) is a rare, slow-growing B-cell lymphoma characterized by the

proliferation of lymphoplasmacytic cells in the bone marrow. WM has been difficult to diagnose and treat. However, recent
advances in diagnostics, including the discovery of MYD88 and CXCR4 mutations, and in treatment, including targeted,
patient-tolerable therapeutic options in often elderly patients, have together improved the clinical outcomes. Methods: In
this nationwide retrospective real-world evidence (RWE) study, we report the incidence, prevalence, patient characteris-
tics, comorbidities, overall survival, causes of deaths and healthcare resource utilization (HCRU) of all Finnish patients
diagnosed with WM during 2007-2021. Results: The mean incidence was 0.49, age standardized incidence 0.23 and
prevalence (in 2021) 3.7 per 100,000 people. The median overall survival (mOS) for all WM patients during the entire
study period was 7.3 years. An improvement in the OS was observed over time (2007-2014 vs. 2015-2021 cohorts).
Infections along with WM itself were a major cause of death among WM patients. Conclusions: To our knowledge, this
is the first RWE study of WM patients in Finland.
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Introduction

Waldenstrdm macroglobulinemia (WM) is a chronic B-cell
lymphoma characterized by the proliferation of lymphoplasma-
cytic cells in the bone marrow and presence of monoclonal IgM
immunoglobulins in the serum."? WM is approximately two-fold
more commonly diagnosed in men than women, and the median
age at diagnosis is approximately 70 years.”? In the United States,
an age-adjusted incidence of 0.38 per 100,000 population (0.54 for
males and 0.27 for females), with an increase from 0.03 in <50
years olds to 2.85 in >80 years old, has been reported.} European
studies have reported slightly higher rates of WM with an overall
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age-adjusted incidence of 0.55 per 100,000 population (0.73 for
males and 0.42 for females) in the United Kingdom and 0.99 per
100,000 population in Sweden.*

The histopathological diagnosis of WM is lymphoplasmacytic
lymphoma (LPL) confirmed by a bone marrow biopsy together
with an increased production and secretion of monoclonal IgM
immunoglobulins in the serum.”” These can lead to a number
of complications including hyperviscosity, amyloidosis, cryoglob-
ulinemia and autoimmune-related problems.”> The diagnosis of
WM is often difficult, however, some of the recent discoveries can
help to differentiate WM from other B-cell disorders. Notably, an
activating L265P mutation in the MYD88 gene is very common
in WM, and occurs in over 90% of the patients.8 Moreover,
mutations in the CXCR4 gene are seen in approximately 30% of the
patients.” '

While the newly diagnosed patients often remain asymp-
tomatic for years and do not require treatment, when the disease
progresses, most patients are treated with systemic therapies.” !¢
The choice of therapy depends on the clinical manifestation of
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the disease and IPSSWM (International Prognostic Scoring System
for WM) risk category that is based on 5 covariates includ-
ing age, levels of hemoglobin, monoclonal IgM immunoglobu-
lin and b2-microglobulin, and platelet counts.””'>! The devel-
opment of new therapies has revolutionized the treatment of
WM. According to the 11th international workshop on Walden-
strom’s macroglobulinemia (IWWM-11), chemoimmunothera-
pies, including dexamethasone-cyclophosphamide-rituximab and
bendamustine-rituximab regimens are currently the recommended
front-line treatment in most WM patients.'® Bruton tyrosine kinase
inhibitors (BTKi) are recommended for patients with significant
comorbidities or frailty, but also in younger patients who may
suffer from the long-term effects of chemotherapy.'® For patients
with relapsed or refractory WM, treatment depends on the choice
of treatment in the first line, and can for example consist of
chemoimmunotherapy, proteasome inhibitor combination, BTKj,
anti-CD20 or BCL-2 inhibitor therapy.'” The treatment guidelines
for WM in Finland follow the international guidelines.”

WM is a disease of the elderly. As frail and often elderly patients
are typically not included in clinical trials, real-world evidence
(RWE) studies are required to understand the patient population,
current treatment practices and outcomes. Here, in this nationwide
retrospective RWE study, we have utilized the healthcare registries
of Finland and studied the patient characteristics, outcomes and
healthcare resource utilization (HCRU) of all Finnish WM patients
diagnosed between 2007 and 2021. To our knowledge, this is the
first RWE study of WM patients in Finland.

Materials and Methods
Data Sources and Cohort Formation

This non-interventional, retrospective registry-based study
utilized existing data generated as part of normal clinical care, treat-
ment and follow-up of patients diagnosed with WM nationwide
during 2007-2021. A preliminary cohort was identified from the
Cancer Registry and for the identified cohort data were collected
from four nationwide registries (see Supplemental Methods for more
details of the collected data).

The study cohort included all adult patients diagnosed with WM,
that is, ICD-10 code C88.0 recorded in specialized care and classi-
fied to have WM based on pathology sample, that is, ICD-O-3
morphology code 9761 recorded at the Cancer Registry, between
January 1, 2007 and December 31, 2021. It is important to note
that neither patients who had received WM diagnosis (9761) by a
pathologist, but no WM diagnosis (C88.0) by an oncologist, nor
patients who had received LPL diagnosis (9671) by the pathologist,
even if they had received WM diagnosis (C88.0) by an oncologist,
were included in the cohort.

An age, sex, and home municipality matched controls (1:3)
without lymphomas were also collected. Patients were followed from
the diagnosis date recorded at Cancer Registry, defined as index date,
until death or end of study (EOS; December 31, 2022), whichever
came first. Thus, all patients had a minimum of 1 year of possible
follow-up. For the controls, the index date was set as the index date
of the corresponding case. The cohorts were stratified by the index
year (2007-2014 vs. 2015-2021).
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Treatment Modalities

Inpatient medication data are not available nationwide in Finland
and therefore, we approximated the treatment modalities using
data on reimbursement numbers, reimbursed drug purchases, and
contacts to specialized care. Patients were considered to have an IV
episode if they had at least 4 outpatient hematology or oncology
visits within 14 weeks and WM as the main diagnosis. The criteria
for the IV-therapy episodes were determined to include all possible
rituximab or bendamustine treatments. Patients were considered to
start a treatment at first reimbursed drug purchase for WM or at
the start of first IV episode, whichever came first. See Supplemen-
tal Methods for details on the used reimbursement numbers and

specialty and procedure codes.

Statistical Analyses

The annual incidence and prevalence were estimated by divid-
ing the number of incident cases per year and number of prevalent
patients alive at the end of the year by the size of the background
population at the end of the given year, respectively. Age-adjusted
incidence was estimated using WHO-world weights. Ninety-five
percent confidence intervals (Cls) were estimated using Poisson
regression and the presence of monotonic trend was tested using
the Mann-Kendall trend test.

Co-diagnoses were summarized and Charlson comorbidity index
(CCI)*" was defined using specialized care diagnosis data from
5 years prior to index. The difference between strata was tested
using the Kruskal-Wallis test for continuous variables and a chi-
squared/Fisher’s exact test for categorical variables.

Overall survival (OS) was assessed using the Kaplan-Meier fit
and Cox proportional-hazards model as time from the index until
death (event) or EOS (censoring event). The Cox model included
age at index as continuous covariate and sex, CCI and diagno-
sis year as categorical covariates. Time to treatment was analyzed
using a competing risk model as the time from index to the start of
treatment (event), death (competing risk), or EOS (censoring). The
median time was reported from the event free survival. The immedi-
ate causes of death were analyzed up to the end of 2021 due to data
availability constraints.

In the analysis of all-cause HCRU, only patients diagnosed in
2011 or later were included, as primary care data were available
only from 2011 onwards. The costs (other than outpatient medica-
tions) were determined based on the publicly available unit costs
of the healthcare in Finland in 2017.** The unit costs include
the average cost of procedures, operations, laboratory examina-
tions, inpatient medications, and overheads related to the visit,
and are estimated separately for each specialty field and contact
type. The costs of outpatient medications were provided in the
data by the Finnish Social Insurance Institution (SII) as list prices.
The unit costs and the outpatient medication costs were scaled
to 2022 prices using the price index of public healthcare expen-
diture. The accumulation of healthcare contacts and correspond-
ing costs were estimated using a mean cumulative function per
patient.

To protect identity of patients as required by the Finnish law, all
patient numbers below 5 were censored and reported as # < 5. All
analyses were performed with R version 4.0.5.
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Table 1 Clinical Characteristics of the WM Patients Diagnosed in Finland During 2007-2021
Overall 2007-2014 2015-2021 P
N =399 N=198 N =201
Age at diagnosis (years; median [IQR]) 72.8164.7,80.8] 74.1164.1, 82.0] 72.2[64.9, 79.5] 485
Follow-up time (months; median [IQR]) 50.5[21.7, 89.0] 74.3119.0,125.3] 44,6 [22.6, 63.3] <.001
Sex, N (%) Female 162 (40.6) 87 (43.9) 75(37.3) 213
Male 237 (59.4) 111 (56.1) 126 (62.7)
Charlson’s comorbidity index (CCI), N (%)? 0 238 (59.6) 119 (60.1) 119 (59.2) 421
1 35(8.8) 16 (8.1) 19(9.5)
2 92 (23.1) 50 (25.3) 42 (20.9)
3+ 34(8.5) 13 (6.6) 21(10.4)
University hospital area of home municipality, N (%)° Helsinki 147 (37.0) 73(37.1) 74 (37.0) 945
Kuopio 45 (11.3) 20(10.2) 25 (12.5)
Oulu 49 (12.3) 26 (13.2) 23 (11.5)
Tampere 77 (19.4) 38(19.3) 39(19.5)
Turku 79(19.9) 40(20.3) 39(19.5)

Abbreviation: IQR = interquartile range.
25y prior to diagnosis considered.
b For 0.5% of patients, data of home municipality was missing.

Results
Incidence and Prevalence

The mean incidence of WM was 0.49 per 100,000 (0.39 in
female and 0.59 in male) and age standardized incidence 0.23 per
100,000 (0.16 in female and 0.31 in male; Figure 1A and B).
Monotonic trends were not observed either in the annual incidence
(P = .843) or in the age-standardized incidence (P = .621). WM
was diagnosed mainly within the elderly population and the highest
incidence was found in the age group of 80-84 years old (Figure 1C).
The prevalence of WM in 2021 was 3.7 per 100,000 people.

Patient Characteristics

The study cohort consisted of all WM patients diagnosed in
Finland during 2007-2021. The patient characteristics at diagno-
sis are presented in Table 1. The total number of WM patients in
the study cohort was 399, the median age at diagnosis was 72.8 years
and the median length of follow-up was 4.2 years. WM was found
to affect more men, with 59.4% of all WM patients during the study
period being male. Most of the patients had a CCI of 0 at diagnosis,
but also a notable proportion, 31.6% of patients, had a CCI of > 2.
To examine the possible changes in the characteristics and outcomes
over time, we stratified the patient population into early and late
cohorts based on the diagnosis year. In the early cohort of 2007-
2014 there were 198, and in the late cohort of 2015-2021 there
were 201 WM patients diagnosed. No significant differences in the
baseline characteristics between the two cohorts were observed. The
proportion of WM diagnoses among men was higher in the late than
in the early cohort (62.7% vs. 56.1%); however, this difference was
not statistically significant.

Co-diagnoses

Essential (primary) hypertension (ICD-10: I10) was the most
common co-diagnosis among WM patients at the baseline
(Supplemental Table 1). Unsurprisingly, given the clinical course

of WM, patients often presented with anemia at diagnosis. When
comparing the two time windows, hypertension was more common
in patients diagnosed in the late cohort compared to those diagnosed
in the early cohort (28.9% vs. 17.1%, P = .010). Other neoplasms
(of which 91% was monoclonal gammopathy of unknown signifi-
cance; MGUS) were more common in the early cohort compared
to the late cohort (26.4% vs. 17.5%, P = .042). The relatively high
number of MGUS diagnoses likely reflects the clinical nature of the
disease, wherein MGUS may develop to WM (Supplemental Figure
1A). The higher frequency of MGUS diagnoses observed in the
earlier cohort may be attributed to the lower use of bone marrow
biopsies during that period. In contrast, the more frequent use
of bone marrow biopsies in the later cohort may have facilitated
earlier and more definitive diagnosis of WM. The rest of the top
20 co-diagnoses were observed at similar frequencies in both time
windows.

Interestingly, we observed also a relatively high number of multi-
ple myeloma (MM) diagnoses (C90) among the WM patients. This
prompted us to look in detail at the relative occurrence of MM and
WM diagnoses (Supplemental Figure 1B). Indeed, we found that
most of the MM diagnoses were recorded before the WM diagnosis,
indicating an initial misdiagnosis of MM.

Survival

The median OS (mOS) for all WM patients during the entire
study period was 7.3 years (Figure 2A). This was significantly lower
to the age-, sex-, and home municipality-matched controls who had
an mOS of 12.8 years (log rank P < .001). To assess the possible
changes in survival over time, we studied the OS in 2 time periods
based on the year of diagnosis. The mOS of WM patients in the
early cohort was 6.2 years while the mOS was not reached in the
late cohort (Figure 2B; log rank P = .071). No change in the OS of
the matched controls was observed over time (Figure 2C; log rank
P = .894). In the Cox proportional-hazards model, we observed an
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Figure 1

Incidence of WM in Finland during 2007-2021. (A) Annual, (B) age standardized, and (C) age-group specific incidence.

The dotted line indicates the average incidence over time.

[

Annual incidence

20

05 +

Incidence per 100,000 population
o

0.0

2007 2009 2011 2013 2015 2017 2019 2021
Year
C Incidence by age—group
3

<

=

s

3

2 2

o

o

S

o

e

g

8

[

£ fkoccmma oo cena

k=]

o

£

0 e
T O YT O ¥ O ¥ O T O T O T 0T 1
Ilv—‘—NNﬁﬂvleln‘D‘Pl\l\wlO
o w Lo Ll ®
O VW O W O VW O Vuw o uw O uw O© u o
- -~ N N MO M ¢ ¥ 0 OV O W ~ ~ ©
Age group

o

Annual age-standardized incidence (WHO world)

1.00

0.75

0.50

Incidence per 100,000 population

0.00

2007 2009 2011 2013 2015 2017 2019 2021
Year

improvement in the OS of WM patients over time when adjusted
by age, sex and CCI (Figure 2D). The hazard ratio (HR) for patients
diagnosed in the late cohort compared to the patients diagnosed in
the early cohort was 0.72 (95% CI, 0.53-0.98, P = .035) indicating
a 28% reduced hazard of death among the late cohort compared
to the early cohort. Additionally, older age and higher CCI were

associated with poorer survival.

Treatment

While the hospital administered medication data were not avail-
able in this study, we utilized data on reimbursed medications,
procedures and the approximated intravenous (IV) therapy episodes
to estimate the proportion of treated WM patients. About 53.6% of
patients received IV therapy and 36.6% had at least one reimbursed
drug purchase for WM during the follow-up (Supplemental Table
2). When combining these 2 variables, a total of 239 patients
(59.9%) received treatment during the follow-up, with the highest
treatment initiation rate occurring during the first few months after
the diagnosis (Figure 3A). At 3 months, 31.8% (95% CI, 27.6-
36.7) of patients had started treatment, after which the treatment
initiation rate was gradual. Also, a notable proportion of patients
died before starting any treatment for WM (at 10-year time point
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26.6 %, 95% CI, 22.2-31.7). Median event-free survival (mEFS;
that is, alive and treatment not yet started) was 8.1 months (95%
CI, 5.5-13.8). Only 10 patients (2.5%) had plasmapheresis during
the follow-up. The median age at the start of treatment was 71.5
years (IQR: 64.4-78.9) and 40.2% were female. Most treated WM
patients did not have any major comorbidities (CCI being 0 for
60.7%). The median OS from the start of the treatment was 87.7
months (95% CI, 66.2-97.3; Figure 3B).

Causes of Death

We also looked in detail to the immediate causes of death
recorded among WM patients. A total of 194 WM patients died
during 2007-2021. WM (27.3%) and infection (25.8%) were the
most commonly recorded immediate causes of death, followed by
cardiovascular disease (15.5%), solid cancer (7.2%), other hemato-
logic cancers (4.1%) and diffuse large B-cell lymphoma (DLBCL)
(3.6%) (Figure 4A). With the notable number of DLBCL recorded
as an immediate cause of death among WM patients, we examined
in detail the number and timing of DLBCL and WM diagnoses
(Figure 4B). DLBCL diagnoses were mainly recorded at the end of
the follow-up, suggesting a transformation of the disease. In total,
DLBCL diagnosis was recorded for 23 patients (5.8%).
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Figure 2 = The overall survival of WM patients and their matched controls in Finland. (A) The 0S of all WM patients diagnosed in
2007-2021 and their matched controls. (B) The 0S of WM patients and (C) their matched controls with index in

2007-2014 and 2015-2021. (D) The Cox proportional-hazards model for survival in WM patients.
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Healthcare Resource Utilization Discussion

All-cause HCRU was measured by the events (N) and costs
(€) of primary care contacts, specialized care outpatient contacts,
emergency room (ER) visits, and inpatient days, as well as outpa-
tient medications. Most of the events for WM patients came
from primary care contacts throughout the follow-up (Figure 5A,
Supplemental Table 3). During the first 4 years after the diagno-
sis, the number of inpatient days was highest compared to the
rest of the follow-up time. In line with this, the inpatient days
formed a large part of the costs during the first 4 years (Figure 5B,
Supplemental Table 3). While the number of events and costs due
to inpatient days decreased during the follow-up, the number of
events and costs due to both primary care and specialized care outpa-
tient contacts remained relatively constant during the entire follow-
up time. Interestingly, while the number of outpatient medication
events remained the same over time, the costs were higher during the
end of the follow-up when compared to the first years after diagno-
sis.

This retrospective nationwide RWE study investigated the
characteristics, comorbidities, outcomes, causes of deaths and
HCRU of the 399 Finnish patients diagnosed with WM during
2007-2021. To our knowledge, this is the first RWE study of WM
patients in Finland. As clinical trials on WM are very limited, RWE
studies are invaluable in understanding the patient population and
outcomes in this small patient group.

‘While WM is still an incurable cancer, we report an improvement
in the survival of WM patients in Finland. The mOS was 6.2 years
in the early cohort of 2007-2014 and not reached in the late cohort
of 2015-2021. Importantly, the Cox proportional-hazards model,
adjusted by age, sex and CCI, showed a 28% reduction in the hazard
of death in the late cohort when compared to the early cohort. The
mOS of all WM patients during the study period was 7.3 years,
while it was 12.8 years for the matched controls. The mOS observed
in this study was slightly poorer compared to other reports. A US
study on WM patients diagnosed between 1991 and 2010 reported

Clinical Lymphoma, Myeloma and Leukemia 2026

Please cite this article as: Eleonora Mikeli et al, Characteristics and Outcomes of Finnish Patients with Waldenstrom Macroglobulinemia—A Real-World
Study, Clinical Lymphoma, Myeloma and Leukemia, https://doi.org/10.1016/j.clm].2025.12.006

5


https://doi.org/10.1016/j.clml.2025.12.006

ARTICLE IN PRESS

Characteristics and outcomes of Finnish patients with Waldenstrom macroglobulmemla

D: M

Figure 3

wJanuary 8, 2026;17:51

(A) Event-free survival (EFS) of all WM patients analyzed with competing risk model (red curve representing the
probability of death and grey curve the probability of starting treatment). The median EFS from WM diagnosis was 8.1

months (95% Cl, 5.5-13.8). (B) Overall survival (0S) of treated WM patients. The median 0S from the start of treatment

was 87.7 months (95% Cl, 66.2-97.3).
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an mOS of 7 years for the entire study period, with a statistically
significant improvement from 6 years in 1991-2000 to 8.2 years in
2001-2010.% Similarly, in Sweden, an 8 year mOS was reported in
WM patients diagnosed between 2000 and 2014.%

Although the inpatient medication data were not available for this
study, we estimated the proportion of patients receiving treatment
based on the reimbursement and specialized care data. We found
that 60% (239/399) of patients received therapy during the follow-
up. At 3 months, 32% of patients had started the treatment, which

6 | (linical Lymphoma, Myeloma and Leukemia 2026

is in line with a Swedish RWE study, where 30% (297/981) of WM
patients were reported to receive therapy 0-3 months after the initial
diagnosis.>

We report an age standardized incidence of 0.23 per 100,000
population in Finland (adjusted to WHO world standard popula-
tion). This is lower than in the US and UK, where an age adjusted
incidences of 0.38 and 0.55 per 100,000 population, respectively,
have been reported.”* A Swedish study reported an age-adjusted
incidence of 1.15 per 100,000 persons.” The differences between
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Figure 5 Healthcare resource utilization in WM patients. All-cause HCRU by (A) the number of events per patient (PP) and by (B)

the costs PP as primary care contacts, specialized care outpatient contacts, emergency room (ER) visits, inpatient

days, and outpatient medications.
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the observations in this study and the Swedish study are likely
because LPL patients without diagnosis by an oncologist were not
included in our study. It is also important to note that the studies in
the US, UK, and Sweden utilized the US and European standard
populations when adjusting the incidence by age. Therefore, the
age-standardized incidences of these studies are not fully comparable
with our study. We report a higher incidence among men (0.59 in
men vs. 0.39 in women). A higher incidence among men has been
previously reported also in the US (0.54 in men vs. 0.27 in women)
and in the UK (0.73 in men and 0.42 in women).>* The incidence
of WM was observed to gradually increase after the age of 45 and
the highest incidence was found in the age group of 80-84 years old.
The median age at diagnosis was 72.8 years, which is in line with
previous reports.?3%¢

40.4% of the WM patients had a CCI >1 at diagnosis and
no notable differences were observed between the early and late
cohorts. In Sweden, a CCI >1 has been reported in 48% of
the WM patients” while in a German RWE study, 29.1% of
the WM patients were found to have a CCI >1."% It is possible
that there are notable differences between countries in the record-
ing practices that may again affect the comorbidity index. Of the

baseline co-diagnoses, hypertension (ICD-10: 110) was the most
common. This can be largely attributed to the high median age of
the patient population. Interestingly, hypertension was significantly
more common among the late cohort than the early cohort.

The observation that many WM patients had several MM
diagnoses prior to WM diagnosis (most probably being a misdiag-
nosis of MM) highlights the importance of developing diagnostic
accuracy to recognize and differentiate WM from other lympho-
proliferative diseases, and to ensure appropriate treatment for the
patients. Moreover, we report the diagnosis of DLBCL in 5.8% of
WM patients. A US study from 2000 to 2014 reported a 2.4% 10-
year cumulative transformation incidence.”” While the transforma-
tion to DLBCL remains rare, it has been associated with inferior
survival,”” and was recorded as the immediate cause of death in
3.6% of the patients in this study.

Finally, we analyzed HCRU among WM patients. The major-
ity of HCRU events came from primary care contacts, while the
cause of costs changed during the follow-up with inpatient days
forming a large part of the costs in the beginning of the follow-up
and outpatient medications towards the end of the follow-up. The
high number of inpatient days observed during the first years after
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diagnosis might be due to the often poor condition of the patients
at diagnosis. Supporting this, the rate of treatment initiation was
highest during the first few months after diagnosis, whereas the later
treatment initiations and the associated increase in the HCRU may
appear less pronounced due to averaging across patients. The intro-
duction of targeted therapies during the later years of the study
period may have contributed to the increased costs of outpatient
medications towards the end of the follow-up.

Study Strengths and Limitations

Finland has universal healthcare primarily funded by taxation. All
permanent residents in Finland, regardless of their financial situa-
tion, are entitled to the same level of public healthcare and thus the
real-world data (RWD) in national registries are not skewed in terms
of selection criteria. However, this study is subject to limitations
generally related to registry-based RWE studies. The data reflect the
everyday clinical coding practices and thus may be nonstandardized
and incomplete and is subject to missing data or differing coding
practices.

The Cancer Registry is based on pathology samples and state-
ments, which may sometimes be erroneous. This is especially true
in hematology with often complex diagnostic criteria. In this study,
we required a WM diagnosis in specialized care on top of the
record of WM in Cancer Registry. Only 11 patients (<3%) did not
have a diagnosis of WM recorded at specialized care and thus were
excluded, emphasizing that the impact of possible erroneous records
from the Cancer Registry is minimal. However, we were not able to
cross-validate the cohort, that is, how many patients had diagnosis
recorded at the specialized care but no records in the Cancer Registry
because of the lack of bone marrow biopsy. Moreover, instead of
the bone marrow biopsy, diagnoses have been sometimes made by
only bone marrow aspirates, which are not recorded in the Cancer
Registry. Therefore, there may be an underestimation in the cohort
sizes and thus incidence of WM in the study.

Additionally, inpatient medication, laboratory and pathology
data were not available in Finland nationwide at the time of the
data application and thus, these data were not collected for this
study. Thus, the treatment modalities and the analysis of the EFS
rely only on the reimbursed medication purchases, performed proce-
dures and contacts to specialized care, and therefore, deeper analysis
of the treatment patterns and outcomes, such as time to next treat-
ment, and any analysis of the laboratory values and genetics were not
possible to include in this study. Also, the lack of inpatient medica-
tion data may have induced some inaccuracy in the estimation of
the initiation date of the treatment. Last, the medication costs were
calculated using the list prices and may not reflect the actual costs
that may have been lower due to special agreements between the
pharmaceutical companies and the Finnish authorities.

Clinical Practice Points

¢ Clinical trials on WM are very limited and thus RWE studies are
invaluable in understanding the patient population and outcomes
in this small patient group.

* We report an improvement in the survival of WM patients in
Finland during 2007-2021.

Clinical Lymphoma, Myeloma and Leukemia 2026

* We found that 60% of WM patients received therapy during the
follow-up.

* We found that many WM patients had several MM diagnoses
prior to WM diagnosis (most probably being a misdiagnosis
of MM) highlighting the importance of developing diagnostic
accuracy to recognize and differentiate WM from other lympho-
proliferative diseases, and to ensure appropriate treatment for the

patients.

Disclosure

Medaffcon provided support for planning the study, analyzing the
data and interpretation of the results, drafting the manuscript, and
medical writing. EM is employed by Johnson & Johnson. JV and
EH are employees of Medaffcon Oy. PA has received honoraria from
BeiGene, Celgene, GlaxoSmithKline, Johnson & Johnson, Menar-
ini, Oncopeptides, Pfizer, Sanofi, Takeda.

CRediT authorship contribution
statement

Eleonora Mikela: Writing — review & editing, Writing — original
draft, Validation, Conceptualization. Johanna Vikkula: Writing —
review & editing, Writing — original draft, Visualization, Validation,
Formal analysis, Data curation, Conceptualization. Essi Havula:
Writing — review & editing, Writing — original draft, Validation,
Project administration, Conceptualization. Pekka Anttila: Writing
— review & editing, Writing — original draft, Validation, Supervi-
sion, Conceptualization.

Acknowledgments

Kai Kysenius, a current employee and Sanaz Jamalzadeh, a former
employee at Medaffcon Oy, are acknowledged for providing support
in medical writing and data analysis, respectively. This study was

funded by Johnson & Johnson.

Consent
According to the Finnish Act on Secondary use of health and
social data (552/2019), no patient consent was required.

Ethics Statement

The study was approved by The Finnish Social and
Health Data Permit Authority Findata (data permit number
THL/6570/14.02.00/2021 findata-rems-2021/694).

Data Availability Statement

This study is based on the secondary use of healthcare register
data. Only the registry personnel had full access to patient data. The
single-level data cannot be shared. Only the registry holders have the
authority to grant rights to third parties for data usage in accordance
with the Act on Secondary Use of Health and Social Data.

References

1. Waldenstrém JG. Macroglobulinemia—a review. Haematologica. 1986;71:437—
440.

2. McMaster ML. The epidemiology of Waldenstrém macroglobulinemia. Semin
Hematol. 2023;60:65-72. doi:l0.1053/j.ssminhsma(ol.2023.03.008.

Please cite this article as: Eleonora Mikeli et al, Characteristics and Outcomes of Finnish Patients with Waldenstrém Macroglobulinemia—A Real-World
Study, Clinical Lymphoma, Myeloma and Leukemia, https://doi.org/10.1016/j.clml.2025.12.006



http://refhub.elsevier.com/S2152-2650(25)04301-0/sbref0001
https://doi.org/10.1053/j.seminhematol.2023.03.008
https://doi.org/10.1016/j.clml.2025.12.006

JID: CLML

3. Wang H, Chen Y, Li F, et al. Temporal and geographic variations of Walden-
strom macroglobulinemia incidence: a large population-based study. Cancer.
2012;118:3793-3800. doi:10.1002/cner.26627.

4. Phekoo KJ, Jack RH, Davies E, Moller H, Schey SA. The incidence and survival of
Waldenstrdm’s macroglobulinaemia in South East England. Leuk Res. 2008;32:55—
59. doi:10.1016/j.leukres.2007.02.002.

5. Owen RG, Treon SP, Al-Katib A, et al. Clinicopathological definition of Walden-
strom’s macroglobulinemia: consensus panel recommendations from the Second
International Workshop on Waldenstrom’s macroglobulinemia. Semin Oncol.
2003;30:110-115. doi:10.1053/s0nc.2003.50082.

6. Dogliotti I, Jiménez C, Varettoni M, et al. Diagnostics in Waldenstrom’s
macroglobulinemia: a consensus statement of the European Consortium for
Waldenstrém’s macroglobulinemia. Leukemia. 2023;37:388-395. doi:10.1038/
s41375-022-01762-3.

7. Kastritis E, Leblond V, Dimopoulos MA, et al. Waldenstrém’s macroglobuli-
naemia: ESMO clinical practice guidelines for diagnosis, treatment and follow-up.
Ann Oncol. 2018;29:iv41-iv50. doi: 10.1093/annonc/mdy146.

8. Treon SP, Xu L, Yang G, et al. MYD88 L265P somatic mutation in Walden-
strém’s macroglobulinemia. N Engl | Med. 2012;367:826-833. doi:10.1056/
NEJMoal1200710.

9. Hunter ZR, Xu L, Yang G, et al. The genomic landscape of Waldenstrom
macroglobulinemia is characterized by highly recurring MYD88 and WHIM-
like CXCR4 mutations, and small somatic deletions associated with B-cell
lymphomagenesis. Blood. 2014;123:1637-1646. doi:10.1182/blood-2013-09-
525808.

10. Poulain S, Roumier C, Venet-Caillault A, et al. Genomic landscape of CXCR4
mutations in Waldenstrom macroglobulinemia. Clin Cancer Res. 2016;22:1480—
1488. doi:10.1158/1078-0432.CCR-15-0646.

11. Dimopoulos MA, Gertz MA, Kastritis E, et al. Update on treatment recommenda-
tions from the Fourth International Workshop on Waldenstrom’s macroglobuline-
mia. JCO. 2009;27:120-126. doi:10.1200/JC0O.2008.17.7865.

12. Gertz MA. Waldenstrém macroglobulinemia: 2019 update on diagnosis, risk strat-
ification, and management. Am | Hematol. 2019;94:266-276. doi:10.1002/ajh.
25292.

13. Kyle RA, Treon SP, Alexanian R, et al. Prognostic markers and criteria to initiate
therapy in Waldenstrom’s macroglobulinemia: consensus panel recommendations
from the Second International Workshop on Waldenstrom’s macroglobulinemia.
Semin Oncol. 2003;30:116-120. doi:10.1053/s0nc.2003.50038.

14. Treon SP, Tedeschi A, San-Miguel J, et al. Report of consensus panel 4
from the 11th International Workshop on Waldenstrom’s macroglobulinemia on
diagnostic and response criteria. Semin Hematol. 2023;60:97-106. doi:10.1053/j.
seminhematol.2023.03.009.

15. Ghafoor B, Masthan SS, Hameed M, et al. Waldenstrdm macroglobulinemia: a
review of pathogenesis, current treatment, and future prospects. Ann Hematol.
2024;103:1859-1876. doi:10.1007/500277-023-05345-9.

16. Grunenberg A, Buske C. How to manage Waldenstrdm’s macroglobulinemia in
2024. Cancer Treat Rev. 2024;125:102715. doi:10.1016/j.ctrv.2024.102715.

17. Dimopoulos MA, Kastritis E, Owen RG, et al. Treatment recommenda-
tions for patients with Waldenstrém macroglobulinemia (WM) and related
disorders: IWWM-7 consensus. Blood. 2014;124:1404-1411. doi:10.1182/
blood-2014-03-565135.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

[mNS;January 8, 2026;17:51]

Eleonora Miikeli et al

. Buske C, Castillo JJ, Abeykoon JP, et al. Report of consensus panel 1 from the 11th

International Workshop on Waldenstrom’s macroglobulinemia on management of
symptomatic, treatment-naive patients. Semin Hematol. 2023;60:73=79. doi:10.
1053/j.seminhematol.2023.03.005.

. D’Sa S, Matous ], Advani R, et al. Report of consensus panel 2 from the 11th

international workshop on Waldenstrém’s macroglobulinemia on the management
of relapsed or refractory WM patients. Semin Hematol. 2023;60:80-89. doi:10.
1053/j.seminhematol.2023.03.003.

Treatment recommendation for Waldenstrdm’s macroglobulinemia. Finnish
Myeloma Group (FMG) (2024). https://hematology.fi/wp-content/uploads/2024/
04/Waldenstrom_suositus_2024-1.pdf. Accessed January 4, 2026. (in Finnish)
Quan H, Li B, Couris CM, et al. Updating and validating the Charlson comorbid-
ity Index and Score for risk adjustment in hospital discharge abstracts using data
from 6 countries. Am J Epidemiol. 2011;173:676-682. doi:10.1093/aje/kwq433.
Miklin S, Kokko P. Unit costs of health and social care in Finland in 2017.
(Terveyden- ja sosiaalihuollon yksikkékustannukset Suomessa vuonna 2017).
Finnish Institute for Health and Welfare (THL); 2017;55. https://www.julkari.
fi/server/api/core/bitstreams/5268c80a-cf96-473b-b525-679¢7bf02905/content.
Accessed January 4, 2026. (in Finnish).

Castillo JJ, Olszewski AJ, Kanan S, Meid K, Hunter ZR, Treon SP. Overall survival
and competing risks of death in patients with Waldenstrom macroglobulinaemia:
an analysis of the surveillance, epidemiology and end results database. Br / Haema-
tol. 2015;169:81-89. doi:10.1111/bjh.13264.

Brandefors L, Melin B, Lindh J, Lundqvist K, Kimby E. Prognostic factors and
primary treatment for Waldenstrdm macroglobulinemia—a Swedish Lymphoma
Registry study. Br ] Haematol. 2018;183:564-577. doi:10.1111/bjh.15558.

Kyle RA, Larson DR, McPhail ED, et al. Fifty-year incidence of Waldenstrom
macroglobulinemia in Olmsted County, Minnesota, from 1961 through 2010: a
population-based study with complete case capture and hematopathologic review.
Mayo Clin Proc. 2018;93:739-746. doi:10.1016/j.mayocp.2018.02.011.
Kristinsson SY, Eloranta S, Dickman PW, et al. Patterns of survival in lymphoplas-
macytic lymphoma/Waldenstrom macroglobulinemia: a population-based study
of 1,555 patients diagnosed in Sweden from 1980 to 2005. Am ] Hematol.
2013;88:60—65. doi:10.1002/ajh.23351.

Brandefors L, Kimby E. Comorbidity, age and sex in relation to survival among
2264 patients with Waldenstrom’s macroglobulinemia—a Swedish Lymphoma
registry study. Hematol Oncol. 2023;41:686—687. doi:10.1002/hon.3165_538.
Knauf W, Abenhardt W, Slawik HR, et al. Rare lymphomas in routine practice—
treatment and outcome in Waldenstrdm’s macroglobulinaemia in the prospective
German Tumour Registry Lymphatic Neoplasms. Hematol Oncol. 2020;38:344—
352. doi:10.1002/hon.2740.

Castillo JJ, Gustine J, Meid K, Dubeau T, Hunter ZR, Treon SP. Histological
transformation to diffuse large B-cell lymphoma in patients with Waldenstrém
macroglobulinemia. Am | Hematol. 2016;91:1032-1035. doi:10.1002/ajh.24477.
Castillo JJ, Olszewski AJ, Kanan S, Meid K, Hunter ZR, Treon SP. Survival
outcomes of secondary cancers in patients with Waldenstrom macroglobulinemia:
an analysis of the SEER database. Am ] Hematol. 2015;90:696~701. doi:10.1002/
2h.24052.

Clinical Lymphoma, Myeloma and Leukemia 2026

Please cite this article as: Eleonora Mikeli et al, Characteristics and Outcomes of Finnish Patients with Waldenstrom Macroglobulinemia—A Real-World
Study, Clinical Lymphoma, Myeloma and Leukemia, https://doi.org/10.1016/j.clml.2025.12.006

9


https://doi.org/10.1002/cncr.26627
https://doi.org/10.1016/j.leukres.2007.02.002
https://doi.org/10.1053/sonc.2003.50082
https://doi.org/10.1038/s41375-022-01762-3
https://doi.org/10.1093/annonc/mdy146
https://doi.org/10.1056/NEJMoa1200710
https://doi.org/10.1182/blood-2013-09-penalty -@M 525808
https://doi.org/10.1158/1078-0432.CCR-15-0646
https://doi.org/10.1200/JCO.2008.17.7865
https://doi.org/10.1002/ajh.25292
https://doi.org/10.1053/sonc.2003.50038
https://doi.org/10.1053/j.seminhematol.2023.03.009
https://doi.org/10.1007/s00277-023-05345-9
https://doi.org/10.1016/j.ctrv.2024.102715
https://doi.org/10.1182/blood-2014-03-565135
https://doi.org/10.1053/j.seminhematol.2023.03.005
https://doi.org/10.1053/j.seminhematol.2023.03.003
https://hematology.fi/wp-content/uploads/2024/04/Waldenstrom_suositus_2024-1.pdf
https://doi.org/10.1093/aje/kwq433
https://www.julkari.fi/server/api/core/bitstreams/5268c80a-cf96-473b-b525-679e7bf02905/content
https://doi.org/10.1111/bjh.13264
https://doi.org/10.1111/bjh.15558
https://doi.org/10.1016/j.mayocp.2018.02.011
https://doi.org/10.1002/ajh.23351
https://doi.org/10.1002/hon.3165_538
https://doi.org/10.1002/hon.2740
https://doi.org/10.1002/ajh.24477
https://doi.org/10.1002/ajh.24052
https://doi.org/10.1016/j.clml.2025.12.006

9.el

JID: CLML

[mNS;January 8, 2026;17:51]

Characteristics and outcomes of Finnish patients with Waldenstrom macroglobulinemia

Supplementary information
Supplementary methods

Cohort formation and data collection. Data on specialized and
primary care was collected from the Care Register for Healthcare,
data on reimbursed medication purchases from the Social Insur-
ance Institution (SII), causes of death from the Statistics Finland,
and demographics and controls from the Digital and Population
Services Agency (DVV). Controls were not allowed to have diagno-
sis of follicular lymphoma, mantle cell lymphoma, marginal zone
lymphoma, WM, or chronic lymphatic leukemia at any time point.

Treatment modalities. Reimbursement numbers 117, and 390
and 1512 were considered in the analysis of the reimbursed
drug purchases. The reimbursement number 117 is used for
leukemias, other malignant blood and bone marrow diseases, and
malignant lymphoid diseases. Only the following drug purchases
with reimbursement number 117 were considered: chlorambu-
cil, cyclophosphamide, dexamethasone, etoposide, fludarabine,
methotrexate, methylprednisolone, and predniso(lo)ne. Reimburse-
ment number 390 and 1512 were used for ibrutinib. When identify-
ing the IV episodes, specialty code 10 was considered to correspond
to hematology and specialty code 65 to oncology. Patients receiving
plasmapheresis were retrieved from the procedures (procedure code

WW400).

Causes of death
The immediate death causes were grouped based on ICD-10
codes as follows:

Supplementary Table S1

WM diagnosis.

ICD-10 Description

110 Essential (primary) hypertension

D47+ Other neoplasms of uncertain or unknown behaviour of lymphoid,
haematopoietic and related tissue

D64 Other anaemias

H25 Senile cataract

148 Atrial fibrillation and flutter

125 Chronic ischaemic heart disease

H90 Conductive and sensorineural hearing loss

K57 Diverticular disease of intestine

J18 Pneumonia, organism unspecified

N40 Hyperplasia of prostate

150 Heart failure

E78 Disorders of lipoprotein metabolism and other lipidaemias

C90 Multiple myeloma and malignant plasma cell neoplasms

E11 Non-insulin-dependent diabetes mellitus

H40 Glaucoma

135 Nonrheumatic aortic valve disorders

M17 Gonarthrosis [arthrosis of kneel

D50 Iron deficiency anaemia

G45 Transient cerebral ischaemic attacks and related syndromes

N10 Acute tubulo-interstitial nephritis

* WM: C88.0 and C83.0

* Diffuse large cell B-cell lymphoma (DLBCL): C83.3

¢ Other hematologic cancer: C81-C96

* Solid cancer: rest of the codes starting with C

* Infection: codes starting with A, B, and J, and N10, N30, and
Uo07.1

* Cardiovascular disease: codes starting with I

Other: all the rest

HCRU

The following ATC codes were included in the analysis of the
reimbursed outpatient medications: A02, A10, BO1, B03, C, ],
HO02, L, M05, N.

Sanity checks. As some patients died of DLBCL, we checked the
diagnosis records of WM (ICD-10: C88.0) and on DLBCL (ICD-
10: C83.31) throughout the follow-up for these patients, to assess if
a true transformation of WM to DLBCL had taken place, or a possi-
ble misdiagnosis. The follow-up of each patient was scaled to 1 and
a histogram of the WM and DLBCL diagnosis records was plotted
as a function of time representing an average patient who died of
DLBCL. Similar analysis was performed for patients with a record
of multiple myeloma (ICD-10: C90) or monoclonal gammopathy
diagnosis (MGUS, ICD-10: D47.2) in the baseline (5 years prior to
index), to assess whether WM or MM/MGUS was a misdiagnosis.
Here, we included both the baseline and the follow-up data on the
WM and MM/MGUS diagnosis records and for each patient, scaled
both the baseline and follow-up to 1.

Top 20 most prevalent co-diagnoses of WM patients recorded at specialty care during the 5 years before

Overall 2007-2014 2015-2021
n (%) n (%) n (%)
89 (23) 33(17.1) 56 (28.9)
85 (22) 51(26.4) 34 (17.5)

83 (21.4) 40 (20.7) 43(22.2)
58 (15) 34 (17.6) 24 (12.4)

48 (12.4) 25 (13) 23 (11.9)

41 (10.6) 23 (11.9) 18(9.3)
37(9.6) 19(9.8) 18(9.3)
37(9.6) 13(6.7) 24 (12.4)
33(8.5) 15(7.8) 18(9.3)
29(7.5) 12(6.2) 17(8.8)
21 (7) 17 (8.8) 10(5.2)
26 (6.7) 8(4.1) 18(9.3)
25 (6.5) 14 (7.3) 1(5.7)
23(5.9) 8(4.1) 15(7.7)
20 (5.2) 9(4.7) 1(5.7)
19 (4.9) 10(5.2) 9(4.6)
19 (4.9) 14 (7.3) 5(2.6)
18 (4.7) 1(5.7) 7(3.6)
18 (4.7) 7(3.6) 11(5.7)
18 (4.7) 5(2.6) 13(6.7)

*91% of the D47 diagnoses were D47.2 Monoclonal gammopathy, MGUS
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Supplementary Figure S1 Histogram of the average number of ICD-10 records of Waldenstrim macroglobulinemia (WM, C88)
and (a) monoclonal gammopathy (MGUS, D47.2) and (b) multiple myeloma (MM, C90) per patient

among those with a record of MGUS (n=77) and MM (n=25) at baseline. To present all patients in
one figure, the baseline and follow-up were both scaled to one for each patient, time zero
representing the timing of WM diagnosis.
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Supplementary Table S2  Reimbursed medications and procedures during the follow-up.

Stratification by diagnosis year
Overall 2007-2014 2015-2021

Variable, n (%) n=399 n=198 n=201
Any treatment!' 239 (59.9) 124 (62.6) 115(57.2)
Reimbursement for outpatient drug for WM granted 243 (60.9) 125 (63.1) 118 (58.7)
Reimbursed drug purchase’ for WM 146 (36.6) 85 (42.9) 61 (30.3)
Reimbursement for ibrutinib* granted 38(9.5) 15(7.6) 23 (11.4)
Reimbursed ibrutinib purchase 31(7.8) 13 (6.6) 18 (9.0)
IV episode’ 214 (53.6) 111 (56.1) 103 (51.2)

T Reimbursed medication purchase for WM and/or IV episode.

2 See Supplemental Methods for the detailed list of included drugs.

3 At least 4 visists at hematology or oncology unit within 14 weeks with WM as main diagnosis.
* Reimbursement for ibrutinib started in 02/2018 in Finland.

Supplementary Table S3 | HCRU by events (N) and costs (€) per patient.

Time Interval (Years) Events PP (N) Costs PP (€)
Specialized care ER visits 0-2 19 686
2-4 1,7 618
4-6 1,7 593
6-8 1,4 474
8-10 09 319
10-12 09 324
Specialized care inpatient days 0-2 30,0 15199
2-4 20,9 9982
4-6 9,7 5419
6-8 11,0 6273
8-10 70 3713
10-12 44 2911
Specialized care outpatient contacts 0-2 28,7 10764
2-4 18,7 6974
4-6 15,1 5593
6-8 14,1 5130
8-10 15,6 5728
10-12 14,0 5164
Outpatient medications 0-2 22,0 4984
2-4 22,3 7397
4-6 205 7859
6-8 19,5 10308
8-10 19,8 7775
10-12 13,6 19950
Primary care contacts 0-2 92,38 3976
2-4 140,8 5868
4-6 76,4 3403
6-8 143,2 5903
8-10 56,0 2655
10-12 126,8 5299
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