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Abstract
We present a nationwide prospective Swedish registry-based study of
Waldenstr€
om macroglobulinaemia (WM), that focuses on incidence and
survival in relation to clinical prognostic factors and primary systemic therapies. A total of 1511 patients with WM and lymphoplasmocytic lymphoma (LPL) were registered in the Swedish Lymphoma Registry (SLR)
between 1 January 2000 and 31 December 2014. The age-adjusted incidence
of WM/LPL was 115 per million persons per year, three times higher than
the reported incidence worldwide. Medical records were retrieved for 1135
patients (75%). A retrospective review showed that 981 (861%) of these
patients fulfilled the World Health Organization diagnostic criteria for WM
and these patients were analysed further. The overall survival (OS)
improved between two periods – 2000–2006 and 2007–2014 – with a fiveyear OS of 61% and 70%, respectively. Significant prognostic factors for
OS, evaluated at the time of diagnosis, were age, elevated lactate dehydrogenase level and haemoglobin ≤115 g/l for patients receiving therapy
0–3 months after diagnosis, and age, poor performance status, haemoglobin ≤115 g/l, and female sex in “watch and wait” patients (multivariable
analysis). The level of the IgM monoclonal immunoglobulin had no significant prognostic value. Rituximab included in first-line therapy was associated with improved survival.
Keywords: Waldenstr€
om macroglobulinaemia, lymphoproliferative disease,
prognostic factors, therapy, Waldenstr€
om macroglobulinaemia survival.

Waldenstr€
om macroglobulinaemia (WM)/lymphoplasmacytic
lymphoma (LPL) is a rare disease, with a worldwide incidence of 3–4 per million persons per year (Wang et al, 2012;
Brandefors et al, 2016). The diagnosis of WM requires infiltration of LPL cells in the bone marrow and any concentration of IgM monoclonal immunoglobulin (MI) (Owen et al,
2003; Swerdlow et al, 2008). Common clinical manifestations
of WM include anaemia and thrombocytopenia due to
tumour infiltration in bone marrow, enlarged lymph nodes
and spleen, recurrent fever, night sweats, fatigue and weight
loss. High concentrations of IgM MI can cause hyperviscosity
and an increase in plasma volume with resulting anaemia
due to dilution of red cells (Vitolo et al, 2008; Ghobrial,
2012).
Several prognostic factors have been identified, mostly in
small patient cohorts and in non-population retrospective
analyses (Facon et al, 1993; Morel et al, 2000; Owen et al,
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2001; Dimopoulos et al, 2003; Merlini et al, 2003; Ghobrial
et al, 2006; Dhodapkar et al, 2009; Kastritis et al, 2009).
The most widely accepted prognostic index, the International Prognostic Scoring System for WM (IPSSWM; Morel
et al, 2009), is based on disease parameters evaluated at the
time of first-line treatment. The indications for therapy
applied in the original IPSSWM cohort were defined by the
2nd International Workshop recommendations (Kyle et al,
2003) and a bone marrow lymphoplasmacytic infiltration of
more than 20% was required. Many WM patients do not
exhibit symptoms at diagnosis (i.e., smouldering or asymptomatic WM) and do not require any therapy, so why there
is a need to explore prognostic factors at the time for diagnosis? In this article we explore the prognostic factors for
patients treated 0–3 months after diagnosis, and also for
asymptomatic patients managed with a “watch and wait”
strategy.

doi: 10.1111/bjh.15558

L. Brandefors et al
Waldenstr€
om macroglobulinaemia is a rare disease and
only a few randomized studies on treatment have been published (Buske et al, 2009; Leblond et al, 2013; Rummel et al,
2013). Therefore, treatment guidelines are mostly based on
results from phase II trials and retrospective data. Mostly the
choice of first-line therapy is based on the individual
patient’s characteristic and disease symptoms and
immunochemotherapy is currently the standard treatment
for most WM patients (Buske et al, 2013; Treon, 2015;
Leblond et al, 2016; Gertz, 2017).
Although WM remains an incurable disease, the median
overall survival (OS) has improved, ranging from 6 years in
the 1990s to 8 years in the first decade of the 2000s (Kristinsson et al, 2013; Castillo et al, 2015).
We present data from an analysis based on a nationwide
prospective high-quality registry of the lymphoma population
in Sweden with 15 years follow-up. Our study focuses on the
incidence and outcome of WM in relation to clinical prognostic factors and primary systemic therapies.
The results from this unselected cohort of patients provide
novel knowledge of this rare disease that can be applied to
patients treated during routine clinical care.

Patients and methods
Swedish lymphoma registry
The Swedish Cancer Registry (SCR), established in 1958, is a
compulsory registry for all newly diagnosed cancers in Sweden. All cancer subtypes are reported to the SCR both by the
responsible pathologist and the treating physician. To obtain
specific complementary information for lymphoma, such as
clinical stage, prognostic factors and treatment, the Swedish
Lymphoma Group (SLG) initiated a specific Swedish Lymphoma Registry (SLR) in 2000.
The coverage of SLR is high; >95% of the adult patients
(>18 years of age) with a lymphoma diagnosis in the SCR
are included also in the SLR (Swedish lymphoma register
2014; http://www.swedishlymphoma.se/rapporter). Between
2000 and 2006, data are incomplete regarding type of first-line
treatment, but after 1 January 2007, when a more detailed
web-based registry was introduced, most first-line therapies
have been recorded in the registry.

Study population
From the SLR, we collected 1511 patients living in Sweden, a
country with approximately 10 million inhabitants, who were
diagnosed with WM/LPL between 1 January 2000 and 31
December 2014. A large proportion of the patients were
reported to the registry as the broader diagnosis WM/LPL.
To confirm WM diagnosis, data were extracted from the
medical records of the 1511 patients registered in SLR. In
total, 1139 of these (75%) had available serum protein electrophoresis, including immunofixation, and the pathology
2

report of the bone marrow biopsy/aspiration and/or lymph
node biopsy at the time of diagnosis and 981 (861%) fulfilled the criteria for WM (Fig 1). In Sweden, the World
Health Organization (WHO) diagnostic criteria for WM are
used, including morphological infiltration of LPL in the bone
marrow (without a defined percentage of tumour cells) and
an IgM MI of any concentration in serum (https://www.ca
ncercentrum.se/samverkan/cancerdiagnoser/blod-lymfom-mye
lom/lymfom-lymfkortelcancer/vardprogram/gallande-vardpro
gram-waldenstroms-makroglobulinemi/). The definition of
non-WM LPL included disease without a serum IgM MI.
Also, patients with a lymph node infiltration with LPL cells
but without a bone marrow infiltration and/or without IgM
MI were defined as non-WM LPL.
In total, 124 patients (109%) fulfilled these LPL criteria (29
with IgG MI and 7 with IgA MI) and were analysed only for
the total incidence of WM/LPL but excluded from other analyses. The non-WM LPL patients will be described elsewhere.
In addition, 16 (14%) patients were excluded because
they were incorrectly registered as WM (Fig 1; Table SI) and
18 (16%) patients were excluded due to incomplete data on
IgM MI in serum and/or bone marrow infiltration.
For the analysis of prognostic factors, we used the following data from the time point of diagnosis, collected from the
SLR: age, lactate dehydrogenase (LDH) level, B-symptoms,
WHO performance status (WHO PS; Oken et al, 1982), gender, haemoglobin, albumin, lymphocyte counts, time point
for start of first-line treatment and time point for death. If
these data were missing in the SLR, supplementary data were
extracted from the medical records regarding haemoglobin,
albumin, LDH, platelet count, beta-2 microglobulin (b2M),
IgM MI level and immunoglobulin levels.
The analysis included the prognostic factors used in
IPSSWM (Morel et al, 2009); age, haemoglobin (≤115 g/l),
platelet count (≤100 9 109/l), b2M (>3 mg/l) and IgM MI
(>70 g/l). In addition, we used the median value of albumin
for the cohort (≤35 g/l) and divided WHO PS into two
groups; WHO PS 0 and WHO PS 1-4. (Oken et al, 1982).
IgM MI was analysed both with continuous and dichotomous scales with three different cut-offs (30, 50 and 70 g/l).
Hypogammaglobinaemia was defined as an immunoglobulin
value below the lower level of the reference interval used by
the individual laboratory.
The recommended workup in the Swedish national
guidelines for patients with lymphoma include biopsy from
bone marrow (and lymph node or other lymphoma
involved site when applicable) as well as computed tomography (CT) scan of thorax, abdomen and pelvis and laboratory tests. In the registry, only 55% of the patients with
WM/LPL had a complete recommended workup, and in
most cases CT scan data and data on lymph node involvement were missing.
Date of start of first-line treatment and type of initial
therapy were collected from the SLR. Between 2000 and
2006, data regarding type of first-line treatment was not a
ª 2018 British Society for Haematology and John Wiley & Sons Ltd
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1511 patients in SLG
register

1139 patients
with IgM IM and
pathology report
from medical
records!

- 124 patients with non-WM LPL
Excluded

- 16 patients incorrectly registered
due to other diagnosis*
- 18 patients unclassified

Included
981 patients with
confirmed
diagnosis of WM

297 patients
received therapy
0 3 months after
diagnosis

Fig 1. Flowchart of patient selection process.
LPL, lymphoplasmocytic lymphoma; MI,
monoclonal immunoglobulin; SLG, Swedish
Lymphoma Group; WM, Waldenstr€
om
macroglobulinaemia.

203 patients with
known systemic
therapy 0 3
months after
diagnosis

mandatory reporting requirement for the SLG and was missing in 94/144 patients. After 1 January 2007, when a more
detailed web-based registry was introduced, most first-line
therapies have been recorded in the registry. In the cohort
reported 2007–2014 only 266% of the patients required
first-line treatment within 0–3 months after diagnosis.
Because data on treatment outcome, relapses, and secondline treatment were missing for many patients, these data
were excluded from further analysis.
In summary, of the 1511 patients registered in the SLR,
981 were confirmed as WM patients and were analysed in
more detail (Fig 1). Therapy was initiated within 0–3 months
after diagnosis in 297 patients, and the type of systemic therapy was reported in 203 of these patients.
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This study was approved by the regional ethics committee
of Ume
a (2011-44-31M). A specific informed consent from
the patients was not required as the study was mainly based
on registry data. The study was conducted in accordance
with the Declaration of Helsinki.

Statistical analysis
All statistical analyses were performed in the free software
environment R version 3.0.2 (some analyses were performed
in version 3.3.2) and the packages “survival” (Pohar Perme,
2013; Gerds, 2014; Therneau, 2015). Incidence calculation
was done by age-adjusting (i.e., a weighted average of all the
age-specific incidences), using the “European Standard

3
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for females was 85. There were no significant changes in
incidence rates over time for the two different genders. Incidence increased with age: <65 years, 34; 65–75 years, 327;
>75 years, 455 per million persons per year, respectively. For
the patients receiving therapy 0–3 months after diagnosis the
age-adjusted incidence was 23 per million persons per year.
The age-adjusted incidence for WM/LPL varies between
the different counties in Sweden (Fig 2).

population 2013” (http://www.isdscotland.org/Products-andServices/GPD-Support/Population/Standard-Populations/ (do
wnloaded 7 May 2018) as a standard population. The
Hazard ratios (HRs) for prognostic factors were calculated
both by univariate and multiple Cox-regression. In the multiple Cox regression analysis, no exclusion procedure was
performed, thus all considered factors were entered at the
start and all remained at the end of analysis. The Pearson
Chi-square test was used for frequency tabulation.
Survival analysis was performed by both ordinary overall
survival (OS) and relative survival (RS) methods. The
Kaplan–Meier method was used to estimate OS and the subsequent curves were compared using log-rank test (Harrington & Fleming, 1982). RS was estimated by the Pohar-Perme
estimator (Pohar Perme, 2013) and the subsequent survival
curves were compared using a log-rank type test (Graffeo
et al, 2016). Life tables (of the population of Sweden)
required for RS analysis were downloaded from the Human
Mortality Database (https://www.mortality.org/). The median
follow-up time was estimated using reverse Kaplan–Meier
(Schemper & Smith, 1996).

Incidence for WM
The overall age-adjusted incidence for WM in Sweden could
not be calculated because of incomplete data of the specific
diagnosis in 372 patients. However, in the cohort of 1139
patients with a confirmed diagnosis, 981 (861%) were classified as WM. If the proportion of WM patients and the age
distribution of WM patients is the same in the WM/LPL
population as in the smaller cohort with confirmed WM
diagnosis, the overall age-adjusted incidence for WM can be
estimated. Per the assumptions outlined above, the estimated
incidence for WM would be 861% of the calculated incidence for the whole WM/LPL cohort, i.e., 99 per million
persons per year. In Norrbotten and V€asterbotten, the two
counties with complete diagnostic data, the true age-adjusted
incidences for WM were 176 and 143 per million persons
per year, respectively.

Results
Incidence for WM/LPL
Using data collected from the SLR (1511 patients) between 1
January and 31 December 2014 the age-adjusted incidence
for WM/LPL was 115 per million persons per year. The ageadjusted incidence for males during the same period was
155 per million males per year and the corresponding figure

WM patient clinical characteristics
The diagnosis of WM was confirmed in 981 patients (861%)
based on LPL infiltration in bone marrow and serum IgM
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Fig 2. Incidence of Waldenstr€
om macroglobulinaemia in different counties in Sweden.
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MI. Patient characteristics regarding age, gender and prognostic factors are described in Table I. Only 26 patients
(27%) were diagnosed before 50 years of age and 721
(735%) patients were older than 65 years. The median follow-up time from diagnosis for survival for all patients was
799 months. By the end of the observation period (7 October 2015), 449 (458%) patients had died.
B-symptoms were present at diagnosis in 143 (146%) of
the patients; the most frequent B-symptom was weight loss
(89 patients, 91%), followed by night sweats (73 patients,
74%) and fever (24 patients, 24%) (Table II). This table
also presents data on patients receiving therapy 0–3 months
after diagnosis (n = 297) and on “watch and wait” patients
(n = 684).

WM survival
The median OS of all WM patients (2000–2014) was
96 months and the three-year and five-year survival was 78%
and 66%, respectively. The OS was worse for WM patients
receiving therapy 0–3 months after diagnosis compared with
“watch and wait” patients, with a five-year survival of 61%
and 68%, respectively (see Figure S1). Kaplan–Meier and RS
curves for the two periods (2000–2006 and 2007–2014,
respectively) are shown in Fig 3. The median follow-up time
for survival for the patients diagnosed 2000–2006 was
151 months and for 2007–2014 cohort it was 555 months.
In univariate analyses, patients diagnosed between 2000 and
2006 showed a higher mortality rate with a HR of 1445 (95%
confidence interval [CI] 1171–1783, P < 0001) compared
with patients diagnosed between 2007 and 2014. The HR
remained stable when adjusted for significant prognostic factors (HR 1412, (95% Cl 1061–1879, P = 0019).
The OS increased in the three cohorts between the time
periods 2000–2006 and 2007–2014 (Fig 3).
Age was a strong prognostic factor (Fig 4). Compared to
the younger patients, the elderly had worse OS (P < 0001)
and RS, although the OS was improved in all age groups
between 2000–2006 and 2007–2014 (data not shown).
Kaplan–Meier curves showed no difference in survival
between male and females (P = 018 and P = 046, respectively).

WM prognostic factors
Univariate and multivariable analysis in all WM patients. In
univariate analysis, significant prognostic factors evaluated at
the time of diagnosis in all WM patients (n = 981) were:
age, WHO PS, elevated LDH, B-symptoms, time of diagnosis
(2000–2006 or 2007–2014), albumin ≤35 g/l, haemoglobin
≤115 g/l, platelet count ≤100 9 109/l, lymphocytosis
≥5 9 109/l and b2M >3 mg/l (Table II).
b2M data was not required in the SLR and b2M data
could be extracted for only 200 (204%) patients from the
medical records. Lymphocyte and platelet counts were not
ª 2018 British Society for Haematology and John Wiley & Sons Ltd

registered in SLG until 2007, and we could extract data for
614 (626%) and 643 (655%) patients respectively.
b2M level, platelet count and lymphocyte count were significant prognostic factors according to univariate analysis;
however, these variables were not included in the multivariable analysis due to the many missing values.
The serum level of the IgM MI at diagnosis was not a significant prognostic factor in univariate analysis, calculated
with both continuous and dichotomous scales with different
cut-off values, 30 and 50 g/l, respectively. In addition, the
cut-off used in the IPSSWM (70 g/l) showed no prognostic
value in univariate analysis. However, in total only 33 (35%)
of the WM patients had an IgM MI >70 g/l at diagnosis.
Hypogammaglobinaemia and type of light chain (kappa or
lambda) were of no prognostic value.
The multivariable analysis revealed that age, WHO PS,
LDH level and haemoglobin ≤115 g/l were still significant
prognostic factors. Female sex was not a significant prognostic factor in the univariate analysis but emerged as a positive
prognostic factor in the multivariable analysis (Table II).
Univariate and multivariable analysis of prognostic factors in
WM patients receiving therapy 0–3 months after diagnosis and
“watch and wait” WM patients. Univariate and multivariable
analyses of prognostic factors for OS were performed
separately for the patients whose therapy was initiated
0–3 months after diagnosis (n = 297) and for “watch and
wait “patients (n = 684) (Table II). The univariate analysis
showed the same prognostic factors as for all WM patients,
except that albumin ≤35 g/l, for the cohort that received
early therapy, and gender and B-symptoms, for the “watch
and wait” cohort, were not significant prognostic factors. In
the multivariable analysis, age, haemoglobin ≤115 g/l and
elevated LDH remained significant prognostic factors in the
cohort that received therapy at diagnosis, and age, female
sex, WHO PS and haemoglobin ≤115 g/l remained significant prognostic factors for the “watch and wait” cohort.
Neither the level of the IgM MI calculated with continuous
scale nor IgM MI >70 g/l was a significant prognostic factor
in any of the patient groups (Table II). However, only 13/
684 (19%) of the “watch and wait” patients and 20/297
(67%) of the patients receiving early therapy (0–3 months
after diagnosis) had an IgM MI >70 g/l.
Systemic therapies (n = 203). In Sweden, rituximab was
introduced as a routine treatment for WM patients in a population-based setting as late as 2008. Data on 111 patients
treated with rituximab 0–3 months after diagnosis are available; 32 of these patients received rituximab monotherapy.
Table III lists the distribution of the most commonly used
chemotherapies. When comparing OS and RS in patients
treated with single rituximab, rituximab-containing
chemotherapies and chemotherapies alone, patients treated
with rituximab-containing therapies had the longest survival
(P < 0001) (Fig 5).
5
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Table I. Patient characteristics in all WM patients (n = 981), WM patients with first line treatment 0–3 months after diagnosis (n = 297) and
“watch and wait” WM patients (n = 684), diagnosed in Sweden 2000–2014.

Median age, years
Age >65 years
Gender
Male
Female
WHO PS (n = 948)
0
1–4
WHO PS 1–4
≤ 65 years
WHO PS 1–4
66–75 years
WHO PS 1–4
≥76 years
LDH – elevated (n = 863)
B-symptoms – yes (n = 914)
Haemoglobin ≤115 g/l (n = 815)
Platelet count ≤100 9 109/l (n = 643)
Lymphocytosis ≥5 9 109/l (n = 614)
Albumin level, median (n = 777)
Albumin ≤35 g/l (n = 793)
b2M >3 mg/l (n = 200)
Median IgM MI (n = 936)
IgM MI >70 g/l
Light chain (n = 794)
kappa
Subnormal IgG (n = 754)
Subnormal IgA (n = 741)
Subnormal IgG and IgA (n = 733)
Subnormal IgG or IgA (n = 733)
Biclonal MI
IgG MI
IgA MI
Medium follow-up time (months)
Dead at the end of observation period

All patients with diagnosis
of WM (n = 981)

WM patients with first line
treatment 0–3 months after
diagnosis (n = 297)

WM patients with no treatment
within 3 months of diagnosis,
“watch and wait” (n = 684)

73 (range 29–94)
721 (735%)

73 (range 40–94)
210 (710%)

73 (range 29–92)
510 (746%)

596 (608%)
385 (392%)

186 (626%)
111 (374%)

410 (599%)
274 (401%)

620 (640%)
349 (360%)
51 (198%)

149 (507%)
145 (493%)
25 (294%)

471 (698%)
204 (302%)
26 (151%)

101 (326%)

41 (315%)

60 (278%)

197 (400%)

79 (687%)

118 (411%)

118
143
393
50
40
35
405
71
19
33

(137%)
(156%)
(482%)
(78%)
(65%)

642
324
411
264
453
26
23
3
799
449

(809%)
(430%)
(555%)
(360%)
(619%)
(28%)

(511%)
(355%)
(range 1–127)
(35%)

(458%)

59
83
172
31
14
33
144
30
25
20

(215%)
(301%)
(761%)
(181%)
(85%)

(100%)
(94%)
(375%)
(40%)
(58%)

(652%)
(625%)
(range 2–127)
(67%)

59
60
221
19
26
36
261
41
17
13

185
100
125
81
141

(787%)
(483%)
(610%)
(397%)
(691%)

457
224
286
283
312

(818%)
(410%)
(534%)
(346%)
(591%)

933
153 (515%)

(456%)
(270%)
(range 1–118)
(19%)

780
295 (433%)

b2M, b2-microglobulin; LDH, lactate dehydrogenase; MI, monoclonal immunoglobulin; WHO PS, Word Health Organization performance
status; WM, Waldenstr€
om macroglobulinaemia.

Both the univariate (HR 4268, 95% CI 2521–7667,
P < 0001) and multivariable analysis showed that patients
treated with rituximab-containing therapies had significant
improved OS compared to patients treated with chemotherapy alone. When adjusting for age, WHO PS, sex, haemoglobin ≤115 g/l and LDH, the HR was 0405 (95% CI 0223–
0738, P = 0003) for rituximab-containing therapies
compared with chemotherapies alone.
Gender and choice of systemic therapies. The choice of treatment with different chemotherapies tended to differ between
males and females, but the treatment groups were generally
too small for significance testing. However, females were
more often treated with chlorambucil than males (60% vs.

6

30%, P < 0001). In general, patients treated with chlorambucil were older and had more adverse prognostic factors,
but there was no age difference between males and females
(Table III). The overall use of rituximab (P = 0259) did not
differ between the genders, nor did the prognostic factors,
such as age, LDH and haemoglobin ≤115 g/l, except that
females had WHO PS 1–4 more often than males (62% vs.
41%).

Discussion
Waldenstr€
om macroglobulinaemia is a rare disease with a
worldwide incidence of 3–4 million persons per year and
this rate varies between geographical areas: US = 38
ª 2018 British Society for Haematology and John Wiley & Sons Ltd
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Table II. Cox analysis (univariate and multivariable) of prognostic factors in WM patients for the years 2000–2014 in all patients (n = 981),
patients with first line treatment 0–3 months after diagnosis (n = 297) and “watch and wait” patients.
Univariate

All patients
Time period 2000–2006
Age (per year)
Age >65 years
Gender – male
WHO PS 1–4
LDH elevated
B-symptoms
Albumin ≤35 g/l
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Lymphocytes ≥5 9 109/l
b2M >3 mg/l
IgM MI >70 g/l
IgM MI per g/l
IgM MI >30 g/l
Early therapy
Time period 2000–2006
Age (per year)
Age >65 years
Gender – male
WHO PS 1–4
LDH elevated
B-symptoms
Albumin ≤35 g/l
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Lymphocytes ≥5 9 109/l
b2M >3 mg/l
IgM MI >70 g/l
IgM MI per g/l
IgM MI >30 g/l
Watch and wait
Time period 2000–2006
Age (per year)
Age >65 years
Gender – male
WHO PS 1–4
LDH elevated
B-symptoms
Albumin ≤35 g/l
Haemoglobin ≤115 g/l
Platelet count ≤100 9 109/l
Lymphocytes ≥5 9 109/l
b2M >3 mg/l
IgM MI >70 g/l
IgM MI per g/l
IgM MI >30 g/l

Multivariable

HR

95% CI

P value

HR

95% CI

P value

1445
1086
4146
1140
2678
1658
1553
1751
2106
2942
2470
2669
0835
1002
1020

1171–1783
1074–1098
3104–5538
0941–1380
2215–3238
1272–2162
1210–1994
1403–2187
1694–2616
1993–4344
1627–3747
1693–4205
0470–1482
0997–1007
0825–1261

<0001
<0001
<0001
0180
<0001
<0001
<0001
<0001
<0001
<0001
<0001
<0001
0538
0389
0856

1412
1079

1061–1879
1062–1097

0018
<0001

1431
1403
1527
1186
1206
1696

1084–1888
1057–1863
1063–2193
0841–1673
0906–1604
1260–2282

0011
0015
0022
0331
0199
<0001

1002

0995–1009

0636

1594
1086
4309
0866
2787
1638
1472
1450
1820
3169
2674
2677
0858
1997
0829

1116–2275
1066–1106
2699–6880
0627–1195
1994–3897
1129–2377
1040–2083
0954–2204
1105–3000
1878–5346
1318–6551
1094–6551
0437–1685
0990–1004
0594–1156

001
<0001
<0001
0381
<0001
0009
0029
0082
0019
<0001
0006
0031
0657
0380
0268

1525
1089

0936–2485
1054–1124

0091
<0001

1297
1130
2017
1303
1039
1874

0773–2177
0659–1937
1114–3651
0771–2203
0608–1774
1002–3504

0324
0657
0020
0323
0889
0049

1003

0992–1014

0647

1332
1088
4164
1282
2527
1503
1460
1831
2264
2298
2311
2429
0636
1005
1078

1024–1733
1073–1104
2878–6027
1010–1627
1994–3202
1013–2230
0980–2176
1405–2386
1750–2928
1173–4500
1376–3880
1393–4237
0204–1984
0998–1012
0812–1433

0032
<0001
<0001
0041
<0001
0043
0063
<0001
<0001
0015
0002
0002
0435
0168
0603

1405
1076

0979–2017
1055–1096

0065
<0001

1499
1586
1164
1020
1235
1801

1072–2095
1123–2233
0705–1922
0610–1703
0878–1738
1258–2578

0018
0009
0554
0941
0226
0001

1005

0996–1015

0296

b2M, b2-microglobulin; CI, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; MI, monoclonal immunoglobulin; WHO PS,
Word Health Organization performance status; WM, Waldenstr€
om macroglobulinaemia.
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Fig 3. Kaplan–Meier overall survival (OS) and relative survival (RS) curves in Waldenstr€
om macroglobulinaemia patients for the years 2000–
2006 and 2007–2014, respectively, for (A) all patients (n = 981), (B) patients receiving therapies 0–3 months after diagnosis (n = 297) and (C)
“Watch and wait” patients (n = 684).

(Wang et al, 2012), South East England = 55 (Phekoo
et al, 2008) and Japan = 043 (Iwanaga et al, 2014). We
observed a three times higher incidence of WM in Sweden
(115 per million persons per year) and an even higher
incidence in northern Sweden (Brandefors et al, 2016).
Contributing factors to this could be that Sweden has a
mandatory cancer registry and a high proportion of WM
patients with asymptomatic disease at diagnosis are followed with a “watch and wait” policy (734%), while the
corresponding figure in the literature is approximately onequarter of the patients (Pophali et al, 2018). Counties with
a low incidence (≤07) had more symptomatic patients
requiring therapy at diagnosis than counties with a high
incidence (≥12), 31% and 15%, respectively, and inferior
survival (P < 0001). On the other hand, Norrbotten, the
county with the highest incidence, had the same frequency
of patients requiring therapy as counties with low incidence. Generally, Sweden follows the 2nd International
Workshop recommendations for initiating therapy (Kyle
et al, 2003). The differences in incidences between the
counties in Sweden may partly reflect different organization
of healthcare, availability to haematologists and
haematopathologists, and local practices regarding the time
at which to bone marrow biopsies are performed.
Another factor is different diagnostic criteria: one example
is the Mayo Clinic criteria, which require an infiltration of

8

>10% LPL cells in the bone marrow (Kapoor et al, 2017).
Moreover, all of the above-mentioned incidence studies used
different standard populations (2000 US standard population, European standard population and WHO standard
population) when calculating the age-adjusted incidence. It
is known that the WHO standard population has a comparable young population structure and thus will, in the case
of a disease of elderly, yield lower incidence rates. In this
article we therefore chose to use European 2013 standard
population.
The incidence of WM has geographical, ethnic and gender
differences and there are associations with immune conditions and family history of haematological malignancy for
the development of WM (Ekstr€
om Smedby et al, 2008; Kristinsson et al, 2008, 2010). We have observed aggregations of
families with WM and a co-occurrence with autoimmune
diseases in the northern Sweden (Brandefors et al, 2016), a
region with a small but stable and, in some areas, isolated
population. This suggests that both genetic and environmental factors can influence the incidence of disease. This part of
Sweden also has low sun exposure, especially in the winter,
and several studies indicate an increased risk of lymphoma
with decreased sun exposure (Kricker et al, 2008). In addition, WM incidence is higher in males. Being male is a wellknown risk factor for many subtypes of lymphomas and
haematological malignancies, but the underlying causes of
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Fig 4. Kaplan–Meier overall survival (OS) and relative survival (RS) curves in Waldenstr€
om macroglobulinaemia patients in the age groups: ≤65,
66–75 and ≥76 years. (A) All patients. (B) patients receiving therapy 0–3 months after diagnosis. (C) “Watch and wait” patients.

these associations remain unknown (Abrahamsson et al,
2014; Ellin et al, 2014). Occupational and environmental
exposure are potential risk factors, but there are no convincing data to confirm that relationship; only a few studies have
been conducted, and these studies report mixed results (Linet
et al, 1993; Royer et al, 2010; Vajdic et al, 2014).
The literature indicates that about 5% of the WM/LPL
patients fulfil the diagnostic criteria for non-WM LPL
(Swerdlow et al, 2008). In our study the proportion is
higher. One explanation is that we have included patients
with an IgM MI but without bone marrow involvement in
the non-WM LPL group. Further, there are known diagnostic
difficulties in the diagnosis of WM/LPL and a review of the
diagnosis in patients not fulfilling the WM criteria (non-WM
LPL) by a haematopathologist is ongoing.
We confirmed that most of the established prognostic factors used at time of first therapy were also relevant at diagnosis in univariate and multivariable analysis. However, the
level of the IgM MI was of no prognostic value neither in
the whole cohort nor in the patients receiving first-line therapies at diagnosis. The IgM MI level as a prognostic factor is
controversial as some studies indicate a correlation between
the level of the IgM and survival (Morel et al, 2000; GarciaSanz et al, 2001; Dhodapkar et al, 2009) One explanation
could be that IgM levels correlate more to the differentiation
of plasma cells than to the overall tumour burden in the
bone marrow (Treon, 2015).
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We included all patients (patients with treatment at diagnosis and “watch and wait” patients) in the analysis because
the need for a prognostic index for all patients at the time of
diagnosis is important. Other prognostic indexes for indolent
lymphomas (such as the Follicular Lymphoma International
Prognostic Index for follicular lymphomas and Rai-Binet for
chronic lymphocytic leukaemia) are used for all patients at
diagnosis. The most established prognostic index for WM
(i.e., the IPSSWM) is only validated at the time for the first
line treatment, while a large proportion of WM patients are
asymptomatic (“wait and watch” patients) at diagnosis. In
addition, we also analysed prognostic factors for patients
receiving first line therapy at diagnosis and “watch and wait”
patients, separately. As in the data from the Greek Myeloma
Study Group (Kastritis et al, 2010), elevated LDH emerged
as a significant prognostic factor in the cohort receiving therapy 0–3 months after diagnosis, this was not seen in the
“watch and wait” cohort. LDH is a prognostic factor in
many other subtypes of lymphomas, but it is not included in
the IPSSWM.
Waldenstr€
om macroglobulinaemia is a disease of the
elderly with a median age of 73 years at diagnosis and age
was one of the strongest prognostic factors in the present
study. Unrelated WM mortality is significant in this mostly
elderly cohort and should be considered when choosing
treatment and estimating survival (Castillo et al, 2015; Kastritis et al, 2015). RS better reflects the disease-specific

9

10

CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; LDH, lactate dehydrogenase; WHO PS, Word Health Organization performance status; WM, Waldenstr€
om macroglobulinaemia.
*CVP (cyclophosphamide, vincristine, prednisone) = 10 patients, DRC (dexamethasone, rituximab, cyclophosphamide) = 24 patients.
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14 (20%)
7 (6%)
3 (5%)
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26 (23%)
8 (14%)
34 (30%)
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10 (18%)

203
111
73
6 (3%)
2 (33%)
32 (16%)
32
675
10 (5%)
10 (100%)
74
11 (5%)
11 (100%)
65
42 (21%)
15 (36%)
695
34 (17%)
31 (91%)
67
68 (34%)
10 (15%)
785

Patients
Rituximab – yes
Median age, years
Gender
Male
Female
Year of diagnosis
2000–2006
2007–2014
WHO PS 1–4
LDH – elevated
Haemoglobin ≤ 115 g/l

Bendamustine
Fludarabine containing
Cyclophosphamide containing *
Chlorambucil

Table III. Chemotherapy regimens for 203 patients with WM and first line treatment 0–3 month after diagnosis.

CHOP-like

Rituximab – monotherapy

Other

Total

L. Brandefors et al
mortality and the differences between the older and younger
cohorts have decreased during the last several years. Competing risk survival analysis is another useful tool for evaluating
long-term outcome of WM; however, this approach was
unavailable to us because we did not have access to data on
competing causes of death.
Both the OS and the RS improved between the two periods (2000–2006 and 2007–2014), a finding that agrees with
other recent studies. Most of the earlier registry studies
included LPL/WM; however, our study included only WM
(Kristinsson et al, 2013; Castillo et al, 2014). Data from previous studies (Kristinsson et al, 2013) as well as preliminary
data from the SLR (unpublished observations) suggest that
WM has better survival than LPL.
One possible reason for the improved survival is the introduction of better chemo- and immunotherapies, such as
rituximab-containing therapies. In Sweden, different
chemotherapy regimens have been used at different time
periods. For example, fludarabine was used in younger
patients until 2010, when fludarabine was mostly replaced by
bendamustine. Recently, the use of dexamethasone, rituximab and cyclophosphamide (DRC) has increased as
first-line therapy, especially after 2013 when the national
guidelines recommended this combination. Chlorambucil
was used during the entire study period, often as treatment
in older patients with comorbidity.
Rituximab has improved the survival for WM patients
(Fig 5; Table II). When rituximab is used in combination with
chemotherapy, the overall response rate (ORR) is between 80%
and 95% (Buske et al, 2009; Leblond et al, 2016). Rituximab
used without chemotherapy has a lower ORR, between 30%
and 50% (Dimopoulos et al, 2002; Gertz et al, 2004; Treon
et al, 2005), and is mostly used in patients with low tumour
burden and in some fragile patients. Improvements in supportive care, for example, prophylactic treatment of infections, may
also partly explain the improved OS in recent years.
Treatment choice for males and females tended to differ.
Females more often received chlorambucil, which is an older
and relatively inexpensive therapy, and single rituximab, which
is considered a milder treatment. Males, on the other hand,
received more intensive therapies, such as fludarabine and
bendamustine, which are considered more modern therapies
but with more side-effects. That is, males more often than
females received more intensive treatments (fludarabine, bendamustine and CHOP [cyclophosphamide, doxorubicin, vincristine, prednisone]) (P = 0014). These results must be
interpreted with caution as the sample size is small. Little is
known about gender difference in the treatment of haematological malignancies, especially lymphomas; as a result, more
research is needed to investigate how gender influences choice
of therapy. Gender imbalances with respect to medical treatment in general is well known and have been discussed, as
equal care is a goal in health care (Hamberg et al, 2002;
Borkhoff et al, 2009; Sharma et al, 2015). Gender and socioeconomic imbalances could be improved by developing and
ª 2018 British Society for Haematology and John Wiley & Sons Ltd
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Fig 5. Kaplan–Meier overall survival (OS) and relative survival (RS) curves for patients treated with rituximab (R) monotherapy, rituximab-chemotherapy and chemotherapy alone (n = 203).

implementing national guidelines for both diagnostic criteria
and treatment.
Our study has several strengths. Sweden has a long tradition of high quality population-based registries. The SLR
covers approximately 95% of the population, which is high
compared to other studies without the possibility to linkage
through registries.
This study is a large population-based study of a rare disease, based on the entire Swedish population diagnosed over
15 years, with access to clinical data, such as exact lymphoma subtype, prognostic factors and detailed treatment, so
selection bias is minimized. These data provide important
information about outcome, prognostic factors and treatments in this unselected cohort. Prognostic factors were only
available at diagnoses and calculations on prognostic factors
in relation to OS were made for all patients and for the
cohort that needed treatment 0–3 month after diagnosis,
thus lead-time bias was avoided.
The study also has some limitations. The following data
were not available or were incomplete: type of treatment
before 2007 and important prognostic factors for calculating
the IPSSWM, such as platelet count and b2M, treatment outcome, number of relapses, second-line treatments, comorbidity
and cause of death. The diagnosis of WM according to the
2008 WHO classification includes infiltration of LPL in the
bone marrow and a MI of IgM type of any size (Swerdlow
et al, 2008). In the 2016 revision of the WHO classifications,
the disease-defining mutation MYD88 L265P was added as this
mutation is found in about 90% of WM and in a significant
proportion of IgM MGUS patients (Swerdlow et al, 2016). A
limitation in our study is the lack of pathology review and
lack of data regarding the MYD88 L265P mutation, which had
not been performed in most cases.

ª 2018 British Society for Haematology and John Wiley & Sons Ltd

In summary, our population-based study compared survival in a large unselected cohort of patients with WM in
relation to clinical prognostic factors and therapies. Survival
increased over time and established prognostic factors available at the time of diagnosis significantly influenced survival,
except the IgM MI level. In addition, we provide support
that rituximab is essential in the treatment of WM and is
associated with improved survival.

Acknowledgements
The authors thank the Swedish Lymphoma group and all
clinicians contributing to the Swedish Lymphoma Registry.
This study was supported by grants from Lion’s Cancer
Research Foundation, Ume
a University” and from Norrbotten County Council.

Authorship contributions
Contribution: L.B., E.K., K.L, B.M., and J.L. designed the
research, analysed data and wrote the paper; L.B. collected data.

Conflict-of-interest disclosure
The authors declare no competing financial interests.

Supporting Information
Additional supporting information may be found online in
the Supporting Information section at the end of the article.
Fig S1. Kaplan–Meier for OS and RS curves in WM
patients for the years 2000–2014.
Table SI. Patients incorrectly registered.

11

L. Brandefors et al

References
Abrahamsson, A., Albertsson-Lindblad, A., Brown,
P.N., Baumgartner-Wennerholm, S., Pedersen,
L.M., D’Amore, F., Nilsson-Ehle, H., Jensen, P.,
Pedersen, M., Geisler, C.H. & Jerkeman, M.
(2014) Real world data on primary treatment
for mantle cell lymphoma: a nordic lymphoma
group observational study. Blood, 124, 1288–
1295.
Borkhoff, C.M., Hawker, G.A., Kreder, H.J., Glazier, R.H., Mahomed, N.N. & Wright, J.G.
(2009) Patients’ gender affected physicians’ clinical decisions when presented with standardized
patients but not for matching paper patients.
Journal of Clinical Epidemiology, 62, 527–541.
Brandefors, L., Kimby, E., Lundqvist, K., Melin, B.
& Lindh, J. (2016) Familial waldenstrom’s
macroglobulinemia and relation to immune
defects, autoimmune diseases, and haematological malignancies - A population-based study
from northern sweden. Acta Oncologica (Stockholm, Sweden), 55, 91–98.
Buske, C., Hoster, E., Dreyling, M., Eimermacher,
H., Wandt, H., Metzner, B., Fuchs, R., Bittenbring, J., Woermann, B., Hohloch, K., Hess, G.,
Ludwig, W.D., Schimke, J., Schmitz, S., Kneba,
M., Reiser, M., Graeven, U., Klapper, W., Unterhalt, M. & Hiddemann, W.; German Low-Grade
Lymphoma Study Group. (2009) The addition
of rituximab to front-line therapy with CHOP
(R-CHOP) results in a higher response rate and
longer time to treatment failure in patients with
lymphoplasmacytic lymphoma: results of a randomized trial of the german low-grade lymphoma study group (GLSG). Leukemia, 23, 153–
161.
Buske, C., Leblond, V., Dimopoulos, M., Kimby,
E., Jager, U. & Dreyling, M..; ESMO Guidelines
Working
Group.
(2013)
Waldenstrom’s
macroglobulinaemia: ESMO clinical practice
guidelines for diagnosis, treatment and followup. Annals of Oncology: Official Journal of the
European Society for Medical Oncology/ESMO, 24
(Suppl. 6), vi155–vi159.
Castillo, J.J., Olszewski, A.J., Cronin, A.M., Hunter,
Z.R. & Treon, S.P. (2014) Survival trends in
waldenstrom macroglobulinemia: an analysis of
the surveillance, epidemiology and end results
database. Blood, 123, 3999–4000.
Castillo, J.J., Olszewski, A.J., Kanan, S., Meid, K.,
Hunter, Z.R. & Treon, S.P. (2015) Overall survival and competing risks of death in patients
with waldenstrom macroglobulinaemia: an analysis of the surveillance, epidemiology and end
results database. British Journal of Haematology,
169, 81–89.
Dhodapkar, M.V., Hoering, A., Gertz, M.A., Rivkin, S., Szymonifka, J., Crowley, J. & Barlogie,
B. (2009) Long-term survival in waldenstrom
macroglobulinemia: 10-year follow-up of southwest oncology group-directed intergroup trial
S9003. Blood, 113, 793–796.
Dimopoulos, M.A., Zervas, C., Zomas, A., Kiamouris, C., Viniou, N.A., Grigoraki, V.,

12

Karkantaris, C., Mitsouli, C., Gika, D., Christakis, J. & Anagnostopoulos, N. (2002) Treatment of waldenstrom’s macroglobulinemia with
rituximab. Journal of Clinical Oncology: Official
Journal of the American Society of Clinical Oncology, 20, 2327–2333.
Dimopoulos, M.A., Hamilos, G., Zervas, K., Symeonidis, A., Kouvatseas, G., Roussou, P., Gika,
D., Karmiris, T., Bourantas, K., Zomas, A., Mitsouli, C., Xilouri, I., Vervessou, E., Matsis, K.,
Anagnostopoulos, N. & Economopoulos, T.;
Greek Myeloma Study Group. (2003) Survival
and prognostic factors after initiation of treatment in waldenstrom’s macroglobulinemia.
Annals of Oncology: Official Journal of the European Society for Medical Oncology/ESMO, 14,
1299–1305.
Ekstr€
om Smedby, K., Vajdic, C.M., Falster, M.,
Engels, E.A., Martınez-Maza, O., Turner, J.,
Hjalgrim, H., Vineis, P., Seniori Costantini, A.,
Bracci, P.M., Holly, E.A., Willett, E., Spinelli,
J.J., La Vecchia, C., Zheng, T., Becker, N., De
Sanjose, S., Chiu, B.C., Dal Maso, L., Cocco, P.,
Maynadie, M., Foretova, L., Staines, A., Brennan, P., Davis, S., Severson, R., Cerhan, J.R.,
Breen, E.C., Birmann, B., Grulich, A.E. & Cozen,
W. (2008) Autoimmune disorders and risk of
non-Hodgkin lymphoma subtypes: a pooled
analysis within the InterLymph Consortium.
Blood, 111, 4029–4038.
Ellin, F., Landstrom, J., Jerkeman, M. & Relander,
T. (2014) Real-world data on prognostic factors
and treatment in peripheral T-cell lymphomas: a
study from the swedish lymphoma registry.
Blood, 124, 1570–1577.
Facon, T., Brouillard, M., Duhamel, A., Morel, P.,
Simon, M., Jouet, J.P., Bauters, F. & Fenaux, P.
(1993) Prognostic factors in waldenstrom’s
macroglobulinemia: a report of 167 cases. Journal of Clinical Oncology: Official Journal of the
American Society of Clinical Oncology, 11, 1553–
1558.
Garcia-Sanz, R., Montoto, S., Torrequebrada, A.,
de Coca, A.G., Petit, J., Sureda, A., RodriguezGarcia, J.A., Masso, P., Perez-Aliaga, A., Monteagudo, M.D., Navarro, I., Moreno, G., Toledo,
C., Alonso, A., Besses, C., Besalduch, J., Jarque,
I., Salama, P., Rivas, J.A., Navarro, B., Blade, J.
& Miguel, J.F.; Spanish Group for the Study of
Waldenstrom
Macroglobulinaemia
and
PETHEMA (Programme for the Study and
Treatment of Haematological Malignancies).
(2001) Waldenstrom macroglobulinaemia: presenting features and outcome in a series with
217 cases. British Journal of Haematology, 115,
575–582.
Gerds, T.A. (2014) Prodlim: product-limit estimation for censored event history analysis. R package version 1.5.1.
Gertz, M.A. (2017) Waldenstrom macroglobulinemia: 2017 update on diagnosis, risk stratification, and management. American Journal of
Hematology, 92, 209–217.

Gertz, M.A., Rue, M., Blood, E., Kaminer, L.S.,
Vesole, D.H. & Greipp, P.R. (2004) Multicenter
phase 2 trial of rituximab for waldenstrom
macroglobulinemia (WM): an eastern cooperative oncology group study (E3A98). Leukemia &
Lymphoma, 45, 2047–2055.
Ghobrial, I.M. (2012) Are you sure this is waldenstrom macroglobulinemia?. Hematology/the Education Program of the American Society of
Hematology, 2012, 586–594.
Ghobrial, I.M., Fonseca, R., Gertz, M.A., Plevak,
M.F., Larson, D.R., Therneau, T.M., Wolf, R.C.,
Hoffmann, R.J., Lust, J.A., Witzig, T.E., Lacy,
M.Q., Dispenzieri, A., Vincent Rajkumar, S.,
Zeldenrust, S.R., Greipp, P.R. & Kyle, R.A.
(2006) Prognostic model for disease-specific and
overall mortality in newly diagnosed symptomatic patients with waldenstrom macroglobulinaemia. British Journal of Haematology, 133,
158–164.
Graffeo, N., Castell, F., Belot, A. & Giorgi, R.
(2016) A log-rank-type test to compare net survival distributions. Biometrics, 72, 760–769.
Hamberg, K., Risberg, G., Johansson, E.E. & Westman, G. (2002) Gender bias in physicians’ management of neck pain: a study of the answers in
a swedish national examination. Journal of
Women’s Health & Gender-Based Medicine, 11,
653–666.
Harrington, D. & Fleming, T. (1982) A class of
rank test procedures for censored survival data.
Biometrika, 69, 553–566.
Iwanaga, M., Chiang, C.J., Soda, M., Lai, M.S.,
Yang, Y.W., Miyazaki, Y., Matsuo, K., Matsuda,
T. & Sobue, T. (2014) Incidence of lymphoplasmacytic lymphoma/Waldenstrom’s macroglobulinaemia in japan and taiwan population-based
cancer registries, 1996-2003. International Journal of Cancer, 134, 174–180.
Kapoor, P., Ansell, S.M., Fonseca, R., ChananKhan, A., Kyle, R.A., Kumar, S.K., Mikhael, J.R.,
Witzig, T.E., Mauermann, M., Dispenzieri, A.,
Ailawadhi, S., Stewart, A.K., Lacy, M.Q.,
Thompson, C.A., Buadi, F.K., Dingli, D., Morice, W.G., Go, R.S., Jevremovic, D., Sher, T.,
King, R.L., Braggio, E., Novak, A., Roy, V., Ketterling, R.P., Greipp, P.T., Grogan, M., Micallef,
I.N., Bergsagel, P.L., Colgan, J.P., Leung, N.,
Gonsalves, W.I., Lin, Y., Inwards, D.J., Hayman,
S.R., Nowakowski, G.S., Johnston, P.B., Russell,
S.J., Markovic, S.N., Zeldenrust, S.R., Hwa, Y.L.,
Lust, J.A., Porrata, L.F., Habermann, T.M.,
Rajkumar, S.V., Gertz, M.A. & Reeder, C.B.
(2017) Diagnosis and management of waldenstrom macroglobulinemia: mayo stratification of
macroglobulinemia and risk-adapted therapy
(mSMART) guidelines 2016. JAMA Oncology, 3,
1257–1265.
Kastritis, E., Zervas, K., Repoussis, P., Michali, E.,
Katodrytou, E., Zomas, A., Simeonidis, A., Terpos, E., Delimbassi, S., Vassou, A., Gika, D. &
Dimopoulos, M.A.; Greek Myeloma Study
Group. (2009) Prognostication in young and old

ª 2018 British Society for Haematology and John Wiley & Sons Ltd

€m Macroglobulinemia
Waldenstro
patients with waldenstrom’s macroglobulinemia:
importance of the international prognostic scoring system and of serum lactate dehydrogenase.
Clinical Lymphoma & Myeloma, 9, 50–52.
Kastritis, E., Kyrtsonis, M.C., Hadjiharissi, E.,
Symeonidis, A., Michalis, E., Repoussis, P.,
Tsatalas, C., Michael, M., Sioni, A., Kartasis,
Z., Stefanoudaki, E., Voulgarelis, M., Delimpasi, S., Gavriatopoulou, M., Koulieris, E.,
Gika, D., Zomas, A., Roussou, P., Anagnostopoulos, N., Economopoulos, T., Terpos, E.,
Zervas, K. & Dimopoulos, M.A.; for the Greek
Myeloma Study Group. (2010) Validation of
the International Prognostic Scoring System
(IPSS) for Waldenstrom’s macroglobulinemia
(WM) and the importance of serum lactate
dehydrogenase (LDH). Leukemia Research, 34,
1340–1343.
Kastritis, E., Kyrtsonis, M.C., Morel, P., Gavriatopoulou, M., Hatjiharissi, E., Symeonidis, A.S.,
Vassou, A., Repousis, P., Delimpasi, S., Sioni,
A., Michalis, E., Michael, M., Vervessou, E.,
Voulgarelis, M., Tsatalas, C., Terpos, E. &
Dimopoulos, M.A. (2015) Competing risk survival analysis in patients with symptomatic
waldenstrom macroglobulinemia: the impact of
disease unrelated mortality and of rituximabbased primary therapy. Haematologica, 100,
e446–e449.
Kricker, A., Armstrong, B.K., Hughes, A.M., Goumas, C., Smedby, K.E., Zheng, T., Spinelli, J.J.,
De Sanjose, S., Hartge, P., Melbye, M., Willett,
E.V., Becker, N., Chiu, B.C., Cerhan, J.R., Maynadie, M., Staines, A., Cocco, P. & Boffeta, P.;
Interlymph Consortium. (2008) Personal sun
exposure and risk of non-Hodgkin lymphoma: a
pooled analysis from the interlymph consortium. International Journal of Cancer, 122, 144–
154.
Kristinsson, S.Y., Bj€
orkholm, M., Goldin, L.R.,
McMaster, M.L., Turesson, I. & Landgren, O.
(2008) Risk of lymphoproliferative disorders
among first-degree relatives of lymphoplasmacytic lymphoma/Waldenstr€
om macroglobulinemia patients: a population-based study in
Sweden. Blood, 112, 3052–3056.
Kristinsson, S.Y., Koshiol, J., Bj€
orkholm, M.,
Goldin, L.R., McMaster, M.L., Turesson, I. &
Landgren, O. (2010) Immune-related and
inflammatory conditions and risk of lymphoplasmacytic
lymphoma
or
Waldenstrom
macroglobulinemia. Journal of the National Cancer Institute, 102, 557–567.
Kristinsson, S.Y., Eloranta, S., Dickman, P.W.,
Andersson, T.M., Turesson, I., Landgren, O. &
Bjorkholm, M. (2013) Patterns of survival in
lymphoplasmacytic
lymphoma/Waldenstrom
macroglobulinemia: a population-based study of
1,555 patients diagnosed in sweden from 1980
to 2005. American Journal of Hematology, 88,
60–65.
Kyle, R.A., Treon, S.P., Alexanian, R., Barlogie, B.,
Bjorkholm, M., Dhodapkar, M., Lister, T.A.,
Merlini, G., Morel, P., Stone, M., Branagan,
A.R. & Leblond, V. (2003) Prognostic markers

and criteria to initiate therapy in waldenstrom’s
macroglobulinemia: consensus panel recommendations from the second international workshop
on waldenstrom’s macroglobulinemia. Seminars
in Oncology, 30, 116–120.
Leblond, V., Johnson, S., Chevret, S., Copplestone,
A., Rule, S., Tournilhac, O., Seymour, J.F., Patmore, R.D., Wright, D., Morel, P., Dilhuydy,
M.S., Willoughby, S., Dartigeas, C., Malphettes,
M., Royer, B., Ewings, M., Pratt, G., Lejeune, J.,
Nguyen-Khac, F., Choquet, S. & Owen, R.G.
(2013) Results of a randomized trial of chlorambucil versus fludarabine for patients with
untreated waldenstrom macroglobulinemia,
marginal zone lymphoma, or lymphoplasmacytic
lymphoma. Journal of Clinical Oncology: Official
Journal of the American Society of Clinical Oncology, 31, 301–307.
Leblond, V., Kastritis, E., Advani, R., Ansell, S.M.,
Buske, C., Castillo, J.J., Garcia-Sanz, R., Gertz,
M., Kimby, E., Kyriakou, C., Merlini, G., Minnema, M.C., Morel, P., Morra, E., Rummel, M.,
Wechalekar, A., Patterson, C.J., Treon, S.P. &
Dimopoulos, M.A. (2016) Treatment recommendations from the eighth international workshop on waldenstrom’s macroglobulinemia.
Blood, 128, 1321–1328.
Linet, M.S., Humphrey, R.L., Mehl, E.S., Brown,
L.M., Pottern, L.M., Bias, W.B. & McCaffrey, L.
(1993) A case-control and family study of
waldenstrom’s macroglobulinemia. Leukemia, 7,
1363–1369.
Merlini, G., Baldini, L., Broglia, C., Comelli, M.,
Goldaniga, M., Palladini, G., Deliliers, G.L. &
Gobbi, P.G. (2003) Prognostic factors in symptomatic waldenstrom’s macroglobulinemia. Seminars in Oncology, 30, 211–215.
Morel, P., Monconduit, M., Jacomy, D., Lenain,
P., Grosbois, B., Bateli, C., Facon, T., Dervite, I.,
Bauters, F., Najman, A., de Gramont, A. & Wattel, E. (2000) Patients with the description of a
new scoring system and its validation on 253
other patients. Blood, 96, 852–858.
Morel, P., Duhamel, A., Gobbi, P., Dimopoulos,
M.A., Dhodapkar, M.V., McCoy, J., Crowley, J.,
Ocio, E.M., Garcia-Sanz, R., Treon, S.P.,
Leblond, V., Kyle, R.A., Barlogie, B. & Merlini,
G. (2009) International prognostic scoring system for waldenstrom macroglobulinemia. Blood,
113, 4163–4170.
Oken, M.M., Creech, R.H., Tormey, D.C., Horton,
J., Davis, T.E., McFadden, E.T. & Carbone, P.P.
(1982) Toxicity and response criteria of the eastern cooperative oncology group. American Journal of Clinical Oncology, 5, 649–655.
Owen, R.G., Barrans, S.L., Richards, S.J.,
O’Connor, S.J., Child, J.A., Parapia, L.A., Morgan, G.J. & Jack, A.S. (2001) Waldenstrom
macroglobulinemia. development of diagnostic
criteria and identification of prognostic factors.
American Journal of Clinical Pathology, 116,
420–428.
Owen, R.G., Treon, S.P., Al-Katib, A., Fonseca, R.,
Greipp, P.R., McMaster, M.L., Morra, E., Pangalis, G.A., San Miguel, J.F., Branagan, A.R. &

ª 2018 British Society for Haematology and John Wiley & Sons Ltd

Dimopoulos, M.A. (2003) Clinicopathological
definition of waldenstrom’s macroglobulinemia:
consensus panel recommendations from the second international workshop on waldenstrom’s
macroglobulinemia. Seminars in Oncology, 30,
110–115.
Phekoo, K.J., Jack, R.H., Davies, E., Moller, H.,
Schey, S.A. & Committee, South Thames Haematology Specialist (2008) The incidence and
survival of waldenstrom’s macroglobulinaemia
in south east england. Leukemia Research, 32,
55–59.
Pohar Perme, M. (2013) Relsurve:Pelative survival.
R package version 2.0.9.
Pophali, P.A., Bartley, A., Kapoor, P., Gonsalves,
W.I., Ashrani, A.A., Marshall, A.L., Siddiqui,
M.A., Kyle, R.A. & Go, R.S. (2018) Prevalence and
survival of smouldering waldenstrom macroglobulinaemia in the united states. British Journal of
Haematology. https://doi.org/10.1111/bjh.15201
Royer, R.H., Koshiol, J., Giambarresi, T.R., Vasquez, L.G., Pfeiffer, R.M. & McMaster, M.L.
(2010) Differential characteristics of waldenstrom macroglobulinemia according to patterns
of familial aggregation. Blood, 115, 4464–4471.
Rummel, M.J., Niederle, N., Maschmeyer, G.,
Banat, G.A., von Grunhagen, U., Losem, C.,
Kofahl-Krause, D., Heil, G., Welslau, M., Balser,
C., Kaiser, U., Weidmann, E., Durk, H., Ballo,
H., Stauch, M., Roller, F., Barth, J., Hoelzer, D.,
Hinke, A. & Brugger, W.; Study group indolent
Lymphomas (StiL). (2013) Bendamustine plus
rituximab versus CHOP plus rituximab as firstline treatment for patients with indolent and
mantle-cell lymphomas: an open-label, multicentre, randomised, phase 3 non-inferiority trial.
Lancet (London, England), 381, 1203–1210.
Schemper, M. & Smith, T. (1996) A note on quantifying follow-up in studies of failure time. Contemporary Clinical Trials, 17, 343–346.
Sharma, R.K., Prigerson, H.G., Penedo, F.J. &
Maciejewski, P.K. (2015) Male-female patient
differences in the association between end-of-life
discussions and receipt of intensive care near
death. Cancer, 121, 2814–2820.
Swedish lymphoma register. (2014) [National
Quality Report for Diagnostic Year 2013.]
National and regional authorities in the field of
cancer care. © Svenska Lymfomgruppen. http://
www.swedishlymphoma.se/upl/files/108415.pdf
[Accessed date June 2014]
Swerdlow, S.H., Campo, E., Harris, N.L., Jaffe,
E.S., Pileri, S.A., Stein, H., Thiele, J. & Vardiman, J.W. (2008) WHO Classification of
Tumours of Haematopoietic and Lymphoid Tissues, 4th edn. International Agency for Research
on Cancer Press, Lyon, France.
Swerdlow, S.H., Campo, E., Pileri, S.A., Harris,
N.L., Stein, H., Siebert, R., Advani, R., Ghielmini, M., Salles, G.A., Zelenetz, A.D. & Jaffe,
E.S. (2016) The 2016 revision of the world
health organization classification of lymphoid
neoplasms. Blood, 127, 2375–2390.
Therneau, T. (2015) A Package for Survival Analysis in S.R Package Version 2.37-7.2014

13

L. Brandefors et al
Treon, S. P. (2015) How I treat Waldenstr€
om
macroglobulinemia. Blood, 126, 721–732.
Treon, S.P., Emmanouilides, C., Kimby, E., Kelliher, A., Preffer, F., Branagan, A.R., Anderson,
K.C. & Frankel, S.R.; Waldenstrom’s Macroglobulinemia Clinical Trials Group. (2005) Extended
rituximab therapy in waldenstrom’s macroglobulinemia. Annals of Oncology: Official Journal of
the European Society for Medical Oncology/
ESMO, 16, 132–138.

14

Vajdic, C.M., Landgren, O., McMaster, M.L., Slager, S.L., Brooks-Wilson, A., Smith, A., Staines,
A., Dogan, A., Ansell, S.M., Sampson, J.N., Morton, L.M. & Linet, M.S. (2014) Medical history,
lifestyle, family history, and occupational risk
factors for lymphoplasmacytic lymphoma/
Waldenstrom’s macroglobulinemia: the InterLymph non-hodgkin lymphoma subtypes project. Journal of the National Cancer Institute
Monographs, 2014, 87–97.

Vitolo, U., Ferreri, A.J. & Montoto, S. (2008) Lymphoplasmacytic
lymphoma-waldenstrom’s
macroglobulinemia. Critical Reviews in Oncology/Hematology, 67, 172–185.
Wang, H., Chen, Y., Li, F., Delasalle, K., Wang, J.,
Alexanian, R., Kwak, L., Rustveld, L., Du, X.L.
& Wang, M. (2012) Temporal and geographic
variations of waldenstrom macroglobulinemia
incidence: a large population-based study. Cancer, 118, 3793–3800.

ª 2018 British Society for Haematology and John Wiley & Sons Ltd

