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Etiology of Waldenström Macroglobulinemia:
Genetic Factors and Immune-related Conditions
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Abstract
Epidemiologic studies provide an insight into the etiology of lym-

phoplasmacytic lymphoma/Waldenström macroglobulinemia, which
indicates that repetitive immune stimulation and genetic factors play
an important role. Here, the current understanding on the causes of
lymphoplasmacytic lymphoma/Waldenström macroglobulinemia
are reviewed. Recent studies of the literature are discussed, and future
population-based studies are proposed to further elucidate the mo-
lecular mechanisms that underlie these associations. Finally, the
clinical implications of these data are outlined, and perspectives
on clinical follow-up and counseling are provided.

Introduction
Waldenström macroglobulinemia (WM) is a lymphoplasmacytic

lymphoma (LPL) that requires a detectable monoclonal immuno-
globulin (Ig) M spike in serum for its diagnosis.1,2 It is characterized
y a distinct population of small B lymphocytes, lymphocytes with
lasmacytoid differentiation, and plasma cells that involve the bone
arrow. Symptoms occur as a result of tissue involvement by this

ow-grade lymphoma, hyperviscosity, development of autoantibod-
es, and IgM deposition in tissues.3

LPL/WM is a very rare disease, which comprise �2% of all non-
Hodgkin lymphomas (NHL), with an incidence rate of 3 cases per
million people per year and with a higher incidence in men and
whites.4,5 The median age at diagnosis is approximately 70 years old.
Overall survival has improved in patients of all ages, which has been
correlated with the introduction of novel agents and combination
therapy,6-8 the strongest risk factor for WM is the precursor condi-
ion monoclonal gammopathy of undetermined significance
MGUS) of the IgM class, which is associated with an average 1.5%
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nnual risk of developing WM, other lymphomas, or related
isorders.9,10

Although the etiology of WM remains to be better clarified, anal-
ysis of emerging data suggests that there may be a link between the
immune system and genetic factors that are involved in the develop-
ment of WM. This review article discusses current insights along
these lines.

Immune-related Factors
A growing number of studies have reported that most WM cells

have somatic mutations in their immunoglobulin genes, which sug-
gests that the cell of origin of WM is past the germinal center of the
lymph nodes where antigenic stimulation and selection occurs.11-14

In relation to this, several epidemiologic studies have been conducted
to determine the association between the risk of developing WM and
immune conditions that favor chronic antigenic stimulation of B
cells. In a small hospital-based study of 65 patients with WM and
213 hospital-based controls, a personal history of autoimmune dis-
ease was not associated with a subsequent risk of developing WM.15

Interestingly, patients with WM were more likely than controls to
have first-degree relatives with a history of pneumonia, diphtheria,
rheumatic fever, and diabetes mellitus. An exploratory evaluation of
immunologic profiles revealed that relatives of 2 patients with WM
had IgM MGUS, and approximately 40% had diverse immunologic
abnormalities.15 To further study the role of antigenic stimulation in
the etiology of WM, we conducted 2 large nationwide studies based
on U.S. veterans that explored the role of antigenic stimulation in the
pathogenesis of WM. In the first study, including 146,394 individ-
uals infected with hepatitis C virus and 572,293 controls, we found
that hepatitis C virus infection conferred a 20% to 30% increased
risk of NHL overall and a 3-fold higher risk of WM.16 In the second
study, we assessed the WM risk in relation to a variety of chronic
immune stimulatory conditions based on 4 million U.S. veterans;
among 361 patients with WM with up to 27 years of follow-up, we
found a 2- to 3-fold elevated risk of WM in individuals with a per-
sonal history of an autoimmune disease and notably elevated risks
associated with hepatitis, human immunodeficiency virus, and rick-
ettsiosis.17 We also conducted 2 large population-based studies in
Sweden. The first was based on 2470 patients with LPL/WM, 9698

matched controls, and almost 30,000 first-degree relatives of patients
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and controls from Sweden, we analyzed whether a personal or family
history of a wide range of autoimmune, infectious, allergic, and in-
flammatory conditions were associated with LPL/WM.18 An in-
creased risk of LPL/WM was associated with a personal history of the
following autoimmune diseases: systemic sclerosis, Sjögren syn-
drome, autoimmune hemolytic anemia, polymyalgia rheumatica,
and giant cell arteritis. An increased risk of LPL/WM was associated
with a personal history of the following infectious diseases: pneumo-
nia, septicemia, pyelonephritis, sinusitis, herpes zoster, and influ-
enza. Interestingly, an increased risk of LPL/WM was associated with
a family history of Sjögren syndrome, autoimmune hemolytic ane-
mia, Guillain-Barré syndrome, cytomegalovirus, gingivitis and peri-
odontitis, and chronic prostatitis.18

These findings are further supported by a recent, large, popula-
tion-based, case-control study that evaluated 5403 patients with
MGUS and 21,209 matched controls with their respective first-de-
gree relatives (14,535 for MGUS and 58,164 for controls) to assess
for the association of MGUS with a personal or family history of
infections and autoimmune and/or inflammatory conditions. In this
study, both a personal history (odds ratio [OR] 2.1) and a family
history (OR 1.1) of autoimmune disease were independently associ-
ated with an increased risk of MGUS. Furthermore, a personal his-
tory of infections (OR 1.6) and inflammatory conditions (OR 1.4)
also was associated with an increased risk of MGUS, which supports
a role for shared susceptibility for these conditions.19

Taken as a whole, our outcomes provide further evidence that
supported the hypothesis that chronic stimulation of the immune
system is linked to the etiology of WM. The fact that both a personal

Figure 1 Immune-related and Genetic Factors, and Their Role
Immune-related Factors and Lymphomagenesis. Failu
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and family history of autoimmune conditions, such as giant cell
arteritis or polymyalgia rheumatica, and a personal history of infec-
tions and inflammation are associated with an increased risk of WM,
which suggests that there may be shared immune-related susceptibil-
ity genes underlying these conditions. A model for immune-related
factors and their role in lymphomagenesis is presented in Figure 1.
Future research is required to unveil the mechanisms that account for
an increased risk of WM in patients with immune-stimulating
conditions.

Genetic Factors
Familial clustering of LPL/WM is well documented and has been

published in case-control cohort studies and multiply affected fami-
lies.15,20-23 One of these studies, a clinic-based series of 257 patients

ith WM, characterized the clinicopathologic patterns of familial
isease. The investigators found that 19% of the patients had at least
ne first-degree relative affected with WM or another B-cell disor-
er.23 In 2008, we performed a large study that included 2144 pa-
ients with LPL/WM (1539 [72%] WM and 605 [28%] LPL) diag-
osed in Sweden, 8279 population-based matched controls, and

inkable first-degree relatives of patients (n � 6177) and controls
n � 24,609).24 We found that first-degree relatives of patients with

LPL/WM had a significantly increased risk of developing LPL/WM,
other subtypes of NHL (including chronic lymphocytic leukemia),
and MGUS compared with first-degree relatives of the controls.
However, we found no excess risk of multiple myeloma or Hodgkin
lymphoma. Our results expand on previous studies that suggest that
there is a role for shared common susceptibility genes that predispose
to LPL/WM and certain lymphoproliferative disorders.25-27 A dom-
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more likely given that we observed similar patterns of excess risk
among parents, siblings, and offspring. In a questionnaire-based
study of 103 patients with WM and of 272 unaffected relatives from
35 patients with multiple cases of WM and 46 with mixed WM/
related B-cell disorders kindred, and 28 patients with sporadic WM,
the WM disease process appeared similar among patients regardless
of family history.28 Patients with familial WM were more likely than

naffected relatives to report a history of autoimmune disease and
nfections. Patients with familial WM also were more likely to report
xposure to farming, pesticides, wood dust, and organic solvents
ompared with unaffected family members.28 These results are in

accordance with our previous results from Sweden.18

A few potential candidate genes may underlie familial LPL/WM
and related conditions. For example, certain genetic polymorphisms
(in germ line DNA) that affect the immune system, cell regulation,
and DNA repair pathways have been associated with an increased
risk of lymphomas and small lymphocytic lymphoma/chronic lym-
phocytic leukemia.29-32 By using germ line DNA, McMaster et al21

performed the first genome-wide linkage analysis of families at high
risk for WM. In that study, 11 families with high-risk WM (a total of
122 individuals, including 34 patients with WM and 10 patients
with IgM MGUS) were informative for linkage.21 The strongest
evidence of linkage was found on chromosomes 1q and 4q when
patients with WM and with IgM MGUS were both considered af-
fected. Other locations suggestive of linkage were found on chromo-
somes 3 and 6.

Very recently, Treon et al,33 by using tumor cell (somatic) DNA
xtracted from LPL cells in the bone marrow, performed whole-
enome sequencing on 54 patients with WM and found that 91% of
hese patients had a recurrent somatic mutation in chromosome 3
hat corresponded to MYD88 L265P, a gene that encodes an adapter
olecule involved in signal transduction in innate immunity. This

nding provides novel clues on WM pathogenesis.

Clinical Implications
Understanding the underlying mechanisms of LPL/WM may

have important clinical implications for its treatment and diagnosis.
At the same time, the fact that both a history of chronic inflammation
and autoimmune conditions are associated with an increased risk of
developing LPL/WM and other lymphomas already has had impli-
cations in the treatment of these conditions. Pretreatment evaluation
and long-term surveillance of our patients who received therapy for
autoimmune diseases is recommended, while keeping in mind that
the absolute lifetime risk of LPL/WM is very low. Thus, although the
relative risk of LPL/WM is elevated for individual patients affected
by immune-related conditions, the public health impact of these
findings is small.

Familial clustering and the increased risk of developing LPL/WM
and NHL/chronic lymphocytic leukemia in first-degree relatives of
affected patients pointed toward a genetic link in the etiology of
WM, very recently, a widely expressed somatic mutation in MYD88
has been identified. Despite this, confirmatory studies and the search
for other putative genes are needed to fully understand the patho-
genesis of LPL/WM, which may also include germ line mutations

and individual polymorphisms.
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On a clinical note, one has to keep in mind that the baseline risk of
LPL/WM and other lymphoproliferative malignancies is very low in
the general population. Consequently, despite the observed in-
creased relative risk among first-degree relatives of patients with LPL/
WM, the absolute risk for a relative of a patient with LPL/WM to
develop LPL/WM or another lymphoproliferative malignancy still
remains very low. In addition, at the present time, early detection of
LPL/WM is not likely to affect the outcome because asymptomatic
LPL/WM is typically not treated and no increased medical surveil-
lance is necessary at this time. However, in the future, it is possible
that early intervention of defined targets will change the watch-and-
wait paradigm. Overall, these insights might trigger complex medical
considerations and imply ethical dilemmas. As treating physicians,
we need to handle this information with care and provide and coun-
sel our patients with clinically relevant information.

Future Directions
There is emerging evidence that supports a role for germ line

genetic polymorphisms, somatic mutations, and even environmental
factors (ie, a personal history of exposure to certain infectious dis-
eases) to be intrinsically linked to the etiology of LPL/WM and other
lymphoproliferative disorders (Figure 1). Results of recent studies
have found an important somatic mutation in chromosome 3 that
links the innate immune system to the lymphomagenesis of WM.
Further confirmatory studies are needed to identify the exact role of
certain mutations in WM as well as to identify other candidate genes
and polymorphisms and their link to the immune system.

There also is a need to better define the role of immune-related
conditions in the development of LPL/WM (Figure 1) by incorpo-
rating molecular and laboratory components to validate diagnoses
and to evaluate more biologically homogeneous groupings of auto-
immune disorders. Other areas of interest might be to study the
natural history and pathogenesis of autoimmune disorders in indi-
viduals who subsequently develop LPL/WM. In addition, we need to
better define the role of immune-related conditions on prognosis and
survival in LPL/WM because this may have clinical implications for
the treatment of patients with LPL/WM with autoimmune
conditions.

In a note of novel drug development in WM, future studies are
needed to characterize the molecular underpinnings of the findings
by Treon et al.33 Their investigations show that the vast majority of
patients with WM have a recurrent somatic mutation in chromo-
some 3 that corresponds to MYD88 L265P, a gene that encodes an
adapter molecule involved in signal transduction in innate immu-
nity.33 Their discovery provides novel clues on both pathogenesis
and rational intervention strategies. For example, it seems reasonable
to develop WM treatment trials by using inhibitors of IRAK4 kinase
and other components of the MYD88 pathway.33
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