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Abstract

Bone involvement is a rare extranodal manifestation in patients with
malignant lymphoproliferative diseases and has also been noted as a
rare event in patients with Waldenstrom macroglobulinemia (WM).
However, the actual prevalence has not been previously reported. We
describe an unusual case of a patient with WM who presented with
lower back pain and focal bone lesions at initial diagnosis. Magnetic
resonance imaging (MRI) revealed multiple vertebral fractures. Posi-
tron emission tomography (PET) detected only nodal changes with-
out pathological skeletal-related metabolic activity. Lymph node and
bone marrow biopsies combined with an immunoglobulin M (IgM)
M component revealed the diagnosis of WM. A next-generation se-
quencing (NGS) analysis using a targeted lymphoma panel of 59 re-
currently mutated genes in lymphoid neoplasms showed mutations
in the MYD88 and CD79B genes. After treatment with rituximab and
bendamustine, the patient achieved a partial remission and pain relief.
After 3 years of stable disease, a spontaneous subcapital fracture at
the base of the femoral neck and new vertebral compression fractures
occurred. Whole-body low-dose computed tomography (WB-LDCT)
and bone density (dual energy X-ray absorptiometry (DEXA)) scan
revealed marked osteopenia. After insertion of a hip prosthesis, ex-
amination of the removed hip showed infiltration of clonal lympho-
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plasmacytic cells. Our case confirms that one must be aware that bone
involvement in patients with WM can occur as a rare manifestation.
Interestingly, the MYDS88/CD79B-mutated (MCD) genotype in dif-
fuse large B-cell lymphoma is characterized by extranodal involve-
ment and may also be involved in the pathogenesis of skeletal-related
disease in the present case. As a follow-up to this unusual case, we
have carried out an analysis based on the Danish Lymphoma Registry
(LYFO) covering the entire national population in the period 2000 -
2020. The registry study included a cohort of 2,459 patients with WM
and lymphoplasmacytic lymphoma. Our data revealed that primary
bone involvement at diagnosis occurs in 1.75% of adults with WM.
To the best of our knowledge, this is the first report of the prevalence
of skeletal-related disease in a large nationwide cohort and defines
bone involvement as an exceedingly rare event in WM.

Keywords: Waldenstrom macroglobulinemia; Lymphoplasmacytic
lymphoma; B-cell lymphoma; Bone involvement; Bone lesions; Ex-
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Introduction

Waldenstrom macroglobulinemia (WM) is a distinct indolent
B-cell lymphoproliferative disorder characterized by lym-
phoplasmacytic lymphoma (LPL) in the bone marrow (BM)
and an immunoglobulin M (IgM) monoclonal gammopathy
[1]. The diagnosis is based on identification of LPL cells in
the BM with an immunophenotypic profile characterized by a
heterogeneous population of post-germinal center, mature B-
cells, ranging from small B-lymphocytes (surface [gM, CD19,
CD20, CD22 dim, and other B-cell markers) to a plasmacytic
component of fully differentiated plasma cells (CD138"). Im-
munostaining with Ki-67 typically shows a low proliferation
rate. Molecular hallmarks of WM are somatic mutations in
MYDSS (> 95%) and CXCR4 (> 30%) genes [2-4]. MYDSS
mutation is consistent with but not specific for WM/LPL [5].
Most patients with WM show an indolent clinical course
and extramedullary involvement is a rare finding. Based on
individual case reports, symptomatic focal lytic bone lesions in
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Figure 2. Lymph node biopsy with diffuse infiltration of small, uniform B-lymphocytes and plasmacytoid cells (a) with strong ex-
pression of CD20 (b). Bone marrow infiltration of monoclonal LPL cells (c) expressing CD20 (d). Flow cytometry identifies a dis-
tinct clonal population of B cells (CD19*, CD20*) which are negative for CD5 and CD10 (e). LPL: lymphoplasmacytic lymphoma.

WM/LPL are a known, albeit rare, complication of WM [6-11].
However, the actual prevalence has never been reported. The
skeletal involvement is associated with a predominance of plas-
macytic morphology in some case reports [12, 13]. The clinical
presentation of lytic bone lesions in WM both raises the suspi-
cion of a high-grade transformation or multiple myeloma (MM).
Molecular characteristics of WM with this rare manifestation re-
main unknown. Thus, MYD88 mutational status and other key
molecular findings are only available in very few reports and
the diagnosis may have been associated with some uncertainty
including IgM MM as a differential diagnosis.

In the current report, we present a rare case of WM with
bone lesions as primary manifestation of the disease. The case
is illustrated by clinical findings, imaging, and molecular char-
acteristics. We also present real-life data from a national popu-
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lation-based survey, which to the best of our knowledge, is the
first report on the prevalence of bone lesions in a large cohort
of newly diagnosed WM/LPL patients.

Case Report
Investigations, diagnosis, and treatment

A 65-year-old Caucasian male patient presented with com-
plaints of increasing low back pain over a year. Fractures
of the Th7, Th11, Th12, L1, and L3 vertebrae were demon-
strated by a magnetic resonance imaging (MRI) scan (Fig.
la). The patient had no other medical conditions and received
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Figure 1. Sagittal T1-weighted MRI of lumbar and thoracic spine (a) showing multiple vertebral fractures and osteopenia (ar-
rows). Coronal STIR MRI (b) and axial CT image (c) of the hip joints with a suspected malignant process in the left proximal
femur and a subcapital fracture (arrows), with accompanying synovitis and accumulation of fluid in the left hip joint. MRI: magnetic

resonance imaging; CT: computed tomography.

no medications predisposing to osteoporosis. A computed
tomography (CT) scan revealed enlarged lymph nodes both
in the thoracic and abdominal region. A biopsy from a right
inguinal lymph node was performed showing infiltration of
small, uniform B-lymphocytes and plasmacytoid cells with
strong expression of CD20, PAXS, and BCL2 (Fig. 2a, b).
The lymphocytes displayed a diffuse infiltration pattern and
did not express cyclin D1, CD5, BCL6, or CD10. Scattered
polytypic plasma cells and an increased number of mast cells
were noted. A polymerase chain reaction (PCR) analysis
demonstrated a MYDS88 L265P mutation. The WM diagno-
sis was established by a BM biopsy revealing infiltration of
monoclonal LPL cells (Fig. 2¢, d) and flow cytometry with
17% monoclonal kappa B-cells with a nonspecific phenotype
compatible with LPL (Fig. 2e). There was no sign of amy-
loid deposition. Additionally, we performed next-generation
sequencing (NGS) analysis using our in-house targeted lym-
phoma panel of 59 recurrently mutated genes of known di-
agnostic, prognostic, or therapeutic significance in lymphoid
neoplasms. It is based on lon Torrent Ampliseq on demand
assays for 51 genes and Ion Torrent Ampliseq custom design
assays for eight genes. The analysis covers SNV, MNV and
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INDELSs of all exons and consensus splice sites. Sequencing
was done on the Ion Torrent S5 XL system using manual li-
brary preparation and the Ion Chef system as described by the
manufacturer (Thermo Fisher Scientific). Variants with a var-
iant allele frequency < 5% were not reported. In the present
case, MYDS88 (c.818T>C, p.Leu273Pro, 70%) and CD79B
(c.589T>C, p.Tyr197His, 40%; c¢.582T>G, p.Aspl94Glu,
40%) mutations were detected while CXCR4, ARID1A, and
TP53 were found to be wild type. The frequently mutated
genes in multiple myeloma covered by the panel (KRAS,
NRAS, BRAF, TP53, IR4, and ATM) were not mutated.

The patient was characterized as intermediate risk ac-
cording to the revised-International Prognostic Scoring System
for WM (rIPSSWM) score [14]. The IgM kappa M-component
was 6 g/L, B2-microglobulin 6.4 mg/L, and serum albumin
24 g/L at diagnosis. Hemoglobin, platelet counts, and lactate
dehydrogenase (LDH) were normal. There was no evidence
of hypercalcemia. A supplementary 18F-fluorodeoxyglucose
(18F-FDGQ) positron emission tomography (PET) scan demon-
strated a few enlarged lymph nodes with a metabolic activity
equivalent to Deauville 3 - 4 but no osseous structures showed
pathological metabolic activity (Deauville 1 - 2). The patient
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was treated with six courses of rituximab (375 mg/m?) and
bendamustine (90 mg/m?) and obtained a partial response with
> 50% reduction of the serum monoclonal IgM spike from 6
to 2 g/L and a > 50% reduction of adenopathy. The patient ex-
perienced pain relief following treatment suggesting a causal
relationship between the presence of malignant cells, bone de-
struction, and pain.

Three years after initial diagnosis, the patient complained
of persistent pain in the left hip region and a MRI was conduct-
ed. An inhomogeneous bone structure with suspected malig-
nancy proximally in the left femur and a subcapital fracture at
the base of the femoral neck was noted (Fig. 1). Bone density
(dual energy X-ray absorptiometry (DEXA)) scan revealed
marked osteopenia in both hips and the spine with a bone min-
eral density (BMD) T-score of -1.5 and -2.7, respectively. The
patient underwent a surgical procedure with insertion of a hip
prosthesis followed by consolidating radiotherapy (5 Gy x 5).
The removed hip showed nodular infiltration consisting of a
mixture of plasmacytoid cells and small lymphocytes in ac-
cordance with the LPL diagnosis without any signs of transfor-
mation to aggressive lymphoma.

Follow-up and outcomes

Until the new bone-related events with pathologic fractures
described above, the patient had shown stable remission with-
out pain or symptoms related to the disease. Treatment with
bisphosphonate was initiated and at follow-up 1 year after
the surgical procedure, the patient had no bone-related symp-
toms. During this period, the patient was followed with regu-
lar whole-body low-dose computed tomography (WB-LDCT)
and DEXA scans, which demonstrated no further bone-related
events or worsening of the osteopenia. However, the I[gM M-
component was slowly increasing from 2 to 6 g/L, and the
patient experienced symptoms suggestive of a peripheral neu-
ropathy. Neurophysiological examinations confirmed a mixed
demyelinating and axonal nerve damage. Examination of the
cerebrospinal fluid (CSF) revealed no malignant monoclonal
cells. Polyneuropathy, organomegaly, endocrinopathy, mono-
clonal protein, skin changes (POEMS) syndrome was consid-
ered but the patient did not fulfill the diagnostic criteria and
level of serum vascular endothelial growth factor (VEGF) was
normal.

Real-life data from the Danish Lymphoma Registry

Due to the lack of data in the literature, we have investigated
the prevalence of bone involvement in WM/LPL in a large
nationwide population-based cohort. Patients (diagnosis code
World Health Organization (WHO)/International Classifica-
tion of Diseases 10th Revision (ICD-10) 9671) were identi-
fied through a prescreening process in the Danish Lymphoma
Registry (LYFO) [15]. The registry study was approved by the
Danish National Committee on Health Research Ethics (ap-
proval number 2113049). The LYFO database has been shown
to have a coverage of 95% of all Danish patients with lympho-
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ma in a recent quality assessment [15]. Clinical data for newly
diagnosed WM/LPL in the period 2000 - 2020 were extracted
from the LYFO registry. Data included diagnosis, age, gen-
der, bone involvement, other extramedullary sites involved,
laboratory findings, and treatment vs. no treatment at primary
diagnosis. The presence of bone lesions was based on a clini-
cal assessment including the results of imaging. Guidelines in
Denmark recommend a CT scan for the primary investigation
at diagnosis. However, data for the use of imaging modalities
are not available in the registry.

In total, the study cohort comprised 2,459 patients diag-
nosed between January 2000 and December 2020. The num-
ber of patients diagnosed as WM and LPL were 1,977 (80.4%)
and 482 (19.6%), respectively. Data on skeletal involvement
were not available in five patients. Therefore, a study popula-
tion of 2,454 patients was included in the analyses of which
the number of patients with bone involvement at diagnosis was
43 (1.75%). Among patients with bone involvement, extramed-
ullary manifestations other than bone lesions (lung, liver, and
central nervous system) were registered in three (7%) of the
patients whereas 40 (93%) patients had bone lesions as the only
registered extranodal site. Clinical data comparing patients
with and without involvement of bones are outlined in Table
1. Patients with bone involvement were characterized by a sig-
nificantly higher proportion of patients with a LPL diagnosis,
presence of B symptoms and need for treatment (Table 1).

Discussion

Based on available reports, cortical and trabecular involve-
ment of bones and generalized osteopenia must be considered
as a rare manifestation of WM/LPL [6-11]. Lytic bone lesions
have previously been reported as a first presenting feature at
the diagnosis of WM [12, 13]. However, the occurrence of
bone involvement in WM/LPL has so far only been described
in selected smaller case series and therefore the actual preva-
lence is unknown. We report the real-life prevalence in a large
nationwide population of patients with newly diagnosed WM/
LPL over the past two decades. We have shown a very low
frequency of patients (1.75%) presenting with clinical findings
at diagnosis suggesting the presence of bone lesions. As ex-
pected, the need for systemic treatment appears to be higher
for patients with bone involvement. Use of imaging modali-
ties was not recorded, and it is assumed that identification of
lytic bone lesions could be underestimated because of a lack
of diagnostic vigilance and varying use of imaging in relation
to pathological bone lesions. It also must be considered that
our data only include patients at the time of diagnosis and the
presence of bone manifestations may have increased if data
also included events for the entire course of the disease. Thus,
in previous studies, it has been reported that bone involvement
can occur both early and late in the course of WM/LPL [16,
17].

Extramedullary presentation in WM/LPL is a rare mani-
festation only reported in a few studies. In a large single-center
study of WM patients, extramedullary involvement was gen-
erally associated with poor prognosis [18]. Treatment with
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Table 1. Clinical Data Characteristics of 2,454 Newly Diagnosed WM/LPL Patients With and Without Bone Involvement

Patients with bone in-

Patients without bone in-

volvement (n = 43) volvement (n = 2,411) P value®
Age > 70 years, n (%) 26 (60.5) 1,424 (59.1) 0.877
Gender (M/F ratio) 2.6 1.6 0.205
WM/LPL ratio 1.7 4.2 0.003
[gM M component, n (%) 27 (62.8) 1,946 (80.7) 0.003
IgM M component > 20 g/L, n (%) 9 (20.9) 755 (31.3) 0.183
B-symptoms, n (%) 16 (37.2) 466 (19.3) 0.003
Performance status > 1, n (%) 7(16.2) 213 (8.8) 0.101
Treatment initiated at diagnosis, n (%) 30 (69.8) 906 (37.6) 0.00002

aP value by Chi-square and Mann-Whitney U tests. WM: Waldenstrom macroglobulinemia; LPL: lymphoplasmacytic lymphoma; IgM: immunoglobulin

M; M: male; F: female.

chemotherapy or targeted therapy appeared to be less effective
in patients with extramedullary disease but no cases of skeletal
involvement were reported. Another single-institution survey
revealed a frequency of 4.4% having extramedullary involve-
ment (lymph nodes, liver, and spleen not included) [19]. Ex-
tramedullary sites most involved were pulmonary (30%), soft
tissue (21%), CSF (23%), renal (8%), and bone (9%). This
study therefore supports that the occurrence of bone involve-
ment is extremely rare in WM also in patients with extramed-
ullary disease.

Our case report illustrates the importance of diagnostic
awareness in a patient with unexplained pain complaints.
When the patient was thoroughly examined, potentially ma-
lignant bone lesions were revealed. Guidelines for the use of
diagnostic imaging modalities to identify bone involvement
in WM/LPL are lacking. In a retrospective study of highly
selected patients, PET-CT and MRI demonstrated bone dis-
ease in 24% and 17% of the cases, respectively [10]. In our
patient, the areas of bone involvement were not FDG-avid.
Interestingly, there seems to be no clear correlation between
general disease activity and bone involvement in the case of
our patient. The patient presented with marked signs of bone
destruction and osteopenia despite a clinical indolent WM.
Focal bone lesions without cortical involvement may also
cause pain. In a case series of six patients without cortical
or trabecular bone involvement, painful focal areas with ab-
normal signal within the medulla were demonstrated on MRI
[16, 17]. These foci with significantly higher lymphoid infil-
tration (> 80%) were not identified on CT and only mildly
FDG-avid. In our case with cortical destruction, the biopsy
from the left hip showed clear infiltration of small lympho-
cytes with LPL phenotype and plasmacytoid B cells, but in-
filtration rate could not be reliably assessed in the available
material.

Several genes are recurrently mutated in malignant lym-
phoproliferative diseases. In LPL/WM, NGS has identified
common recurrent somatic mutations in the MYDS88 (> 90%),
CXCR4 (> 30%), ARID1A4 (17%), and CD79B (8-15%) genes
[20]. The mutational landscape has been shown to influence
the clinical phenotype and outcome. Patients with MYDS88 and
ARID1A mutations show greater BM disease involvement, and
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lower hemoglobin and platelet count. Asymptomatic WM pa-
tients harboring a CXCR4 mutation have a shorter treatment-
free survival than patients with wild-type CXCR4 [21]. CXCR4
mutations also promote disease progression and resistance to
ibrutinib treatment [22]. The C/013G/CXCR4 variant appears
to be associated with an increased risk of dissemination to ex-
tramedullary organs [4]. CD794 and CD79B mutations can
be found in approximately 10% of WM patients [23]. How-
ever, the connection between bone disease in WM/LPL and
genetic alterations has not been clarified. In our patient, we
demonstrated coexistence between MYDS8S and CD79B muta-
tions and the patient had wild-type CXCR4. CD79B has also
been associated with diffuse large B-cell lymphoma (DLBCL)
as shown in a study with contributions from our group [24].
Thus, MYD88/CD79B-mutated (MCD) genotype is a genetic
subgroup occurring in around 8% of DLBCLSs [25]. The MCD
genotype is characterized by poor prognosis and extranodal
involvement. CD79B is a component of the B-cell receptor
(BCR) with a role in chronic-active BCR and NF-«B signal-
ing pathway. Hypothetically, the cooccurrence of MYDSS and
CD79B mutations may be involved in the pathogenesis of ex-
tramedullary disease in WM and a harbinger of transformation
to DLBCL. Further studies on a larger cohort of patients are
needed to elucidate the pathophysiological mechanisms be-
hind bone disease in WM.

Molecular findings may also support the prediction of
therapeutic response. Thus, CD79B upregulation in ABC-type
DLBCL is associated with resistance to inhibition of BCR
signaling with the Bruton tyrosine kinase (BTK) inhibitor
ibrutinib [26]. MYD&8-mutated and CXCR4 wild-type patients
have also demonstrated a longer response to ibrutinib in WM
[27]. However, the optimal treatment strategy for bone dis-
ease in WM/LPL is unknown. Our patient was treated with
rituximab and bendamustine with a marked initial response to
both pain, lymphadenopathy, and M component. Assessed on
imaging studies and DEXA scan, bone involvement remained
unchanged and stable. Others have reported similar efficacy
using immunochemotherapy in patients with bone involve-
ment [8]. A favorable response on lytic lesions with the BTK
inhibitor ibrutinib has also been reported [28, 29]. Data on the
efficacy of bisphosphonates are lacking. Focal lytic lesions
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may also respond to radiotherapy [30]. Further research is war-
ranted on the ability of novel agents to reverse bone turnover
in WM/LPL patients as well as on the utility of anti-resorptive
agents in patients with lytic bone disease.

Learning points

Bone lesions in WM/LPL are a rare but well-described and
heterogenous manifestation of WM/LPL. We describe an unu-
sual case with primary bone involvement at diagnosis and in
the BM biopsy presence of somatic mutations in the MYD8S8
and CD79B genes. We also present real-life data for the fre-
quency of bone manifestations in a large nationwide cohort
covering two decades. Despite its rarity, it is recommended
that evaluation of patients with newly diagnosed WM/LPL
considers possible involvement of bones, not least in patients
with unexplained pain. Further studies are needed to explore
the molecular characteristics related to the bone manifesta-
tions. Furthermore, there is a lack of knowledge about the
prognostic impact of bone involvement in WM and the optimal
therapeutic strategy for these patients.
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