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Abstract. Central nervous system (CNS) involvement is a rare
manifestation of multiple myeloma (MM) and the optimal
management strategies have yet to be determined. The aim
of the present study was to describe the case of a 47‑year‑old
male patient with immunoglobulin D‑λ MM who presented
with multiple extramedullary infiltrations at diagnosis. This
patient achieved stringent complete response after 9 cycles of
treatment with bortezomib, lenalidomide and dexamethasone,
and then received lenalidomide as maintenance therapy.
CNS involvement and extramedullary relapse developed
3 months after the last chemotherapy cycle. Despite receiving
a second‑line treatment protocol, the patient succumbed to the
disease within 1 month after recurrence. The characteristics
and treatment options for CNS MM are discussed in this case
report.
Introduction
Multiple myeloma (MM) is characterized by clonal prolif‑
eration of plasma cells in the bone marrow. Extramedullary
plasmacytomas (EMPs) may also develop, and they may either
be present at diagnosis or develop later during the disease
course (1). EMP has a cumulative incidence of 9% among all
patients with MM and is usually associated with a poor prog‑
nosis (2,3). Serum monoclonal immunoglobulin (Ig) allows
distinguishing between different types of MM, and a multi‑
centre analysis reported that IgD‑subtype myeloma accounts
for 6.5% of all cases in China (4). IgD MM presenting with
muscle infiltration at diagnosis and central nervous system
(CNS) involvement after complete response (CR) are rare
occurrences. Due to the rarity of this subtype and incomplete
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understanding of its clinical course, the optimal diagnostic
and management strategies have yet to be determined.
In the present study, a case of IgD‑λ MM with CNS involve‑
ment was retrospectively analyzed and a systematic review of
the literature was performed to provide a contemporary update
on the incidence, demographics, management and outcome of
EMP with CNS involvement.
Case report
A 47‑year‑old male patient was admitted to the Putian Hospital
(Putian, China) in March 2019 with a chief complaint of
blepharoptosis for 4 months and fatigue for 2 months. There
were no other complaints, and the routine blood tests were
normal. An enhanced magnetic resonance imaging (MRI)
brain scan performed in March 2019 revealed soft tissue
masses in the sphenoid and bilateral cavernous sinuses, and
further examinations were recommended. Positron emission
tomography/computer tomography (PET‑CT) performed in
April 2019 revealed abnormal bone density of the whole body,
multiple soft tissue masses, and a pathological fracture of
the 10th rib on the left side (Fig. 1). Biopsy of the chest wall
mass was performed in April 2019, and examination of the
bioptic material revealed abnormal plasma cell infiltration of
muscle tissue, after which time the patient was referred to the
Fujian Medical University Union Hospital (Fuzhou, China) for
further investigation and treatment.
Following admission in April 2019, further evaluations
were performed. Blood and biochemistry tests revealed
normal levels of haemoglobin, calcium, lactate dehydrogenase,
albumin, globulin, creatinine and serum β2‑microglobulin
(Table I). Serum immunofixation electrophoresis indicated
IgD‑λ light chains, and the levels of serum free λ and κ light
chains were 151.0 and 14.3 mg/l, respectively. Bone marrow
aspiration revealed that the proportion of plasma cells was
32.0%, as shown in Fig. 2. Flow cytometry revealed abnormal
clonal plasma cells that expressed CD38, CD138 and λ light
chains, and were negative for CD19, CD56, CD117 and
κ light chains (Fig. 3). A large number of immature plasma
cells were identified on bone marrow biopsy. The results of
immunohistochemistry (Fig. 4) were as follows: CD38 (3+),
CD138 (3+), λ (3+), CD56 (‑), CD20 (±) and κ (‑). Furthermore,
the biopsy of the chest wall mass was reviewed, and a mass
of immature plasma cells was identified in the muscle tissue.
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Table I. Biochemical parameters at diagnosis and at the time of recurrence.
Parameters

Diagnosis

Recurrence

Leukocyte count (4‑10x109/l)
Haemoglobin (g/l)
Platelet count (100‑300x109/l)
Immunoglobulin (20‑35 g/l)
Albumin (35‑54 g/l)
Creatinine (40‑135 µmol/l)
Calcium (2.1‑2.7 µmol/l)
Lactate dehydrogenase (109‑245 IU/l)
Serum β2‑microglobulin (1.09‑2.53 mg/l)
Bone marrow plasma cell (%)
Chromosome
MM fluorescence in situ hybridization

4.9
134
142
27.7
42
65
2.34
208
2.5
32
46, XY
Negative

7.5
107
155
21.8
43
78
2.2
309
2.37
1
‑
‑

Figure 1. Baseline positron emission tomography‑computed tomography scan. Abnormal bone density of the whole body, multiple soft tissue masses (arrows),
and a pathological fracture of the 10th rib on the left side were observed.

Figure 2. Baseline bone marrow aspiration. On bone marrow examination,
the proportion of plasma cells was 32.0% (Wright's stain; magnification,
x100).

The following antibodies were ready to use and applied on the
Lumatas automated immunostainer (Fuzhou Maixin Biotech.
Co., Ltd.) with EDTA heat retrieval solution (Fuzhou Maixin
Biotech. Co., Ltd.): Anti‑CD20, anti‑CD79α, anti‑CD138,
anti‑κ, anti‑λ and anti‑multiple myeloma oncogene (MUM)1,
and the details are listed in Table II. Staining intensity level
was defined as follows: ‑, not stained; +, weakly stained; ++,
moderately stained; and +++, strongly stained. Flow cytometry
was performed with BD FACSCanto (Becton, Dickinson and
Company). The results of immunohistochemistry (Fig. 5) were
as follows: CD38 (3+), CD138 (3+), λ (3+), κ (±), MUM1 (2+),
CD56 (‑), CD20 (‑), Pax5 (‑) and CD79a (±). The results of
the chromosome and MM fluorescence in situ hybridization
assays were normal.
Based on the aforementioned findings, a diagnosis of active
MM with multiple extramedullary foci, Revised International
Staging System stage I, low‑risk group, was confirmed
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Figure 3. Baseline flow cytometry of bone marrow. The plasma cells expressed CD38, CD138, and λ light chains and were negative for CD19, CD56, CD117
and κ light chains.

Figure 4. Bone marrow biopsy. A large number of immature plasma cells was observed on pathological examination of bone marrow biopsy, which expressed
CD38 (3+), CD138 (3+), λ (3+), and were negative for CD56 and κ. (A and B) HE staining; magnification, (A) x200 and (B) x20; (C) κ; magnification, x200;
(D) CD138; magnification, x200; (E) λ; magnification, x200.

for this patient according to the International Myeloma
Working Group criteria, version 2014 (5,6). Thus, bortezomib,
lenalidomide and dexamethasone (BRD regimen: Bortezomib
1.3 mg/m 2, days 1, 4, 8 and 11; lenalidomide 25 mg/day,

days 1‑21; and dexamethasone 40 mg/day, days 1‑4 and 8‑11)
were administered to this patient as the initial treatment. After
4 cycles of the BRD regimen, the multiple extramedullary
lesions disappeared, serum immunofixation electrophoresis
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Table II. Antibodies used for immunohistochemistry.
Antibody
CD20
CD79a
CD138
κ
λ

MUM1

Manufacturer

Clone no.

Species

Type

Platform

Roche Diagnostics GmbH
Roche Diagnostics GmbH
Fuzhou Maixin Biotech. Co., Ltd.
Fuzhou Maixin Biotech. Co., Ltd.
Fuzhou Maixin Biotech. Co., Ltd.
Fuzhou Maixin Biotech. Co., Ltd.

L26
SP18
MI15
RAB‑0111
LAM03 + HP6054
MUM1p

Mouse
Rabbit
Mouse
Rabbit
Mouse
Mouse

Monoclonal
Monoclonal
Monoclonal
Monoclonal
Monoclonal
Monoclonal

Ventana BenchMark XT
Ventana BenchMark XT
Ventana BenchMark XT
Ventana BenchMark XT
Ventana BenchMark XT
Ventana BenchMark XT

Figure 5. Chest wall mass biopsy. On pathological examination, a mass composed of immature plasma cells was found in muscular tissue. The plasma cells
were positive for CD38 (3+), CD138 (3+), λ (3+) and MUM1 (2+), and negative for CD79a, CD20 and κ. (A and B) HE staining; magnification, (A) x20 and
(B) x200; (C) CD20; magnification, x200; (D) CD138; magnification, x200; (E) CD79a; magnification, x200; (F) κ; magnification, x200; (G) λ; magnification,
x200; (H) MUM1; magnification, x200. MUM1, multiple myeloma oncogene 1.

Figure 6. Enhanced magnetic resonance imaging scan of the brain and whole spine. Space‑occupying lesions were identified in the sphenoid sinus and
ethmoidal cellules, along with multiple foci in the T6‑12 vertebral body and appendix, and T5‑11 intraspinal space‑occupying lesions (arrows).

MOLECULAR AND CLINICAL ONCOLOGY 15: 198, 2021

became negative, and the proportion of plasma cells in the bone
marrow decreased to 1%. Thus, the interim efficacy assessment
was CR, and 5 continuous cycles of the BRD regimen were
administered. Considering that the patient had IgD MM with
multiple extramedullary lesions at diagnosis, autologous
haematopoietic stem‑cell transplantation (auto‑HSCT) was
recommended several times during the treatment. However,
the patient refused to receive auto‑HSCT. After 9 cycles of the
BRD regimen, the serum levels of free λ and κ light chains were
21.8 and 53.2 mg/l, respectively. Subsequently, lenalidomide
(25 mg/day, days 1‑21, 28 days per cycle) was administered as
maintenance therapy.
At 3 months after the last chemotherapy cycle, the patient
developed weakness of both lower limbs and urinary incon‑
tinence. No neurological symptoms indicating cranial nerve
abnormalities were present. Contrast‑enhanced MRI scans of
the brain and whole spine were immediately performed, and
space‑occupying lesions in the sphenoid sinus and ethmoidal
cellules, multiple foci the T6‑12 vertebral body and appendix,
and T5‑11 intraspinal space‑occupying lesions were identified
(Fig. 6); the whole‑brain contrast‑enhanced MRI scan revealed
no suspicious lesions. Based on the clinical history and imaging
characteristics, MM involvement of the aforementioned
sites was considered. The results of blood tests, biochemical
detection, serum immunofixation electrophoresis and bone
marrow examination were normal (Table I). Thus, taking all
these findings into account, CNS involvement and extramedul‑
lary relapse were considered in this case. Subsequently, the
IRD regimen, which includes ixazomib (4 mg/day, days 1,
8 and 15), lenalidomide (25 mg/day, days 1‑21) and dexametha‑
sone (40 mg/day, days 1‑4 and 8‑11), was administered as a
salvage therapy, and radiotherapy for extramedullary lesions
was scheduled for this patient. Unfortunately, despite the
second‑line treatment strategy, the patient succumbed to the
disease within 1 month after recurrence detection.
Discussion
MM is a plasma cell neoplasia characterized by diffuse tumour
infiltration of the bone marrow, resulting in anaemia, bone
damage with hypercalcaemia, and bone pathological frac‑
tures. Occasionally, neoplastic plasma cells acquire a different
growth pattern, generating tumour masses, which is referred to
as EMP. CNS involvement is a rare extramedullary manifesta‑
tion of MM, with a reported incidence of ~1% (7,8). MM of
the CNS is strongly associated with high‑risk chromosomal
abnormalities, plasmablastic morphology and extramedul‑
lary manifestations (9,10). Extramedullary infiltration may
be identified at the time of MM diagnosis or during disease
progression. However, it is more common in refractory disease
or during relapse.
In recent decades, the prognosis of patients with MM
has significantly improved with the introduction of immuno‑
modulatory (IMiD) agents, proteasome inhibitors (PIs) and
monoclonal antibodies (11,12). Currently, PIs in combination
with IMiD agents, such as those used in the BRD regimen, are
considered as the first‑line treatment option for active MM.
However, CNS involvement remains a terminal event in most
cases, with a median survival of <6 months (13‑15). This may
be attributed to the lack of effective intrathecal (IT) therapy,
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the limited effectiveness of radiotherapy and the limited
availability of blood brain barrier (BBB)‑penetrating systemic
therapies (16).
Dias et al (17) performed a retrospective cohort study,
enrolling 20 patients with a median follow‑up of 33.5 months
after CNS infiltration. The median overall survival in the
group with CNS infiltration at relapse was 7.4 months, and
the patients with leptomeningeal involvement had a median
overall survival of 5.8 months. Varga et al (18) reported the
findings from 13 MM patients with CNS involvement, in whom
the overall treatment outcome was poor; 1 patient responded
to daratumumab‑based treatment, whereas the effectiveness
of pomalidomide and marizomib have shown some promising
results.
Marizomib, a novel irreversible PI, has demonstrated
promising anti‑MM activity in patients with highly refractory
MM (19). Previous studies have demonstrated that marizomib
localizes to the CNS and significantly inhibits proteasome
activity in the brain. Recent data from an ongoing phase 1
trial on malignant glioma evaluating weekly dosing demon‑
strated that marizomib is well tolerated and shows promising
antitumour activity (20). Badros et al (21) reported the cases
of 2 patients with refractory CNS‑MM who benefited from
marizomib‑based therapy, providing additional evidence for
the CNS activity of this PI and underscoring the need for
further evaluation of this drug in CNS‑MM.
Daratumumab is a humanized monoclonal antibody specific
for CD38 that targets tumour cells via antibody‑dependent
cell‑mediated cytotoxicity, complement‑dependent cytotoxicity
and phagocytosis. There are currently no available data to
suggest that daratumumab can cross the BBB; however, the
fact that this barrier may become more permeable in disease
states and that there is no barrier in the meninges raises this
possibility. Elhassadi et al (22) reported that the combined
approach of craniospinal irradiation, triple IT chemotherapy
and anti‑CD38 monoclonal antibody produced a durable
response in a MM patient with CNS involvement. Thus, the
role of daratumumab in this disease status deserves further
evaluation.
There were some potential limitations to this case study.
First, we only had the qualitative analysis of IgD, so we could
not calculate the M protein. Second, the percentage of plasma
cells was not high and the finding of CD138 positivity was not
particularly clear on flow cytometry for bone marrow dilution.
Third, there was no imaging evaluation for extramedullary
lesions after CR. Fourth, biopsy of extramedullary foci and
lumbar puncture to examine the cerebrospinal fluid were not
performed at the time of relapse.
In conclusion, MM with CNS involvement is associated
with extremely poor survival, and sufficient assessment of
EMD is necessary during the entire course of the disease.
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