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Abstract

Background: Neurolymphomatosis (NL) is a rare manifestation of malignant lymphoma that shows selective infiltra-
tion to the peripheral nervous system primarily or secondarily. We report a patient with secondary NL caused by ger-
minal center B-cell (GCB)-type diffuse large B-cell lymphoma (DLBCL) who showed selective infiltration of the lumbar
plexus to the spinal cord and massive nerve enlargement resulting in severe pain.

Case presentation: A 72-year-old female exhibited asymmetric motor and sensory impairments and pain in the
lower limbs that progressed for five months. Magnetic resonance imaging (MRI) showed an enlarged lumbar plexus,
which continued to the cauda equina via the L3 and L4 spinal nerves. Her symptoms gradually worsened. Ten months

nervous system.

after the onset of symptoms, the enlarged cauda equina filled the spinal canal space, and the spinal cord was swol-
len. A cauda equina biopsy was performed, and she was diagnosed with GCB-type DLBCL with CD10 positivity. The
primary tumor was found in a mammary cyst. The autopsy study did not show apparent infiltration, except in the

Conclusions: Although there are many neurologic phenotypes of malignant lymphoma, the association between
the cytological characteristics of lymphoma and the neurological phenotypes is still unclear. Several reports of CD10-
positive secondary NL are available, whereas peripheral or central nervous tissue origin lymphoma cases are mostly
negative for CD10. CD10 staining may be useful for distinguishing primary NL from secondary NL. NL often has a
strong organotropism for peripheral nervous tissue, which makes early diagnosis challenging.
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Background

Neurolymphomatosis (NL) is a rare manifestation of
malignant lymphoma that is characterized by lymphoma
cells infiltrating the peripheral nervous system (PNS) pri-
marily or secondarily [1]. Pathological investigations are
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essential for the diagnosis of NL. The most common type
of lymphoma is diffuse large B-cell lymphoma (DLBCL)
of non-Hodgkin lymphoma (NHL) [2]. In recent years,
DLBCL has been classified into germinal center B-cell
(GCB) and non-GCB types according to the Hans algo-
rithm of immunohistochemistry [3]. The two subtypes
have different susceptibilities to chemotherapy agents.
However, previous studies have focused on the neuro-
pathology of NL [1, 2, 4] and only a few investigations
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have applied the Hans classification to assess lymphoma
pathology [3, 5]. Here, we report a patient with second-
ary NL originating from a breast lymphoma with exclu-
sive peripheral nerve infiltration and massive nerve
enlargement, in addition to pathological analysis accord-
ing to the recent immunohistochemistry classification of
DLBCL [3].

Case presentation

A 72-year-old female developed subacute numb-
ness, severe pain and muscle weakness in the left lower
extremity. Her symptoms gradually worsened, and she
was admitted to our hospital five months after the onset
of symptoms. She could not extend her left hip and knee
joints because of pain in the left thigh to the knee. She
also had muscle weakness in her left leg; manual mus-
cle testing revealed grade 5/2 weakness (right/left) in
the quadriceps, 5/2 in the hamstrings, 5/1 in the tibialis
anterior and 5/3 in the gastrocnemius. The left patellar
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and bilateral Achilles tendon reflexes were absent. The
Babinski sign was negative on both sides.

Laboratory examinations revealed that the serum solu-
ble interleukin-2 receptor (sIL-2R) level was 445 U/mL
(reference value, 220-530 U/mL), and the cerebrospinal
fluid (CSF) examination showed mononuclear cell-pre-
dominant pleocytosis, with a cell count of 104/uL (<5/
puL) and an elevated protein concentration of 239 mg/
dL (<43 mg/dL). The sIL-2R level in the CSF was 590
U/mL. The CSF cytology showed only minor atypia due
to inflammation. There were no malignant cells. MRI
of the lumbar spine showed an enlarged lumbar plexus,
which continued to the cauda equina via the L3 and L4
spinal nerves. The enlarged nerves showed marked con-
trast enhancement (Fig. 1A-F). Gallium scintigraphy
showed no abnormal findings other than physiological
accumulations.

We strongly suspected malignancy because of localized
nerve root lesions with strong enhancement on MRI and

-

and I shows the enlarged L4 nerve root (arrowheads)

Fig. 1 MR image of the lumbosacral spinal roots and lumbar plexus. Gadolinium-enhanced T1-weighted imaging (T1WI) MRI five months after the
onset of symptoms (A-F). On the coronal view, enlarged L3 and L4 spinal nerves and lumbar plexus with marked contrast enhancement (arrows)
are visible on the left side (A-C). D-F show axial T2WI slices corresponding to the lines on B. Enlarged nerve roots were observed (D-F, arrowheads),
and the L4 nerve root filled the intervertebral foramen (F). In the spinal canal, the affected nerves and normal-sized nerves coexisted. G-I show T2WI
slices corresponding to the levels in D-F at ten months after onset. G- show the enlarged cauda equina that was tangled and filled the spinal canal,
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severe pain. The patient refused biopsy of the enlarged
nerve because of the risk of neurological sequelae. Ten
months after the onset of symptoms, she was readmit-
ted to our hospital because of paraplegia and sensory loss
in both lower extremities with sphincter impairment. In
the follow-up MR study, the enlarged cauda equina was
tangled and filled the spinal canal space (Fig. 1G-I), and
the spinal cord was swollen with intracord T2 high signal
intensity, which continued from the lumbar to the cervi-
cal level. At that time, a CSF examination was impossible
because of the decreased spinal canal space. She under-
went a cauda equina biopsy, and the intraoperative find-
ings showed that the cauda equina was surrounded by a
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soft solid tumor. Histopathological analysis revealed that
medium-to-large B-lymphoid cells filled the subdural
space and subarachnoid interstitial tissue and infiltrated
peripheral nerve bundles (Fig. 2A-C). Immunostaining
showed that the atypical lymphoid cells were positive
for CD20, CD10, MUM], bcl2 and bcl6 but negative for
CD5, CD23, CD43, CD56 and CD138 (Fig. 2D-F, Sup-
plementary Figure 1). Ki-67 was positive in almost all
viable neoplastic cell nuclei (Supplementary Figure 1).
The patient was diagnosed with DLBCL of the GCB
subtype according to the recent pathological classifica-
tion by the WHO and Hans et al. [3, 6] The left mam-
mary cyst, which had been identified 20 years prior, was
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Fig. 2 Histopathological features of the cauda equina biopsy specimen. Medium-to-large lymphoid cells filled the subdural space to the

subarachnoid interstitial tissue and infiltrated peripheral nerve bundles (A-C). Nerve fibers (labeled “N") were identified by S100 staining (polyclonal,
ready to use (RTU), Leica biosystems, Wetzlar, Germany) (C). Immunostaining of atypical lymphoid cells showed a positive reaction for CD20 (clone
126, RTU, Leica) and CD10 (clone 56C6, RTU, Leica) and a negative reaction for CD56 (clone CD564, RTU, Leica), consistent with a diagnosis of diffuse
large B-cell lymphoma of the germinal center B-cell subtype (D-F)
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biopsied, and similar pathologic features were confirmed.
The patient underwent two courses of high-dose metho-
trexate therapy. However, unfortunately, she succumbed
to bacterial pneumonia 13 months after the onset of
symptoms.

Discussion and conclusions

Malignant lymphoma occasionally causes various types
of peripheral neuropathies, and NL is the most frequent
type [2]. Most NL cases are related to NHL, especially
DLBCL, which is the most common type [2]. NL is fre-
quently accompanied by spontaneous pain, and 40% of
NL cases show MRI abnormalities such as nerve enlarge-
ment or enhancement [1]. The duration from the devel-
opment of neuropathy to diagnosis has been reported
to be 41.3+37.7 months [2]. One study showed that
the median overall survival time was approximately
10 months [4]. It has been suggested that the prognosis of
NL is poor because early diagnosis is difficult, and many
cases are intractable to treatments. Histopathological
evaluations are essential for the early diagnosis of NL and
improved outcomes.

Distinguishing primary NL from secondary NL is
important for therapeutic strategies. In our patient, lym-
phoma cells indicated CD10-positive GCB-type DLBCL.
In recent years, DLBCL has been classified into GCB-
type and non-GCB-type based on the Hans algorithm
of immunohistochemistry [3]. Both subtypes have dif-
ferent susceptibilities to chemotherapy agents. In gen-
eral, the GCB type has a better prognosis; however, our
patient had GCB-type DLBCL [6]. More than 90% of
primary central nervous system (CNS) lymphomas are
reported to be non-GCB-type and tend to have a lower
positivity rate for CD10 than systemic DLBCL [7, 8]. In
secondary NL, there are a few reports of CD10-positive
GCB-type DLBCL [9, 10] and follicular lymphoma [11],
whereas CD10 positivity in definite primary NL has not
been reported. Therefore, we speculated that the patient’s
lymphoma was unlikely to originate from the CNS or
PNS. However, because the pathological infiltrations
in biopsied nerve samples are small in primary NL, the
cytological characteristics of primary NL are not fully
understood.

Our patient showed selective peripheral nerve involve-
ment during the course of illness, even though her
primary tumor was speculated to originate from the
mammary gland. Malignant lymphoma occasionally
shows strong organotropism for the PNS. The tumor
microenvironment, including tumor cells, multiple stro-
mal cells or antitumor inflammatory cells, is considered
to be associated with cancer pathogenesis and progres-
sion [12]. However, the microenvironment that generates
organotropism for the nervous system remains unclear.
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CD56 is known as a neural cell adhesion molecule [13].
Peripheral T-cell lymphoma with CD56 expression was
reported to show various extranodal involvement, includ-
ing the CNS [13]. In contrast, there have been no reports
of NL caused by CD56-positive B-cell lymphoma. CD56
is unlikely to be the factor responsible for organotropism
for the PNS. CD44, which is known as a homing cellular
adhesion molecule, is also expressed on some NHL cells.
In the PNS, CD44 is expressed on Schwann cells and
perineurial cells in spinal nerve roots and plays an impor-
tant role in cell-to-cell and cell-to-matrix adhesions [14].
These adhesion mechanisms possibly lead to PNS infil-
tration [14]. In our patient, CD56 staining was also nega-
tive, and CD44 staining was not performed.

NL must be considered for the differential diagno-
sis of hypertrophic peripheral neuropathy. NL often has
strong organotropism for nervous tissue, which makes
the diagnosis difficult. Early histopathological diagnosis
is important. However, the cytological characteristics of
NL remain unclear. We reveal the possible value of CD10
staining for the diagnosis of NL and predicting tumor
extension and prognosis.
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