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Primary cauda equina lymphoma diagnosed by nerve
biopsy: A case report and literature review
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Abstract. Primary cauda equina lymphoma (CEL) is a rare
malignant tumor among various neoplasms that affects the
cauda equina nerve roots. The present case report described
the case of a 65-year-old man who presented with cauda
equina syndrome with progressive motor palsy in the legs and
gait disturbance over the last 5 months. Magnetic resonance
(MR) images showed enlargement of the cauda equina occu-
pying the dural sac from the L1-S1 level with isointensity to
the spinal cord signal on both T1- and T2-weighted imaging.
Enhancement of the cauda equina was seen on contrast MR
images. On F-18 2-fluoro-2-deoxy-glucose positron emis-
sion tomography examination, diffuse accumulation of
2-fluoro-2-deoxy-glucose was observed in the cauda equina
with a maximum standardized uptake value of 4.9. Based on
elevation of soluble interleukin 2 receptor in cerebrospinal
fluid and a biopsy of the enlarging cauda equina, a diagnosis
of CEL of the diffuse large B-cell type was made. The present
case report provided a detailed case discussion and a review of
the available literature on this rare entity, focusing on clinical
characteristics and imaging of primary CEL.
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Introduction

Malignant lymphoma arising in the cauda equina is included in
the entity of neurolymphomatosis (NL), which is characterized
by the infiltration of malignant lymphoma cells into peripheral
nerves, nerve roots, plexuses, or cranial nerves (1,2). NL is
classified as primary and secondary. Primary NL is defined
as NL that is the first manifestation of the hematologic malig-
nancy, and secondary NL is defined as NL that is the site of
relapse or progression of a previously diagnosed lymphoma
or leukemia (1). NL is a very rare malignant lymphoma,
comprising only 0.2% of non-Hodgkin's lymphoma cases (3).
Furthermore, the frequency of primary NL is approximately
20% of all NL cases and is less frequent than secondary NL (4).
Therefore, primary NL is a rare entity. Primary cauda equina
lymphoma (CEL) as primary NL is an extremity rare condition
in which lymphoma cells primarily infiltrate the cauda equina.
In previous reports, only 22 cases of primary CEL have been
reported. Because primary CEL is an uncommon condition,
detailed information about clinical features and image findings
has not been reported yet. Furthermore, the clinical symptoms
of CEL vary and may include mild to severe muscle weakness
or numbness of lower limbs, and bladder and bowel dysfunc-
tion. These symptoms resemble lumbar spinal stenosis, and
thus, diagnosis of CEL may take time. As a result, appropriate
treatment may be delayed.

We encountered a case of primary CEL that was diagnosed
following F-18 2-fluoro-2-deoxy-glucose positron emission
tomography (FDG-PET) and cauda equina biopsy. In this
report, we describe an additional case of primary CEL and
review the literature with emphasis on clinical characteristics
and imaging features of primary CEL.

Case report

A 65-year-old man presented with gait disturbance due to
motor palsy in the bilateral lower extremities over the last
5 months. He also had severe numbness in his left sole. The
severity of the symptoms gradually increased, and he was
admitted to our hospital in a wheel chair. He had a history of
L3-4 laminectomy with a diagnosis of lumbar spinal stenosis
at another hospital 1.5 years ago. He also had a urinary stent
that had been inserted in another hospital 2 years ago due to a
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diagnosis of benign bladder hypertrophy. Neurological exami-
nation on admission showed cauda equina syndrome below the
L2 level. Testing of the motor function of his lower extremities,
including the iliopsoas, quadriceps femoris, tibialis anterior,
and gastrocnemius muscles, showed marked palsy with a
score of 3-4 following evaluation of manual muscle testing.
Deep tendon reflexes of the bilateral lower extremities were
diminished. Sensory disturbance was also found in the
bilateral lower extremities. A complete blood count showed
white blood cell (WBC) count; 46.9x10%/ul, hemoglobin;
13.1 g/dl, platelets; 21.7x10*/ul, and differential WBC count
with 59% neutrophils, 36% lymphocytes, and 3% monocytes.
No lymphoma cells were found in the peripheral blood.
Laboratory data showed that his lactate dehydrogenase was
within normal limits (149 U/I), and his C-reactive protein was
slightly elevated (0.41 mg/dl). Soluble interleukin 2 receptor
(sIL-2R) was slightly increased (514 U/ml).

Magnetic resonance (MR) images of the lumbar spine
demonstrated swollen cauda equina occupying the dural sac
from the L1-S1 level that was isointense on T1-weighted MR
images and hypointense on T2-weighted MR images compared
to the spinal cord (Fig. 1A). Gadolinium-enhanced T1-weighted
MR images revealed swelling of the cauda equina nerve roots
with diffuse enhancement (Fig. 1B and C). FDG-PET showed
diffuse accumulation of FDG in the cauda equina with a
maximum standardized uptake value (SUV) of 4.9 (Fig. 2).
Examination of cerebrospinal fluid (CSF) following a lumbar
spinal tap showed that the cell count was 443/ul, protein was
2470 mg/dl, and glucose was less than 2 mg/dl. sIL-2R in
CSF was remarkably increased to 2,033 U/ml, and cytology
of the CSF was defined as stage I'V. To obtain more detailed
pathological information, we performed a cauda equina biopsy
during motor evoked potential monitoring. After L4-5 partial
laminectomy and incision of the dural sac, the cauda equina
was observed as extremely swollen with grayish tumors
present. The tumors infiltrated extensively into the cauda
equina and adhered strongly to the nerve root. We performed
the biopsy by cutting one of the cauda equina. The patient did
not have any further motor deficits, severe leg pain, or numb-
ness after surgery. Pathological examination was performed
(Fig. 3). The pathological examination revealed that atypical
cells with irregular large nuclei and little cytoplasm had infil-
trated into the nerve (Fig. 3A and B). Immunohistochemistry
revealed that the atypical large cells were positive for cluster
of differentiation (CD)20, B-cell lymphoma 2 (BCL2), BCL6,
multiple myeloma oncogene 1 (MUM-1), and negative for CD3,
CD5 and CDI10 (Fig. 3C-E, G, H). The nerve region which
was showed by ‘single asterisk’ in the Fig. 3A was positive by
S-100 staining (Fig. 3F). Thus, we diagnosed the pathology as
diffuse large B-cell lymphoma (DLBCL), non-germinal center
type that originated in the cauda equina.

He was treated with intravenous chemotherapy using
high-dose cytarabine plus high-dose methotrexate for four
cycles in 4 months. The severe adverse events of this regimen
were Grade 3-4 anemia and neutropenia, which required
blood transfusion and administration of granulocyte-colony
stimulating factor. The chemotherapy was effective. After
chemotherapy was over, we recommended radiotherapy to the
patient, but because the patient strongly refused, we followed
up with him without radiotherapy. His motor function was
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restored following rehabilitation to correct the muscle weak-
ness in the lower limbs, and he was able to walk without any
assistance 6 months after induction of chemotherapy. MR
images of the lumbar spine did not show any enhancement in
the cauda equina at 3 months after completion of chemotherapy
(Fig. 4). He has maintained complete remission for more than
6 years after the initial diagnosis of CEL.

This study was approved by the Ethics Committee of
the Toyama University Hospital (Toyama, Japan), Database
of Musculoskeletal Disease (no. 21-22) and Database of
Musculoskeletal Tumor (no. 24-40). The patient gave his
written consent for this report.

Discussion

Lymphoma cells rarely infiltrate nervous system tissues.
When malignant lymphoma occurs in the central nervous
system, it is called primary central nervous system lymphoma
(PCNSL), and PCNSL accounts for 4-6% of all malignant
lymphomas (5). When malignant lymphoma infiltrates the
peripheral nervous system, it is called NL (1). Among primary
NLs, invasion of the cauda equina by lymphoma cells is
extremely rare. Twenty-three cases of primary CEL, including
our case, have been reported so far (2,6-25). We reviewed these
23 cases regarding the clinical characteristics and imaging of
primary CEL and summarized these data in Table I. Among
the reported cases of primary CEL, the youngest patient
was 11 years old (18), but the median age of CEL patients is
55 years. The male-to-female ratio is 1.3:1, which is similar
to that of PCNSL (5). PCNSL has an increased incidence in
immunocompromised hosts, such as patients with acquired
immunodeficiency syndrome, post-organ transplantation,
and congenital immunodeficiencies (26). In this series,
immunocompromised hosts included only two cases (8.7%),
one with acquired immunodeficiency syndrome and one with
Epstein-Barr virus infection (8,11). The duration from onset of
symptoms to diagnosis was 6 months on average. The shortest
duration was 3 days (18), but in some cases, 3 years elapsed
before diagnosis of primary CEL (13,14). Symptom onset
varies from acute to subacute progression. Major symptoms
include lower back pain, muscle weakness, and numbness of
lower limbs, with or without mild to severe urinary dysfunc-
tion. In some cases, the symptoms progress rapidly (18-20).
Neurological examination showed cauda equina syndrome in
17 cases including our case (74%) (2,6-10,12,13,15,17-21,23,24),
radiculopathy in three cases (13%) (16,22), and other symp-
toms (polyradiculoneuropathy, irritation, and facial numbness)
in three cases (13%) (11,14,25). Because CEL involves some
cauda equina roots, many patients with CEL present with
cauda equina syndrome.

sIL-2R is expressed after B cell activation and is a strong
independent prognostic factor even for long-term observation
during treatment for DLBCL (27). The serum level of sIL-2R
is not a specific and highly sensitive marker of PCNSL, but
serial evaluation of sIL-2R may be useful for monitoring
therapeutic effectiveness (28). Among the previous reports of
primary CEL, only a case presented by Tajima e al showed
elevation of sIL-2R in serum and CSF (14). Our present case
also had elevated levels of sIL-2R slightly in serum and
markedly in CSF. Because sIL-2R in CSF was markedly
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Figure 1. Magnetic resonance images of a cauda equina lesion. (A) The cauda equina showed low signal intensity compared to the conus on a T2-weighted
image. (B) On a sagittal enhanced T1-weighted image, the cauda equina roots showed diffuse enhancement from the level of the L1 vertebra to SI. (C) At the

level of the L4/5 disc, each cauda equina root was obviously enlarged.
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Figure 2. FDG-PET. At the level from the conus to the cauda equina (arrows),
diffuse accumulation of FDG was observed with a maximum SUV of 4.9.
FDG-PET, F-18 2-fluoro-2-deoxy-glucose positron emission tomography;
SUYV, standardized uptake value.

elevated similar to the report by Tajima et al, the sIL-2R
level, especially in CSF, could be quite useful for diagnosis of

CEL (14). However, only a few reports of the level of sIL-2R
in CSF are available, and the utility of measuring sIL-2R in
CSF and its cut-off value are not known in CEL patients.
Examination of CSF is helpful for the diagnosis of menin-
gitis, malignant tumors of the spinal cord including CEL,
and meningeal dissemination. In these diseases, CSF find-
ings generally show increased leukocytes, elevated protein
levels, and decreased glucose. In previously reported cases,
an increase in leukocytes was observed in 82.4% of patients,
elevation of protein level in 88.2%, and a decline in glucose
in 41.2% (Table I). However, distinguishing spinal cord
tumors from infections with these CSF findings is difficult.
Nishida et al reported that cytology and immunophenotyping
of CSF are effective diagnostic tools for CEL (20). In addi-
tion to general CSF examinations such as the cell count and
protein and glucose levels, if atypical cells are observed with
CSF cytology, immunophenotyping analysis could improve
the accuracy of diagnosis of CEL. In this review of reported
articles, only three cases were diagnosed with cytology
and CD20 immunotyping of CSF (11,20,25). Furthermore,
because a lumbar puncture for obtaining CSF is quickly
performed, Nishida et al reported that cytology of CSF is
useful for monitoring molecular disease recurrence (20).
However, the majority of reported cases were diagnosed with
histopathological examination of tumors obtained during
surgery or biopsy of the tumor that affected the cauda equina
nerve. Broen ef al recommended an early biopsy of the nerve
root for a definitive diagnosis (22). The possibility of irrevers-
ible nerve damage due to nerve root biopsy is a concern, but
the effectiveness of obtaining a definitive diagnosis is thought
to exceed that risk. In particularly, biopsy of the infiltrated
nerve is also recommended for diagnosis of chronic inflam-
matory demyelinating polyradiculopathy (29). In our present
case, we were able to obtain a definitive diagnosis following a
biopsy of the cauda equina. The major histopathological type
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Figure 3. Histopathological examination and immunohistochemistry of the cauda equina following a biopsy. (A) Hematoxylin and eosin staining revealed
lymphoma cells (*) infiltrated into the nerve (") (magnification, x100). (B) Lymphoma cells presented a large nuclei and little cytoplasm with a high magnifica-
tion view (magnification, x200). Immunohistochemistry showed that the atypical large lymphoma cells were negative for (C), CD3, (D) CDS5, and (E) CD10
(magnification, x200). (F) The nerve region infiltrated by lymphoma cells in figure A was positive by S-100 staining (magnification, x100). Immunostaining
for (G) CD20, (H) BCL2, and (I) MUM-1 were diffusely strong positive for the atypical large lymphoma cells (magnification, x200). Immunostaining for
(J) BCL6 was weakly positive for the atypical large tumor cells (magnification, x200). CD, cluster of differentiation; BCL2, B-cell lymphoma 2; MUM-1,

multiple myeloma oncogene 1.

Figure 4. Gadolinium-enhanced T1-weighted magnetic resonance images at
3 months after the completion of chemotherapy. On an axial image at the level
of the L4/5 disc, the cauda equina roots showed disappearance of enhancement.

of CEL was the diffuse large B-cell type, which makes up
approximately 82.6% of reported cases of CEL. The T-cell
type and natural killer/T cell type are rare subtypes (10,15).

The imaging findings of these 23 cases of primary CEL are
summarized in Table II. MR images are useful for assessing
the location of lesions and morphology of the cauda equina.
Multiple levels of the spine are involved, from T11 to S1. In
more than 60% of the 23 reported cases, CEL extended to the
L1 to L4 level (Fig. 5). The most common MR finding of CEL
is swelling or enlargement of the cauda equina root (2,8-25).
Enlarging nerve roots in CEL exhibit mostly isointensity or low

intensity relative to the signal of the spinal cord on T1-weighted
images (2,10,15,20,21,25), and high signal intensity may be
observed in rare cases (8,9). On T2-weighted images, enlarging
nerve roots of CEL show low or isointensity relative to the spinal
cord in 78% of cases (2,13-15,18,21-23,25), and approximately
20% of cases show slight hyperintensity (17,19,20). In all cases
in which contrast MR imaging was performed, the enlarged
cauda equina exhibited a contrast effect (2,9-16,19-25). The
features of MR images of CEL are enlargement of the cauda
equina with iso- or low intensity relative to the spinal cord
signal on both T1- and T2-weighted images and the presence of
enhancement of the cauda equina on contrast MR images. The
findings of MR images in our case also showed enlargement of
the cauda equina with isointensity on T1-weighted images, low
intensity on T2-weighted images, and enhancement in contrast
images, which were consistent with the representative findings
of CEL. Enlargement of the cauda equina on MR imaging
is observed not only in CEL, but also in chronic inflamma-
tory demyelinating polyradiculopathy, neurofibromatosis,
malignant peripheral nerve sheath tumors, and metastatic
cauda equina carcinoma tumors (25). Distinguishing between
the above-mentioned diseases and CEL with only MR image
findings is difficult. Therefore, elevation of protein and sIL-2R
levels in the CSF, CSF cytology, and CD20 immunopheno-
typing of CSF are considered useful for adjunctive diagnosis
of CEL. Ultimately, a nerve root biopsy of the cauda equina
can lead to a definitive diagnosis of lymphoma (22).
FDG-PET/CT examination of CEL was performed in
eight cases including our case among those reported after
2008 (2,16,20-22,24,25). The findings of FDG-PET/CT show
increasing FDG accumulation in tumor lesions in seven
cases (87.5%). However, the maximum SUV was reported
only for the two cases described by Wang ef al (25) and
our case; the maximum SUV were 9.6 and 4.9, respectively.
These values are very low compared with the median SUV
max of 21 (range 8.2-47.1) of general DLBCL (30). Because
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MR imaging
PET/CT
Swelling of
cauda FDG SUV
Author, year Level TIWI T2WI Enhancement equina  accumulation max (Refs.)
Mauney and Sciotto, 1983 NA NA NA NA NA None (6)
Toner et al, 1987 NA NA NA NA NA None (7)
Klein et al, 1990 L1-L2 Focally high NA NA None )
Knopp et al, 1994 L1-L3 Heterogeneously NA + + None )
high
Ooi et al, 1996 L2-L4 Isointense NA None (10)
Giobbia et al, 1999 L5-S1 NA NA + + None (11
Zagami and Granot, 2003 Below NA NA + + None (12)
cornus

Kumar and Dyck, 2005 L2-S1 NA Low + + None (13)
Tajima et al, 2007 T12-L3 NA Low + + None (14)
Khong et al, 2008 T12-L3 Low Low + + No findings NA  (2)
Morita et al, 2009 L3-L5 Isointense Low + + None (15)
Beitzke et al, 2010 T12-S1 NA NA + + Increased NA (16)
Teo et al,2012 T11-L4 NA Slightly high NA + None a7
Cugati et al, 2012 L2-L3 [Isointense Isointense NA + None (18)
Iwasaki et al, 2012 T12-L1 NA Slightly high + + None (19)
Nishida ef al, 2012 T12-L2 Low Slightly high + + Increased NA (20)
Nakashima et al, 2014 T12-S1 Low Low + + Increased NA (21)
Broen et al, 2014 L2-L5 NA Low + + Increased NA (22)
Broen et al, 2014 T12-L5 NA Low + + None (22)
Shin et al, 2016 L3-L5 NA Low + + None (23)
Belcastro et al, 2016 L2-1.4 NA NA + + Increased NA (24)
Wang et al, 2016 T11-L5 Low Isointense + + Increased 9.6 (25
Our case L1-S1 Low Low + + Increased 49

MR, magnetic resonance; PET/CT, positron emission tomography/computed tomography; WI, weighted image; FDG, fluoro-deoxy-glucose;
SUYV, standardized uptake value; NA, not available; L, lumbar; T, thoracic.

18
16
14
12
10

Number of cases

(=T N

T4 T12 U1 L2 L3 L4 L5 S

Level of involved spine
Figure 5. Frequency of involvement of different vertebral levels by cauda

equina lymphomas. The levels from L1 to L4 of the spine are frequently
involved in lymphoma as seen on MR images.

the maximum SUV for CEL was reported in only two cases
including our case, the average or cut-off of the maximum
SUV for CEL is unclear. On the other hand, the maximum
SUV for NL with multiple lesions ranges from 4.9 to 13.0 in
multiple peripheral nerves (31). Therefore, in NL including
CEL, the SUV of the lesion may not be as high as in general
DLBCL. In this case, the reason for the low SUV max of CEL
may reflect good prognostic biological characteristics, as
this patient with CEL maintained no evidence of disease for
6 years after treatment. The maximum SUV on FDG-PET/CT
for newly diagnosed patients with DLBCL is an important
predictor of disease progression (30). FDG-PET/CT examina-
tion in CEL is also useful for evaluating lesion spread, staging
of lymphoma, and response to therapy (25). However, further
information on the maximum SUV for NL including CEL is
required.
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Treatment for PCNSLs includes radiotherapy alone,
chemotherapy alone, and radiation therapy combined with
chemotherapy. The reported treatments for primary CEL include
three cases treated with radiation alone, seven with chemotherapy
alone, and 10 with radiation combined with chemotherapy. The
most effective chemotherapeutic regimens for PCNSLs are
high-dose methotrexate and multimodal therapy such as adding
other chemotherapeutic agents with or without radiation (32).
Ferreri et al reported that the addition of high-dose cytarabine
to high-dose methotrexate and radiation improves the overall
response rate from 40 to 69% and prolongs progression-free
survival from 3 to 18 months (33). In our case, the patient was
treated with combination therapy that included high-dose
methotrexate and high-dose cytarabine, and he has been living
long-term for over 6 years with no evidence of disease. Major toxic
effects of chemotherapy with high-dose cytarabine plus metho-
trexate include neutropenia, thrombocytopenia, and anemia, at a
frequency of 90% or more (32). In our case, the patient showed
neutropenia and Grade 3-4 anemia. Survival data for primary
CEL, including our case, were available for 21 of the 23 cases.
Thirteen patients were alive at the last follow-up observation
(follow-up period was 3 to 81 months).

In summary, primary CEL is a rare tumor among NL.
This is the first summary of the 23 reported cases, including
our present additional case, of primary CEL in terms of the
clinical characteristics, laboratory data, analysis of CSF, and
features of MR imaging and FDG-PET/CT. Clinical symptoms
of CEL are more common in cases of cauda equina syndrome,
but are rarely seen in cases of radiculopathy. The typical
features seen on MR imaging are enlargement of the cauda
equina with iso- or low intensity relative to the spinal cord
signal on both T1- and T2-weighted imaging and enhance-
ment of the cauda equina on contrast MR images. Although
a few reports of FDG-PET/CT findings are available, FDG
accumulation in CEL appears to be increased, but to a lesser
extent than in general DLBCL. For the early adjunct diag-
nosis of CEL, measuring sIL-2R in the CSF, CSF cytology,
and immunotyping of CSF are useful, but histopathological
analysis following a biopsy of the cauda equina is necessary
for definitive diagnosis. The standard treatment for CEL is
chemotherapy using high-dose methotrexate, and prognosis is
expected to be better when starting treatment early.
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