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Primary Malignant Lymphoma of the Cauda Equina Diagnosed
after Decompression for Lumbar Spinal Stenosis: A Case Report
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Primary malignant lymphoma confinement to the cauda equina is rare. Only 14 cases of primary malignant
lymphoma in the cauda equina have been reported. In these cases, the clinical features were similar to
those of lumbar spinal canal stenosis (LSCS). This report describes a case of diffuse large B-cell
lymphoma of the cauda equina that was diagnosed after decompression surgery for LSCS. An 80-year-old
man presented with gait disturbance due to progressive muscle weakness in the lower extremities over the
previous two months. He was diagnosed with LSCS, and decompression surgery was performed.
However, the muscle weakness worsened after surgery; therefore, he was referred to our department.
Plain magnetic resonance imaging (MRI) revealed swelling of the cauda equina. It demonstrated marked
homogenous enhancement by gadolinium-diethylenetriamine pentaacetic acid. '®F-fluorodeoxyglucose
positron emission tomography ("®F-FDG PET) revealed diffuse accumulation of '®F-FDG in the cauda
equina. These imaging findings were consistent with those of cauda equina lymphomas. To confirm the
diagnosis, we performed an open biopsy of the cauda equina. Histological examination indicated diffuse
large B-cell ymphoma. Considering the patient’s age and activities of daily living, further treatment was not
performed. The patient died four months after the first surgery. Rapid progression of muscle weakness,
which cannot be prevented by decompression surgery, and swollen cauda equina on MRI may be signs of
this disorder. Gadolinium-enhanced MRI, "®F-FDG PET, and histological investigation of the cauda equina
should be performed for diagnosing primary malignant lymphoma of the cauda equina.
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al. 2014; Shin et al. 2016; Belcastro et al. 2016; Suzuki et

Introduction al. 2018).

Primary malignant lymphoma can occur in any part of
the central nervous system, including the brain, spinal cord,
and cauda equina (Grommes and DeAngelis 2017).
However, this pathology is rarely confined to the cauda
equina. To the best of our knowledge, only 14 cases have
been histopathologically confirmed as primary malignant
lymphoma of the cauda equina (Mauney and Sciotto 1983;
Toner et al. 1989; Klein et al. 1990; Knopp et al. 1994; Ooi
et al. 1996; Khong et al. 2008; Morita et al. 2009; Nishida
etal. 2012; Teo et al. 2012; Broen et al. 2014; Nakashima et

Patients with cauda equina lymphoma may show clini-
cal features similar to those of lumbar spinal canal stenosis
(LSCS). So far, no case reports have described patients
who suffered from LSCS along with malignant lymphoma
of the cauda equina. This report describes a case of diffuse
large B-cell lymphoma of the cauda equina that was diag-
nosed as LSCS and treated with decompression surgery.

Case Presentation
An 80-year-old man experienced gait disturbance due
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to progressive muscle weakness in the lower extremities,
severe numbness in both the legs, and polyuria over the last
two months. He was admitted to a nearby orthopedic hos-
pital. Manual muscle testing (MMT) revealed grade 2 mus-
cle weakness in the bilateral iliopsoas muscle and grade 1
to 2 weakness in the bilateral tibialis anterior, extensor hal-
lucis longus, and gastrocnemius muscles. Patellar tendon
reflexes (PTR) and Achilles tendon reflexes (ATR) were
absent bilaterally. The pinprick test revealed hypoesthesia
in both lower extremities.

Magnetic resonance imaging (MRI) revealed central
canal stenosis at the L3-4 level (Fig. 1A, B). Myelography
and subsequent computed tomography (CT) revealed nar-
rowing of the dural tube at L3-4 (Fig. 2A, B).
Cerebrospinal fluid (CSF) examination showed a cell count
of 100/uL (reference value 0-5 /uL), a protein level of 100
mg/dL (reference value 10-40 mg/dL), and a glucose level

Fig. 1. T2-weighted magnetic resonance images before
decompression surgery.
(A) Sagittal view. Slight lumbar canal stenosis (arrow) is
detected at the L3-4 level. (B) Axial view at the L3-4
level. The dural tube shows moderate compression
(arrow).

(A) (B)

Fig. 3. Magnetic resonance images (MRI) six weeks after the initial surgery.
(A) T2-weighted MRI sagittal view. The dural tube at the L3-4 and L4-5 levels is well decompressed (arrow), however,
L2-3 or more cranial, no cerebrospinal fluid is found (arrowhead). (B) T2-weighted MRI axial view at the L2 level.
Swelling of the cauda equina is seen in the dural tube (arrow). (C) Gadolinium (Gd)-enhanced MRI sagittal view. The
cauda equina is clearly and homogenously enhanced (arrowhead). (D) Gd-enhanced MRI axial view. The intracanal
region is well-enhanced (arrow).

of 45 mg/dL (reference value 50-75 mg/dL). Cytological
examination of the CSF indicated no malignancy.
Hematological tests for tumor markers, white blood cell
count, and C-reactive protein levels were within the normal
range. Based on neurological, radiological, and
biochemical examinations, the patient was diagnosed with
LSCS and underwent L3 laminectomy three months after
the onset of his symptoms. However, his symptoms did not
improve, and muscle weakness in the tibialis anterior wors-
ened. Additional decompression surgery at L4-5 was per-
formed two weeks after the initial surgery, yet the muscle
weakness persisted. Since the cause of progressive muscle
weakness could not be identified, he was referred to us five
weeks after the first surgery.

On arrival at our hospital, the patient’s leg motor
strength on MMT was grade 0 to 2 bilaterally. Plain MRI
showed good decompression of the dural tube at L3-4 and

(A) (B)

Fig. 2. Computed tomography findings after myelography
before decompression surgery.
(A) Sagittal view. Filling defect (arrow) of the contrast
medium is found at the L3-4 level. (B) Axial view at the
L3-4 level. The contrast medium is only detected at the
rim of the dura mater (arrowhead).

(C) (D)
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(A)

Fig. 4. Findings of "*F-fluorodeoxyglucose-positron emission tomography (**F-FDG PET).
(A) Axial fused PET/computed tomography (CT) image at L2. Accumulation of FDG in the spinal canal (arrow) is
detected, where the maximum standardized uptake value is 22.2. (B) Coronal maximum intensity projection PET im-
age. Abnormal FDG uptake along the spinal canal (arrowhead) is demonstrated.

(A)

(B)

Fig. 5. Intraoperative photographs of open biopsy.
(A) After durotomy, swelling of the cauda equina is seen
in the intradural space (arrowhead). (B) One of the
spinal nerves (arrow) was sacrificed for biopsy.

L4-5. However, cranial to L2-3, swelling of the cauda
equina was seen in the dural tube in transverse planes.
Swollen cauda equina showed marked enhancement by
gadolinium-diethylene triamine pentaacetic acid
(Gd-DTPA). The L2 vertebral body, which partially
showed high signal intensity on T2-weighted images and
was well enhanced by Gd-DTPA, was suspected to be a
hemangioma (Fig. 3). '*F-fluorodeoxyglucose positron
emission tomography ("*F-FDG PET) demonstrated
diffused accumulation of FDG in the cauda equina, with a
maximum standardized uptake value (SUV,,,,) of 22.2 (Fig.
4). There was no other site of malignant lymphoma
including elsewhere in the nervous system.

The patient’s serum soluble interleukin 2 receptor

(sIL-2R) level was 558 U/ml, which was within the refer-
ence value of 205-587 U/ml. Other tumor markers were
also within the normal range. The patient’s symptoms and
imaging findings suggested that he had a malignant tumor
or inflammatory disease. The differential diagnoses
included hematological malignancies, metastatic tumors,
chronic inflammatory demyelinating polyradiculoneuropa-
thy, hereditary motor sensory neuropathies, and sarcoidosis
(Hayashi et al. 2008).

To confirm the diagnosis, we performed an open
biopsy of the cauda equina and flow cytometry of the CSF
six weeks after the first surgery. Upon L2 laminectomy and
durotomy, the cauda equina appeared markedly swollen,
and one of the spinal nerves was sacrificed for biopsy (Fig.
5). The level of sIL-2R in CSF was 16,388 U/ml, which
was remarkably higher than its reference value of 10 U/ml.
Histological examination revealed nerve infiltration by
atypical cells with little cytoplasm and large nuclei (Fig.
6A). Immunocytochemistry revealed positivity for cluster
of differentiation 45 (CD45) (Fig. 6B), CD20 (Fig. 6C),
CD79a (Fig. 6D), B-cell lymphoma 2 (BCL2) (Fig. 6E),
BCLG6 (Fig. 6F), and a high proliferative index (Ki-67 80%)
(Fig. 6@G), indicating diffuse large B-cell lymphoma. Flow
cytometry of the CSF also supported this diagnosis. The
patient was transferred to the Department of Hematology.
Several treatment options were considered, such as
radiotherapy and chemotherapy; however, further treatment
was not performed because of the patient’s age and activi-
ties of daily living. The patient died due to aspiration pneu-
monia four months after the first surgery.

Written informed consent was obtained from the
patient.

Discussion

Primary malignant lymphoma confined to the cauda
equina is extremely rare. To the best of our knowledge,
only 14 cases in previous English-language scientific jour-
nals have been confirmed by histopathology, and a summary
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Fig. 6. Histopathological examination and immunohistochemistry of the spinal nerve.
(A) Hematoxylin-eosin stain. Atypical cells with a large and bizarre nucleus infiltrate into nerve fibers (arrow) (bar: 100
um). (B-F) Immunocytochemistry. Atypical lymphoma cells show positive staining by the antibodies of CD45 (B),
CD20 (C), CD79a (D), BCL2 (E) and BCL6 (F) (bar: 100 um). (G) Immunostaining of Ki-67. Atypical lymphoma
cells indicate Ki-67 expression. The positive rate of Ki-67 was 80% (bar: 100 um). CD, cluster of differentiation;

BCL2, B-cell lymphoma 2.

Table 1. Summary of primary malignant lymphoma of the cauda equina.

Intervalof ~ Swellingof  Enhancement ~ FDGaccumu-  sIL-2R (U/ml) Definitive Treat-
Authors Age/Sex onset- caudaequina by Gd-DTPA lationon ~———————— diaenosis Pathology ment Outcome F/U
diagnosis on MRI onMRI  ISF-FDGPET Serum CSF en
. Tumor B-cell .

Mauney and Sciotto 1983 68/F 1w N/P N/P N/P N/P N/P .. RT Alive  3m
excision  lymphoma

Toner et al. 1989 59/M 10 w N/P N/P N/P N/ N/P  Biopsy Breell proT Alive  2yr
lymphoma

Klein et al. 1990 29/F 2w + N/P N/P Np o Np o umor o Beeel e g sw
resection  lymphoma

Knopp et al. 1994 69/F 3w . + N/P NP NP Biopsy Malignant g g s
lymphoma

Ooi et al. 1996 16/M 3w . + N/P NP N/P Biopsy Teell preT Died  8m
lymphoma

Khong et al. 2008 16/M 6w + + N/P N/P N/P Biopsy DLBCL RT,CT Alive lyr

Moritaetal. 2000  67M 8w + + N/P Np o N umor o NRReel ppop g4
resection  lymphoma

Nishidaetal. 2012 47/M 15w + + N/P 233 np Oologyof Beeell o gm
CSF lymphoma

Teo et al. 2012 58/M 8w + N/P N/P N/P N/P Biopsy DLBCL RT,CT Alive 2yr

Broen et al. 2014 71/F 40w + + N/P N/P Biopsy DLBCL CT Alive  N/S

Nakashima et al. 2014~ 59/M 28w + + + 458 N/P Biopsy DLBCL RT,CT Alive 1yr

Belcastro etal. 2016 47/M 16 w N/P + + NP NP  Biopsy B-cell CT  Died 2m
lymphoma

Shin et al. 2016 79/F 2w + + N/P N/P N/P Biopsy DLBCL CT Alive  N/S

Suzuki et al. 2018 65/M 20w + 514 2033 Biopsy DLBCL CT Alive  8lm

Present case 2023 80/M 8w + + + 558 16388  Biopsy DLBCL None Died 4m

MRI, magnetic resonance image; Gd-DTPA, gadolinium-diethylenetriaminepentaacetic acid; FDG, fluorodeoxyglucose; PET, positron emission
tomography; sIL-2R, serum soluble interleukin 2 receptor; CSF, cerebrospinal fluid; F/U, duration of follow-up after onset; N/P, not performed; N/S,
not stated; DLBCL, diffuse large B cell lymphoma; NK, natural killer; RT, radiation therapy; CT, chemotherapy; M, male; F, female; w, week(s); m,

month(s); yr, year(s).
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of these patients is shown in Table 1. There were nine men
and five women with an average age of 54 years. All
patients had bilateral leg pain. The PTR and ATR were
recorded in 12 patients and were diminished or absent in all
of them. Ten patients showed bilateral anesthesia or
hypoesthesia. Muscle weakness was detected in multiple
nerve root distributions in 11 patients and progressed within
12 weeks in 10 patients (Mauney and Sciotto 1983; Toner
et al. 1989; Klein et al. 1990; Knopp et al. 1994; Ooi et al.
1996; Khong et al. 2008; Morita et al. 2009; Nishida et al.
2012; Teo et al. 2012; Shin et al. 2016). Although patients
with acute bilateral drop foot caused by LSCS have been
reported (Demetriades et al. 2021), rapid progression of
muscle weakness deriving from multiple nerve root distri-
butions is not typically caused by ordinary LSCS (Watters
et al. 2008). The patient in this case also developed severe
paralysis in multiple nerve roots within 12 weeks. With the
benefit of hindsight, it is clear to us that the patient’s pro-
gression of symptoms and neurological findings were not
due to ordinary LSCS.

Plain MRI was performed in 11 of the reported cases,
with nine of these revealing swelling of the cauda equina
(Klein et al. 1990; Knopp et al. 1994; Khong et al. 2008;
Morita et al. 2009; Nishida et al. 2012; Teo et al. 2012;
Broen et al. 2014; Nakashima et al. 2014; Shin et al. 2016;
Suzuki et al. 2018). Gd-enhanced MRI was performed in
10 cases, and marked enhancement of the cauda equina was
observed in all these cases (Knopp et al. 1994; Ooi et al.
1996; Khong et al. 2008; Morita et al. 2009; Nishida et al.
2012; Broen et al. 2014; Nakashima et al. 2014; Belcastro
et al. 2016; Shin et al. 2016; Suzuki et al. 2018).
Furthermore, 'SF-FDG PET was performed in five cases,
which showed abnormal accumulation of FDG in the cauda
equina (Broen et al. 2014; Nakashima et al. 2014; Belcastro
et al. 2016; Suzuki et al. 2018). Among them, only one
study reported an SUV,,,, of 4.9 (Suzuki et al. 2018); how-
ever, our case showed a high SUV,,, of 22, which sug-
gested malignancy (Grisariu et al. 2010).

Open biopsy is essential for definitive diagnosis.
Except for one case diagnosed by flow cytometry, biopsy of
the cauda equina was performed in all cases (Mauney and
Sciotto 1983; Toner et al. 1989; Klein et al. 1990; Knopp et
al. 1994; Ooi et al. 1996; Khong et al. 2008; Morita et al.
2009; Teo et al. 2012; Broen et al. 2014; Nakashima et al.
2014; Shin et al. 2016; Belcastro et al. 2016; Suzuki et al.
2018), which provided detailed information to ensure opti-
mal therapy (Ito et al. 2020).

Definitive diagnosis at first presentation may have
been difficult in the present case, as the patient presented
with cauda equina syndrome. The cauda equina may have
been judged as swollen; however, it was difficult to deter-
mine whether the cauda equina was abnormal because its
thickness was affected by the presence of LSCS, and the
standard value for cauda equina thickness has not been
established (Matsushima et al. 2021). The elevated cell
count and protein level in the CSF, which suggested inflam-

matory or malignant disease, were the only findings that
suggested an abnormality of the cauda equina in this case.
Swelling of the cauda equina became more prominent after
the surgery.

The standard treatment strategies for primary central
nervous system lymphoma are radiotherapy, chemotherapy,
and combined radiotherapy and chemotherapy treatment.
High-dose methotrexate with high-dose cytarabine, fol-
lowed by radiation therapy, has been shown to improve
prognosis (Ferreri et al. 2009), whereas the major toxic
effects of chemotherapy, including neutropenia, thrombocy-
topenia, and anemia, have been reported with a frequency
0f 90% or more (Grommes and DeAngelis 2017).

Elderly patients are more likely to experience the
adverse effects of chemotherapy and radiotherapy (Abrey et
al. 2000). The present patient was 80 years old and had
severe paralysis, which was not expected to improve after
treatment. Therefore, we decided not to perform further
treatment for this patient.

In conclusion, the case of a patient with malignant
lymphoma of the cauda equina diagnosed after decompres-
sion surgery for LSCS is presented. Rapid progression of
muscle weakness, which cannot be prevented by decom-
pression surgery, and swelling of the cauda equina on MRI
may be the signs of primary malignant lymphoma of the
cauda equina. Once these findings are detected,
Gd-enhanced MRI and "*F-FDG PET should be performed,
and if necessary, the cauda equina should be histologically
investigated.

Conflict of Interest
The authors declare no conflict of interest.

References

Abrey, L.E., Yahalom, J. & DeAngelis, L.M. (2000) Treatment for
primary CNS lymphoma: the next step. J. Clin. Oncol., 18,
3144-3150.

Belcastro, V., Bellcocchi, S., Patriarca, C., Gini, G., Piola, M.,
Barca, S. & Arnaboldi, M. (2016) Cauda equina syndrome
due to large B-cell lymphoma: a case report. Neurol. Sci., 37,
825-827.

Broen, M., Draak, T., Riedl, R.G. & Weber, W.E. (2014) Diffuse
large B-cell lymphoma of the cauda equina. BMJ Case Rep.,
2014, ber2014205950.

Demetriades, A.K., Mancuso-Marcello, M., Baig Mirza, A., Frant-
zias, J., Bell, D.A., Selway, R. & Gullan, R. (2021) Acute
bilateral foot drop with or without cauda equina syndrome-a
case series. Acta Neurochir. (Wien.), 163, 1191-1198.

Ferreri, A.J., Reni, M., Foppoli, M., Martelli, M., Pangalis, G.A.,
Frezzato, M., Cabras, M.G., Fabbri, A., Corazzelli, G., Ilari-
ucci, F., Rossi, G., Soffietti, R., Stelitano, C., Vallisa, D., Zaja,
F., et al. (2009) High-dose cytarabine plus high-dose metho-
trexate versus high-dose methotrexate alone in patients with
primary CNS lymphoma: a randomised phase 2 trial. Lancet,
374, 1512-1520.

Grisariu, S., Avni, B., Batchelor, T.T., van den Bent, M.J.,
Bokstein, F., Schiff, D., Kuittinen, O., Chamberlain, M.C.,
Roth, P., Nemets, A., Shalom, E., Ben-Yehuda, D. & Siegal, T.;
International Primary CNS Lymphoma Collaborative Group
(2010) Neurolymphomatosis: an International Primary CNS
Lymphoma Collaborative Group report. Blood, 115, 5005-



346 M. Suzuki et al.

5011.

Grommes, C. & DeAngelis, L.M. (2017) Primary CNS lymphoma.
J. Clin. Oncol., 35, 2410-2418.

Hayashi, Y., Sakurai, T., Kimura, A., Ikeda, T., Matsuyama, Z.,
Suzuki, Y., Tanaka, Y., Hozumi, 1., Hosoe, H., Takahashi, H. &
Inuzuka, T. (2008) Selective cauda equina hypertrophy with
idiopathic inflammation. Muscle Nerve, 38, 1065-1069.

Ito, K., Nakamura, T., Horiuchi, T. & Takeshi, U. (2020) Cauda
equina biopsy as a tool in the diagnosis of malignant tumors.
J. Clin. Neurosci., 77,207-210.

Khong, P., Pitham, T. & Owler, B. (2008) Isolated neurolympho-
matosis of the cauda equina and filum terminale: case report.
Spine (Phila Pa 1976), 33, E807-811.

Klein, P., Zientek, G., VandenBerg, S.R. & Lothman, E. (1990)
Primary CNS lymphoma: lymphomatous meningitis
presenting as a cauda equina lesion in an AIDS patient. Can.
J. Neurol. Sci., 17, 329-331.

Knopp, E.A., Chynn, K.Y. & Hughes, J. (1994) Primary
lymphoma of the cauda equina: myelographic, CT myelo-
graphic, and MR appearance. AJNR Am. J. Neuroradiol., 15,
1187-1189.

Matsushima, S., Shimizu, T., Baba, A. & Ojiri, H. (2021) Physio-
logical pseudo-thickened cauda equina associated with dural
sac dilatation on magnetic resonance imaging. Neuroradiol.
J., 34,401-407.

Mauney, M. & Sciotto, C.G. (1983) Primary malignant lymphoma
of the cauda equina. Am. J. Surg. Pathol., 7, 185-190.

Morita, M., Osawa, M., Naruse, H. & Nakamura, H. (2009)
Primary NK/T-cell lymphoma of the cauda equina: a case
report and literature review. Spine (Phila Pa 1976), 34, E882-
885.

Nakashima, H., Imagama, S., Ito, Z., Ando, K., Kobayashi, K.,
Ukai, J., Muramoto, A., Shinjyo, R., Matsumoto, T.,

Yamauchi, I., Satou, A. & Ishiguro, N. (2014) Primary cauda
equina lymphoma: case report and literature review. Nagoya
J. Med. Sci., 76, 349-354.

Nishida, H., Hori, M. & Obara, K. (2012) Primary B-cell
lymphoma of the cauda equina, successfully treated with high-
dose methotrexate plus high-dose cytarabine: a case report
with MRI findings. Neurol. Sci., 33, 403-407.

Ooi, G.C., Peh, W.C. & Fung, C.F. (1996) Case report: magnetic
resonance imaging of primary lymphoma of the cauda equina.
Br. J. Radiol., 69, 1057-1060.

Shin, H.K., Oh, S.K., Woo, C.G., Huh, J.R., Suh, C.W. & Jeon,
S.R. (2016) Cauda equina lymphoma mimicking non-
neoplastic hypertrophic neuropathy of the cauda equina: a case
report. Br. J. Neurosurg., 30, 678-680.

Suzuki, K., Yasuda, T., Hiraiwa, T., Kanamori, M., Kimura, T. &
Kawaguchi, Y. (2018) Primary cauda equina lymphoma diag-
nosed by nerve biopsy: a case report and literature review.
Oncol. Lett., 16, 623-631.

Teo, M.K., Mathieson, C., Carruthers, R., Stewart, W. & Alakandy,
L. (2012) Cauda equina lymphoma--a rare presentation of
primary central nervous system lymphoma: case report and
literature review. Br. J. Neurosurg., 26, 868-871.

Toner, G.C., Holmes, R., Sinclair, R.A., Tang, S.K. & Schwarz,
M.A. (1989) Central nervous system lymphoma: primary
lumbar nerve root infiltration. Acta Haematol., 81, 44-47.

Watters, W.C. 3rd., Baisden, J., Gilbert, T.J., Kreiner, S., Resnick,
D.K., Bono, C.M., Ghiselli, G., Heggeness, M.H., Mazanec,
D.J., O’Neill, C., Reitman, C.A., Shaffer, W.O., Summers, J.T.
& Toton, J.F.; North American Spine Society (2008) Degen-
erative lumbar spinal stenosis: an evidence-based clinical
guideline for the diagnosis and treatment of degenerative
lumbar spinal stenosis. Spine J., 8, 305-310.




