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Abstract:

Intravascular large B-cell lymphoma (IVLBCL) is a subtype of B-cell lymphoma, characterized by lym-
phoma cell proliferation within small blood vessels. We herein describe a rare case with long spinal cord le-
sions caused by venous congestive myelopathy associated with IVLBCL. An 81-year-old man presented with
paraplegia of the lower limbs and sensory disturbances. Magnetic resonance imaging revealed intramedullary
longitudinal T2-hyperintensity lesions in the thoracic cords. The patient died three months after disease onset,
and a neuropathological analysis revealed predominantly atypical B-lymphocytes located sparsely in the veins

of the spinal cord. IVLBCL should be considered in the differential diagnoses of long spinal cord lesions.
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Introduction

Intravascular large B-cell lymphoma (IVLBCL) is a rare
and distinct form of large B-cell lymphoma, characterized
by the growth of malignant lymphocytes within the lumina
of small blood vessels (1, 2). The growth of these lympho-
cytes may result in ischemic lesions, which can affect the
spinal cord. However, few reports are available on long spi-
nal cord lesions associated with IVLBCL; thus, the clinical
features and pathomechanism underlying disease progression
remain unclear. Therefore, when a patient shows long spinal
cord lesions with predominantly neurological manifestations,
it is challenging to identify IVLBCL as a cause of neuro-
logical symptoms. We herein investigated the clinicopa-
thologic features of an autopsied case of an 81-year-old
Japanese man presenting with long spinal cord lesions by
venous congestive myelopathy associated with IVLBCL.

Case Report

A previously healthy 81-year-old Japanese man experi-
enced dysuria two weeks before visiting our hospital, ac-
companied by sudden-onset hypoesthesia in his left lower
limb, and the right lower limb soon thereafter. He also pre-
sented with muscle weakness of the lower limbs, which
worsened rapidly and made standing difficult; thus, he was
referred to our department and was hospitalized. On admis-
sion, he was alert, and the vital examination findings were
as follows: body temperature, 36.8°C; arterial blood pres-
sure, 99/40 (systolic/diastolic) mmHg; and pulse rate, 55/
min.

Neurological testing revealed left-dominant incomplete
paraplegia of the lower limbs. A manual muscle test (right/
left) was performed to examine the gluteus maximus and
iliopsoas muscles (2/1) and the quadriceps, hamstrings, tibi-
alis anterior, and gastrocnemius muscles (1/0). Moreover, the
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Figure 1.

1.5 Tesla magnetic resonance imaging (MRI) of the spinal cord. a: On the first hospital

day, T2-weighted image (T2WI, the left panel) shows an intramedullary lesion with high signal inten-
sity at the T3 to T6 level. b: The second MRI 10 days after admission. T2ZWI hyperintensity lesions
tend to expand and split between T3 to T4 and TS5 to T6. c: The third MRI on the 18th day after ad-
mission. T2WI (the left panel) reveals that the hyperintensity lesions remain unchanged and gadolin-
ium-enhanced T1WI (the right panel) demonstrates abnormal mild gadolinium enhancement on the
dorsal edge of T4 to T5. d: The fourth MRI on the 44th day after admission. The T2WI (the left
panel) shows that the hyperintensity lesions further expand and divide into the upper part of C7 to T4

and the lower part of T4 to T9. The gadolinium enhancement T1WI (the right panel) demonstrates
the faint enhancement effect on the height of T4 to TS5.

patient exhibited hyperreflexia of the patellar and Achilles
tendons, bilateral extensor plantar reflex, complete loss of
superficial (touch, pain, and temperature) and vibration
senses below the T10 level (defined by dermatome), and uri-
nary retention. Spinal cord magnetic resonance imaging
(MRI) revealed a hyperintensity lesion with cord swelling at
the T3 to T6 level on T2-weighted images (T2WI, Fig. 1a)
and diffusion-weighted images (data not shown). Subse-
quently, the lesion showed no improvement and extended
from C7 to T9 on T2WI with mild gadolinium enhancement
at T4 to T5 at the later disease stage (Fig. 1b-d). Laboratory
findings (Table 1) indicated normocytic anemia, thrombocy-
topenia, and slightly elevated lactate dehydrogenase (LDH).
There were no abnormal cells in a peripheral blood sample.
The initial diagnosis was spinal cord infarction, and anti-
platelet drugs were therefore administered; however, the pa-
tient’s condition deteriorated rapidly and resulted in com-
plete paraplegia of the lower limbs seven days after admis-
sion. On day seven, he developed a remittent fever with an
elevation of the soluble interleukin-2 receptor (SIL-2R) level
(Table 1, 12 days after admission). This led us to investigate
the cerebrospinal fluid (CSF) for possible malignant lym-
phoma in the central nervous system (CNS). No abnormal
findings, including sIL-2R level or malignant cells on cytol-
ogy, were evident. Therefore, based on the alternative diag-
nosis of idiopathic transverse myelitis, the treatment for in-
farction was discontinued, and methylprednisolone (mPSL)
pulse therapy (1,000 mg/day for three days) was adminis-
tered. This did not improve the paraplegia or MRI findings
on T2WI. These clinicoradiological inefficacies of the ster-
oid treatment prompted us to perform further examinations
to detect any malignancies, including malignant lymphomas.

Whole-body contrast-enhanced computer tomography,
whole-body gallium scintigraphy, and aspiration and biopsy
of the bone marrow were completed; however, no supportive
evidence was found. On day 16, a positive fecal occult
blood test was obtained; the subsequent colonoscopy showed
no malignancy, and the esophagogastroduodenoscopy (EGD)
was suggestive of severe atrophic gastritis. On biopsy, an
edematous mucosa seen in the gastric fornix had been infil-
trated by small to medium-sized slightly atypical lymphoid
cells within the lamina propria. Immunohistochemical stain-
ing demonstrated CD20(+), CD79a(+), Bcl2(+), CD3(-),
CD5(-), and CDI10(-). The Ki-67 labeling index was over
50%, despite the low morphological malignancy (data not
shown). A pathological diagnosis of gastric extra-nodal mar-
ginal zone lymphoma of mucosa-associated lymphoid tissue
type (MALT lymphoma) was thus made. The patient re-
ceived H. pylori eradication therapy after a positive urea
breath test on day 34. Sixty days after admission, he devel-
oped cardiopulmonary arrest due to bleeding from the mu-
cosal lesion in his stomach. A second gastric biopsy was
performed, which revealed progression to diffuse large B-
cell lymphoma (DLBCL) (Fig. 2). He was successfully re-
suscitated, but was unable to receive chemotherapy for
DLBCL due to his critical status. He died 77 days after ad-
mission and an autopsy was performed (Fig. 3).

Autopsy findings

Macroscopically, the spinal cord showed bilateral multifo-
cal softened lesions with hemorrhaging mainly in the gray
matter of the spinal cord extending from T3 to S3 segments
apparent at the thoracic level (Fig. 4a). Microscopically,
these lesions seemed to have been caused by two distinct
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Table 1. Laboratory Data on Admission and 12 Days after Admission.

On admission 12 days after admission

Hematology Biochemistry

WBC (4-9x103/uL) 4.940 TP (6.5-8.3 g/dL) 6.7

Differential count™! ALB (3.9-4.9 g/dL) 33 ALB 2.0
Neutrophils (42-74%) 61.0 AST (8-38 U/L) 36 AST 47
Eosinophils (0-7%) 1.0 ALT (4-43 U/L) 22 ALT 41
Basophils (0-2%) 0.0 LDH (106-211 U/L) 299 LDH 162
Monocytes (1-8%) 12.0 ALP (103-335 U/L) 200 ALP 186
Lymphocytes (18-50%)  26.0 YGTP (13-66 U/L) 15

RBC (431-565%10%/uL) 494 T-bil (0.2-1.2 mg/dL) 1.1 T-bil 0.6

Hb (13.7-17.4 g/dL) 11.1 CK (61-225 U/L) 80

Ht (40.2-51.5%) 333 BUN (9-23 mg/dL) 17.7 BUN 13.7

MCYV (83-101 fL) 95.2 Cre (0.6-1.1 mg/dL) 0.41 Cre 0.56

MCH (28.1-34.5 pg) 31.7 UA (3-7 mg/dL) 3.6

MCHC (31.9-34.7 g/dL) 333 CRP (<0.1 mg/dL) 543

Plt (13-38x10%uL) 3.9 Anti-AQP4 antibody™?  (-) B2MG (0.9-2.0 mg/dL) 2.3

Anti-MOG antibody*3 ) sIL-2R (122-496 U/mL) 7,901

The range of normal values are given in parenthesis.

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Ht: hematocrit, MCV: mean corpusclular volume, MCH:
mean corpusclular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, Plt: platelet, TP: total protein, ALB:
albumin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ALP: alkaline
phosphatase, YGTP: gamma-glutamyltransferase, T-bil: total bilirubin, CK: creatine kinase, BUN: blood urea nitrogen, Cre:
creatinine, CRP: C-reactive protein, AQP4: aquaporin4, MOG: myelin-oligodendrocyte glycoprotein, 52MG: 32 micro glob-
ulin, sIL-2R: soluble interleukin 2 receptor

*1 Leukocyte differential count was based on visual inspection. All of neutrophils were segmented neutrophils.

*2 anti-AQP4 antibody was measured by enzyme-linked immunosorbent assay (ELISA) and cell-based assay.

*#3 anti-MOG antibody was measured by cell-based assay.

Figure 2. The endoscopic findings and gastric mucosa biopsy findings. a: Esophagogastroduode-
noscopy 67 days after admission reveals the growth of the edematous mucosal lesion (arrow). b: The
tumor cells with increasing size and cellularity with a high nuclear-to-cytoplasmic ratio [Hematoxylin
and Eosin (H&E) staining, x10]. ¢: Evident nuclear atypia (H&E staining, x40). d: The tumor cells
with CD20-immunoreactivity (CD20, x20). e: Ki-67 labeling index over 50% (Ki-67, x20). Scale bar:
100 um in b.

disorders: arteriogenic infarction and venous congestion (Ta-
ble 2). Regarding the arteriogenic infarction, focal necrosis
with infiltration of macrophages was observed on the left
side of the lateral column at levels T3 to TS (Fig. 4b-i) and
on the right side of the posterior horn from L4 to SI. In
contrast to the focal necrosis, severe venous congestion in-
duced extensive necrosis independently of the blood circula-
tion at T6 to T7 (diffuse necrosis) (Fig. 4b-iv) (Table 2).

Furthermore, the gray matter hemorrhage (Fig. 4b-ii) and
vacuolated changes in the peripheral area of the white mat-
ter (peripheral vacuolation) (Fig. 4b-iii) were associated with
venous congestion, both of which presented as long cord le-
sions (Table 2). Some atypical B-lymphocytes were found
within the vessel lumens in the CNS, mainly in the venous
lumens (Fig. 4c, d) in the spinal cord, whereas no tumor
mass was observed in the parenchyma in these areas. Inter-
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Figure 3. A summary of the patient’s clinical course. The patient died 77 days after admission, ap-
proximately 3 months after onset. AMPC: amoxicillin, BMA: bone marrow aspiration, CM: clar-
ithromycin, CPA: cardiopulmonary arrest, EGD: esophagogastroduodenoscopy, LDH: lactate dehy-
drogenase, mPSL: methylprednisolone, P-CAB: vonoprazan, RBC: red blood cell, sIL-2R: soluble

interleukin-2 receptor, u: unit, 32MG: 32-microglobulin

estingly, tumor cells within the spinal and cerebral vessels
and those in the stomach shared some pathological features,
such as being medium-sized and showing less morphologi-
cal malignancy, unlike the common appearance of diffuse B-
cell lymphoma. The venous walls in the subarachnoid space
and parenchyma adjacent to the lesion presented with fi-
brous thickening and hyalinization with leakage of the
plasma components, some of which were obstructed
(Fig. 4e), thus implying subchronic hemodynamic stress un-
der the venous system within the spinal canal. There was no
evidence of spinal arteriovenous fistula, which is known to
form long spinal cord lesions. A general autopsy revealed
metastatic lesions in the liver and spleen. These findings
suggested that this patient had experienced a spinal cord in-
farction and venous congestive myelopathy associated with
intravascular large B-cell lymphoma, with the primary lesion
originating from the stomach.

Discussion

We experienced a patient with IVLBCL in whom long
spinal cord lesions were demonstrated by spinal MRI. Fur-
thermore, we were able to pathologically demonstrate the
presence of venous congestion and diffuse necrosis in the
intramedullary lesion, suggesting that the long spinal cord
lesions had been caused by venous congestive myelopathy
associated with IVLBCL.

It may be challenging to clinically establish a diagnosis of
IVLBCL and myelopathy due to its rarity. So far, only 6
IVLBCL cases with long spinal cord lesions extending over
three or more vertebral segments have been reported (Ta-
ble 3) (3-8). The clinical presentation in the present case re-
sembled that in the previously reported cases, all of which
demonstrated subacute disease onset and primary progres-
sion of a motor and sensory deficit, accompanied by longi-
tudinal lesions on spinal MRI (Table 3) (3-8). In three of the
six previous cases, immune-mediated disease was suspected.
As neuromyelitis optica spectrum disorders (NMOSDs) ac-
count for the majority of long spinal cord lesions associated
with immune-mediated disease (9, 10), it is important to dis-
tinguish NMO from other diseases, including malignant
Ilymphoma, as the cause of long spinal cord lesions. Among
the patients with IVLBCL, the reported symptoms differed.
On this basis, we propose two features that may be useful
for differentiating NMOSDs from IVLBCL: (i) Patients with
NMOSDs are relatively younger at disease onset than pa-
tients with IVLBCL [40.1£16.3 (11), and 63.9+18.1 years
old (Table 3), respectively]. (ii) Patients with NMOSDs
show more acute changes in the disease course than patients
with IVLBCL. In addition, in NMOSDs, the spinal cord le-
sions are fully developed at onset and only rarely progress
thereafter.

On the other hand, as steroid treatment is generally
known to be effective to some extent in both diseases, the
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Figure 4. Histopathologic features of the spinal cord in the studied patient. a: Fixed sections show-

ing extensive and multifocal lesions with hemorrhage from T3 to S1 segments. Note severely affected
lesions of the thoracic cord. Macroscopically, no hemorrhagic lesion appears above the level of T2. b:
Semi macroscopic features subjected to Kliiver-Barrera (KB) staining. Focal lesion of the left lateral
column and Wallerian degeneration of the bilateral gracile fasciculus (arrows) in T3. Multifocal le-
sions in the gray and white matter in T6. i: Focal necrosis, ii: Gray matter hemorrhage, iii: Periph-
eral vacuolation, iv: Diffuse necrosis [KB, x1.25, i-iv, Hematoxylin and Eosin (H&E) staining, x10]. c,
d: Some CD20-positive atypical B-lymphocytes within the lumen of the spinal intramedullary vein (c:
H&E staining, x20, d: CD20, x20). e: A vein in the subarachnoid space with fibrous thickening and
obstruction (H&E staining, x10). Scale bar: 4 mm in a, 1.5 mm in b, 100 um in i-iv, 25 um in ¢ and d;
50 um in e.

Table 2. Pathological Findings of the Spinal Cord in the Studied Patient.

Arteriogenic feature Venousgenic features

Level* Focal necrosis Diffuse necrosis ~ Gray matter hemorrhages  Peripheral vacuolation
c7 - - - ++
T3 +; It. Lateral column - +++ 4+
T4 +; It. Lateral column - +++ -+
T5 +; It. Lateral column - +++ +++
T6 - + Not available** +++
T7 - + Not available®* +++
T9 - - +++ ++
T10 - - +++ ++
L2 - - + +
L3 - - ++ +
L4 +rt. Posterior horn - ++ S+
S1 +rt. Posterior horn - ++ T+
52 - - + ++
53 - - + ++

The presence or absence of focal necrosis and diffuse necrosis was expressed as "+" or "-", respectively.

The severity of gray matter hemorrhages and peripheral vacuolation were graded according to the semiquantitative
evaluation: none:-, mild:+, moderate:++, severe:+++.

* Spinal cord level, microscopically examined,

** Gray matter was not available due to severe destruction caused by diffuse necrosis.
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frequently develop in the spinal cord of patients with

efficacy of steroids is not useful for distinguishing the two
diseases. However, as was seen in the present case, steroid
therapy was not very effective in all four of the previously

IVLBCL (3, 5, 12, 13), meaning that efficacy and functional
outcome would depend on the size of the stroke lesion in

each case. Therefore, to improve the functional prognosis,
IVLBCL needs to be identified early before the lesion ex-

reported patients who received it (3-8) (Table 3). This may
be due to the fact that irreversible vascular-related lesions
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pands.

Elevated levels of LDH and sIL-2R, which are frequently
observed in IVLBCL (1), might be helpful indicators of the
possible presence of IVLBCL. The level of sIL-2R was ele-
vated in three of the previous cases and the present case
(Table 3). On the other hand, in four of the reported cases,
the LDH level was initially within the normal range or only
slightly elevated (Table 3), thus delaying a definitive diagno-
sis. Although it has been reported that LDH is a more sensi-
tive indicator than sIL-2R in intravascular malignant lym-
phoma (14), it may not be applicable to IVL cases with
long spinal cord lesions. Indeed, in our patient, LDH de-
creased to the normal range before mPSL infusion therapy
(Fig. 4). This suggests that, in this situation, a thorough and
careful systemic examination should be repeated, even if the
first examination shows no obvious evidence of malignancy.

Postmortem histopathology in the present case showed
that the tumor cells in the gastric mucosal lesions and lym-
phoma cells in the spinal vessels shared common mor-
phologic features, although the former appeared to be much
less malignant. This suggested that a highly proliferative B-
cell lymphoma originating in the gastric submucosa had me-
tastasized into the blood vessels and progressed to IVLBCL,
while few cases of MALT lymphoma associated with
IVLBCL have been reported (15, 16). Although random skin
biopsies have been reported to have about 80% sensitivity
for a definitive diagnosis of IVLBCL (17), we did not per-
form it here because of the rapid malignant progression of
the gastric mucosal lesion within a few months, and the out-
come was distinctly worse than described in the other cases
(Table 3). These features appear to reflect the fact that
DLBCL that transforms from MALT lymphoma can behave
more aggressively than primary DLBCL (15, 18).

Regarding the etiology of the spinal cord lesions in the
present case, the focal necrosis and long extensive lesions
seemed to be related to the arterial infarct and venous con-
gestion, respectively (Fig. 3) (Table 2). A comparison of the
spinal MRI findings with the histopathological findings sug-
gested that the gadolinium enhancement represented the T6
to T7 necrotic lesion, and that the T2WI hyperintensity ex-
tending above and below this enhanced area represented ve-
nous congestion (Fig. 1, 3) (Table 3). In rare cases, it has
been suggested that the azygous vein and vertebral venous
plexus may act as a pathway of metastatic spread from ab-
dominal organs to the corpus vertebra and subarachnoid
space (19). Similarly, we suspected that in the present case
the lymphoma cells from the stomach had involved these
veins, thereby increasing the intramedullary venous pressure
in the spinal cord, and thus leading to the onset of arterial
infarct. As a result, the venous congestion may have wors-
ened and caused the progressive long cord lesions. This
speculation is consistent with the disease course.

In conclusion, IVLBCL is rarely associated with long spi-
nal cord lesions due to venous congestion. If elderly patients
show symptoms related to subacute myelopathy and spinal
MRI demonstrates expanding long spinal cord lesions, then

further examinations such as serum sIL-2R and skin biopsy
are needed in order to make an unequivocal diagnosis of
IVLBCL.
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