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Case Report wem

Concurrent Schwannoma and Meningioma Arising in the Same Spinal

Level: A Report of Two Cases

Shingo Matsuda,' Yosuke Kajihara,” Masaru Abiko,' Takafumi Mitsuhara,’ Masaaki Takeda,' Vega Karlowee,'
Satoshi Yamaguchi,' Vishwa Jeet Amatya,’ and Kaoru Kurisu'

Concurrent multiple tumors developing in the spinal
cord are rare, except for in genetic disorders, such as
neurofibromatosis and von Hippel-Lindau disease.
Furthermore, concurrent tumors arising in the same
spinal level with discrete histopathology are much rarer.
We report two such cases. Case 1: A 53-year-old man
presented with intracranial hemorrhage that manifested
as disturbed consciousness and right hemiparesis.
Magnetic resonance (MR) angiography demonstrated
severe stenosis of the terminal portion of the bilateral
internal carotid arteries, implying Moyamoya disease.
Cranial MR images showed a hematoma in the left basal
ganglia perforating into the lateral ventricle, which was
incidentally detected as a spinal tumor compressing the
cervical cord at the C2 level. After conservative manage-
ment for cerebral hemorrhage, the patient underwent
total removal of the spinal tumor. Surgical findings
showed that the tumor consisted of extra- and intradural
components. Histopathological findings showed that
the extra- and intradural components were schwan-
noma and meningioma, respectively. Case 2: A 70-year-
old man presented with progressive left hemiparesis
and numbness in both lower extremities. Craniocervical
MR images demonstrated a paraspinal tumor compress-
ing the spinal cord at C2 level. Surgical findings dis-
closed that the tumor consisted of major extradural- and
minor intradural components. Histopathological study
showed that these components had discrete histological
findings: extradural lesion was schwannoma and intra-
dural lesion was meningioma. Concurrent tumors with
discrete histopathology should be considered in tumors
with extra- and intradural components, particularly,
when they are located in the high cervical spine.
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Introduction

Multiple primary spinal tumors are rare, except for in
genetic disorders, such as neurofibromatosis and von Hippel-
Lindau disease.'™ Moreover, multiple tumors with discrete
histological types arising in the same spinal level are signifi-
cantly rarer, with only six cases reported to date."® In this
study, we report two rare cases of concurrent tumors con-
sisting of meningioma and schwannoma arising in the C2
level of the spine.

Case Report

Case 1

A 53-year-old man presented with intracerebral hemorrhage
that manifested as disturbed consciousness and right hemipa-
resis. Magnetic resonance (MR) images of the brain showed a
hematoma in the left basal ganglia perforating into the lateral
ventricle, and a spinal tumor at the C2 level was incidentally
found. MR angiography showed severe stenosis of the ter-
minal portion of the bilateral internal cerebral arteries,
implying moyamoya disease. Conservative treatment resulted
in good symptom recovery, except for residual mild cognitive
disorder. A coronal section of T2-weighted MR images of the
cervical spine showed distortion of the cervical cord with
intramedullary signal change. Axial T2-weighted MR images
suggested the tumor has two components: extradural round-
shaped mass and intradural crescent-shaped extramedullary
mass. The extradural mass showed mixed signal intensity,
while the intradural lesion was depicted as low signal intensity
on T2-weighted MR images (Figs. 1A and 1B). On
T1-weighted MR images after gadolinium-diethylenetriamine
pentaacetic acid (gadolinium-DTPA) administration, both
portions were heterogeneously enhanced (Figs. 1C and 1D).
Surgery was performed for the asymptomatic spinal lesion
following the patient’s request. The patient was placed under
general anesthesia and in the prone position. The tumor was
removed through C1-C2 laminectomy. Surgical findings
revealed that the extradural component was derived from the
right C2 nerve root, and the intradural tumor was attached to
the dura and involved several C2 rootlets. We performed sub-
capsular removal of the extradural tumor. Meanwhile, the
intradural tumor was detached from the dura and totally
removed. Intraoperative findings showed that the dura mater
completely separated the extra- and intratumors (Figs. 2A and
2E). Histopathologically, the extradural tumor showed two
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Fig. 1 Magnetic resonance (MR) images of the cervical spine showing extra- (*) and intradural extramedullary mass (white arrow). (A) Axial
T2-weighted MR image depicting the extradural mass as mixed signal intensity and the intradural lesion as low signal intensity. (B) Coronal view of
T2-weighted MR image showing distortion of the cervical cord with intramedullary signal change. (C) and (D) Axial (C) and coronal (D) view of
postcontrast T1-weighted MR revealed that both portions were heterogeneously enhanced after Gd-DTPA administration.
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Fig.2 (A) Intraoperative photograph showing the extradural tumor compressing the dural theca between the occiput and C1. (B) Histopathological
examination of the extradural tumor via H&E staining showed compactly arranged proliferation of spindle cells with occasional nuclear palisading
and loosely arranged cells with round to oval hyperchromatic nuclei. (C) Immunohistochemical study showed that the tumor cells were diffusely
positive for S-100 protein. These findings were consistent with histological characteristics of schwannoma. (D) Vascular endothelial growth factor
(VEGF) was weakly and focally expressed around the vessels. (E) Intraoperative image showed that the intradural tumor was attached to the dura
and involved several C2 rootlets. (F) Histopathological examination of the intradural tumor via H&E staining showed that it consists of the nest of
meningothelial cells and psammoma bodies. (G) Immunohistochemically, the tumor cells were positive for epithelial membrane antigen. These his-

tological features were in accordance with the histopathological characteristic of meningioma.

patterns of cellular arrangements: (1) compactly arranged
proliferation of spindle cells with occasional nuclear pali-
sading and (2) loosely arranged cells with round to oval
hyperchromatic nuclei and moderate amount of eosinophilic
cytoplasm. The tumor cells were diffusely positive for S-100
protein and negative for epithelial membrane antigen (EMA).
Vascular endothelial growth factor (VEGF) was weakly and
focally expressed around the vessels. These findings were
consistent with the histological characteristics of schwannoma
(Figs. 2B-2D). Meanwhile, the intradural tumor consisted of
the nest of meningothelial cells and psammoma bodies.
Immunohistochemically, the tumor cells were positive for
EMA and non-reactive for S-100 protein. These histological
features were consistent with that of meningioma (Figs. 2F
and 2G). Intraoperative and histopathological findings dem-
onstrated that the patient had concurrently two histologically
distinct tumors at the same spinal level. Postoperative MR
images showed sufficient decompression of the cervical spinal

cord. The patient was discharged from the hospital without
additional neurological symptoms.

Case 2

A 70-year-old man presented with myelopathy manifested
as progressive left hemi-weakness and numbness in both
lower limbs. Craniocervical MR images demonstrated a para-
spinal tumor compressing the spinal cord at C2 level. Axial
T2-weighted MR images suggested that the tumor consisted
of two components: extradural dumbbell-shaped part and
intradural crescent part. Both parts showed similar signal
intensity: mixed signal intensity on T2-weighted MR images
and heterogeneous high signal intensity with post-contrast
T1-weighted images (Figs. 3A-3D). Surgical resection via
right-sided suboccipital craniectomy combined with helmi-
laminectomy of C1 to C2 revealed that the extradural compo-
nent was derived from C2 nerve root, and the intradural tumor
was attached to the ventral dura matter (Figs. 4A and 4E).
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Fig. 3 Magnetic resonance (MR) images of the cervical spine showing extra- (*) and intradural extramedullary mass (white dashed arrow).
(A) Axial T2-weighted MR image depicting the extradural- and the intradural mass lesions with mixed signal intensity. (B) Coronal view of
T2-weighted MR image showing the tumor (*) compressing the cervical cord. (C) and (D) Axial (C) and coronal (D) view of postcontrast
T1-weighted MR images revealed that extra- and intra-dural mass lesions were heterogeneously enhanced after Gd-DTPA administration.
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Fig. 4 (A) Intraoperative photograph showing the extradural tumor developing outside of the laminae between C1 and C2. (B) Histopathological
examination of the extradural tumorstaining showed proliferation of the bipolar spindle cells arranged dominantly in compact Antoni A and also
loose Antoni B with round to oval hyperchromatic nuclei and moderate amount of eosinophilic cytoplasm (H&E staining). These findings suggested
schwannoma. (C) The tumor cells were immunoreactive for S-100 protein. These findings were consistent with histological characteristics of
schwannoma. (D) VEGF was weakly and focally expressed around the vessels. (E) Intraoperative image showed that the intradural tumor was small
and attached to the dura. (F) Histopathological examination of the intradural tumor staining showed that it consists of the nest of meningothelial
cells and psammoma bodies (H&E). These findings were consistent with the characteristics of meningioma. (G) Immunohistochemically, the tumor

cells were positive for epithelial membrane antigen. This finding supports this lesion being meningioma.

Gross total resection of the tumor achieved effective decom-
pression of the spinal cord. Histopathological examination
showed that extradural component was schwannoma and
intradural lesion being meningioma (Figs. 4B-D, F, and G).
Immunohistochemically, schwannoma cells were positive for
S-100 protein and negative for EMA. Expression of VEGF
was focally seen around the vessels in schwannoma compo-
nent (Figs. 4C and 4D). Meningioma cells were immunoreac-
tive for EMA and focally reactive for S-100 protein (Fig. 4G).
Postoperative MR images confirmed decompression of the
spinal cord. The patient showed good recovery and was dis-
charged from the hospital.

Discussion

Schwannomas and meningiomas are representative spinal
tumors, comprising 30% and 25% of all spinal cord tumors,

respectively.’> Approximately, 75% of schwannomas arise in
the intradural extramedullary region. A total of 15% of the
lesions are found exclusively in the extradural area, and the
rest have both intra- and extradural components.” Regarding
tumor origin, 70% of schwannomas are derived from the sen-
sory nerve rootlets, 20% from the motor nerve rootlets, and
the rest are derived from both sensory and motor rootlets.”™
Schwannomas are more frequently found in the high cervical
region, i.e., C1-C3 levels, than in other spinal levels. Among
the tumors arising in the high cervical spine, those arising
from the C2 nerve root are the most common, comprising 15%
of all spinal schwannomas.” Meanwhile, spinal meningiomas
account for 12% of all meningiomas and 25% of all spinal
cord tumors. Approximately, 80% of meningiomas are found
in the thoracic spine and 15% are in the cervical spine; mean-
while, tumors rarely develop in the lumbosacral region.*”
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Differential diagnosis of schwannoma and meningioma
based on MR images has been long debated. Schwannomas
are typically well-circumscribed tumors derived from the
peripheral nerve.®’ Approximately 10-15% of schwannomas
are dumbbell shaped. Schwannomas are usually depicted as
iso- to hypo signal intensity on T1-weighted MR images and
hyper- or mixed-signal intensity on T2-weighted MR
images.'*!” Meanwhile, in contrast-enhanced MR images
(T1-CE), the tumor is well enhanced but often shows ring-like
or irregular enhancement depending on the degenerative
changes within the tumor."'*'» By contrast, meningiomas
tend to be small, single tumors and are typically found in the
intradural extramedullary region.'® Approximately 10% of
spinal meningiomas coexist with other tumors in the intra- and
extradural location, and a few cases located in the extradural
space have been reported as well. Meningiomas appear as iso-
to slight hypo-signal intensity on T1-weighted MR images.
Meanwhile, T2-weighted MR images depict the tumor as iso-
to slight hyper-signal intensity mass lesion."> The tumor is
homogeneously enhanced on postcontrast T1-weighted MR
images and may be accompanied with dural tail sign.'*'?
Accordingly, signal intensity on T2-weighted MR images and
enhancement pattern on postcontrast T1-weighted MR images
might be helpful to differentiate these tumors. The spatial rela-
tion between the tumor and the spinal cord might be also
helpful for imaging diagnosis. Meningiomas often arise pos-
terolateral to the spinal cord in the thoracic spine and antero-
lateral to the cervical cord. By contrast, schwannomas
generally originate from the dorsal rootlets and are usually
found in the dorsal or dorsolateral side to the spinal cord."” In
the present case, T2-weighted MR images depicted the extra-
dural part as mixed signal intensity and the intradural compo-
nent as low signal intensity. Retrospectively, these differences
in the signal intensity suggested that the extra- and intradural
components had discrete histology. However, we could not
anticipate this rare instance pre- and intraoperatively.

Multiple primary spinal cord tumors are rare, and only 1.2—
9.5% of such tumors arise in patients with neurofibromatosis.”
Excluding the cases with neurofibromatosis, only six cases of
concurrent spinal cord tumors with different histology in the

same spinal level have been reported in the literature. In this
paper, we report the additional two cases of such rare instance
(Table 1). The patients’ mean age was 59.4 years, and no
apparent preponderance in sex was noted. All spinal tumors
were distributed in the cervical spine and seven out of the
eight lesions were found above the C3 level.'""® Extradural
components consisted of seven schwannomas and single neu-
rofibroma. Notably, all intradural tumors were meningiomas.

The pathophysiology of different tumors concurrently
arising in the same spinal level has remained unclear. Three
possible theories have been formulated to explain their occur-
rence.'™® The first theory is that de novo tumor might be
induced by microenvironmental factors influenced by the pre-
existing tumor.>*> As a possible microenvironmental factor,
we examined the expression level of VEGF, which is known
to be related to angiogenesis and tumor progression.'*!?
Because the expression of VEGF was limited just around the
vessels in both schwannomas, the role of VEGF in concurrent
tumors was inconclusive in this report. Further evaluation of
the expression of tumorigenesis-related cytokines might play
a role in elucidating the pathophysiology of concurrent
tumors. The difference of the volume between two compo-
nents may be partially explained by the first theory. According
to the literature, all intradural meningiomas were significantly
smaller than extradural schwannoma/neurofibromas.'® This
fact seems to support the hypothesis that preexisting large
schwannoma/neurofibroma induces small de novo menin-
gioma. The second theory is explained from the embryological
perspective. Common mesenchymal progenitor cells may
separately differentiate into schwannoma cells and menin-
gioma cells in the same spinal level. The third hypothesis is
that this rare entity develops only due to incidence.>*>
Schwannomas and meningiomas are two of the most common
tumors developing in the spinal cord, comprising 55% of all
extramedullary tumors.'® They may accidentally arise at the
same spine level in very rare occasions.**

In the present two cases, our preoperative diagnosis
was dumbbell-shaped schwannoma with a dominantextra-
dural component. However, histological examination showed
the presence of discrete tumors at the same spinal level.

Table 1 Reported cases of concurrent spinal tumors without neurofibromatosis/von Hippel Lindau disease in the same spinal level

Tumor histology
Author Year Age/sex Spinal level
Extradural lesion Intradural lesion

Hokari et al.” 2002 59/F C2 Neurofibroma Meningioma
Ogihara et al.? 2003 54/F C5 Schwannoma Meningioma
Nakamizo et al.” 2011 49/M Cc2 Schwannoma Meningioma
Chen et al.” 2013 72/F C3-C4 Schwannoma Meningioma
Oichi et al.” 2015 64/M C2 Schwannoma Meningioma
Liebelt et al.” 2016 58/M CCJ Schwannoma Meningioma
Present case 1 2017 49/M Cc2 Schwannoma Meningioma
Present case 2 2017 70/M Cc2 Schwannoma Meningioma

C: cervical spine, CCJ: craniocervical junction, F: female, M: male.



Such tumors might have been undetected in the past cases of
dumbbell-type schwannomas probably because the intradural
meningiomas are usually small lesions compared to the
extradural schwannomas. Chen et al. have advocated the
necessity to open the dural sac and explore intradural space
because of the unexpected lesion."” The possibility of concur-
rent multiple tumors, particularly in tumors with extra- and
intradural components in high cervical spine, should always
be considered.
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