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Abstract

BACKGROUND

A malignant melanotic nerve sheath tumor (MMNST), previously known as a
melanotic schwannoma, is a rare variant of a peripheral nerve sheath tumor
composed of Schwann cells with melanotic differentiation. Only a few reports of
spinal MMNST have been reported.

CASE SUMMARY

In the first case, a 58-year-old woman presented with a history of low back pain
and paresthesia. Magnetic resonance imaging (MRI) and computed tomography
(CT) of the lumbar spine revealed an intradural extramedullary mass lesion with
amorphous linear calcification. Complete tumor resection was performed and
histological examination revealed a psammomatous melanotic schwannoma. In
the second case, a 72-year-old man presented with low back pain and paresthesia.
MRI of the thoracolumbar spine revealed an intramedullary mass lesion at the T11
vertebral body level. The mass lesion was hypointense on T2WI and hyperintense
on TIWI. Tumor resection was performed and the histologic result was melanotic
schwannoma.

CONCLUSION
MMNST should be considered in the differential diagnosis when calcification or
melanin is seen in an intradural spinal tumor.
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Core Tip: Spinal malignant melanotic nerve sheath tumor (MMNST) are rare entities. We report two cases
of spinal MMNSTSs with or without psammomatous bodies. These cases highlight the importance of
considering these rare entities when there are characteristic imaging findings such as the presence of intra-
lesional T1-hyperintensity or calcification in intradural spinal tumors.
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INTRODUCTION

Melanotic schwannoma (MS) is a neoplasm of neuroectodermal origin characterized by melanotic
pigmentation in the cytoplasm of Schwann cells[1]. MS is an extremely rare type of nerve sheath tumor,
accounting for less than 1% of all primitive nerve sheath tumors[2]. MS was first described by Millar in
1932 as a malignant melanotic tumor of ganglion cells which was subsequently termed melanocytic
schwannoma in 1975 by Folpe et al[3]. MS was previously classified as a benign tumor in the 2013 WHO
classification, but in the 2020 WHO classification, the term “melanotic schwannoma” was revised to
“malignant melanotic nerve sheath tumor (MMNST)” due to its malignant behavior[4]. MMNST is a
rare aggressive peripheral nerve sheath tumor composed of Schwann cells with melanotic differen-
tiation[5]. Spinal MMNST occurs in the lumbosacral (47.2%), thoracic (30.5%) and cervical (22.2%)
regions[6]. Rarely, the intramedullary type is seen. MMNST can be divided into psammomatous
(affecting spinal nerves and paraspinal ganglia) and non-psammomatous (affecting autonomic nerves of
the viscera and cranial nerves) types[7]. The peak age of presentation is slightly younger (20-50 years)
than that for conventional schwannomas|[7]. Here, we present two cases of psammomatous and non-
psammomatous MMNST that occurred in the spinal canal, focusing on computed tomography (CT) and
magnetic resonance (MR) images.

CASE PRESENTATION

Chief complaints
Case 1: A 58-year-old woman presented with a history of low back pain, paresthesia and cold sensation
in both legs for several years.

Case 2: A 72-year-old man presented with a 6-mo history of low back pain and paresthesia in both legs.

History of present illness
Case 1: The symptoms were gradual in onset and progressive in nature leading to difficulty in walking.
The patient felt abnormal sensations in both legs.

Case 2: The patient had a 6-mo history of low back pain and paresthesia in both legs and a 3-mo history
of gait disturbance.

History of past illness
Case 1: The patient did not have any history of trauma or weight loss. She had no history of previous
surgery or medications.

Case 2: There was no history of trauma, fever or weight loss. However, the patient had diabetes mellitus
and hypertension.

Personal and family history
Cases 1 and 2: These patients had no family history of malignancy.
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Physical examination
Case 1: The patient had normal vital signs and there was no tenderness over the lumbar spine. There
was no motor dysfunction in either leg.

Case 2: The motor function of the lower legs was grade 4 and anal tone was also decreased.

Laboratory examinations
Case 1: Laboratory examinations were unremarkable including complete blood count, coagulation
profile, C-reactive protein and serum electrolytes. Preoperative laboratory results were all normal.

Case 2: The total leukocyte percentage and leukocyte count were in the normal range and the test for
rheumatic factor was negative. The erythrocyte sedimentation rate and C-reactive protein levels were
also within the normal range.

Imaging examinations

Case 1: There were no specific abnormal findings on plain radiographs of the thoracolumbar spine. MR
imaging (MRI) of the lumbar spine revealed an intradural extramedullary mass lesion measuring 4.1 cm
x 1.6 cm x 1.3 cm at the T11-12 Level with low signal intensity (SI) similar to that of the spinal cord on
T1-weighted imaging (T1IWI) and heterogeneously high SI on T2-weighted imaging (T2WI) (Figure 1A
and B). The margins of the masses were well defined. The mass showed heterogeneous enhancement
with no centrally enhancing portion on contrast-enhanced imaging (Figure 1C). There was spinal cord
compression and displacement by the mass lesion causing compressive myelopathy of the above spinal
cord. Amorphous linear calcification was observed in the peripheral margin of the mass lesion on a CT
scan of the thoracolumbar spine (Figure 1D). Considering the location and imaging findings of the
lesion, myxopapillary ependymoma and calcified meningioma were considered as differential
diagnoses.

Case 2: Radiographs of the thoracolumbar spine showed findings indicative of ankylosing spondylitis.
MRI of the thoracolumbar spine revealed an intramedullary mass lesion with a round shape and
eccentric location measuring approximately 1 cm x 0.6 cm x 0.6 cm at the T11 vertebral body level. The
mass lesion was hypointense on T2WI and hyperintense on TIWI (Figure 2A-C). Contrast-enhanced
images demonstrated homogenous enhancement (Figure 2D). On DWI, the lesion showed a signal void.
In the apparent diffusion coefficient (ADC) map, the lesion did not show diffusion restriction (Figure 2E
and F). The ADC value was 1.33 x 10°mm?/s. Melanoma and angioma were considered as differential
diagnoses considering the characteristic signal intensity of the lesion.

Further diagnostic work-up

Case 1: A laminectomy was performed at the T10-12 Level and complete tumor resection was
performed under intra-operative neurophysiological monitoring. The tumor was dissected from the
adherent surrounding spinal cord. On gross findings, fragments of brownish-white soft tissue were
seen. Histological examination revealed epithelioid and spindle-shaped Schwann cells with brownish
pigment and psammomatous bodies (Figure 1E). On immunohistochemistry, positive immunoactivity
was shown for S-100 protein (Figure 1F) and vimentin. HMB45, Melan-A and GFAP were negative. The
Ki67 proliferation index was 7.7%.

Case 2: A partial laminectomy was performed at the T11-T12 Level under intraoperative neurophy-
siological monitoring. In the operative field, a dark black mass attached to the spinal cord was
identified. Complete tumor resection could not be performed due to severe adhesion to the spinal cord
and thus only a biopsy was performed. Hematoxylin and eosin (H&E) staining revealed spindle-shaped
cells with dense melanin pigmentation covering the nucleus and cytoplasm (Figure 2G). Immunohisto-
chemical staining revealed positive immunoactivity for the S-100 protein (Figure 2h). In addition, it was
positive for HMB-45 (antimelanoma antibody). The tumor cells were negative for CK, EMA, C34 and
SMA.

FINAL DIAGNOSIS

Case 1: The final diagnosis was psammomatous melanotic schwannoma.

Case 2: These findings are compatible with melanotic schwannoma.

TREATMENT

Case 1: Since the patient underwent complete tumor resection for the diagnosis, the patient did not
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Figure 1 A 58-year-old female with psammomatous melanotic schwannoma. A: Axial T1-weighted image of 11-12" thoracic spine level shows low
signal mass lesion (arrows) located in the intradural space; B: Axial T2-weighted image shows the mass lesion (arrows) with heterogeneously high signal intensity
and the spinal cord (thick arrow) is displaced and compressed by the mass lesion; C: The mass lesion (arrows) represents heterogeneously strong enhancement
containing necrotic portion on sagittal fat-suppressed, contrast-enhanced T1-weighted image; D: Amorphous linear calcification (black arrow) is noted in the
peripheral margin of the mass on the computed tomography scan; E: Section shows spindle-shaped Schwann cells with brownish pigments, psammoma bodies
(hematoxylin and eosin, x 100); F: Positive immunoactivity for S-100 protein that are characteristic features of psammomatous melanotic schwannoma (x 100).

receive any further treatment except for the subsequent imaging follow-up.

Case 2: The adhesion between the mass and spinal cord was severe and bleeding was severe so only a
biopsy was performed. Total removal of the mass was not performed.

OUTCOME AND FOLLOW-UP

Case 1: After the surgery, the preoperative symptoms including low back pain and paresthesia in both
lower legs were all improved. The patient declined follow-up MRI; however, no special symptoms or
signs have since developed.

Case 2: The lesion was followed up three times on MRI once a year after surgery. The size and imaging
characteristics of the lesion did not change significantly. Also, an annual chest and abdominal CT exam
revealed that there was no evidence of distant metastasis through the follow-up period.

DISCUSSION

A MMNST is composed of Schwann cells capable of melanogenesis[1]. It usually arises in association
with spinal or visceral autonomic nerves[5]. Approximately 50% of cases are associated with the Carney
complex[7]. Psammomatous MMNSTSs account for approximately half of all MMNSTs, and approx-
imately half of these are associated with the Carney complex[8]. Thus, in cases of an MMNST, it is
necessary to search for clinicopathologic components of the Carney complex[9]. The Carney complex is
characterized by autosomal dominant inheritance as well as familial multitumoral syndrome,
comprising myxomas (cardiac, cutaneous and mammary), spotty pigmentation and endocrine
overactivity (Cushing's syndrome and acromegaly)[2]. However, in our case, neither patient had clinical
or physical findings or a family history of the Carney complex.

Solomou et al[10] reviewed 65 reported cases of extramedullary spinal melanotic schwannoma and
these tumors most commonly occurred between 30 years and 40 years of age. But in our two cases, it
was diagnosed at a much older age. MMNST patients usually have symptoms due to compression of
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Figure 2 A 72-year-old male with non-psammomatous melanotic schwannoma located in the spinal cord. A: Sagittal T1-weighted image of
thoracolumbar spine shows a well-defined round-shaped nodular mass lesion (arrow) with increased signal intensity in the spinal cord of T11 level; B: The mass
reveals dark signal intensity (arrow) such as a signal void on a sagittal T2-weighted image; C: On the corresponding axial T2-weighted image, high signal edema
adjacent to dark signal intensity lesion (arrows) is noted in the spinal cord; D: The mass shows uniform homogenous enhancement (arrows) after gadolinium-contrast
injection. It is eccentrically located on the right side within the distal spinal cord; E and F: On diffusion-weighted imaging and an apparent diffusion coefficient map,
signal void (arrows) is noted within the mass without diffusion restriction; G: Section reveals a spindle cell lesion with dense melanin pigmentation that covers the
nucleus and cytoplasm (hematoxylin and eosin, x 200); H: Immunostaining shows diffuse red staining for S100 protein (x 200).

adjacent structures during the fourth decade. A previous literature review revealed that more than 50%
of cases have local recurrence or distant metastasis or both[10]. However, in the present cases, malignant
changes, local recurrence and metastases were not detected. There are no known diagnostic radiological
characteristics for MMNSTs; therefore, it is sometimes difficult to distinguish them from other melanin-
containing tumors. On CT, a psammomatous MMNST can appear as a dense mass with calcification. In
this situation, calcified meningioma, which is common in this location, should be included in the differ-
ential diagnosis. On MRI, MS of the spine is usually located along the spinal nerve root and sometimes
in the form of a dumbbell[11]. Since our cases were located in the intradural space, the dumbbell shape
was not visible. MMNSTs rarely occur within the spinal cord. In our second case, the mass lesion had an
eccentric position within the spinal cord.

The presence of paramagnetic free radicals in melanin produces characteristic T1 hyperintensity and
T2 hypointensity in tumors, providing important clues regarding the more specific properties of what
might appear as a typical neuron-enveloping tumor. This T1 hyperintensity is a hallmark of melanin,
but subacute bleeding can also explain these findings, and it can be difficult to distinguish them from
hemorrhagic lesions such as spongy malformations[12]. Melanin-containing lesions, including
malignant melanoma, melanoma, pigmented neurofibroma, perineural melanoma and metastatic
melanoma are another reason for T1 shortening[7]. The signal intensity of the lesion may be variable
due to the concentration of melanin[13]. They usually show enhancement with contrast.

Although complete resection is sufficient to treat sporadic and psammomatous types of MMNST,
malignant deformation and recurrence of the tumor should always be kept in mind and subsequent
imaging of the patient should continue for at least 5 years[14]. In case 1, complete excision of the mass
was possible; but in case 2, the adhesion between the mass and spinal cord was severe so only a biopsy
was performed. No imaging features enable differentiation between MMNST and conventional
schwannomas. In addition, the differentiation between intradurally-located melanotic tumors and other
intradural tumors in the spine is difficult. The differential diagnosis of MMNSTs of apparent nerve
sheath origin includes leptomeningeal melanocytoma, ancient schwannoma, pigmented neurofibroma,
biphasic synovial sarcoma, neurilemmoma and melanoma(7].

Case 1 was characterized by the location of the mass near the conus medullaris and calcification at the
peripheral rim of the mass. Thus, calcified meningioma and myxopapillary ependymoma were included
in the differential diagnosis. Although previous reports revealed various locations of spinal MMNSTs
[10], we didn’t consider an MMNST with a psammomatous body as a differential diagnosis. Punctate
calcification foci are frequently found in spinal meningiomas due to the psammoma bodies[15]. Also,
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conventional schwannomas usually demonstrate a higher signal intensity on T2WI, cystic changes and
inhomogeneous enhancement. In our case, the tumor showed T1 hyperintensity and T2 hypointensity so
we didn’t consider the possibility of these rare variants of nerve sheath tumor. Although the MR
findings in myxopapillary ependymomas were nonspecific, the diagnosis can be suggested by a large,
intensely enhancing, intradural extramedullary thoracolumbar mass that extends for several vertebral
levels[16]. Intradural extramedullary lesions in the region of the conus medullaris include
myxopapillary ependymoma, paraganglioma, nerve sheath tumor, meningioma and metastasis[16]. Due
to the older age and uncommon location (conus medullaris) compared to previous reports[10], the
correct diagnosis was difficult in case 1.

In case 2, the high signal intensity on TIWI and low signal intensity on T2WI of the mass were charac-
teristic. Thus, melanoma and angioma were included in the differential diagnosis. The majority of spinal
melanomas are frequently observed in the middle or lower thoracic spinal cord. Liu et al[17] showed a
pattern of spinal melanoma on MRI which includes hyperintensity on TIWI and iso- or hypointensity
on T2WI. Compared to melanotic schwannoma, spinal melanoma contains more concentration of
melanin[10]. Melanoma does not always show a homogeneous pattern on MRI[18]. The MRI signal of
melanocytic tumors depends on the presence of melanin, acute or chronic intratumoral hemorrhages
and fat deposits. On the other hand, cavernous angiomas exhibit a dark rim on T2WI due to
hemosiderin deposition[19]. Small size, eccentric axial location, minimal enhancement and absence of
edema are significant MR findings of cavernous angioma[19]. In addition, longitudinal spreading of
hemorrhage may be observed on serial follow-up images of spinal cavernous angiomas[19].
Considering previous reports, case 2 shows relatively characteristic findings of an MMNST, but older
age and the rarity of this disease entity made the correct diagnosis difficult. However, unlike in case 1,
the patient in case 2 undertook diffusion-weighted images. Most hypercellular malignant tumors show
diffusion restriction, but our case did not show any diffusion restriction. Considering the malignant
behavior of this rare disease, future studies could focus on functional images that could predict
recurrence or metastasis of this disease.

CONCLUSION

In conclusion, we report on two cases of melanotic schwannoma located in the intradural space of the
spine. The two MMNSTs reported here had rare intradural locations and showed various characteristics
of relatively common tumors that could have an intradural location such as meningioma, schwannoma,
melanoma and angioma. They also developed at an older age than in the cases previously reported in
the literature. When calcification is seen in a mass, MMNST, as well as meningioma, should be
considered among psammomatous type tumors in the differential diagnosis. Moreover, when the mass
exhibits a characteristic signal intensity suggesting melanin-like T1 hyperintensity with T2 hypoin-
tensity, MMNST may be included in the differential diagnosis.
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