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Abstract
Background Malignant peripheral nerve sheath tumors (MPNSTs) are a subtype of malignant soft tissue
sarcoma arising from peripheral nerve branches or sheaths of peripheral nerve �bers. Most cases are
associated with bigger nerve stems, and are more commonly found in the proximal parts of the limbs and
trunk, but rarely in the head and neck regions. However, reports on MPNSTs with pulmonary metastasis at
the time of initial diagnosis are limited. Here, we present a case of MPNST that is located in the head and
neck region with pulmonary metastasis and a literature review.

Case description Here, we report a case of primary malignant peripheral nerve sheath tumor of the head
and neck with pulmonary metastasis. The tumor was surgically removed and fused with autogenous
bone and arti�cial bone. The histopathological diagnosis was MPNST. However, the tumor rapidly
recurred one month after surgery, and the patient exhibited progressive decline in muscle strength with
numbness and an inability to move independently, so the tumor was again surgically removed. Then, she
underwent adjuvant radiotherapy, chemotherapy, and antiangiogenic therapy. After three months, the
patient’s tumor rapidly progressed into intracranial, neck, and lung lesions, and genetic tests were
performed.

Conclusions: Giant MPNSTs of the head and neck with pulmonary metastasis are highly aggressive
lesions that should primarily be treated in a surgical fashion. Adjuvant radiotherapy should be initiated as
soon as the patient recovers from the postoperative wound, preferably within two weeks. Antiangiogenic
drugs and radiotherapy may have synergistic effects.

Background
Malignant peripheral nerve sheath tumors (MPNSTs) are rare malignant tumors with poorly understood
etiology, accounting for 5% – 10% of all soft tissue sarcomas [1, 2]. Theoretically, MPNSTs occur in
peripheral nerves of the body, and because these tumors often arise from major nerve branches, the
disease commonly occurs in the trunk and proximal parts of the limbs, such as the brachial plexus, thigh,
sciatic nerve, buttocks and paravertebral region [3, 4]. For patients with MPNSTs, despite surgery,
adjuvant radiotherapy and chemotherapy, the overall prognosis is poor [5]. Of all soft-tissue sarcomas,
MPNSTs have the highest mortality rate [6].

Case Presentation
A 20‐year‐old female presented with rapidly enlarging swelling in the neck and head within a period of 3
months. She had no past medical history related to neuro�bromatosis and only had symptoms local
soreness. The initial magnetic resonance imaging (MRI) showed a left posterior occipital area and upper
neck tumor of 6.7 cm ⋅ 6.0 cm ⋅5.5 cm in size, with the cervical spinal cord was slightly compressed
(Figs. 1A and B). Cervical vertebra computed tomography (CT) showed local osteolytic destruction of the
left mass of the atlas (Fig. 1C). Chest CT showed bilateral, multiple, variably sized pulmonary nodules
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consistent with pulmonary metastasis, the largest of which measured 3.3 cm ⋅ 2.5 cm ⋅ 2.2 cm in the left
inferior lobe of the lung (Fig. 1D).

Initially, the patient underwent surgical removal of the tumor at our hospital on January 5, 2021. During
the operation, the tumor was found to be located on the left side of the C1-C2 spinal canal, invading the
surrounding muscle tissue, tough in quality, with an incomplete capsule, with extremely rich blood supply,
and partially protruding into the spinal canal. The tumor tissue was removed nearly completely under the
microscope. Pathological examination revealed the typical appearance of MPNST with densely cellular
areas alternating with less cellular areas (Fig. 2A-C). Most areas are less cellular areas, with background
myxoid degeneration and chronic in�ammatory cell in�ltration. In some densely cellular areas, the cells
showed marked atypia, mitosis, and necrosis, and the tumor tissue in�ltrated the surrounding rhabdoid
muscle. Immunohistochemical analysis indicated that the tissue stained positive for S-100, SOX-10, and
Ki-67(10+), and negative for H3K27me3, CD34, and SMA in less cellular areas, while positive for Ki-
67(80+), and negative for S-100, SOX-10, H3K27me3, CD34, and SMA in densely cellular areas.

About two weeks later, the patient felt mild numbness in both upper limbs, mainly in the left upper limbs,
although limb muscle strength was normal, without paying attention to it. On February 16, 2021, the
patient suddenly felt weakness in the limbs and could not move by herself, and was again admitted to
our hospital. Cervical spine MRI showed the tumor recurrence, measuring 5.8 cm ⋅ 5.5 cm ⋅ 5.0 cm
(Figs. 3A and B). Chest CT scan showed a left lung mass was that measured 3.5 cm ⋅ 3.3 cm ⋅ 2.8 cm,
slightly larger than that observed on December 28, 2020 (Fig. 3C).

Then, the patient underwent epidural tumor resection again on February 22, 2021. Postoperative
pathology diagnosed the tumor as an MPNST. After the operation, the patient could get out of bed and
move.

Three weeks after second surgery, the patient suddenly felt weakness again in the left limbs. On March
16, 2021, cervical spine MRI showed irregular space occupying lesions in the left cerebellopontine angle
region and left cerebellar lower to neck, measuring 7.0 cm ⋅ 4.8 cm ⋅4.5 cm, which was considered tumor
recurrence with left internal jugular vein invasion (Figs. 4A and B). Chest CT examination showed that the
new lesion measured 1.8 cm ⋅ 1.5 cm ⋅ 1.0 cm in the right lung (Fig. 4C). After multidisciplinary
consultation and discussion, radiotherapy was our �rst choice. However, while waiting for radiotherapy,
her symptoms were progressively aggravated, and she was by then unable to get out of bed. To prevent
the rapid growth of the tumor, we had to �rst give epirubicin 50 mg D1 and D2 + cisplatin 40 mg D1 and
D2 and 20 mg D3 for postoperative adjuvant chemotherapy once on March 19, 2021, and the tumor
radiotherapy was initiated on March 19, 2021, with the doses of PGTV 52.0Gy/26f and PTV 46.8Gy/26f,
and three times of cisplatin 40 mg per week were administered during radiotherapy. There was no
improvement in the patient's symptoms at 10 times of radiotherapy, and antivascular therapy with
anlotinib once a day (10 mg) from days 1–14 of a 21-day cycle was added on April 02, 2021. One week
after the addition of anlotinib, the patient's symptoms signi�cantly improved, and she was then able to
move independently.
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Subsequently, on May 25, 2021, the patient's head and neck MRI showed that the lesions were slightly
reduced (Figs. 5A and B), while chest CT showed an increased rate of enlargement of pulmonary lesions
(Fig. 5C). The therapeutic effect of the disease showed stable disease in the head and neck lesions, and
progressive disease in chest lesions. Considering the severe digestive tract reaction of the patient after
previous chemotherapy with cisplatin, temozolomide 200 mg IV D1-5 + epirubicin 50 mg IV D1-2 was
given on May 22, 2021, and antivascular therapy with anlotinib was continued.

On June 25, 2021, the patient felt weakness in the limbs, and cervical spine MRI showed that the tumor in
the head and neck were still reduced (Fig. 6A), with multiple intracranial metastases (Figs. 6B and C).
Chest CT showed increased and enlarged double lung lesions (Fig. 6D). Comprehensive evaluation of the
curative effect indicated progressive disease. Then, the patient underwent whole-genome testing, but no
pathogenic variants were identi�ed and died the following month.

Discussion
An MPNST is a relatively rare but highly malignant sarcoma of soft tissues [7]. It primarily occurs with a
peak incidence between the ages of 30 and 60 years of life in the general population with equal
frequency in males and females, although these tumors may occur at a much younger age [8]. The case
reported here is a 20-year-old girl, indicating that age predisposition is contributory factor of disease.

MPNSTs are associated with inherited abnormalities, such as the loss of neuro�bromatosis 1 (NF1) gene
protein. NF1 is an autosomal dominant disorder that represents the most common human cancer genetic
susceptibility syndrome with an incidence of approximately 1 in 3,000 [9]. NF1 is characterized by
multiple areas of cutaneous hyperpigmentation, axillary freckling, numerous neuro�bromas, optic
gliomas, bone dysplasia, iris hamartomas termed Lisch nodules, and a family history of NF1 in a �rst-
degree relative, and it is diagnosed in the presence of any two of these seven criteria [9]. Half of MPNSTs
derive from nerves affected by NF1, and the other half occurs in the general population. Among the other
half of MPNSTs that occur in the general population, approximately 40% are sporadic and the remaining
10% arise secondary to previous irradiation [10]. Inferior outcomes have been observed in radiotherapy-
induced MPNSTs compared to sporadic or NF1-related MPNSTs [11, 12]. Our patient had no clinical
manifestation of any of the features of NF1 mentioned above, nor did she have any history of
radiotherapy. Therefore, her case was considered as sporadic.

The histopathological features of MPNSTs are nonspeci�c. In general, tumors are composed almost
entirely of compact spindle cells with variable hyperchromatism and pleomorphism arranged in
intersecting fascicles [13]. In our case, histopathological examination showed that most areas are less
cellular areas, with background myxoid degeneration and chronic in�ammatory cell in�ltration. In some
densely cellular areas, the cells showed marked atypia, mitosis, and necrosis, and tumor tissue in�ltrated
the surrounding rhabdoid muscles. However, due to the uncertainty of histological diagnoses,
immunohistochemical is essential for the de�nitive diagnosis of MPNST. The immunohistochemical
results of our patient showed that S-100, SOX-10, Ki-67(10+) were all expressed in less cellular areas,
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while expression of Ki-67(80+), but not S-100 and SOX-10, was observed in densely cellular areas. Studies
have shown that the immunoreactivity for S100 and SOX-10 proteins indicates Schwann cell origin and
support a diagnosis of cellular schwannoma [14–16]. However, the sensitivities of S100 and SOX10
expression for the diagnosis of MPNST were not high, which suggests downregulation of Schwannian
markers in MPNST [13, 17, 18].

MPNSTs involve a high rate of metastasis via the bloodstream, while with infrequent but possible
lymphatic spread [19]. Furthermore, there is a high rate of recurrence, with up to 50% local recurrence and
up to 33% metastases to the lungs and bone [20, 21]. According to several previously published studies,
the �ve-year survival of head and neck MPNST ranges from 16–52%, with better prognosis associated
with complete resection, size < 5 cm, high histological differentiation, and low Ki-67 labelling index [22–
27]. Our patient was considered to have residual tumor, size > 5 cm, lung metastasis at the initial
diagnosis, and Ki-67 was > 80%, and the survival time was only about six months after various
treatments, which was considered to be caused by the high degree of malignancy and rapid progression
of the tumor.

As with most soft tissue sarcomas, extensive resection is the primary treatment for MPNST [28–30]. Due
to the high incidence of local recurrence in MPNSTs after surgery, adjuvant radiotherapy usually plays an
indispensable role in local disease control [31, 32]. However, its role in reducing the incidence or
improving survival in patients with distant metastases remains controversial [33–36]. In the present case,
postoperative radiotherapy was delivered because of the extension of the tumor to the left atlas, which
could harbor microscopic residual disease. However, the rapid progression of the lesion occurred within a
short period of time before radiotherapy, and the patient did not have time for radiation therapy and had
to undergo a second operation. However, three weeks after the second operation, the patient showed
rapid progress again. After a multidisciplinary discussion, the patient was given radiotherapy combined
with cisplatin and epirubicin chemotherapy. At the beginning, the patient's symptoms were not
signi�cantly relieved, but the patient's symptoms were signi�cantly improved after the addition of
antiangiogenesis treatment with Anlotinib. After the end of radiotherapy, reexamination showed that the
lesions in the patient's head and neck were smaller than before, while the lung lesions were advanced.
However, the patient's clinical symptoms were signi�cantly improved and she by then was capable of
moving independently. Considering the severe digestive tract reaction of the patient with cisplatin, we
tried to give epirubicin combined with temozolomide intravenous chemotherapy, but the e�cacy was
unsatisfactory.

Currently, chemotherapy is only used for inoperable or very large tumors (> 5–8 cm in size), incompletely
resected cases, or patients with metastatic or recurrent disease [37]. Fortunately, the fact that the patient
remained asymptomatic locally after two months of completion of radiotherapy combined with anlotinib
indicates a possible bene�t of the adjuvant postoperative radiotherapy combined with anlotinib, which
might provide an alternative to the treatment of MPNST. Anlotinib is a novel, orally administered tyrosine
kinases inhibitor that inhibits vascular endothelial growth factor receptor (VEGFR) signaling by selectively
targeting VEGFR-2, -3 and �broblast growth factor receptor 1 to 4 [38, 39]. Recent studies showed a
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median progression-free survival and overall survival of 5.6 and 12 months, respectively, in patients with
advanced soft tissue sarcoma treated with anroitinib [40]. Here, we, for the �rst time, demonstrate the
clinical application of anlotinib combined with radiotherapy in the treatment of MPNST.

Conclusions
MPNSTs are highly malignant soft tissue sarcomas with a high short-term mortality rate, especially in the
setting of metastatic disease. Once diagnosed with an MPNST, complete surgical resection should be
performed. Postoperative radiotherapy is recommended as soon as possible. Additionally, other adjuvant
therapies such as chemotherapy and tyrosine kinase inhibitor could also be considered for MPNST
treatment. Larger studies and longer follow-up time are needed to validate our �ndings.

Abbreviations
MPNSTs, Malignant peripheral nerve sheath tumors; MRI, magnetic resonance imaging; CT, computed
tomography; NF1, neuro�bromatosis 1; VEGFR, vascular endothelial growth factor receptor.  
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Figure 1

Imaging before the �rst surgery: Magnetic resonance imaging (A and B) showing a large left posterior
occipital area and upper neck tumor with cervical spinal cord slightly compressed. Computed
tomography scans (C) revealed local osteolytic destruction of the left mass of the atlas. Computed
tomography scans (D) showing tumor focus on the left lung.
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Figure 2

Densely cellular areas showing (A) positive staining for Ki-67(80+), (B) negative staining for S-100, and
(C) negative staining for H3K27me3.

Figure 3

Imaging before the second surgery: Magnetic resonance imaging (A and B) showing tumor recurrence in
the head and neck, and the cervical spinal cord was slightly compressed. Computed tomography scans
(C) revealed that the tumor in the left lung was slightly larger than prior evaluation.
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Figure 4

Imaging before radiotherapy: Magnetic resonance imaging (A and B) showing tumor recurrence in the
head and neck. Computed tomography scans (C) revealed a new rapidly growing tumor in the right lung.

Figure 5

Imaging one month after radiotherapy: Magnetic resonance imaging (A and B) showing the head and
neck tumor had reduced in size due to lique�ed necrosis. Computed tomography scans (C) revealed
increased enlargement of right lung lesions compared to earlier evaluation.
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Figure 6

Imaging two months after radiotherapy: Magnetic resonance imaging (A) showing tumor in the head and
neck were still reduced. Magnetic resonance imaging (B and C) depicted multiple intracranial metastases.
Computed tomography scans (D) revealed increased enlargement of right lung lesions and were larger
than prior assessment.


