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REVIEW

A�Z of malignant peripheral nerve sheath tumors
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Abstract

This article reviews the typical and atypical locations, imaging findings, local recurrence, and metastatic pattern of
malignant peripheral nerve sheath tumors (MPNSTs). MPNSTs are rare soft tissue sarcomas, commonly occur in
extremities, and are often associated with neurofibromatosis. Distinction between benign and malignant tumors can
be challenging on imaging. MPNSTs have a poor prognosis; however, rhabdomyoblastic differentiation (malignant
triton tumor), which has imaging features similar to MPNSTs, is associated with even more aggressive behavior.
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Introduction

Malignant peripheral nerve sheath tumors (MPNSTs) are
malignant neuroectodermal neoplasms that arise from
Schwann cells, accounting for 5�10% of all soft tissue
sarcomas[1]. Although they may arise sporadically,
20�40% occur in association with neurofibromatosis
type 1 (NF1)[1] (Fig. 1). Sporadic MPNSTs typically
occur in the 5th decade[1], although MPNSTs associated
with NF1 occur earlier, at an average age of around 30
years[2]. There is no gender predilection[1]. Patients com-
monly present with an enlarging mass with or without
pain or other neurologic symptoms[1]. Pathologically,
MPNSTs are typically composed of spindle cells
arranged in a fascicular growth pattern; mitotic rate
and extent of tumor necrosis are variable[1]. MPNSTs
are aggressive, with reported 5-year survival ranging
from 34% to 60%[1]. MPNST with heterologous rhabdo-
myoblastic (skeletal muscle) differentiation is widely
known as malignant triton tumor (MTT). MTTs account
for around 5% of MPNSTs and are associated with
poorer outcomes than conventional MPNSTs[2]. In this
review, we describe the imaging findings, various loca-
tions and metastatic pattern of MPNSTs, with an empha-
sis on differences between MPNST and MTT.

Location

MPNSTs can develop anywhere in the body, mainly
along the major nerve roots[3]. Primary tumors most
commonly occur in the extremities (45�59%)
(Figs. 1�3), followed by the trunk (17�34%) (Fig. 4),
and head and neck (19�24%) (Fig. 5)[1,2]. Patients
with tumors of the extremities have better outcomes com-
pared with other sites of disease, perhaps relating to
better local control, whereas tumors of the trunk are
associated with poorer outcomes, mainly because of
locoregional failures[4]. Tumors in the extremities are
more likely to present as a painful mass, whereas
tumors elsewhere are more likely to be asymptomatic[5].

Imaging features

On imaging, MPNSTs usually present as a non-specific
soft tissue mass (Figs. 2, 3). Their ovoid appearance and
location along a nerve should prompt inclusion of a neu-
rogenic tumor in the differential diagnosis[3] (Fig. 3). On
ultrasonography, they appear as large, usually elongated,
hypoechoic masses (Fig. 6). On computed tomography
(CT), these tumors have low attenuation, possibly due to
fat entrapment, high lipid content of Schwann cell
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myelin, and cystic areas due to hemorrhage or necro-
sis[5,6] (Fig. 5a). On magnetic resonance imaging
(MRI), MPNSTs are usually isointense to muscle on
T1-weighted images and typically hyperintense on
T2-weighted images with fascicular appearance[6]

(Figs. 3, 7). On positron emission tomography (PET)/
CT, MPNSTs present as fluorodeoxyglucose (FDG)-avid
masses (Fig. 3). Although benign nerve sheath tumors
can also have mildly increased FDG uptake, uptake in
MPNSTs is higher than benign neurogenic tumors (mean
maximum standardized uptake value (SUVmax) 8.5
versus 1.5)[7] (Fig. 3e).

Signs of malignancy in peripheral
nerve sheath tumors

Imaging features of MPNSTs are non-specific and patho-
logic correlation is always needed for diagnosis. MPNSTs
should be considered in the differential of an elongated
mass along major nerves. The greatest challenge on ima-
ging is differentiation between benign and malignant
nerve sheath tumors.

On plain radiographs, involvement of adjacent
osseous structures may suggest malignancy, however sen-
sitivity of radiography is very limited[6]. On CT, high
attenuation and heterogeneous appearance secondary to
necrosis and hemorrhage is commonly seen in malignant
tumors[5,6] (Figs. 1, 5). MRI is superior to CT when
comparing benign versus malignant peripheral nerve
sheath tumors, especially in NF1 patients[6]. On MRI,
features suggestive of malignancy include rapidly increas-
ing size, heterogeneity on T1-weighted images (Fig. 4),
and the presence of intratumoral hemorrhage or necrosis
(Figs. 2, 5) with peripheral enhancement (Fig. 4)[3,8�10].

Figure 1 A 38-year-old woman with NF-1 who presented
with pain in the left thigh. Coronal contrast-enhanced CT
of the left thigh shows an intermuscular well-defined low
attenuation mass along the course of the femoral nerve
(arrow), with a central area of relatively high attenuation.
Histopathology revealed MPNST. Multiple smaller neuro-
fibromas are also seen (arrowheads).

Figure 2 A 35-year-old man presented with swelling of the left thigh. (a) Coronal T2-weighted MR image shows that the
mass (arrow) is predominantly hyperintense, with a central markedly hyperintense area, which likely represents necrosis.
(b) Axial contrast-enhanced T1-weighted image shows a large central area of necrosis with peripheral rim of enhance-
ment (arrow).
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Intralesional hemorrhage and necrosis often result in
inhomogeneous enhancement (Figs. 2, 4, 5)[10].
Infiltrative margins and surrounding edematous changes
may be seen[3,8].

Li et al.[3] suggested that larger size and infiltrative
margin on MRI indicates malignancy, whereas split fat
sign (intact fat planes around the mass) is more indica-
tive of benign tumors, although Wasa et al.[8] found that

MPNSTs often have well-defined margins (Figs. 1, 4, 7).
Previously, a target sign, a central hypointense region
seen on T2-weighted images, was implicated in malig-
nancy[11] (Fig. 7), but again, recent studies have not
corroborated this[8,10]. Based on increased FDG uptake
associated with malignant transformation, PET/CT
reportedly has 72% specificity for diagnosis of malig-
nancy[7] (Fig. 3e). [11C]Methionine-PET may further

Figure 3 A 62-year-old man with NF-1 presented with increasing size of right calf mass. (a) Coronal T1-weighted MR
image shows a well-defined mass (arrow) that is isointense to adjacent muscle. (b) On a coronal T2-weighted MR image,
the mass (arrow) is hyperintense compared with the muscles. (c) Coronal contrast-enhanced T1-weighted image shows
moderate homogeneous enhancement (arrow). Note that there is no involvement of the underlying bone. (d) Axial fused
FDG-PET/CT images show an intensely FDG-avid mass (arrow, SUVmax 10.8). (e) Coronal maximum intensity pro-
jection (MIP) image shows the FDG-avid mass in the calf (arrow) and several smaller, scattered, less avid lesions
(arrowheads) that represent neurofibromas. Notice the difference in the FDG avidity between MPNST and
neurofibromas.
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increase the specificity to 91%. Given this moderate to
high specificity in the detection of MPNSTs, use of PET/
CT has been recommended for biopsy planning[7].

Management

Treatment of MPNSTs relies on radical surgical resection
to remove the tumor in its entirety and achieve negative
margins. Radiation therapy is sometimes given as an
adjunct to surgery to improve local control, with
Anghileri et al.[4] showing that lack of radiation therapy

results in poorer disease-specific survival. Chemotherapy
can be used in selected cases (such as tumor rupture,
positive margins, metastases) but improvement in sur-
vival has not been demonstrated[1]. Multimodality treat-
ment is recommended when treating MPNSTs. Radiation
therapy is typically considered for tumors with aggressive
features (such as size �5 cm, high grade, and positive
margins after surgery) and adjuvant chemotherapy may

Figure 3 Continued.

Figure 4 A 75-year-old woman with an incidentally
detected mass in the right iliac fossa, proved on histo-
pathology to be an MPNST. (a) An axial T1-weighted
MR image shows a heterogeneous isointense mass in the
right iliac fossa (arrow) with a central area of central
hyperintensity. (b) The mass is hyperintense to muscle
on the T2-weighted image. (c) Contrast-enhanced axial
T1-weighted image shows a central non-enhancing compo-
nent likely representing central necrosis and a peripheral
enhancing soft tissue rim (arrow).
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also be considered, particularly for younger patients with
these features[1]. PET/CT may be used for post-treatment
follow-up (Fig. 8).

Malignant triton tumors

MTTs are defined as MPNSTs with heterologous rhab-
domyoblastic differentiation[12]. MTTs were first
described in 1938 but not so-named until 1973; the
name is based on the triton salamander, due to its ability
to regenerate limbs and its ability to grow both neural
and muscle components from a transplanted sciatic
nerve[13]. Pathologically, MTTs show the same typical

features as high-grade MPNSTs but are distinguished
by the presence of cells with skeletal muscle differentia-
tion within the tumor, which usually account for only a
minor component[12]. Immunohistochemical staining for
skeletal muscle markers such as desmin and myogenin
can be used to support the diagnosis[12].

The literature on imaging features of MTT is scarce,
mainly in the form of isolated case reports[14�16]. MTTs
typically present as large masses (Fig. 9). Based on the
clinical literature, the average age at diagnosis for MTTs
is 30 years[12]. MTTs are typically larger than MPNSTs,
with an average size of 9.0 cm compared with 6.0 cm
for MPNSTs[1,12]. At our institution, we have seen over

Figure 5 A 76-year-old woman with a history of a left neck mass that had been stable for 19 years, but had started
growing 6 months previously. (a) Contrast-enhanced CT image in the axial plane shows a low attenuation mass (arrow)
in the left parapharyngeal space, with preserved fat planes anteriorly, laterally and posteriorly. (b) Axial T2-weighted MR
image again demonstrates a well-defined mass (arrow) with central T2-hyperintense necrotic areas. (c) Coronal contrast-
enhanced T1-weighted image shows predominant central necrosis and a thin peripheral rim of enhancement (arrow).
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20 cases of MTT over the past decade, and in our expe-
rience, MTTs cannot be reliably differentiated from other
MPNSTs.

Local recurrence and metastasis

The local recurrence rate of MPNSTs varies from 22% to
42%[1]; metastases reportedly occur in 20�30% of
patients[1,4]. Predictors of local recurrence include posi-
tive margin status, trunk tumor site, and large tumor
size[4]. Metastatic spread is most common to the
lungs[1] (Fig. 10). Common extrapulmonary metastases
include, but are not limited to, bone (Fig. 10), liver
(Fig. 10), peritoneum (Fig. 10), and the central nervous
system[1,4]. Lymph node metastasis is rarely seen
(Fig. 10). PET/CT is useful to detect distant metasta-
ses[7] (Fig. 10). On CT or MRI, the radiographic char-
acteristics of metastases often mimic those of the primary
lesion.

Predictors of distant metastases include large tumor
size, high tumor grade and local recurrence[1,4]. Tumor
size �5 cm, local recurrence, and truncal location are
associated with a significantly adverse impact on dis-
ease-specific survival[1,4]. MPNSTs and MTTs in patients
with NF1 have a poorer prognosis than sporadic tumors,
with a reported 5-year survival of 15�38%, however
reports differ regarding the impact of NF1 on sur-
vival[2,4,12]. MTTs have a worse prognosis than conven-
tional MPNSTs, with a 5-year survival rate of 11�15%
versus 34�60%[1,4,12]. A thoracoabdominal location of
MTT is associated with increased incidence of local
recurrence[12]. NF1 status and tumor size �10 cm are
associated with increased incidence of metastatic
disease[12].

Conclusion

MPNSTs often occur in patients with NF1, although they
can also arise sporadically, and are associated with a poor
prognosis and have a tendency for local recurrence and
distant metastasis. These tumors arise anywhere along a
peripheral nerve, most commonly in the extremities.
Distinction between benign and malignant tumors,
which is especially important in patients with NF1, can
be challenging on imaging; MRI is the most helpful for
this purpose. MPNSTs with heterologous rhabdomyo-
blastic transformation (MTT) behave more aggressively,
with early metastases and poorer prognosis, yet display
and imaging pattern similar to MPNSTs.

Figure 6 A 72-year-old man with incidentally detected
MPNST along the left psoas muscle. Ultrasound image
shows a well-delineated, elongated, hypoechoic mass
(arrow) without any distinctive features.

Figure 7 A 47-year-old woman with a history of a mass in
the left gluteal region for more than 10 years presented
with recent discomfort in the region of the mass; biopsy
revealed MPNST. (a) Axial T1-weighted MR image shows
a well-defined superficial mass in the left gluteal region
(arrow) that is isointense to muscle. (b) On the
T2-weighted image, the mass is hyperintense (arrow), typ-
ical of neurogenic tumors. (c) Axial contrast-enhanced
T1-weighted image shows heterogeneous enhancement.
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Figure 8 A 56-year-old man with MPNST in the left thigh. (a) Coronal MIP image from pre-treatment PET/CT shows
an FDG-avid left thigh mass with SUVmax of 9.5 (arrow). The patient underwent neoadjuvant radiation. (b) Post-
radiation PET/CT shows a slight decrease in FDG uptake (SUVmax 7.1), especially in the focus of intense uptake in
the superior portion of the mass (arrow).

Figure 9 A 31-year-old man with MPNST with rhabdomyoblastic differentiation (MTT). (a) Coronal contrast-enhanced
CT shows a large heterogeneous mesenteric mass (arrow) which was resected. (b) Coronal contrast-enhanced CT after 2
months showed extensive disease in the abdomen with multiple large masses (arrows).
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