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Sonographic findings of malignant peripheral
nerve sheath tumors — case series —
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ABSTRACT

Purpose: Malignant peripheral nerve sheath tumor (MPNST) is a sarcoma deriving from peripheral nerves,
accounting for 3-10% of all malignant soft tissue tumors. Around half of cases develop secondary to neurofibro-
matosis type 1 (NF1). While magnetic resonance imaging has been considered the best imaging modality for
diagnosing MPNST, the efficacy of sonography has not been precisely investigated. The present study therefore
aimed to clarify the sonographic findings for this rare entity in a case series.

Methods: Sonographic findings of four cases with MPNST that had been diagnosed by histopathological studies
of specimens obtained via biopsy or surgical resection in our hospital between 2013 and 2023 were evaluated.
Age range was 51-56 years and three of the four patients were male. MPNST developed secondary to NF1 in
three cases, and the tumors had developed in the thigh and retroperitoneum in two cases each. All cases showed
rapid tumor growth within 1 year.

Results: The MPNSTs were large masses appearing hypervascular on Doppler images. Although shapes and
contours varied, MPNSTs were depicted as heterogeneously hypoechoic masses with well-defined margins. The
well-defined margin is distinct from findings observed in most malignant soft-tissue tumors.

Conclusion: Development of MPNST should be considered when a well-defined margin is observed on sonogra-
phy of rapidly growing masses in soft tissues, particularly in patients with NF1. (Lab Med Int 2024; 3(3): 74-83]

malignant peripheral nerve sheath tumor (MPNST), soft-tissue tumor, sonography, well-defined margin

I Introduction.............coviiuniiiiiiiiiiiiiaiinnannn.

Malignant peripheral nerve sheath tumor (MPNST) is
a sarcoma deriving from peripheral nerves, accounting
for 3-10% of all malignant soft-tissue tumors V-*'. Around
50% of MPNSTs occur as transformation from neurofibro-
ma in patients with neurofibromatosis type 1 (NF1) , also
known as von Recklinghausen’s disease, an autosomal

dominant disorder ¥ . Conversely, around 5-15% of pa-
tients with NF1 develop MPNST. About 10% of MPNSTs
arise in the setting of prior radiation therapy, and the
remaining up to 50% of MPNST arise de novo from the
peripheral nerve sheath®. Common sites of development
are the extremities and trunk, followed by the head and
neck, with poor prognosis due to the high malignancy in
terms of local recurrence and hematogenous metastasis.
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Imaging examinations are therefore essential for differ-
entiation from benign tumors and other soft-tissue ma-
lignancies. Magnetic resonance imaging (MRI) in com-
bination with *F-fluorodeoxyglucose positron emission
tomography (PET) has been a gold standard imaging
modality to distinguish MPNST from benign peripheral
nerve sheath tumors (PNSTs) such as neurofibroma V7%,
Meanwhile, sonography has been utilized as an initial
imaging modality for screening examinations, taking
advantage of its ready accessibility, non-invasiveness
and inexpensiveness. We have reported that malignant
soft tissue tumors generally appear as a large mass with
ill-defined margins and hypervascularity on sonography ?.
However, the appearance of the MPNST margin on imag-
ing has reportedly varied among studies. A cohort study
utilizing sonography found that MPNST presented with
an ill-defined margin . In contrast, MPNST exhibits
well-defined or partially ill-defined margins on MRI when
compared with non-neurogenic malignant soft tissue tu-
mors V. The present study therefore aimed to clarify the
features of MPNST on sonography using findings from a
case series.

II. MATERIALS AND METHODS ....................

Institutional case series

MPNST cases pathologically diagnosed in our hospital
from October 2013 to December 2023 were included
in the present study. Only cases in which sonographic
examinations had been performed before surgery or bi-
opsy were included. Cases in which chemotherapy and/
or radiation therapy were performed before imaging
examinations were excluded. In this period, four cases
with MPNST meeting these requirements were identi-
fied. This study was approved by the ethics committee
at our institute (approval no. 1956) and performed in
accordance with the ethical standards formulated in the
Declaration of Helsinki and its revisions. The aim, signif-
icance, and protocol of the study were disclosed on the
website of our hospital and made available to the pub-
lic (https://www.kyorin-u.ac.jp/hospital/clinic/support02/
pdf/support02_optout202209.pdf) . Patients were assured
of the right to opt out of the use of their data at any time
if they declared to the institution their decision not to be
integrated into the study. All study procedures met the
requirements of the Ethical Guidelines for Medical and
Health Research Involving Human Subjects of the Japa-
nese government.
Sonographic examination

Sonographic examinations were performed using an
Aplio500 ultrasound system (Canon Medical Systems

Corporation, Tochigi, Japan), with the combination
of a 3.5-MHz convex-array transducer and an 8.0- or
10.0-MHz linear-array transducer. Examinations were
performed by one of the sonographers with more than
10 years of experience and specializing in sonographic
examination in our hospital. Tumor location, shape, size,
margin, echogenicity, and texture were evaluated on gray-
scale images, and vascularity was evaluated on images
from Doppler sonography * -, All sonographic findings
other than tumor size were evaluated independently on
the basis of preserved images in the sonographic machine
by two sonographers certified as experts on soft-tissue
sonography by The Japan Society of Ultrasonics in Medi-
cine. Both sonographers were blinded to histology, then a
consensus was reached 1319,

III. RESULTS ..o

Case 1

A 51-year-old man had been diagnosed with NF1 based
on the development of multiple neurofibromas on his
body at another clinic. He complained of rapid growth of
a lesion in the left thigh from 3 cm to 20 cm in the last 6
months, accompanied by neurological symptoms of lum-
bago. Sonographic examination in our hospital revealed a
hypoechoic oval mass with a maximum diameter of 210
mm in the muscle layer of the left thigh (Figure 1a, b).
Although the margin was well-defined and the contour
was regular, textures in the tumor were heterogeneous
intermingled with anechoic areas. Doppler sonography
showed moderate vascularity at the tumor periphery.
MRI also showed a relatively well-demarcated mass
measuring 200 X 85 X 70 mm across the left rectus
femoris and sartorius muscles. The mass exhibited sig-
nal hypointensity compared with surrounding muscle
on T1-weighted imaging, and heterogeneous signal hy-
perintensity on T2-weighted imaging (Figure 2a, b).
Contrast-enhanced MRI demonstrated heterogeneous
enhancement at the tumor periphery, but no enhance-
ment at the center of the tumor suggestive of liquid com-
ponents was observed. Macroscopic examination of the
resected tumor revealed a nodular lesion with necrosis
and hemorrhage. Microscopically, the lesion showed fas-
cicular growth of atypical spindle tumor cells with alter-
nating hyper- and hypocellular areas (Figure 3a). Tumor
cells were focally immunoreactive to S-100 and exhibited
partial skeletal muscle differentiation ® . Mitotic figures
were present at a rate of 20-25 per 10 high-power fields.
These findings led to a diagnosis of MPNST with skeletal
muscle differentiation (malignant triton tumor).
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Case 2

A 56-year-old man with no history of NF1 presented with
a 10-year history of a mass in the right thigh. The mass
had increased in size over the last 6 months, causing right
leg pain. Sonographic examination revealed a hypoechoic,
lobular mass measuring 97 mm in diameter, with partial
hyperechoic areas in the muscle layer of the right thigh
(Figure 1c, d) . Although the margin was well-defined, the
internal texture was heterogeneous. Doppler sonography

showed hypervascularity mainly in the center of the mass.
MRI also showed a mass measuring 90 X 70 X 60 mm
in the adductor longus muscle (Figure 2¢, d). The mass
exhibited signal isointensity as compared with surrounding
muscle on T1-weighted imaging, and heterogeneous signal
hyperintensity on T2-weighted imaging. The mass was
biopsied, revealing a lesion comprising fascicular growth
of atypical spindle cells (Figure 3b). Mitotic figures were
present at a rate of 20-25 per 10 high-power fields. On im-

Figure 1
a, b) The tumor presents as an oval mass, 210 mm in maximal diameter on sonography. The mass exhibits heterogeneous
hypoechoic intermingled with anechoic areas. The margin is well-defined. Doppler sonography shows moderate vas-

cularity at the tumor periphery.

¢, d) The tumor presents as a lobulated mass, 97 mm in size on sonography. The mass appears heterogeneously hy-
poechoic. The margin of the mass, however, is well-defined. Doppler sonography shows hypervascularity, mainly in

the center of the mass.

e, f) The tumor presents as a rounded mass, 119 mm in diameter on sonography. The mass exhibits intermingled hetero-
geneous hypoechoic and anechoic areas. The margin of the mass is well-defined. Doppler sonography shows hyper-

vascularity with internal vessels.

g, h) The tumor presents as two irregular masses measuring 144 mm and 128 mm on sonography, which thereafter
turned out to be one connected lesion. The mass appears heterogeneously hypoechoic. The margin of the mass is,
however, well-defined. Doppler sonography shows hypervascularity with internal vessels.
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munohistochemistry, the tumor exhibited focal reactivity
to S-100 and loss of H3K27me3 >, These findings led to
a diagnosis of MPNST.
Case 3

A 56-year-old man had a history of lower limb amputation
due to NF1. He recognized a rapidly growing abdominal
mass within the preceding year. Sonographic examination
at our hospital revealed three hypoechoic, rounded mass-

es with diameters of 119 mm, 60 mm and 48 mm. The
rapidly growing mass was considered to correspond to
the 119-mm lesion (Figure le, f). Although the margin
was well-defined and the contour was regular, textures
in the tumor were intermingled with heterogeneous and
anechoic areas. Doppler sonography showed hypervascu-
larity with internal vessels. MRI showed a fusiform mass
suggestive of neurogenic tumor in the retroperitoneum,

Figure 2
a, b) MRI shows a relatively well-demarcated mass measuring 200 X 85 X 70 mm across the left rectus femoris and
sartorius muscles. The mass exhibits signal hypointensity as compared with surrounding muscle on T1-weighted
imaging, and heterogeneous signal hyperintensity on T2-weighted imaging.
¢, d) MRI shows a mass measuring 90 X 70 X 60 mm in the adductor longus muscle. The mass exhibits signal isointen-
sity as compared with the surrounding muscle on T1-weighted imaging, and heterogeneous signal hyperintensity on

T2-weighted imaging.

e, f) MRI shows a fusiform mass suggesting a neurogenic tumor, 115 X 95 X 85 mm, in the retroperitoneum and ventral
to the right iliopsoas muscle. The mass exhibits signal hypo- and isointensity as compared with surrounding muscle
on T1l-weighted imaging, and heterogeneous signal hyperintensity intermingled with signal hypointense septa on

T2-weighted imaging.

g, h) MRI shows a mass, 160 X 110 mm, in the left retroperitoneum, including erector spinae muscles. The mass ex-
hibits heterogeneous hypo- to isointensity as compared with abdominal fat or muscle on T1-weighted imaging, and
heterogeneous isointensity intermingled by signal hyperintensity on T2-weighted imaging.
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measuring 115 X 95 X 85 mm and ventral to the right
iliopsoas muscle (Figure 2e, f). The mass exhibited
signal hypo- to isointensity compared with surrounding
muscle on T1-weighted imaging, and heterogeneous sig-
nal hyperintensity intermingled with signal hypointense
septa on T2-weighted imaging. Contrast-enhanced MRI
showed increased enhancement at the tumor periphery
in the early phase of enhancement and much more en-
hancement in the late phase of enhancement. A biopsy
specimen obtained from the largest mass revealed mitot-

ic figures at a rate of over 50 per 10 high-power fields and
intermingled necrotic regions, leading to a final diagnosis
of MPNST composing highly atypical tumor cells (ana-
plastic MPNST) (Figure 3c).
Case 4

A 55-year-old woman with NF1 had been suffering from
lumbago for 1 year. A mass was identified from the back to
retroperitoneum. Sonographic examination in our hospital
revealed two irregular, hypoechoic masses with maximum
diameters of 144 mm and 128 mm (Figure 1g, h). Al-

Figure 3
a) Spindle tumor cells show fascicular growth with focal skeletal muscle differentiation (arrows) (hematoxylin and eosin

(HE) stain).

b) Atypical spindle cells proliferate in a fascicular pattern (HE stain).

¢) The cellular tumor exhibits high-grade nuclear atypia (HE stain).

d) Spindle-shaped tumor cells show fascicular growth (HE stain).

Spindle cell sarcomas with alternating cellularity and brisk mitotic activity, typical of the pathology in MPNST, are present
in all cases. No differences are apparent between a) and b) or d) other than the focal skeletal muscle differentiation in
a) . Although c) represents a so-called ‘anaplastic MPNST’ , all four cases correspond to high-grade MPNST comprising

sarcoma with high cellularity.
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Table 1 Sonographic findings of malignant and benign neurogenic tumors, including the present 4 cases of MPNST

Malignant soft
tissue tumors in
general

MPNST: 4 cases in MPNST: cases

the present study

reported with sono-

graphic findings

Neurofibroma

Schwannoma
(=Neurilemoma)

Maximal diam- > 46 mm; >50 mm

210 mm; 97 mm;

mean 56 mm (42-110

mean 22 mm (2-49

< 50 mm

eter 119 mm; >144mm  mm); large (but not de- mm)
scribed) ; 50 mm
Location thigh; thigh; thigh;
retroperitoneum; retroperitoneum
retroperitoneum
Shape irregular or lobulated oval; lobulated; elongated; fusiform;  oval; extensive oval > lobulated;
round; irregular irregular lobulated; serpentine peripheral nerve en-
and partly oval in tering and exiting
plexiform tumors
Margin ill-defined well-defined ill-defined; well-de- well-defined; ill-de-  well-defined
fined; range from fined
well-defined to infil-
trating
Echogenicity  hypo, iso or hyper hypo hypo hypo hypo
Texture heterogeneous heterogeneous heterogeneous (with  homogeneous; more homogeneous but het-
necrosis, hemorrhage heterogeneous than  erogenous due to de-
and/or calcification) schwannomas generationin ‘ancient’
(larger) tumors
Vascularity hyper hyper hyper; intrinsic anar- hypo hyper
chic vascular pattern
with spectral wave-
form; flow within
cystic area; stenosis,
occlusion, trifurcation
and archaic vascular
pattern
Posterior (not described) not detected present present present
enhancement
Target sign (not described) absent rarely present present present; rarely
(hyperechoic present
central area
with hypoechoic
periphery)
Abbreviation: MPNST, malignant peripheral nerve sheath tumor.
though the margins were well-defined, the contours were
8 8 IV. DISCUSSION ......c.oooviiieieeeoeieei.

irregular and textures in the tumors were heterogeneous.
Doppler sonography showed hyper-vascularity with in-
ternal vessels. MRI showed a mass measuring 160 X
110 mm in the left retroperitoneum that had invaded both
the erector spinae muscles and the spinal canal (Figure
2g, h). The mass exhibited heterogeneous hypo- to iso-
intensity as compared with abdominal fat or muscle on
T1-weighted imaging, and heterogeneous isointensity
intermingled by signal hyperintensity suggesting hem-
orrhagic necrosis on T2-weghted imaging. While sono-
graphic examination depicted the mass as two lesions,
MRI showed that these lesions were connected. A biopsy
specimen from the mass revealed mitotic figures present
at a rate of 15 per 10 high-power fields, and diagnosed as
a MPNST (Figure 3d).

MPNSTs are histologically classified into four subtypes:
conventional, malignant triton tumor, glandular, and
epithelioid types® ® 117 Conventional MPNST is the
most common, accounting for 80-85% of MPNSTs. The
remaining 15% comprise the other three subtypes with
various differentiations. Malignant triton tumor defined
as MPNST with rhabdomyoblastic differentiation as
seen in Case 1 of the present study accounts for 5% of
MPNSTs and exhibits aggressive behavior with poor out-
comes as compared with conventional MPNST ¥, Cases
1 and 2 finally underwent surgical resection. Although
the contour was regular or lobular in each tumor, the
margins were well-defined on sonography (Figure la-d;
Table 1), which represented nodular lesions macroscop-
ically. Cases 3 and 4 were pathologically diagnosed from
the biopsied specimens. Although the contours of Cases
3 and 4 tumors were regular and irregular, respectively,
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Table 2 MRI findings of MPNST and representative benign neurogenic tumors

MPNST Neurofibroma Schwannoma
(Neurilemoma)
Age 20-50 years 20-30 years 20-40 years
Size large, >5 cm
Shape fusiform (with tapered fusiform (with tapered ends)
ends) ; multilobulated
Margin poorly defined; well-defined well-defined well-defined
Texture heterogeneous, including homogeneous on T1; heterogeneous
intratumoral cystic areas heterogeneous on T2
suggesting hemorrhage or
necrosis
MRI: T1/T2 low or intermediate; iso to low or intermediate; iso to low or intermediate /
adjacent muscle (high skeletal muscle / heterogeneously high
representing hemorrhage)/ heterogeneously high
heterogeneous high
Enhanced MRI heterogeneous hyper hyper with or without

(contrast-enhanced T1)

peripheral enhancement
with non-enhancing areas
representing cystic
changes or necrosis

homogeneous and patchy
mild
reversed target sign

internal cystic areas

Target sign absent; rarely present present present
(hyperintense ring and (peripheral high and
hypointense center on T2WI)  central low on T2WI)

Split fat sign absent present present

Perilesional edema present absent absent

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; MRI, magnetic resonance imaging; WI, weighted imaging.

the margins were well-defined in both (Figure 1e-h; Ta-
ble 1). However, contrast with the macroscopic pathol-
ogy could not be performed because the diagnoses were
made from of biopsied specimens. The heterogeneous
internal texture observed in all four cases (Figure 1; Ta-
ble 1) could have been due to spindle cell sarcomas with
alternating cellularity and brisk mitotic activity, typical
for the pathology of MPNST (Figure 3). No differences
were noted between Case 1 and Cases 2 and 4 other than
focal skeletal muscle differentiation in Case 1. Although
Case 3 was a so-called ‘anaplastic MPNST’ , all four cas-
es corresponded to high-grade MPNST comprising sar-
coma with high cellularity. Intermingled anechoic areas in
Cases 1 and 3 (Figure 1a, e) may have corresponded to
necrotic and hemorrhagic areas in malignant triton tumor
type and anaplastic MPNST (Figure 3c).

When compared with benign soft-tissue tumors, ma-
lignant soft-tissue tumors generally exhibit large size,
ill-defined margins and hypervascularity on sonography,
as described in our previous study ¥ . In contrast, no
differences are found concerning echogenicity or internal
texture between benign and malignant soft-tissue tumors
(Table 1). The present four cases suggest that MPNST
forms a large, well-defined, heterogeneously hypoechoic
mass with hypervascularity. The features of large size and
hypervascularity are consistent with those of malignant

soft-tissue tumors in general. In contrast, the well-de-
fined margin could serve as a distinct feature of MPNST,
differing from the general finding of malignant soft-tissue
tumors. Actually, three case reports of MPNST have
demonstrated well-defined margins on sonographic imag-
ing ¥2020_This supports our hypothesis that MPNST is
likely to show well-defined margins on sonography.

The most recent study utilizing sonography in a large
group of patients with PNSTs concluded that MPNST
shows an ill-defined margin '”’. That study settled on the
strict numerical criteria for evaluations of tumor margin,
as follows: well-defined, > 90% of whole margin is well
demarcated; and ill-defined, < 90% of the whole margin
is well demarcated. However, tumor margins have been
evaluated qualitatively by trained sonographers on so-
nography in most studies, including our own ¥4, Since
tracing the whole margin of these mostly large MPNSTs
could be difficult within the restricted field of vision on
sonography, the criterion of whether over or less than
90% of the tumor margin is well- or poorly demarcated
on sonography ' may not be practical. Because our crite-
ria for evaluating the tumor margin have been concordant
in most previous studies applying non-numerical crite-
ria 2?5 the margin for MPNST should be considered
well-defined in clinical practice.

Among the current imaging examination modalities,
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MRI has been the most advantageous to diagnose
soft-tissue tumors, including MPNST, because of its abil-
ity to evaluate tumor properties. Representative findings
on MRI for MPNST are shown in Table 2. MPNST has
been reported to exhibit well-defined or partially ill-de-
fined margins on MRI as compared with non-neurogenic
malignant soft-tissue tumors V¥, A large series investi-
gating differential features on MRI between MPNST and
neurofibroma identified that both tumors exhibit well-de-
fined margin with no significant differences”. Meanwhile,
that study also concluded that two or more among the
four features of tumor size, peripheral enhancement, per-
ilesional edema and intratumoral cystic change could aug-
ment discrimination of MPNST from neurofibroma. An-
other study demonstrated that a recent advance in MRI
using diffusion-weighted imaging values combined with
conventional MRI findings could discriminate MPNST
from benign tumors ?*. However, ill-defined margins
were included among the conventional MRI findings sug-
gesting MPNST in that study. Thus, the use of well- or
poorly defined margins for the diagnosis of MPNST on
MRI has varied between studies. MRI has actually been
serving as the most reliable imaging modality to diagnose
soft-tissue tumors, including MPNST, because several
sequences provide tumor features. However, MRI re-
mains challenging in terms of accessibility due to cost,
low procedural throughput, and invasiveness for some
patients, such as those with pacemakers. Further, not all
institutions can equip themselves with MRI machines.

In contrast, sonography could solve these problems,
particularly as an initial imaging examination. When
encountering tumors originating from soft tissues on
sonography, a large mass with ill-defined margin and
hypervascularity on Doppler imaging could be sugges-
tive of malignant tumors in general . Homogeneous
masses with well-defined margins may well be benign
tumors, but even if well-defined margins are present,
heterogeneous masses may be malignant. Examiners
should therefore be cautious in reporting. The probability
of MPNST should increase considerably, especially for
large, rapidly growing masses with well-defined margins,
although the hypoechogenicity, heterogeneous internal
texture and hypervascularity seen in MPNST could not
be definitively discriminated from the features in benign
tumors (Table 1) 18202029

Basically, half of MPNSTs arise from preexisting neu-
rofibromas in patients with NF1, as in Cases 1, 3 and 4.
Development of MPNST should thus always be consid-
ered in patients with NF14% . MPNST can also develop
sporadically in otherwise normal tissues® . When a rapid-

ly growing mass exhibits sonographic findings similar to
those in the present cases in the soft-tissues of patients,
especially those with a history of NF1, MPNST should be
considered among the differential diagnoses.

As a limitation of sonographic examinations as compared
with MRI in the diagnosis of MPNST, tracing the entire
margin of a tumor could be difficult in the restricted field
of vision because of the large size of most MPNSTSs, as
described above. Further, tumor invading bones or bone
marrow may not be depicted. MPNSTs arising from areas
in the trunk such as the pleural cavity or retroperitoneal
cavity might be difficult to observe, depending on con-
ditions such as gas in the body. The internal texture of
MPNSTs could be heterogeneous on sonography, while
several sequences on MRI can evaluate the detailed con-
text of tumor textures. Contrast-enhanced sonography
is better than Doppler sonography for evaluating tumor
vascularity, as contrast-enhanced MRI uses gadolinium in
addition to several sequences of MRI 3, Histopatholog-
ical differences might thus be partly responsible for the
differences in sonographic images of MPNSTs. The pos-
sible contribution of histological differences in MPNST
subtypes to sonographic image differences remains to be
clarified by accumulating more cases of this rare patholo-

gy.
V. CONCLUSION ...t

The present study clarified several sonographic findings
characteristic of MPNST that are similar to those ob-
served in malignant soft-tissue tumors, such as heteroge-
neity and hypervascularity. A well-defined margin could
represent a point of distinction from malignant soft-tissue
tumors in general. Sonography alone may not warrant a
definitive diagnosis of MPNST, but seems useful as an
initial imaging modality. When a large, hypervascular tu-
mor with features of malignant soft-tissue tumor exhibits
a well-defined margin on sonography, MPNST should be
considered as a differentiated diagnosis.
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