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Summary

Malignant peripheral nerve sheath tumor (MPNST) is an uncommon sarcoma in the pediatric population;
however, its presence should be considered in a child with an enlarging or painful soft-tissue mass. Diagnosis
of this neoplasm depends on either the demonstration of its origin within a peripheral nerve or the association
with a contiguous neurofibroma. We have identified 16 cases of MPNST involving children 16 years of age or
less, which represent 12.8% of the total cases seen at the Mayo Clinic. Most of the lesions arose in children
with von Recklinghausen’s disease and were associated with a contiguous neurofibromatous component. The
mean survival of patients who were known to have died of tumor was only 1.8 years. This sarcoma requires
prompt aggressive therapy utilizing wide surgical excision. Because of the association of MPNST with von
Recklinghausen’s neurofibromatosis, a careful workup and family history should be obtained for the
potential prognostic value and for the purpose of genetic counseling.

Introduction

Soft-tissue sarcomas, with the exception of em-
bryonal rhabdomyosarcoma, are uncommon ma-
lignant lesions in the pediatric population (1). Be-
nign soft-tissue proliferations are commonly seen in
this age group; among these are neurofibromas,
which are benign spindle cell tumors originating
from Schwann cells and/or from endoneurial fi-
broblasts of peripheral nerves. Such tumors are
usually manifestations of neurofibromatosis, an
autosomal dominant phakomatosis observed in a
frequency of 1 in 3,000 (2). Although neurofibro-
mas do arise in childhood, particularly in the setting
of von Recklinghausen’s disease, malignant periph-
eral nerve sheath tumors (neurofibrosarcomas,
malignant schwannomas) are most commonly
found in adults with von Recklinghausen’s disease.
The reported incidence ranges from 2 to 29% (3-5),

although the latter percentage almost certainly rep-
resents an overestimate. Reviews of the literature
on malignant peripheral nerve sheath tumors indi-
cate that as many as 17% have occurred in child-
hood and adolescence (6). It is the purpose of this
study to better delineate the clinical, surgical, and
pathologic features of such tumors as well as to
evaluate prognostic indicators and therapeutic
methods.

Materials and methods

The files of the Mayo Clinic Tissue Registry were
reviewed for all cases of fibrosarcoma of peripheral
nerves or of malignant peripheral nerve sheath
tumor (MPNST). Gross specimens were examined
and, when necessary, additional microsections were
prepared. Original histologic slides were reviewed,
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and in selected cases, special stains including Go-
mori’s reticulin, phosphotungstic acid-hematoxy-
lin (PTAH), and Bodian preparations for axons
were performed. Only lesions that originated within
peripheral nerves, documented by either surgical
description or pathologic examination, and malig-
nant tumors arising within neurofibromas were
accepted. The clinical presentation, gross surgical
observations, response to adjuvant therapy, and
follow-up data were recorded.

Results

Of 125 patients with MPNST, 16 (12.8%) were
children 16 years of age or less. Ten of the 16
" patients (62.5%) had clinically documented von
Recklinghausen’s disease (Table 1). There were
eight boys and eight girls with a mean age of 12.7
years (range 7 to 16) at diagnosis. The presenting
symptoms were pain in five patients, an enlarging
mass in five, pain and a mass in five, and pain, mass,
and hyperesthesia in one. The tumor in one patient
arose in a previously irradiated site 5 years after
radiation therapy (case 13).

Tumor locations were variable. Seven tumors
were situated in the lower extremity: two in the
popliteal space (popliteal nerve), three in the thigh
(popliteal nerve, femoral nerve, obturator nerve),
one in the posterior aspect of the calf, and one in the
pretibial region. Two lesions were situated in the
brachial plexus, and one each in the regions of the
posterior 11th rib, scapula, retroperitoneum (fem-
oral nerve), pelvis (obturator nerve), temporal re-
gion, parotid region (facial nerve), and forearm
(radial nerve). Eight patients were treated by tumor
excision, which necessitated amputation in four.
Five patients were treated by a combination of
excision and radiation, and three underwent exci-
sion followed by both radiation and chemotherapy.
One of the latter patients had a sarcoma that
showed extensive rhabdomyoblastic differentiation
(case 16) and was therefore treated with a protocol
for rhabdomyosarcoma, including radiation and
chemotherapy.

One patient (case 11) developed a second primary
MPNST after an interval of 30 months; still anoth-
er (case 14) presented with second and third pri-

mary lesions, one after 13 years and the other after_

21 years. Three patients each experienced one re-

currence (cases 3, 5, and 10), and two each (cases 9
and 13) had two recurrences. Five patients (cases 4,
6,7, 9, and 14) had metastases, the most common
site of involvement being the lung in four patients
and the skeleton in two (one having metastasis to
lung and skeleton). Most patients on whom current
follow-up information is known (8/11) have died.
The mean duration of survival after diagnosis was
1.8 years (range 13 months to 3 years). Four pa-
tients have survived without evidence of disease,
one 24 months and the other 49 months after diag-
nosis, and two whose tumors were diagnosed only
recently. One patient has survived with clinical evi-
dence of tumor. Three patients were lost to follow-
up after 3, 4, and 8 disease-free years.

Pathologic findings
On computed tomographic scans, the tumors

were seen as soft-tissue masses (Fig. 1). The sizes of
the primary tumors ranged from 3 to 12 cm. Gross-

Fig. 1. (case 13). Computed tomographic scan of head shows
malignant peripheral nerve sheath tumor arising within soft
tissue of right temporal fossa. Also note optic chiasm glioma and
thalamic glioma in this patient with von Recklinghausen’s dis-
ease. The temporal fossa tumor was a postradiation sarcoma
arising in the radiation field for the gliomas.



ly, an intimate relationship to nerve was evident in
most of the tumors; that is, both entering and exit-
ing nerve trunks were identified. Such a relation-
ship also could be demonstrated on microscopic
study (Fig.2). Most tumors were firm, white to
gray-yellow, and had foci of necrosis or degenera-
tion.

Twelve of the 16 tumors were associated with a
contiguous neurofibroma, 10 in patients with von
Recklinghausen’s disease. Such benign tumor
components were composed of cells that are typical
for neurofibroma, that is, spindle cells with wavy
nuclei and cell bodies arranged in a loose myxoid
matrix. Mitotic figures and cytologic atypia were
not evident. Most lesions demonstrated a broad
range of differentation within the same lesion, from
low-grade tumor components with mild hypercellu-
larity, nuclear hyperchromasia, and modest mitotic
activity (Fig. 3) to high-grade components showing
striking cellularity, high mitotic indices, multifocal
necrosis, and occasional microvascular prolifera-
tion. In occasional tumors, Bodian stains for axons
demonstrated rare nerve fibers, most being situated
at the periphery of the sarcoma. Reticulin stains
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showed a dense intercellular pattern of reactivity.
Four tumors had heterologous elements: osteosar-
coma, rhabdomyosarcoma, and chondrosarcoma
in case 13, rhabdomyosarcoma and angiosarcoma
in case 5, and rhabdomyosarcoma in cases 7 and 16.

Discussion

Although MPNST is an uncommon sarcoma in
the pediatric age group (1, 6, 9-11), it should be
considered in the differential diagnosis of a rapidly
evolving and painful mass in the distribution of a
peripheral nerve, particularly in the setting of von
Recklinghausen’s disease. The diagnosis of MPNST
may present a differential diagnostic problem for
boththe clinician and the pathologist. Key morpho-
logic features of diagnostic utility include 1) origin
within a peripheral nerve documented at surgery or
by histologic examination and 2) association with a
contiguous neurofibroma. A neurogenic origin may
be suggested by the finding of residual axons within
the tumor, utilizing the Bodian technique, How-
ever, in the absence of a gross description, such

Fig. 2. (case 6). Sarcoma arising within and extending along peripheral nerve bundles. In this section, it is confined within the nerve.

(Hematoxylin and eosin; %40.)
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Fig. 3. (case 8). Low-grade tumor with interlacing fascicles of wavy spindle cells with mildly atypical nuclei. (Hematoxylin and eosin;

x100.)

indirect evidence may be misleading, in that sarco-
mas of soft tissue may rarely involve nerves secon-
darily. »

It is not clear at present what proportion of
MPNSTs are derived from Schwann cells and what
proportion are derived from endoneurial fibro-
blasts (10, 11), although attempts have been made
to better characterize these proliferations using
electron microscopy as well as immunohistochem-
istry. Since the cell of origin is not known, we prefer
to designate such a tumor as MPNST rather than
malignant schwannoma or neurofibrosarcoma. Ul-
trastructural studies may provide evidence of
schwannian differentiation; diagnostic features in-
clude elongated and frequently interdigitating cy-
toplasmic processes, pericellular basal lamina, cy-
toplasmic granular material, the relative absence of
intracytoplasmic filaments, and the presence of ex-
tracellular long-spacing collagen (12). Staining
with immunoperoxidase for S-100 protein, a bio-
chemical marker present in the cytoplasm of
Schwann cells, has been negative in MPNSTs re-
ported to date, although neurofibromas as well as

neurilemomas stain positively (13). Thus, although
many nerve sheath sarcomas may originate from
Schwann cells, the frequently undifferentiated na-
ture of these tumors may preclude such a conclu-
sion in the individual case.

Heterologous differentiation is an unusual and
interesting feature noted in 10 to 15% of MPNSTs.
Such tumor may show heterologous mesenchymal
differentiation to rhabdomyosarcoma, osteosar-
coma, chondrosarcoma, or rarely angiosarcoma (1,
6,7,14,25). So-called malignant glandular schwan-
nomas are medical curiosities (1, 15, 16, 25). The
presence of epithelial elements should not deter one
from making the diagnosis of MPNST when other
morphologic criteria are present. Heterologous foci
have been reported to affect the prognosis negati-
vely, although in a study from our institution of
MPNSTs with divergent differentiation, the prog-
nosis did not differ from that of ordinary MPNSTs
(25).

MPNSTs are often intimately associated with
contiguous neurofibromatous components, a find-
ing suggesting that such sarcomas may arise by a



process of malignant ‘transformation’ or ‘degenera-
tion’ within benign Schwann cell neoplasms (10, 13,
14,17, 18). Such progression was also suggested in
our series by the high frequency of such tumors
associated with von Recklinghausen’s disease, a
disorder predisposing to multiple neurofibromas.
The finding of contiguous neurofibroma in associa-
tion with MPNST is of relevance to pathologists in
that careful sampling of such tumors is necessary,
so that a malignant focus is not overlooked to arrive
at a proper grade. In view of the broad spectrum of
tumor differentiation which may be observed, we
advocate extensive sampling whenever the diagno-
sis of MPNST is considered or a large neurofibro-
ma is removed.

Interestingly, our second youngest patient (case
13) developed a MPNST in a previously irradiated
site. An association between irradiation and the
subsequent occurrence of a MPNST has been well
established (8, 9, 19). The biologic effect of radia-
tion on Schwann and fibroblastic cells has been well
characterized in experimental systems (20, 21).
Ionizing radiation produces chromosomal injury
and induces cytologic atypia in Schwann cells and
thus may be reasonably assumed to hasten the de-
velopment of MPNSTs, particularly in susceptible
patients. In a recent review from our institution (8),
11% of MPNSTs were found to arise in a previously
radiated site.

Another interesting finding is the development of
multiple primary sarcomas. These lesions were not
deemed to be metastatic because of demonstrated
neural involvement in one patient and of the long
interval between development of the tumors in
another. Both patients had von Recklinghausen’s
disease — an association that has been previously
reported (9). Obviously, factors that predispose to
MPNST may be operative at multiple sites. Pa-
tients with von Recklinghausen’s disease appear to
be at risk for developing other neoplasms, including
Wilms’ tumor, rhabdomyosarcoma, leukemia, neu-
roblastoma, medullary thyroid carcinoma, pheo-
chromocytoma, and melanoma (2, 22), as well as
central nervous system tumors, such as glioma, me-
ningioma, and neurilemoma. Thus, children who
survive an initial MPNST are at risk for both
another primary MPNST and other malignant le-
sions. Careful follow-up, therefore, is mandatory.

An optimal approach to therapy has not Yeen
outlined, partly because of the great variety o1 ana-
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tomic sites in which MPNSTs occur. Early radical
surgical resection, when feasible, is the treatment of
choice (7, 10, 11, 17, 18, 23). Clearly, MPNST is an
aggressive malignancy with poor long-term survi-
val: in 11 patients with adequate follow-up, only 3
survived (1 with disease), and survival for the other
8 averaged only 22 months. Survival is reportedly
worse for patients with von Recklinghausen’s dis-
ease (6, 7, 9, 10); however, the small number of
patients in our group does not permit such a con-
clusion. Aggressive surgical treatment with adju-
vant therapy may prove to be most efficacious.
Preliminary reports on the use of chemotherapy are
encouraging (9, 24); however, the small number of
patients treated with this form of adjunct therapy in
our series precludes definite recommendations for
its use in children.

In summary, the presence of a MPNST should be
considered whenever a child with or without von
Recklinghausen’s disease has a rapidly enlarging or
painful mass. In the absence of obvious stigmata of
the disorder, a careful workup and family history
should be obtained, both for their potential prog-
nostic values and for the purpose of genetic coun-
seling.
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