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Epithelioid malignant schwannoma
A study of 14 cases

Piér Lodding, Lars-Gunnar Kindblom, and Lennart Angervall
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S-41345 Goteborg, Sweden

Summary. We report a light and electron microscopic, immunohisto-
chemical, clinical and prognostic study of 14 patients with epithelioid
malignant schwannoma. In 8 patients the tumour involved a major
nerve. The tumours were rather small in most instances, the largest
diameter being less than 5 cm in 7 cases. Light microscopically, they
showed highly cellular areas of epithelioid, polygonal or rounded cells
characteristically forming cords and rows and arranged in nodules of
varying size. Spindle cell sarcoma areas as in classical malignant schwan-
noma were seen in 9 cases, and neurofibromatous areas in one case.
Four cases were entirely epithelioid in appearance. Electron microscopic-
ally the epithelioid tumour cells showed nuclei with mostly even con-
tours containing one or two trabecular or reticular nucleoli, cytoplasmic
projections, intra-cytoplasmic myelin-like figures, intercellular junctions
and discontinuous, sometimes multilayered external lamina material.
The ultrastructural findings indicate that epithelioid malignant schwan-
noma is a tumour of neural crest derivation having features of Schwann
cell differentiation. Immunohistochemically, S-100 protein was demon-
strated in 7 tumours and neuron specific enolase in 3. There was a female
predominance, 9/14, and a median age of 38.5 years (range 17-74). The
extremities, including the hip and shoulder regions, were the most com-
mon sites, 12/14. The tumour proved highly malignant; 9 of 14 patients
were dead at the time of follow-up and a high incidence of metastasis
(7 of 14) was observed.

Key words: Malignant schwannoma — Electromicroscopy — Immuno-
histochemistry — S-100 protein — Neuronspecific enolase

Introduction

Most authors appear to have accepted the Schwann cell as the progenitor
of malignant tumours of nerve sheath origin, and have therefore favored
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the term malignant schwannoma (Tsuneyoshi and Enjoji 1979; Chen et al.
1980; Taxy et al. 1981; Chitale and Dickersin 1983; Enzinger and Weiss
1983). However, Erlandson and Woodruff (1982) have maintained that these
tumours may arise from either of the principal cells constituting the nerve
sheath, the Schwann cells, perineurial cells, and fibroblasts, and have there-
fore recommended the descriptive term malignant peripheral nerve sheath
tumour (PNST). The ability of malignant PNST to present areas with heter-
ologous differentiation of both benign and malignant histological appear-
ance, makes the definition and classification of these tumours more difficult.
Examples are the presence of well-differentiated glandular structures
(Schmincke 1956; Woodruft 1976; Krumerman and Stingle 1978; Warner
et al. 1983; Uri et al. 1984), rhabdomyoblastic differentiation (so-called Tri-
ton tumour) (Woodruff et al. 1973), other types of sarcomatous differentia-
tion (D’Agostino et al. 1963a, b; Ducatman and Scheithauer 1984) and
melanocytic forms (Janzer and Makek 1983).

The term epithelioid malignant schwannoma has been applied to malig-
nant tumours which consist of epithelioid areas which may resemble carcino-
ma or malignant melanoma. However, they can still be classified as malig-
nant PNST, since they fulfil one or more of the traditional criteria of these
tumours, i.e. association with peripheral nerves, neurofibromas or von
Recklinghausen’s neurofibromatosis. Moreover, areas with a spindled neu-
rofibrosarcoma-like histological appearance may be present. Occasional tu-
mours with these properties have been described previously (Stewart and
Copeland 1931; Stout 1935; Gore 1952; McCormack et al. 1954; White
1971; Flossdorf et al. 1981; Chitale and Dickersin 1983; Weiss et al. 1983;
Bojsen-Mgller and Myhre-Jensen 1984; Enjoji and Hashimoto 1984). Their
frequency among traditional malignant PNST has been estimated at 17%
by Tsuneyoshi and Enjoji (1979), while Enzinger and Weiss (1983) have
reported only 5%. We know of only one case of a proven malignant epithe-
lioid schwannoma which has been thoroughly studied ulitrastructurally (Al-
vira et al. 1976). This tumour showed some features consistent with Schwann
cell differentiation, but lacked the typical cytoplasmic projections, and it
was suggested that it had originated from the perineurial cell of the nerve
sheath. In an unillustrated abstract, Chiu and Troster (1979) reported a
case of epithelioid malignant schwannoma, which at electron microscopy
showed large tumour cells, rich in mitochondria and cytoplasmic reticulum,
and surrounded by often incomplete external lamina. Two epithelioid
schwannomas without proven malignancy which were studied ultrastructur-
ally appeared more differentiated, and revealed Schwann cell features (Taxy
and Battifora 1981), as did one case of a well-differentiated malignant epith-
clioid schwannoma mentioned by Enzinger and Weiss (1983). The latter
authors found that S-100 protein was present in 2 of 7 cases (Weiss et al.
1983). Since no series has previously been studied with follow-up, there
is limited knowledge of the tumour’s clinical course and prognosis.

The purpose of this investigation was to study a series of malignant
epithelioid schwannomas by a clinical, light microscopic, ultrastructural and
immunohistochemical analysis in order to further characterize and define
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this rare soft tissue sarcoma. The present study was to further characterize
and define malignant epithelioid schwannoma by a light microscopic, ultra-
structural and immunhistochemical study of 14 cases, and to describe its
clinical appearance and prognosis.

Material and methods

Material

From a review of a Swedish national series of soft tissue sarcomas reported to the Swedish
Cancer Registry 1958-1971, and from the files at the Department of Pathology, Sahlgren
Hospital, Goteborg, Sweden, a series of 14 cases of epithelioid malignant schwannoma was
collected. Up to date clinical records, follow-up data and paraffin blocks from the surgical
specimens were available in all 14 cases. Autopsies were performed on 5 of the 9 deceased
patients and tissue blocks for microscopical review were available from 2 of them.

Methods

Light microscopy. 4-5 pm thick sections from paraffin-embedded tissue blocks were stained
according to van Gieson and with haematoxylin and eosin. Silver impregnation according
to Gordon and Sweet was used to demonstrate reticulin, Luxol fast blue staining to demonstrate
myelin and Palmgren’s silver impregnation to demonstrate axons. The periodic acid Shiff
reaction (PAS) with and withour prior diastase (Merck, Darmstadt, FRG) digestion, was
performed to demonstrate glycogen. The Masson-Fontana method was used for the demonstra-
tion of reducing pigment. Staining with Alcian blue at pH 2.5 and 1.0 was performed to
identify glucosaminoglycans in cases where intercellular spaces contained mucosubstances.
The tumours were graded on the basis of the degree of cellular polymorphism, cellularity
and mitotic frequency, as described previously (Markhede et al. 1982; Merck 1983).

To estimate the mitotic activity, the number of mitoses was counted in 10 high power
fields (HPF) chosen at random from each case, using objective x 25 and ocular x10. The
measurement of the visual field then made it possible to estimate the mitotic activity per
mm?. In tumours with both epithelioid and spindle-cell areas, the mitotic activity was estimated
in both types of areas separately.

Immunohistochemistry. Rabbit antibovine S-100 protein and rabbit-antibovine neuronspecific
enolase (NSE) were a gift from associate professor Kenneth Haglid and Dr. Lars Rosengren,
Department of Histology, University of Géteborg. The procedure for purifying S-100 proteins
and the production of the antisera has previously been described in detail (Angervall et al.
1984). The avidin-biotin complex (ABC) method was used as described in detail by Hsu and
coworkers (1981). The working dilutions of the antisera which were used were chosen so
that optimal staining of control tissues and the studied tumours was obtained, while back-
ground staining was minimal. The anti-S-100 serum was used in a 1:500 dilution, and the
anti-NSE serum in a 1:1000 dilution. Malignant melanomas and peripheral nerves were used
as control tissues for S-100 protein, while brain, peripheral nerves, ganglia, and carcinoids
were used for NSE.

Electron microscopy. Fresh tissue from the surgical specimens was available in 6 cases (Nos. 1,
3, 5, 10, 13, 14). Small pieces of tissue from 3 of these tumours (Nos. 5, 10, 14) were initially
fixed in 4% formaldehyde and were then washed in cold buffer, postfixed with 1% OsO,
for 1 h, dehydrated in ethanol and embedded in Epon 812. In 3 cases (Nos. 1, 3, 13) the
tissue was initially fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer at pH 7.2 for
2-4h at 4° C, then washed in cold buffer and subsequently processed as described above.
Small selected pieces from the paraffin blocks from two cases (Nos. 2 and 4) were cut out,
carefully deparaffinized in xylene, rehydrated in decreasing concentrations of alcohol, washed
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in cacodylate buffer and fixed in 1% OsQ,. They were therafter dehydrated in ethanol, embed-
ded in Epon and processed and examined as described above.

1 pm thick sections were made from the Epon blocks (5-20 from each case), and stained
with toluidine blue. The sections were used to select representative areas of the tumour tissue
with epithelioid appearance. Ultrathin sections were cut on an LXB Ultrotome, stained with
uranyl acetate and lead citrate and examined in a Philips 400 electron microscope.

Results

Clinical data

The sex and age of the patients, the nature and duration of their symptoms,
the anatomical location, size, and treatment of the tumours and follow-up
data are listed in Table 1. In 8 cases the tumours clearly involved major
nerve trunks at surgery. In one case the tumour involved a smaller non-
defined nerve of the upper arm. The 8 major nerve structures engaged were
the brachial plexus in three cases, the peroneal nerve in two cases, and
the IInd intercostal nerve, the median nerve and the sciatic nerve in one
case each. One patient (No. 11) had documented von Recklinghausen’s neu-
rofibromatosis. However, the remaining patients were not specifically exam-
ined or followed-up in terms of this desease.

Three patients were alive without signs of tumour disease at follow-up,
1 to 5.5 years after diagnosis. Local recurrecnces occurred once in three
cases. Nine patients had died from tumour. The lesions had metastasized
in 7 cases, the lungs and/or the pleura being the most common site. Regional
lymph node metastases were observed in three cases.

Gross examination

In 8 cases, the tumour was intimately associated with an identified nerve
trunk or plexus, and with a small undefined nerve in one case. The tumours
formed a fusiform mass, growing within and along the nerve (Fig. 1) except
in one case where the mass was located in the left brachial plexus revealing
a plexiform manner of growth (Fig. 2). All 14 tumours were firm and the
cut surfaces were greyish-white in color, sometimes with necrotic and hae-
morrhagic areas. The largest diameter was less than 5 cm in 7 of the tumours,
5-10 cm in 5 and larger than 10 ¢cm in two.

Light microscopic appearance

Highly cellular areas of epithelioid, polygonal or rounded cells were common
to all the tumours. These cells often formed nodules of varying size (Fig. 3).
Within these, the cells were arranged in narrow anastomizing cords and
rows, which were sometimes separated by intercellular spaces containing
mucosubstances (Figs. 4A and B). Four cases were entirely epithelioid in
appearance (Nos. 1, 3, 9, 13). In all the other cases except one (No. 4),
the epithelioid areas predominated, but there were also sarcomatous spindle-
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Fig. 1. Case 3. Fusiform tumour mass growing within and along the sciatic nerve

Fig. 2. Case 2. Tumour within the left brachial plexus showing a plexiform manner of growth.
The tumour tissue appears dark by the positive staining for S-100 protein. The paler central
areas in two of the nodules correspond to benign-looking neurofibromatous areas. x 6

cell areas, and in one case (No. 2) neurofibroma-like areas. The epithelioid
and spindle-cell areas were often sharply demarcated from one another
(Fig. 3).

The epithelioid tumour cells had a primitive, moderately polymorphous
appearance. They were mononuclear, containing a round or slightly oval
vesicular nucleus, with a distinct nuclear membrane. The nuclei contained
one or occasionally more distinct nucleoli. Thin bridges or line-like struc-
tures transversing the nuclei were observed. The generally abundant cyto-
plasm was amphopilic or slightly acidophilic, and the cells showed distinct
cell membranes. True rosette formations were not observed.

The spindle cell areas varied in cellularity and degree of cellular and
nuclear atypia within the same tumour and between different tumours. At
least part of the spindle cell component appeared histologically malignant
in all the tumours with spindle cell areas except one (No. 2). The cells
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Fig. 3. Part of a nodule composed of epithelioid tumour cell forming anastomosing cords
and rows, sharply demarcated from a spindle cell area. x 175, H & E

A

Fig. 4. A Characteristic area showing a cellular tumour tissue with a tendency of forming
small unsharply demarcated nodules. B Irregular anastomosing strands of tumour cells enclosed
within mucosubstance: A x100; B x240, H& E
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Fig. 5. Small nests of epithelioid tumour cells intimately associated with and protruding into
thin-walled sinusoidal or capillary-like angulated vessels, creating a pericytoma-like appear-
ance. x240, H& E

had elongated, moderately hyperchromatic nuclei, often with pointed ends.
The amphophilic cytoplasm appeared homogeneous, with mostly indistinct
cell membranes. In case 2, which had a plexiform manner of growth within
large nerve trunks of the brachial plexus, areas within the tumour had
the appearance of a neurofibroma, without noteworthy atypia.

The estimated median mitotic activity per mm? was 8§ (range 2-75) in
the epithelioid components of the tumours and 4 (range 2-25) in the histo-
logically malignant spindle-cell areas of the tumours. Atypical mitotic fig-
ures were few. The epithelioid areas of all tumours were of high grade
malignancy (grade 11I-1V).

The intraneural tumour growth observed at gross examination was veri-
fied microscopically in all instances. In 7 of these 9 tumours there was
also extraneural growth, occasionally with diffuse infiltration of surrounding
adipose tissue and skeletal muscle.

The tumour tissue generally appeared highly vascular. The majority of
tumour vessels were delicate and capillary-like. Larger, angulated vessels
were also seen, sometimes reaching a width of 5 mm. These were mostly
lined by a single layer of flattened endothelial cells. Occasional sinusoid-like
vessels without apparent endothelial lining were also seen. A pericytoma-like
pattern was prominent in one case (Fig.5). Occasionally, tumour cells
formed narrow cords and rows concentrically arranged around wide thin-
walled tumour vessels. One case showed a prominent polling phenomenon
(Fig. 6). A few glandular formations appeared in a small epithelioid area
in one of the cases.

Areas of necrosis were seen in all cases; these were often extensive and
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Fig. 6. Tumour area containing pools filled with fluid. x240, H& E

Fig. 7. Necrotic tumour area with an island of viable tissue arranged around a thin-walled
tumour vessel. x 100, H& E

formed garland-like, sharply demarcated patterns. Characteristically, islands
of viable tumour tissue arranged around thin-walled vessels appeared within
the extensive necrotic areas (Fig. 7). Collections of foam cells were common,
with or without association with necrosis.

Metastases to regional lymph nodes were observed in three cases. All
of these metastases were entirely epithelioid in appearance, corresponding
well to the epithelioid counterpart of the primary tumour. Metastases to
other organs, such as the lungs and liver, showed a more varied histology,
featuring both epithelioid and spindle-cell areas. In.one case (No. 8), there
was cartilage formation within a pulmonary metastasis, which consisted
predominantly of spindle-shaped tumour cells.

Four cases showed a weak PAS-positive diastase-digestible granular
staining of the cytoplasm of the tumour cells, indicating the presence of
glycogen. A prominent network of reticulin could be seen, mostly separating
groups of tumour cells, or in some areas individual cells in silver impregnated
sections. A weak Alcian blue staining at pH 2.5 of the intercellular matrix
was noted in some areas, but there was no positive staining at pH 1.0,
and sulphated glucosaminoglycans were thus not demonstrated. Myelin and
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axons were revealed by Palmgren’s silver impregnation and Luxol fast blue
respectively only in normal nerve trunks and nerve fascicles enclosed within
the tumour. Masson-Fontana’s stain did not demonstrate reducing pigment
in any of the cases.

Immunohistochemistry

Seven tumours stained positively for S-100 protein. Only case 2, which was
a plexiform lesion, showed a strongly positive, evenly dispersed staining
in the vast majority of the tumour cells (Fig. 2). In 3 cases (Nos. 1, 4, 13)
staining was only seen in limited groups of tumour cells, of both epithelioid
and spindle-cell character. In two cases (Nos. 6, 12), there was staining
of a minority of cells evenly dispersed within both epithelioid and spindle-cell
areas of the tumours. In one case (No. 11) positive staining was confined
to groups of spindle-shaped cells, the epithelioid areas being entirely nega-
tive. Three tumours were positively stained for NSE (Nos. 2, 4, 12), all
of which were also positive for S-100 protein. Of these, case 2 was strongly
NSE-positive in almost all cells, while the other cases showed positivity
for NSE in groups of cells. Nerves in the sections stained for NSE and
S-100 protein served as intrinsic controls and were strongly positively stained
in all cases. NSE positivity appeared to be located mainly in and along
the axons, whereas S-100 protein positivity was located at the periphery
of, and alongside the axons, within Schwann cells.

Ultrastructural appearance

In 6 of the tumours the nuclei were round or oval, with even contours
(Fig. 8), while two tumours showed nuclei which were strongly clefted, giv-
ing rise to cytoplasmic pseudoinclusions. The nuclei contained one or, on
rare occasions, two nucleoli which were usually trabecular or reticular. The
nucleoli often eccentrically located, varied considerably in size, having a
diameter half of that of the nucleus at the most.

The abundant cytoplasm was richly endowed with organelles, especially
mitochondria and endoplasmic reticulum. The endoplasmic reticulum was
predominantly of granular type (RER), and arranged in stacks of parallel
membranes. There were tumour cells with RER forming wide cisternae,
filled with a grey-staining granular material, in all cases. Numerous poly-
somes and large groups of free ribosomes were common findings. Well-
developed Golgi zones were encountered on rare occasions. Lipid droplets,
lysosome-like bodies and, on rare occasions, larger phagosomes were found
within single scattered cells. Glycogen was abundant within some tumour
cells in one case. In 6 of the 8 cases some tumour cells contained multilayered
membrane structures, which when densely packed resembled so-called mye-
lin figures. Occasionally, groups of several centrioles were seen. Some of
these appeared closely associated with the cytoplasmic membrane and at
the base of cytoplasmic extensions, giving them a cilium basal body-like
appearance. Mostly, sparse amounts of randomly distributed filaments of
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Fig. 8. Characteristic area showing rather closely associated tumour cells with abundant cyto-
plasm and a rounded or oval nucleus with even contours and a thin rim of peripheral hetero-
chromatin and a prominent nucleolus. Two mitotic figures are seen. x 1,650

intermediary type (8-12 nm) were observed, but scattered cells contained
abundance of such filaments and also some microtubules. There were also
cells with thin cytoplasmic filaments arranged in parallel peripherally.
Slender, interdigitating cytoplasmic projections (Fig. 9A), sometimes con-
taining bundles of such thin filaments, were observed in most tumours
(Fig. 9B). Large axon-like cytoplasmic extensions enclosed by one or more
surrounding tumour cells were noted in two cases. In cross section these
structures appeared light-staining and were poor in organelles, containing
filaments, microtubuli, sparse amounts of small mitochondria and poly-
somes (Fig. 10). They contained no endoplasmic reticulum, and were not
invested by an external lamina. In 6 cases there were tumour cells sur-
rounded by a mostly discontinuous, sometimes multilayered external lamina
(Fig. 11A). Groups of cell junctions, of gap junction, tight junction and
desmosome-like types, were noted between intimately associated tumour
cells in 4 cases (Fig. 11 B). Groups of cells were enclosed within a rather
dense intercellular matrix, which often had a fibrillary texture, containing
relatively small amounts of collagen of ordinary appearance. In two cases,
so-called long-spacing collagen (Luse bodies) was observed.
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Fig. 9. A Delicate interdigitating cytoplasmic projections. B Cytoplasmic projections filled

with bundles of thin filaments. A, B x 22,500

Fig. 10. Transversly cut cytoplasmic extensions of tumour cells enclosed by neighbouring tu-
mour cells. The paucity of organelles gives the extensions an axon-like appearance. x 14,000
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Fig. 11. A Multilayered external lamina surrouonding a tumour cell. B Tumour cells connected
by numerous cell junctions of varying appearance. A x 26,000; B x 37,000

Discussion

A characteristic light-microscopic feature of the tumours in the present series
was epithelioid cells arranged in rows and cords and forming nodules. All
cases except 4 (Nos. 1, 3, 9, 13) showed ecither sarcomatous spindled areas
as found in ordinary malignant PNST, or neurofibroma-like structures.
The growth within one ore more nerves in 9 of the 14 cases further indicates
the peripheral nerve origin of this tumour. In 4 of the 5 tumours without
proven growth in nerves, the immunohistochemical and/or ultrastructural
study supported a Schwann cell differentiation. In the fifth case, in which
electron microscopy was not performed, the tumour had a nodular and
epithelioid appearance light microscopically, as well as spindle-cell areas
as in ordinary malignant PNST. Thus, in all the 14 tumours there were
evidence of a malignant peripheral nerve sheath tumour with epithelioid
features. Four of the tumours, however, revealed each some diverging fea-
tures not shared by the other tumours of the series. One of them (Case 14)
contained areas in which groups of epithelioid tumour cells and numerous
thin-walled angulated vessels gave a haemangiopericytoma-like appearance.
This tumour otherwise shared the light microscopic characteristics of the
other tumours, and also contained spindled sarcomatous areas. Futhermore,
the tumour originated from the brachial nerve plexus and revealed ultra-
structural features indicating a Schwann cell differentiation. It is well known
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that pericytoma-like patterns may appear in various types of soft tissue
sarcomas (Enzinger and Weiss 1983).

The presence of pools of fluid containing a few or no cells within solid
areas was a prominent feature in areas of one of the tumours (Case 13),
a phenomenon which can be seen in extraskeletal Ewing’s sarcoma (Anger-
vall and Enzinger 1975). However, the tumour otherwise differed from Ew-
ing’s sarcoma by its light- and electron microscopic appearance.

One tumour (Case 2), growing within the brachial nerve plexus, revealed
a prominent plexiform growth pattern with several of the nerve fascicles
involved either by tumour tissue or a benign-looking neurofibroma-like tis-
sue. Otherwise this case did not differ light-microscopically from the other
cases and revealed a strong positive staining for S-100 protein and tumour
cells positively stained for NSE. The light microscopic findings suggest that
the tumour originated from a plexiform neurofibroma.

In one case there were a few glandular structures within epithelioid
areas with otherwise typical arrangement of the tumour cells in cords and
rows, indicating the relationship between epithelioid malignant schwannoma
and malignant schwannoma with glandular differentiation (Woodruff 1976;
Uri et al. 1984), another subtype of malignant PNST.

Seven of the 8 tumours studied ultrastructurally had some features of
Schwann cell differentiation. Such features included delicate interdigitating
filament containing cytoplasmic projections, intracytoplasmic myelin-like
figures, intercellular junctions, discontinuous, sometimes multilayered exter-
nal lamina and the presence of long-spacing collagen, all of which have
been described in both benign (Waggener 1966; Erlandson and Woodruff
1982) and malignant PNST of supposed Schwann cell origin (Chiu and
Troster 1979; Tsuneyoshi and Enjoji 1979; Chen ¢t al. 1980; Taxy et al.
1981 ; Erlandson and Woodruff 1982; Chitale and Dickersin 1983; Enzinger
and Weiss 1983). The axon-like cytoplasmic tumour cell projections noted
in two cases can be an expression of nerve cell differentiation. However,
it is wellknown that Schwann cells regenerating after nerve damage may
form similar axon-like projections (Morris et al. 1972). In one case (No. 2)
ultrastructural features of Schwann cell differentiation were not found, but
in this case the material obtained from paraffin embedded tissue was of
poor quality, making detailed analysis impossible. A further observation
of interest was the presence of multiple centrioles, occasionally peripherally
located in association with cytoplasmic projections, giving them a cilium
basal body-like appearance. Cilia have previously been observed in both
ordinary and regenerating Schwann cells (Morris et al. 1972).

The light- and electron microscopic examination and the immunohisto-
chemical analysis indicate that epithelioid malignant schwannoma is a primi-
tive neuroectodermal tumor, which may at least partly display Schwann
cell differentiation, and possibly nerve cell differentiation. In our series of
epithelioid malignant schwannoma, there were both epithelioid and spindle-
cell areas with tumour cells positive for both S-100 protein and NSE. The
occurrence of both Schwann cell differentiaton and nerve cell differentiation,
including neuroendocrine cell differentiation, has previously been described
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in malignant PNST of predominantly spindle-cell type (Tsuneyoshi and
Enjoji 1979; Warner et al. 1983).

The present series of epithelioid malignant schwannoma show some re-
semblance to peripheral neuroepithelioma (peripheral neuroblastoma, pe-
ripheral neuroectodermal tumour), a rare, primitive neuroectodermal tu-
mour arising from peripheral non-autonomic nerves, which is characterized
histologically by a neuroblastoma-like appearance and rosette formations
(Harkin and Reed 1969; Harper etal. 1981; Enzinger and Weiss 1983;
Gonzales-Crussi et al. 1984). Three such tumours studied immunohisto-
chemically were found to be positive for both S-100 protein and NSE (Gon-
zales-Crussi et al. 1984). On rare occasions, neural tumours may show fea-
tures of both neurofibrosarcoma (spindle cell malignant schwannoma) and
neuroepithelioma (Enzinger and Weiss 1983). Neurofibrosarcomas also oc-
casionally show rosette formations (Enzinger and Weiss 1983). Thus primi-
tive neuroectodermal tumours originating from peripheral nerves may show
varying degrees and directions of neuroectodermal cell differentiation. The
epithelioid malignant schwannomas of the present series could be distin-
guished from peripheral neuroepithelioma since they revealed no neuroblas-
toma-like appearance and lacked rosette formations. Moreover, neurosecre-
tory granules, present in neuroepithelioma (Enzinger and Weiss 1983) were
not observed in any of the cases.

The presence in most cases of spindle-cell areas with a fascicular pattern,
the immunohistochemical evidence of neuroectordermal cell differentiation
in half the cases and the electron microscopic appearance without signs
of epithelial differentiation help to distinguish epithelioid malignant schwan-
noma from carcinoma. Melanocytic differentiation may appear in peripheral
nerve tumours (Mennemeyer etal. 1979; Burns et al. 1983; Janzer and
Makek 1983; Font and Truong 1984; Krausz et al. 1984). In our series,
reducing pigment such as melanin was not found light microscopically in
any case, and melanosomes or premelanosomes were not found in any of
the 8 cases studied ultrastructurally. Thus, the results of the morphological
and immunohistochemical analysis are not consistent with a carcinoma or
malignant melanoma. Furthermore, none of the patients followed up pre-
sented any other primary tumours which could have raised the possibility
that the lesions represented metastases of a carcinoma or melanoma.

The sex and age distribution agrees with previous reports of ordinary
malignant schwannoma (D’Agostino et al. 1963a; Tsuneyoshi and Enjoji
1979; Trojanowski et al. 1980; Enjoji and Hashimoto 1984). All tumours
were deeply located within the soft tissues and showed a marked prediliction
for the extremities. This distribution is in accordance with previously pub-
lished series of malignant PNST, which have revealed the extremities to
be the most common site, especially in patients without von Recklinghau-
sen’s neurofibromatosis (Gosh et al. 1973; Tsuneyoshi and Enjoji 1979).
The tumours in the present series were relatively small for soft tissue sarco-
mas, half of them being less than 5 cm in largest diameter. In two series
of deep soft tissue sarcoma only 10% (Markhede et al. 1982) and 18%
(Rydholm et al. 1984), respectively, of the tumours were less than 5cm
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in largest diameter, figures corresponding well with those given in serics
of malignant PNST of ordinary type (Gosh et al. 1973; Guccion and Enz-
inger 1979). It can be noted that only one patient (No. 11) presented evident
clinical findings of von Recklinghausen’s neurofibromatosis. This may indi-
cate that the incidence of von Recklinghausen’s neurofibromatosis in pa-
tients with epithelioid malignant schwannoma is lower than that of ordinary
malignant PNST, which has been reported as being between 26 and 67
per cent (White 1971; Gosh et al. 1973; Tsuneyoshi and Enjoji 1979). Guc-
cion and Enzinger (1979) observed only 2 malignant schwannomas with
a partly epithelioid appearance (5%) in a series of 46 malignant schwanno-
mas occurring in patients with von Recklinghausen’s neurofibromatosis,
while Tsuneyoshi and Enjoji (1979) found 6 malignant PNST of epithelioid
type (17%) in a study of 35 patients with malignant PNST who were not
selected on the basis of von Recklinghausen’s neurofibromatosis.

Histologically, all 14 tumours were highly malignant (grade HI-1V), and
out of the 11 patients who were followed up for more than 5 years, 9 had
died of tumour. Metastatic spread was the main cause of death in 7 of
them. Metastasis mainly occurred as a result of haematogenic spread to
lungs, pleurae and liver, a pattern common in ordinary malignant PNST
(White 1971; Ghosh et al. 1973; Guccion and Enzinger 1979; Tsuneyoshi
and Enjoji 1979; Storm et al. 1980). It has earlier been emphasized that
lymph node metastasis is a very rare occurrence in malignant PNST (Stout
1949; Vieta and Pack 1951; Das Gupta and Brasfield 1970; Guccion and
Enzinger 1979). In our series of epithelioid malignant schwannoma, how-
ever, three of the patients with metastasizing tumours also had lymph node
metastases. One case of malignant schwannoma with epithelioid features
reported by Stout (1935) and another by McCormack and co-workers (1954)
developed lymph node metastases.

The low incidence of local recurrence in this series (3/14), compared
with that of series of malignant PNST (White 1971; Guccion and Enzinger
1979; Tsuneyoshi and Enjoji 1979), is probably due to the fact that 11 pa-
tients (all except Cases 11, 12 and 14) underwent a radical excision, per-
formed in 7 instances by an orthopaedic surgeon with special skill and expe-
rience in the surgical treatment of soft tissue sarcomas®. It would thus
appear that radical removal of the tumour is the surgical treatment of choice.
In Stener’s series of primarily radically operated soft tissue sarcomas of
different types and malignancy grades, including malignant schwannomas,
the local recurrence rate was 6.6 per cent (Markhede et al. 1982). Despite
the low rate of local recurrence in the present series, the rate of metastasis
was still high, and the prognosis was poor. The interpretation of this result
is that the prognosis depends more on the high malignancy of the tumour
than on the occurrence of local recurrence. Since radiotherapy and chemo-
therapy was initiated in three of four patients at an advanced stage of
the tumour disease, the effect of such therapies cannot be evaluated from
this series.

1 Professor B. Stener, Department of Orthopedic Surgery, Sahlgren Hospital, Géteborg, Swe-
den
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