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Small round cell tumours of bone
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Most diagnostic histopathlogists must be familiar with
the controversy associated with small round cell tumours
of bone. Although past confusion in the classification
and diagnosis of the malignant round-cell tumours in
bone has been largely resolved by histochemical, ultra-
structural, immunohistochemical, cytogenetic and tissue
culture studies, the differential diagnosis of this type of
tumour is still one of the most difficult problems in bone
tumour pathology. The non-osteogenic so-called
“round-cell” sarcoma of bone was first described by
Liicke in 1866. Almost no histogenetic attention was
paid to this tumour until 1921 when Ewing applied the
term ““diffuse endothelioma of bone.”” The *“endothelio-
ma’’ designation persisted as late as 1933 when Melnick
called the tumour Ewing’s sarcoma. The nature and
histogenesis were regarded as uncertain hence by many
the eponymous title Ewing’s sarcoma has been preferred
until today.

Confusion between primary round-cell sarcoma of
bone and metastatic neuroblastoma stemmed from the
well-known papers of Colville and Willis (1933), and
Willis (1940). They strongly questioned the existence of
such a tumour entity referring to the “Ewing’s syn-
drome”. Willis’s adverse criticism was based upon the
results of autopsies in which lesions thought to be os-
seous primaries were shown to be metastatic. Large se-
ries of Ewing’s sarcoma, however, have been reported
during the last 50 years mostly confirming the existence
of so-called “round-cell”” sarcoma primary in bone.

Another interesting aspect is the problematic relation-
ship between Ewing’s sarcoma and so-called reticulosar-
coma of bone. Clinical and pathological differences be-
tween the two tumours were emphasized by Parker and
Jackson in 1939, drawing attention to the better progno-
sis for “reticulosarcoma” of bone. This was confirmed
by later papers (Coley et al. 1950; Francis et al. 1954;
Ivins and Dahlin 1963), while an even worse response
to treatment was reported for osseous metastatic neu-
roblastoma (Bhansali and Desai 1963). These differences
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of prognosis and the clinical need to distinguish between
primary and metastatic bone tumours, together with the
possible future development of divergent forms of treat-
ment, made it necessary to explore accurate differential
diagnosis between “reticulosarcoma”, Ewing’s sarcoma
and neuroblastoma.

The diagnosis of Ewing’s sarcoma was greatly facili-
tated by a paper written by Schajowicz in 1959. He
showed that the histochemical demonstration of glyco-
gen granules in the cytoplasm of tumour cells of Ewing’s
sarcoma, and their absence in reticulosarcoma, proved
to be an easy and efficient method of differential diagno-
sis, provided that the specimens were properly fixed in
alcohol before staining with periodic acid-Schiff (PAS).
Contflicting results were obtained for the presence of gly-
cogen in neuroblastoma. Price (1973) reported that 5
of 27 neuroblastomas were glycogen positive, while neg-
ative results were reported by Schajowicz (1973) for 38
cases of neuroblastoma as well as 78 cases of reticulosar-
coma. Price’s results, however, were confirmed by Triche
and Ross (1978) demonstrating glycogen by the electron
microscope in a case of metastatic osseous neuroblasto-
ma primary in the adrenal.

Demonstration of reticulin by silver impregnation
methods was considered useful for differentiation be-
tween ““reticulosarcoma” of bone and Ewing’s sarcoma.
The reticulin network is usually thought to be dimin-
ished or absent in Ewing’s sarcoma just as in lymphosar-
coma, whereas recticulin fibres often surround the tu-
mour cells in reticulosarcoma (Pice 1973; Shoji 1971;
Rappaport 1966). This concept may now be ignored,
due to scientific developments in the field of immuno-
logy in recent years. Most of the cases formerly diag-
nosed as reticulosarcoma are the tumour of neither retic-
ulum cells nor histiocytes, but of T or B lymphocytes
(Rapapport and Bradylan 1975). Thus, in agreement
with Dabhlin (1973) the term ‘“malignant lymphoma”
is preferred to the older name “reticulosarcoma”.

Tumour cell nuclei are large and irregular in shape
with prominent nucleoli and peripherally clumped chro-
matin in some cases of Ewing’s sarcoma (Llombart-
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Bosch et al. 1978). The differential diagnosis of these
atypical variants of Ewing’s sarcoma from malignant
lymphoma or osteosarcoma with extremely small cells
seems to be more difficult than in conventional forms.
A distinct group of osteosarcoma with histological fea-
tures of both Ewing’s sarcoma and osteosarcoma has
been reported by Sim et al. (1979). It is especially impor-
tant to identify small-cell osteosarcoma for which abla-
tion by surgery is necessary rather than radiation as used
for Ewing’s sarcoma and malignant lymphoma.

The endothelial origin of Ewing’s sarcoma received
more support in 1980 due to the report by Roessner
et al. demonstrating the presence of type IV collagen,
factor VIII related protein and basement membrane-like
material in the tumours. Several recent studies, however,
have argued against an endothelial origin for this tu-
mour, on the basis of collagen production and lack of
specific endothelial markers (Miettinen et al. 1982; Stern
et al. 1980). It has been shown by tissue culture studies
that Ewing’s sarcoma cells synthesize several collagen
types including 1, III, TV, V and VIII (Dickman et al.
1982; Harvey et al. 1982; Sage ct al. 1984). Although
some of these collagens are synthesized by endothelial
cells, they are also produced by other cells as well as
several mesenchymal and epithelial tumours. These data
support the conclusion that the origin of the tumour
is from multipotential, primitive mesenchymal cells
(Dickman et al. 1982).

Rosette or pseudorosette formation in Ewing’s sarco-
ma has been reported by some authors for 50 years
(Foote and Anderson 1941; Gharpure 1941). Although
differences in the rosettes between neuroblastoma and
Ewing’s sarcoma have been identified by Jaffe (1964),
it is usually difficult to differentiate them histologically.
Recent ultrastructural and tissue culture studies sug-
gested that some small round cell tumours of bone in
children, which presented as Ewing’s sarcoma and had
rosettes when sampled extensively were of neuroectoder-
mal origin. Jaffe et al. (1984) suggested these lesions
should be called primitive neuroectodermal tumours of
bone. They are less prone to have light-microscopic evi-
dence of neuropil or neurite production and neurosecre-
tory granules are generally absent, as is catecholamine
production. Neuroblastoma generally have evidence of
neurite formation and contain neurosecretory granules
or have other evidence of catecholamine production. The
primitive neuroectodermal tumours described by Jaffe
and his colleagues fall into the category of peripheral
neuroectodermal tumour, previously called malignant
neuroepithelioma or peripheral neuroblastoma of soft
tissues. Another related group is those described by As-
kin et al. (1979) as malignant small cell tumours of the
thoracopulmonary region, some of which have recently
been shown to have neural features.

Recent cytogenetic studies of Ewing’s sarcoma dis-
closed a reciprocal translocation t(11; 22) (q24; ql12)
in 90% of the cases (Turc-Carel et al. 1984; Aurias et al.
1984; Whang-Peng et al. 1986; Sandberg et al. 1988).
It is very interesting that an identical translocation was
described in peripheral neuroepithelioma (Whang-Peng
et al. 1984) as well as in Askin’s tumour (Whang-Peng

et al. 1986; DeChadarevian et al. 1984). A recent tissue
culture study of Ewing’s sarcoma cell lines demonstrated
no morphological evidence of necural differentiation
under normal culture conditions, but after treatment
with either cAMP or 12-myristate 13-acetate (TPA), the
cells had morphological evidence of neural differentia-
tion such as filaments, microtubules and uraniffin-posi-
tive dense core granules by electron microscopy, and
neuron-specific enolase, cholinesterase and neural fila-
ment triplet protein by immunofluorescence (Cavazzana
et al. 1987). Neural markers including rosette formation,
dense-core granules, well-developed microtubules, abun-
dant 10-nm filaments and immunohistochemically posi-
tive neuron-specific enolase were also reported for a cul-
tured cell line from a “neuroectodermal tumour of
bone” (Isayama et al. 1990). As a matter of fact, the
clinical, morphological and histochemical distinction be-
tween peripheral neuroepithelioma, Askin’s tumour and
Ewing’s sarcoma is extremely sutle, raising the hypothe-
sis that Ewing’s sarcoma could be a less differentiated
form of tumour of neuroectodermal origin. It is, how-
ever, still controversial whether Ewing’s sarcoma is a
separate entity from neuroectodermal tumour and it is
uncertain whether the previously diagnosed Ewing’s sar-
coma with rosettes should be separated from true Ew-
ing’s sarcoma or not (Ushigome et al. 1989).

The first electron microscopic study of Ewing’s sarco-
ma performed by Friedman and Gold (1968) demon-
strating glycogen granules and principal and dark cells
was not helpful in elucidating its histogenesis. Intercellu-
lar junctions have been described in many cases of Ew-
ing’s sarcoma since its first report by Takayama et al.
(1970). Their morphological description varied from fo-
cal membrane thickening to well-developed desmosomes
(Dickman et al. 1982; Navas-Palacios et al. 1984; Povy-
sil and Matejovsky 1977; Miettinen et al. 1982; Mahon-
ey and Alexander 1978; Llombardt-Bosch et al. 1978;
Machinami 1989). The presence of these desmosome-like
junctions in Ewing’s sarcoma may explain the positive
immunostaining for desmoplakin as reported by Gould
etal. (1987). Intracytoplasmic intermediate-type fila-
ments were described as being dispersed or isolated in
the cytoplasm and rarely forming parallel bundles (Na-
vas-Palacios et al. 1984; Llombart-Bosch et al. 1978).
Some of the rescent ultrastructural studies demonstrated
the presence of intracytoplasmic filaments with the ap-
pearance of tonofilaments. This epithelial differentiation
was confirmed by immunocytochemical studies showing
positive keratin staining (Navas-Polacios ctal. 1984;
Greco et al. 1988). Until recently, immunohistochemical
studies in Ewing’s sarcoma using monospecific anti-
bodies against intermediate filament proteins of keratin
type has been negative (Miettinen ct al. 1982). It was
only in 1986 and 1987 that keratin protein expression
was described as positive in small groups of cells (Katzin
etal. 1986; Gould et al. 1987). Moll et al. (1987) re-
ported an immunocytochemical analysis of 11 cases of
Ewing’s sarcoma for the expression of intermediate fila-
ments and cell junction proteins. All tumours expressed
vimentin and 9 cases showed variable expression of cy-
tokeratin in addition to reactivity to desmoplakins. The



presence of epithelial differentiation is extremely inter-
esting. The only primary bone tumours known to have
epithelial elements are chordomas, adamantinomas of
long bones (Peres-Atayde et al. 1985) and rare cases of
primary multipotential bone neoplasms (Hutter et al.
1966; Ling and Steiner 1986). Recently, unusual types
of adamantinomas have been published showing, in ad-
dition to the epithelial components, features of Ewing’s
sarcoma (van Haelst and de Haas van Dorsser 1975;
Lipper and Kahn 1983).

Is it possible to divide Ewing’s sarcomas into two
groups, namely those with neural differentiation and the
others with epithelial differentiation? We should wait
until further studies which demonstrate how often epi-
thelial and neural differentiation is seen in bone tumors
otherwise considered to be conventional Ewing’s sarco-
ma.
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