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Summary. Histological and immunohistochemical 
features of 87 patients with conventionally diag- 
nosed Ewing's sarcoma were studied retrospective- 
ly on routinely processed material and evaluated 
with regard to prognostic significance. 74% were 
convincingly positive when stained for vimentin, 
13% were doubtful, and 13% were negative. A 
varying degree of positivity for neuron-specific en- 
olase (NSE) was found in 15%; these cases all 
co-expressed vimentin. A single tumour contained 
scattered cytokeratin-positive cells. Positivity for 
the leukocyte common antigen (LCA) could be 
demonstrated in three cases; these were excluded 
from the statistical analysis of prognostic factors. 

Growth pattern, soft tissue invasion, mono- 
morphic or dimorphic cell population, and PAS-, 
NSE- or vimentin-positivity did not influence sur- 
vival significantly. However, prognosis was in- 
creasingly poor with increasing degree of necrosis: 
median survival was 28 months for grade I necrosis 
(<10%), 16 months for grade II (10-50%), and 
11 months for grade III (>50%), p<0.0005. A 
mitosis count of < 1 per high-powerfield (HPF) 
was correlated to a median survival of 26 months, 
> 1 per HPF to 12 months, p<0.05. 

The findings indicate some degree of hetero- 
geneity in Ewing's sarcoma which may be related 
to primitive peripheral neuroectodermal turnouts 
(PNETs), or be a true blastoma. In future trials, 
diagnostic criteria (including immunohistochemis- 
try) should be clearly defined and materials should 
be large enough to allow for stratification accord- 
ing to prognostic factors. 
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Introduction 

Ewing's sarcoma (ES) is a rare, highly malignant 
tumour which occurs primarily in the bones of chil- 
dren and young adults. Until recently the progno- 
sis was uniformly poor, but the introduction of 
adjuvant chemotherapy has improved survival 
markedly, with an increase in long-term survival 
rates from about 10% to 35-74% (Pomeroy and 
Johnson 1975; Nesbit etal. 1981; Sauer etal. 
1987). These advances have spurred a renewed in- 
terest in identifying clinical and pathological fac- 
tors of prognostic significance, since knowledge of 
these is a prerequisite for the proper evaluation 
of results from different clinical trials (Glaubiger 
et al. 1980). 

The present study was undertaken in order to 
investigate the prognostic importance of various 
histopathological features, including immunohis- 
tochemical results, in a series of conventionally 
diagnosed ES. The clinical features and their prog- 
nostic significance have been reported elsewhere 
(Daugaard et al. 1987). 

Materials and methods 
In the period 1962-1983, our two tumour centres received 96 
patients with a diagnosis of ES. Histological slides and/or  paraf- 
fin blocks were retrieved from our archives, or borrowed from 
the referring institutions. New sections were cut and stained 
when necessary, the aim being that  a HE, reticulin and PAS 
stain should be available. In some cases only the original slides 
were available, or there was no or little residual tumour  tissue 
left in the blocks. In three cases, no histological material was 
available for review. The clinicopathologic review led to a re- 
vision of the diagnosis in six cases: three were neuroblastomas, 
one a malignant  lymphoma, one a lymphoblastic leukaemia, 
and one an unclassifiable malignancy. In the remaining 87 
cases, the diagnosis of ES was confirmed by two of the authors 
(TS and OMJ), who are experienced in this field of pathology. 



244 S. Daugaard et al. : Ewing's sarcoma 

Conventional light microscopic criteria were used (Ball et al. 
1977; Kissane et al. 1981 ; Dahl et al. 1986; Triche et al. 1986). 

The following histological variables were evaluated: the 
growth pattern which was categorised as showing diffuse/organ- 
oid (incl. the presence o f "  filagree pattern", Kissane et al. 1983) 
or pseudorosette pattern, soft tissue invasion, the type of cell 
which predominated (clear-cell/small dark cell/atypical large 
cell), the variability of the cell population (monomorphic/di- 
morphic, slight/pronounced), the degree of nuclear pleomor- 
phism (subjectively graded as slight, moderate or severe) the 
mitosis count per high-power field (HPF) (when possible, 
counted in 10 HPFs using a Leitz Orthoplan, x400 
= 2.5 mm2), the presence of PAS-positivity (subjectively graded 
0 /+  / + + / + + + )  and the degree of necrosis 
(<  I 0 % / / 0 - 5 0 % / >  50% of tumour tissue, grade I, II, and III, 
respectively). 

Available material was stained with antibodies directed 
against leucocyte common antigen (LCA), vimentin, neuron- 
specific enolase (NSE), desmin and cytokeratin, using the im- 
munoperoxidase technique. 

Monoclonal antibodies against LCA and vimentin (Dako- 
patts A/S) were used in a dilution of 1 : 5 in a three-layer proce- 
dure (Christensen and Strange 1987). No enzyme pretreatment 
was found to be necessary. In order to achieve optimal reaction 
for vimenfin, slides were incubated for 6 days at 4 degrees 
Celsius. Polyclonal antibodies against NSE (Dakopatts A/S) 
were diluted 1 : 50, and slides incubated for 30 minutes; blocking 
of endogenous peroxidase was found to diminish staining inten- 
sity and was therefore omitted. Monoclonal antibody against 
desmin (Dakopatts A/S) was diluted 1:50; slides were pre- 
treated with pronase for 10 min and incubated for 30 min. 
Monoclonal anti-cytokeratin (Becton Dickinson Ltd.; clone 
CAM 5.2, specificity human cytokeratin 39, 43 and 50 K dal- 
tons, Moll's catalog Nos. 8, 18, and 19) was used in a dilution 
of 1:10 following pretreatment with pronase for 5 min. All 
washing was done with Triton X-100. 

The intensity of the reaction was graded subjectively 
0 / + / +  + / +  + + ,  and the number of positive cells was esti- 
mated as 0 /<  10%/10.50%/> 50%. Tumours were regarded as 
positive when more than 10% of their cells exhibited a staining 
of moderate (+  + ) or strong (+  + + ) intensity. Tumours which 
expressed only a slight ( + )  positivity in more than 10% of 
the cells, or a moderate (+  +)  positivity in less than 10% were 
considered "equivocally positive". There were no instances of 
less than 10% strongly (+  + +)  reacting cells. The rest were 
rated negative. 

Survival rates were calculated according to the Kaplan 
Meier method, and survival curves were compared using the 
logrank test (Peto et al. 1977). For the comparisons of qualita- 
tive data the Chi-square test and the Mann-Whitney U-test 
for unpaired samples were applied. A two-tailed significance 
level of 5% was chosen for all statistical calculations. 

Results 

The 87 patients (60 males, 27 females) had a medi- 
an age of  16 years (range 1-62). The primary tu- 
mours were located in the pelvis/sacrum in 31%, 
proximally in the extremities in 33%, and distally 
in 20%. 77% had a palpable tumour at presenta- 
tion, and 13 patients (15%) had distant metastases 
at the time of  diagnosis. 32 patients received adju- 
vant chemotherapy, while almost all (95%) re- 
ceived radiotherapy (Daugaard et al. 1987). 

Histopathology 

The available material was rather sparse and trau- 
matized. In many cases it had been decalcified. 
Thus, it was not possible to evaluate all variables 
in each case. 

Growth pattern could not be assessed in 14 
(16%). A purely diffuse growth pattern was found 
in 28/73 cases (38%). A similar number (28) exhib- 
ited the so-called filagree pattern as described by 
Kissane et al. (1983) in some areas. The remaining 
cases had various organoid structures, most com- 
monly ill-defined trabeculae, or nests. Small 
pseudo-rosettes without central fibrillar material 
were seen in two cases. In more cellular areas, some 
cases exhibited irregular plasma lakes. In one case, 
where the primary lesion was diffuse, a later metas- 
tasis showed an organoid pattern. 

Soft tissue invasion was demonstrated in 38 
specimens (44%). In two cases, where the turnout 
invaded skeletal muscle, small intramyofiber me- 
tastases were seen. There was no obvious relation- 
ship between growth pattern and soft tissue inva- 
sion; 17 of  the cases with soft tissue invasion exhib- 
ited the filagree pattern, corresponding to 45% 
(95% confidence limits 29-62%). This was not sig- 
nificantly different from the occurrence in the over- 
all material: 38% (95% confidence limits 
27-62%). Soft tissue invasion was neither corre- 
lated to the presence of  metastases at the time of  
diagnosis, nor to turnout site. 

The evaluation of  cell type and population was 
rendered difficult in some cases by artefacts, nota- 
bly the phenomenon of cell crushing in trauma- 
tized biopsies. This creates a picture of  "combed  
hair"  - as in small cell carcinoma of the lung - 
which has also been termed "Azzopardi  phenome- 
non"  by Kissane et al. (1983). Moreover, material 
that had been frozen before routine processing ex- 
hibited homogenous dark nuclear staining with 
consequent loss of  morphologic detail. The domi- 
nant cell type had round or oval nuclei with finely 
granular chromatin and inconspicuous nucleoli 
and pale or sometimes clear cytoplasm. The sec- 
ondary cells had condensed, dark nuclei and some- 
times a more eosinophilic cytoplasm. The nuclear 
diameter of  the two cell types was about  8 and 
5 micrometer, respectively. Of  76 evaluable cases, 
26 showed a purely monomorphic pattern while 
the remaining 50 exhibited a dimorphic cell popu- 
lation, 24 to a lesser, 26 to a higher degree. The 
secondary cells were randomly distributed. 

Three cases had somewhat larger cells and nu- 
clei (diameter 9-10 micrometer) as well as a slightly 
more pronounced pleomorphism. These were 
thought to represent the "atypical"  or large cell 
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variant of  ES (Llombart-Bosch et al. 1978; Nasci- 
mento etal .  1980; Navas-Palacios etal .  1984). 
Two of them turned out to be LCA-positive (see 
below). 

Nuclear pleomorphism was slight to moderate;  
none of  the cases exhibited pronounced variations 
in size/shape of  cells or nuclei, and a reproducible 
subclassification was not possible. 

Seventy six cases were evaluated for mitosis. 
The mean count per H P F  was 0.98, median 0.4, 
ranging from zero to 5.5. 

Seventy seven cases were evaluable for PAS 
positivity. Fourteen were negative, 15 were + posi- 
tive, 22 + + positive, and 26 + + + positive. In 
one case, the primary tumour was PAS-negative, 
while a metastasis (removed less than a month after 
diagnosis) was + positive. 

Grade I necrosis ( <  10%) was found in 42 cases 
(54%), grade II (10-50%) in 17 cases (22%), and 
grade III ( >  50%) in 19 cases (24%). 9 cases were 
not evaluable. When necrosis was marked, a sur- 
viving cuff of  tumour cells was often seen around 
blood vessels, creating a pattern vaguely resem- 
bling that of  a haemangiopericytoma. 

In pelvic tumours, necrosis was somewhat more 
pronounced than in the other sites (p <0.05, Wil- 
coxon test). Also, there was a tendency for necrotic 
tumours to be less PAS-positive than non-necrotic 
ones (p<0.05,  Kruskal-Wallis test), but  otherwise 
no correlations could be demonstrated between the 
above-mentioned factors, symptoms, or signs. 

Of  76 tumours tested for vimentin 56 (74%) 
were positive, 10 (13%) were negative, and 10 
(13%) were doubtful. No non-specific reactions 
were seen; necrosis and decalcification did not in- 
fluence staining pattern or intensity. Proliferating 
fibroblasts (in cases with soft tissue invasion) ex- 
hibited a strong positivity. 

Seventy-five tumours were tested for neuron- 
specific enolase (NSE). Sixty-four, (85%) were 
considered negative, 4 positive, and 7 equivocal. 
With this antibody, some nonspecific staining was 
encountered: Muscle cells were often - but not 
always - slightly ( + )  positive, and reaction was 
also seen in necrotic areas (since the endogenous 
peroxidase had not been blocked). Moreover, ir- 
regular staining of  the edges of  the sections was 
often seen; this phenomenon was not a problem 
with the other antibodies used in this study. The 
4 NSE-positive, as well as the 7 "equivocally posi- 
tive" tumours, did also express vimentin. 

Leucocyte common antigen (LCA) proved very 
reliable with no nonspecific staining and a strong 
reactivity in the normal lymphocytes encountered 
sporadically within the tumour tissue or stroma, 
thus acting as built-in positive controls. 74 tumours 

were tested; 2 turned out to be strongly ( +  + + )  
positive, while one showed a slight ( + )  staining 
of  10-50% of the cells. The rest were negative. 

Thirty-two tumours were tested for desmin, all 
were negative, and no nonspecific staining was en- 
countered. 

Twenty-eight tumours were tested for cytokera- 
tin; 27 were negative. In one turnout, about  a 
quarter of  the cells were moderately ( +  + )  posi- 
tive. There was no unspecific staining. The turnout 
was strongly vimentin-reactive and negative for 
NSE. 

Survival 

The median over-all survival for all patients 
was 19 months and 5-year survival rate was 17%. 
Metastatic disease at the time of  diagnosis, pain, 
and objective impairment of  movement were all 
correlated with a significantly poorer prognosis. 
Tumour  site did not exert any statistically signifi- 
cant influence, although pelvic localization was as- 
sociated with a shorter median survival. Adjuvant 
chemotherapy prolonged recurrence-free survival, 
but overall survival was not improved significantly 
(Daugaard et al. 1987). 

The three LCA-positive cases mentioned above 
were excluded from the statistical analysis of  prog- 
nostic factors (see Discussion). The two patients 
with strongly positive tumours had survivals of  
106 + months and less than one month, respective- 
ly; only the former received adjuvant chemothera- 
py. The patient whose tumour was slightly positive 
for LCA did not receive adjuvant chemotherapy, 
but was still alive at 68 + months. The single pa- 
tient with a partly cytokeratin-positive tumour had 
a survival of  21 months and also received adjuvant 
chemotherapy. 

Two of the histological variables were signifi- 
cantly correlated with survival: Patients with less 
than 10% necrotic tumour tissue (grade I) had a 
median survival of  28 months, while those with 
10-50% (grade II) and _> 50% (grade III) had me- 
dian survivals of  16 and 11 months, respectively 
(Fig. 1). The logrank test yields a p-value of  less 
than 0.0005, and a test for trend (Peto et al. 1977) 
is also highly significant (T=15.31,  p<0.0005).  
The median survival for patients with a mitotic 
index below 1 per H P F  was 26 months, while 12 
months was the median value for those with 1 or 
more mitoses per H P F  (Fig. 2). The difference is 
significant (p < 0.05). The other variables tested for 
prognostic influence are listed in Table 1. Growth 
pattern, soft tissue invasion, PAS-, vimentin, and 
NSE-positivity did not significantly influence sur- 
vival. Patients with a dimorphic cell population 
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Fig. 2. Survival curves as a 
function of mitotic index, Kaplan 
Meier method, p < 0.05 

lived slightly longer than those with a mono- 
morphic picture, but the difference did not reach 
significance. 

Discussion 

The histogenesis of  ES remains obscure, and its 
cell of  origin has been debated ever since Ewing 
described his "diffuse endothelioma of bone"  in 
1921. Advances in ultrastructural pathology and 
the introduction of immunohistochemical tech- 
niques have not solved the issue although they are 
helpful in the differential diagnosis towards other 
small, round, blue cell tumours (Triche et al. 1986). 
Most commonly favoured is the concept of  the 
ES cell as a primitive, non-comitted mesenchymal 
cell (Dickman etal .  1982; Navas-Palacios etal .  

1984; L6ning et al. 1985). Following the observa- 
tion of a reciprocal translocation involving chro- 
mosome 22, t (11; 22) (q 24; q 12) (Aurias et al. 
1984; Maletz etal .  1986), Dehner (1986) and 
Triche (1986) have discussed the possibilitity that 
ES belongs to the group of peripheral neuroecto- 
dermal tumours (PNETs), which exhibit the same 
abnormality. However, Moll et al. (1987) conclude 
that ES is derived from a pluripotential primitive 
cell and thus represents a blastoma rather than 
a true sarcoma on the basis of  immunocytochemi- 
cal findings. The findings of Cavazzana et al. 
(1987) - that neural differentiation could be in- 
duced in vitro in ES cell lines - are not at variance 
with this latter theory. 

These considerations are not wholly academic 
since conventional diagnostic criteria seem to be 
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Table 1. Histological variables tested for prognostic significance 
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Survival (months): 

No. median range pa 

Filagree growth pattern 

Diffuse growth pattern 

Soft tissue invasion 

Cell population 

PAS-positivity 

Vimentin 

Neuron-specific enolase 

present 
not present 

present 
not present 

present 
not present 

monomorphic 
dimorphic 

0/+ 
+ +  
+ + +  

positive 
doubtful or negative 

negative 
doubtful or positive 

26 
58 

28 
56 

37 
47 

26 
47 

26 
22 
26 

56 
17 

61 
11 

13 3-154+ 
0.79 

20 2-196 + 

24 2-98 
0.48 

16 2-196+ 

18 3-159+ 
0.87 

17 2-196+ 

14 2-98 
0.06 

23 2-159 + 

14 2-98 
22 5-159+ 0.15 b 
25 2-154+ 

20 2-154 + 
0.55 

13 4-159+ 

20 2-159 + 
0.76 

12 4-98 

" logrank test; b test for trend: p=0.08  

incapable of separating the different categories of  
small, blue, round-cell tumours with different 
prognosis and treatment with sufficient reliability. 
Immunohistochemical techniques for the demon- 
stration of  various markers may serve to illustrate 
the heterogeneity of the present diagnostic classifi- 
cation and, at least theoretically, improve diagnos- 
tic accuracy, but their prognostic implications are 
rarely discussed. They were therefore included in 
the present study, which joins the few carried out, 
with discordant results. The most prominent recent 
works are those of the Intergroup Ewing's Sar- 
coma Study (IESS) by Kissane et al. (1983), a Uru- 
guayan study by de St6fani et al. (1984) and a 
French-Spanish one by Llombart-Bosch et al. 
(1986). Wilkins et al. (1986) from the Mayo Clinic 
merely conclude that no pathological variables of  
prognostic importance were found in their materi- 
al; it is not stated which were tested. 

In the IESS study (303 cases), the presence of 
a filagree-like growth pattern was associated with 
a poor survival rate; however, the site of  primary 
involvement remained the most important prog- 
nostic factor. In their retrospective study of 40 
cases of ES, de St6fani and co-workers found ne- 
crosis to be most strongly correlated to survival, 
while the influence of primary site was insignifi- 
cant. Llombart-Bosch et al. (1986) performed a 
multifactorial analysis on 261 cases of  ES and, 
after adjustment for therapy and site, found both 
the presence of  filagree growth pattern and the 

presence of necrosis to be correlated with a shorter 
survival; both were found to be of poor prognostic 
value, however. 

Our results confirm that survival is increasingly 
poor with increasing degree of necrosis. The exact 
importance is difficult to assess, particularly since 
the surgeon is expected to take a biopsy from a 
vital area of  tumour tissue, necrosis thus probably 
being underestimated by the pathologist. In soft 
tissue sarcomas, necrosis seems to be a prognostic 
factor independent of size and location (Costa 
et al. 1984). Nevertheless it seems plausible to pos- 
tulate a correlation between the degree of  necrosis 
and tumour size (volume). This latter feature was 
not evaluated in the present study, but the findings 
of  Sauer et al. (1987) indicate that it is a major 
prognostic factor in ES, more important than tu- 
mour  site and type of local therapy. 

We could not confirm that a filagree growth 
pattern implies a shorter survival, nor that it is 
associated with soft tissue invasion. The latter fea- 
ture, albeit evaluated roentgenographically and de- 
fined as a soft tissue mass extending at least 1 cm 
outside of the affected bone, may be of prognostic 
importance (Mendenhall etal .  1983). However, 
Wilkins et al. (1986) could not confirm these find- 
ings, and the microscopic equivalent did not affect 
survival nor incidence of local recurrences in our 
study. 

The demonstration of glycogen in the tumour 
cells is not a sine qua non for the diagnosis of  ES, 
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when the material has been processed routinely 
(Kissane et al. 1983). Its presence has been tested 
for prognostic value by Pomeroy and Johnson 
(1975); like us, they were not able to demonstrate 
any significant correlation. 

The mitotic index is one of the most important 
factors in grading systems of soft tissue sarcomas 
(Myhre-Jensen et al. 1983; Costa et al. 1984; Tro- 
jani et al. 1984). However, the feature does not 
appear to have been tested for significance in ES, 
at least it is not specifically mentioned in the stu- 
dies referred to above. In our material a count 
of > 1 mitosis per HPF was significantly correlated 
to a poorer survival. 

The occurrence of small, dark or "secondary"  
cells in ES has become a well recognized, but not 
specific cytological and ultrastructural feature of 
this neoplasm (Llombart-Bosch et al. 1978; Ma- 
honey and Alexander 1978; Kissane et al. 1983; 
Dahl et al. 1986). They are considered to represent 
regressive tumour cells, a view supported by auto- 
radiographic findings (Roessner 1984). They are 
randomly distributed and are not related to the 
occurrence of  necrosis or to mitotic activity. Their 
presence or absence did not influence survival sig- 
nificantly in our material. 

Vimentin is a filament (polypeptide) of interme- 
diate size (7-12 nm) which primarily occurs in cells 
of  mesenchymal origin, including lymphocytes 
(Miettinen etal .  1984; Du Boulay 1985; Triche 
et al. 1986). Its uniform presence in ES has been 
confirmed by several investigators (Miettinen et al. 
1982; Schulz etal .  1984; Meister 1984; L6ning 
et al. 1985; Moll et al. 1987). We were not able 
to demonstrate vimentin in 13% of the tumours. 
This may be due to tumour heterogeneity or to 
less than optimal fixation and processing; fixation 
with formalin reduces vimentin reactivity to about 
60% as compared with alcohol (Azuma and Batti- 
fora 1987). In any case, survival was not influenced 
significantly. However, vimentin remains a valu- 
able tool in the diagnosis of  ES, especially since 
neuroblastomas - an important differential diag- 
nosis - are generally reported to be negative for 
this intermediate filament (Osborne et al. 1982; 
Kahn et al. 1983; Roholl et al. 1985). Occasionally, 
however, vimentin or other filaments are demon- 
strated in neuroblastomas (Azumi and Battifora 
1987). However, neuroblastomas are always posi- 
tive when stained for the presence of neuron-specif- 
ic enolase (NSE) (Meister 1984; Tsokos et al. 1984; 
Vinores et al. 1984; Triche etal .  1985; Perentes 
and Rubinstein 1987). This glycolytic enzyme oc- 
curs principally in neurons and neuroendocrine 
cells, and its presence in tumour cells has been 

interpreted as evidence of neuronal origin/differen- 
tiation; however, it has also been detected in cells 
of  non-neural derivation (Perentes and Rubinstein 
1987). Furthermore, some NSE-antibodies may 
cross-react with the enolase present in muscle cells, 
and some rhabdomyosarcomas have been reported 
to be NSE-positive (Triche et al. 1985; Blatt et al. 
1986). Staining of normal myoepithelial cells and 
(non-argyrophilic) carcinomas of the breast has 
also been described (Bussolati et al. 1987). Never- 
theless, the prevailing opinion is that most ES are 
NSE-negative (Dhillon et al. 1982; Meister 1984; 
Tsokos et al. 1984; Triche et al. 1985). 

In our material we found a varying degree of 
NSE-positivity in 11 tumours (13%). All of  these 
co-expressed vimentin. From the considerations 
above it is evident that caution is warranted when 
interpreting these results. This is underlined by the 
fact that 7 out of  these 11 tumours exhibited a 
staining reaction that was difficult to interpret and 
therefore scored as "equivocally positive". More- 
over, none of them contained rosettes. This being 
said, the possibility remains that they represent 
PNETs. This concept has been discussed in detail 
by Dehner (1986), who also mentions that these 
tumours contain vimentin; a case of PNET in a 
rib of a boy was reported to be moderately NSE- 
positive and vimentin-negative (Haas et al. 1987). 
Immunoreactivity for vimentin was not investi- 
gated in the NSE-positive cases of ES-like bone 
tumours reported by Jaffe et al. (1984) and Kawa- 
guchi and Koike (1986). Llombart-Bosch et al. 
(1988) found five vimentin-positive and 11 NSE- 
positive cases among their 14. PNETs are thus not 
clearly defined, and grey areas exist between this 
entity and ES as well as neuroblastomas (Dehner 
1986). Anyway, there were no demonstrable differ- 
ences in our material between the NSE-positive 
cases and the other patients; in particular, their 
overall survival did not differ significantly. 

Metastatic rhabdomyosarcoma of the most un- 
differentiated type may also create differential di- 
agnostic problems. No reliable marker for this neo- 
plasm has been found so far; desmin (an intermedi- 
ate filament of smooth and striated muscle cells) 
is one of the best, although it is not specific (Os- 
born and Weber 1983; Miettinen et al. 1985; Var- 
iend 1985; Triche et al. 1986). Vimentin is often 
co-expressed together with desmin (Osborn and 
Weber 1983 ; Kahn et al. 1983; L6ning et al. 1985). 
As mentioned above, some rhabdomyosarcomas 
will react with antibodies against NSE. 

The co-expression of vimentin with other inter- 
mediate filaments is a well-recognized phenome- 
non (Osborn and Weber 1983; Miettinen etal .  
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1984; Perentes and Rubinstein 1987). Tumours 
considered to be representative of ES are generally 
reported to be negative for other intermediate fila- 
ments than vimentin (Miettinen et al. 1982; Mei- 
ster 1984; Schulz et al. 1984; L6ning et al. 1985). 
Recently, Moll et al. (1987) and Miettinen and 
Herva (1987) have reported the occurrence of scat- 
tered cytokeratin-positive cells within some of 
these neoplasms. Both groups used frozen sections, 
Moll and co-workers also gel-electrophoresis and 
immunoelectron microscopy; with these methods 
they were in addition able to demonstrate reactivi- 
ty for neurofilament proteins in a few cases. Miet- 
tinen and Herva (]987) found formalin fixation 
and paraffin embedding abolished staining for cy- 
tokeratin. Nevertheless, we found one tumour to 
contain cytokeratin-positive cells; the true inci- 
dence of this phenomenon remains to be estab- 
lished, especially with regard to different methods 
of fixation. Its clinical significance is unknown. 

Leucocyte Common Antigen (LCA) is a reli- 
able and sensitive marker of lymphocytes and cells 
of lymphoid derivation; 93-100 % of non-Hodgkin 
lymphomas are reported to be positive (Kurtin and 
Pinkus 1985; Michels et al. 1987). Very poorly dif- 
ferentiated lymphoblastic leukaemias and lympho- 
mas may, however, be negative (Kurtin and Pinkus 
1985; van Eyken et al. 1987). Even its specificity 
is remarkable; we are aware of only a single report 
of LCA-positivity in a non-lymphoid malignancy, 
a primitive sarcoma (McDonnell et al. 1987). Thus, 
the demonstration of LCA in three of our cases 
speaks in favour of a lymphoid derivation, and 
it was therefore decided to withdraw them from 
the statistical analysis of prognostic factors (inci- 
dentally, the only effect of this was to produce 
an apparent increase in the significance of the im- 
portance of mitotic index). Reviewing their mor- 
phological features, it was noted that all these cases 
were PAS-negative, and that two exhibited the fea- 
tures of atypical large-cell ES with large and often 
grooved nuclei (Llombart-Bosch et al. 1978). Some 
caution thus seems to be warranted when this diag- 
nosis is contemplated. The third tumour was mor- 
phologically indistinguishable from the rest of the 
material. These findings are in accordance with 
those of Ball et al. (1977), who in their attempt 
to draw a purely morphological distinction be- 
tween ES and lymphomas (reticulum cell sarco- 
mas) reported some tumours to be "not  typical 
of either group". They also serve to underline the 
inadequacy of conventional histological criteria in 
defining ES. 

Other markers and methods may prove to be 
more suitable in defining and differentiating these 

tumours, e.g. desmoplakin (Moll et al. 1987), teta- 
nus toxin (Berliner and Unsicker 1985), nerve 
growth factor receptor (Perosio and Brooks 1988), 
lectin and collagen typing (Dickman et al. 1982; 
Gabius et al. 1986), or counting of nucleolar orga- 
nizer regions (Egan et al. 1987). The possibility re- 
mains - to some degree supported by the finding 
of common chromosomal abnormalities and com- 
mon surface antigens like N-CAM - that neuro- 
blastomas, PNETs, and ESs are histogenetically 
related, with ES representing the most undifferen- 
tiated end of the spectrum (Dehner 1986; Lipinski 
et al. 1987). However, immunohistochemically de- 
monstrable heterogeneity, in the view of Moll and 
co-workers (1987), indicates that ES is derived 
from a pluripotential, primitive cell with a poten- 
tial for differentiation into mesenchymal, epitheli- 
al, and neural direction. This idea of ES as a blas- 
toma suggests a relationship to Jacobson's concept 
of 'polyhistioma': an ES-like neoplasm with light 
microscopically recognizable differentiation into 
various, primarily mesenchymal, elements, but also 
with occasional pseudorosettes or epithelial-like 
structures (Jacobson 1977). 

The only histopathological factors of signifi- 
cant prognostic importance in our study were the 
degree of necrosis, and the mitosis count. The 
former may be a prognostic factor itself, but it 
is also possible that it is correlated with tumour 
volume, which in a recent study was found to be 
even more important than site (Sauer et al. 1987). 
We could not confirm the importance of growth 
pattern, nor were PAS-positivity, soft tissue inva- 
sion, cell population, and immunohistochemical 
staining patterns found to be of prognostic signifi- 
cance. 

The recent advances in the treatment of ES, 
with more long-term survivors, make knowledge 
of prognostic factors important: poor-risk patients 
may be identified and aggressively treated, while 
patients with a good prognosis may be considered 
for less mutilating or intensive therapy. Moreover, 
patient materials should be large enough to allow 
for stratification. Diagnostic criteria (including im- 
munological and other techniques) should be 
clearly defined - as our study shows, there is some 
heterogeneity in a conventionally diagnosed mate- 
rial. These goals can only be reached with centra- 
lized diagnosis and treatment and participation of 
multiple centres. 
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