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Summary. Three patients with epithelioid haeman- 
gioendothelioma (EHE) are described. Two pa- 
tients presented with pulmonary infiltrates and one 
with a hepatic turnout. All had a metastatic disease 
ending fatally, and all were autopsied. The diagno- 
sis was confirmed either by immunohistological or 
ultrastructural analysis. All three tumours were cy- 
tokeratin-negative and vimentin-positive, while 
only two contained cells reacting with the antibody 
of factor VIII-related antigen. Electron microscopy 
of the third turnout revealed features indicating 
endothelial differentation. A short literature review 
is also presented demonstrating that the outlook 
of EHE is worse than previously thought. 
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who had tumours in the soft tissues was published 
(Weiss and Enzinger 1982). They coined the term 
epithelioid haemangioendothelioma (EHE) and 
stated that similar tumours occur in the lungs and 
in the liver where they had been previously diag- 
nosed as sclerosing cholangiocarcinomas (Weiss 
and Enzinger 1982). The next development was 
the publication of 32 patients with hepatic EHE 
by Ishak et al. in 1984. They remarked that " In  
our series the tumour nodules in the lung metas- 
tases in three patients were indistinguishable from 
those arising primarily in that organ".  Recently, 
Dean et al. (1985) described five young women, 
who had all taken oral contraceptives, with hepatic 
EHEs, which behaved aggressively. We report here 
three patients, who had hepatic or pulmonary 
EHEs, with autopsy findings and review the perti- 
nent literature briefly. 

Introduction 

Dail and Liebow described in 1975 a peculiar lung 
tumour which they designated as intravascular 
bronchioloalveolar tumour (IVBAT) (Dail and 
Liebow 1975). Subsequent EM studies revealed 
that the tumour cells had features compatible with 
endothelial cells (Corrin et al. 1979; Azumi and 
Churg 1981; Weldon-Linne et al. 1981a; Bhaga- 
van et al. 1982 and Dail et al. 1983). The hypothe- 
sis of  an angiogenic nature of IVBAT was strongly 
supported by the demonstration of factor VIII- 
related antigen in the tumour cells (Weldon-Linne 
et al. 1981b; Bhagavan et al. 1982; Corrin et al. 
1983 and Dail et al. 1983). Echevarria (1981) was 
the first to suspect that IVBAT is not confined 
to the lungs. Soon thereafter, a series of 41 patients 
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Case histories 

Patient 1 was a 57-year-old man, who had ascites, 
pathological liver function tests and general physi- 
cal deterioration. Liver biopsy yielded hypocellular 
fibrotic and necrotic tissue; fibroma or hamartoma 
were suspected. Ultrasonography revealed a tu- 
mour of 10 cm in diameter below the liver. Compu- 
terized tomography showed a non-homogenous 
liver with a dorso-caudal expansion dislocating the 
right kidney and pancreas. The patient had a small 
infiltrate in the right lung, which had been followed 
for years. He died in hepatic coma. 

In the autopsy the enlarged liver was found 
to be ahnost completely replaced by necrotic and 
fibrotic white tissue. The gallbladder was sur- 
rounded but not infiltrated by the tumour. In the 
spleen there was a tumour of three cm in diameter, 
and in the right lung a one-centimeter nodule was 
found. 
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Fig. 1. Pulmonary epithelioid 
haemangioendothelioma in the 
patient 2. Air spaces are filled 
with polypoid, cellular nodules 
covered by hypertrophied 
pneumocytes. A couple of nodules 
are sclerosed (arrows). van 
Gieson, x 105 

Fig. 2. Pulmonary epithelioid 
haemangioendothelioma in the 
patient 3. The margin between the 
lung and tumour shows 
progressively sclerosing intra- 
alveolar nodules, van Gieson, 
x45 

Fig. 3. Epithelioid 
haemangioendothelioma in the 
spleen of the patient 1. Mildly 
atypical tumour cells are lining 
empty-looking vascular spaces. 
van Gieson, x 260 

Fig. 4. Groups of small, 
hyperchromatic tumour cells are 
invading and destroying hepatic 
parenchyma of the patient 1. van 
Gieson, x 260 

Table 1. The immunohistological and electron microscopic 
findings 

Patient F VIII RAG a Cytokeratin Vimentin S-100 EM 

1 + + +  -- + -- ND b 
2 ( + )  -- + -- + +  
3 + - + - ND 

a Factor  VIII related antigen 
b Not  done 

Patient 2 was a 19-year-old woman. Her disease 
began with back pain almost two years before 
chest X-ray revealed a tumour in the left lung. 
At surgery a 2.5 cm tumour located peripherally 
in the left lower lobe was found. The tumour was 
yellowish and firm. Several hilar and mediastinal 
lymph nodes were involved as was the parietal 
pleura on the diaphragm. The surgeon removed 
all macroscopic turnout tissue along with the left 
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lower lobe. The patient developed compression 
fractures of  a cervical and lumbar vertebra soon 
after the surgery. In spite of  irradiation and cyto- 
toxic therapy she died less than six months later. 

At autopsy widespread dissemination of  the tu- 
mour in the spinal column was observed. Small 
solitary metastases were also found in the left kid- 
ney and lung. 

Patient 3 was a 93-year-old man, who had a 
cough and signs of  respiratory failure. Atrial fibril- 
lation and ventricular extrasystoles were found out 

Fig. 5. Patient 1. Tumour cells in 
the liver are strongly 
immunoreactive with monoclonal 
antifactor VIII-related antigen, 
while hepatocytes (arrow) and 
cells of a bilary duct (arrow) are 
not. Counterstain with 
haematoxylin, x 260 

Fig. 6. The cells lining neoplastic 
vascular spaces in the spleen of 
the patient 1 are decorated with 
the polyclonal antibody of factor 
VIII-related antigen. Counterstain 
with haematoxylin, x 260 

Fig. 7. All the tumour cells a r e  
negative when immunostained 
with monoclonal anticytokeratin. 
Only reactive pneumocytes are 
stained (the lung of the patient 2). 
Counterstain with haematoxylin, 
x 260 

Fig. 8. Most of the tumour cells 
are immunostained with 
monoclonal anti-vimentin (the 
lung of the patient 2). 
Counterstain with haematoxylin, 
x 260 

in the medical examination. Chest X-ray revealed 
several round infiltrates in both lungs, right pleural 
effusion and enlarged heart. Treatment with digi- 
talis and diuretics was started. In pleural puncture 
the effusion fluid was bloody, but no tumour cells 
were identified. In the bronchoscopy an extrabron- 
chial compression was seen in the right lower lobe 
bronchus, but  the biopsy was free of  tumour tissue. 
Sputum cytology was also normal. The prostate 
was nodular, but fine-needle biopsy contained only 
normal epithelial elements. His general condition 
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Fig. 9. Electron micrograph of a 
tumour cell from the patient 2. 
Note continuous basal lamina 
(dark arrows) and a segment of 
cell membrane with numerous 
pinocytotic vesicles (open arrows), 
x 22,000. Inset: intercellular 

matrix is rich in collagen with 
long-spacing bodies, x 21,500 

deteriorated quickly, and a deep thrombosis was 
diagnosed in the left leg. The patient died on the 
same day, and pulmonary embolism was sus- 
pected. 

The autopsy confirmed the suspicion of mas- 
sive pulmonary embolism. Other relevant findings 
included multiple tumours of 0.5-2 cm in diameter 
in the lungs, pleura, mediastinal lymph nodes, peri- 
cardium and myocardium. A small tumour nodule 
was also found in a thrombosed vein close to the 
prostate. 

Material and methods 

Tumour tissue was fixed in phosphate-buffered neutral forma- 
lin. The paraffin sections were stained by van Gieson, haema- 

toxylin and eosin, PAS with and without diastase treatment, 
Alcian blue and Gomori reticulin. Small pieces of tumour were 
also taken into glutaraldehyde from a mediastinal lymph node 
of the patient 2. It was processed, cut and stained according 
to the standard procedure for electron microscopy. Ultrathin 
sections were studied with a Jeol Jem 100 C electron micro- 
scope. 

Immunohistological staining was carried out either by us- 
ing peroxidase-antiperoxidase method for polyclonal antibodies 
or biotinavidin system (Vectastain®, Vector Laboratories, Burl- 
ingame, Ca, USA) for monoclonal antibodies. The sources of 
antibodies were as follows: monoclonal anti-cytokeratin 
(PKK1) and monoclonal anti-vimentin were from Labsystems 
Co., Helsinki, Finland, polyclonal anti-factor VIII-related anti- 
gen was from Immunolok, Inc., Carpinteria, Ca, USA, mono- 
clonal anti-factor VIII-related antigen was from BioGenex Lab- 
oratories, Dublin, Ca, USA, and anti-S-Z00 protein was from 
Dako Laboratories, Santa Barbara, Ca, USA. Negative con- 
trols were accomplished by replacing the primary antiserum 
with normal serum or albumin at corresponding dilutions. 
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Results 

Light microscopy. 

The histological appearance of the tumour tissue 
was somewhat variable depending on the tissue 
where it was found. In the lungs it was very charac- 
teristic: the tumour was formed by polypoid nod- 
ules filling the alveoli. The nodules were covered 
by hypertrophied pneumocytes (Fig. 1). The pro- 
portions of cellular and sclerosed areas varied from 
turnout to tumour (Fig. 2). The tumour cells were 
usually small and uniform, but occasional mitoses 
were found. More atypia was seen in some tumours 
of the patient 3, who had also a few overtly sarco- 
matoid nodules. Vascular spaces were infiltrated 
strikingly often. 

The vasoformative capacity was evident only 
in the spleen of the patient I (Fig. 3). The liver 
of  the same patient was largely infiltrated by the 
tumour. Most of  tissue was necrotic and fibrotic, 
almost acellular, but in some areas remaining he- 
patic cords were infiltrated by tumour cells 
(Fig. 4). 

Immunohistology 

Table 1 summarizes the immunohistological and 
ultrastructural findings. Both monoclonal and 
polyclonal antibody to factor VIII-related antigen 
was used. In the first patient most tumour tissue 
was strongly stained by both antibodies (Figs. 5 
and 6), although some cell groups, often lying in- 
travascularly, were completely negative. In the sec- 
ond patient a few tumour cells were stained by 
the polyclonal antibody, but practically no positive 
cells were seen by monoclonal antibody to factor 
VIII-related antigen. The tumours of the third pa- 
tient were variably positive with the polyclonal an- 
tibody, but only a few cells showed immunoreac- 
tivity, when the monoclonal antibody was used. 

The tumour cells were invariably cytokeratin 
negative (Fig. 7), but reacted well with anti-vimen- 
tin (Fig. 8). Stainings with anti-S-100 protein were 
negative as were the controls. 

Electron microscopy 

Tumour cells were usually covered by a continuous 
basal lamina. Some segments of cell membrane 
contained numerous pinocytotic vesicles (Fig. 9). 
No cell junctions, pseudolumina or intracellular 
vacuolization could be seen. The cytoplasm con- 
tained occasionally abundant intermediate fila- 
ment collections, but no actin-type filaments with 
fusiform densities were found. Weibel-Palade bod- 
ies were seen only in the endothelial cells of  normal 

capillaries. The intercellular matrix contained 
plenty of collagen, which was occasionlly arranged 
as long-spacing collagen bodies (Fig. 9, inset). 

Discussion 

On the basis of  histological, immunohistochemical 
and ultrastructural findings we believe that the tu- 
mours represent epithelioid haemangioendothelio- 
mas. The tumour cells of  the patient 2 were nega- 
tive when monoclonal antibody to factor VIII-re- 
lated antigen was used. According to the literature 
the proportion of tumour cells which are immuno- 
reactive with the antibody of factor VIII-related 
antigen is highly variable, and differences depend- 
ing on the antibody batch used have been noted 
(Dail et al. 1983). The negative stainings with anti- 
cytokeratin and positive stainings with anti-vimen- 
tin are consistent with the endothelial differentia- 
tion. 

The electron microscopic structure of tumour 
cells was also indicative of endothelial differentia- 
tion. Numerous intermediate filaments, pinocy- 
totic vesicles, continuous basal lamina and long- 
spacing collagen are all features frequently encoun- 
tered in these turnouts (Corrin et al. 1979; Azumi 
and Churg 1981; Weldon-Linne et al. 1981; Bha- 
gavan et al. 1982; Dail et al. 1983; Coffin etat .  
1983 and Meister et al. 1985). Additional charac- 
teristic findings in EHE have been intercellular 
junctions, intracellular lumina and, occasionally, 
Weibel-Palade bodies, which could not be found 
in the present tumour. Basal lamina and long-spac- 
ing collagen are features seen in tumours of 
Schwann cell origin. Schwannomas show, how- 
ever, usually extensive entanglement of cytoplas- 
mic processes. Furthermore cells of  differentiated 
Schwann cell tumours contain S-100 protein which 
was absent from the present turnouts. 

Another differential diagnostic problem is so- 
called sclerosing haemangioma of the lung (Liebow 
and Hubbel 1956). It has been shown to be factor 
VIII-related antigen-negative (Dail et al. 1983) and 
vimentin-negative (Haimoto et al. 1985). The latter 
group came to the conclusion that sclerosing hae- 
mangioma most probably represents neoplasia de- 
rived from type I pneumocytes. Sclerosing hae- 
mangioma contains usually much extravasated 
blood, and it is generally considered as a benign 
neoplasm. Pulmonary angiosarcoma does not seem 
to be a differential diagnostic difficulty (Yousem 
1986). The vasoformative capability of EHE is al- 
most non-existent. Only in the spleen lesion of the 
patient 1 neoplastic vascular spaces could be dis- 
cerned. 
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Table 2. Summary of the reports about  epithelioid haemangioendotheliomas 

Report  Number  of Average Male to Location Follow-up 
cases age (years) female ratio 

Arnold et al. 1986 1 55 1:0 lymph node 
Azumi and Churg 1981 1 48 1:0 lung 
Bhagavan et al. 1982 3 43 1:2 lung 
Corrin et al. 1979 3 29 0:3 lung 
Corrin et al. 1983 2 51 1 : 1 lung 
Dail et al. 1983 20 35 4:16 lung 
Dean et al. 1985 5 33 0:5 liver 
Echevarria 1981 1 62 0:1 liver 
Echevarria et al. 1978 2 53 1 : 1 liver 
Ferrer-Roca 1980 1 49 0:1 lung 
Ishak et al. 1984 32 50 12:20 liver 
Ludwig et al. 1975 2 46 1 : 1 liver 
Meister et al. 1985 1 78 1:0 scalp 
Mirra  and Kameda 1985 1 12 0:1 bone 
Morgan et al. 1972 1 21 0:1 liver 
Reed 1982 1 45 0 : 1 bone 
Sherman et al. 1981 1 28 0:1 lung 
Weiss and Enzinger 1982 41 appr.45 23 : 17 soft tissue 
Weldon-Linne et al. 1981 1 55 0:1 lung 
Wenisch and Lulay 1980 1 56 0:1 lung 
Present study 3 56 2:1 lung 2, liver 1 

3.5 years, NED a 
DOD b, metastases 
1 4  years, little progression 
Not  available 
Metastases in 1 patient 
Metastases in 8 of 17 patients 
Metastases in 4 patients 
Metastases 
DOD, metastases 
7 years, no progression 
Metastases in 9 patients 
DOD, metastases 
10 months,  a local recurrence 
11 years, metastases 
1.5 years, DOD, metastases 
12 years, metastases 
2 years, asymptomatic 
Metastases in 6 of 31 patients 
No progression 
Metastases 
DOD, metastases in all patients 

No evidence of disease 
b Dead of disease 

Table 2 gives a summary of the reports con- 
cerning EHEs. The investigations of haemangioen- 
dothelioma of bone by Har tmann and Stewart 
1962 and Volpe et al. 1985 as well as the studies 
of histiocytoid haemangiomas by Rosai et al. 1979 
and atypical haemangioendotheliomas by Anger- 
vall et al. 1985 are not included, although some 
of the patients might qualify. In the literature there 
are now at least 124 cases of EHEs that are reason- 
ably well documented. These include the patients 
reported by Ludwig et al. (1975) and one of  the 
patients reported by Morgan et al. 1972. The case 
of Farinacci et al. (1973) was included in the series 
of Dail et al. (1983), and that of  Monroe et al. 
(1981) in the series of Ishak et al. (1984). Spencer 
(1985) states that he has seen several cases of 
IVBAT, but he does not give any details. The bone 
tumours designated as malignant myxoid angiob- 
lastoma by Reed (1982) and myxoid angioblasto- 
matosis by Mirra and Kameda (1985) are also in- 
cluded, but that designated as angioglomoid tumor 
by Tang et al. (1976) is not convincing enough to 
meet the criteria of EHE. The diagnostic difficul- 
ties of  EHE are well documented by the Table 2 
in the article of Dail et al. (1983). It lists 13 differ- 
ent original diagnoses submitted for their 20 cases. 

The sex distribution is 61% females and 39% 
males, and among pulmonary tumours women 
outnumber men even more. The average age is 

about 45 years with a range from 12 to 93 years. 
The distribution of the published cases between 
the lungs, liver and soft tissue is approximately 
equal. Echevarria (1981) was the first to suspect 
the systemic nature of this tumour, but Weiss and 
Enzinger (1982) deserve the honour of realizing 
first the fact that all these tumours represent the 
different facets of the same disease. 

Follow-up information is available from 105 
patients. Metastases have been described in 41 pa- 
tients, which means 39% of those with sufficient 
follow-up information. In addition to that a few 
patients died of respiratory failure caused by multi- 
ple, widespread bilateral pulmonary nodules. 
Thus, it is evident that EHE is a malignant neo- 
plasm, though it grows usually slowly and may 
occasionally remain stationary for years. Some in- 
vestigators, e.g. Mirra and Kameda (1985) have 
questioned the cancerous nature of the disease and 
suggested that it is a multicentric hamartomatous 
or developmental process. We do not accept this 
interpretation, though the multicentric origin of 
pulmonary nodules is hard to disprove. The atypi- 
cality and uncontrolled proliferation of tumour 
cells as well as the lymphogenous spread are fea- 
tures consistent with a malignancy. 

The characteristic slow progression of the tu- 
mour makes the therapy a big problem. No thera- 
py is suggested for those IVBAT patients who are 
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symptomless (Daft et al. 1983). When EHE is in 
the soft tissue, the removal of all tumour tissue 
is indicated (Weiss and Enzinger 1982). 

The aetiology of the disease is unknown. An 
interesting suggestion was made by Dean et al. 
(1985) who described five female patients with he- 
patic EHEs. All had used oral contraceptives. In 
the series of Ishak et al. (1984) there were two pa- 
tients with known history of oral contraceptives. 
The patient of  Sherman et al. (1981) was also cur- 
rently using these preparations. Unfortunately in 
earlier reports little attention has been paid to this 
fact, but because a sizable proportion of IVBAT 
patients are young women, it would be worthwhile 
clarifying the use of oral contraceptives. This can 
not, however, be the sole reason, since all the pa- 
tients had not used these drugs. 

The tumour has been labelled with many 
names, which reflects the diagnostic difficulties. 
The adjectives used include sclerosing, epithelioid 
and myxoid. Taking the angioblastic nature into 
consideration, the term angioblastoma seems to be 
most recommendable. We feel, however, that be- 
cause epithelioid haemangioendothelioma is now 
in general use, there is no reason to increase the 
confusion by suggesting new designations for the 
time being. 
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Addendum 

Since the submis s ion  o f  the m a n u s c r i p t  we have  
e n c o u n t e r e d  one  m o r e  pa t i en t  wi th  E H E .  She was  
a 25 -yea r -o ld  nurse,  w h o  h a d  used  ora l  c o n t r a c e p -  
tives in her  teens. She h a d  h a e m o p t y s i s  du r ing  
p r e g n a n c y  fo l lowed  by  b a c k  pain.  X - r a y  studies 
s h o w e d  lytic lesions in the  skeleton.  B iopsy  f r o m  
the iliac b o n e  revea led  m i n u t e  loci  o f  t u m o u r  
f o r m e d  by  oval ,  some t imes  v a c u o l a t e d  cells in 
m y x o i d  a n d  f ib rous  s t roma .  T he  cells were  cy toke r -  
a t in-negat ive ,  v iment in -pos i t ive ,  a n d  a r e m a r k a b l e  
n u m b e r  c o n t a i n e d  f a c t o r  V I I I - r e l a t e d  ant igen.  
T w o  re levan t  articles on  the top ic  have  a p p e a r e d :  
Ellis G L ,  K r a t o c h v i l  F J  I I I  (1986) Epi the l io id  
h e m a n g i o e n d o t h e l i o m a  o f  the h e a d  a n d  neck :  A 
c l i n i copa tho log i c  a nd  fo l l ow-up  s t u d y  o f  twelve 
cases. Ora l  Surg  6 1 : 6 1 - 6 8  a n d  D o r f m a n  H D ,  
T s u n e y o s h i  M,  B a u e r  T W  (1986) Epi the l io id  he- 
m a n g i o e n d o t h e l i o m a  o f  bone .  L a b  Inves t  5 4 : 1 7 A .  
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