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Experimental models of cancers in animals serve, among other purposes, to 
investigate carcinogenesis and help to predict the potential of an agent, par­
ticularly an environmental one, to produce cancer in man. Hepatic tumors 
are a common model both in screening for carcinogenic potential and in the 
study of carcinogenesis. This study compares selected instances of human 
and experimental hepatic tumors to ( 1 ) illustrate the relevance of experi­
mental neoplasms to human neoplasms, (2) review anatomic sequences in 
animal and man related to the morphology of hepatic carcinogenesis, and 
( 3) call attention to some clinical features of hepatic tumors not commonly 
seen in man, including screening for their detection. 

The sequences from nodule to carcinoma of neoplastic hepatic lesions 
in rodents have been studied frequently. These lesions are produced by a 
large number of agents, including some for which a carcinogenic potential in 
man is seriously doubted. An example is phenobarbital, which causes cancer 
in mice (Walker et al. 1973), but, on the basis of reliable epidemiologic 
studies, not in man ( Clemmesen et al. 197 4). Such observations have led to 
vigorous debates concerning extrapolation of rodent data to man (Tomatis 
et al. 1973; Epstein 197 4). One argument against the application of rodent 
observations to man is the rarity of similar sequences in human primary 
hepatic carcinoma, which, in the majority of cases, develops in cirrhotic liver, 
where the one precursor lesion postulated in man (groups of dysplastic 
hepatocytes in normal or cirrhotic hepatic tissue outside the carcinoma 
[Anthony 1976]) is a feature not encountered in rodents. In the last few 
years, however, benign (Baum et al. 1973; Edmondson et al. 1976) and a 
few malignant (Davis et al. 1975) hepatocellular tumors in noncirrhotic livers 
have been observed in women of childbearing age taking contraceptive ste­
roids and in men and women receiving anabolic steroids (Johnson et al. 1972; 
Farrell et al. 197 5) . This group of tumors invites comparison with rodent 
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tumors. Moreover, also in recent years, hepatic angiosarcoma has been 
observed in workers exposed to gaseous vinyl chloride during the process of 
its polymerization to the plastic polyvinyl chloride (Creech and Johnson 
1974; Lloyd 1975), and an antecedent lesion, a peculiar hepatic fibrosis as­
sociated with portal hypertension, has also been identified (Miiller et al. 
197 5; Thomas et al. 197 5). Shortly before the association between vinyl 
chloride and angiosarcoma in man was recognized, Maltoni had produced 
angiosarcomas in rodents through exposure to vinyl chloride (Maltoni 1974; 
Maltoni and Lefemine 197 4) . This represents not only the first example of 
predicting hepatic malignant tumors in man, but also the first identification of 
the same type of hepatic tumor in man and rodents. It encourages a com­
parison of the sequences. 

The material for this study consists of ( 1 ) rodent tumors produced by 
many agents and studied during the past 15 years; (2) human tumors as­
sociated with the intake of contraceptive and anabolic steroids taken from 
the files of the Mount Sinai School of Medicine; ( 3) rodent lesions fol­
lowing inhalation of vinyl chloride in the laboratories of Maltoni in Bologna 
and a few exposed in the Industrial Bio-Test Laboratories in Northbrook, 
Illinois (Gordon et al. 197 4; Schaffner et al. 197 6) ; and ( 4) biopsy and 
autopsy material of workers exposed to vinyl chloride which is on file in the 
pathological laboratories of the National Cancer Institute and at the Mount 
Sinai School of Medicine. Similar materials from persons with hepatic lesions 
attributable to inorganic arsenicals and Thorotrast and from angiosarcomas 
discovered in persons without known exposure to chemical agents were also 
studied for comparison. The human material, originally observed in many 
institutions, was made available for review or consultation. Since the em­
phasis in this study is on the morphological sequences rather than on 
individual cases, specific information about the cases is omitted. Detailed 
case information will be published elsewhere (L. B. Thomas, N. C. Telles 
and H. Popper, in prep.). 

Nodular Lesions In Rodents 

Because these lesions have in the past been designated with a variety of names, 
a recent workshop has recommended a standard nomenclature (Squire and 
Levitt 1975), at least for rats. This nomenclature will be followed here. Many 
toxic regimens produce uniform proliferation of the hepatocytes on the 
lobular periphery, a readily recognized response to the basic injury. By 
contrast, in otherwise normal livers, circumscribed alterations of hepatocytes 
are noted. These include: vacuolization of the cytoplasm, sometimes caused 
by fat deposition; ground-glass appearance, presumably the result of excess 
smooth endoplasmic reticulum; or increased basophilia. The nuclei vary from 
the surrounding parenchyma, often being larger. The cells are usually en­
larged 'and occasionally in two-cell-thick plates. These lesions, designated as 
hyperplastic foci or areas, do not have a specific lobular location and fre­
quently include the central vein. They are only recognized histologically. 
They differ from nodules designated previously as hyperplastic and now as 
neoplastic. These are larger, involve several lobules, may be grossly visible, 
and may deform the organ. They are often multiple and frequently accom-
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panied by hyperplastic areas. The border toward the uninvolved parenchyma 
is distinct, and transition from uninvolved to neoplastic cells is observed in 
the same cell plate (Fig. la). They frequently exert pressure on the sur­
rounding parenchyma. The latter's liver cell plates are then compressed and 
surround the nodule, but fibrosis is absent. The cytologic features are the 
same as described for the hyperplastic areas. The lobular architecture is dis­
torted in that the relation of portal tract to hepatic veins is altered, with portal 
tracts being sparser than normal and often missing through large parts of 
the nodule. Isolated arteries may be found (Fig. 2a). The sinusoids are often 
conspicuously widened, proceeding to peliotic cysts. Circumscribed necrosis 
occurs in larger nodules. Focal variation in cell populations and in cytologic 
and architectural features produce "nodules in nodules" (Popper et al. 
1960) (Fig. 3 a). They are composed of hepatocytes, increased or reduced 
in size, which may show conspicuous basophilia, glycogen accumulation 
(Bannasch 1974), or nuclear hyperchromasia or polyploidy, and are ar­
ranged either in plates two or more cells thick or as acinar structures around 
dilated bile canaliculi containing proteinic material. These nodules in nodules 
exert pressure on the surrounding nodular parenchyma. They sometimes re­
semble frank carcinoma which arises in such nodular areas (Fig. 4a). The 
alterations described may be associated with histochemical variations, par­
ticularly with the loss of such enzymes as glucose-6-phosphatase (Kitagawa 
and Sugano 1973), as well as with abnormalities of ductular structures (oval 
cells or cholangiofibrosis). The sequences in mice are in principle the same. It 
should be noted that similar lesions have been reported in rodents after 
administration of sex steroids (Committee on Safety of Medicines 1972). 

Steroid Hepatocellular Tumors In Man 

In women of childbearing age who have been taking contraceptive steroids, 
three types of hepatic tumors have been reported: adenomas (Baum et al. 
1973; Sherlock 1975; Nissen et al. 1975; Ameriks et al. 1975; Grabowski 
et al. 1975; Edmondson et al. 1976; McAvoy et al. 1976), focal nodular 
hyperplasia (Mays et al. 1974; O'Sullivan and Wilding 1974; Grabowski et al. 
1975; McAvoy et al. 1976), and a small number of hepatocellular carcinomas 
(Hermann and David 1973; Davis et al. 1975; Mays et al. 1976). In men and 
women on prolonged therapy with anabolic steroids, adenomas (Sweeney 
and Evans 1976) and, more frequently, carcinomas have been reported 
(Johnson et al. 1972; Farrell et al. 1975). 

The adenomas, more often in the right lobe and sometimes multiple, were 
composed of hepatocytes and differed cytologically from the surrounding 
parenchyma in that the hepatocytes were usually larger, rich in glycogen and 
sometimes also in fat, occasionally of ground-glass appearance, and often 
with large nuclei (Fig. 1 b). Their cellular appearance was usually uniform. 
The lobular architecture was missing or distorted, and portal structures with­
out bile ducts as well as an excess of isolated veins and arteries were seen 
(Fig. Sa). Radiographic investigation suggests a predominantly arterial blood 
supply (Ameriks et al. 1975). Irregular sinusoidal dilatation was frequent 
and often progressed to bloody cysts (Fig. 2b). In the adenomas associated 
with the intake of contraceptive steroids, the intima of arteries and veins was 



Figure 1 
(a) Neoplastic nodule (upper left) in rat liver revealing transition from 
normal to tumorous hepatocytes in part of its periphery and compression in 
other areas. Arrow points to small hyperplastic area. (b) Hepatocellular 
adenoma (upper left) in man treated with anabolic steroids. Note transition 
to normal epithelium in some areas and compression of the parenchyma in 
other areas. Hematoxylin and eosin (Hand E); magnification, 40X. 
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Figure 2 
(a) Neoplastic nodule in rat liver with cystic dilatation of sinusoids and 
isolated arteries (arrows) . (b) Hepatocellular adenoma in a woman who had 
taken contraceptive steroids. Note cystic dilatation of blood spaces (peliosis) 
and isolated arteries (arrows). Hand E; magnification, 40X. 
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Figure 3 . 
(a) Nodular variations of hepatocytes in neoplastic nodule of rat liver 
(nodules in nodules). Note areas with two-cell-thick plates exerting pressure 
on surrounding nodular parenchyma. (b) Nodules in nodules and focal 
sinusoidal dilatation in hepatocellular adenoma in a woman who had taken 
contraceptive steroids.Hand E; magnification, 40X. 
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Figure 4 
(a)Hepatocellular carcinoma (right) developing in neoplastic nodule in rat 
liver. Magnification, 100 X. ( b) . Hepatocellular carcinoma (lower half) 
separated by connective tissue from surrounding normal parenchyma in a 
woman who had taken contraceptive steroids. H and E; magnification, 40X . 
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Figure 5 
Hepatocellular adenomas in woman who had taken contraceptive steroids. 
(a) Note excess hepatic arteries on the border of the adenoma. (b) Connec­
tive-tissue band forming in nonadenomatous part of hepatic parenchyma. 
H and E; magnification, lOOX. 

thickened, and acid mucopolysaccharides accumulated, sometimes obstruct­
ing the lumen. Necrosis, hemorrhage, and fibrosis were frequent, resulting in 
septa near which hepatocytes assumed a ductular arrangement, as well as in 
hemorrhage extending into the surrounding parenchyma and into the peri-
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toneal cavity. The ·borders of these tumors with the surrounding parenchyma 
were sharp. They can show transition from normal to adenoma cells in the 
same plate, or the tumor may exert pressure on the surrounding parenchyma 
(Fig. 1 b). A capsule may have demarcated the tumor (Fig. 5b). This capsule 
formed within the surrounding parenchyma, which showed additional changes. 
They included, besides nonspecific portal inflammatory reaction, small ir­
regularly distributed foci of hepatocytes different in structure, both far from 
the tumor and in its vicinity, periportal formation of two-cell-thick plates, and 
excess of arterial lumina in the portal tracts, explained by the tortuosity of 
the arteries. Large arteries in the periphery of the tumor may even be 
recognized by arteriography (Goldstein and Neiman 1974). 

Sometimes the adenomas exhibited variations in cell populations (Gold­
farb 197 6) involving changes of cytoplasm and nuclei, including cholestasis 
and formation of acini containing bile plugs as well as hepatocytes arranged 
in plates two or more cells thick with thinning of the reticulum stroma. These 
irregularly distributed nodular changes within the adenoma, frequently fol­
lowing intake of anabolic steroids, raise the question of transformation to 
carcinoma, although, to date, follow-up of adenornas has not proved car­
cinomatous transformation. However, cases have been reported of frank 
carcinoma surrounded by a capsule within adenomas (Davis et al. 1975), and 
carcinomas, often multicentric (Fig. 4b), in otherwise normal livers have 
been reported in young women taking contraceptive pills (Hermann and 
David 1973; Mays et al. 1976). 

Focal nodular hyperplasia, also called focal cirrhosis, is an established 
incidental finding at any age in both sexes, though somewhat more frequent 
in women (Ishak and Rabin 1975). It is only occasionally of clinical im­
portance, i.e., when it is very large or, particularly in children, pedunculated. 
It is considered a hamartoma characterized by a central fibrotic core from 
which septa radiate into the surrounding nodular parenchyma. Bile ducts 
and ductules are often abundant in the septa and inflammation is frequent; 
even focal destructive cholangitis or excess hematic cells may be seen. Acti­
vated proliferation of hepatocytes, sinusoidal dilatation, and vascular altera­
tions, as described above, as well as hemorrhage, occurred in focal nodular 
hyperplasia in association with contraceptive steroid intake (Stauffer et al. 
1975; Mays et al. 1976), although there seems to be no record of this lesion 
following therapy with anabolic steroids. 

Pathogenesis and Clinical Implications of the Steroid Nodular Lesion 

There is great similarity in appearance between the hepatocytic nodular 
lesions in rodents and the steroid tumors in man, including cytology, architec­
ture, and arrangement of vessels. There is, however, far greater fibrotic reac­
tion in man, and the nomenclature is different: similar lesions are called 
adenomas in man and neoplastic nodules in rodents. The similarity also 
includes the nodules in nodules, although transition to carcinoma in the 
nodules in man has so far only been observed after intake of anabolic 
steroids. Both groups of steroids, which potentially induce the smooth 
endoplasmic reticulum and microsomal biotransformation, stimulate hepato­
cytic proliferation as in rodent nodules; many of the latter are also caused 
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by inducing agents. Both types of steroids produce sinusoidal dilatation, 
which has been observed in tumor-free livers in women on contraceptive 
steroids (Winkler and Poulsen 1975) and in men and women on anabolic 
steroids (Bagheri and Boyer 197 4; Ktihbock et al. 197 5). Alterations of 
arteries and veins are associated only with contraceptives which are incrim­
inated, in low incidence, in the production of thrombotic manifestations 
(Irey et al. 1970), including hepatic vein thrombosis of the Budd-Chiari type 
(Clubb and Giles 1968; Hoyumpa et al. 1971). In focal nodular hyperplasia, 
it is possible that steroid-induced stimulation of hepatocytic proliferation, as 
well as of sinusoidal and vascular alterations, may account for such acute 
manifestations as pain and hemorrhage in preexisting hamartomas. Regres­
sive changes in preexisting adenomas, including septa formation and pseudo­
ductular transformation of hepatocytes, however, may result in an appear­
ance resembling focal nodular hyperplasia; this seems to be the case in some 
of the published reports. This secondary fibrosing process is well known in 
thyroid adenomas. 

The causal relationship between steroids and hepatic tumors is statistically 
better established with the anabolic steroids, with their higher tendency to 
malignant degeneration, as illustrated by the high incidence in treated Fanconi 
anemia (Meadows et al. 197 4) . It is more dubious, indeed denied by some 
(Anthony 1975), for contraceptive steroid adenomas in view of their low in­
cidence. To date, only some 200 cases have been reported, although it is 
estimated that ten million women in the United States take contraceptive pills. 
The following factors strongly support a causal relationship: The tumors oc­
cur almost exclusively in women in the earlier reproductive period; up to 10 
years ago, there were only a few observations in children. In almost all cases, 
contraceptive steroids had been used; in a few others, the use of estrogens or a 
preceding pregnancy was reported (Mays et al. 197 6) . In the very few 
instances without an established cause, their recent occurrence raises the 
possibility of unidentified environmental factors now in existence. Hardly 
any cases have been reported from central Europe, where the widespread 
use of contraceptive pills is only of short duration. Highly convincing is the 
fact that in Japan, where hepatocellular carcinoma is frequent but contracep­
tive pills are outlawed, no adenomas have been observed despite a good re­
porting system. An increase of adenomas in central Europe in the future may 
confirm the causal correlation. Even more dubious is the relation of con­
traceptive drugs to hepatocellular carcinoma, which in the past occurred 
occasionally in noncirrhotic livers in this age group. Further observations are 
required, particularly since arrest or even regression of adenomas after cessa­
tion of therapy has been suggested. 

Clinically, about one-third of the tumors were detected incidentally, one­
third were presented as abdominal masses, sometimes with pain and fever 
from infarction, and in one4hird hemorrhage resulted in a picture of ab­
dominal catastrophy requiring surgical intervention. Peritoneal hemorrhage 
in women of reproductive age may thus be the result not only of a ruptured 
tube but also of a bleeding hepatic tumor, the management of which demands 
surgical expertise. Conventional hepatic tests are of little help in detecting the 
lesion. Often, but not always, it can be recognized on scanning. Peculiarly 
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enough, serum alpba-fetoprotein has not been elevated significantly in the 
cases so far reported, including the carcinomas. 

Evolution of Vinyl-chloride-induced Lesions in Man and Rodents 

An antecedent fibrotic lesion has been found in workers exposed to vinyl 
chloride (Milller et al. 1975; Thomas et al. 1975; Whelan et al. 1976). 
This has also been recognized in some persons exposed to inorganic arseni­
cals, mostly as a result of the previously popular treatment of psoriasis with 
Fowler's solution (Morris et al. 1974; Knolle et al. 1974; Huet et al. 1975), 
which also has been observed to cause angiosarcoma (Regelson et al. 1968). 
The same neoplasm was also observed in the 1950s in vineyard workers in 
Germany who were exposed to pesticides containing inorganic arsenicals 
(Roth 1957). Following the administration of Thorotrast for radiologic 
study, both hepatic fibrosis (da Silva Horta 1967) and angiosarcoma (Dahl­
gren 1961; Selinger and Koff 1975) have been found. The evolution from the 
antecedent lesion to angiosarcoma in man, described below, is based in large 
part on vinyl-chloride-induced· lesions but applies equally, as judged from 
the study of a smaller number of biopsy and autopsy specimens, to the other 
agents, except that Thorotrast deposits are found in the last group. The in­
itial lesion, more subtle in man than in rats exposed to vinyl chloride, was a 
focal hyperplasia of the hepatocytes often with plates two or more cells thick 
and with variation in cell size (Fig. 6a,b), corresponding to hyperplastic foci 
and nodules in rodents (Fig. 7a). In rats, frank carcinoma with necrosis 
(Maltoni 1976) developed within these nodules following formation of 
nodules in nodules (Fig. 7b). In man and rodents, the sinusoidal cells sub­
sequently increased in number, initially as a variety of cell types, including 
endothelial cells, macrophages, lipocytes, and lymphocytes. In man, this 
was associated with plump lining cells with diffuse PAS reaction and with a 
nonconspicuous perisinusoidal fibrosis. On electron microscopy (Triche et al. 
1975), an increase of collagen fibers in perisinusoidal and pericellular spaces 
was noted, as well as an increase in Ito cells (Ito 1973) or lipocytes (Bronfen­
major et al. 1966), which have been considered precursors of fibroblasts, 
producing type-III collagen or reticulum (Kent et al. 1976). The lack of 
liver cell degeneration and of lipofuscin distinguishes this lesion from com­
mon hepatitis. The portal tracts show a noncharacteristic fibrosis. In the vinyl 
chloride cases, a capsular and subcapsular nodular fibrosis produced a char­
acteristic picture on laparoscopy (Marsteller et al. 1975). The spleen showed 
hyperplasia of both red and white pulp cells. 

This antecedent stage proceeded to multicentric angiosarcoma through 
two precursor stages which were more cellular and fibrotic in man than in 
rodents. One was a further increase of the sinusoidal cells, some of which 
had polychromatic and even bizarre nuclei and flat cytoplasm. When they 
piled up, they were considered sarcomatous (Fig. 8a,b). They were free 
of PAS-positive or iron granules and of Thorotrast (in cases so exposed), 
all of which were usually abundant in macrophages. In both species, the 
sinusoidal lumen was only slightly dilated. In man, portal fibrosis and in­
flammation associated with bile-ductular proliferation was also prominent, 



Figure 6 
Liver of worker chronically exposed to vinyl chloride. (a) Hepatocytic hyper­
trophy and hyperplasia as well as sinusoidal cell proliferation in nodular 
portion of parenchyma (arrows). Fibrosis and bile ductular proliferation in 
portal tracts. Magnification, 40 X. ( b) Two-cell-thick hepatocytic plates with 
binucleated liver cells and proliferation of a variety of sinusoidal cells. 
Hand E; magnification. 250X. 
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Figure 7 
Rats chronically exposed to vinyl chloride. (a) Neoplastic nodule in lower 
portion of photomicrograph. Note the compression of the surrounding 
parenchyma. (b) Hepatocellular carcinoma (lower left) within a neoplastic 
nodule (arrow). H and E; magnification, 40 X. 

and connective-tissue septa formed around these bile ductules, which ex­
tended into the lobular parenchyma. 

The other, more common precursor stage was focal dilatation of sinusoids 
unrelated to lobular architecture and thus not attributable to passive con-



Figure 8 
Intralobular angiosarcoma. Note sinusoidal lining cells with bizarre nuclei 
intermixed with inflammatory cells. The hepatocytes are hyperplastic. (a) 
Worker chronically exposed to vinyl chloride. (b) Rat exposed to vinyl 
chloride.Hand E; magnification, 250X. 

1372 



Figure 9 
Sinusoidal dilatation with proliferation of lining cells and hepatocytic spurs 
extending into blood spaces. (a) Worker exposed to vinyl chloride. Magni­
fication, 40X. (b) Rat exposed to vinyl chloride. H and E; magnification, 
lOOX. 
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gestion. The sinusoidal lining cells became more prominent, and hematopoietic 
foci sometimes developed in man. Eventually, the dilatation proceeded to 
peliotic bloody cysts, which in man were sometimes recognized grossly. Blind 
ending spurs of hepatocytes indicated that the dilatation was due to widening 
of blood spaces rather than necrosis (Fig. 9a,b). The spurs of hyperplastic 
hepatocytes contained bile plugs and eventually were covered by proliferated 
lining cells which assumed an angiosarcomatous character by forming multiple 
layers with bizarre nuclei. The perisinusoidal spaces of Disse were wide and 
contained a variety of mesenchymal cells such as macrophages, which stored 
various pigments and fat droplets, lymphocytes, and even an occasional plasma 
cell or segmented leukocyte (Fig. 10). Lipocytes and fibroblasts were seen, 
and excess reticulum fibers traversed the Disse spaces. The most characteristic 
appearance is the plexiform arrangement of hyperplastic hepatocytic plates 
surrounded by angiosarcoma cells in blood spaces of various size often con­
taining fibrin thrombi. The further evolution included increasing fibrosis of 
these trabeculae associated with their invasion by angiosarcoma cells, to 
terminate either in a cavernomatous picture or in progression to nodules 
consisting entirely of sarcoma cells, often spindle-shaped, in which vascular 
spaces were lined mostly by these cells and only occasionally by nontumorous 
endothelial cells. Both extensive fibrosis and formation of nodules were 

Figure 10 
Hepatic angiosarcoma in worker exposed to vinyl chloride. Trabeculae 
covered by angiosarcoma cells extend into blood-filled cysts. Hyperplastic 
hepatocytes in the trabeculae are surrounded by a widened Disse space con­
taining a variety of mesenchymal cells as well as increased connective-tissue 
fibers.Hand E; magnification, 250x . 
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associated in man a-nd rats with the disappearance of inflammatory cells, which 
are found only later as a reaction to necrosis (Fig. 1 la,b). 

Pathogenesis and Clinical Implications of Antecedent Lesions and 
Angiosarcoma Associated with Exposure to Chemicals 

Three agents-vinyl chloride, inorganic arsenicals, and Thorotrast-produce 
a sequence in man which has been duplicated in mice and rats with vinyl chlo­
ride. The metabolic changes have been studied for vinyl chloride, and angio­
sarcoma has been induced experimentally by Thorotrast exposure in rabbits 
(Swarm et al. 1962), but nothing is known about similar lesions in animals 
chronically exposed to inorganic arsenicals. The initial lesion is a nodular 
hypertrophy and hyperplasia of the hepatocytes. This might be related to the 
metabolism of vinyl chloride in the biotransformation system of the smooth 
endoplasmic reticulum (Green and Hathway 1975; Watanabe et al. 1976), 
which is increased in mice exposed to vinyl chloride (Schaffner et al. 1976). 
Large doses produce an acute hepatic necrosis, particularly if the microsomal 
biotransformation system is induced, e.g., by phenobarbital (Reynolds et al. 
197 5), and covalent binding of the metabolite, presumably an epoxide 
(Kappus et al. 1975), as well as mutagenic effects of the metabolite (Mala­
veille et al. 1975; Greim et al. 1975), has been demonstrated. This focal 
hyperplasia may proceed in rats to carcinoma formation. This has not been 
established in man for vinyl chloride, but it has been for arsenicals in vineyard 
workers (Luechtrath 1972) and for Thorotrast (Dahlgren 1961). The 
hepatocytic hyperplasia is associated with a proliferation of sinusoidal cells 
of various kinds, including inflammatory cells in the liver and also of 
mesenchymal cells in the spleen. This antecedent fibrotic stage is characterized 
clinically by portal hypertension with splenomegaly sometimes causing bleed­
ing esophageal varices and thrombocytopenia. Increased blood flow to the 
enlarged spleen results in the delivery of an amount of blood which the 
hepatic vascular bed has difficulty in accommodating, particularly since the 
combined sinusoidal, portal, and capsular fibrosis interferes with distention 
of the liver (Thomas et al. 1975). Thus, after exposure to vinyl chloride or 
inorganic arsenicals, a disease develops which is conventionally called Banti's 
syndrome, hepatoportal sclerosis, or idiopathic portal hypertension. It occurs 
sporadically in the United States but is found in higher incidence in India, 
Japan, and parts of Africa, and there the possibility of an unknown environ­
mental toxic factor deserves consideration, although transition to multicentric 
angiosarcoma, as with the chemical agents, has not been reported. The 
stimulus for the proliferation of the mesenchymal cells is not established be­
cause the transfer of the active metabolite from hepatocytes to mesenchymal 
cells is difficult to understand and might require unidentified carrier proteins. 
It is accompanied initially by an inflammatory reaction for which an im­
munologic mechanism has been claimed (Ward et al. 1976). Full develop­
ment of angiosarcoma is characterized by its escape from the inflammation. 
The pathogenesis of the vasodilatation, implying a weakening of the endo­
thelial wall, is also uncertain. The origin of the angiosarcoma cells is not 
established, and there is little to support their relation to macrophages (Roth 



Figure 11 
Hepati~ angiosarcomas after exposure to vinyl chloride, showing trabeculae 
consisting of hepatocytes surrounded by fibrosis and covered by polyhedral 
angiosarcoma cells. They accumulate in multiple layers in the absence of 
inflammatory cells (arrows). (a) Man; (b) rat. H and E; magnification, 
lOOX. 
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1957); ultrastructural studies, so far not available on angiosarcomas, may 
confirm the suspicion that they derive from endothelial cells, which would be 
in keeping with the more committed term "hemangio-endothelial sarcoma." 
Excessive fibroblastic stimulation may play a role in the few reported cases 
of cirrhosis following exposure to vinyl chloride (Smith and Williams 1974), 
to arsenicals in vineyard workers (Roth 1957), or to Thorotrast (Selinger 
and Koff 197 5). Morphologic specificity of the angiosarcoma following 
exposure to vinyl chloride would be important from the epidemiologic 
viewpoint. Comparison with cases of angiosarcoma in men, women, and 
children without known relation to exposure to chemicals, although so far 
not complete (L. B. Thomas, N. C. Telles and H. Popper, in prep.), does 
suggest that portal origin or predominance of nodular angiosarcoma, some­
times single and capsulated, is more frequent in cryptogenic instances. The 
incidence of both the antecedent fibrotic and the angiosarcomatous lesions 
following vinyl chloride exposure is not established. Angiosarcoma seems to 
be far rarer in the material from Germany despite similar exposure. The re­
cent enforcement of strict regulations, radically reducing the level of vinyl 
chloride in the air, raises the hope that no new cases will be induced in the 
plants. Since the duration of effective exposure stretches over many years, as 
epidemiologic studies on these and other carcinogens have indicated, addi­
tional cases are still to be expected in the foreseeable future. This calls for 
screening procedures (Mokk et al. 197 4). The conventional hepatic tests, 
though widely used, seem to have little diagnostic value. A test to measure 
active fibroplasia by biochemical or immunologic techniques would be desir­
able, as it would also be for monitoring chronic hepatitis. However, these 
techniques still represent experimental rather than clinical procedures. Today, 
periodic scanning to establish both enlargement of the liver and alterations of 
the blood flow, confirmed by angiographic techniques in suspicious cases, is a 
mainstay of diagnosis (Tamburro et al. 1976). 

DISCUSSION 

Comparison of hepatocytic nodules produced in rats with the human hepatic 
tumors associated with the use of contraceptive and anabolic steroids, which 
share a common 17-alkylated ring structure, reveals similarities, as do the 
vinyl-chloride-induced lesions in man and rodents. The major difference is the 
greater tendency to inflammatory reaction and, more important, to fibrosis in 
man. The normal rat liver has a far less developed reticulum framework than 
the human liver, and its hydroxyproline content, as a measure of collagen, 
is one-third that of the human adult liver (Kent et al. 1959). In effect, the 
severely cirrhotic rat liver has a hydroxyproline content identical to that of 
a normal human adult liver. Inflammatory reactions are also far less conspic­
uous in experimental than in human cirrhosis (Popper 1977a). The simi­
larities between steroid and rat nodular proliferation also concern vascular 
alterations, bespeaking increased arterial blood supply, and the variations in 
cell populations (nodules in nodules), which have a potential to proceed to 
cancer. This development of cancer in preformed nodules is strong morpho­
logic support for Farber's hypothesis of hepatocarcinogenesis (Farber 1974) 
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with sequential formation of multiple cell populations. They differ in sus­
ceptibility to toxic agents, in loss of enzymes, in dependence on regulation, 
and in increasing irreversibility; eventually benign tumor and subsequently 
carcinoma develop. Whether the pathogenesis of the steroid nodular lesions 
differs from that of other types of hepatocellular carcinoma remains to be 
established. They are not associated with cirrhosis or with a significant rise of 
alphafetoprotein serum levels, which occurs with most but not all experi­
mental chemical hepatocellular carcinomas, nor are they associated with foci 
of dysplastic cells (Anthony 1976) which accompany hepatocellular car­
cinoma with hepatitis-associated antigen, the s component of which is often 
abundant in these cells (Popper 1977b). By contrast, the transformation to 
cancer is indicated more by architectural than by cytologic features in the 
examples studied here. 

The lesion produced by vinyl chloride in rodents and man, as well as 
by inorganic arsenicals and Thorotrast in man, exhibits the simultaneous pro­
liferation of both hepatocytic and sinusoidal cells, with the latter more 
frequently proceeding to malignancy. However, at least in experimental 
animals, including primates, proliferation of sinusoidal cells potentially 
proceeding to angiosarcoma has been observed with several hepatocarcino­
gens, such as dimethylnitrosamine (Herrold 1967). Not only do epithelial 
and angiosarcomatous tumors result, but they may also be combined, at 
least in primates as observed by Adamson ( 1972) ; in man, we saw this 
combination in only one patient without known exposure. Whether the sug­
gested increase in cryptogenic hepatic angiosarcoma indicates increasing ex­
posure to unknown environmental agents remains to be established. 

SUMMARY 

The evolution of hepatic nodular proliferations in rodents is briefly reviewed 
and that in man following exposure to contraceptive and anabolic steroids is 
more thoroughly reviewed. Both are compared. Similarly, the almost identical 
sequences from antecedent fibrotic lesions to angiosarcoma in man following 
exposure to vinyl chloride, inorganic arsenicals, and Thorotrast and in 
rodents treated with vinyl chloride are described. Clinical implications and 
methods of detection are referred to. In both groups of lesions, the similarity 
of their evolution supports the predictive nature of animal experimental stud­
ies for carcinogenesis in man, as proposed for hepatic nodules in rodents. The 
major difference is the greater fibroplastic reaction in man in both examples 
studied. The development of hepatocellular carcinoma within the nodules of 
man and rodents supports the concept of multiple cell populations in hepato­
carcinogenesis. In the vinyl-chloride-associated lesions, the simultaneous 
proliferation of hepatocytes and sinusoidal cells, the latter potentially termin­
ating in angiosarcoma, is stressed, although the metabolic processes under-
lying this evolution remain to be established. · 
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