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An epidemiologic investigation of hepatic angiosarcoma (HAS) in the United States, 
directed primarily at the years 1964-1974, has identified 26 cases of Thorotrast-induced 
HAS. This study indicates that the occurrence of Thorotrast-induccd HAS was still in­
creasing in the early 1970s and that a larger proportion of the more recent cases had rela­
tively low-dose Thorotrast procedures and a prolonged latent period. A number of cases 
were identified who had a history of preexisting liver disease, associated vascular malfor­
mations, or exposure to arsenic or iron; the possible role of such additional risk-factors is 
uncertain.

INTRODUCTION
An intensive case-finding effort for hepatic angiosarcoma (HAS) occurring in 

the United States during the years 1964-1974 was instituted following the demon­
stration in early 1974 of the markedly increased risk for this rare tumor in 
polyvinyl chloride polymerization workers (Creech and Johnson, 1974; Lloyd, 
1974). A morphologic and epidemiologic investigation of all identified cases is 
underway to study in greater detail the development of HAS in cases with known 
etiology and to look for additional etiologic factors in the remaining cases. This 
paper reviews the epidemiologic findings in all 26 cases of Thorotrast-induced 
HAS identified by our study; a companion paper by Telles et al. reviews the 
morphologic findings in these cases. By definition, cases of.only nonmalignant 
Thorotrast-induced hepatic disease are not included here, although in the paper by 
Telles et al. we have postulated a hepatic fibrotic precursor stage to Thorotrast- 
induced HAS and evaluate this in detail.

METHODS
Information relating to cases of HAS was solicited by the Center for Disease 

Control (CDC) in a variety of ways: (a) announcements were placed in 7 medical 
journals; (b) a mailing was sent to all pathologists in the country; (c) separate 
mailings were sent to all state epidemiologists, major tumor referral centers, and 
statewide tumor registries; (d) a death certificate review for Code 197.8 for 1966- 
1973 was conducted with the assistance of the National Center for Health Statis­
tics and the 50 state health departments; (e) arrangements were made with the
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66 FALK KT AL.

Armed Forces Institute of Pathology (AFIP) to include approximately 80 cases in 
their files (1943-1975) in the review; (0 a number of cases were included from 
industrial surveys of vinyl, chloride (VC) workers and others potentially exposed 
to VC; and (g) permission was requested to include the previously published cases 
of HAS which occurred during the years 1964-1974.

The. evaluation procedure for each identified case was as follows; Initially, 
permission was requested to review the appropriate pathologic specimens (all 
non-AFIP case material submitted for review is stored at the National Cancer 
Institute's Laboratory of Pathology). Following confirmation of the diagnosis the 
local physician was notified and with his permission the nearest of kin was iden­
tified and contacted. Consent was obtained to review medical records .and a ques­
tionnaire was administered by telephone to obtain detailed occupational, residen­
tial, and chemical exposure histories. In selected cases, friends, employers, pre­
vious physicians, or others were also interviewed.

As of May 1977. CDC had been notified of 327 cases. Pathologic specimens 
were obtained for review in 312 cases’(95%); of these, 222 (71%) were confirmed 
as HAS, 71 (23%) were considered not to be HAS, and 21 (7%) are still under 
review.

Pathologic specimens were obtained for all 26 Thorotrast-induced cases (al- 
though the specimen for case No. 19 was received too late for inclusion in the 
companion review). A family interview was conducted for all but case No. 12. 
Descriptive information on Thorotrast administration was available for all cases, 
although precise dose data could only be obtained for 14.

Eight cases included in this review have been reported previously, primarily as 
case reports by the individual physicians and pathologists (Cavanagh, 1935; Curry 
et a!.," 1975; Howard et al., 1971; Looney, I960; Ludwig and Hoffman, 1975;

" Nettleship and Fink. 1961: Rakov et al., 1963; Spencer er al., 1976). v ,
* T ‘ RESULTS

Table I lists the basic epidemiologic data for all 26 cases. Of these, 20 occurred 
within the time span of the intensive case-finding effort (1964-1974); the remain­
ing 6 cases, while outside the time span of the case-finding effort, were also 
submitted for review and are included in this presentation.

Nineteen cases (73%) were male and 7 (27%) were female; 25 cases (96%) were 
white, and 1 (4%) was black (case No. 20).

Three cases received Thorotrast during military service in World War II, and 1 
case received an intravenous dose in a physician's office. The remaining 22 cases 
were distributed among 19 hospitals, with 4 cases having received Thorotrast at a 
single hospital.

Figure 1 depicts the occurrence of cases by year of death. In the 1964-1974 
period an increasing number of cases are seen in the more recent years (this 
increase appears to be larger than that seen at the present time for non-Thorotrast 
angiosarcoma in our larger study). Figure 1 also shows that the latent period has 
increased from'19.8 years in the earliest cases to 28.0 years in the last group of 
cases. The most recent case (No. 26) had a latent period of 40 years. Another 
change related to date of occurrence is seen in Table I, which shows that the 
procedure for which Thorostrast was given shifted from high-dose hepatolienog-
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TABLE l
Epidemiologic Data ro* Cases or TiiorOtrast-Associated Hepatic Angiosarcoma in the United States

Case
no. Sex

Age at 
death

year of 
death

Age at 
Thorotrast 

administration

Year of 
Thorotrast 

administration

Latent
period

(years)*

Dose of 
Thorotrast 

(cc)
Route of 

administration
State of 

administration

1 F 52 1955 29 1931 23 72 Hepatolienography D.C.
2 M . 54 1959 38 1943 16 75 Hepatolienography D.C.
3 M 65 1960 40 1935 24 — Hepatolienography N.Y.
4 M 60 1963 44 1947 . 16 — Hepatolienography D.C.
5 M 71 1967 52 1948 19 — Carotid arteriography Ariz.
6 M 40 1968 20 1948 19 50 Hepatolienography Ohio
7 M 52 1968 20 1936 32 — Phlebography N.Y.
8 M 57 1969 32 1944 24 45 Carotid arteriography Calif.
9 F 54 1969 17 1932 37 50 Hepatolienography Minn.

10 M 71 1970 43 1941 28 — Carotid arteriography Wash.
11 F 39 1970 22 1953 17 — Hepatolienography Mo.
12 M 54 1970 33 1949 . 20 24 Carotid adenography Calif.
13 M 53 1971 24 1942 -- 28 75 •Carotid arteriography Pa.
14 F 44 1971 21 1948 23 30 Carotid arteriography Pa.

' 15 M 65 1972 30 1937 34 20 Carotid aderiography Minn.
16 M 50 1972 24 1946 25 — Hepatolienography Tex.
17 F 39 1972 20 1953 19 — Carotid aderiography Mich.
18 M 62 1972 37 1947 25 10-20 Femoral aderiography •* N.Y.
19 M 48 1973 19 1945 28 — Hepatolienography Italy
20 M 60 1974 ■ — Femoral aderiography Va.
21 M 32 1974 7 1949 25 78 Carotid adenography Pa.
22 F 53 1974 24 1945 29 15 Carotid arteriography Pa.
23 M 53 1974 26 1948 26 48 Carotid aderiography Mich.
24 M 73 1974 40 1942 32 24 Carotid aderiography Canada
25 M 50 1975 24 1948 26 — Carotid arteriography Mass.
26 F 66 1975 26 1935 40 — Carotid aderiography Pa.

* From dale of Thorotmst administration to dale of death.
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4 CASES 
LATENT PERIOO 

19.8 YEARS

10 CASES 
LATENT PERIOO 

84.7 YEARS

IS CASES 
LATENT PERIOO 
28.1 YEARS

Fig. 1. Thoroirast-associaied hepatic angiosarcoma cases, by year of death. United States. 1955- 
1975.

raphy for the earlier cases to lower dose carotid arteriography for the more recent 
cases. Taken together, these results suggest an increasing number of cases in the 
early 1970s occurring in recipients of relatively low-dose Thorotrast procedures 
who have had a more prolonged latent period.

Age at time of Thorotrast administration ranged from 7 to 52 years, with a mean 
of 28.5; 12 (48%) were between the ages of 20 and 29. Date of Thorotrast adminis­
tration ranged from 1931 to 1.953 with 17 cases (68%) having received Thorotrast in 
the 1940s. Age at death ranged from 32 to 73 with a mean of 54.5; 10 (38%) were 
between the ages of 50 and 54. If the above description of Thorostrast recipients 
(predominance of administration in the 1940s and in the third decade of life) is 
generally true for long-term survivors with retained Thorotrast. then it is possible 
that a sizable proportion would only now be going into their seventh decade and 
would continue to be at risk for the next decade or more.

Information on the precise dose administered is available for 14 cases, with a 
mean dose of 44.4 cc. Nine cases with carotid angiography had a mean dose of 
39.9 cc and a median dose of 30 cc; 4 cases with hepatolienography had a mean 
dose of 61.8 cc; and 1 case with a femoral arteriogram had a dose of 10-20 cc.

Table 2 presents the underlying reason for Thorotrast administration in each 
case. .Of particular interest are those cases where possible preexisting potentiating 
factors for hepatic fibrosis and malignancy exist. Of the 9 cases with hepatolienog­
raphy, 4 (Cases Nos. 1,2,3, and 19) had somewhat obscure liver conditions [des­
cribed as: (a) "toxic hepatitis" on liver biopsy, (b) cholecystitis with possible 
hepatic abscess and chronic hepatitis, (c) “paint poisoning," and (d) possible 
cholecystitis with jaundice] which could conceivably have related to subsequent 
liver disease. In addition, the 2 cases with hemolytic anemia who had 
hepatolienography (Cases 6 and II) had histories of approximately 100 or more 
transfusions, suggesting a probable transfusional siderosis (O'Brien, 1977); this 
can independently lead to hepatic fibrosis and in these cases might have exacer­
bated the effects of Thorotrast.

One of the two cases with a femoral arteriogram (Case 18) had a prolonged 
history of diffuse art riovenous malformations of the lower extremities leading to
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TABLE 2
Indication* for Thokotrast Administration in Cases of Hepatic Angiosarcoma

No. of cases

Carotid arteriography t 14
Auto accident-trauma 3
Seizure evaluation 3
Cerebrovascular accident 2
Diplopia I
Proptosis 1
Hemiplegia 1
CNS syphilis 1
Recurrent "blackouts" 1
Organic mental syndrome 1

Hepatolienography 9
Hemolytic anemia-accessory spleen 2
Toxic hepatitis 1
"Paint poisoning" 1
Cholecystitis and jaundice 1
Cholecystitis and hepatic abscess 1
Postappendectomy abscess I
Auto accident-abdominal injury 1
Ovarian tumor 1

Femoral arteriography 2
Leg injury in childhood I
History since childhood of multiple A-V malformations with 

many operations I

Phlebography 1
Industrial injuty leading to.subciavian vein thrombosis I

multiple operations (at least one, but perhaps three, of which was preceded by 
Thorotrast studies). This patient also had a benign endovascular papillary 
hypeiplasia of the hand (Clearkin and Enzinger, 1976) which remained dormant 
for approximately 20-30 years but which then grew rapidly 4 years prior to death 
and required four attempts at excision, this patient therefore had three separate 
unusual vascular diseases.

Interview data also yielded information on possible associated or potentiating 
factors. In addition to the two cases with probable transfusional siderosis men­
tioned above, two cases lived directly adjacent to two of the mqjor iron-mining 
areas in the United States. Case IS lived in Ironwood, Michigan, about one- 
quarter mile away from the mine for approximately 35 years; he worked as a 
machinist at the mine surface for approximately 10-15 years, and he would have 
been regularly exposed to the iron dust which was prevalent in the town. Case 9 
lived in Chisholm and Gilbert, Minnesota, adjacent to a number of iron mines and 
taconite ore concentrations. It is uncertain, however, to what extent iron would 
have been inhaled or swallowed by these two cases, and whether this coutd have 
contributed to increased hepatic iron stores.

None of the cases had any history of occupational VC exposure, but two cases
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had a definite history of occupational arsenical exposure. Case 5 was an insec­
ticide sprayer and supervisor for approximately 30 years; an associate described 
his frequent use of arsenical rodenticides in later years and the probability that 
arsenicals were used on a wider scale in earlier years. Case 20 worked as a farm 
laborer during childhood and early adulthood-in a farming area of Virginia where 
according to his brother they frequently sprayed arsenical insecticides on apple 
and peach trees.

Cases 7, 15, and 25 were machinists for either all or a major portion of their 
working years; it is uncertain, however, whether this might be a risk factor for this 
disease. There were, in addition, two cases (Nos. 4 and 25) generally considered 
chronic alcoholics by their associates, and four cases who had prolonged intake of 
barbiturate medications (Cases 13,21 and 23, for epilepsy, and Case 4, who took 
them for approximately 8 years in conjunction with alcohol abuse).

There are, therefore, a substantial number of cases in this series in which 
additional risk factors could conceivably have potentiated the effects of Thoro- 
trast. Moreover, in many cases retrieval of occupational, environmental, and 
historical data at this late date was not possible. [Case 1, e.g., with toxic hepatitis 
on liver biopsy at age 29, had rheumatic fever manifesting as chorea and nose­
bleeds as a child in Sweden in the early part of this century when the major 
textbooks of pediatrics recommended Fowler's solution, inorganic potassium 
arsenite, as the treatment of choice (Fruhwald, 1906); treatment records, how­
ever, are ho longer available for this patient.]

A single case of acute lymphatic leukemia occurred in a 2-year-old child of Case 
7, bom approximately 20 years after the administration of Thorotrast. (Case 7 had 

/developed aj subclavian vein trombosis secondary to use of an air hammer. 
Phlebography and sbfgery at a local hospital were followed by phlebography and 
surgery at a university hospital; records are ho longer available at either.)

DISCUSSION
Since the initial report of Thorotrast-induced HAS by MacMahon (1947) in the 

United States, much of the subsequent information concerning this relationship 
has come from centers in Europe and Japan. In the United States, Smoron and 
Battifora, in 1972, were able to identify 8 reported cases of Thorotrast-induced 
HAS; it is thought that a minimum of 4000-5000 patients received Thorotrast in 
this country (Thomas, 1951). Janower, in 1972, reported a retrospective cohort 
follow-up of724 patients who had cerebal angiography with Thorotrast and did not 
find an increased incidence of liver tumors (Janower, 1972); the postulated rea­
sons for this included the relatively small doses used and an insufficient latent 
period for the appearance of the long-term sequelae. Although other cohorts of 
Thorotrast recipients in this country were apparently identified in the past to be 
followed for the possible appearance of malignancy, no other large-scale reviews 
have been conducted in recent years (Telles, 1967). To appreciate fully the range 
of tumors seen in the United States secondary to Thorotrast administration a 
continuing cohort evaluation would be required; the current study deals only with 
the question of angiosarcoma.

A very important, and somewhat unexpected, finding of this study is the appar­
ent increase in the number of cases of HAS in recent years. Part of this increase

70 falk et al.
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may relate to the retrospective nature of the study in that 50% of the cases were 
identified by individual pathologists and recall may be greater for recent years; 
nevertheless, this increase appears to be larger than, that seen so far for non- 
Thorotrast-related HAS, and it is difficult to see why there should be a selectiv 
overreporting of Thorotrast-induced HAS in recent years. At any given time the 
incidence rate for Thorotrast-induced HAS will depend on both the size of the 
dwindling population of Thorotrast recipients and the probably increasing rates of 
occurrence in long-term survivors whose'accumulated radiation dose from re­
tained Thorotrast is continually increasing. This study suggests that the point of 
peak occurrence in the United States may come later than the early 1970s and that 
physicians should be alerted to the possibility that cases will continue to occur for 
a decade or more.

It is clear from animal experiments that Thorotrast independently is car­
cinogenic (Roussy et ah, 1934; Selbie, 1936; Swarm et ah, 1962). As with other 
human carcinogens, however, not all recipients of a given dose of Thorotrast 
develop malignancy. In this study, in addition to reviewing the circumstances of 
Thorotrast administration for. each case, we attempted to obtain data on the pres­
ence of additional risk factors for hepatic disease or angiosarcoma. Identified 
factors included preexisting hepatic or vascular disease and exposure to arsenic 
and iron. Arsenic has previously been shown .to be related to both hepatic fibrosis 
(Morris et ah, 1974) and HAS (Regelson et ah, 1968; Lander et ah, 1975; Roth, 
1957). Iron overload in hemochromatosis or transfiisional siderosis can also lead 
to hepatic fibrosis (O’Brien, 1977), and there have been a few case reports of HAS 
in patients with hemochromatosis (Baker et ah, 1956; Kwittken and Tartow, 1968; 
Sussman et ah, 1974). To the extent that a Thorotrast recipient is exposed to 
additional risk factors this may increase the risk for development of HAS. It is 
,aI$o unclear .why HAS predominates in some series of Thorotrast recipients'^ 
(Horta et ah, 1974), cholangiocarcinoma in another,(Mori et at., 1973), and yet 
other studies have shown a fairly equal distribution between HAS, cholangiocar­
cinoma, and hepatocellular carcinoma (Faber, 1973; Van Kaick and Scheer, 1973). 
Again, the possible coexistence in a Thorotrast recipient of additional risk factors 
which promote the development of one of these tumor types may help determine 
the response of the liver to the administered Thorotrast. It would be very inter­
esting to detail chemical exposure and medical histories within a cohort of Thoro­
trast recipients and to compare the findings for those who developed HAS with 
those who developed cholangiocarcinoma or-hepatocellular carcinoma and with a 
control group of Thorotrast recipients who have not developed hepatic malignan­
cies. By this means one could determine whether the multiple associations seen in 
some of our cases are a chance finding or of possible etiologic significance.

The male;female ratio of 19:7 is striking; even with removal from consideration 
of three cases where Thorotrast was administered for apparent military or occu­
pational injury, the ratio still exceeds 2:1. In the series reported by Janower, 53% 
of Thorotrast recipients were male which suggests a fairly equal distribution by 
sex (JanOwer et ah, 1973); however, in the absence of knowledge concerning the 
bulk of Thorotrast recipients, this figure cannot be reliably accepted for the total 
population. Sex ratios have not always been listed in reviews of other Thorotrast 
cohorts, and it would be interesting to compile these data.
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In the concluding discussion of the Third International Meeting on the Toxicity 
of Thorotrast held at Copenhagen in 1973, Rowland and others pointed out the 
importance of studying the children of Thorotrast recipients. The single case 
found in our study of acute lymphatic leukemia in the child of a Thorotrast recipi* 
ent again raises this issue. Although this case could represent a chance occur­
rence. earlier reports have described the presence and effects of Thorotrast in the 
testes of recipients (Suckow et al.. 1961; Baserga et al. 1960), and testicular 
changes have been detailed under experimental conditions in rats (Tandon et al., 
1975). No epidemiologic evaluations have been performed on reproductive out­
come for Thorotrast recipients or on illness in their offspring.

Thorotrast-associated cases constitute slightly more than 10% of the total 
number of HAS cases being reviewed in our study; VC-associated cases consti­
tute a similar number. The remaining 75-80% of cases are currently under investi­
gation.

acknowledgments
Wc are grateful to Joyce Cannon. R. N., and John Herbert. M. D,. for their assistance in this study. 

We are also grateful to the many individual physicians and pathologists who assisted us by providing 
case records and specimens for review.

REFERENCES
Baker, H. de c.. Paget, G. E„ and Davison. J. (1956). Haemangioendothelioma (KupfFer-cell sar­

coma) of the liver. J. Pathol. 72, 173-182.
Baserga. R„ Yokoo. H., and Henegar. G. C. (I960). Thorotrast-induced cancer in man. Cancer 13, 

1021-1031.
Cavanaugh. J. R. (1935). Jaundice and ascites with recovery—report of a case. Med. Ana. D.C. 4, 

322-324.
Clearkin. K. P.. and Enzinger, F. M. (1976). Intravascular papillary endothelial hyperplasia. Arch.

; Pin hot. Lab. Med. 100,441-444.
Creech, J. L„ Jr., and Johnson. M. D. (1974). Angiosarcoma of liver in (lie manufacture of polyvinyl 

chloride: J.tyccup. Med. li, 150-151. 1
Curry; J. Li. Johnson. W. G., Feinberg. D. H., and (Jpdegrove, J. H. (1975). Thorium-induced he­

patic hemangioendothelioma. Roentgen-angiographic findings in (wo additional cases with clinical 
“inform and consent" problems. Amer. J. Roentgenol. Radium Ther. Nud. Med. 125,671-677. 

Faber. M. (1973). Follow-up of Danish Thorotrast cases. In "Proceedings of the Third International 
Meeting on the Toxicity of Thorotrast.'* Finsen Institute. Copenhagen.

FriJhwald. F. (1906). "Reference Handbook of the Diseases of Children" ("Kompendium der Kinder- 
krankheiten.” English translation by Westcolt. T. S-). pp. K4-87. Saunders. Philadelphia. Pa. 

Horta. J. da Silva, da Motta. L. C.. and Tavares, M. H..(IV74). Thorium dioxide effects in man— 
Epidemiological, clinical, and pathological studies (experience in Portugal). Environ. Res, 8. 
131-159.

Howard. R. J.. Todd, E. P.. Dietzman, R. H.. and Lillehei, R. C. (1971). Thorotrasi-induced en­
dothelial cell sarcoma of liver. Minn. Med. S4,685-688.

Janower, M. L„ Miettinen, O. S„ and Flynn, M. J. (1972). Effects of long-term Thorotrast exposure. 
Radiology 103, 13-20.

Van Kaick, G., and Scheer, K. E. (1973). Actual status of the German Thorotrast study. In "Pro­
ceedings of the Third International Meeting on the Toxicity of Thorotrast." Finsen Institute. 
Copenhagen. a

Kwittken. J.. and Tariow, L. R. (1966). Haemochromatosis and Kupffer-cell sarcoma with unusual 
localization of iron. J. Putliol. 92, 571-573.

Lander, J. J,. Stanley. R., Sumner. H. W., Boswell, D. C., and Aach. R. D. (1975). Angiosarcoma of 
the liver associated with Fowler's solution (potassium arsenitc). Gastroenterology 68,1582-1586. 

Lloyd. J. W. (1974). Angiosarcoma of the liver in vinyl chloride/polyvinyl chloride workers. J. Oecup. 
Med. 16, 809.



/

jxicity 
>ut the 
s case 
recipi- 
occur- 
in the 

ticular 
et al., 
>e out-

3 total 
consti- 
nvesti-

is study, 
roviding

. D.C. 4,

ia. Arch.

polyvinyl

Juced he- 
ih clinical 
671-677. 
tmational

:r Kinder- 
hia. Pa. 
in man— 

>. Res. 8,

duced en-

exposure.

la “Pro- 
Institute.

ih unusual

sarcoma of

ThOj-INDUCED HEPATIC ANGIOSARCOMA IN U.S. 73

Looney. W. B. (I960). An investigation of the late clinical findings following Thorotrast (thorium 
dioxide) administration. Amer. J. Roentgenol. Radium Ther. Nucl. Med. 83, 163-185.

Ludwig. J., and Hoffman. H. N., II. (1975). Hcmangiosarcoma of the liver—Spectrum of morphologic 
changes and clinical findings. Mayo Clin. Proc. 50, 255-263.

, MacMahon, H. E„ Murphy. A. S.. and Bates. M. I. (1947). Endothelial-cell sarcoma of liver following
Thorotrast injections. Amer. J. Pathol. 23, 585-611.

Morris, J. S.. Schmid. M., Newman, S., et al. (1974). Arsenic and noncirrhotic portal hypertension. 
Gastroenterology 66, 86—94.

Mori. T.. Nozue, Y.. Miyazi. T., and Takahashi, S. (1973). Thorotrast injury in Japan. In “Pro­
ceedings of the Third International Meeting on the Toxicity of Thorotrast." Finsen Institute. 
Copenhagen.

Nettlcship, A., and Fink. W. J. (1961). Neoplasms of the liver following injection of Thorotrast. Amer. 
J. Clin. Pathol.. 35, 422-426.

O'Brien, R. T. (1977). Iron overload: Clinical and pathologic aspects in pediatrics. Semin. Hematol. 
14, 115-125.

Rakov. H. D.. Smalldon. T. R.. and Derman, H. (1963). Hepatic hemangioendothetiosarcoma— 
Report of a case due to thorium. Arch. Intern. Med. 112, 173-178,

Regelson, W.. Kim U.. and Ospina, J. (1968). Hemangioendothelial sarcoma of liver from chronic 
arsenic intoxication by Fowler's solution. Cancer 21, 514-522.

Roth. F. (1957). Arsen teber tumoren (hemangioendothelioma). Z. Krebforsch. 61, 468—503.
' Roussy, G-. Oberfing, C.. and Guerin. M. (1934). Action cancerigenedudioxydede thorium chez le rat 

blanc. Bull. Acad. Med. Paris 112, 809-816.
Selbic. F. R. (1936). Experimental production of sarcoma with Thorotrast. Lancet 2,847-848.
Smoron. G. L.. and Battifora, H. A. (1972). Thorotrast-induced hepatoma. Cancer 30, 1252-1259.
Spencer, R. P.. Turner, J. W., and Ibrahim, B. (1976). Residual splenic function in the presence of 

Thorotrast-associated hepatic tumor: Case report. J. Nucl. Med. 17,200-202.
Suckow, E. E., Henebar. G. C., and Baserga, R. (1961). Tumors of the liver following administration 

of Thorotrast. Amer. J. Pathol. 38, 663-677.
Sussman. E. B.. Nydick. I., and Gray, G. F. (1974). Hemangioendotheliat sarcoma of the liver and 

hemochromatosis. Arch. Pathol. 97, 39-42.
Swarm, R. L.. Miller. E.. AMichelitch. H. J. (1962). Malignant vascular tumors in rabbits injected 

intravenously with colloidal thorium dioxide. Pathol. Microbiol. 25,27.
Tandon. K.. Mathur, A. K.. Behan. J. R.. and Chandra, S. V. (1975). Thorium induced testicular 

changes in rats. Acta Biol. Med. Ger. 34, 1835-1842.
Telles, N. C. (1967). Follow-up of thorium dioxide patients in the United States. Ann. N. Y. Acad. Sci. 

145, 674-675.
j Thomas. S. F..Henry.G. W., and Kaplan. H. S. (1951). Hepatolienography. Past, present and future.
f Radiology 57, 669-683.

IIIIIII

R
&S 

113989


