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ABSTRACT—Dlagnosad from 1970 through 1975, the snnual In-
¢ldence rate for angiosarcoma of the liver among residents of
Naw York State (sxcluding New York City) was 0.25 par million. A
case-control study indicated that direct exposurs to arsenic,
vinyl chloride (VC), and tharlum dioxide was a signiticantly impor
tant lactor in the eticlogy of this disorder (P<0.02). Direct ex-
posure 10 these chemicals could not be demonstrated tor 19
(73%) of the 26 study patients. The tact that 5 of these patienta
livad naarer to VC fabrication or polymerization plants than did
their matchad controls lant some support to the hypothesis that
Indirect modes of exposure, not specitically ralsted to occupa-
ton, might be impartant in the etioiogy of this disorder.~—J Natt
Cancer Inst 59: 1383-1388, 1977.

ASL, a rare vascular tumaer (1), has been associated with '

exposure to ThO, (2, 7). As [used both in pesticides (4, J)
and as a drug (Fowler’s solution—potassium anenite)
(6-8)], and most recently, VC (9-13). Since mox studies

have centered around specific occupational groups, little is’

known about the actual incidence of ASL and the propor-
tion of cases that can be attributed to exposure to the above
chemicals, This report evaluates each of these issues in a
geographic-based population.

METHODS

Incidence study.— All residents of.New York Stace (ex-
cluding New York City)," who had ASL diagnosed from
1970 through 1975 and reported to the Tumor Registry of
the Cancer Control Bureau, New York State Department of
Health, were used in the incidence study. This 6-year period
was selected because during chis time the Registry estab-
lished a mechanism to improve reporting of cases through
periodic examinations of the percent of cases accessioned in-
to the State Cancer Registry by death certificate only from
specific regions and by an ongoing survey of hospital
records. In addition, as a check on ascertainment, a list of
all reported cases was compared with a list of patiens who
developed ASL in the same study area and time period and
were derived from: 1) an ongoing survey of all pathologists,
epidemialogists, cancer-referral centers, and tumor regis-
tries in the United States conducted by the Center for
Disease Control, Atlanta, Geargia, and 2) case records on
VC disease obrained from the Bureau of Industrial Hygiene,
New York Stace Department of Labor, Albany. An averall
annual incidence rate for the 6-year period was calculated
with the use of the 1970 census popunlation. Male!female
ratios for all patients were obtained and analyzed.

Case-control study.—All cases of ASL reported 1o the
Tumor Registry among New York State residents 18 years
of age or older and diagnosed from 1958 through 1975 were
studied. For cach patient, 1 matched control with an inter-
nal malignant tumor other than primary liver cancer was
selected from the same registry by means of the following
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criteria: same 5-year age group at diagnosis, race, sex, coun-
ty of residence (when possible, the control was selected from
the same minar civil division, as defined by the U.S. Bureau
of the Census, Washington, D.C. or the one of mast similar
population density and size within the county), and alive or
dead status. When more than 1 individual matched the
abeve criteria, a table of random numbers was used ta selece
a control. Using a prepared questionnaite, field in-
vestigators obtained information concerning various ex.
posures (by occupations or hobbies) to hepatotoxic
chemicals including VC, As, and ThO, for study patients
and cheir matched controls. In addition, medical, familial,
residential, and occupational histories of both groups were
studied. Residential histories of ail patients and controls up
to the time of diagnosis were plotted on maps, indicating the
geographic locations of all industrial complexes using VC

and/or As. Inquiries were also made with the New York -

State Department of Envirormmental Conservation, Albany,
concerning the ambient emissions of these chemicals
associated with all pertinent companies, Additional docu-
mentation of exposure was obtained from medical records,
industrial reports, and on-site visits to residences of patients
and controls and the industrial complexes with which they
were amociated.

For stacistical purposes, each subject and his/her matched
control were dichotomized according to direct exposure
(worked with or ingested VC,-arsenicals, or ThO;). The fre-
quencies of the two cells that show dissimilar exposure
histories were tested with the use of the binomial
(P=Q =) (14) in which Q equals probability of failures.
All instances in which direcr exposure to at least one of the
above agents could not be documented for either a parient
or control were excluded from statistical analyses.

The histology slides for all patients included in the in-
cdence and case-control studies were reassessed and

ABBRIVIATIONS Ut ASL = angiosarcoma of the liver; ThOg = thorium
dioxide: As= arsenic; VC = vinyl chioride.
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diagnosed as ASL by our panel of pathologists (Dr. J. N. P,
Davies, Dr. M. Bishop) or by Dr. L. Thomas (National
Cancer Institute, National Institutes of Health, Bethesda,
Md.) and by Dr. H. Popper, (Mount Sinai Hospital, New
York, N.Y.}. Autopsy material on 12 patients in the in-
cidance study and on 19 in the case-control study was alo

examined.

RESULTS
Incidanca Study

All 16 study patients with histologically confirmed ASL
included in the incidence study were found in the Tumor
Pegictry of the Cancer Control Bureau, when they were
compared with lists of patients from the other two sources.
The annuzl incidence rate for thecz patients (8 males and 8
females), whote ASL was diapmosed from 1970 through
1975, wras 0.25 per million. Th> median age of all parients
vsas 51 years (males, 61.5 yr; fomales, 38 yr), with a range
from 4 months to 77 years; thz male:femal» ratio was 1:1.
All the males wera ovar 40 years of age, whereas half the
fzinalzs were under 40 years of age. Of the study patients, 14
wera Caucasian; 1 was Origncal: and 1, MNeara,
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and cxposurn hismry_.‘_q‘[ : 26

Casa=-Controt Study

In the study area from 1958 to 1975, 27 patients vith cor-
firmed ASL. vere identified in the Tumor Registry. G~ ~--
tient, a 65-ycar-old male Caucasian with = docurmcm.
history of chronic exposure to As pesticides, was englednl
because histologic reasssesment supgested 2 diagnesis o
pericytoma of thz liver, Table | summarizes thr ders-
graphic data and e~cupational and postible residentia? -
posure histories of the 26 patients in chis rtudy. S2ven pa-
tients (#1-7) had documented exposure to VC. As, or “h,
for 16-60 ycar: prior to diagnosis. There vere 6 pairz of ;1
tients vwho were cxpesed and controls whe were not or-

posed: however, no patients or controls had revers: exp -2
(1<0.02).

Statistical analysis was limited to patients with e
mented direct crposure; hovever, for 0-862 voprz b~ --2

diagnosis of thoir disease, 5 patients (#8-12) lived == 77
industrinlized arens po rrere than 200 ferr o
fabrication or pelymerization factesics (eoble 1). &7 - f
importance is the fact that the ambiept cmietie. ~ 7!
monomer for the factory lacawed approximartcly 1,700 ™.
from the residence of patisne £10 wece ag high £ 8700
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pastisitles
2 32 [ [+ 1953 As =30 Cormnmarcin! pardoner—ured arsonical pastici 1=~ ol
3 54 [ o 1268 ve 18 Chemiznl oporator—VC monom=. and polyr-» i -2
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wregme s e & -2 00 .e.. o 1970 ve .30+ . Chomieal cperator—supervizor of VC mename-c o |
- . : - N “.7  pelymerization procedures | :
3 40 C 1951 vC 16 Chomical eprrato—polymerization procedu-o
{slraned re-ctos tan)
<] 47 C -] 1973 ThO, 28 Given injestiona of Thy—ventrirulnmaphe
7 52 c o 1858 ThO, 29 Civeainicationa of THDa— artviogrophe
Pongible toc: imated distance from rogidence eo VG o
PV factoryk
8 43 Cc Q 1970 22 48509 foot,
9 3 C 9 1974 27 0 fot -
10 62 C 9 1973 62 1,709 feat ’ ‘
11 31 (2] 0 1972 8 - 1,£00 {cas -
12 <9 C 9 1€35 15 4582 et .
13 a7 N -] 1973 *
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15 o2 C -] 1830 .
16 49 C Q 1959 i
17 c3 c (- 1075
13 58 c Q 1971
19 (v} C 1] 1967
29 m c -4 1972
n 18 [ 9 1974
22 45 c (-4 1970
23 68 c -4 1971
.24 63 Cc - 1973
25 18 N 9 1970
26 G0 (v - 1959
* C=Caucasian: N = Negro; O =Qriental
-* pYC=polyvinyl chlorde.
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-~ . ANGIOSARCOMA OF THE LIVER

parus per million in 1975.” No pertinent exposure or residen-
tial history was obtained for 14 patients (#13-26, table 1)
with ASL, despite interviews with all available relatives and
employers. Although each patient and control lived within
the same minor civil division, all controls resided more than
1 mile from all relevant plants. The distributions were
similar for subjects and controls with regard to religion,
marital status, years of education, occupation of spouse,
travel history, prior liver disease, social history, exposure to
drugs (including birth control pills). and familial history of
cancer or liver disease. One patient (#14) and his matched
control were alive and both were interviewed. In the other
25 instances. both the patient and control were deceased. In
18 instances, the spouses of both the subject and matched
control were interviewed, whereas in the other 7 pairs,
another first degree relative (sib, parent, or offspring) was
contacted. Thus we made every effort to achieve com-
parable quality of information for patients and controls,

Twenty-two (84.6%) of the 26 study patients lived in nine
urban counties containing 52% of the State’s population,
Six of the 8 patients exposed to VC (#3, 4, 5, 8, 9, and 10)
resided in two urban counties, whereas both documented
exposures to As occurred in rural areas,

DISCUSSION

Our results suggest that the rawe for ASL in New York
State, excluding New York City, might be greater than the
expected annual incidence of 0.14 per million in the United
States (13). Of greater importance is the observation that 19
of the 26 patients studied (73%) had no documented direct
exposure to any of the three chemicals implicated in the
etiology of this disorder. This finding raises the possibility
that other toxic substances are involved and/or more in-
direct modes of exposure, not specifically related to occupa-
tion, play a major role. If one considers the first alternative,
it might be important to evaluate other chemicals chat cause
fibrosis involving the liver and other organs and are
hepatotoxic, features shared by As (6, 7), Thorotrast (3},
and VC (1). Certain chlorinated hydrocarbons such as
chloropropene, which are structurally similar to VC and are
hepatotoxic, should aiso be examined. Interestingly, this
and a previous study (15) suggest that alcoholism and ptior
liver disease do not predispose one to ASL.

Although no proved cases of ASL have been found among
workers not exposed to gaseous VC (16), Block (12) sug-
gested that this disorder results from chronic, low-level ex-
posure to this chemical. One way of evaluating this possibili-
ty is to determine whether subjects with ASL with no perti-
nent occupational history lived nearer to VC factories prior
to the diagnosis of the disease than did their matched con-
trols. Although this finding is particularly true for
polymerization plants, varying amounts of trapped gaseous
VC are released upon heating® in the fabrication process. In
this study, 5 people with ASL lived nearer to polymerization
(patient #10) and fabrication plants (patients #8, 9, 11, 12)
than did their macched concrols. In addition, all 5 patients
resided in these locations for long periods (8-62 yr) prior to
ASL being diagnosed. These observations lend some in-

! Information obtained from (he New York State Department of En-
vironmental Conservauon.
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direct support to the hypothesis that exposure outside the in-
dustrial setting is an important factor, but the few patients
involved and the lack of information concerning the air
levels of monomer around their residences severely limit in-
terpretation. Accordingly, this issue must be considered
unresolved a¢ present.

Future studies should also evaluate the possibility thac
residents close to certain smelter-related industries and
farms have an increased risk of developing ASL due to
ansenical contamination of the air and soil, In a study of 10
patients with ASL in Wisconsin (17), | patient lived near a _

"~ chemical company that made plastics and resin, and 7 pa-

tients lived on farms during their lifetimes. The marked
male preponderance observed in this (J7) and previous in-
vestigations (1, 11) has suggested the potential imporiance
of oecupational exposure. In our incidence study we ob-
served a sex ratio of unity, largely due to the high frequency
of ASL in young adult females. This observation, if verified,
can be interpreted as being consistent with the hypothesis
that the hazards associated with certain occupations extend
beyond the industrial plant,

REFERENCES

(1) ALrENGA D: Primary angiosarcomas of the liver. Int Surg 60:198-
203, 197%
(2) McManon HE. Murrsy AS, BaTes M: Endothelial-cell sarcoma ‘of
liver following thororrast injections. Am ] Pathol 23:585-598, 1947
(7) Da SiLva HorTta J: Lare | in man d by calloidal chorium
dioxide {Thorotrast); A new case of sarcoma of the liver twenty-'wo
years afcer the injection. Arch Pathol 62:403-418, 1956
(#) RoTu F: Chronic arsenic poisoning in vineyard workers of the Maseile
with special ref to . L Krebsforch 61:287-319,
1956
(3) Fucwyner J]. Reves CN Jr: Angiossrcoma of nu liver in a rural
populaton: Four cases diagnosed in a 29 h period. JAMA
236:1704-1706, 1976
(6) LanDER J], STANLEY R], SuMNIR HW, et al: Angwurcofna of liver
associated with Fowler's solution (p ite). Gastroen-
terology 66:1582-1586, 1978
() Receison W, Kim U, Osmu 5 e al. Hmmpmdmhelul sarcoma
of the liver from ch ion by Fowlet's saludon.
Cancer 21:514-522, 1968
() Dawbgrue LM, Frent SC, Bras G, et al: Angiosarcoma of the liver.
Lancet 1:246, 1976
(%) Crexen JL Ju. Joinson MN: Angiosarcoma of liver in the
manufactyre of polyvinyl chloride. ] Oceup Med 16:150~151, 1974
{10) Lex FI, Harny DS: Angiosarcoma of the liver in a vinyl chloride
worker. Lancet 1:1516-1318, 1974
(17) Fax H, Waxwririn R: Epidemiological studies of vinyl chloride
health effects in the United States. Proc R Soc Med 63:303-305,
1976
(12) BLock JB: Angioasrcoma of the liver following vinyl chloride ex.
posure. JAMA 229:53-54, 1974
(13) HEATH CW, Faix H, Creice JL Jr: Characteristics of cases of
angiosarcoma of the liver among vinvl chloride workers in the
United States. Ann NY Acad Sci 246:231-236, 1975
(19 ..'ntcn. S: The case of two related samples. /a Non Paramerric
for Beh 1 Sci (Harlow H, ed). New York,
Taronto, London: McGraw-Hill, 1954, pp 63-67
(U) Fawk H. Crexen JL Jr, HiaTH CW, ec al: Hepatic disease among
at a ninyl polymaerization piant. JAMA 230:59-63,
1974

(16) Maxa l.. Drimonrz F. Crezc L o nl Cl;l"unl md uwrpho-
of b

Cancer 37:149-163. 1976

(17) Fizcnraan §, Revis . Rentuzasron K, et al: Epidemiclogic totes
and report: Angiosarcoma of the Liver. Wisconsin. Morbidity and
Mortality Weekly Report, vol 25. Adancx: Center for Disease
Control, 1976, pp 57-58

J NATL CANCER INST

ucce
002792




