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Hepatic anglosarcoma in man was first associated with exposure to il
vinyl chloride In Louisville, Kentucky, where it was Jdentifled in 10 f
persons from a single vinyl chloride polymerization plant; clinical i
manifestations are suminarized herein, Following prolonged expo- ¥
sure to vinyl chloride, the onset of this disease {s insidious and the §
clinical picture is that of nonspecific hepatic injury with mildly ab- f
norma)l biochemical liver test results, Carcinosmbryonic antigen and ;
alpha fetoprotein are undetectable. Radienuclide and anglographic 1
studles of liver show char«uteristic but nondiagnostic abnormalities. I
A definite diagnosis is usually made only by open liver biopsy. '
Treatment is unsatisfoctory but chemotherapy seems to prolong

survival. Average survival from diagnosis is about 12 months, Overt

Livar {eilure usually vocurs guly as g preterminal gvont and was the -
major cause of death in all of our patients, Preventive measures are

now in effect in the plant, This experience {llustrates the importance ;
of the clinician In occupationally-related cancer,

L IR TRAOT Lz

e

Most cancers in man result from exposure to environmental factors.
The occupational environment may account for as many as 10 parcent
of these mallgnancies [1). We present the course of events and clinical
findings of an industrial epidemic of hepatic anglosarcoma, a rare
tumor considered to originate from the vascular lining cells of the liver
{2,3]. This experience demonstralos the importance of the clinigian in
recognizing and controlling occupationally-induced cancer.

In 1974, several patients in Louisville, Kentucky, were found to have
angiosarcoma of the liver [4]. All of these patients were men who ware
chemical workers at a local Industrial plant that polymerizes vinyl
chloride. Subsequently, additionsl cases in which the patlents had a
history of proloenged exposure to vinyl chloride were reported in
Louisville [5,8) and elsewhere [7-11). Various aspects of this malig-
nancy including histology [11}, anglographic and radionuclide char-
acteristics [12), urine [13] and tissue [14] glycosaminoglycan patterns
and epidemiologic studies [15] have been reported from Loulsville,
In addition, interest in this dlsease has propagated elsewhere, both
nationally and internationally [16-18]. However, the total experience
of vinyl chloride-associated snglosarcoma in the Louisville area has
never been told, With a cohesive summary one begins to appraciate
how the initial clinical observation of a patient with hepatic anglo-
sarcoma led to the realization of u possible etiologic assoclation, This,
in turn, has cast a profound influence on the health of those working
ir;‘la mgjor worldwide industry involving the production of polyvinyl
chluride.
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This concentration of cases of hapatic anglosarcoma
gave us the opportunity to study the clinical manifesta-
tlons of this unusual cancer, In view of concern re-
garding its increasing incidence {7,19-21], we bellaved
a summary of this Information would be valuable in
detecting and managing future patients, In this paper
wa present the natural course, diagnosis and treatment
of this disease as well as possible prevantive measures
that we have learned from study of the patienis dis-
covered in the Louisville aren. Characteristic features
of the disease, including a long period of asymptomatic
laboratory abnormalities, the difficulty in diagnosis and
the poor response to treatment, are demonstrated by the
following illustrative case.

CASE REPORT

The patlent, a 61 year old man who entored the vinyl chlaride
industry 28 yoars ago as a vat cleaner, worked in the vinyl
chloride polymerization area for 18 yeare, During medical
screening of plant employees in April 1974, he was found to
have mildly abnormal serum hiochomical lver test results,
Liver-spleen scan disclosed no abnormalities, and he was
asymptomatic,

Because of persistantly abnormal blochemical liver tests,
he was avaluated further in December 1874, He remained
asymptomatic, and findings on physical éxamination were
within normal limits. A hepatic anglogram showed multiple

istended sintizoids throughout the liver with pooling of con.
{rast material within thase leslons. Transjugilar liver blopsy
specimons were histologically interpreted ag showirg chronic
{nflammatory reaction and fibrosts, atirfbutabla to the patient's
previously known liver involvement with malaria, He was
removed from the vinyl chloride processing urea and contln-
ued active employment without symptoms. .

His liver profile continued to detertorate; by Seplember
1075, ha bagan to complain of tiredness and easy fatigability,
The findings on physical axamination remained within normal
limits. Liver scan now demonstrated hepatomegaly with
multiple defects throughout the liver. Blopsy specimens
demonstrated sinuscidal dilatation and Kupffer cell prolifer-
ation in soma of the apecimans, but the diagnoais of angiosars
coma vould not be made.

Tho patient did not return to work. His fatigue increased
ovor the next two months and vague abdominal paln devel-
oped. In January 1978, gross hepatosplenomagaly with a bruil
over the liver and slgns of high output cardiac decompensation
wera detocted, Liver-spleen scan and angiogram showed
further enlargement of the previously identified leslons. An
incrense in arterial-venous shunting wns demonstrated. At
abdomina) oparation, direct examination revealed that the
vains of the portal system were somowhat distended and that
the aurfnce of the liver was alightly nodular with some areas
of bluish diseoloration which were somowhat serpantine In
nature, Thare were multiple areas on the liver In which the
tissun was slightly elevated with a central depressed area of
a somowhat cyanotic appearance, A strong thrill could be felt
when palpating the liver. Tho hepatic artaries were ligated,
and there was complete disappearance of the thrill,

Wadga blopsy of the liver demonsirated areas of anglosar-

coma among areas of [throsts and sinusoldal dilatnion with
hypertrophy and hyperplasia of sinusoldal lining ceils,

Postoparatively, the cardiac decompensation was corrocted
and tha spleen size was reduead to normal, but the liver size
remainad the snme, Chomotherapy with doxorublcin, cyclo-
phosphamide and methotrexate was started, and the liver was
reduced to its normal size but the biochemical liver tost results
remained abnormal. The reduction In llver size lusted four
months during which the patient was unable to carry on nars
mal actlvity withont fatigue. Over the noxt four months there
was a gradual increase In the size of the liver with the dovol.
opmont of ascites and abdominal pain with detertorating
blochemical liver test results, The patient died in Dacomber
1976 with hepatic encephalopathy and gastrointestinal
bleeding, Autopsy revealed an enlarged liver with multiple
small nodules of anglosarcoma throughout, The tumor was
metastatic to the spleenh and lungs.

BACKGROUND AND METHOD OF STUDY

Vinyl chloride is the raw material with which the common
plastic palyvinyl chloride {s made. Vinyl chloride monomer
{CH,CHCI] is a gas made by the reaction of ethylene and
chlorina, which, whan processed commercially, Is polymarized
In Inrgoe vats under Increased temperature and pressira to form
a white solid, Workoera are exposed to gaseous vinyl chloride
by leakage from the manufacturihg vats during processing,
upon opéning the vats after the processing ls complele, or, most
intonsely, In the cleaning procass when the worknr onters the
vat and chips residue off tha Interlor wall releasing pockets of
ges. Vingl chlaride was initlally thought to be complately
harmlass, and there was no limit to the exposure workers re-
celvad {n the 19408 and early 10508, howavar, a voluntary re.
striction of 50 parts per inlllion was eventually ndopted, The
gas was considared to be so iarmless that it was even used as
a propallant in aerosol sprays {22] and a general unesthetic [23).
It gradually bocame apparent that prolonged oxposure gould
induce Injury in many tissues Including skin, blood vessels and
the retictloendothelial system [24-26], Evidanco of liver injury
was goon found [27,28), which was essociated histologically
with changes il the hapatocytes, fibrosis and sinusoldal dila.
tation [29,30]. In animal experiments, prolonged inhalation of
vitty] chlotlde was shown ta induce cancer in rats [31].

Soon thareafter ah amployae of the Loulaville viny] ¢hloride
polymerization plant dled of hepatic anglosarcoma, but the
significance of this was not appreciated until nearly two years
later when a second employee also dled of this rare tumor.
8inco these warkers weare cared for by differant physicians at
different hospitals, this might still have gone unnaticed were
it not for the plant physician, whose system of requosting re.
ports of illnesses and deaths of employees bronght the diag-
nosos lo his attention. His metnory of the earlier patient with
the disease led him to inltiate a search for other zasos among
formar omployeos and to institute a modical survelllance
pragram of o}l present amployaes which was later suppotted
by the National Cancer Institute and the University of Louls.
villn, This program involved testing nearly 1.200 employees
with a standurd automated biochemical profile and radionu-
clide liver-apleen scan. Workers with parsistent biochemical
liver abnormalities or with abnormalities of thelr rodionuclide
scan ware then examined by selective hepatic arteriography,
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Patients with hepallc anglosarcoma seen by the staff of the
Divisions of 1lematology-Oncology and Digestive Diseases and
Nutrition, Unlversity of Louisville, from January 1. 1974, lo
lanuary 3, 1977, include those accrued through the Vinyl
Chloride Project us well as potlents reforred hy physiciuns o
the Louisville ares ond elsewhare, and a few patients foumd
In o seurch of autapsy records and desth certificates. A tota!
of 11 pationts havo been studied, 10 of whom huve had houvy
industrint exposure to vinyl chloride. The other putien! was
a womau, referred fram Florida, whe had a history of pro-
longed use of hair spray contalning viny! chloride ag 4 pro-
pellant. Only the 10 patients with occupational exposur to
vinyl chloridu are included in this report. In eddition, data are
derived from omployee records of the Loulsville vinyl chloride

palymerization plant during its 35 year operation to the date

of this report. ‘ =

RESULTS , o e

Epldemiology. The cchart for this analysis are the
employees of the Louisville plant from its apening in
1842 to the end of 1976, The employee population has
been extremely stable and during this 35 year period a
total of 1,855 persons have been employed. Of these,
1,184 are current employees and 671 are past em-
ployess, N

During the 35 year period, 167 members of the cohort
diad, 8ixty-six of these diud of heurt disease and stroke,
39 of caneer, 10 of accidents and, nine of other disease!
in 34 the cause of death could not be determined; Pri-
mary brain cancer has been related 1o vinyl chloride
exposure [34,35], and five of the 39 deaths from cancer
were {rom this cause. The mortality rate in our papula-
tion adjusted for age Is approximately twice that ex-
pected [36],

Ten cases of hepatic angiosarcoma have beon iden-
tified among our 1,855 employees during the 36 year
periad. All of thesd employees worked in areas of the
plant with high vinyl chloride exposure. We divided
these cases into a retrogpective group—cases discovered
by veview of hospital and pathology records, and a
survelllance yroup—cases discovered prospectively In
the surveillunce program, In the retrospective group,
one case each was diagnosed in 1964, 1867, 1970, 1872,
1973 and 1974, In the surveillance group, three cases

were identified in 1974 and one in 1876, No other cases

of anglosarcoma have been identified in the Louiaville
area. The incidence over the 35 year period in our cohort
i3 0.64 percaent, equivalent to 15.4 cases per 100,000
papulation per year, (Predicted annlual incidence in the

U.5. in 0.0014 cases per 100,000 population {37].) The

mean age al the time of diagnosis was 47.6 years, with

a range of 36 to 58 years. All patients were white men, 7
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TABLE ) Early Clinlcal Fealures Related to Hepatlc
Anglosarcoma In 10 Patlents
Patlents Patlents
Symploms {na.) Signs {no.)
Paln & Hepatomegaly 7
Fallgue § 8plenomegaly §
Waakness 4 Abdominal tenderness 3
Walght Loss 3 Hapatlo brult 1
Anorexia 3
Indigestion 1
Abdominal fullnass 1
Mealena 1

from 12 to 28 years. No differences were noted between
the retrospective group and the surveillance group.
Three patients had known heavy exposure to alcohol,
and none of the putients had previously had viral hep.
atitls or exposure to any other known hepatotoxins,

‘ Clinjcal Features. -The eagllest clinical features which

could bévrelated to the anglosarcoma are presented in

.Table I, Pain wag localized in the right upper abdominal

quadrant or in‘the lower right hamithorax. In two of the
patients the pain was acute, but in the others it ranged
from'twg to six mionths In duration. Fatigue and weak-
ness. had ‘beeripresent from one month te onie year.
Waight Joss was significant, averaging 26 pounds over
four’aiid g hall'moaths. Hepatomegaly was the tnost
comman physical sign. The liver measured from 156 to
24 cmin total vertical span at the right mid-clavicular
line by percussion. Whan splenomegaly was present the
spleen was easily palpable 3 lo 7 cm below the costal
margin, Two patfents, both in the survelllance group,
had no physical signs, and one of these patients was
asymptomatic, ° \
Laboratory Findings, Hematologic eyaluation at di-
agnoais showed three patients with normal complete
blood gounts, Mild anemla was found in five patients,
but reticulgeyte counts wers not determined. Two of the
patients hpd abnormal erythrocyte morphology with
target celld and sghistocytes. In one patient the anemia
was combined with leukocytosis and in three patients
with thrombocytopenia. Each patient with thrombocy-
topenia had splenomegaly. Two other patlents had
leukocytosis as their only hematologic abnormality. In
two patients the bone marrow was examined: one was
normal; the other demanstrated erythrold hyper-
plasta. = .

No patient was without some abnormslity In at least
one of the standard blochemical liver tests. Most of the
values werg only mintmally abnormal initially, There

*: was no conalstent abnormality of any single test result

reflecting employment patterns at the plant, The mean

duratlon of exposure to vinyl chloride was 17.4 years,
with a range of 12 to 28 years, The'mean duration from
first exposure (v vinyl chloride to the time of diagnosis
of hepatic anglosarcoma was 18.9 years, with a range

o

or apparent pattern of groups of tests, although the al-
kaline phosphatase level was most frequently elevated.

* Hepatitls B surface antigen and alpha fetoproteln were

not found in four patients who were tested, and carci-
nioembryonic antigen was not present in twe pa-
tients.

[}
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Figure 1,
smaller defects, B, right lateral view.

Results of routine roentgenologic studies and gas-
trointestinal contrast studies were normal in most {n«
stances. However, special roentgenologle studies re-
vealed many abnormalities. Radionuclide liver scan
disclosed abnormalities in all patients; however, the
abnormalities were not consistent, Six patients had
hepatomegaly. In sight patients 8 mass was demon-
strated which usally appeared as a single negative defect
greater than 4 cm in dlameter in the periphery of the
liver. In four patients this was accompanied by one or
more additional defects, and two patients had only ev-
idence of diffuse hepatocellular disease, Typical ab-
normalltles on llver scan are demonstrated in Figure 1.
Splenomegaly was demonstrated In five patlents by
radionuclide scan, Hepatlc arteriograms were obtained

v Wi,

nglosarc

Ps

Figure 2. Hapatlic arteriogram In hepatic a

ma.

Liver acan in hepatlc anglosarcoma. A, anteropos

/I.

in six patients and demonstrated enlarged sinusoidal
spaces in each of them, with a mass demonstrated in [ive
patients. The masgses were supplied by normal-sized
hepatic arteries and were characterized by persistent
peripheral tumor stains with some degree of centrsl
hypovascularity as shown in Figure 2. Hepatic ultra-
sound was performed in only one patient and demon-
strated a solid mass.

Clinfcal Diagnosis. Methods: Although the signs and
symptoms of our patients were fairly nonspecific, therc
was some finding In almost every patient that would
direct one's attenttion to the liver in an effort to explain
the clinical features. Blochemical tests of blood usually
revealed nonspecific hepatic Injury, but no pattern of
abnormality could distingulsh anglosarcoma,

A, arterial phase demonstrating dilated sinusoids in both lobes. B,

vanous phase demonstrating a large mass In tha right lobe with peripheral stalning and central radlolucent area.
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L D A
Figure 3. Gross n of an anglosarcomatous lver
displaying multifocal solid and hemorrhagle cystic growth
pattern with a large ruptured cyst,

The radionuclide liver scan suggested involvement
of the liver by a ma)ignant process because of the negs-
ative defect, howaver, the peripheral location could be
mistaken for a rib impression, porta hepatis or other

normal anatomic variation. The presence of multiple’ .

defects could give the Impression af a malignancy
metastatic to the liver, Although the liver scan frequently
indicated malignancy in the liver, it was not specifically
diagnostic of angiosarcoma.

The abnormal vascular pattern demonstrated by the
hepatic arteriogram with the persistent peripheral tumor
staln and central radiolucent area is strongly suggestive
of hepatic angiosarcoma. Under unusual circumstances
this appearance ould mimig benign vasculer lesions,
liver cell adenomas or hepatic infarction, However, it
{a the most accurats clinical means of dlagnosing hepatic
anglosarcoma and should be obtained in all patients in
whom the diagnosis is suspected. Further information
regurding special roantgenolougic studies has been de-
tailed in the literature [12], ,
Extent of disease: At dingnosis the extent of diseass
was determined using clinica) parameters and infor-
mation obtained at exploratory laparotomy. In four of
the patients disease was confined to'one lobe of the liver
and in six pationts the disesse involved more than one

lobe of the liver. Direct extension involving the dia-"

phragm was present in two patients and the stomach in
one patient, Porta hepatis lymph nodes were involved
;n one patient. One patient had distant spread to the
ung.

Pathology. Gross description: The liver is usually
enlarged with blunt edges and a varlegated brown-
red-orange color, The surface may contain one or more
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purple-blue nodules with spongy consistency varying
in size from 1 to 4 ¢m. In two ¢ases these ruptured and
caused hemoperitoneum, The cut surface is diffuscly
involved with cystic areas filled with dark blood with
occasional cysts measuring up to 20 cm in dismeler
(Figure 3). In one case the tumor had a primarily solid
appearance,

Definitive dlagnosis: Tissue for histologlc examination
was obtalned by percutaneous biopsy, transgjugular bi-
opsy, open liver blopsy and aulopsy. Although six tissue
apecimens obtained by percutaneous and transjugular
blopsy did identily other liver abnormalities, specimans
were insufficient for accurate diagnosis of malignancy.
All definitive diagnoses of anglosarcoma in this group
of patlents were made by tissue obtained at open liver
blopsy (seven patients) and at atuopsy (thres patients).
In our experience, in a patient with blochemical evl-
dence of hepalic injury with a history of prolonged ex-
posure to vinyl chloride, open liver biopsy under direct
vision i3 needed for diagnosis, We have no experience
with laparoscopy and directed blopsy, which may be
asgoclated with less morbidity, but this approach should
be tempered with cautian in such a vascular tumor with
major potential for hemorrhage,

Histology: All tumors were primary angiosarcoma of
the liver with a wide range of patterns and differentia-
tions seen between different tumors and within the
sarna tumor (Figures 4 and 8), Areas of extansive hem-
orrhagic necrosis and areas of enlarged spindle-shaped
endothellel cells lining irregulor vascular channels
appearing as a spongy network of sinusoids were
present, Tumor cells occasionally projected into these
channels. Large cavities lined by sarcomatous cells
contained fresh or altered blood and, at times, organized
clot. Three patients had histologic evidence of cirrhosts,
two of whom hud histories of heavy alaohol intake. One
additional patient had fibrosis, and two patienls had
evidence of toxic hepatitis, The variable histology of
anglosarcoma ond the difficulties of diagnosis have been
described praviously (3,11,38].

Metastatic spread: Nine of the 10 patlents have died,
and eight of them have had postmortem examination.
The single patient without a postmortem had an ex-
tensive clinical evaluation and exploratory laparotomy
two weeks prior to his death, His data have been com-
bined with the autopsy data regarding exlent of disease
at death. One patient with extensive hepatic fibrosis
considered to be secondary to radiotherapy had mi-
crogeopic anglosarcoma in the minimal remaining liver
tissue with no other evidence of disease. Eight patients
had extensive disease throughout the liver, Five of these
elght patlents had regional dissemination with in-
volyement of dlaphragm (three of five), lymph nodes
(two of five), abdominal wall {two of {ive), gallbladder
(one of five} and bowel (one of flve). Four of these eight
patients had distant spread with involvement of lung
(four of four), bowel (two of four), adranals (two of four),
lymph nodes {one of four), brain (one of four), bone (one
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OCCUPATIONAL CARCINOGENESIS—DANNAMER ET AL,

Flgurc 4. Undlfferemlated anglosarcoma wnh tumor glam
calls replacing the usual histologic pattern of liver tissue,
Hematoxylin and oos{n staln: magnification X 500, reduced
80 percent. ‘

of four), spleen {one of four), pleura (one of four), parf-
cardium (bne of four), myocardium {one of four) and
kidney (one of four), One patient had distant metsastases
without evidence of regional spread, and two patients
had no evidence of regional or distant spread.

Therapy, In no patient was a surgical attempt at re=
saction made, In those patients with disense confined
to ona lobe of the liver, fibrosis or cirrhosls in the re«

mainder of the livar was thought to contraindicate sur- .

gery. Ona patiani underwent hepatic artery ligation with
no benefit. Radlatherapy to the liver was glveri to one
patient early in his course with minimal tumor found at
autopsy one year later, but extensive hepatic fibrosis led
to his death, However, another patient, following tumor
recurrence during chemothera py. received radiotherapy
seven months after diagnosis. He was found to have
extonsive anglosarcoma in the liver at autopsy two
months latar, with no apparent response to the radio-
tharapy. Both patients received 5,000 rads in {ive weeks

TABLE 1l Major Clinlcal Events Occurring Prior to
Tarminal Events During the Course of
Anglosarcoma Seen In 10 Patients
' Patlents

Evert (no.)
Pneurnonia 1
Plgural alfusion 1
Staphylococeal sapticemia 1
Peripheral platelet destruction 2
Microanglopathlc hemolytic anemia 1
Congestive heart failure 3
Ranal lallure 1
Hypertenslon 1
Gastrointestinal bleeding 1
Hepatle fallure 2
Hamoperitoneurn 2
Faver 1

g .l’ g g [

o s el N LS «u.. Nt
Figure 5 Multocal minute anglosarcomatous growths are
consplcuous among liver cell cords In Jocatlons distant from
grossly visable tumors, Hematoxylin and eosin staln; mag-
nification X 600, reduced 60 percent

to a major volume of the liver. Seven patients who re-
celved chemotherapy had some evidence of response
by reduction In liver size or tumor size, and ona patient
continues to respond to chemotherapy 66 months from
the time of disgnosis. Various drugs have been used
individually and in combination including fluorouracil,
vinecristine, cyclophosphamide, doxorubjcin and
methotrexate.
Clinical Course. Mbajor clinical events during the
course of each patient's disease are listed in Table I1.
Congestive henrt {allure was preceded by a period of
high output cardiac volume overload in patients with
demonstrated arterial-venous shunts. Microangiopathie
hemolytic anemia snd platelet destruction in the pe-
ripheral blobd were present without evidence of dis-
seminated iniravascular coagulopathy or sepsis, and
were possibly due to cell damage in the abnormal tumor
vasculatura [39-42). Symptoms of overt hepatic fallure
were unusual until very late in the clinical course.
The factors contributing to death in these patients are
Mstod in Table 1T The major cause of death was the
sudden onset of irreversible mpldly progresstve hopatio
failure.
Survival. One patlent remains alive 56 months (rom
the time of diagnosis. Survival of the other nine patiants
from the time of diagnosis ranged from four months to

TABLE Il Contributing Causes of Death In Nine
Patlents with Anglosarcoma
\ Pallents
Cause (no.)
9

Hepatic tallure

Gastrointastinal bleading

Ruptured tumor with hamoperitonaum
Cardiac tamponade

Hemothorax

-t s B3R
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29 manths, with a mean survival of 11.7 months. When

measured from the time of first symptoms, the range of

survival was five months to 34 months, with a mean

duration of 14.9 months. Survival from the time of di.
agnosis was distinctly longer in the six palients who
received chemotherapy (mean 15 manths) than in the

three patients who did not [maean flve months),

Proventive Measuros, Shortly altar the distovery of

an epidemic of anglosarcoma in the Louisville vinyl
chloride polymerization plant, new limitations of em-
ployee exposure to vinyl chloride were imposed at 1
ppm. Adherance by industry involved tighter seals on
the polymerization vats and condults which lessen
leukuge into the ambient atmasphere. The vat cleaning
process is now performed by workers wearing protec.
tive resplrators. A record keeping systam has been ini-
tiated for all workers which relates length of employ-
ment and potential chemical exposure levels in each
work environment to possible harm from vinyl chloride
and other chemicals, so that 8 worker can be removed
from exposure before he is ltkely to sustain injury. Since
this process involved a change in behavior for all em-
ployaes, and some Jobs were more cumbargome and
lengthy, an education program was designed and im-
plemented in an effort {p Telieve anxiety rejated to work
in a potentially carcinogenic environment and to pro-
mote understanding of good health maintenance. The
program resulted in better cooperation with the sur-
veillance and prevention programs. No new cases of
angiogarcoma have been discovared in the Louisville
plant since 1976 among 1,184 current employees and 504
past employeos followed at regulur intervals for four
yoars, |

COMMENTS

Tho Loulsville hepatic anglosarcoma experience un-
folds in many ways a8 a medical detective story. First,
a fatal incident occurred. A diligent search for clues
revealed vinyl chloride as a potential suspect. Further
investigation and intimate cooperation among all those
concerned quickly gathered sufficiont evidenca to in-
criminate vinyl chloride as the etiologic factor for he-
patic ungiosarcoma, The avidence included the occurs
rence of angiosarcoma in Loulsville only in workers
exposud to high concentrations of vinyl chloride over
a long period of time, the discovary of similar patients
in other plants producing viny! chloride [8,8), and the
production of similar hepatic lesions in experimental
animals exposed to high concentrations of vinyl chloride
[43,44]. The detective was an observant clinician who
recognized the {nitial incident, realized its potential
Importance, Instituted a systematic investigation and
initiated a cancer contro) effort, This entire experience
demonstrates the importance of the clinician in con-
trolling oceupationally-induced cancer.

The carly fears of progressively increasing numbers
of ungiusarcotmu cases related to vinyl chloride exposure

QOCCUPATIONAL CARCINOGENESIS8~DANNAIIER [T AL

[7,19-21] have not come to pass. The absence of new
cases, howover, shauld not be locked on as the end of
the story. The Louisville plant is one of the oldest vinyl
chloride polymerization facilities in the nation, and
these workers have had the longest potentlul exposure
to the carcinogen. In additian, because af the eurly luck
of copcern regarding uxposure lavels, thay also have had
the highast expusure, We have seon that the incubation
period may rango from 12 to 28 years, and It is difficult
to imagine that the recently instituted preventive mea-
suras have resulted in the absence of new cases. More
likely, this has resulted {rom the voluntary reduction in
exposure levels or some other alteration in the work
enviranment in the past. Moreovaer, we know that the
level to which vinyl chloride exposure was voluntarily
reduced is stil] carcinogenic [45). We have probably
seen a dose-response effect with a large number of coses
occurring after exposure to a large dose, A smaller
number of cases resulting from lower exposure levels
will probably continue ta develop in the ensuling years
because of the lopg incubation period, This problem
may become more pressing in other parts of the cauntry
in which workers in vinyl chloride palymerization

plants, opened in the 1950s and early 1960s, are now

nearing the mean incubation period for this disease.

" Mandatary restriction of atmospheric viny! chloride

levels to 1 ppm has only been in effect for five years, and

it is not kncwn whether lowering exposure levels re-
. verses the possibility af cancer in those slready exposed
to higher levels, This must continue to be Investigated.

In the group of workers with high exposure to viny!
chloride, closa surveillance should be continued in-
definitely, Although the Louisville experionce has re-
vealed the close association between vinyl chloride
exposure and hepatic anglosarcoma, the mechanism by
which vinyl chloride triggers carcinogenesls remains to
be studied through animal model experiments [40]. It
is intriguing that anglosarcoma is so frequently associ-
ated with environmental factors, such as thorjum
dioxide [47-48), arsenic [60-52) and viny) chloride, each
of which results in stimulation of the hepatic sinusoidal
lining . cells [38]. Other assoclated factors include
hemochromatosis {63-65), copper [56] and estrogens

- [67]. However, some cases discavered during early

childhood are apparently congenital (58], When faced
with a patient with anglosarcoma without one of these
recognized factors, a diligent search for other possible
environmental factors should be pursued so that pre-
ventive measures can be undertaken.

Many new chemicals are introduced into our work-

and home environments each year. There is increusing
concern that environmental factors are responaible for
many cangers in man. Although sophisticated laboratory
techniques and specialized knowledge are essontial in
cancer research, the Loulsville experience in viny)
chloride-assoclated hepatic angiosarcoma demonstrates
how a careful clinical ubsarvation followsd by a well
concelved clinical approach may reveal an environ-
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menta! etiology of neoplasia and result in profound
benafit for all of us.
ACKNOWLEDGMENT

We acknowledge the encouragement and asslstance of
Laszlo Makk, M.D., John Creech, Jr., M.D., Joseph G.

S B
I PN

Whelan, Jr., M.D. and Barbara Miller, B.5.N,, and the
cooperation of the B. F. Goodrich Chemical Company,
Bells Lane, Louisville, Kentucky. The help of Mark
Howze, Betty Bailey, Betsl Zimmerman, Lou Wilmot,
Sr. Margaret LaPorte and Harvey Finkel, M.D. aro
greatly appreciated.

REFERENCES

1. Wynder EL, Gorl GB: Contribution of the anvironment to
cancer Incidenco: an apidemiologlc exerclse. | Nat] Cancer
Inst 1977, B8; 826-832,

2. Fortwenglor HP, Jones D, Tamburro CH, Espinosa E: Factor
VIII content as evidance [or ondothelial orlgin of vinyl
chlorido associated liver anglosarcoma {(VCA). Fad Proc
1670; 38: 990,

3. Thomas LB, Popper H: Pathology of anglosarcorna of the liver
among vinyl chlorlda-polyvinyl chloride workers. Ann
NY Acad Bcl 1076; 246; 268-277,

4. Creach lL. Johnson MN: Anglosarcoma of tha liver in the
manufacturo of polyviny! chloride. | Occupational Med
1974; 18: 160-151,

5. Block |B: Anglosarcoma of the liver following vinyl chloride
ex osura.?/\MA 1074;229: 83-54.

8. Falk H, Creoch JL, Hoath CW, Johnson MN, Koy MM: He-

atle dlsankn among workara at s vinyl chlorido polymor-
zatlon plant, JAMA 1074; 230! 89-83. '

7. @plrtes R, Kamingkl R; Anglosarcoma of the Hver In vinyl
chloride/polyvinyl chloride workers. | Ocunputional Med
1978; 20; 427-428,

8. Lee F1, Harry D8: Anglosarcoma of the livor in a vinyl—

* chloride worker, Lancat 1974; 1: 1316-1314.

9. Lloyd JW: Anglosarcoma of the liver In vinyi ehlorlde/poly-
viny| chloride workars, | Occupational Med 1974; 18:
809. !

10. Llo¥d [W: Anglosarcoma of the liver In vinyl caloride/poly«
\a,'sgyg aa“hlor de workers, [ Ocoupational Med 1078; 17

11.  Makk L, Delmore F, Cresch JL Jr, et al.: Clinical and mor-
phologlc laatures of hopatlc anglosarcoma in vinyl chloride
workers, Cancor 1978; 37: 149-163, .

12, Whelsn ]G Jr, Creach |L [r, Tamburro C: Angiographic and
radlonuclide characteristice of hepatic angiosnivoma found
in vinyl chlorlda workers, Radlology 1070; 118: 640-667,

13, Curran KL, Kupchella: CE, Tamburro CH: Urlnary gly-
cosaminoglycan palterns In anglosarcoma of tha liver,
Cancer 1677} 40 3000-305%

14. Kupchella CE, Tamburro CH; Urinary and tlssue gly-

casnminoﬂﬁcan atterns in haepatic anglosarcoma, In;
]

Nieburgs HE, ed. Praventlon and detectlon of cangaer, Parl
1, Vol 1. Naw York: Maros| Dekker, Inc. 1077, 918-928,
15, Wyatt RH, Kotchen M, Hochsirasser DL, et al.t An aplde-

» mlologle study bf blood screening tests and iliness histories -

vamon{g chom|cal workers involved in the manufaclure of
olyvinyl chloride. Ann NY Acad Sci 1876; 246; 80-87,
Sallkof! 1, Hemmond EC, eda.: Toxlelty of viny! chloride—
polyviny! chloride, Ann NY Acad Sci 1075; 246: 4-322.
Lockor GY, Dorashow [H, Zwelling LA, Chabner BA: The
clinica) frntires of hopatlc anglosarcoma: o roport of four
cases and a review of the English literalure. Medicine
[Ba(limnra} 1970 66: 48-64,
18. Delorma F, Tharlault G. Ten cascs of anglosareoma of the
fivar in Bhawinigan, Quabec, | Occupational Med 1478;
20 338240, ‘
19, Bditorial: Vinyl ohloride and cander, Br Med | 1974; 1;
486-487, ‘

20, Berk PD, Martin JF, Young RS, et al: Vinyl chloride—asso-
' clated Uvor disaaso, Anun Intern Med 1076, 84: 717-731,
21, Wegman [JF, Potors |M, Jaeger R}, Burgess WA, Boaden LI

\.ﬂnyl chlorlde: Can the worker be protectod: N Engl } Med.

17

286  February 1981 ‘The American Journal of Medicine

AT I

WBE T TR e s g

g

10786; 204: 6563-067.

.22, Gay BW Jr, Lonnoman WA, Bridbord K, Moran |B; Mea-
surements of vinyl chloride from acrosol sprays. Ann NY
Acad 8cl 1975; 240: 260-295.

23.. Oster RH, Carr C'T, Krantz |C: Narcos!s with vinyl chlorida.

_ Anesthosin, XX V11, 1947; 8: 359-361.

24, Cordler JM, ot al: Acroostonlyse el Insides cutanees assoclecs
chez deux ouvrlots, alfoclos au nettoyage d'antoclaves. Cah
Med Travnil 1006; 4: 14-189, ‘

28, Wilson RH, McCormick WE, Tatum CF, Creoch JL: Occu-
ggtional acroosteolysis: report of 31 cases, JAMA 1867, 201:

7-581.
26, Veltman G, Lange CE, Juhe 8, Stein G, Bathner U: Clinlcal
manifestations and course of vinyl chloride disease. Ann
. NY Acad Sci 1975; 246: 6-17.
27, 'Torkelson TR, Qyen F, Rowoe VK: The toxieity of vinyl chlo-
" ride as doterminad by repeated exposure of laboratory
- . - animals. Am Ind Hyg Assoc | 10681; 22: 364-301.

28, 'Tribukh SL, Tikhomirovs NP, T.evina 8V, et al: Working
conditions and measures for thelr Improvement in the
production and use of vinyl chloride plastics. Gig Sanlt
1948; 14: 38-44. i ’

20, Popper H, Thomas LB: Alterations of llver and apleen nmong

.. workers exposed to vinyl chloride, Ann NY Acad Sci 1975;

.. 02460172193,

30. Gedigk P, Mullor R, Bechtelshelmer H: Morphology of liver

a1, + démage among polyviny! chloride production workers, A
. ... renorton 81 tnsos. Anr NY Aced Scl 1975; 246: 278-285,

31, Viola PL. Bigotti A, Caputo A: Oncogonle respanse of rat skin,

" lungs and bones to vinyl chloride. Cancer Res 1071; 31:
516-522. : ‘
32. MakkL, Creach |, Whelan lG.'johnson MN: Liver domago
. . and anglossrcoma In viny] chiorlde workars. A systematic
" detection proirnm. JAMA 1974; 230: 64-68.
33, Creech [L, Makk L: Livor disease among polyvinyl chloride
; %roductlon warkars, Ann NY Acad 8ol 1075; 246: 88-94.
84, Tabershaw IR, Galfey W: Maortality study of workars in the
N, manufacture of vinyl chlarldo and polyvinyl chleride, |

' Oceupationnl Mod 1074; 16: 609-518;

36, Nicholson W], Hanmand EC, Seldman H, Selikoff I]: Mor-
tallty experinnce of n cohort of vinfl chloride-polyviny)
chloride workers. Ann NY Acad Bel 1076; 246: 226-230.

36. American Cancer Soclety: Cancer stapistics, 1679, Ca 1070;
29: 6-21. :

37, Heath CW, Palk H, Creach JL: Chavacteristics of cases of
anglosarcoma of the llver among vinyl chloride workers
In the United Biates, Ann NY Acad 8¢l 1975; 248: 231-

238.

38. Poppoar H, Thomas LB, Tolles NG, Falk H, Bellkolf I]: De.

velognnnnl of hapatic anglosarcoma in men Induced by

viny! chloride, thorolrast, and arsenic, Am | Pathol 1978;
92: 349-384.

30, Alpert L1, Benisch B: lemangloendothelioma of the llver
assocfalod with micronnglopathic hemolytic anemla, Am
] Mad 1970: 40: 824620,

40, Donald 1D, Dawson AA: Misrornglopathic haemolytic anamin
associated with malignant haemangip-endothelloma. | Clin
Pathol 1971; 24: 456- 459.

41, Buntine DW, Lyall 1G, Renowden VG: Haomangioen-
dothelin} sarcoma of the liver. Med ] Aust 1871; 1: 201-
203,

Volume 70

T &{U L

" Sy e S i

42,

-y

43.

-

44.

”m

45,

40,

47,

Pollard M, Millward-Sadi
gioendothelioma involving
214-221. A

Keplinger Ml., Goade [W, (3
exposure of rats, hamsters o
NY Acod Scl 1875; 246: 214

Maltoni C, Lefemine GL: Gnrf-
chlorlde. [. Research plan 4
1974: 7. 387-408,

Maltoni C: Predictive carcino
oncogenesis. Prog Biochend

Tamburro CH: The hepatic |
early detectinn—the vinyl ¢l
1978: 51: 67-80,

dn Silva Hnrlngz Late effects
and their efferent lymph nf
145: 676-699.

Curry |1, Johnson WG, Fein
rium induced hepatic h¢
Raontgen Radium Ther, N

Underwood JGE, Huck P: TH.
glosarcoma with 36 yeaf!
2010-2612. i

Roth F: The sequelae of chror{,

e e o m . |




‘\

., - -
o . e . i -—f¥»‘ﬁ:a-W’f"'“’
e — ey BRI sl ey, B = PRI R g oo :
Ty s e M " T :«\‘:?J';v« X
w 1 w ¥
! '..‘,' ,‘,N :
Ty, \&3'
t - \ 'h’ .
. ‘ ‘\. f )yv‘n’ . N
Iy ; ! Fropey gh vl g A
i
OCCUPATIONAL CARCINOGENESIS—DANNAHER ET AL, ;f
. A
B.8.N,, and the 42. Pollard SM, Millward-Sadler GH: Malignant haoman- Vintners. German Med Monthly 1957; 2: 172178, !
nical Company, glaendothelioma involving the liver, | Clin Pathol 1974; 27: 51. Lander ]}, Stanley R}, ot al.: Angiosarcoma of liver ussocialed N
» help of Mark 214-221, with Fowler's solution {potasslum arsonite), Castruenter- i
Lou Wilmot 43. Kaoplinger ML, Goode W, Gordon DE: Interim results of ology 1075; 66: 1682-1586, :
n, Lou wiimol, exposure of rals, hamsters and mice 1o vinyl chloride. Ann 52, Ruj;e son W, Kin U, Qspina ], Holland JF: Hemangioen- }
nkel, M.D. are NY Acud Scl 1975; 246: 219-224, othelia! sarcoma of Hver from chronie arsenic Intoxleation |
44, Maloni C, Lefemine GL: Carcinogenicity bioassays of vinyl by Fowler's solution, Cancer 1968; 21; 514-522, !
Y , Y . A
chloride. 1. Research plan and early results. Environ Ros 53, Beker HC, Puget GE, Davson |: Hemangioendatholioma '
1974; 7, 387-408, {Kupffer cell sarcoma) of the liver. ] Pathel Bacteriol 1956; .
45, Maltoni C: Predictive carcinogenicity bloassays in industrin! 72:173-182,
uncogonasls, Prog Blochem Pharmacol 1078; 14: 4254, 54, Kwittkan |, ‘Tartow LR: Homochromatoals and Kupffer coll o
46, Vumburre CGH: The hepatle role in curcinogonests wid its sorcoma with unusual localization of iron, | Puthiul Budturivl
b ) !
uvitrly datoation~-tha vinyl ehlaeldu modal. Yale J Biol Mod 1060; 92 571-573. ;
Moran 18 M 17 01 67-40, 56, Sussman EB, Nydlck 1, Gray G: Hemangloondathellul aar. ‘
l aran IA‘ ;’ﬂ‘, 47, du Silva Hnrla}: Late offects of thorotrast on livar and splean coma of the llver and humochromatosls, Arch Pathol 1974; i
aptiys, AR wil thair offerent lymph nodes, Ann NY Acad 8cl 1967; 87: 89-42. ;
th vinyl chlorid 14b: 676-699, 56. Pimental JC, Menezes P: Liver disease in vinaeyard sprayers. ’
ny ide. 48. Curry Ji, Johnson WG, Felnberg DH, Updegrave [H; Tho- Gastroenterology 1077; 72; 276-263. ;
8 8y
- socion rium induced hepatic hemangloendathalioma, Am | 57. Hoch-Liget! C: Anglosurcoma of the liver assoclated with j
oo as ol Ruentyon Rudium Ther, Nuc Mad 1975 126: 671-677. dicthylatllbesirol. JAMA 1078; 240; 16101511, !
antactaves. Laun 48, Undurwaad JCE, Huck P: Thorotrast associated hepatic an- 58. Blumenfeld TA, Fleming ID, Johnsan WW: juvenile hem- i
reech JL: Occus giusarcoma with 36 years latency. Cancer 1078; 42: angioendothalloma of the liver, Cancer 1869; 24; 853~ ! .
| ’ Voih il 2610-3012, 857, ..
|AMA 1867; 201: 80. Roth I: The sequelae of chronic arsonle palsening in Moselle { '
{.hner U: Clinleal :
hdo dlseasa. Aan N
i " " !
rity of vinyl chlo- f '
sre of laboratory N {
54-361, I ,
. ol al: Working ]
yavement In the o
wstles. Gig Sanft ' 4
' \ i T
Il spleen among \ o
Y Acad 8cl 1075 “%.’f]
“phology of liver ;’
Hon workers, A ok
i 246: 278-285, -
anse of rat skin, 4
i Res 1971; 31 1
{. Liver damage i
rs, A systematic . i
b o
‘vinyl chlorlde b
/5; 246: 88-94, il
waorkers in the : ]t
nyl ehlaride. . ] \ :“;
0t
likoff If: Mor- NIRRT
ride-polyvinyl .
246: 225-230, g
1979, Ca 1979, ‘Q
es of cases of l}
mide workers ;
175; 248; 231- X
dikoff 1J: De- {
ainduced by {
i Pathol 1878; {-
4 of the liver / i ,’
anemia. Am i ‘ t
olytic anemla . i
iama, ] Clin '
iemanglaoon. .
4971 1 201- ' e
w !
{
w t
i February 1981 The American Journal of Medicine Volume70 287
104 18 TR W '~ " v -y G En o -
By “d T \\x;,;wv_(/lglm.@;gj'{g ,”? CTAY Sty Sh .
;;‘ N , ',‘u-. ) {
® 5 | t
; .
oy . .
;,_‘f ' } 4 l
z .
E; 3 ’ )
v\\' ' Y
1'( " ‘
. Pt R

SL 068536



