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Ten Cases of Angiosarcoma of

the Liver in Shawinigan, Quebec

Fernand Delorme, M.D., and Gifles Thériault, M.D.

Ten cases of angiosarcoma of the liver have been diagnosed
in Shawinigan, Quebec since 1958. Al have occurred in men
who worked in a vinyl chloride polymerizing plant. Cigarettes
and alcohol do not seem to be associated with this tumor. The
amount of viryl chioride to which these people were exposed,
according to information obtained through questionnaires, ap-
pears elevated, Angiosarcoma of the liver is accompariied by a
fibrosis of the liver which may precede its appearance. In de-
scribing the Canadian cases of angiosarcoma, this study at-

. tempts to shed more light upon the causal refationship be-
tween vinyl chioride monomer and anglosarcoma of the liver -

and thus to provide some clues to understanding the patho-
genesic of this disease.

In January 19‘4 three cases of angiosarcoma of the liver were
discovered among workers of a chemical plant.) This finding ap-
peared abnormal and the agent suspected of being responsible for
the disease was identified as vinyl chloride monomer (VCM). Since
then, many reports on the occurrence of this cancer among vinyl
chloride workers have appeared around the world?** and the Unit-
ed States Occupational Safety and Health Administration has
enacted a new threshold iimit value for concentration of this
chemical in the air of the warking environment$

Ten cases of angiosatcoma of the liver were diaghosed among
workers of a vinyl chloride polymerizing plant in Shawinigan,
Quebec, This is the largeit number of cases ever to take place ina

, single plant. The present study describes occupational history,

drinking and smoking habits and some histological features of
these Canadian cases. Data on some of these Canadian cases
jointly with cases of angiosarcoma from the United States have al-
ready been described in another article by one of the authors?
Since more accurate and complete information was retrieved on

-the Canadian cases, It is being presented 5epunely in the present

micle
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Methods

Case Finding. — A search for cases of angiosarcoma of the liver
beginning as far back as 1955 and extending over two decades
was carried out by scrutinizing files of the regional hospitals in the
Shawinigan vicinity. Alf cases of primary tumors of the liver were
collected and the histological material (slides, biopsy reports,
autopsy reports! were reviewed for the presence of angiosarcoma
To confirm the diagnosis of angiosarcoma of the liver, the cases
were submitted to consultants from the United States familiar with
this disease.

Occupational History. — The questionnaires used to obtain a
detailed occupational history of each case culled information con-
cerning past and present residence. medical history, smoking and
drinking habits along with past occupations and employers i
chronological order. The answers to most of questionnaires were
given by spouses of the men who died from the disease. In one in-
stance, however, the answers were given by the sister and
brother-in-law. and in another. by the worker himself. Two former
co-workers of the men who died of an angiosarcoma of the liver
confirmed and COBIp‘e{ed the information abtained tivough the
families, ) .

Plant Description. ~ The Shawinigan viny! chloride plant start-
ed operating in 1943, At that time. it produced and polymerized
vinyl chloride monomer. Later in the 19503, it stopped producing
VCM and kept operating the polymerization unit. The workforce
varied from 100 to 350 workers. At the moment, it employs 250
men, Praduction of PVC has fluctuated with time. Present produc.
tion is estimated at 50 million pounds annually. Exposure to VCM
in the working atmosphere, though not documented, is believed

to have been very high in the past. Sharp improvement has taken -
place in recent years and it is estimated at less than 3 ppm at the

moment

Results

Table 1 shows the age at death, the smoking habits and alcaho!
consumption for the ten cases of angiosarcoma of the liver disg
nosed in the Shawinigan region over the last two decades. All
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«re males, the age at death ranging from 41 to 61 years 'with an
serage of 50.5 years.

p is soméwhat doubtful that smoking has much to do with this
-p¢ of tumnr, Qut of the ten cases, one man was a nonsmaoker,
»ye were moderate smokers, smoking an average of 20 cigarettes
» less per day, and the remaining four smoked onme pack of
:grettes per day or more. The tumor appeared earlier in the
~xdecate and nonsmokers (x age 47 years) than in the heavy
okers 1X 54 vearsl,

The men who developed an angiosarcoma of the liver were
sty light drinkers. Only two men out of ten drank more than one
wmitle of beer per day. None of the ten men drank wine or liquor
regulzely. As with cigarette smoking, drinking does not appear to
s ysociated with an angiosarcoma of the liver in vinyl chloride
workers.

Past diseases of the lver may aiso be ruled out as potentiating
™e development of angiosarcoma of the liver since the medical
astory of the ten cases showed no previous liver diseases nor
wptic troubles.

Table 2 shows the length of time the.men were exposed to
vavl chioride either by working in the polymerization unit or by
veing direc tly expased to vinyl chloride. It also shows the occupa-
ons they periormed and whether they worked overtime. They
wotked for periods ranging from 11 to 29 years in the plant with
& average of 21 vears and 4 months. Direct exposure to vinyl

chioride monomer was obviously shorter, ranging from § years 3
months to 26 years with an average of 16 years 10 months.

From the job descriptions, it can be seen that most of the men
wortked either as operators or maintenance workers, of both.
Seven men woarked a5 “reactor cleaners,” an operation which
seems to have been the worst In exposing people to vinyl chloride
monomer. One woman said of her husband's exposure, “He went
down into the autoclaves many times. Once, they had to take’him
out unconscious.”

it is difficelt to ger a fair idea of the amount of vinyl chloride
monomer 1o which these people were exposed. Many spouses (six
out of ten! insisted upan mentianing that their hushands worked
overtime.

As shown in Table 3. the time elapsed between the first ex-
posure to vinyl chioride monomer and the diagnosis of the disease
ranges from 11 years to 28 vears with an average of 20.5 years.
This concurs with previous findings that an angiosarcoma of the
liver can develop after 2 minimum exposure of four years, but that

. actual manifestation does not occur for at least ten ysars?

Residence history revesled that all workers lived within a two
mile radius of the VCM plant since the beginning of their employ-
ment at that plant. However, no particular pattern in the residen-
tial history could be identified that could lead to finding environ-
mental factors common to everyone.

Past occupational history showed that all these workers spent
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the greater part of their active lives working for the same em- -

ployer. The longest period anyone worked outside the plant was
four years. . . :

Once the tumor is diagnosed, the survival period is very short,
in the present study. the longest survival pariod was eight months,
the average 4.1 months.

It must be pointed out that angiosarcoma is not the only liver
pathology found in vinyl chloride monomer workers.? *¢ There are
two types of benign lesions — scleross and cellular transforma-
tion, Sclerosis manifests itself by a thickening of the capsufe of the
liver, & portal fibrosis with proliferation of the bile ducts and lym-
phocytic infiltrate, & sclerasis of the wall of the portal vein and
centrolobular veins and a perisinusoidal fibross with sinusoid dila-
tatlon. Cellular transformation shows a sinusoidal cell proliferation

. with atypic, dysplasic and reactional liver cells. The tumor itself is

a malignant angiosarcarma type tumor appearing in four definite
histological patterns: a cavernous patiemn, a sinusoidal pattern, a

" noduloepapillar pattern and a sarcomatous pattern. In our exper-

ience, the cavernous pattern is the most constant and frequent
ane (Table 3).

Discussion . .

The present study is an epidemiological and a histalogical de-
scription of the ten cases of anglosarcoma of the liver found in the
region of Shawinigan, Quebec. Although the selection of cases
was made from hospital records, it happened that sll were men
who worked in the same factory — a vinyl chloride polymeriza-
tion plant. THis type of tumar being very rare, a causal relationship
between the exposure to viny} chloride and the development of
an angiosatcoma of the liver is established.

The present study reveals that the exposure necessary to
develop the cancer must be relatively high, Cleaning reactors and
operating production units were occupations carried out in an en-
vironment with a high concentration of viny! chioride monomer.
Furthermore, it is possible that in the 1940's, the men worked
more than 40 hours a week. To this, one must add overtime work,
another contributing factor. It will be necessary to assess with as
much accuracy as possibie the exposwe of these people to vinyl
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chloride monomer to 'discover a dose-response relationship be-
tween the chemical and the disease.

it seems that benign non-tumoral reactions are the first re-
sponse of the liver to the chemical. Eventuslly they give way to
malignant transformations’"¥ Obviously. more studies will be
recessary (o discover whether the benign and malignant lesions
are two steps of a unique phenomenon or two different diseases.
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THIS INHALATION STUDY USED -OUTBRED ALBING NMRI MICE (17 s

WKS. OF AGE). TWENTY FOUR MICE 41Z. MALEB AND 12 FEMALES)/

s EXPERIMENTAL DESIGRHN **w*'_éi /

GROUP WERE EXPOSED TO A YC CONCENTRATION OF S0 eea (Tor 92 wpriss .

wks.) OR 5 b whe.ds &HRS.FDAYs FIVE DAVE/WR. . , -
CONTROL. GROUPS OF 24 ANIMALS RENTLY  WITH 'P:;‘,;gy

EACH SERIESs HOWEVER» 0NL¥ ONE GROUP .WAS EXPOSED TO AIR IN _
AN .INHALATION -CHAMBER, ' IN THE EXPERIMENTAL GROUPS FOUR f'
HICE- OF EACH SEX WERE BACRIFTCED AND SUBJECTED T0 T
PATHOLOGICAL EXAMINATION ON THE 26th WEEK AND THE I
REMATNING ANTMALS EXAMINED WHEN MORIBUND OR DEAD. 'FOUK

MICE IN THE CONTROL GROUP WERE SACRIFICED ON THE 52nd

WEEK. THE VC CONCENTRATION IN THE DARKs CYLINDICAL METAL
INHALATION CHAMBER WAS ANALYZED BY G.C. REGULARY. THE MICE
WERE WEIGHED {(TOTAL BODY WE1GHT) EVERY TWO WEENE.

Cowe e FOEDW RO FRXDYES - b M M P

VINYL CHIORIDE: INHALATION: MICES PATHOLOGY: BENIGN TUMURSS
ALVEOLOGENIC ADENOMASS LUNG: HEMANGIOSARCOMA: FAT T15SURS
CARCINOGENICITYs BLOOD VESSEL: RUPTURE: TELANGIECTALIS:
LIVERS MAMMARY ADENOCARCINOMAS PARARENAL HEMANGIOSARCOM;
PARAINTIESTINAL HEMANGIOSARCOMAS RHABDOMYOSARCOMAS
HEMOCOELIA: BROWN FATS SURBCUTANEOUSS SUBPERITONLEALS VG

~ ANIMAL STUDY.

MM SAEESTRACTS X 2%%r

IN THIS INHALATION STUDY MICE WERE EXPOSED TO VU AT SP 0R
500 pPm FOR & HR. ZDAYs 5 DAYEY WKy FOKR 52 AND 26 WKS.
RESPECTIVEL.Y. THERE WAS A DECREASE IN BODY WEIGHT In THIS
EXPOSED GROUPS AFTER 40 WEEKS., THREE OF THE 4B CONTROL
SERIES ANIMALS WERE ORSERVED WITH TUMORS: ONE ANIMAL HAD A

. HAMMARY ADENOCARCINOMA WITH PULMONARY METASTASIS: THE

SECOND ANIMAL HAD DISGERMINOMA OF THE OVARY3: AND THI THIRD
DIED WITH A RETIGULUM CELL SARCOMA OF THE SPLEEN AND
MESENTRIC LVMPH NODES. .

. IN THE M1CE EXPOSED TO 50 eem AND SACRIFICED ON THE Zeth
WEEK ALVEDLOGENIC.ADENOMAG WERE OBSERVED IN 2/4 MALES.
WOWEVER NGO TUMORS WERE FOUND IN THE FEMALES . THE REMAIMING
ANIMALS IN THE LOW EXPOSURE GROUP THAT WERE NECROPSIED
BETWEEN THE 36th AND 5&6th WEEK ALL BORE TUMORS. IN THE
WHOLE GROUP 13/24 HAD ALVEOLOGENIC ADENOMAS. THE LUNG
TUMORS WERE SINGLE CR MULTIPLE WITH & FEW FOCI WITH )
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RIAMETERS UP TO ©.2 cm. THI:RE m:m‘. 14/24 ATHMALS HITH
BUBPERITONEAL 1Y rdANGmSARcognA WRICH WERE FOUND IN THE
PARARENAL . PARAINTESTINAL OR IN THE PELVIL/CAUDAL PART OF

MRS, SOV THE AT EERR R D

- BUBCUTANCOUS TISSUE OF THESE ANIMALS THERE WAS ONE

HEHMANGIOSARCOMA IN THE BROWN FATs F0UR J-IEN&NGIOSARCOHAS .!N

OTHER SITES AND A MAMMARY ADENOCARCINONA ONE OF THE .
ANIMALS THAT BORE AN ALVEOLOGEN)C-ADENOMA ALES HAD A

SECONDARY HEMARGTIOGARCOMA IN THE LUNG ORIC!N&?ING FROM A

PRIMARY SUBCUTANLOUS HEMANGIOSARCOMA OF “YHE JHROAT. . THERE ™ -

HAG ONE ANIMALL THAT RPVE&L&D‘HHABHOHYOSﬁRCOhA AS WELL A3

ALVEOGENIC ADENOMA WHEN NLUCROPSIED ON JHE S1:t WEELK.  EIGHT

UF THE 26 MICE HAD awr'rum_ OF “HEMANGIOBARCONAS ‘CAUSING |
HLMOLOL! 1A TO OBCUR. oy & Fiie, ety vl St

- =

THE ANIMALS EXPOSTD To éﬂﬁzfm vlnvl CHLOR*DE W RE No LONGER
EXPOBITD AFTER THE 26TH WEEEy RINCE THEY WERIS CONSIDERED IN
FOON CONDITION. ALl MICE M (RIS SERIES SHOWED

AL EHGHMA WITH LUNG TUMORS. YN ALL {.0RES WITH 10
Qi MORF FOCI. T DIAMETERS OF THE FOCY WERE AROUND .9
cih. THE DUBPERITOMEAL HEMANGIOSARCOMAS WERE FOUNMD IN THE
PARARENAL (3 CASES) AND PELVIC/CAUDAL PARY OF THE ARDOMINAL
CAVITY (8 CASES). IN THE SURCUTANEOUS TISSW. THERE WERE
FOLHY CABES OF MAMPMARY aDERMOCARCINOMA AND ONE CASE OF
HETIANGT OSARTOMA IN THE BROWUM §FAT. IN THE ORGANS OF THESE
ANIMALE THIERE WAS REPORTED OME CASE OF HEMANGIOSARCOMA OF
FHID LIVERy ANL ONE CASE OF ADENOMA OF THE KRIDNEY. THE OTHER
PATHOLOGICAL, CHANGEES O11.17 THAH NEOPRLASTIC LFESIONS WERE
TULANGIECTASIS OF THE LIVER IN THO ANIFALS AND HEMOCOELA
IN THO ANTHALS EXPOSED TC THE HIGHER CONCENYHRATIONM.

THE AUTHORSG CONGIDER THI'EE REGULTS TO BE INDICATIVE OF A
DOBLE-RGPONSE RELAYIONSHITP? BSINCE THE FREGUENTY OF ANIMALS
BEARING TUMORS IS 100% IN THE S0@rem GROUF AND 71% IN THE
50r-em GROUP. THE 5008rrm GROUP ALS0 HAD MORE MULYIPLE
TUNDRS OVER THE WHOLE LURNG AND 1LARGER LUNG TUMOR FOCI THAN
THE 1.OW DLOSE GROUP. THE IMPORTANCE OF HEMANGIOSARCOMAS IN
VARIOUS ORGANS AND FAT TISBUE OF SUBCUTANEOUS AND
SURFERITONEAL AREAS INDICATES THE ROLE OF THE £L.00D VESSELS
Anid FAT TISBSUE IN THE BIOLOGILAL ADTIVITY OF VC.
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