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;Thé relaticnship between vinyl chloride cxposure and humen angiosarcqma
of the liver tASL) first received scrious attention in Deccmbcr.l973 thn-a
casé of this rere tuwor was diagrosed at autopey in a vinyl chloride (VCS
vorker from the B.F. Goodrich chcmlgnl plant in Louisville, Yentucky. At

'
that éimc, this case represented the third recognized among VC workers at
thi; plant; prior cases.had been diagnosed in May 1970 and Yarch 1373, (1)
While at first the pessibility was considered that cease occurrence night be
uniyue to the Louisville facility, the subsequent detection of casés at threc
other plants has shown the problem to be industry-wide. Ten additiounal cases
have ;ubscquéntly been idcntifi;d among other VC polyrmerization workers in ic
United States (Table 1). Vorkers at 2 total of four different plants have
been involved.

- The carlicst case recorded to date occurred in 1961, the others teing
scatteired over subsequent years, five in the past two years 1973-74. In
scveval dnstances, the d}agnosis of ASL was not specifically made until re-
view of patholopic égtcfial during tha early months of 1974. Death cevtifi-
cate diZgneses in such cases indicated "primary liver cancer," and in one

instence mevely "liver cirrliosis." The three nost recent caces were dizg~

nosed in the course of systematic medical screening, two at the Loulsville

plant in Fclyvuawy 1574 and one at the Souﬁh Chnrleston plant in May 1974,

These three paticuts are the only ones of the thirtcen who zre currently alive.
. A1l thirteen cases have oceurred in whize males. About half have been

in Lhéﬁr 40's vith an age range from 36 to 60 ycars and d:ﬁ;an age at time of

diagnosis 05'45.2 ;cars. Lernpth of time between {irst VC Qork and diugnosis

has rnngéd from 12 to 29 yewws (mean 20.3 years), mean fctnl duracion of VC

work L~ing 18.0 yeors.
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Comraricon of Observed and Fxpested Incidence

The rcason an ctiologic asseciation between VC work and tuwmor could dbe
so recadily inferred on the bauis initially of just three cases is because

£SL is extraovdinarily ratve. Mised on data {rom the National Chaccer Insti-~
y :

4

. v

tute's Third Natjonal-Canzer Survey (1965-1971), expected annuzal incidence
of this tumor is on the order of 0.0014 case per 100,0C0, or about 25-30
cases a year im the entire U.S. population. Estimating the total VC worker

population past and present in the U.S. at roughly 20,000 persons (an csti-

this tumor might be expected in guch a population over o decade. Since

thirteen cases have thus far been identified (and it is not unreasonzble to

risk ratie, (a ratio of observed to expected casces), of at least 400 to 1.

3 2.

ate tumor with industrizl VC exposure.

Clinical Teatures

varizes these and other data concerning VC workers at that plant. TFor cach

have been held with coch cuvviving paclent snd vith close relatives of all

decenscd patfenis ta obtain speciiic infovenition concerniog worit hisntaory,
. . '

mate which nmay be too high), onc can celculate that only about 0.03 case of

.think that others may yet be fourd among other VC workers), one arrives at a
Needless to say, had the situation concerned a comzicn tuzmor gsuch as lung

cancer, the picture would have been much less cleay cut and would have required

rany more cases and much more claborate epideniologlc manipulation to associ-

Medical and epidemiologle dota have been cxamined In detall for cases at

the Louieville plant in particulsr. The remainder of this presentation sum-

Louivville case, 21) available nediczl reeards have bozen veviewed,  TIntervices
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fcxicologic exposures, and family history. Pathologlec material, particularly

sections of liver and of tumor, have been revieved botl by local pathologists
in Loui;ville ard by Dr. Louis Thomzs at the National Cancer Institute and
Dr. Mans Pepper at The Tegarty Internationzl Center.

In wost gascs the dingnosi; of ASL was rc#chcd only with difficulty;
three of the'Q}vc;fatnl cases were not diagnoréd until autopéy\ In only
one of the tuwo ruemaining fatal cases was ASL diagnosaed uncquivozally frior
to death (fov{ wonths), In the other case, a diagnosis of "priﬁary liver

N

cancer" was wade five months befere death, but ASL was not clearly identi-

fied until recent revizie of zutopsy naterial.

%rescnting signs and syuwptoms varied widely and were relatively non-
specific. Abdonrinal macs was 2 presenting fecture in four cases, GI bleed-
irng in tvo (dia:nozed {nitlally in cach ingtznce as peptic ulecer), fatigue
and weakness in four, and noticeable weight less in one. 1In one case no

ns or synptoms }eforablc to canccr or liver diaqnse wvera present and the
c¢iagnnsis was aaﬂe only in the course of wovhup for anothar health problenm.

Duration pf synptons priorlto dizgnosis ranged from one to eleven

onths for fi?é of the eix cases displaying synptozs. ITn the sixth case,
symprtons related to liver disecase antedated dizgnosis of tuwor by eight to

’ ; ) .

ten years. In that perticular case, & diaginosis of liver {ibresis was made

in May 1665 following tio epluodes of gastrointestinal bleeding in the courre
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ci two yeavs. A portoccwel! shunt operation was performed heesuce of varices,
splenonegaly and Increassd portal veln pressure. Six yeaors later (lay 1971)

the patient was rue-evaluatad because of progproedsive swinntems, and at thag tinme,




4 " e NI L R T R N ) S SO N O IR T L -z

3

2

3

liver scans suggested the presence of tumor. ASL, however, was not unequi-

vocally daagnesed until outopsy in March 1973,

At tive of tumor diapnosis, plhysiczl findings among the seven caces

varied cuensiderable. In o casee, no abnormal {indings at all were recorded.

Three cases prescnted with liver enlargement, in cach instance by spleno-

megaly. TIn a fourth cace, splenomegaly alone was detected, One additional

-

case presented with scvere right vpper quadrant tenderncss in the absence

of clcar cut organcmegaly. Laporotomy rtevealed free bloed in the peritonial *

~

cavity traced to what vas tentatively diagnosed pricr to death as "hemangioma
b ) y e p 5

of the dome of the liver." . - C .

Abnormalities of ore or wore liver funstion teste were present in every
‘o

case at or around the time of dizgnosis. In most Instences, however, these

abnofmualitics did not become clcar—cut until the terminal phases of illness.
SGCOT values were at least nmildly increased in all seven cases, tetal bilirubla

in six and slkaline phosphatase in five. LDH was incressed in four of six
. + _\"-\ﬁ '

cases tested and BSP ip one of two.
Diagnoses were wade with the help of liver-spleen scannlng in six cases
and hepatic angiogram in two. Esophagezl varices.vere demonstrated in two

cases, onc by #-rav, -the other by endoscopy.

Efforts at ticsue diagnosis
werac nmzde by open liver biopsy in all seven cases and by ncedle blopsy in
three; autopsies werce performed in four of the {ive deccased cuaces.  Open
liver biepsy provided a diagnosis of tumor in four cases while in the remain-

ing three cases, diapnesis was made omly at zutopsy.

it b
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Recent review of pathelogic material in all seven cases has shoun cvi-

dence I portal fibrosis as well as of tumor. In additien, discrete cubecap-

sular {ibrotic arcas were dewcribed at time of open liver biepsy in one of

.
-

the two cases dizgnesed in 1974,

L4

:
In two cases, angiosarcema vas present in

tissues other than liver. 1In one the picture was that of local tumoflspread.

A

Epidemiolowic Fratures

The.B.F. Goodrich Lovisville plant employs about 1,200 persons of whom
aboutr 270 or 20.pur cent are¢ engapged in VC poelymericzotion activities. the
'piant firet began polvvinyl e¢nloride (PVC) production in 1942 zofter pilot

operatiorns dating from 1937. The present polymerization work foree slze was

reachcd in the lzte 1950's.

All seven patients had worked in jobs dircetly
Y. . .

related to VC polymerization, and in this capacity z11 sevcn can be assuncd:

to have had direcr exposure to vinyl chlorvide monozer (VCM). Inirial involve-

ment in VC work cccurred from 12 to 28 years prior to tusor diapnesis (mezan
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20.0 years) (Tablé 1). lnvolvement was essentially continuous during these
years (mean duration of VC work 17.0 ycars).. Dages of initial industrial VC
erxpostre ranped from 1944-45 soon after the plant hegan prodaction (Lue cases),
to as recently as 1957 and 1961. " Ages at initial exposure ranged from 23 to
33 years (mean .age 27.6 years).

Although the data are far fron concluéivc, they do suggest a possible
dose~response relationship vhen one trics to compare irntensity of VC c¢xposure

vith lstent period. Virtually everyone entering VO polymerization vork at

the louisville plont starts as a “helper," a iob vhich includers cleaning the
Y ' _
interiors of polywerization vats and hence dnvelves a nuximun coposure to VUM

R . . .
r
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then duration of work as a "helper" (a rough measure of VCI' exposure) is 1
corrclated with interval between first exposure and diagnosls, an inverse

relationship is suggpested. For three cases averacing only 5.3 ronths as
’ 2

1)

"helpers," exposuvre-to-diagnosis intervals 2veraged 22.0 years; for the 3

four remaining cases averaging 36.5 months as “helpers,” this Interval was
14.5 years. . .-

No evidcnce was found that exposure to other potentially hepatotoxic

materials outside the work placc played any zoncistent role in thesc parti-

,095€L SBY

culor casés. Only two patients had 2 history:of increased alcohol intake,

and in onc the increase was borderline. One man gave a history of ecxposure
to arsenic insecticides for several years as a tecnager. In none was there

- o
any supggestion of thorfum dioxide exzposure.  Acrcosteolysls, past or present,
™ A .

was not obgerved in any case.

L) -

3 v

Ron-mzlipnant Liver Disease

H

Lecause two of the three tumor Cages”which were initially recepniued in !

——— . -

Iouisgiliu had shown evidence of hupatic-ﬁkbtés;s antedating or coexisting
vith tumor,.medicai'rccords at the Louisville pl;qc were revieued for cases -
of nen-malipnant 1&ver disease. A total of foﬁr such cases havé been identi-
fied to date, a;éin all among VC Qorkérs.

The clinicni and qpidcmiologic features of these fouxr cases closely re-—
soéhln those-of thc:scvcn tuéor cases (Table 2)., "All were white males, averars
ape 406.5 years af ﬁi%e of {irst diognosis. rOn; was dizgnosed in 1948, one in
&

1972, und two in 1973. VC'worL hepan on thz average 20.8 years prior to ding

M . ‘-..
dosts and in cvery insiance vas continuous, One paticnt, hovever, a 206-yecar-

%, .
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old.ran, had werked at the plant for only six years., Duration of illness

-

prior to diagrosis ranged from 0 to 7 wonths, While three of the four

patfents presented with sigaificant splencmcgaly (oue with hepateecgaly in

additien), in cne casc physical -examination was entively negative. A variasy

of liver function tests shoved abnormalities although mone vere scevere and
] .

Y

no ceasistent patierns vere evident. In tvo cascs ésdﬁﬁagcal varices were
deionstrétcd, and in both instances, splencrenal shunt operatious were per-
formaed.  £11 ‘threc patieats with splenomegaly underwent splenectomy.

Open li§er biopsies were performed in all four cases. In c#ch instanca,

a picture of portal {ibrouis was scem acconpanied by the observation in

three cases of discrete nodules of subeapsular fiuvrosis. The latter featurte

-

was indistinguishable pathologically from the subcapsular lesfons observed

in one of the seven tuner cases.

Discussicn . K

In light of receut animal experiments (2) and of c¢linical cbservations -

reported in Turopean VC workers (3), it scems likely that exposure to VCH

+

in the course of V{ polymerization work is responsible for malignant and non-
walipnant liver dicease in these cases. Fpideniologie features further sug-

esr that cithar proleneed exposurc and/or a long interval from Initial ex-
! 8

posure is required before liver disease becomes apparent. While the length

e
’)

of time involved scems auite variable (6 to 2% years), in all but one casc
: L . s
the Interval was twelve years or longer. -

o
<




We have no assurance, however, that the actual latency required for

develepzent of liver discace (as opposecd to latency in relation teo wlini-

cal recognition) wmay not be considerably shorter. Unfortunately, i€ one
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cen judge by the clinical fcatures of the Louisville cases, manifesitations

of liver discase arce quite vnr;able, and in most instances were not deteeted
until the process of hepatic fibrosis was so far advanzed that splenoncgaly
and.incrccscq portal pressure had already been produced. Furtherizore, if

one cenvisions angiocarcema as a late wanifestacion of the same pathologic
proccs;, then it secems even more liﬁcly that clinical derection of liver
discase lags'considcrnbly.bchind actual dicease onset. At present, thercfore,

a major concern 1s to develop more sensitive means for detecting liver dis-

[}

case, not in its Jate rmalignant phase (if in fact a single pathologic spee-

trun is ianlvcd), but in the early stapes vhen fibrocicvrcacrinn.{irst sets
in,

Eventually, non-rmalignant liver discase, not kSL, rnay p}ove to be the
zost prominent discase problem associated with VO exposure in terms of
nuobers of percons affected. One wust also consider the possib{lity, ho&cycr,
that V(¥ may produce angiosarcoma at sites other than liver or that tumors
of other liinds wzy alco ﬁc induced. At precent, enimal cuperinsents supgest
that a wide spectrun of tunors may be involved (1), although as yet there is no
clear human evidence to support the concept. In addition, no human cases of
liver discase, vhether {lbrosis or f{rank anglosarcoma, have yet been strongly
linked to VC exponure outside the industrial setting. -Wﬁilc this may mean that

risk of discasc is greatly reduced or even non-cxistent at very low Jevels of
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VC exposure, 1t is obviously too carly to drawv any conclusions. In vicw
of past experience with other oncogenic chemicals, 1t will be prwddent,
until rueh wore data huve been assembled, to view auy exposure to VO 2y

potentially harmful.

Supmaey
Mty

A total of 1% cases of ASL have becn,documentpd to date amony VC warkers
in fogr df[fe;ent plants in the U.S. 1In this particalar ipdustrial popula-
tion, this_numbcr of cases‘represcnts 2t least aIQOO—fold increcass over cx-
pected incidence for this extremely rarce tumor, The {irst cace occurrcd in
1961. Average ape at diagnosis is 48.2 years. Average leagth of time be-
tween initial VC work and diagnosis has been 20.3 years.

A detailed revisw of seven cases associated with one plant Tchalod_
that ciinical features varied {rom little or no overt illness prior to diap-
rosis toe advanced liver discase with portal hypertension and rarked spleno-
regaly., Portal {ibrosis was present in all seven of these ASL caces as well
as in four additional cases with non-malicnant liver discase ambug VC woviers
at the some plant, These.findings sugpest that.cxposurc to VCH In irdustrial
settings can produce hepatic fibrosis vith angiosarcoma as a late nmani{esta-
tion. Conventional lgvcr function tests may not be sensitive indjeiators of

such liver impaivment, at least in its early stopes.
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Table 1.

Cases of Anplosarcema of the liver (ASL)
among vinyl chloride werkers in the Uaited

tates
1
Yunber of
) i vears betveen Total year:
Yonth 2nd year of first vinvl in winyl :
Aze at diagnesis, first vinyl chieride worz and chlevide 1
Yace,s2Xx chloride vorx dizarasis d=zazth A3L fiannesis WITH {

52
43
36
49
58
45
43
4Q
54
60
L3
52

WM
W
WM
W

[T
et

6-44
7-52
11-55
12-43
11-45
i 1-¢2
5-43
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4
4
WM 10-46 4-31 £-61 14
Wi 6-51 3-£38 5-68 16
v 10-46 3-70 3-7 23
il B-44 3-063 3-63 23
Wi 3-44 4-7¢ ——— 29
Wi 9-49 5-53 5-49
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Table 2. Cascs of non-zalign=z

at liver discase zzong
Leuisvilie vinyl cliler

-G warkers

Vzath and yazrs heotween
Ane oal dirgmnzis, wenw of Jirse Y€ work
voze.vn,  clamnenis ané diazncsis
D A 12-53 26 + - AP, 3ST, SGOT ‘ + +
Lo i~72 &6 - + + 5, SC0T -+ -+
3% i a-73 2 . + - 13, A? . + -
S8 A 9-73 29 - - B, LDH, SCCT + . +
] G RS N - -
N z1-14in2 phesphatasa
TIT = bronulpiirielin cleczrance _ .
SE0T = aeTtur shutonic emaloectic transaminase :
o= oteo Dillnutin -
LU0 o= lnoitle Eotvirogenase
.
.
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