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Vinyl Chloride-Associated Liver Disease

Mederator: PAUL D, BERK, M.D., F.A.C.P. Discussants: JAMES F. MARTIN, M.D.;
ROBERT 3. YOUNG, M.D., FA.C.P.; JOHN CREECH, M.D.; IRVING J. SELIKOFF, M.D.;
HENRY FALK, !A.D.; PHILIP WATANABE, Ph.D.: HANS POPPER, M.D., F.A.C.P.; and

LQUIS THOMAS, M.D.; Bethesda, Maryland

Although polyvinyl ehloride has been produced from vinyl
chloride monomer for more than 40 years, recogmition of
toxicity armong vinyi chlorice polymerization workears is more
recent. In the mid 1960s, workers invoived in cleaning
polyrmenzation tanks were found to have acro-osteolysis. In
1574, the same population of workers was found to be at risk
for an unusual type ot hepatic fibrosis and angiosarcoma of
the liver, We describe two cases of vinyi chloride-associated
liver inyury, one of hepatic fibrosis and one of angiosarcoma.
Histologic features of these lesions are similar to the hepatic
fibrosis and angigsarcomas resyiting from chronic exposure
to mnorganic arsenicals. Preliminary studies suggest that the
toxicity of vinyl chloride may resuit from formation, during
high-dose exposure, of active metabehtes by mixed function
oxidases of the liver. Epiderniologic studies inaicate an
increased incidence not only of liver disease, but also of
cancers of the brain, lung, and possidly other organs.

Da. Pavt D. Berk*: Polvvinyl chloride, the most widely
used synthctic plastie, has been moanufactured for more
than 40 years by polymerization of vinyl chioride monomer
gas at a number of plants in the United States and in many
other countrics. Worldwide procuction of polyvinvi chlo-
ride in 1972 totaled more than 1§ billion pounds, of which
about 25¢% was made in the United States, and items
manufactured from polyvinyl cntonde are virtually ubig-
uttous. They include bwilding materials such as pipes and
cables, home furnishings, foys, rezords and other recrea-
tional items. clothing, pachazing material, and a host of
other products. Although for many years vinyl chlonde
monomer and polyvinyi chioride were thought to be en-
urely inert, an the mid-1960s \Wison and associates (1)
in Louisville and nvestizators n Europe (2-4) reported
that the development of acro-ostcolysis, a skin disorder
characterized by Raynaud's phenomenon, scleroderma-
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lixe dzrmal induration. and bone lesions. was an occu-
pational hazard to workers involved in the polymenzation
of vinvl chloride monomer, At greatest risk were those who
manuailv cleaned the tanks in which the polymerizaton
reaction occurs.

At the same time, other reports described nonspecific
attzrztions of hepatic structute and function in vinvi cilo-
ride monomer polymerization workers (5), and a pooriy
characterized condition called “chronic epithelial bepatitis™
was reported in roughly 155 of such workers examined
in Russia (6). These reports of hepatic abnormalities in
the viny! chloride industry, published for the most part in
the mdustrial hygiene literature of eastern Europe, at-
trazred little attenuion until very receatly. Then the situanon
was dramatically altered by the almost simultaneous reports
of heratic fbrosis, splenomegaly, and portal hypertension
among vinyl chlotide workers in Germany (7), and the
discovery of three cases of angiosarcoma of the liver, an
otherwise rare tumor, in workers involved in the production
of zolvvinyl chlonde from vinyl chloride monomer at a
plant in this country (8, 9). The subsequent introduction
into this plant of a systematic surveillance systern has thus
far resulted in the detection of several more cases of angio-
sarcoma, as well as many instances in which abnormal
findings 1n liver function tests, or scintigraphic evidence of
spienomecaly, or both., were detected in otherwise asymp-
tormatic workers, Similar screeming efforts at polyvinyl
chloride production plants in several countries quickly
brought the number of workers with documented angiosar-
coma to 19 (10)t. Not all of these cases have been pub-
lished.

Results of animal experiments strongly support the pre-
sumed relation between exposure to vinyl chlonde gas and
hezatic angiosarcoma. Itahan investigators (11) had re-
poried several years ago that rats subjected to prolonged
inhalation of high concentrations of vinyl chloride devel-
oped catcinomas of the zymbal gland and other organs.
More recently, Maltoni and LeFemine (12) presented data

t Ay of 10 February 1975, the Center for Disease Control Kiew of 27
casty of hepatic angosarcoma 1n vinyl chlotide woekert: 15 in the
United States, b 1a Canada, 2 1 the United Mungdom, } 10 Germany, aod
1 in Fraoce.
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Figure 1. Surgical liver biopsy obtamned from Patient 1 in 1972,
Naormal lobular architectyre 15 maintained, Sut there 15 enlargement
ang hbrosis of the portal tracts, with tue ductuiar pronferation,
(Hematoxvin and eosin; ongmnal magruficatien, x SC.) NIH accassion
numuter S73.411. (Reproguced by perrmissien, Ann NY Agagd Sa
246.70.77, 1975.)

indicating the development of angiosarcomas of the liver
and other organs, and the cevelopment of neznroblastemas
in -2t3 exposed 10 vanious concentraticns of viavl cilence
gas, including levels within the 500 ppm limit that, unul
receatly, had been the accepted occurational standard. Ex-
posure to as little as 50 gpm has preduced iagiosarcoma
of tke liver in rats and muce, with a ciearcut dose-response
relation seen in mice (13). To date, most cases of hepatic
fibrosis and angiosarcomas in man have been detectea 1n
workers exgosed to vinyl chloride monemer zas during the
proguction of polyvinyl chionde, and. as with 3:r0-0s2ed1y-
sis, those who clean the polymenization tanks seem 10 be
parucularly at rish. If cennrmea, preuminary znecgotal re-
ports of hepaue fibresis ana an isolated insianzs of aacie-
sarcoma of the hiver in workers exposed only to the aisned
polymer will sigmiicantly :ncrease the populaton petenti-
ally at nisk. Data collected by the U. §. Putlic Health
Service show that about 6500 workers in the United S:atzs
are exposed to vinyl chloride monemer during the rro-
duction of the gas (14 plants) and during its polvmenization
to polvvinyl chlornide (37 plants). However, another 3Q 000
to 50 000 workers are emploved in hundreds of plants that
convert the polyvinyl chlonide resin to fimished preoducts
{(14). To date, there 15 no evidence of risk to consumers
from these tinished products.

The discovery of both bemign and malignant hiver ¢iscase
in vinvl chloride workers raises several criticai questions,
including the followine,.

1. Who s at risk of developing vinyl chloride-associated
liver tnjury’ [s the danger restricted to workers exposed
to the monoemer, or s there also a danger to the much larger
force ot polyvinyl chlonide workers? §s cuther the incidence
of Liver tnjury or the nature of the leston influcnced by
simuitancous exposure to vartous copolymers or otner sub-
stances! Arc there risks to consumers, such as those who
use vinyl chlonde sprays, those who eat food packaged in
vinvl chlonde wrapping, or those whose homes coatatn
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polyvinyt chioride plumbing?

2. What 1s the climical, biochernical, and histologic
spectrum of vinyl chlonde-associated liver injury? In par-
ticular, 15 there a relation between the peculiar hepatic
fibrosis reported in vinyl chloride workers and the in-
creased mcidence of angiosarcoma of the liver? What s
ing relauve incidence of these two lesions?

3. What is the natural history of established, vinvl
chloride-associated liver injury, both in patients who have
kad continued exposure and in those patients removea
frem further exposure?

<. What tests will constitute an effective scresning reg-
=men for detecting vinvl chloride-associated liver injury an
for following patients with established disease?

5. What are the cellular and molecular mechanisms tv
wiuch vinyl chloride preduces hepatic fibrosis and angio-
sarcoma?’

6. What is the optimum therapy for patients with toth
ngoatic fvrosis and angiosarcoma associated with vinyl
cn.oride exposure?

7. What prevenuve measures will be necessary and suf-
Scient to protect vinyl chloride workers from :iure iz-
:urv from this compound?

As vet, we have few definitive answers to these questons.
Tre following case reports of two patients recently evalu-
1te3 at the Natonal lasututes of Health help to iliuminate
several points that will be discussed here. They also ii-
.2strate some of the difficulties in defining the scope of the
croolem.

Case Summaries

Dr. James F. Marun*: Patient 1 is 2 30-vear-old white
man who worked at a plastic and rubber manufacturing
siantin Louisville, Kentucky, for 8 years. For the first 5%z
w2ars, his iob invoived cleaning the tanks in which vinyi
¢hienide peivmer was polymerized.

Two and a half years ago, during evaluation of 2 nonspecific
.in2ss characterized by fever and weight loss, he was found o2
“ave neoalospienomegaly, mildly elevated serum biliruoin and
SGOT concentrations, and abnormal 45-minute plasma BSP
retentton (10.69%). Nonspecific symptoms persisted for 3
menths, afier which he was hospitalized for an acute hepauts-
.he illness. Since the patient had been on sick leave for almost
3 months before he developed jaundice, the relation of this
latter episode to vinyl chlaride exposure is unclear,

Because his physicians were concerned about the persisting
keratosplenomegalv, they did a diagnostic laparotomy during
the recovery phase of s iliness, The surgeon described the
iiver as showing multiple areas of fine nodularity with fibrosis,
An enlarged spleen was removed at the operation.

A liver biopsy done duting surgery showed that the principal
stnormality was intense portal fibrosis with bile ductular prolif-
eration (Figure 1), Additional features. to be described later,
~ouded capsular and intrasinusoudal fibrosis, activation of
sinusowdal hining cells, and marked anisocytusis hepaus. These
feaiurcs are now hnown to be typical of the lesions seen in
worners exposed to vinyl chloride. There was no evidence of
viral hepantis, alcohohic liver disease, or any other hepatic
disease that could be diagnosed morphologically. Histologic
examination of the eniarged splecen showed lymphowd and
ret:culoendothelial proliferation without significant fibrosis.

* Clinscal Associate. Section on Diseates of the Liver, Digesuve Dizease
Rranch, Nauonal [nsutue of Anonus, Metabolism, aad  Digesuve
Diwrasey,
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After surgery the patient returncd to work at the plant. How-
ever. he was transterred 1o another area :n the {astory with
no appreciable further evposure to vinyl chloride, and he con-
tinued 1n this new assignment {or 2%: vears. When 1t recently
became evuident that vinsi chlornde exposure was associated
with both malicnant and nonmahicnant disease of the liver,
Dr. John Creech referred him to the Natonal Institutes of
Heaith for turther studv, This pauent thus represenis a unicue
foliow-up of a case ot apparcat vinyl cnloride-inducad liver
injury 2': vears after removal from exposure.

At admuission to the Clinical Center. the panent seemed 10
ke a heaithv, well-developed, znd wetl-nourished voung man.
Exzept for several small vascular spiders on his anterior chest,
rvsical evamimation was normal. Compiete blood count and
cnest X ray were unremarkable. However, pulmenary function
stugies showed evidence of muid restriciive pulmonary disease.
All rouune tests of liver funcuon, including serum bilirucin
concentration, transarmnases, alhaline pnospnatase, serum pro-
1e:0 elecircpnoresis, and 45-munute BSP retenuon (3.4¢%), had
normal findings. as did the liver scan. Because we thought 1t
imporiant o ¢onArm Wwhether Distolofic improvement accom-
panted the aoparent oiochemical improvement in liver funcuon,
Feruoneoscopy and liver buopsy were aone with the fully in-
formea consent of the patent.

The liver was agzain scen [0 be covered with multizle. tiny,
rize-grain-size nodules, and histologic examination again snowea
euensive portal forosis with bi'e duciular profiferanon. Coras
of hepanc cells were surrounded by Lorosis. At least one arez
had bridging between portal areas and hepatic veins (Frigure 2).
Arzas of intense lvmphoid prouleranion were seen :n some ¢f
the portal tracts. and again, as in the eariier tiocsv, he
consiceracie prohiferation of seilagen within e !
sinusowds. Althougn the parencaymal cells seemed

Teen 24 vears earher,

Because of the ussue abnormaiity, hepatic vain cathetzrzatio
ttudics were cdone. Total hepanc tlood fow, indocvanine gree:
edraction. and hepatic oxvgen consumpPlon were normal
However, ine wedped hepauc verous prassure was shignis
zlevated to 12 mm Hg with a free vaiue of 3 mm Hy

Because we wanted 10 find some (&5t of liver funciion that
would retiect the histologzic acnormanti2s and thersiors serve s
a suntable screemng test. we dad severai scecial hinetic stuc.es
Doappearances curves wiin radioiaseleq siareoin, 852, 2ng w0
diTerent ¢ases of indocvamine green (one of the mMOst sansitive
studies of liter tuncnion avalable) were all normat (15). Oav
the biic-acid disappearance rest. which 15 an evpenimenial pro-
cedure, had abnormual findings (i6).
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Frgure 2, 'eegle biopsy of tha hiver from Patient 1 0 early 1974
Thare (5 ettensive forosis of the cortal tracts and hepa: ¢ Icbutes,
with GJe Gugtutar grehfsraton, Cistorhion ¢f the rorema labular
architecture 15 ingicated Ly the fHitrotc tricge (dfraw) Linking the
EOrtd Tragt 10 2 central ven, (Mematorvnn and eosan, onginal
m™agniication x S0 ) M!H accession numzer S74 370, (Peporoduced
ty permission. Ann NY Acad Sci 246.70.77, 1975 )

In summary, our study of this vinyl chloride polymeriza-
lion worker suggests that vinyl chloride-associated hepauc
fibrosis persists after removal from further exposure, and
that the lesion may be quute extensive even though stan-
dard liver funcuon tests have completely normal findings.

Dr. Robert C. Young*: Patent 2 is a 42-year-old white
man who was first hospitalized at the Clinical Center in
March 1974 for evaluation of angiosarcoma of the liver.
The panent nad worked in a plastics production plant in
Lousville. Kentucky, for 20 vears and had been involved
in the polymernization of vinyl chloride monomer to poiy-
vinyl chloride. Durning the course of his employment, ke
was involved in cleaming the polymerizaton vats, a phase
of the operation associated with particularly high exposure
to vinyl chloride monomer. )

A routine general examination in November 1973 showed
an clevated aikaline pnosphatase level. The blood chemustry
Cresming procedures were repeated in February 1974, and. be-
sices the persistently eievated alkaline phospnatase, the serum
biirioin concentration was abnormal. A liver scan done 1
Fezruary 1974 showed mottling of the right lobe of the liver
consisient with cirrhosis or with tumor.,

The patient was admitted to St. Anthony's Hospual in
Louisviiie, Kentucky, on 26 February 1974, Hepauc arterv
ang:ography was done, and the findings were consistent with
tumor in the nicht lobe of the liver (Figure 34). An exploratery
iamarolomv done in March 1974 showed 3 4-cm bluish eievated

igot and left lobes. Over the rest of the surface of the liver
was smail, irreguiar, raised ries-like speckling. Biopsy of
rg2 leston in the right lobe showed angiosarcoma. Biopsy
left lobe was reported to show both curhosis and hepaus
is. Because of the degree of generalized cirrhosis, rignt
1c lobectemny was advised against as being too hazardous.
sauents earhier medical history is significant in that he
2n 3 heavy alcohol consumer antermiutently over :zs
s 5 to b years. duning 3 of which he required hospitaiiza-
or zlconol wuhdrawal. The pauent esumatad maxvumum
consumpuon during those periods at one pint of whis-

ne was first hospialized at the Climical Center later in

1 1974, the positnne phvsical findings were hmited to the

wnere there was an increased anteroposterior diameter

{ew rales at the left base. Right paramsdian and lert

anw :nzisions on the abdomen were well healed, The liver was

m i span by percussion but was not palpable. There was

RO spienomegaiy, no other abdominal massas were found, and

the rest of the physical exammination fAndings were within
normai fimuts.

Pertinent laboratorv information included serum alkaline
rhospnatase, 87 IU, litre {normal, <C78); LDH, 124 [U/litre
vnormal, < 340): SGOT, 21 U ditre (normal, < 52); SGPT.
38 U titre (mormal, <C45): bilirubin, U4 mg/d! total, with
005 mg-dl direct-reactine. Chest X ray showed only atelectanc
changes 1n both bases. A selective hepatic angiogram showed
mottiing of the hver consistent with cirrhosis, a 6-¢cm X 6.<m
tumoar mass in the right lobe, and tortuosity of the intrahepaus
vessels (Freure 38). The left lobe of the liver was felt 10 be
smail, as seen in the hepanc scans of 14 Mareh 1974 (Figure
IC. D). Surcical antervennion was considered once more and
2gain Tejected pecause ot the generalized curhosis. The pauent
was started on adriamycn chemotherapy., 60 mg'm’ bodv
surface area intravenously everv 3 weeks, because of the hnown
etfectiveness of this drug aganst other disseminated sarcomas.
Atier the imitiation ot chemotherapv. the patient was [ollowed
witn serial hiver tunction tests and senial hiver scans,

Subsequent scans showed no alteration in the suze of the
mass lesion, and the pauent remained asymptomatic, He toler-

* Cluef, Medicine Branch, Nauogal Cancer Loau-ute.
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Figure 3A, B, Heoatic arteniograms in Patient 2 cn 25 Fesryary 1574
(Ay ang 16 Cegicher 1974 (B) shew a tumecr in the rght oo
(arrows) and tortuosity of the mntrahepauc vessets. C, D, An
=—ostericr and laleral hepatic scan n Fatient 2 cn 14 Marcn (374,
The targe tumaor is apparent as a hiling cefect within the ngnt labe.
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ated chermotheracv well, with padir lsukocvie counts L=iigen
2000 mm’ and 3000 mm'. and naair pialelel Counts of aszroat-
matelv 30 CC0 mm. Because of the dose-umiting caraiag lov.city
of adrnizmycin, the patient regened 3 maximum otal ccoie o
480 mgrm®, and the last dose was given on 27 August 5374,
He hza iransient elevations o! a.anune phospnalase curing
Aprid ang May 1974 associated with the resumption of h2avy
alconol inighe. With absunence, liver function raiurned 1o Sof-
mal, ard (he patient re&maned asvymstomatis.

The patient was rezumuitzed 1n Octoesr 1974 for reevaiuzticn,
Repeat snoiographv and scans indidateg persisient lesions »in-
out Jdefimile cnanze o osize Repeat liver funcion tesis aad
norral findirgs except lor 2 BSP ratennion of 9% ar <45 muonuies.
Because of tne 1mal dose himiations of cunamae:n, the satent
%as siared on ntermattent C'-:'.ODF\GSCT‘.:ml\.iC chemotharaey,

The pauent doeed an Marcn 1975 of massive intra-abdeminal
hemorrnaze resultng trom a ruptured 2a5:05arcomatous oWsiin
the liver. At autopsy, there was extensive angosarsoma in “oth
lotes of the lner, with direct cuension to the diaenrazm.
Metastases were found n regional lymen nodes, lung, sauil,
and scalp

Industrial Screening

Dr. John Creech*: Data were obtained from exanuna-
tion of sgproximatelv 1200 employess of 3 plastic and rub-
ber manuractusing factory n Lowsvile, Kentucky, The
chemicais most etten used 1 the manufacturing procasses
at this factory were vinyl chloride, vinyhidene chloride, and
vinyd acetate for plastic production zna butadiens, . fvio-
aitnle, and stvrene for rubbuer producuen. When thr:, om-
plovees were found to have anwosarcoma of the liver ¢33,
an intensive study of the heaith of both present and farmer
empiovyees was begun, Two major routes of investizal.on
were undertaken.

Betore the tnination of a survelllance program to scresn
for lover Jdisease among present employees, investigators

" Chmen Assocae Professor, Depanment of Surgery, Universty of
Lauiveilie Louisvnie, Kedtucxy.
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searched for Juropsy and biopsy ussue from past and pres-
ent emplovees. Several abnormalities were repeatedly scen
1 these ussues. including angiosarcoma of the liver, poral
fbrosis, esophageal varices, and splenomegaly, There were
obvious potential interrelauons among these abaormauties.
Pertinent findings from the first eight positive cases ce-
tected by this search are summarnized in Table 1. All za-
uents had had a refauvely high exposure to the chemicais
used in plasuc production, especially vinyl chicnice.
Furthermore. there was a very long history of exposure :a
these eight workers: more than 10 years in seven cases and
20 or more vears in five.

Figure 4 shows the proposed screening method. Eleven
hundred eighty-three employees have had many of the
appropnate tests in this program. However, some of ths
progosed segments of the program have not vet been
started. We are now doing a wide range of tests, but the
resuits are constasty being evaluated and the prozram
modified to use those tests that prove most sensitive and
specific. Some of the morz elaborate studies done in pa-
tients with known liver disease are specifically intended
not only to te of diagnostic value, but also to provide 1n-
formauon about the pathophysiology of liver injury in this
rooulation. Appropriate consent is obtained for all pro-
cedures. Besides the studies shown in Figure 4. other tests
are done when indicated. for example, HB,Ag and azt-
HB.Ag 1o rute our viral B hepatltis, reticulocyte couxnts if
temolvsis is suspected. and so forth.

All employees of the plant bave now been tested, some
of thern several tumes, with a standard SMA-12, augmented
bv an SGPT and 2amma-glutamyl transpeptidase (GGTP).
As noted in Figure 4, a liver/spleen scan is also rouune.
To date, 630 scans have been done, 193 in workers {rom
arezs with high vinvl chioride monomer (VCM) exposure
i hizh VCOMD) and 457 ia emplovees with low vinyl chloride
monomer exposure (low VCM). Among the signiican
sbnormatities reported in these seans are decreased hepau
take. defect within the liver, and splenomegaly (Table
. The total percentage of aboormal liver/spleen scans in
he high-VCM workers (12.4%%) was comparable to that
in the low-VCM group (11.8%%). The only significant dif.
farence between these groups was in hepatic filling defects,
which were almost three umes more common in the high.

L I

)
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Table 1, Hepatic Disesse in Workers in Louiswille, Kentucky, with
High Exposure ta Vinyl Chlaride: Features of the First Eight Cases

Panent  Duration Primary Disease Associated Findincs
f Found
Expoosurc - Esophageal  Spleno-
Angio-  Penal Vanwces megaly
sarcoma  Fibrosis
yrs
; 2 + + -+ +
2 30 - + - -
3 18 + “+ + -
4 0 - + - -
5 14 o + + +
6 2 + + - +
7 4 - + + +
8 6 - + - .
Aoy Ty
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Figure 4, A crogram for the systematic scresmng of liver disease
n ovinyl chicrice worners (see text for detads). As ingwtatea £y an
asterisk, the frequency of routine ssreeming 1% Cetermimed by the
extent of esxzcsure to vinyl chionce monormer within the Diant,
C8C = compiete Slood ceunt; Gl = gastromntestinal: LFT = liver
funct.on test, DGOT = serum  giutamic Srdacenhc tansamivase:
SGPT = serum  glutamie  pvruwic  transarmrase; GGTP = gamma.
giutamyl transceat.case: LOH = lacuic dehycrogerase; Ak, P'lase =
alkaline chosgonhatase,

NVCM groun (Table 2). Filling dafects inciuded not oniy
angtosarcomas, of which there were two, but also lesions
apparently troduced by a premunent porta hepaus. vassu-
lar abnormaaties, or even conzzmital mal-iocation of the
gaul bladder. These diaznoses were ulumately confrmed oy
angioygraphy or oral cholecystograpnv., or both. In our
senes, the most common explanation ior false-posuive liver
scans was 22nign vascular defect

Scintigrazhy showed enlarced spiesns (> 14 cm
greatest cimension) in 55 workers, or 8.4%% of
group examinua. 1ne abnormal spieens ranzed from 13 cm
to {9 cm. Azun, the incidence of splenomegaly was mo
areater in Wworkers using monomers other than vinvi ¢l
nde, princizzuy fer rubber procucuon, than in those
Rgh-VCM zvcosure from plasiy producuen (Tabiz 20,

To date. Lver biopsies have Seen done on 37 workers,
18 in the hiunVCLD 2roupd and 29 in the low-VOM sroun
Indicauon lor fver biopsy has been persistent abnormal
findings in the biwechemical tests or an abnormay finding
in the hiversspleen sean, Fattv metamorphosis of varving
scvenity has keen found in 445 of the biopsies from work-
ers with hizh-VCM cxposure and in 34% of those from
the low-VCM areas. Interestingiy, the low-VCM zroup has
shown a hizher prevalence of fortal Abrosis (449%) than
the high-VCM grous (33%). although these differences
are not statnstically sicmficant, Two more cases of anguo-
sarcoma have been diagnosed by liver biopsy, both from
workers with high cxposure to vinvl chlonide monomer.

An imporiant part of the program s to determine wnich
tests will kest predict abnormal hepatie histology. CF the
patients with aonormal findings from hossies. 775 had
an abnormal SGPT level, 50% an abnormal SGOT lever,
and 0% an abnormal GGTP levell Within our relatively
small hiopsv sefics. ¢very patient 1 whem all three of
these tests showed abnormal results or in whom plasma
indocyamine zreen clearance was abnormal, had abnormai
fiver biopsy tindines, whereas cempictely normal values for
cach of these vanacles was always associated with a por-

mal hiver biopsv. Splenomezgaly was not a useful predictor
of hepatic histology, as the prevalence of biopsy-provea
pornal fibrosis was essentially the same in pauents with
normal spleens (S0 ) as in those wuh splemic eplarge-
ment (43%%).

Prospective employees at this plant now undergo our
rcutine biochemical tests dumng thewr pre-empiovmen
pivsicals, The origimal tesuing of all 1183 emplovess
showed a 26 rate of abmormal findings 1 one or more
“iver funcuion tests.” The abnormainy rate in the pre.
empoyment group, consisting of supposedly healthy mea
witn no exposure to vinvl chlonide or other monomers,
was 2+% (thatis, 43 of 131}, Aleohol consumpuon prob-
ably accounts for some of this high “background” rate of
abnormal liver function tests. -

One other prelimunary observation is worth noting. We
have recorded elevated inferior vena caval pressures (> 10
mm Hg) in 21 of 40 patieats with splenomegalv or ab-
normalities in oth2r prelimtnary screening tests. We have
no cefintive explanation for this.

Based on our own data and those of others, we plan to
cogunue an expanded scresning program that will incluce
indocvamine green and bile.acid clearange studies in the
inital evaluation. Other tesiz »¢ may do more routineiy
rz {1} banum swallow for :rices and upper gastrom-
tesninal series in parients wuh splenomegaly: [2] more ex-
tensive hemoedynamic evaluauon, including umbniiical vern
cathetenization for poral pressure measurement and porizi
venography to determine the role of portal hypertession in
the spienomeszaly of vinyl chloride-associated portal fibro-
sis: and [3] exteasive pulmonary evalaation. includic?
pulmonary artery cathetenzauon. pressure studies, and
possicle biopsy. 1o evaiuate the high prevalence of slevated
vzna caval pressures,

Dr. Paul Berk: Dr. Crezch has been in the forefront of
devsloping a scresning program for vinvi chlonide workers.
cme of the problems he faces are clearly indicated in
Tazie 3. which summanzas daia obtained during admission
to the Clnmiezl Center of five workers from two vinyi
chioride plants, incjuding the two patients presented in
¢2tail here. Three, including the first patient discussed,
ha¢ significant hepatic fibrosis seen on light microscopy,
ana. in the rounth. a characterisuc pattern of fibrosis was
sezn with electron microscopy (17). Patient 5 had an
gxiznuve angiosarcoma and severe aleoholic liver disease
with ¢irrhosis. Note that oniy thus patient had biochemical
abnormabties or defective BSP or indogyanine grees
metapolism,

L

Tsbie 2. Resuits of 550 Liver/Spleen Scans in Workers Exposad to
Vinyt Chionde Monomer (VCOM) at a Plastics and Rubber Manufac-
tunng Plant

Finding Hieh VCM Low VCM
(193 scans) (457 scans
[ed
0
Ducreased heranc uptahe 1.55 2.19
Hepatic niling defect 2.59 88
Eniarged spleen 8.29 B.75
Total Abnormalities 12,43 1182
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Tabie 3. Laboratory Data in Vinyt Chlornide (VC)-Associated Liver Disease: NIM Seriey

Patient Hepatomegaly Splenomegaly Rouuine Liver +5-Minute  Indocyanine Green Histologie Diagnosis
Function Tests* BsSp Rate Constants
Reteation (mun=t)
0.5 50
P mgrhg )
1 - - Normal 38 .. 0.17 V(C-associatea hepatic
fibrosis (sevare;
3 - -~ Normai 29 0.21 0.20 VC-associated hepauc
fibrosis (severe;
3 - - Normal 2.1 0.25 0.20 VC.associated hepatc
fibrosis imiid)
3 - - Normal a1 0.24 0.23 No pathologic diagnesis*
5 - - Oczoasional increased 9.3 .- 0.10 Angosarcoma, hepatiz
alkaline rnospnatase . fibrosis, cuthosis
Normal mean <5 0.22 0.18
=~ 5D 0.03 0.02

* 3.oires n 200QT SGPT, s.adife phospnatase.
Y Chamges .awmicauve o MVC unjely by electron MuCtoscopy.

The neormal salues recorded for so many tests oo llver
functicn . Pauenis 1-3, cespitz tha sizmifcant Risttiogic
lesion, zese serious problems for designing 2n zzacu
screeninz reimen to ceidct IVer julv  amonz vInvd
chionda waorsers. Furthermore, as shown oy the oot cosg
oresent2c, Ao.lmx-up stuci2s of patients with troven -yl
chionde-zssociated liver inory, alizr their ramovar mom
exposufe, connot be basea on any rouune igsls now avai-
able. The suitasiiaty of brie-acid clearance siudies [2r ihis
pUT;OSC "e:'*'n Iy Mernts tumber evaluauon, as ("!"S’ 22
10 ke the most sensilive 1n2i23001S Lu .AEDZ‘\U.. CZSE.‘:‘.C wnat
we have, short ci liver tiepsy. The aosence of atnormai-

ities in so many tests of hezarocclivicr func::on prozaciv

reflects o2 22t that the prinsizal anatomis lesion i winvi
chlandz-assomated Liver Joszase 15 S2rosis, with roiuve
kav2 no

sparinz of ihie heputocustes. Unfortunatey, w
stmoig ¢! ;or hepatic Sbrosis withour hepatcceiuiar oys-
funzucn

Epidemioiogic Studies: A Cohort Approach

Dr. Irving SelihotT*: With Dr. Creech's discovery l'ast
vear of his cumcal cases of angiosarcama, we have [onie
full-circle Sinzce Rehn Nirst rerorted :nrhm ARQUESIC Thad-
der cancer 1a 1895, there has been g discrepancy thzt has
bathered many scientists; that s, althouch many chr-ucal
carcingoens nave ceenadentinied m lazoratory stedes, <oy
fiitle humrzn cancer has Dren oreportvd 1o Beoasscaltad
with neustiial exposure tn the vast aad growing roiro-
chemicay industry The paradox s, therefore, one of 2zny
laborutury carsinogens but relatively few fuman neo-
plasms. Asde from bladder cancet due to beta-nannthad-
amine and renzidine, and coal-tar shin ¢ancers, we amply
Rad not scen much mabiznercy among chemieal worsess
that was roizted to occupaticn, Recently, with the rezoni-
tion of biscnoromethy | etner cancers of the ting ane =rer
TESPIFALATY 1Al our suspidians were heientenad, hul \.n'xl
last vear wrnen D Creech and avsociaies (5, 9 reported
their cases ond DRos Mualtor aad LoFemuine (120 preontad

P Pavenar f Medane und C rmunday Med cne: D orector, Feviren-
menta, Heath soenoey Rescarch Center, Mount Sina Schwol of Meu <ine.
vew N jal tew Y
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their elegant laboratory studies, we could not explain the
w.screpancy between our anuicipated clinical findings and
wnat actualiv-ecsurred.

Recogniticn of this problem actually besan a few years
ago, in the mid-1960s, when simultaneous regors came
Izzm Europe (2, 3), the Uasnted States (1), apd Great
3oitan (&) deseribing acro-osteolvsis among workers ex-
ccs2d to vinyl chloride monomer. The syndroma is c':a:-
scianzed by a Ravnaud-like phenomenon, pseuda-ciubting
of the fingers resulting from the collapse of the terminal
nzianx. and local bone resorption. At the suggestion of
=z 3rutish plasucs industry, a study of the pathoiozy ot
azro-osteolysis was begun.

Rats were exposed to gaseous vinyl chloride in con-
crmiraions of up to 30000 ppm. The investigators (11)
rzzeried an interesung set of data on the pathology of the
tone :nangcs and also described the appearance of zvmrai
ciootumors in the rats. Unfortunately, these fiadings awd
not recenve much attention.

Such zymbal cell tumors had been seen with polverylic
aromaue hydrocarbons, benzidine, and several other czc-
cnie chemicals. It was perhaps thousnt that this was
nother laboratory curnosity. Nevertheless, the bene

e .,,

oo
-

exccilent work of investigators at the Umiversity of Bonn
v tound that many of their panents with acro-osteoly-

s 2130 had liver discase (7, 18, 19), However, they re-
sorted no cancer (20),
Sat was the state of our knowledge at the end of 1971,
Matters changed in 1974, with the report of three cases
of anviosarcoma of the liver among workers at the plastics
anu rubber plant in Lowsville (8. 9) and the reports of
more apimal studies (13) that appeared soon after. Vinyl
chidrige monomer was seen to be a carcinogen buoth in
armimais and humans, Because the chemical and its poly-
mer, polvvinyl chlonide, were widely used in industry and
elsewnere, it was important to elucidate the true dimensions
of the problem.

First, we examined and did biochemical tests on more

<4
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than 1200 werkers at three piants, represennng three cif.
ferent sets of conditons and three dufsrent sets ot ex-
posures. These were in additton to the 1200 workers
examined hy Dr. Crecch in Lowsville, Oniv one test, an
elevated zlhahine phosphatase. proved valuable in screening
these workers for wimvl chlonde-associated hiver mmury,
S.hveral oiner fagoratory siuaies that were done snowea
manv other 2onarmalities, but the overlan with 200 wmui-
zneous contrads and the vamabilitv in spiit sampies
rendered them nerficient 2s Jdiagnostic wds. We found no
gutde predicuve of either liver imjury or angiosarcema
(5). Whetner uitrasound (Z21) or liver scanning will uin-
matelv prove to be of greater higip. we do not know.

When angiosarcoma of the liver was described, we 2.
appreciated that it was. in general, rare. There has been
only one cstablished case of angiosarcorsa in 52 C00 ¢2n-
secutive autopsies at the Los Angeics Ceuntvy Hospitall A
search of the iles at the Brenx Veterans Adrminisiratizn
Hospital showed not a sinzie case of angiosarcoma o
30000 autopsies. We saw a sizruficant numzer of cases
zaty at Mount Sinat Medical Conter 1n Dr. Pcoper’s flas,
wnere one can dnd evervthing hepatic, sulled frem many
sources.

Besices vimvi chloride, at least two other chemicais
« T8 AROWA 1D CaUse RETalic anmiosarcoma in man: mara-
trast (22, I2) and arsemicals. Arsenico.ainduced hepanus
angiosarcoma had been scen among vinevard workars ex-
posed 10 arsemical-contaiming tnsecticides used o spray 2
zrapevines (24). and in patents chromecally ingesting -
orzanic medicines contaning arsenicals (25). Thorourast

noiosarcamas were particuianv worriseme. Althougn ne
matenigl had been used in diagnostic radiclogy since 1823,
me first hemanmiesarcomas sere not se2n unud 20 vear
2ter This was consisient wiin the lonz paniod of i
Jlency we Knew to be chzr:c::rm ¢ of most environmen
and occupancnar cancers [ioaiso correisied wiin what Dr.
Creecn saw 1n Leuissnle. The rlant kad been crpened
1940, and thz frsl angiosarcomas were igen in 1948 Do
Creech snowed us one case of angiosarcoma sesn 12 veons
after enset of cxposure, but most of th: others became
apparent zrizr a considerably lenger time.

Althouch the plasues industry s relatively new—manrv
major scgments hezan operating during World War IT—
we have known of vinvl chlornde for a Jong time. The
United States Fecan procuging I onoa o very tentanne
cepenmental favis on 19230 and on a smail commerazi
scale in 1933, However. preduction has markedly ox-
rarded only in the past decade. In 1950, the total world-
wide production of plastics was only about a mullion and
a haif tons: 1in 1970, 1t was roughly 15 umes more.

The guestion now is whether the current gases of hepane
angrosarcoma are derived from the smail popuisnon ot
19230-1960 workers, or {rem the full pooi of vinyl chlorioe
warkers, inzleding those teinning work from 1960.1074
Fxperience suzzests that carrent cases are derived primariiv
fram the caniv wroun. Liand (26) anatszed the first 19
cases reported on this country and abroad, The averace
~enad ot chimcal Tatenav, from urst exposure 1o diagnosss,
w3s about 20': sears, with a2 rance of 11 to 30 wcars.
Most of the peopie in this group had begun work in the

19405 and 1950s. The cases of angiosarcoma npow hbeing
scen are therefore dertved from a very small poputanon.
Because most of the total work force was first exposed to
vinvi chloride in the late 1950s and early 1960s, angiosar-
comas are not vet seen among them,

Trese and other data have established that wvinyi
cniondg-induced cancer, as wejl as most other =nviron-
men:2:lv induced neoplasms, has a long g2nod of clintcal
latercv. We do not know. however, if it will be a common
prooiem or an infrequent one. Three 2roups are studving
this. using 2 cohort approach. First, the plastics indusiry
has mounted an extensive invesugation {27). The cohort
is ccmoosed of all men known to have worxed in the
reievant faciiities for a year or mere before 31 December
1972, Data have been gathered on 8381 men. pur ua-
fortenateiy, about 1200 men still have not beesn traced.
Thus 1t is difficult to evaluate the informauon gathzred.
cneinefess, the data now available point to increased
3k 20 cancers of the lung, brain, bucgcal cavity, and
phannx (27). Although more informanon is neezzd fer
conziusive evidence, the same suggesuons have teen found
in a2 second study, done at the National Iastitute for

czuzauonal Safetvy and Health (25).

Qur laboratory has searched for informatien on a kev
quastion: How common will angiesateoma 52 ameng
viciens exposed to vinyl chloride menomer? At ooe
tant we idenufied all workers emploved there for S
ears or mere from the time the plant opened 1n 1948 to
G5+, Thers were 257 such workers, all of whom have
22n raced. There were 25 deaths, of all causes. Thre
cied of hemangiosarcoma of the liver, each cenirmed by
aztersy and reviewed by Dr. Popper and Dr. T"xcmas
k ceorovimately | of § deaths among vinyl ¢hiond

or<ars, at least n this plant was due to angiosarcema
of th2 liver. Anotner death, caused bv ruptured esoshaczal
vaniczs. was 2f50 refated to vinvi chloride excosure. I thas
dziz zre connrmed by other studies. it would scem ‘1
thz nisk of Jeath from angiosarcoma of the liver wiil in
¢rzz ¢ zreatly 13 to 25 vears after the imnal exposure in
thase who besan working with the chemical between 1355

e
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n closm'_'. it is worth noting that untl recently, the
cherucal industry had been making plastics. not deing
medizal research, \We in the medical profession had been
airz research, bhut not paying great attention to the
chemizal andustry. In both instances, changes are being
made.

L

Further Epidemiologic Studies

Dr. Henfy Falk*: The first four cases of vinyl chloride
mononier-induced  hepatic anpgesarcoma  idenuried  in
Lowasiile were all in polvvinyl chloride polvmerization
worlzrs This is as expected, since the job done by these
woraers, opening and cleaning the reactor vessels after
;‘Ul\ crizaton. involves the highest exposure to vinvi

toride monomer. Other cases of the tumor have since
bmn :denutied in workers, primarily among thote involved
in the polymenization process. We now know of 15 cases

e strdical Fondermolonist, Cancer and Burth Defects Divison, Bureau
of Fraemidiovy, Center (or Divease Cootrol, U'S Fubhic Heaita Serviee,
Adanta, Georgig,
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Novembper 1973)

Table 4, Cases of Heoatiw Angosarcoma in Polyvinyt Chlonde Polymenization (PVC) Workers (U.S.) (Center for Diseass Controt, Atlanta,

Patieni* Age Cate of

[nitiai PVC Wark

Date of
Drasnosis

Date of
Death

Duration from [mual
PVYC Work to Duaznes:

yrs
1 b A% M £
3 3 W M T 52
3 4 W M L4
- K W M PR
b - K M 1243
6 3 W MM 11043
7 a4 W M Y
3 4 W M £us
9 43 K% M i3
10 <0 W M 17 48
1 = W M 6 31
12 &0 W M 10.26
13 a5 % M 54
14 52 W M ¢
15 0 % M 943

yrs
464 4/64 19
8. 67 1/68 . 15
369 369 19
5.7 9N 14
37 3,73 24
127 2,73 28
2.7 12
2.7 28
11.74 19
4,61 8/61 14
568 5,/68 - 16
/70 37 23
3,68 3/68 23
3,74 7/74 29
5:69 5769 19

® Patemrs ) tSrouen 9 were evTosed 0 PV At a mant in Log e 8 Ne-r

14, ia Souwn Chanesion, West Vvurzoma, ang Pauent U5, o Pousic

in the United States (Taktie 4), 9 in workers at the Lzuis-
ville ofant and 6 at three other plants, Of carucular an-
cern is thot cases seem td Se increasinziy more oo
in recent voars,
ble 4 sheows several imronant epidamioicosic .
atency pericg. as reviewed in datan oy L o000
is gune lonz The duraticn of exposure for most of hes
worsers 15 ecually leng. However, Pauent 3 workez s
soprvvinvt chlonde oniy 4 vears and developec - tumeor |
vears later. This suggests (aat relativesy brier penicls of
exgosure can oe sigmificant, and that. onge staries, the
carsnogeEnic orocess mavy oot always Se resersible wth
| frcm the moncmer exposure. It has seen w o 2z2iv
assumed that the mizhest soestamed levets of vinvl chicrice

>—l

monemer ¢xpasura occurrzl in the ezriv vears o0 ks
wmeastry (1940s and earsy 1930s), and thar most 27 the
atieats had beoun work gurning those wvears. Paten:
owever. Iifst bezan working in 1962, and. nererors, he
carcinopemic sk fzctors were sull present in tn
19605, Most cases of spontancous hepatic zagiosariama
{and other hepauc sarcomas) occur in clder 23¢ 2
whureas, despite the long laiency penied, the vimvl chlorice
monomer-induced ¢ases occur at 3 relativeiy eariy azs {or
rhis tvpe ef tumor.

In the cpsernclomie wue

€4
i
[ %]

v of these izl casas, o
imporiant questons anse, [1] Why s the disease —ore
prevawent at the plangin Leounsville; and {2] Why, 11 far-
ticutar, did 1t deveiop 1in these 15 workers: that s, mrent
factors such as chemucal cxposure, work patterns, of —ast
medical hintory seeve 1o promote or aceeierate the devetop-
ment of angrosarceman these partieular persons!?

Tre Lounwille plant, wmeh opened in 1922, &5 the
second oldest polyvinyt chionde pobymernizaton piznt in
the Unced Siates Oniv seven such plants arted operatng
before 1950, and the tour plants in whion cases of antio-
sarcoma have cccurred ure i this proup, The aze ot the
piant 15, therctore, important, and this prodaciv reliles to
koth the long latenev peried for the discase and tha less
SINREent Frefautons 1o working with the monomer that

724
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¢y Patiests 10 wirduga i, .2 Miagara Falls, New Yorx:; Pauesnts |3 aza
AT, Penosvivama.

certained in the earjv vears of the industry,

Many of thesa cases of angiosarcoma were intiaily mus-
ciagnosed. Most were called hepatoma or cirrhosts. ana
s omiy with o full review of mortality data, inciuding
re.exarmuination of autorsy or biopsy tissues,

1

that some
cases nave besm uncoverzd. Moreover, the last three cases
at the Louisville piant were idenufied dunng iotansive
sereening programs, as descrited earfter by Dr. Crzecs.

-

Therefore. this inutial clustening in Louisville may te only
aruicial, and, with coctinued surveillance in the industry,
3 more umform distnibution of cases may become ag-
carent,

On the other hand, there are speciiic conditions in k2
Lauisviile plant 2nd in the 15 reported cases that mav be
siznticant an the eariv appearance of angrosarzoma in
1nese workers. Tnere are four polymernizaton buildings in
the plant. The two that preduce the straightferward poiv-
vinvl chlonide resins show the least relarion to the cases o
angiosarcoma, whereas the two that produce more c0mplc~c
preducts have a stronger relation (14), One of the Jatter
wwo  butldings  produces polyvinyl chlonide latex (an
agueous suspension of polyvinyl chlonde), and the work
craocuces in this bwiding differ slightly in that it takes
onzer and is more difficult 1o ¢lean these reactor vessels
than the ones that produce poivvinyl chlornide resins. Othe:
factors that mught also lead to greater exposure while
cleaming a reactor include age and size of the reactor
vessels, frequency ot cleaning, and the lining material
used 1n the reactor. Differing work practices related to
oreguet and equipment may, therefore, be ymportznt in
the dnstribution of angrosarcoma.

The building most directly associated with the angro-
sarcoma cases 1s the one where copolymers and terpoly-
mers are produced. In this process. vinyl chloride monomer
and other mopomers are polymenzed together to produce
poivmers with duferent quahues. Several of the mononiers
that are reacted with vimyl chlonde monomer, such as
vinvhdene chlonde (vinyl dichloride) and acrylonurnle
(vinyl c¢vamide), have similar structures and chemucal
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charactensties. The six workers in other plants were also
exposed 10 these and other vinvi compounds. One man in
the Nravara Falls plant worked in the polymernization of
polyvvinvl alcohol for § vears before switching to polyvinvi
chionde. Since hnowliedze sbout the long-range etfects of
some of these caerucals 15 seantv, we must consider the
possibihty that thev may nteract with or enhance the
etfects of vinyl chlonide monomer, Thus, these iminyl cases
mav bte related to expesure to mujuple chemucals, and in
parucular. to tha wvimvi chioriae monomer—vinviidens
chlorige muxture. which 1s feund maily in the Louwswviile
plant.

Chramucals similar to vinvl chioride moncmer are aiso
used outside the polvvinyl chlonide industry. fer examoic,
vinvi Auonide ang chlorobutadiene (vinvl vinyl chiorice).
and 1t wil propably te some time before we appreciate the
fuil scope of the hazares pesed ty this class ¢f compounds.

A recent studv (26) has also suggested that cases of
angiosarcoma mav not te limied to the nigh-nisk poly-
merizatlon workers tul may a;50 occur in workers whno
use the plastic resins 10 proguce a variety of p.asuc preg-
ucts and 1n peopie who resice near polvanyvi chlorids
plaats. Of the six patients with hepatic angicsarzoma in the
Cornnecticut Tumer Rezistry, tw0o lived wittin the viciniy
of zowwvimsl chicnde fabnicaticn plants, ¢nz was an as-
countant at a geivvinyl cnlorice fabricanon niant, and one
(*wnese temor. on catnoiogy review at NIH, is classifiec
as zn indetermunate tvpe of sarcoma and omy ;osmbiv an
anpicsarcema) werked at a piant where Rz azphed beth
roivvinvt chlonde and non-poivvinyl chlorice 1nsuiauon o
elecircal wires (29).

SMattomt apa LeFeming’ 12, 20) inhziation swudie
showed that vimy :I".';c.'.d.' monomer ¢an ncule can
cf the lung, brain, and wnadnrey 2s well 2s znziesarsoma

e 1
n

O

Severai rocont studies suzzest that the incidenc
canzar, =Tranocsncer. onag lvmphorencuizr majionan
mav aito be Pig-oroin wansl chlonde meonomer workess
Thre number of deaths ameng the vouncer woraers at these
peisviny] chlorice plants o5 stil smail, hewever, and con-
tunued surveniince mll te necessary to coniirm these asso-
ctations (27, 23, 31).

The mast ominous fzz2ture of the vinvl chlcride studics
is tre unknown in the future. [ts possitle that, i tume.
we will begin o sce not oniv more paucnts with angio-
sarzama. but also s:zarizant numbers of pauents with
otnor, as vet unrezoamzey, mamfestations of vt chlonde

cmonemer-induced disease, And we do net Nnew whether,

in what has been cailled the “plasties age,” refated chem-
icals wiil pose similar hazards.

Metabalism of Vinyl Chlor.de

Dr. PG Wotanare®s Angiosarcomas. zvmbal gland
CarTinunias, :md Y‘.;.’"‘h'“f".’lﬁ(cf“.:\ﬁ t_,LVC!OF..L! Mrats exe-
posed ta from 50 ppmotn 10600 ppm et vinsd chlonide
mannmer 4 h ororodav, o odavs per week, for 12 monins
{12y, The raty were obsenned unul deatn ocourred. The
ncilence of fumaors at £O ppmowas ess than inat predicted

T ooy ey Rewrrgn Lakoratory D Cheemical Co o Modhand,
Moomean D Wi ire 1 assocrates ca these waudies were Drs. ROE,
Hoimer, Ir, G R M.u.myh and P.J. Gehnng,

from 2 log dose-response curve gencrated from the tumor
ingicznces at higher exposure levels of 250 ppm to 10 C00
ppm. Because the tumor incidence at 50 ppm was lower
than expected, and since vinyl chloride monomer per se
1s net a potent alkylating agent, we thougnt that the car-
cinozznic potential of vinyl chloride monomer might ke
meciatea through the formation of reactive merabolites.
Thereiore. studies were designed to elucidate what happens
to vinv! chloride monormer after it is inhaled.

A «.7-litre Plexiglas inhalation chamber was designed
and <onstructed so that four rats could be simuitaneousiv
excesed to various concentrations of vinyl chloride mon-
omer. To mimmize contamination of fur and skin, oniv
the nares of the rats protruded through a rubber mem-
brare into the chamber. The appropriate initial concentra-
tien of vinyl chloride monomer (Matheson Gas Products,
East Rutherford. New Jersey, 99.9% pure) was generated
in the chamber at the start of the experiment and contin-
ueus.y analvzed by circulation through an infrared spec-
tropnctometer. Carbon dioxide was continuously removed
f::r:': the recirculating system by absorption on an As-
carire® (Arthur H. Thomas Co., Philadelphia, Pennsviva-
q3) solumn. Filtered air was metered into the system to re-
pienish the oxygen consumed. Since the amount of air
consumed was within = 109 of basehine for ail expan-
ments, raspiratory variatles were not sigmificantly chanaea

iny the approximateiy 1-h exposures. Rats used :n
2¢2 studies were Sprazue-Dawley, Spartan sutsirain
Scartan Laboratories. Haslem, Michigan), ranging .o
we:zlt from 165 g to 200 g,

D.saopearance of vinyl chloride monomer from the rexir-
cu.ahingnhaiaton chamber, resulting from uptake zna sub-
sacuint meotabolism. occurrad accerding to apparent first
2rier xinetcs as desenbed by the formula:

de

[3

(93

dt

[n :~5 equation, C is the concentration of vinvi chlonide
monomer (ppm) oat time t (minutes), and k (minuiestt)
15 the rate constant for the decline in vinyl chlonce
menomer concentratton. The rate of disappearance of
the monomer and the corresponding half-life (t.) were
caicuiated from the slopes of the log concentranion-time
curves. The rate of decline of vinyl chloride monomer in
the zmpty chamber due to nonspecific leakage was also
Jotermuned at each imitial concentration, and the disap-
ce:arance rates in the amimal studics were corrected for
ha Ons.

The rate of disappearance of vinyl chloride monomer
from the chamber was slower at concentrations of 1000
prm than 50 ppm (Figure 5). Other expeniments using
~...al concentrations ranging frem 50 ppm to 105 ppm
of =invl chlonde monomer showed a linear disappearance
with 1 rate of (8.03 = 3.40) times 102 munutes (mean
= 501, corresponding to an average ty of 86 munutss,
AU:mnal concentrations of 220 ppm to 1167 ppm of vinvl
cniende monomer, the rate of disappearanee was much
slower (265 = 1.35) X 10-' minutest, corresponding 1o
an average t, of 261 munutes. Assumung that the rate of
Jisappearance from the inhalatton chamber was primarily
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Figure 5. Cecrease. with time, cf vinyl zhionde —cnaomer V2%
conce-trations 10 the 1ARAlalicn anTaratus. Rats w~ets axsgsen o
imtial v corcentrations of agorexmately £Q arg 1722 coml A s

$hewn are jne rescect . cechires o VO concentranan ftgm tte
LAceaLTied 1nhAlanien aocaralus e rat? ¢snstarts and Raof o L es
ct Cisacoearagnce ¢f ¢CR from tme system Qurirg meldbcuc 2xzans
ments ~ecs corrected 'or nonscesific ieamage frem ihe chamger
(see texl),

a funcuion of metzbolism. the slower rate of disappearance
of the monomer a1 concentrautons of 220 pom or greaser
sugzested that the metabolism of vinyi chloride menomer
may te a dose-dependent prezess whereby low concentra-
t:ons are metaboiized through pathways that, with higher
doses. become saturated.

Vinyl chloride monomer metabolism was also stuzied
using metanote infubitors. Pretreatment of rats with euwn-
anol (5 myg'hyg body werght, by intraperitoneal njecthion)
1tz h betore exposure to the monomer caused almost
compiete inhibitton 1n rats exposed to 30 ppm, but onlv a
mild inhibiion 1o rats exposed to 1000 ppm (Figure 6).
SKI-525A (Sawh. Kline & French Laboratories, Phil-
adeiphia, Pennsyvivama), a commonly used ahibitor of
certain reactions muedisted by the mixed fupction oxidasz
enzvmes, Jid not infubit metabolism of the monomer 12
r26s cxposed to concentrations up ta 30 ppm, bot did vause
a sheht, approvnmsatety 2070 ah-binen at 1000 ppm. Con-
siderin? these data, we hypothesized that the monomer s
metarohized by several duferent pathwayvs, dependent on
the Juse. .\t concentrauons up to 100 ppm, it 13 metan-
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olized predomunantly by a single pathway that, we have
speculated. may involve alcohol dehydrogenase. However,
at concentranons exceeding 220 ppm. this pathway be-
somes sawrated and the sipmiticance of secondary path-
ways, presumably including microsomal mixed funcucn
oxtdases, increases (32).

Dose-dependent processes for the elimination of a chem-
ical are of prime importance in toxicology. Many meta-
tohic and exercrory processes have finite capacitizs, and.
as doses of 3 chemical are increased, these processes be-
come sawrated or overwhelmed. If the function of the
saturated proeess is detoxification, a disproportionate 1n-
crease in tOXiCity may ensue gbove those doses that ciuse
saturation. Therefore, toxicity occurnng with large doses
of a chemizal must be interpreted cautiously, and it does
not necessanly imply that comparable types of toxicity
wiil be opserved at lower doses.

Guilette (33) recently summanized the role of chemicaily
reacuve metabolites of foreign compounds in towcity.
Czmpounds such as bromobenzene (34) and acetamino-
chen (35, 36) induce hepauc necrosis only after the cose
:s tugh epough to overwhelm the detoxification patawavs
for the reactive metabolites of these compounds. Coa-
izzzuon of the alkylaung metabolites of these chemizals
with glutathione 15 a primary mechanism for detox:fizauca.
Nacrosis 1s induced only after the glutathione leveis zre

-
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Fipure 6. Cechines in viny) thiofige monomer (VAN concentrations.
with time. at sutial concentrations of 56 and 1034 ppm, for toth
pretreated and control rats, Also shawn are the respective dechines
w YCM concentration frorm the unoccupred nhatation apparatus.
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Fizure 7. Left. Irregzyiar hirosis ot gortas :'a:ts arg ‘zca e
cavon, £ <5) MNiM azcession numzer 57--211, Regnl. ::"zl

slate and eziengs iAlO SJIfCUNCINE Fepatc zaremcn.ma ® 5§35
fmemalgx/nn and ecsin, crgumal magnincanen, x (50, v o access o
i74-154, 0375)

reazt with otner antraceilular macromoiecuies (DNA,

R. A. protein, hpids). Althouzn Gullette znd othars have
net vet atempied to correlate the covalent :

cactive metacontes o DNA with carcrr cgc:es:s. st
rezsuion has buegn speculated as a potent 5
carsinogznesis.

Recent work .o our laboratorv and elsewpnar
zl stil unnupashod. has nciuced studizs i raizocn ooz

e of mzested 'Cevinvi chivnics monomer. '
on 2nu .Jdentncation of the mator unna
{ thiy wnemican The ngouen siudy sncue:’ N3l o
monomar 15 metaboiized o potar
are readdv exereted an the unine. These resutis 250 suz-
port the hypathess of dose-dependent metabonsm ne
Sopatic monprotern sulih sl coatent of rats axcosed !
sinvd chtornide moromer showed a progressive N
refated to the concentretion :nd durauen of sxgosure.
Coenanstent with the sulzhvdrvl dooression. two of the tnrle
uninary metarobioy polated thay tar have been entineg
aad and Negoendl-§ (Z-hvero
Thus ot seems thut sinvi chlonde mersomer er
Hs reacnve metahalites covalenty bind with herang i
thrtone and are subsequentiv hverolszed and exer

..‘

2y thioaiziveolie Tt

Tvateine

the unme as conpeates of cysteine.

Other studies on vyl anlonde monomear continue 10
suppart the Byvpothesy that e caramogensety s 1o
'0 the mutarolc

rarmation of reacine metarchites Studios
9 have shown an ennanced posilive mui2lenic o2-
STONNe 0 Lortiin Saimmonetla n PNt e\
enZvmes
The metadonies
sdeanitied o the unine ot rats exgosed 1o
Chemioal nccate that the prman deactiv aling mogs-

“trnns ot
;'“w.,‘d D] ‘-l."i\-l uﬁf\){:\!c menomer I[- microsamal
or fortied Ler homoeenates are aresent,
ot the monomer

YA
FNr

nhe fibrosis interrypts the wmit.ng

—rt .—' trate of I,'r“cnocy'es ang minimat crotiferation of bde ducrs.
Lrcer Eraslll

(Reproduced by permuission. Ann NY Acad So/ 24

an:sm s by conmjugation with the hepatic nonprote:n suif-
nrenvt compounds, glutathiene and cvsioine, Qur current
raszzran is directed toward further eluciaating the metab-
casmoof viny] chloride monomer to reazuive products and
thetr zctenual to bind wuh intraceiluiar macromoleculzs.
ion or the metabolism and pharmaceokinencs of
! chionde monomer wiil unacubtecly te of great heip
in '“omv 'ls haz.\rds and wiil uitimately provige 2

' roouideitnes concerning tolerable fevels

"

Histciogic Features: Hepatic Fibrosis

D:. Hans Popper®: Onlv little more than half a year

170, [ became acutely aware of an ctfect of vinyl chionide
ex~osure on the hiver when, within 1 wecek, three persons
co.avd this connection to my attention. Doctor Lelbach
frem Bonn, Germany, sent a reprint about 3 peculiar iatra-
fetwiar tibrosis of the hiver scen by petioneoscopy and
Laer ~opsy n workers eapased to gascous vinyl chlonde
7o, Dr. Sehihotl catled me and asked what I Knew about
LI ANMIOMATSOME, A rare wmor newly observed in
the same tvpe of workers in this country; and Dr. Thomas,
s in Bethesda, showed me histologic slides from several
sucn workers, Subsequently, I have had the prvilege of
steaning, with Dr. Thomas, 2 large amount of histologie
mawrnial that has been collected in the Laboratory of
sthoisey ot the Nauonal Caacer Iasutute. The tollowing
¢romt 1y based on this cooperanon, and. 1 hope. shows
the neurnstic value of environmental pathology (=03 an
rzmely assembhing informauon that micht enlighten other
<tedy ¢f pathology and medicine,

*Contave L Levy Dictinguished Service Professor. Mount Sina School
of Medwine, New Yors, New York.
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Figure B. Irregular, focal dilataton of repatic sinusocs. The sze
ang number of the sinusowdal hnag cells are inCreased. The recaio-
tytes also vary n site and ‘zcally abpear o te tronferateg.
{Hematoxylin ang eosin: enginai magnitication, x 4CQ.) NIM azces-
sion numper 574.315,

In reviewing the sericus hepatic [esions enccunterszd in
vinyl chlonide polvmerization workers, we saw [nal w0
distincuve lestons were promuinen  One, angiosarcema ¢f
the liver, has besn the lecus of - ost of the attenucn 2
this study, and s histolozic features will be presentez by
Dr. Thomas. The second s charagierized by a pecuaar
form of hecaue fbrosis. which, In manv insiances, was
init:ally diagneosed as cirrhesis. In some of these workers,
the lesion was associated =ith portal hyperiznsion and
variceal hemorrhaze. lead.nz to th: performance of
portacaval shunt, duning wmich ume a wedze Siops: 2
the hver was obtainee. In otnar cases. the leston was ¢.22-
ngsed on the basis of a ne2ile asparation biopsy. It s of
considaraple anterest that, :n vimyl chlonde workers .a
West Garmany, severe porizi fibross with sigmificaat porial
hypertension. splenomezaiv, and thombocvierenia—pre-
sumaoly on a splenomezatic basis—is relauvely commen
wiule angiosarcoma s rars, whereas the relative tneidense
of thzse two lesions un American workers seems to te
reversed.

The typical lesion of vinvl chlonde-associated herauc
fibrosis consists of three features (Figure 7). The first @5 a
typical but nonduagnostic poral fisrosis, varving tn deozree
throuchout the liver. In piaces, it seems agzressive. in
that hibrous tissue extending into the lobular parenchvma
distorts the hinuting plate. It also extends into the walls of
the portal vein branches, segarating therr muscular fiters.
Sometimes accumulation of dense conncclive tissue 15 as-
sociated arth probferation of tile ductules and perrauaiular
inflammanon. Intlammatory cells also aggregate around
some bile ducts, and this pericholanviis mught exelan
the focal czmalicufar cholestasis seen in some specimens.
The sccond is capsulat and subgapsular Hbross, in 2
nodular torm: it s the most characterstic lesion, parie-
ularly veable of the surtace of the liver is mspected on
peritoneoscopy, as reported from Bonn (7, 20). Disune-
buon from cirrhosis by gross inspectton s Jitficult. The

L N
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third type of fbrosis is subtle and reflected in a focal
intralobular accumuiation of connective tissue fibers, res-
ognized distinctly by light microscopy only in conneetive
tissue stains. Electron microscopy (17), by contrast, de-
tects a dense but thin connecuve tissue coat surrounding
the hepatocytes and associated with many fibroblasts and
fat.contaiming mesenchymal cells—Ito cells (41) or ipo-
cvtes (42} —which have been postulated to be precursors
of fibroblasts (43). This fibrosis differs morphologicatiy
from that seen both in chronic active bepatitis and in alco-
heiic liver disease and suggests a different mechanism of
development. Where the intralobular fibrosis is conspicu-
ous, it is associated with bulging sinuseidal lining ceils
with a prorunent diastase-resistant, petiodic-acid Schiff
reaction of the cytoplasm, which is sometimes granular,
as 10 phagocytosing macrophages, but more typically dif-
fuse, The hepatocytes show no significant changes excert
that. 1n the areas of prominent sinusordal lining cells, they
shew vanauon jn size of both eytoplasm and nuclei in that
‘arze hepatcecytes, sometimes even mulunuclear, alteroate
wuth small cells (Figure 3). In some instances, particularly
12 autopsy specimens, regenerative nodules are seen with-
cut sirrhosts. .

Besides this pattern of fibrosis seen in all specimeans,
s2me speatmens—both from pauents apparently fres of
zng:osarcoma and in two in whom angiosarcoma was later
faung—a focal irregular sinusoidal dilatation was noted
{Fizure §). It did not seem to be related to passive con-
gesuon, since 1t was not predomunantly in the centrolobuliar
zrza. The same tvpe of focal sinusoidal dilatation, pro-
s-zssing almost to peliosis, has been observed in patients
arier treatment with anabolic steroids (44) and contracex-
tve puls (45). However, in these latter instances, there
~zve not been any reports of progression to angiosarcoma.
In ocur vinyl chiornde cases, the sinusoidal dilatation 1s
associated with proiiferation of the sinusoidal lining calls,
wnich become enlarged and show bizarre nuclei and. as
wiil Se discussed below. progress to angiosarcoma. Thus,
we can conclude that this sinusowdal dilatatton 15 a pre-
cursor to the tumor in viayl chloride exposure, but we
have not yet cicarly idenufied the nature of the cell under-
o2 malignant transformacon.

In cases where we were abie to study the spleen. we
found it distinctly enlarped, and, particularly on laparos-
copy, it showed a nodular but irregular type of capsular
Shrosis (7). On the cut surface, the follicles were con-
spicuously enlarged. in contrast to cirrhotic fibrocongestive
spicnomegaly. Histologically, fresh hemorrhage was seen
:n most spleens, although some showed calcification and
iren nerustation in the form of Gamna-Gandi bodics.
The cords of the pulp contained many ervthroevies.
characterisiic of hemolysis, The lining cells of the sinuses
were activated but. for the most part, not fibrotic.

Stedy of the pathogenesis of vinyvl chloride-assoviated
iver injury (46) showed that vinvl chluride or its metabo-
liies seem to nduce 2 hyperplasia of two types of ceils: the
mesenchy mal sinusordal iming eclls in liver and spleen. and
the hepatocytes, In the spleen, activation of the sinusoidal
cells may result in spienomegaly, and. tn the liver, in fibross
contributing both to portal hypertension and the formaten
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sheath hesatic €ora ¢ells and an increaseg mumter of non-neoniast ¢-adoeanny celis \n the space of Disse. Bile plugs are present m Cie
canancuh (Hematorviin and eosin: or:zinal magnificat:on, x 392 ) NIM aczessicn numter A74.31. (Reproduced by permission. Ann NY Acag
Scr 226 2€8:277, 1975.) Right. Anctner area of the same angiosarcoMa stawn n Fgure 4. Spuriike prorections of hepatic tissue proiest inta

larger, micre cavernous cystic spaces The henatic coras are cisrusied Sy

cegenaraticn of hepatocytes. The tissue space of Disse contains in-

creased couiagen ang reticubin fiters. (Hematoxyhin anad ecsin; mag=incaton. 2 100 NIH accession numper A74.31.

of septa. These septa may progress to cirrhosis. Althouzh
we have not as vet noted this progression. it has ceen ch-
served by oiners. Sinusowdal dilatation cevelops, ana
this setunz anziosarcoma ensues, The roie of the valcn
of the hepatocytes, which seemingly form a seadold, s
problematc. However, it is worth noung that we have
anecdotal cvidence of primary hepatocellular carcizoma 12
persons exposed to vinyl ¢chlonde.

While studving these cases. we became aware that pra-
longed cxzosurs to trivalent mnorgamic arsemicals, such 2s
Fowler's soiution used to treat psoriasis. resu.ls in ths
same chinical and histologie picture (+7-29). Histolooiz
examination of two ¢ases made avatlable to us by Dr. Peter
Scheuer showed the same histolowie changss as :n vindi
chloride-induced fibrowis. Morcover, exposure (o such
arsenicals pas alse heen associated with hepatic anglosar-
coma (253, In vinevard workers, in additioa, it has teen
associated with prnimary hepatic carcinoma and eirrhosis
24). The mechanism of towerty of arsenic has been re-
ported to occur throuch its reacuon with 6.8-dithiooctanors
acid (a-lipoie ac:d), with the arsenic forming a stabic
bridge between the two sulfhvdryl groups (32). Certain
hypothetical metaholites of vinvl chloride formed by the
mixed function oxtduases would also be expected to react
tn 3 similar fashrwon with a-lipoic acid. posstbly explaining
the similar pattern of bath tibross and neoplasia seen with
these two superficiallv unrelated chemucals. Interestingly,
thorium diowde (thoratrast) also produces the same spec-
trum of lesions (22, .

pt |

-y
-k

The pathegenesis of the noncirrhotie portal hypertension
in all these nstances may be related to a discrepancy be-
tween increased sptemie blood fow, induced by the hyper-
plasuc spicnemrevaly, and o the imparment of the dis-
tenubidity af the hepatic vascular bed produced by the
vanious forms of tthrosws, which by themselves are not
conspreunusy (304, The tact that this tvpe of portal hyper-
tension nas teen produced by chemuells, at least some of

them environmental. suggests that idiopathic portal hyper-
rension, found oniv sporaaically in the Western world bu:
more often in some areas of Asia and Africa, might result
.50 IroM toxis, possidly environmental, chemicais.

Histologic Features: Angiosarcoma

Dr. Lzuis B. Thomas*: We have reviewed the avaiiatis
F2rhologic material for a group of vinyl chloride workers
who kad a peculiar hepatic fibrosis and focal sinusoid:!
dilatatien associated with prodiferation of sinuseidal lining
c2ls. In addition, we have studied the kepatic lesions of
12 wimyl chioride workers who develored angiosarcoma
cf 1he iner, The hepaue changes described by Dr. Popper
sere aisO seen in the nonangiosarcomatous areas of the
iver in all cases in which suitable sections were availabi
or raview. From these observations. we concluded that a
oniinuous spectrum of changes occurs, starting with
ruluiocal areas of stimulated sinuseidal cells, followed by
increasing dearces of atypia and proliferation of these
ceils, and culmmating in progressively growing, mulu-
sntric, .nfiltrative angiosarcomas (51).

Of those patients with angiosarcoma who died and were
autdpsied. postmortem ¢xamination of the livers showed
massive involvement by cystie, blood-filled tumors that
rzpizced most of the tissue. The liver weights ranged frem
1560 g to 7300 ¢. The average weight was 4236 g. In the
larzer specimens some of the cystic spaces were scveral
entimeters in diameter and were associated with large
reas of hemorrhage and necrosis. Rupture of these larze
avernous eysts followed by intraperitoneal hemorrhage
ocurred both spontancously and at the time of surgery,
and it was the immediate anatomical cause of death i
several panents. The hver tissue was also irregularly re.
placed by small cysts that varied in size from 1 mm to |

¢m i diameter. Most of them were filled with bloed: only

!
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¢ Cu.el, Laboratory of Pathology, Naueayl Cancer Imsutute.
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a few contained thromby, The hepatic surtace was rrezuiar
due to burging masses of the angiosarcoma. and portions
of the Iiver not involved urossly by angiosarcomas had
irrcaularly shaped arcas of capsular and pormal tract
fihrosis. The formalin fined livers were dark green because
of bile stasss.

Microscopic cxamination showed the anpiosarcomas o
be multcentric, with several structural patterns. The sinu-
soidal pattern, illustrated in Fizure 94, consisted of nzo-
plasuc.apparing sinusoidal cetls that had enveloped cords
of hipatoevies and formed irreguiar sinusoidal spaces, In
these areas. the nepatocvies were well preserved and bije-
secreting, with no degencration or necrosis. Macrophaues,
fibroblasts, and Jipocytes proliferated in the space of Disse.
With ncreased growth of the anglosarcoma cells, the
hepatocyvies atropmed and disappeared, and the space of
Disse was lled with collagen sters, so thar larger, cvsuc
spaces formed. The papillary zrowth pattern was an inter-
mediate staze charactenzed oy papillary projections cf
blind-endiag, disrupted hepatic cords extending into tke
irrezuiar. mutiloculated cystic spaces of the angiosarcoma
(Fizure 98, These spurlihe projections were coverad By
anglosar:cr‘" cells that ¢nsheathed the various other c=us
in the space of Disse and the residual fragments of herzis
cord ceiis. T..‘ cavernous pattern had larger blood-filzz

caces surrounded by a tnww wall of dense, reiante
zcc:;uiar forous connachive tssue. These larger, oysuc
spdcces lined by wvarnaziz, someumes quite scanty,
lavers of aamosarcoma ceis. We also observea more
noduiar, anaplasue focuses of angrosarcoma in some of the
livers, but in every instance thesa specimens also had othar
fecuses of anuiosarcema that showed the progression {rcm
sinusoidal to papiilary to cavernous growth patterns.

Thus, this series of chanyes seems to represeal muin-
ceatrie dovelopment ¢of angicsarcoma, starting with the
precursor lasicns of winusondal catl proltferauon and 2tvpia.
Some of these precursor lesions prozress to the ruliv ce-
veloped crvernous angrosarcomas, which become chiniczily
evident. We do not have adecuate morphologic criteria 1
separate the carliest histolooie chanzes of sinusoidal ceil
atypia and nyperplasia from the progressive, fully devel-
oped anuiosarcomas. As noted earlier. proliferauon of
hepatoeytes and of non-nevplastic-appeaning  Rbrechtes,
Liponlasts, and macrophages plavs some role in the divei-
opment of the anziosarcomas. Proliferation ot these coils
way cspecizily noted 1n the areas of sinusordal and papii-
lary srowin patterns within the angiosarsomas,
the histolowie Iedtures observed in the evolu-
tion of the hepatie angiosarcomas in the vinyl chlorde
workers have abwo been described in the hepatic angio-
sareomas caused by thorotrast and by 1norganie arsenic.as.
Studies are now i progress to evaluate the semudarties and
Sowimilanities between  the produced by these
Ja0d the hepate cngrosarcomas ot unknown
cause that cocur sporadically.

wWere

Muany ot

WeN1ONs
Temisals

Summary

Dr. Burk. We beean this conference with a liat of ques-
tors that | thoueht mught detine the seape of the probiem
of vinyl cnivnde-assoctated hiver disease. Although at least
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somg progress has been made toward answening all of
them, 1t is clear that there has not yet been enough
progress in fully answering any of them.

It 1» worth recalling that we have been aware of the
problem for less than a year (as of November 1974). The
erforts presented at this conference represent an outstand-
ing ¢xample of effecuve, if often informal, collaboraucn
among university, industry, and government scienusts.
which, if pursucd at its current pace. is certan to pro-
vice us in the necar future with answers to at least some
of the ¢nitical questions.
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