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Aithough polyviny! chloride has been produced from vinyl
ehloride monomer for more than 40 ycars, recognition of
toxicity among vinyl ¢hlaride polymerization workers is more
recent. In the niid 1960s, workers involved intleaning ~ -
polymerization tanks were found to have acro-osteolysis. In
1974, the same population of workers was found to be at risk

for an unusual t'y'pe of hepatic fibrosis and angiosarcoma of . ~

the liver, We describe two cases of viny! chioride-associated

liver injury, one of hepatic fibrosis and one of anpiosarcoma,

Histolagic features of these lesions are similar to the hepatic
fibrosis and angiosarcomas resulting from chronic exposure

to inorganic arsenicals. Preliminary studies sugpest that the =
.toxicity of vinyl chloride may resuit from formation, during

high-dose expasure, of active metabolites by mixed funetion
oxidases of the liver. Epidemiologic studies indicate an
increased incidence not only of liver disease, but also of
cancers of the brain, lung, and possibly other organs,

Di. Paur D. Brkk*: Polyvinyl chloride, the most widcly
used synthetic plastic, has heen manufactured for more

than 40 years by polymerization of vinyl chloride monomer. -

gas at a number of plants in the United States and in many

other countrics. Warldwide production of polyviny! chie-

ride in 1972 totaled more than 18 billion pounds, of which .
about 25% was made in the United States, and’ itemns -
manufactured from polyvinyl chloride are virtually uhiq~
uitous. They include building materials such as pipes and
nblc,s, hunn. furmshm;,q, BR@rceords and othet recrea-
“material, and f host of
giany years vinyl chloride

monomer .md pul)vmyl chlabde wure thought to be en-

tirely inert, in the mid-1960s Wilson amd associaibs 1)
in Lowsville and investigators in Burope (2-1) reported
that the development of acro-osteolysis, a skin isorder
characterized by Raynauds phenomenon, %lu.mdurmn-
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reaction occurs. - i - "‘2‘..‘ R Tl su
5 At the same time, other - n.ports described nompe
alterations of hepatic a(rm.(un. and function in vmyl
ride monomer polymerization \wrh.rs (,5). and a pb '
ch.tmclcrucd condition wlltd “chronic epllht.lul hepaid
“was reported in roughly 1S :‘t?l"\tu.h wqﬁu.rs Xl
™ in Russia (6), / “These rcpnrl\ “of hepatic™abn bfw
de industry, puhh\h'c'a;lur the nicd
the industrial hygiene litersture uf“qa\lcm“ EH
tracied little atiention untif very ru.cmi} Then the'sitodn!
was dramatically nltcrcdby the almosl sinuiltanedits répo ,
of hepatic fibrosis,’ aplc.numq.aly and- ‘postal’ “hipev \
among vinyl chloride workers in Germany. (7
_ discovery of three cases §f angiosarcoma of th
. otherwise rare tumor, in'workers involved in the” pruﬂuwon ;
of polyvinyl chloride from vinyl chloride monomer a5
plant in this country (8, 9). The subsequent introduction - 2
into this plant of a systenntic surveillance system has lhul_"‘
. far resulted in the detectioh of several more cuses of .m;ib-
s sarcoma, as well as many instances in which .lbnnmmi
... lindings in liver function ll-.u or m.mnh.rnphu. cwdméé of
“. splenomegaly, or both, ware detected in otherwise asgy by
. tomatic workers, Similar sc.ru.mng cfforts at pnly\n '
chloride production plands in several countries qmcﬂ'}i ﬁ
hrmu,ht the number of wmk;r\ wuh docum«.mcd an;vlosnriq;n,

\llllll.d n.l.llmn le\\u.n exposure to vunl thuruh.,r:
Iup.un. angiosircoma, Haban investigators (L1) e ut
porlul several )c.lrs .u-n lh w rats \uh,\.uul to pmln’nﬁm)

Mptc rcu.mly. M.tll(\m .md | cl t.mmc (l") pn. >

t As of m Febouary 5’75. the Cemter O ﬁi«-uw
N\ﬂ of hepate  angrosarcoma in vinvl rhlﬁ
;United States, 8 in Capady, 2 m mc Uulmt
lln.l’raun. -~ SA
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Figure 1. Surgical liver biopsy obtained from Patient 1 in 1972,
Normal lobular aiclitecture 15 mamntained, but there is enlargement
and Bbrusis ot the porlal tracts. with lule ductutar prolderation,
{Hematoxyhin and eosin; original magmhcahon. x 50.) NIH accession

number S74-411.
24L:70:77, 1975.)
bs

{Reproduced by perrmssnon. Ann NY Acad Sci

indicating the development of angiosarcomas of the liver
and ather orgaay, and the development of nephrohlastomas
In rats exposed 10 various concentrations of vinyl chloride
gas, including levels within the 560 ppm limit that, until
recently, had been the accepted occupational standard. Ex-
posure to as little as 50 ppm has produced angiosarcoma
of the liver in rats and mice, with a clearcut dose-response
relution seen in mice (13). To date, most cases of hepatic
fibrosis and angiosarcomas in man have been detected in
workers exposed to vinyl chlotide monomer gas during the
production of polyvinyl chioride, and, as with acro-osteoly-
sis, those who clean the polymerization tanks seem to be
particularly at risk. 1f confirmed, preliminary anccdotal re-
poits of hepatic fibrosis and an isolated instance of angio-
sarcoma of the liver in workers exposed only to the finished
polymer will significantly increase the popalation potenti-
alty at rish. Data collected by the U, 8. Public tealth
Scrvice show that about 6500 workers in the United States
are exposed to vinyl chioride monomer during the pro-
duction of the gas (14 plants) and during its polymerization
10 polyvinyl chioride (37 plants). However, another 30 000
to 50 000 workcrs are employed in hundreds of plants that
convert thef yvmyl chlonide resin to finished products
(14). To d tc::‘llu.rc s no evidence of risk to constumers
From these dinivhed products,

The divcovery of both benign and nialignant liver disease
in vinyl chivride workers rases several critical questions,
ingluding the following,

L. Who s at risk of developineyvingl chloride-associated
liver injury? Is the danger rulmud to warkers expined
to the monomer, or is there alvo a danger to the much larger
force of polyvinyl chioride workers? Is cither the incidence
of liver injury or the nature of the lesion influcnced by
simuftancous exposure 1o various copolymers or other §ub-
stiances? Are there risks o consumers, such as those who
use vinvl chloride sprays, those who cat food packaged in
vinyl chioride wrapping, or those whose homes contain
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ticulat, e there o gelation between the peondun hepone
fhtones sepented g viny! vhibade wenbers amd the e
creayd o nboce ol ameratconne of the teeet? What o
the selafiv e tirdenee of these twe Boaons?

JoWhat i the natural histiny of  establinhied,  vinyl
chloride-associated hiver mjpmy, buth in patients wha have
had confinued eaposuire and in those patients remeved
from further exposire?

4. What teste will constitsle an clfcetive sereening fogis
men for detecting viny! chlonide-assaciated hver snjury and
for following paticots with estabiished disease?

5. What are the cellular and mudecular mechanisms by
which vinyl chloride produces heputic Librasis and angio-
sarcoma?

6. ' What is the optinum therapy for pationts with both
hepatic fibrosis and  angiosaccoma associated  with vinyl
chloride exposure?

7. What proventive measurgs willbe necessary and sul-

ficient to protect vinyl chioride workers from fu(un. in- .

jury from this componnd?

As yet, we have few definitive answers to these questions.
The tollowing case repurts of two patients recently evalu-
ated at the National tostitutes of Health helpo ilunmaie
several points that will be discussed here, Fhey also il
Justrate some of the diflicultios in defining the scope of the
problem. . 5-

Case Summaries

Dr. James B Atantin®: Patient 1 is 2 30-year-old white
man who worked at a plastic and rubber manafactaring
plant in Louiswille, Kentucky, for S‘yc;\r\. For the Gind 5%
years, his job involved cleaning the tanhs in which vinyl
chlvride polymer was polymerized.

Two nnd a half vears ago, doring cviduittion of a nanspecilic
ilness chasacterized by fever and weight loss, e wis found
have hepatosplenomepaly, mildly clevated serum bilivubin apd
SGOT concemranons, and alnormal 45-minste phicma BSP
setention (LG5 ). Nonspecific svimptoms persisted for 3
months, after which he was hospitalized for an acute hepatitise
tike illuess. Since the patient had been on sick feave Tor almmt
3 monthy before he developed jaundice, the 1eliion of thi
latter episade 1o vinyl chiloride exposure is unclear,

Becavse his phvsicians were concerned about the persisting
hepatosplenamegaly, they did o diagoostic Juparotomy during
the recovery phase of his illness, The surgeon deseribed the
tiver s showing muliple areas of fine pocdudacity with fibrosis,
At eokarped spleen wins temoved ot the operation.

A hver Biopsy doie dotag siery shioswed g e pracipal
abnor bty wis intese poctid fibrosis st bite docbar ot
Kation (yare 1) Addiional deaties, b by descnbed b,
inchuded  capaodar and  ntosinismdad fibrosis,  activabion of
sinwsobal Biniogs colls, and s hed goisocytonis Biepatis, Taose
Lenties g sow Anown o be tepical of the levions seen i
worhery eaposed o vinvl chloide, There was no evidence of
viral heputiting alcoholic tiver discane, or any other hepa's
discase it condd e diagmeacd maspholugicaliv, lli\(nlng:c
examinatiom of  the enlinped spleca shwwed  omplioid and
ruticulm':rlulm-hnl profiferation without sigaiticant fibuosis,
et

. (‘hnimi Aswociate, Section on Diceases of ahe 1iver, Dyestive Diseas
Beamch, '{alimml Jasttte  of - Artheitis,  Metabobsag,  and  Digevave
Ehosanics, i
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Alter srpery the patent actned Joowea b at the plant Jlow:
every he Wan Bansdenad Boanother saea i e Loty wath
no appreciable Lither expesine o vitnd chlosnde, ol b con-
Honed i thes new geaspoment Toe 20 vears, When at recenily
Pecame evident it vinyl chlimade espoune was asvaciaied
with both miabipnam ..‘mlq paahipnant deeww ul the diver,
De. Tolin Cieech cofeered 380 to the Natwnal Linaitates of
Healih for Funther studv, TIIETten! thes tepuesents o unisine
follow-up of a e ol o tat vinyl chlonde-induced liver
injtny 203 years alter remowl from exposare,

At admission 1o the Clinical Center, the pationt sceemed (o
be a healthy, well-developed, and well-nourished young man.
Eacept for several small vaseular spiders on hig anterior chest,
physical esamination was normal. Complete blood count and
chest X vay were untemarkable, However, pulmonury function
studies showed evidence of mild restrictive pulmonary disease.
All routine tests of liver function, including serum bilirubin
concentiation, tinsamimases, athiline phosphatase, serum pro-
tein electraphoresis, amd 45-minute BSI® retention (3.4%2), had
normal findings. as did the liver scan. Because we thought it
impartant 1o confirm whether histologic improvement acconi»
paniced the apparent biochemical improvement in liver function,
peritoneoscopy and liver biopsy were done with the fully ine
formed consent of the patient,

The Liver was again seen o be covered with multiple, tiny,
rice-grain-size nodules, and histologic examination again showed
entennive portal fibrosis with bile ductular proliferation, Cords
of hepatic cells were surrounded by fibrosis. At least one area
had bridging between portal arcas and hepatic veing (Figure 2).
Arcas of intense Jymphoid prolileriation were seen in some of
the portal tracts, and agan, as in the earlicr biopsy, there was
comsidersble  proliferation  of collagen  within  the hepatic
sinusoids.  Although the parenchymal cells seemed relatively
normal, the fibrosis in both the portal areas and within the
sinusoids was at least as severe al this recent biopsy. as it hud
been 242 yeurs carlier.,

Because of the tissue abnormality, hepatic vein catheterization
studies were done. Total hepatic bloml (low, indocyunine green
extraction, and hepatic oaygen consumpiion were normal.
However, the wedged hepatic venous pressure was slightly
elevated 10 12 mm Hg with a {ree value of 3 mm Hg.

Beeause we wanted to find some test of liver function that
would reflect the histologic abnormalitics and therefore serve as
a suitable sereening test, we did several special hinetic studies.
Disappearance curves with radiolabeled bilirubin, BSP, and two
ditTerent doses of indocyaning green (one of the most sensitive
studies of liver function availuble) were all normal (15). Only
the bile-acid disappearance test, which is an experimental pro-
cedure, had abnormal findings (16).

Figure 2. Needle hiopsy of the liver from fatient 1 in early 1974,
There 1s extensive lirosis of the portal tracts and hepatic lobules,
- with Lile ductular proliferation. Distortion of the normal lobular
architecture is indicated by the fibrolic bridgie (arrow) linking the
portal tra¢ct to a c¢entral vein, {Hematoxylin and eosin; original
magnification, x 50.) NIH accession number $74-870. (Reproduced
by permission. Ann NY Acad Sci 246{70-77, 1975.)
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For suannasy, oy sboaky ol thre, \'m\-llll hlaade polvinerniza-
Bon worher suppesis that et o hiloesde ascascited hepatic
Bhonisn peeasds atter remonal from fnther exposine, and
that the desimn may be quite estensdoe cven thoopeh stan-
dad bvet function teds Tuece completely nonmad ldiee,

Dr, Robert € Youae®: Patient 2 0 42 yoar-ohd white
man who was Jinst hospitalized at the Clinical Center in
March 1974 for evalamdion of angiovincoma of the hiver,
The patient hid worked ina plastics prosiuction: plant in
Lovisville, Kentueky, Tar 20 years and had been involved
in the polymerization of wvinyt chloride monomer o poly-
vinyl chloride. During the course of his employment, he
was involved in cleaning the polymerization vats, & phase

“of the operation associated with particularly high exposure
to vinyl chloride monomer,

A routine general examination in November 1973 showed
an eclevaled alkaline phosphatase level. ‘The blood chemistry
screening procedures were yepented in Febwuary 1974, and, be-
sides -the persistently elevajed atkaline phosphatise. the serum
bilirubin concentration wik abnormal. A liser scan done in
February 1974 showed moltling of the ripLu Iubp__of the liver
consistent with cirrhosis or with tumor,

The patient was admitjed to St .Anthony’s Iospital in

Louisville, Kentucky, on 26 February 1974, Hepatic arery -

angiography was done, and the findings were consistent with
tumor in the right lobe aof the liver (Figure 31). An exploratgry

laparotomy done in March 1974 showed a 4-cin bluish elevallid -

masy in the right lobe of the liver, and small nodules in b@h
the right and left lobes. Over the rest of the surface of the ligr
there was small, irregular, ruised rice-like spechling. Biopsy Bf
the large lesion in the right dobe showed anzinarcoma. Biopy

of the feft lobe was repoited 1o show both cirrhosis and hepatic *

librosis. Because of the degree of pencralized cirrhosis, right
hepatic lobectoamy was advised apainst as being 1wo bazardous.

The patient’s earlier medical history is significant in that he
had been a heavy alcobol consunter intermittently over the
previous 5 10 6 years, during 3 of which he required hospitaliza-
tion for alcohol withdrawal, The patient estimated maximum
slcohol consumption during those periods al one pint of whis-
key a day.

When he was fisal hospitalized a1 the Clinical Center tater in
Murch 1974, the positive physical findings were limited to the
chest, where there was an inereased anteroposterior diameter
with a few rates at the foft base. Ripht paramwedian and left
Nank incisions on the abdomen were well healed, The hiver was
10 em in span by percussion but was not paipable. There was
no splenomegaly, no other abwominal masses were foumd, and
the rest of the physical examination findivgs were within
normal limits,

Pestinent  Iaboratory information included serum  alkaline
phosphatase, 87 1U/litre (narmad, <78); 1D, 124 U/
(normal, <340); SGOT, 21 IU/litre (normal, <52); SGPT,
38 tU/ditre (normia), <Z45): bilirubin, 0.4 mg/dl total, with
0.05 mg/dl direci-rencting. Chest X ray showed only atelectatic
A selective hepadic angiogram showed
mottling of the hver consistent with cwrhosis, o Geem x 6-0In
tumor mass i the right lobe, and ooy of the intrahepatic
vessels (Figure 3%, The lent lobe of the liver wis Telt o by
small, as seen in the hepatic acany of 14 ALuch 1974 (Fipore
AC, DY, Surgical infervention was comsidered once moje amd
again rejected because of the pencdized citthonis, The patient
wis started on adresimyein chemotherapy, 60 mpe/ny body
surface area intravenously every 3 weeks, becanse of the hnown
eifectiveness of this drag apainst other disseminated sarcomas,
After the initiation of chemotherapy, the patient was followed
with seria) Jiver Tunction fests and serial liver scans,

Subsequent scans showed no altetation in the siee of the
mass lesion, and the patiem remained asymptomatic. He toler-
bTE;I:fT Medicine Hranch, National Cancer lastitute,
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Figure 3A, B. Hepatic arteriograms in Patient 2 on 26 February 1974
(A) and 16 October 1974 () show a tumdr in the right lobe
(arrows) and tortuosity of the intrahepatic vessels. €, D, Antero-
poasterior and lateral hepatic scan in Patient 2 on 14 March 1974,
The large tumor™is apparent as a filling defcct within the right lobe.

ated chemotherapy well, with nadir leuhocyte counts between
2000 mm® and 3000 mm', and mudie platelet counts of approsi-
mately 80 000 nun’, Beeause of the dose-limiting curdiae tovicity
of adrigmyein, the patient received a maximum total dose 10
AR0 mp/m®, and the last dose was piven on 27 August 1974,
He had transient eleviations of alkaline phosphatase  during
Apudl and May 1974 sssociated with the resumption of hemvy
aleohol intake. With abstinenge, liver function relurned to nor-
mal, and the patient temained asymplaalic.

The patient was readmitted in October 1974 for reevaluation.
Repeat angiography and scans indicited persistent lesions withe
out definite change in size. Repeat liver junction tests had
nornial findiogs except for a B8P retention of 906 at 45 minutes,
Recause of the wotal dose limitdions of adriamycin, the patient
was started on internniient cyclophosplinmide chemotherapy.

The patient dicd in March 19785 of massive intra-nbdominal
hemosrhuge resultingg trom a tuptwed angiosarcomistons cys! in
the liver. AL wnopsy, there wis eatensive angiosarcoms in both
labes of the liver, with direct extension to the diaphragm.
Metastases were found in regional lymph nodes, lung, skull,
and scalp.

Industrial Screening

Dr. John Creech?: Data were obtained from examina-
tion of approximately 1300 employees of a plastic and rub-
her manufacturng factdty in Lowsville, Kentucky, The
chemicals most often llf\"lfd in the manulacturing processes

At this factory were vinyl chloride, vinylidene chloride, and

vinyl acetate for plastic production and butadiene, aerylo-
nibvile, and styrene for rabber pradoction. When three -
pluyees were found to have angiosarcoma ol the liver (8),
an intensive study of the health of hoth prcscm\uml former
employees was begun. Two major routes of investigation
were undertaken,

Before the initiation of a surveillince program to sereen
for liver discase among present cmployees, investigators

* Clinieal Associale Professor, Departiment of Surgery, University of
Lowsville, Louisvitle, Kenuchy.,

e hed on anloge ol biogey e Livan ot amed e
cat emphy een Sevesal abinomalites were ropeateily seen
ti these Tivane ., e lll'nllnr_ I I IR | the lives, lulﬂill
Wi, evophuapeal vane, aind spleiomeraly, ‘Hherg weie
obvinns potential stern Lo, apmnee these ahinogpeaitne
Pottiment indpnge fpopn the sl eield pueative cires de-
tected by this search e somimaized i Table 10 AN pa-
tients il had o relatnely laph exposiie o the chemicals
used in plastic praduction,  especially  vinyl chiloride.
Furthermore, there was a very long histary ol exposure in
these eight workers: muore than 10 years in seven vises and
20 or more years in live.

Figure 4 shows the proposed sereening method. Fleven
hundred cighty-three employees have had many of the
appropriate tests in this program. However, some of the
praposed scgments of “the program have not yet heen
started, We are now doing a wide range of tests, but the
results are constantly being evaluated and the program
modified 10 use those tests that prove most sensitive and
specific. Some of the more elaborate studies done in pa-
tients with known liver discase arc specifieally intended
not only to he ot diagnostic value, but also o provide in-
formation about the pathophysiology of liver injury in this
population. Appropriate conseni is obiained for all pro-
cedures, Besides the studies shown in Figure 4, otherjtests
arc done when indicated, for example, 1B Ag andgami-
HB,Ag to rule out viral B hepatitis, reticulocyte couhits if
hemolysis is suspected, and so forth, :

All employees of the plant have now been tested, some
of them several times, with a standard SNA-12, augmented
by an SGPT and gamma-ghuamy! transpeptidise (GGTP).
As noted in Figore 4, a liver/spleen sean is also ronline.
To date, 650 seans have been done, 193 in warkers from
arcas with high vinyl chloride monomer (VCOM) exposure
(high VCM) and 457 in emplovees with low vinyl chloride
monomer exposure (low VORD). Among the significant
abnormalities reported in these scans are decreased hepatic
uptake, defect within the liver. and splenomegaly (Tuble
2). The total pereentage of abnormal liver/spleen scans in
the high-VOM workers (12.475) was comparable to that
in the low-VCM group (11,8%. ). The only signilicant dif-
ference between these groups was in hepatie filling defueets,
which were almost three times more common in the high-

Table 1. Hepatic Disease in Workers in Louisville, Kentucky, with
High Exposure to Vinyl Chioride: Feotures of tho First Eipht Casos

720 June 197G » Annais of internal Medicine * Volume 84 « Number G

Patient  Duration Priminy Decase Associated Findings
of Found I—_|_I|_|-; 1 Spivno
i " —— s p——— s RV KTV MR-
Fxposure Aupio- Portd Vives mepaly
) ’ sureoma Fibrosis
yrs
t 21 -+ + L4 +
2 0 - + - -
3 18 + 4 - +
4 20 e o+ - -
5 14 + + -+ +
6 - 2 + + - +
7 24 T - + + -+
8 6 - + - +
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Figure 4. A program {or the systematic secreening of liver disease
in vinyl chioride workers (see text for detals), As indicated by an
astensk, the frequency of routine sereening is determuned by the
extent of oxposure 1o vinyl chiorule monomer within the plant,
CHC = complete hiood count; Gl = gastromtestinal;  LFT == hiver
function test; SGOT = scrum  glutanuc  oxalacetic transamivase;
SGIT .= serum  plutamic  pyruvic  transaminase; GGTP = gamma.
glutamyl transpeptidase; LDH := lactic dehydrogenase; Alk. P'tase =
alkalina phosphatase.

YOM group (Table 2). Filling defeets influded not only
angiosarcomas, of which there were two, but also lesions
apparcatly produced by a prominent porta hepatis, vascu-
lar abnormalitics, or cven congenital mal-location of the
gall bladder, These diagnoses were ultimately confirmed by
angiography or oral cholecystography, or both, In' our
series, the most common eaplanation for false-positive liver
scans was beaign vascular.defect.

Scintigraphy  showed enlarged spleens (3> 14 em in
greatest dimension) in 55 workers, or 8,4% of the total
group examined. ‘The abnormal spleens ranged from 15 cm
o 19 em. Again, the incidence of splenomegaly was no
greater in workers using monomers other than vinyl chlo-
tide. principally for rubber production, than in those with
high-VCM eaposure from plastic production (Table 2).

To date. liver biopsies have heen done on 47 workers,
18 in the high-VCM group and 29 in the low-VCM group.
Indication for liver biopsy has been persistent abnormal
findings in the biochemicul tests or an abnormal finding
in the liver/spleen sean. Falty metamorphosis of varying
severity has been found in 44 of the biopaics from work-
ers with high-V'CM exposure and in 3475 of those from
the fow-VOMN areas, Interestingly, the low-VCM group has
shown a higher prevalence of portal fibrosis (445 ) than
the high-VCM group (33%), although these dilferences
are not statistically significant, Two more cases of angio-
sarcoma have been diagnosed by liver biopsy, both from
workers with high exposure 10 vinyl chloride monomer,

Animportant part of the program s 1o deterpsine which
tests will best predict abnormal hepatic histology. Of the
patients with ahnormal- findings (rom biopsips, 87 had
a abnormal SGPT fevel, 80% an :dnmrnm‘q‘{('idl‘ lewel,
wd 80% an abnormal GGTP level. Within pur relatively
small biopsy series, every patient in whom!all three of
these tests showed abnormal results or jn whom phisma
docyanine green clearance was abnormal, Had abnormal
liver biopsy findings. whereas completely nornkal values for
tach of these variables was always associated with a nor-
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sl Diver Tospeay, Splenene paly wae el o snelal piedin bor
ol hepatie bvdolopy, o the nevadenee o biopey proved
pontal blorres waes ceannldly the wanne i paticnts. with
el spleens (50750) w0 i theewe whiln plene culange-
hanl (- (AN N

Prospective canployees at thas plant now underga o
tontine iochenpeal sty dupig ther pae caaployment
physicalse The onpinad ety ol all TIKE empioyees
showed a 2045 rate of jbuormal findings in one or moce
“liver function fests.” ‘Phe abnormality rate in the pre-
employmuent group, consisting of suppsedly healthy iwen
with no exposuie jo vingl chloride or othe oaoees,
wis 245 (that is, 44 of 181). Alcobol consumption prob-
ably accounts for some of this high “bachground” rate of
abnormal liver function tess,

Onc other preliminary observation is worth noting. We
have recorded elevated inferior sena caval pressures (> (0
mm Jg) in 21 of 40 paticnts with splenomegaly or ab-
normalitics in other prefiminary serecning tests, \WVe have
no definitive explanation for this

» .

Based on our own data and those of “others, we plan to
continue an cxpanded screening program that will include
indocyanine green and bile-acid clearance studies in the
initial evaluation. Other toests we may do more routinely
are [1] barium swallow for varices and upper gastr@in-
testinal series in patients with splenomegaly; 12] more 3x-
tensive hemodynamic evaluation, including umbilical vlin®
catheterization for portal pressure measurement and podal
venogriphy to determine the role of portal hypertension in
the splenomicgaly of vinyl ¢hluride-associated portal fibro-
sis; and {3] extensive pulmonary evaluation, including
pulmonary artery cathoterization, presswie studies, and
possible biopsy, to evaluate the high prevalence of clevated
vena caval pressures.

Dr. Puul Berk: Dr. Creech has been in the forefront of
developing a screening program for vinyl chloride workers.
Some of the probleas he faces are clearly indicated in
Table 3, which summarizes data obtained during adinission
to the Clinical Center of five workers from two vinyl
chloride plants, including the two patients presented in
detail here. Three, inclyding the first patient discussed,
had significant hepatic Bibrosis seen on licht microseopy,
and, in the fourth, a characteristic pattern of fibrosis was
scen with electron microscopy (17}, Patient § had an
extensive angiosarcoma and severe aleoholic Liver disease
with circhosis. Note that only this patient had hiochemienl
abnormatities  or  defective

BSP or indocyanine  green
metabolism.

Tablo 2, Results of 650 Liver/Spleen Scans in Workers Lxposed to

Vinyl Chloride Munomer (VCM) at a Plastics and Rubber Manufac-
turingy Plant

Finding Thiph VON Low YOM
(19 i) (157 scuny)
' fo
Decreased hepatic uptake 1.55 219
1 lc§mic filling defect . 2,59 O.R8
Enfarged spleen R K75
Tatal Abnormalities 1 1243 1182
!’ ' hnrk et al, Vilrlyl Chloride und Liver Diseasa 721
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The normal values recorded Jor so many tests of liver
function in Paticnts 1-4, despite the significant histologic
lesion, pose scrious problems for detighing an adeguate
sereening repimen  to detect liver injury among  vinyl
chloride workers, Furthermore, as shown by the first case
presented, follow-up studies of patients with proven vinyl
chioride-ussociated liver injury, after their removal from
exposure, cantiot be hased on any routine (ests now avail-
able. The suitability of bile-acid elearance studies for this
purpose certainly merits further evaluation, as these seem
to be the most sensitive indicalors of hepatic discase that
we have, short of liser biopsy, The absenee, of abnornl-
itics in so many tesls of hepatocellular function probably
reflects the tact that the principal anutomic lesion in vinyl
chloride-associated liver disease is fibrosis, with relative
sparing of the bepatocyies. Upfortunately, we have no
simple test for hepatic fibrosis without hepatocetlular dys-
function,

Epidemiologic Studies; A Cohort Approach

De. Irving Schihoff*: With Dr. Creech's discovery last
year af his clinicul cases of angiosarcoma, we have conw
full-circle. Since Rehn first reported aniline-induced blad-
der cancer in 1893, there has been a discrepangy that has
bothered many scientists; that is, although many chemical
carcinogens have been identified in labsratory studies, very
little humun c:mccr?;ﬂ:xs heen reported to be associated
with industrial exposmie in the vast and growing petro-
chemical industry, THparadox is, therefore, one of many
laborarory earcinogens but relatively  few human neo-
plasms, Aside from bladder cancer due to betasnaphthyl-
amine and benzidine, and coal-tar shin cancers, we simply
had not seen much malignancy among chemical workers
that was related to oceupation, Revently, wiMy the recogni-
tion of bischloromethyl cther cancers of the lung and upper
respiratory tract, our suspicions were heightened, but, until
fast year when Dr. Crecch and associates (8, 9) reported
their eases and Drs. Maltoni and LeFemine (12) prescited
T Froteser of Medicine and Commumty Medicine; Dircctor, Foviions

mental Health Sconces Rescarch Center, Mount Sinal School of Medicine,
New York, New York,

their elegant laboratory studies, we coult not explain the
diserepancy between our anticipated elinical lindings and
what actually vceurred.

Recopnition of this problem actually began a few years
ago, in the mid-1960s, when simullancous reporgy came
from Curope (2, 3). the United States (1), and Great
Britain (4) describing acro-osteolysin among workers ex-
posed to vinyl chloride monomer. The syndrome 4s char-
acterized by a Raynuud-like phenomenon, pxcudn-auhl\iug
of the fingers resulling from the collapse of the terminal
phalanx, and local bone resorplion. Al the supgestion of
the British plasties industey, a stady of the pathology of
acro-osteolysis was begun,

Rats were exposed 1o gascous viny!:chloride in cons
centrations af up 10 30000 ppm. The investigators (11)
reparted an interesting sel of data on the pahology of the
bone changes and also deseribed the appearance of 2ymbal
cell tumars in the rats, Unlorunately, these lindings did
not receive much attention.

Such zymbal cell tumors had been seen with polyerylic
aromatic hvdrogarbons, benziding, and several other car-
cinogenic chemicals, 1L was perhaps thought that this was
yet another laboratory curiosity. Nevertheless, the hone
changes and some fragmentary information about liver
changes did attract wttention, especiadly because of the
excellent work of investipators at the University of Bonn.
They found that many of their paticnts with scro-ostcoly-
sis also had liver disease (7, 18, 19), However, they re-
ported no cancer {20). -

That was the state of our knowledpe at the end of 1973,
Matters changed in 1970, with the epost of thiee cines
of angiosarcomy of the liver smong warkers at the plastics
and rubber plant in Louisville (8, 93 and the reports of
more animal studies (13) that appeared soon after, Vinyl
chloride monomer was seen to be a carcinogen both in
animals and humans, Because the chemical and its poly-
mer, polyvinyl chloride, were widely used in industry and
tisewhere, it was important to clucidate the true dimensions
of the problem.

First, we examined and did biochemical tests on more
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iliey that were done showed
iy other shnormlitid i the overlap with 400 simul-
and  the vardability  in spht samples
rendered them inellicient as diagnostic aids, We found no
gunde predictive of cither liver injury or angiosarcoma

tancoun  contiols

(5). Whether ultiasound (21Y are hiver seanning will ulti-

mately prove o be of greater help, we do not know,

When angiosarcoma of the hver was deseribed, we all
appreciated that it was, in general, rare, There has been
anly one established case of angiosareoma in 52000 con-
sectitive sutapsies at the Los Angeles County Hospital, A
search of the files at the Brons Veterans Administration
Hospital showed not a single case of angiosarcoma in
30000 autopsies. We saw a signiflicant number of cases
only at Mount Sinai Medical Center in Dr, Popper's files,
where one ¢an find everything hepatie, Cl‘l”L‘d from many
SOUPCOS,

Besides vinyl chloride, at least two other chemicals
were hnown to-catise hepatic angiosarcoma in man: tharo-
trast (22, 23) and arsenicals. Arsenical-induced  hepatic
angiasarcoma hinl been seen among vineyard workers ex-
posed 10 arsenical-contiining insecticides used to spray the
grapevines (24), and in patients chronically ingesting in-
organic medicines containing arsenicals (25), Thorotrast
angiosarcomas were particularly worrisome. Although the
maierial had been used in diagnostic radiology sinee 1926,
the first hemangiosarcomas were not seen until 20 years
lter. This was consistent with the long period of clinieal
lateney we hnew to be characteristic of most environmental
aid occupational cancers. I also correlated with what Dr,
Creech saw in Louisville, The plant had been opened in
1940, and the first angiosarcomas were seen in 1968, Dr.
Creech showed us one case of angiosarcoma seen 12 years
after onset of exposure, but most of the others became
apparent after a considerably longer time,

Although the plasties industry is telatively new—many
major segments began operating during World War 1T—
we have known of vinyl chloride for a long time. The
Umted States began producing it on a very tentative
experimental hasis in 1928, and on a small commereial
seale in 1938, Howevergproduction has markedly ex-
panded only in the past e. In 1950, the tolal world-
wide production of plasti as only about 4 million and
a half tons in 1970, it wieblughly 1S times more,

The guestion now is Whether the current cases of hepatic
anpiosarcona are derived from the smalt population of
19401960 warkers, or (rom the full pool of vinyl chloride
workers, including those beginning work fiom 19%0.197.,
Expetience suggests that current gases are derived primarily
from the carly group. Llovd (26) analyvzed the first 19
caacs reported in this country and abroad. The average
period of clinical latency, from first exposure 1o diagnosis,
was about 2003 vears, with a range of 11 10 30 Years.
Most of the people in this group had begun work in the
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mentally nduced neaplaans, bas o boies period of chniead
lateney. We de nol know, howeser, i g wall be o common
problem or an infrequent one, Hhice prowps e stadyng
this, using o cohort approach. Fust the plastics industiy
has monnted s exlendive wmvestization (273, L he vobort
is composed af all men Anown 1o have worthed in the
relevant facilities for a year or more belure 31 PDecember
1972, Data have been gathered on 8384 men, but. un-
fortunately, about 1200 men still have not been traced.
Thas it is ditlicult to evaluate the information gathered.
Nonetheless, the data pow available point to increased
risk of cancers of the lung, brain, buceal eavity, and
pharynx (27). Although more information is necded for
conclusive evidence. the s suggestivgs have been found,
m a second stly, done at the National Institute for
Occupational Safety and Health (28),

Qur laboratory has scarched for information on a key
question:  How common will angiosarcomin be amgng
populations cxposed to winyl chloride monomer? At Pne
plant we identified all warkers employed there fof §
years or more from the time the plant opened in 194$t0
1964, There were 257 such workers, all of whom hitve
been traced, There were 25 deaths, of wll causes, Thiee.
died of hemangiosircoma of the liver, cach conlirmed hy
autopsy and reviewed by Dr. Popper and Dr, Hhonias,
Thus, approximately 1 of 8 deaths among vinyl chloride

Cwarkers, ot least i ahis plant, was due o angiosarcoma

of the liver. Another death, cavsed by ruptured esophageal
varices, was also related 1o vinyl chloride exposure. I these
data are confirmed by other stuidivs, it would seem that
the risk of death from angiosarcoma of the liver will in-
crease greatly 15 to 25 years after the initial exposure in
those who began working with the chemical between 1955
and 1974,

In closing, it is worth noling that until recently, the
chemical industey had been making pladties. not doing
medical rescarch, We in the medical profession had been
doing rescarch, but not _paying great altention to the
chemical industry. In both instances, changes are being
mule.

Further Epidemiolopric Studies -
Pro Heory Fadk*: The fies Toar cases of vingl ehlogide
monomer-induced  Jwepatic  angiosarcoma identilied  in
Louaisville were all in polyvinvt ehlaride polymerization
workers, Thiv is ax expected, since the job done by these
workers, opening amd cleaniog the reactor vessels alter
polymerization, involves the highest exposure 1o vinyl
chloride monomer, Other cases of the tumor have singe
been identilied in workers, primarily among those involved
in the, polymerization process. We now know of 15 cases
e Medical Fpideminkopist, Caneer and Barth Defects Divivion, RBurean

of Fpidemiology, Center for Discase Control, UL, Public Dealth Seiviee,
Atlanta, Georgia,
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in the United States (Table 4), 9 v workers at the Louis-
vitle plant and 6 ut three other plants, Of particular con-
cern s that cases seem 10 be increasingly more comnon
in recent Yers,

Table 4 shows several important epidemiologic features,
The fatenvy period, as reviewed in detail by Dr. Selikoll,
is quite leng. The Juration of exposure for most of these
workers is equally long. However, Patient 3 worked with
polyvinyl chloride only 4 years and developed a tumor 15
years fater. This suggests that relatively briel periods of
eaposure can be significant, and that, once started, the
carcinopenic process may not always be reversible with
removal from the monomer exposure. It has been widely
assumed that the highest sustained levels of vinyl chloride
monomer exposure ovcurred in the ¢arly years of the
industry (1940s and carly 1950s), and that most of the
patients had begun work during those vears. Patient 7,
however, first began working in 1962, and, therefore, the
carcinogenic sk factors were still present in the carly
1960s. Muost cases of spontanicous hepatic angiosarcoma
(and other hepatic sarcomas) occur in older age groups,
whereas, despite the long latency period, the vinyl chioride
monomuer-induced cases oceur at a relatively carly age for
this type of tumor.

In the cpidemiologic study of these initial cases, two
important questions Arisc: 1] Why. is the discase more
prevalent at the plantzin Louisville; and 12) Why, in par-
ticalar, did it xlm‘cli‘ﬁ"ﬁl Adhose 15 workerss that is, might
factors such as chemical exposure, work paticins, of past
medical history serve o promote or aceelerate the develop-
ment of angiosurcoma in these particuliur persons?

The Louisville plait, which opened in, 1942, is the
second oldest polyvinyl chloride polymerizition plant in
the United States. Only seven such plants started operating
before 1950, and the four plants in which cases of angio-
sarcoma have oceurred are in this group, The age of the
plant is, therefore, important, and this probably relates.to
both the long latency period for the discase and the less
stringent precautions for working with the monomer that

724  June 1976 + Annals of internal Medicing + Volume 84 * Number &

atienis 10 uough l*, e Neagstd Pulls, Now Yok Pabcis 13 and

by [ -—
pertained in the carly years of the industry, :

Many ol these cises of angiosarcoma were initially mis
diagnased. Mot wefe called hepatoma or cirrhosis, amd
it is only with a ful] review of mortality data, inchuiing
re-cxamination of aulopsy or biopsy tissucs, th} some
cases have heen uncovered. Moreover, the last thrge cascs
at the Louiswille plant were “identiied during  ifitensive
screening programs, as deseribed carlier by Dr. Lrecch.
Therefore, this initial clustering in Louisville may be only
antificial. and, with vontimaed surveillanee in the industry,
a more uniform distribution of cases may become ap-
parcnt. : .

On the other hand, there are specific ‘conditions in the
Lowisville plant aidd in the 15 reported cases that may be
significant in the carly appearance of angiosarcoma in
these warkers. ‘There are four polymerization buildings i
the plant. “The two that produce the staightforward poly-
vinyl chloride resins show the least relation 1o the cases of
angiosarcoma, whereas the twao that produce more complex
products have a stronger relation (14), One of the latter
two buildings produces  polyvinyl chioride latex  (an
aqueous suspension of padyvingl chloride), and the work
practices in this buiiding ditler slightly in that it tukes
longer and is more diflicuit 1o clcan these reactor vessels
than the ones that produce palyvinyl chloride resins, Other
factors that might alse lead to greater exposure while
cleaning a reaclor include age and size of the reactor
vessels, frequency of cleaning, and the lining material
wsed in, the geactor. Differing work practices related W
product amd equipsent ay, therelme, be important in
. the distribution of angiosercoma,

The building muost ditectly associated with the angio-
sarconi cases is the one where copolymers and terpoly-
mers are produced. I this process, vinyl ehloride monomer
and other monomers are polvmerized together to produse
polymers with ditferent qualities, Several ol the monomer
that arc reacted with vinyl chloride monomer, such as
vinylidene chloride (viny! dichloride) and acrylenitrii
" (vinyl cyanide), have similar structures and chemical
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expunasl to thiese and other vinyj _n.mu]'muuh. Chie i an
the Nognoa Falls plast worked J“ the polymenzation ol
pobvanyt aleoliol tor § yeagg,befne switchug (o polyvinyd
chiloride, Suce hoowle ot “the Joaip tanpe ellects ol
s of these chemival Wity, we st consider the
possibulity  that they me efact with or enhance the
ctfects of vinyl ehloride mdnomer. Thas, these initial cases
may be related to exposire 1o multiple chemicals, and in
pacticutar, ta the viuyl chloride monamgr—vinylidene
chlogide munture, which is found mainly in the Louisville
plant. ;
Chemicals similar to vinyl chloride monomer are also
used outside the polyvinyl chloride industry, for example,
vinyl fuoride amd chlorobutadiens (vinyl vinyl chloride),
and it will probably he some time before we appreciate the
full scope of the hazirds posed by this class of compaunds,
A recent study (26) has abo suggested that cases of
angivsareoma may sot be limited 1o the high-risk poly-
metization warkers but may also occur in workers who
use the plastic resins to produce a variety of plastic prod-
ucts and in people who reside near polyvinyl chloride
plants, OF the six patients with hepatic angiosarcoma in the

Connecticut Tumor Registry, two lived within the vicinity -

of polyvinyl chtoride fabrication plants, oné was an ac-
countant at a polyvinyl chloride fabrication plant, and onc
(whose tumor, on pathology review at NIH, is  classified
as an indeterminate type of sarcoma and ouly possibly an
angiosarcoma) worked at a plant where he applied both
polvvinyl chioride and non-polyvinyl chioride insulation to
clectrival wires (29),

© Maltoni and LeFemine's (12, 30) inhalation studies
showed that viny] chloride monomer can induce cancers
of the lung, brain, and kidney as well as angiosarcoma.
Several recent studies suggest that the incidence of lung
cancer, brain cancer, and lymphoreticular malignancics
may also be higher in vinyl chloride monomer workers.
The number of deaths among the younger workers at these
polyvinyl chloride plaats is still small, however, and con-
tinued sarveillance will be necessary ta confirm these asso-
ciations (27, 28. 31).

The most ominous feature of the vinyl chloride studies
is the unknown in the future. Tt is possible that, in time,
we will hegin to sce not only more patients with angio-
sarcoma, but also significant numbers of patients with
other, as yet unrecognized, manifestations of vinyl chloride
nonomer-induced diseasc. Stk we do not know whether,
in what has been called thgplastics age," related chem-
fculs will pose similar hazardgees:

Metabolism af Vinyl Chlaride

Dr. . G Watanabe: Angiosarcomas, zymbal gland
carcinomas, and nephroblastomas developed in mits ex-
posed ta from 50 ppm to 10000 ppm of vinyl chloride
monomer 4 h per day. 5 days per week, for 12 months
(12). The rats were observed until death ovcurred. The
incidence of tumors at 50 ppm was less than that predicted

_'Tu:imlm:v Rescarch  Laberatory, Doaw  Chemical Ca., Midiand,
Michian. D¢, Wiianabe's amociales in these studics were Drs. R, E.
Hefner, Jr., G. R. McGowan, and P. J, Gehring.

IYRITRN T Y (YT fospuana nrve penetabed boone Hee e
teontenves at lapdes v posanne fevels of " P 1o YOOI
ppon Beciine the fomor foeadence st 50 ppan was fower
than expected, and shee vyl chilonicde guononeer per s
monat e potent alhylabmg apcon, we thoeht that te cars
cinvepenic patentil of vl Chlstishs nonomer wieht be
mediated aough the formation ol reastive ctabolites,
Therefore, studies were designed o ehicid.te what Lappens
to vinyl chloride monomer after it is inhaled.

A dT-ditre Pleigh inhabision chamber wis ddesigned
and constructed so thal four rats could be sinwttancousty
exposed to variows concentrtions of vinyl chloride mon-
omer. To minimize contamination of fur and shin, only
the nares of the rats protruded through a rubber mem-
brane into the chamber, The appropriaie initiai concentras
tion of vinyl chloride monomer (Matheson Gas Produgts,
Fast Rutherford; New Jersey, Y995 pure) was generated
in the chamber at the slart of the experiment and contin-
uowly analyzed by cirewlation through an infrared spec-
trophotometer. Carhon dioxide was continuously removed
from the recirculating system by abnofption on an As-
carite® (Arthur H. Thomas Co., Philadelphia, Pennsylivas

nia) column. Filtered air was metered into the system 1o re-
_plenish the oxygen consumed. Since the amount of air

consumed was within = 10 of baseline for all exp Xi-
ments, respiratory variables were not significantly changgd
during the approximately 1-h exposures. Rals used in
these studies were Spraguc-Dawley, Spartan  substragh
(Spartan Laboratories, Hasfett, Michigan), ranging in
weight from 165 g to 200 g,

Disappeirance of vinyl chloride monomer from the recir-

“culating inhalation chamber, resulting from uplake and sub-

sequent metabolism, occurred according to apparent first
order kinetics as described by the formula:

dt

In this equation, C is the coneentration of vinyl chloride
menomer (ppm) at time | (minutes), and K (minutes=1)
is the rate constant for the decline in vinyl chloride
monomer concentration. The rate of disappearance of
the monomer and the corresponding half-lite (t;) were
caleulated from the slopey of the log concentration-time
curves, The rate of decling of vinyl chloride monomer in
the empty chamber due to nonspecific leakage was also
determined at cach initinl concentration, and the disap-
pearance rates in the animal studics were corrceted for
this loss.

The rate of disappearance of vinyl chloride monomer
from the chamber was slower st concenttations of 1000
ppm than 50 ppl’n (Figure 5). Other experimems using
initial concentrations rangmg from 50 ppm to 105 ppm
of viny) chloride monomer showad a lincar disappearance
with a rate of (8.03 22 3.40) times 1073 minutes™ (mcan
= sn), corresponding to an average tv of 86 minutes,
At initial concentrations of 220 ppm to 1167 ppm of vinyl
chloride monomer, the rate of disappearance was much

‘slower (2.65 = 1.35) X 10-* minutes?, corresponding to

an average tv, of 261 minutes, Assuming that the rate of
disappcarance from the inhalation chamber was primarily
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Figure 5. Decrease, with time, of vinyl chloride monomer (VCM)
cancentrations 1n the inhalation apparatus. Rats were exposed to
imitial VCM concentrations of approximately 50 and 1000 ppm. Also
shown are the respective declines in VCM concentration from the
unoccupied inhalation apparatus, The rate constants and half-lives
of disappearance of VCM from the system during metabolic experi-
ments were corrected for nonspecific leakage from the chamber
(see text).

a function of metabolism, the slower rate of disappcaranéc
of the monomer at concentrations of 220 ppm or greater
suggested that the metabolism of vinyl chloride monomer
may be a dose-dependent process whereby low concentra-
tions are metabolized through pathways that, with higher
doses, become saturated.

Vinyl chloride monomer mctabolism was also studicd
using metabolic inhibitors, Pretreatment of rats with eth-
anol (5 mg/kg bady weight, by intrapetitoneal injection)
1¥a I before exposure to the monomer caused almost
camplete inhibition in rats exposed o 50 ppm, but only a
mild inhibition in rats exposed to 1000 ppm (Figure 6).
SKF-325A (Smith Kline & French Laboratories, Phil-
adelphia, Pennsylvania), a commeonly uscdy inhibitor of
certain reactions mediated by the mixed function oxidase
cnzymes, did not inhibit ‘mctabolism of the monomer in
rats exposed to concentrations up to 50 ppm, but did cause
a slight, upproximately 20%, inhibition at 1000 ppm. Con-
sidering these data, we hypothesized thal the monomer is
metabolized by several different pathways, dependent on
the dose. At concentrations up to 100 ppm, it is metab-

726

June 1976 « Annals of internal Medicine + Volume 84 « Number 6

wlized ooty by o aple |l.|l||'.\‘:lv Huat, we liave
'.'\\,’\'II'.III'J_ l||.|§' lll\:ul'.‘n' ule nhnl Ill'll‘,'(llIl"l'":l'-l‘. “Il\‘.‘(i\‘l'l‘,
W concentialiony aeecdongs 2 ppan, thise pathwiy be.
comes saturated ond the sipmibiemme of secondary path-
ways, presunably nclading siciowsmal nivsd function
oxidhases, incteases (42).

Dose-dependent processes Tor the chimmation of a chem-
ical are of prime mmrportance in toacology, Many meta-
bolic and exerctory processes have finite capacities, and,
as doses of a chemival wie increiased, these processes be-
come salurited or averwhcimed, i1 the tunction of the
saturated  process is detoxitication, o disproportionate in-
crease in toxicily may ensue above those doses that cause
saturition, Therefore, toaicity occurnmg with large doses
of a chemical must he interpreted cautiowsly, and it does
not neeessarily jmply that compatable types of toaicily
will be observed at lower doses,

Gillette (33) recently summarized the role of chemically
reactive metabolites of foreign compounds in toxicity.
Compounds such as bromobenzcne (34) and acctamino-
phen (35, 36) induce hepatic necrdhis only after the dose
is high cnough to overwhelm the detosifieation pathways
for the reactive miclabolites of these compounds. Con-
jugation of the alkylating metabolites of thest chemicals
with glutathione is a primary mechanism for detoxification.
Necrosis is induced only after the glutathione levels are
reduced sufliciently to allow the reactive mcl:\boﬁlcs to
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Figure 6. Declines in vinyl chloride monomer (VCM) concentrations,
with time, at initial concentrations of 56 and 1034 ppm, for Loth
protreated and contrel rats, Also shown are the respective dechines
in VCM concentration from the, unoccupied inhalation apparatus.
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Figure 7. Left, Ireepdar h.xrosls of portal tracts and focal nodullr fibrosis of the heplhc capsule. (Hematnxylin and eosin; original marmlu .

R )

cation, x 45.) NIH accession numbher 574-411. Right. Portal tract from the same liver shown in Fipure 1. The filnosig interrupts the hoiting
plate and extends to sufiounding hepatic parenchyma. There is-a shight intitrate of lymphocytes and mimimal probifcration of bile ducts.
(Hematoxylin and gpsin; orginal magnification, x 160). NIH accession number 574-411, (Reproduced by permission. Ann NY Acad Sci 246:

174-194, 1975.)

react with other intracellular macromolecules (DNA,
RNA. protein, lipids), Although Gillette and others have
not yet attemipted to correlate the covalent binding of
reactive metabolites (0 DNA with carcmmcncsn such a
reaction has been speculated as a potential muhumam for
carcinogenesis.

Recent work in our laboratory and elsewhere, much of -

it still unpublished, has included studies in rats on the
fate of ingested V'Cevinyl chloride monomer, and the isola-
tion and identification of the major urinary metabolites
of this chemical, The ingestion study showed that vinyl
chioride monomer is metabolized 10 polar products that
are readily exereted in the urine. These resubts also sup-
port the hypothesis of Jose-dependent metabolism. The
hepatic nonprotein sulfhydryl content of rats exposed to
vinyl chloride monomer showed a progressive depression
related o the concentration and duration of exposure.
Consistent with the sulfhydryl depression, two of the three
urinary metabolites isolated thus far have been identified
as thiodiglycolic acid and, N-acetyl-§ (2 hydm\yclhyl)
cysteine, Thus it seems 'vmyl chloride monomer or
its reactive metabolites cov ‘ﬂy bind with hepatic gluta-
thione and are subsequent®Rydralyzed and excreted in
the utine as conjugates of cysteine,

Other studies on vinyl chloride monomer continue to
support the hypothesis that its carcinogenicity is related
to the metabolic formation of reactive metabolites, Stidies
(37-39) have shown an enhaneed positive matagenic re-
sponse in certain strains of Sulmonella typhimurium ex-
posed to vinyl chloride monomer if microsomal cnzymes
or fortified liver homogenates are present. The metabolites
of. the monomer identificd in the urine of rats exposed to

the chemical indicate that the primary deactivating mech- -

anism js by conjugation with the hepatic nonprotein s
hydryl compounds, glutathivne and cysteine. Our curreit
rescarch is directed toward further clucidating the mctab-
olism of vinyl chloride monomer 1o reactive products and
their potential to bind with intracellular macromolecules.
Resolution of the metabolium and pharmacokinetics of
vinyl chloride monomer will undoubtediy be of greal help
in resolving its hazurds and will ultimately provide a
scientific basis for guidclines concerning tolerable levels
of exposure.

Histologic Features: Hepatie Fibrosis

Dr. Hans Papper*: Oniy little mare than hall a year
ago, I became acutely aware of an cffect of vinyl chloride
exposure on the liver when, within 1 week, three persons
called this connection to my attention. Dector Lelbach
from Bonn, Germany, sent g reprint about a peculiar intra-
lobular fibrosis of the liver scen by peritoncoscopy and
liver biopsy in workers exposed to gascous vinyl chloride
(7): Dr. Selikoll called me and asked what 1 knew about
hepatie angiosarcomis, a rare tumor newly observed in
the same type of warkers in this country; and Dr, “Thomas,
here in Bethesda, showed me histologic slides Trom several
stch workers. Supsequently, I have had the privilege of
studying, with Dr. Thomas, a large amount of histologic
material that has been collected in the 1aboruory  of
Pathology of the National Cancer Institute. The following
report is based on this cooperation, and. 1 hope, shows
the heuristic value of environmental pathology (40)
rapidly assembling information that might enlighten other
areas of pathology and medicine.

* Gustave L. Lovy Distinguished Service Professor, Mount Sinal School
of Mcdicing, New York, New Yok,
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Figure 8. irregular, focal chlatation of hepatic sinusoids, The size
and numbaer of the sinusoidal hining cells are intreased, The hepato-
cytes also vary in size and focally appear to bLe prolferating.
(Hematoxylin and eosin; original magnification, x 400.) NiH acces-
sion number 574-415, .

o

In reviewing the scrious hepatic. lesions encountered in
vinyl chlorid& polymerization workers, we saw that two
distinctive lesions were prominent. One, angiosarcoma of
the liver, has been the focus of most of the atlention in
this study, and its hivologic features will be presented by
Dr. Thomas. The sccond is characterized by a peculiar
form of hepatic fibrosis, which, in many instances, was
initially diagnosed as cirrhosis. In some of these workers,
the lesion was associated with portal hypertension and
variceal hemorrhage, leading to the pertormance of a
portacaval shunt, during which time a wedge biopsy of
the liver was obtained. In other cases. the lesion was diag-
nosed on the basis of a needle aspiration biopsy. It is of
considerable interest that, in vinyl chioride workers in

West Germany, severe portal fibrosis with significant portal -

hy pertension, splenomicgaly, and thombocytopenia—pre-
sumably on a splenomegalic basis—is relatively commion
while angiosarcoma is rare, whereas the relative ineidence
of these two lesions in American workers seems to be
reversed.

The typical fesion of vinyl chloride-associated hepatic
fibrosis consists of three features (Figure 7). The first is a
typical but nondiagnostic portal fibrosis, varying in degree
throughout the liver. Ififplaces, it scems aggressive, in
that fibrous tissue extenflinf into the lobular parenchyma
distorts the limiting plat@®t alsa extends into the walls of
the portal vein branches. separating their muscular lihers,
Sometimes accumubation of dense connective tissue is as-
sociated with proliferation of bile ductules and periductular
inflammation, flammatory cells also aggregyle around
some bile ducts, and this pericholangitis might explain
the focal canalicular cholestasis seen in some specimens.
The second is eapsular and subcapsular fibrosis, in a
nodular form; it is the most characteristic lesion, partic-
. ularly visible if the surface of the liver is inspected on
peritoncoscopy, as reported from Bonn (7, 20). Distinc-
tion from cirrhosis by gross inspection is difieult. The
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vembzed dedonthy By fiebl st opy oy B vontet hive
Prate staie, Fhctian naoeaapy (113, by comast, sle-
teds o ddense but tin conned v e coat sutinpnding
the hepatocvies dumd s ated with many fibioblsts and
Cut-containing mesenchyual cells - o cells GH) or lipe-
uj'lcs (12)=-which have been postulated 1o be precursors
of fibroblasts (43). This hbrosis ditlers mogpholoeically
from that scen both in chionie active hepatitis and in aleo-
holie liver discase amd supgests o different mechanism of
development. Where the intratobular fibrosis is conspicu-
ous, it is associated with bulging sinisoidal Tming cells
with a prominent diatiase-rosistant, periodic-acid  Schill
rcaction of the cytophmm, which is sotmctinies granular,
as in phagocytosing macrophages, but more typically dif-
fuse, The hepatoeytes show no significant changes except
that, in the arcas of praminent sinusoidal lining cells, they
show variation in size of buth eytoplasn and nuclei in that
large hepatocytes, sometimes even multinuclear, alternate
with small cells (Figure 8). In some instances, particularly,
in autopsy specimens, regenerative nodules are scen with-
out cirrhosis. .o

Besides this pattern of fibrosis scen in afl specimens,
some specimens—both from patients apparently freg of
angiosarcoma and in two in whom angrasarcoma was'
found—a focal irrepular sinusoidal dilatation was

gestion, sinee it was not predominantly in the eentrolo
area. The same type af focal sinusoidal dilatation, pro-
gressing almaost to peligsis. has been ohserved in patients
after tremment with anabolic steroids (44) and contracep-
tive pills (45), However, in these latler iustances, there
have not heen any repofts of progression 1o’ angiosarcoma.
In our vinyl chloride cases, the sinuseidal dilatation s
associated with proliferation of the sinusoidal lining cells,
which become enlurged and show bizarre nuclei and, as
will be discussed below, progress 1o angiosarcoma, Thus,
we ean conclude that this sinusoidal dilatation is a pre-
cursor to the tumor in vinyl chloride exposure, but we
have not yet elearly identificd the nature of the cell under-
going malignant transfofmation.

In cases where we were able to study the spleen, we
found it distinctly enlarged, and, particularly on laparos-
copy, it showed a nodular but irregulir type of capsular
fibrosis (7). On the cut surface. the follicles were con-
spicuously enlarged, in contrast 10 girrhotic fihrocongestive
splenomegaly. Histologically. fresh hemorrhage was seen
in most spleens. although some showed calcitivation and
iron incrustation in the form of Gamna-Gandi badies,
The cords of the pulp contuined many  erythrocytes,
vharacteristic of hemolysis. The lining cells of the sinuses
were activated but, for the most part, not librotie,

Study of ‘the pathogenesis of vinyl chloride-associated
liver injury (46) showed that vinyl chloride or its metaho-
lites scem to induce a hyperplasia of two types of cells: the
mesenchymal sinusoidal lining eells in liver and spleen, and
the 'hepatocytes. in the spleen, activation of the sinusoidal
cells may result in splenomegaly, and, in the liver, in fibrosis
contributing both to portal hypertension and the formation
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Figure 9. Left. Sinusoidal pattern of angiosarcoma. Sinusoidal spaces are large and |rregul|r. Angiosarcoma cells line these spaces and on-
sheath hepatic cord cells and an increased number of non-neoplastic-appearing celis in the space of Disse. Bile plugs are present in bile
canalicul. (Hematoxylin and cosin; ongnal magiification, x 392.) NIH accession number A74-31. (Reproduced by permi Ann NY Acad
Sci 246:268-277, 1975.) Right. Another area of the same angiosarcoma shown in Figure 4. Spurhike projectinns of hepatic tissue project into

larper, mare ¢averhous cystic spaces, The hepatic cords are disrupted by degenerstion of hepatocytes. The tissue spacq of Diuge containg in- .

creased collagen and reticulin fibers. (Humatoxylm and eosin; magmﬂcauon. x 100.) NiH accession number A74-31,

of sepla. These septa may progress to cnrrhom Although
we have not as yet noted this progression, it has been ob-
served by othfTs, Sinuswidal dilatation develops, and in
this setting angiosarcoma ensues. The role of the activation
of the hepatocytes, which scemingly (orm a scaffold, is
problematic. However, it is worth noting that we have
anecdotal evidence of primary hepatoeellular c.urcmoma in
persons ¢exposed to vinyl chloride, .

While studying these cases, we beeame aware that pro-

longed exposure to trivalent inorganic arsenicals, such as

Fawler's solution used -to treat psoriasis, results in the
same clinical and histologic picture (47-49). Histologic
examination of two cases made availuble to us by Dr. Peter
Scheuer showed the same histologic changes as in vinyl
chloride-induced  fibrosis.  Morcover, exposure 1o such
arsenicals has also been associated with hepatic angiosar-
coma (25). In vineyard workers; in addition, it has been
assoviated with primary hepatic carcinoma and cirrhosis
(24). The mechanism of toxicity of arsenic has been re-
ported to occur through its reaction with 6,8-dithiooctanoic
acid (a-lipoic acid), with the arsenic forming a stable
bridge between the two sulfhydryl groups (32). Certain
hypothetical metabolites of vinyl chloride formed by the
mixed function oxidases would also be expeeted to react
in 2 similar fashion with dlipoic acid, possibly explaining
the similar pattern of botkgfibrosis and ncoplasia seen with
these two superficially unvelated chemicals. Interestingly,
thorium dioside ( lhurmr.lsﬁ also produces the same spece
trum of lesions (22),

The pathogenesis of the noncirrhotic portal hy pertension
in all these instances may be related to a discreppney he-
tween inereased splenic blood flow, induced by the hyper-
plastic: splenomegaly, and to the impairment of the dis-
tensibility of the hepatic vascular bed produced by the
various forms of fibrosis, which hy themsclves are not
conspicuaus (50). The fact that this type of portal hyper-

“tension has been produced by chemicals, at least some of

them environmental, suggests that ndlop.uh:c pOl‘!.ll hyper- -

tension, found only sporadically in the Western world but

more often in some areas of Asia and Alrica, might regilt
also from toxic, possibly environmental, chemicals.

Histologic Features: Angiosarcoma

Dr. Louis B. Thomas*: We have reviewed the available
pathologic material for o group of vm)I chloride workers
who had a peculiar hepatic ibrosis and focal sinusoidal
dilatation associated with proliferation of sinusoida! lining
cells. In addition, we have studied the hepatic lesions of
15 vinyl chloride workers who developed angiosarcoma
of the liver. The hepatie changes deseribed by Dr. Popper
were also seen in the nonangiosarcomatous arcas of the
liver in all cases in which suitable sections were available
for review. From these observations, we concluded that a
continuous spectrum of changes oceurs, starting with
multifocal arcas of stimulated sinusoidal cells, followed by
increasing degrees of atypia and proliferation of these
cells, and culminating i; progressively  growing,. multi-
centric, infiltrative angiosageomas (51).

Of those patients with angiosarcoma who died and were

" autopsicd, postmortem examination ol the livers showed

massive involvemient by cystic, blood-filled tumors that
replaced most of the tissug. The liver weights ranged from

1860 g to 7300 g. The average weight was 4236 g, in the”

larper specimens some of the cystic spiaces were several
centimeters in Hiameter and were associiated with large
arcas of hemorrbage and pecrosis, Rupture of these large
cavernous cysts followed by intraperitoncal hemorrhags
veeurred both spontancousty -and b the time of surgery,

and it was the immediate anatomical cause of death in -

several patients. The liver tissue was also irregularly re-
placed by small eysts that voaried in size from 1 mm lo 1

em i diameter, Most of them were filled with blood; only -

® Chief, Laboratory of Pathology, National Cancer Institute,
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siroctural patterns, The sino-
2 Ve Yo, consistaed of aeo-
plastic-appearing simisoidal cells that had enveloped cords
of hepatocytes and tormed irrepular sinusoidal spaces. in
these areas, the hepatocytes were well preserved and bile-
secreting, with no degeneration or necrosis. Macrophages,
fibroblasts, and lipoeytes proliferited in the space of Disse,
With increased prowth ol the angiosarcoma  cells, the
hepatocytes atrophicd aml disappeared, and the spuce of
Disse was filled with collagen fibers, so that larger, cystic
spaces formed, The papillary growth paticrn was an inter-
mediate stage characterized by papillary  projections of
blind-ending, disrupted hepatic cords estending into the
irregular, multiloculated eystie spaces ol the angiosarcoma
(Figure 91, These spurlike projections were covered by
angiosarcomit cells that ensheathed the various other cells
in the space of Disse and the residuad Tragments of hepatic
cord cells, The cavernouns pattern had larger blood-lifled
spaces surrounded by a thick wall of dense, relatively
acellular fibrous conncctive tissue. These  larger, cystic
spaces were lined by
layers of angiosarcoma cells. We also observed more
nodular, anaplastic focuses of angiosarcoma in some of the
livers, but in every instance these specimens also had other
focuses of angiosarcoma that showed the progression from
sinusoidal to papillary to cavernous growth patterns,

Thus, this serics of changes seems o represent multi-
centric development of angiosarcoma, starting with the
precursor lesions of sinusoidial cell proliferation and atypia.
Some of these precursor lesions progress to the fully de-
veloped caverpous angiosarconas, which become clinically
evident. We do not have adequate morphologic criteria 1o
separate the carliest histologic changes of sinusoidal cell
atypia and hyperplasia from the progressive, fully devel-
oped angiosarcomas. As noted carlier, proliferation of
hepatocytes and  of non-neophistic-appearing - fibrocyies,
lipoblasts, and macrophages plays some role in the devel-
opment of the angiosarcomas. Proliferation of these cells
was especially noted in the areas of sinusoidal and papil-
T hin thc angiosarcomas.
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¥
be nmultiventric

lary growth patiernsp

Many of the hii
tion of the hepafif
workers have alsilpg:
sarcomas eaused by thorotrast amd by inorganic arenicals,
Studies are now in progress to evaluate the similarities and
dissimilatities between the  lesions produced by these
chemicals and the hepatic angiosarcomiy ul' unknown
cause thal oceur sporadically,

Summary

Dr. Berk: We began this conference with a_list of yues-
tions that 1 thought might define the seope of the problem
of vinyl chloride-associated liver discnse, Although at least
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ariable, somctimes quite scanty, -
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