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Figure 3A, l. Hepﬂﬁo‘: e i%lt‘ﬂ? i M.m 2on26 Fobmm 191&
(A) and 16 Oricher 2873 (2) show s tumor in the sight lode
(arrows) snd tortuoeiiy of the intrchepatic wvesseii. €, D, Antero-
posterior and Ixiers(’ hapatiz scan in Patient 2 on 14 Mach IH74.
The large tumae fs epoic? on v Ailing defect within the right ioba.

ated chemotherapy it -wil nadir leukocyte counts between
2000 mm® and 3000 mua’. azd audic platelet cournits of approxi-
maiely §0 000 mm’,-Bocauss of the dose-lisnitiag cordiac toxicity
of adriamyein, the vafert eeceived & maximum total dose
480 mg/m', and the isat dose was given on 27 Auvgust 1974,
He bad transient el=2igns . of sibaline phosphalsse during
April and May (874 ssasinted with the resumption of heavy
alcobol intake. Wilh azaidneee; liver function retuines to nor-
mal, and the paticsi roussingd soyrepromatic.

The patient wa? readidiTied 2z Getobar 1974 for reevalustion,
Repert angiography and éenon-todicated persistent lesions with-
out definite change in v~ Repeat liver function tests had
normal findinge excet £or.5 BSP retenton of 9% at 45 minutes.

~ Betause cf the izl dove Lmitizns of adriamycin, the patient

was started on isicgitien: cyclopbospharide chemotherapy.

The psatiest died in March 1978 of msssive irira-abdominul
hemorrhage resuftiog fruin’e mipured angicasroomatous cyst in
the liver. At auinpzy, there wae-extensive angiosarcoma in boih
lobes of the Jiver, =ik Curci extension to the diaphragm.
Metastases weore found in regional lymph nodes, lung, skull,
and scalp.

industrial Scivening

Dr. Jobn Creech®: Data were obtained from sxamina-
tion of approximately 1200 empioyees of a plastic and rub-
ber manufacturing factory in Louisville, Kentucky, The
chemicals most often used in the manufacturing processey
at this factory were vinyl chloride, vinylidene chioride, and
vinyl acetate for plastic production and butadiene, scrylo-
nitrile, and styrene for rubber production. When three em-
ployees were found to have angiosarcoma of the liver (8),
an intensive study of the bealth of both present and former
employees was begun. Two major routes of investigation
were undertaken.

Before the initiation of a surveillance program to screen
for liver disease among present employees, investigators

'Caniul;\.uud- m:-w.waSu-m University of
Louisville, Louvisville, Kemuucky.

_tients had had a ulntively high exposurz io the chemiczh-

searched for autopsy and biopsy tissue from past and pres
cat cwyployces. Several abaormalities were repeatedly ste.
in these tisues, m..ludm; avgiosarcoms of the liver, pand g
fibrosis, esopliagesl verices, and splenomegaly. There wes ™
obvious potential interrelations among these sbnormalities, 3
Pertinent findings from the first eight positive cases do- 9
tected by this sesrch are summarized is Table 1, A% p»

used in plastic  production, especizlly vinyl chionds <}
Furthermoye, there was & very long bxstoty of exposure 8
these eight workers: more than 10 years in saven cases and o
20 or more years in five.
Figure 4 abows the proposed screening method. Eleven
bundred cighty-thsee employees have had many of th {]
appropriate tesis in this program. However, somes of U
proposed segments of the program have not yzt busg (3
started. We are now doing. & wide range of tests, but the '
resuits are coostantly being evaluated and the program J
odified 10 use those tests that prove most sensitive aod
specific. Some of the mcre elaborate studies done in po- -3
tients with known liver disease are specifically imtended '
ot enly to be of diagnosiic value, but aiso to pmwde k-2
formustion gsbout the pamophysxology of liver injury in thi
pupulriion. Appropriste consent ia obtained for al W*
cedures. Besides the studies shown in Figure 4, other te ' ¥
sre dope when indicated, for example, HR,Ag and tﬁh'_
HB, Ag o rule out viral B hepatitis, retxcnloq‘ll om 3
hemolysis is suspected, and 3o forth. 3 '; g
All employees of the plant have now been mtod, somd - ¥
of thew several times, with a standard SMA-12, augroennd .} :
by an SGPT and gamma-glutamyl transpeptidass (GGIM-;
Ag noted in Figure 4, a liver/spleen scan is also routios’
To date, 650 scane have been done, 193 in workers from .
areas with high viny! chioride monomer (VCM) expotss. »4
(high VCM) and 457 in employees with low vinyl chlonds: |
monomer exposure (low VCM). Among the significas}. .
abnormalities reported in these scans mducr:ne&hvylﬂ
upteke, defect within the liver, and splenomegaly (Tadle™
2). ‘The total percentsge of abnormal liver/spleen mh

. the high-VCM workers {12.4% ) was comparable to thet

in the jow-VCM group (11.8%). The only significant &+
fevence between these groups was in hepatic filling deM
whmhma!mostthmnmes mare commonmtbthﬁ
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_.&Amnmmm:ynm-ﬁ:mlngulmﬂm
a vinyl chiorida workers (sse text for details), As indicated by &n
' stavisk, the frequency of routine screening (s detarmined by the
_md axposure 10 vinyl chiorida monomas within the plant.
S B9C = complets  blood count; QI = gestrointestinal; LFT = liver
haction tast: SGOT = sarum giutamic cxaiacetic transaminass;
OPT == sarum clu;‘mic pyruvic iransaminase; GQATP = gamma.
tre! i : = =
1"' nspaptidase; LOH = (actic dehydrogenasa; Alk. Ptase

ST
VCM group (Table 2). Filling defects included not only
upuamcmu, of which there were two, but also lesions
sppareatly produced by a prominent porta hepatis, vascu-
Ver aboormalities, or even congenital mal-location of the
biadder. These diagnoses were ultitnately confirmed by
aAJiograpby or oral cholecystography, or both. In our
the most common explmuon for fnhe-poaavc liver

" Selotigraply showed enlmod tpbcm (>14 cm in
- dimension) ic 55 workers, or 8.4% of the total
A'goup examined. The abnormal spleens ranged from 1S cm
o 19 cm. Again, the incidence of splenomegaly was no
1 in workers using monomers other than vinyl chlo-
J““ principally for rubber production, than in thoss with
" pigh-VCM exposure from plastic production (Table 2).
15 To date, liver biopsies hava been done on 47 workers,
; Inthh;h-VCMsmupmdl’hthekm-VCMm
fndication for liver biopsy has been persistent abmormal
fodings in the biochemical tests or an abnormai finding
@ the Hver/spleen scan. Fatty metamorphosis of: varying
“severity has been found in 449% d!hebsopslu&mmk
oy with highVCM cxposure and in 34% of those from
-"the Jow-VCM areas. Interestingly, the low-VCM group has
.shown & higher prevalence of portsl fibrosis (44%) than
the high-VCM group (33%); although these differences
x “arp ot statistically n;m&:ﬁ.ﬁn more cases of angio-
2L - sarcoma bave been dugno.&by livetr biopsy, both from
"-‘r '1 workers with high exposurs jo vinyl chloride monomer.
.. Am important part of the program is to determine which
;'m will best predict abnorms! hepatic histology. Of the
patients with abnormal findings from biopsies, 87% had
" tn-aboormal SGPT level, 30% an abnormal SGOT level,
.uuo% an asbnormal GGTP level. Within our relatively
small biopsy series, every patient in whom all three of
these tests thowed abnormal results or in whom plasma
'Mocymmemnc!emuwu:bmﬂ.hadnbmmﬂ
liver biopsy findings, whereas completely normal values for
uchnfthucvunhlawunnysmcmedmthamr-

" mal liver biopey. Spleacmegaly was pot a weful predictor

of hepatic histology, as the prevalence of biopsy-proved

‘portal fibrosis was mntmly the same in patients with

normal spleens (50% ) as in those wtih splenic enlarge-
ment (43%).

Prospective employees at this plant pow undergo our
routine biochemical tests during their pre-employment
physicals. The originai testing of all 1183 employees
showed @ 26% rate of abnormal findings in one or more
“liver function tests.,” The abnormality rate in the pre-
employment group, consisting of supposedly healthy men
with no exposure to vinyl chloride or other monomers,
was 24% (that is, 44 of 181). Alcohol consumption prob-
ably accounis for some of this high “backgtound" rate of
abnormal liver function tests.

One other preliminary observation is worth noting. We
have recorded elevated inferior vena caval pressures (> 10
mm Hg) in 21 of 40 patients with splenomegaly or ab-
normalities in other preliminary screening tests. We have
no definitive explaaation for this.

Based on our own dats and those of others, we plan to
continue an expanded screcning program that will include
indocyanine green and bile-acid clearance studies in the
initial evaluation. Other tests we may do more routinely
are [1] barivm swallow for varices and upper gastroin-
testinal series in patients with splenomegaly; {2] more ex-
tensive hemodynamic evaluation, including umbilical vein
catheterization for portal pressure measurement and portal
venography 1o determine the role of portal bypertension in
the splenomegaly of vinyl chloride-associated portal fibro~
xis; and {3} extensive puimonary evalustion, including
pulmonary artery catheterization, pressure studies, and
possible biopsy, to evaluate the high prevalence of elevated
vena caval pressures.

Dr. Paul Berk: Dr. Creech has been in the forefront of
developing a screening program for vinyl chloride workers.
Some of the problems he faces are clesrly indicated in
Table 3, which summarizes data obtained during admission
to the Clinical Center of five workers from twe vinyl
chioride piants, including the two patiedts presented in
detail here. Three, including the first patient discussed,
had significant hepatic fibrosis seen on light microscopy,
and, in the fourth, a characteristic pattern of fibrosis was
secn with electron microscopy (17). Patient § bad an
cxtensive angiosarcoms and severe alcoholie liver disease
with cirrhosis. Note that only this patient had biochernical
abnormalities or defective BSP or indocyanine green
metabolism.

B S 1]

Tabie 2. Resufts of $50 Liver/Splesn Scans in Workers Exposed to
Vinyl Chioride Monomer (VCM) st a Plastics snd Rubber Msnufse.
turing Mant

Finding

Low VCM

High VOM
(457 scans)

{193 scans)

%

Decreased hepatic uptake 1.55 219
Hepatic filling defect 2.5 0.88
Enlarged spleen 8.2¢ 8.7

Total Abnormalities 1243 11.82

Berk ot al. * Vinyl Chioride and Liver Dissase  72)
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Table 3. Laborstory Data in Vinyl Chioride (VC)-Associated Liver Disesss: NN Saries

Patient  Hepstomegaly  Spicosomegaly Routine Liver 43-Minute Indocyapine Green Histojogic Diagoots
Function Tests® BSP Rate Conxtants
Reteation (min=%)
0.5 50
% mg/ke
1 + + Normal s con 017  VCassociated bepatc
' fibrosis (severe)
2 + + Normal 29 oz 0.20 YC-associated hepatic
’ Bbrosis (severe) ‘8
3 - - Nocral 1 0.25 020 VC-assaciated hepste
fibrosis (mild)
4. - - Nonnal A 024 023 No pathologic dmm_l-? .
s - - Occasional increased 9.3 v 0.10 Angiosarcoms, hepste
alkaline phosphatase fibrosis, cirrbosss
Normal mean <5 o2 0.18
t W Q.03 0.02

* Bilirubin, SGOT/SOPT, akaline pbospbatase.
1t Coanges ingicstive of VC igjury by siectron mictoscopy.

The normal values recorded for so many tests of liver
function in Patients [-4, despite the sigaificapt histologic
lesion, pose serious problems for designing an adequate
screening regimen 1o detect liver imjury among vinyl
chloride workers. Furthermore, as showa by the first case
presented, follow-up studies of patients with proven vinyl
chloride-associated liver injury, after their removal from
exposure, cannot be based on any routine tests now avail-
able. The suitability of bile-acid clearance studies for this
purpose certainly merits further evaluation, as these seem
to be the most sensitive indicators of hepatic disease that
we bave, short of liver biopsy. The absence of abnormal-
ities in so many tests of hepatocellular function probably
refiects the fact that the priscipal apatomic lesion in vinyl
chloride-associated liver disease is fibrosis, with relative
sparing of the hepatocytes. Unfortunately, we have no
simple test for hepatic fibrosis without hepatocellular dys-
function.

Epidemiologic Studies: A Cohort Approach

Dr. Irving Selikoff*: With Dr. Creech’s discovery last
year of his clinical cases of angiosarcoma, we have come
fulicircle. Since Rehn first reported aniline-induced blad-
der cancer in 1895, there has been a discrepancy that has
bothered many scientists; thst is, although maay chemical
carcinogens have been identified in laboratory studies, very
littie buman cancer has been reported to be associated
with industrial exposure in the vast and growing petro-
chemical industry, The paradox is, therefore, one of many
laboratory carcinogens but relatively few Auman neo-
plasms. Aside from biadder cancer dve to beta-naphthyl-
amine and benzidine, and coal-tar skin cancers, we simply
had not seen much malignancy among chemical workers
that was related to occupation. Recently, with the recogni-
tion of bischloromethyl ether cancers of the lung and upper
respiratory tract, our suspicions were heightened, but, until
izst year when Dr. Creech and associates (8, 9) reported
their cases and Drs. Maltoni and LeFemine (12) presented

*® Professor of Medicine and Community Medicing; Director, Eaviroer

aventad Health Scicnces Research Center, Mownt Sinal School of Medicine,
New York, New York. "
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their elegant laboratory studies, we could pot explain (e
discrepancy between our anticipated clinical findings ané .
what actually occurred. LY
Recognition of this problem actually began a fow yed:-
ago, in the mid-1960s, when simuitaneous reports csdd ®
from Europe (2, 3), ths United States (1), and Ores’
Britain (4) describing acro-csteolysis among workers & g
posed to vinyl chloride monomer. The syndrome is chat™
acterized by a Raynaud-like phenomenon, pseudo-clubbing -
of the fingers resulting from the collapse of the termisd
phalanx, and locsl bone resorption. At the suggestion o
the Britith plastics industry, & study of the pathology #.. 3
acro-osteolysis was begun. N
Rats were exposed to gaseous vinyl chioride in co iy
ceatrations of up to 30 000 ppm. The investigators (L},
reported an interesting set of data on the pathology of &8 >
bone changes and also described the appesrance of symbs:y
cell tumors in the rats. Unfortunately, these findings &F 3§
not receive much attention. -
Such zymbal cell tumors had been seen with poiyenyi :
aromatic hydrocarbons, benzidine, and scveral otber (8 38
cinogenic chemicals. It was perhaps thought that this v# g8
yet another laboratory curiosity, Nevertheless, the bost:
changes and some fragmentary information abous i’ 3
changes did aitract attention, especially because of O g
excellent work of investigators at the Univenity of Bt ‘3
They found that many of their patients with acro-ostedll: 38
sis also had liver disease (7, 18, 19). However, they M 23
ported no cancer (20). it
That was the stste of our knowledge at the end of 1975 I
Matters changed in 1974, with the report of three cal’ JE
of angiosarcoma of the liver among workers at the platiet - I
and rubber plant in Louisvill® (8, 9) aod the repori of 1B
more animal studies (13) that appesred soon after. VAt By
chioride monomer Was seen to be a carcinogen both ¥ ‘B
animals and humans. Because the chemical and its paip - J
mer, polyvinyl chloride, were widely used in industry sné: IS
elsewbere, it was important 1o elucidate the true dimessof? - ¢

of the problem. .:;‘_,' .
First, we examined and did biochemical tests ob ﬁ‘ K
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200 workers at three plants, representing three dif-

Srent sets of conditions and three different sets of ex-
’ﬁmﬂ.‘l‘hﬂ:ﬂminaddiﬁonlbth: 1200 workers
“eumined by Dr. Creech in Louisville. Only one test, an
‘sevated alkaline phosphatase, proved valuable in screening
ese workers for vinyl chloride-associated liver ipjury.
% ‘Several other taboratory studies that were done showed
oy other abnormalities, but the overlap with 400 simul-
mocous controls and the variability in split samples
seodered them inefficient as diagnostic aids. We found no
ide predictive of cither liver injury or angiosarcoma
W (5). Whetber ultrasound (21) or liver scanning will ulti-
W8’ ‘gately prove to be of greater help, we do not know.

B, When angiosarcoma of the liver was described, we all
‘0. appreciated that it was, in general, rare. There has been
" ooly one established case of angiosarcoma in 52 000 coo-
M secutive autopsies at the Los Angeles County Hospital. A

B wach of the files at the Broox Veterans Administration
i 'Uoepital showed not a single case of angiosarcoma in
i 0000 autopsies. We saw a significant number of cases
. . gfy st Mount Sinai Medical Center in Dr. Popper’s files,
where one can find everything hepatic, culled from many
*” gourees.

- Pesi vioyl chloride, at least two other chemicals
.. wers known to cause hepatic angiosarcoma in man: thoro-
“umst (22, 23) and arsenicals. Arscnical-induced bepatic
" sagicsarcoma had been seen among vineyard workers ex-
i.gosed 10 arsenical-containing insecticides used 10 spray the
gapevines (24), and in paticots chronically ingesting in-
_erganic medicines containing arsenicals (25). Thorotrast
wgosarcomas were particularly worrisome. Although the
‘saierial had been used in diagnostic radiology since 1926,
érst hemangiosarcomas were not seen until 20 years
e, This was consistent with the long period of clipical
ymecy we knew to be characteristic of most environmental
".umd occupational cancers. It also correlated with what Dr.
. g Qranch saw in Louisville. The plant had been opened in

i), and the first angiosarcomas were seen in 1968. Dr.
- Cmesh showed us one case of angiosarcoma seen 12 years
pn waset of exposure, but most of the others became
‘geabwst after a considerably longer time.
Sibwagh the plastics industry is relatively new-—many
B gty mgments began operating during World War [T—

'y Juve knowa of vinyl chloride for a long time. The
: States began producing it on a very tentative

{ tal basis in 1928, aod on a small commercial
K amle in 1938. However, production has markedly ex-
W only in the past decade. In 1950, the total world-
wide production of piastics was only about a2 million and
pdalf tang; in 1970, it was roughly 15 times more.

:The question now is whether the current cases of hepatic
Fgiorarcoma are derived from the small population of
140-1960 workers, or from the full pool of vinyl chloride

gl including those beginning work from 1960-1974,
h Rguricoce suggests that current cases are derived primarily
g the early group. Lloyd (26) analyzed the fist 19
weported in this country and abroad. The average
pid of clinical latency, from first exposure to diagnosis,

about 20%% years, with a range of 11 to 30 years.
st of the people in this group had begur work in the

*

1940s and 1950s. The cases of angiosarcoma now being
seen are therefore derived from a very small population.
Because most of the total work force was first exposed to
vinyl chioride in the late 1950 and early 1960s, angiosar-
comas are not yet seen among them.

These and other data have established that viny!
chloride-induced caocer, as well as most other environ-
mentally induced neoplasms, has a long period of clinical
latency. We do not know, however, if it will be a common
problem or an infrequent one. Three groups are studying
this, using a cohort approach. First, the plastice industry
has mounted an extensive investigation (27). The cohort
is composed of all men known to have worked in the
relevant facilities for a year or more before 31 December
1972, Data have been gathered on 8384 men, but, un-
fortunately, sbout 1200 men still have not been traced.
Thus it is difficuit 1o evaluate the information gathered.
Nonctheless, the data now available point to increased
risk of cancers of the lung, brain, buccal cavity, and
pharynx (27). Although more information is needed for
conclusive evidence, the same suggestions bave been found

~ 'in a second study, done at the National Institute for

Occupational Safety and Health (28).

Qur laboratory has searched for information on a key
question: How common will angiosarcoma be among
populations exposed to vinyl chloride monomer? At one
plant we identified all workers employed there for 5
years or more from the time the plant opened in 1948 to
1964. There were 257 such workers, ali of whom have
been traced. There were 25 deaths, of all causes. Three
died of hemangiosarcoma of the liver, each confirmed by
autopsy and reviewed by Dr. Popper aad Dr. Thomas.
Thus, approximately 1 of 8 deaths among vinyl chloride
workers, at least in this plant, was due to angiosarcoma
of the liver. Another death, caused by ruptured esophageal
varices, was also related to viny! chloride exposure. 1f these
data are confirmed by other studies, it would seem that
the nsk of death from angicsarcoma 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 noting that until recently, the
chemical industry had been making plastics, not doing
medica) research. We in the medical profession had been
doing research, but not paying great attention to the
chemical industry. In both instances, changes are being
made.

Further Epidemiologic Studies

Dr. Henry Falk*: The first four cases of vinyl chloride
monomer-induced hepatic angiosarcoma identified in
Louisville were all in polyvinyl chioride polymerization
workers. This is as expected, since the job done by these
workers, opening and cleaning the reactor vessels after
polymerization, involves the highest exposure to vinyl
chloride monomer. Other cases of the tumor have since
been identified in workers, primarily among those involved
in the polymerization process. We now know of 15 cases
T Medical Epidemislogist, Cancer and Binth Defects Division, Burean
of Epidemiology, Center for Diseass Control, 1.5, Pubdlic Health Service,
Atlasta, Grorgia.
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Table 4. Cases of Hepatic Angiossrcoma in Polyvinyl Chioride Polymerization (PYT) Workers (U.3.) (Center for Disasse Control, Atiasin

Novernber 1374)

Pasient® Agc Race Sex Date of Date of Dete of Duration from Initial -~ @8
Initial PYC Work - Dirgnosis Death PVC Work 1o Diagnoss 88

yrs rrs

1 52 w M 6/44 4/64 4/64 19

2 a3 w M 7/52 8/67 1768 15

3 41 w M 5/50 Ve 3/69 19

4 36 w M 11/55 5/70 9/ 14

5 a9 w M 12/48 3713 3/73 24

6 s8 w M 11/45 12/73 12/73 28

7 as w M 1/62 2/74 12

8 43 w M 5/45 2/74 2

9 43 w M 6/55 /7 19

10 40 w M 10/46 4/6t 8/61 14

1 54 w M 6/51 5/68 5/68 16

12 60 w M 10/46 3/70 3/ 23

13 as w M §/44 3/68 /68 23

14 52 w M 8/44 4/74 1/74 29

15 50 w M 9749 5/69 5/69 19

* P 1 gh & were

in the United States {Table 4), 9 in workers at the Louis-
ville plant and 6 at three other plants. Of particular con-
cern is that cases seem to be increasingly more common
in recent years.

Table 4 shows several important epidemiologic features.
The latency period, as reviewed in detail by Dr. Selikoff,
is quite long. The duration of exposure for most of these
workers is equally long. However, Patient 3 worked with
polyviny! chloride only 4 years and developed a tumor 15
years later. This suggests that relatively brief periods of
exposure can be significant, and that, once started, the
carcinogenic process may notl always be reversible with
removal from the monomer exposure. It has been widely
assumed that the highest sustained leveis of vinyl chloride
monomer exposure occurred in the early years of the
industry (1940s and early 19503), and that most of the
patients had begua work during those years. Patient 7,
however, first began working in 1962, and, therefore, the
carcinogenic risk factors were atill present in the early
1960s. Most cases of spontancous hepatic angiocsarcoma
(and other hepatic sarcomas) occur in older age groups,
whereas, despite the long latency period, the vinyl chloride
monomer-induced cases occur at a relatively early age for
this type of tumor.

In the epidemiologic study of these initial cases, two
important questions arise: [1] Why is the disease more
prevalent at the plant in Leuisville; and [2] Why, in par-
ticular, did it develop in these 15 workers; that is, might
factors such as chemical exposure, work patterns, or past
medical history serve to promote or sccelerate the develop-
ment of angiosarcoma in these particular persons?

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

F724 June 1976 = Annals of Internal Medicine * Volume 84 » Number 6

¢ w PYC at a plant in Louisville, Kentucky; Paticats 10 lhrough 12, in Nisgara Falls, New York: Patieans 11 -t
14, in Souih Chanmnn, West Virginis; and Patient 15, in Pouswoen. Peanyylvania.

pertained in the carly years of the iudustry.

Many of these cases of angiosarcoma were initially mis
diagnosed. Most were called hepatoma or cirrhosis, and |
it is only with a full review of mortality data, iocluding 3
re-examination of autopsy or biopsy tissues, that some
cascs have been uncovered. Moreover, the Iast three cases
at the Louisville plant were identified during intepsive -
screening programs, as described earlier by Dr. Creech .
Therefore, this initial chustering in Lovisville may be on!f =
artificial, and, with continued surveillance in the industry,
a more uniform distzibution of cases may become ar i
parent.

On the other hand, there are specific conditions in t!! 3
Louisville plant and in the 15 reported cases that may be . 4
significant in the early appearance of angiosarcoms M .
these workers. There are four polymerization buildings is 3
the plant. The two that produce the straightforward polp
vmyl chloride resins show the least relation to the cases of |
angiosarcoma, whereas the two that produce more eomplﬂ
products have a stronger relation (14). One of the fatte:
two buildings produces polyviny! chloride latex (ll "
aqueous suspension of polyvinyl chioride), and the work .
practices in this building differ slightly in that it taked -
longer and is more difficult to clean thess reactor vessch .
than the ones that produce polyvinyi chloride resins. Otber ..
factors that might also lead to greater exposure whils ™ ‘
cleaning & reactor include age and size of the reactod .
vessels, frequency of cleaning, and the lining materisl -
used in the reactor. Differing work practices related to -
product and eqmpment may, therefore, be importast is - »'
the distribution of angiosarcoma. Rk

The budchng most directly associated with the lnpo‘ "
sarcoma cases is the one where copolymers and tzxpdr 2
mers are produced. In this procexs, vinyl chiloride monm
and other monomers are polymerized together to pmduﬂ
polymers with different qualities. Several of the monomen -
that are reacted with vinyl chloride monomer, such &8
vinylidene chloride (vinyl dichloride) and acrylonmilt
(vinyl cyanide), have similar structures and

ua_

’
: sl

)

RSY 0012108



| The six workers in other plants maho
- wmuendothuwnylenmpoudl.memh
- e Niagara Falls plant worked in the polymerization of

jolyvinyl alcohol for 5 years before switching to polyvinyl
“thioride. Since knowledge sbout the long-range =£ect: of

Y% pouibility that they may interact with or enbance the
{3, efects of vinyl chloride monomer. Thus, these initial cases
i may be related {0 exposure to multiple chemicals, and in

‘3% particular, to the vinyl chloride monomer—vinylidens
8 chioride mixture, which is fonnd mainly in the Louisville

.' Chemicals similar to vmyl chloride monomer are also
8 wed outside the polyvinyl chloride industry, for example,
vinyl fluoride and chlorobutadiene (vinyl vinyl chloride),
¥ ond it will probably be some time before we appreciate the
g% full scope of the hazards posed by this class of compoundy
M, A recent study (26) has also suggested that cases of
A8 jagiosarcoma may not be limited to the high-risk poly-
" merization workers but may also occur in workers who
AR ue the plastic resins to produce a variety of plastic prod-
38 ucts and in people who reside near polyvinyl chloride—
3 plants, Of the six patients with hepatic angiosarcoma in the
¥} Connecticut Tumor Registry, two lived within the vicinity
% of polyvinyl chloride fabrication plants, one was xn ac-
R ‘countant at a polyvinyl chloride fabrication plant, and one
% (whose tumor, on pathology review at NIH, is classified
oF . s an indeterminate type of sarcoma and only possibly an
;3 npourcomn) worked at a plant where he applied both
i y! chioride and non-polyvinyl chloride insulation to
- tlectrical wires ( 29).
Maltoni and LeFemine’s (12, 30) inhalation studies
%. showed that vinyl chloride monomer can induce cancers
s, . of the lung, brain, and kidney as well as angiosarcoma.
i) .Several recent studies suggest that the incidence of hung
‘cancer, brain cancer, and lymphoreticular malignancies
_'my also be higher in vinyl chloride monomer workers.
.+, The mber of delths among the younger workers at these

,f',:

y d.niom (27, 28, 31).
o :5__ The most ominous feature of the viny} chloride studies
3 & the unknown in the future. It is possible that, ia time,
" we will begin to see not only more patients with angio-
& smrcoma, but also significant numbers of patients with
-  other, a3 yet unrecognized, manifestations of vinyl chloride
%: monomer-induced discase. And we do not know whether,
3 ,mwhathssbeen called the “plastics age,” related chem-
nahmll pose similar hazards, . 3‘; i

Metabolism of Vinyl Chiorida ™=

- Dr. P. G. Watanabe*: Angiosarcomas, zymbal gland
¥ carcinomas, and nephroblastomas developed in mats ex-
3 posed to from 50 ppm to 10000 ppm of vinyl chloride
j. monomer 4 h per day, 5 days per week. for 12 montha

(12). The rats were observed until death occurred. The
incidence of tumors at SO ppm was iess than that predicted

* Toxdcology Research Laboratory, Caemical
Michigan, Dr. Watanabe's misociates Mnﬂ.mm
Hefner, Jr., G. R. McGowan, and P. J. Guhring.

from a jog dose-response. curve generated from the tumor
incidences at higher exposure levels of 250 ppm to 10 000
ppm. Because the tumor incidence at 50 ppm was lower
than expected, and since vinyl chloride monomer per se
is not a potent alkylating apent, we thought that the car-
cinogenic potential of vinyl chloride monomer might be
mediated through the formation of reactive metabolites.
Therefore, studies were designed to elucidate what happens
to vinyl chioride monomer after it is inhaled.

A 4.7-litre Plexiglas inhafation chamber was designed
and constructed so that four rats couid be simultaneously
exposed to various concentrations of vinyl chloride mon-
omer. To minimize contamination of fur and skin, only
the nares of the rats protruded through a rubber mem-
brape into the chamber. The appropriate initial concentra-
tion 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-
uously analyzed by circulation through an infrared spec-
trophotometer. Carbon dioxide was continuously removed
from the recirculating system by absorption on an As-

- carite® (Arthur H. Thomas Cao., Philadelphia, Pennsylva- ’

nia) column. Filtered air was metered into the system to re-
plenish the oxygen copsumed. Since the amount of air
consumed was within = 10% of baseline for all experi-
ments, respiratory variabies were not significanidy changed
during the approximately 1-h exposures. Rats used io
these studies were Sprague-Dawley, Spartan substrain
{Spartan Laboratories, Haslett, Michigan), ranging in
weight from 165 g to 200 g,

Disappearance of vinyl chloride monomer from the recir-
culating inhalation chamber, resulting from uptake and sub-
sequent metabolism, occurred according to apparent first
order kinetics as described by the formuia:

de
- —=%kC.

dt
In this equation, C is the concentration of vinyl chloride
monomer (ppm) at time t (minutes), and k {minutes—!)
is the rate constant for the decline in vinyl chloride
monomer concentration. The rate of disappearance of
the mopomer and the corresponding half-life (i) were
calculated from the slopes of the log concentration-time
curves. The rate of decline of vinyl chloride monomer in
the empty chamber due to nonspecific leakage was also
determined at each initial concentration, and the disap-
pearance rates in the animal studies were corrected for
this loss.

The rate of disappearance of vinyl chioride monomer
from the chamber was slower at concentrations of 1000
ppm than 50 ppm (Figure 5). Other experiments using
initial concentrations ranging from 50 ppm to 105 ppm
of vinyl chloride monomer showed a linear disappearance
with a rate of (8.03 = 3.40) timmes 10~* minutes-! {mean
= sn), corresponding to an average ty 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 ty of 261 minutes. Assuming that the rate of
disappearance from the ichalation chamber was primarily
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a function of metabolism, the slower rate of disappearance
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 tlxmngh pathways that, with higher
doses, become saturated.

Vinyt chloride monomer metabolism was also studied
using mwtabolic inhibitors. Pretrestment of raty with eth-

-apo! (¥ mg/kg body weight, by intraperitopeal injection)

1% b Before exposure to the monomer caused almost
complete inhibition in rats exposed to 50 ppm, but only a
mild inhibition in rats exposed to 1000 ppm (Figure 6).
SKF-525A (Smith Kline & Freach Laboratories, Phil-
adelphia, Pennsyivania), a commonly used inhibitor of
certain reactions mediated by the mixed function oxidase
enzymes, did not inhibit metabolism of the monomer in
rats exposed to concentrations up to 50 ppm, but did cause
& slight, approximately 20%, inbibition at 1000 ppm. Con-
sidering these data, we hypothesized that the monomer is
metabolized by several different pathways, dependent on
the dose. At concentrations up to 100 ppm, it is metab-
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| | i
olized predominantly by a single pathway that, we ek
speculated, may involve alcobol dehydrogenase. Howewst
st concentrations exceeding 220 ppm, this patbway B

_comes asturated and the significance of secondary

ways, presumably including microsomal mixed fuactioh
oxidases, increases (32}, b}
Dou-depmd:nt processes for the elimination of a cheth
ical are of prime importance in toxicology. Many
bolic. and excretory processes have finite capacities,
23 doses of a chemical are increased, these processes b
come saturated or overwhelmed. If the function of
saturated process is detoxification, a disproportionate
crease in toxicity may ensue above those doses that cam
saturation. Therefore, toxicity occurring with large doss
of a chemical must be interpreted cautionsly, and it do#
Dot necessarily imply that comparable types of tand
will be observed at lower doses. :
Gillette (33) recenty summarized the role of chemi
reactive metabolites of foreign compounds in toxi
Compounds such as bromobenzepe (34) and
phen (35, 36) induce hepatic necrosis only after the auﬁ
is high enough to overwheim the detoxification pathwsf¥
for the reactive metabolites of tbese compounds, Cus
jugation of the alkylating metabolites. of these chemi
with ghutathione is a primary mechanism for detoxi
Necrosis is induced oaly after the glutathione leveh
reduced sufficiently to allow the reactive meubohm_-l
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i Pgurs 7. Left. Irregular fibrosis of portal tracts and focal nodulsr fibr

is of the hipﬂ‘: capsule, (Hematoxvlin and eosin; original magnifi-

cation, x 45.) NIH sccession number S74-411. Right. Portal tract from the same liver shown in Figurs 1. The fibrosis interrupts the limiting

84" siste and extends Into surrounding hepetic pe
L {74198, 1975,
. react with other intraceliular macromolecules (DNA,
%’ RNA, protein, lipids). Although Gillettze and others have
¥ oot yet atternpted to correlate the covalent binding of
, u reactive metabolites to DNA with carcinogenesis, such a
.- reaction has been speculated as a potential mechanism for
# carcinogenesis.
78, Recent work in our laboratory and elsewhere, much of
&' it 1till unpublished, bas included studies in rats on the
< fate of ingested **C-vinyl chloride monomer, and the isola-
idop and identification of the major urinary metabolites
or of this chemical. The ingestion study showed that vinyl
i 'chioride monomer is metabolized to polar products that
;. ate readily excreted in the urine. These results also sup-
-+ port the hypothesis of dose-dependent metabolism. The
;. hepatic ponprotein sulfhydryl content of rats exposed to
p: viny! chloride monomer showed a progressive depression
4o related to the concentration and duration of exposure.
§*. Consistent with the sulfhydryl depression, two of the three
¥~ urinary metabolites isolated thus far have been identified
.. u thiodiglycolic acid and N-acetyl-S (2-hydroxyethyl)
¥ cysteine. Thus it seems that vinyl chloride monomer or
f‘ its reactive metabolites covalently bind with hepatic gluta-
- thione‘ and are subsequently hydrolyzed and excreted in
(.‘ . the urine as conjugates of cysteine.
& Otber studies on vinyl chloride monomer continue to
§_
],'

" wpport the hypothesis that its carcinogenicity is related
to the metabolic formation of reactive metabolites. Studies
{37-39) bave shown an enhanced positive mutagenic re-
sponse in certain strains of Salmonella ryphimurium ex-

" posed to vinyl chloride monomer if microsomal enzymes

- or fortified liver homogenates are present. The metabolites

of the monomer identified in the urine of rats exposed to

7 the chernical indicate that the primary deactivating mech-
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renchyma. Thers is 8 slight infiltrste of lymphocytes and minimal profiferstion of bile ducts.
in; original magnification, x 160). NIH accession number S74-411. (Reproduced by permission. Ann NY Acsd Scf 246:

anism is by conjugation with the hepatic nonprotein suif-
hydryl compounds, glutathione and cysteine. Our current
research is directed toward further elucidating the metab-
olism of vinyl chloride monomer to reactive products and
their potential to bind with intracellular macromolecules.
Resolution of the metsbolism and pharmacokinetics of
vinyl chioride monomer will undoubtedly be of great heip
in resolving its hazards and will ultimately provide a
scientific basis for guidelines concerning tolerable levels
of exposure.

Histologic Features: Hepstic Fibrosis

Dr. Hans Popper®: Only little more thad haif a year
ago, 1 became acutely aware of sn effect of vinyl chloride
exposure on the liver when, within 1 week, three persons
called this connection to my attention. Doctor Lelbach
from Bonn, Germany, sent a reprint about a pecuiiar intra-
lobular. fibrosis of the liver seen by peritoncoscopy and
liver biopsy in workers exposed to gaseous vinyl chloride
(7); Dr. Selikoff called me and asked what I knew about
hepatic angiosarcoma, a rate tumor newly obscrved in
the same type of workers in this country; and Dr. Thomas,
here in Bethesda, showed me histologic slides from several
such workers. Subsequently, I have had the privilege of
studying, with Dr. Thomas, a large amount of histologic
material that has been collected in the Laboratory of
Pathology of the National Cancer Institute. The following
report is based on this cooperation, and, I hope, shows
the heuristic value of environmental pathology (40) in
rapidly assembling information that might enlighten other
areas of pathology and medicine.

® Gustave L. Levy Distinguished Service Professor, Mount Sinai School
of Medicing, New York, New York
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Figure & Irreguler. foca! dilatstion of hepatic sinusoida. The size

and ber of the si idsl tning cells sre increased. The hepato-
Cytes also vary in siza and focaily appesr to ‘be prolifersting.
(Mematoxylin and sosin; originsi magnification, x 400.) NiH scces-
sion number S74-415.

In reviewing ‘the serious hepatic lesions encountered in
viny] chloride polymerization workers, we saw that two
distinctive lesions were prominent. One, angiosarcoma of
the liver, bas been the focus of most of the attention in
this study, and its histologic features will be presented by
Dr. Thomas. The second 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 performance of a
portacaval shunt, during which time a wedge biopsy of
the livar 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
hypertension, splenomegaly, and thombocytopenia—pre-
sumably on a splenomegalic basis—is relatively common
while angiosarcoma is rare, whereas the relative incidence
of these two lesions in American workers seems to be
reversed.

The typical lesion 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. In places, it seems aggressive, in
that fibrous tissue extending into the lobular parenchyma
distorts the limiting plate. It also extends into the walls of
the porta! vein branches, separating their muscular fibers.
Sometimes accumulation of dense connective tissue is as-
sociated with proliferation of bile ductules and periductular
inflammation. Inflammatory cells aiso aggregate arouad
some bile ducts, and this pericholangitis might -explain
the focal canalicular cholestasis seen in some specimens.
The second is capsular and subcapsular fibrosis, in a
podular form; it is the most charscteristic Jesion, partic-
ularly visible if the surface of the liver is inspected on
peritoneoscopy, as reported from Boaa (7, 20). Distinc-
tion from cirrhosis by gross inspection is difScult. The

728 June 1976 » Annals of internal Medicine * Volume 84 + Number &

third type of fibrosis is subtle and reflected in a focal .

intralobular accumulation of conpective tissue fibers, rec- %

ognized distinctly by light microscopy only in connective
tissue stains. Electron microscopy (17), by contrast, de-
tects w'dense but thin connective tissue coat sutrroundioy
the bepatocytes and associated with many fibroblasts and
fat-contsining mesenchymal cells-—Ito celis (41) or Lipe-
cytes (42)—which have been postulated to be precurson
of fibroblasts (43). This fibrosis differs morphologically
from that seea both in chronic active hepatitis and in alco
bolic liver disease and suggesis a different mechanism of
development. Where the intralobular fibrosis is conspicv-
ous, it is mssocisted with bulging sinusoidal lining cells
with a prominent diastase-resistant, periodic-acid Schiff
reaction of the cytoplasm, which is sometimes granulaf,
a3 in pbagocytosing macrophages, but more typically dif-
fuse, The hepatocytes show po significant changes except
that, in the areas of prorainent sinnsoidal lining cells, they
show varistion in size of both cytoplasm and nuclei io that
large hepatocytes, sometimes even multinuclear, altermate
with small cells (Figure 8). In some instances, particularfy
in sutopsy specimens, regenerative nodules are seen with-
out cirrhosis. -

Besidey this psattern of fibrosis seen in afl specimens,

some specimens—both from patients apparently free of

angiosarcoma and in two in whom angiosarcoma was later
found—a focal irregular sipusoidal dilatation was noted
{Figurs 8). It did not seem to be related to passive con-
gestion, since it was not predominantly in the centrolobulas
ares. The same type of focal sinusoidal dilatation, pro- ¥
gressing almost to peliosis, has been observed in patieots - i

after treatment with anabolic steroids (44) and contracep- - 33
tive pills (45). However, in these latter instances, thers §
have not been any reports of progression to angiosarcoms. {3

In our vinyl chloride cases, the sinusocidal dilatation i8

associated with proliferation of the sinusoidal lining cells, - ;

which become enlarged and show bizarre nuclei and, 83

will be discussed below, progress to angiosarcoma. Thus, § ,

we can conclude that this sinusoidal dilatation is a pre
cursor to the tumor in vioyl chloride exposure, but we
have not yet clearly identified the nature of the cell under-
going malignant transformation.

In cases where we were able to study the spleen, we

found it distinctly enlarged, and, particularly on laparor _
copy, it showed a nodular but irregular type of capsular g3

fibrosis (7). On the cut surface, the follicles were con-
spicuously enlarged, in contrast to cirrhotic fibrocongestivé

apienomegaly. Histologically, fresh hemorrhage was sces f

in mast spicens, although some showed calcification and
iron incrustation in the form of Gamna-Gandi bodies
The cords of the pulp contained many erythrocyies,
characteristic of hemolysis. The lining cells of the sinuses
were activated but, for the most part, not fibrotic.

Study of the pathogenesis of vinyl chloride-associsted :

liver injury (46) showed that vinyl chioride or its metabo:
lites seem to induce & hyperplasia of two types of cells: the %
mesenchymal sinusoidal lining cells in liver and spleen, and

the bepatocytes. In the spleen, activation of the sinusoidd ¥

cells may result in splenomegaly, and, in the liver, in fibrosi i
contributing both to portal hypertension and the formates. - -
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m\n 9. Left. Sinuscidai patterm of sngiosarcoms, Sinusoidel spaces are mu and !mcular Anmmmml culis lino thess spaces and an-

ath hepatic cord celis and an increased number of non-neopls

J
7

;- she stic-appearing cells in tha space of Disss. Bila plugs are present in bile

canaliculi, (Hematoxylin end eosin: oniginsl magnification, x 392.) NIN acceasion number A74-31. (Reproduced by permission, Ann NY Acad
: §¢) 2A6:268-277, 1975.) Right. Another area of tha same angiosarcoma shown in Figure 4. Spuriike projections of hepatic tissus project into
a forger, Mare cavernous Cystic speces. Tha hepatic cords sre distupted by degenerstion of hepatocytes. The tissue space of Disss contains in-

) " ersased colisgen and reticuiin fibers. (Hematoxylin and eosin; magnification. x 100.) NIH accession number A74-31.

’ of septa. These septa may progress to cirrhosis. Although
_we have pnot a1 yet noted this progression, it has been ob-
' B served by others. Sinusoidal dilatation develops, and in
¥ this setling angiosarcoma ensues. The role of the activation
.. of the bepatocytes, which seemingly form a scaffold, is
p'nblemmc. However, it is worth noting that we have
. ssecdotal evidence of primary hepatocellular carcinoma in
W persons exposed to vinyl chloride.
= While studying these cases, we became aware that pro-
,. longed exposure to trivalent inorganic arsenicals, such as
3. Fowler's solution used to treat psoriasis, results in the
*" same clinical and histologic picture (47-49). Histologic
cxamination of two cases made available to us by Dr. Peter
.. Scheuer showed the same histologic changes as in vinyl
. chloride-induced fibrosis. Moreover, exposure to such
' amenicals has also been associsted with hepatic angiosar-
coma (25). la vineyard workers, in addition, it has been
associated with primary hepatic carcinoma and cirrhosis
4- (24). The mechanism of toxicity of arsenic has been re-
: ported to occur through its reaction with 6,8-dithiooctanoic
& acid (e-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 expected to react
3 in » similar fashion with «-lipoic acid, possibly explaining
the similar pattern of both fibrosis and neoplasia seen with
these two superficially unrelated chemicals. Interestingly,
- thorium dioxide (thorotrast) also produces the same spec-
. trum of lesions (22).
) The pathogenesis of the noncirrhotic portal hypertension
in all these instances may be related to a discrepancy be-
tween increased splenic biood flow, induced by the hyper-
plas!ic splenomegaly, and to the impairment of the dis-
3 tensibility of the hepatic vascular bed produced by the
various forms of fibrosis, which by themsclves are not
3 conspicuous (50). The fact that this type of portal hyper-
: tension has been produced by chemicals, at Jeast some of

»

them environmental, suggests that idiopathic portal hyper-
tension, found oniy sporadically in the Westerm world but
more often in some areas of Asia and Africa, might result
also from toxic, possibly environmental, chemicals.

Histologic Features: Angiosarcomsa

Dr. Louis B. Thomas*: We have reviewed the availabie
pathologic material for a group of vinyl chloride workers
who had a peculiar hepatic fibrosis and focal sinusoidal
dilatation associated with proliferation of sinusoidal lining
cells. In addition, we have studied the hepatic lesions of
15 vinyl chloride workers who developed angiosarcoma
of the liver, The hepatic changes described by Dr. Popper
were also seen in the nonangiosarcomatous areas 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 occurs,. starting with
multifocal areas of stimulated sinusoidal cells, followed by
jncreasing degrees of atypia and proliferation of these
cells, and culminating in progressively growing, multi-
centric, infiltrative angiosarcomas (51).

Of those patients with angiosarcoma who died and were
autopsied, postmortem examination of the livers showed
massive involvement by cystic, blood-filled tumors that
replaced most of the tissue. The liver weights ranged from
1860 g to 7300 g. The average weight was 4236 g. In the
larger specimens some of the cystic spaces were several
centimeters in diameter and were associated with large
areas of hemorrhage and necrosis. Rupture of these large
cavernous cysis followed by intraperitonexl hemorrhage
occurred both spontanecusly and at the time of surgery,
and it was the immediate anatomical cause of death in
several patients. The liver tissue was also irregulazly re-
placed by small cysts that varied in size from 1 mm to 1
cm in diameter. Most of them were filled with blood; only

* Chief, Laborstory of Fathology, National Cancer Institune.
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a few contained thrombi. The hepatic surface was irregular
due to bulging masses of the angiosarcoma, and portions
of the liver not involved grossly by angiosarcomas had
irregularly shaped areas of capsular and portal tract
fibrosis. The formalin fixed livers were dark green because
of bile stasis.

Microscopic examination showed the angiosarcomas 0
be multicentric, with several structural patterns. The sinu-
soidal pattern, illustrated in Figure 94, coasisted of neo-
plastic.appearing sinusoidal cells that bad enveloped cords
of hepatocytes and formed irregular sinusoidal spaces. In
these areas, the hepatocytes were well preserved and bile-
secreting, with no degeneration or necrosis. Macrophages,
fibroblasts, and lipocytes proliferated in the space of Disse.
With increased growth of the angiosarcoma cells, the
hepatocytes atrophied and disappeared, and the space of
Disse was filled with collagen fibers, so that larger, cystic
spaces formed. The papillary growth pattern was an inter-
mediate stage characterized by papillary projections of
blind-ending, disrupted hepatic cords extending into the
irregular, multiloculated cystic spaces of the angiosarcoma
(Figure 98). These spurlike projections were covered by
angiosarcoma cells that ensheathed the various other cells
in the space of Disse and the residual fragments of hepatic
cord celis. The cavernous pattern had larger blood-filled
spaces surrounded by a thick wall of dense, relatively
acellular fibrous covnective tissue. These larger, cystic
spaces were lined by varisble, sometimes quite scanty,
layers of angiosarcoma ceils. 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
sinuscidal to papillary to cavernous growth patterns.

Thus, this series of changes scems to represent multi-
centric development of angiosarcoma, starting with the
precursor lesions of sinusoidal cel! proliferation and atypia
Some of these precursor lesions progress 1o the fully de-
veloped cavernous angiosarcomas, which become clinically

evident. We do not have adequatc morphologic criteria to .

scparate the earliest histologic changes of sinusoidal cell
atypia and hyperplasia from the progressive, fully devel-
oped angiosarcomas. As noted earlier, proliferation of
hepatocytes and of non-neoplastic-appearing fibrocytes,
lipoblasts, and macrophages plays some role in the devel-
opment of the angiosarcomas. Proliferation of these cells
was especially noted in the aress of sinusoidal and papil-
lary growth patterns within the angiosarcomas.

‘Many of tbe histologic features observed in the evolu-
tion of the hepatic angiosarcomas in the vinyl chloride
workers have also been described in the hepatic angio-
sarcomas caused by thorotrast and by inorganic arsenicals.
Studies are now in progress to evaluate the similarities and
dissimilarities between the lesions produced by these
chemicals and the hepatic angiosarcomas of ‘unknown
cause that occur sporadically.

Summary

Dr. Berk: We began this conference with a list of ques-
tions that I thought might define the scope of the problem
of vinyl chioride-associated liver disease. Although at lcast
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some progress has been made toward answering all .
them, it is clear that there has not yet been enou;
progress in fully answering any of them.

. It is worth recalling that we have been aware of tt
problem for less than a year (as of November 1974). Tt
efforts presented at this conference represent an outstan
ing exampie of effective, if often informal, collaboratio
among university, industry, and government scientist
which, if pursued at its current pace, is certain to pr
vide us in the near future with answers to at jeast som
of the critical questions.
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