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1o be striking hepatocyte involvement. even with
mitotic abnormalitics ( Figs 8-9).

The question whether these lesions are signiti-
cunt as premabenant changes s ununswered, as
maay of the alterations cun be found in other
conditions such as congestive cardiac Faifure.
endathehal cell bynerplasia in cases of vmpivana,
and of hepatocyvie and other changes m many
drug  tovaty siteapons, Other  pathogenetic
questhions also have 1o be posed. such as what is
the promary fesion. which cell is mvobved in the
farmution of the tumour. what s responsible for
the curious ltbrosis and survival of the hepate-
cvied. Understindmy  these  pracesses  would
protably enalMe us 1o make a better asscssment
ol indivadual misk factors and perhaps to work out
whether there ts a tolerable exposure,
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Epidemiological Studies of Vinyl Chlorid:

Health Effects in the United States ™ 5

The vinyl chioride {VC) probiem hz.k had a con-
sulerable impact in the United Stares during the
past year and a halll Perhaps related to the age
and conditions of the VC industry. or simply 10
the sheer atze of it, the L'nited States has so far
had the largest share of cases of VC-induced
hepatic angiosarcoma (HASY: at the present time
there have been 17 known cases in poly meriziation
workers (Llovd 19751 The finding ot the ininal
ciases was a4 dramatie event, and unhke what has
occurred with many other proven or suspect
carvinngens, the confirmatory experunental evi-
dence arrived almost simuftancously with the
epidermotoric cesules ¢ Malkont & Lefemime 1974y,
The widespread industrial applications and uses
by the consumer were instantly appreciated. and
smee the VC problem also arrivest ar ¢ 1ime of
grow tng awarencss and concern among workers
and cansumers about environmental and occupa-
tional hazards., it served 10 Focus these concerns.

Within the first fow manths atrer the initnal
cases were described 2 number of warrisome
reports  appeared,  [avestigators in Loutsviile,
Kentucky, and also at Mount Sinar Hospital in
New York demonstrated o high percentuge of
hiver function abnormalities in polymierization
workers, suggesting a broad problent (Mukk ¢r al.
1974, Lidis er o/, 1975). and. in addition 1o 1his. the
carliest mortahity studies (Monson er af 1974,
Talbershaw & Gaffey 197 suggested increased
rates for nonhepatic tumours. parallelling the
muttiphcity of tumour types seen tn experimental
studies (Maltoni & Lefemie 1973), Review of
records at the Connecticut Tumor Regsiry,
started in (935, revealed £ detinite cases of HAS:
4 cases were clusterad in onc andustrialized arca
and had occurred since 19670 3 of these Gind
possibiy a fourth case where the diaenosis was
uncertiuin after review ol shidesy occurred
workers at two pobvvinyl chlonde tPVC) fabricat.
ing plants ur in residents living ncarby { Landrigan
& Heath 1976). Further concern was generitied by
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reports of the potential carcinogenicity ol chemi-
cils structuraily related to VC, e.g. chivroprene
tLlovd er o/ 1975)and trichloroethylene { National
Cancer lastitute 1975, unpublished datay, and by
the knowledge that VC workers 1n many instances
hatse been exposed to multipte related chemicals,
tmcluoding vinyhidene chloride und uacryvlonrtrile
viny L eyvanide).

As part of the United States Pubilic Health
Service response 10 the VC problem, the Nationat
Institute of Occupational Safety and Health
{NIOSH) and the Bureau of Epidemioiogy,
Center for Discase Control (CDC). have worked
an a number of VC-related epidemiologic projects
during the past vear and a half; in this paper we
will briefly review some ol the early results of
three of these studies.

HAS Surveiliance ]

A death certificate search for all cases of HAS
recorded under ICD Code 197.8 18th Revisionh
which encompasses various miscellancous forms
of liver tumour including most cases of HAS, was
undertaken by CDC for the vears 1966-71 in the
United States. This search is almost completed.
with only data for New York City not yet
avaslable at the time of this review.

Table | shaws the number of cases of HAS and
non-angio hepatic sarcomas by sear of deuth for
1966--73; there is no evidence or an ingreise n
the incidence of these maliignancies during this
period.

A roview of the relutive occurrence of hepatic
sarcomas  recorded  under [CD Code 1978
snowad angiosarcoma 1o be the largest group
{357, of total hepatic sarcomas), foliowed by

sarcomia of  unspecilied type (317.), letomyo-
sarcoma (127, fibrosarcoma t7”,). and a
craouping  of nmuscelluneous sarcomas (157,

Tuhle |

Foepatwe surcoma in the Lnied draic<d by reported
hisiolaey and vear af deah, 19661973

Vewrag 44 Nom-nnvio

drurf varceona ANSINar e Sare 0
196 3 9 22
1967 an (Al 27
19AR A3 " EY
1ha% 4+ 7 b4
1970 i 14 1
1971 23 s 14
[Cad | q 1 ]
1971 pes a 16

194 [} 128

Mngﬂ. Med. Volumne 69 April 1976

@ Frorm death certiticates. ICO Cade 197.8 {Bth Revision).
1sea trom New Y ark City not included
B Hualfsear sampie

# 46
Table 2

Hepane angiosarcoma in the Unared Staces @
by age at death and sex. [9046-1973

deve ar Jeath

(veursh Male  Femule TYotal
0-9 2 - 4
u-1e | | =
:0-29 i 1 :
-39 s 3 9
-9 7 M 9
p-59 13 2 (]
2069 3 3 o
10-79 [ 3 14
BD ~ t = 1
46 = 63

@ From death cervricates. ECD Code 197.3 {8th Revivion).
Data 1ar New York City not included

There was approsimately | case of HAS for

every 300 death certificates reviewed.

Table 2 demonstrates a male to female rato of
2:1 for HAS. Sistv-two percent of cases occurred
in the group aged 0 or more, with 267, in ihe
10-49  sear age group.  Non-angio  hepatic
sarcomas ditTered in having 4 male to female ratio
of only 1:], and an alicred age grouping with
~8°, of cases aged 30 or more and only 97, in the
30-49 vear age group. These duTerences are con-
sistent with a4 hypothesis that occupationai ex-
posure may be a more sigmiicant factor n the
causation of HAS than ol non-angio hepatie
sarcoma.

Only 2 of the patients with HAS in the death
certificate review ware recorded as having worked
in PV or plastes plants o PVC polvinerizaton
worker aad Uoaccountant in a PVC fabrcanion
plitnty: both werce cases which had been wdennitied
priar to this study, No other occupation s
recorded more than twice eweept for the ocour-
rence of 3 printers. Althaugh all were subsequenily
confirmed as prmters. 4 prefonunary review of
pathology records and specimens suggests inat
4 of the 3 cases mayv have been tncorrectly diag-
nosed as HAS.

CDC has suppitemented the death certiitcate
survey with an intensne vcase-finding «:Tort,
inciuding a navonat mailing 1o all pathelagss,
staze eprdemiologists, and mator cancer roferral
centres and tumour registries, secking informuation
on s many cases of HAS as possiple digenosed
i the US during the yeurs 1964=74, At the present
tume approximately 240 ciuses have been identined.
Pathology spectmens for about two-thirds of these
are currently under review at the National Canger
Institute and the Armed Forces Institute of
Pathology. An cpidemiologie evaluation of all
cuases to obtain more detailed histories regarding
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past occupations. toxic exposuras, and places of
residence is underway,

Medical Screening of V'C Workers
Together with the Occupational Health Studies
Group of the University of North Carolina,
NIOSH-CDC recently concluded a cross-sectional
medical screening examination of £30 workers at
a piant in Pennsyvlvania which contains both a
large tyre-building facility as wetl as one of the
oidest PVC polymerization plants in the United
States. [ncluded in the study were approximately
130 current PVC polvmerizatuon workers and a
simitar number of controf workers fram the tyre
plant who had never worked. in the polymeriza-
tion facility. The 2 groups were comparable in
age, alcoholic intake, and sociveconomic back-
ground:; the controls were chosen from those
areas of the tyvre plant where exposure to solvents
and dusts was least.
Preltminary review of the results shows no
significant differences between the 2 groups for
any of the 6 liver function tests pertormed (SGOT,
biitrubin, alkaline phosphatase. LDH. GGTP.
and crnithine carbamy| transfcrase). Additional
analyses based on levels of VC exposure. duration
and wwpe of job. and other subgroupings are
being done: these preliminary results however do
not suggest the occurrence of liver funcrion
abnormalities on a broad scale secondary to VC
exposure. One should of course be cautious about
gencralizing from the results at a single ptant. and
it will be imporiant 10 compare these findings to
studies at other PVC plaats. It is also impertant
to realize that since liver funcrion tests are rela.
tively insensitive to the early finding of VC-
induced hepatic diseuse (i.e. fibrosis). the results
of this ivpe of testing are not a reliable estimate
for the prevalence of VC.induced disease. Liver
scans were also performed on all workers with
more than 10 vears duration of work in the PVC
polvmerization plant, and no cases of HAS were
detected. Some increase in frequency of palpable
livers on physical examinanon was found, how-
ever. among VC workers. A full report of findings
from this comprehensive medical screening study
is in preparation and will be available shortly.

Coliort Mortality Stdy ar Four PVC
Polvmerizarion Plants

One of the results of this NIOSH-CDC study was
the demonsiration of an increased SMR for
respiratory svstem cancer among members of the
cohort tWaxweiler ¢ af. 1976). On preliminary
pathologic review, it was also noted that of the 12
lung cancer cases all 8 for which pathologic
specimens were availabie were either large cell
undifferentiated or adenocarcinoma of the lung:
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Lung cancer among workers at PYC polvmerizacion plants in the
LUmired Scares 2y histologic type and extent nf v C exposure

Extent of VC exrosure

Less than  \lare inan
Hisiniazic ripe None one vear  one jear Taral
Emdermoud t § \] I
Sl cerl

uvnd:fcrenciated 0 3 Q 4

Adenozarcinoma ! 1 4+ )

Large zull

unustfereniiaceg 4 Q )

Unclassined ! ¢ n 1
b i 0 s

il confirnted. this unusual cell vpe disirtbution
may suppaort the association between M Cexposare
and occurrence of lung cancer.

There are. however, :wo additional f2atures
which should be considered in e.aluaiing this
potential relationship. When all of the workers
at these 4 plants are considered. 1nctuding those
who were not pari of the derned N\ C-exposed
cohort. a total of 22 cases of lung cancar tout of
48) were available for pathologic review. The
increased incidence of large cell undifferentated
and adenaccarcinoma of the lung was secn in VC
workers with more than i vear of exposure, whiie -
a distribution more closely resembling the exe
pecred small cetl predonunance was <ezn for VC
workers with less than 1 sear or evrosure.
[nterestingiy. howewver. cases of lung Jascer in
non-VC workers at these piangs, although small
in number. appeared to hune a celt 1y pe disiribu-
tion which was also predonunantly large cell
undifferentiated (Table 3. [n addition. unitke the
situation for HAS in these plants whers 2l but
one of the cases were long-term reacor cleaners
and operators, the workers with large cell un-
ditferenniated and adenocarcinoma of the lung
were distributed in a2 number of Juferent iob
categories. As a result. cases of fung cancer seamn
not 1o correlate as ughtly with VC exposure as
cases of HAS and it 1s conceivable therefore that
some additionai chemical exposure at ihese
ptants may be working together with A C tor even
separately) 1o produce this effect. Furiher siudies
are currently underway in an oflort 0 Condirm
these preliminary pathologw hndings,
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DISCUSSION

Dr Mitchell R Zavon (Baron Rouge, Lowsiuna) asked
whether the clinical examiners at Pottstown knew
whether or not the persan being examined worked in
vinyi chloride.

Dr H Falk replied that none of the cirmical examimners
were aware of the occupational status of the workers
at the ime of the examination. -

Dr R 1 McCallum (Linversiry of Newcastle upon Trne)
asked Dr Falk 1o gtve in moce detail the way in which
histological diagnosis was made in the case of tung
cancer shown in his slide. Was this done by one
individual or by a panel of pathologists” How were
the specimens of tissue obtained: by biopsy, surgical
resection or at autopsy? It was remarkable that n
none of the cases was an oat celf carcinoma diagnosed,
as this was the type often considered a chacacterisuc
result of exposure 1o a chemical carcinogen,

Dr H Falk replied that the WHOQ lung cancer classifica-
tion scheme of Krevberg (19671 was used. Four patho-
logists reviewed the slides and agreed on the nter-
pretatton (Dr Louis B Thomas and Dr T Powell,
National institutes of Heaith: Dr M Kuschrer, State
Universizy of New York: and Dr Laszlo Makk. St
Anthony Hospital. Lowsville, Kentucky). All avasl-
abie pathological material for each case was reviewed.

The expanded pathelogical review currently under-
way would include the selection of multiple control
cases of lung cancer from che same hospitals (with simi-
lar age and date of diagnosis 10 the study cases) and a
blind reviesw by a panel of pathologists in a more
detatled evaluation ofavailable pathoiogy material.

To Dr Falk’s knowledge large cell undifierenuated
carcinoma of the lung had not been refated (o exposure
to chemical carcinogens, shich made the findings in
the VT cohort even more intriguing.

De A J Fox (Emplayrment Medicw! Advisory Service.
Londom asked how many lactones had been studred
indimidually in the USA. What proportion of these
kad indicated vinvi<chloride-associated disease?

Dr H Failk replied that cases of hepatic angiosarcoma
had been seen at 5 of the 8 PVC polymerization piants
opened prior to 1930,

There was some confusion m this ares in that a
number of the VC worker mortality studies had been
overlapping. Three separate studies, for exampie, (the
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NIOSH-CDC study. the Tabershaw study. and the
Monson-Peters study) had all locked at the Louisville.
Kentucky plant where the initial angiosarcoma cases
occurred as well as at a varyving number of addrtional
plants. Compounting the protiem was the fact that
the defigitions for entrance anto the cohorts studied
ditfered from study (0 study. so that the resuits even
at the same ptant were not identical.

Dr J A Bonnedl (Cenrral Efectricity Generating Board)
asked whether, sinca vinyl chlonde monomer was a
carcinogenic agent. there was any evidence in experi-
mental animals or in hunran chimical expenience that
the skelctal or skin changes desgriped nught e pre-
malig..ant condirions.

Dr H Fatk said that vasgs of anguosareama m the US A
did not hare a history of acro-osteohysis or shan
problems, ialthough they did not hove the muliiple
tests for early changes of acro-ostcolssis. Jt would
scem, therefore, that the skin changes were not pre-
malignant conditions.

Professor U J SelikofT ( \fonunr Sinas Schand of Medicine.,
City University of Vew VYork) said that a review of
known dctails of identifed cases of vinsi-chioride-
associated angiosarcoma of the liver by Dr Llovd
{197%5) of the Nauonal ifnstituige for Qccupatnal
Safety and Health had demonstrated that the median
duration from onset of exposure was approxanarels
seventeen vears. Thuese cases were dernved fronn the
rather small number of poivmierization workers ¢m-
pioved during the establishment and imtad growth of
the vinyi chloride industry  Attempts were underway
to wdentifv and trace the initial groups of workers,
employed during the »¢ars 1931335, snce analyais of
their experience woauld atlow evaluiion of the risks
which might be sutfered by the very much larger
group of vinsichlende workers exposad more recently,
in a period during which PVC production was a-
creasing dt the rate ol approsimately 107, per annum.

Limuted data bearing on the proclem had heen
obtained. In onc polymuerization process studied. 287
men had been emploved for five vears or more in the
period between 164A0 when the plant vpencd. and
1964, Each man had teen traced to 1 Juiv 1974, with
25 deaths from alt causes: 3 of the deaths were due to
angiosarcama of the Liver i Nicholson es w/ 19781 cach
canfirmed on review of autopsy material (Thomas &
Popper 1979): in adcdition there was one death due o
ruptured osophageal varices, Ancother worker.
examined during the climical surtev at this taciiny
1Lilis er . 1975 had had a suceessful poricaval
shunt operanon for the same conditian. These cxper-
ences suggested’ that vimvlchlonde-assacinted disease
wouid be aa” important hazard for v chlorde
workers in the tuture, uniess control of exposure
resulted in at leasg some reveresal of the risk.
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