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Effects of exposure to vinyl chloride

SL 106751
An assessment of the evidence

by Sir Richarg Doll, FRS'

LOLL R Effects of exposure to vinv| chlonde: An asscssment of the evidence Scund / Wark Eaviran
Health 14 (1988) 61 —"R Thic paper reviews the possible etfects of vinsi chlonde on the mortaluy of oc-
cupationaliv exposed men and the carcinogenic elfects thai might be observed 1n the generat population
as aresult of environmental pollution with vinvi chianide  The results of four studies fuifilling the enterna
of providing subsiannal numoers of ohservations maore than 25 years atier Hirst exposure and covering
a pertod long enough (or more than (0 %s of the woarkersto have been expected 1o die constitute the bm_s
for the assessment of the occuranonat hazards, Other studies provide anlv supplemeniary information
The data permint two eonclusions [irst, men occupatiunailv exposed to vinvl chloride have experienced
A specinic hadard ot angiosarcoma of the liver. Second. anv other accupational hazards that may have
eusied have heen smail No routine evidence of a hazard of any nonmahignant disease or any (vpe ot
cances other than angiosarenma of the iiver has been Tound eveept possibly for a sinat hazard of lung
wancer when exposure was heavy More delinne conclusions might be reached 1if those who have ciudied
exposed emplavees could present their results m appropnate and comparable wavs A very smail nisk of
ANRINLALCOMA mav have occurted as a result of vinvl chlonide escaming into the environment around plants
fandhing vinvt chlonde i che past, but the evidence wdicaies that the curtent risk (o the general public
(1f anv) must be neghigible.

Aev ferms anuiosarcoma of the hver, cancer, lung cancer, mortatity, polvvinvl chioride, review, vinyl
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chlonde nionomer

Far many vears the inhalauon of large amounts of
vinvt chloride has been recognized as potenually haz-
ardous, Concentrations of the order of 1) 000 ppm in
the air induce unconsciousness and cardiac arrhyth-
ma, while prolonged exposure to concentrations an
arder of magnitude tower have been hable to cause a
speviflic parhological svndrome, This “vinvl ehlonde
ltnes<'” has been characienized by lour cardinal signs,
namely, enfargement of the tiver and spleen with a
wpecilic hustolowical appearance, patchy infiltrntion of
the shin resembling scleroderma, bony changes mn the
ups of the fingers described as acroostealysis, and
penpheral airculatory changes sdentical with the cias-
wical picture of Raynaud's discase. These pathologi-
ai reactions may occur singly or together and may pos-
sibly be accompamied hy other less characierisuic ef-
fects. They can, however, be completely avoided tf ex-
posure never exceeds the level of a few hundred parts
per million, 1. the level to which expasures were
generally reduced 1n the mid-1960s.

One other serious effect has, however, been observed
that may not be avoidable 1n the same refatively easy
way, namely, the production of angiosarcoma of the
hiver. 1t must, indeed, be presumed that some sk of
developing the disease will persist from exposure (o

v otmpenal Cancer Research Fund. Cancer Epidenmology and
Chnical Trials Ui, Radehtfe Intiemary, Oxford, United
Kingdom.

Repring requess 100 Sir R Doll, timpenal Cancer Rescarch

Fund, Universits of Oxboad, Gibson Buitding, The Radehiffe
tntirmary, O«ford OX2 6HE. Unued Kingdom.

Joses that are even lower than the cureent aindustrial
levels of § ppim or less, as vinyl chlonde has been shown
10 ¢t as a mutagen (21), and it cannot be assumed that
a threshold exists beiow which no carcinogenic risk
persisis Moreover, the possibiliy has to be considered
that vinyl chloride may cause some cancers other than
angrosarcoma of the hver. partly because laboratory
studies have shown that 1t causes other cancers in
ammal experiments and partly because the amnat
studies demonstraning the production of angiosarcoma
ol the hiver 1n humans were inadequate tn size (0 ex-
clude a material increase in the nisk of cancer 1n com-
mon sites, such as the lung and large bowel, Since no
threshold dose can be postulated, it also {oilows that
some cancers may have been produced in the general
publi¢ by the small amounts that have escaped in(o the
general environment.

Consideration also needs (0 be given 10 the possi-
bility that exposure to vinyl chloride over a long pe-
riod may have noxous effects on humans that cannot
be seen easily in animali experiments (by, for example,
producing chronie respiratory diseases, and, as it 1s a
mutagen, there 15 aiso a possibility that it may act as
a leratogen and cause congenital malformauons in
offspring.

in this review | have not examined the possibility
that vinyl chloride acts as a teratogen or that it causes
mutations in germ celis, as there is too little serious
evidence to jusufy inclusion. Reviews carried out for
sections of the industry by Downs et al (unpublished
report to the Society of Plastic Industries Incin 1977)
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and by MacMahon (unpublished report to the Chemi-
cal Manutacturers Association in 1977) congluded that
the few reports of positive effects could not be sub-
stantiated, and no additional evidence was found 1n
a ssmilar later review by Barr (unpublished report to
Alr Producis and Chemicals {nein {981), apart trom
a report that embryos were absorbed and skeleral os-
sification was produced when pregnant rats were ex-
posed to doses appreciably fower than those that had
been used by other workers without any such effects
being observed. The repart of absorbed embreyos (34)
could not be evaluated thoroughly, hawever, as the ex-
periment was inadequately described. | have, therefore,
examtned only the possible effects on the personal
heaith of men occupationally exposed to vinyl chlo.
ride, other than those reiated to thetr reproductive
capaciy, and the carcmogenie effects that might con-
ceivably be observed in the general populacon as 4
result of the widespread distribution of vinyl chlortde
as a polluant.

Occupational hazards

Many studies of workers exposed to vinyl chlonide in
the manufacture of vinyl chloride manomer (VCM)
and polyvinyl chloride (PVC) have been undertaken
since 1t was first found that vinyl chlortde could cause
canger in anunals (28, 48) and man (10). These nves-
tigauons have contirmed that exposure causes a haz-
ard ot angiosarcoma of the liver and, in several -
stances, have shown excess incidence or mortality rates
that were conventionally stausucally signiticant for
other diseases. Conventional tests of staustical sigmifi-
cance are, however, designed to help answer single
questions defined beforchand, and several findings that
might be expected to occur by chance alone once in
(say) 20 times must be expected to occur if dozens of
rates are examined in each of several sets of indepen-
dent data, Scienuists have, therefore, been faced with
the problem of deciding whether the excess rates that
have been observed in individual studics are due 10 oc-
cupational hazards or to the vaganes of chance,
This problem can be solved in part with an exami-
naton of the results of a sumation of data from com-
parable studies, that is, by a comparnison of the sums
of the numbers of deaths observed and expecied in
each study, This procedure does not require the as-
sumption that the exposures have been the same in each
study any more than the same assumption is required
for each individual when the results of each study are
considered alone. It docs require however (hat each
exposed population has been observed over a period
when 1ts members were at risk of developing disease
0f a genuine hazard exisied) and that i1n cach study
1he reterence population from which the expected numne-
bers ul deathy were derived was appropriate {that is,
at the sume nish of developing discase as the exposed
populiation would have been i the absence ol expo-

sure). These requicements do not introduce any new
complexity, as both are, vl course, dlyo requered f Lor-
rect conclustons are (0 be drawn lrom the resuls vl
the individual studies when they are examined oo ther

own,

Sources of information
Four siudies meet the alorementioned requirements,
namely, (wo large national surveys, one reported by
Joues (25} for the United Kingdom (UK) and the orher
by Environmental Health Awsocuates (14) tur the
Unrted States (US), and studies of idividuat planty
in Canada. reported by Thenault & Allard (46) and
1 {taly, repocted (as a part of a natonal scudy) by Heth
et al (4) All Tour include observatons on men nwre
than 25 years atter their tirst exposure, and the ex-
pected nuinber ot deathy s, i each case, wreater than
10 % of the total number ot ¢iiployees, a4 value mdr-
cating a long average pentad at risk. Earlier observie
tions on UK and US employees (6, 9, 12, 16, 20, 34,
39, 40, 45, 50) have been subsumed in the national sur-
veys and now serve only as suurces ol hypothesey and
of some detaied informanon not cluded 10 the na-
tional reports. Studies ot German (39, Norwegn
(22, Swedish (7), French (41, and unpublished report
of Laplanche et al), Japunese (13, 37), and some viher
{talian () workers provide some supplementary ntor-
mation, but, n general, the perods ot vbservanon
have not been fong e¢nough tor usclul epidemioiogie
data o be ubtamed about diseases that are unlikely
to occur within 20 years ot lirst expuosure, vt they
report only selected resuits winch are dutfliculd to in-
terpret, a5 only excess rates tend to have been selected.
Studies of makers of PVC products have not been
inciuded, as the workers have hud much iess expusuie
1o vinyl chloride than those employed s the manutac-
ture of VCM or PVC and any occupatonal hazard 1o
which they may have been ¢xposed 1y more likely (o
have been produced by PVC dust.

US study. The study carried out by Environmental
Health Associates (14) on behalf of the US Chemmical
Manufacturers Assaciation s the largest and most in-
formative investigation thus lar undertaken. It cov-
ered 10 173 men who had worked in 37 plants owned
by 17 compamies — | 214 men in Il plants thar
produced only VCM, 6 848 men in 18 plants that
produced only PVC, 935 men in three plants that
produced both, and | 176 men 1n five plants that
produced homopolymers and copolymers, with or
without YCM or PVC.

Twenty-two of the plants were in the southern part
of the country, 14 were 1n the nartheastiern or north
central parts, and one way in the west,

Men were included il thiey had been exposed (0 vinyl
chloride for at least a year betore 31 December 1972
and had been employed in 1942 or subseyuently (the
Virst year depending on the date the phost oo kg
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42 or subsequentiv (the

¢ the plant began making

ur using vinvi chlornide and the earliest date that per-
sonnel records were deemed to be complete, whichever
was the later). [ndividuals who met these criteria were
identified (rom company records by company per-
sonnet.

Racial characieristics were known only for 686 men,
97 % of whom were white, and it was presumed, (or
the purpose of esumating the number of expected
deaths, that all 10 173 men were whute,

Foliow-up data were obtained trom plant and So-
cial Security Administration records and (for men who
died after 1979) {rom the National Death Index. Five
plants did not collaborate tn the extension of Cooper's
(9) earhier study, which had been subsumed in the
present investigation, and the 955 employees in these
plants who were known 10 be alive on JI December
1972 were not followed any (urther, For the rest,
follow.up was attempted 10 death or 31 December
1982, whichever was the earhier. On this basis 92.7 %
of the men were successfutly traced. Those who were
untraced were excluded from the last date of contact,
wiiich was usually the date when employment ceased.

Almost half of the men (36 %) were Lirst employed
belore 1955. A large proportion was, therefore, ob-
served more than 25 years after first exposure {(and in
many cases for more than 30 years) when diseases with
a long tatency penad might be expected to be seen.

Short-term workers hiad been excluded (rom the
cohort, and most of the men had conunued n em-
ployment for many years, two-thirds being employed
for 10 years or more and the average duration of em-
ployment being 16 years.

Fifteen hundred and thirty-six men were (ound (o
have died. 1n 1 439 cascs, (he cause of death was ob-
tained from the death certificate, but no cause was ub-
tained for the other 97 persons (6.3 %),

The numbers of deaths expected from cach of 18
causes or groups of causes were obtamned by multi-
plying the person-vears at nisk by the disease-specific
nauonal rates for white males, for the corresponding
age groups and live-vear periods of the siudy.

This important study is open to three minor criti-
cisms, which are unlikely to have had any material
effects on the results. First, the lists of employees were
compiled by company personnet from company re-
cords without any independent check. Second, the as-

}:‘lumpuon that all the einployees were white will have
Al% 3 caused the expected deaths to have been very slightly

4

_p'.l.‘

vunderestimaied, as the few black employees are likely

* 10 have had higher mortality rates and there is no

rexson for supposing that the small sample {rom which
the proporuon of black employees was estimated was
necessanly representative, Third, an element of uncer-

T fainty was introduced by the {ailure to trace as many

a3 7.] ¥ of the employecs.

Two other criticisms are more important. First, the
expected numbers of deachs were calculated on the as-
sumpnion that the men would have experienced the
same mortality rates as the white male population of

Skt dam o

the whole country at the corresponding dates. The use
of national rates 15 common pracuice 1n studies ol in-
dustrial populations and tends 10 result in an over-
esumation of the edpecied numbers of deaths so that
the employees appear (o be unusually healthy. This
“‘heaithy worker effect’” is weil known and has been
taken into account in my discussion of the results, A
more serious objection to the use of national races is
the way mortality varies from one part of the country
to another, duc to differences in the prevalence of en-
vironmental and social factors unrefated to the occu-
pation of interest. ltis, therefore, generally preferable
to use state (1l not county) rates 1n place of national
rates. With 37 planis, however, (t might be thought
that their geographic distnbunon would be sufficiendy
wide to make the use of national rates appropniatce,
Unfortunately 22 of the plants were located in (he
south, and a check would have been desirable to see
whether their location could have caused any materal
distortion of the results.

Second, causes were not obtained for 97 of the 1 536
deaths. This deficiency was allowed for in the caicu-
lation of the overall mortaity by the inciusion of deaths
due to unknown causes. It was not ailowed {or, how.
ever,in the calculation of the disease-specitic mortality
rates and will have caused the standardized mortaluy
ratios to be underesumated by an average of 6.1 T
For the present purpose, therefore, the numbers of
deaths attributed to specific diseases have each been
multiplied by 1.0674 (100/(1-—=97/1536)} and rounded
off 1o the nearest integer.

UK study. The study reported by Jones (25 and un-
published) on behalf of the British Health and Safety
Executive covered 5 498 men who were employed for
at least one year in jobs that involved potental expo-
sure to VCM for at least 25 7 of the work week and
who were first employed in the period 1940—1974. De-
talls of the men were compiled from the personnel
records of nine chemical plants manufacturing or poly-
menzing vinyl chlonde, and the vual status of the men
was determined at the end of 1984 from the records
of the Nationai Health Service Central Register. Five
thousand four hundred and ninety-¢ight men were
traced (Y8.9 %), Seven hundred and eighty deaths were
identified, and copies of the death ceruficates (coded
to the eighth revision of the Internavonal Classitica-
tion of Diseases (ICD) if they occurred before {979
and o the ninth revision 1f they occurred fater] were
sent to the investigators.

Several specific points about the study need to be
noted. First, national mortality rates for England and
Wales were calculated (or (ive-year age groups over
quinquenmai periods for 66 causes of death, and these
rates were used in the estimation of the numbers of
deaths that might have been expecied in the cohort by
multiplying them by the corresponding numbers of
person-years under observation. Some dilficulty which
could have been reiated (o the causes of death being

63
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caded according 1o the erghth and ninth revisions of
the 1CD was, however, experienced in obtaning sutt-
able rates tor all causes of death. and rates for a rela-
tively late pertod had 0 be used for estimating the
numbers of deaths from many diseases that might have
been expected 1o occur 1n earhier periods. For (wo
categories the earliest avatlable rates were 1960— 1964,
for one they were 1965—1969, for 24 they were (970—
1974, and for one they were 1975—1979,

Second, an attempt was made to classily men ac-
cording (0 whether they had high, intermediate, or low
exposure to VCM or PVC dust, and each man's em-
ployment history was recorded according to 12 job
titles with advice from the plants concerned. The men
were then grouped according (o whether exposure 10
VOM was hkely 10 have been high (group A), éxpo-
sure to PVC dust was likely to have been high with
¢xposure to YOM low (group B), or exposure to VCM
and PVC dust was intermechate and ntermitient
(group C). All other men, who would generally have
nad low exposure (¢ both VCM and PVC dust, were
classed as group D. Within all the groups, exposure

10 VCM was likely 10 have been higher if it had begun
before 1956,

The study makes an important contribution to the
knowiedge concerming the long-term effects of vinyl
chloride. The use of nanonal rates (o calculate the ex-
pected numbers of deaths may be justified on the
grounds that the men were employed in nine planis,
which were presumably distributed about the country,
but no details of their locanion are given, {n general,
mortality rates tend (0 be higher in the parts of Britain
wheére heavy industry 1s locared than in other parts of
the country so that the expected numbers of deaths are
more bkely 1o be biased downwards than upwards: but
whether this is so or not nceds to be shown.

The us¢ of recent rates 10 calculate expected num-
bers of deaths from many specific causes of death was
presumably necessary if the discases were (o be studied
individually and will have done no harm if the inci-
dence and fatality of the diseases in question remained
stable. [t would have been desirable, however, for the
diseases 10 have been specified so that the reader would
know which were liable 1o be distorted,

The system used to classify the men into four ¢xpo-
sure groups is the sort of system that 1s commonly used
if precise measures of exposure are not available. it
creates some difficulties in the statistical analysis if men
move from one job to another and are classed (as in
this instance) as having had high exposure if they have
ever had a particular type of employment (eg, ever been
employed as an autoclave warker), No evidence is pro-
vided to show that the person-years at risk before a
man entered the category have been subtracied and
added to another exposure group before the nurnbers
of expected deaths were calculated, Movement from
one jub to another was said 1o have tended (0 be out
ol groups A and B ito D, but even so it must be

presumed that the expected numbers ot deaths tn the
first {wo exposure cateyones are bhety 1o have been
overestimated.

Cunagihian study, The Canadian study (46) was hmired
10 employees of a sinete plant in Shawiigan, Quebec.
The plant, wiich was yituated 1in an ndustriat com-
plex, was opened in {943, VCM and PVC were both
made unul the late 1960s, when the produchon of
Y CM ceased, while the production ot PYC continued.
Anattempt was made to trace aft the production work-
¢rs whose namaes appeared on the umions' hists or the
payroils of the cormpanies (n the whole industrial com-
r'zx, wicluding the vinyl chlonde plant, between |
January 1948 and 11 December 1972, and conract was
made with the warker or his aext-of-himin } 611 ot
of | 659 instances (97 1 #4). Detarled occupauonal and
siohing histories were obtained by questonnaire, and
156 men who had been employed by the compames
for less than five years were excluded. The remaining
men were calegonized as (1) exposed to VOM il they
had worked on the production of VCM or #VC for
at least tive years (451 men), (i) unexposed 1o VCM
if they had worked simularly for less thaa six months
(870 men), and (iii) other men (133 (n total). The last
group was excluded from the study. Follow-up was
closed on 3t December [977. Copies of the death cer-
tificates were obtained, and the causes for all wha had
died (59 exposed and 233 unexposed) were coded ac-
cording to the cighth revision of the ICD. Intorma-
tion was also sougtu (or histological or cytological con.
firmation of all the dragnoses 1or all the exposed men
who had died of cancer.

The results were examined in (w0 ways. First, the
woreelivies of the exposea and unexposed men were
compared afier standardization for Tive-year pertods
of the study and five-year age groups. Second, the mor-
tality of the exposed men was compared with that ex-
pected il the men had had the sex- and age-specific
mortality rates recorded in Quebec for the year 1971,
In both compansons the causes of death used were
those specified on the death certificate, and the addi-
tional pathological information was used laier only for
interpretation of the resulis.

Most of the exposed men were exposed for more
than 10 years (75 %), the average length of exposure
was approximately 17 years, and 44 % were observed
more than 25 years after first expasure.

Although small, the study makes a useful contribu-
tion 1o the averall results. The histological review of
the cancer cases 15 particularly helpful. it showed that
all eight cancers diagnosed as liver cancer (including
two specified as hepatoma and one speaified as angio-
sarcoma) were angiosarcomas of the liver, as well as
one that had been diagnosed as angiosarcoma of the
peritoneum. Two other cases of angiosarcomd of the
liver were found to have been certitied 3y hepatic oir-
thasis, 1tis also helptul to e it conppag noan betvween

the exposer
cOmMpanies
far all non
a healthy
recording o
nant causes
0.95).

One aspe
ie, the yse
caleutate e
period {19448
to bunch uyp
vation so th
have been 13
some distory
size fand eve

estimate, o
likely 1o hay

liohan studv,
duction of vin
was begun in
employed for
start up of the
stll incompler
m three plang
$1gnana) begay
thirty.seven m
in the other, Ay
(ollowed to the .
mated by multi
carresponding ¢
year age group y
The total expec:
mare than (( ¢
(12.4 and 12.8
Clinical infor
death of all the
had died. Revis
comparison wi
deaths from c¢3
The Ravenna
1959, Six hundre
All but four we
were found o h;
lowed for more
(3.9 "s of the we
this plant have r
cipal analyses. |
death was auribe
pected,

Other sources, Th
wisations on 45.

IR ATIUNTTI FURTITATIS
o b e

-



ot deaths i the
v 10 hase been

(46) was nmted
Aimgan, Quebec.
1 industriai com-
§ PVC were both
ve production of

{ PYC conunued.
croduction work-
mons' hists or the
e industnal com-
plant, between 1
1 and contact was
J-kinin | 611 out
1 occupatonal and
questionnaire., and
hy the companies
ed. The remaining
4 to YCNT they
COM oor PVC for
inewposed to VOM
<5 than six monhs
$1n totail The last
Jy. Follow-up was
\es of the death cer-
uses for all who had
sed) were coded ac-
the 1CD. (nforma:
1l or cytological con-
all the exposed men

(wa ways. First. the
inexposed men were
for five-vear periods
ips. Second, the mor-
mpared with that ex-
.ex- and age-speaific
«ec [or the year 1971
. of death used were
ificate. and the addi-
. as used iater vnly for

are exposed for more
ze length of exposure
d 44 To were observed
exposure.

1kes a useful contnbu-
histological review of
helpful. It showed that
liver cancer (including
one specified as angio-
of the liver, as weil as
15 angiosarcoma of the
of angiosarcoma of the
cerufied as hepatic r-
¢ a comparison between

ol 4L -

an de et v . j

s 10675°

the exposed and “unexposed’* emplovees of the same
t companies as it shows that the iow mortaliy observed
for all nonmalignant diseases could be attributed to
& healthy worker etfect and was not due to bras in the
= recording of exposure (retative risk for all nonmafig-
) nant causes compared 1o that of the "'unexposed'” men
0.95).

Qne aspect of the study nas to be ¢niticrzed however,
le, the use of provingial rates for one vear (1971) to
calculate expected mortalhity spread over a 30-vear
peniod (1948 to 1977 inclusive). Deaths will have tended
{o bunch up towards the end of the period of obser-
vauon so that the rates for thus particular year may
have been farrly representative, but it must have caused
some distortion of the expected numbers of deaths, the

estimate. For most disease groups the distortion is un-
likely to have been large.

lighan studv A study of all men emploved in the pro-
ducuon of vinyl chlonde and PVC in nine ftalian planis
was begun in 1983 All men were included who were
employed for at least six months at any ume from the
uart up of the plant to the end of 1981, The study 13
sall incomplele, but results are now available (or men
in three plants {4). Two pitants an Ferrara and Ro-
signana) beran operanion 1n 1953, Four hundred and
thirty-seven men were employed in one plant and |81
in the other. All but three (lrom the Ferrara piant) were
fallowed to the end of [984. Expected deaths were esti-
nated by multiplying the person-years at risk by the
corresponding national mortatity rates for each five-
year age group and each five-year period of the study.
The 10tal eapected deaths in each case amounted to
mare than {0 % of the employees in the two plants
{12.4 and 12.8 7).

Clinicat information was sought about the cause of
death of all the §5 employees of the Ferrara plant who
had died. Revised diagnoses. which were not used for
comparnison with the expected deaths, revealed four
deaths from cancers of the hiver in place of one.

The Ravenna plant did not begin operation unti

L. 1939, Six hundred and thirty-eight men were employed.
'i-‘:','Au but lour were traced (o the end of 1983, and 17
'were found to have died. No man could have been {ol-

A |
'fll,’,‘;qi d for more than 24 years, and only 25.1 deaths
FoeediL)-9 % of the work force) were expected. The data lor

_' 'hn plant have not, therefore, been used in the prin-
v cipal analyses, It may be noted, however, that one
= desth was attributed (o liver cancer when 0.1 was ex-

OtMer sources. The Norwegian study (22) provided ob-
scrvations on 454 men who had been employed in 2
plant in Telemark where VCM had been manufactured
(com 1950 1o 1971 and PVC from 1950 to the end of

size (and even the direction) of which is impossible to -

the study pertod. Every man was included whose name
was recorded in the company’s personnel regisier and
health department records who had ever been em-
ployed from the start of production to the end of 1969
and had worked for at least one year, The men were
tollowed from 19583 t0 1979 inclusive. Deaths and cases
ol cancer were dentitied Irom the records of the Cen-
trat Bureau of Stauistics and the national cancer regis-
iry No reference was made to any men being last 1o
tollow-up, but it can be assumed that the number (if
not zero) was small, as all citizens have an idenuty
number which 15 used by both empioyers and centrai
agencies. Fifty men were found to have died against
§9.34 expected 1f the sex-, age-, and quinquenniym-
specific national mortality rates had operated. Twenty-
one men were found to have developed 23 cancers
against 20.16 cancers expected from the comparable
national inaidence rates, the use of which was just-
fied by the finding that the incidence in the county in
which the plant was situated was between Y0 and 95 %y
of the rate of the countrv a5 a2 whole. One man who
had been empioved in PVC production developed an-
giosarcoma of the lner The observed and expected
numbers of cases were given lor cancers of the tung,
wolon, and thyroid, for mclanomas, and for all can-
cers, but no expected nuimbers were given for other
tvpes of cancer. [t s evident that several other types
of cancer must have been in deficit, as there were eight
cases 1n all against 14.93 expected, and it is difficult
10 know what weight 1o give the excesses observed for
the reported types of cancer, as they seem likely 1o have
been reported specifically because the numbers were
in excess of those expected. The authors noted that
one further case of melanoma had occurred after the
closure of the study and that ane “‘inciptent case'’ was
also known to them.

The German studv (49) included the following three
groups: (1) 7 021 men who had been exposed to VC
in the course of their employment in any of the {1
piants 1n which VC and PVC had been produced in
the Federal Repubhic of Germany, (1) 4 820 men who
had been employed in seven chemical plants without
having had any exposure to vinyl chlonde. and (iin
4 007 men employed i two other plants where PVC
was processed. Employees were included oniy if they
were of German ar Austnan nationality, and they were
regarded as cxposed (o vinyl chioride +f they were
production workers or other skilled workers or laborers
assigned reguiariy to the piants, but not if they were
employed in them only occasionally. All the men were
included from the ime of opening of the plants ta the
end of 1974, and they were followed 1o the end of 1974,
Many of the men were therefore observed for only a
few years after first employment, and oniy 14, 36, and
19 ", respectively, of the three groups were [irst em-
ployed before 1954 and were therefore capable of con-
tributing person-years at risk more than 20 years alter
first employment, when an occupational hazard of can-
cer could be expected to be observed.

65




gL, 106756

Of the exposed group 93.2 T were success(ully fol-
lowed, and causes ot death were discovered for 92.8 7
of the 414 men discovered 10 have died. The propor-
tions for the other two groups were respectively §9.8
and 88.7 %s for the unexposed and 92.1 and 86.9 T
for the PVC process workers, The faillure (o obtain
causes of death for all the men who had died was
allowed for 1n the subsequent analysis by the weight-
ing of the numbers auributed to each cause by a sys-
tem which took account of the age group and calen-
dar period in which death with an unknown cause o¢-
curred. The expecied numbers of deaths from each
cause was calculated by multiplying the person-years
at r1sk by the sex-, age-, and cause-specitic moriality
rates tor the Federal Repubhe of Germany, Nauonal
data before 1968 used an idiasyncrauc classification
system, and the |968 rates had 1o be used 1o muluply
all the person-years at risk up to the end of 1968. For
subsequent years (1969 to 1974) the person-years at nsk
were muitiplied by the corresponding rates {or the same
calendar year.

Eptdemiologic studies are more difficult (o carry out
in the Federal Republic of Germany than in North
America, the United Kingdom, or Scandinavia because
the medical cause of death 15 not recorded pubiicly,
and there 15 no central system which can be used for
checking whether an individual is alive or dead. In
these circumstances, the German authors have made
valiant ¢fforts 1o obtain reliable data, and the propor-
tions of men in the exposed groups who were not sug-
cesstully followed (6.8 %) and the proportions of
deaths {for which the cause was not obtained (7.2 )
were similar to those 1n the study of the Environmental
Heaith Associates (14),

Two defects, however, make the data less useful,
First. no national mortality rates were available before
1968, and the use of the 1968 rates to esumate the num-
bers of deaths in and before 1968 will have overesti-
mated the numbers attributable to diseases that were
becoming more prevalent or were being diagnosed
more often and underestimated those due 10 diseases
that were becoming less prevalent, Second, and more*
importantly, a large proportion of the men had been
first employed less than 10 years before the follow-up
ended. Therefore the useful absecvanons on the few
men who had been exposed long enough to have had
much chance of developing an occupational disease
with a long latency period must have been swamped
by a mass of other observations that had little to con-
tribute. The expected deaths amounted (0 only 6.2 T
of the exposed men, and there is, therefore, little to
be gained, and something (o be lost, by in¢cluding the
German dala in the overview, [t may be noted, how-
cver, that 12 deaths were attributed to cancer of the
liver among the workers exposed to vinyl chloride
against 0.9 ¢expeuvted and that smaller excesses were also
obs¢rved among the unexposed chemical workers (4
obsersed aganat 1.1 expecied) and the PVC process
workers 1 deaths against 0.8 expected),

Two Swedish plan(s have produced YCM and PVC,
one since 19435 and the other since 1971, and employees
of the first ptant have been studied by Byren et al (7).
All persons who had ever been employed when expo-
sure to VCM could occur were listed Irom the per-
sonnel files of the factory. Twenty-one were excluded
because they were foreigners who lett the country after
a short period of employment. The remaining 750 were
followed to October 1974, Expected numbers ot deaths
were esumated by multiplying the person-years at risk
by the corresponding age-specific mortality rates tor
the whole country, and the expected numbers of can-
cer cases from 1958 (o 1971 inclusive (during which
penod all cancer cases had been registered nationally)
were estimated by muluplying by the nauonal age-
specific cancer incidence rates. In both instanges, the
rates used were those recorded in 1969, Fifty-eight
deaths were found, but no tigure was given {or the ex-
pected number. Dewailed figures were given only tor
the numbers of deaths and cases observed and expected
for cancer ol the lung and for cancers of the liver and
pancreias combined and for the numbers o1 deaths
from brain cancer and three categories of cardiovas-
cular disease, Two men known (0 have angiosarcoma
of the liver were certified as having died ot liver can-
cer or pancreatic cancer, and a third man died of
angiosarcoma of the hiver 17 months atter the close
ot the follow-up.

Two French studies provide the results of a long:
term follow-up of men employed in one plant (41) and
of a short-term follow-up of men employed 1n 12 plants
{Laplanche et al, unpublished). The tirst provided ob-
servations on [ 311 men exposed to vinyl chlonde 1n
the productuon of VCM and PVC und in selected an-
cillary operations from the opening of the Tuvaux plant
in {953 (0 the end of 1976 (41). Six other employees
were excluded from the study becituse ol lack ol oc-
cupational histories and 160 men because thewr vual
status at the end of the study period was undetermined,
Twenty-five men were found 10 have died aguinst 48.75
expected from contemporaneous sex- and age-specific
national mortality rates (3.7 %o of the men at nsk), One
death was atinbuted (0 angrosarcoma of the liver, in
a man who had been exposed for mare than |5 years,
The reported data are 5o incomplete and cover such
a relatively short period from the opening of the plamt
that they add nothing of epidemioiogic value to the
results of the other studies, apart from the addition
of a further case of angiosarcoma.

The second study provided observations on | 100
men aged 40 to 55 years who, in 1980, were exposed
or had been exposed 10 vinyl chloride in 12 plans,
which constituted **tnost ol the French YCM polym-
ensation plants’’ {Laptanche et al, unpublished). Many
ol the men were, or had been, employed at Tavaux
and were presumably survivors ol the cohort studied
by Pierre et al (41). The men were 10llowed for tive
years, and their morbidity and mortality were vom-
pared with those observed L 1 1K anen o the saibig
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agas (L2 years) who were empioved in the same plants
but who had never been exposed 1o VCM. The men

dnnkmg habits, which were tound to be sienilar in the
two groups. The menin the exposed group had been
first exposed (or an average of about 14 years and had
_Aﬂﬂl been empioyed in the plant about |8 years previ-
G.n-ly. Morbidity and mortahty data were recorded an-
'lu.lﬂy by the plant physician, who successtully traced
' 9% % of the exposed men and 96 7 of the referents.

. Ooe of the exposed men. but none of those unexposed.
: tL " developed an angiosarcoma of the hver. Data were not

;h'm separately (or different periods after ﬁrsl em-

Juag cancer aganst (wo of the referents, which may
“ well reflect a chance occurrence of unusuaily few cases

"’L' In the reference group, as the proporuon of all tung

‘,f-" One cxposed man developed a cancer of the lympho-

! fr" Mornatopotetic system against none of the reterents, but
r:

- mooe 0f the men in either group were known Lo have
developed inelanomas or cancer of the brain or thy-

A Japanese study has reparied the mortality ex-
< perwenice of 4 524 men employed {or at least one year
“before 1965 in 25 Japanese ptants which began pro-

dwing YOM or PVC hetween 1949 and 1964 inclu-
wmve (37). The men were fallowed 10 31 QOctober 1975,
© Twenty-cight percent of the men were observed more
rran 20 vears atter {irst employment, but none was ob-
wyved more than 26 years, Only 0.6 % of the men were
wiraced, and copies of the death certificates were ob-
tamed far all the 209 men who had died (4.6 % of the

e~ sawal coliort), Individuals were classified according

1 the job in which they had been longest employed
&t the terminanon of their (ollow-up, and data were
grven separaiely (or the 2 546 men classed as employed
*w PYC production and 1 978 others (inciuding 900

I this study is conunued for another |0 years, it
sbubd provide useful additional informaton, but the
» preset data include too few observations on men more
thaa 20 years alter tirst exposurce to be ol any material
e They confirm the evidence of a hazard of liver
with six deaths among the PYC production

ers against 2.54 expected from national rates,
.only one such death was observed among the

¥ workers against (.82 expected. One of the six
mahs (rom liver cancer among the PYC production
Cwaxhers was certified as due to angrosarcoma of the
“Wver, and at least one of the other liver cancer deaths
‘waa due (0 the same cause. Lung cancer deaths were
@t 18 cxvess (2 observed in PVC workers against 2,33

pi.mc and hematopoietie systems, for cancer of the

bum wr thyrond, or for metanomas. The moriality
Mlﬂ‘ By Masuda (1)) For 303 Japanese vinyl ehioe

ride warkers has presumably been subsumed 1y Na-
kamura’s (37) later and larger study.

Hazards of cancer

The results of the four most useful studies are listed
individually in tables | and 2. The overall resuits for
all causes, liver cancer, and three oroad groups of con-
dittons are shown in (able 3, and those for 10 types,
or classes, of cancer are presented in table 4. Data have
not been reported for each type of cancer in each study,
and the sources of the data are, therefore, specified
separately for each type. Additional informauion ob-
tained from four other less informative studies (4, 7,
22, 49) 15 given i table 5 for seven types or classes of
cancer.

Table 3 shows that, apart from cancer of the Liver,
the overall mortality 15 what would be anucipated (or
an industry without any major hazard of accident or
disease. [n particular the standardized mortality ratio
(SMR) of 84 for diseases other than cancer 15 typical
of the ratios that are commonly observed for groups
of empioved men. A low SMR of this order reflects
the "‘healthy worker effect,”” which results (rom the
selection process that inevitably excludes some of the
least healthy members of the populanon from indus-
trial employment. This effect does not, however, nor-
mally affect the mortality (rom cancer beyond that ob-
served in the {irst few years atter the start of employ-
ment, and an SMR of 102 {or cancers other than can-
cer of the liver is compatible both with the absence of
hazard and with SMR values of 84 (or other diseases
and 77 for accidents, poisonngs, and violence.

Angrosarcoma. Death certificates are an unreliable
source of information about the histotogy of cancers
that cause death, but there 15 no reason to suppose that
the excess mortality attributed to liver cancer (or, i
the US series, liver and gajlbladder cancer) 1s not entire-
ly accounted for by the known hazard of angiosar-
coma. Fifteen of the 37 deaths® autributed to cancers
of the liver and gallbladder in the US series are known
to have been due to angiosarcoma of the hiver (14).
In the UK series, seven ot the |1 deaths attributed to
liver cancer, not spectfied as secondary, were known
10 be angiosarcomas, and they ail occurred in auto-
clave workers against 0.18 expected liver cancers of ail
types (P < 107% (25). In the Canadian series, histo-
logical review showed that seven of the eight s0-called
liver cancers were angiosarcomas (one had been de-
scribed as an angiosarcoma on the deach ceruficate,
two as hepatomas, and five as ynspecified liver can-
cers). One so-called liver cancer death was found to
have been due to cancer of the sigmoid colon, while
one death attributed to angiosarcoma of the perito-

1 Increased to 39 in table | to take account of the 97 excra
deaihy {rom an unknawn cause.
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Table 1 Obtserved ang sxpecied numoers of deatns lrom diffarant cancers reparted i (ne fcur onncipal studies (4, 14, 25,
46} {Q = observed number of deatns, € = expected numner ol geains

United States United Kingaem Canada ftaty
Type or ¢ciass of cancer

0 € Q £ o E Q E
Buceat cavity and pharynx 13 1155 4 33 0 064 i o8
Esophagus 7 aaq7 [} 14 34 1 06
Stomacn 1" 16 01 26 23N 3 30
Large intestine 21 2879 9 1394 0 V2
Rectum 1" 10 49
Liver 11 194 8 014 1 06
Liver and gallbladder 39 577
Pancreas 17 18 40 7 389 0 07
Othet qigestive 6 526
Larynx . 1 h 1 99
Lung 118 11587 at 3212 2 578 12 51
Otnar resoiratory 5 618
Bane 2 181
Skin (nonmetanoma -] 738
Meglannma 2 174 o] g2
Prostate 16 15 20 12 959 ! 07
Tastis 2 128 .
Blagaer E 848 14 au | 11 1 a7
Kidney 12 906 3 410
Other and unsoacified unnary B 429
Brawn 25 12.76 4 618 0 060
Eye ana central nervous system
Thyrona 2 043
Lympho- and reticulosarcoma 12 798 4 235
Hodghin's disease 3 5.45 ] 250 Q Q4
Laukemra 14 1194 7 516 1 167 0 or
Multipie myeloma 2 235
Other lymphane " 8y
Qther 48 40 50 18 8.12 2 095 9 45
All cancaers a1 a7} 235 22860 20 16237 Jo 2t

* Obsaervea crains muiliptied by 1 0674 and rounded off 10 the nearest inleger (o allow for deaths withaut discoveread cause

Tabie 2. Numbera of geatns from nonmalignant and all causes reported in the lour principal studies (4, 14, 25, 46) (O = observag
numoper of deatns, £ = expecied number of deainsy)

imigd Stares United Kinggom Canaaa Italy
Cause ol geain
G E o] E 0 3 (o} £

Banign anc ather unspecitied
tumors 4 5.08 Q 05
Carebrovascular diseass 75 9193
fachemic heart disesse 521 597.73 278 288 25 N 67 } 19 274
Othar circulatory disease 157 12355 105 1M
Bronchitia® 44 22.83 6 14
Pneymonia 18 31.94 6 N } 3 5o

40 61
Qthet respiratory diseasa 15 1284 '
Clerhosts of the liver 37 5508 5 H] . 188 4 52
Other g1gestive disease 27 39.52 3 27
Disease ol ihe ganitourinary systam " 20.41 . . . - .
Other diseases 87 11588 43 78 2+ 540 2 1o
Sulcide 49 52.78 1 09

10 58

Accidenty end other viclence 130 1739 0 0 z 08 4 71
All nonmalignant causes 1153 136154 545 665 19 5478 ! ] 56 4
All causes 1538 170527 780 a94 59 nor 7] 1S

' See footnote 1o tabie 1.

% Emphysema in data trom the United States,

© Inciudes (wo cases certified as Girrhosis of the liver which proved to be angiosarcoma of the liver.
9 Includes one Casa with Cause ynknown,

neum was found to have been due to angiosarcoma
of the liver (46). In the ltalian study, further evidence
revealed that three turther deaths should have been ag-

tributed to cancer of the liver (for a total of four), but
only one of the four was deseribed as an angrmarcoma

(4.
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Table 3. Yoo, revn rancer 0f tha bver ang QINEr C3USES AMONA viy! CRIONAR warkarg in 40 o' ntg
Cne tous LA sturlies Combimeg (4 14 23 46) 10 = oonserved numoer ot geains £ = expecten
nymper ol ceaing, SMA = slandarQized mortaniy ratiold

Cause ol daarn o] £ SMR
Cancer of the iiver? &9 a 45 598
Cancer of other siles 509 . 59938 102
Other diseases 1547 | 844 B9 a4
Acgiaanis. poisonings, and violence red] 295 15 17
Atl causes MY 2747 84 B9

* Including cancers of the gatibladdar In the 3snies trom (he Uniteg States

4 Mortaity lrom vanous cancers amang vinyl chlorde workers in 49 pfants In the four prancipal studles comoined.
D = obsarvea number of deaths, E = exposed numper of deaihs. SMA = stangardized monahty ratia)

of claaa of cancer 0 3 SMA Source ot
information »
73 Mt ana pharynx 18 16 97 109 1.2.3.4
, ttve syatem (Gther than (ivar) 125 154 59 a1 1,2.3. 4
Muuy systam 22) 229 36 97 1,2.3, 4
; g 211 21409 39 1.2, 4
Cwewreurinary system 0 6281 AR 1,2.3, 4
2 194 2.4
29 19 54 148 1,.2,3
2 Q4] 2
L { pmonatic ang hematapaienc system 57 50 87 112 1234
83 53 24 [RE] LA
‘AR girws than ot the hiver 609 599 35 102 1,2, 3,4

Htary

_ ey

Q [

o] Qs

} 19 274
\ 3 50
52
27
' 2 70
1 09
) 4 71
; 38 56.4
7 66 28]

for a total of four), but
bed as an angiosarcoma

878 89.7 22 208

Fegerat
Republic Norway Sweden italy Four countnes combined
' of Germany {t ptant) {1 plany (1 ptant) (14 plants)
Tyom or class of cancer 1 pants)
Q E o} E 0] € Q E o} E SMR
{hgwerrre aystem
mrhaung the liver) 350 218 LA L . 1 12 390 J4 44 113
235 246 5 284 3 178 [+] 15 315 X712 103
4 079 Q 01 40 089
2.1 13 2 0.33 41 163
2 Q.16 20 Q.16
pphatic and hemato.
. 65 717 Q7 16.5 B4 198
" Ok taxciuding the liven 40.7 243 8 1493 4 20 2.7 4y a3 55
5¢ 2 ne 5 57 1198 117.67 102

L dpicherce and c3383 1N the Narwegian study,
1 cat ol the infesting onty.

aof the lung and brain only.

1.

t‘-w {or liver and galibiadder cancer in the US series)
< by altnbuted principaily if not wholly (o the known

sarcoma Cases (maintained on behalf of the Associa-
tion of Plastics Manufacturers in Europe by the im-
pertal Chemical Industry PLC) before the end of the
follow-up period (Benneut, unpublished). Fifty-one ex-
cess liver cancers are recorded in the combined daia,
and 49 angiosarcoma are recorded in the Register {or
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Tabie 8, Monalitly 11om tung cancer in tha serias (rom the
United States (US) (14) and the tUnitea Kingaom (UK (25) Dy
characiensucs feigvant (o an occupatianal hazarg, (O = oo~
served numosar ol deaths, £ = expacted numter ol deatns.
SMR = stangardizad mortaiity rana)

Data Category 1 Category 2

charactanstic * o* E SMAR 0O®* € SMRA

Observea 20 yaars

or more atter st

employment {1), —

othars (2 114 111,98 100 85 9141 9
Empiloyed 10 yaars

ar More 1 \ha US

(1), others in
tne US (2) 55 52,45 105 63 644 N

Emoloyed balora

1956 10 the UK (1),

olhers in the UK (2) 52 5129 101 29 4051 72
Ever employed as

aulociave waskar

W othe UK (1),

athers in 1ne UK (2) 16 1708 94 65 7482 87

* The numpars in paranihasas désignata tha calegory,
? Sea foolnota (0 tabie 1 lor obsarvea daaths in tha US.

the relevant periods for the three countries and the two
lalian plants’® that are covered by the survey.

None of the 120 cases yet recorded 1n the Register
were 1n men who were first exposed after 1969, and
none of the 45 men affected in North Amernica were
first exposed after 1964, All may, therefore, have been
exposed to concentrations of several hundred parts per
million, and many may have been exposed to concen-
trations appreciably higher (unpublished report by Barr
to Air Products and Chemicals [ne in 1981).

Lung cancer. The idea that exposure to vinyl chloride
might cause cancer of the lung was suggested by Mon-
son et al in 1974 (36), when they noted 13 cases against
an expected number of 7.9 in a study of proportional
mortality. The combined data shown in table 4 do not
provide any support for the hypothesis, either (or res-
piratory cancer as a whole (SMR 97) or for the speci-
fied data for lung cancer in the US, the UK, and ltaly
(SMR 99). There are, however, consistently higher risks
in the subgroups of men in the US and UK series, in
which occupational hazards would be more likely to

} Twenty-nine were registered as occurring in the United
Stares against an excess of 13; only 20, however, were 1den-
tifiable in both series. Inquiry has, as yet, failed to reveal
information about the histology of the remaining 13 in the
cohort study and the origin of the mine extra deaths in the
reqisier, Nine deaths were regpistered as occurring in the
United Kingdom against an excess of nine, but one of the
registered cases was certified as due (0 a benign hemangioma
and not related (o the liver (code 227 in the eighth revision
of the internanonal Classification of Diseases). Ten cases
were registered as occurring in Canada agasnst an excess
of eighi; two were recorded as being in men who had been
employed for (ive years, and it is possible thai the actual
duranon had been slightly less than tive years wih can-
seyuent exclusion (rom the Canadian cohort, (One case was
repistred @y vccuining in one ol the two falian plants
dysuiind uih $xeen ol lesa than ove,

be seen than in other groups. This circumstance s
illustrated by table 6, which shows that the SMR values
are slightly higher for men observed 20 years or more
alter first exposure than for men observed earhier, for
men employed before 1956 in the UK than for men
first employed alter 1955 (when exposure levels dare
believed to have been lower), for men employed for
longer than for shorter penods in the US, und for
autoclave workers in the UK (among whom the angio-
sarcoma cases have mosily occurred) than for other
workers, The differences are atl small or very small.
They are, however, all in the same direction, and the
probabiliy that the rates should all be higher in the
groups in which an occupational hazard 15 imore like-
ly to be seen in each of the Tour paws ol groups 1s |
in 16,

Additional informadion from other sources 15 given
intable 5. A total ot JO deaths (or cases) was observed,
and this figure increases to 31.5 when allowance 15
made for the number of deaths due 10 unidentified
causes In the German study (SMR becoming 103). In
the German study the SMR was higher for the nien
who had been exposed tor {0 years or more than for
those who had been exposed for shorter periods (111
against 79), and, 1n the Norwegian study, four of the
five cases observed occurred in men whose occupations
were regarded as involving high exposure against 1,32
of the 2.84 expected. Both the German and the Swed-
ish studies derived the expected numbers of deaths
from national mortality rates tor a single year towards
the end of the study penod. The expecied numbers of
deaths arc hkely, therefore, 10 have been overestimated
and the SMR values correspondingly underestmated
as the mortabity from lung cancer had been riving
throughout the period of observanon.

Brain cancer. The idea that vinyl chloride might cause
brain cancer was also suggested by Monson et al (16)
when they reported five cases aganst 1.2 expected. The
combined data that are shown in table 4 provide some
support for this hypothesis. The cases of Monson et
al (36) were, however, observed in US workers and
must be presumed to be included in the total reported
by Environmental Health Associates (14); therefore
they wiil have contributed a substantial proportion of
the total in table 4. As a test of the hypothesis the data
of Monson et al ought, therefore, 1o be subtracted
from those in the table. Their investigation was not
a cohort study, and their expected deaths do nat cor-
respond exactly to those in table 4, I, however, the
observed and the expected cases are both subtracted
from the totals, twenty-four observed deaths remain
agawnst approximately (8.1 expected, a difference
which might e¢asily occur by chance (P onc-tailed =
0.1).1

I the study of Waxweiler et al (50) is regarded as the vogin
ol the hypotliesis, 26 deathis are fett iganne 194 evpwented
(P one-taded =0 07,
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Addiionad mtormanion from (wo other Sourees 1s
wiven m table §. The small excess reportey provides
fittle Turther evidence of an occupational harzard, as
one of the two deaths observed in the Swedish study
occurred 10 a young man who hud been empioyed for
less than a year when the diagnosis was made, while
the excess death rate for bramn cancer observed i the
German study was less than that observed amnong
chemical workers noo expased to vinyl chlonde (2.9
deaths after allowance for deaths from unknown
causes against |.6 expected) and among workers in the
PVC fabrication indusiry (5.9 deaths after arlowance
for deaths from unknown causes agatnst 1.1 expected).

Cancers af lviuphatic and hematopatenic ussues, The
1dea that vinyl chioride might cause cancer of the lym-
phatic and hematopoietic tissues — more specifically
the lymphatic tissue — was suggested by Tabershaw
& Gaflfey (45) and by Waxwetler et al (30) in 1wo colort
stydies. when they tound, respectively, five deaths
from lymphomas in the most heavily exposed workers
agamst 254 expected and tour deaths from cancers of
the lvinphatic and hematopoictic tissues against 2.5 ex-
pecied. These small evcesses nueht have been ignored
i the laboratory findings had not beeninterpreted as
surgesting that lvmphomas were produced experinen-
tatly wn annnais evposed to viayi chionde bv inhala-
tion (29). The dea that sumlar exposure maghe also
cause ivimphomas i humans, therelore, merus seri-
ous conuderation. The data trom the four prinapal

studies that are sumunanized in table 4 provide little

support for the hypothesss when ail cancers of the
lymphatic and hematopoietic tssues are considered to-
gether (57 deaths aginst 50,87 expecied, SMR 112)
and very little more 15 obtained Trom the separate daia
for cancers of the lvmphatie svsiem ( Tabershaw & Gal-
fev's detmon ol 1C1) st munbhers, eighth revision,
200—=201 and 205 heing used) that are shown i table
V(35 deadhs agains 29,40 expegted). The position 15,
morcover. hardly altered il the daia v Tabershaw &
Galfey's nunal report ate subtracted (29 deaths agamst
23.36 expected, SMR 124).

Little addisonal mformanon s provided by the
results of the German study (49). (See table §.) This
study obtained an SMR of 214 for exposed workers
(based on |5 observed deaths, increased to 16,5 when
allowance is made for the number of deaths {rom un-
known causes) agimnst SMR values of 77 and 34 for
an unexposed group of chemical workers and a group
of PVC fabricators. |1 showed that the excess of the
exposed workers was present only for men who had
been exposed for more than one vear and that this ex-
cess was most marked for men who had been eaposed
for five years or more (10.7 deaths alter allowance for
the numnber of deaths from unknown causes against
4.0 expected. SMR 268, PP one-ailed <0.01).

Melanoma. An exeess of mcianoma was reported (or
Norwegian workers by Mcldaas et al (22), who raised
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the possibility that vinyl chilonde might have produced
the disease. Four cases were observed when 0.79 were
expected, and thiree of the four were 1n men wiiose oc-
cupations tnvolved the tughest exposures tagainst 0.51
expected). At the time of the wrinng of their report,
one further case had been detected with anser three
sears after the closure of the study. Subsequent studies
w other countries have, so far, reported only (wo
deaths aganst 2.0 expected. (See tables | and 5.)

Thyroid cancer. An excess of thyrotd cancer was aiso
reported in the Norwegtan study (22), in which two
cases were observed against 0.16 expected. The inves-
ligators were not aware of any other studies indicating
an excess of this type of cancer, and they drew no con-
cluston from their observauon. Two of the three major
studies that have been reported since the Norwegian
observation was made gave no data for thyroid can-
cer; the third reported (wo deaths against 0.43 ex-
pected. (See table 1.} One death from thyroid cancer,
it may be noted, was reported in the US by Monson
et al (16).

Currcers of the digesiive fract. Suggesiions that vinyl
chlonde might cause cancers ot the digestuve tract in
peneral have sometimes been made. but they have not
raken adeguate acgount of the contnibution of cancers
of the liver to the total nwinber of cancers of the
digestive system, particuiarly when it 15 borne tn mind
thai some liver cancers are hkely to be misdiagnosed
as cancers of other organs, The combined data from
the four principal studies shown in tabhie 4 weigh
heavily against the 1ea that any such effect has been
produced.

Other cancers One of the remaining tvpes, or classes,
of cancer listed in table 4 shows a stausucally signifi-
cant excess, namely, the heterogeneous group of
“*other cancers'” (83 observed deaths against 65.24 ex-
pected, P two-aded <0 05). This ¢xcess 1s only mar-
ginally significant and may be a chance observation,
The most hikely explanation 1s, however, that a lew
anglosarcomas of the liver were not recognized and
were diagnosed as secondary liver cancer or carci-
NOMALosIs, siie unkiown, ife number of deaihs in this
category therefore beng wicreased.

Hazords of nonmalignant disease

MNo previous study has suggested that any nonmalig-
nant cause of death other than cirrhosis aof the liver
would be likely 10 be increased as a result of exposure
10 vinyl chlonide, and circhosis of the liver 1 presumed
10 be increased only because of the liver changes that
were observed as part of the “'vinyl chloride illness'”
{24, 31, 33). Two other possibilities have, however,
been raised, namely, the production of nonmaiignant
respiratory disease, because of the changes i lung
function and radiographic appearances that have been
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Table /. Monality from selectad nonmangnant causea and ait
causes i1 ine (our principal Studies comoined (Q = abserved
Aumper  of  deatha, E s expecied number of deaths,
SMA = stanaargizeg moranty rano)

Source of
Typa of disease 0 E MR iormanan *
Broncritey,
emphysema® 80 6581 120 1,2

Qther respiratory

dizease 71 125.78 56 1,2

Al respiratory

ditnade 180 20082 B0 1,2,3, 4
ischemic hean

disease 797 8887 0 12
Qther circuistory

aineases 252 26485 95 12

AN cirsulatory

diseasae* 1103 120935 91 1, 2,314
Cirthasia of the liver 48 6628 69 1,24
Other grseasa 238 36807 65 V1,21, 4
All nonmantgnant

[IELFETY 1547 184450 84 1,2 3.4
All axtarnat causes 226 29515 701,234
All nonmanignant

causes 1773 213965 85 1,2, 2,4
Al causay 244% 274785 89 1,2, 14

* 1= United States stuay (14), 2 = United Kingdom study {25),
= Canadian siudy (46), ang 4 = ltahan study (4).

* Bronehitis in tne United Kingdom study, emphysema in the
Unitea States atudy.

¢ includes ceredrovascular disease in the United Kingdom and
Halian stugies,

Table 8. Mortality from chronic abstructive lung disease* in
the senes from tha Uniled Staies (US) (14) and the United King-
aom {UK) {25) by charactenstica reievant 1o an occupational
hazarg, (O = observed numbar ol deaths, € = axpected number
ol deaths, SMA = standarcized mortatity ratio)

Data Category 1 Category 2

cnaracienaiic® 0 E SMR O E SMR

Qbsarved 20 years
ot mare alter lirst
smploymant in
the US (1),

others in the US
2) B 158 190 1" 70 1587

Employed 10

y#ara or move in

the US (1), .
othersinthaU5(2) 18 109 147 25 120 208

Employsd before

19%8 In the UK (1),

other inthe UK(2) | 24 3017 848 10 180 74
Evar ampioyed s

aN auloclave

worker in (he UK (1),

athers i tha UK (21 3 855 48 3N 3122 89

* Deacribed as amonhysema in the US study and as bronchitis
N the Uniea Kangdom study.

® The numbers 1 paramnhases designate the categary.

¢ Men ever emplayed a3 & DAQQGer Of Arter, OCCUPALIONS which
would nave ciused the greatest accupalional expasute 1o
polyvinyl chlonue gust, axpanenced one death rom broa-
Chits uydinst 4 98 expected.

recorded far men ¢xposed to PVC dust (2, 26, 27, 34),
and acute cardiac death, from analogy with the eftect
ot other haloygenated hydrocarbons (25) and the ob.
servation of an tncreased morrality from myocardial
infarction in the few vears following the cessation of
cxpasure in the Swedish PVC processing indusiry (35).
Relevant higures for the numbers of deaths trom (hese
and other nonmalignant causes that are obtainable
from the four principal studies were given tn table 2,
and they have been summarized 1n table 7.

Cirrhosis of the liver. Three of the four principat
studies gave scparate figures for cirrhosis of the liver,
none of which showed an increased mortality (1able
1): in combination they gave an SMR of 69 based on
46 deaths, The fourth study, which did not give sepa-
rate data for cirrhosis of the fiver, reported four deaths
from ail diseases of the Jigestive systemn combined
agatnst 1.85 expected and noted that the four included
iwo that were certitied as due 10 ¢irrhosis ol the liver,
but actually due (0 angiosarcoma (46). In the iwo sup-
plementary studies in which data were given for this
discase, the SMR was 82 in one, based on {5.1 deaths
after allowance for the number with unknown causes
{49), and 133 in the other, based on seven deaths (37).

Nonmalignanit respiratory disease, The data for non-
malignant respiratory disease are confusing in that the
total SMR from the combined data for the four prin-
cipal studies is 80 and ts the sort of figure that is com-
manty found in heaithy industrial populations, yet the
US siudy recorded a substantially increased mortaiuy
from emphysema (41 deaths and an SMR of 180 be.
fore any allowance was made for deaths from un-
known causes). No such excess was found in the UK,
where 16 deaths from bronchuis gave an SMR of 82.
Internationat comparisons of chronic nonmalignant
tespiratory disease are complicated by the usage of dif-
ferent terms to describe what it 1s now ageeed 1s best
called chronic obstructive lung (or pulmonary) disease,
but which in the past tended (o be called emphysema
in the US and chronie bronchitis in the United King-
dom, It must, therefore, be presumed thar the (wo

categories of **emphysema’” and *‘bronchitis’* used re. - 2

spectively in the two large national studies were meant
to describe the came thing. One must assume, there-
fore, that the experiences in the two countries were very
different, despite the fact that both related to cohar

that had very similar experiences of angiosarcoma of K

the liver and so, presumably, fairly similar exposures
to vinyl chlonde.

Separate figures are showa in (able 8, where avails
able, for the mortality observed among men with dif-
ferent durations and intensities of exposure. Unlike the
data for cancer of the lung that were shown in table
6. they provide no conststent evidence of a greater risk
in the groups in wiich an ocvupitional hagard wonbd
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o expecicd (o be concentrated, The authors of the En-
tal Health Associates report (14) were unable
‘give any explanation for the increased moriality
emphysema, and they point out that it could
be due 10 excess cigarette smoking, as there was
My gverall excess for cancer of the lung. [tis sinking,
or, that the excess (s more than compensated (or
y deflcGiencies in the other categortes of nonmalignang
gory discase (pneumonia |5 deaths,” SMR 47.0;
;¥ respiratory discase 14 deaths, SMR 42.6), and
g ‘gueslion anscs whether the emphysema excess
eendd be a classificatory artifact. Environmental
Fenhh Associates (14) list all the 41 deaths which show
\bey were coded under {CD number 527 which,
et out-of-date seventh revision that was used for
eoding of all deaths 1n the study, was the code for
et Tsprratory discase not otherwise classified'’ and
ded emphysema. Under that revision, however,
that was assaciated with bronchitis shoutd

Y ﬂ i ,Nmﬂcd with bronchitis under 1CD numbers 500

% W XI, and the possibility may be considered that some

L) the ¢etnphy sema deaths should have been classified
j"i_’rfﬁu = womee catcgory of respiratory disease other than iICD

" mmmmber 317 1 this were the situation, it could account
Both the excess mortabity from emphysema and the
y deficient mortality from other nonmahignant
m«:ty discases,
Mo eceis mortality [rom *‘bronchitis, emphysema,
ond subma' was observed in the German study (SMR
1 wih 6.3 deaths observed after allowance for the
m of deaths from an unknown cause) (49).

the vast majority of all deaths certified as due
»ome cardiac disease) were given only by the two
g mawsonal studics, and they provide no evidence of
¥ pucroascd mortality. The SMR vatues of 90 for this
md drweases and of 91 for all cardiovascular dis-
Al dumcrnded in the {our principal studies are typical

'» ,mm SMR values of healthy indusirial papulations,

were i no suggestion of any occupational hazard
nee smtwiliary analyses provided by the two naticnal
. La parucular, there is no evndence of an in-
wmoriality within one moath of leaving em-
e {n the UK study either for all workers (52
. SMR 61) or for the most heavily exposed auto-
rkers (9 deaths, SMR 42),
! increase in ischemic heart disease mortal-
tecorded for the exposed workers in the Ger-
'l:rlh'w)). but it was less than that recorded for

sunbuted 1o different groups of respiratory dis-
#md the corresponding SMR values that are cited in
amction f0r the US siudy are as given by the Environ-
Wamhth Associates (14) and have not been adyusted
aeemmead [or the number of deaths from an unknown
. Vo Uke mvount of these deaths, the observed deaths
SAMR valuct can both be multplied by 1,0674,

the unexposed chemicat workers and the PVC fabn-
cators (SMR values of 127, 111, and 158 based on 97.2,
126.7, and 109.7 deaths. respectively, after allowance
for the number of deaths from unknown causes).

Discussion

The informauon that has now been obtained about the
long-term health of men occupationally exposed to
vinyl chloride 1s massive and compares favorably with
that available for any other occupauonal group. Two
facts are outstanding. First, the men have experienced
a speaific hazard of a type of cancer that 1s normally
extrernely rare, namely, angiosarcoma of the liver. The
, Tanty of this disease under other conditions made the
detection of the hazard casy: but the long latency
period before the disease appears after first exposure
{almaost always more than 10 years and usually more
than |5 years) meant that 3 large number of men had
been exposed before the hazard was detected and that
itwidl stll be many years before the extent of the pro-
tection provided by the reduction in exposure in the
1960s and that of the further reduction that followed
the recognition of the hazard in 1974 are known. There
15, unfortunately, no effective treatment for the dis-
case, and the number of cases is reflected in the num-
ber of deaths. Some 50 deaths have occurred among
the 16 740 men who were followed in the four prin-
cipal studies that have been reviewed in this report,
50 that approximately | in 335 men have been affected,
2 % of the deaths having been due (o this one cause.
Eventually many more men must be expected to de-
velop the disease. One estimate (38) suggests that the
total may be increased L0 times, but 2 more realistic
estimate is (wo 1o three times (19).

The second outstanding observation is that the mor-
tality of the exposed men, other than that due to
angiosarcoma of the liver, is typical of the normally
healthy industrial worker — that is not to say that no
other hazard exists, but that the effect of any other
hazard is smail.

The massive data that aie now available provide no
reason for thinking that any hazard other than one of
cancer has been overlooked. It is, hawever, sull dif-
ficult to decide whether vinyl chloride produces a risk
of developing cancer other than angiesarcoma of the
liver which might be small compared to the risks
produced by nonoccupational causes, but yet abso-
lutely almost as large as the risk of developing the nor-
mally very rare angiosarcoma.

One of the many hazards suggested can be dismissed,
as there is no evidence 1o support it, namely, that of
vinyl chloride as a cause of any cancer of the diges-
tive tract other than angiosarcoma of the liver, Two
hazards (of mefanoma and cancer of the thyroid) have
been suggested only very recently, and few of the avail-
abie studies have provided information about them.
There 18 no good theoretical reason or laboratory evi-
dence o suggest that either should be produced by
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vinyl chloride, and, in light of present evidence, the
simplest explanation s that the reported excesses are
the chance effects that must be expected when many
different types of cancer are studied in several different
populauons, So far as melanoma ts concerned, it has
10 be remembered that the disease has become much
more common in recent years in Scandinavia (where
the excess was reported) due, it is believed, (0 the
popularity of sunbathing and the increased oppor-
tuneies for Scandinavians (o travel 1o the warmer paris
of Southern Europe and North Africa, The extent to
which this change may have affected the observation
in Norway needs (o be examined,

Two other hazards (of lymphoma and brain cancer)
were suggested by the early results of some of the US
studies. That vinyl chlonde might produce a hazard
of lymphoma was iniially supported by the prefim-
nary results of animat studies, but the complete results
of the many investigations that have been undertaken
(see reference 29) do not suggest that lymphoma or any
other cancer of the hemalopoietic system 1s liable to
be produced. There is, however, some cvidence that
brain tumors can be produced in rats (29), The hypoth-
eses (hat lymphomas and brain cancers might be
produced by vinyl chloride have been supported by the
observation that both these types of cancer have caused
death more often than might be expected from national
martality rates, but (he excesses observed in the com-
bined data from the {our principal studies in this re-
view are small and not statistically significani, and the
hypotheses remain unproved. The small excess of brain
cancer 1s particularly difficult 1o evaluate, as mortal-
ity rates from this disease have changed rapidly over
time as methods of diagnosis have improved and the
suspicion of an occupational hazard (which was raised
in 1975) could have influenced the findings. What ex-
cess has occurred has been limited 1o the US and Ger-
many, and the German findings carry little weight, as
the excess was found in each of the three occupational
groups studied, irrespective of the chemicals to which
they were exposed. The suppiementary data from the
German study showing an increased mortality from
lymphatic and hematopoietic cancers are more \mpres-
sive, particularly as the excess was the most marked
for men who had been employed for at least five years.
In these circumstances, judgment must still be sus-
pended unul the data for each study are analyzed (or
each specific type of cancer, by intensity and duration
of exposure, and by time since exposure began.

There remains the suggestion that vinyi chloride
might cause lung cancer. Al first sight, this possibil-
ity is ruled out by-the SMR of 97 for the combined
data for respiratory cancer for the four principal
studies. Lung cancer is, however, normally so com-
mon (accounting for about 8 % of the expected deaths)
that an increase in mortality that was haif as impor-
tant (numerically) as the increase in mortality from
angrosarcoma of the liver might easily be overlooked
{5 % confidence limits of the SMR 85—112). Thein-
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cidence of the disease varies moreaver within a coun-
try, and there must be doubts as to whether the na-
tional experience provides a suitable reference for men
employed 1n plants that are not evenly distnibuted
about the country. In these circumstances one cannot
exclude an occupational hazard unless it can be shown
that the mortality of the exposed men 15 independent
of the factors that might be expected (o nlluence 1t
if some of it were occupational in origin, namely, the
intensity and duration of exposure and the time since
exposure began, [t is not possible (o examine these
reationships in detail, as (he reports do not provide
all the necessary information. Such information as they
do provide, which was summarized in table 6, supports
the idea that exposure to vinyl chloride involves a smali
hazard of lung cancer. Taken tn canjunction with the
knowiedge that lung tumors have been produced in sev-
eral species of animais exposed to vinyl chloride by in-
halation (29), it would secem (hat a smail hazard ol lung
cancer probably did occur, The evidence 15 not, how-
cver, strong enough 1o conclude that it delinitely did.
1€ it did, the hazard was evident only for men who had
been employed for many years at a time when expo-
sures of severai hundred paris per million or more were
common, and any persisting risk can be only minute
and incapable of detection.

The questions that have been left unanswered by this
discussion might well be answered definiely if (i) all
the exposed men couid be followed to (say) the end
of 1984, (ii) the invesugators could present their data
in comparable ways, taking account ot duration of
emplioyment and ume since first employment and
presenting data separately for men first employed be-
fore (say) 1965 and between 1965 and 1974, and (i)
estimates could be made of the effect of correcting the
results for each group of employees for the locality m
which they lived and worked,

Hazards to the general population

As vinyl chloride has been proved to cause cancer in ,
man and is a mutagen 1n 1aboratory experiments, it &
must be presumed that even the minute doses that i
escaped into the gencral environment from production
plants or (in the early days of manulacture) from PYCS
materials will have caused some risk of cancer 10 thed
generai publie, These risks must, however, have been @

very small, as air concentrations of vinyl chloride, even

within a kilometer of plants handling vinyl chloride,§
used (0 be (in or around 1975) of the order of 10 to}
40 ppb (1, 3, 15), and this level is about one-ten thou-3

sandth of the concentration that has caused an occu

pational hazard. [t is obvious, therefore, that it would §

be impossible to detect the risk of any cancer that might

be produced by vinyl chloride other than a risk of @
angiosarcoma of the liver, as it has proved so diffi--
cult to detect any other risk among men who were ex- -2
posed occupationally. The position with regard to an.
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¢ vancoma of the bver s ditferent. This disease s nor-
miafly <o rare thag, in the absence of speciflic exposure
10 one of the known causes (vinvi chionde, thorium
‘dr.m‘dc. and arsenic in pesticides and medicines), the
“sanual incidence is on the order of {—2-10~7 (5, 8).¢
Ia these aircumstances the discovery of even one case
| & man living close to a factory in which vinyi chio-
ride was used in the days before exposure was tughtly
Lpoattailed may be regarded as presumptive evidence
the effect of environmental potlution.

2 Several surveys have heen undertaken 1o determine
:vhclhcr any such cases have occurred. Saric et al (43)
aod Elinder & Pecshagen (13) sought for cases in the
Lvicinity of plants handling vinyl chlornide in Yugosiavia
v and Sweden and found none. In Holland Dalderup et
Gl] (11) found etght confirmed cases not aunbutable

\,‘:.:"ilh vinyl chlgride,’’ but they made no specific men-
%' tion of the pauent’s place of residence. Baxter et al

*,. plant, and. in New York State over an | §-year period,
* Brady et al (5) found 19 cases that could not be at-
" wibuted to any hnown cause, five of which were 1n peo-
" ple hiving within a nnle of plants manufacturing or
uung vinyl chloride. The overall incidence rates 1n these
last two studies were not unduly high, but the occur-
~rence of as many as six cases among people living 50
vose 1o manulacturing plants is surprising. Brady and
hu colleagues, inoreover, compared their series of pa-
tremts with matched referents and found that none of
the referents lived equallv close 1o a plant. Two of these
Hx neighborhood cases (one in England and one 1n
New York State) cannot be attributed to environmental
pollution with vinyl chioride, as the men who devel-
" oped the discase had lived near the plancs for six and
aght years, rspectively, before developing the disease,
and this periad is 100 shart 10 aliow for the necessary
latency. The other four cases, however, all occurred
alier 15 or more years of local residence, and the dis-
vovery of these cases strongly suggests that poilution
of the environment around plants manu(acturing YVCM
oc PVC inay have caused a minute hazard to the gen-
- - aai public.
Current concentrations around plants handling vinyl
22 chloride are certainly much lower than those reported
Jpreviously by the US Environmental Protection
ency. Recent British measurements made within a
yifew hundred meters of the YCM areas have given aver-
fUage values below the daily limit of detection (5 ppb)
% for three of five plants, the readings at the two others

hat has caused an occu- W being 20 ppb (100 m autside the boundary fence) and

therefore, that 1t would
of any cancer thar might

K ppb (just inside it) (47), although substannally
e, higher values were recarded on two occasions asso-

de other than a rsk of S1r° cated with putting one plant into operation and with

5 1t has proved so dif[i-
mong men who were cx-
ysiuon with regard to an-

¢ The figure of §.4 - 10-* cued by Heath et al (21) seems (o
have been a musprint for 1.4« 1077,
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an accident at the other. According to any teasonable
criterion the hazard to the general public (if there 15
any at all) must be negligible (42).

No other hazard to the general population, other
than a hazard of cancer, can reasonably be postulated.

Summary

This paper reviews (i) the possible effects of viayi
chloride on the personal health of men exposed by
virtue of their occupanion (other than the early effects
of the very high concentrations (0 which men were ex-
posed when the industry was first developed ~— uncon-
sciousness, cardiac arrhythmia, and the charactenstic
"“vinyl chionde illness'') and (1) the carcinogenic
¢ffects that might conceivably be observed in the gen-

" eral population as a result of the widespread distribu-

tion of vinyl chloride as a pollutant. The possibulity
that vinyl chloride might act as a teratogen or might
cause mutations (n the germ cells has not been exam-
ined, as the lutle evidence that has been adduced
relating to such possible effects has been reviewed elsge-
where and the conclusion was reached that no such ef-
fects have been demonsirated.

Many groups of warkers exposed to vinyl chloride
in the manufacture of VCM or PVC have been studied
since the carcinogenic potential of vinyl chloride was
first recogrized. Some results have shown chat accu-
pational exposure can cause angiosarcoma of the liver,
and others have suggested that it may cause several
other types of cancer as well, The actual situation can
be determined only in an examination of all the evi-
dence, especially the combined results of those studies
that include a substantial proportion of observauons
on men more than 25 years after their {irst exposure
and cover a long enough period (or more than 10 %
of the employees to have been expected to die.

The results of four studies can be usefully combined
for thus purpose. They are two nauonal studies, one
from the US and the other from the UK, and two
studies of employees in one plant in Canada and two
plants in italy. The results of other studies from the
Federal Republic of Germany, Norway, Sweden, ltaly,
France, and Japan can be used only to provide sup-
plementary information. The many earlier reports of
exposed workers in the US and the UK concern men
covered more compietely in the two recent national
studies, and their resuits serve only as sources of hy-
potheses.

Minor criticisms can be made of three of the four
most uselul studies. They do not seriously affect the
value of the results, except that allowance has to be
made {or the failure to determine the cause of 6.3 7
of the deaths recorded in the US study. Three of the
studies use national rates to estimate the numbers of
deaths that might have been expected to occur in the
absence of any special occupational hazard, and the
fourth (Canadian) uses rates for the province in which
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the plant was situared. It must, therefore, be kept in
mind that the rates used may not have been whally ap-
propriate for the locaies tn which the plants were
situated, This circumstance 1s potennally imporaant for
the US study, which covered workers in 37 plants, 22
of which were situarea 1n the southern part of the
country, The other less intormative studies are, for the
most part, open 10 more senous criticism, and the value
of each set of results needs (o be assessed separately
in relation to each disease.

The combined results of the four principal studtes
show that the SMR values, reflecting the ranos between
the numbers of deaths goserved and those expected 1n
the absence of an occupauonal hazard multplied by
100, have been (1) 77 for accidents and other violence,
(11) 84 for diseases ather than cancer, and (i) 102 lor
cancers other than cancer of the liver. All these results
are what might be anugipated for an industry devaid
of any specific occupational hazard. The low ratio for
diseases other than cancer retlects the **healthy worker
effect,'’ which resuits from the selection process that
inevitably excludes some of the less healthy members
of the population from industnal employment and 1§
companible with a higher rauio (or cancer, as the mor-
tality from cancer 1s not normally subject to such an
effect, apart from the first two or three years imme-
diarely following the start of employment.

The mortality from cancer of the liver was nearly
seven times that expected. Most of the 51 excess deaths
were known to be due to angiosarcoma, even though
this diagnosis was not recorded on the death certift-
cate. The excess corresponds closely with the 49 deaths
due 10 angiosarcoma reported to the laternauonal
Register of Angiosarcoma Cases as occurring 1n em.
ployees of the plants concerned during the periods
under abservanion. All the men who developed the dis-
case were likely to have been exposed to concentrations
of vinyl chlonde of several hundred pans per million
aor more.

Three other types of cancer which have been sug-
gested to occur as a resuit of exposure to vinyl chlo-
ride are cancers of the lung, brain, and lymphatic and
hematopoietic systems. The combined data for the
mortality (rom respiratory cancer fail, at [irst sight,
to support the hypothesis regarding lung cancer (SMR
97). Higher ratios for lung cancer have, however, been
observed consisientiy in the subgroups in which the
effect of an occupanionat hazard would be most like-
ly to be seen (that is, men employed for more than 10
years, exposed to higher than average concentrations,
or observed more than 20 years after first exposure).
In two of the supplementary studies it was also noted
that the mortality from lung cancer was specifically
increased among the most heavily exposed workers.,
The combined data show small excesses in the mor-
tality from cancers of the brain and of the lymphatic
and hematopoietic systems. The excesses are, however,
not statisucally significant, and there is nothing to sug-
gest that they are occupational in origin. An excep-
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tion ts the observation of an increased mortality from
cancers of the lymphatic and hematopotetic systems
in the supplementary study (ram the Federal Republic
of Germany.

Two types of cancer were reported (0 be 1 excess
in the Norwegian study, namely, thyroid ¢ancer and
melanoma. The stigniticance of this finding 15 ditficult
ta assess because very little information about these
vancers has been provided by other studies.

Suggesttons that vinyl chlonde might cause cancers
of the digestive tract have failed to account for the
contribution of angiosarcoma of the liver. When this
disease s excluded, the mortaluiy from digesuve tract
cancer decreases 10 below the average (SMR 82 for the
Tour principal studies).

A small excess mortahty from the heterogeneous
group of “‘other cancers' in the combined resulis of
the four principal studies was sianisuicatly margmnatly
significant (83 dearhs aganst 65.25 expected, PP <0 05).
Some of the excess was likely 1o have been due (o the
misclassification of angiosarcomas as secondary can-
cers of the liver or carcinomatosis, site unknown,

The following three nonmalignant causes of death
have required special examinanon: circhoss of the liver
because of damage to the hiver in “vinyl chioride il
ness, '* myocardial infarction (from analogy with the
effect of other halogenated hydrocarbons and because
of some observations trom Swedish PVC tabricators),
and nonmalignant respiratory disease because of
vhanges tn lung function and the radiographic appear-
ance of the lungs observed tn men exposed 1o PVC
dust. Far from being raised, the mortaluy from cir-
rhosis of the liver was less than expecied n the three
principal studies and 1n one of the two supplementary
studies which gave separate figures for the disease
(SMR valyes of 69, based on 45 dzaths, and 82, Sased
on | § deaths), while in the other supplementary study
the increase was irivial,

Data for myocardial infarction have not been re-
poried separately. But myocardial infarction accounts
for most of the deaths attnibuted 1@ ischemic heart dis-

case, and there is no evidence that either ischemic heart

disease or cardiovascular discase as a whole was un-
duly common (SMR values of 90 and 92, respective.
ly) or related to occupational exposure,

The data for the third category of nonmalignant dis- 3

ease (nonmalignant respiratory disease) are confusing,
because the two large national studies give conflicung

results. The combined data for the four principal -

studics show the low mortality that 1s commonly found

in healthy industrial papulations (SMR 801, This fig-
ure hides, however, an increased mortality from -

chronic obstructive fung disease (SMR 120}, which in-
cludes emphysema and is due 1o a grossly increased
mortality attributed (0 emphysemna in the US siudy
(SMR 193). The corresponding morrality in the British
study, which was preferennally described as due 1o
bronchitis, was less than expected (SMR 82), as was
the mortality from pacumionia (SMR SO and other res-
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piratory diseases (SMR 46) in the US study. There s
no consistent evidence that the moriality from em-
physema or bronchitis was specifically occupattonal,
and it scems possible that the reported gxcess in the
US study was an artifact due 10 nosological difficul-
ties with the use of the seventh revision of the (CD.

Review of the massive data now available on the
long-term health of men occupationally exposed 1o
vinyl chioride leads to two clear conclusions. First the
men have experienced a specific hazard of the normally
extremely rare angiosarcoma ol the hiver. Approxi-
mately | in 335 of the men exposed in the 49 plants
studied died of the disease, and approximately 2 7 of
the observed deaths were attributed to it. In the course
of time the numbers of cases of angiosarcoma must
be expected to increase two 10 three tmes, Second,
the mortality from ail other causes has been typrical
of that of normally heaithy industnal workers. Il any
hazard has existed, its elfect has been small.

The data provide no reason to think that any haz.
ard other than one of cancer has been overiooked. [t
15, however, still difficult to decide whether vinyl chlo-
ride produces smail rsks of ¢cancer, compared to those
due to nonoccupational causes, at sttes other than the
liver, and, if 50, whether, 1n totai, these risks might
cause almost as many deaths as angiosarcoma of the
liver.

There is too Littie evidence either to confirm or refute
the suggestion that vinyl chloride might cause mela-
noma or cancers ol the thyrond, brain, and lymphatic
and hematopoienic systeins. None of the small excesses
that have been recorded point specifically to an occu-
pauional hazard, apart from that attributable to can-
cers of the fymphatic and hematopoietic systems in the
German study reviewed, and most are iikely to be the
sort of chance effect that is certain 10 be observed when
many types of cancer are exaimined tn many different
studies.

The lack of any increased mortality from lung can-
cer in the combined resuits of the four principal studies
reviewed does not exclude the possibility that there may
have been a small occupational hazard of developing
the disease, as geographic vanauons in the inaidence
of the disease throw doubt on the validity of using
naunonal rates for estimating the expected numbers of
deaths. The greater mortality in groups of workers who
would be more likely t0 show an occupational hazard
than other groups suggests that a small hazard may
have existed. The evidence is, however, weak, and the
existence of a hazard has not been proved,

Clearer answers 1o some of the questions that have
been posed in this review might be obtained if the
various groups of investigators couid present their
results in more appropriate and comparable ways.

As vinyl chloride 1s a mutagen in laboratory expen-
ments and a proved human carcinogen, the minute
doses that have escaped into the general environment
as pollutants must be presumed to have caused com-
parably. minute risks to the general public. No such

b1

risk could possibly be detected, other than one of
angiosaccoma of the liver which is normally an ex-
tremely rare disease, Several surveys have sought evi-
dence of the existence of such an effect, and sugges-
tive evidence that such an effect may have occurred
at a ume when environmental pollution was much
greater than it is now has been found in one.
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