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Effects of expojsure to vinyl chloride

An assessment of the evidence

by Sir Richard Doll, FRS

DOLL R. Effects of pxposure to vinvl chlonde: An assessment of the evidence Scand J Work Environ

Health 14 (1988) 61 7% This paper reviews the possibie erfects of vinvi chloride on the mortahitv of oc-

cupationatly exposed
as aresult of environ
of provuiding substan
a period long enough
for the assessment of
The data pernut two

men and the carcinogenic effects thal might be observed in the general population
hentat pollution with vinvl chlonde. The resuits of four studies fulfilling the criteria
1al numbers of ohservations more than 25 vears atter [irst exposure and covering
for more than |0 %o of the workers to have been expected to die constitute the basis
the occupational hazards. Other studies provide only sunpplementary information.
Fonciusions. First, men occupationatly exposed 1o vinvi chloride have expenienced

a speciiic hazard of qngiosarcoma of the liver. Second, any other occupanional hazards that may have

existed have been <m
cancer other than an

il. No positive evidence of a hazard of anv nonmahenant disease or any (vpe of
rosarcoma of the liver has been found except posably for a s<inali hazard of lung

cancer when exposurd was heavv. More defimite conctusions might be reached i those who have studied
exposed emplovees cauld present therr results 1n appropriate and comparable wass. A very smail risk of

angrsarcoma mav ha

e occurred as a result of vinyl chlonde escaping into the environment around plants

handting vinyt chloride 1n the past, but the evidence indicates that the current nisk to the general public

(f any) must be negl

Aev terms: angrosare

ztbie.

ma of the liver, cancer. lung cancer, mortaiity, polyvinyl chlonde, review, vinyl

chloride monomer.

lor many vears the inhalagion of large amounts of
vinvi chloride has been recofnized as potentially haz-
ardous. Concentrations of the order of 10 000 ppm in
the air induce unconsciousfess and cardiac arrhyth-
mut, whtie prolonged expodure to concentrations an
order of magnitude [ower hive been liable (o cause a
speaific pathological svndrogne. This “'vinyl chloride
iltncs<’* has been characierizkd by four cardinal signs,
namely, enlargement of thq liver and spleen with a
specttic histological appearapce, patchy infiltratton of
the skin resembling sclerodefma. bony changes in the
tips of the fingers describef as acroosteolysis, and
penipheral circulatory changps identical with the clas-
sical micture of Ravnaud's disease. These pathologi-
cai reactions may occur singly or together and may pos-
sibly be accompanied by otfer less characteristic ef-
fects. They can, however, belcompletely avoided if ex-
posure never exceeds the level of a few hundred parts
per million, ie, the level 1§ which exposures were
generally reduced in the mifl-1960s.

One other serious effect hag, however, been observed
that mav not be avoidable if the same relatively easy
wav, namely, the production of angiosarcoma of the
liver. It must, indeed, be prdsumed that some risk of
developing the disease will persist from exposure (o

' lmpenial Cancer Recearch Funll. Cancer Epidemiology and
Cluncal Trials Umit, Radchitfd Intirmary, Oxflord. United
Kingdom,

Reprint requeste 100 Sie R Doll] himperial Cancer Research
tund, Umversiy ot Oxtond, Gifson Butlding, The Radcliffe
Inhirmary, Oxford QX2 6HE, Linied Kingdom.

doses that are even lower than the current industrial
levels of § pptn or less, as vinyl chioride has been shown
to act as a mutagen (23). and it cannot be assumed that
a threshold exists below which no carcinogenic risk
persists. Moreover, the possibility has to be considered
that vinyl chloride may cause some cancers other than
angiosarcoma of the liver, partly because laboratory
studies have shown that it causes other cancers in
animal experiments and partly because the initial
studies demonstrating the production of angiosarcoma
of the liver in humans were inadequate in size to ex-
clude a material increase in the risk of cancer in com-
mon sites, such as the lung and large bowel. Since no
threshold dose can be postulated, it also foilows that
some cancers may have been produced in the general
public by the small amounts that have escaped into the
general environment.

Consideration also needs to be given to the possi-
bility that exposure to vinyl chloride over a long pe-
riod may have noxious effects an humans that cannot
be seen easily in animal experiments (by, for example,
producing chronic respiratory disease), and, as it is a
mutagen, there is also a possibility that it may act as
a teratogen and cause congenitai malformations in
offspring.

in this review 1 have not examined the possibility
that vinyl chioride acts as a teratogen or that it causes
mutations in germ cells. as there is too little serious
evidence to justify inclusion. Reviews carried out for
sections of the industry by Downs et ai (unpublished
report to the Society of Plastic Industries Inc in 1977)
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and by MacMahon (unpublished report to the Chemi-
cal Manuiacturers Assoctation in 1977) concluded that
the ew reports of positive effects could not be sub-
stantiated, and no additonal evidence was foupd in
a similar later review by Barr (unpublished repdrt to
Air Products and Chemicals Inc in 1981), apart|from
a report that embryos were absorbed and skelethl os-
sification was produced when pregnant rats wefe ex-
posed to doses appreciably lower than those thaf had
been used by other workers without any such effects
being observed. The report of absorbed embryog (34)
could not be evaluated thoroughly, however, as the ex-
periment was inadequately described. | have, therdfore,
examined only the possible effects on the pergonal
health of men occupationally exposed to vinyl Lhlo-
ride, other than those related to their reprodyctive
capacity, and the carcinogenic effects that might|con-
ceivably be observed in the general popuiation|as a
result of the widespread distribution of vinyl chlgride
as a poflutant.

Occupational hazards

Many studies of workers exposed to vinyl chloride in
the manufacture of vinyl chloride monomer (V{CM)
and polyvinyl chloride (PVC) have been undertgken
since it was first found that vinyl chloride could cpuse
cancer in animals (28, 48) and man (10). These irjves-
tigations have confirmed that exposure causes a paz-
ard of angiosarcoma of the liver and, in severa in-
stances, have shown excess incidence or mortality fates
that were conventionally statistically significant| for
other diseases. Conventionai tests of statistical sighifi-
cance are, however, designed to help answer sipgle
questions defined beforehand, and several findingsjthat
might be expected to occur by chance alone onde in
(say) 20 times must be expected 1o occur if dozens of
rates are examined in each of several sets of indepen-
dent data. Scientists have, therefore, been faced ywith
the problem of deciding whether the excess rates [hat
have been observed in individual studies are due td oc+
cupational hazards or to the vagaries of chance

This problem can be solved in part with an exgmi-
nation of the results of a sumation of data from cpm-
parable studies, that is, by a comparison of the syms
of the numbers of deaths observed and expecteg in
cach study. This procedure does not require (hj as-
sumpnion that the exposures have been the same in dach
study any more than the same assumpuion is requ|red
for each individual when the results of each study|are
considered atone. It does require however that dach
exposed population has been observed over a pegiod
when its members were at risk of developing disgase
(1f a genuine hazard exjsted) and that in each sipdy
the reterence poputation from which the expected npin-
bers wi deaths were derived was appropriate (thaf s,
at the same risk ot developing disease as the expdsed
popuiation would have been o the absence of expu-
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sure). These requirements do not introduce any new
complexity, as both are, vt course, also required if cor-
rect conclusions are to be drawn from the resulty ot
the individual studies when they are examined on their

own.

Sources of inforination
Four studies meet the aforementioned requirements,
namely, two large national surveys, one reported by
Jones (25) for the United Kingdom (UK) and the other
by Environmental Health Associates (I4) for the
United States (US). and studies of individual plants
in Canada. reported by Thénault & Allard (46) and
in ltaly, reported (as a part of a nattonal study) by Bells
et al (3). All four include observations on men more
than 25 vears after their first exposure, and the ex-
pected number of deaths is, in each case, greater than
10 % of the total number of employees, a value indi-
cating a long average period at risk. Earlier observa-
tions on UK and US employees (6, 9, 12, 16, 20, 36,
39, 40, 45, 50) have been subsumed in the national sur-
veys and now serve only as sources of hypotheses and
of some detailed information not included in the na-
tional reports. Studies of German (49), Norwegtan
(22), Swedish (7), French (41, and unpublished report
ol Laplanche et al), Japanese (33, 37), and some other
ltalian (4) workers provide some supplementary infor-
mation, but, in general, the periods ol observaton
have not been fong enough tor usctul epidemiologic
data to be obtained about diseases that are unlikely
to occur within 20 years of first exposure, or they
report only selected results which are difficult to in-
terpret, as only excess rates tend (o have been selected.
Studies of makers of PVC products have not been
inciuded, as the workers have had much iess expousure
to vinyl chloride than those employed in the munulae-
ture of VCM or PVC andu any occupational hazard to
which they may have been exposed is more fikely to
have been produced by PVC dust.

US study. The study carried out by Environmental
Health Associates (14) on behalf of the US Chemical
Manufacturers Association is the largest and most in-
formative investigation thus far undertaken. It cov-
ered 10 173 men who had worked 1n 37 plants owned
by 17 companies — 1 214 men in i1 plants that
produced only VCM, 6 848 men in {8 plants that
produced only PVC, 935 men in three plants that
produced both, and | 176 men 1n five plants that
produced homopolymers and copotymers, with or
without VCM or PVC.

Twenty-two of the plants were in the southern part
of the country, 14 were in the northcastern or north
central parts, and one was (n the wesl.

Men were included 1f they had been exposed (o vinyl
chioride for at least a year belure 31 December 1972
and had been employed i 1942 or subsequently {the
tirst year depending oo the date the plant becan kg

or using vy
sonnel rece
was the lag
idenniried
sonnet,
Racial ¢k
97 e ol wi
the purpos
deaths, thy
Follow-y
cial Securiry
died after |
plants did n.
(9) earlier
present inve
nlants who
1972 were ¢
follow-up w
1982, whiche
of the men w
untraced wer
which was us
Almost hat
before 1955.
served more (
many cases fo
a long latency
Short-term
vohort, and n
ployment for
lor 10 years ot
ployment bern,
Fifteen hunce
have died. In |
tained trom the
tamed for the |
The number:
causes or grou
plying the pers,
national rates |
age groups anc
This importa
cisms, which a
effects on the re
compiled by co
cords without ar
sumption that a
caused the expet
underestimated,
to have had hig
reason for suppo
the proporiion o
necessarily repres
12ty was introd
ay 73 % of the
Twoather cri
Capocted number
sanption thae o

s aly

SPI-01234

o e o



roduce any new
o required if cor-
»m the results of
xamined on thetr

ed requirements,
one reported by
JK) and the other
tes (14) for the
individual plants
% Allard (46) and
ynal study) by Belli
ons on men more
ysure, and the ex-
case, greater than
yees, a value indi-
. Earlier observa-
. 9. 12,16, 20, 6.
in the national sur-
of hypotheses and
inciuded in the na-
n (49), Norwegian
unpublished report
173, and some other
spplementary infor-
ods of observation
seful epidemologic
es that are uniikely
1 exposure, Of they
1 are difficult to in-
5 have been selected.
ducts have not been
§ much less exposure
ayed in the manufac-
cupational hazard (o
ced is more likely to
st.

ut by Environmental
{ of the US Chemcal
\e largest and most 1n-
¢ undertaken. lt cov-
ed in 37 plants owned
en in 11 plants that
nen in 18 piants that
1 in three piants that
en in five plants that
copolymers. with or

.re in the southern part

. northeastern or north
the west.

«d been exposed 1o vinyl
fore 31 December 1972
42 or subsequently {the

¢ the plant began making

ur using vinvl chlone ad
sonnel records were deemed
was the {ater). individuals
identified from company

sonnei.

the earliest date that per-
10 be compiete, whichever

MO met these critena were
Fecords by company per-

Racial characteristics werk known only for 686 men,

97 % of whom were white
the purpose of estimating
deaths,

Follow-up data were ob
cial Security Administrationy
died after 1979) from the N
plants did not collaborate in
(9 earlier study, which hg

and it was presumed, for
the number of expected

that all 10 173 mcr were white.
a

tned from plant and So-
records and (for men who
ational Death Index. Five
the extension of Cooper’s
d been subsumed in the

present investigation, and the 955 employees in these

plants who were known to

1972 were not fotlowed apy further.

follow.up was attempted t
1982, whichever was the eaf
of the men were successfull
untraced were excluded frof
which was usualily the date

Almost half of the men (4
before 1955. A large propo)
served more than 25 vears a
many cases for more than 10
a long latency period migh

Short-terin workers had
cohort, and most of the m

ptoyment for many years,
for 10 years or more and thd

ployment being 16 years.
Fiftcen hundred and thirt

be alive on 31 December
For the rest,
b death or 31 December
lier. On this basis 92.7 %
y traced. Those who were
I the last date of contact,
‘hen employment ceased.
6 o) were first empioyed
ktion was, therefore, ob-
frer first exposure (and in
years) when diseases with
be expected to be seen.

been excluded from the
bn had continued in em-
'0-thirds being employed
average duration of em-

lv-six men were found to

have died. In | 439 cases, tHe cause of death was ob-
tained from the death certifidate, but no cause was vb-
tained for the other 97 pergons (6.3 ).

The numbers of deaths e
causes or groups of causes
plying the person-years at ri

pected {rom each of 38
jwere obtained by multi-
k by the disease-specific

national rates for white malgs, for the corresponding
age groups and five-vear pefiods of the study.
This important study is open to three minor ¢riti-

cisms, which are unlikely td

effects on the results. First, t

have had any material
e lists of employees were

... compiled by company persqnnel Irom company re-

cotds without any independept check. Second,
ff’,\ sumption that all the empioyees were white will have
“'caused the expected deaths t
A Indercsumaled as the few b
-,lo have had higher mortali
1 .

. reason for supposing that the kmail sample from which

the proportion of black emp

the as-
b have been very slightly
ack empiovees are likely

y rates and there is no

pyees was estimated was

necessarily representative. Third, an element of uncer-

fainty was introduced by the

as 7.3 % of the emplovees.

failure to trace as many

Two other criticisms are mpre important. First, the

expected numbers of deaths
sumption that the men wou

Jere calculated on the as-
d have experienced the

same mortality rates as the white male population of

the whaje county the correspanding dates. The use
of nationzl rates 1s common practice in studies ol 1n-
dustrial populations and tends to result in an over-
estimation of the expected numbers of deaths so that
the employees appear to be unusuaily healthy. This
"*healthy worker effect’’ is well known and has been
taken into account in my discussion of the results. A
more sertous objection to the use of national rates is
the way mortality varies from one part of the country
to another, due to differences in the prevaience of en-
vironmental and social factors unrelated to the occu-
pation of interest. It is, therefore, generally preferabie
to use state (if not county) rates in place of national
rates. With 37 plants, however, it might be thought
that their geographic distnibution would be sufficiently
wide to make the use of national rates appropriate.
Unfortunately 22 of the plants were located in the
south, and a check would have been desirable (o see
whether therr location couid have caused any material
distortion of the results.

Second. causes were not obtained for 97 of the | §36
deaths. This deficiency was allowed for in the calcu-
tation of the overall mortality by the inclusion of deaths
due to unknown causes. It was not allowed for, how-
ever, in the calculation of the disease-specific mortality
rates and will have caused the standardized mortality
ratios to be underestimated by an average of 6.3 %,
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 to the nearest integer.

UK study. The study reported by Jones (25 and un-
published) on behaif of the British Health and Safety
Executive covered § 498 men who were employed for
at least one year in jobs that involved potential expo-
sure to VCM for at least 25 %o of the work week and
who were first employed in the period 1940—1974. De-
tails of the men were compiled from the personnel
records of nine chemical plants manufacturing or poly-
merizing vinyl chioride, and the vital status of the men
was determined at the end of 1984 from the records
of the National Health Service Central Register. Five
thousand four hundred and ninety-cight men were
traced (98.9 7). Seven hundred and eighty deaths were
identified, and copies of the death certificates [coded
to the eighth revision of the International Classifica-
tion of Diseases (ICD) if they occurred before 1979
and to the ninth revision if they occurred later] were
sent to the investigators.

Several specific points about the study need to be
noted. First, national mortality rates for England and
Wales were caiculated for five-year age groups over
quinguennial periods for 66 causes of death, and these
rates were used in the estimation of the numbers of
deaths that might have been expected in the cohort by
multiplying them by the corresponding numbers of
person-years under observation. Some difficulty which
could have been refated to the causes of death being
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coded according to the eighth and ninth revisiohs of
the [CD was, however, experienced in obtaining|suit-
able rates for alf causes of death, and rates for alrela-
tivety late period had to be used for esimating the
numbers of deaths from many diseases that might|have
been expected to occur in earlier periods. For| two
categories the earliest availabie rates were 1960— |964,
for one they were 1965—1969, for 24 they were 1970—
1974, and for one they were 1975—1979.

Second. an attempt was made to classify men ac-
cording to whether they had high, intermediate, of low
exposure to YCM 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 to whether exposufe to
VCM was likely to have been high (group A), ekpo-
sure to PVC dust was likely to have been high pith
exposure to VCM low (group B), or exposure 10 VICM
and PVC dust was intermediate and intermitent
(group C). All other men, who would generally have
had low exposure to both VCM and PVC dust, yere
classed as group D. Within ail the groups, expopure
to VCM was likely to have been higher if it had bdgun
before 1956.

The study makes an important contribution to|the
knowledge concerning the long-term effects of vjnyl
chloride. The use of national rates to calculate the ex-
pected numbers of deaths may be justified onlthe
grounds that the men were employed in nine plahts,
which were presumably distributed about the coungry,
but no details of their location are given. In geneyal,
mortality rates tend to be higher in the parts of Bri{ain
where heavy industry is located than in other part} of
the country so that the expected numbers of deaths|are
more likely 1o be biased downwards than upwards; lbut

whether this is s0 or not needs to be shown.

The use of recent rates to calcuiate expected nym-
bers of deaths from many specific causes of death was
presumably necessary if the diseases were (o be studied
individually and wiil have done no harm if the ifci-

dence and fatality of the diseases in question remaiped .

stable. [t would have been desirable, however, for fhe
diseases to have been specified so that the reader wolld
know which were liable to be distorted.
The system used to classify the men into four expo-
sure groups is the sort of system that is commonly ujed
if precise measures of exposure are not available] It
creates some difficulties in the statistical analysis ifrJ
move from one job to another and are classed (ag in
this instance) as having had high exposure if they h3ve
ever had a particular type of employment (eg, ever bden
employed as an autoclave worker). No evidence is pto-
vided to show that the person-years at risk beforg a
man entered the category have been subtracted apd
added to another exposure group before the numbers
of expected deaths were calculated. Movement frdm
one jub to another was sard to have tended 10 be Jut
ol groups A and Hoango 1, but even so it must pe
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presumed that the expected numbers of deaths in the
first two exposure categories are likely to have been

overestimaied.

Canadian study. The Canadian study (46) was limired
10 employees of a single plant in Shawinigan, Quebec.
The plant, which was situated 1n an industrial com-
plex, was opened in 1943, VCM and PVC were both
made unul the late 1960s, when the production of
VCNM ceased, while the production of PVC continued.
An attempt was made (0 trace all the production work-
ers whose names appeared on the unions’ lists or the
payrolls of the companies in the whole industrial com-
plex, including the vinyl chloride plant, between !
January 1948 and 3! December 1972, and contact was
made with the worker or his next-of-kinin | 611 out
of 1 659 instances (97.1 ). Detatled occupationat and
smoking histories were obtained by questionnaire, and
156 men who had been emploved by the companies
for less than five years were excluded. The remaining
men were categorized as (i) exposed to VCOM il they
had worked on the production of VCM or PVC for
at least five years (451 men), (ii) unexposed to VCM
if they had worked similarly for less than six months
(870 men), and (iii) other men {134 in total). The last
group was excluded from the study. Follow-up was
closed on 31 December 1977. Copies of the death cer-
tificates were obtained, and the causes for ail who had
died (59 exposed and 233 unexposed) were coded ac-
cording to the eighth revision of the ICD. Informa-
tion was also sought for histotogical or cytological con-
firmation of all the diagnoses for all the exposed men
who had died of cancer.

The results were examined in two ways. First, the
tortalities of the exposed and unexposed men were
compared after standardization for five-year periods
of the study and five-year age groups. Second, the mor-
tality of the exposed men was compared with that ex-
pected if the men had had the sex- and age-specific
mortality rates recorded in Quebec for the year 1971.
In both comparisons the causes of death used were
those specified on the death certificate, and the addi-
tional pathological information was used later only for
interpretation of the results.

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 exposure.

Although small, the study makes a useful contribu-
tion to the overall results. The histological review of
the cancer cases is particularly helpful. It showed that
all eight cancers diagnosed as liver cancer (including
two specified as hepatoma and one specified as angio-
sarcoma) were angiosarcomas of the liver, as well as
one that had been diagnosed as angtosarcoma of the
peritoneum. Two other cases of angosarcoma of the
liver were found to have been certilied as hepatie air-
rhosts. Tt s also helptul to Basve aeoitipaoson between
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for ali nonmaiignant diseafes could be attributed 10
8 heaithy worker effect and was not due to bias in the
tecording of exposure (relguve risk for all nonmalig-
nant causes compared to thdt of the ‘'‘unexposed’’ men
0.95).

One aspect of the study hjs to be criticized however,
ie, the use of provincial ra}es for one year {(1971) to
calculate expected mortalily spread over a 10-year
period (1948 to 1977 inclusivie). Deaths will have tended
to bunch up towards the egd of the pertod of obser-
vation so that the rates foq this particular year may
have been fairly representatipe, but it must have caused
some distortion of the expecled numbers of deaths, the
size (and even the direction] of which is impossible to
esumate. For most disease groups the distortion 1s un-
likely to have been large.

ltalian studyv. A study of ailjmen emploved in the pro-
duction of vinyl chioride and|PVC in nine [talian plants
was begun in 1983, All mer] were inciuded who were
employed (or at least six mdnths at any time from the
start up of the plant to the pnd of 1981. The study is
still incomplete, but resuits 3re now availabie for men
in three plants (4). Two pipnts (in Ferrara and Ro-
signana) began operation inf 1953. Four hundred and
thirty-seven men were emplgyed in one plant and (81
in the other. All but three (frgm the Ferrara planit) were
followed 1o the end of 1984. Expected deaths were esti-
inated by multiplying the pgrson-years at risk by the
corresponding national montality rates for each five-
year age group and each fivd-year period of the study.
The total expected deaths ip each case amounted to
more than {0 % of the empioyees in the two plants
(12.4 and 12.8 ).
Clinical information was jought about the cause of
death of ail the 55 employeeq of the Ferrara plant who
had died. Revised diagnoses| which were not used for
comparison with the expecled deaths, revealed four
deaths from cancers of thelliver in place of one.
The Ravenna plant did rjot begin operation until
1949, Six hundred and thirtypight men were emnloyed.
the end of 1983, and 17
'were found to have died. No|man could have been fol-

r jowed for more than 24 yedrs, and only 25.1 deaths
209 % of the work force) wdre expected. The data for

1 phis plant have not, therefo

)
B AL ALY
~y

e, been used in the prin-
clpal analyses. It may be npted, however, that one
death was attributed to liverfcancer when 0.1 was ex-

OAer sources. The Norwegian study (22) provided ob-
servations on 454 men wholhad been employed in a
plant in Telemark where VCN had been manufactured
from 1950 to 1971 and PV{] from 1950 to the end of

the studv period. srvman wasancluded whose name
was recorded in the company’'s personne! register and
health departrnent records who had ever been cm-
ployed from the start of production to the end of 1969
and had worked for at [east one year. The men were
followed from 1953 to 1979 inclusive. Deaths and cases
of cancer were idenufied from the records of the Cen-
tral Bureau of Statistics and the nationai cancer regis-
try. No reference was made to any men being lost to
follow-up, but it can be assumed that the number (if
not zero) was small. as all citizens have an identity
number which is used by both emplovers and central
agencies. Filty men were found to have died agatnst
$9.34 expected if the sex-, age-, and quinguennium-
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 incidence rates, the use of which was justi-
fied by the finding that the incidence in the county in
which the plant was situated was between 90 and 95 %o
of the rate of the country as a whole. One man who
had been employed in PVC production developed an-
grosarcoma of the iiver. The observed and expected
numbers of cases were given for cancers of the lung,
colon, and thyroid. for melanomas, and for all can-
cers, but no expected numbers were given for other
types of cancer. It is evident that several other types
of cancer must have been in deficit. as there were eight
cases in all against 14.93 expected. and it 1s difficult
to know what weight to give the excesses observed for
the reported types of cancer, as they seem likely to 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 one ‘“‘incipient case’” was
also known to them.

The German study (49) included the following three
groups: (i) 7 021 men who had been exposed to VC
in the course of their employment in any of the {!
plants in which VC and PYC had been produced in
the Federal Republic of Germany, (ii) 4 820 men who
had been employed in seven chemical plants without
having had any exposure to vinyl chloride, and (i)
4 007 men employed in two other plants where PVC
was processed. Employees were inciuded oniy if they
were of German or Austrian nationality, and they were
regarded as exposed to vinyl chloride il they were
production workers or other skilled workers or laborers
assigned regularly to the plants, but not if they were
empioyed in them only occasionally. All the men were
included from the time of opening of the plants to the
end of 1974, and they were followed to the end of 1974.
Many of the men were therefore observed for only a
few years after first employment, and only !4, 36, and
19 %, respectively, of the three groups were first em-
ployed before 1954 and were therefore capabie of con-
tributing person-years at risk more than 20 years after
first employment, when an occupationai hazard of can-
cer could be expected to be observed.
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Of the exposed group 93.2 o were successfully
lowed, and causes of death were discovered for 92,
of the 414 men discovered to have died. The progor-
tions for the other two groups were respectively §9.8
and 88.7 % for the unexposed and 92.1 and 86.9 %
for the PVC process workers. The failure to ob
causes of death for all the men who had died
allowed for in the subsequent analysis by the wei
ing of the numbers attributed to each cause by a pys-
tem which took account of the age group and cajen-
dar period in which death with an unknown cause|oc-
curred. The expected numbers of deaths from epch
cause was calculated by multiplying the person-ydars
at risk by the sex-, age-, and cause-specific mortafity
rates for the Federal Republic of Germany. Natignal
data before 1968 used an idiosyncratic classificatjon
system, and the 1968 rates had to be used to multply
all the person-years at risk up to the end of 1968, For
subsequent years (1969 to 1974) the person-years at fisk
were multiplied by the corresponding rates for the same
calendar year.

Epidemtologic studies are more difficult to carry put
in the Federal Republic of Germany than in North
America, the United Kingdom, or Scandinavia becajse
the medical cause of death is not recorded publigly,
and there is 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 efforts to obtain reliable data, and the proppr-
tions of men in the exposed groups who were not spc-
cesstully followed (6.8 %) and the proportions|of
deaths for which the cause was not obtained (7.2 Ph)
were similar (o those in the study of the Environmerjtal
Health Associates (14).

Two defects, however, make the data less usefjl.
First, no national mortality rates were available befpre
1968, and the use of the 1968 rates to estimate the nym-
bers of deaths in and before 1968 will have overet
mated the numbers attributable to diseases that were
becoming more prevalent or were being diagno*ed
more often and underestimated those due (o diseajes
that were becoming less prevalent. Second, and mqre
importantly, a large proportion of the men had bden
first employed less than 10 years before the follow-up
ended. Therefore the useful observations on the fpw
men who had been exposed long enough to have hpd
much chance of developing an occupational discrse
with a long latency period must have been swamped
by a mass of other observations that had little to ¢cgn-
tribute. The expected deaths amounted to only 6.2 P
of the exposed men, and there is, therefore, littlefto
be gained, and something to be lost, by including the
German data in the overview. [t may be noted, ho-
ever, that 12 deaths were attributed to cancer of the
liver among the workers exposed to vinyl chlorifle
against O Y expected and that smaller excesses were algo
observed among the unexposed chemical workers 4
abserved avatnst 1o expected) and the PVC procgss
workers (U deaths aeamst O 8 expected).

ain
pas
ht-

iy

Two Swedish plants have produced VCM and PVC,
one since 1945 and the other since 1971, and employees
of the first plant have been studied by Byren et al (7).
All persons who had ever been employed when expo-
sure to VCM could occur were hsted from 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 1o October 1974 Expected numbers of deaths
were estimated by multiplying the person-years at risk
by the corresponding age-specific mortality rates for
the whole country, and the expected numbers of can-
cer cases from 1958 to 1971 inclusive (during which
period all cancer cases had been registered nationally)
were estimated by muluiplying by the national age-
specific cancer incidence rates. In both instances, the
rates used were those recorded in 1969. Fifty-eight
deaths were found, but no figure was given {or the ex-
pected number. Detailed figures were given only for
the numbers of deaths and cases observed and expected
for cancer ot the lung and for cancers ot the liver and
pancreas combined and for the numbers ot deaths
from brain cancer and three categories of cardiovas-
cular disease. Two men known to 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 liver 17 months after the close
ol 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 foliow-up of men employed in 12 plants
(Laplanche et al, unpublished). The tirst provided ob-
servations on | 311 men exposed to vinyl chloride in
the production of VCM and PVC and in selected an-
cillary operations from the opening ot the Tavaux plant
in 1953 to the end of 1976 (41). Six other employees
were excluded from the study because ot lack of oc-
cupational histories and 160 men because their vital
status at the end of the study period was undetermined.
Twenty-five men were found to have died against 48.75
expected from contemporaneous sex- and age-specific
national mortality rates (3.7 % of the men at risk). One
death was attributed (o angiosarcoma of the liver, in
a man who had been exposed for more than 15 years.
The reported data are so incomplete and cover such
a relatively short period from the opening of the plant
that they add nothing of epidemiologic value to the
resulls 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 to vinyl chloride in 12 plants,
which constituted **most of the French VCM polym-
erisation plants’” (Laplanche et al, unpublished). Many
of the men were, or had been, employed at Tavaux
and were presumably survivors of the cohort studied
by Pierre et al (41). The men were tollowed for tive
vears, and therr morbiduy and mortality were com-
pared with those obsersed Lo 100 men o the same
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328 should provide 1
-5 © present data incl

ages(*2ye
but who ha
in both grou
formation
drinking hat
two groups.
first exposed
first been em
ously. Mort
nually by the
98 % of the .
One of the ex
developed an
given separat
ployment, an
of the findiny
lung cancer a
well reflect a
in the referen
cancers in thy
One exposed
hematopoietic
none ot the m
developed me:
roid.

A Japanese
perience of 4 S
before 1965 in
ducing VCM
stve (37). The r
Twenty-eight p
than 20 years at-
served more tha:
untraced, and c:
tained for all the
initial cohort).
to the job in wi
at the terminan
given separately
in PYC produc
classed as VCM;

If this study

A than 20 years aft
use. They confi

.cancer with six
workers against

while only one «

" other workers a,
deaths from liver
workers was cert
liver, and at least
was due 1o the s;
not in excess (2 o
evpected), No da
shane and hema
o thvrongd

RS JERN

SPI-01238



JONM and PV

. and emplovees
Byren et al (T
yed when expo-
{ from the per-
.e were excluded
‘he country after
namning 750 were
imbers of deaths
son-years at risk
Jrtality rates for
numbers of can-
e (during which
tered nationatly)
he national age-
ith instances, the
1969. Fifty-eight
. given for the ex-
re given only for
rved and expected
rs of the liver and
\mbers of deaths
ries of cardiovas-
jve angigsarcoma
died of liver can-
yird man died of
hs after the close

results of a long-
one plant (41)and
ployed in 12 piants

. first provided ob-

o vinyl chlonde n
and in selected an-

¢ the Tavaux plant

. other employces
ause of lack of oc-
because their vial
was undeternned.
e died against 4873
+x- and age-specific
1e men at risk). One
yma of the liver.
nore than |5 vears.
jete and cover such
ypening of the plant
;ologic value to the
. from the addiuon
1a.

servations on ! 100
1980, were exposed
loride in 12 piants,
‘rench VCM polym-
unpublished). \Many
:mployed at Tavaux
»f the cohort studied
-re followed for five
mortality were com-
100 men of the same

s ages (£ 2yenrsh who werce, a0

but who had never been expose

 ia both groups were intervieweg
U formation was oblained about

ed i the <ame piants
{10 VCOM. The men
personaliy, and in-
therr smoking and

:43 ‘drinking habits, which were four]d to be similar in the

& two groups. The men in the exp

flrst been employed in the plant
v unly Morbidity and mortality d

g,'.

5

aoae of the men in erther group
. developed inelanomas or cancer

penxence of 4 524 men emploved
before 1965 in 25 Japanese plan
* daing VCM or PVC between |
mve (17). The men were foliowed
" Twenty-cight percent of the men

seyved morce than 26 years. Only 0.
wairaced. and copies of the death
",: wutwal cohort). individuals were

" w PVYC production and | 978 o
“ <havwed as VCM production wor
I( this study is continued for
- peesent data include (00 few obser
+They confirm the evidence

ers against 2.54 expected f{
uhs from liver cancer among t

T.‘lvu'. and at least one of the othe
"was due to the same cause. Lung

_. ®an or thyraid, or for melano

with six deaths among (}

.- phatic and hematopoietic systems,

psed group had been

flrst exposed (or an average of atout 14 years and had

hbout 18 vears previ-
ta were recorded an-

: MUy by the plant physician, wijo successfuily traced

%% of the referents.
of those unexposed,
liver. Data were not

< given separately for different pdriods after first em-
% phoyment. and it is impossible 1o 4ssess the significance

Xsn, of the finding that six of the exposed men developed
» hng cancer against two of the rpferents, which may
vd] reflect a chance occurrence of unusually few cases

h the reference group, as the proportion of all lung
—f anvers in that group (2 out of 1§

was unusually low.

o 2 " Ome exposed man developed a cdncer of the lympho-
~1. hEInatopoietic system against nong

of the referents, but
vere known to have
of the brain or thy-

A Japanese study has reportdd the mortality ex-

For at least one year
s which began pro-
P49 and 1964 inclu-
to 31 October 1975,
pwere observed more

rran 20 vears after first emplovmept. but none was ob-

b % of the men were
kertificates were ob-

tamned {or all the 209 men who hall died (4.6 % of the

klassified according

" the job in which they had bedn longest employed
' a8 the termination of their follow
gven separately for the 2 546 men

-up, and data were
classed as employed
hers (including 900
kers).

hnother 10 years, it

ki provide useful additional ipformation, but the

ations on men more

thaa 20 years atter first exposure tp be of any material

bf a hazard of liver
e PVC production
om national rates,

only one such death was gbserved among the
workers against 1.82 expeqted. One of the six

he PVC production

T wotkers was certified as due to apgiosarcoma of the

liver cancer deaths
cancer deaths were

. 8ot 10 excess (2 observed in PVC workers against 2.33

cancers of the lym-
for cancer of the
mas. The moriality

" reported by Masuda (33) for 305 Japanese vinyl chlo-

ride worxe. s has prest. ably been subsumed w Na-

kamura's (37) later and larger study.

Haczards of cancer

The results of the four most useful studies are listed
individuaily in tables | and 2. The overall resuits for
all causes, liver cancer, and three broad groups of con-
ditions are shown in table 3, and those for 10 types,
or classes, of cancer are presented in tabie 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 informaton ob-
tained from four other less informative studies (4, 7,
22.49)is given in table 5 for seven types or classes of

- cancer.

Table 3 shows that. apart from cancer of the liver,
the overall mortality i1s what would be anucipated for
an industry without any major hazard of accident or
disease. In particular the standardized mortality ratio
(SMR) of 84 for diseases other than cancer is 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 from the
selection process that inevitably excludes some of the
least healthy members of the popuiation from indus-
trial employment. This effect does not, however, nor-
mally affect the mortality from cancer beyond that ob-
served in the first few years after the start of employ-
ment, and an SMR of 102 for cancers other than can-
cer of the liver is compatible both with the absence of
hazard and with SMR values of 84 for other diseases
and 77 for accidents, poisomngs, and violence.

Angiosarcoma. Death certificates are an unreliable
source of information about the histology of cancers
that cause death, but there is no reason to suppose that
the excess mortality attributed to liver cancer (or, in
the US series, liver and gallbladder cancer) is not entire-
ly accounted for by the known hazard of angiosar-
coma. Fifteen of the 37 deaths® autributed to cancers
of theliver and galibladder in the US series are known
10 have been due to angiosarcoma of the liver (14).
In the UK series, seven of the 11 deaths attributed (0
liver cancer. not specified as secondary, were known
to be angiosarcomas, and they all occurred in auto-
clave workers against 0.18 expected liver cancers of all
types (P < 107%) (25). In the Canadian series, histo-
logical review showed that seven of the eight so-called
liver cancers were angiosarcomas (one had been de-
scribed as an angiosarcoma on the death certificate,
(wo as hepatomas, and five as unspecified 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 fncreased to 39 in table | to take account of the 97 extra
deaths from an unkpown cause.
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Table 1. Observed and expected numbers of deaths (rom|gif
46) (0 = observed number of deaths, E = expacted numbe} of

ferent cancers rapaned 1 tne qur onncipal studies (4, 14, 25,

Geaths)

United States Uniteg Xingaom Canada Haly
Type or ctass of cancer

(o} £ [e] 13 o] E o} 3
Buccal cavily and pharynx 13 11.55 4 J 58 o] 064 ! 08
Esopnaqus 7 a.07 6 14 34 1 06
Stomach t 16.01 26 239 3 3o
Large intestine 21 28.79 9 1394 [ 2
Rectum 1 10 49
Liver . 194 8 014 1 [eX)
Liver ang qaitbladder 3 5.77
Pancreas 17 18.40 7 388 0 0.7
Other digestive . . [ 526
Larynx . . 2.2t 1 09
Lung 118 115.87 81 92.12 } 2 578 12 61
Other respiratory 5 6.38 .
Bone 2 181
Skin (nonmetanoma 6 7.36
Melanoma . 2 174 0 02
Prostate 16 15.20 12 959 1 07
Testis . 2 1.38
8ladaer 5 8.48 4 8.00 } 1 133 ! 07
Kidney 12 9.06 J 410
Other and unspecified urinary . . 3 4.29
Brain 25 12.76 4 6.18 ! 0 060
Eye and central nervous system . . . !
Thyroia . . 2 0.43
Lympho- and reticulosarcoma 12 7.98 4 235
Hodgkin's disease 3 5 45 k] 2.50 a 04
Leukerma 14 1394 7 5.16 1 167 Q 07
Muitipie myeioma } 1" 8.37 2 238
Other lymphatic - . . .
QOther 46 40.50 18 8.12 2 095 9 45
All cancers 83 34173 218 228 60 20 16 37 30 211

* Observed deaths mulitiplied by 1.0674 and rounded olf 10 e nearest intager to allow for ceaths without discovered cause

Table 2. Numbers of deaths from nonmalignant and all cause
number of deaths, E = expected number ot deaths)

reported in the four principal studies (4, 14, 25, 46). (O = observed

United States Unite¢ Kingdom Canada taty

Cause of death

o E Q [ o] € o} E
Benign and other unspecified
lumors 4 5.08 0 0.5
Cerevrovascular disease 5 91.93 . .
fschemic hear disease 521 597.73 278 288 } 25 31.67 } 19 274
Other circutatory diseass 157 12355 105 141
Bronchitis® 44 2283 38 4“
Pneumoms 18 31.94 © 61 } 6 n } 3 50
Other respiratory disease 15 J2.34
Cirrhosis of the liver 37 56.06 5 5 } « 185 4 5.2
Other digestive disease 27 39.52 . 3 27
Oisease of the genitourinary system 1 20.41 . . . R .
Other diseases a7 11588 43 76 Fad 5.40 70
Suicide 49 52.78 1 09
Accidents and other violence 130 17319 } 40 0 2 10.58 7.7
All nonmalignant causes 1153 138354 545 665 39 54.76 6 56.4
All causes 1538 170827 780 894 59 1 o? 56 775

* See footnote to table 1.

® Emphysema in data from the United States.
¢ Inciudes two cases certified as cirrhos:s of the iivar which
9 inctudes one case with cause unknown.

neum was found to have been due to angiosarcoma
of the hiver t36). In the ttalian study, turther evidence
reveafed that three further deaths should have been at-

AN

proved 1o be angiosarcoma of the liver.

tributed to cancer of the liver (for a total of four), but
only gne ot the four was described ds i angiosarasing
(4).

e e

Table 4. Mon.
10 = observeq
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————

Mouth andg phe
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Resoiratory sy:
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Tnyrolg
Lymphatic ang
Giher
—_—
All otner than o
—_—

* 1 =Unued Sta

Table 5. Mortality
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—_—
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e e e
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Further eviden.
cancer (or liver ar
canb saunbuted
Cavatd ot angros,

o deat

[ERR NN

SPI1-01240



A R VOALHERS Trmmnet 4 T2 4R 0z 0Seag duirLer 3 1 3ThS 2 2 aager ey
P numbaer ot "np. 5MR = stangargized mortaiity rato)
ital —_ —_
2 — Cause ot geatn s} £ SMR
0 £
—_— Cancer of 're hvpr <9 315 698
1 08 Cancer or oiher Bites 509 €29 35 '02
N 06 Cther diseases 1547 1 844 89 84
3 ?g Accidents. poisgnings, and violence 226 29515 7
0
All causes 244 274784 89
1 06
o7 * Including cancprs of the gaitblagder in the series (rom the United States.
0 .
f 09 el
12 6.1 Exe
5 Tanie 4 Mortality from variods cancers among vinvi chloride workers in 49 plants in the four principal studies combined.
’obuned number of deaths, E = exposed number of deaths. SMR = standardized mortalily ratio)
0 02 EIYS
Source of
1 07 Type ov'cuss of cancer o E SMR InTormation s
7 EY
! 0 2%, Mowth and oharynx 18 1657 109 1.2.3.4
(22 E00sstive system (other than Ifver) 125 154 59 81 1.2.3. 4
91 Reeousiory system 223 22936 97 1.2.3.4
.1‘. - 211 21409 39 1.2, 4
goo: Qwrtcuninary system 70 62 81 " 1,23, 4
“ hdgtanoma 2 194 2.4
0 04 L B 29 19 54 148 1.2, 3
0 07 BESOF S Tvecsd 2 043 2
\q‘a{; Lronatic and hematoporetic fsystem 57 50 87 112 1,234
2 Qe a3 6] 24 131 1.2, 3,4
g
___9_____‘_5_ ‘t,u sther than of the liver 609 599 35 102 12,34
10 211
e — V= United States study (14).|2 = United Kingdom study (25). 3 = Canadian study (46), and 4 = Itahhan study (4).
1out giscovered cause.
14, 25, 46). (O = observed 2. Tehe & Mortaitty * from vanods cancers among vinyl chionde workers: Supplementary evidence (4, 7, 22, 49). (O = observed
> Sesudet of deaths, E = expectey number of deaths, SMR = standardized mortaiity ratio)
Itaty Fegeral
- -T__—E— b Tt Repubtic Norway Sweden Itaty Four countries combined
- 30 W
B D t ! Germany {1 plant) {1 plant} {1 plant) {14 plants)
f 'n- or class of cancer (11 plants)
0 05 o € o E o € o E o} E SMR
Py  Orgwetve sysiem
} 19 274 . emachaing the liver) hso 318 RLIN Y L . 1 12 390 3444 113
R3S 246 5 2.84 3 1.78 0 15 315 3072 103
} 3 50 . . 4« 079 R 40 0.89 .
2.1 1.3 . 2 0.33 41 163
. 52 2 016 ‘ : : 20 0.16
2.7 peohaic and hemato-
3 : oeeuC Sysiem h6s 7.7 v 0o o7 165 84 198
10 COtrar exciuding Lhe liver) 10.7 243 8 1493 4 20 22.7 4143 S5
) 2 '
1 09 exchuding the liver B78 897 22 20.186 5¢  2.1t¢ 5 8.7 119.8 117.67 102
) 77 oo T T
4 Jy-Mcidence and cases in the Norwegian study.
: 16 56.4 X Cer of the intestine only.
’ of the lung and brain| onty.
, 66 75
ver ® » Further evidence that the ¢xcess mortality from liver  sarcoma Cases (maintained on behalf of the Associa-
‘ommcer (or liver and galibladder cancer in the US series)  tion of Plastics Manufacturers in Europe by the Im-
“emm be atinbuted principally |l not wholly to the known  perial Chemical Industry PLC) before the end of the
for a total of four), but ‘Sazard of angiosarcoma is gbtained in a comparison  follow-up period {Bennett, unpublished). Fifty-one ex-
bed as an angiosarcoma Lo the cacess deaths with the numbers of deaths from  cess liver cancers are recorded in the combined data,
'+ gmgeosarcomas recorded in tHe Register of Liver Angio-  and 49 angiosarcoma are recorded in the Register for
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Table 8. Mortality from lung cancer in the series lrorh the
United States (US) (14) and the United Kingdom (UK) (35) by
charactenstics relevant to an occupationai nazard. (O|= ob-
served number ot deaths, € =expected number o! ddatns,
SMA = stangardized mortality ratio)

Category 2
EMR

Category 1
SMR  O° €

Data
charactenstic®

o° E

Observed 20 years
or more after lirst
employment (1),
others (2}
Employed 10 years
or more n the US
(1), others In

the US (2) 55
Empioyed before

1956 1n the UK (1),
others in the UK {2) 52
Ever empioyed as
autoctave worker

1n the UK (1),

others in the UK (2} 16

114 11396 100 85

52.45 105 63

5139 101 29 4050 |72

17.08 94 65 7482 |87

% The numpers in parenthesas designate the category.
® See lootnote to lable | lor observed dealhs n the UB.

the relevant periods for the three countries and the|two
[talian plants’ that are covered by the survey.

None of the 120 cases yet recorded in the Regjster
were in men who were first exposed after 1969, land
none of the 45 men affected in North America yere
first exposed after 1964. All may, therefore, have jeen
exposed to concentrations of several hundred partq per
million, and many may have been exposed to confen-
trations appreciably higher (unpublished report by Barr
to Air Products and Chemicals Inc 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 agdinst
an expected number of 7.9 in a study of proportipnal
mortality. The combined data shown in table 4 dojnot
provide any support for the hypothesis, either for|res-
piratory cancer as a whole (SMR 97) or for the sgeci-
fied data for lung cancer in the US, the UK, and Taly
(SMR 99). There are, however, consistently higher gisks
in the subgroups of men in the US and UK serieg, in
which occupational hazards would be more likely to

) Twenty-nine were registered as occurring in the Ugited
States against an excess of 33; only 20, however, were Ken-
tifiable in both series. inquiry has, as yet, failed to rqveal

information about the histology of the remaining 11 ig the
cohort study and the onigin of the nine exira deaths ia the
register. Nine deaths were registered as occurring i the

the

United Kingdom against an excess of nine, but one o
registered cases was certified as due to a bemign hemanggoma
and not refated to the liver (code 227 in the eighth rev{sion
ol the tnternanonal Classification ol Diseases). Ten dases
were regisiered as occurring in Canada against an ejcess
of cight; two were recorded as being 1n men who had peen
empioved for five years, and it s possible that the agtual
duration had been slightly less than tive years with pon-
seguent exclusion trom the Canadian cohort. (Ine casq was
rewnsired ay oecutomig i one ol the two lalian plants
dArarns e oveesy ul less than one.

T

be seen than in other groups. This circumstance is
illustrated by table 6, which shows that the SMR values
are slightly higher for men observed 20 years or more
after first exposure than for men observed earlier, for
men employed before 1956 in the UK than for men
first employed alter 1955 (when exposure levels are
believed to have been lower), for men employed tor
longer than for shorter periods in the US, and for
autoclave workers in the UK (among whom the angio-
sarcoma cases have mostly occurred) than for other
workers. The differences are all small or very small.
They are, however, all in the same direction, and the
probability that the rates should ali be higher in the
groups in which an occupational hazard is more like-
ly to be seen in each of the four pairs ol groups is |
in 16.

Additional information from other sources is given
in table 5. A total of 30 deaths (or cases) was observed,
and this figure increases to 3i.5 when allowance is
made for the number of deaths due to unidentified
causes in the German study (SMR becoming 103). In
the German study the SMR was higher tor the men
who had been exposed tor 10 years or more than for
those who had been exposed for shorter periods (111
against 79), and, in the Norwegian study, four of the
five cases observed occurred in men whose occupations
were regarded as involving high exposure against !.82
of the 2.84 expected. Both the German and the Swed-

-ish studies derived the expected numbers ol deaths

from national mortality rates tor a single year towards
the end of the study period. The expected numbers of
deaths are likely, therefore, to have been overestimated
and the SMR values correspondingly underestimated
as the mortaiity from lung cancer had been rising
throughout the period ol observation.

Brain cancer. The idea that vinyl chioride might cause
brain cancer was also suggested by Monson et al (36)
when they reported five cases against .2 expected. The
combined data that are shown in table 4 provide some
support for this hypothesis. The cases o’ 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 will have confributed a substantial proportion of
the total in table 4, As a test of the hypothesis the data
of Monson et al ought, therefore, 10 be subtracted
from those in the table. Their investigation was not
a cohort study, and their expected deaths do not cor-
respond exactly to those in tabte 4. If, however, the
observed and the expected cases are both subtracted
from the totals, twenty-lfour observed deaths remain
against approximately 18.3 expected, a difference
which might easily occur by chance (P one-tailed =
0.1}

CIf the study of Waxwerler ef al (50)1s rearded us the orngin
ot the hypothess, 26 deaths are et avannt 1Y 74 aaypeated
(P une-taled - 4 047 .
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Addittonai mtormation t e
urven i table S0 The small excess rf

hitle further evidence of an occupafional hazard. as

one of the two deaths observed in (

orher sonrees s
ported provides

e Swedish <tudy

occurred in a young man who had bg¢en einploved for

less than a year when the diagnosis v

vas made, while

the excess death rate for bramn cancegr observed in the
German study was less than that pbserved among
chemical workers not exposed to vipyl chloride (2.9

deaths-after allowance for deaths

from unknown

causes against .6 expected) and amopg workers tn the

PVC fabricauon industry (5.9 deathf

alter allowance

for deaths from unknown causes agaipist 1.1 expected).

Cancers of lvimphatic and hematopdetic tissues. The
idea that vinyl chloride might cause cpncer of the lym-
phatic and hematopoietic tissues — more specifically
the lymphatic tissue — was suggestdd by Tabershaw
& Gaffley (45) and by Waxweiler ¢t al 450} in two cohort

studies, when they tound, respectiy

cly, live deaths

from lymphomas in the most heavilylexposed workers

against 2.54 expected and tour death

from cancers of

the lymphatic and hematopoietic tissyes against 2.8 ex-
pected. These small excesses might hpve been ignored
il the laboratory findings had not bepn interpreted as

suggesting that lvinphomas were prod

uced experimen-

tally 1 annmals exposed to vinyl chioride by inhala-
ton (29). The idea that sumilar expgsure might also
cause Ivmphomas in humans, therefore, merits seri-

ous consideration. The data Irom t}
studies that are summarized in tabl
support for the hypothesis when a

e four principai
4 provide little
cancers of the

lvmphatie and hematoporetic tissues Ire considered 1o-
gether (37 deaths against SO.87 expdeted, SMR 112)

and very little more s obrained from

he separate data

for cancers of the Ivinphatic svstem ( Thbershaw & Gal-

fev's detimtion of 1CD list nunibers

esighth revision,

J00—=201 and 208 being used) that age shown in table

1 (35 deaths against 29,30 expected).

The position is.

morcover, hardly altered tf the datafin Tabershaw &
Galfey's imnal report are subtracted (P9 deaths against

23.36 expected, SMR 124).

Little additional information is provided by the
results of the German study (49). (Spe table 5.) This

study obtained an SMR of 214 for ¢
(bascd on 15 observed deaths, increa

xposed workers
ed to 16.5 when

allowance is made tor the number ofjdeaths from un-
known causes) against SMR values ¢f 77 and 34 f{or
an unexposed group of chemical workers and a group

of PVC fabricators. {t showed that
exposed workers was present only f(

he excess of the
r men who had

been exposcd tor more than one vearjand that this ex-
cess was most nurked for inen who hprd been exposed
[or five vears or more (10.7 deaths alger ailowance for

the number of deaths from unknow

1 causcs against

4.0 expected, SMR 268, P ane-tailegg <0.01).

Melanoma. An excess ol imctanoma
Norwegian workers by Heldaas et al

‘as reported for
22), who raised

the possibility tat vinvd ¢l de nught have produced
the disease. Four cases were observed when ) 79 were
cxpected, and three of the four were in men whose oc-
cupationsinvolved the highest exposures (against 0.51
expected). At the time of the writing of their report,
one further case had been detected with onset three
years alter the closure of the study. Subsequent studies
in other countries have, <o far, reported only two
deaths against 2.0 expected. (See tables | and §.)

Thvroid cancer. An excess of thyroid cancer was also
reported in the Norwegian study (22), in which two
cases were observed against 0.16 expected. The inves-
tigators were not aware of any other studies indicating
an excess of this type of cancer, and they drew no con-
clusion from thetr observation. 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 two 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 (36).

Cancers of the digestive tract. Suggestions that vinyl
chloride might cause cancers of the digestive tract in
general have sometimes been made, but they have not
taken adequate account of the contribution of cancers
of the liver to the total number of cancers of the
digestive system, particularly when it 1s borne in mind
that some liver cancers are likely to be misdiagnosed
as cancers of other organs. The combined data from
the four principal studies shown in table 4 weigh
heavily against the idea that any such effect has been
produced.

Other cancers. One of the remaining types, or classes,
ol cancer listed in table 4 shows a staustically signili-
cant excess, namely, the heterogeneous group of
“‘other cancers’’ (83 observed deaths against 65.24 ex-
pected, P two-sided <0.05). This excess 1s only mar-
ginally significant and may be a chance observation.
The most likely explanation is, however, that a few
angiosarcomas of the liver were not recognized and
were diagnosed as secondary liver cancer or carci-
nomalosis, siie unknowi, ihe number of deaths in ihis
category therefore being increased.

Hazards of nonmalignant disease

No previous study has suggested that any nonmalig-
nant cause of death other than cirrhosis of the liver
would be likely to be increased as a resuit of exposure
to vinyl chloride, and cirrhosis of the liver is presumed
to be increased only because of the liver changes that
were observed as part of the “‘vinyl chloride tliness’’
(24, 31, 33). Two other possibilities have, however,
been raised, namely, the production of nonmalignant
respiratory disease, because of the changes in lung
function and radiographic appearances that have been
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Table 7. Monahiy ‘rom selectad nonmalignant caussy and ail
causes 1 the four principal studies combined. {O = opserved

numper of deaths, E =expeclied number of |geains,

SMR = standargized mortaitty ratiof

Type of at MR Sourde of
ye sease o E s intorrhation *

Bronchitis,

empnysema?® 80 6683 120 1.2

Other respiratory

disease 7 125.78 58 1,2

Al respiratory

disease 180 20082 80 1,2 14
Ischemic heart

disease 797 885.73 @ 12
Other circulatory

disease® 252 26455 95 12

All circutatory

diseasec 1103 1209.35 91 1,2, 34
Cirrhosis of the liver 48 68.26 69 1,2 4
Other gisease 238 36807 65 1,234
All nonmalignant

disease 1547 184450 84 1,234
All externat causes 226 295.15 77 01,2314
All nonmalignant

causes 1773 213968 85 1,2 3|4
All causes 2441 274785 89 1,234

8 1 =United States study (14), 2 = United Kingdom stufty (25),
3 = Canadian study (46), and 4 = Italian study (4).
® Bronchitis in the United Kingdom study, emphysamag in the
United States study.
¢ inctudes cerebrovascular diseass in the United Kingdgm and
italian stuaies.

Table 8. Monrtaility from chronic obstructive lung diseasa® in
the sesries from the United States (US) (14) and the Uniteg King-
dom (UKj (2% Oy charactenslics retevant {0 an accupggtional
hazarg. (O = observed number of deaths, E = expected number
of deaths, SMR = standardized mortality ratio)

Categony 2
SMR

Category 1
SMR o E

Data
characteristic® o €

Observed 20 years .
of more after first
smpioymant in

the US (1),

others in the US

{2 0
Employed 10

y8ars or more in

the US (1),

others in the US (2) 18
Employed before

1958 In the UK (1),

158 190 11 7.0 | 157

othersintheUK(2) 28 3017 88 10 1380| 74
Ever empioyed as

an auloclave

worker in tha UK (1),

athers in the UK (21 3 855 48 33 J7.22( 89

¢ Described as emphysemain the US study and as brongchitis
n the United Xingdom study.
The numbers in parentheses designate the category]

Men ever empioyed as a bagger of drier, occupatons which
wou'd Nave caused the greates| occupational exposyre 10
polyvinyi chionae dusl, experienced one death from|bron-
ctitiy sgainst ¢ 48 expected

o

.

Ty

recorded for men exposed 10 PYC dust {2, 26, 27, 44),
and acute cardiac death, trom analogy with the eftect
of other halogenaied hydrocarbons (25) and the ob-
servatton of an increased mortality from myocardial
infarction tn the few vears following the cessation of
exposure in the Swedish PVC processing industry (35).
Relevant tigures for the numbers ot deaths from these
and other nonmalignant causes that are obtainable
from the four principal studies were given in table 2,
and they have been summarized in table 7.

Cirrhosis of the liver. Three of the four principal
studies gave separate figures for cirrhosis of the liver,
none of which showed an increased mortality (table
2); in combination they gave an SMR of 69 based on
46 deaths. The fourth study, which did not give sepa-
rate data for circhosis of the liver, reported four deaths
from all diseases of the digestive sysiem combined
against 3.85 expected and noted that the four tncluded
two that were certified as due to cirrhosis of the liver,
but actually due o angiosarcoma (46). In the two sup-
plementary studies in which data were given for this
disease, the SMR was 82 in one, based on [5.1 deaths
aflter allowance for the number with unknown causes
(49), and 133 in the other, based on seven deaths (37).

Nonmalignant 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 is the sort of figure that is com-
monly found in healthy industrial populations, yet the
US study recorded a substantially increased moriality
from emphysema (41 deaths and an SMR of 80 be-
fore any allowance was made for deaths from un-
known causes). No such excess was found in the UK,
where 36 deaths from bronchitis gave an SMR of 82.
international comparisons of chronic nonmalignant
respiratory disease are complicated by the usage of dif-
ferent terms 10 describe what it is now agreed is best
called chronic obstructive lung (or pulmonary) disease,
but which in the past tended to be called emphysema
in the US and chronic bronchitis in the United King-
dom. It must, therefore, be presumed that the two
categories of ‘“‘emphysema’’ and *‘bronchitis’’ used re-
spectively in the two large national studies were meant
to describe the same thing. One must assume, there-
fore, that the experiences in the two countries were very
different, despite the fact that both related to cohorts
that had very similar experiences of angiosarcoma of
the liver and so, presumably, fairly similar exposures
to vinyl chlorde.

Separate figures are shown in table 8, where avail-
abie, for the mortality observed among men with dif-
ferent durations and intensities of cxposure. Unlike the
data for cancer of the lung that were shown i (able
6, they provide no consistent evidence ol a greiter rivk
in the groups i whih an occuprraonal hacard would
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/ d. The authors ot the En-
“wwoamental Health Associats report (14) were unable
k)7 ‘give any explanation fof the increased mortality
emphysema, and they pomnt out that it could
dly be due to excess cigargtte smoking, as there was

e overall excess for cancer bf the lung. [t s steiking,
er, that the excess is mpre than compensated for
defidencies in the other c3tegories of nonmalignant
tory disease (pneumonia i5 deaths. SMR 47.0;
i¥ respiratory disease l4|deaths, SMR 42.6), and
‘Question arises whethef the emphysema excess
d be a classificatory Er(ifac(‘ Environmental
Heakh Associates (14) list alifthe 41 deaths which show
they were coded under fCD number 527 which,
 the out-of-date seventh rqvision that was used for
coding of ail deaths in the study, was the code {or
e respiratory disease notfotherwise classified’’ and
theded emphysema. Undeq that revision, however,
- that was associatpd with bronchitis should
ekamaified with bronchitis under ICD numbers SO0
be considered that some

; the emphysema deaths shuld have been classified
,;.n—:ca(egory of respiratody disease other than iCD
ewber $27. 11 this were the sjtuation, it could account
Both the excess mortality from emphysema and the
deficient mortality fom other nonmalignant

lust (2. 26, 27,340,

ogy with the effect
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for ischemic (or arterio-
Saarotic) heart disease (whichl may be presumed to in-

:: the vast majority of al| deaths certified as due

aowte cardiac disease) werp given only by the two
sakonal studies, and they provide no evidence of
ey amcrearcd mortality. The SMR values of 90 for this
pop of Jiwases and of 91 fgr all cardiovascular dis-

19 SMR values of healthy] industrial populations,
here i3 no suggestion of gny occupational hazard
shailiary analyses provgded by the two national
. la particular, there if no evidence of an in-

me . . .
::A?;fonchilis" used re~: ed moriality within onel month of leaving em-
\onal studies were meant ‘g e in the UK study either for ail workers (52

g SMR 61) or for the mast heavily exposed auto-
- (9 deaths, SMR 42).

] increase in ischemic heart disease mortal-
recorded for the expoged workers in the Ger-

(49), but it was lesq than that recorded for

Ine must assume. there- 3%
\e LwO countries were very V3
\t both related to cohofs 1ol

nces of angiosarcoma of ™ -

, fairly similar exposures .=

sitnbuted to differerjt groups of respiratory dis-
amd the corresponding SNIR values that are cited in
assion for the US study arp as given by the Environ-
ealth Ascociates (14) and have not been adjusted
anaarest {07 the number of [deaths from an unknown
. 3o wake avount of these geaths. the observed deaths
MR valucs can both be fultiplied by 1.0674.

n in table 8, where ava.i ,
ved among men with dif ;
\es of exposure. Unlike the T
that were shown in tablke o
{ evidence of a greater rsk

ational hazard would 4

ceup

the unexposed chemical workers and the PVC {abri-
cators (SMR values of 127, 131, and 158 based on 97.2,
i26.7,and 109.7 deaths. respectively, after allowance
for the number of deaths from unknown causes).

Discussion

The information that has now been obtained about the
long-term health of men occupationally exposed to
vinyl chloride is massive and compares favorably with
that available {or any other occupational group. Two
facts are outstanding. First, the men have experienced
a specific hazard of a type of cancer that is normaily
extremely rare, namely, angiosarcoma of the liver. The

. rarity of this disease under other conditions made the

detection of the hazard easy; but the long latency
period before the disease appears after first exposure
talmost always more than 10 vears and usually more
than |5 years) meant that a large number of men had
been exposed before the hazard was detected and that
it will still 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 {ollowed
the recognition of the hazard in 1974 are known. There
is, unfortunately, no effective treatment for the dis-
ease, 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,
so that approximately | in 335 men have been affected,
2 % of the deaths having been due to 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 10 times, but a more realistic
estimate is two to 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 are now available provide no
reason for thinking that any hazard other than one of
cancer has been overlanoked. It is, however, still dif-
ficult to decide whether vinyl chloride produces a risk
of developing cancer other than angiosarcoma 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 to 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 melanoma and cancer of the thyroid) have
been suggested only very recently, and few of the avail-
able studies have provided information about them.
There is no good theoretical reason or laboratory evi-
dence to suggest that either should be produced by
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vinyl chloride, and, in light of present evideqce, the
stmplest explanation is that the reported exce}ses are
the chance effects that must be expected wheh many
different types of cancer are studied in several dfferent
populauions. So far as melanoma is concerned, it has
to be remembered that the disease has becomp much
more common in recent years in Scandinavial(where
the excess was reported) due, it is believed,| to the
popularity of sunbathing and the increased [oppor-
tunities for Scandinavians to travel to the warmer parts
of Southern Europe and North Africa. The extent to
which this change may have affected the observation
in Norway needs to be examined,
Two other hazards (of lymphoma and brainancer)
were suggested by the early results of some of|the US
studies. That vinyl chloride might produce alhazard
of lymphoma was initially supported by the prelimi-
nary results of animal studies, but the completq results
of the many investigations that have been undgrtaken
(see reference 29) do not suggest that lymphomg or any
other cancer of the hematopoietic system is lfable to
be produced. There is, however, some eviderce that
brain tumors can be produced in rats (29). The hypoth-
eses that lymphomas and brain cancers m|ght be
produced by vinyl chioride have been supported by the
observation that both these types of cancer havd caused
death more often than might be expected from gational
mortality rates, but the excesses observed in the com-
bined data from the four principal studies in this re-
view are small and not statistically significant, pnd the
hypotheses remain unproved. The small excess ¢f brain
cancer is particularly difficult to evaluate, as fnortal-
ity rates from this disease have changed rapidly over
time as methods of diagnosis have improved gnd the
suspicion of an occupational hazard (which waf raised
in 1975) could have influenced the findings. What ex-
cess has occurred has been limited to the US apd Ger-
many, and the German findings carry little wejght, as
the excess was found in each of the three occugational
groups studied, irrespective of the chemicals (¢ which
they were exposed. The supplementary data fjom the
German study showing an increased mortalify from
lymphatic and hematopoietic cancers are more jmpres-
sive, particularly as the excess was the most fnarked
for men who had been employed for at least fivE years.
In these circumstances, judgment must still pe sus-
pended until the data for each study are analyged for
each specific type of cancer, by intensity and dpration
of exposure, and by time since exposure beghn.
There remains the suggestion that vinyl ghloride
might cause lung cancer. At first sight, this possibil-
ity 15 ruled out by the SMR of 97 for the combined
data for respiratory cancer for the four pfincipal
studies. Lung cancer is, however, normally o com-
mon {accounting tor about 8 % of (he expected|deaths)
that an increase in mortality that was half as|impor-
tant {numerically) as the increase in mortalify from
angrosarcoma ol the liver might easily be ovetlooked
195 % conhidence himits of the SMR 85—112).|The in-

]

cidence of the disease vanies moreover 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 eventy distributed
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 to intluence 1t
if some of it were occupational 1n origin, namely, the
intensity and duration of exposure and the time since
exposure began. H is not possible to examine these
relationships in detail, as the 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 small
hazard of lung cancer. Taken in conjunction with the
knowledge that lung tumors have been produced tn sev-
eral species of animals exposed 1o vinyi chloride by in-
halation (29}, it would seem that a small hazard of lung
cancer probably did occur. The evidence is not, how-
ever, strong enough (o conclude that it definitely did.
If it did, the hazard was evident only for men who had
been employed for many years at a time when expo-
sures of several hundred parts 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 definitely if (1) all
the exposed men could be followed to (say) the end
of 1984, (i1) the investigators could present their data
in comparable ways, taking account of duration of
employment and time since first employment and
presenting data separately for men first employed be-
fore (say) 1965 and between 1965 and 1974, and (iii)
estimates could be made of the effect of correcting the
results for each group of employees for the locality in
which they lived and worked.

Hazards to the general population

materials will have caused some risk of cancer (0 the§
general public. These risks must, however, have been @

very small, as air concentrations of vinyl chloride, even

within a kilometer of plants handling vinyl chloride,§
used to 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. It is obvious, therefore, that it would )

be impossible to detect the risk of any cancer that might

be produced hy vinyl chioride other than a risk of 3
angiosarcoma of the liver, as it has proved so diffi-
cult to detect any other rivk among men who were ex- 4
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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 vinyl
chloride on the personal health of men exposed by
virtue of their occupation (other than the early effects
of the very high concentrations to which men were ex-
posed when the industry was first developed — uncon-
sciousness, cardiac arrhythmia, and the characteristic
“vinyl chioride illness’”) and (ii) the carcinogenic
effects that might conceivably be observed in the gen-

" eral population as a result of the widespread distribu-

tion of vinyl chioride as a pollutant. The possibility
that vinyl chioride might act as a teratogen or might
cause mutations in the germ cells has not been exam-
ined, as the little evidence that has been adduced
relating to such possible effects has been reviewed else-
where and the conclusion was reached that no such ef-
fects have been demonstrated.

Many groups of workers exposed to vinyl chloride
in the manufacture of VCM or PVC have been studied
since the carcinogenic potential of vinyi chloride was
first recognized. Some results have shown that occu-
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 examunation of all the evi-
dence, especially the combined results of those studies
that include a substantial proportion of observations
on men more than 25 years after their first exposure
and cover a long enough period for more than 10 %
of the employees to have been expected to die.

The results of four studies can be usefully combined
for this purpose. They are two national 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 ltaly. 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 completely in the two recent national
studies, and their results serve only as sources of hy-
potheses.

Minor criticisms can be made of three of the four
most useful studies. They do not seriously affect the
value of the results, except that allowance has to be
made for the failure to determine the cause of 6.3 %o
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 Situated. 1t must, therefore, be kept in
mind that the rates used may not have been fvhoily ap-
propriate for the localities in which the pj;ms were
sitwated. This circumstance s potentially imgortant for
the US study, which covered workers in 37 plants, 22
of which were situated in the southern p3rt of the
country. The other less informative studies ate, for the
maost part, open {0 More serious criticism, anq the value
of each set of results needs to be assessed geparately
in relation (o each disease.

The combined results of the four principyl studies
show that the SMR values, reflecting the ratio§ between
the numbers of deaths observed and those exjpected in
the absence of an occupational hazard multiplied by
100, have been (i) 77 for accidents and other fiolence,
{11) 84 for diseases other than cancer, and (iif) 102 for
cancers other than cancer of the liver. All the}e results
are what might be anticipated for an industrly devoid
of any specific occupational hazard. The lowatio for
diseases other than cancer reflects the **healthy worker
effect,” which results from the selection progess that
inevitably excludes some of the less heaithy members
of the population from industrial empioymest and is
compatible with a higher ratio for cancer, as ghe mor-
1ality from cancer is not normally subject to fsuch an

effect, apart from the first two or three year} imme-
diately following the start of employment.
The mortality from cancer of the liver wag nearly

seven times that expected. Most of the 51 exces} deaths
were known (o be due (0 angiosarcoma, evenithough
this diagnosis was not recorded on the death|certifi-
cate. The excess corresponds closely with the 49 deaths
due to angiosarcoma reported to the Internptional
Register of Angiosarcoma Cases as occurring|in em-
ployees of the plants concerned during the periods
under observation. All the men who develaped {he dis-
ease were likely to have been exposed to concentfations
of vinyl chloride of several hundred parts per million
or more.

Three other types of cancer which have chn sug-
gested to occur as a result of exposure to viny] chlo-
ride are cancers of the lung, brain, and lymphalic and
hematopoietic systems. The combined data (pr the
mortality from respiratory cancer fail, at first|sight,
to support the hypothesis regarding lung cancer (SMR
97). Higher ratios for lung cancer have, however] been

observed consistently in the subgroups in whigh the
effect of an occupational hazard would be mos} like-
ly to be seen (that is, men empioyed for more (Han 10

years, exposed to higher than average concentrajions,
or observed more than 20 years after first expojure).
In two of the supplementary studies it was also hoted
that the mortality from lung cancer was speciffcally
increased among the most heavily exposed wofkers.
The combined data show small excesses in the |mor-
tahty from cancers of the brain and of the tymphatic
and hematopoietic systems. The excesses are, however,
notstatstically sigrificant, and there s nothing 1 sug-
gest that they are occupational 1n origin. An egcep-

“h

tion 1s the observation of an increased mortality from
cancers of the lymphatic and hematoporenc systems
in the supplementary study from the Federat Republic
of Germany.

Two types of cancer were reported 1o be in excess
in the Norwegian study, namely, thyroid cancer and
melanoma. The signiticance of this finding is difficult
to assess because very little information about these
cancers has been provided by other studies.

Suggestions that vinyl chloride might cause cancers
of the digestive tract have failed 1o account for the
contribution of angiosarcoma of the tiver, When this
disease is excluded, the mortality from digestive tract
cancer decreases to below the average (SMR 82 for the
four principal studies).

A small excess mortality from the heterogeneous
group of *‘other cancers’’ in the combined results of
the four princtpal studies was statistically marginaily
significant (83 deaths against 65.25 expected, P < 0.05).
Some of the excess was likely 1o have been due 1o the
misclassification of angiosarcomas as secondary can-
cers of the liver or carcinomatosis, stte unknown,

The following three nonmalignant causes of death
have required special examinatioa: circhosis of the liver
because of damage to the liver in **vinyl chloride 1l}-
ness, ' myocardial infarction (from analogy with the
effect of other halogenated hydrocarbons and because
of some observations from Swedish PVC fabricators),
and nonmalignant respiratory disease because of
changes in lung function and the radiographic appear-
ance of the lungs observed in men exposed to PYC
dust. Far from being raised, the mortality from cir.
rhosis of the liver was less than expected in the three
principal studies and in one of the two supplementary
studies which gave separate figures for the disease
(SMR valyes of 68 basad on 46 deaths, and 92, based
on 15 deaths), while in the other supplementary study
the increase was trivial,

Data for myocardial infarction have not been re-
ported separately. But myocardial infarction accounts
for most of the deaths attributed to ischemic heart dis-
ease, and there is no evidence that either ischemic heart
disease or cardiovascular disease 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-
ease (nonmalignant respiratory disease) are confusing,
because the two large national studies give conflicting

results. The combined data for the four principal l
studies show the low morality that is commonly found .

in healthy industrial populations (SMR 80). This fig-

ure hides, however, an increased maortality from -

chronic obstructive lung disease (SMR 120), which in-
cludes emphysema and is due to a grossly increased
mortality attributed to emphysema in the US study
(SMR 193). The corresponding mortality in the Brirish
study, which was preterentially described as due 10
bronchitis, was less than cxpected (SMR X2), as way
the mortality from pnevmonn INNTR SOy i other res:
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piratory discases (SMR 46) in the S study. There is
no consistent evidence that the meortality from em-
physema or bronchstis was specificlly occupational,
and it seems possible that the repofted excess in the
US study was an artifact due to nopological difficul-
ties with the use of the seventh revision of the ICD.

Review of the massive data now available on the
long-term health of men occupatignally exposed to
viny. chloride leads to two clear conflusions. First the
men have experienced a specific hazatd of the normalily
extremely rare angiosarcoma of thp liver. Approxi-
mately | in 335 of the men exposed in the 49 piants
studied died of the disease, and apprpximately 2 % of
the observed deaths were attributed fo it. In the course
of time the numbers of cases of anjgiosarcoma must
be expected (o increase two (o thrde times. Second,
the mortality from ali other causes| has been typical
of that of normally healthy industrigi workers. If any
hazard has existed, its effect has bgen smail.

The data provide no reason to thjnk that any haz-
ard other than one of cancer has begn overlooked. It
is, however, still difficult to decide whether vinyl chio-
ride produces small risks of cancer, cpmpared to those
due to nonoccupational causes, at sijes other than the
liver, and, if so, whether, in totai, fhese risks might
cause almost as many deaths as angjosarcoma of the
liver.

There is too littie evidence either tojconfirm or refute
the suggestion that vinyl chloride njight cause meia-
noma or cancers of the thyvroid. braip, and lymphatic
and hematopoietic systems. None of [he small excesses
that have been recorded point specificaily to an occu-
pational hazard, apart from that attfibutable to can-
cers of the lymphatic and hematopoidgtic systems in the
German study reviewed, and most age likely to be the
sort of chance effect that is certain to be observed when
many types of cancer are exainined if many different
studies.

The lack of any increased mortality from lung can-
cer in the combined results of the four principal studies
reviewed does not exclude the possibilfty that there may
have been a small occupational hazafd of devefoping
the disease, as geographic variations|in the incidence
of the disease throw doubt on the yalidity of using
national rates for estimating the expected numbers of
deaths. The greater mortality in groupj of workers who
would be more likely to show an occypational 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 to some of the qugstions that have
been posed in this review might be|obtained if the
various groups of investigators coujd present their
results in more appropriate and conjparable ways.

As vinyl chloride i1s a mutagen in laporatory experi-
ments and a proved human carcinogen, the minute
doses that have escaped into the geneyal environment
as poilutants must be presumed to hjve caused com-
parably minute risks to the general public. No such

risk could possipiv be detected, other than one ol
angiosarcoma of the liver which is normaily an ex-

tremely rare disease. Several surveys have sought evi-
dence of the existence of such an elfect, and sugges-
tive evidence that such an effect may have occurred
at a ume when environmental pollutton was much
greater than it 1s now has been found in one.
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