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Exposure to vinyl chloride and angiosarcoma of the
liver: a report of the register of cases
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OX26HE, and Imperial Chemical Industries pic,* Thornton Cleveleys, Blackpoo! FY54QD, UK

ABSTRACT The Association of Plastic Manufacturers in Europe maintains a register of all cases of
angiosarcoma of the liver (ASL) resulting from exposure to vinyl chloride monomer (VCM). This
register has recorded all known VCM related cases of the disease worldwide th;at have been
histologically confirmed. Although likely to be incomplete, it is the most comprehensive tabulation
of such cases available and, by the end of 1984, 118 men had been registered. The inf‘o.rmguon from
analysis of the cases currently on the register is used to make an approximate projection of the
number of cases to be expected in the future. The conclusion from this projection is that the industry

is reaching the halfway stage in the appearance of VCM related ASL.

The idea that vinyl chloride might cause cancer was
first suggested by Viola in 1970 as a result of expen-
ments in rats.! This was subsequently confirmed by
Maltoni in 1973 with his comprehensive series of
experiments in rats, mice, and hamsters,> Among the
tumours that developed in these animals was the nor-
mally rare angiosarcoma of the liver (ASL). It was
not. however, until three cases of ASL were observed
in men who had been heavily exposed to vinyl chloride
in a polyvinyl chloride (PVC) polymerisation plant in
the United States that the reality of the hazard was
generally accepted.® ASL is normally so rare that only
three or four cases occur each year in the whole of
Britain (sec below) so that the occurrence of three
cases in a small group of industrial employees in the
United States was. in itself, sufficient to justify the
beliel that the chemical caused the disease. If, how-
ever, any doubt has persisted it was soon dispelled by
the steady accretion of new industrial cases and the
finding that angiosarcomas and various other
tumours could be produced in rats by levels of
exposure that were appreciably less than thosc that
had previously occurred in industry.* Steps were
therefore quickly taken in the mid-1970s to reduce the
extent to which individuals could be exposed from
levels of the order of several hundred ppm to 5ppm
(13 x 10® ngm/m?) or less.® This reduction followed
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an earlier lowering of exposure levels in the mid-1960s
after concern was expressed about the narcotic effects
of vinyl chloride and the risk of it producing acro-
osteolysis. Before then exposure to some employees
was often in the range of several thousand ppm. The
rarity of ASL. even under conditions of' heavy
exposure, has made it difficult to study its epi-
demiological characteristics® and it seemed, therefore,
that it might be of value to summarise the data that
have been recorded in the register of cases that has
been maintained by Impenial Chemical Industries plc
on behalf of the Association of Plastics Manu-
facturers in Europe (APME). This tabulates informa-
tion about all the cases of ASL known to have
occurred in men exposed to vinyl chloride that have
been reported by individual manufacturing compa-
nies, trade associations. and -occupational health
organisations in Europe, North America, and Japan.
The register is, doubtless. incomplete. It includes,

Table | Numbers of vinyl chloride related cases of
angiosarcoma of the liver by date of death

Period No of deaths

[955-9 2

19604 4 .
1965-9 9

19704 23

19759 46

19804 1]

1955-83 1se

*Thres men diagnosed in 19804 were still alive at | January 1985,
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Table 2 Numbers of vinyl chloride related cases of
ungiosarcoma of liver by age ar diagnosis

Age 1 years) No of cases

35-39
4044
4549
30-54
55-59
6064
6369
70-74
All ages

however. all the cases known to the collaborating
organisations and they will probably have been
informed, in one way or another. about nearly all
cases that have been diugnosed among the relevant
uroups ol employees,

Resuits

Until the end of 1984, 118 men had been recorded as
having vinyl chloride related ASL. of whom three
were still alive on | January 1985, All the cases had
been confirmed histologically: 117 were reported to be
hepatoangiosarcomas and one a cholangiosarcoma.
No cases were recorded in women, but few women
have been employed in manufacturing PVC.

Table | shows the breakdown of the cases by date
of death. It should be noted that the register was
begun in 1974 when vinyl chloride first became firmly
established as a risk factor for ASL. Under-reporting
is. therefore, less likely 10 be a problem after this date
when special attention began to be paid (o the disease.
Table 2 gives the age distribution of the 118 men at the
time of diagnosis. The mean age at diagnosis is 32.
Tabie 3 gives the number of cases diagnosed and the
number of PVC producing factories in each of the 12
countries reporting at least one case of ASL. Some

countries have had cases in most of their faciories
(France. West Germany); others have had cases clus-
tered in a small number of factories {United States.
United Kingdom). Indeed. the United States has had
23 of its 33 cases in just two factories. Other countries
that produce PVC but have not reported any cases are
shown in (able 4.

Table 5 shows the numbers ol cases by time since
first exposure and maximum exposure time possible.
It seems that the incidence of ASL reaches a peak
20-29 years atter first exposure but substantial num-
bers of cases may still occur after more than 30 years,
The table also gives hypothetical numbers for
expected new cases based on the distribution ot cases
in men who could have experienced the maximum
latency period. These calculations show that the
occurrence of vinvl chloride related ASL is not vet at
the halfway stage and onc might reasonably expect
another 130 cases or so with an unknown number of
further cases occurring 35 vears or more after first
exposure. Table 6 shows the principal occupations of
the 118 aflected men. At least 43% of the men (51/118)
had been employed as autoclave cleaners. an
occupation that has been thought to have necessitated
the highest exposure to vinyl chloride monomer,

Discussion

The reassuring feature of these results is that the num.
ber of cases on the register is so small, and. in partic-
ular. that only 80 new cases have been diagnosed since
1975, despite the large size of the industry,

In the decade 1975-84. 19 cases were registered
from the United States and seven Irom the United
Kingdom. In men aged over 15 about 3300 deaths a
year are attributed to all types of liver cancer in the
United States and about 350 a year in the United
Kingdom. Many of these cancers are prokably sec-

Tuble 3 Distribution of vinv{ chloride related cases of angivsarcoma of liver by country, { Number of factortes with three

or more cases in parentheses |

Country No of cuses

No of fuctories
reporiing cases

Tutal No of faciories making PVC Cupacuev® in [972

Pre-1974 Pre-1964

United States (3
W Germany (3
France (3)
Cuanada (D
United Kingdom n
Sweden 5 (n
laly (—)
Yugoslavia (h
Czechoslovakia 1 (=)
Jupan I {—=)
Relgium (=)
Norway 1 {—)
All countnies reporting cases M)
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*Capacity 1n kilotonncs pve production a vear (Informaton supplied by IC1 and by recipients of the register).
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Table &  Countries wuh PV C fuctories operational before
1974 with no cuses reported to register

Cuountry Tutal No vl tactortes

Pre-[974 Pre-1964

Western Eurupe
Austna
Fintand
Greece
Holland
Portugal
Spain
Switzerland
Eustern Eurupe
Bulgaria

East Germany
Hungary
Poland
Rumania
L'SSR

Suuth Anmerica
Argenuna
Brazi

Chile
Colombra
exico

Peru

- = ——
—_——— —

S A — g —
_L_...,l

(RPN

+

_—lm =

Source: Information supphed by 1C1 und by recipicats ot the reguster,

ondary liver cancers originaung in other organs, par-
ucularly in men over 60. but i this is ignored 1t
appeurs that only about 0-06% ol liver cancers in
adult men in the United States (19/3300 x 10) are
attributable to vinyl chloride und about 0-13% in
Britain {7550 x 10).

Two pieces of cvidence suggest that an extremely
high exposure (o vinyl chloride may be needed to
induce ASL. Firstly, the fact that so many ol the cases
were among men working as autoclave cleaners in
which the highest cxposures are thought to have
occurred: 1t was in these jobs that emplovees some-

R&S 001550
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umes became faint and unconscious before the 1960s.
when the main concern about vinyl chloride was its
narcotic effect. Secondly. in some countries there 1s a
remarkable clustening ol cases into a small number of
factories. This suggests that the working conditions
and hygiene standards vaned in different factornies.
Filteen of the 16 Japanese and [9 of the 28 United
States factories operating before 1964 have reported
no cascs. and it would be helpful if it could be shown
that the exposures 1n these factories was appreciably
less—unless. o’ course. the number of employees in
these factones were all very small.

[t is the rarity of this tumour that has enabled its
rapid identification as an effect ol exposure 10 vinyl
chloride. Baxter er af have calculated that the back-
ground incidence of ASL in the United Kingdom 1s
between two and scven cascs o vear—that is. cases
unattributable to exposure (o vinvl chioride or 1o tho-
rotrast. the other estabhished actiological agent.” That
being so then the seven industrial cases tn the decade
1975-84 represent an increase in the national figures
of between 10% and 35%.

The mean induction period (time from first
exposure (o initial diagnosis) for the 118 cases is 22-6
vears. Most cases have occurred 15 to 29 years after
first exposure as is common with occupationally
induced cancers. There are also. however, substantial
numbers ol cases occurnng after longer time intervals,
18 having been diagnosed 30 or more years after first
¢xposure. This means that new cases are likely to be
diagnosed well into the 1990s even if it is assumed that
exposures were significantly reduced in the mid-1960s
when the first major improvements in standards of
hvgiene were made. The meun induction period of the
cases currently on the register (22-6 vears) must there-

Table 5 Cuses of vinvl chloride reluted angtosarcoma of liver tabulated by vears [rom first exposure 1o vinyl chloride
to diagnosts und vears 10 31 December 1984 ( muximum possible lutent period ). { Number of cuses expected to occur shown in

puarentheses® )

Years jrom hrst expusure  Years trom hirst exposure (o date of diagnosis

to I Decemnner 1984

5 10— 15 - 20~ 25~ J0-34 Tutal within 35 or more
15 vears
>35 — 2 1 10 12 7 32 ¥
30-34 - 1 4 12 7 I+ 7 (+H N
25-29 - 3 10 3 1(+9) 0(+1D) 3(+19) iy
20-24 — 4 15 2{+25) Q{+29  0(+2D N(+76) '
15-19 1 2 I(+T) 0(+17 0(+18) 0(+1H 3+ 56) !
0-14 - — — —_ _ — 0+t *
Total ! 12 R(+D (44D 23(+56) [0(+350)  (IG(+155) R+

*Number ol cases expected Lo occur caleulated by companing proportion of cases n relevant vears su:cc :lrs( exposure calegory lor previous
ume periods with proporuon in other categones—tor example, for 25-29 years since first exposure 4nd 2529 years maximum latency cxpected:

(J+10+8)

EFTETOR TR TR < (1247 = < 19 = 133

As four cases have already been diagnosed, another nine may be expected. "
tNumber of new cases to be expected among workers who had less than |5 vears since first exposure at 31 December 1984 will be dependent

on whether the hazard of vinyl chlonde was chiminated in the late 1960s or in the mid-1970s. In the former instance no cuscs would be expecied,
in the latter a number approaching the 61 cases projected for those with 15-19 years since first cxposure by the end of 1984,
st is virtually impossible to estimate the number of cxpecied new cases 35 or more years after first exposure.
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Exposure 1o viny( chloride and angiosarcoma of the liver

Table 6 Recorded occupanions among ASL cases on register

Ne*®

Production worker/aperator &9
Autoclave cleaner 3
General maintenancesfitler 3
Other jobs H
Unknown 17

' 156

*As several employees have more than one job recorded for them.
these numbers do not add up o 118,

tore be expected to be materially increased with the
passage of lime.

Any method to assess the number of expected new
cases is likely 1o be imprecise. Qur method simply
looks at the proportions of cases with different latent
periods and makes projections based on the distribu-
tion of cases that have occurred within ditferent peri-
ods of maximum possible latency. In the absence of
any information about the numbers of exposed
employees it is all that can be done. The results suggest
that another 155 cases are likely 1o be diagnosed
within 35 years after first exposure. Compared with
the 110 cases in this category diagnosed so far. this
means that the industry is approaching the haifway
stage in the appearance of ASL. The calculation of
155 more cases within 35 years of first exposure
assumes that the hazard was essentially eliminated in
the late 1960s. If it was not a further 50 or 60 cases
(something slightly less than the number expecied to
have been induced in men who could have been
observed for only 15 to 19 years by the end of 1984)
must be added to the total.

Futther cases must also be expected to occur 35 or
more vears after first exposure but it is, as yet, virtu-
ally impossible to estimate the number to be expected
with any precision. [t could. however. casily be
around 50. We suggest, therefore, that it should be
assumed that there will be another 200-250 deaths
from vinyl chloride related ASL over the next 30
years. This estimate is in pronounced contrast with
that calculated by Nicholson er a/ who suggest that
“within a factor of 2 or 3" there will eventually be a
total of 350 deaths from vinyl chloride related ASL in
the United States and 1200 in Western Europe alone.?
Nicholson et al used a complex model to deduce these
figures based on the assumption that the incidence of
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ASL at any point in time increases in proportion to (i)
the first power of the product ot the population at Ask
and the degree of exposure and (i) a higher power
(most probably the third) of the time since exposure
first occurred.® Knowledge of the distribution of cases
recorded by the National Institute of Occupational
Health and Hygiene (1982) by year of first exposure
and year of occurrence, the amount of vinyl chloride
produced, estimated average exposures at work at
different périods from before 1950 10 19704, and
normal national mortality rates allowed them to make
approximate estimates of the variables in these equa-
tions and hence to calculate the number of cases that
might be expected to occur in the future.

Only time will show which of the two methods will
give the better estimate of the number ol cases that
will eventually be observed. We are encouraged. how-
ever, 10 think that the lower estimaie may be the
nearer as the method of Nicholson er af predicted an
increase in the annual number of cases after 1979,
whereas the number recorded to date has declined
from an average of 9-2 in 1975-9 (0 an average of 6-8
in 1980—4. The lauer figures will. however, almost
certainly. be revised upwards in the course of the next
few years owing to delayed reporting.
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Occasional Survey

GENETIC RISKS OF VINYL CHLORIDE

t
PeTER F. INFANTE Josepu K. WAGONER
AxTHONY J. McMicHAEL  RICHARD J. WAXWEILER
Hexry FaLx

Division of Surveillance, Hazard Evaluations and Field
Studies, National [nstitute for Occupational Safety and
Health, and Bureau of Epidemiology, Center for Disease
Control; and School of Public Health, University of North
Carolina

Surmmary A swudy of pregnancy outcome among

wives of workers exposed to vinyl-chlor-
ide monomer (v.c.M.) indicated that, in comparison
with controls, there was a significant excess fetal loss in
the group whose husbands had a primary exposure to
v.C.M., whereas no differences between the groups were
observed before the husbands' exposures. The difference
in fetal death-rates for the post-¢xposurc comparisons
was areflection of a greater fetal loss associated with the
wives younger-aged husbands. The significant excess did
not seern 1o be the result of bias from interviewers, re-
spondents, nor from women who had experienced
chronic abortions weighting the results. These findings,
in conjunction with the demonstration of a mutagenic
response via microbial test systems and with observa-
tions of significant excesses of chromosomal aberrations
among workers exposed to v.C.M., raise scientific and
public-health concern for the possible genetic risks of
V.C.M. {0 man.

Ix the past year, several reports have indicated that
vinyl-chloride monomer (v.c.M.} is mutagenic in micro-
bial test systems.'=? v.c.M, metabolites also have in-
duced mutations in mammalian cells.* Likewise, reports
from four countries have shown an excess of chromose-
mal aberrations in lymphocytes of workers exposed to
v.c.M. compared with controls,*~* However, Purchase et
al.” have stated (though no animal data were presented),
that the mutagenic effects of v.c.M. expressed as chro-
mosomal aberrations in lymphocytes in humans do not
occur in germ cells in mice; they concluded that the
potential danger of mutagenic effects on the fetus via
sperm seemed unlikely to exist. In a swudy without con-
trols, Sclikoff observed fetal death-rates among wives of
v.c.M, workers that ranged from 7 to 14 per 100 preg-
nancies.” These rates appear 10 have been higher than
expected.®

To develop further data on this question, pregnancy
outcome has been studied among the wives of workers
exposed to v.c.M. All current v.c.M. polymerisation and
polyvinyl<hloride (p.v.c.) fabrication workers were in-
cluded for study together with a similar number of cur-
rent rubber workers (8% of all such workers) selected
from work areas rclatively free from known toxic
materials and matched as a group 10 the v.c.xm. workers
by age. Group-participation rates ranged from 62 o
77%. Data for the wives of v.c.m. polymerisation
workers (primary v.C.M. group) were comtrasted with
data for the wives of p.v.c. fabrication and rubber

workers (“controls"), who were known to have had very

low or no v.c.M, exposure, respecuvely. A total of 95

THE LANCET, APRIL 3, 1976

v.c.M. polymerisation and 158 rubber and p.v.c. fabri-
cation workers were interviewed. Paternal age, preg-
nancy outcome, 2ad estimates for the time of conception
of all pregnancies were ascertained by interview in Oct-
ober, 1974, from malss employed at a rubber manufac-
turing, ?.v.C. fabricating, and v.c.M. polymerising facil-
ity. As part of a larger survey of worker health, date of
first employment in the job categories was determined
from company records. Mecan paternal age, total number
of conzeptions, total number of fetal deaths (defined as
any product of conception not born alive), and fetal
deaths per 100 conceptlions were then computed for cach
group prior to and subsequent to the worker’s date of |
employment, No interviews were conducted with
workers' wives-and no data werc obtained concerning
maternal age, except indirectly through paternal age.
Since fetal loss is known to increase with ascending
parental age, the fetal death-rates for the primary v.C.M.
exposure group were age- -adjusted to the control group,
Table t shows the age-adjusted feral death-rates
for wives of the primary v.C.M. exposure group
versus the control group, both prior 10 and subsequent
10 cach group’s respective exposures. Among pregnan-
cies occurring prior to exposure, fetal death-rates were
6-9% for the controls versus 6-1% (age-adjusted) for the
primary V.C.M, exposure group. These rates were nat
significandly different by Mantel-Haenszel Chi-square
testing.'”* Among pregnancies occurring subscquent to
the husband’s exposure, the difference in frequency of
fetal deaths between groups was  significant  at
p<0-05 (y’=4.00, df=1)."* Although the underlying dis-
tributions differed, mean paternal ages were virtually
the same—30-4 versus 30-2 years. The significant dif-
ference between the groups subsequent to exposure was
a reflection of a relatively greater fetal mortality-rate as-
sociated with younger-aged husbands in the primary
v.C.M, exposure group., Among pregnancies occurring
subsequent to exposure, the f=1al mortality-rates associ-
ated with husbands 30 vears of age and older for the pri-
mary V..M. exposure and control groups were 9/69
{13-0%) and 17/142 (12-0%), respectively; whereas, for

TABLE I—MEAN PATERSAL AGE, NUMBER OF PREGNANCIES, AND FETAL
UEATH-RATES ACCORDING TO HUSBAND'S V.C. EXPOSURE

Primary
“Controls™* | V.C.M. cxposurc)

Privr 1o husbund’s cxposure:
Number of (amilies 93 10
Mean patecnal age

at coneepuion (yr.) 230 264
Number of feral
deaths among wives 11 13
Number of pregnancies 159 148
Age-adyusied feral.
4.9 6-1

deathe/100 peeg.?
Saticquent ta hutband's expasure;

Number of familics 113 62
Mean paeras! age

at conveptian (yr.) 104 30-2
Nuenber of fetal

Deathy among wives 24 23
Number of

pregnancics 273 139
Age-adiusied feral

Jeatho/100 preg 23 13 8

e

*Rubber and r.v.c. fabncation workers.

tv.c. polymerisation workers,

‘Rnn agz-adiusied to “eoniral” graup patemal age dueribution,
*Subsequent w husband’y sxposure, the (requency of fetal deaths among -
w3y sgmificantly greaier ia the primary v ¢.m. cxpusure group than i the 7
trols™ r<0 05j or ta the swiudy gruup paor to husband’s capoure {re® G
agradiusied chi-square toazag. !
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w
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ferences in recall. The interval, however, was estimated
10 have besn about two years less for controls, suggest-
ing that, if a bias did exist, it would have been towards

LE [I——MEAN PATERNAL AGE, NUMBER OF PREGNANCIES, AND FETAL
e TES ACCOUDING TD HUSSAND'S V.C. EAPOSURE EXCLUDING

prATH-RA o - !
PREGNANCIES OF WOMEN WITH 2 3 FETAL DEATHS

—_ Primary a greater ascertainment in the control group. In some !
_ “Controls™ | v.C.M. exposuret cases, the worker failed to indicate the ages of his : ‘ l
T Aasband’s exposure: children and in other cases he was unable to recall the ' :
M ean pasernai 352 230 263 approximate time of his wife's abortion; therefore, the , b
Al re) data were analysed to determine the distribution of fetal :
N schs ameng wives " ? death-rates among the respondents in each occupational ; :
.\‘J-'-‘t::::d“ 159 141 group who.did not complete the interview properly. The , S
"'m’uf“?ok:]g* 69 . dll_ﬂ'grcncc in fetal death-rates between groups was very ! H
Jeaths/100 press o slight. oo
.<.:.-:;-;:"‘:n"‘?’f;”‘”’p‘"""‘ Finally, the workers may have been subject to bias A
“at aengeprion (yr.) 30-2 30-3 resulting from prior knowledge of known hazards of Y
‘:':‘:s‘:r&:‘; wives 13 14 vinyl chloride. However, the workers themsclves did not ‘ :_
ombarof 265 120 always know_m(o which of our employment categories R
Tl they were being allocated:-For example, several p.v.c. o
\‘_‘k::_:.,qoo;ng_: 6-8 10-8 fabrication workers who were included in the control R Y
— group thought that they had a primary v.c.M. exposure
-s.w«.‘x_ﬂ‘;!;'-:l-fo'n okery as a fabrication worker. In addition, the questions SR
g;.:::::.—::.iius:cd 1o "cantrol” paternal 2ge dustribution. regarding pregnancy outcome were contained in a much 2
husbands less than 30 years of age, fetal mortality was larger interview—questionnaire, the results of which ,
’ 1470 (20-0%) for the primary v.C.M, exposure group dcmc_mstratc_d very few significant differences wuh' no :
: compared with 7/131 (5..3%) for the control group C}c:nsxs‘tcrllt blas'_f}c:r the .paramc’tcrs ascertained bctdwc;n :
: (these data are not shown in tables.) ) the workers with a primary v.c.m. cxposur'c, an ht e ) :
\ urthermore, intragroup comparisons indicated an other groups. This observation as well as sg\e_:ral others o ¢
: acrease in age-adiusted rates for the primary v.c.M. presented above tend to support the validity of the w .
0 capusure group from 6-1% before exposure 10 15.8% study. , . f o :
of wuiequent 1o the husband's exposure, This difference In .summar), a_sngmﬁcam excess of fetal loss was o
n »iv was significant, p<0-02 (3?=5.51, df=1).}? Similar observed among wives of workers following exposure (o o ¢
5 “wmparison for rates in the control group, 6-9% versus v.c.M. The excess did not appear 1o be the result of bias brd :
ly £.§%7, indicated no significant difference, - from interviewers or rcspoth:ms, nor ffom women who w B
- To determine whether women who had chronically experienced chronic aborl_lons weighting the results. ;
o ancricnccd abortions might have weighted the results in Several mechanisms by which such fetal lps.s may anse | s
15- favour of a higher fetal death-rate in the primary v.c.M. arg suggested. Eiu_hcr fetal or maternal toxicity or germ- ] Uiy .
£y grwap subsequent (o husband’s expasure, pregnancies of cell mutagenesis in the mthcr through mdirect v.c.M. , e
a8 ~omen who had more than two aboruons were elim- cXxposure from. the father r'mght be <‘:0n51d_cn:d‘, although i "3 :
< wated from the anzlyses and the data were recaleu-  these mechanisms seem highly unlikely in view of the l £
- lited to determine whether or not the trend was main-  Dighly volatile nature of v.c.m.? When the findings of J S
69 tuned. The decision 10 exclude all pregnancies amang ~ {he Present study are taken in conjunction with the prior T
for fazulics associated with more than two abortions was ~ demonstration of a mutagenic respansc via microbial I B
" raade without prior knowledge of how these families test systems and observations of S’E‘““:::m‘ C"‘CCSSCS of l .:'"l- .
»czc Jistributed among the exposure categories. The ~ chromosomal aberrations among workers exposed to P
— a2 in table 1 show that the trend was maintained,  Y-C-M. the leading possibility is germ-<cell damage in the bl
. P'rar to exposure, the fetal death-rates in the control ga(hcr IhrOl:tgh direct V-C.M. cxp?su‘rc. The increased =
e s=d primary v.C.M. exposure groups were 6-9% and ctal mortality among wives c_)f worl_\crs' subsequent to P
V1 fage-adjusted), respectively, whereas, after expo- V.C.M. €XpOsure now raises serious SClCl:lllﬁ(; and put:ihc- .
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