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YO EFIDEMIOLOGICAL REVIEM

last Thursday, 16 May, I met with 8ir Richard Doll at Oxford, in order
ta discuss vith him his performing a critical review of all the VCM
literature with reference to both carcinogenicity, mutagenicity, and
all ether health effects associated with VOM,

During my discussion, we both decided on @ protocol,which is as follows :-

‘Mumercus studies of the health status sand mortality of workers in the
vinyl chloride monomer/polyvinyl chloride induatry have been reported.

It ia the intent of this review to examine these reports, in order to
determine their strengths and weaknesses, to look for counsistencies and
incongistencies between thes, and to draw conclusions about the existence
or mon-exietance of the various occupationsl hazards, from consideration
of the total availahle evidence.

It is intended that the results of the review will he made public, and will
be published in the Scientific Literature in the normal way'. .

I then asked Sir Richard when hs expected the task to be completed, and he
falt it would be March 1586. This is due to the fact that he is greatly
in demand, and has taken on other taaks since I first approached him. At
present, he is perforsming a study on Spanisb toxic oils.

After he bhas completed the proj.e-t. it has been agreed that six people would
reviev it for him, prior to itas release, and jt was suggested that perhaps
it could be reviewed by individuals such as Julian Peto, Geoff Paddle and

Ted Torkelson.
I have alsc sgTeed that, at the end of the day, I will apportion the cost

of £15,000 (plus any expenses, which I expect to be¢ minimul), between the
various participants who have agreed to mest the cost.
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From
Dr B Bennett

To

22 May 85

As you know, 8ir Richurd end myself bave written a Puper on the ASL
Register, saking projections of total numbers of cases, due to YON,
that we expect to occur in the world.

We have agreed that the ASL Pasper, whick has gone for pubdlication,
should be reviewed in five years', in order to ses bow correct the
forecast is.
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Reprinsed from British Jowrnal of industrial Medicine 1985.42:150-153
CGPMOanMJW of Industrial Medicine
AR rights of reproduction of this reprint are reserved in all counsries of the world

Exposure to vinyl chloride and anglosarcoma of the
liver: a report of the register of cases
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British Jowrnal of Induscrial Medicine 1985:42:150-153

Exposure to vinyl chloride and angiosarcoma of the
liver: a report of the register of cases

D FORMAN.,! B BENNETT,? § STAFFORD,? AND R DOLL!

From the Camcer Reseorch Fund Epidemioiogy and Clinical Trials Unit,! Radcliffe Infirmary. Oxford
oxzdaa-cmuamuu.;m.wmm Blackpool FY34Q0. UK

ABSTRACT Thmnmofmumufmmwmmumdmmof
angiosarcoma of the liver (ASL) resuiting from exposure w vinyl chioride monomer (VCM). This
mmmmho“vmmumdummmzunm
histoiogically confirmed. Although likely to be i it is the most comprehensive tbuiation
of such cases available and, by the end of 1934, 118 men had been registered. The information from
Mmﬁhmmﬂym&wu“wﬂmwmmmoﬁh
nmhﬁmwhmﬁmhmmm“&mhmmsmndum
umch:ng&ehlfwaymm&camofVCMWASL

an enriier lowering of exposure levels in the mid-1960s
after concern was about the narcotic effects

osteolysis. Before then exposure to some smpioyees
wes often in the range of several thousand ppm. The
aarity of ASL, even ndcr conditions of beavy

any doubx has perxisied it was soon dispefled by
th:uudymmofmmdmnd
finding that angiosarcomas and vanous other
mmours couid be produced in raca by levels of
exposure that were appreciably less than those thar
bad previously oocurred i § .
therefore quickly taken in the mic-1970s to reduce the
extent 10 which individusls could be exposed from
levels of the order of scveral hundred ppm to 5 ppm

(13 x 10* agm/m™) or less.! This reduction followed -

Roceived 29 Febraoy 1983
Accuprad 29 March 1985

tion sbout all the cases of ASL known to have
occurred in men exposed to vinyl chloride that have
been reported by individual manufacturing compa-
nies, tr<le assaciations. and occupational health
organisations in Europe, North America, and Japaa.
The tegister is, doubtiess. mcomplete. kk includex,
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Exposure 10 vinyl chloride and sngiosarcoma of the liver 751

Table 2 Nwwbers of vinyl chioride reiated cuses of
agieaurceme

of liver by age st diagnosis
Age ' yoars) Ne of cumrs
15-» 1)
L 24
e 4
15-9 n
L 17
43— ]
”-% 3
All agrs 18

&&udmhuﬂdyw&npobhnnﬂnmm

atention began to be paid to the discase,
‘l‘nb&!mﬂu*bmihumnoﬂhclllmume
time of diagnesis. The mean age ot is 52.

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

Table § shows the numbers of cases by time since
first exposure and maximum exposure ime possibie.
It scems that the incidence of ASL reaches & peak
20-29 years afler first exposure but substantial aum.
bers of cases may ill occur afier more than 30 years.

-The iable aiso pgives hypotherical numbers for

expected new cases based on the distribution of cases
in men who could have expenienced the maximum
latency period. These cakulations show that the
oczurrence of vinyl chloride reiated ASL is not yer at
the halfway stage and one might reasonably expect
another 150 cases or so with an unknown aumber of
further cases accurring 35 years or more after first
exposure. Tabdle 6 shows the peincipal accupations of
the 118 affecied men. At least 43% of the men (51/118)
had been amployed as autoclave cleaners, an
occupation that has been thought 10 have necessitated
the highest exposure to vinyl chloride monomer.

Discomsion

'ﬂnelumfeumeohhuemm:ﬂhutheuum-
ber of cases on the register is 50 small, and, in partic-
ular, that only 80 ncw cases have beex diagnosed since
lwidﬂpm&ghrpmonhemdm

In the decade 197584, 19 cracs were
from the United Stases and seven from the United
Kingdom. In men aged over 15 abour 3300 deaths a
yeur sre atributed to all types of liver cancer in the
United States and about $50 a year in tbe United
Kingdom Many of these cancers are probably sec-

Country Ne of camez Ne l/]ar: Toual Ne of facrories muking PVC Capacity® in 1972
Pre-i974 Pre- 1984
) wé-—, - " O K 2 1138
o~ 1 im : 3 ‘u
Umited Kiagdom L] 2 T - 4 K2
Seudsn ] [ SR 1)) 2 1 105
Yaportavie : tm g : a
}
Jagan T H 1o % 1 169
[ 3 1(—) 2 1 195
¥ ] 14=—) 1 1 63 -
AR vounities reporiing cases s M n I -8 L] L
“Capacity w kil pve prod a your (nf died &y IC1 amnd by recipeents of the rester).
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Table 4 Cowntrier with PVC facteries operational before
1974 with no caves reported to register

Towd No of faciores

1974 Pre-1964

-u——'lu
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Sonrce iasfermation seppiind by ICT snd by recipeencs of the regumer.

Tnmﬁwﬂmw&luum
exposure 10 vinyl chionde may be secxied to

&

induce ASL. Firntly, the fact that so many of the cases -

were gmong mes working ss sutociave cleaners-in
M&Wmmﬂuﬁtwhn
mumumwm:wm

Forman, Bennett, Siafford. and Doll

times became faint and unconscious before the 19605,
when the main concern about vinyl chioride was its
narcotic effect. Secondly, in some countries there is 8
remarkable clustering of cases into a small sumber of
factories. This suggents that the working conditions
and bygiene Randards varied in different factories.
Filteen of the 16 Japancse and 19 of the 28 United
States factories operating before 1964 have reported
nousu.lnduwuldbh:lpfnllfﬂcouldhsho‘m
that the exposures in these factories was apprecisbly
less—unless, of course, the number of cmployees in
these factorics were all wery small.

It is the rarity of this tumosr that has enabled its
rapid ideutification as an effect of exposure o vinyl
chioride. Baxter ¢t of have calculuted that the back-
ground imcidence of ASL im the United Kingdom is
between two and sven cases 8 year—ibat &, cases
unattributable to exposure o vinyl chlocide oc 1o tho-
rotrast. the other established actiological agent.? That
being 30 then the seven industrial cases in the decade
197584 represent an increase in the nations! figures
of between 10% and 35%.

The mesn induction period (time from first
exposure to initial diagnosis) for the 118 cawes is 226
mMmaahmelSwByunuﬁu
frst exposure 33 & common with occupstionally
induced cancers. There are also, bowever, substantial
aumbers of cases occurting after longer time intervals.
18 having been diagnosed 30 or more years after first
expaosure. This means that aew cases are fikely to be
dizgnosed weil into the [990s even if it is assumed that
wmw wduced in the mid-1960s
m&thmhpr;mihumwo(
hygicne were made. The mean induction period of the
anmudyonhmmi,-n)mm

leks mdwmwmquoy Mﬁmw-ﬁﬂm
nm-ﬂ;—:nﬂMl’M(—“pﬁbh—-pﬂl.(Mde-w-m*nu
parensheses®} - ™ LT
hmﬁ-m Yeurs from flryt exponse to das of diagrosis -
- e - 0= 13- 2= P 2 X0-34 Totel wishin 15 ar muve
. 23 years

- ] 2 ? e .. » ]
;ﬂ; - : f . 1 12 ? I(+® . 21 {+H H
-9 — 3 w l 4{+® {+\® I(+ 19 ?
B34 — 4 18 ${+IMN (+1) 2 (T k4
lt:: 1 2 +N I(tl?} 0(01(] l(*l‘) :::S‘) :
Toal - v 2 B4N  R(+dd D43 19(+3) ~10{+139 - 3>
'Nu-dwnw mm compariag of caems = velevasi yumrs for p
e perioas with pr e Y% E —u-i-wuib—a;-n jawsemm mimcy expuctd
nrrgﬁ%%‘}:m-uz’n. 19 =133 ’ '
As four toms e expecead.
?N—iwo(n::- h m?h-&hmlimﬁuhw-un-—hlmﬂhm
n;:uhutimn m-h#l”:.1zﬁlmh:m-ﬁm;‘ﬂhw
n nster & laM # wlwi thoss yURrs BhcE SEPOSNY
:u--u.n,'_ * od new caewm )3 or more yaurs aflar firsd cxpossre.
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Exposwre 1o viny! chiovide and angiosarcoma of the liver 753

Tadie 6 K dedd ocoupan xg ASL caves on regisier
"..

™ oW wewkar/op [

Antacisve clesner s

a—._;:-——wu [ ]

Othar n

Unkaows 17

*As mvarsl ampioyms have men thes recorded for e,
s sumbers 4o not sdd wp 10 158, o=

fore be expecied 10 be materially increased with the
passage of time.

Any method o asscxs the aumber of expeciad new
cascs @ likely to be imprecise. Our method simply

' looba!lhewommofaau“mdaﬂmt iatent

periods and’ makes ns based oa the distribu-
tion of cases that have occurred within different peri-
ods of maximum possibie latency. In the absence of
any information sbout the numbers of exposed
mybyeanuallthnmhdou.‘l‘hezuﬂnw
that another 155 cases are Ekely to be diagnosed
within JS years after first exposure. Compared with
the 110 cases in this aategory diagnosed so far, this
means that the industry s approsching tbehlfwuy
mmmenppnnnuotAsLTheakuhm
155 more cuses within 35 years of first exposure
assumes that the hazard was essentially eliminated in
the iate 1960s. If it was not a further 50 or 60 cases
{something slightly less than the number expected to
have been imduced in men who could bave been
obwerved for only 15 to 19 years by the end of 1984)
must be added to the total.

Further cases must also be expected to occur 33 or
more years after first exposure-but it is, as yet, virtu-
ally impossibie to estimate the aumber o be expected
with any precision. It could, however, ecasly be
around 50. We sugges:, therefore, that it should be
sssumed that there will be another 200~250 deaths
from vinyl chioride reiated ASL over the sext 30
years. This estimate & in pronounced coatrast with
that calculsted by Nicholson er o/ who suggest that
“within a factor of 2 or 3™ there will eventually be a
mulofJSOdeuh.tﬁommyid:hndcuhtdASLm
the United States and 1200 in Western Europe alone.®
Nicholson e of used & complex modet to deduce these
Gigures based on the assumption that the incidence of

ASL at any point in time increases in proportion to {i)
the first power of the product of the population at risk
and the degree of exposurc and (ii) & higher power
(moﬂptohblzlhelhuﬂ)ofthemmnpomm

occurred.® Knowiedge of the distribution of cases
mtded 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 ex at work at
different periods from before 1950 10 1970—4, and

normai national mortality rates allowed them to make

approximate estimates of the varisbles in these equa-
tions and hence 10 calculate the number of cases that
might be expecied 10 occur in the future.

Only time will show which of the two methods will
give the better estimate of the number of cases that
will eventually be observed. We are encouraged. how-
ever, to think that the lower estimstic may be the
scarer 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 ia 1975-9 to an average of 6-8
in 1980-4. The latter figures will, bowever, aimost
cenainly, be revised upwards in the course of the next
few years owing to delayed reporting.
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