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Robert A. Bunda, Esg.

FULLER & HENRY

One SeaGate, 17th Floor

P.O. Box 2088

Toledo, OH 43603

Rendinger & Wallace, et ml. v, Chrvsler, et al

In Re:

Dear Bob:

Pursuant to our telephone conversation yesterday, this
letter is for the purpose of confirming your agreement to provide
me with all of the articles and other information upon which Dr.
Doll will base his expert opinions on the day prior to your
taking of his deposition. Please be advised that I would like to
review all of these materials at Dr. Doll’s office beginning at
1:00 p.m., London time, on July 25, 1988. This assumes, of
course, that the District Court will overrule my motion for a
protective order and allows the videotaping to go forward on July
26.

Very truly yours,

KJDB:sg
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CANCER DEATHS AMONG FORMER, WHITE MALE, CHRYSLER PLASTIC PRODUCY CORPORATION EMPLOYEES
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" _PATHOLOGY OF VINYL CHLORIDE . A% I

During the last ysars s syndrome characterized by alterations
of the skeleton, teguments, nervous system and hepatic functionl., 2.
3, 4. 5. 6 pps een observed among the workmen associated with
vinyl chloride jolymerisation process. An experimental programme
has been perforns3 in order to evaluate the toxic effect of winyl
chloride on the animal organism, and in order to try to .cproduce -~
in rats the acroosteplytic lesions observed in man.

. MATERIZLLS RXD METHCDS

Twenty-five Wistar malec albino rats, of sverage weight
150 gr., were exposed to vapours of vinyl chloride 4 hours a day
for 5 days a week during 12 months. The animals were kept in
a plastic air-tight container through which there was &
constant flow of air containing 2% in weight, equal to 30,000 p.p.m.
of vinyl chloride. At the end of treatment the surviving -nzmals
were killed at twenty-day intervals, and the paws, brain, liver,
kidneys and thyroid were examined histologically after fixation,
inclusion and colouration by the ematoxylin-essine. Van Gieson,
PAS, Weighert, Bielschowsky-Gemori methods. Twenty five rats of
the same bkreed were set aside as a control.

bESLL THN

RESULTS

During the period of erxposure the animals were slightly soporific,
but the first few months of trestment were well tolerated and the
rats showed no change in body growth or behaviour and no organic
alteration visible macroscopically or by radiological means.

After tén months some of the animals began to show a decrecase in
weight, in agressiveness, in their reaction to externsl stimuli,
and often o disturbed equilibrium. Thirteen animals died from

_ cardio-respiratory complications. . Two animals died from hemato-
peritoneum. HMost of the animals showed puthological ihvolverment
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of the brain, liver, kidneys, sand thyroid. 8ix rats showed histo-
pathological alterations of the skeleton. -

The small metatarsal bones showed an extensive periosfal
proliferation of cartilage-like material apparently originating
by metaplasia directly from.the done. -All around the newly
.formed cartilidge-the cellular componsnts were compressed and
arranged tangentially to the cartilage itself, forming a
perichondral layer. The isogenous curtilagenous groups were irreg- .-
ularly arranged and their nuclei were of varying sise and often
numder per cell. The edges of the cartilage wers irrsgular,
showing Aigital extroflexions resulting from » varying growth
potential. There was also evidence of chondroid metaplasis
in ureas of mature compact bone, in which the eartilagineous
slements were grouped around @ central nucleus of bone, as in
typical osteochondromatosic processes.. In the small bones the,
chondroid metaplasia was often vary extensive and the bones
seemed to be impregnated with a mucoid substance vwhich zltered
. the characteristic disposition ©of the bone tissue obliterating
the cement lines. The skin of the paws showed areas of hyperkera-
tosis svperficial thickening of the epidermis, vacuolization ang
degeneration of the basal layer, disappearance of the cutaneous
adnexa and modest accentuadtion of the papillar layer of the derma.
An almost constant state of edema wat observed in the epidermic
zone. The connective tissue showed dissociation of the collagen
bundles and a diminution and fragmentation of the elastic retic-
ulum. The small arterial vessels showed signs of endothelial
fibrosis with a thickening and dissociation of the elasiic membrane,
often accompanied by a partial hyaline degeneration and homogeniza-
tion of the walls and proliferation of the endothclium. Some of
the vessels appeared completely blocked by a proliferation of
the connective tissue in a formation not unlike that of onion skin.

SRALL N

The small nerve bundles were often surrounded and invaded by
fibrotic processes. A microscopic exzmination of the brain revealed
diffuse degenezrative lesions of the grey and white matter.

The external granular layer was often reduced and in some areas
this was true also the medium sized und giant cells. Rumerous
examples were found of hyperecoloured, atrophic-peurons with
disappearance of the nucleoli and sometimes also of the nucleus
itself. At the level of the white matter there were zones of
intense, reactive gliosis consisting for the most part of cyto-
Plasmic and fibrillar astrocytes, some of vhich were arranged

in a concentric disposition around the blood vessels. There was
evidence of neurconal phagokaryosis with satellitosis and the
deposition of neuroglial elements around the altered nerve cells.




-5
of Vi Ch ide
P. L. Viola '

There was modest proliferation of microglial eclements, especinlily
in areas of more intense gliosis and zcnes of intense spongxosxs
showing an accumulation of astrocyte-type elements with. basophilic
cytoplasm and abounding in gemistocytic and microglial élement:
.similar in appearance to “scavenger” cells. The cerebe}llum

.showed signs ©f atrophy of the granular layer which was often

. represented only by a few isolated nuclei. The layer of Purkinje
“cells was in some places profoundly modified, the cells appearing
to be undergoing intense degeneration and all the various ntages of
this process were.observaed, from the whole cell to the small'
homogeneous bodies with indistinct outlines which represent the
most damaged form Of the cell, Except for mmall and limited ureas,
the molecular layer seemed to be well preserved.

%he livcz was often of 1nctcascd volume. sometimes subzcte:ic in
colour, with a smooth surface and somewhat more brittlc consistency
than normal. A histological examination showed in the majority
of cases signs of diffused interstitial hepatitis with numerous
hepatic cells in the grip of regressive processes .varying from
torbid degeneration of the cytoplasm’to necrosis with marked
¢ytoplagmic and nuclear polymorphism. Some of the hepatocytes
"showed giant or double nuclei. In these areas of cellular necrosis
a corpuscolar exudation was always present consisting of round
cellular elements of the lymphotyte or plasmacellular type. There
was evidence of an abnormal proliferation of the Kupffer's cells,
vhich were often hypertrophic. The triangular spaces sppeared

t0 be increased by the infiltration of round and polynucleated
cells and eosinophiles showing marked polymorphism. The portal
capillaries, centrolobular veins and sinuscids were often

blocked by numerous centrally-located areas of partial necrosis,:
often accompanied by a diffuse steatosis in the form of small drops
with clearly-delined areas of acidophile necrosis and the

formation of elements similar to the round acidophile bodies

of viral hepatitis and the “Cauncilman” bodies of yellow fever.

In certain cases evidence was found of an intense fibrosclerotic
reaction nlongs;de the degenerative processes.

The kidncys did not appear to be excessively altered by the
prolonged treatment with vinyl chloride, although they showed
signs of tubulonephrosite., sometimes accompnnicd by chronic
1nterstitia1 nephritis. .

The thyroid often showed a colloid goitre and a marked increase
-in parafollicular cells. .

86911 9N
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.The control animals showed no histopathological alterations
of the skcletop or of tho_various organs.

c*.*t  CONCLUSIONS . o T

«aey g

| 4

‘This researclr confirms that the animals are sensitive to the toxic
actfon of vinyl chloride. The lesions of the bone and connective
tissue are similar to those noticed in experimental osteo-latyrism
and to those descridbed in a man affected with acroosteolysis of
the hands (Marin). It should be pointed out that the roentgen- -
ological findings of skeleton in man rests on cartilaginous
transformation of the bone tissus. Therefore according to
reccomendation made at XVI International Congress on Occupational
Health of Tokyo (1968) I should like some precautions to
be takén in the manufacturing plants polymerizing vinyl chloride,
such as reduction of the threshold limit value of monomer, and
substitution of manual cleaning .of autoclaves by automatic devices. '

. . . SUMMARY ‘

‘The results of this investigation show that animals exposec
to vapours of vinyl chloride may show degeneration of the skeleton
and connective tissue with histopatholégical pictures similar to
those observed in human acroosteolysis of thc hands. The bones
in fact undergo processes of intense periostium growth and
diffuse, chundroid metaplasis. The connective tissue is dissociated
into collagen bundles with a reduced number of cells, the
plastic reticulum is markedly reduced and fragmentary, the s=mall
vessels of the deep layers of the derma show hypertrophy of the
walis with.a diminution and sometimes cbliteration of the lumen,
the nerve endings are surrpunded and infiltrated by fibrous
tissue. Degenerative processes of the parenchyma were observed
in the brain, in the liver and in the kidneys.

NOTE: Figures on available copy were not suxtable for reproduction.
They are as foliows: . " -.. L~ & B .}-:r‘ R O A
Fig. 1 ~= Periostal proliferation of metatarsal bone of a rat

16th months old, exposed to vinyl chleride vapours for 12 months

Fig. 2 -- Periostal proliferation of metatarsal bone of a
rat, 16th months ol4d, exposed to vinyl chloride vapours fo:
for 12 months
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Fig. 3 == Periostal proliferation of metatarsal bone of a
rat, 16th months 0ld, exposed to vinyl chloride vapours for 12

nonths.
g

Pig. 4 -~ Chondroid@ metaplasia in mature bone of methtarsu
months old, exposed to vinyl chloride vappurs for

of a rat, 1l6th

12 months .
Fig. 5 -- Chondroid metaplasia in mature bone of metatarsus of

a rat, 16th months old, exposed to vinyl chloride vapours for 12

months
Pig. 6 == Chondroid nctiphsh in mature bone of metatarsus

of a rat, 16th months o0ld, exposed to vinyl chloride vapours

for 12 months
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. - Br. K. O, tdl, %14 : : .
Az € R Keafi, $19 B
e, K. & lane, NYO-4
. 1 De. W. R, Manaing, S1)
: .% Dz, A. N, Simele, NYOL3R
. . - ! .
. . i . 3 B
. SURJILCT: Mamafaeturing Cheanipts Asroniation
’ ) ‘I . Ch cupatiopal tieallh Committer -
. g Xﬂ_ﬂ Chtaride {Lonlrvence —
- ; Copanics with inteprst (o viny) ehinride were invited 1¢ send
s - a =y representalives 1o cunsitler the fnllowing:
: L. Continuation of e Atroasicelysis Regintry
: Program.
‘ 2. Neview the reparte of Dr. 1% 1o Viela an the Z
| develomnent of Wnera iu FALS erpoard (D ving ) E
H ehloride rnrnnmer gas. —_
. —
» . a)
E 3. Conpider sponsnring A rescarch pragram in ?3
the (LS. 1o cgnlfirin and ta provide additinnal
. data in Dacter Vinla's ntudy Area. The prapesed program
.ot would cont approximately 100, UND qeor yonr.
S -
i . The maretineg allendon o wan inht with atemt W peaple present.
0 A Tul) dist of Quone Atlendding will Yo iaseaesd dater by MOA, '
Combinnmntisen sof the Ag rininteanl, xis Regiatey Crepgram was
entimated to rnst $ 490 1 20090 gt meanplly, dependmg o thy; easc Toaldl, The
propras has caat S8, 109 far sapiiteen WonThe ogwmtion saalate,. A hrnin
trvelp el Ins Iure apeerlion ean ned Riailaiele: a0 L tine,
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! 4
. Evenntially all these present rapreaned a derlre te tontivue Lhe

rrogram new supparied by abnut (en companies. Individual comnpanies wil)
be contacied far furiher avthorizalion of fundr. Unian Carbide should con.

tinue te participatr In thic proagrans at Igaat wnril the phyriningical elfects -
ol vinyl ehloride are Wotter delined.

Dr. P. L. Viala, ¢t al of the Reping Klans Institete l-} Cancer,
Rescasch. Reme, Haly, sponeored-hy-sSnivsy M=C. staried sul (o riudy
scronsivelysinr and Ha attendan! Raynavd's phenemena. He originally staricd
working with menkeys am! later switched to rats hecause of enst and other
facisre. Decter Viels expescd rals tn varying cuncrutrations of scetylens
derived vinyl chloride and neted the (nllawing lncidence of tumnyy:

Vinvl Q'\’l. ride Cuncantration

acidence of Yuemors
— i

3, 090 ppin | ’ [ (2 33
) 20, 000 ppn . &0 -
10, D00 ppen 25%
L.080 pyan LY T §. St
<5, 000 ppyn Semne tuinore

{Dr. M. . Lrdevre, Salvay M. C.. siated late e that the Incidence
of lumors in conirvl greups of thin sirsin of rate was 5§50

. Deoctor Vinla's inilial woark invelving exprruore of rate to 30, 00O pon
vc was geporied at Lhe Tenth Intecnalions) Cancer Conpresn, Itnuston, Texan
in May 1370 and was later publivhed in Cancer HNesearch, May 1978, The re-
maining dats 1s wnpublished al this time. After Lthe sppraranee of Nactor
Vials's paper at the Houalnn meeling inteeeated coimpanies, Including UCC,
paid Doctor Viola‘s expenaca far a mieeting in Washingtion on May 5, 1971,

Publishing «f Duvu-f Viadn's werh in the 1.8, ennld lesd to scrious
‘problemas with tegard tu the \‘myl ebinride moname s and tenin indusiry.
These sre ar fallown;

v
-..! ."l. . The Ielaney amendinienl Bans the war of any material
L in fvad that ¢an cAuse ranrrs.
] ! 2. A Jaw enisie in lvnp;qurania hanning carcinnpens
o ! feam the air: . r., the allowable theeshuld limit
is recn,
P
N
smws Mm@ . s
>
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3. The present political cllnate én the (LS. dn auch
that @ campaign by Mr. R. Madar and others could

force an industrial uphesval via new laws 67 strict

{nterpretation of pollutisn and eccupational hesiMs lowe,

There has been an Covernmiant reacilon to Vinla'e woark. to date.
The ACCI) piane La diotuss It this wegk at Lheir merting,

' Dr. T..R. Terklgeon reviewed the propesed MCAcsponanred
animal savdy. Bhis pregram invwived cxposure of rata and niice 10 three

. lavala of vinyl chiaride gas concentratinne §$, 000, 1, %00 and %00 pprm.
The vinyl chiorlde would b= derived from ethylene and fram acetylene.

The rat study weulit cover 24 munths while the swnee study weuld cover

12 meniha. The copl of the sindy waseestimaled ta be 5183, 000 by badus:rial
Diotcst. Chicage, Illineis,

.

'

’
Settas enbl @

.
e

.
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Depending on the reaulin of this study, ‘an epidemiclagical sludy of
the Indurtry could be: required. U wvinyl.ebhluride wete exnneraled in the
praposcd anirvial study, tiven a siudy of the effcetr o (he nsiceial on progeny
might be required. ‘

!
-.;y

¢
2naa it

The need (nr two snurces of vinyl chlurifde and the chosan exposure
concentrations war queslioncd, bul no aclion was taken 11 this time.

‘Dr. M. 3. JeFevre, Solvay 1. C., discunerd the work of hia
Company in Evrope as well as hin odn knowledpe reparding physiologienl
eliects of viny] chlocide. Jtemga of inlerent are as followy:

" . 1. Rumanian work showed 10% liver ealarpenyent

a3 well as sacronsteciyals. Workere i Sjain ahowed
urnstural weariness, poseihly indicating liver invelvenient.
This was nol nated in Frenrhi of Delgian warkers,

2. Deartive Viala (anud 20 impurilies in his vingl
ehlaride incinding methyl ehieride,  This
sould be & mnjnr factor,

LOL LY r,

e @ e
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3. The bane tuimnmors peted by Yiala were prohntly
arrecsiculysis. Ieeior JeFever s ercn
Insions In the hnces awsd in the pelvie area af the bach.

4. No arravsiralysis has heen found in mneimer and
Comprund plant workers. Ko lumwrs io q\cntor
cleanerd ol Selvay L1, . plants, :
' .
$. Dector latvevee theapians that vinyl ehloclde 1o
abenrbed in hody fats and ir carried to the brain,
It acta on the centers enutralling circulation af hlnyd to
the sxtremitins. NRestciction of the blnnd Now cavscr the
Pl af the Lone stracturrs tn move fenn & anrmsl Lasie
candition where mnincrals are deponiterd ta an aridic condi.
tian cadaing ramnval nf minevals frean the bones. Acro-
ostedlysis s caused Ly grneral sapusure and inhalation of
viny) chisridr: nnt just exproura of the hands,

.
Y

. Dottar Viela's wark b heing checked and expanded.
FEutopean aluedies underway invalve exposure af

animals le conernirations of 20,400, 10, 00D, 5,000, 2. 00D,

SO0, and perlaps 100 pp. Vieg) ellaride wpeel wil) be o

mixture of 0% aveiylene and $0% ethylene derived.

-

The afternuun discunninn originally plamnned to erganize industry

aupport for the MCA progrsii shawed that many questions cxisted and
would have (n he anawered hefore 8 prasram eonld he presented {or
industry. support. Suing of the principal itemia discusacd were:

I Acclylennshaned vingl chloride minnmuer conld

poerihly be cat Trom Lhe sindy rxeepl (o confizm
Doctor Viola's wourk At Lhe & 000 pywe exposute fevel.

———

2. Lawer cumi entrativn repeonnrer Jevela, pucli an 50
faps. ahauld e chee hed,

3. The anites] alaly |~r-l|-w-\| wan miidt m-t-nmn‘ﬂflcl\'
sel antl W wlwigld not averlap the Fuarapean study
mentioned by Iuciar oY avrr,

4. liuman epideminlaogical studies almuld he made.

LT
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. . . 5. AN induutry epansars shimdd pay their pro rats
C ahare. bul whal ir & pre rata sharg®
'_— .! b. The Cavernmiral should apwmsser the gludy. Leen if ’
2 - - wafavnrabie, they wouldn’l shat dewn an indonatry nf this
- slze. :
. \
7. Vingl chleide smonmunee ie (ull of linpuriticd, and enc

of thess must e & earrinegen.
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Whea it heenine evident that mars slwily was regquired. an tndusiry
svbcommitiae wae appainied in atydy lhe perabhlems and inake treonunendi.
tiona te the Occupativnal Jiealth Cunvnittee of MEA. The commitiee
consists of: H .

R. K. Wiweldes, J1.. Chatrman
tininn Garhide CGorparation

Norman €., White, 101, -
Shel) Chemieal Company

.
«

- o
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‘M. V. Antheny .
Stanlier Chemsical Company

i
« by

The Comimiittec is to scek opinions and data from indugtry
members and 10 meecl with Nr. M. 13 Johneran, LCA Assirtant Technica)
Direetor, Occupational lieallh, on Dmcember 14, 1971 (o prepare a
pregeam. The Conimitter is v zecmumend a progeam industry will support
and.recommaend procedurcs fur, Junding the prugram. Questions of study
acope. acnatylene va cthylrae ilerived vinyl chinride, and signilicant im-
purilies {n viny! ehloride will be resvlved. :

The MCA will anevey mnmubers of Usw fadustry repreding their :
williagnean In aapirt & 3300, MU prr yeAT swnly wilh eepis allncated to
caprnonre baned aa pubilinkhed cagaeities of mannuce and pnlyne s, Manemey
producers will he Askeal fur repreacatdtive soalyscs of ek tanneoer and
thelr methaoits of analyria,

.
. Bite mm—— . e s

Asnwning NG industey purlivipatioa, haon Carbide's ahare of
the proprant cosl shanld e appraximately 3% 000 pee gear. This ensl ahagld
. he elthrr barne fliees ity hy the Corperation or chargad 1o Vinyl liesine,
l’, Dynel. ant Flurdeachom profit centrrea an the Wasia af Lheir vingl ehlaride
conaunytion,

1
E3% " 23
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© g Unien Carhide s genersl support far 1he LGNS prepTam hay heen
- } pladpsd, based on the foliowing:
ve '-i L ° The industey hat & respunsiliitity e s conployecs

aAngd customers 1o (ke sny nrceasdry artign (0
protect themn. Union Carhide Corparation f+ 8 fepponsible
membar of that Industey and will bear its share of the

cont.
-
- " : N - ’\ Il. tinion Carbhide Juas a Jarge stahe in the areas wnent
g - 1 likely ¢o be offacied such a5 Jond, fond packnging,
I ¢ .". fibers, and asrvesels and would be seriously hurt by arbiteary
- A — :.Ov panip=induced pave inment sestrictions.
[ R o !
l: 3. Unton Carblde has a plithers of knowledge and cxperience
) ‘. Lhat can add ¢ the succean of the prepesed study and
f- - : thal can guide such & sindy to reasoncd conclvaions,
Sooe s R )

W)
n../r:. Wheeler, Jr.. /

-t ted .
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Tumors ©of the yegpicatory tract

Even if as fir as - tho ,: "vr*zge is concerned these 2ccuyr
in a smaller numbar, their ... -v.: ~iz appearance is mainly’of
an adenocarcinoma; only ir zr. +a. . % has been observed a tumor
of the epidermoid.type. ‘..w-“liz- . « tumor showed an .early
developmental stade and com.. ' :::w ..; sominently of cubic oo
columnar cells arranged as e i1a. wi irregular tubular and
papillary elements zupported by poorly developed fibrous st:uma.;

Tumozrs of the boues S .. " iy .
In the metaphysical region of the four limbs a large proliferation
of cartilaginous tissue arises outwardly to the periostium and seems
to derive directly out of the osseous cortical by the growth of its
cells. The cartilagenous growth is dishomogeneocus as it is shown
by the extension of finger-like prolongations into the bonndary of
neoformed tissue. Beside the chondroblastic, chondrocytic and
angiomatous areas, manifestation of noticeable growth power, there

are cartilaginous zones witb regrcssivo features, as fibrosis
and hyalinosis. :

The results reported sbove indicated that vinyl chloride
is an effective carcinogenic agent for the rat. As for many
carcinogenesis studies, where multiple tumors arise at different
sites, in different tissues and organs, the data obtained need
to be evaluated considering a more prompt positive response
according to the ideal concentration of the carcinogenic. It is
noteworthy to emphasize that the cutanecus system represents
an impressive pattern of susceptibility to the vinyl chloride.
Anothar point to be considered is that all the cutanenus tumors
developed in the same site, i.e., the region including the
area in which submaxillary and parotid gland are loczted.

.No implications to human pathology can be extrapolated from
the experimental model reported in this paper.
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Rats (Ar/IRE Wistas strain) sxposad for 12 months to
vapors of vinyl chloride developed tumors of the skin, Jungs,
and bones. The culsneous tumors, which always appesred in
the area in which submaxillary and parotid glands are locsted,
have been histologizally recognized as epidermoid carcinomas,
papillomas, snd  owcoepidermoid  carcinomas.  The
morphological charscteristies of Jung tumons, which oceurred

- in » lowet petcentage, were mainly of the adenocarcinoma
type, with the exception of s single epidermoid tumor
otiginating from the epithelial covering eells. In a minor
numnber of rats, a large proliferation of cartilaginous tissue

- diagnosed as osteachondroms developed in the metacarpal and
metatarsal regions of the four limbs,

INTRODUCTION

The oncogenic properties of some chemical organic
..} compounds used for the preparation of “plastics™ have been

. & widely investigated, and their limits and effectivencss have
§ £Cfl been well established.. Detsiled information on this subject

Vil may be found in the literature (S, 'S, B); however, all

-8 information and references are exclusively related to highly
- polymerized compounds of roughly the same size &3 used in
various industries.

Oncogenic polymer produce sarcomatous tumors, with the
exception of polyurethans which, as reported by Hueper (6),
also  induce adenocarcinomas. Recently, Jt has been
demonstrated that mrcomatous tumons (1—=4, 7) are
transplantable, and it has been suggested that they may
originate from the tissues of the capsule that graduslly covers
the plastic film. Thus, Brand er al. (2—4) have observed
premalignant ereas made of poerly differentisted fibroblasis
which were firmly sttached to the plastic fitm up to the
moment of malignant transformation.

This investigation demonstrates that even the monomer
vinyl chioride powmetses oncogenic properties when used with
an appropriate model different from the models previoudy
teported by stveral authors ‘9-!2). The cascinogenic response

‘A preliminary nyott. of the results reposted here was given 8t the
Tenth Iniemationa) Cancer Congress, Houston, Tsuss, May 22-24,
1970, .

Recxived July
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to vinyl chioride follows s singular «‘mem for the differct
tissuss and organs of the nat. : y =

~

MATERIALS AND METHODS

The experiments wers performed with 'ﬁnyl :h:ar;‘
{CHy=CHCI, ths monohalogenate derivative of ethyiene: ofy

commescial grade (99% purity)” asumed 1o ecnily
ingignificsnt amounts of warous moncarcingptr
contaminants.

Three-montheld Wistar (Ar/TRE) male albino rats (350
150 g body weight) wese exposed to viny! chloride vapes fo:
4 hr » day, S days 3 week, for 12 months. The animal: went
kept in mewl or plastic, air-tight cages in which a cozsufl
flow of &ir, containing 3% v/v (equal to 30,000 ppm) of viz
chioride, was introduced. Twenty-five rats of the same s
were the control group. At the end of the treagmens,
surviving animals were killed at 20-day intervals, and the mo2
important tissues and organs were examined histologicaTy by
standard methods. During the period of exposure, the a==nab
were slightdy soporific; however, the first few moniis g
treatment were well toletated and no changes in powh @
behavior were noticed. Afier 10 months of treatment, somx
animals began to show » hatrd mass in the parasuricutas =go:
which became progressively larger until it reached the size of
walnut or dightly larger. In most cases, the swelling wa
unilateral; it was bilatersl in only a few animals. After I of
months, the growing mstses became ulcerated and dis=hag:
necrotic debris, while a certain wmount of tumorous tis
began 10 form on their surfaces. In addition, we obserweZ th
the masses were an integral part of the parasuricular sepic
and could not be distinguished from the Jocal tigsues Caxeo
necrotic zones were found. Pleurs and pericardium oft
showed diffuse inflammation of a fibrous nature and, iz ma:
cases, the jungs were covered with s number of wh
formations as large as grains of rice or even fasger and 2o
than the Jungs themselver, In 2 cases, the lungs ™
hemorrhapic with milky, thick fluid in the pleural cavities. T
liver way wometimes increased in rize and very fragie. T
animals were subjected 10 X-ray analyses at diferent incery
fiom the beginning of weawment in order to eonirol the st
of the skeletal bones, i 3

All the animals that inh%led viny! chloride showed 1 %!
of parenchymal fesions. Among these, most promin€ri W
the disappearance of pranular and Purkinje cells, degensnt

CANCER RESEARCH VIl



" the cerebellum, severe chronic hepatitis, interstitial
umonia, and moaderaie swelling of the kidney parenchyma,
daen assuming the pattern of tubulonephrosis.

.inau:.,"s

RESULTS

retes of survival and the main findings are summarized
& Table 1. Almost all the animals developed tumors of the
Yin and lungs. Very few snimals developed bone tumors: in
Dese cases, the tumors were localized in the metacarpal and
genstarsal bones of al 4 exiremities. Skin tumors were by far
¢ most frequent, amounting to 65 ot 70%,
skin Tumors. The tumor that developed most frequently in
e pussuricular region was the epidermolid carcinoma, but we
o observed papillomss snd marely mucoepidermoid
arcinomas. In all cases, the neoplazms were of epithelial
Biwre. The 3 patterns noticed cannot be compared to various
Astotypes but rsther to s transition of one type into the other
., snd which s more likely, to different stages of the same
pohfemm type.

Warty subauricular growihs occurred in some rais. The
histological picture showed papitlar epithelial proliferation,
with progressive increase in the thickness of the ¢p|dgn-n|;
(Fig. 1).

The papilary wans of exophytic type had 3 fibrous vaseular
suoma and various degrees of infllammatory lymphocytic
infilization, marked hyperkeratosis,~parakersiosis, acanthosis,
and areas of individual dy!kentans or peatllike horny
formations.

The epithelial celis of the pem"ﬁnng columns (Fig. 2) were
irregularly arranged and were {requently accompanied by an
inflammatory infiltration of the dermis. The typical featyres
of the Malpighian layer and of the strstum corneum of the
prickle cells and of germinal layess were easlly recognized (Fig.
3). The horny laysr was composed largely O cell nests, which
appesred at cartain points within the epithelial masses and
ssumed the well-known appearance of “homy pearls™ (Fig. 3
errows), they wers made of fattened and compressed prickle
::lh without uuclﬂ and were Jocated ammd 3 eentral core of

ratin.

Tabke | . *
Oncogenic effeces of inheled vinyl chioride 85 g function of fime

The animals were expostd 10 vinyl chloride vapors for 4 hr » day, 5 days » week, for o loul
of 12 months, in 3 consuant flow of aiz conwining 3% v/v vinyl chleride.

Tumons
Rat Survival mate Skin Lungs Bones
| 300 Mucoepidermoid Adenoacanthama  Osweochondroma
earcinoma
2,3 280-300 Epidermoid No tumor No tumeor
arcinoma, ken-
unizing type
4 310 Epidermoid Adenoaarcinoma  No tumor’
earcinoms, ke
tinizing type
5 333 Papilioma, kesatotic No mmor Osizochondroma
type
[ 337 . Epudermoid No tumor Oscochondroma
. exrcinoma .
. 7 347 Epidermoid No umor No tumer
aatcinoms
47 Mucoepidermoid No tumor Qsteochondroms
orcinoma
14. 354 Episermoid No mumor No tumosr
esteinoms
16,17 359 Epidermoid Adenocarcinoma No tumor
. arcinoma
21 380 Epidermoid No lumer No tumor
oIcinoma
22 330 Epidermoid Adenocarcinorms  Oswochondroma
mrcinoms
23 380 Epidtrmoid No mumor No tumor
esreinoma )
24 %0 Epidermoid Mucus-producing No tumer
arcinoms sdenocarcinoma
{alveolar cxll
. catzinoma?)
X 25 30 Epidermoid No tumor No tumor
areinoma T
26 330 tP“"."”id Squamous aall No tumor ¢
arcinoma caIcinoma .
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Kerstinization was irregular and often parakerstosis was cartilsginous zones possessing regressive features, such uv

observed in the aseas of the tumor in which the cells were

Ty I

Y

fibrosis and hyalinosis. The perichondrium appeared ofen a5 T

Joosly sggregaied and undergoing an individual rather than a  compressed and structurally altered fibrous tissue,

collective type of keratinizstion (Fig. 4). In dyskeratotic areas,
@ few epithelial cells tended to form pearls. The tumor seldom

showed n

In some cases, the tumor growth was related to the stage of s
the endochondral omification occurring below the “epiphysa

undifferentisted  growth with eeflular plate.” Ouwification was fregyiar, 30 that osseous 1rabeculs®

pleomorphism snd several mitolic figures (Fig. 5). A few varied greatly in thickness and contours. In other cases, foci of

tumors showed little nesws of bolated pale celis (Figs. 6and 7) -
of 3 types: mucinproducing cells (originating from the duct
epithelivm of sweat glinds or salivary glands); squamous celis;
and fintermediate eells with minor tendencies towards
differentiation.

Respiratory Tract. These tumors, sithough occurring rarely,
were mainly adenocarcinomatous. Only in 1 rat did we obmrve
an epidermoid tumor originating from the epitheliumcovering
eells, Sometimes, the tumors were seen in their eatly
development and conzisted predominanly of cudic o
columnar celis arranged as regular or lrregular tubular and
papillary slements (Fig. 8) and supported by poorly developed
fibrous stroma (Fig. 9).

In other cases, glandular structures were often imperfectly
formed and appeared m sheetdike pmliferations of
undifferentiaied or pleomorphic charactes. The cells showed 3
tendency (o exiend into the pulmonary parenchyma, thus
simulaling the microscopic features of the so-called alveolar
cell carcinoms (Fig. 10). Sometimes, this was the prevailing
pattern. The pulmonary air sats were limited by |1 or more
layers of cubic, columnar, o1 polyhedral cells with abundant
eytoplapm that was faintly eosinophilic (Fig. 11); frequently,
adenopapillary excsescences spresding into the alveclar spaces
were present,

In some areas, foci of cellular polymorphism with
hyperchromatic nuclei were noticed; mucin was produced in
varying amounts and secreted into the Jumen of the tubules
and acini. There wete small pools of mucin in which signet ring
cells occurred, cither wlone or in wmall clusiers (Fig. 12). The
alveolar walls were often quite thick and, st times, showed an
inflammatory infitration.

As mentioned before, a single tumor showed squamous
structures snd appeared to have been formed mainly by
spindle and oval undifferentiated cells (Fig. 12).

Bones. In the metacarpal and metatarsal regions of the 4
limbs, a large ptoliferstion of cartilaginous tissues arose
outward from the periosteum and, from the appearance of its
cells, seemed 10 derive direcily from the cortical bone (Fig.

14). The periosteum also grew snd in some sreas spread as
finger-like prolongations In1o the newly formed cartilage (Fig.
15). In these places, 3 gradual transition between fibrous
eantilage, periosteum, and bone could de noticed.

The newly formed cartilage appeared itregular with atypical
areas; the cells, which had nuclei larger than the normal
chondrocytes, lay in well-formed, capsulated lacunae. The cells
occurred singly, in pairs, or in tetrads and, slthough of
different size and shape, they usually contained s single,
darkly stained nucleus. The cartilaginous growth was not
homogeneous, as shown by the exiension of the fingerdike
prolongations into the boundary of newly formed tissue.
Besides the chondroblistic, chondrocytic, and sngiomatous
areas which indicated 3 npid gowth, there were also

St

setive eellulsr proliferstion, Jeartilaginous areas, chondmig
developmentsl nests, and calcified bones occurred in whey
deeper portions of the trabeculae (Fig. 18).

The new formation sppeared 10 be an os1eochondroms ands
consisted enwentially of s bony protuberance capped hﬁ
cartilage and a fibrous layer, Yhich represenicd 1h
perichondrium. . . K

The fibrous lsyer was continuous with the periosieur g
the adjacent gortical bone and extended inward to form wpil
separating snd enclosing lobules of cartilage.

Control Animals. The control rats were kept under the tare
conditions sz the experimental rats and at the appropriate time
were subjected 10 8 conasnt flow of sir without vinyf
chioride. None of these animals devefoped tumors or the typa
of patenchymal lesions developed by the mts that inkaled
vinyl chioride. In 8 very few of the control rals, there wash
swelling of the liver and kidneys. .

DISCUSSION

S s,

As in many carcinogenesis studies in which multiple wnea
arise in different tissues and organs, the data must be evaluaed
in terms of 3 more prompt positive response to be obtzined
with the ideal concentration of the carcinogenic compound
The cutaneous sysiem is the most suscepiible to the oncogeni
effects of vinyl chloride.

Our experimental data do not explain why the cultaneor
tumors developed in the zame site, ie., the region includie
the srea in which the submaxillary and parotid glands ar
located. 1t is possible that the salivary giands may by involve
in the concentration of excretion of vinyl chloride or sormz ¢
itz active decomposition products. This hypothesis is sizeng!
supported by morphological findings showing the spead
tendency of the developed tumor to sppear ast
mucoepidermoid carcinoma, which indicates the acti
contribution of the mucus glandular eells to the tumoto
powth. Such kinds of histotypes are often related 10 son
glandular sggregates, and, therefore, the histogenesis of hem:
mucoepidermoid carcinoma has been restricted to the eeils
intescalated ducts. This hypothetical interpretion mus -
gonfinmed by future experiments in which the action ef €
vinyl chloride should be restricied 10 the salivary syste=.
the concentrations used, saturation and wetting of the f
might well be expected. Under these circumstances. §
natural cleansing habit of the rat might add a signifa
ingestion problem with subsequent concsntration of W
chloride in the mlivary glands. The local exi
concentration could be the resull of the difficulty of
compiete cleansing by the tat. .

The neoplistic response of _the lower respintory =
although of iesser magnitude, is of relevant intesest, sines &

CANCER RESEARCH VOL.
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' the lumors were morphologically similar to those described
 the skin. The hypothesis that mucus-producing celis may
;‘ay:ble of retaining vinyl chloride or its decomposition
= ducts seems 0 be relevant once more. Obviously, a
glerent interpretition is sequited for the pathogenesis of the
{goe tumors and for their simultaneous incidence at the level

ﬁu 4 limbs,
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1 18. ALl sections were swined with K & E.
el - Squasmous cell pspilioma of the skin. X 25,

‘s 1'?-Imait.iem.l stage (rom papilloms te infiittive type of eancer. x 80.

: Fmgerdike oabeculas braneh to form scondary prosemes showing horny pearl formaton {(srows). X 25.
. Dyskenatotic area. Few epithelia! cells with 8 wadency to form whoris. Litue espacity 1o develop into horny pearis X 230.

X 100.

: Mucoepidermoid skin tamor, thowing difTerentiation of mames of squamous epithelium from columnar ceils, lining and prelifersting in-
S tvbulas rpaoes. X 100

BNl Migonodular sdenocarcinoma of the hung ariing from a mgmenwal bronchus. X 25.

“Demd of Fig. § showing tubular spzregaiss made up by cells with hyperchromatic nuclei

151 0. Nadular bronchiolar ahsolar mutussacredng sdenocarcinoms. X 100. -

;* Denil of Fig 10, shewing an alveologenic pstiem. X 350.
A" :: Mucus-producing eelis with hyperchromstic and plsomerphic nucki and oceurrenee of signet ring eelis. X 250.

-Sq aell earcin of the lung. X 100,

Y3 4. Ousochendroms developing st 8 protuberanae from the xmall bones of metacarpus snd meatsrivt. X J5.

! bagnification of Fig. 14. The
Smdnum X 100,
R 16 Ormachondroma. Cartilaginous growth chaneterized by finger-Uike proliferstion. X 100,
BA?. Onaochandroma. Ases of endochondtia! ossification, X 100. -
1 CeDular area of an etieochondroma thowing the tantilion from artiage (0 o31¢0id. X 1 00.

protubenance consisis of bone trabeculse, mpped by eartilage, and 2 fibrous laye: funciionitg
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Effects of exposure to vinyl chloride

An assessment of the svidence
by Sir Richard Doil, FRS*

DOLL R. Effects of exposure 1o vinyl chioride: An assessment of the evidence. Scend J Work Environ
Health 14 (1988) 61—~71. This paper reviews the possible effects of vinyl chloride on the moruality of oc-
ecupationally exposed men and the carcinogenic effects that might be observed in the general population
as a resuli of environmental pollution with viny! chioride. The results of four studies fulfilling the criteria
of providing substantial numbers of observations more than 25 years afier first exposure and covering
8 period long enough for more than JO % of the workers 1o have been expacied 10 die constitute the basis

for the assessment of the occupational bazards. Other studies provide only tary information.
The datx permit two conclusions. First, men occupstionally exposed 10 vinyl chloride have experienced
a specific hazard of angiosarcoma of the liver. Second, any other hazards that may have

existed have been small. Nomﬂnwﬂmuor.hnmddmymwwormytmof
eancer other than angiosarcoma of the liver has been found cxcept possibly for a small hazard of jung
cancer when exposure was heavy. More definite conclusions might be reschad if those who have studied
exposed employees could present their results in appropriate and comparabie ways. A very small risk of
angiosarcoma may have occurred as & resuht of vinyl chloride escaping into the environment arou.d plants
handiing viny! chloride in the past, but the evidence indicates that the current risk to the general public
(if any) must be negligible.

Key terms: angiosarcoma of the liver, cancer, jung cancer, moriality, polyviny! chloride, review, vinyl

chloride monomer.

For many years the inhalation of large amounts of
vinyl chloride has been recognized as potentially haz-
ardous. Concentrations of the order of 10 000 ppm in
the air induce unconsciousness and cardiac arrhyth-
mia, while prolonged exposure to concentrations an
order of magnitude lower have been liable to cause a
specific pathological syndrome. This *‘vinyl chloride
iliness’* has been characterized by four cardinal signs,
namely, enlargement of the liver and spleen with a
specific histological appearance, patchy infiltration of
the skin resembling scleroderma, bony changes in the
tips of the fingers described as acroosteolysis, and
peripheral circulatory changes identical with the clas-
sical picture of Raynaud’s disease. These pathologi-
cal reactions may occur singly or together and may pos-
sibly be accompanied by other less characteristic ef-
fects. They can, however, be compietely avoided if ex-
posure never exceeds the level of a few hundred paris
per million, ie, the level 1o which exposures were
generally reduced in the mid-1960s.

One other serious effect has, however, been observed
that may not be avoidable in the same relatively easy
way, namely, the production of angiosarcoma of the
liver. 1t must, indeed, be presumed that some risk of
developing the discase will persist from exposure to

' Imperial Cancer Research Fund, Cancer Epidemiology and
Chinical Trials Unit, Radcliffe infirmary, Oxford, United
Kingdom.

Reprint requests to: Sit R Doll, imperia! Cancer Research
Fund. University of Oxford, Gibson Building. The Radcliffe
Infirmary, Oxford OX2 6HE, United Kingdom.

doses that are even lower than the current industrial
bevels of § ppm or less, as vinyl chioride has been shown
10 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 viny] chloride may cause some cancers other than
angiosarcoma of the liver, partly because laboratory
studies have shown thar 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-
ciude a material increase in the risk of cancer in com-
mon sites, such as the Jung and large bowel. Since no
threshoid dose can be postulated, it also follows 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 on 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 ac1 as
a teratogen and cause congenital malformations in
offspring.

In this review | have not examined the possibility
that vinyl chloride acts as a teralogen 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 al (unpublished
TepoT to the Society of Plastic Industries Inc in 1977)
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and by MacMahon (ynpublished report to the Chemi-
<al Manufacturers Association in 1977) concluded that
the few reporis of positive effects could not be sub-
stantiated, and no additional evidence was found in
a similar Iater review by Barr (unpublished report to
Air Products and Chemicals Inc in 1981), apart from
a report that embryos were absorbed and skeletal os-
sification was produced when pregnant rats were ex-
posed to doses appreciably iower than those that had
been used by other workers without any such effects
being observed. The report of absorbed embryos (34)
could not be evaluated thoroughly, however, as the ex-
periment was inadequately described. 1 have, therefore,
examined only the possible effects on the personal
bealth of men occupationally exposed to vinyl chlo-
ride, other than those related to their reproductive
capacity, and the carcinogenic effects that might con-
ceivably be observed in the general population as a
result of the widespread distribution of vinyl chioride
as @ pollutant.

Occupational hazards

Many studies of workers exposed to vinyl chleride in
the manufacture of vinyl chloride monomer (VCM)
and polyvinyl chloride (PVC) have been undertaken
since it was first found that vinyl chloride could cause
cancer in animals (28, 48) and man (10). These inves-
tigations have confirmed that exposure causes a haz-
ard of angiosarcoma of the liver and, in severa) in-
stances, have shown excess incidence or mortality rates
that were conventionally statistically significant for
other diseases. Conventional tests of statistical signifi-
cance are, however, designed to help answer single
questions defined beforchand, and several findings that
might be expected to occur by chance alone once in
(say} 20 times must be expected to occur if dozens of
rates are examined in each of several sets of indepen-
dent data. Scientists have, therefore, been faced with
the problem of deciding whether the excess rates that
have been observed in individual studies are due to oc-
cupational hazards or to the vagaries of chance.
This problem can be solved in part with an exami-
nation of the results of a sumation of data from com-
parable studies, that is, by a comparison of the sums
of the numbers of deaths observed and expected in
each study. This procedure does not require the as-
sumption that the exposures have been the same in each
study any more¢ than the same assumption is required
for each individual when the results of each study are
considered alone. 1t does require however that each
exposed population has been observed over a period
when its members were at risk of developing disease
(if a genuine hazard exisied) and that in each study
the reference population from which the expected num-
bers of dearhs were derived was appropriate (that is,
at the same risk of developing disease as the exposed
population would have been in the absence of expo-
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sure). These requirements do nat.introduce any new
complexity, &s both are, of course, also required if cor-
rect conclusions are to be drawn from the results of
the individual studies when they are examined on their
own.

Sowrces of information

Four studies meet the aforementioned requirements,
namely, two large national surveys, one reporied by
Jones {25) for the United Kingdom (UK) and the other
by Environmental Health Associates (14) for the
United States (US), and studies of individual plants
in Canada, reportod by Thériault & Allard (46) and
in haly, reported (as & part of & national study) by Belli
ot al (4). Al) four include observations on men more
than 25 years after their first exposure, and the ex-
mdnmherofduthsi's.inudime. greater than
10 % of the total number of employees, a value indi-
cating 8 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), Norwegian
{22), Swedish (7), French (41, and unpublished report
of Laplanche et al), Japanese (33, 37), and some other
Italian (4) workers provide some supplementary infor-
mation, but, in general, the periods of observation
have not been long enough for useful 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 to have been selected.

Studies of makers of PVC producis have not been
included, as the workers have had much less exposure
to vinyl chloride than those employed in the manufac-
ture of VCM or PVC anc any occupational hazard 1o
which they may have been exposed is more likely 1o
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 in 37 plants owned
by 17 companies — 1214 men in 11 plants that
produced only VCM, 6 848 men in 18 plants that
produced only PVC, 935 men in three plants tha
produced both, and 1 176 men in five plants that
produced homopolymers and copolymers, with or
without VCM or PVC.

Twenty-two of the plants were in the southern part
of the country, 14 werc in the northeastern or north
central parts, and one was in the west.

Men were included if they had been exposed to viny!
chloride for at least a year before 31 December 1972
and had been employed in 1942 or subsequently {the
first year depending on the date the plant began making
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or using vinyl chloride and the earliest date that per-
sonnel records were deemed 10 be complete, whichever
was the later). Individuals who met these criteria were
identified from company records by company per-
sonnel.

Racial characteristics were known only for 636 men,
97 % of whom were white, and it was presumed, for
the purpose of estimating the number of expected
deaths, that all 10 173 men were white.

Follow-up data were obtained from plant and So-
cial Security Administration records and (for men who
died after 1979) from the National Death Index. Five
planis did not collaborate in the extension of Cooper's
(9) earlier study, which had been subsumed in the
present investigation, and the 953 employees in these
plants who were known to be alive on 31 December
1972 were not followed any further. For the rest,
follow-up was attempted to death or 31 December
1982, whichever was the earlier. On this basis 92.7 %
of the men were successfully traced. Those who were
uniraced were excluded from the last date of contaci,
which was usually the date when employment ceased.

Almost half of the men (46 %) were first employed
before 1955, A large proportion was, therefore, 0b-
served more than 25 years after first exposure (and in
many cases for more than 30 years) when diseases with
a long latency period might be expected to be seen.

Short-term workers had been excluded from the
cohort, and most of the men had continued in em-
ployment for many years, two-thirds being employed
for 10 years or more and the average duration of em-
ployment being 16 years.

Fifieen hundred and thirty-six men were found 1o
have died. In 1 439 cases, the cause of death was ob-
tained from the death certificate, but no cause was ob-
tained for the other 97 persons (6.3 %).

The numbers of deaths expecied from each of 38
causes or groups of causes were obtained by multi-
plying the person-years at risk by the disease-specific
national rates for white males, for the corresponding
age groups and five-year periods of the study.

This important study is open to three minor criti-
cisms, which are unlikely to have had any material
effects on the results. First, the lists of employees were
compiled by company personne! from company re-
cords without any independent check. Second, the as-
sumption that all the employees were white will have
caused the expected deaths 1o have been very slightly
underestimated, as the few black employees are likely
to have had higher mornality rates and there is no
reason for supposing that the small sample from which
the proportion of black employees was estimated was
necessarily representative. Third, an element of uncer-
tainty was introduced by the failure (0 trace as many
as 7.3 % of the employees.

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

the whole country at the corresponding dates. The use
of national rates is common practice in studies of in-
dustrial populations and tends to result in an over-
estimation of the expected numbers of deaths so that
the employees appear to be unusualiy healthy. This
“‘healthy worker effect’’ is well known and has been
taken into account in my discussion of the results. A
more serious objection to the use of national rates is
the way mortlity varies from one part of the country
to another, due to differences in the prevalence of en-
vironmental and social factors unrelated to the occu-
pation of interest. I is, therefore, gencrally preferable
to use state (if not county) rates in place of national
rates. With 37 plants, bowever, it might be thought
that their geographic distribution would be sufficiently
wide to make the use of pational rates appropriate.
Unfortunately 22 of the plants were located in the
south, and a check would have been desirable 1o see
whether their location could have caused any material
distortion of the resulis.

Second, causes were not obtained for 97 of the 1 536
deaths. This deficiency was aliowed for in the calcu-
lation 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 wil) have caused the standardized morality
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/(3—97/1536)] and rounded
off to the nearest integer.

UK study. The study reported by Jones (25 and un-
published) on behalf 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 10 VCM for at least 25 % 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 chloride, and the viial 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-eight men were
traced (98.9 %). 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 (1ICD) 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 calculated 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 observetion. Some difficulty which
could have been related to the causes of death being
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coded according to the eighth and ninth revisions of
the ICD was, however, experienced in obtaining suit-
able rates for all causes of desth, and rates for a rela-
tively late period had 10 be used for estimating the
pumbers of deaths from many diseases that might have
been expected to occur in earlier periods. For two
categories the carliest available rates were 19601964,
for one they were 19651969, 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, or 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 exposure to
VCM was likely 1o have been high (group A), expo-
sure to PVC dust was likely to have been high with
exposyre to VCM low (group B), or exposure to VCM
and PVC dust was intermediate and intermittent
(group C). All other men, who would generally have
had jow exposure to both VCM and PVC dust, were
classed as group D. Within all the groups, exposure
to VCM was likely to have been higher if it had begun
before 1956.

The study makes an important contribution to the
knowledge concerning the long-term effects of vinyl
chloride. The use of national rates to calculate the ex-
pected numbers of deaths may be justified on the
grounds that the men were employed in nine plants,
which were presumably distributed about the country,
but no details of their Jocation are given. In general,
mortality rates tend to be higher in the parts of Britain
where heavy industry is located than in other parts of
the country so that the expected numbers of deaths are
more likely to be biased downwards than upwards; but
whether this is so or not needs to be shown.

The use of recent rates 10 calculate expected num-
bers of deaths from many specific causes of death was
presumably necessary if the diseases were to be studied
individually and will have done no harm if the inci-
dence and fatality of the diseases in question remained
stable. 1t would have been desirable, however, for the
diseases to have been specified so that the reader would
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 used
if precise measures of exposure are not available. It
creates some difficulties in the statistical analysis if men
move from one job to another and are classed (as in
this instance) as having had high exposure if they have
&ver had a particular type of employment (eg, ever been
employed as an autoclave worker). No evidence is pro-
vided 10 show that the person-years at risk before a
man entered the category have been subtracted and
added to another exposure group before the numbers
of expected deaths were calculated. Movement from
one job 1o another was said 1o have tended 10 be out

of groups A and B into D, but even 30 it must be -
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presumed that the expected numbers of deaths in the
first two exposure categories are likely to have been
overestimated.

Canadian study. The Canadian study (46) was limited
to employees of a single plant in Shawinigan, Quebec.
The plant, which was situated in an industrial com-
plex, was opened in 1943, VCM and PVC were both
made until the late 1960s, when the production of
VCM ceased, while the production of PVC continued.
An attempt was made to trace all the production work-
ers whose names appeared on the unions’ lists or the
peayrolls of the companies in the whole industrial com-
plex, including the vinyl chloride plant, between |
January 1948 and 31 December 1972, and contact was
made with the worker or his next-of-kin in 1 611 out
of 1 659 instances (97.1 %). Detailed occupational and
smoking histories were obtained by questionnaire, and
156 who had been employed by the companies
for less than five years were excluded. The remaining
men were categorized as (i) exposed to YCM if 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 al) who had
died (59 exposed and 233 unexposed) were coded ac-
cording to the eighth revision of the 1CD. informa-
tion was also sought for histological 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
mortalities of the exposed and unexposed men were
compared after siandardization 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
mortalily 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 pathologica! 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
on¢ that had been diagnosed as angiosarcoma of the
peritoneum. Two other cases of angiosarcoma of the
liver were found to have been certified as hepatic cit-
rhosis. It is also helpful to have a comparison beiween
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the exposed and ‘‘unexposed’’ employees of the same
companies as it shows that the low mortality observed
for all nonmalignani diseases could be attributed to
a heaithy worker effect and was not due to bias in the
recording of exposure (relative risk for all nonmalig-
Bant causes compared to that of the “‘unexposed’’ men
0.95).

One aspect of the study has to be criticized however,
fe, the use of provincial rates for one year (1971) to
calculate expected mortality spread over a 30-year
period (1948 to 1977 inclusive). Deaths will have tended
to bunch up towards the end of the period of obser-
vation 30 that the rates for this particular year may
have been fairly representative, but it must have caused
some distortion of the expecied numbers of deaths, the
size (and even the direction) of which is impossible to
estimate. For most disesse groups the distortion is un-
likely to have been large.

Iralian study. A study of all men employed in the pro-
duction of vinyl chloride and PVC in nine Italian plants
was begun in 1983. All men were included who were
employed for at least six months at any time from the
start up of the plant to the end of 1981. The study is
still incomplete, but results are now available for men
in three plants (4). Two plants (in Ferrara and Ro-
signana) began operation in 1953, Four hundred and
thirty-seven men were employed in one plant and 181
in the other. All but three (from the Ferrara plant) were
followed tc the end of 1984. Expected deaths were esti-
mated by multiplying the person-years at risk by the
corresponding national mortality rates for each five-
year age group and each five-year period of the study.
The total expected deaths in cach case amounted to
more than 10 % of the employees in the two plants
(12.4 and 12.8 %).

Clinical information was sought about the cause of
death of all the 55 employees of the Ferrara plant who
had died. Revised diagnoses, which were not used for
comparison with the expected deaths, revealed four
deaths from cancers of the liver in place of one.

The Ravenna plant did not begin operation until
1959. Six hundred and thirty-eight men were employed.
All but four were traced to the end of 1983, and 17
were found to have died. No man couild have been fol-
lowed for more than 24 years, and only 25.1 deaths
(3.9 % of the work force) were expected. The data for
this plant have not, therefore, been used in the prin-

cipal analyses. It may be noted, however, that one

death was attributed to liver cancer when 0.1 was ex-
pected.

Other sources. The Norwegian study (22) provided ob-
servations on 454 men who had been employed in a
plant in Telemark where VCM had been manufactured
from 1950 1o 197! and PVC from 1950 to the end of

the study period. Every man was included whose name
was recorded in the company’s personnel register and
health department records who Had ever been em-
ployed from the start of production to the end of 1969
and had worked for at least one year. The men were
followed from 1953 to 1979 inclusive. Deaths and cases
of cancer were identified from the records of the Cen-
tral Bureau of Siatistics and the national 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 employers and central
agencies. Fifty men were found to have died against
59.34 expected if the sex-, age-, and quinquennium-
specific national mortality rates had operated. Twenty-
one men were found to have developed 23 cancers
ageinst 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 %
of the rate of the country as a whole. One man who
had been employed in PVC production developed an-
giosarcoms of the liver. 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 is difficult
10 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 1}
plants in which VC and PVC 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 (iii)
4 007 men employed in two other plants where PVC
was processed. Employees were included only if they
were of German or Austrian nationality, and they were
regarded as exposed to vinyl chloride if they were
production workers or other skilled workers or iaborers
assigned regularly to the plants, but not if they were
employed 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 14, 36, and
19 %, respectively, of the three groups were first em-
ployed before 1954 and were therefore capable of con-
tributing person-years at risk more than 20 years after
first employment, when an occupational hazard of can-
cer could be expected to be observed.
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Of the exposed group 93.2 % were successfully fol-
lowed, and causes of death were discovered for 92.83 %
of the 414 men discovered 1o have died. The propor-
tions for the other two groups were respectively 89.8
and 88.7 % for the unexposed and 92.1 and 86.9 %
for the PVC process workers. The failure to obtain
causes of death for all the men who had died was
allowed for in the subsequent analysis by the weight-
ing of the numbers sttributed 1o each cause by a sys-
tem which 100k account of the age group and calen-
dar period in which death with an unknown cause oc-
curred. The expected numbers of deaths from each
cause was caiculated by multiplying the person-years
at risk by the sex-, age-, and cause-specific mortality
rates for the Federal Republic of Germany. Nationa!
data before 1968 used an idiosyncratic classification
system, and the 1968 rates had 10 be used to muhtiply
all the person-years at risk up to the end of 1968. For
subsequent years (1969 to 1974) the person-years at risk
were multiplied by the corresponding rates for the same
calendar year.

Epidemiologic studies are more difficult to carry out
in the Federal Republic of Germany than in North
the medical cause of death is not recorded publicly,
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 propor-
tions of men in the exposed groups who were not suc-
cessfully followed (6.8 %) and the proporions of
deaths for which the cause was not obtained (7.2 %)
were similar to those in the study of the Environmental
Health Associates (14).

Two defects, however, make the data Jess useful.
First, no national mortality rates were available before
1968, and the use of the 1968 rates to estimate the num-
bers of deaths in and before 1968 will have overesti-
mated the numbers attributable to discases that were
becoming more prevalent or were being diagnosed
more often and underestimated those due 1o discases
that were becoming less prevalent. Second, and more
importantly, a large proportion of the men had been
first employed less than 10 years before the follow-up
ended. Therefore the useful observations on the few
men who had been exposed long enough to have had
much chance of developing an occupational disease
with a long latency period must have been swamped
by a mass of other observations that had little to con-
tribute. The expected deaths amounted 1o only 6.2 %
of the exposed men, and there is, therefore, little to
be gained, and something to be lost, by including the
German data in the overview. It may be noted, how-
ever, that 12 deaths were attributed te cancer of the
liver among the workers exposed to viny! chloride
against 0.9 expected and that smaller excesses were also
observed among the unexposed chemical workers (4
observed against 1.1 expected) and the PVC process
workers (3 deaths against 0.8 expected).
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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 1o VCM could occur were listed from the per-
sonnel files of the factory. Twenty-one were excluded
because they were foreigners who left the country after
a short period of employment. The remaining 750 were
followed 10 October 1974. Expectad numbers of deaths
were sstimated by multiplying the person-years at risk
by the corresponding age-specific mortality rates for
the whole country, ang 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 multiplying by the national age-
specific cancer incidence rates. In both instances, the
rates wsed were those recorded in 1969. Fifty-eight
deaths were found, but no figure was given for the ex-
pected number. Detailed figures wer+ given only for
the numbers of deaths and cases observed and expected
for cancer of the Jung and for cancers of the liver and
pancreas combined and for the numbers of deaths
from brain cancer and three categories of cardiovas-
cular disease. Two men known 10 have angiosarcoma
of the liver were certified as having died of liver can-
cer or pancreatic cancer, and a third man died of
angiosarcoma of the liver 17 months after the close
of the follow-up.

Two French studies provide the results of a long-
term follow-up of men employed in one plant (41) and
of a short-term follow-up of employed in 12 plants
(Laplanche ¢t al, unpublished). The first 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 of the Tavaux plant
in 1953 to the end of 1976 (41). Six other emplovees
were excluded from the study because of 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 a1 risk). One
death was attributed 10 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 10 the
results of the other studies, apart from the addition
of a further case of angiosarcoma.

The second study provided observations on 1 100
men aged 40 to 55 years who, in 1980, were exposed
or had been exposed to vinyl chloride in 12 planis,
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 siudied
by Pierre et al (41). The men were followed for five
years, and their morbidity and mornality were com-
pared with those observed for 1 100 men of the same
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ages (£ 2 years) who were employed in the same plants
but who had never beén exposed to VCM. The men
in both groups were interviewed personally, and in-
formation was obtained about their smoking and
drinking habits, which were found to be similar in the
two groups. The men in the exposed group bad been
first exposed for an average of sabout |4 years and had
first been employed in the plant about 18 years previ-
ously. Morbidity and mortality data were recorded an-
nually by the plant physician, who successfully traced
98 % of the exposed men and 96 % of the referents.
One of the exposed men, but none of those unexposed,
developed an angiosarcoma of the Bver. Data were not
given separstely for different periods afier first em-
ployment, and it is impossible (o assess the significance
of the finding that six of the exposed men developed

lung cancer against two of the referents, which may

well reflect a chance occurrence of unusually few cases
in the reference group, as the proportion of all lung
cancers in that group (2 out of 15) was unusually low,
One exposed man developed a cancer of the lympho-
bematopoietic system against none of the referents, but
none of the men in either group were known 10 have
developed melanomas or cancer of the brain or thy-
roid.

A Japanese study has reported the monality ex-
perience of 4 524 men employed for at least one year
before 1965 in 25 Japanese plants which began pro-
ducing VCM or PVC between 1949 and 1964 inclu-
sive (37). The men were followed 10 31 October 1975.
Twenty-cight percent of the men were observed more
than 20 years after first employment, but none was ob-
served more than 26 years. Only 0.6 % of the men wete
untraced, and copies of the death certificates were ob-
tained for all the 209 men who had died (4.6 % of the
initial cohort). Individuals were classified according
to the job in which they had been longest employed
at the termination of their follow-up, and data were
given separately for the 2 546 men classed as employed
in PVC production and 1 978 others (including 900
classed as VCM production workers).

If this study is continued for another 10 years, it
should provide useful additional information, but the
present data inciude 100 few observations on men more
than 20 years after first exposure to be of any material
us¢. They confirm the evidence of a hazard of liver
cancer with six deaths among the PVC production
workers against 2.54 expected from national rates,
while only one such death was observed among the
other workers against 1.82 expected. One of the six
deaths from liver cancer among the PYC production
workers was centified as due to angiosarcoma of the
liver, and at least one of the other liver cancer deaths
was due 10 the same cause. Lung cancer deaths were
not in excess (2 observed in PVC workers against 2,33
expecied). No data were given for cancers of the lym-
phatic and hematopoietic systems, for cancer of the
brain or thyroid, or for melanomas. The mortality
reporied by Masuda (33) for 305 Japanese vinyl chlo-

ride workers has presumably been subsumed in Na-
kamura’s (37) later and larger stody.

Hazords of cancer

The results of the four most useful studies are listed
individually in tables 1 and 2. The overall results for
al} 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
ot been reported for each type of cancer in each study,
and the sources of the data are, therefore, specified
separately for each type. Additional information ob-
tained from four other less informative studies (4, 7,
22, 49) is given in tadie 5 for seven types or classes of
cancer. .

Table 3 shows that, apart from cancer of the liver,
the overall mortality is what would be anticipated 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 obsecrved for groups
of employed men. A low SMR of this order refiects
the ““healthy worker effect,”* which results from the
selection process that inevitably excludes some of the
jeast healthy members of the population from indus-
trial employment. This effect does not, however, nor-
mally affect the monality from cancer beyond that ob-
served in the firsi 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 diseasas
and 77 for accidents, poisonings, and violence.

.

Angiosercoma. Death certificates are an unreliable
source of information about the histology of cancers
that cause death, but there is no reason 10 suppose that
the excess moriality auribuied 1o 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? attributed to cancers
of the liver and gallbladder in the US series are known
10 have been due (0 angiosarcoma of the liver (14).
In the UK series, seven of the 11 deaths attributed to
liver cancer, not specified as secondary, were known
to be angiosarcomas, and they all occurred in auto-
clave workers against (.38 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,
two 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 atiributed to angiosarcoma of the perito-

? Increased 10 39 in table | to make account of the 97 exira
deaths from an unknown cause.
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Table 1. Observed and sxpected numbars ol deaths from different cancers meported in the fcur principal studies (4, 14, 25,

48). (O = observec of , E =0xp d number of deaths)

. United States United Kingdom Canada Italy
Tybe or class of cancer

" {14 € (=} [ 3 [+] E (o] E
fluocal cavity and phasynx 29 11.55 * 358 0 D.84 ) 08
Esophagus 7 8.07: [] 1434 . . 1 0.5
Stomach - 1 1.0 ] 2391 3 30
Large Intestine L F4 »n7e L 13.94 0 12
Mectum B . " 10.49 . . . .
Livar . . " 1.4 8 0.4 1 06
Liver and paitbiasder » 8.77 . . . . . .
Pancress 7 18.40 7 E ' . ] 0.7
Other gigestive . . . . ] 526 . .
Larynx N . 4 221 . 1. 09
Lung 18 11587 [ ] ®”.12 2 878 i H [ R}
Other respirstory ] €38 . . . -
Bone 2 1.81 . .
Skin (nonmsianoma [ ] 7.8 . .

. . 2 1.74 . [+] 0.2

Prosiste 1’ 15.20 1”2 .59 b ] 07
Testis . . 2 138 . .
Bisdder (] 848 “" .00 N 18 1 07
Kidney 12 2.08 F] 410 . .
Other and unspecified urinary . : ] 429 . .
Brain -] e & 818 } 0.80 . .
Eys and central nefvous system . B . . .
Thyroie . : 2 043 . . .
Lympho- and reticuiossrcoma 2 798 4 235 . .
Hodgkin's dissase 3 545 3 250 ] 04
Laukemia "* 13.04 ? 818 1 .87 ] 07
Multipie mysioma " 837 2 235 . .
Othar lymphatic : . . . R
Other L] #0.50 1} 812 2 085 ® a5
All cencers 38/3 M7 235 22080 bt} 16.37 30 211
* Obasrved desths multiplied by 1.0674 and rounded 0ff 1o the neares! integer 1o sliow for deaths without di g cause.

Table 2. Numbers of deaths from nonmalignant and sll causes reported in the four principal studies (4, 14, 25, 48). {O = observed
number of deaths. E = expected number of deaths)

United States United Kingdom Cansda haly

Cause of death

o* E o] E 0 E o] E
Benign and other unspecitied .
tumors 4 5.08 . . . . ] 05
Cetebrovasculat disease k4] g1.80 . . .
Ischemic heart disease 521 S91.73 276 288 } 25 867 } - 274
Other circulatory disease 157 12355 105 141 : .
Bronchitis P 4 22,83 3% 44
Pneumonia 16 3184 } pu o } € an l 3 s0
Other reapiratory dissase 13 3284
Cirthosis of the liver 37 56.06 L 5 } a 285 4 52
Other digestive disease 27 82 3 27
Diseass ot the genitourinary system " 2041 . . . . .
Other diveases &7 11588 43 76 o 5.40 2 70
Syicide " s82.78 1 08
Accidents and other violence s e | @ 0w ¢ 1058 . 77
All nonmalignant causes 1153 138354 545 885 <] 54.75 3% 564
All causas 153 170527 780 [ ] 59 71.07 66 ”s

& See fooinote 10 tabie 1.

* Emphysema in data from the United States.

¢ includes two cases centified as cirrhosis of the liver which p d to be angi oma of the lver.
® includes one case with CauBe UNKNOWN.

neum was found to have been due to angiosarcoma tributed to cancer of the liver (for a total of four), but
of the liver (46). In the italian study, further evidence  only one of the four was described as an angiosarcoma
revealed that three further deaths shouid have been at-  {4).
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Table 3. Mortglity trom cancer of the liver and othar ceunes among vinyl thioride workers in 48 plants
in the four principal studies combined (4, 14, 25, 48). (O = cbesrved numbar of deaths, E = expected
det of & SMR = standardized monality ratio)

Caune of death o] E SMR
Cancer of the lver® 50 8.45 ass
Cancer of othar sites [ ] 500.35 W02
Other dissases 18547 1 844,89 a4
Atcidents, poisonings, and violence 2% 205.18 ”
All causes 2441 274784 [ ]

4 inciuding cancers of the galiblasder in the series from the United States.

Table 4. Morntaitty from various cancers

n 49 piants in the four principal studies combined.

among vinyl ohioride workers
(O = observed number of desths, E-upoud number of deaths, SMA = standerdized mortality ratio)

Type o claas of cancer -] E SMR mfg"m"".&'.-
Mouth and pharynx 18 18.57 09 1.2,3, 4
Drgestive system (other then liven) 125 154.50 n 1,234
Respirntory system 223 2203 97 1,2.3,4
Lung n 24.00 9 1,2, 4
Genitcurinary system 70 8281 "1 1, 2,3, 4
Meisnoma 2 194 . 2,4
Brain -] 19.54 148 1,23
Thyroid 2 0.43 . 2
Lymphatic and hematopoietic system 87 50.87 "2 1,2.3, 4
Other a8 83.24 L) 1,234
All other than of the liver 09 588.35 102 1.2 3,4

* 1= United Btates study (14), 2= United Kingdom study (25), 3 = Canadian study (48), and 4 = alian study (4)

Tabis 5. Mortality* from various cancers among viny! chiorids workars: Supplementary evidence (4, 7, 22, 49). (O = observed
number of dnaths, E = expected number of deaths, SMR = stendardized mortality ratio)

Federal
Panubhc Norwey Sweden taly Four countries combined
of Germany (1 plant) {1 plany) {1 plant) {14 planis)

Type or class of cancer (41 plants)

© £ o E o] E o E o E SMR
Digestive system
{exciuding the liver} 30 3e 3t 14ad . 1 12 390 34 44 113
Lung 25 248 5 284 3 178 0 15 s 0.72 103
Melsnoma . . 4 0 . 0 01 40 0.88
Brain 21 1.3 . 2 033 41 1.63
Thyroid - : 2 0.16 20 0.16
Lymphatic and hemato-
poistic eysiem %8s 77 . . [+] 07 165 B4 196
Other (excluding the liven W7 243 B 143 4 20 27 4143 55
All sxciuding the liver 878 897 2 2018 & 201 -3 57 1198 117,67 102

® incidence and cases in the Norwegian study.
© Cancer of the intestine only.
¢ Cancer of the lung and drain only.

Further evidence that the excess mortality from liver
cancer (or liver and galibladder cancer in the US series)
can be attributed principally if not wholly to the known
hazard of angiosarcoma is obtained in a comparison
of the excess deaths with the numbers of deaths from
angiosarcomas recorded in the Register of Liver Angio-

sarcoma Cases {maintained on behalf of the Associa-
tion of Plastics Manufacturers in Europe by the Im-
perial Chemical Industry PLT) before the end of the
follow-up period (Bennett, unpublished). Fifty-one ex-
cess liver cancers are recorded in the combined data,
and 49 angiosarcoma are recorded in the Register for
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Tabla 6. Mortality from lung cancar in the series from the
United Sietes (US) (14) and the United Kingdom (UK) (25) by
chancisristics relevant to an occupational hatard. (O = ob-
served number of deaths, E =expacted number of deaths,
SMR = standardized monality ratic)

Deta B Category 1 Category 2
characienstic * o* E BMR O € SMR

Qbiserved 20 years
of more aftes first
smpioyment {1),
others (2}
Empioyed 10 yaars
or more in the US
(1), others in
the US ()

114 11368 W00 B85 8B N

85 5245 105 63 U4 W

Employed betors
1968 in the UK (1),
others in the UX 2}
Ever empioyed as
sutociave worker
n the UK (1),

otheminthe UK 16 1708 ™ 8 R e

82 S$1.3% ™ 20 08 72

* The numbers in parentheses designate the categoty.
* See footnols 10 tabis 1 for Observed desths in the US,

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

None of the 120 cases yet recorded in the Register
were in men who were first exposed afier 1969, and
none of the 45 men affected in North Americs were
first exposed after 1964. All may, therefore, have been
exposed 1o concentrations of several hundred parts per
million, and many may have been exposed 10 concen-
trations appreciably higher (unpublished report by Barr
10 Air Products and Chemicals Inc in 1981).

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

% Twenty-nine were registered as occurting in the United
Siates agains: an excess of 33; only 20, however, were iden-
tifiable in both series. Inquiry has, as yet, failed 10 reveal
information about the histology of the remaining 13 in the
cohort study and the origin of the nine extsa deaths in the
register. Nine deaths were registered as occurring in the
United Kingdom against an excets of nine, but one of the
registered cases was certified as due to a benign hemangioma
and not related to the liver (code 227 in the eighth revision
of the Internationa! Classification of Diseases). Ten cases
were regisiered as occurring in Canads against Bn excess
of ¢ight; two were recorded as being in men who had been
employed for five years, and it is possible that the actual
duration had been slightly less than five years with con-
sequent exclusion from the Canadian cohort. One case was
registered as Ocourting in one of the two ltalian plants
against an excess of less than one.
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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
afier first exposure than for men observed earlier, for
men employed before 1956 in the UK than for men
first empioyed afier 1955 (when exposure levels are
believed to have been lower), for men employed for
longer than for shorter periods in the US, and for
sutoclave 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, bowever, all in the same direction, and the
probability that the rates should all be higher in the
groups in which an occupational hazard is more like-
Iy 1o be seen in each of the four pairs of 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 31.5 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 for the men
who had been exposed for 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 1.82
of the 2.84 expected. Both the German and the Swed-
ish studies derived the expecied numbers of deaths
from national mortality rates for a single year towards
the end of the study period. The expected numbers of
deaths are likely, therefore, to have been overestimaled
and the SMR values correspondingly underestimated
as the montality from Jung cancer had been rising
throughout the period of observation.

Brain cancer. The idea that vinyl chloride might cause
brain cancer was also suggested by Monson et al (36)
when they reported five cases against 1.2 expected. The
combined data that are shown in table 4 provide some
support for this hypothesis. The cases of Monson et
al (36) were, however, observed in US workers and
must be presumed 1o be included in the 1otal reported
by Environmental Health Associates (14); therefore
they will have contributed a substantial proportion of
the total in table 4. As a 1est of the hypothesis the data
of Monson et al ought, therefore, to be subiracied
from those in the table. Their investigation was not
a cohort study, and their expected deaths do not cor-
respond exactly to those in 1able 4. If, however, the
observed and the expected cases are both subtracted
from the totals, twenty-four observed deaths remain
against approximately 18.3 expected, a difference
whic‘h might easily occur by chance (P one-tailed =
0.1).

¢ If the study of Waxweiler et al (50) is regarded as the origin
of the hypothesis, 26 deaths are left against 18.54 expecied
(P one-tailed = 0,07).
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Additional information from two other sources is
given in table 5. The small excess reported provides
little further evidence of an occupationa! hazard, as
one of the two deaths observed in the Swedish study
occurred in a young man who had been employed for
fess than a year when the diagnosis was made, while
the excess death rate for brain cancer observed in the
German study was less than that observed among
chemical workers not exposed to vinyl chloride (2.9
deaths afier allowance for deaths jrom unknown
causes against 1.6 expected) and among workers in the
PVC fabricaton industry (5.9 deaths after allowance
for desths from unknown csuses against 1.1 expected).

Canvers of lymphatic end hematopoitic tissues. The
ides that vinyl chloride might cause cancer of the tym-
phatic and hematopoietic tissues — more specifically
the lymphatic tissue — was suggested by Tabershaw
& Gaffey (45) and by Waxweiler et al (30) in two cohornt
studies, when they found, respectively, five deaths
from lymphomas in the most beavily exposed workers
against 2.54 expected and four deaths from cancers of
the lymphatic and hematopoietic tissues against 2.5 ex-
pected. These small excesses might have been ignored
if the iaboratory findings had not been interpreted as
suggesting that lymphomas were produced experimen-
tally in animais exposed to vinyl chloride by inhala-
tion (29). The idea that similar exposure might also
cause lymphomas in humans, therefore, merits seri-
ous consideration. The data from the four principal
studies that are summarized in table 4 provide little
support for the hypothesis when all cancers of the
lymphatic and hematopoietic tissues are considered to-
gether (57 deaths against 50.87 expected, SMR 112)
and very little more is obtained from the separate data
for cancers of the lymphatic system (Tabershaw & Gaf-
fey's definition of 1CD list numbers, eighth revision,
200—203 and 205 being used) that are shown in table
1 (35 deaths against 29.40 expected). The position is,
moreover, hardly aitered if the data in Tabershaw &
Gaffey's initial report are subtracted (29 deaths against
23.36 expected, SMR 124),

Little additional information is provided by the
results of the German study (49). (See table $.) This
study obtained an SMR of 214 for exposed workers
(based on 15 observed deaths, increased to 16.5 when
allowance is made for the number of deaths from un-
known causes) against SMR values of 77 and 34 for
an unexposed group of chemical workers and a group
of PVC fabricators. 1t showed thal the excess of the
exposed workers was present only for men who had
been exposed for more than one year and that this ex-
cess was most marked for men who had been exposed
for five years or more (10.7 deaths after allowance for
the number of deaths from unknown causes against
4.0 expected, SMR 268, P one-tailed <0.01).

Melanoma. An excess of melanoma was reporied for
Norwegian workers by Heldaas et al (22), who raised

the possibility that vinyl chioridemtight have produced
the disease. Four cases were observed when 0.79 were
expecied, and three of the four were in men whose oc-
cupations involved the highest exposures (against 0.51
axpected). At the time of the writing of their report,
one further case had been detected with onset three
years after the closure of the study. Subsequent studies
in other countries bave, so far, reported only two
deaths against 2.0 expected. (See tabies ) and 5.)

Thyroid cancer. An excess of thyroid cancer was also
reported in the Norwegian study (22), in which two
cases were obeerved 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-
chusion from their obeervation. Two of the three major
studies that have been reported since the Norwegian
observation was made gave no data for thyroid can-
cet; the third reported two deaths against 0.43 ex-
pecied. (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
genera! have sometimes been made, but they have not
taken adequate account of the contribution of cancers
of the liver to the tota! number of cancers of the
digestive system, particularly when it is borne in mind
that some liver cancers are likely to be misdiagnosed
as cancers of other organs. The combined data from
the four principal studics shown in table 4 weigh
heavily against the idea that any such effe¢s has been
produced.

Other cancers. One of the remaining types, or classes,
of cancer listed in 1able 4 shows # statistically signifi-
cant excess, namely, the heterogenecous group of
*‘other cancers'” (83 observed deaths against 65.24 ex-
pecied, P two-sided <0.05). This excess is only mar-
ginally significant and may be & 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-
nomatosis, site unknown, the number of deaths in this
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 result of exposure
to vinyl chloride, and cirrhosis of the liver is presumed
1o be increased only because of the liver changes that
were observed as part of the **vinyl chloride iliness™
(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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Tabie 7. Mortality from selected nonmalignant causes and all
oauset in the four principal studies combined. (O = cbsarvad
number of deaths, E=expected number of deaths,
SMR = standardized mortality ratio}

Tybe of-Giseass © € swn Soureol
Sronchitls,

esmphysema® 0 "y 12X 1,2
Other respiratory

dissase "M 12570 B 1,2

Al roepiratory

dlesase WO 20082 80 1,234
lachemic heart

dissass ™ esTY 0 12
Other circutatory

dissase 282 MASE # 1.2

Al tircuistory

dissnse© 1903 12008 9 1,23, 4
Olrvhosis of the lver ®8 02X ® 1,24
Other dissase 383 WAOT 85 1,234
Al nonmalipnant

disease 1847 184450 84 1,234
All sxtemal causes 2 2518 17T 1,234
Al nonmalignant :

caUseS 1773 21385 8 1,234
All causes 2441 274785 B8 1,23, 4

* 1= United States study (14), 2 = United Kingdom study (25),
3 = Canadian study (48), snd 4 = Ralian study (4},
* Bronchitis in the United Kingdom study, amphyssma in tha

Uﬂlloﬁ Statea study.
lar dipeane in the United Kingdom snd

lulmn studies.

Table 8. Mortality from chronic obstructive lung Jisease* in
the senies from the United States (US){14) and the United King-
dom (UK) (25) by ch istics retevant to sn

hazard. (O = obaerved number of ganths, E = expacied numbaer
of deaths, SMR = standardized monality ratio)

Data Category 1 Category 2
characteristic ® o) E 8MA O E SMR

Observed 20 years
Of more aftar first
empioyment in
the US (1),

;)Mn in the US

Empioyesd 10

rs Of more in
the US (1),
othersinthe US(2) & 106 147 25
Empioyed before
1956 in the UK (1),
others in the UK {2)

0 158 10 1n 70 %7

120 208

28 .17 85 10 1380 74

worker in the UK (1),

others inthe UK@¢ 3 855 46 N IR 88

* Described as emphysema in the US study and as bronchilis
in the United Kingdom siudy.

® The numbers in parenthesss oesignate the calegory.

¢ Man gver emploved as a bagger or drisr, ocCupations which
would have caused the greatest occupational exposure to
polyvinyl chiorica duat, sxperienced one death from bdron.
chitis sgainst 4.98 sxpected.
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recorded for men exposed ta PYC dust (2, 26, 27, 44),
and acute cardisc death, from analogy with the effect
of other halogenated hydrocarbons (25) and the ob-
servation of an increased mortality from myocardial
infarction in the few years following the cessation of
exposure in the Swedish PVC processing industry (35).
Relevant figures for the numbers of 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,
sone 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 cirrhosis of the liver, reporied four deaths
from all diseases of the digestive system combined
against 3.85 expectied and noted that the four included
two that were certified as due (o cirrhosis of the liver,
but actuaily due to angiosarcoma (46). In the two sup-
plementary studies in which data were given for this
disease, the SMR was 82 in one, based on 15,1 deaths
after 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 mortality
from emphysema (4} deaths and an SMR of 180 be-
fore any allowance was made for deaths from un-
known causes). No such excess was found in the UK,
where 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 to 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 meam
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 1o cohorts
that had very similar experiences of angiosarcoma of
the liver and so, presumably, fairly similar exposures
to vinyl chloride.

Separate figures are shown in table 8, where a1 ail-
able, for the moriality observed among men with dif-
ferent durations and intensities of exposure. Unlike the
data for cancer of the jung that were shown in 1able
6, they provide no consistent evidence of a greater risk
in the groups in which an occupational hazard would
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be expected to be concentrated. The authors of the En-
vironmenta! Health Associates report (14) were unable
to give any explanation for the increased mortality
from emphysema, and they point out that it could
hardly be due 10 excess cigarette smoking, as there was
10 overall excess for cancer of the lung. It is striking,
however, that the excess is more than compensated for
by deficiencies in the other categories of nonmalignant
respiratory disease (poeumonia 15 deaths,* SMR 47.0;
other respiratory discase 14 desths, SMR 42.6), and
the question arises whether the emphysema excess
could be a classificatory smtifact. Environmental
Health Associates (14) list all the 41 deaths which show
that they were coded under 1CD number 527 which,
in the out-of-date seventh revision that was used for
the coding of ali deaths in the study, was the code for
**other respiratory discase not otherwise classified’’ and
included emphysema. Under that revision, however,
emphysema that was associated with bronchitis should
be classified with bronchitis under ICD numbers 300
to 502, and the possibility may be considered that some
of the emphysema deaths should have been classified
in some category of respiratory disease other than 1CD
number 527. If this were the situation, it could account
for both the excess mortality from emphysema and the
grossly deficient mortality from other nonmalignant
respiratory diseases.

No excess mortality from *‘*bronchitis, emphysema,
and asthma’’ was observed in the German study (SMR
44 with 6.3 deaths observed after allowance for the
number of deaths from an unknown cause) (49).

Cardiovascular disease. Dats for ischemic (or arterio-
scierotic) heart disease (which may be presumed to in-
clude the vast majority of all deaths certified as due
to acute cardiac disease) were given only by the two
big national studies, and they provide no evidence of
an increased mortality. The SMR values of 90 for this
group of diseases and of 91 for all cardiovascular dis-
ease recorded in the four principsl studies are typical
of the SMR values of healthy industrial populations,
and there is no suggestion of any occupational hazard
in the subsidiary analyses provided by the two national
studies. In particular, there is no evidence of an in-
creased mortality within one month of leaving em-
ployment in the UK study either for all workers (52
deaths, SMR 61) or for the most heavily exposed auto-
clave workers (9 deaths, SMR 42).

A slight increase in ischemic heart disease mortal-
ity was recorded for the exposed workers in the Ger-
man study (49), but it was Jess than that recorded for

$ The deaths attributed to different groups of respiratory dis-
eases and the corresponding SMR values that are cited in
this section for the US study sre as given by the Environ-
mental Health Associates (14) and have not been adjusied
1o account for the number of deaths from an unknown
cause. To take account of Lhese deaths, the observed deaths
and SMR values can both be multiplied by 1.0674.

—n

the unexposed chemical workers and the PVC fabri-
cators (SMR values of 127, 131, and 158 based on 97.2,
126.7, and 105.7 deaths, respectively, after allowance
for the number of deaths from unknown causes).

Di ion
‘The information that has now been obtained about the
Jong-term health of men occupationally exposed to
viny} chloride is massive and compares favorably with
that avsilable for any other occupational group. Two
facts are outstanding. First, the men have experienced
& specific hazard of @ type of cancer that is normally
extremely rare, namely, sngiossrcomas of the liver. The
rarity of this disease under other conditions made the
detection of the bazard easy; but the long latency
peviod before the disease appears after first exposure
{(almost always more than 10 years and usually more
than 15 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
19605 and that of the further reduction that followed
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 thar the
total may be increased 10 times, but a more realistic
estimate is two to three times (19).

‘The second outstanding observation is thar the mor-
tality of the exposed men, other than that due to
angiossrcoma 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 small.

The massive data that are now available provide no
reason for thinking that any hazard other than one of
cancer has been overlooked. It is, however, stilt dif-
ficult to decide whether viny! 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 10 suggest that either should be produced by
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vinyl chloride, and, in light of present evidence, the
simplest explanation is that the reporied excesses are
the chance effects that must be expected when many
different types of cancer are studied in several different
populations. So far as melanoma is concerned, it bas
to be remembered that the disease has become much
more coOmmon in recent years in Scandinavia (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 exient 10
which this change may have affected the observation
in Norway needs to be examined.

‘Two other hazards (of lymphoma and brain cancer)
were suggesied by the early results of some of the US
studies. That vinyl chloride might produce a hazard
of lymphoma was initially supported by the prelimi-
pary results of animal studies, but the complete results
of the many investigations that have been undertaken
{see reference 29) do not suggest that lymphoma or any
other cancer of the bematopoietic system is liable to
be produced. There is, however, some evidence that
brain tumors can be produced in rats (29). The hypoth-
eses that lymphomas and brain cancers might be
produced by vinyl chioride have been supported by the
observation that both these types of cancer have caused
death more often than might be expected from national
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, and the
hypotheses remain unproved. The small excess of brain
cancer is particularly difficult to evaluate, as mortal-
ity rates from this disease have changed rapidly over
time as methods of diagnosis have improved and the
suspicion of an accupational hazard (which was raised
in 1975) couid have influenced the findings. What ex-
cess has occurred has been limited to the US and Ger-
many, and the German findings carry little weight, as
the excess was found in each of the three occupational
groups studied, irrespective of the chemicals 10 which
they were exposed. The supplementary data from the
German study showing ar increased monality from
lymphatic and hematopoietic cancers are more impres-
sive, particularly as the excess was the most marked
for men who had been employed for at least five years.
In these circumstances, judgment must still be sus-
pended until the data for each study are analyzed for
each specific type of cancer, by intensity and duration
of exposure, and by time since exposure began.

There remains the suggestion that vinyl chioride
might cause lung cancer. At first sight, this possibil-
ity is ruled out by the SMR of 97 for the combined
data for respiratory cancer for the four principal
studies. Lung cancer is, however, normally so com-
mon (accounting for about 8 % of the expected deaths)
that an increase in mortality that was half as impor-
tant (numerically) as the increase in mortality from
angiosarcoma of the liver might easily be overlooked
(95 % confidence limits of the SMR 85—112). Thein-
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cidence of the disease varies moreover within a coun-
try, and there must be doubts as to whether the na-
tional experience provides a suitable reference for men
employed in planits that are not evenly 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 is independent
of the factors that might be expected to influence it
if some of it were occupational in origin, pamely, the
intensity and duration of exposure and the time since
exposure began. It is 8ot poasible 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 ides that exposure to viny! chloride involves a small
hazard of lung cancer. Taken in conjunction with the
knowiedge that lung tumors have been produced in sev-
eral species of animals exposed to vinyl chioride by in-
balation {29), it would scemn that a small hazard of lung
cancer probably did occur. The evidence is not, how-
ever, strong enough 1o 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 (i) all
the exposed men could be foliowed to (say) the end
of 1984, (ii) the investigators could present their data
in comparabie 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 (ii)
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 popuistion

As vinyl chloride has been proved to cause cancer in
man and is a mutagen in laboratory experiments, it

ust be presumned that even the minute doses that
wscaped into the general environment from preduction
plants or (in the early days of manufacture) from PVC
materials will have caused some risk of cancer to the
general public. These risks must, however, have been
very small, as air concentrations of vinyl chloride, even
within 2 kilometer of plants handling vinyl chloride,
used 1o be (in or around 1975) of the order of 10 to
40 ppb (1, 3, 15), and this level is about one-ten thou-
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 by vinyl chloride other than a risk of
angiosarcoma of the liver, as it has proved so diffi-
cult to detect any other risk among men who were ex-
posed occupationally. The position with regard to an-
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giosarcoma of the liver is different. This disease is nor-
mally so rare that, in the absence of specific exposure
to one of the known causes (viny} chloride, thorium
dioxide, and arsenic in pesticides and medicines), the
annual incidence is on the order of 1—2 - 107 (5, 8).*
In these circumstances the discovery of even one case
in a man living close to a factory in which vinyl chlo-
ride was used in the days before exposure was tightly
controlled may be regarded as presumptive evidence
of the effect of environmental poliution.

Several surveys have been undertaken (o determine
whether any such cases have occurred. Saric et al (43)
snd Elinder & Pershagen (13) sought for cases in the
wvicinity of plants handling viny! chloride in Yugoslavia
and Sweden and found none. In Holiand Dalderup et
al (11) found eight confirmed cases not attributabie
to thorotrast or arsenic and could trace ‘‘no contact
with vinyl chloride,”” but they made no specific men-
tion of the patient’s place of residence. Baxter et al
(3) found 14 confirmed cases in Great Britain over a
12-year period, one of which was in a man who had
lived half a kilometer from a PVC manufacturing
plant, and, in New York State over an 18-year period,
Brady et al (5) found 19 cases that could not be at-
tributed to any known cause, five of which were in peo-
ple living within a mile of plants manufacturing or
using vinyl chloride. The overall incidence rates in these
last two studies were not unduly high, but the occur-
rence of as many as six cases among people living so
close 1o manufacturing plants is surprising. Brady and
his colleagues, moreover, compared their series of pa-
tients with matched referents and found that none of
the referents lived equally close to a plant. Two of these
six neighborhood cases (one in England and one in
New York State} cannot be attributed 1o environmental
poliution with vinyl chloride, as the men who devel-
oped the disease had lived near the plants for six and
eight years, respectively, before developing the disease,
and this period is 100 short to aliow for the necessary
latency. The other four cases, however, all occurred
afier 15 or more years of local residence, and the dis-
covery of these cases strongly suggests that pollution
of the environment around plants manufacturing VCM
or PYC may have caused a minute hazard 1o the gen-
eral public.

Current concentrations around plants handling vinyl
chioride are certainly much lower than those reported
previously by the US Environmental Protection
Agency. Recent British measurements made within a
few hundred meters of the VCM areas have given aver-
age values below the daily limit of derection {5 ppb)
for three of five planis, the readings at the two others
being 20 ppb {100 m outside the boundary fence) and
88 ppb (just inside it) (47), akthough substantially
higher values were recorded on two occasions asso-
ciated with putting one plant into operation and with

¢ The figure of 1.4 - 10— cited by Heath ¢1 al (21) seems 1o
have been a misprint for 1.4 10—,

an accident at the other. According to any reasonable
criterion the hazard to the general public (if there is
any at all) must be negligible (42),.

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

Summary

This paper reviews (i) the possible effects of vinyl
chioride on the personal bealth of men exposed by
virtue of their occupation (other than the early effects
of the very high concentrations to which were ex-
posed when the industry was first developed — uncon-
sciousness, cardiac arrhythmia, and the characteristic
“‘vinyl chloride iliness*’) and (ii) the carcinogenic
effects that might conoeivably be observed in the gen-
eral population as a result of the widespread distribu-
tion of vinyl chloride a: & pollutant. The possibility
that vinyl chloride 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 vinyl 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 examination of all the evi-
dence, especially the combined results of those studies
that include s substantial proportion of observations
on men more than 25 years after their first exposure
and cover g long enough period for more than 10 %
of the employees 10 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 Italy. The results of other studies from the
Federal Republic of Germany, Norway, Sweden, ltaly,
France, and Japan can be used only to provide sup-
plementary information. The many earlier reports of
exposed workers in the US and the UK concern men
covered more 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 10 be
made for the failure to determine the cause of 6.3 %
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. It must, therefore, be kept in
mind that the rates used may not have been wholly ap-
propriate for the localities in which the plants were
situsted. This circumstance is potentially important for
the US study, which covered workers in 37 piants, 22
of which were situated in the southern part of the
country. The other less informative studies are, for the
mOst part, open 10 more derious criticism, and the value
ofnchmormuluaadstoheumudmwy
in relation to each disease.

The combined results of the four prheipll studies
show that the SMR values, reflecting the ratios between
the numbers of deaths observed and those expected in
the absence of an occupational hazard multiplied by
100, have been (i) 77 for wccidents and other violence,
(i) 84 for diseases other than cancer, and (iii) 102 for
cancers other than cancer of the liver. All these results
are what might be anticipated for an industry devoid
of any specific occupational hazard. The low ratio for
diseases other than cancer reflects the *“heaithy worker
effect,"” which results from the selection process that
inevitably excludes some of the less healthy members
of the population from industria! employment and is
compatible with a higher ratio for cancer, as the mor-
tality from cancer it not normally subject to such an
effect, apant from the first two or three years imme-
distely following the start of employment.

The mortality from cancer of the liver was nearly
seven times that expected. Most of the 51 excess deaths
were known 1o be due to angiosarcoma, even though
this diagnosis was not recorded on the death certifi-
cate. The excess corresponds closely with the 49 deaths
due to angiosarcoma reported to the International
Register of Angiosarcoma Cases as occurring in em-
ployees of the plants concerned during the periods
under observation. All the men who developed the dis-
ease were likely to have been exposed to concentrations
of vinyl chioride of several hundred parts per million
or more.

Three other types of cancer which have been sug-
gested 10 occur as a result of exposure 10 vinyl chlo-
ride are cancers of the lung, brain, and lymphatic and
hematopoietic systems. The combined data for 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 which the
effect of an occupational hazard would be most like-
Iy to be seen (that is, men employed for more than 10
years, exposed 10 higher than average concentrations,
or observed more than 20 years after first exposure).
In two of the supplementary studies it was also noted
that the mortality from lung cancer was specifically
increased among the most heavily exposed workers.
The combined data show small excesses in the mor-
tality from cancers of the brain and of the lymphatic
and hematopoietic systems. The excesses are, however,
not statistically significant, and there is nothing to sug-
gest that they are occupational in origin. An excep-

%

tion is the observation of an increased mortality from
cancers of the lymphatic and hematopoietic systems
in the supplementary study from the Federal Republic
of Germany.

Two types of cancer were reported to be in excess
in the Norwegian study, namely, thyroid cancer and
meisnoma. The significance of this finding is difficult
to sssess becsuse very little information about these
cancers has been provided by other studies.

Suggestions that viny! chloride might cause cancers
of the digestive tract have failed to account for the
contribution of angiosarcoma of the liver. 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 principal studies was statistically marginally
significant (83 deaths again® 65.25 expected, P < 0.05).
Somie of the excess was likely to have been due to the
misclassification of angiosarcomas as secondary can-
cers of the liver or carcinomatosis, site unknown.

The following three nonmalignant causes of death
have required special examination: cirrhosis of the Liver
because of damage to the liver in “‘vinyl chloride ill-
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 PVC
dust. Far from being raised, the mortality from cir-
rhosis of the liver was less than expected in the three
principal studies and in ont¢ of the two supplementary
studies which gave separate figures Tor the discase
(SMR values of 69, based on 46 deaths, and 82, based
on 15 deaths), while in the other supplementary study
the increase was trivial.

Data for myocardial infarction have not been re-
poried separately. But myocardial infarction accounts
for most of the deaths attributed 10 ischemic heart dis-
ease, and there is no evidence that gither ischemic heart
disease or cardiovascular disease as a whole was un-
duly common (SMR values of 90 and 92, respective-
ly) or related to occupationai 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
studies show the low montality that is commonly found
in healthy industrial populations (SMR 80). This fig-
ure hides, however, an increased mortality from
chronic obstructive lung disease (SMR 120), which in-
cludes emphysema and is due to a grossly increased
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mortality attributed to emphysema in the US study

(SMR 193), The corresponding mortality in the British
study, which was preferentially described as due to
bronchitis, was less than expected (SMR 82), as was
the mortality from pneumonia (SMR 50) and other res-



piratory diseases (SMR 46) in the US study. There is
no consistent evidence that the mortality from em-
physema.or broachitis was specifically occupational,
and it seems possible that the reported excess in the
US study was an artifact due to nosological difficul-
ties with the use of the seventh revision of the ICD.

Review of the massive data now availabic on the
long-term bealth of men occupationally exposed to
viny] chloride leads to two clear conclusions. First the
mes have experienced a specific hazard of the normally
extremely rare angiosarcoma of the lver, Approxi-
mately ] in 335 of the men exposed in the 49 plants
studied died of the disease, and i 2% of
the observed deaths were attributed 1o it. In the codrse
of time the numbers of cases of angiosarcoma must
be expected 10 increase two to three times. Second,
the mortality from all other causes has been typical
of that of pormally bealthy industrial workers. If any
hazard has existed, its effect has been small.

‘The data provide no resson to think that any haz-
ard other than one of cancer has been overloocked. It
is, however, still difficult to decide whether vinyi chio-
ride produces small risks of cancer, compared to those
due to nonoccupational causes, at sites other than the
liver, and, if so, whether, in total, these risks might
cause almost as many deaths as angiosarcoma of the
liver.

There is too little evidence either 10 confirm or refute
the suggestion that vinyl chloride might cause mela-
noma or cancets of the thyroid, brain, and iymphatic
and hematopoietic systems. None of the small excesses
that have been recorded point specifically to an occu-
pational hazard, apart from that attributable to can-
cers of the lymphatic and hematopoietic systems in the
German study reviewed, and most are likely to be the
sort of chance effect that is certain 10 be observed when
many types of Cancer are examined in 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 possibility that there may
have been a small occupational hazard of developing
the disease, as geographic variations in the incidence
of the disease throw doubt on the validity of using
national rates for estimating the expected numbers of
deaths. The greater mortality in groups of workers who
would be more likely to show an occupational hazard
than other groups suggests that a smali 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 questions that have
been posed in this review might be obtained if the
various groups of investigators could present their
results in more appropriate and comparable ways.

As vinyl chioride is a mutagen in laboratory experi-
ments and a proved human carcinogen, the minute
doses that have escaped into the general environmeni
as pollutants must be presumed to have caused com-
parably minute risks 10 the general public. No such
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risk could possibly be detected, other than one of
angiosarcoma of the liver which is normally an ex-
tremely rare disesse. Several surveys have sought evi-
dence of the existence of such an effect, and sugges-
tive evidence that such an effect may have occurred
at a time when environmental poliution was much
greater than it i now has been found in one.
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