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VINYL CHLORIDE CARCINOGENESIS:
CURRENT RESULTS AND PERSPLECTIVES

Co MALTONL, G LEFEMINE, POCHICO awd DONATA CARKEL 1

1) Inrropverion

Vinyl chluride (V) has been produced industrially for more than 30 yean .
in many countries, such as the US.AL Japan, Wesiern and Eastern Eugoge,

Russia, Canada, South Africa, Auseralia, the Philipimes and Biazit VO iy ihe
*

constituent of polvvinyl chloride (PVC), which twday is the plastic iwhisriad
material most often vsed and diffused throughon the warkd T s osal as o
copolymer in Saran and other plastics, as a chemical intermediate, as a solvens,
and as a propellant; in the past, for only o short periad, it was also osed o
an anacsthetic,

Some sectors of industry and modern Bife, beavily deperdent on VU il
PVC praducts, include building and contrnction, the amnomaobile indusiy
electeical wires and cables, indusiriad and howsehiold equipment, kg
products, howschold” furishings and medicl producis, Oiler polviers con
taining vinvk chloride are used in fibies and waface coatings. VC mononer is
the single most importam market for the chlorde canstic indostry, The rubidwer,
paper and glass industries also depend beavily on the pradaction of VO,

V(s presently produced at a worldewide rate of apprasinaecly 12 millow
tons per vear, meaning the entire VO-PVC industey Bas a subsangial impac on
the world’s ceonomy.

For instance, in just the US., which praduced more than
VC, approsimately 14,000 workers are emplnad in neardy 500 monomer anl
resin plants, and an estimated 50,000 workers are emploved in plants processing
PVC into numerous products, which in tum are used by an estimaed 800 000
W 00,000 more workers 1o produce industrial goods and individual consame

e of the warlds

products.

The economic value in the US. of operations dependent apon VE PV
production is measured in many billions of doblars. The Washigtor Vo
reported on June 26, 1974 the Tollowing: “The American plistics indien
warned vesterday " that proposed government rules o shish v chloride level
in factories to ciminate the danger of cancer conld cost the sation ap v 22
million jobs and as much as 90 bilhions TS dollass in anoaal producosw ©
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G bl e e o od VO s evadasted an approsinuiche 72000 rans
P cewn Pl e preh e canpanes of VO PVC are: Montedison, Sobvay .
Peasvca, ANTE d Digurchiea

Phe following populateon proups may e exposed 10 VO 1 workers
chpased e prodicdon of PVC aad VO aod the ase of VL for other
mbistial parpeses; 00 warkers manofaciuring. PVC: 30 revidents in areas
weoebbemring fctories prodocing PVC and VO3 and o2 owch Tesser extent:
Uopeople wding products comaining VE, such as some propellent spravs;
v peaple Taving contact with tesion made with VG amd with materials con
tonige these sesinss sond 61 papmlations consuming foad connained i plasics

ek e VO

Baenssavs oo the dong oo elfects of VO were ot available aail 1970
Hhis steation sethats the Lok of consideration given aniif now 10 expermentad
Licaans o prediciing the omogenic etlect on man of environmentdl and
ccnpational apeemis We beheve that the events eeliad e vimd chloride carvine
cocite shonk) ndnce greser imterest inexperimental bloassas,

I Hisrory

fn 1970 Professos Viara preseated 1Vioea, 19700 at the X International
Cancer Congress st the results of a pilon esperiment, which were Liter
prbbisherl o dewil (Viova et al, 197100 Professor Viota reported 1o have
cheerved i 26 mts exponad by the inhalatory ronte @ 30000 ppm o VO
Plowas daily; 5 dave weekly, for 10:12 months, surviving 10 months or more,
Co <bin mmons, 7 pudmenare tumours, mainle carcinomas, and 5 ostoschon.
honn

I 1967 our Iostimee initiated o large fnvestipation among workers of
wietal Taalian industrial plants 10 determine the offocs of the exposure 10
diberem chemivals on respintory epithelia. The pathological  changes were
il by spoinn evtology, Tn 1970 this research was extendad (o workers
e VG PVE dodustries. A signilicant increase of eclfufar changes in bronchial
cpotbaelins, sl o marhed squamons metaplasia and squamons dvsplasia, was
tecasd awnrg the weorkers more heavilh exposed 0 VUL

Tnedigely alter the Houston Congress, we contacted Professer Viona
Aev Fidhe put some slides of his experimental imouss at our disposal
Loerdu o onr imerpretasion, the malignant tumours observed by Protesor
Vi st the shin were cucinonnas arising from the Zymbal gland o sebacaons
slaind of the exterion acoustic ducti, which s reaponsive to a large nubor ol
covvinopens The oalignancies of the lung. in our opinion, were mersaes
tecan Zymial pland tamones.
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Py o )
Pavcea wpeiments (0TI were suntal Sone of them were programmad at the
. sl cchers began atier sesolts were obiainal from the initial experiments. The
e col plan aad corrent sitoation annt Seprember 10, 1974 are shown in table 1.

o e aadies dhie e ol the atmespheric exposare o WKL, 6000, 2,580, SO0,
it ppar of VOO 4 hones diih s S davs weekly, for 12 months, Twao other groups
s aamiabs vere added as contioly one intreatal, as or all subsegquent experinents,

an e poned with vind acetate (VA1 00 2300 ppan, administerad under the <anne

b e N Thin VA dhnage apprearad 10 be the maximan amount for dhronic
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Lot s 2000 150 and 10, andee the same conditions of experinent £, This was
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ererc 0 shndies the effeets of the s tvpe and degree of exposure as in esperinent

wother spevies, thae s e Treatment lasiad 7 months becance of the higher
1. H - . .

morsn s and shorter life span of our mice a5 comparad with rars,

g 0 e undertaken as o pilor investigation o study e possible elfects of atmos

plecr cvpesine during pregrancy on ollspring.

oo toepnxduees the saine conditions of Professor Viala's experiments,

e adies the effecrs of the same exposure as in experiment 1 in another strain

ot vars. that s Wistar,

Cer Vostadies the effeets of the same exposure as in experiment 1 in a third spocics.
bamsters, Tor the same period av in evperiment 4,

poaces o was plannad, before aamenrs were observed at 30 ppm - in experiment BT
te 1 aher assess whether inhalation of VC has any effect at a3 dose level of %) ppm.

vt i stadies whether ahigh, boe limited and/or intermittent etmospheric exposure
s v lf.-\l .

1 evaluwes the cffives of VO by ingestion.

Parnties the third gencral sonme of exposare,

Fiassese s whetber VO s on tissies ddirectly or throngh metabaolines,
P Lo Yeen induded o snnh e sesponsivencess of newhborns,

Frowas staned as soon as we fouad [ liver angiosarcoma, T estrahepatic aogio
voceand D onepluohlstoma, in thiee animals of the Birst esperiment, exposad to S0
vie VNG B 3 vear, and stmvviog 138 works brom the Iwginning of the treatment.
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TABLE 2
EXPERIMENT BT1: RESULTS AFTER 133 WEEKS ¢UND UF THF ENPURIMENT)

e . . ANIMALS WITH TUMOL RS
: . : Animals —-
R Groupn Spraguc-DawicrjZy mbal gland Nephroblastoman 1 Ang W0sarcomas Subcuras  Shin Hepateos  UBrain acure- b .
. ’ and rats) carcinumas w Qther sites WOU> carcme  Imas blntomas  land or
treatnwent (b) : JAMERIAY s ot im
Total [Correvte Average Kverage N i
s . nunitnr INo. |t latency | N. T laeney | No. . No. No. WY Na.
. t3) time time _ _
. tweeks) twecks) h
HVvA2500ppm. |9 |49 |- [- - - - R ' N - f
: Vel rpm.: 69 61 16 26 50 H 8 9 9 [} {4 [ ] b T Y]
: UNNC 6000 ppmml 72 | 60 7 |12 |62 4 |2 oS 11} i 3 I | s _ Bias
NNVC2500ppm ) 74 59 2 3} 1 6 10 74 13 22 ' ] < s YY)
‘ Vo V( $00 ppm. T8 4 119 4 R T > I |t _ 1 1 g
VI VC 250 ppm. | 67 | $9 - S 6 |16 | S0 | 4 b} ) 4 m
, A1) VC SO ppm. | 64 | 59 - - - 1 EREE T S T T 1 1 - 9
~ Vi) No ucatment | 65 ! 58 - - - - SN R U : [ CE 10 10
} Jota STT J464 29 - _» 36 - _- - A*..S [ M_u ,—3, [T HAA .—:
W
! . a} Alive animals after 26 weeks, when the first tumour (a Zymbal gland carcinoma) was observed. The percentages are referred
i to the corrected number. .
! b) Metastases o jung.
: , c) Melastases to hivers, lung, spleen and brain.
! ! d) Metastases 10 Jung.
‘ : ¢) 1 angosatcoma of the lips; 1 angiosarcoma of the nose. 1 intrabdominal angiosarcoma (next to liver).
N1 __1. coma in sub us fibrosing angioma; ! ossifying parauriculas angiosatcoma; | intrabdominal angiosarcoma (next
to liver) :
i g8) 2 intrzabdominal anglosarcomas (1 next to spleen and 1 next to ovary): | onifying anglotarcoma of neck.
! h) | pulmonary angiosarcoma; 1 angiosarcoma of uterus.
' i) | inrabdominal angiosarcoma (ncxt 1o spleen); 1 intrathoracic ossifying anglosarcoma.
1) 1 intrabdominal diffused angiosarcoma.
i m) Scveral cases of breast fibroadenomas, adrenal and pituitary tumours (generally adenomas) have not been considesed. since
! their distribution an the ifferent groups docs not vary . .
: . n) 2 Zymbal gland adenomas; 3 mammary carcinomas; | ncuniicmmoma; | ovanian cystoadenocarcinoma.
; 0) 4 Zymbal gland adenomas; | salivary gland adenocarcinoma; 2 hepatic and | peritoncal angiomas.
i p) | Zymbal glnd adenvma; § mammary carcinoma; 2 cpendy momas,
' ) q) | y carci s 2lymphomas; 1 pulmonary fibrosarcoma.
| » 1) 1 Zymbal gland sdenoma; | mammary carcinoms; | lymphoma, .
: . 1) 3 Zymba! gland sdenomas; 2 mammary carcinomas; | subcuts s angioperici i 3 uterine adenocarcinomas (§ with
i N sarcomatous component ). .

t) | invasive acanthuma of Zymbal gand: 1 subcutancous fibrosarcoma: 2 peritoneal tibroangiomas; 2 uterine adenocarcinomas
(1 with sarcomatous component); | uterine kiomyosarcoma; | ovarin fibrosarcuma; | pulmonary rhabdomyosarcoma; 1

) lymphoma.
v, u) Several animal with 2 or mote tumours.
g W, [y — - e N~ 7 > - bl
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B Zy mbat pland adenoma,

i = .
1 =
m r'l + .
¢ 3
!
| . s
) “ e e 5 4
J
TABLE § . ‘
EXPERIMENT B13: RESULTS AFTER 86 WEEKS ta)
i ] Ammals X Amnials with umourn ] -
H IO tSpraguc-Danley “Zymbal dand Nephrobla- | Angrosarcomas Hrain =f.=:..f:._2 tpe 1Tona i -
i and ' amn) CACINO M _,..:_E, 1ver Other sites Thlastomas Jand of thy g
i <
} treatment } —_—— - st td)
i Tota) TSurvinor No, .Nu. No. No. No. \o No.
i "
! ' V .
| 11 \V'C 10.000 ppm. 60 9 6116 (LI T Liby(dy 611 IS |18 ! z .
! I VC 6.000 ppm. 60 16 0N SNET) -t . 3 2h y Tae o 110027 z ‘
H 1 VC 2,500 ppin. 60 3 : ey _u 3 N - (K]} 24 - h 023 - ’
; 1Y) VC S0O ppm. ¢80 N () (3 EER ) . (M} - 2Ty MIRE =
: VINC 250 ppm. ' 60 ) 1s ‘ 1) 0 -ty - | 2 39 3
! A VC SO ppm. 60 18 - ) 1o - ; [R1} 1. h =
: £ VU So reatment 190 128 ) ; - Jad oo -
., [era BELL 28 1eh SXTETINS IXEEC E KL EO SR 17 149 [3xe0in | H
v Between brachets ate recorded the tumouss toand 12 enpeninent BT1 stter Bh woeks, n
L1 uboutanee s aneRisar e nig, , =
PR 1 I YRR I N TeT N LT PN 7
Yo RoAChar edws ot hreast Dibroadenanias, dfeha: afd ttuitars tumotts tgencratit sdcnomas) hase not been considered. sine .

their distibution tn the ditierent Eroups docs ot vony,
o0 1 parsuncutar Nibrosarcoma: 1 nasal paplioma. | renal adenoma.
1 Zymhgl pland fibrogaproma, 2 skan caremomas. 1 aabeutancous angioma. 1 mammry carcinonui.

Voterestorach papitlonn, 1 ocranad ostcoma,
e nemas

17 & cland adenoma. 1 oretrobulbar Oibren,
Zy by giandd sdepoma. 2 v mphomos,
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TABLL X
LAPHRIMENT BT RESLLIS AFTER al WEERY

TR (e ©Sunnots Palmonan tumouss ALRUIL FT I L RTE
(L1} fage
§otrvatmem —
. M Avctage T - — g
! ' . L [ E S L \ \ o " .
! . _ me
_ _r . _ — L _ .r.t,;.n:
| T _ — + — ~
__:. 10000ppm. ;3 M ey - - - RTINS T4 1nan . Sede w
TINCEO0oppm. | 3 b o a % - - - | _.5 (3 s o : I w
o 10 NC 2,600 pen T e - B T I TR w w8 1 LS N
1IN GVC S penn, oW e A B T R T ST TR : i - 2z
VAN 280 ppr i Wt oA M P TR T I R A TR £ 5 N P ii 2 T L 4 n w
AMNC Suppm RS ‘u (2] n 1 1 » w1 M o 1 3t i L " o
Vi N treatment R 1R R Cj1sn fre f34 fsw 43 o gs3 - s
Tutal NEZRHTE DS T O RO ECNE EDN B (R M) B = L T
40 Ablne gmmals ater 16 weeks, when the first tumour ta masmnary carcinoma) was observed. The percentaecs ate 1t ed o
the corrected nunmiber.
b) Adcnomas, some of which underpoing malignant transformation.
) In females,
Jd) 4 hiver tibroanpilomas: 3 subcutancous anpomas; | heart fibroangioma: | ossitving interscapular angioma.
v} 4 liver angomas. 2 hver fibroangmiomas: | subcutancous angrosarcoma: | renal fibroangioma: 1 thymic angroma.
1) 3 liver angiwomas. 3 subcutancous angmnsarcomas: 1 subcutancous angioma; 2 ntrabdominal angiosarcomas: 2 renal ¢ nosar-
comas: | pulmonury angloma.
g) 1 biver angoma: 3 hver fnibroungiomas; 2 subcutancous angiosarqomas; 1 subcutancuus angroma: ! subcutancous tibroi  roma,
3 intrabdominal angiosarcomas: 1 intrabdominal fibroangioma: | angioma ot the caccum: 1 wenul angiosarcoma: | pu  onury
fibroangoma; 1 testicular Hibrosngioma.
W) § liver angiomas; § liver fibroangiomas; 2 intrabdominal angrosarcomas: | pulmonary angioma: | «rotal anmoma.
1 2 hver angomas; 2 liver fibroangiomas: | subcutancous wngiosarcoma: 2 subcutancows snpiomas, | suber  ncous
fibroangrooma; | intabdominal angioma: 1 intrathorace Nibroangioma: [ angors ot the misecaputar 1at pad.
11 2 vpuamous carcinomias, | invasve acanthioma,
m) § spuamous carcinomas; 1 scanthoma,
n) ) squamous caranonia; 2 acanthons.
o) 1 acanthoma, :
pr 1 Zymbal pland adenoma; 1 torestomach papitloma.
q) ¥ lymphoma; | subeutancous leomy orarcoma; 1 lorestomach papilfoma: 1 Narderan gland ol nom.
1) 3 lorestomach paptiloma; | parotul gland mised tumour,
M ) Zymbal pland adenoma.
t) 1 Zyadal gland sdenoma: | lymphoma: | Levdig ool tumour,
u)} | pasorid pland sdenocaranoms.
v) 1 lymphoma.
7Y Suveral chwes wath 2 o nrre tumours,
P - - - - — o ~ e ——
=
X
=
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St v e reared s aned mice appear frequenthe o arise fnm

!

* "l Ly

EERTIEN

RTINS

Lot sl theoy e acpiadiuce w0 some extenmt morphoiogical

Hepatamas tin wst e wseallv well ditferentiaed. Metastases have txeen
alovivad o the fone,

Beain senroblastomas tin o are very simitar 1o the human medutlo-
©hbenas Since they v be goite samall and dherelore nor easile detactad
paciecopiciliv e we e iowe mabing serial sections of the brains of the trearald
tat o obiain more precise mformation on their real incidence,

Lan sdenonias tin mived are nsually mudticentrie: their aamber is higher in
anady neared with heavier doses Mang ol these timoues appear o andergo

cale mabgnane transtormation

Mamtnary cicienmae tin wive and mansd are vsually well ditlerentiated
ad oocarcinomas with mateanorphoos or polvmorphous arcmgement. Mammary
carcmomas of mices v be solitary or muliple, and dheir moat distinetive
e s the regieney witle which they present arcas of squamous metaplasia,

Several of the mwmonres produced By VO are quite rare or exeeptional.
Lovan Tonwladee fives anpiosaicomas, nephroblastomas and neoroblisiomas
b never bwen deseribxad as spontanconsiv oceurring in sats. Liver and extra-
Fopain ampgiosarcomas hane been imduced only in g few instances in esperimental

RIS
(T

rats, banscers and miee

atel nentablastomas have been evperimentallv reprinduced.

tor references see Maxtost and L
19740 As far as we koows this o die Biest e in which nephroblistomas

Fhe BTHE experimem which deals with the effect of VC administered by
s o Gtonnach ey i progressing well, showing i pood survival rae of
the anineals Crable 0L

TABIE 10
ENFERIMINT SRV REM OIS AITE R I3 WEEKS
Amaly Armwals uoth (urmours
LETITTIN (Speagun-bewhcy } _— et
awl [31N) Lymimi glaniNcpm\- Angranvmas Oaher type
1 ate ot ==y catuanomas fhlntomay | Lner Other utes .'_f‘.' | Total
Totab Suvvivors No [No N No. No S Ne
- [PV SuntuoSRUN IONNUE AR NP
I8 00 S0 g by L3 14
Ue v abls vy by [ 16
oo ity by [ IR
| AW P 0 1 . .
L. .
g 20 299 -

-

Vel 68w 1
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2) The
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observad n
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«r is higher in
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CY Conelmnrens.

1Y Under our experimenta! conditions, VO pradiced e e the aba
anitmals spevies stadicd v, mice sond Bamsecis i shoadd adb e o d
as prrelininary i haanstens,

20 Phe range ol mnduced twmonss varies earonineds B o s g
When wiven by dnbalation VO pradoces s Zemeiad st Coone
[N

nephiobblistomas, angiosarcons and angionsas o the Bvet wed by o
catanemus, bepatonas, brain neuroblastomas aend jnessibb emae ¢
i me, g adenomas trequenthy aodersoing oz tandoraie g oo
many carcinonias of o pecaliar pe angiosrcomae amd angiomas of dee o ! o
other ses and shin epithelial tuimows: in oo, liver anedsananngs et o
varlu cvidence seems 1o sggest, skin tricheepitheliones, Frphoma aind 1o
stonach papiflomas and acanthomas, Tocidenally, liver angiosarcomas v 1.oon
observed inall thice animal species. ’

33 Inothe BT and BT experimems, VU bows a camcerogenic el o
5S¢ ppm,

41 From BT esperiment (the onlv oone cemplerads a0 doscne oo

relationship i cearly shown, as far as angiosancomas and nepliobleconn

voncerned, in the Jower dose ranges: from 300 ppen ton 30 ppan ton angiosan o
amd from 250 ppm 10 30 ppm tor acphrobibastoras

50 A comparison of the resales availabdhe e the prosent ot 1 e
exponcd Tor 12 monthe and 4 mwonthe (BT wnd BT3 experinnaty L.
e the neoplastic responae, as far as angtosacosias and seplaohbcione o)
concernaed, is tfected by othe engih of exposae wo VI

61 The comparisan of the resulis obtained 1 sas of two dithaent ooy
e Spragoe Dawlev 1BV and Wisiar 1817 presenth sevies v v 1 il
the snain factor considerably atecrs the neoplisne tespen .
I

T The onser of awe subvntancons onpevcarcomas aied ot coe 7 i

gland corcinoma in the otlspring of bicederd Coanaed dusine s
!

shinvs, appears 1o mdicate o ransplicenal cttecr of VU

R The obervition of o dew cises ol o ol o atoonn s s

. Lo + o
a new orientation in the pathegencte menpecinon of acrostevbsic e vael o

exposed 1o VL
V) No tamours lune been observad meovae copesed 1 VU Tawe ) ;:\
should be pointed out that, under oo experma sl comditen . e 1ol

compaonmd canescd the death of s ol dhe ammnals whin o peerioad dhar died e I/

Alow a corredt c;lrvim-g\'nivil_\ tost.
Dy Leeplennerctatin of data

Our data have been pesiondicalls peansarnad o the Fuespeans coang s

sposoring the project and e avaable e G saraeaad paioee
Belore the end of 19720 0 <l mane o a0 was khnowe
inducing in rars oot el Zvmbal pland v b als s pepdacdd D ot

v e,




A~ Py
PRI Y

ix -

N
A
-l @ Ao B g .

SR R
O

Al
E

3
¥
o
;

,

y
A

PR

Py

Lo
PRSI S.., T §-3

iy ANRYRTIIN B B FO N L1 A SO

o bercoma hioe resnlie were given o the Maratacwnmg € homisgs
Laonttca OMCA b B8 This iformation promored dinfeal investizations
shichom Decembor 100800 b e st ome, idemitiad hner angiosareonn in s
worker of 0 PN Loy tRED Goadrich in Louisville, Kentckys prodocmy
VEPVE, as an occopatonal fimens &

C O upae date resilin have boen published (Mt roxn. 19730 Ma vost
and Lovesuse, 19740 a0 by in press), and reported in 1974 ine twe hearings
Leld by Oceapational Saferc and Heahl Administeation (OSHA of the U8
Dheparcment of Labor awnd o many symposia, conferences and mevtings organiaad
be the American Cancer Society, Lalian Department of Labor, Talian Superior
Pastitate of Tealih, New York Academy of Scienee, EEC, Tneniational Ageney
loor Rescarcdy o Cancer (TARC)H DNTSCOL Tralian Tostinge of Sovial Malwine
and Bolgna Tostiture of Oncalogye, Taalian Pederagion of the Cnions of Chemicat
Weorkers t5FULC)L Brernational Federation of Chemical and General Workers'
Hodons (1T and Nedichem,

2V PN AN IS BERoENMTE BV ol e, ]
NV Iraf Vada expersoony dliadvi

A the mecting of a0 Working Groap on VO held v the Tngeenational
Ageny tor Researdle on Canger tTARC) an Lvon on June 2425 1974, Do,
Vi areveakad thar in ducobogically weviewing lis material of past experimens,
b abasy derevred o v peated with VO angiosarcomas of e liver, wopether
with ather malipnancies of the shin, Jung and intestine. Morsover e aom

TABLE 1)

Py e N I NI N RS A TR Y T A TL RS AR Y AT L A A R S LN N AL A R A | o erat fa0r IRSE YV WV Y

mnnacated o have indoccd <L acmthomas and hung adenocarcinomas in rabsbies
teared with VO by inbubasen tor 4 boues datbe, 5 davs weckdy, for o peried of
At dease BS ol

W duduseviol BIO VENT L anaons” Exporincnts

Chese experiments were stnted i September, 1973 In Mav, 1974
o Wanking Group on the Tasnine ot VCAVE held by e New York Academs
of Scienees, preliminane esalis sevealed thae alse in thae laboratosy liver angio.
sarcommas, and mammany and pubinonaee wimoms were observad in mice expaosed
o VO Dby inhaludion, ‘

TV L eaanoneao v Dy

) vk ANGIONARE O

Siwe the fiest disooveny o an occupational tiver angiosacoma cased Iy
ovpesare o vine] chloride, 30 Gases of liver angiosaroomas 1o our Knowledge )
Lave been obsersed ameng workhers of VCPVC indusaries i the UN and several
Earopenn countries (able 110 Most of these tmees apose betore 1973 (the
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chenn e dates from 19610, but in absenee of experimental data, the
wr et hoked o the oceupational exposure, and as a marter of face, they often
i progeerly disgnosed. The majority of cases did not occurr until 15 or
free v aher ahe dirst exposure 1o vingl chloride. This lateney period is
sste e ghar observed in other occupational mmours.

TE O e AIATIGNANCIES,

A cacess mortality for cancers of the respiratory tract, blood forming
tres wnl brain has been observed among US. workers of VC polymerization
Llives 1] KL Waconek, Statement before the Subcommittee on the Environ
ment ol e LS, Senate Connnerce Committee, August 21, 1974) (See table 121,

The resubts of Dr. Waconrr's study are consistent with the mortality
stade wndertaken at Mt Sinai School of Medicine by Dr. 1. Seikort.

TARE 1) (Foum Tv. Wogunre)
FAPICTID AN GESPRVID D ATHE FIW M VARNAS CAN FR { AUSES AMONG SELECTED PWLOVEES
OF THO TS ) VU PYVE N2 VMERIZATION FACILITIFS (1998-197))

Potvan
e
Nl

Rrspesimy Lymghoma ecwdnd
Nure ond oo

o T o= YR | oo ]

130 ) A »
. by}
N H
wibi \A u
POPRTIR TSRS -
£ e s 154 193 »

e Meduat it B0t
2N d e g R

When controls were made on emplovees of VC.PVC Lalian factories
CE0 e 197 3) by sputum evtologic examinations, we noticed a high incidence
ol hanges in the respiratory epithelium. Such changes consist of squamous
pwtaplinian and tepical adenomatous proliferation of varying degroes (Cyto-
logical dasses T and TT4), and more or less pronounced squamous dvsplasia
and anpical adenomatous proliferation (Classes 114 + and 11 (tables 13-15).

Thue are now to our knowledge various epidemiological investigations
Bog vnderaken in many parts of the world, such as the US., UKL Traly,
e, Goormany. ete.

V) Mreasuxi, of PREVENTION,

Ihe only real elfective preventive measure in occupational and environmental
Cartindpeneses is to gvoid expasure to potential carcinogenic agents. That is the
prige prevention, '

.

Vel

S, 11121974

EARLY RESULTS OF !

OF YC-PVC MONTH!

O:(sci

1

Y

UWeandUl ¢+

Total

CARLY EVALUATH
FERATION AND OF
PACTORIES IN TERN

Leng of Esposrd sok v
N,

e

{yaused

18
=10
1"13

RESULTS OF SF
WORKERS O*

Classes

1

1+

1

il +

N+ +

m

InsufTicient material
Total .
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EARLY RESULTS OF SPUTUM CYTOLOGICAL M AMINATIONS AMONG WORKS KS \
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TABLE 15
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1 (1] . 64 e
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Feovase ob Ve waahd e MAC candand has nor et Iven establahal.
PEeover b oS00SR o hided o reduee athoavabsle VE dirdeveds we
Vo than 1 e the secaliod e detectable Jevel < doong the 8 bour

aonbig dny with a0 5 ppne ceilneg tor a mavimen 15 minnns dailv, This

forr s dadlowed the alvarvacen dat the evposane o S0 ppm of VO in air

osarconusd in s ad mice.

va o~ crssing imoins o dading g
The MAC spandard Tevel, the MAC v period, the ivpes ol monitoring,
b b comnl ofF e meainaisg e napor opics of discussion waday among
it rested pactios, feo tndons, e lastries and povermments,
Miadical controds veen achiese e Bde Te fact, changes prodiced be
ey e loveaty inn;:c!m RIS TR IR reversibe: l‘\]'\'fill\\'l";l' and \‘ph'\‘l“iulnpi\';l[
ol indiced thar VO e peedie oo e dhitferent sites: ocapational

RUTNTINION are usalle

(RTINS av iy i in ks cae ol l'\l\l".l‘il'l\.l[ K}

it cattn el bedb o voeds 1o Diver angiosanconi, we have denher
hosed nen Laborators neiden? e deneaiing i precursors, apavt drom: Lipas

b oegn .ll'\' ll\‘\‘l 'lin't\)

AN A I FTTI RENNTIN

Lo s ancreasingh denariiacd and acvepisd that the bigh and rising
e ndemoe b mones, espeondle e paeticedar ies tlang, orimany aracs. beme
o tisstes) s due tooahe eniensive and growing ditlusion o oncupenic
wenis i the cocupatinnal and sencial coviconment, Fuethermore it s basicaliy
v dhat 80 10 9% o temenes are relaied 1o cavses which are, or may
Boidentibied as being, pare of the human eavironment.,. Recogaition of  these
carses sl prokection Do then eileces conld significantly reduce tamour
wsihidion ol lll“”.‘l“l\'.

Tl increasing ditfusion o cnvonmental oncogenic agents is i phenemenon
panticabady coerehined s the gtow il of industiiabization, and especially 1o dwe
medintes prowdicing and nanubaoming new seuthetic aonnpounds, In madern
e, from 100000 10 200000 new ieical compounds are prodiead anosally,
il owe hm\\‘ YN AV “l(l(' ;ﬂ\qu tlk'il \‘”t\! N Ly,

Moed of the oncogenic oconpational and environmental apents have een
WEnhod hen the imidenc 4 parionla g of temour in an esposad
propeebnion s b oaestndege aadCor on the basis o retospective epidde-
““'"""li .l, '|'"“('\.

Prowress in these aieas ol o oboey shoukd Leilitae sestematic experimental

sommpenoty leting of weents s hich e, or will bey releasad i e accepa
weneral civinannen These testing shoukd be caeriad out before the
coprsons of hopums G porenoalh omcopenivc agents takes place isinee the
el ctdect om disaaes pesdeosl Iy cnvinopens e iereveesibled and betore
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Carcinopenicity experimental bioassavs e sarpisangle e Iolow e inasd
Phis ic due 1o several factors: past seepticismr concerimg the valwliny ol westing:,
e perfornmne el

oLk ol eapernmentd o and conthor ot

vast cumeant ol agents o be aeseds complicaa

sty

Wi ol
!

W e beliove thas a permanenr intergovetnnme b commission 1o,

tepresentaines drem merestad paness shonkd plan the pooercn e
prcitios, 20 proanore at anincnmmemal Tevel e ad necan

| ERSTIT I A &

uctworh of experimental unns, and S cnncalle coad one the e
PHOPCT PEOVOEDTIVG I ues

VO carcinogenesis bas shown the valee o oo
dicting oncogenwe risks, Tnoone or more of the tiree annmal spraies we test .
VO has cansed onnl now adl tvpes o wmena- which, based one anailal ol

'!illk‘l\l.l; |||n.l\\;l\\ LU N

eprdeniological daa, e being corrclatad o acampaiional expenare, dwe. b
angivosarconias, byain and lung tamouss, and lvmpbenias and lenkemias ttable to

(AN 1a -
TUMGR I FHESENTUY O L ATED 10000 FARKERE (BY ENIIAT ATHOIS 005 N IR N1 AL AJNTY AND MAN

Penthermone, experimental bioassavs one VO Ceanogeniony have provadd
a4 basis 1or assessing new MAC stdinds,

tis oar hope that the story of VO Grctinesentons man serve e convine s
evample o mgentdy promore espermental biooses for ol new indusiand
compounds and for those compounds which e alicad prkaed ad widespread

bt whose ctlects we suill tuhore.
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1} VU carcinogenicing bivassays:
A A complete statisticl analvsis of avaihble o o progaesc s el
wili be published shonts
B We are awaiting the completen of o e o coneaho i Fandl o
vienlany BETO and BTES, which ooy sapget s wah eetoasonannan v il
etlects of heave expusure Tor et and e e sonnneni peoreed s of o
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€ Studies are now going on o acquire knowledee of the morphologic and
metabaolic precarsors o tamears prodoced by VC, with panticular refe-

renee 1o liver angiosarcomas i ditferent species.
2 We have startad sew esperimems for cancerogenicity bivassays of other
mononers heavily producad by plastic industries. S

SUMMARY

Lable experimental and epidemiological datr on carcinopemesis by VC are revicwed.

The experimencal hicassays an the oncogenic potentialities of VO, performal ar the
Bodopna Institute of Oneedoge and Twmonr Comier, are deseribal in - detail.

Rasedd o these experimenin, when given by inhaluion. VO prstioces: in rats, Zymbal
elaned careinonms, nephroblastonuae, aogiosaccomas and angiomas of the hiver and other sites.
i carcinomas, hepatomas, brnn peuroblastonus, and possibly samnure carcinomas; in
mice. T adenmimas thregquenily ondergoing malignant sransformation), mamnury carcinnmas
of a poendiar pype, angiosarconus and angions of the bver and of other sites, and <kin
cpathelial mmours: in hamsters, bvor amgiosarcomas and, as carly evidienee seeme e suggest,
b trichoepitheliomas, byaplwanas, and finestoni e papilbmms andd acanthenas.

Thiv ey rsolis of the B experinents: promored dinkal and epidemiclogical
neestgations which Ted ol iscovery of iveapational liver anghueaacvnas anwng workers
VO PV fdoseries, .

Phe sory of VC carcinogeiess sagpests the need of esperimantal carcimopenicing e
acaes forall indastrial componnds blore they are producal and widespread

REASSUNTO

Mcroer G, Lveanse G Cnnen P Cavrre Ihsaiy — Carermogeness du ohwure J
vrade revadtats attids ¢ prosper

Somer stati passati e essepa B dai sperinwentalis wlb epidemiolgior salla carcnogenest
RN

Fosagni sperimentali safle potensiadicn oncogene del OV, condeti prosse Flazin (f
Ol ¢ Centro Tomori di Bobgna, sona statd aiterini in dettaghio.

Sulla base i questi esperimentz, iF CV, quando somministeate per inalazione, produce:
wrrani. Garcinomi delle ghiidole di Zembal, actroblastomi, angiosarcomi ol anpromi del
Ve e dioaleri distretti anatomici, cncinomi della cute, epatomi, ncuroblastomi encelalit.
¢ profabilmente carcinomi mamari, ot topi, adenomi Jel polawee tin molii cast in tra
sbormazione maligna), carcinomi mammari Ji tipe particolare, angiosarcomi ¢ angiomi el
fepato ¢ i altri distretti anatomici. ¢ tumori epiteliali della cute; nei criceti, angiocarcom?
Wl fegato ¢, come dati preliminari sembrano indicare, tricoepiteliomi cutaned, linfumi, ¢
papellone ¢ acantomi del prextomaco ]

¥ primi risuliati degli esperimenti Jdi Bologna hanna promesso Te indagini cliniche o
viidemicelogiche che hanno portato alla scoperta di angiosarcomi epatici professionali tra
Pnctatori i industric di CV-PCV! )

Lo storia delta canceropenesi e CV st ad indicare $a necessitd i gt sperimentali
do canceropenicitd per tund @ compasti indostriali, prima che exsi siang prddon ¢ dilfus

o scala,
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.- Carcinogenicity Bioassays of Vinyl Chloride

opatic Miera-

Wt Virginia. I. Research Plan ond Early Results!
NN ACCessnry
Clantroversy.” Crsanrt: MaLTONI AND GUUSEPPE LEFEMINE

Ler 1973 Istitnto di Queologia "F, Addarii” and Ceutro Tusnor, Bologna, ltely

Tbsterone by Received March 11, 1974

Seldring on Sas

. Teic. Apyl. These investigations arce concerned with deternining the oncogenic potentialities

of vinyl chluride (VC) in experimentul animals. The eifect of this corapound is heing
studied in relation to various experimental factors, such as moute of administration,
dase level, leaxth of treatinent, species, steain, and age of the anunals,

Preliminaey results are presented. When given by inhalation, V'C induces in
rats, Zymbal gland carcivomas, nepheoblastomas, and angiosarcomas of the liver and
of other anatomieal sites; and in mice, puhnonury adenmnas, mammary carcinomas
and liver angiosarcomas.

A direct relationship has been fonnd between dose and length of treatment and
neoplastic response.

Lotestosterone

neting in the

Vinyl chloride (VC)(Cll. = CIICI) is a chemical compsund of increasing
industrial importance. It is used in the production of polyvinyl chloride resin,
as a copolymer in Saran and other plastics, as a chemical intermediate, as a
solvent, and as a propellent; in the past, for a short period, it was also used as

anaesthetic. It is at present produced at a rate of near 12 million tons per year. ;

The following population groups may be expoted to VC: (1) workers en- 15
gaged in the production of polyvinyl chloride (PVC) and of VC, and in the 4
use of VC for other industrial purpases: (2) workers manufacturing PVC; (3) ;
residents about factories producing PVC and VC; and {4) to a much Jesser :

extent, peaple undergoing contact with resine made with VG, with materials
containing these resins or consumer products contalning VC, as some propettunt
sprays.

The present research includes a series of correlated and integrated experiments
dealing with carcinogenicity hioassays of this mouomer. This research followed
the preliminary results of the pioneering work of P. L. Viola, presented at the
X Internatinnal Cancer Congress (Houston, 19701 and published in 1971 (Viola

< etadl,1971). '

Viola's results indicated that exposure to 30,000 ppm of V'C, 4 hours a day,
5 times a week for 10 manths, produced thmours iu rats, and that these occurred
in skin, Jungs and bones,

Tmmediately after the report in Tlouston, we communicated with Professor
Viola, who kindly put at our disposal the manuseript of his extensive report,
then in press, and several slides of the tumours.

On the basis of his resnlts and material, we reached the following conclusions.

*This project has been suppeted by the Lurapean Cooperative Graup (ECG) which
inclides Maontedison (Italy), 1C1 (U, K.), Salvay (Belgivu ), Rhane-Progil { France).
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388 MALTONI AND LEFEMINE

(1) Under Professor Violu’s experimental conditions, VC definitely showed
a carcinogenic effeet on rats;

(2) 30,000 ppm of VC was an extremely high level of exposure;

(3) The tumours described as cutaneous arose from Zymbal glands, which
in rats are responsive to a lurge spectrum of carcinogens: e.g., 2-acetyl-
amino-fluorene (Wilson et al,, 1941), benzidine (Spitz et al., 1930),
3,2-dimethyl~4-aminobiphenvl (Walpole et al., 1952), 4-aminostilbencs
(Haddow et al., 1948), 9,10-dimethyl-1,2.benzanthracene (Geyer et al,,
1933), 3-methoxy-4-aminoazobenzene (Miller and Miller, 1961),
urethan (Tannenbaum et al,, 1962), and others.

(4) The pulmouary tumours were most likely metastases from Zymbal
gland carcinomas. These lesions were in fact morphulogically similar
to the Zymbal gland carcinomas, and all were observed in animals
bearing Zymbal gland tumours.

It appeared useful to further investigate the nature and extent of the earcino-
genic effect of VC, with particular emphasis on experimental factors related to
exposure, such as route, concentration, duration, continuity or intermittence, etc.,
which could give more direct information concerning the risk of occupational
-and environmental exposure, and other factors related to the animals studicd,
such as specics, strain, sex, and age. For these reasous, we were contacted by
Professor Bartalini, Director of the lealth Services of Montedison who offered
the support of his Company for an experimental study of the biological effect
of VC. Montedison was soon joined by ICI, Solvay and Rhone-Progil.

MATERIALS AND METHODS

The construction of an apparatus for programmed and controlled exposure
took several months. The chambers were designed to deliver concentrations
varying from 30,000 ppm to 30 ppm and to simultancously treat nearly 1200
experimental rodents. Basically, it is built of stainless steel and glass. The control
of VC cuncentratious is by gas chromatograpliy,

VC has been supplied by Montedison. Each hatch las been analyzed in the
chemical research luboratory of Montedison before use to assess its degree of
purity (99.99%).

The experiments largely. utilized Sprague-Dawley rats. Wistar rats, Swisn
mice, and hamsters have also been used. All the animals, except the hamsters,
have been bred in our lustitute for years and, whatever their use, are all
examined at death by complete autapsy, giving us extensive infornution cou-
cerning their current pathulogy,

. The animals have been wémed und classificd by sex when 43 weeks old,
at which time they lLave been numbered by ear punch, and divided into group
by litter distribution. From weaning, the animals have been fed, ad libitum, an
adequate commercial diet. During the period of treatment, the animals are
lioused in groups of 10 in stainless steel wire cages with a solid bottom of the
same metal. After the period of experimental treatment, the animals are kept
in gronps of 5 in nkrolon cages, with tops made of stainless stee! wire, A
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VINYL CHLONIDE CARCINOGENESIS 3359

shallow layer of white wood shavings served as bedding. The animals were
kept in a temperature controlled laboratory at 19-20°C.

Fourteen experitnents have been started in sequence. Some were programmed
at the onset. The need for others apprared on the basis of initial ciperimental
results. The plan of the experiments is shown in Table 1.

Experiment 1
Experiment 1 was to investigate the effect of the atmospheric exposure to

10,000, 6000, 2500, 500, 250, and 50 ppm of VC, 4 hours daily, 5 days weekly,
for 12 months. Two groups of animals were added as controls: one untreated,
as with all the following experiments, and one treated with vinyl acetate (VA)
at 2500 ppin, under the same conditions. This dose of VA appeared to be the
maximum possible dose for a chronic exposure.

Experiment 2

Experiment 2 was performed to obtain data in a larger number of animals on
the effect of doses between 230 and 50 ppm, i.e., 200, 130, and 100 ppm, under
the same conditions as in Expt 1. It was begun after it became clear that 250 ppm
still showed oncogenic effects.

Experiment 3

This was planned to study the effeets of a shorter periad of exposure, keeping
constant the other conditions of Expt 1.
Experiment 4

lxperiment 4 studies the cffect of the same type of exposure as in Expt 1,

in another species, i.e., mice. The treatment lasted 7 months in view of the
Ligher mortality, and the shorter life span of the mice of our line. .
Experiment 5

This was undertaken as a pilot investigation on the possible effects of the
atmospheric exposure during pregnancey, on offspring.
Experiment 6

Fxperiment 6 reproduced the conditions of Viola's experiments.

Experiment 7

This experithent was designed to study the effects of the same type of exposure
as in Expt 1 in another strain of rats. i.e., Wistar.
Experiment 8

tixperiment 8 studies the efficcts of the same exposure as in Expt 1 in a third
species, ie., hamsters, for the same period as in Expt 4.
Lxperiment 9

This was planned to further assess whether or not inhalation of V'C has any
cltect at a dose level of 30 ppm in experimental animals,

.,
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392 ~N\ALTONI AND LEFEMINE

Experiment 10
Experiment 10 studies the effect of a high, but short and/intermittent atmo-
spheric exposure.

Experiment 11

This was performed to evaluate pussible effects of VC by ingestion. Doses Groups at
have been chosen on the basis of early data on the release of VC from food trentinen
containers nade of PVC, and following suggestions of EEC. —1_—
Experiment 12 VA 'li';‘l‘o v

This experiment studies a third general route of exposure “namely  the YRR
peritoneal cavity. - 1

- VC pinn gy
Experiment 13 . w
VC 280 4

Experiment 13 was started to assess whether the VC acts on tissues directly or

through metabolites. VC 500 ppt

Vi
Experiment 14 VC 250 pyr
This experiment lms been included to study the responsiveuess of newbom Ve .';«: :)l'”
animals. Vit
The animals are examined weekly, and weighed every 2 weeks during the o treati
pericd of treatment, and monthly after the treatment is completed. All de- Tutal
tectable gross pathological changes-are recorded during examination. All ani- . Metnst
mals are kept under observation until spontancous death. Moribund animals o Metast
arc isolated, in order to avoid cannibalism. * Metaar
A complete autopsy is made of every animal. Histological specimens mdudo ¢ Augier
Zymbal glands, interscapular brown fat, salivary glands, tongue, lungs, liver, '1“1' :';,
kidneys, spleen, stumach, diffcrent segments of the intestine, bladder, brain, “:u(';:,‘: ;,':
bones of the legs and feet, and any other organ with pathological lesions. The U
tissues are fixed in alcohol, p;ucessed, sectioned, and routinely stained by hema. +Twa 7
toxylin and eosin and with Van Gieson’s method; in selected cases, other stain- adenocarei
ing techniques have also been used. :Z""“‘:V‘
All animals exposed to the highest doses (30,000 and 10,000 ppm) with or LATind
without tu:nours, are examined radiologically, during treatment and/or at death. fOne 7
Moreover, radiological examinations are made of all animals bearing tumours, = Towa!

even if exposed to the lower duses.

incidenc.
RESULTS ppu, 1t

Preliminary results and other carrent data of Expts BT1, BT3, and BT4 are limited
given in Tables 24, controls
.Specinl aspects of Expt BT5 and 876 are discussed in the teat. Insofar as the hlastan
tumours.

other experiments are concerned. results are awaited.

In Table 2 are listed the observations on the oucogenic effect of graded concen-
trations of VC within a range of 50-10,000 ppm. 1t is evident that the overall
ocewrrence of tumours decreases with decreasing concentrations from 39% tumour

on the ¢
of expos

(Tuble !
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VINYL CIHLORIDE. CARCINOGENESIS

TABLIL 2

Exreniouent BT Resvirs v 1330 Wookks

Animuls - Aninalz with tumotirs
(Sprague -
Dawley entsj Zymbual Angiomarcumas Other iype
—_— glands  Neplroblnse ———————— ayul/or T~
Crowgs and Survie earcinomas' lomast Liver Othersites  site 1al
treatment Total  vors - Nao. No. No. No, No. Nas=
1
VA 25040 ppia 46 - - - - - - -
11
VCEID,00 ppm G - 13 B 6 —_ 5 g
11
VC GO ppny 72 - 5 N n - 14 I 2t
v
NC 2300 ppr 74 - 2 0 e 3 1i 21
v
VC 50 s 67 -- 3 3 n 2! 14 16
Vi
VC 250 ppm 67 ) -— 5 2 2¢ 2! 11
VIl
VA0 ppan 64 0 _ - - - i et
Vi
Nu treatment 68 1 — - - — - -
Totul HTT 5 23 20 35 R 10 96

« Metastasex to lung.

* Metustases to liver and/or to lung and spleen.

¢ Metastuses to lung,

¢ Angiosarcomn in subcutancons fibrosing angioma.

* Two intra-abdominal angioxarcomas (1 eontignons 1o Spleen and 1 to ovary): 1 essifying angio-

sarcoma of neck.

/ One pulmonary angiosarcoma; 1 angicsarcoma of uterus.

¢ Oue intra-ubdominal angivsarcoma (near W spleen); | intrathoracic exsifying angiosarcoma.

» Two Zymbal ginnd adenomas; 1 neurilemmoma of the ear: } mammary carcinomu; 1 cysto-
adenocarcinoma of ovary.

i Sehaceous gland carcinonia of skin.

+ Zymbal gland adenoma.

¢ Minimal deviation hopatoma,

" One Zymbal gland adenoma: 1 sadivary gland earctnoma.

= Total No. of tummtrs,

incidence at 10,000 ppm, 29 at 6000 and 2500 ppm to 242 and 16% at 500 and 230
ppm, respectively. Fifty (50) ppin did not cause tumour development in the
limited number of animals so exposed, and no neoplasms were found in untrcated
controls and in rats exposed to VA 2500 ppm. Zymbal gland carcinomas, nepliro-
blastomas and angiosarcomas of the liver and other sites were the prevailing
tumaours. The development of the latter 2 neoplasms was not always dependent
on the concentration of the toxic agent, but to a higher degrce on the duration
of exposure. If exposure time was reduced from 52 weeks (Table 2) to 17 weeks
(Table 3) the number of tumours after 80 weeks is markedly smaller: their per-

SPI-03234




394 MALTONT ANU LEFEMINE
: TABLE 3
FaenuaeNrT BTS: Bescors avrew 60 Weewse
Auituals Animals with tunones
(RPrHE s o o o e e s e e e e
Dawley rats)  Zyvmbad Nephro- Augivsnreomas Other tvpe
—— elands blasine  ——- = aml or
Groups and Nurvi- - eareinonmns mas Liver Otherzites s Tutal
treatment  Total  vors Ne. No. No. No. Nu. Nus Grogn aml
- freatiient
1 —_— -
VC IO00 ppra 60 36 Sy — -= (1 -— - aun I
n : VC I e
VC 6000 ppin 64 4N [T — {1 -— {3} — 1) _ 1(N) It
111 N C My ppm
VC 2500 ppm G A4 — 12 — () —{n - - —% 1
v . VO 2du Ppm
VC 500 ppm Gu A — {1 — — {1 — -~ (1) = I
Al ) V50 pan
YC 250 ppm (70 44 - - — 1) - — —11y v
VI V290 phm
VC 50 ppru G 50 - - - - - - Vi
Vil V{30 ppea
No treatment 1IN - — — — — — Vit
Total 550 471 10T =@ = = () — (6 46 Now treatmens
Total

« Tumnum found in experitent BT after 60 weeks are recorded in parenthesis,
’ * [u females.

S Ope skin sy
* One sKin s

b Totd No. of tunsotrs,

centage is 5% at V'C 10,000 ppin and 1.7¢ at 6000 ppn; at this time no tumours ¢ Totnl New s
were found after administration of the lower concentrations. 1t is also worthy
of note that all malignancies in this series were Zymbal gland carcinomas. After which under
35 weeks of exposure to 30,000 ppm (Expt BT6) 2 Zymbal gland carcinonis Macroseup
“have been observed among 60 rats (58 survivors). In Expt BTS5, two groups in Figs. 1-23
of 30 muture breeder rats were exposed to VC 10,000 ppin and 6000 ppm fur The freque
7 days during pregnancy. No tumours were observed after 69 weeks amony are sumeting
the 28 survivors of each group. Angiosarcomas of the subcutancous tissue e can show
curred in their offspring; one tumour in one of the 34 rats of the 10,000 ppua (Fig. 2) apr
group at the age of 24 weeks; the other tumor in one of the 36 animals of the present varic
6000 ppm group was found at 22 weeks of age. Fifty and 30 rats, respectively, (Fig. 4°), s
of the litters are still alive and under observation. metastases ¢
Table 4 indicates that iniee respond to VC inhalation of 10,000-30 ppm in a blastontas (1
simikr manner as rats. While 30 ppm is again incflective after 35 weeks, but can also

the liver in
growth and
metastasey |
Blastenana oce
appear geme

30%, 15%, and 8.4 neoplusins were found after 10,000-6000, 2300-500, aud
250 ppm, respectively. JU is perhaps not surprising thut i mice, pubmonary
and maminary tumors were more frequent than other Jocalizations, but the
presence of angiosarconus of the liver also veenrred in this genus,

At present, 5 distinet types of tumours induced by VC have been observed,
i, angiosurconas, particularly of the liver (in rats and mice  wephroblastons

(i rats), Zymbal ghd cardinoans (in rats) and pubnonary adenomas, some of * Figures mu
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VINYL CUHLORIDE CARCINOC _NESIS 345

TALLE 4
Fnecrmaest BT Ry sewrs aeren 33 Weiks

Auirnls Animals wiih mimoues
(Swhs v} e —— -~ - e~
-- - —— - - wome=—  Pulmos Muam- Liver  ()her
Tremted Survivors nay mary  anTe.  tvpe
-~ P emmeees m s — . rurets sae=  and-or
Cirnps angd T ne MON  pomasT eomns xite Total
freatment o < tal ~ o tal No. Na. hYTH No. Nod
1
VO T paun 300 300 @) GIN 2 12 4 - 3 El
18
VC Gt BB 60 [N L 4 12 3 1 2 18
It
VC 2500 ppm KB Rt B T | R S SR | v 2 —_ —_ 0
v
NV C B0 ppn 33 o [P S SN T — 2 — 9
v
VEC 250 ppm B T TR B L T 4 ] - - 5
Vi
VS0 pp o0 6o 13 20 a7 -- - - —_ -
AR :
No treatment NOOOTOO1A0 (17 S 1 B P -- - - -—_
Teaal 260 230 8511 197 INT 42 10 4 3 60

* [n females,
A One sk sguamaceliular earein. ma: | skin invasive acanthonin: 1 subeutanenus hemangioma;

¢ One skin mpamocetinfar eareinama; U thymie fymphosaeama,
< Taotal Na, of tumars,

which undergo malignant transformation and maminary carcinomas (in mice).

Macrascopic and microscopic illustrations of the tumours induced are shown
in Figs. 1-235,

The frequent Zymbal gland carcinomas ean reach considerable size (Fig. 1°).°
are sometimes bilobated and show a tendency to hemorrhages. Their structure
can show different patterus. The amangement of the normal Zymbal gland
{Fig. 2) appears often in a disorganized form in the tumours. The carcinomas
present various different histological patterns, e.g., glandular (Fig. 3). solid
(Fig. 4*), squamous, anaplastic, and palymorplious. The frequent pulmonary
metastases carry the characteristies of the primary lesion, (Fig. 3). The nephro-
blastomas (Figs. 6-8) Jead to numerons inetastases in the liver (Figs. 9°, 10°)
but can also involve spleen and hungs. The frequently found angiosarcomas of
the liver in rats (Figs. 11°, 12%, 13°%, and 14) are characterized by the vascular
arowth and hemorrhagic appearance which is alsa present in pulmonary
metastases (Fig. 15%). Occasionally, both angiosimicamit of the liver and nephro-
hlistoma aceurred in the same animal (F g 16%). Anzosareomas of other sites
appear gencrally as more or less hemorrhag’e mises develaping in the ab-

' Fimres marked by asterishs {*) appear an the ool plates,
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396 MALTONI AND LEFEMINE 3

dominal cavity (Fig. 17), in the subcutaneous tissue (Fig. 22°) in the uterus
(Fig. 18), or in the lung (Fig. 19). The ossifving angiosarcoma ( Figs. 20°, 21°)
and the salivary gland curcinoma (Figs. 23 and 24) occurred rarely (see Table 2
group V1). Figure 25 shows a liver angiosarcoma of a mouse.

CONCLUSIONS AND DISCUSSION 3

From the results presented in the tables, from the pathological and histolagical
observations, the following early conclusions may be drawn.

(1) VC is oncogenic under our experimental cunditions. It induces, in rats,
carcinonmas of the Zymbal glunds, nephroblustomas and angiosarcomas
in liver and other sites: in mice, liver angiosarcomas, :pulmonary
adenomas and mammary carcinomas.

(2) A direct relationship exists between the dose and length of treatnwnt
and the neoplastic response.

(3) Zymbal glind carcinomas and nephrobliastomas may be bllatcral

(4) Liver angiosarcomas arc often multicentric. 1

(5) Blood vessel ectasias and endothelial hyperplasia, associated or not
with cellular atypia, are often observed in liver and in other organy
and tissues in treated animals, with or without angiosarcomas. There.
fore, the effect of VC on blood vesscls and endothelia should be cun-
sidered systemic,

(6) The onset of 2 ossifying angiosarcomas suggests a new orientation iy
the pathogenctic interpretation of acroosteolysis in workers exposed to

hH o i

ERER 5y BT

s
" vC.
. . . .
ek, (7) To the present no-acroosteolytic lesions have been observed in our ex.
e .
o posed aninials.

(8) No tumours have been observed in rats exposed to VA (2500 ppm).

AT

Zymbal gland carciuomas, nephroblastomas and liver angiosarcomas have
never been observed to occur spontaneously in our breed of Sprague-Dinwley
rats.

Although Zymbal glands, in rats, are responsive to a large number of carcino.
gens, only 3 spontanconsly ovecurring cuses of Zymbal gland carcinomas bave
been recorded in this species (Tannenbawmn et ol., 1962). To our knowledge, no
spontaneous nephroblastomas and liver augiosarcomas of rats have been reported

Fic. L Rat with Zymbul gland carcinoma,

Fic. 4. Zymbal gland carcivuma, solid pattern; in rat. H-E X 138,
Fi. 9. Rat with nephroblustoma; mictastases in liver.

Fie. 10. Liver metastasis from nephroblustonn; in rat. H-E x 138,

Fue. 1. Rat with Jiver angiosarcoma. g

Fie. 12. . Rat with liver angiosarcoma with Jung metastasis. 4

60 180 Liver awwwsareoms; characteniztic patiern; fuorat. '11-41.M 158, 4
T, 15, Pulwonary metastasis of liver aagiosuecoma; in rat. 1J-E x 138,

Fic. 16, Liver angivsarcoma + nepbroblusioma in rat.

Fre 20, Laterocervical ossifving ungiosarcoma; in rat. H-Y > 158, 3

Frc. z2l.  Pulmonary melastasis of ossifying angiosarcoun; in rae. H-F x 40. X

Fic. 22,0 Ruat with subicutaneous angiosarcon,
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Fic. 25. Liver angiosarcama in a mouse. H=F. X 183.

o~ in literature and as far as we know, kidney nephroblastomas have never been :
2 reported as being experimentally induced.
- . . . . . [

.. Hepatic angiosarcomas have been experimentally induced in rats (Reuber S

e and Lee, 1963; Hadjiolov, 1972), in mice { Roe and Salaman, 1934; Cardesa et al,
1973) and in hamsters {Toth, 1972). In mice, extrahepatic angiosarcomas have
Leen induced by o-aminoazotoluene (Andervont ¢t al., 1942; Andervont, 1950)
and by p-dimethylaminohenzene-1-azo-2-naphthaiene (Mulay and Saxén, 1953).
In the rabbit, angiosarcomas have been produced by thorotrast (Zeitlhofer
and Speiser, 1934). :

In man, angiosarcomas are quite rare. One hundred-scventeen documented
cases were collected to 1958 (Landells, 1938), of which only 21 arose in the
Jiver.

Induction of liver angivsarcomas have been reported in humans. In one case,
. a liver angiosarconia followed the insertion of a radium needle (Ross, 1932).
- : Cases of liver angiosarcomas have been reported following administration of
thorotrast (MacMahon et al., 1947; Lidin, 1953; Baserga et ef., 1960: Da Silva
Itorta et al., 1963) and exposure to arsenic {Roth, 1937).

The results of our investigations have been periodically transmitted to the
meinbers of the European Cooperative Gronp. When, approximately a year and
, a half ago, it became definitely clear that VC was able to induce angiosarcomas,
; ' nephroblastomas and other malignancies. eur results were also communicated

to major American manufacturers of VC and PVC, to orient clinical observations

et
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and epidemiological investigations, and to guide fndistrial bygiene meastres
needed for prevention of diseases which might be associated with VC exposure.

SUNMMARY

This project of investigutions is converned with determining the oncugenic
potentialities of vinyl chloride (VC). The effect of this compound is studied in
relation to various experimental factors, such as route of administration, dose
level, length of treatment, and specics, strain and age of the animals,

The preliminary results are presented. When given by inhalation VC induces,
in rats, Zymbal gland carcinomas, nephroblastomas and angiosarcomas of the
liver und of other anatomical sites, and in mice, pulmonary adenomis, mammary

carcinomas, and liver angiosarconns.
A direct relationship between dose and length of treatment. and neoplastic

response has been found.
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