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Popper about the reversibility of the phenomenon, particularly if caught'early.
If workers are cxposcd to moderate to low levels for relatively short periods of

" time. has there been any cvidence that there is any irreversible change. or does

the progression that you were documenting take time?

Dr. Porrer: The only real experience we had was a case which Dr. Berk
presented. In this case, after discontinuation of the exposure, fibrosis persisted,
but “other features were absent. The characteristic disturbing activation of the
hepatocytes was no longer seen. I am not surprised. From cxpcncncc with
hepatic fibrosis in circumstances other than vinyl chloride, it is known that
fibrous tissue mav not disappcar once present,

I suspect. but do not know. that the person may be left with innocent scars

“'n the liver which possibly may not interfere with his life cxpcct.mcy One
“ patient, however, is reaily no proof.

?————_

PART II. CARCINOGENESIS ASSOCIATED WiTH VINYL CHLORIDE

A. Experimental Stadies

CARCINOGENICITY BIOASSAYS OF VINYL CHLORIDE:
CURRENT RESULTS

Cesare Malioni and Giuseppe Lefemine

Isauto di Oncologia and Centro Tumori
Bologna, ltaly

INTRODUCTION

Vinyl chloride (VC) has been produced in many countries for morc than
"30 years. It is the consutuent of polvviny] chloride (PVC), which nowadays is
the plastic industrial material most used and diffused in the world. Moreover, i
is used as a copolymer in Suran and other plastics. as a chemical intermediate,
as a solvent, and as a propeilant: 1n the past. tor a short period. it was also used
as an anesthetic. V'C 15 at present produced ut a rate of near 12 million tons per
year,

The following popuiation groups may be cxpused to VC: (11 workers engaged
in the preduction of PVC and of VC and in the use of VC for other industrial
purpuses; (2) workers manufacturing PVC, (3) residents in areas neighboring on
factories producing PVC and VC: and 1o a2 much lesser extent (4) people using
products coataining ¥C, as some propelient sprays: (&) people having contact
with resins made with ¥C and with materials containing these resins: and (6)
populations consuming food contained in plastics made with VC. Bioassavs on
the long term effects of VT wire not aratiable uard 1970,

This situation reflects the limned consideranon which has been, up 10 the
present. given 1o experimental bioassays in predicting the oncogenic cifects on
man of environmental and occupational agents. [n part this is due 10 industrial
and cconemical interests, in part to deficiencies in technical-scientific facilities., to
the dilettantism of manv experimental workers, and o the madequacy ot muny
expertments pertormed in the past.

What is now happening with viny! chloride and the story of vinyl chloride
carcinogenicity should bring about treater consideration of experimental bioas-
says and Anally induce a new turn in the fizld o1 occupatinnal and environmental
carctnogenesis. In olher wonlds, exoerimental prediction on the pathegenetic
peteaual of accupational and environmenial agents before they are prodused and
relcased on a large scale into the human cnvironment should preciuda the need
for later epidemiotogical evidence.

HISTURY

In 1970 Professor Viola presented. at the X Internationat Cancer Congress
(Housion), the results of a pHot experiment, which then were exicnsively pub-
lished in 1971, Professor Vioda reporied to have observed in 26 rais exposed by
inhalatory route to 30,000 ppm of VC 4 h daily, § days weekly, (or 10-12
months, surviving 10 moenths or more, 7 skin tumors, 7 pr nary tumors,
mainly carcinomas, and § esteochondromas.
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In 1967 our Institute started a large investigation, among workers of scveral
ftalian industrial plants, 10 determine the cffects of the exposure to different
" .chemicals on respiratory cpithelia. The pathological changes were studied by
sputum cytology. In 1970 this research was extended also to workers in VC-I_’VC
. industries. A significant increase of celiulur changes in broochial epithelium,
such as marked squamous metaplasia and squamous dysplasia, were found among
“the workers more heavily exposed 1o VC.

Immediately after the Houslon Congress, we contacted Prolessor Viola who
kindly put some slides of his experimental tumors at our disposal. According to
our interpretation, the malignant tumors observed by Professor Viola in the skin
were carcinomas arising from the Zymbal gland (a sebaceous glund of the ex-
terior acoustic duct), which is responsise 1o a large number of carcinugens. The
malignancies of the lung, in our opinion, were metastases from Zymbal gland
tmors.

At that time {end of 1970} we planned a project of correluled investigations

: 1o further clarify the type and degree of the carcinogenic risk from VC. The

; project was encouraged and supportied by Montedison {ltaly), which later was
joined by other major European companies, that is, ICI (U.K.), Solvay (Belgium},
and Rhone-Progil (France).

The Head of the Health Services of Montedison suppiied us with all the
technical data dealing with occupational exposurc: this made possible the repro-
duction in our experiments of the most imporiant purameters of occupational
conditions.

PLANNING, MATERIALS, AND METHODS

This project included a series of experiments, which were started in sequence.
They were designed 1o study the etfecrs of ¥C, admimisiered through different
routes tinhalation. ingestion, and peritoneal and subcutaneous injection), at difler-
ent concentrations, for varving periods of ume, by cominuous or intermittent
treatment. on animals of different specics trats, mice, hamsters), strams (Sprague-
Dawley and Wistar rags), sex and aye tadults, newborns, embryost.

The planning of the program and the preparation of suitable experimental
conditions. particularly the buiiding of an apparatus tor inhalatory cxposure,
took us until May 1971, In July 1971 we started experimenting. The chambers
,of exposurc are bu:lt basically of stainjess steel ond gluss. They have been

’ ‘dcsmmd to deliver concentrations varyving from 30,000 10 1 ppm of VC, and
1o treat simultancousiy neariy 1,500 rodents. The VC concentration in the
chambers.is contrafled by pas chromatorraphy.

The VC i» supplied by Montedisen. Exch stock is unalvzed in the Montedison
Research Unit. The impurities and their maximai fevels in the VC employed have
been as follows:

H.O 100 ppm
Acetic sldzhyde . S pom
Acelrlenc 2 ppm
Allene 5 ppm
Hutane 8 ppm
. 3-Butadwne 10 ppm
é':f' Chlorophene 18 ppm
) Diacetslene 4 ppm
3 Vinyl acetylene W} ppun
E‘S Propine 3 ppm
) Methyl chloride 100 ppm
5 .
+
* .
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The experiments utilized mainty Spraguc-Dawley rats; Wistar rai.\gss mice,
and hamsiers huve also been used. All the animals, except the hamsters, are bred in
our Institute for years and. whatever therr use, are all examined at death by com-
pletc autopsy, giving us extensive information concernmg thesr current pathologs.

The animals have been weaned and classificd by sex when 4-5 weehs old,
at which time they huve been numbered by car punch and divided into groups
by litter distribution. From weaning, the ammuls have been fed. ad fibiton, an
ndcqu.ltc conuncrcial diet. Durnng the pc.riod of treatment. the animais are
housed in groups of 10 in stainless steci wire cages with a solid boitem of ‘the
same metal. After the period of experimental treatment, the animaly are kept in
groups of 5 in makrolon cages. with 1ops made of stainless steel wire, A shallow
layer of white wood shavings serves as bedding. The smimals are kept in a
temperature-controlled laboratory at 19-20°C.

Fiftcen experiments have been started in sequence. Some of them were pra-
grammed at the begining: for some others the need appeared on the hasis of the
first experimental resufts. The plun of the experiments and the up-to-date situa-
tion fs shown i TanLe §.

Experiment | studies the effect of the atmospheric exposure 1o 10.000, 6,000,
2,500, 500, 250, 50 ppm of VC. 4 h daily, S days weekly, for 12 moenths. Two
groups of animals were added as control: one untreated, as for all the following
experiments, and one treated with vinyl acetate {VA)Y st 2,500 ppm. under the
same’conditions. This dose of VA appcared to be the maximum possible dose for
a chronic expusure.

Experimen: 2 was performed to investieate in a larger number of animals the
effect of doses between 250 to 50, that is 260, 150 and 100, under the same con-
ditions as in Experiment 1. It was started after n was clear that a2 dose of 250
ppm was still showing oncogenic cllects.

Expernment 3 was planned to study the cffects of @ shorter period of exposure,
Kecping all the other conditions of Experiment I,

Experiment 4 studies the eflects of the sume type ot exposure as in Experi-
ment | in another species imice). The treatment lasted 7 months in consideration
of the higher mortality and the shorter life span of the mice of our line as com-
pared with rats.

Experiment 5 was undertaken as a pilot investigation on the possible effects
of the atmospheric exposure. during pregnancy, on offspring.

Experiment 6 was planned to reproduce the same conditions as in Professor

- Viola's experiments.

Experiment 7 waus planned to study the effects of the same tvpe of exposure as
in Experiment 1 in another strain ol rats (Wistar). .

Experiment § studies the cifects at the sume exposure as in Cxperiment 1.
in a third species thamsters) for the same peniod s in Experiment 4.

Experiment 9 was planned, belore tumors were observed at 50 ppm in expert-
ment BT, to assess {urther whether inhalation of VC hus any etfect at a dose
levei of 50 ppm.

Experinrenr 10 studies whether a high, but limited and/or inlermittent at-
mospheric cxposure has anv effect,

Experintent 1 was pertermed to evaluate the eflects of VC by ingpestion.

Experiment £2 studies the third general route of expuosure.

Experitnent 13 was started to ussess whether VC acts on tissues directly or
through metabolites.

Experiment 14 has been mcluded to study the responsiveness of newborns.
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P'Lan oF TiiE EXPERIMINTS UP TO May 5, 1974
Treatment Animals
e T T T Length of the
. Exp. No. Ezperiments
Ne. . —_ - Age : at the Present
Route Doses of VC Length Specirs Strain (weeks) . Date iwecks)
r
? g | Total gr:ur-
BTI Inhalation Jo, 6000, 2,500, | 4 hdaily, 5 days weekly,! Rat Spraguc- 13 268 0 5711 61-96 135
Sery, 2580, SU pyum 52 wh Dawley (Ended)
Untrcoted sontiols
Treated controls: VA
2 Strb .
012 Inhalation 209, 150, 100 ppin 4 hodaily, Sdays weehly, | Rat Sprague- 13 280 265 545 120-185 4)
hnecated consrals 52wk - Dawley :
BT Inhatauon 10,000, 6000, 2,500, 1 4hdaily, 5 days weekly, | Rat Sprajgue- 21 262 288 550 60190 68
A, 280, 50 pprm 17 ak Dawley
Unireated gontrols
Br4 Inhalation 10,000, 6001, 2,500, | 4 hdaily, 5 days weehly, | Mouse Swiss 11 250 | 260 | 510 60150 43
by Ay, 200, 30 ppm weekly, 30 wk .
Untreated controls
BT Transplacen- 10,10, 6,000 ppm 4 h daly. T days (from | R Sprogue- 19 (breeders)) 110 36 146 10-34 71
tal 12th o 18th day of Dawley 12 days (em-
pregrancy ) bryos) .
B16 Inhalation 30000 prin 4 h daily, § days weckly,[ Rat Sprague- 17 30 30 &0 60 43
51 wk Dawley
BT? Inhalation 100r), o 00, 2,500, | 4 hdaly, $days weekly, | Rat Wistar 11 - 220 { 220 30-40 4)
), 250, 20 ppm 52 wk
Untpcated comrols
BT2 Inhalatiun 10000, 6,000, 2,500, | 4 h duly, 5 days weckly,| ilamater Golden 11 —_ 268 168 32-70 10
503, 250, 50 ppm 0 wk
Untreated controly .
B19 Inhalation 50 ppnr 4 h duly, 5 days weekly,l Ral Sprague- 1t 200 200 400 100 (¢) 15
Untreated controls 52 wk Dawley 300 {v)
BYI10 Inhalation 10,000, 6,000 ppm 4 h daily, § days weekly.] Rat
Untreated controly 5 wk; 4 h daily, 1 dayyl a Sp{;::lge.y n 420 | 420 | 840 120 15
weekly, 25 wk; 1 h
daily, 4 days weekly,
BTI! Ingestion 166, 312, 30 kpl s ok
. . mgsky times w :
body weight in alive ekl 3wk Ra 5"{;‘ s 1 160 | 160 | 320 80 13
. awley
ail
a2 e Controly, olive oil
ndoperitoneal | 425 mg in 10 cc olive | 4, 3, 2, ime e B
injection ol 'momh':‘:t:yuicg Rat 5”,’;’:“‘;": n 150 | 150 | 300 80 i
Controls; 1.0 ¢ ohve ey
BTI13 1 ol
ubcutancous | 425 g in 10 li injecti :
imection - ] ¢t olive | | injectivn Rat SP:;gue- 2 80 70 150 75 . s
Contruly; 10 ce_ olive vy
BT!4 o '
Inhalation 10.€00, 6,480 ppmy 4 hs d‘:;’h Sdays weekly | Rat Sprague- i day 45 44 89 43-46 10
BT13 Inhalanon 23, 10, $ ppm 4 b Jurly, 3 duys weekly,[ Rat s awley
Untreated controls 52 wk. s ) p;;::;" 1 240 | 240 | sh0 120 Just started
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TapLE 2
Expiieiest BT Resunts Arrrr 135 Weeks (ENp oF THE EXPERIMENT)

Animals with Tumors
Anital. G ST e T e e ‘_ o
{Sptague: Dawley Angiosarcomas
- Rats) Zymhal glanil Neplirobliastmaas®
catcinumas — '
Gro:uu and Treatment L“rfj ~ lf:‘::;l’ c“;t:?' Hepa 'ﬂ:’arx';\‘ (?;I:):r Totst?
T T T T T T T T T T T T T Ot | A0S | qomas | tomas | blasta- | and/or
Coe Average a'\w:f..m ."\wrage sites Mmas mas site
" at¢hey | pr tency Atency
. Tl | rected | No.f m ¥ Y| No. )oY Na | g e
ho. (wk} (wk] (wk)

I: VA, 2,500 ppm 96 ) A

I VJC, IOJ)(!‘l)lppm 49 61 16 | 26 30 5 8 59 gy11s 64 3‘{ 4 3 1 7 g: g?
HI: VG, 6,000 ppm 7 £ 7,12, 62 41 7)) 63 113221 70 3i 3 { 4 3 ' H
1V Ve, 2'500 ppm 4 W 2 3 33 6] 74 1322 78 3 3 1 2 ' 5 4'. 3’
V:'VC, 500 ppm 61 ol gl a7 83| 7]12] | 1 1.] 3 a 38
VI: VC, 250 ppm 67 59 G610 8O 4171 B 2° 4 gr 1o
Vil VC, 50 ppm 64 59 1 135 1} 2135 I | 1 o ¢
VI1il: No treatment 68 58 )

Total 51 401 29 26 47 14 12 1 7 15 45 155

.

= Alive animals alter 26 weeks, when the tirst tumor (a Zy mbal gland carcinoma) was obscrved. The percentages are referred ta the
carrecied number. .

b Merastases to Jung

¢ Metastases 1o liver, lung, spleen, and brain.,

4 Matastases to lung. ,

* Several cases of hreast fihroadenomas, adrenal and pituitary tumors (gencrally adenomas) have not been considered, since their
distribution n the ditferent groups does not vary. ’

/ Several animals with 2 or more tumors.

* One angiosarcoma of the Lips, 1 augasarcoma of the nose; 1 intrsabdominal angiosarcoma (next to liver).

* Two Zymbal gland adenomas; 3 mamumary carcinomas: | neurilemmoma; | ovarian cystoadenocarcinema,

* One angrosarcoma in subcutancous fibrosing angioma; | ossifying parauricular angiosarcoma; 1 intraabdominal angiosarcoma
(next 1o liver).

! Four Zymbal gland adenomas; 1 salivary gland adenocarcinoma: 2 hepatic and J peritoneal angiomas,

* Two intrunbdominal angwsacconmas (1 nexi to spleen and | next 1o ovary); ) ossifying angiosarcoma of neck.,

! One Zymbal gland adenama; ! mammary carcinomi; 2 ependymomas.

= One pulinonary angiosarcoma; | angrosarcoma of wterus.

» One mammary carainoma; 2 lymphomas; | pulmonary fibrosarcuma,

* One intraabdominal angiosarcoma (next to spleen); U intiathoracic ossifying angiosarcoma,

7 One Zymbal gland adenanw; [ mammary carcinoma; 1 lymphoma,

* One intruabdommal ditfused angiosarcoma. .

* Three Zymbal gland sdenomas; 2 mammary carcinomas: | subculaneous angepericytoma; 3 uterine adenocarcinomas (1 with
sarcomatuus componeat).

* One invasive acanthoma of Zymbal gland; 1 subcutancous fibrasarcoma; 2 peritoneal ibroangiomas: 2 wicring adenocaicinomas
(F with sarcomutous camponent): | uternte Jesomyosarcuma: | ovarin fibrosarcoma; | pultmonary rhabdomyoxarcoma; | lymphoma,
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Experiment I5 was started as soon as we found 1 liver angiosarcoma, 1
extrahepatic angiosarcoma, and | nephroblastoma in 3 animals of the first ex-
-periment, exposed to 50 ppm of VC for 1 year, and surviving 135 weeks from
the bepinning of the treatment. : ,

The animals are controlled weekly and weighed every 2 weeks during the
period of treatment and moathly after the trecatment is over. All the detectable
‘gross pathological changes are recerded during the control. All the animals are
kept under observation until spontaneous death, The animals, when meribund,
are isolated, in order to avoid cannibalism.

A complete autopsy is made on each animal. Histological examinations are
performed on Zymbal glands. interscapular brown fat, salivary glands, tongue,
lungs, liver, kidneys, spleen. stomach. different segments of the intestine, bladder,
brain, bones of the legs and fect, and any other organ with pathological lesions.

Al the animals exposed to the highest doses (30,000 and 10,000 ppm), with
or without tumors. are examined radiologicatly, during treatment and/or at
death: moreover, radiological examinations are made on all animals bearing
tumors, although cxposed to the lower doses.

RESULTS

The current results of several experiments are shown in the TasLEs 2-9.
Somc others are still not available.

Tumors of different types may be present in the samc animals.

Zymbal gland carcinomas may be bilaleral. Histologically they may repro-
duce, to some extent, the structure of the normal Zymbal gland (FiGUre 1), but
often they present squamous, glandular, solid, anaplastic, and polvmorphous
patterns. Several of these different pictures may be observed in the same tumor.
Metastases of these tumors are someunies found in the lung (FiGure 2).

Nephroblastomas are often bilateral. Their histological picture reminds us of
an embryonal kidney (FigURE 3%, They metastasize 10 the liver, spleen. lung, and
orain. Hyperplasia of nephroblastoma-like tissue is ofien observed in the kidney
of treated rats. with or without nephroblastoma.

Angiosarcomas and angiomas may be found a! more than one site in the
same animal. In liver they are coften polvcentric, Hepatic and extrahepatic angio-
sarcomas are more or less differentiated (FiGures 4-9). They are morphologically

TabLE 3
ExperiMeENT BTS: RrsuLts AFTER 41 WeEKs
; I
AD{):::I;';SR?“:F- i Animals with Tumors
L}
} Zymba? gland Angio-
Groups and carcinomag sarcomas
Tieatment i Cop. s Nenhao Ciber
| rected ug- | ! ¥ 1ype
Toul 1 nai' + vivors {l !.i\venrc' b:;::"" o sndfor Total
] io ! *latency . ther!  site
No.« & ! time Liver Sites
I { {wk]
1: ¥C, 30,000 50 60 48 12120 35 12
ppm |

* Animals alive afier 24 weeks, when the first tumor (a Zymbal gland carcinoma)
was observed. The percentages are referred to the cprrecied number. .
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TabLE ¢
EXPERIMENT BT2: RrsuLts AFTER d1 WEEKS

Animals thprague- Animaly with Tumors

i Dawiry Hats?
Groups and Treatment Zymbal Nevhro- i Ol!ier
Tour  Sovivans  Band bl oo P
nomas fmas site
I: ¥C, 200 ppm 120 115 1°
H: VC. 15 ppm 120 109 .
Ii: vC, 100 ppm 120 112
IV: No treatment 185 17
Total 545 507 1
* One subculaneous fibreangioma .

similar in rats. mice, and hamsters. Angiosarcomas frequently metastasize: as far
as the liver angiosarcomas are concerned, the lung is the most frequent site of
distant mectastases.

Blood vessels eciasias, endothelial hyperplasia, associated or not associated
with cellular atypia. are often observed in the liver and in other organs and
tissues in treated animals, with or without local or distant angioesarcomas or
angiomas. Therefore. the cffect of VC on blood vessels and endothelia should be
eonsidered sysiematic. ’

Angioblastic proliferation, angiomas. and angiosarcomas in the liver and in
"other sites may or may not be associated wih tibroplasia. From the histological
obscrvations. the sequence of tocal changes in the genesis of malignant s ascular
tumors appears to be as follows: endothelial hyperplasia, angiomas, atypias of
endothetial cells in hvperpiasia (dvsplasiaz and angiomas. angiosarcomas.

Fibroangioblastic proliferation undergoing fibrosis is frequently observed in
the spleen of the treated rats and mice,

Skin carcinbmas in treated rats appear frequently 10 arise from sebaccous
glands, of which they may repreduce in some extent the morphological charac-
ters (FIGURE 101,

The hepatomas observed in treated rats are usually well differentiated.

.. Metastases have been observed in the lung.

Brain ncuroblastomas are very similar to the human medulfoblastomas (Fig-
URE 1 1). Since they may be quite smuali and therefore not easily macroscopreally
detectable. we are now making serial sections of the brains of the treated rats, to
obtain more precise information on their real incidence.

The lung adenomas in treated mice are usvally multicentric: their number is
higher in animals treated with heavier doses. Many of these tumors appear to
undergo carly malignant irans{ormation.

Mammary carcinomas may he solitary ar multiple. Thev are wsually well
difTercntiated adenocarcinomas, with monomoerphous or polvmorphous arrange-
ment. The most distinet feature of these tumors is the [requency with which they
prescnt arcas of squamous metaplasia (Fioure 12),

Up to the present no acroosteolytic lesion has been observed on our treated
animals.

Several of the tumors produced by V'C are quite rare or exceptional. To our
knowledge liver angiosarcomas, nephroblastomas, and neurobtasiomas have
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TabLE 6
1 |orTEs o ExpErivENT BTT. RIsULTS AFTER 41 WEEKS
‘n' N N” st L s
= ———— e 1
i 2 Apimals 4 Animals with Tumors®
{Wistar Rats) .
- :
" Indatacks K b~ Groups tnd Treatment - : Angiasaroemas Other .
E.’: — PZyabal . @ '
2y Totat | SUnie - Rlnd Ty e Total o
w8 | = o = { wors 1 caru- mas g i Other ":“’:"' L
;: —N =] = =n E e mas \ver sijes ;:’
Sa | oo ~ I VC. 10000 ppm | 30 | 27 — () ! —-ml—-@ §
Eg A utet 2 Il: ¥C, 6,000 ppm b o | 26 — (1} — (I}
£% ~ HI: VC, 2500 ppm ! 20 | 23 — (1) — (I
TRENN - 1V: VC, 500 ppm EIV I BN ) -~
= V:'VC,'75% ppm 10 | 2 | 1ol
H YI1: VvC, 50 ppm 0§ 28 .
E VIi: No treatment 40 E 8 |
= ° i
= | |¥iaaz o - Tol 20 {195 | — (3 —m w1
. = [os 2
] x 508
?ﬁ i § 3 L . * ln parentheses are recorded the tumors found in male Sprague-Dawley rats of
> £ |5 v experiment BT1, after 41 weeks.
~i < 1B ~— ~ ¥ t One angioma of the cecum.
8 Els | 2o g1 2
<|.z ~ llw
[ 5 8
o RN I ° ) TasLe 7
-<~ 2 ExpPeriMENT BTS: REsuLTts AFTLR 75 WEEKS
= .
n — . Animaks
;.; = g (Spraz;c-l)awker Animals wilth Tumars
" i - - ‘ ats)
a =z IS == 2 .
E ' ?’;é‘ 139z =4 £ Groups and Treatment s Lymbal o Angiocatcomas Libes
-] ~ [ UV elard OFEY e type
-~ -é" Iy = - I'Z : Total vors dara- ’&E’;‘a’!’ Liver Other andsor Totat
= Z © 3 nomas sites site
2 F Z 3
B 28 | A ~HY¥ = 1: VC. 16,000 ppm 30 21
z .._.*E FASISES) S | £ £ (breeders)
= 5 N - IE: vC, 6,000 ppm 30 24
- [ — = . My pp -
3 a3 v ~ls = (breeders;
& 2z I VC, 10,000 ppm 54 48 1 1
w wad {ofisprings)
Lo ] -
- le..c Iv: vC, 6,000 ppm 32 30 1t 1
I 2o .
£ g AnEz2se o 239 (oflsprings)
-5 3 SNxwnnimss o | - .
SZg: = - 2=z Total 146 123 2 2
EL=! =@ =
=33 ' = e
VEERL = | = Ee° i week
s E S3ZTZZEE 3= * Subcutaneous angiosarcoma on a 23.week-old male.
£ (= = s £2 t Subcutaneous angiosarcoma on a 22.wcek-old female.,
Pl
[ =~ -
- U . . . -
N eEs : never been described as spontancouslv occurring in rats. Liver and extrahepatic
== 5 . : . s . .
95 og angiosarcomas have been induced only in a 1ew instances in experimenta] redents
b w S - = N . . .
E =E E = ‘;,'.'ég £ s {rats, hamsters, and mice) {{or relerenees sce Maltoni and Lefemine’). As far as
! 3 £zc Scg2 J:.cj ZEZE we know this is the first time that nephroblastomas and neuroblastiomas have been
= §§ g;—géa I ;_;; §-‘f-,§ experimentally reproduced. .
E _5_ “Eeo = =
: gc:_n-n:,,_; II ::;‘ v gg CONCLUSIONS .
B YIS Y] e . .. .
2 uys >§_)>.z. = e E.S.S,P 1. Under our experimental conditions, VC produced tumors in the three
° Ly u= 3 ’ antmal species studicd: rats, mice. and hamsters {as far as the last species is con- -
| ol ] P . . P
SN, . ccrned, the data should still be considercd us preliminary). )
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Figunt. I, Well differentiated Zymba! gland carcinoma i
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* One animal with 3 tumors.
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FIGURE 2. Pulmonary metasiasis of weli ditferentiated Zymbal gland carcinema in
rat. H&E, % 1%0.

2. The range of induced tumors varies to some exteni from species 10 species.

When given by inhalation VC produced: in rats, Zyvmbal gland carcinomas, neph-
roblastomas, angiosarcomas. and angiomas ot the liver and other sites, skin car-
cinomas. hepatomas. and brain ncuroblastomas: in mice, lung adenomas (fre-
quently undergoing mabignant transformation), manunary carcinomas, of &
peculiar type, sngiosarcomas and sngiomas ol the liver and of other sites, skin
epithelial tumors: in hamsters, {iver angiosarcomas and. as carly evidence seems
to suggest. skin trichoepitheliomus and lymphomas. Incidentally, liver angio-
sarcomas huve been voserved in afl three animal species.

3. In the BT1 and BT4 experiments, VC shows a carcinogenic eflect at 50

ppm.
4. From the BTI experimeat (the only onc completed) a dosc-response rela-

I3
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Figure 3. Nephroblastoma in rat. H&E, > 470.

teonship clearly emerges, as far as angiosarcomas and nephroblastomas are co:
cerned. in the lower dose ranges: from 500 to SC ppm for angiosarcomas an
from 250 to 50 ppm {or nephroblastomaus.

5. A comparison of the results available at the present moment in rats e
posed for 12 and 4 months (BT and BT3 experimentst shows that the neoplast
response. as far as angiosarcenias and nephroblastomas are concerned, is allecn
by the length ot exposure to VC.

6. The comparison of the resuits obtained in rats of two dillerent strains, it
Sprague-Dawley (BT1) and Wistar (BT7). at the present monient, seems Lo su.
gest that the strain factor considerably aifects the neoplastic response.

7. The onset of 1wo subcutancous angiosarcomas in the offspring of breede:
cxposed during pregnancy tor 7 days appears to indicate a transplacental efle.
of VC.
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Ficuae 4. Liver anposarcoma in rat. H&E, » 190,

3. The observation of a few caces of ossifying angiosarcomas suggests a new
ntation in the pathogenciic interpretation ol acroosteolysis in workers ex-
«d to VC.

The results presented in this report should be considered both preliminary and
mplete: preliminary since most of the experiments are still in progress, and
e at the initial stages: incomplete because a more profound and svsiematic
-oscopical examination, which is now under way, of Turther scrial histological
wons, may disclose new initial, minute, undctected tumors. For the latter rea-
previous reperts have been even more incomplete. The reicase of the prelimi-
-and incomplete results has been made necessary because of the importance
. s
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FIGURE 5. Liver angiosarcoma in rat. H&E, x 190.

of the topic. the pressure of the events and the requests. Since there have been
morc than 100.000 slides up to now, | am sure that tho-e engaged in pathological
screening of expenimental material are aware of our diflicult task,

Qur data have heen periodically transmitted to the European Companies
which have supported our research and are available to all interested parnes.

Before the end of 1972, a short time after it was known that VC was inducine
in rats not only Zymbal gland tumors. but also nephroblustomas and liver angio-
sarcomas. these resuflts were also made known to the MCA (U.S.A.). This infor-
mation promoted clinical nbservations and epidenmiolagical investigations, which
in December 1973 led to the first discovery of a liver angiosarcoma, as an oc-
cupational discase, in a worker of a U.S.A. (actory producing VC.PVC,

L
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Figure 6. Pulmonary metastosis of liver angiosarcoma in rat. H&E, X 190.
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Ficure 9. Kidney angiosarcoma in mouse. H&E, X 190,
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Ficure 10. Skin sebaceous, well differentrated, carcinoma in rat. H&E, < 190, Figuag 1[. Brain neurohlastoma with typical roseites in rat. H&E, X 470.
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Figure 12. Mammary adenocarcinoma with squamous metaplasia in mouse.
H&E, x 1%0.

May I recommend again that the VC carcinogenesis may serve 2s a convinc-
ing example for urgently promelting experimental bicassays for all new industrial
compounds and for those compounds that are already widespread but whose
effect we still ignore, to avoid occupational cancers.

Our Institute is now undertuking projects of curcinogenicity bioussays of
other monomers employed in the plastic industry.
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