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Summary

Vinyl acetate monomer (VAM) was administered in drinking
water, suppliedad libitum, at doses of 5,000, 1,000, and O ppm
(V/v), to Wistar rats, 17-week-old (breeders) and to 12-day-
embryos (offspring) at the start of the experiment. The treat-
ment lasted for 104 weeks, and then the animals were kept un-
der control until spontaneous death. VAM has been shown to
cause an increase in: 1) total malignant tumours; 2) carcino-
mas and/or precursor lesions of the oral cavity, tongue, oe-
sophagus, and forestomach; and 3) uterine tumours. On the
basis of these data, VAM must be considered a multipotent
carcinogen. Eur. J.Oncol., 7 (4), 279-293, 2002

Key wordsvinyl acetate monomer, carcinogenicity, long-term
bioassay, rat

Introduction

Riassunto

L'acetato di vinile monomero (AVM) é stato somministrato
con I'acqua da bere, fornitaad libitum, alle dosi di 5.000, 1.000
e 0 ppm (v/v) a ratti Wistar, di 17 settimane di eta (genitori) e
ad embrioni al 12° giorno di vita intrauterina (prole) all’ini-
zio dell’esperimento. Il trattamento € durato 104 settimane,
quindi gli animali sono stati tenuti sotto osservazione fino a
morte spontanea. E’ stato dimostrato che I’AVM provoca un
aumento di: 1) tumori maligni totali; 2) carcinomi e/o lesioni
preneoplastiche del cavo orale, della lingua, dell'esofago e del
prestomaco; e 3) tumori dell’'utero. Sulla base di questi dati,
'AVM deve essere considerato un cancerogeno multipotente.
Eur. J. Oncaol., 7 (4), 279-293, 2002

Parole chiave:acetato di vinile monomero, cancerogenicita,
studio a lungo termine, ratto

marily for the production of polyvinyl acetate (PVAc) and

polyvinyl alcohol emulsions, as well as for the production of
Vinyl acetate monomer (VAM) is an important compound opolyvinyl acetals, and the copolymers ethylene-vinyl acetate anc
the plastics industry. polyvinyl chloride-acetate. Compounds based on PVAc are usec
VAM (C,HsO,) has a molecular weight of 86.09 and its strucin many industrial products, among which paints, wallpapers,
tural formula is: cosmetics, pesticides, drugs. PVAc is also used for the productior

Ho i N of chewing-gum. Data on the production, uses and occurrence o
H—C—C—0—C= :H the compound are given in Tables 1-3.
H The long-term experimental studies on rodents conducted un:

The process for producing VAM was first realized in 1912. Inil the '90s prove in one way or another inadequate to expose the
dustrial production started in the USAin 1928\M is used pri- carcinogenic potential of VAM. Again, the epidemiological data
are too limited to permit an evaluation of the carcinogenicity of

Pervenuto/Received 1.8.2002 - Accettato/Accepted 20.9.2002 VAMto hu_man_s - The available data On.carCIHOQemCIty and other
relevant biological effects are reported in Table 4.

Indirizzo/Address: Dr. Morando Soffritti, Centro di Ricerca sul Cancro, X . - .
Fondazione Europea di Oncologia e Scienze Ambientali “B. Ramazzini”, In the '80s a research. project on VAM consisting of 3 experi-
Castello di Bentivoglio, 40010 Bentivoglio (BO), Italia ments, performed following a similar protocol, on Swiss mice,
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Table 1 -VAM: productiorf’ Table 3 -VAM: occurrence
Methods of production Natural sources
VAM is produced mainly by two processes: VAM is not known to occur in nature.
« in one process, used since 1920, acetylene and acetic acid were reacte
the vapour phase over a catalyst‘ped Workplaces

«in the other process, largely used since the '70s, ethylene is reacted v Wherever VAM or its polymers are produced, used, and stocked.
acetic acid in the presence of oxygen

Air
World production «In areas where several vinyl acetate manufactures or process facilities are
2.5 million tons per yeér located, a concentration of 0.25-2 mgfas been detectéd
« In areas near chemical waste disposal sites, a concentratiopgfi®.6as
Geographic areas of production been detectéd
Japan, China, the United States, Germany, Russia, Brazil, Canada, Fran
Mexico, Poland, Romania, Spain, Thailand, the United Kingdom, Water
Venezuela * VAM has been detected at concentrations of 50 mg/l in waste water efflu-

@ From IARC ents from a polyvinyl acetate plé&nt

Other
* VAM was among the volatile chemicals released from food packaging dur-
ing heating in microwave ovens. A concentration of 0.002{ddldnt has
been detectéd
*VAM has also been detected in cigarette smoke, at concentrations of 400
ng/cigarett&.

@ From IARC

Table 2 -VAM: use$’

*The only commercial use of VAM is in the production of polymers
(polyvinyl acetate, polyvinyl alcohol, polyvinyl acetals) and copolymers
(ethylene-vinyl acetate and polyvinyl-acetate chlofide)

« Polyvinyl acetate is mainly used in adhesives for paper, wood, glass, met
and porcelain. It is also used in latex water paint, for paper coating, for te
tile and leather finishing, as a base for inks and lacquers, in heat-sealing The results of the experiment on Sprague-Dawley rats, which
films, in shatterproof photographic bulbs, as an emulsifying agent in cogdso have already been publishdthve shown that VAM pro-
metics, pesticide formulations and pharmaceuticals, and as a food ad&hces an increase in: 1) total malignant tumours: 2) carcinomas of

tive® ©. e . .
« Polyvinyl acetate is used as a component in the production of chewing-glme oral cavity, lips and tongue; 3) cell dysplasias of the oesopha-

and the amount of polymer used varies from country to country: in the USUS; and 4) carcinomas of the forestomach.
it seems to be around 5% of the final product; in some European countries The results of the experiment on Wistar rats are reported here-

the average is higher. in for the first time.
« Polyvinyl alcohol is the most highly produced synthetic, water-soluble plas-
tic in the world, used in sizing for textile warp and yarn, in laminating ad-
rr;e:r:\t/gf, photosensitive films and, as a binder and emulsifying agent, in ?\ﬁ'aterials and methods
* Polyvinyl acetals are produced by the condensation of polyvinyl alcohol L . o o
with an aldehyde. Commonly used aldehydes are formaldehyde, acetalde-VAM was administered by ingestion in drinking water, sup-
hyde and butyraldehyde. Polyvinyl formal, polyvinyl acetals and polyvinylplied ad libitum, on Wistar rats.
butyrals are mainly used in adhesives, paints, lacquers and films. Polyvinyl Details on the test compound and test animals are given in
butyral is also used in sheet form as an interlayer in safety glasses and S'T%{ble 5.

ter-resistant acrylic protection in aircfaft . . .
« Ethylene-vinyl acetate copolymers improve the adhesive properties of hot- The experiment included breeders and offspring. The treat-

melt and pressure-sensitive adhesives. They are also used in medical tubfgNt of male and female breeders and offspring started when the
milk packaging and beer-dispensing equipment. Plastic containers with bd¢male breeders were at the” 2y of pregnancy.
rier layers of ethylene-vinyl alcohol copolymers are replacing many glass After weaning, at 4-5 weeks of age, the offspring was identi-
and metal containers for packaging fobd _ N fied by ear punch and housed in groups of 5 in makrolon cages
* Polyvinyl chloride-acetate copolymers, compounded with plasticizers, 341 x 25 x 15 cm) with stainless-steel wire tops; a shallow layer
used for cable and wire coverings, in chemical plants and in protective g r]E . . . .
ments. 0 Whlte Woo_d-shavmgs served as bedding. The anl_mals were
kept in one single room, at 23 + 2°C and 50-60% relative humid-
@ From IARC ity.
The plan of the experiment is shown in Table 6.
The conduct of the experiment is given in Table 7.
Sprague-Dawley and Wistar rats, was started at the Cancer ReAll animals were kept under control for their life span.
search Centre of the Ramazzini Foundation (CRC/RF). Every morning fresh water solutions of VAM at the required
The results of the experiment on Swiss mice, which have gfoncentrations were prepared; the residual drinking water from
ready been publishechave shown that VAM produces an in- the day before was removed, and the glass drinking bottles were
crease in: 1) total malignant tumours; 2) carcinomas of the Zynwashed and filled with fresh solution. Control animals received
bal glands, oral cavity, tongue, oesophagus, and forestomach;t@} water alone. . _
stomach tumours; 4) lung tumours; 5) uterine tumours; and 6) a Upon death, animals were submitted to systematic necropsy.
slight increase of hepatomas among male mice offspring treatktistopathology was routinely performed on the organs and fis-
with the h|ghest dose. sues listed in Table 8.
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Table 4 -VAM: data on carcinogenicity and other relevant correlated biological effects

(1) Carcinogenicity studies
(A) Experimental animals
a) Rat
- Inhalation

« A group of 96 male and female Sprague-Dawley rats, 13 weeks of age, was exposed by inhalation for 4 hours per dayyvéettaysr &2
weeks, to 2500 ppm (maximum tolerated concentration) of VAM. Early mortality was high: only 49 animals survived for 26veeksii€o
tumours related to VAM were reported during 135 wéek8ecause of the poor survival of the animals, this study was not adequate for e»
posing the carcinogenic potential of the monomer.

« Groups of 60 male and 60 female Sprague-Dawley rats, about 7 weeks of age, were exposed to 600, 200, 50, and O ppie (poyihacet
>99%) for 6 hours per day, 5 days a week, for about 104 weeks. A slightly increased incidence of nasal cavity tumoursl (rethigmezt)
was found in animals of each &ex

- Drinking water

* VAM was administered at the doses of 2500, 1000, and 0 mg/l in drinking water for 100 weeks, to groups of 20 male aad-2efemaB44
rats, 7 to 8 weeks of age, which were then kept under observation for the rest of their life span (130 weeks). An inereasegltastic nod-
ules, in uterine adenocarcinomas and polyps, and in thyroid C-cell adenomas was ‘@hisenestt be noted that the number of the animals
tested was small and that the histopathological examination was limited to gross lesions and major organs only.

« A total of 72 male and 144 female Sprague-Dawley rats (age unspecified) were divided into 4 groups and received vipylriigeta894)
at 5000, 1000, 200, and 0 mg/l in the drinking water. Treatment started 10 weeks before mating; treatment of males via®icantizai-
tional 4 weeks and that of females throughout mating, gestation, and lactation. Two males gétieeafion in each group were paired with
one female from the same group for up to 15 days. After weaning, groups of 60 male and 60, feapslevEre selected and were adminis-
tered 5000, 1000, 200, and 0 mg/l vinyl acetate in drinking water for 104 weeks. No treatment-related increase in tumoaimiasidd-
served.

« Groups of 50 male and 50 female F344 rats received 10000, 2000, 400, and O ppm vinyl acetate (98% pure) for 104 vieskssigtafist
icant increases in preneoplastic changes (e.g. squamous cell hyperplasia, basal cell activation) and squamous cell neapilasmsdvat
several sites in the upper digestive tract, but only at 10000 ppm (unpublish&d data)

b) Mouse
- Inhalation
« Groups of 60 male and 60 female Swiss mice, about 7 weeks of age, were exposed to 600, 200, 50, and 0 ppm vinyl gcedatsé Y porrit
6 hours per day, 5 days a week, for about 104 weeks. No treatment-related increase in tumour incidence wés observed
* Groups of 50 male and 50 female BDF1 mice received 10000, 2000, 400, and O ppm vinyl acetate (98% pure) for 104 wieakg.s&jatist
nificant increases in preneoplastic changes (e.g. squamous cell hyperplasia, basal cell activation) and squamous cellereagisemsd at
several sites in the upper digestive tract, but only at 10000 ppm (unpublish&d data)

(B) Humans
* In a cohort study aimed at identifying the specific exposure associated with an excess of lung cancer risk in a USheynitetigant, 19 chem-
icals were studied: the subgroup with indifferentiated large-cell lung cancer had had slightly higher cumulative expollite to VA
* A nested case-control study on a cohort of 29,139 men, employed in two US facilities, and died with lymphomas/leukemibasptegmmificant
result®.

(2) Genetic dects
VAM shows genotoxic effects both in human and rodent cells:
«invitro VAM produces a dose-related, statistically significant increase of sister chromatid exchanges and chromosomal aberragangrm hu
phocytes and whole blood, and an increase of sister chromatid exchanges in ovarian cells of the Chinése hamster

All organs and tissues were preserved in 70% ethyl alcohol,

Table 5 -VAM: test compound and test animals except for the bones which were fixed in 10% formalin and then

Test compound decalcified with 10% formaldehyde and 20% formic acid in wa-

(A) Supplier: an ltalian chemical plant. ter solution. The normal specimens were trimmed, following

(B) Purity: Standard Operating Procedures (SOP) at the CRC/RF Laboratc
« VAM: >99% ries: i. e. parenchymal organs were dissected through the hilus ti
« Benzene: 30-40 ppm expose the widest surface, and hollow organs were sectione
* Methyl and ethyl acetate: 50 ppm across the greatest diameter(s). Any pathological tissue wa:
+ Crotonaldehyde: 6-16 ppm trimmed through the largest surface, including normal adjacent

* Acetaldehyde: 2-11 ppm

. ) ; \ .
- Acetone: 330-500 ppm tissue. Trimmed specimens were processed as paraffin blocks

and 3-5 micron sections of every specimen were obtained. Sec
Test animals tions were routinely stained with haematoxylin-eosin. Specific
Male and female Wistar rats, 17-week-old breeders and 12 day embry&éainings were performed when needed. All slides were examinec
This type of animal has been employed for various experiments at the Camicroscopically by the same group of pathologists; a senior
cer Research Centre for nearly 30 years. pathologist reviewed all tumours and any other lesion of onco-
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Table 6 -Long-term carcinogenicity bioassay on VAM administered to Wi-Table 7 -VAM: conduct of the experiment
star rats in drinking water suppliaed libitumfor 104 weeks (Experiment BT

: » The animals were exposed by ingestion, adding the compound to drinking
53). Plan of the experiment water, suppliedad libitum, for 104 weeks, then they received tap water
Group Concentration Animals alone.
No. (ppm, VIV) Sex Age at start No. < All the animals were kept under observation until spontaneous death.
| 5000 M Breeders 13  The status and behaviour of the animals were examined 3 times daily.
’ * The animals were submitted to clinical examination for gross changes every
F (17 weeks old) 37 2 weeks.
M+F =0 * The animals were weighed once weekly for the first 13 weeks of the exper-
M Offspring 82 iment, every 2 weeks until the treatment was stopped, and then every 8
F (embryos) 95 weeks.
M+F 177 « Full necropsy was performed on all the animals.
* The housing and the diet of the animals were the same highly standardized
Il 1,000 M Breeders 13 ones adopted in the BT experimental unit during the last 30 years.
F (17 weeks old) 37 « Statistical analysis was performed usingxhtest, in order to evaluate the
M+E 50 level of significance in tumour incidence differences between treated and
) control groups, and Cochrane-Armitage test, to evaluate the dose-response
M Offspring 64 relationship.
F (embryos) 73
M+F 137
1l 0 M Breeders 14
(control) F (17 weeks old) 37 Results
M+F 51
M Offspring gg  Bodyweight
F (embryos) 69
M+F 155 A slight increase in mean body weight was observed in male

breeders of both treated groups, and there were no differences in
mean body weight in female breeders (fig. 1). In the offspring
treated at the higher dose, there was a slight decrease in mean body

) ) ) _ . weight of the animals of both sexes, more evident in males (fig. 2).
logical interest. All pathologists followed the same criteria of

histopathological evaluation and classification. Multiple tumoursy ,rvival

of different type and site, or of different type in the same site, or

of the same type in bilateral organs, or of the same type in the |5 maje breeders from 72 to 120 weeks of age, there was a de-
skin, in the subcutaneous tissue and in mammary glands, or at digsase in survival of the higher dose treated animals (fig. 3). From
tant sites of _dlffusg tissue (i.e. bones, skeletal muscle, etc.), WefR start of the treatment to 104 weeks of age there was a slight
plotted as single/independent tumours. Multiple tumours of thgecrease in survival among untreated female breeders (fig. 4). In
same type in the same tissue and organ (including those of the Bizje offspring treated with the lower dose a slight decrease in sur-

lateral organs) were plotted only once. o vival was observed (fig. 5). No noteworthy differences were ob-
Thex* test was used for the analysis of tumour incidence anghed in female offspring (fig. 6).

the Cochrane-Armitage test for the dose-response relationship.
The results of the statistical evaluation are reported in the tableggnoncol ogical changes
The experiment was conducted in conformity with the princi-
ples of Good Laboratory Practices (GLP) and the SOP of the \q evident behavioural changes were observed in VAM-treat-

CRC/RF. ed animals. No treatment—related nononcological pathological

Table 8 -VAM: histopathology

Histopathologic examination was performed on all tissues and organs taken at necropsy

¢ subcutaneous lymph nodes e thymus and mediastinal » stomach (fore and glandular)
(axillary and inguinal) lymph nodes « intestine (four levels: duodenum,

 brain ¢ trachea jejunum-ileum, colon, rectum)

* pituitary gland * lung and mainstem bronchi * urinary bladder

e Zymbal glands ¢ diaphragm e prostate

 parotid glands « liver e uterus

e submaxillary glands ¢ spleen e ovaries

e Harderian glands e pancreas  testes

* nasal and oral cavities e kidneys * brown adipose tissue
(5 sections of head)  adrenal glands (interscapular fat pad)

e tongue « oesophagus * mesenteric lymph nodes

and any other organs and tissues with pathological lesions
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Fig. 1 - Mean body weight in male (M) and fe-
male (F) breeder rats
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Fig. 4 - Survival in female breeder rats

Fig. 5 - Survival in male offspring rats

Fig. 6 - Survival in female offspring rats
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Table 9 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, supglidatum, to male (M) and female (F) Wistar rats (Exper-
iment BT 53). Number and percentage of male Wistar rats bearing various types of benign and malignafit tumours

Site Histotype Groups
I: 5,000 ppm II: 1,000 ppm I1l: 0 (control)
Breeders Offspring Breeders Offspring Breeders Offspring
No. % No. % No. % No. % No. % No. %
Skin Acanthoma 0 - 1 12 0 - 0 - 1 7.1 1 1.2
Squamous cell carcinoma 0 - 1 1.2 1 7.7 0 - - 1 1.2
Subcutaneous Fibroma 0 - 0 - 0 - 1 1.6 0 - 2 2.3
tissue Fibroangioma 0 - 0 - 0 - 0 0 - 1 1.2
Lipoma 1 7.7 0 - 0 - 0 - - 0 -
Fibrosarcoma 0 - 0 - 1 7.7 0 - 0 - 0 -
Liposarcoma 2 154 0 - 0 - 0 - 0 - 0 -
Interscapular fat Liposarcoma 0 - 0 - 0 - 0 - 0 - 1 1.2
pad
Mammary Fibroma and fibroadenoma 0 - 2(3) 2.4 1 7.7 4.7 7.1 5 5.8
glands Lipoma 0 - 0 - 0 - 2 3.1 0 - 0 -
Fibroangioma 0 - 0 - 0 - 1 1.6 0 - 1 1.2
Adenocarcinoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Fibrosarcoma 0 - 0 - 0 - 0 - 1 7.1 0 -
Liposarcoma 1 7.7 0 - 1 7.7 2 3.1 0 - 0 -
Harderian glands Adenocarcinoma 0 - 1 1.2 0 - 0 - - 0 -
Zymbal glands Carcinoma 0 - 1 12 0 - 1 1.6 0 - 1 12
Ear ducts Carcinoma 0 - 1 12 0 - 0 - 0 - 1 12
Nasal cavities Carcinoma 0 - 1 12 0 - 0 - 0 - 0 -
Olfactory neuroblastoma 0 - 0 0 - 1 1.6 0 - 0 -
Oral cavity Acanthoma 1 7.7 0 - 0 - 0 0 - 0 -
and lips? Carcinoma 3 23.1 12 14.6 1 7.7 1 1.6 1 7.1 3 35
Tongue® Carcinoma 0 - 2 24 0 - 0 - 0 - 0 -
Pharynx Carcinoma 0 - 3 3.7 0 - 0 - 0 - 0 -
Lung Adenocarcinoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Oesophagu$ Carcinoma 0 - 3 3.7 0 - 0 - 0 - 0 -
Stomach
- Forestomach  Acanthoma 0 - 1 1.2 0 - 0 - 0 - 0 -
Carcinoma 1 7.7 4 4.9 0 - 0 - 0 - 0 -
- Glandular Leiomyosarcoma 0 - 0 - 0 - 1 1.6 0 - 0 -
stomach
Intestine Adenocarcinoma 1 7.7 0 - 0 - 1 1.6 0 - 0 -
Liver Cholangioma 0 - 1 1.2 0 - 1 1.6 0 - 0 -
Hepatocarcinoma 0 - 0 - 0 - 0 - 0 - 2 2.3
Cholangiocarcinoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Pancreas Exocrine adenoma 0 - 4 4.9 4 30.8 14 21.9 21.4 6 7.0
Islet cell adenoma 2 154 2 24 0 - 1 1.6 1 7.1 9 10.5
Islet cell carcinoma 0 - 1 12 3 23.1 0 - 0 - 0 -
Kidneys Adenoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Fibroangioma 0 - 0 - 0 - 0 - 0 - 1 1.2
Lipoma 0 - 0 - 0 - 0 - 1 1.2
Nephroblastoma 0 - 0 - 0 - 0 - 0 - 1 1.2
(table 9 continued)

285



F. Belpoggi, M. Soffritti, F. Minardi , et al.

Table 9 cont.
Site Histotype Groups
I: 5,000 ppm II: 1,000 ppm 11I: O (control)
Breeders Offspring Breeders Offspring Breeders Offspring
No. % No. % No. % No. % No. % No. %
Prostate Adenoma 0 - 1 12 0 - 0 - 0 - 0 -
Adenocarcinoma 0 - 1 1.2 0 - 1 1.6 0 - 0 -
Seminal vesicles Adenocarcinoma 0 - 0 - 0 - 0 - 1 7.1 0 -
Testes Leydig cell tumour 34 231 7(9 85 1(2 7.7 4(5) 63 3(B) 214 11(16) 128
Pituitary gland Adenoma 3 23.1 8 9.8 7 53.8 8 12.5 8 57.1 15 17.4
Thyroid gland Follicular carcinoma 0 - 0 - 0 - 0 - 0 - 1 1.2
C-cell carcinoma 0 - 1 12 1 7.7 0 - 0 - 0
Adrenal glands Cortical adenoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Pheochromocytoma 3(4) 231 20(26) 244 6(8) 46.2 25(36) 39.1 5(6) 357 24(36) 279
Cortical adenocarcinoma 1 7.7 0 - 0 - 0 - 0 - 0 -
Pheochromoblastoma 0 - 5 6.1 2@3) 154 1 1.6 0 - 0 -
Central nervous
system
- Brain Oligodendroglioma 0 - 1 1.2 0 - 2 3.1 0 - 0 -
- Meninges Benign meningioma 0 - 0 - 0 - 0 - 1 7.1 1 1.2
Peripheral nervous
system
- Ganglia Ganglioneuroma 0 - 0 - 0 - 1 1.6 0 - 0 -
Bones
- Head Osteosarcoma 0 - 2 24 0 - 0 - 0 - 0 -
- Other Osteosarcoma 0 - 1 12 0 - 0 - 0 - 1 12
Thymus® Benign thymoma 0 - 0 - 0 - 1 1.6 0 - 0 -
Malignant thymoma 0 - 0 - 0 - 0 - 0 - 1 1.2
Spleen Angiosarcoma 0 - 0 - 0 - 0 - 1 7.1 0 -
Subcutaneous Fibroangioma 1 7.7 0 - 0 - 1 16 0 - 0 -
lymph nodes
Mediastinal Fibroangioma 0 - 0 - 0 - 1 1.6 0 - 0 -
lymph nodes
Mesenteric Fibroangioma 0 - 1 12 1 7.7 1 1.6 0 - 8 9.3
lymph nodes
Haemolympho- Lymphomas and 1 7.7 8 9.8 1 7.7 7 10.9 2 14.3 5 5.8
reticular leukaemias
tissue® ®

@Between brackets the number of tumours (one animal can bear more than one tumour)
®See table 12
©@See table 13
@See table 14
©See table 15

®In 96% of cases, the tumour itself is composed of a mixture in varying proportions of epithelial cells and lymphocytemaimthg 4% only epithelial cells
are present. We consider that a tumour composed exclusively of lymphocytes should not be classified as a thymoma bohes iavphajiy the thymus

@|Including thymus, spleen, subcutaneous, mediastinal and mesentheric lymph nodes
™ See table 18

changes were detected by gross inspection or histopathologieald female rats of treated and control groups is reported in Tables

examination. 9 and 10.

The incidence of total benign tumours was not affected by the

Tumours

treatment. An increase in total malignant tumours was observed in

male and female breeders and offspring treated with both doses

The occurrence of benign and malignant tumours among m&f&ble 11).
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Table 10 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, supgligoitum, to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Number and percentage of female Wistar rats bearing various types of benign and maligngnt tumours

Site Histotype Groups
I: 5,000 ppm II: 1,000 ppm I11: O (control)
Breeders Offspring Breeders Offspring Breeders Offspring
No. % No. % No. % No. % No. % No. %
Skin Acanthoma 0 - 1 11 0 - 0 - 0 - 0 -
Squamous cell carcinoma 0 - 1 11 0 - 0 - 0 - 0 -
Subcutaneous Lipoma 0 - 1 11 0 - 1 14 0 - 0 -
tissue Fibrosarcoma 1 2.7 1 11 0 - 0 - 0 - 0 -
Interscapular Liposarcoma 0 - 1 11 0 - 0 - 0 - 0 -
fat pad
Mammary Fibroma and fibroadenoma 12 (13) 324 40(61) 421 19(23) 514 27(37) 37.0 22(27) 595 38(48) 55
glands Lipoma 0 - 0 - 0 - 2 2.7 1 2.7 0 -
Adenocarcinoma 5 135 8(9) 8.4 2 54 6(7) 8.2 4 10.8 5 7.2
Liposarcoma 0 - 0 - 0 - 0 - 1 2.7 0 -
Zymbal glands Acanthoma 0 - 0 - 0 - 0 - 2 5.4 0 -
Sebaceous adenoma 0 - 0 - 0 - 0 - 2 5.4 0 -
Carcinoma 0 - 1 11 1 2.7 2 2.7 0 - 0 -
Ear ducts Carcinoma 0 - 0 - 0 - 2 2.7 1 2.7 1 14
Nasal cavities Carcinoma 0 - 1 11 0 - 0 - 0 - 1 14
Olfactory neuroblastoma 0 - 2 2.1 0 - 0 - 0 - 0 -
Oral cavity Carcinoma 1 2.7 24 25.3 4 10.8 11 15.1 2 5.4 5 7.2
and lips?
Tongue® Carcinoma 1 2.7 6 6.3 1 2.7 0 - 0 - 0 -
Pharynx Carcinoma 1 2.7 2 2.1 0 - 0 - 0 - 0 -
Lung Adenoma 0 - 1 11 0 - 0 - 0 - 0 -
Oesophagu$ Acanthoma 0 - 1 11 0 - - 0 - 0 -
Carcinoma 1 2.7 4 4.2 0 - 1 14 0 - 0 -
Stomach
- Forestomach  Acanthoma 2 5.4 4 4.2 1 2.7 0 - 0 - 1 14
Leiomyoma 0 - 0 - 1 2.7 0 - 0 - 0 -
Carcinoma 2 5.4 4 4.2 2 5.4 0 - 0 - 0 -
- Glandular Adenocarcinoma 0 - 0 - 0 - 0 - 1 2.7 0 -
stomach
Intestine Adenomatous polyp 0 - 0 - 1 2.7 0 - 0 - 0 -
Salivary glands Adenoma 1 2.7 1 11 0 - - 54 1 14
Liver Angioma 0 - 0 - 0 - 0 - 0 - 1 14
Cholangioma 0 - 1 11 0 - 0 - 0 - 0 -
Hepatocarcinoma 0 - 0 - 0 - 1 14 0 - 1 1.4
Pancreas Exocrine adenoma 1 2.7 0 - 3 8.1 5 6.8 2 5.4 1 14
Islet cell adenoma 1 2.7 3 3.2 0 - 5 6.8 2 5.4 2 2.9
Islet cell carcinoma 1 2.7 2 2.1 0 - 0 - 0 - 0 -
Kidneys Adenoma 0 - 0 - 0 - 0 - 1 2.7 0 -
Adenocarcinoma 0 - 0 - 1 2.7 0 - 0 - 3 4.3
Nephroblastoma 0 - 0 - 0 - 0 - 0 - 1 14
Liposarcoma 0 - 1 11 0 - 0 - 0 - 0 -
Bladder Papilloma 0 - 1 11 0 - 0 - 0 - 0 -
Transitional cell carcinoma 0 - 1 11 0 - 0 - 0 - 0 -
Ovaries Cystadenoma 4(6) 108 4(5) 4.2 1 27 2(3) 2.7 0 - 1 14
Granulosa cell tumour 0 - 2 2.1 2 54 24 27 12 2.7 0 -
Granulosa and theca cell tumour 0 - 1 11 0 - 0 - 0 - 0 -
Sertoli cell tumour 0 - 0 - 0 - 24 2.7 2 5.4 0 -
Adenocarcinoma 0 - 34 3.2 0 - 0 - 0 - 1 14
Granulosa cell 0 - 0 - 0 - 1 14 1 2.7 0 -
malignant tumour
Sertoli cell malignant tumour 0 - 1(2) 11 1 27 1 14 0 - 0 -
(table 10 continued)
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Table 10 cont.
Site Histotype Groups
I: 5,000 ppm II: 1,000 ppm 1II: O (control)
Breeders Offspring Breeders Offspring Breeders Offspring
No. % No. % No. % No. % No. % No. %
Uterus® Polyp 9 24.3 23 24.2 9 24.3 20 27.4 10 27.0 15 21.7
Fibroma 0 - 2 2.1 0 - 0 - 0 - 0 -
Leiomyoma 0 - 0 - 0 - 1 1.4 0 - 1 1.4
Fibroangioma 1 2.7 0 - 0 - 0 - 0 - 1 1.4
Granular cell tumour 0 - 0 - 0 - 0 - 0 - 1 14
(Abrikosoff’s tumour)
Squamous cell carcinoma 1 2.7 3 3.2 1 2.7 1 14 0 - 1 14
Adenocarcinoma 5 135 19 20.0 3 8.1 5 6.8 2 5.4 4 5.8
Fibrosarcoma 3 8.1 3 3.2 0 - 0 - 0 - 0 -
Leiomyosarcoma 1 2.7 2 2.1 0 - 0 - 0 - 0 -
Liposarcoma 0 - 0 - 0 - 0 - 0 - 1 14
Angiosarcoma 2 5.4 0 - 0 - 2 2.7 1 2.7 4 5.8
Malignant Schwannoma 0 - 0 - 0 - 2 2.7 0 - 1 1.4
Vagina Granular cell tumour 0 - 0 - 0 - 0 - 0 - 1 14
(Abrikosoff’s tumour)
Squamous cell carcinoma 0 - 0 - 1 2.7 0 - 0 - 0 -
Fibrosarcoma 0 - 0 - 1 2.7 0 - 0 - 0 -
Malignant Schwannoma 0 - 0 - 2.7 0 - 0 - 0 -
Uterus and vagirfa Malignant Schwannoma 0 - 4 4.2 5 135 2 2.7 1 2.7 2 2.9
Peritoneum Mesothelioma 0 - 0 - 0 - 1 14 0 - 0 -
Liposarcoma 0 - 0 - 0 - 1 14 0 - 0 -
Pituitary gland Adenoma 18 48.6 48 505 20 54.1 30 411 20 54.1 34 49.3
Thyroid gland Follicular adenoma 0 - 1 11 0 - 0 - 0 - 0 -
C-cell adenoma 0 - 0 - 0 - 0 - 0 - 1 14
Follicular carcinoma 1 2.7 1 11 0 - 0 - 0 - 0 -
C-cell carcinoma 0 - 1 11 0 - 0 - 0 - 0 -
Adrenal glands Cortical adenoma 1 2.7 1 11 0 - 1 14 0 - 0 -
Pheochromocytoma 6 16.2 13(15) 13.7 14(18) 37.8 13(15) 17.8 5 135 12(16) 17.4
Cortical adenocarcinoma 2(3) 5.4 1 11 1 2.7 0 - 0 - 1 1.4
Pheochromoblastoma 0 - 2 2.1 0 - 34 4.1 0 - 0 -
Central nervous system
- Brain Oligodendroglioma 0 - 1 11 0 - 0 - 0 - 2 2.9
- Meninges Benign meningioma 0 - 1 11 1 2.7 1 1.4 1 2.7 1 14
Peripheral nervous system
- Major peripheral Benign Schwannoma 1 2.7 0 - 0 - 0 - 0 - 0 -
nerves Malignant Schwannoma 0 - 1 11 0 - 0 - 0 - 1 1.4
- Ganglia Ganglioneuroma 0 - 0 - 0 - 0 - 1 2.7 0 -
Bones
- Head Osteosarcoma 0 - 3 3.2 0 - 4 5.5 0 - 2 2.9
- Other Osteosarcoma 0 - 1 11 0 - 0 - 1 2.7 1 14
Soft tissues Liposarcoma 0 - 1 11 0 - 0 - 0 - 0 -
Thymug Malignant thymoma 1 2.7 7 7.4 7 18.9 1 14 2 54 5 7.2
Spleen Fibroma 0 - 1 11 0 - 0 - 0 - 0 -
Angioma and fibroangioma 0 - 0 - 1 2.7 0 - 1 2.7 1 1.4
Mediastinal Fibroangioma 0 - 0 - 0 - 0 - 0 - 1 14
lymph nodes
Mesenteric Fibroangioma 1 2.7 1 11 2 54 0 - 0 - 0 -
lymph nodes
Haemolympho- Lymphomas and 6 16.2 14 14.7 3 8.1 5 6.8 1 2.7 3 4.3

reticular tissue§®

leukaemias

@Between brackets the number of tumours (one animal can bear more than one tumour)

®See table 12
©See table 13
@See table 14
©See table 15
0 See table 17

©@|n 96% of cases, the tumour itself is composed of a mixture in varying proportions of epithelial cells and lymphocytemaimthg 4%, only epithelial cells
are present. We consider that a tumour composed exclusively of lymphocytes should not be classified as a thymoma hotees iavgiving the thymus
®Including thymus, spleen, mediastinal and mesentheric lymph nodes

0 See table 18
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Table 11 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, suppliéltum, to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Total malignant tumours

Group  Concentration Animals Malignant tumours
No. (ppm, VIv) Tumour-bearing animals Tumours
Age Sex No. No. % No. Per 100 animals
| 5,000 Breeders M 13 8 61.5 10 76.9**
(17 weeks old) F 37 20 54.1 36 97.3**
M+F 50 28 56.0 46 92.0
Offspring M 82 36 43.9%*% 49 59.8**
(Embryos) F 95 70 73.7%* 130 136.8**
M+F 177 106 59.9 179 101.1
Il 1,000 Breeders M 13 7 53.8 12 92.3**
(17 weeks old) F 37 22 59.5 35 94.6**
M+F 50 29 58.0 47 94.0
Offspring M 64 15 23.4° 18 28.1
(Embryos) F 73 33 45.2 55 75.3
M+F 137 48 35.0 73 53.3
1 o® Breeders M 14 5 35.7 6 42.9
(17 weeks old) F 37 13 35.1 18 48.6
M+F 51 18 35.3 24 47.1
Offspring M 86 17 19.8 21 24.4
(Embryos) F 69 35 50.7 45 65.2
M+F 155 52 335 66 42.6

@Drinking water alone
** Statistically significant (p<0.01) usingf test
* Statistically significant (p<0.01) using Cochrane-Armitage test for dose-response relationship

Table 12 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, sujgpligoitumto male (M) and female (F) Wistar rats (Ex-
periment BT 53). Oncological lesions of the oral cavity

Group  Concentration Animals Animals with oncological lesions
No. (ppm, VIV) Acanthomas Squamous cell dysplasias ~ Squamous cell carcinoma
Age Sex No. No. % No. % No. %
| 5,000 Breeders M 13 1 7.7 1 7.7 3 23.1
(17 weeks old) F 37 0 - 2 5.4 1 2.7
M+F 50 1 2.0 3 6.0 4 8.0
Offspring M 82 0 - 1 1.2 12 14.6*
(Embryos) F 95 0 - 12 12.6* 24 25.3%*@
M+F 177 0 - 13 7.3 36 20.3
1] 1,000 Breeders M 13 0 - 0 - 1 7.7
(17 weeks old) F 37 0 - 0 - 4 10.8
M+F 50 0 - 0 - 5 10.0
Offspring M 64 0 - 0 - 1 1.6
(Embryos) F 73 0 - 0 - 11 15.1°
M+F 137 0 - 0 - 12 8.8
1] o® Breeders M 14 0 - 0 - 1 7.1
(17 weeks old) F 37 0 - 0 - 2 5.4
M+F 51 0 - 0 - 3 5.9
Offspring M 86 0 - 0 - 3 35
(Embryos) F 69 0 - 1 14 5 7.2
M+F 155 0 - 1 0.6 8 5.2

@Drinking water alone

* Statistically significant (p<0.05) using test
**Statistically significant (p<0.01) using? test
« Statistically significant (p<0.01) using Cochrane-Armitage test for dose-response relationship
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Table 13 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, supgligitum to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Oncological lesions of the tongue

Group  Concentration Animals Animals with oncological lesions
No. (ppm, VIV) Acanthomas Squamous cell dysplasias ~ Squamous cell carcinomas
Age Sex No. No. % No. % No. %
5,000 Breeders M 13 0 - 3 231 0 -
(17 weeks old) F 37 0 - 4 108 1 2.7
M+F 50 0 - 7 14.0 1 2.0
Offspring M 82 0 - 1 1.2 2 24
(Embryos) F 95 0 - 5 5.3 6 6.3
M+F 177 0 - 6 34 8 45
I 1,000 Breeders M 13 0 - 0 - 0 -
(17 weeks old) F 37 0 - 0 - 1 2.7
M+F 50 0 - 0 - 1 2.0
Offspring M 64 0 - 1 1.6 0 -
(Embryos) F 73 0 - 0 - 0 -
M+F 137 0 - 1 0.7 0 -
1 o@ Breeders M 14 0 - 0 - 0 -
(17 weeks old) F 37 0 - 0 - 0 -
M+F 51 0 - 0 - 0 -
Offspring M 86 0 - 0 - 0 -
(Embryos) F 69 0 - 0 - 0 -
M+F 155 0 - 0 - 0 -

@Drinking water alone

VAM caused squamous cell carcinomas of the oral cavity i€onclusions
male breeders treated at the higher dose, female breeders treated
with the lower dose, male and female offspring of the higher dose In the tested experimental conditions, VAM is shown to cause
and female offspring of the lower dose group (Table 12). an increase in total malignant tumours and tumours at several body

The incidence of tongue squamous cell dysplasias proved to &ites. Of particular significance is the increase in squamous cell
increased among male and female breeders and offspring treatadcinomas of the oral cavity, tongue, oesophagus and forestom-
with the higher dose. There was a borderline increase in squeh. The sites of these tumours were the same found in Swiss mice
mous cell carcinomas in female breeders of both treated groupsid Sprague-Dawley rats in the experiments performed in our lab-
and an evident increase in male and female offspring treated at tvatory following the same protocol. It must be also considered
higher dose (Table 13). that the sites of these tumours were those most directly exposed to

Squamous cell dysplasias of the oesophagus were incread#dM, since the compound was administered by oral route.
among male and female breeders and offspring treated with theThe results of this experiment, together with those of the ex-
higher dose. Squamous cell carcinomas were increased in mp&¥iments on Swiss mitand on Sprague-Dawley rgtshow that
and female offspring treated with the higher dose (Table 14). VAM is a multipotent carcinogen. On the basis of the whole eval-

A borderline increase of the incidence of squamous cell caraiation of this compound, regulatory measures and preventive ac-
nomas of the forestomach was observed among male and fem#a must be undertaken to prevent the carcinogenic risk of VAM,
breeders and offspring treated with the higher dose, and in femahainly among workers exposed and consumers of goods contain-
breeders treated with the lower dose (Table 15). ing the monomer.

When upper gastrointestinal tract squamous cell carcinomas Of particular concern is the current use of VAM-based poly-
plus their precursors were considered as a whole, a highly signifiers as compounds in contact with food and beverages, including
icant dose-related increase was observed in male and femtie use of polyvinyl acetate in the production of chewing-gum. In
breeders and offspring (Table 16). fact, since VAM has been found to migrate from plastic materials

The number of malignant tumours (sarcomas and carcinomasjo wine* and watef, one cannot exclude the migration into
of the uterus was found to have increased in breeders of bathliva and other biological fluids.
treated groups and in offspring treated with the higher dose (Table
17).

An increase of haemolymphoreticular neoplasias was olcknowledgement
served in female breeders treated with both doses, and in male and

female offspring of both treated groups (Table 18). This research has been partially supported by the Regional Agency for
Prevention and Environment (Agenzia Regionale Prevenzione e Ambiente,

ARPA) of the Emilia-Romagna Region, Italy
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Table 14 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, sugpliéoitum to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Oncological lesions of the oesophagus

Group  Concentration Animals Animals with oncological lesions
No. (ppm, VIv) Acanthomas Squamous cell dysplasias  Squamous cell carcinoma
Age Sex No. No. % No. % No. %
| 5,000 Breeders M 13 0 - 3 231 0 -
(17 weeks old)  F 37 0 - 6 16.2* 1 2.7
M+F 50 0 - 9 18.0 1 2.0
Offspring M 82 0 - 10 12.2%*¢ 3 3.7
(Embryos) F 95 1 11 29 30.5%* 4 4.2
M+F 177 1 0.6 39 22.0 7 4.0
Il 1,000 Breeders M 13 0 - 0 - 0 -
(17 weeks old) F 37 0 - 0 - 0 -
M+F 50 0 - 0 - 0 -
Offspring M 64 0 - 1 1.6° 0 -
(Embryos) F 73 0 - 0 - 1 14
M+F 137 0 - 1 0.7 1 0.7
1l o® Breeders M 14 0 - 0 - 0 -
(17 weeks old) F 37 0 - 0 - 0 -
M+F 51 0 - 0 - 0 -
Offspring M 86 0 - 0 - 0 -
(Embryos) F 69 0 - 0 - 0 -
M+F 155 0 - 0 - 0 -

@Drinking water alone

* Statistically significant (p<0.05) using test
**Statistically significant (p<0.01) using? test
® Statistically significant (p<0.01) using Cochrane-Armitage test for dose-response relationship

Table 15 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, sugpliéoitum to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Oncological lesions of the forestomach

Group  Concentration Animals Animals with oncological lesions
No. (ppm, vIv) Acanthomas Squamous cell dysplasias ~ Squamous cell carcinoma
Age Sex No. No. % No. % No. %
| 5,000 Breeders M 13 0 - 0 - 1 7.7
(17 weeks old) F 37 2 54 4 10.8 2 54
M+F 50 2 4.0 4 8.0 3 6.0
Offspring M 82 1 1.2 6 7.3 4 49
(Embryos) F 95 4 4.2 5 53 4 4.2
M+F 177 5 2.8 11 6.2 8 45
Il 1,000 Breeders M 13 0 - 1 7.7 0 -
(17 weeks old) F 37 1 2.7 2 5.4 2 54
M+F 50 1 2.0 3 6.0 2 4.0
Offspring M 64 0 - 1 1.6 0 -
(Embryos) F 73 0 - 2 2.7 0 -
M+F 137 0 - 3 2.2 0 -
1] o®@ Breeders M 14 0 - 0 - 0 -
(17 weeks old) F 37 0 - 0 - 0 -
M+F 51 0 - 0 - 0 -
Offspring M 86 0 - 1 1.2 0 -
(Embryos) F 69 1 1.4 1 1.4 0 -
M+F 155 1 0.6 2 1.3 0 -

@Drinking water alone
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Table 16 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, suppliéoitum, to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Upper gastrointestinal tract squamous cell carcinomas (SqCa) plus their precursors (SqDy)

Group Concentration Animals SqCa + SgDy
No. (ppm, VIV) Age Sex No. No. per 100 animals
I 5,000 Breeders M 13 84.6**®
(17 weeks old) F 37 56.8**
M+F 50 64.0
Offspring M 82 47 .6%*
(Embryos) F 95 93.7**®
M+F 177 72.3
1] 1,000 Breeders M 13 15.4°
(17 weeks old) F 37 24.3%°
M+F 50 22.0
Offspring M 64 6.3°
(Embryos) F 73 19.2¢
M+F 137 131
1 o® Breeders M 14 7.1
(17 weeks old) F 37 5.4
M+F 51 59
Offspring M 86 4.7
(Embryos) F 69 10.1
M+F 155 7.0

®Drinking water alone

* Statistically significant (p<0.05) using test

** Statistically significant (p<0.01) usingf test

® Statistically significant (p<0.01) using Cochrane-Armitage test for dose-response relationship

Table 17 - Long-term carcinogenicity bioassay on VAM, administered with drinking water, sujglidatum, to male (M) and female (F) Wistar rats (Ex-

periment BT 53). Malignant tumours of the uterus

Group Concentration Animals Tumour-bearing animals Total malignant
No. (ppm, v/v) Carcinomés Sarcoma3 tumourg’
Age No. No. % No. No. Per 100 animals
5,000 Breeders 37 6 16.2 5 135 12 324 %
(17 weeks old)
Offspring 95 22 23.2%* 9 9.5 31 32.6*
(Embryos)
I 1,000 Breeders 37 4 108 5 135 9 24.3
(17 weeks old)
Offspring 73 6 8.2 6 82 12 16.4
(Embryos)
1 0© Breeders 37 2 5.4 2 5.4 4 10.8
(17 weeks old)
Offspring 69 4 5.8 7 10.1 13 18.8
(Embryos)

®@Squamous cell carcinoma and adenocarcinoma

®Fibrosarcoma, leiomyosarcoma, liposarcoma, angiosarcoma and malignant Schwannoma
©One animal can bear more than one tumour

@Drinking water alone

* Statistically significant (p<0.05) using test

** Statistically significant (p<0.01) usingf test

¢ Statistically significant (p<0.05) using Cochrane-Armitage test for dose-response relationship
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Table 18 -Long-term carcinogenicity bioassay on VAM, administered with drinking water, supgligoitum, to male (M) and female (F) Wistar rats (Ex-
periment BT 53). Haemolymphoreticular neoplasias

Group Concentration Animals Animals with haemolymphoreticular neoplasias
No. (ppm, VIV) Age Sex No. No. %
| 5,000 Breeders M 13 1 7.7
(17 weeks old) F 37 6 16.2
M+F 50 7 14.0
Offspring M 82 8 9.8
(Embryos) F 95 14 14.7
M+F 177 22 12.4
1] 1,000 Breeders M 13 1 7.7
(17 weeks old) F 37 3 8.1
M+F 50 4 8.0
Offspring M 64 7 10.9
(Embryos) F 73 5 6.8
M+F 137 12 8.8
1] o® Breeders M 14 2 14.3
(17 weeks old) F 37 1 2.7
M+F 51 3 5.9
Offspring M 86 5 5.8
(Embryos) F 69 3 4.3
M+F 155 8 5.2

®@Drinking water alone
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