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FOLLOW-UP STUDY ON THE CARCINOGENICITY
OF VINYL CHLORIDE AND VINYLIDENE CHLORIDE
IN RATS AND MICE: TUMOR INCIDENCE

AND MORTALITY SUBSEQUENT TO EXPOSURE
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Curcinpgenic gnd other toxic effects i1 rats und mie were eadrined durieg g 2o
periad (otlowing eaposure 1o vinvi «hlorige (VC)oor vinylidene entoride (VOC)
Exposure of mufe und iomwie muce to 50, 250, or 1000 ppws V'C Tor 6 #jd, 5 Jdiwk,
for 1, 3 or § mo resudted in incresed numbers o! dedths and meregsed mearibundity
vt gl dose Ievclg'during the exposure Jrd pOSIeADOSUTC periuds, vy conpared wilf:
gir-expused conirols. Sunilar Apservalions were mode with rats arier 1, 3, 0. 07 ]0) mo

Cexpusure to VG, Cumulalive tumeor inridence 93 various vrgan sites dise wicredsed in
sath species during the posiexposdre periog o proporion o dose o duration ot
exposure at higher dose levels. However, excent ror murndry Glund wmors i iciile
mice, no sigificant increase n cumuldiive wmae sacidence occurred in either speaes
at s¢ ppm VC ar 55 ppm VDG, reduraress of ducation of exposure. These eovalls
suggest that cxposire 1o vinvd halides <0 gose feveds ionwer than those il clicit a
sSigniticant nceease in encer anudence  Jurny the liferme ot the wrmuf mus,
nonetheless, incrouse the ok of carky  Jdogth or moribundily from loxic pre- or
wibrcinogenic etfects, AL @ose levels bigher thun those consistent with L pny sio-
wogical delense or repair caprrilities of the ccli, aliimae tumor ipcidonce segeeriesy
proporiiongte (o lenqiht uf exgasure and may reflect the pumber of wdrcinogenc
evertds olicited during the exgpuosure period.
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910 C. 8. HONG £T AL

INTRODUCTION

The carcinogenic effect of vinyl halides in laboratory amimals (Viols ct
al.,, 1971; Maltoni, 1975, 1977; Vainio, 1978; Capuio ¢t il., 1974) and in
humans (Creech and Johnson, 1974; Bingham and Lanc, 1980) is well
known. In studies from these laboratories (Lee et al., 1978), mice and rats
were exposed to vinyl chloride (VC) or vinylidene chloride (VDC) for
various lengths of time up to 12 mo. Exposure of mice to 50, 250, or
1000 ppm VC resulted in the development of bronzhioloalveolar
adenomas, hepatic and extrahepatic hcmangiosarcomas, and mammary
aland tumors between 2 and 6 mo. Exposure of rats to 230 or 1000 ppm
VC resulted in the development of hemangiosarcomas of the liver, lung,
and other tissues during the 9th mo of the study period. Furthermore,
exposure of mice and rats to 55 ppm VDC resuited in an increased
incidence of hepatic and cxtrahepatic  hemangiosarcomas  during  the
exposure. Few studies, however, have been conducted 1o determine the
cumulative incidence of carcinogenic effects during a postexposure period.
Such studies are essential for the development of effective animal maodels
to assess dose dependence and  time-lo-tumor  variations in human
responses Lo carcinogenic substances.

The work reported here was o sequel to the previous investigations
(Lec et al, 1978); it was designed to evaluate the development and
incidence of ncoplastic changes and other effects during 3 12-mo post-
exposure follow-up period in rats and mice exposed 1o VC or VDC for
various lengths of time.

METHODS

Muterials

VC gas (99.8% purc) was obtained from Matheson Gus Products (East
Rutherford, N.j.) and mectered with rotametess inserted into the chamber
air supply. VDC (99% pure] was obtsined from Aldrich Chemical Co.
{Milwaukee, Wis.) and was heated io 37°C to zenerate the vapor. The
rotameter and the VDC supply lines were heated to 40°C 1o prevent
condensation.

Animals

Male and female ilbino CD-1 mice and CD rats (Charles River Breeding
Laboratorics, Wilmington, Mass.} icquired at 2 mao of uge were used as
described by Lce et al. (1978). Pulverized or block laboritory animai food
{(Wayne Lab Blox) and water were given od /ibitum except during
exposure, which was carried out berween 9:00 am. and 3:00 p.m. on
weekdays. Animal rooms were maintained at 24 £ 1.3°C, with 50 = 10%
relative humidity and a 12-h light cycle throughout the exposure and
recovery periods.
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FOLLOW-UP STUDY ON VINYL HA! IDES 211

Exposure and Experimental Design

Eight to 28 mice of cach sex and 4-16 rats of cach sex were exposed
to 50, 250, or 1000 ppin VC, 55 ppm VDC, or filtered air for 6 hfd, 5
d/wk. Inhalation chambers and chamber air monitonng have been
described {Lee et al., 1978). Since the previous studies demonstrated that
most mice exposed to 250 or 1000 ppm VC Jdied between the Tth and 91h
mo of exposure and most rats died between the 10th and 12th mo, those
specics in the present study were exposed for 1, 3, and 6 mo and 1, 3, 6,
and 10 mao, respectively. At the end of the exposure period, all animals
were removed from exposure chamboers and maintiined in their respective
animal rooms for a 12-mo follow-up observation period. All animals
were the same age (approsimately 2 mol at the initiation of exposure.
Animals in cach expusure group were mamntained under control conditions
before and after exposure periods. Controls were handled exactly as
experimental animals with respect 1o daily transters to inhalation chambers
and other procedures, All animals were observed throughout the study for
adverse signs. Food consumption was recorded weeklv and body weignt
biweehly. Clinical laboratory tests and patholugical studies were performed
Js described previously (Lee et all, 1977). When determined to be in a
moribund condition, or at scheduled termination times, animals were
sacrificed with ether and necropsied. Gross examination, especiafly for any
abnormal growth or other lesions, was cereiully performed on the entire
animal, with special attention 1o mammary «land, lung, liver, spleen,
Kidney, and other tisstes with pathological changes. These tissues were
fixed, processed, sectioned, and stained with hematoxylin and ecosin {H&E)
for microscopic examiniation. All external and internal tumaors were
examined and identificd histologically,

Statistical Analysis

A one-tailed Fisher exact probabiiity test {Siepel, 1936) was used to
compire tumor incidence between control and exposed groups at each
dose level. No correction was made o gnsure an overall significance fevel
of 0.05 for the muliiple simultancous tomparisons. The Armiteze 11971}
test for fincar trends in proporiions was used 10 test for a trend in the
three treated groups. Under the assumption of & lincar irond, this test
determines whether the slope of the dose-response curve 15 different from
zero (onae-tailed) and whether a significant departure from linearity occurs
{two-tailed).

RESULTS
Follow-up Stadics with Mice

Early Deaths or Terminations A number of mice died or were
terminated 1N 3 moribund condition during the cxposure and follow-up
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TABLE 1. Number of Deaths and Early Terminations and Total Number of Mice Exposed 10 1 iltered ..rminated during

¥ Air {Control}), VC, or VDC for 1, 3, or & mo followed by Recovery jor 12 mo . exposed to 55 ppr
: VC-induced T‘Y
VC (ppm) vDC (apm) (0.8%) control mi’ }
- ! nf
0 (control) 50 250 1000 55 recovery period 1'5 ]
Manth during wumor occurred i §
follow-up pertod M FoooM ¥ M F M F M r female exposed fo §
- the concentration} §
After exposure for | mao incidence was 13 , ;
0-3 0 0 0 0 0 ] 0 0 0 0 or 1000 ppm, rest ¥
! g-g g ? : (lJ (1) clw , (,) g (: skin or peritoneu
5-12 NS W T SRR S SO A S Y hemangiosarcoma,
Total 1069 1716 316 116 2/i6  3/i6 86 216 U8 lls and rats in a pres
wmor was mosth
After exposure for 3 mo .‘-Hcroscopically, 1 1
During exposure ] 0 0 0 0 2 0 1 0 0 which formed wi o
0-3 : o o 0 0 0 ! 0 ! 0 cvtes with bloog !
-8 0 0 0 ! ! ! g v v 0 caromatic  nuclei
6-9 ! i ! k] 3 2 0 4 2 1 :
Hemangiosarcoma
9-12 S S I | kN 3 0 0 I EE . Thei
Total ane e 16§/ 816 116 (0 8110 48 18 Jifferent. Their

resembled fibroblgd
After exposure for 6 mo filled with red k4
formation from

During exposure 0 ] 0 0 1 1 1 4 0 0 . .
] 03 : 0 1 2 3- 3 3 6 ! 1 than from the livg
: 3-6 ! ! 0 2 3 4 7 2 ] 1 Bronchioloal
; g-?z : 0 ; 4 4 g 0 0 ! ‘3’ control mice afiche
-1 4 0 1 1 0 3 . :
e P —_— - == the Overy peripsg:
y Toul 6/28 5128 78 3/8 12/12 478 1212 1212 612 5/12 v recovery p il
were greater in i
4 “Number ot deaths and early tecminstions during the period. for longer dul’ﬂ“i
i Number ot deaths wad early termingthions aver 10130 pumber of mice studivd. control mice and
; mice exposed to
] periods (Table 1). Clinical signs included rough coat hair, lethargy, and the Mammary gl

mice. The cumul
10 of 40 (25%), F
the respective lerg
the mammary gl
not in lungs of
mammary gland

appearance of external tumar masses, particularly mammary tumors in
females. There was no significant sex-related difference in number of
deaths and early terminatiosn in any group, although substantially more
males than femaies died after exposure to 1000 ppm VC for 1 mo. The
number of deaths and carly terminations rose with increased VC dosc and
increased lenuth of exposure. After exposure for 6 mo, 11 of 56 (207

o3

control mice died or were terminated during the follow-up period. A toml carcinoma in the
of 15 of 16 (9455) mice exposed to 50 ppm VC and all mice exposed to Bronchioloaly

3 250 or 1000 ppm VC died or were terminated during this period. Most in the present :
deaths and carly terminations among the mice exposed to 250 ppm scopically, the b
occurred within 9 mo after cxposure, and among the mice expused to The wumor was &
1000 ppm within 6 mo after exposure. In addition, 2 of 20 (10%) mice of the alveolar ¢ §
exposed to 230 ppm and 5 of 24 (21%) mice exposed to 1000 ppm were carcinoma were ;;
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FOLLOW-UP STUDY ON VINYL HALIDLS

terminated during the cxposure period. A total of 11 of 24 (46%]) mice
exposed to 55 gpm VDC for 6 mo died or were terminated.

VC-induced Tumors Hepatic hemangiosircoma was seen in 1 of 120
(0.8%) cantrol mice (Table 2). This type of tumor occurred during the
recovery period in 2 of 80 (2.5%) mice exposed to 50 ppm VC. One such
tumor wccurred in o male exposed to VC for | mo and another in a
female exposed for 6 mo. The incidence and severity of this tumor rose as
the concentration and duration of VC exposure incressed. The cumulative
incidence was 13 of 84 (15%) or 18 of 76 (24%) in mice expused to 230
or 1000 ppm, respeciively, In addition, hemangiosarcoma occurred in the
skin or peritoneum/mesentery of several mice exposed to VC. Hepatic
hemangiosarcoma was also found in rats in the present study and in mice
and rats in 4 previous study {Lee et al,, 19738) atter exposure to VC. This
wmor was mosily multiple in site distribution and varied greatly in size.
Microscopically, the wumor consisted of profiferating primitive endothelis,
which lormed wide cords, expanded outward, and replaced the hepato-
cytes with blood spaces of various swes. Neoplastic cells with hvper-
chromatic  nuclei were basophilic, very pleomorphic, and  anaplastic.
Hemangiosarcomas of the mesentery or subcutancous tissue were slisht!y
different.  Their nceoplastic endothelial cells  were  somewhat uniform,
resembled fibroblasts, and were arranged in 4 loose comparument pattern
filled with red blood ceils, as was seen in liver. Rupture and hematoma
formation from ihese wumors were seen more often from the mesenitery
than from the liver,

Branchiolodlveoiar tumors were scen in the tunes of a number o1
control mice alter exposure to filtered air for various periods followed by
the recovery period {Table 2). The incidence and severity of these tumors
were greater in mice exposed to increasing leveis of VC and mice exposed
for tonger durations. The cumulative incidence was 16 of 120 (13%) in
control mice and 18 of 80 (227%), 52 of 81 {62%), and 30 of 76 {66%) in
mice exposed ta 50, 250, and 1000 ppnoy, respectiveiy.

Mammary gland adenocarcinomafcarcinoma occurred oniy in femate
mice, The cumulative incidence was 4 of 60 {7%%) in female controls and
10 of 40 (25%), 13 of 40 [324), and 6 of 38 (169%) in females eaposed o
the respective levels of VC, Metastatic adenocarcinoma origina:zing from
the mammary gland was also «cen in lungs of mice exposed to VC, but
not in lungs of controls. All six females exposed 1o 1000 ppm with
mammary aland adenocarcinomajcarcinoma also had mewstatic adeno
carcinoma in the lunyg,

Bronchiolaalveolar and mammuary gland tumors were also found in rats
in the present study and in mice previously {Lee et al, 1973). Micro-
scopically, the bronchinloalveolar wmor was acinar or papillary growth.
The tumor was not well d-limited and resembled an adenomatous chanue
of the dlveolar epithelium. Neopiastic cells in the mammary gland adeno-
carcinoma were arranged in 2 varietv of ways. Papillary projecuions and
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VC {ppm) VOC {ppm)

0 {control} 50 250 1000 55

Orpan and 1umor A F A F M F hi F A1 F

Lxposure lor 1 mo

Liver:
- Hemangivsarooma oi1g” oile 1/16 0fte o186 o/16 0416 & 0)s 0/8
- Hepatoadluba lomw BN Uilo 26 1/to 7HE 0/16 e 0fth 38 (U]
Lumy:
Bronchislogh colar losor 216 1116 316 0/16 i0fi6 9/1& 11116 9He 1/8 08
Mertaslatic adenocaicinena 016 06 0716 1136 of16 GftG o6 0 a8 ars
Aaminany gland:
Aduenocnicinomafearanoms 0/36 1716 0l 1116 oflé 2116 016 Oile 0’8 (8-}

P St sy

Exposure Tor 3 mn

RN

Liver:
Hemang asdrcan 0/is 0f1é6 oo 0f1L 1116 NG 110 4/10 o8 0's
Hepatoseltatar Jumos 216 {16 1116 01¢ 1116 Gt6 210 o/10 0/8 08
Variouy organy:
Hemangios.tL o 0flt Ofly 0/lo 1f16 2016 2116 0/10 1710 18 8
Lung:
Hrenclriolval e alar 1o N6 Ui 16 e 5/ts 1114 1040 910 10 218 178
Metastalic advnocaanom oo or16 016 2116 016 il 0190 E/10 08 0/8
Aammiary gland:
Aulenogarcitonafodiomanmg oL [FTRTN 0/to R A alle 6fib Qo it o/# (U .
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Maranzary ghand: ! s oro H10 0:8 0i8
_»‘ Adenocariinomafarcmomay o6 Ofte e 4'i6 LT 6716 o/10 2110 048 08
.- e e, x S e e WL vR A e B gn e "“-"*ﬂﬁ“iu
Eapasure lor & mo
Liver:
Hemangliosarcoma 0;28 128 0.8 118 742 2/8 5112 812 of12 012
Hepatoceliulyr tumeoer 4128 1428 - 1/8 0/8 0f12 0/8 iz 0/12 112 712
Various organs:
Hemangiossrcoma 0/28 0f28 1/8 0j8 0f1} 243 0/12 112 bi12 178 b4
=5 Luny: i3
- Branchivlualvrolar tumor 4128 7128 2/8 1/8 8/12 48 12 712 Hi2 o2 ¥
] Metastatic adenocaninoms 0f28 0/28 08 1/8 0/12 18 012 2 o2 052 5:
%f Kby gland: {
-%?_ Atenacaniinomafoaninoma 028 328 0;8 2{8 Gft2 5/8 0/12 412 6/12 01112 §
%,; : Cumulalise incidence % .
2 ' £
5 Liver: ¢ E
i ; Ih‘nunuimm:nm.:b /60 1/6G 1140 1740 E,’-H‘jl sH0¢ 6{38 12438 0/28 0/28 i
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]’E w Various organs: . L
5 “» §lemangiosarcama QOful} 060 1140 140 '.';'HJ 4/40 0,18 2138 128 0128 _
Lung: .
Bronchioluvabveotar wmer® 8/60 B/60 12f40 6/40 29!44d 2340 27}38‘! 2338 128 1128 %
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cysts were seen in some cases. Carcinoma of ductular cpithelium  was
mostly anaplastic and mostly malignant. In most cases, the cells were
basophilic and arranged in cords of sheets with mere stroma than in
adenocarcinoma, Sguamous differentiation was seen  occasionaily. A
mixture of adenocarcinoma and carcinoma was occasionally noted.

Other Tumors and Lesions Numerous hepatocellular tumors wetce
obhserved in control males as well as in males exposed to various levels of
VC (Table 2). They were scen in only one female control and one female
exposed to 50 ppm VC. Grossly, tumors on the surface of the liver were
solitary or multiple round masses, paler and softer than the surrounding
normal parenchvma, Microscopically, the cells were well-differentiated or
slightly undifferentiated and were arranged in a trabecular or solid pattern.
Several other tumors were occasionally observed in mice in the control or
treated groups but were probably not related to VC. The lesions were
inflamed and degencrative changes were observed. Amyloidosis  was
prevalent in many tissues of the older mice.

Tumors and Lesions in VDC-exposed Mice As shown in Table 2,
hepatocelluiar  tumors occurred in 4 of 28 (14%) male mice and
bronchioloalveolar tumors in 3 of 56 (9%) muale and female mice exposed
to 55 ppm VDC. One muale had hemangiosarcoma of the mesentery.
However, these and other occasional tumors appeared to be uge-related
spontancous lesions, not related to VDC expostire.

Follow-up Studics with Rats

Early Deaths and Terminations As was the case with mice, a number
of rats died or werc terminated in a2 moiibund condition during the
exposure and recovery periods (Table 3). Clinical signs included rough coat
hair, lcthargy, and external- tumor masses. There was no apparent sex-
rclated difference in number of deaths and early terminations in anv
group. OQcowsional deaths and  early- terminations occurred during the
recovery period in rats exposed 1o VC for 1 or 3 mo. Number of deaths
and carly terminations increasced in rats exposcd for 6 mo. In rats exposed
for 10 mo, 13 of 32 (41%) controls died or were terminated during the
exposure and recovery periods. Number of deaths and carly terminations
rose with increasing VC concentration. Onc rat exposed to 35 ppm VOC
for 1 mo and onc rat expused for 6 mo became moribund and were
terminated during the recovery period. A wotal of 20 of 30 (67%) rats
eaposed to 35 ppm VDC for 10 mo died or were terminated,

VC-induced Tumors Tumor incidence rates of rats following exposure
to VC for 1 or 3 mo did not significantly differ from those of controls.
Henee, only the tumor occurrence in the 12-mo period following 6 and 10
mo exposure is given (Table 4).

A number of hepatic tumors were found in rats expused to VC. Squire
and Levitt's classification of hepatocellular twumors 10 rats  was  used,
Neoplastic nodules occurred in 10 of 68 (1535) rats exposed to 250 ppm
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TABLE 3. Number of Deatli. and Early Vernnaations snd Total Number o1 Rats Caposed to Filtered
Air (Contrul), VC, or VOC fur 1, 3, 6, ur 10 mo followed by Recovery for 12 mo

VvC {ppm) VOLC (ppmi

0 (contrd) 4 53
Manth during -
follow-up pefiod M [ MM r M F

After exposure for 1 mo

[¢] 0 0

0 0 0

[3] n o]

o 0. .0 .
0f4 0f4 04 0/4

Alter exposure tur 3 mo

1 0 0
3-6 0 0 0
6-9 U ] 0
/

0-3 0
0
[+}
9-12 R I o
Total . 8 M ufs 078

After eaposre fur o mo

During exposure 0
0-3 Q
3-6 0
f=9 a
9-12 3
Total 5 18

After exposure Tor 10 mo

During exposure
0-3
3-6
6-9
Y-10 2 N - T
Total 6/16 e 610 11116 116 712

H
1
2
2

Jwd = O 513

Ynumber of deaths and early terminations over total number ot rats studied.
?Number of deaths and carly terminations during e petiod.

for various lenuths of time followed by a 12:mo recovery period and in 2
of 72 (39%) rais exposed to 1000 ppm. Hepatocellular carcinomas occurred
in 2 of 68 {3%) and 7 of 72 {10%) rats exposed 1o 250 or 1000 ppm,
respectively, Hepatic hemangiosarcomas occurred in 5 of 68 (7%) and 14
of 72 {19%) rats exposed to the respective levels of VC. These hepatic
tumors were not seen in rats exposed to 30 ppm, and hepatocellular
carcinoma was seen in only one control male ral. Microscopically, the
neoplastic nodules were characterized by “ground-glass’™ arcas of altered
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TABLE 4. Tumor Indidence i Rats Expased 1o Filtered Adr {Contral), VG, or VDC fotlowed by Recovery for 12 mo

-9
1
| VC{ppm) VOC {ppm}
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: ’erj Aammary gland:
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5 Liver:
¥ Neoplastic nodules ohs 016 &f10 0/ 1 116 212 0/1R 1116 ofl-4 0Ms
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Hemangiosarcema o136 Q/36 Qf30 0{36 0f3¢
KMammary ghand:

fibrosdenoma 07306 5/36 0f30 11436 0;36

Adunocare nomafearcinoma 0/36 1/36 0130 REXTE) 0f3a
Mahignanl ypiphoma ITRITS 036 0,30 [JR11 1736

112
/12
GfE2

332
1132
4132

9432
132
0132

8l
bf15
2116

1736
/35"
536"

3736
s

0736
0,36
3436

Na
UIEIA
6ne

1450
3735
9/36

1436
3136

5136
0136
1{36

04
0/
0f14

0134
0,34
34

034
0734

/34
0,34
/34

L T s

TN T AT ORGSR a YL gl s LSt N A TR RS
- e L

+H
016
0irg

FRRIEIET, TR DY 7 PO VISP XY 1. 74

0/36
U326
0136

0/36
0/35

5136
616
0,38

Prigmber af rals with emors ooor gotal nonther of rats stuthed,

bSigniﬁn st nonhmearily in doseincidence curve {Lombined made and lemade) Tor VC
Ceamined inidene inmate amt feonle sigrmlicamly ditturent foom comtnns Tor v,
Fipaificant duse-relaled indikenee {c ombined male and searale] Tor VL,

616

412vZ0 S3H

SRS S A I T
[ -,
~eow

- 24
PEDEE Sl coihorgs vprple s g L oy M'l"g
warh oy

jo ol Bty g

R .
DR e T K g A

Er e e
3 a LN

-

'1':%’:1;5{. tt

e e N L T A A W 8




720 CoHBHONG ET AL,

hepatocytes, Each nodule was larger than one liver {obuic; their normai
lobular architecture was distorted. They compressed to the normal sur-
rousding parenchyma, resulting in a sharp demarcation line. The altercd
hepatocvies had an eosinophilic and vacuoiated cytoplasm and enlarged
nuclei. The sinusoids were dilated or obliterated. The hepatocellular
carcinomas were larger and the cells were in different stages of differ-

entiation. The tumors included a well-differentizted type and a moderately

differentidted type with glandular formation (Fig. 1). '

The characteristics of hepatic hemangiosarcoma in rats were similar to

those in mice, and approximately half of these rats had puimonary
hemangiosarcoma {Table 4) as well, possiblv representing metastasis from
the diver, Grossly, . this condition was manifested as multiple red patches,
stightlv firm in consistency, on the surface ot the lung. Microscapically,
the patches were composed of basophilic and primitive endothelial ceils,
which encompassed varying amounts of red blood cells and fluid (Fig 2).
Bronchioloalvenlar tumors and malignant lymphoma als. occurred in some

of the rats exposed to 250 or 1000 ppm VC (Table 4). Microscopically,

the bronchioloalveolar tumaors were sintiar Lo those in mice. Malignant
lymphoma involving multiple organs, including lung, liver, spleen, kidney,
lymph nodes, and bone marrow, was Gilso scen,
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¥
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FIGURE 1, Protamicragraph of hepatocetiular carcinoma from rat exposed 1o 1000 ppm VL Note
the ylanuular srrangement, vesiculated and poivplowd nudivusy ut hepatos vigs, HA, ¥ 750,
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FIGURE 2. Photomucrovraon 0f pulmondry Demandiosd w3 M 1rom 2d expased (o 000 wpm VC,
Note the proliteration ot immature endothclial celis with neovascutanzai.on HEE, 00,

Other Tumors and Lesions Mammary sland tumors, predominantly
fibroadenomas. were observed only in female rats {Tabie 21 The cumuia-
tive incidence of fibroadenomuas increased in fermates exnosec 1o 30 or 250
ppm but not in females exposed to 1000 ppm. [ibroidenoma was
characterized by proliferation of epitheiial cells with varous am «ints of
connective lissue. Adenocarcimoma/carcinoma was aho scen in one fomale
control and several females exposed 1o 30 or 230 ecom., Chiomopi e
adenoma of the pitvitary zgland occurred in some conirol fiis ax weld as
rats exposed to VC. Several other wmors and incdenal lesions,  ds
specifica in Taole 4. were occasiondlly scen i the connol wnd reated rats.
These were considered spontancous and unrelated to VC vapaosure,

Tumors and Lesions in VDC-exposed Rats As sunowven i Table 4,
hepatic hemanziosarcoma was wbsenved in one male znd mammary giand
fibroadenoma in five females exposed to 35 ppm VDU, Theose and otier
occasional wmuors agpeared 10 be age-related sponiancous fesiuns, unrelated
to VDC exposure.

DISCUSSION

The purpose of this studv was to investildle the developmeni of
neoplasitic changas in varous orsan svstems over & Iavr penod foliowing
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exposure o VC and VIDC for various lengihs of time. Orzan systems such
as liver, lung, and mammary 2land, in wiich VC and VDC had been shown
in previous studies to produce carcinogenic changes, were of particular
interest with respect to wmor development subscquent 10 exposure. The
results indicate that the cumulative incidence of iumaors at various organ
sites and the number of associated deaths and occurrence of moribundity
during the postexposure period incredse in proportion to either the dose
ot the duration of exposure at high dose fevels.

The relation of dose or exposure tu tumor incidence from VO has
heen investigated in previous studies (Lee et al., 1978: Caputo ¢t al., 1974;
Maltoni and Lefumine, 1974 Winell et al., 1976). Those studies indicated
a direct relation between Jose level and incidence of winors of various
organ systems both duting and after the exposure period. Maitoni (1977),
for example, in esperiments with rats exposed 1o 50-30,000 ppm VC for
1 yr, found that the cumulative incidence of hepatic tumors ar the end of
the expaosure period and 18 mo after cessation of exposure ingredsed with
dose. This may reflect a decrease in the capacity of catsinogen-eaposed
cells to repair or resist the farmation of lestons by carcinogsnic agents
such as VC or its reactive metabolites at hupher dose Ievels, i this respect,
Gehiing et all (1976} found thay, in rat fiver cells, phvsivluzical zetense
mechanisms are capable of preventing the induction of carcinotenic iesiuns
by reactive rietabolites of VO at duse levels as fow as 50 ppm. but not at
higher dose levels. Support for such 4 mechanism is also found in the
experiments of Maltoni (19735), who observed successively shorter latency
periods for wmor induction in ammais exposed 10 increasing VO Joses.
These findings have been interpreted (Gehring et al., 1976 as supporting 4
threshold of carcinogenicity for VC with respect to the Jose reauired 1o
induce tumors in liver ana possibly other organ svsiems, The rosults
reported here are consistent with those observations inasimuch as cumula-
tive tumor incidence for essentially all argan sites in animais exposed 1o
50 ppm VC or 55 ppm VDC was similur to that in contrals {except for
mammary gland twnrors in female mice). Only at higher dose levels o1 VC
did significant increases in cumulative incidence vecur,

Another interesting tinding of the present study s that cumilative
wmor ancidence during the period after VO exposure incressed with
duration of exposure, independent of dase level. Observations consisicnt
with these findings have been made in swudies with other vpes of
carcinogenic chemicals. Topping et al. (1979), for example, showed that
7,12-dimethyibense; anthracene (DMBA) produced focal lesions in trachez
that did not progress 10 advanced malignancies until long after cessation of
exposure, Similarly, Teebor and Becher {1971} showed that the incidence
of hepatic tumaors subsequent to exposure o N-2-fluorenylacetamide was
influenced by the duration of initial exposure. Observations of this nature
have alse been made with regard 1o tumors of the skin {Stenback, 1978)
and the uterine cervix {Reagan, 1964} in relation to exposure to various
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carcinogens. These findings led to the theory {Topping et al., 1979) that

1 tems such - e # ' ¢
n shown ; numerous f().c.al lesions that may evenually become malignant tumors are
1 particular mdu_ccd during exposure to chemical carcinogens, but many wch.lcsu?nx
' wure. The ) persist for long periods after ¢xposure hcfurc‘pmgrcss_mg ‘9 invasive
“ nus organ % ncoplasms. The rcsul}s rcporrcd‘ h_urc are consistent with this theory g
i . inasimuch  as cumulative tumor incidence in most tissues continued 1o 21

wibundity

“the dose increase with time after VO exposure. Since twumor incidence would be

expected to refect the number of lesions elicited during the direct
exposure Lo VC, it is reasondble that more potentially malignant lesions

n VC has . . el - . q on o

al., 1974 -1 are p{()duud as exposure duration WILICASes. o .
‘ Cindicated Finally, these rc'stxlls’mav have important unpllcaugn_s with respect Lo my

of various the assessment of risg of caneer o other forms of tonicity rusul:mxl_rum K
i (1977). : exposure n‘f hum:ms to VO and  perhaps mhc_r carcinogens.  Since &# :
i 'm VC for ; eprdemiologic studies have not yer provided sutficient information to P

dasess Jose dependence and time-to-tumor varidtions with respect to vinyd o
he end of !

sased with halide induced carcinogenesis in humans, animal maodels currently represent
n exposed the best approdach to such assessments. Atthoush many critical problems
' :'c.ms underlying  the  assumptions  of  current animal  extrapolation  mudeis ) g
.c‘sbu : . (Whittemore, 1980; Purchase, 1980) remain to be resolved. models such as o :
Ju g . . - L - .
al dclI‘ . those of Cornfield (1977) and Guess and Crump {1976) incorporate w
ey . . . ; . - .
nic esion physiofogical, biochemical, and phairmacoiowical antormation ints iniet- o
1C i¢ . . .
but :1’ N ‘: species  rish  extrapolatiun procedures. Thie sumilarities  observed  here N
¢ . . . .
! nd in ““ between the toxic und tumorigenic responses of rats and mice suzzest that g
k late ¢ these findings mav by applicable in such model svstems for assessing N
L S/rCal ncy long-term cancer rishs in ather species. These results may thus comribure -
:.m“" 10 a4 clearer understanding of the risks of viovl halide-induced cancer or
rtiny . . - . - .
Aporting nonmalignant toxic effects both during and after human 2xposure 1o tese
wquired to ~ ¢
. agents, o]
he results o i
s cumuia- 'é .
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