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The Health Effects Division Carcinogenicity Peer Review Committee
(CPRC) met on, Dec. 12, 1994 to discuss and re-evaluate the weight-
of-the-evidence on.gardona, w1th particular reference to its
carc1nogen1c potentlal.

TN,

\

- Gardona was prev1ously evaluated by the Toxicology Branch Peer
Review ‘Committee (TBRC) as a Group C with a Q;* (Memo, dated Aprll

14, 1988). At that time, the TERC found that. there were
def1c1enc1es in the rat study, and recommended that another rat

_Astudy be perfermed by-the Registrant. In response to this

recommendatlon, a new rat study was submitted, and-this second peer

‘review was convened to evaluate the new rat: study, and re-evaluate

the. we1ght—of—the-ev1dence for ‘gardona.

.~ .The CPRC concluded that the c1a551f1catlon of gardona should remain
'Lvas ‘Group C with a Ql*' ‘based on statlstlcally significant increases

in combined adenomas/carcxnomas (predominantly carcinomas) in:the

_ffemale B6C3F1 mouse, suggestlve evidence : of thyroid C-cell adenomas

and adrenal pheochromocytomas 1n the rat mutagen1c1ty -concerns,

'~ and SAR support.A'
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SUMMARY

" Gardona was previously evaluated by the Toxicology Branch Peer
Review Committee (TBRC) as a Group C with a Q;* (Memo, . dated Aprll
14, 1988). At that tlme, the TBRC found that there were
def1c1enc1es in the rat study, and recommended that another rat
study be performed by the Registrant. In response to this
recommendatlon, a new rat study was submitted, and this second peer-
review was convened to evaluate the new rat study,vand re-evaluate
the weight-of-the-evidence for gardona.

In the earlier Gulf South rat study, administration of gardona in
the diet to Osborne-Mendel rats was assbciated with statlstlcally
-51gn1f1cant increases in thyroid C-cell and adrenal cortical
adenomas in female rats. The TBRC concluded in the April 14, 1988
memo that there were deficiencies in the study de51gn and the
ev1dence was judged to be "equlvocal"

In the new Inveresk rat study, admlnlstratlon of gardona in the
diet to Sprague-Dawley rats was associated with an elevated - .
incidence of therld C-cell adenomas and adrenal pheochromocytomas
in male rats only. Neither of these increases were statistically
significant by pairwise comparlson to.controls, but there was a
statistically significant increasing trend for the adrenal’ tumors.
The CPRC noted that although this was a different strain, the tumor
sites were the same, and the results were supportlve of the earlier
study. The CPRC concluded that the evidence 1n the rat was
suggestlve. , , A
In the Hazleton mouse. study , administration of gardona in the-
diet to B6C3F1 mice resulted in statlstlcally 51gn1f1cant increases:
in hepatocellular adenomas, carcinomas and combined
‘adenomas/carc1nomas (with carcinomas predomlnant) in females, and
in combined hepatocellular adenomas/carc1nomas in males. In male
mice .there were also statistically significant increases in renal
adenomas, carcinomas and combined adenomas/carc1nomas. The -
" statistically significant increases in tumors noted. above, all
occurred only at doses of gardona of Booe\ppm or greater, except
- for the combined hepatocellular adenomas/carc1nomas 1n female mlce,
‘_.whlch also occurred at 1600 ppm. .
This mouse study was prev1ously evaluated by the TBRC, whlch
-concluded in the April 14, 1988 memo, that the highest dose tested
(16,000 ppm) was excessively toxic; based on body weight gain .
. depressions-of >15%, and that the next highest dose (8000 ppm) may
~ also have been slightly excessive, but that the 1600 ppm dose was
adequate. The CPRC agreed*w1th the previous evaluation and :
- conclusion, that there was’a: statlstlcally s1gn1f1cant increase in
. "hepatocellular adenomas/car01nomas in female mice, even at a dose :
that was not exce551ve1y tox1c (1600 ppm) ‘ .

N

lrhere were nofadditiohal studies required or submitted:for‘the mouse. .

‘2 -
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In a second mouse study (Gulf Soﬁth) alsekprerloﬁsly evaiuated i
study deficiencies were noted, but the TBRC then - and the CPRC now

- agreed that the results were supportlve of the flndlngs in the
mouse liver. . . .

There were positive results in an 1n v1tro chromosomal aberratlon

assay with CHO cells in the absence of S-9 activation, suggestive

evidence in a dominant lethal assay, as well as additional

supportive evidence in the literature that gardona is a clastogen
}and p051t1ve in a mouse mlcronucleus assay. .’

Gardona is structurally related to DDVP (classified by the CPRC as
a Group C with a Q;*) and phosphamidon (Group C).  Gardona can be
hydrolyzed to yield a chlorinated vinyl alcohol derlvatlve, which. -
can then tautomerize to generate a potentlally carc1nogen1c
reactlve ketone 1ntermed1ate.

The CPRC agreed that the class1f1cat10n of gardona should remain as
Group C with a Q;%, based on - statistically significant increases in
combined hepatocellular adenomas/carcinomas (predominantly
carcinomas) in the female B6C3F1l mouse, suggestive evidence of .
thyroid C-cell adenomas and adrenal pheochromocytomas in the rat,
mutagen1c1ty concerns, .and SAR support.

- : : Y
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A. Individuals 'i‘n‘ Attehdance at rtl;e :me”eti_ngs.:,

1. Peer Review'.Coinmittee: ~ (Signatures indicate concurrence
with the peer review unless otherwise stated.)

Stephanie R. Irene -

Reto Encler S SEE 7, Retired / / ' \
‘ ‘,William Burnam /L“/ ﬁ/é’MV . »
Karly Baetcke J/ Z @/ %MZ/
‘Marcia Van Gemert ‘ 7 JW2atea W
Kerry Dearfleld . KZU"’I h ”"/(‘W
‘Hugh Pettigrew- B ;Z43V4f ///1 : _
Esther Rinde’ L éﬁiaﬁﬁ'ﬂ%ﬂdQ?/ , o
- Elizabeth Doyle - C{?/’ (:? CZ;;L:ﬁﬁéig“’ i
Marion Copley : %ﬁ/)/m %
| Yin-Tak Woo ) e Ktk il '

2. Reviewers: (Non-conﬂlttee members responsible for data

presentation; 51gnatures 1nd1cate technlcal accuracy of
panel report.)

Byror; Backus? . . ﬂ%\ @G’J‘“" o
Clark Swentzel o // W /M/

»'Lori Brunsma‘n

. Lucas Brennecke
' (PAI/ORNL)

- 3+ . Other Attendees. -Bernice:' Flsher, Jane Smlth Steve

" Robbins (HED) Amber Aranda.(OGC) and Dr. Roland SoleckJ. {(Federal
Institute for Consumer Health Protectlon and’ Veterlnary Medlc:me,

_’Germany) :

Ay

[l

v 2180 a.member of the PRC for this chemical, sxgnature Lndxcates concurrence .
;4w1th the peer ‘review unless otherwxse stated. ;

o

'3ngnature indxcateslconcurrence with pathology reporti_;

.4‘N.
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" B. Material Reviewed

The material available for review consisted of DER's; one-
liners, data from the literature and other. data summaries prepared
~and/or supplied by Dr. Byron Backus, and tables and statlstlcal

analysis by Lori Brunsman. The materlal reviewed is attached to
‘the flle copy of this: report.' '

‘C. Backgréund Information

Figure 2 Gardona

- ' - "~ cas reglstry # 961~11~5

Gardona, alsd.known aS'Rabon‘or Tetradhlorvinphos, was previously
classified (Memo, dated April 14, 1988) as a C (possible human)
carcinogen with a Ql*' based on a dose-related increased incidence

of liver ‘tumors (combined adenomas/carc1nomas) in, female B6C3F1
-mlce.. . . ~ :

The 1988 Peer Review cOmmlttee noted that in-a carc1nogenlclty
study (Gulf South Study) with the Osborne-Mendel rat, dletary
administration of Gardona was associated with statlstlcally ~
_ ~51gn1f1cant (and dose-related) 'increases in thyr01d C-cell adenomas
o and adrenal cortical adenomas‘1n females (Table 1).
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‘Table 14

Gardona - Gulf South Osborne-Mendel Rat Study
" " NCI-Sponsored Study -~ 1978
" Thyroid and Adrenal Tumor Rates# (%) .
Cochran-Armltage ‘Trend Test and Fisher’s Exact Test Results

1eta;x Concentrations (ppm) Historical controls
E " 0 : 4250 8500 L Mean .Range
Thyroid Tumors o .
»‘Males, '
c-cell adenoma . 2/46 2/45 = 3/45 (8.2) (0-16)
. (4) (4) : (7) '
Femalesr ’ o )
C-cell adenoma  1/46  2/50 7/46 (20.4)  (2-31)
@ (a) . (15)* -
.._}Adrenal Tumors
Males | ;
Cortical -adenoma 2/52° 3/48 1/45 '
' ~ (4) . (6) (2) (14) = (2-22)
Females . .
‘Cortical adenoma 0/50 2/49 ~ 5/50 / -(24) : (13-27)
o : o (0)* - (4) . (10)* )

Note: Slgnlflcance of trend denoted at Control. -Significance of
' .  pairwise comparisons with control denoted at Dose level.
‘Numbers in parentheses denote percent.'
-‘*p <0. 05 ‘ : ~

. It was noted by the 1988 ‘Peer Review Commlttee that ‘there - were - -
- deficiencies in the study design and the evidence was judged to be
equivocal. : The Peer Review committee concluded that the- reglstrant
'would have to submit another rat carc1nogen1c1ty study.

5

4This table Qas'taken:from‘tahle 5 of the previous review on gardona.

6
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- D. Evaluation of Carcinogenic Evidence i
‘1. Sprague-Dawley Rat Carcinogenicity Study. Reference: Mulhern,
" M., D. Robb, C.J. Perry, P. Millar, C. Atkinson: Tetrachlorv1nphos.

104. week: Dletary Combined Chronic Toxicity/Carcinogenicity Study in
Rats: July 29, 1993. MRID Number' 429809-01. -

Testing“Facility: Inveresk Research Internetiohal (IRI),,Tranent,
' EH33 2NE Scotland. ' - o S

Experimental Design: In this study, groups of 50 male and 50 female

~ Charles River Sprague-Dawley rats received Gardona in their diet over -
. a 2-year period at 0, 100, 1000 or 2000 ppm (equivalent to 0, 4, 43

- and 89 mg/kg/day 1n males and 0,.6, 63 and 125 mg/kg/day in females,
respectlvely) .

. Discussion of tumor data

There were increases in the 1nc1dences of thyroid C-cell adenomas and
adrenal pheochromocytomas in .male rats onlv. Neither of these
increases were statistically significant by palrw1se comparlson to
.controls, but there was a statistically significant increasing trend
for the adrenal tumors. The increased incidences of C-cell adenomas
"and adrenal pheochromoqytomas were consistent with what was observed
in the 1978 (Gulf South) NCI—sponsored study..

Tumor incidences for adrenals and thyr01ds from the 2-year IRI study
are given in Tables 2 through 5. -
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" Table 2

Gardona - Charles Rlver Sprague—Dawley Rat Study

"IRI - 1993

P

Male Adrenal Tumor Ratest and Exact Trend Test
and Flsher’s Exact Test Results (p values)

Dose m

o . 1000 . 1000 2000

Pheochromocytoma, 4/49 - 2/49 6%/49 ' 9/50
‘Benign (%) - . (&) . (4) (12) (18)
p = ~ o.018" 0.3392 0.370  0.125
Pheochromocytoma, 0/49 " 0749 15729 0/50
Malignant (%) - (0) - (0) - (2) (0)
p = 0.503 ~ 1.000 0.500 1.000
" Combined " 4/49 -~ 2/49 - 6°/49 ¢ 9/50
(%) ) @ a2 (18)

p = 0.018" 0.339"  0.370 0.125

+Number of tumor bearing animals/Number of animals examined,
excludlng those that dled or were sacrlflced before week 54,

' ’Negative change ‘from-control.

8pirst pheochromocytoma, benign, observed at week 76, 1000 ppm.

bpirst pheochromocytoma; malignant . observed at weekf76, 1600 ppm.

- “One animal in the 1000 ppm dose grouii\ had both a ben:Lgn and a
_,mallgnant pheochromocytoma. SR :

| Note.:

Slgnlflcance'of trend denoted at control.

Slgnlflcance of palr—wlse comparlson w1th control denoted

. at dose level.

L I1£ ", then‘piéao.bs,‘.if **. then p <-0,0i,
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Gardona - Charles Rlver Sprague-Dawley Rat Study

-‘1Ma1e Thyroid é-Cell'Tumor Rates™t

IRI - 1993

and Exact Trend Test

and Flsher s Exact Test Results (p values)

Dose

m

0 ' 100 1000 2000

 Adenomas 8%/47 10/47 7/48 13/45

(%) - (17) (21) (15) . (29)

p = 0.127 0.397 0.4820 0.134
' Carcinomas 0/47 1/47 /28 . 0/45
(%) (0) (2) (2) i (o) -

p = 0.511 0.500 0.505 .  1.000

Combined 8/47 11/47 8/48 13/45

(%) (17) | - (23) (17) . (29)

p = 0.151 0.304 0.590 0.134

+Number of tumor bearing animals/Number

of anlmals examlned

excluding those that dled or were sacrificed before week 54.

QNegatlve change from control.

~aF:Lrst adenoma observed at week 74, dose~Q\ppm

bFlrst.,carc1nom_a observed at week 78, dose 1000 ppm.

| Note:

_Slgnlflcance of trend denoted at control. '

- Slgnlflcance of pa1r-w1se comparlson ‘with control denotedf

Ifi*

at dose level.

P then p < o 05.,

If'

**, then p“s q:bl,.;
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Table 4

Gardona - Charles River Sprague—Daney Rat Study
. C IRI - 1993

. Female Adrenal Tumor Rates™ and Cochran—Armltage Trend Test
and Flsher s Exact Test Results (p values)

Dose (ppm) ";:

0 , 100 - 1000 2000
. Pheochrdmocytoma, - 0/48  1%/s50 - 2/50 © 0/49
Benign . (%) (0) C(2) (4) : (0)
P = 0.422 0.510‘ 0.258 . 1.000
Pheochromocytoma, 1°/48 0/50 0/50 _ 0/49
Malignant (%) (2) . (0) (o) ¢ - (0)
p = o - 0.168  0.490%  0.490° = 0.495"
- Co;nbined S . 1/48 1/50 ) 2/50 : 0/49 .
%y . (2) (2) (4) (0)
p = - 0.268 0.742 0.516 = 0.495"

TNumber of tumor bearing -animals/Number of animals examined,
excludlng those that died or were sacrificed before week 54.

nNegatlve change from control.« o
-aflrst pheochromocytoma, benign, observed~at week 105, 100 ppm.

_bFirst-pheochromothoma;:malignant, obsetﬁed at week 105, .0 ppm;',_

‘Note: . _'Slgnlflcance of trend denoted at control.

' Slgnlflcance of pa1r—w1se comparlson w1th control denoted
,at dose 1eve1. Y R : :

1S

..;If then p < 0 05._ If , then p\< 0. 01.

10
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s

Table 5

Gardona - Charles Rlver Sprague-Dawley Rat Study
IRT - 1993

Female Thyr01d C-Cell Tumor Rates and Cochran-Armltage '
-Trend Test and Flsher s Exact'Test Results (p values)

Dose_(ppm)

o ., 100 ' 1000 . . 2000

Adenomas | , 6%/ 64 ' 4/50 ' 5/49 4/65
(%) (9) A ) (10) (6).

p = | 0.294. 0.5350 0.564 0.362%
Carcinomas 0/64 0/50 ~ 1549 . 1/e5
(%) | (0 . T @ (2
p= 0.120 1.000 - 0.434 . 0.504
Combined ‘ 6/64 ' 4/50  6/49 - 5/65
(% - (9) - (8) . (2) - (8)
p= o 0.427 - 0.535% - 0.424 0.489"

+Number of tumor bearing anlmals/Number of animals examined,
excluding those that died before week 53. '

nNegative change fromfcontrol.
aFlrst adenoma observed at week 53 dose‘Q\ppm.”r

bF:Lrst carc1noma observed at- week 105, dose 1000 ppm.

'Note:r . Slgnlflcance of trend. denoted at control.»

.’*Slgnlflcance of pa1r-w1se comparlson w1th control denoted o
A at dose level. . L

'hlt

;_[f_. , .then,p._< O:.'O‘S.‘ If. ", then P‘< o. 01";--

)
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The CPRC concluded that these results were- supportlve of the flndlngs

~in the earlier rat study. - The CPRC noted that a different sex was

affected in the new study; however, it was also a different strain.
Overall the CPRC characterlzed the evidence in’ the rat as suggestlve.

Historical Control Data

Historical tumor data for controls. Historical control data for rat
thyrold C-cell tumors in chronic studies conducted at Inveresk are

given in Table 6 (no appropriate data were avallable for the
historical 1nc1dence of adrenal pheochromocytomas)

'The 1nc1dence of C-cell thyr01d tumors (13/45) observed in males of
the 2000 ppm dose group was sl;ghtly outside the range observed in
the historical control groups (2/50. -'11/48), while the incidences
observed in the other male groups were within the range (0 ppm: 8/48;
100 ppm: 11/49; 1000 ppm: 8/49) .

"Table's

Hlstorlcal Control Data from Inveresk
Inc1dences of Neoplastic and Focal Hyperplastlc Le51ons 1n
Untreated Crl:CD Sprague-Dawley Rats
' Thyr01d (C—Cell) '

Suady No. No. cxamioed | Fooul bypecpiesia Berign tamoc™ : Makignant tummoe

593 male 4 : 2 ' °
593 ke |, 8 -1 0

9 make

10 o ' ’ 0
€09 fxnalo

16 - 3 ]

504 mnalo |
504 fmale

W
N
-
——

090 male

S MOmb
140 feemle

728 male
T8 il

059 romlo *
059 fomalo - -

© W
~
W
o =
.

&
Qo
-

—
1.

944 fernalo L

N
o w
o9
S —

s |us |as se T gé 22 [aa [es
.u
/
we
o
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~ Adequacy of Dosing for Assessment of Carcinogenic Potential:

In the initial review (BApril 1, 1994) of the study there was concern
that dosing may not have .been adequate. Subsequently, additional
.material was received; including a subchronic (13-week) rat feedlng

~study (in MRID 433712-01), which had been conducted at IRI prior- to
1n1t1atlon of the 2-year study. ,

- Dietary exposure levels used in ‘this 13-week study were O ‘100, 2000
and 5000 ppm. Male and female Sprague—Dawley rats were fed 0, 100,
2000 or 5000 ppm of gardona for 13 weeks:. At 13 weeks, mean body
weight gains for 2000 and 5000 ppm males were respectively 92% and
'80%- of their control value; for females at 2000 and 5000 rpm the
values were 84 and 88% respectively. " At 13 weeks, males at 2000 and -
5000 ppm had significantly reduced mean plasma ChE activity (to 75%
and 59% of the control value), and significantly reduced mean RBC CHE
act1v1ty (to 70% and 28% of the control value). Females at-2000 and
5000 ppm had significantly reduced mean plasma ChE (to 26% and 17% of
their control value) and mean RBC ChE -activity (to 21% and 9% of
_their control value). Females. at 5000 ppm had reduced mean brain ChE
(to 76% of their control value), but this was not statistically

. significant. A noteworthy finding was that 2/10 males and 2/10
females at 5000 ppm had’ no measurable RBC ChE act1v1ty at 13 weeks.

The 1nc1dence of 1ncreased fat depos1tlon in the adrenal cortex was

significantly elevated in 2000 ppm (7/10) females and 5000 ppm (9/10)

females. The lncldence and severity of bilateral basophilic tubules

of .the kidneys was’ 51gn1f1cant1y 1ncreased ln 2000 .and. 5000 -ppm
males. . e e e N1

- General hepatocellular enlargement was noted at 2000 ppm (2/10) and
5000 ppm- (7/10) in males, but not in any females. All females at

2000 and 5000 ppm had centrilobular hepatocellular hypertrophy, also

present at 2000 ppm (8/10) and 5000 ppm (1/10) in males. :

Thyroid . folllcular cell hypertrophy was present at 2000 ppm (2/10)'

and 5000 ppm (8/10) males and at 2000 ppm\fS/lo) and 5000 ppm (8/10)
in females. . o

Mean absolute liver welghts were s1gn1f1cantly elevated in "5000 ppm.

. females; -mean covariantly adjusted (by  body - we1ght) liver weights
o~ - were s1gn1f1cantly elevated in both sexes at 2000 and 5000 ppm. Mean
" absolute and covarlantly (body weight) adjusted adrenal welghts were -

: s1gn1f1cantly elevated 1n 2000 and 5000 ppm females.

- The CPRC concluded that the hlghest dletary exposure level (2000 ppm) ’
"in the Inveresk chronic rat study was adequate for assessment of the
carcinogenic potentlal of. gardona. .This was based on depress1ons of ..
- mean. plasma cholinesterase act1v1ty at. several blood sampling times .

.. in both sexes. (also observed in 1000 ppm females), and the findings .
f from the prellmlnary 13-week subchronic study‘hhlch utilized dletary.r

exposure levels of 0, 100, 2000 and, 5000 ppm. - At .13 weeks in the

. subchronic study'mean body'welght gains in 5000 ppm:males and females
were. respectlvely 80 and 88% of thelr control values, and males and

13’
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females at 2000 and 5000 ppm had 51gn1f1cantly reduced mean red blood
‘cell and plasma chollnesterase activities.

Non-neo lastic changes L SN

Effects at 1000. and 2000 ppm in both sexes 1nc1uded an’ 1ncreased"

incidence and tendency to greater ‘severity of diffuse 11p1dos1s of
. the adrenal 2zona fasciculata, and . hypertrophy -of periacinar
hepatocytes. Rhles (but. not females) at 1000 and 2000 ppm had
significantly 1ncreased ‘incidences of centriacinar degeneratlve
change of the liver; females (but not males) at 1000 and 2000 ppm had
‘1ncreased 1nc1dences of centr1ac1nar fat vacuolation of the 11ver.

Males and females at 2000 ppm,had,decreased.mean body weight galns at
13 weeks that were 4:.4% and 10.8% 1less than their respective
controls. Other effects noted in the study were reduced plasma
cholinesterase (ChE) activity (significantly reduced in 2000 ppm
males at weeks 51/52, 77/78, and 103/104 relative to their controls,
‘but normal at week 25/26; in 1000 and 2000 ppm females it was
significantly reduced at weeks 25/26, 51/52, 77/78 and 103/104). The
reduction was about 50% in 1000 ppm females and about 65% at 2000
ppm. There appeared to be no effect on RBC ChE activity in 2000 ppm
males, while in ‘1000 and 2000 ppm females there was a tendency for
mean RBC ChE’ activity to be lower than that of their controls, but
there was statistical significance only at week 77/78 (1000 ppm: 71%
‘of the control value; 2000 ppm: 64.2% of the control value). For
brain ChE there was no indication of an effect on males at 52 and 104
weeks. Highest-dose females had reduced mean brain-ChE activity at
~both 52 and 104 weeks (to 83.2% and 85% of control values
respectively), but these reductions ~were not statistically
significant, although there were some indications that some 2000 ppm
- animals may have been more sensitive than others. There were also

significantly increased- cholesterol levels in 2000 Ppm females at
weeks 77/78 and 104. v’

For mean llver welghts for males, at 52 weeks: sllght 1ncreases in
- liver weights were reported for the intermediate and.hlgh dose groups
(8% and 10% respectlvely, not. statlst}cally significant) after :

- . covariance ana1y51s. At 104 weekS° after correction for final body
weight (covariance analy51s) there was an apparent decrease in liver
‘weights reported for -all. dose groups which received gardona (24%,
- “p<0.01, 1GW'dose, 18%, p<0.05 and 17%, not statlstlcally significant,
hlgh.dose) This difference is cons1dered to have arisen as a result
of an atypical control value of-27.66 g compared with the background

. weight for this organ in-this age and strain of rat of 21.78 * 5. is

‘g. 'The welght of. liver in those groups, which recelved gardona was_

R con51dered to be normal.;

- For- females at week 528 after correctlon for flnal body welght
- (covariance. analysis) ‘a slight increase in llver welghts was noted in

- the ‘intermediate -and -high dose groups ( 18%, . P<0.05 and 7%, not °

'statlstlcally 51gn1f1cant respectlvely)
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‘2. Ev1dence in ' the Mouse5

. Two studies were conducted‘w1th gardona in the‘mouse, -one by Hazleton
and the other by Gulf South._

In the 1980 Hazleton study in BGC3F1 mice at dose levels of 0 17.5,
64, 320, 1600, 8000 and 16,000 ppm, there were statlstlcally
significant increases in the 1nc1dences of liver tumors in females
(adenomas at 16,000 ppm, carcinomas at 8000 and 16,000 ppm and

combined adenomas/carcznomas at 1600, 8000 and 16, 000 ppm) . The
carcinoma incidence constituted over 60% of the tumor 'response at
8000 and 16,000 -ppm (Table. 7) In addition, there were statistically
51gn1f1cant increases . in tumors of the 1liver (combined
‘adenomas/carcinomas) - and kldney (adenomas, carcinomas and conbined .
adenomas/carcinomas) in males at'16,000 ppm (but not at lower doses -
Tables 8 and 9). The 1988 Peer Rev1ew Committee concluded that the
"8000 ppm dose was adequate or slightly excessive (body weight gain
depression >15%), and that the top dose of 16,000 ppm was excessive
~ (severe liver necrosis); however the 1600 ppm dose was adequate.

The present CPRC agreed with the previous 1988 Peer Review evaluation -
and conclusion, that there was a statlstlcally 51gn1f1cant increase
in hepatocellular adendmas/carcinomas in female mice, even .at a dose
that was not excessively toxic (1600 ppm) .

-In the 1978 Gulf South study there were also statistically

51gn1f1cant increases in hepatocellular carcinomas in male B6C3F1
mice; however, deficiencies in study design were identified. The
CPRC agreed (as had the 1988 Peer Review Commlttee) that desplte
deficiencies noted in the Gulf South mouse study, the- data from that
- study were supportive of the findings in the Hazleton study.

. sRefeno the Peer Review Document of Gardona Mémo, dnedApnl l4;i988, for details of these studies.
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_ Table 7

: Gardona'— 1980 Hazleton Mouse .Study
Female Liver Tumor Rates+ (%)-
: COchran—ArmLtage Trend Test and Fisher’s Exact Test Results .

Diet Concentration
leer Tumors 0 17.5 64 320 1600. 8000 16000
Carcinoma 1/119 0/58 - 0/69 0/70 4/69b 5/66 5/68
, ) (1)** (0) (0) (0) (6) 8)x (7)*
Adenoma 0/113. 1/57 . 1/57 0/59 1/57 _2/56 3/58
’ (0)**  (2) (2)‘ (0) (2) (4) 7 (5)*

Adenoma and/ork. : ) , .
Carcinoma 1/119 1/58 1/69 . 0470 '5/69  7/66 8/68
(1)** (2. (1 .(0), (7)* - (11)** (12)%**

‘aFlrst carcinoma appeared at week 55 in the 1600 ppm group.
bpirst adenoma appeared at week 79 in the 64 ppm group.

+Number of tumor bearing animals/number of animals at risk (excludxng animals
that dled before appearance of first tumor. .

Table 8

Gardona - 1980 Hazleton Mouse Study
- Male-Liver ‘Tumor Ratest} (%). :
COChran—Armltage Trend Test and Fisher’s Exact Test Results

B . Dietary COncentratxon (ppm) '
Liver Tumors O - 17.5 64 320 1600 ' 8000 16000

Carcinoma 26/113 -17/58 16/58 10/51  14/55 13/60 22/59
. (23)' (29). (28) (20) {25) (22) (37)f

AdenomaA 2/80 1/37 0/42 ' 0/35 1/39 ?, 5/47 , 3/47
7 (2) (3 - H0) _ (0) .; (3) \\A(ll) - {6) -
Adenoma and/or‘ L e |
Carcinoma 28/113 18/58 16/58 . 10/51 '15/55 18/60 25/59 -
) (28 (31) .(28)  (20) - (27) . (30) (42)*

spirst carciroms appeared at week 66 in the 16000 ppm group.
brirst’ adenoma appeared at week 99 in the control group. - ‘

+Number of tumor bearing” animals/number of animals at risk (excludlng animals

~~that died before appearance of fxrst tumor. L

Note. Significance of trend denoted ‘at- COntrol. significance of o
pairwise comparisons with control denoted at Dose level.

. Numbers 'in parentheaea denote percent.

: *p <0.05  **p <0 01 - .

' P T T Y
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Table 9 -
e .

_Gardona - 1980 Hazleton Mouse Study
:  Male Kidney Tumor Rates+ (%).
COChran-Armltage Trend Test and Fisher’s Exact Test Results

' ' leta;z ggncentratxon (ppg) ’
Liver Tumorgs 0O 17,5 - .. 64 - 320 1600 .___8000 16000

Carcinoma ©0/71  0/37  0j38  0/31. 1/36  1/47 9/46 .
N ‘ (0)** {0) £0) . (0) (3)* (?) (20) **
/ Adenoma  0/113 0/58 0/68 . 0/62 1/65  0/70 4/69

0 (0 (0 () (2  (0) (&)

Adenoma and/or o
" Carcinoma 0/113 0/S8 0/68  0/62. 2/65 1/70 13/69
, : (0)**  (0) () {0). (3) (1) (19)**

aF.Lrst carcinoma appeared at week 104 in the 1600 Ppm group.
brirst adenoma appeared at week 54 in the 16000 group.

+Number of tumor bearing animals/number of animals at risk - (excludlng animals that
died before _appearance of first tumor. ;

Note: Slgnlfxcance of trend dencted at Control. Significance of
pairwise comparisons with control. denoted at Dose level.<
. Numbers in parentheses denote percent. . ; i
*p <0.05 **p <0.01 o

E. Other Relevant Toxicology Information

1 Genotoxa.c:Lty_

There were three acceptable mutagenlclty studies which satlsfy the
‘minimum testing in the three categories of gene mutation, structural
chromosomal . aberrations, and other genotoxic -effects. In an .
acceptable Ames assay (MRID# 4122508), there was no evidence of a
mutagenic effect at the histidine locus in any of the Salmonella
typhimurium strains (TA98 TA100, TA1535, TA1537 and TA1538) used at
concentrations of from 10 to 667 ug/plate in- the absence of
"activation or at doses ‘from 66. 7-3300 “ug/plate with activation.
There were- sufficient indications of cytotoxicity at the highest
. concentrations, as evidenced: by thinning of the lawn in a preliminary-
range finding study (TA100 tested only) and in the assays, as well as

'reductions in numbers of revertants at.hlghest concentrations tested.

Several published studies support the negatlve flndlngs in Salmonella
.(e g. Mntatlon Res. 116' 185—216 1983)

In an- acceptable UDS. assay (MRID# 42156401), rat hepatocytes were
4 exposed for 18.2 hours to concentrations of from 5 to 40 pg/ml TCVP.
" At concentrations > 35 ug/ml there was almost complete cytotox1c1ty.w
."Preparatlons from .cultures exposed to 10, 15, 20, 23, '25,. 27 and 30
-, pug/ml were evaluated for evidence of ‘UDS. There was no 1nd1catlon,'“
‘either from mean ‘net nuclear dgrain counts' or. percentages of cells
. with > 5 net .nuclear grains, that exposure to TCVP under these assay: .
f_condltlons results 1n UDS. -

S
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In an\aeceptable‘in'vitro chromosomal aberration assay with Chinese
Hamster Ovary (CHO) cells (MRID 413129-01) the exposure levels tested
and evaluated were 29.9, 44.9, 59.9, 79.8 and 99.8 ug/ml (w1th 20— -

hour cell harvest, based on celI cycle delay observed " in’ a -

. preliminary cytotox1c1ty assay) in the absence of S9, and 12.5, 25,

37.6 and 75.1 ug/ml (with 10-hour harvest) in the presence of SQ.
There were elevated (and statistically significant) increases in
chromosomal aberrations at doses > 59.9 ug/ml (but not at lower
doses) in the absence of S9 adtlvatlon, but no 1nd1catlons of an
effect at any dose level in the presence of S9.

Addltlonal studles from the llterature support the clastogenic
activity of gardona. Using primary cultured mouse spleen cells
(tested without activation only) gardona induced aberrations over a
concentration range of 2.5-2.0-ug/ml (Mutation Res. 279: 165-170,

1992) .Also gardona induced micronuclei in mouse bone marrow after'
i.p. (50 and 100 mg/kg) and oral (3000 and 6000 ppm) admlnlstratlon,\

but not by dermal (1350 mg/kg) treatment (Mutatlon Res. 117: 329-336,
1983).

Based on this evidence, gardona presents a mutagen1c1ty concern via
its clastogenic activity. It is noted that a dominant lethal study
(MRID# 00072172) was submitted in which, although study deficiencies
were noted, there was a suggestive effect of activity. In light of
this ev1dence, a new domlnant lethal study is needed to be performed.d

2. ’Metabolism

The Agency has recelved and reviewed acceptable rat metabollsm
studies (MRID 419884- 01; 412225- 03) for gardona. In a preliminary.
study, radiolabeled material was administered orally at 250 mg/kg to
‘groups of 2 males and 2 females; it was established that essentially
' no label was present in exhaled CO,. The test material was then
~ administered orally to individual animals in 3 groups. of 5 males and

5 females at A) 5 mg/kg; B) 5 mg/kg following administration of 14 .

Vlconsecutlve daily doses of 5 mg/kg unlabeled gardona; C) 250 mg/kg.
.Recovery was >95%. - Most label was recsvered from urine (45.68- '
.. 60.01%) and feces (38 37-55.56%), with most- of recovery within 48 ..
hours . of dosage. only relatlvely small amounts (<0.5% of total
admlnlstered) were recovered from tissues (rats were sacrificed ' 5:

days after dosage) Trlchloromandellc acid was a. major metabolite -

‘present in urine. (18 5-25. 9% of .total administered label in males,
. but only 9. 6-12.4% in females) Desmethyl gardona - was present at
~ about 7-8% in both sexes receiving 5 mg/kg, but. high-dose females
excreted more of this compound (24.8% of total label) than high-dose..
" males- (11.2%) . - The major metabolite (>13% label) in 0-48 hr feces
was . trlchlorophenylethanol. Unmetabolized gardona was’ present - in
limited quantlty (0.3-0.4% total label) in 0-48 hr feces from the two

.'4low-dose groups, but was present at‘hlgher levels (M: 6.5%; F: 4.5% =

total: adm;nlstered label) in ‘the hlgh-dose group. ‘The only’ other 3_
compound in  feces - at- >2.5% total admlnlstered label was
tr1chlorophenylethanedlol. }'*‘ - T : : ' - '
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The differences between sexes with respect. to metabolism of gardonaf
may be consistent with differences in target organ susceptlblllty
(adrenal effects appear to be more pronounced in females). It is

noted, however, that-in the recent IRI.2-year study the significant -

dose—related'trend for benlgn (and combined benign/malignant) adrenal
pheochromocytomas was in the males, rather than the females.
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3. Structure-Actlv1tz Correlatlons -

Gardona is structurally 51m11ar to- DDVP cla551f1ed by the CPRC as a
Group C carcinogen with a Q;* ‘and phosphamldon, classified as a Group
.C carcinogen. All three are direct-acting alkylating agents6 and can
be hydrolyzed to yield chlorinated vinyl alcohol derivatives. The
derivatives can then tautomerlze to generatejpotentlally carcinogenic
‘reactive 1ntermed1ates ‘(e.g., dichloroacetaldehyde_ from DDVP,
chloromethyl 3,4,5-trichlorophenyl ketone from gardona7)

DDVP induced forestomach squamous cell tumors.in both sexes of B6C3F1
mice, and pancreatic acinar  adenomas .and leukemia.-in Fischer 344

rats. Phosphamidon produced tumors of the bladder and 11ver in male’
Sprague-Dawley rats. : o

rigure?a Gardoné- sfemmes e e e s T

qrigﬁrbyl‘ ﬁDVf".~"_ R ;f;fiﬁf{rigg:eis.lPhpsphémidoh'_.

o

. . : . ‘\ .

§Bedford, c.T., and Robxnson, J.. Xenoblotxca 2, 307 (1972)

: 7Arcos, J c., Woo, Y.—T.; and Argus, M F..'"Chemxcal Induction of Cancer“
VOl. IIIA, Academ:.c Press, _New York, 1982. .
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F. ﬁeight-of the Evidenée Considerations

The Committee considered the follow1ng observatlons regardlng the

tox1cology of gardona for a we1ght—of—the-ev1dence determlnatlon on
its carc1nogenlc potent1a1°

1. Male and female BGC3F1 ‘mice were fed 0, 17.5, 64, 320, 1600, 8000
or 16,000 ppm of gardona for 104 weeks.: This mouse study (Hazleton)
was previously evaluated by the TBRC, which concluded in the April

14, 1988 memo, that the highest dose tested (16,000 ppm) was

exce331ve1y toxic, based on body weight galn.depre351ons of >15%, and
that the next highest dose (8000 ppm) may also have been slightly

excesszve, but that the 1600 ppm dose was adequate.

In male mlce, there was a. statlstlcally 51gn1f1cant increase in
“hepatocellular adenoma/carcinoma: comblned at 16,000 . ppm, with a
" statistically significant trend. In female mice, there was a

statistically s1gn1f1cant ‘increase in hepatocellular carcinomas

at 8000 and 16,000 ppm, and in combined adenoma/carcinoma at

1600, 8000 and 16 000 ppm; adenomas were statistically increased.

at 16 000 ppm only, there was a statistically significant trend

for adenoma, carcinoma and for -combined adenoma/carc1noma, as

“well. The present CPRC agreed with . the previous 1988 Peer

Review evaluation and. conc1u51on, that there was a statlstlcally

51gn1flcant increase in hepatocellular adenomas/carc1nomas in

female mice, even at a dose that was not- exce551vely tox1c (1600

ppm) -

In' males only, there was also a- statistiecally- significant-
. increase in renal adenoma, carcinoma -and--adenoma/carcinoma,
combined, at 16,000 ppm; there was also a statistically
51gn1f1cant trend for adenoma, carcinoma*'and for combined
adenoma/carc1noma, as well._ ‘ . ’

2. The CPRC agreed (as had the 1988 ‘Peer Rev1ew cOmmlttee) that,
-despite deficiencies noted in the earlier ‘Gulf South mouse study, the

data from that.study were supportlve of the flndlngs in the Hazleton -
'»mouse study. I A \\ . '

3. In the recently conducted Inveresk rat study, male and female
' Sprague-Dawley. rats were fed 0, 100, 1000 or 2000 ppm of gardona for

- 104 weeks.‘

There was an 1ncreased 1nc1dence (not statlstlcally 51gn1f1cant

- by pa1r-w1se comparlson) of .benign pheochromocytomas of .the
‘adrenals in 2000 ppm males (9/50 vs 4/49). However, this was

. part of a statlstlcally 51gn1f1cant trend. There was also an
.~ increased incidence of. male thyr01d C-cell tumors at 2000 ppm
'4(13/45 vs. 8/47),, ‘not statlstlcally 51gn1f1cant either by
pairwise comparison or by trend test. The. 1n01dence of C-cell

. -thyroid tumors observed in males-of the\ZOOO ppm dose group was
- . slightly outside the historical -control range. . No increased

'1n01dences of adrenal and/or thyr01d tumors were ev1dent 1n
‘females. .
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o The CPRC concluded,that the hlghest dletary exposure level (2000

ppm) - in this study was adequate, based on- depressions of mean

plasma cholinesterase activity at several blood sampling times

. in both sexes, and 'the findings from a preliminary (range-
“flndlng) 13-week subchronlc study (descrlbed 1n.p01nt 3. below)

The CPRC agreed that the 1ncreased 1nc1dences of thyroid C-cell
adenomas and adrenal pheochromocytomas in male rats of the
recent Inveresk study were consistent with that observed in the
-1978 NCI—sponsored (Gulf SOuth) rat study.

4, Malc and female spragua-Dawley rats were fed o, 100, 2000 or 5000
ppm of gardona for 13 weeks. At 13 weeks, mean body weight gains for
12000 and 5000 ppm males were respectively 92% and 80% of their
control value; for females at 2000 and 5000 Ppm the values were 84
and 88% respectively. At 13 weeks, males at 2000 and 5000 ppm had
significantly reduced mean plasma ChE activity (to 75% and 59% of the
control value), and significantly reduced mean RBC ChE activity (to
"70% and 28% of the control value). Females at 2000 and 5000 ppm had
significantly reduced mean plasma ChE (to 26% and 17% :.of their

control value) and mean RBC ChE activity (to 21% and 9% of thelr'*

-contrcl value).

Based on.these flndlngs, the CPRC concluded that the hlghesti
~dietary exposure level (2000 ppm) in the Inveresk chronic rat

study. was adequate for assesszng the carcinogenic potentlal of
gardona.

5. Gardona.was not mutagenic in the Salmonella (Ames) assay or in an
unscheduled .DNA - synthesis ' (UDS) assay. However, in an in wvitro
chromosomal aberration assay with CHO cells there were elevated (and
statlstlcally significant) increases in chromosomal aberrations in
the absence of S9, but not in- the. presence of s9. There was also’
suggestive ‘evidence in a dominant 1lethal dssay and additional
supportlve evidence in - the literature that gardona is a clastogen
(e g., p051t1ve for 1nduc1ng m1cronucle1 in mouse bone marrow)

6. Gardona is structurally sxmllar to DDVP and.phosphamldon, DDVP' and .

]phosphamldon'were classified by the CPRC as Group C carcinogens (DDVP

" with a.Qy*). Gardona can be hydrolyzed to yield 'a chlorinated vinyl
-alcohol derlvatlve, ‘which . can then  tautomerize to generate a
'potentlally carc1nogen1c reactlve ketone 1ntermed1ate. '

-  ;‘
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7. Carc:Lnogenlc:Lty in. anlmals - Gardona

After a full evaluatlon of all of the data and supporting
information regarding animal carc1nogen1c1ty, the Committee
‘concludes that exposure to gardona resulted ;Ln an. increased
incidence - of hepatocellular, carcinomas and combined
adenomas/carcinomas (predomlnantly malignant carc:momas) in
"female B6C3F1l micé. ' In male mice there were also increases in
. hepatocellular combined. adenomas/carcinomas and . tumors of the
kidney (carc1nomas, ‘adenomas and combined adenomas/carcinomas
with a large contribution from malignant carc:.noma) In the
male Sprague-Dawley rat there were non-significant increases in
adrenal benlgn pheochromocytomas (significant positive trend,
though) ‘and thyroid C-cell adenomas. These latter two tumor
types were cons:.s_tent with the same tumor types observed .in
."another earlier study in Osborne-Mendel rats, in which
-deficiencies had been noted (in response to which, the more
recent Sprague-Dawley study was conducted). The mutagenlclty
data for gardona demonstrate clastogenic activity and this also:

supports a. carcinogenicity concern. Analogs structurally
similar to gardona (DDVP and phospham:.don) -are also
"carcinogenic. Gardona - can undergo hydrolys is, and then

tautomerize to generate a potentially carc:mogenlc reactive
ketone intermediate. The relevance of the tumor data to an

evaluation of gardona s potential for human. carc:mogenlcu:y is
dlscussed elsewhere in this document.

.23
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G. clasSification‘of éarcinogenic Potential:

The Peer Review Commlttee considered the criteria contalned in the
EPA’s "Guldellnes for Carcinogen Risk Assessment" [FR51: 33992-34003,
- 1986] for clas51fy1ng the welght of evidence for carc1nogen1c1ty.

The Peer Rev1ew Commlttee agreed that gardona should ‘remain
classified as a Group C - possible human carcinogen and that for the
purpose of ‘risk characterization a low dose extrapolation model Le
applied to the animal data for the quantlflcatlon of human risk (Ql ).
based on the total mouse liver tumors.

The CPRC concluded that the dosing in the new (Inveresk) rat study
was adequate and that the results were supportive of the findings in
- the earlier (Gulf South) rat study. The CPRC noted that a different
-sex was affected in the new study; however, it was also a different
strain. Overall the CPRC did not feel that these results added
significantly to the weight of the evidence, but that the results
could -be characterlzed as suggestive evidence.

The CPRC rev1ewed the same two mouse studies which had been reviewed
in the first peer review of Gardona (there were no additional studies
required or submltted for the mouse). The conclusions were
essentially the same: there was evidence in the female B6C3F1 mouse
(statlstlcally significant dose-related increases in hepatocellular
carcinomas and combined adenomas/carcinomas, even’ at a dose that was
not excessive) in the Hazleton study. In addition, there were
statistically 51gn1flcant increases in tumors of' the kldney-
(adenomas, carcinomas and combined adenomas/carc1nomas) in male mice
at 16,000 ppm. (but not at lower doses). Deficiencies in the Gulf
South were again noted; nevertheless, the results were con51dered to
be supportlve of the findings in the Hazleton.

Mutagen1c1ty'was dlscussed’ the in vitro chromosomal aberratlon assay
- with CHO cells was p051t1ve without S-9 (but not w1th), there was.
suggestive ‘evidence - in a. dominant lethal assay and additional
'supportlve evidence in the literature that\‘ardona is a clastogen and
_positive  in the mouse micronucleus assay. - Also,- a -new dominant

lethal assay 1s needed to further examine p0551b1e herltable genetic
effects._ : :

'Gardona is structurally 51m11ar to. DDVP . and phosphamldon whlch were
‘classified by the CPRC as Group C carc1nogens (DDVP with a’ Q%) .

Gardona can be hydrolyzed to yield -.a chlorinated v1nyl alcohol
, derlvatlve, whlch can then tautomerize to generate ‘a potentlallyy
~_carc1nogenlc reactlve ketone 1ntermed1ate.._ ' - '

- The CPRC agreed that Gardona should remain cla551f1ed as a Group c —,'

poss1b1e human carc:mogen, with a Qp*;: . however, the Q;* should be re-

calculated using a scallng factor of 3/4 powver;,. (rather than 2/3, as
.was prev1ously done). 1n accordance Wlth current generally accepted’
guldance. ' : ) : . S
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The use of a Q,* w1ll be malntalned for the present, but gardona may

be a candldate for other risk assessment methodologies, as we become
more famlllar with the new guidelines.



