Study title: Twelve-month oral texicity study of iloperidone in dogs (Study 0992-
0220)

Key study findings:

Iloperidone was administered orally to beagle dogs (4/sex/dose) at 6, 12, and 24 mg/kg/d
- for 12 months. There was no drug-related mortality. Drug-related clinical signs were
noted at all dosages and included decreased spontaneous activity, tremors, bizarre
behaviors, labored breathing, scleral infection, ptosis; slow response times and/or lack of
pupillary reflex were revealed at neurological examination. Most of the clinical signs
were noted in all treated animals and showed little dose dependence. Drug-related
findings in the mid- and high-dose groups that were not seen in the low dose group
included ataxia, loss of righting and toe pinch reflex (in single animals), emaciation.
Body weight losses occurred in LD and HD groups; mean body weight decreases of 7.3%
and 9.2% vs. control were registered over the treatment period at LD and HD,
respectively. Hematology and clinical chemistry changes were induced at MD and HD,
i.e., dose-dependent decreases in mean erythrocyte count and in hemoglobin and
. hematocrit levels in males and females; lower cholesterol and triglyceride levels in the
females throughout the dosing period, and increase in alanin aminotransferase in HD
males. No abnormalities were found in any dose group on ECG and auditory
examination.

Drug-related gross and microscopic pathology changes were not found in LD and MD
groups; in the HD group, higher mean absolute and relative liver weights and
hepatocellular hypertrophy resulting from proliferation of the endoplasmic reticulum
were found in the males, probably secondary to liver enzyme induction . _
The toxicokinetic analysis showed that mean plasma concentrations of iloperidone at
week 49 were 5.0, 4.3, and 29.7 ng/ml for males, and BLQ, 29.7 ng/ml, and 119.8 ng/ml
for females, at 6, 12 and 24 mg/kg/d, respectively, pointing to an over dose-proportional
increase in plasma concentrations in the females. The principal metabolite was P89 9430,
which was detected at higher levels than iloperidone, while P89 9124 and P88 8991 were
below the limits of quantification.

The MTD in this study is 6 mg/kg/d in view of severe clinical signs and emaciation
induced at and above the next higher dose of 12 mg/kg/d.

A NOAEL was not reached in this study as the lowest dose induced decreased body
weight and neurological clinical signs.

Study no: 0992-0220
Volume # and page #: N.A. (electronic submission)
Conducting laboratory and location: Drug Safety, Hoechst-Roussel Pharmaceuticals
Inc, Somerville, NJ '
Date of study initiation: June 16, 1992
GLP compliance: Yes
QA report: yes
Drug, lot #, radiolabel, and % purity: Batch/Lot RC 4840, Purity 99.8%;
Batch RC 5634, Purity>99.1 %
Formulation/vehicle: gelatin capsules
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Methods: Iloperidone was administered orally in gelatin capsules to male and female
beagle dogs at 6, 12, and 24 mg/kg/d (4/sex/dose) for 12 months. A control group
received capsules containing microcrystalline cellulose.
Dosing:
 Species/strain: Dog/Beagle

#/sex/group or time point (main study): 4

Satellite groups used for toxicokinetics or recovery: TK analysis performed on all

main study dogs; recovery not studied.

Age: 13-36 months

Weight:

Doses in administered units: 6, 12, and 24 mg/kg/d -

Route, form, volume, and infusion rate: orally in gelatin capsules
Observations and times: :
Parameters evaluated for adverse effects included mortality, general condition and
clinical signs, body weight, food consumption, neurological (righting reflex, placing
reflex and pinch toe reflex), auditory and ophthalmoscopic  examination,
electrocardiography (ECG tracings of Lead II in conscious dogs from all groups recorded
at baseline and at weeks 13, 26, and 53) , hematology, serum chemistry, urinalysis, organ
weights, gross and microscopic pathology, and electron microscopic examination of
livers (high dose group only). TK analysis was performed on blood samples collected
from all dogs at 4 hours post-dose on the first day of dosing and again during the last
month of dosing (Week 49).

Results: No spontaneous mortality occurred in this study.

Clinical signs: Drug-related clinical signs noted at all dosages included decreased
spontaneous activity and/or crouching posture, intermittent tremors, starting during the 1
month of treatment, with a dose-related incidence, highest at HD, bizarre behaviors
(sniffing, chewing, pawing, nose-jamming, circling, jumping at cage walls, jerking head
about, aggressive barking when disturbed, stereotypy) in 2, 2 and 6 animals at LD, MD
and HD, respectively; labored breathing (in 2, 2, and 4 animals at LD, MD and HD,
respectively), scleral infection, eyelid ptosis (all dose groups), prolapsed nictitating
membranes, and glassy eyes. Most of these signs were noted in all treated animals and
showed little dose dependence. Drug-related findings in the mid- and high-dose groups
that were not seen in the low dose group included ataxia and or lethargy (1 MDF, 1 HDM
and 1 HDF), loss of righting and toe pinch reflex (in single MD and HD animals)

Body weights: Body weight losses occurred primarily during the latter half of the
study (weeks 28 through 39) in LD and HD groups; mean body weight decreases of 7.3%
and 9.2% in males vs. control were registered at LD and HD, respectively (see sponsor’s
table on the next page). Emaciation was noted after the 2™ month of dosing in 2 MD
animals (1M, 1 F) and in 4 HD animals (3M, 1F).

Food consumption: The relative mean food consumption (as shown in sponsor’s
table following the body weight table) was decreased in LD (males) at weeks 4 and 29;
and in HD (females) at weeks 0 through 6. During the rest of the study, the food
consumption values were comparable to control. '
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Mean body weights (kg)
TWELVE-MONTH ORAL TOXICITY STUDY OF HP 873 IN DOGS
HOECHST-ROUSSEL PHARMACEUTICALS INC. STUDY MO, 0992 - 0220

TEST MALES: DAILY DOSE IN MG/KB FEMALES: DAILY DOSE IN MG/1R
WEEK 9 6 12 24 ] 6 12 24
PRE 10.9 14.0 10.7 113 11.0 9.2 9.3 9.9
0 10.5 13.7 10.4 10.9 10.8 9.0 9.0 9.5
1 10.4 13.5* 10,2 10.6 10.7 8.7 8.9 9.1
2 10.6 13,7+ 10.2 10.7 11.0 9.0 9.2 2.3
3 10.4 13.4* 99 10.4 10.9 8.9 8.8 9.0
4 10.7 13.1 10.1 10.4 10.9 9.1 8.8 2.2
5 10.9 13.8 10.1 - 10.6 - 1.0 ° 91 - 90 8.2
6 10.9 13,3 ‘10,2 10,7 . 1.1 9.2 . 941 9.1
7 1.1 13.6 10.5 - 10,9 11.2 - 9.4 2.4 2.4
8 1.2 13.7 . 10.7 109 11.4 9.5 9.5 9.4
9 11.2 13.7 10.7 11.1 . 11.3 . 9.4 93 . 94
10 1.5 - 13.4 0.7 10.9 - 11.4 9.5 . 9.4 9.5
n 1.4 135 106 110 . 11.4 9.7 9.4 2.3
12 13.6 13.8 0.8 1n.2 ¢ 116 10.0 5.6¢ 9.7
13 11.4 -13.4 10.7 11.0 11.6 8.7 9.4 9.5
14 1.3 13.6  30.7 11.0 11.8 - 9.6 - 9.4 9.5
15 R 10.9 13.2 10.6 10.9 11.4 9.5 -9.2 9.7
16 1,2 138 106 11.0 113 97 95 99
17 1.1 136 T 10.8° 110 1.3 9.5 ‘9.8 9.7
18 11.3 13.6 . 10.8 .11.0 1.6 9.8 9.7 .10.1
19 1.2 13.5 10.8 10.7 11.4 9.6 9.6 10.0
20 11.3 13.§ 10.9 10.8 11.4 9.7 9.7 10.0
21 11.2 13.7 10.9 10,7 11.4 8.7 9.6 2.9
22 11.5 13.8 11.0 10.9 11.8 9.7 9.7 10.0
23 - 11.5 13.7 11.0 10.8 11.6 10.0 9.8 10.0
24 1.7 13.8 11.0 10.8 11.6 9.7 9.6 10.0
25 11.5 13.7 11,1 10.8 11.6 9.8 9.7 10.0
26 1.3 13.8 1.1 10.7 1.7 8.7 9.8 9.9
7 M. 128 m.7 n.a 11.6 9.8 9.8 9.8
28 11.6 13.6 10.9 10.2 11.8 2.9 9.9 9.9
29 11.4 13.1 10.7 10,3 11.5 9.6 9.9 9.8
30 11.4 13.1 10.8 10.6 11.58 5.8 10.0 10.1
N 113 13.1 0.8 10.2 11.5 9.7 . 9.6 9.7
32 1.3 13.2 10.9 10.4 11.4 9.6 9.7 2.6
23 1.8 13.1 10.6 10.0 11.6 9.7 9.8 9.8
34 1.5 13.2 10.5 10.4 11.6 9.5 9.3 9.8
s 11.4 13.2 10.3 10.4 11.5 9.6 9.0 9.6
36 11.6 13.5 10.6 10.3 . 11.6 . 9.6 8.9 2.3
3z 11.5 13.1 10.5 10.0 11.9 9.6 9.3 2.4
38 11.4 13.1 10.6 10.0 11.8 9.5 9.3 9.7
39 115 13.0 10.6 2.5 1.8 9.5 9.0 9.4
40 . 11.7 13.3 10.8 9.7 s, 12.0 9.6 9.1 9.4
4 1.7 13.3 10.8 9.7 12.1 9.8 2.0 9.4
42 1.8 13.1 10.7 9.6 J2.3 9.8 9.0 9.4
43 12.1 13.8 10.7 9.7 12.5 9.9 9.1 3.8
44 12.0 13.0 0.9 9.6 12.3 9.8 9.3 9.8
a5 12.1 13.4 10.9 9.7 12.4 9.6 $.5 9.4
46 - 12.1 13.5 13.2 9.8 12.3 9.9 9.8 9.9
47 12,1 13,2 10.9 9.8 12.2 2.8 9.5 9.6
48 12.0 13.4 1.1 10.1 2.4 10.0 9.6 9.5
49 12.2 12.8 10.6 9.9 12.6 10.2 9.5 9.5
50 12.0 12.9 10.7 10.0 12.4 10.1 9.1 9.3
51 2.1 13.2 10.9% 9.9 12.5 10.1 9.0 9.6
52 11.9 12.7 10.7 9.9 12.6 10.0 9.3 9.6
N = 4 VALUES OR LESS PER MEAN AS INDICATED IN THE INDIVIDUAL DATA
* = STGNIFICANTLY DIFFERENT FROM CONTROL {P<0.0S5)
Weight Changes (kg)
WEIGHT CHANGES MALES: DAILY DOSE IN MG/KS FEMALES: DAILY DOSE IN MS/KS
(WEEXS) 4] § 12 24 [} 3 12 24
0-26 0.8 -0.1 0.7 -0.2 0.9 0.7 0.8 0.4
0 - 52 1.4 -1.0 0.3 -1.0 1.8 1.0 0.3 0.1




HEAN FOOD CONSUNPYINE VALUES - UPTAKE(G)/BOBY WEIGHT(XG)/ZANIMAL BAY
TUELVE-RUNTH ORAL 10XIC1TY STUDY OF HP 873 1N BOGS

. MALEE: DAILY DBSE BN ME/NE FEMALER: DAILY BOSE 38 ME/RE
wErx 0 N 12 2 ° ' 12 t1)
0 W4 153 BSs 2. 190 174 208 158
M3 Mt ns 218 19 24 12.8
2 P T T Y 3 %4 89 T 28
k] 24.% 17.1 24.5 21.3 28.0 23.¢8 24,7 1.0
h 2.3 154 21 29 Co2% 225 2N 1.9
5 W 157 s 15 W3 w3 My A
‘ TRt S I S 2.2 27 2 14
1 38 203 w8 2 : 4.7 283 g 2.8
' /7 M WS %S M6 M2 s 1
’ .4 04 2.9 284 s w23 234
10 I 1k A 22 e2t2 233 24 208
1 224 103 M. 24 200 2.4 a4 218
12 M W3 M 2. 24 W2 M2 2
13 M9 6 ae 22,9 24 22 2 1209
W T 1N M .12 2.7 2 . 2% 268
18 TN BT R X T W A 1.6 167 . 19.6 205
1 /.8 10 B 1za 23,0 28 w3 2.8
1 WS 20T M s 24 WY B 2.3
18 2.9 104 ma ass. PN T S T
1 /s M5 T 20 UMb 2N - 2w 20
20 2.2 18 2.9 228 226 234 238 208
1 DT 200 WS 224 108 223 2.2 204
n M2 M 2B, 208 _ 44 220 - ;a3
3 M7 204 2.7 28 2.2 285 e 2
n 2.2 1t NN w8 9 1.6 108 24
25 . 22.7  .1%.4 .27.% 23.2 . . 23.0 236 - 2.8 1.0
2 , 2.8 132 206 208 2.6 A4 2,9 1.9
n 227 W4 s e 228 200 220 207
2 a1 RS 260 1908 2.0 2.7 232 2208
2 Bk 1390 BT 2. 20, .
30 .1 1k 35 s 4 Hll s i
31 2.4 6.8 21.7 28,8 22,7 19.% 18.3 17.5
32 2.4 M7 w2 a2 223 W 2w a2
2 2.4 w2 4 2 A 6 2z s
n 2.5 w2 ma2 21 2.0 .1 145 ire
P Y 1% %6 1.0 209 4 15
3 8.3 233 202 259 M7 u2 2ma g
” 28,1 WA 0.8 194 2. 2.0 M3 34
" 2.9 193 2 29 9.7 Wy w1 134
3y a3 1.2 N3 oA WO M. 2 ¢ 2.0
" %3 S5 M3 we MO NI WA a3
[} 25.8 0.2 0.3 0.4 T 2% 1.3 3.8 "7
2 23 e B 2.2 .4 nE 2. 2
n M2 U8 WA s 2.0 1M W a2
" e T ST X S P St 23 N7 W2 Mo
0 Wi 233 WA W3 .y 3e 2.
" 23 M1 WA 292 1.1 2.9 204 v
P MT w2 w7 w4 0.5 2 2.4 2N
" .0 23,2 2w.0% a2 W6 W7 s ana
" Hd 13 284 28 T w28 220
" 2.9 1.7 M5 e 20 2.3 A4 25 214
P TR Y 3 T 206 203 2% 253
1 B 1.0 2w w2 2.0 M9 38 208
N = & VALUES BR LENS PER NEAN AB INNICATED IN THE INBIVINOAL DATA
* = SICNIFICANTLY DIFFERENT FREM CONTREL (P¢0.83)

Neurology and auditory examination: Pupillary light responses were slow or non-
apparent in all treated males and females; this finding occurred earlier at HD (month 1 as

compared to month 3 for LD and MD) and the frequency of occurrence was highest at the
HD. The righting reflex was slow or absent in single animals from LD and MD groups,
- and the placement reflex and the toe-pinch reflex were absent in single females from MD
and HD groups. Auditory tests were not remarkable. .

Ophthalmoscopy: On indirect ophthalmoscopy no ocular abnormalities were
found.

Electrocardiography: Electrocardiographic analysis of ECG tracings by a
veterinary cardiologist did not show drug-related changes in the parameters evaluated,
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i.e., average heart rate, rhythm, P-QRS wave amplitude and duration, P-R interval, Q-T
interval, ST segment and T-wave. : )

Hematology: Mean erythrocyte count, hemoglobin and hematocrit were decreased
dose-dependently in both genders at MD and HD (significantly different only for
erythrocyte count in HDM).

NEAW BEMATOLOSY VALOES
TUELVE-DONTR ORAL TBXICITY BTUDY OF WP 873 IN DiCE

JETERMINATION TEST MALESI DAILY BDSE 18 NE/KC FEMALES: BAILY DISE 18 NG/KE
fuNyTs) vEES N & 12 N ¢ 12 0n
ERYINROCYTE Counr e .M 7.0 T4 772 8.0 7.2 8.2 .93 .
tAILLINN/CURTE M) % 755 1.5 .40 2.39 ' 1.5 137 .21 6.8
) n 737 708 70 496 T 1.9 TN ka2
2 7,25 593 143 g0 7.8 128 495 4.
52 TSNS 113 s 730 1.3 638 U hage
EEMATOOMST - . me 5 S35 58 8 s ss
1ER LENT) ’ Nl S1 .53 8 s 2 5 m W
14 55w s 21 m s2  .am
2 M T 8 a3 w9 s
5t . L L I " S S r M 08 2 9
AERRCLONIN. e b 166 159 148 176 169 173 15.2
{ERANBJBECTLIVER ’ 1 165 155 183 $%h.9 157 (5.6 1.2
" 17,2 16,7 1.4 .2 .. 1.4 LT 178 153
: 2¢ Kt 164 10 3130 _ 172 16,0 2hab  15.7
52 1.8 167 162 17 173 17,80 .7 186
NEAN CORPUSEULAR ¥OLVAE 213 [T R TRt L 2 BT B 71
{CUBIC HICRMAS) ' 8 1 @ e 8 g 1
1" &8 3 &7 e i noon 1w o
2 & B &1 & IR BT T
52 6% &6 &% 48 TR Bt T
MEAR CERPUSCULAR HENDGLOBIN  PRE 2 32 3@ s 7 2 =2 g9
COMCENTRATION (PER LENT) s CTSNE TR Y n M un n
14 CL I TR S N N m on
2 a5 a5 38 C: TR T T
52 % B x s . % B B 0wu
BEAN CORPUBCULAR MEROLLOBIN  PRE 2 2 o 2 2 n 2 n
(PICD CAANE) 8 22 2 2 9w 2 2 2
" 2 2 1 2 n B un n
2% 2 N a3 = - T B T
. 52 2 2 23 a3, n 2 B n

= % VALUEG QR LESS PER HEAR AS INOICATES IN VHE INSIVIBUAL BATA
* = BIGNIFICANTLY JIFFERENT FRON CONTRDL (PC9.05)

'Clinical chemistry and Urinalysis:
Drug-related differences in clinical chemistry (as shown in the sponsor’s table below)

included cholesterol and triglyceride levels in females, that were lower than control
values throughout the study (weeks 4, 14, 26, and 52), statistically significant at MD and
HD. Other differences in serum chemistry included sporadically higher mean alanine
aminotransferase values in all groups (statistically significant at MD (M and F) at week
26 and at HD (M) at week 52) and lower alkaline phosphatase values in LD and HD
males at week 14. These differences were variable, not dose-related and did not have
histological correlates. Iron values were moderately increased in LDM and HDF at week
52; no dose-related trends were seen.

There were no drug-related findings in the urinalysis data.
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HEAN SERUM CRENISTRY VALUES

SEVERNINATION TE87 BALEST SAILY BUSE I8 MC/KC FEMALERS BAILY I0IE 1E mL/ES
(HITE) VEEX : ’ 5 12 28 (] 6 12 %
ENDLEBTERYL e 1Y 1M 1 123 1% 197 s in
INS/DELILITER) % 126 113 11 129 224 193 130 ATA
1" B - I U SR R ¥} | a5 M 1 e
% 113 13 17 i 200 281 e 184
. ] 136 1% 113 120 . 23 11 123 i
TRICLYCERIDES ME 23 s 2 1] " ] 32 20
INS/PELILITER} [} 1 72 L} 3 134 s 8 13
1" L1} ” 3 17 n 1] LTI ]
2% 13 53 LY} 1] " T} 2 3
2” 52 27 a9 a7 1 59 we I
ALANINE ANINDTRANIFENABE  PRE ) " s? & 50 " 5 25
(IU/LITER) [} 5 7 1% 1 1 &3 7 7
1 5h 3% 50 %0 [} n . »
2 3 121 68 170 0 @2 o
52 1] § s a2 . H om MmN
ASPARYATE ANINOTRANSFERARE PRE 2% % ;B [T T 29 2% R 19
twAalne - - ] 1] » 2 » n fn W »
1" .25 39 1] 2 1 3 1
26 26 2 " 2 " 23 b2 18
52 A s » 5% % 22, 8 2
ALKALIOE PROSPUATARE PRE 3 2 w 22 22 3 1 2
CIOLITER S ) 3 1% 5 28 T A B
. 18 L1 PIT I | 3o 82 " b3 B 4
% 1] 20 13 3 33 % ” 2
) 52 a8 14 2 as 22 a3 s [
b)) ' ne 1 219 193 i /US98 18
CHILRICRANS/ s 392 292 1 209 ETT I T S (TR 71
SECILITER) 1" M3 22 My M 2 26 M 1
2% M i St LI B Y 297 333 A% A%
. 52 W 7T 452 A 02 3 22 T2y
N = & VALUES DR LE3S PER MEAN AS INDICATER IN THE INDIVISUAL SATA

. BICKIFICANYLY DIFFERENT FRON CONVRDL (F<0.03)

Organ weights: No statistically significant differences in mean organ weights
were registered. Higher mean absolute and relative liver weights were seen in HD males.
NEAN GRCAN VEIEMT BATA

Week 53 Necropsy
SETERNINATING BALEB: DAILY DOSE IN MC/IC FENALEBY BAILY BUSE IN MS/KC
CUNITR) ° s 12 2 ’ ' 12 2
UNGAR WEICHTS (CNS) .
295625 636425 335.A75  393.200 MEI00 22390 82308 320.32%
9480 72000 .25 5.15 35508 49,50 19,473 49,430
105,050 102560 ss.a78 2,028 w023 71,928 59,400 12950
76,223 75.328 ™. 700 78,900 72.200 T2.080 58.3% T2.928
10,93y 15,306 19425 12.760 1562 - 1.3 1,088 1.137
12.8641 14,728 12.6%0 10134 11006 .49 2132 o669
ATRENALS 1.313 1.322 1.203 1an 1502 1.299 1.452 1.308
THYRRIDS . 0.93% 0.9 o0 1.08 , 0.729 o720 0.5%0 0.773
PITUITARY .080 9.05¢ 0.061 0.053 9.058 o440 0,063 0,063
TERRINAL BOBY VEICHT <ONS) 12129 13252 10878 1an 12393 10387 w3 13
ORGAR/BONY BT. RATIO (CHIT)
LIVER 2.855 2.203 2,001 .71 3.092 3.38% 2.513 3,383
KIBREYE 0.308 - 0.56% o408 0.624 04438 0.475 e.522 0.526
VEART 0,086 o788 o790 0.010 0.881 0.701 0.719 0.763
IAIR 0.4z 2.57% 0.7%9 .800 0.5%4 0.715 0.729 0.744
caNAMS 0.093 122 0135 D324 0.019 0.012 0.012 0.912
TROS/ VIS 9.106 112 0.117 0.0% 0.09% 0.100 0.0% 0.470
AIRENALS 0.011 0010 0.012 0.013 0.013 0.012 0.034 0.014
TRYRSIDS 0.908 0007 o.008 0.010 0.004 0,407 0,009 0.008
PITVITARY 0.901 van ‘0,001 o.00t 0.001 401 0.081 0.901

# = & VALUER OR LESS PER NEAS AS INBICATCS IN THE INBIVIBUAL BATA
8 RY T FEOR LB AXY
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Pathomorphological examination: All specified organs and tissues from the

control and HD groups were stained with H&E and examined microscopically. These
tissues included:
the tiver, spleen, Kidneys, aorta, lung, trachsa, esophagus, heart, adrenal giands, thyroid and
parathyroki glands, thymus gland, pencreas, laetimal gland, safivary gland, mesenteric fymph
node, peripherm! naive, ptultay gland, stomach, duodenum, jejurium, ilsum, colon, testes or
ovaries, epidklymides and prosiate or uterus, winary biadder, gafl bladder, sketsial muscle
(cHaphragm), tongue, brain (cersbrum and cersbeitum), spinal cord, skin, mammary gland,
oyes (with optic nerve), bans (rib), and tissuss with groes Iasions.
The microscopic examination of H&E stained tissues of LD and MD groups was limited
to the liver, heart, adrenal glands, bone marrow, and tissues with gross lesions. In
addition, liver, kidney and spleen sections stained with the periodic acid—Schiff (PAS)
technique, and liver sections stained with oil-red-O (ORO) were processed and examined
from all animals in all groups. Electron microscopic evaluation was performed on liver
samples from the control and HD groups.

Gross pathology: Compound-related gross alterations were not observed.

Hlstopathology' “Minimal to mild” enlargement of hepatocytes was found in all
HD males, but the spec1a1 staining did not demonstrate an increase in neutral fat or
glycogen. These findings were “consistent with hepatocellular hypertrophy induced in
HD males presumably resulting from a proliferation of cellular organelles, i.e., the
endoplasmic reticulum”. This was confirmed by the ultrastructural examination of liver
which indicated moderate to marked proliferation of the smooth endoplasmic reticulum
in HD males. The amount of the smooth endoplasmic reticulum in hepatocytes of HD
males was increased 2-fold vs. controls, and “in many regions it appeared to supplant
other cellular organelles”. No such changes were observed in the HD females. The
hepatocellular hypertrophy and smooth endoplasmic reticular proliferation may be an

indication of metabolic enzyme induction in the HD males. No neoplastic lesmns were
found.

Toxicokinetics:

PLASMA CONCENTRATIONS OF HP 873 AND IT8 METABOLITES

~_Dosage (mg/kgkisy) P8O 9430 P39 9124 P38 8001 L X7
1t Dose
o BlLQ sLQ
s 20.6 £21.1 BLGQ BsLQ 0.85x1.0
=2 40.9 £ 85.2 Bty Ra 0.9+19
24 43289 BLa LR aLa
Weak 49
o BLQ BLG _ aLa BLG
] 5202730 BLQ sLG 350+70
12 121 2243 BLQ BLQ 43868
24 1603 2+ 270.4 BlLQ BlLO 207571
Eemalss
18t Doxa
[ BLQ no BLQ BLQ
L. 17128 BLQ BLQ BlQ
12 14 2.8 BLOQ BLQ BLQ
24 3.3+ 160 BLQ BLQ BLQ
Week 49
[ BLQ BsLa BsLQ BLG
[} 40.3 £ 18.7 BLQ BLQ BLO
12 250.8 = 460.8 BLG % 29.7 £ 48.9
24 310.7 £ 321.2 3.80 119.8 ¢+ 160.2

& tiood was oollectad from animals {n = 4) st 4 hours after the 13t do2e and 49 weeks

rapeated Gosing.
bsm-mmammmmfunpmmsmmmm1 was 2.0
ng/mi; P8O 94230 was 4.0 ng/m)
© Average of the two values reporiad (4.2 and 3.3 ng/mi), two other valuas were BLQ
d Ons value reported (3.2 ng/ml), these ofher vaius were BLO)
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The TK analysis showed that the mean plasma concentrations of iloperidone at week 49
were 5.0, 4.3, and 29.7 ng/ml for males, and BLQ, 29.7 ng/ml, and 119.8 ng/ml for
females, at 6, 12 and 24 mg/kg/d, respectively. Plasma concentrations in the females
increased over dose-proportionally. The principal metabolite was P89 9430, which was
detected at higher levels than iloperidone, while P89 9124 and P88 8991 were generally
below the limits of quantification.
Conclusion: The MTD in this study is 6 mg/kg/d in view of the severe clinical signs
(ataxia, emaciation) at the next higher dose of 12 mg/kg/d. NOAEL was not reached as
the lowest dose induced decreased body weight and neurological clinical signs.

Summary of individual study findings' A summary of the findings of this study is
presented the following sponsor’s table.
Repeat-dose toxmty (lZ-month oral study in dogs) (plvotal study)

NeofAnial .~ . . L_u__",,n M4 .,.'ju AT m Ia:e o JEa
Texcokinitics: Kesiphsnia “* ° {Do:BIQ ° JIoBIQ | Bo:So Bo:BLQ | Dosd3 MW:297 o207 | Do 1198
meunﬁunth*l’(lﬂnL) PR9SA30: . | P890430: . | PR9O430: 526 | PR99430: 103 P899030'l7_1 PRIS430: . . | PaosdsD: PE99430:310.7
BLQ PE99124: BLQ | P299324:BLQ | Pe99124: BLQ | 2508 1563 P899124:38
Pe9OL24: P899124: | PRSSH9I: BLQ | PR329SL:BLQ | PRRs99l: BLQ | PRO9124: | PEOOINS: Pagso9s:32
P88s99l: Pasgoor: P838o91: P338991:
BIQ - BlQ BLQ BLQ

Notewstthy Findingss -~ - - - -~ - E - -

Died or Sxciificed Moribund . 0 0 0 [ [ 0 -jo 0

Mean Body Weight Change Weeks 052 | 1.4 18 10 10 03 03 -10 01

(kg

Mean Food Consamption Week 52 197 210 170 219 238 335 72 265

{g/kg/aminal day)

Clixical Observations - - Noted in every dosage group (most noted in evesy mimal): Decreased spontaneons activity andlor
mmwmmmmmmmmmmmorm
prolapsed nictitating membranes, glassy eyes, chamges in sppearance of feces.

Ophthakmoscopy No ocular ab d with administration of Tlo seen.

Electrocardiography No ECG sbnonmalities of toxicological significance observed.

Hematology (; or t relative to controlat | — - - Noee Imsc IRBC, IHct | IRBC, JHet, | JREC, IHet,

Week 52) i

Sermn {1 or 7 relative to - - None Nooe lcholesterol, | Nove None dcholeaterol,

comtrol st Week luiglycerides, Juiglycesides

Urinalyss () or § relative te control at - - Nooe Nooe ‘Nome None Nobe None

Wieek §2)

Mean Organ/ Terminal Body Weightat | 12120 12595 13212 10307 10878 m3 10372 9613

Week-53 Neevopsy ("

Gross Pathology at Week-53 Necropsy Definitiv d-related alterations not obeerved.

Histopathelogy at Week-53 Necropsy - - None Nooe Nowe Nooe Liver: Noae

. Minimal to
mild
enlxgement of
bepstocytes
(all animals)
Additiona] Examinations:
Newralopic Exandustion:
- - Slow papillagy light response
- - Slow or absent righting refiex - -
- - - - - Placement - Toe pinch reflex
Teflex absent absent (1 aniroal)
(1 animal)
Awditory Examination No sbnonmalifies of toexicological significance observed.
Electron Aisroscopy at Necropsy - - - - - - Modensteto | -~
marked
of smooth
reticulmm
Postdose Evaluation No, Eval ND ND ND ND ND ND ND ND
-- No findings of note,

* Significantly different from control (P < 0.05 by Dunnett’s 2-sided multiple comparisons test).
a No statistically significant differences from control in mean individua! organ weights.
ND = not done; RBC =red blood cell count; Het = hematocrit; AST = aspartate aminotransferase.
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Repeat-dose studies conducted with iloperidone metabolite P95

Summary: The repeat oral dose toxicity of iloperidone metabolite P95 was evaluated in 4
studies: a 4-week study in mice (Study 0170087), a 13-week study with 4-week recovery
(Study 007008) in Wistar rats, a 13-week dose range-finding study in Sprague-Dawley
(CD) rats, and a 26-week study with 4-week recovery study in Wistar rats (Study
017013). The design and noteworthy findings of these studies are summarized in the
sponsor’s table below. Among these studies, the pivotal one is the 26-week study in rats.

Summary of P95 repeat-dose toxicity studies

Study No. | Species/ | Route | Gender Duration | Rangeof | MTDer | Noteworthy findings
i and NoJ | of doses NOEL .
group treatment | (mg/ke)

0170087 | Mouse | po. . | MF. 4weeks | Ot 1500 | MTD: | | Motality: ANl animals at 1500,
B6.129- SOCM,F)_' M:50 {allFat750, allMat750—>500
1-?5_3«-3‘ 250 (D, F:125 '} 6Mat250,5Fat250. . |

N3, wid 250125 mgkg/d | Drug-related climical tigns: -
Type .. ®, . . Sedafion, cold totonch, . -
750-5500 ’ dehydration; 4 locomotor

oD, 750 activity, loss offimpaired .
(P, 1500 zighting reflex, recumbency,
10/group posturé, Iabored! shaliow
] iration, absent/redaced

opening/scrotant, 3 body wt
smvivingMatZiO' TwtFat
Macroscopic

Paﬂwlogy'

dwcnlmhmofhdney Tiver,

pmuus;dilahmdvagma,i
s1ze;

007008 | RavIGS | po. |MF Bweeks | 0t0500 | MID | Mortality: 1 F at 500.
Wistar 10/group | with 4 <500 | Dmp reiated climical signs at all
reddened/relaxed
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Summary of P95 repeat-dose toxicity studies (continued)

Study No.

Gender
and NoJ
group

Duration
of
treatment

Range of
doses
(ng/kg)

MIDor
NOEL

Noteworthy findings

TAJO00O6

MF
40

13 weeks

0 to 500
mglkg

MID
200

mgkg

Mortality: 2 main, 3 TKM; 3
main, 5 TK F at 500.

(females), wlﬂxseclenon,
prolonged CLs, vaginal
mcification.

= P95mzasunblemphsma
up to 24 hours post dose in most
animals. Ty, 0fPO5S=0S5t02
hours post doze. Thereafier,
plasma concentrations

with t)» of approximately 3
hours. Systemic exposure
appeared to increase in a greater
than dese-proportional manner.
There was appreciable (1.30to -
l&#—fold)accumnhnonof

v exposure
in females wae 2.0-to 3.1-fold
greater than in males.

017013

Rat/ IGS
‘Wistar

po.

26 weeks
with 4-

Tecovery

0to 500

<500

Mortality: 1 M at 500.
Drug-related climical signs at
both doses: Ptosis, mmscle

F), pituitary (M) with BrdU.
TK: P95 exposmre T over-
proportionally with dose; no-
sex-related differences;
exposure T over time.

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BUN = blood urea nitrogen;
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The predominant clinical signs associated with P95 were similar to those seen with
iloperidone, and included ptosis, relaxed scrotum, relaxed vaginal opening, and decreased
spontaneous motor activity. An MTD of P95 in the 26-week study in Wistar rats was not
reached in females; in males it was less than 500 mg/kg/d (due to body weight loss and
mortality at 500 mg/kg/d). A NOAEL was not reached, as morphological changes in both
genders were induced at the lowest P95 dose tested. The target tissue effects were in the
mammary gland, uterus/vagina, adrenals, and thyroid; some of these effects were likely
_ to be pharmacologically mediated. Drug-related histopathology changes, demonstrable by
routine histology and/or immunohistochemical method (BrdU labeling), were induced in
endocrine glands (pituitary and adrenals in males, thyroid in females; and pancreas in
both genders), mammary gland (both genders) and reproductive organs (ovary, uterus,
testes, prostate). Most of these histopathology deviations (with the exception of the -
pancreatic, adrenal, and testicular pathology) were induced dose-dependently at both
tested dose levels of P95, corresponding at LD to plasma exposure (AUC 0-24) ~
- approximately 2 to 3x the human exposure at MRHD of 12 mg twice daily. In the26--
week P95 study, histological evidence of hyperplasia and/or proliferation as assessed by
BrdU labeling was found in 5 tissues: mammary gland, pituitary, endocrine pancreas, '
thyroid, and ovary. As BrdU- labellng was not performed in any of iloperidone repeat-
dose toxicity studies, no comparison of these findings can be made to iloperidone, The

morhologic pathology findings for iloperidone (by routine histology) were limited to .

mammary gland epithelial vacuolization in both genders at all dose levels with dose-
related incidence and severity, dose-related reduced size of testicles and testicular
degeneration/atrophy (in single animals) and higher incidence of prostate inflammation at
HD.

An additional 13-week study was performed in Sprague-Dawley (CD) rats to assess strain
_differences in preparation for a carcinogenicity study, as all of the general toxicity studies
in rats with the parent iloperidone were conducted with Sprague-Dawley rats. In this
study, at all doses, effects on potential pharmacological targets (mammary gland,
reproductive organs, adrenal) were similar to those seen with Wistar rats. However, at the
top dose of 500 mg/kg/d, mortalities and toxic effects on the biliary system (biliary
obstruction) and the kidney (tubular degeneration) with secondary systemic
mineralization due to electrolyte imbalances were seen. The overall pathogenesis was
compatible with incompetent metabolism and excretion of P95 by the hepatobiliary
system with development of local toxicity, increased renal excretion with toxic effects on
tubules and other renal components, and systemic deposition of mineral secondary to
electrolyte imbalances. Sprague-Dawley rats appeared to be more susceptible to these
effects than Wistar rats, as the exposures achieved in Sprague-Dawley rats at comparable
doses were lower, yet associated with a significant increase in toxicity.
The pivotal 26-week study in Wistar rats was previously reviewed by this reviewer under -
IND 36827, SN 207 of 8/23/2002, review dated 07/14/2007. Relevant parts of the review
are reproduced on the next pages.
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Study title: Iloperidone metabolite P95 12113 26-week oral (gavage) toxicity study in
rats with a 4-week recovery period

Key study findings: Administration of iloperidone metabolite P95 for 6 months to
Wistar rats at oral (gavage) doses of 50 and 500 mg/kg/day (yielding P95 plasma exposures of
about 2 to 3x and 150 to 400x, respectively, the human P95AUC at iloperidone MRHD of 24
mg/d), induced dose-dependent clinical signs at both dose levels throughout the entire treatment
period, indicative of CNS depression and relaxation (ptosis, decreased motor activity, relaxation
of the scrotum, anus, vaginal opening) that are attributable to exaggerated pharmacological effect.
At HD, there was one possibly treatment-related death (1 HDM) on day 123 (the cause of death
could not be determined). Body weight and weight gain decrease (not due to reduced food
intake) was induced at HD in males only (by 11% and 26%, respectively vs. control by the end of
treatment); the decrease was not compensated during the recovery period. There were no drug-
related abnormal findings in hematology, clinical chemistry (including prolactin plasma levels),
or urine analysis. Drug-related histopathology changes, demonstrable by routine histology and/or
immunohistochemical method (BrdU labeling) were induced in endocrine glands (pituitary and
adrenals in males, thyroid in females, and pancreas in both genders), mammary gland (both
genders) and reproductive organs (ovary, uterus, testes, prostate). In females, dose-dependent
cycle prolongation occurred at both LD and HD, consistent with the finding of vaginal epithelium
mucification and decreased uterine weight in the treated groups. In the ovaries, a dose-related
interstitial cell hyperplasia was observed at LD and HD that was likely ‘associated with the
reduced estrus cycle activity. After the recovery period the prolongation of estrus cycle did not
fully normalize, and increased corpora lutea were observed in the ovaries of HDF, concordant
with increased ovarian weight. In the thyroid, diffuse follicular hyperplasia was induced in both
LDF and HDF; this finding did not normalize after the recovery period. In males, pituitary
changes were induced at both tested doses, while adrenal, testicular and secondary sex organ
pathology was seen at HD only. Pituitary histopathology (decreased eosinophilia of the acidophil
cells of the distal part of the pituitary) was noted in both LDM and HDM with a dose-related
incidence. These morphological findings were supported by an increase in the cell proliferation
index in male pituitary at all time points, consistent with the increased pituitary weight. Adrenal
morphological changes as well as testicular and secondary sex organ pathology occurred in HD
males only. In the adrenals, an increased incidence of diffuse cortical hypertrophy and reduced
cortical cytoplasmic vacuolation was seen in HDM; this finding was concordant with the
increased absolute and relative adrenal weight and was reversible after the recovery period.
Atrophy of testicular seminiferous tubule epithelium (in 2 animals) and an increased incidence of
mixed cell inflammation of prostate gland with associated degenerative changes were found at
HD. Prostate changes were reversible after the recovery period. In both genders, increased
cellular proliferation in the mammary gland (alveolar hyperplasia, increased secretion and
dilatation of mammary ducts) occurred with dose-related severity at LD and HD during treatment
and even after recovery period. Statistically significant, treatment-related increase in cell
proliferation (increased proportion of cells in S phase of the cell cycle, as assessed by BrdU
labeling) was found in pitvitary (LDM and HDM), mammary gland (duct and alveoli) in both
genders (LDM, HDM, HDF), and the endocrine pancreas in both genders (HDM, HDF). Most of
these histopathology deviations (with the exception of the adrenal, testicular and secondary sex
organ pathology in males) were induced in a dose-dependent manner at both tested dose levels,
corresponding at LD to plasma exposure (AUC 0-24) approximately 2 to 3x the human exposure
at MRHD of 12 mg twice daily.
An NOAEL was not reached in either male or female rats in view of the presence of
pathomorphological changes in multiple organs/tissues at the lowest tested dose of 50 mg/kg/day.
The MTD was <500 mg/kg/day for males in view of mortality and body weight decrease at 500
mg/kg/day; for females, an MTD was not reached.
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Study ne: 017013 :
Conducting laboratory and location: Novartis Pharmaceuticals Corporation, East
Hanover, NJ
Date of study initiation: Feb 16, 2001
GLP compliance: Yes; QA report: yes
Drug, lot #, radiolabel, and % purity: Iloperidone metabolite P95 12113, batch
#011983, purity 99.8%
Formulation/vehicle: 0.5% carboxymethylcellulose

Methods (unique aspects): Immunohistochemical staining for assessment of cell
proliferation in selected tissues (endocrine pancreas, liver, pituitary, and
mammary gland)

Dosing:

Species/strain: IGS Wistar Hannover rats

#/sex/group or time point (main study): 40

Satellite groups used for toxicokinetics or recovery: 10 sex/group

Age: 9 weeks

Weight: Males: 247-304 g; Females: 171-201 g.

Doses in administered units: 0, 50 and 500 mg/kg/day

Route, form, volume, and infusion rate: oral gavage, suspension in 0.5% carboxy-
methylcellulose, dosing volume 5 ml/kg

The dose selection was based upon the results of a 13-week oral (gavage) toxicity study

in rats with a 4-week recovery period (study 007008) that employed P95 12113 doses of

50, 200 and 500 mg/kg/day. In the 13-week study, P95 12113 produced “microscopic

alterations in the mammary gland consistent with induction of secretion in both sexes” at

doses 2200 mg/kg/day, as well as adrenal cortical hyperthrophy and increase in plasma
prolactin in males at 500 mg/kg/day (prolactin increase and microscopic changes were
reversible).

Observations and times:

- Mortality and clinical signs (twice daily)

- Body weight and food consumption (weekly during dosing wks 1-14 and recovery; every 2 wks

during dosing weeks 16-26)

- Ophthalmology (pre-test: all groups; Wk 12 and 24: HD and control animals)

- Clinical chemistry — routine hematology and urine ana]ysns wks 14 and 25 (all groups); end of

recovery period (control, HD)

- Hormone analysis — plasma prolactin on wks 14, 25 and end of recovery (all groups)

- Pathology. The tissues listed in sponsor’s table below were collected from all animals at the 26-

wk necropsy. The control and HD group, as well as all unscheduled deaths and macroscopic

lesions were processed to hematoxylin/eosin-stained tissue sections. Organ weights from the
complete listing were recorded at the 26-wk and recovery necropsies; liver, pituitary and brain
weight were recorded during interim necropsies after 1 and 13 weeks of dosing.

- Microscopic examination (as described by the sponsor): i
Microscopic examinations were performed on a standard set of tissues from the control and
high dose nonrecovery groups at the 26-week necropsy and for all unscheduled
deaths/sacrifices.  All macroscoplc lesions, liver, mammary gland, testes, prostate,
epididymides, ovaries, cervix, vagina, uterus, adrenal (males only), pituitary (males only),
thyroid (females only), and brain (females only) were processed from the low and recovery
26-week necropsy dose groups. All assessments were peer-reviewed.
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- Immunochistochemical staining and assessment of cell proliferation in selected tissues
[endocrine pancreas, liver, pituitary (pars distalis), and mammary gland (ducts and secretary
units)]: Seven days prior to the scheduled necropsy, osmotic pumps containing 20 mg/ml 5-
bromo-2’-deoxyuridine (BrdU, a nucleotide analog that is incorporated in the DNA of cells
during DNA synthesis) were surgically implanted subcutaneously to 10 animals/sex/group. Cell
proliferation was assessed in selected tissues (upon immunohistochemical staining) by
“determining the fraction of cells that passed through the S-phase of cell cycle from the time of
initiation of systemic delivery of BrdU”. BrdU immunoreactivity was demonstrated in formalin-
fixed paraffin-embedded tissue sections, using a monoclonal antibody to BrdU (systemic delivery
of BrdU was confirmed for each animal by the presence of immunoreactivity in the villous
epithelium of duodenum,-a tissue with high proliferation rate). Cell proliferation was estimated
using an image analysis system; the acceptance criterion for morphometric evaluation was set at
1000 nuclei (2000 for the liver) counted for each tissue from 2 step sections of any given block
(all counts were performed by the same technician to avoid inter-operator variations). Treatment
effects were assessed by statistical evaluation of the ratio of stained to total nuclei.

- TK: Blood samples for TK analysis were taken at 1, 2, 4, 6 and 24 h post-dose from 2 animals
per sex/group at each time point. Urine samples for exploratory investigation of P95 12113 and
metabolites were collected from all groups on day 180 (as explained by the sponsor, these
exploratory investigations were intended to “aid in determining the possible cause of measurable
plasma levels of P95 12113 in control animals™,

Results:

- Mortallty A drug-related mortality occurred in 1/20 HDM; the animal dlsplayed
clinical signs consistent with P95 exposure daily between days 1-122 and was found dead
on dosing day 123. The case of death could not be determined from the histological
examination. The sponsor stated that “a relationship to treatment could not be
discounted”. Two other cases of mortality (1 HDF and 1 control male) were due to dosing
accidents, as confirmed by necropsy and histopathology.

- Clinical signs: Ptosis, decreased activity, muscle relaxation were observed in both
genders at and above 50 mg/kg/day, throughout the dosing period (daily, at about 2 h.
post-dose). The signs abated upon cessation of drug administration and all animals were
asymptomatic by day 8 of the recovery period.

- Ophthalmoscopy: No drug-related findings

- Body weight (see sponsor’s tables on next page): Drug-related, sex-specific body
weight changes occurred at > 50 mg/kg/day in F (body weight increase) and at 500
mg/kg/day in M (body weight decrease). In males, statistically significant b. wt.
decreases were observed at HD (500 mg/kg/day) from day 15 through day 176; the mean
b.wt. by the end of the dosing period was about 11% lower than control. Similarly,
statistically significant decreases in absolute body wt gain were observed in HDM at each
assessment interval between from day 8 through 176; the mean absolute b.wt. gain by the
end of dosing period was about 26% lower than control. The decrease was not
compensated during the recovery period: by the end of the 4-week recovery period, the
mean body wt. and the mean absolute body wt gain in HDM were decreased by about
12% and 22%, respectively, as compared to control. In females, a statistically significant
increase in b. wt. and absolute b.wt. gain were observed at 50 mg/kg/day between days 8
and 176; by the end of the dosing period, the mean female b.wt. and b.wt gain at 50
mg/kg/day were about 7% and 18%, respectively, above the concurrent control levels.
The weight increase in the females was reversible after discontinuation of treatment (no
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differences from control were seen in HD females by the end of the 4-week recovery
period, as shown in sponsor’s tables below).

Mean body weight (treatment day 85 through day 176 and recovery period)

Tabls 1.3 Nean Animal Wad, in (g) rintad:
W is Cosporation Sty &: 1.7:” 9 N ‘:g.:'zu
Rat/uigtat-Nanncver EIDD !M PF& M-- 28-Falv-01 +
[] X
[¢1] BS1 ”2 108 110 134 'ut ° pto ] 156 4 n 1 a3
1 n 4 40 30 10 29 x= }!. :l- ia ;91 * !.;“ 19 10 ""1' N
Neans 434.7 40.4 aeS.8 4337 482.% a66.3 4783 476.2 98. 2% . $20.2 rN
Sdsvs I%.28  33.30  41.99 2.4 48.74 47.82  47.69. 50.%4 ;G.‘!’ g%fl: “?33 :‘}.1!
2 o) 10 36 20 an ae 20 0 20 .
Meanm 432.2 4IT.6  436.3 44E.9  433.%  490.8  4€).4 45S.8
Sdava 41.57 42,31 4283  €2.48 44,34 45.39 4%.47 sn.08
3 & 35.20 !0:°¢c 19"-!0 lo§°z n:’ﬂ llg’ﬂ ‘19 3 C:!’! Ou’l 4«’0- us’c- 443 0'
- - «2 3 d i 34 +3e . - »
Hdevn 34.33 .88 37.068 36.88 %8 35.60 37.63 38.3% 57.87 * $6.09 4R.83 l’.
Pemals Aui-.l.' ’
1 {mp . 49 .40 30 _3& . 30 L .30 -18 BEE |
Meanm 39,2 1.2 24P, 2id.F 3480 2464 _3!6.' 35!.5 3l2 2385, 156.9 | 2!..7 ..
Ssave 19,23 1?-‘7 10.48 1536 A0.58 T ML _H N 28,32 nN.as’ 23,05 31.35° 20.9¢
2 (L] - 30 39 20 ¢ a0 20 ]
Metay 348.4° 331.8 333.8 234.4 26€0.6 ' 2151.3 ?l!.l\ 26'.4'
Bdeva .66, 1.48 38.48 2540 2218 4T M8 32.93
3 [ 3% 38 30 - 30 38 30 30 L ID . J 10 - 18
Nesns 3133.4 2¢6.2 24¢6.0 I46.8 2%1.6 a13.¢ ase.7 ass.8 I 28%.3  171.4 369.8
Sdevs 24.08 31.0! 12.73 23.83 23.30 43.33 23.08 23.2% ' 24. M 22.72 23.3¢ 20.58
e - . 5 - e e - " . ———t .- ;- - N -’--"-' . L N ¥
e I.:nvn' r‘m'-' 1 ﬁ-u' 1e2 £rom t B & 9.05(0.01) with tuniett’'s test of &
. < Al - 9, o
\}t = musn valus of Awowp wus nl.inuunu; Giffordnt Loom cautiol at P » 9,05 :e .01) with Medified ¥ tmst of | [C nlnun
Mean absolute body weight gain (treatment day 85 through day 176 and recovery period)
Tabls 1.3 " Wasn Animal Abzoluts Weight Gains in (g} rinted: 1]
L wumbars l'"u rages 2
Mwlw n-put-ne ) Absslute waight ’unt zal cru:: uume phase (Day 3}
ELLM.!QQ_ 2 3
L]
Qroup (e} 12 s 120 11; 174 ® i~ 11 14 s
Male Animals .
1 im} 40 20 30 29 9 29 a8 10 10 10 16
159.% 173.5 170.4 158.0 192.9 196.9 301.7 220.9% 234.9 1.8 242.3
sdavs js.n1 2.1 31.39 3¢.05 36,27 33.7¢ 3. 80 4%3.07 43.83 46.72 45.91
£ m 30 a0 20 38 20 28 28
Muamm  1593,2 148.¢ 175,31 183.2 108.1 1%4.7 133.1
Sdave 31.7¢ 33.72 32.69 is.n 34.71 39.8% 40.49
3 im 4 30 29 a9 29 29 * 2 ) L)
Nesan 110,29 124.7+ 130.1¢  237.6s 141 .8+ 345.9+ 145 4 156,48 172.64 183.3¢ 108.8¢
S3evm 28.43 8.7 9.9 a9.13 . 30 31.37 1.9 49.00 3%.3¢ 36.7% 1818
Teaumlae Animels .
X (o} 49 30 20 io 3 30 30 16 10 10 10
Waans $3.8 38.4 39,1 £2.4 2.8 3.1 $6.9 47,9 70.8 V2.4 T4.1
. Zduws  11.19 12.57 12.2¢ 14.73 12.83 14.22 M. 16.18 18.88 16€.62 15.59
2z o} 30 E 1 ae 30 30 20
Naans €0.0 [ %] ﬂ.i 7.4 3.7 0.4% 00.1
$davas 12.67 6.0 4.2 29.49 30.8% 23.57 39.34
3 ) 39 k. 30 - 30 20 i 30 10 10 1€ 10
Weana 13,9 4.7 ".3 4.3 5.8 9.4 8.7 0,4 8.4 £0.3 79.2
Bdava 19.1% 16.97 1€.50 18.20 18.34 18.03 18,41 18.92 156.86 18,83 3.4
Kotar | » tremtment 83 * = teSovery phass “meTmenee e
*{+} = mean valus grovp wes significently diffszent from control at P = 8.6510.02) with Dusnstt’s test of 3 ticancs
N(§) « mean walus ¢f group was lisnuxa-ﬂ’ differwnt frem contrel at # : 9.0310.00} with Nodifisd T test o: sigaificence

- Food consumption: The observed decrease in body weight & weight gain in HD males
was not due to a decrease in food consumption; on the contrary, a transient increase in
mean food consumption occurred in LDM and HDM during the first 2 weeks of
treatment, and no differences from control were observed thereafter. In the females, the
body weight increases at LD and HD were paralleled by increases in food consumption
between days 8 and 92 (LDF) and day 8 through 176 (HDF). During the recovery period,

concordant with the normalization in female body weight, a dose-related decrease in the
mean food consumption was observed in the female dose groups, statistically significant
at HD (by approximately 11% vs. control) (see the following sponsor’s table).
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Mean food consumption (ireatment days 106 through 176 and recovery period)

Zable 1.4 Avarags Feed Coamumed/ Buy tn (g Printed: 2
sovixtin Ph fesls Co 1 !
4 tndy m-:?xl'l 13 Pagur 2
mnx“-m' Ribo atuay F*’F Sates 26-Tue-01_ :
dxwep(n) 108! 120 FeT 149 %t - 11e 1 as
Xele  Animels ST T
1 - (| L] e 2% 26 Fi) 10 10 30
Nakns a3 21,9 2.5 32.3 23.% 7.1 2.3 as. 232.
Sders .8 1.8 1.7 .97 1,36 3.0 2.4 EiH e
2 (1] 20 ° 20 20 16 0 FL)
Asunp 23,3 22,7 2.3 2.8 3.9 1.8
Sievs . iz 1. 1,38 2.d¢ 213
3 m i » ki) 19 $ ]
mewan 2%.3 22.3 23.8 3.3+ 21.3 23y 3.8 24, .
sdevs 2,17 e 2.68 i8¢ 185 199 1.7 FXCH :3::
re 1 S A -
: R S A R A
e i 3T (TS is 3 S 1 b E%H HEH
2 ) 20 28 20 1% 10 e
Nesms - 377 18,1 11.8 e 1.8 o 133
sdve 186 1.7 Zao o 3ss B8 .1,86
3 {m 2¢ 21 2 29 a7 as 10 19 11
Wesng  -18.¢+ 19,7 W.be - 193+ 19,08 - 10,9 15.7* 129 .3
steve 3.8 - 3.9 3.9 - 304 .53 . e .97 1,3¢ o H
Wote1 | w hraatmsak Fhise; ¢ o suwwvary phaas
*f{e} » maam uiw“»“m "l ﬁfunu from comtiol st ¥ « 6.83({0.91) with Dunnstt s test of significesce
t‘a) = BSAR velve of group wae -m forent frem cemtyol ak B » 0.0310.01) with Wwaitied T tant of -maﬂm

- Hematology and clinical chemistry: No drug-related findings

- Prolactin: Plasma prolactin levels (as determined on wks 14, 25 of treatment and at the

end of recovery period in all groups) did not show any treatment-related effect (mean

values shown in sponsor’s table below; individual values shown in the following

sponsor’s table).
: . Prolactin in Plasma (Mean values)

Table 3.2 fummary for SPECIAL TR4T3
Novartis Pharmaceuticals corporation Study number: 017013
Toxicelogy Dspartment
Rat/Mistax-Hennover HIDD Study start date: 26-Feb-01
(R X nima
Phase Day Control Gzoup 2 3
Parzaster/units /8ession Mean 8¢ N ¥amn 34 N ngum 82 n
Prolactin . 93/1(n) ¢ 34 7.0 10 16 9.6 10 42 66.7 10
170/1 44 35.3 10 33 5.6 10 S8 4.1 3
26/1" 56 36.9 10 - - - 40 1%.7 9
N Fsdale IEisald
Misss Day Control Group 1 Group 3
Parameter/units /3enzion Mean oa 3 ¥ean ad ] Hean 0] ] |
Prolactin 93/1(nm) 32 31.9 1o 45 3.6 10 103 127.0 10
170/1 136 42.7 10 S1*e §2.4 10 3499 26.3 10
16/1° 129 117.8 10 - - - 71 76.3 10
Controls from groupis): 1 Subgroupis): 1,2
Data homoganaocus by Bartlett's Test Test of significancs is Dunnett's Teet
(n) Data nonhomogenscus Baztlett's Tzt Nodifisd & test of significance
*  Indicates group mean la significantly differsnt from control at level P « .05
*+ Indicates group msan is significantly different from control at level P » .01
Hote: | = treatment phass; * = racovary phase

Group 1: Control; Group 2: 50 mg/kg/day; Group 3: 500 mg/kg/day
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Prolactin in Plasma (Individual values)
Males (Group 1: Control; Group 2: 50 mg/kg/day; Group 3: 500 mg/kg/day)

Table 4.2 . Data x.i-ti.nga By Animal foxr SPECIAL TESTS
an;zti- Ph;mc:u:ala Coxporation tudy mumbex: . 017013
Toxico epar SN
Rar 'wi-gg]rr-xagnovar RSDD T Study start date: 1§-PFeb-01
Xﬁzﬁt Txoup/ Day/week Sesn Ent. oY, R >} = MO,
Fadmry Sex Eorp of thaso H 'l-?Pv:y Animal Sex Gx‘o_up.ll g;y)'!.-k_ 8;-:: xn:iy P
WM a3 e 21y ¥ 2038 w272 sasi T RmT i
o -
26/4" 81 Xey 37 2039 N 2’2 337141 5 1 x.%-’ 19
1pa2 M 1/2 937341 S 1 Xey 52 170728 8 1 Xey 74
170/25 5 1 Xoy 53 2040 M 2/2 $3/3141 S 1 Xey 30
36/4" 5§ 1 Xey 49 170/35 S 1 Xey 7
1043 M /2 93/141 5 1 Xey S 3041 M 3/2 937341 5 1 Key
HeE sy i e iy ow
5 1 Ke
1048 . 4 1/2 93/141 8 1 Rey 16 3042 M 3’2 337141 £ 1 K-ly'r
e i1 iy 3 St R 22
: 26/4% 5 1 Xe
1045 M 1/2 1-3%5%;' s 1 :g i1 3043 X 3/2 33714t 3 1 Key is
2635 331 Xey i3 o3t 31 RY 31
1045 ™ 1/2 93/141 S 1 Xey 33 3044 M 3/2 93/141 8 1 Key 28
. I € MersE. .3 1 R &
- 2674" 81 X
1047 . M 1/2 83/141 .51 .Key 12 3045 M 3/2 93/14: - 6 L K:}( 227
1;2535 g 1 :«; ig 1?0/25 8 1 Xwy :;.2
. . . ke 26/4~ | '8 1 X
1048 X /2 xggﬁ;l_ H } :g g; 3046 M /2 93/14yY £ 1. xg_ zg
2675 51 xmy = 53 elas 83 -t
1049 M /2 53/141 5 1 Key 42 2047 o 3/2 93/141 S 1 X» 19
/ 3 Y
qesr 5iopr 3 weszE 51 gy H:
< g 1 X
© 2050 M 172 33/141 S 1 Xey s 3048 W 3/2 53/141 € 1 x:?; 3
170/3S .S 1 Xay 7 - 304% M 3/2 93/141 8 1 Xey s
W/ S 1 . Key € 170735 8 I Xey <8
A o R 3 i, 21 i &
-y / 10
e e AN G R T oA Rrmy
2033 M as2” " s3/ia 51 Koy H 26/4° 1 Xy 37
170/2S -8 1 Key is
2034 M /2 93/141 5 1 Key 14
170/35 8 1 Key 3s
2033 ™ 2/2 93/3141 8 1 FKey 19
170/2S 2 1 Key 102
2036 M a/2 S3/141 8 1 KXoy b3
170/35 8 1 Xey €2
:oav » /2 93/241 2 1 Xey 11
i7o/as € 1_ Key 2s
Notas | = treatment phase; " = :-txov.ry phase
Females (Group 1: Contrel; Group 2: 56 mg/kg/day; Group 3:_500 00 mg/kg/day)
e &
"ﬁﬁr—a——rﬁm AnzImal Group/ B’WFT——'
Numbnrr fax Subgrp of Phass # Type Number Sex u.bg‘z,p of rh:-- an
» 1/2 937141 8 1 Ke 8 - —_ e .
1542 d 1;_2.;:5 g %. :C; 1;% 2338 » a/2 1_7:.;%;1 81 Key 23
- (,'d . - 5 1 EKa 23
1542 » /2 93;1;: 8 i :ay 113 2533 » 2/2 1;3;141 S 1 K-{r
170/2 s y o0/23 51 Xey 6
674 5 1 Xey 18 2540 ¥ 2/2 93/141 s 1 x:g 16
1543 ¥ 1/2 $3/1418 8 1 Xey 89 . 170/28 8 1 Xey 55
1706728 5 1 Xey 107 ELTE S 3/2 93/141 E 1 Key
544 P 172 g:ﬁ:: g : :3 ’ IZZ 122/35 g i gw H
1 - 10
: .-, 1707351 8 1 xey 124 3542 » /3 93/341 8 1 x-;': 315
. . - s 1 X 240 T e
1545 P 1/2 ;g’;:ﬂ $1 xey e 1;2;§§l g1 ’.5:,‘( 1_3;
170/25 s 1 Key 145 3543 r /2 93/141 S 1 Key 192
26/4" 8 1 Xey 11 170/23 £ 1 Xey 44
1548 F 1/2 93/14¢t s 1 :ey 153 26/4" S 1 Xey 213
170/25 s 1 ey %6 3s4q p 372 93/141 S 1 Key 13o
/R = S U 2
2 93 » 8 Ew 2
1547 ¥ 1/ 170/25 § 1 XRey ‘—gg 3545 F 352 93/141% s 1 x-]; 18
26/4" ,g % ::g g 170/35 S 1 Key 48
1548 ¥ /2 133%? 81 Key 1;§ 3546 F 3/2 gg;;u gi §:¥ ;i
26/74" 812 :‘Y 53 170/2S S 1 EXay 87
1549 F /2 1335’5;' g i K:’; g4 3547 ¥ 3/2 gg;;;l HE >4 3
zg((;; 8 3: ;:; ] zvg;zs H :3 47
2 831/141 26/4™ s 1 K 63
1sse r /3 S%7as S 1 Eoy 52 3548 P 3/2  93/141 £ 1 Key 23
. 26/4: : }_ ::; 38 170/25 S 1 Xey 38
e 18 3s4s ¢ /2 s3/im 51 B 1
832 ¢ a2 530et 21 Xy a3 Me/is 51 R 15
& L)
2533 ¥ 2/2 237141 .82 ::Yy 51 3550 P 3/2 53/141 S 1 Rey 8
2534 F 2/2 1;2;241 S 1 Xoy 62 ’3225 :: ::’; :u‘)
170525 g i g:;’ 13’2
2/2 93/141
ORI N RO~ S
2/2
2536 ¥ /. no'ﬁil Si Rey 1:;
3537 F 2/2 1;3’,!5 e 13 .
Note: | = trsatment phase; " = recovery phase.
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- Organ weights: The principal organ weight changes upon 26 weeks of treatment are
summarized in the sponsor’s table below. Individual and mean values of organ weights
by gender (absolute and relative to body and brain weight) are shown in excerpts from
sponsor’s tables on the next pages. The most marked treatment-related effect was a
decrease in uterine weight (absolute and relative by up to 37%) that was found in both
LD and HD females. In the males, testicular weights were decreased in two HD animals
with testicular atrophy. At HD, there were increases in liver weight in females (by 13%
absolute and 16% relative to body wt) and heart weight in females (by 11% absolute and
14% relative to body wt); in the males, several organ weights were increased relative to
body weight (liver, heart, brain, kidney, spleen, and prostate) without changes in these
organs’ absolute weights; these changes were not associated with deviations in clinical
chemistry or microscopic changes and were likely associated with the body weight
changes observed in these groups. Increases in mean absolute and relative weights of -
adrenals (in HDM and HDF, by up to 34% and 14%, respectively), pituitary (HDM, by
up to 33%), and thymus (HDM, absolute wt increase by 24%) were found at 500
mg/kg/day; these effects were attributed to stress. After the 4-week recovery period,
persisting changes were found in female reproductive organ weights [increased ovarian
absolute (by 63%) and relative weights, and decreased uterine absolute (by 32%) and
relative weights].

Table 441 Principal mean organ weight changes (26-week subgroup)

Males Females

% Absolute % Relativeto % Relawelo % Absoiste %Relstiveto % Relative
body waight  brain waight bodyweight 1 brain

Dase ' -
(mghgiday) ° 00 S0 500 50 500 50 500 50 500 50 500
Adranal - t20 - T34 - T - ft1z2 - T4 - ft12
Pitultary - Tt - ta - t2nn - - - - e -
Uterus  NA NA NA NA NA NA 133 137 136 {38 135 137
Liver - - - - - - - T3 - t®w - T3

Heart - - e = ..o M3t t7 144 t10 N

- Histopathology: Drug-related microscopic changes were found in endocrine glands
(pituitary and adrenals in males, and the thyroid in females), mammary gland (both
genders) and reproductive organs (ovary, uterus, testes, prostate). The incidence and type
of microscopic findings in these tissues are shown in sponsor’s tables on the next page.

In females, dose-dependent disturbances in the estrus cycle (cycle prolongation) were
found at both LD and HD, as demonstrated by the increased proportion of animals in the
diestrus and metestrus phase of the cycle (i.e., 15/20 and 19/20 for LD and HD,
respectively, as compared to 10/20 for control). This was consistent with the finding of
vaginal epithelium mucification in the treated groups. In the ovaries, a dose-related
interstitial cell hyperplasia was observed in HDF (11/20 vs. 3/20 in control), that was
likely associated with the reduced estrus cycle activity. Endometrial gland atrophy was
present in single animals at both LD and HD, consistent with the reduction of mean
uterine weight noted in both these groups (see organ weights table on the previous page).

© 106



After the recovery period, i.e, 4 wks after the discontinuation of treatment, the
prolongation of estrous cycle diminished but did not fully normalize, and increased
corpora lutea were observed in the ovaries of HDF (4/10 animals vs. 0/10 in the control),
concordant with increased ovarian weight. In' the mammary gland, alveolar hyperplasia,
increased secretion and dilatation of mammary ducts occurred with dose-related severity
in LDF and HDF during treatment; similar, although milder mammary changes persisted
after the recovery period. In the thyroid, diffuse follicular hyperplasia was induced in
both LDF and HDF; this finding did not normalize after the recovery period.

In males, mammary gland and pituitary changes were induced at both tested doses, while
testicular and secondary sex organ pathology and adrenal morphological changes were
seen at the high dose only. The mammary changes had different morphological
. characteristics at the different dose levels. ‘At LD, there was a “minimal” -alveolar
hyperplasia with increased secretion and no proliferation of mammary ducts. At HD,
increased number of ducts, decreased number of alveoli, and increased mammary
secretion with ductular dilatation was found (persistent, though less severe after the
recovery period). The sponsor speculates that these changes “might represent either
independent atrophy of alveoli and proliferation of ducts or conversion of alveoli to ducts
in a test atticle-induced phenotypic change”.

Pituitary histopathology (decreased eosinophilia of the acidophil cells of the distal part of
the pituitary) was noted in both LDM and HDM with a dose-related mmdence (4720 and
9/21 animals, respectively).

Testicular and secondary sex organ pathology and adrenal morphologxcal changes
occurred in the high dose males only. Atrophy of testicular seminiferous tubule
epithelium was observed in 2/21 HDM; the sponsor proposes that this might be a
secondary effect of trauma or local disruption to the blood supply (as suggested by the
variable severity of atrophy between the different tubular cross-section in one of the
animals); a possible predisposing factor to testicular trauma, according to the sponsor,
was the clinically observed scrotal “relaxation” (however, this clinical sign was present at
both tested dose levels, while testicular atrophy was not found in the LD group).
Drug-related prostate changes (an increased incidence of mixed cell inflammation of
prostate gland) were found at HD; associated degenerative changes were found in some
of the more severe cases. In one case, inflammatory changes were also found in the
seminal vesicles of HDM. The sponsor atiributed prostate inflammatory changes as
secondary to the drug-induced decrease of muscle tone in the urogenital area that could -
have “allowed wrinary reflux into the prostatic duct with secondary infection of the
gland”. Prostate changes were not found after the recovery period.

Some increase in the incidence of adrenal microscopic changes was seen in HDM
(diffuse or focal cortical hypertrophy in 4/21 HDM vs. 1/20 in control, and reduced
cortical cytoplasmic vacuolation in 7/21 HDM vs. 3/20 in control); this finding was
concordant with the increased absolute and relative adrenal weight. Adrenal microscopic
changes were not observed after the recovery period.
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Microscopic changes in endocrine glands, reproductive organs and mammary gland (week 26)
INCIDBNCE OF MICROSCOPIC FINDINGS

Males Females

ORGAN/TISSUB TRBATMENT o 50 500 113 50 500
Finding g/ X9/ ng/kg/ mg/kg/ mg/ka/ wg/kg/ ma/ka/
day day day day day aay

ENDOCRINE SYSTBM
ADRENAL {20) {20} {21}

Within noxmal limits 13 15
Vacuolation, cortex, focal. 2 1

Plgmant, corxtex. 10
Infl ymphacyte, focal,
chyonic,

Infiltrate, lymphocyte, corticomedullary
Junction.

Hypertrophy, cortex, diffuse. 1
Hypertrophy, cortex, focal.
Fibrosis, capsule, focal. . - 1
Congestfon.
Vacuol-tion, deemsed. eottox : 3 3 7

{20} m * (20}

-
o
NN

PITUITARY . (20) (z0} {21) (20) (30)
Withln normal limite 10 12 14 19
Vacuolation, increased, pars dhtnna. L 3
Hypeiplasis, pats distalis, focal. 1
Rosinophilia, decreased, pltl diltaun
Cyst, pave Inteéxpedia; . . 8
Cyst, pars dietalis.

THYROID . tza) (21} | 120) (20} {20)

RN S
-

-

Within normal limits R 15 17 18 1s 13
Thinned, epithelium, follicle. . 2 1
Infiltrate, lymphocyte, ganglion.
Hyperplasia, folliculax, diffuse. 2 2 1 5
Hypexplaasia, follicular. 1

Bctopic thymus.

Cyst.

o

GBNITOURINARY SYSTEM
CERVIX a9 {20) - (20}

Within normal limita 19 20 20

EPIDIDYMIDES (20) (20} (21)

Within normal limite 17 20
Spermatocela.
Oligospermia.
Inflammation, interstitium, focal, chromic.
Granuloma, epormatic, unilateral.
- Dabris, lumen.

OVARY

XY
-
NN

{200 {20} {20)

Hyperplasia, interstitial call.
Within normal limite

lutea, & a : 1 1

16 16 k4

PROSTATE . {20} {20} {21}

Witkin normal limits 15 17 10
Mineralization, liwmen. 2
‘Inflammation, mixed cell, focal. 3 t 9
Inflasmation, mixad cell. 2
Inflaowsation, focal, chronic. 4 1
Degensration, focal. 3

SEMINAL VESICLE (20} (21)

Within normal limits ’ 20 19
Socration reducsd. -
Inflsimnation, mixed cell. 1

TESTIS {20) 20) {21)
Within noxmal limite . 19 20 19

Fibrosim, tunica albuguines, focal. 1
Atrophy, seminifercus tubule. 2

Figures in ( ) represent tha numbexr of animals from which this orxgan/tissue was examined micromcopically
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Microscopic changes in endocrine glands, reproductive organs and mammary (continued)

ORGAN/TYSSUE
rinding

IRCIDENCE OF MICROSCOPIC FINDINGS

Haleo

Pemalea

TREATMENT

L]
oay/kg/
day

day

s
mg/ka/

500
wg/kg/
day

0 50
wg/kg/  |maikg/
day aay

500
mg/ka/
day

UTERUS
Within normal limite

Hyperplasia, andomatriuws.
Dilataticn, gland, endometrium.
Dilatation.

Atrophy, glandular.

VAGIHA

Within normal limits
Mucification.

MAMMARY @

Within normal limits ., -
Conicéetion, ' - -
Incresse, duct. -

L ), alveolus.
Secretion, increasad.
Mineralizatica, -
Inflammation, focal, chronle.
Hypexplasin, alveolus. .
Flbrosis, focal. s :
Dilatation, duct, focal.
Dilatation, duct. ~

Necroeis. sinale call. soitheliuws. - . .
mb

Infiltrate, lynmphocyte, myometrium, tocal.

{20)

17

t20)

120

L]
10

{20)
18
1
1

(19}
18

1
(20}

20

(z0)

13

(20)
12

2
{20}
10

10

(20)

the b

{M} Malignant tumor
ig in ()

of animals from which this oxgan/tissue was examined microscopically

-Immunohistochemical assessment of cell proliferation:
Statistically significant, treatment-related increase in cell proliferation (increased
proportion of cells in S phase of the cell cycle, as reflected by the labeling index) was
found in pituitary (LDM and HDM), mammary gland (duct and alveoli) in both genders
(LDM, HDM, HDF), and the endocrine pancreas in both genders (HDM, HDF). The
findings are summarized in sponsor’s tables below and on the next page.

Summary of treatment-related changes in cell proliferation

Femates

50

500

50

S00

Pltuitary
Mammary
duct
atveoli
Pancreas
Week 26
Pituitary
Mammary
duct
alveoli
Recovery
Pituitary
Mammary
duct
alveoli

%

-

P

-

T

NA
NA

T or L: statistically significant increase or decrease shown by tests for heterogeneity
T: Statistical significance shown by trend-test
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Cell proliferation assessment: Summary of statistically significant findings

Sox Organ [ Hetsrogencity Tand
Male Mammady Aveclar Wonk 1 +*
Faimals Mammery Alvectar Wk 1 2 hd +
Male Mommaty Alveolar Wk 12 245,34 ha
Mals Murmiasy Alveciar Wbk 28 kRl S
Male Mammaty Alveotar Recovery 3
Fermuia SMammery Alveolsr Recovesy 3.
Feela Mammesy Ducts: Week 1 3+ +=
Male Mammary Ducls Week13 3+° **
Fermie Mammasy Ducte Racovacy 3-*
Male Pancrems week 13 >
Femala Pancress Wack 13 - 3= a
Male Pisikary Wk 1 34~ -
Male PRty waek 18 3+ ) o
Maé . Puimy vesek 20 24 3% L ond
Female  Pivitry Recovesy 3+ %. o
()= Rank fricaformad dats . *=Sianfeant alp008 . == Significen ot ps0.01
- Toxicokinetics

A summary of TK parameters for P95 in plasma is presented in the sponsor’s table
below.

Toxicokinetic parameters for P3512113 metabolite in rat plasma

Dose Dose
normalized normalized
AUC Cmax
AUC Ccmax (ng-h/mlL) / (ng/ml) /
Dose Week Gender (ng-tvmi) = SE (ng/mL) Tmax (h) (Mmg/kg/day) {ma/kg/day)
50 1 male 740 * 107 945 1 14.8 18.9
fermale 866 + 173 326 4 173 6.52
13 male 2120 + 123 454 1 42.4 9.08
fermale 2780 + 563 726 1 55.6 14.5
26 male 3880 * 1500 709 2 77.8 14.2
femaie 1790 + 287 1320 1 35.8 26.9
500 1 male 115000 E3 83200 13400 1 230 26.8
fernale = 67900 + 16300 15800 1 136 316
13 mate 40700 + 6600 19800 1 81.4 39.8
female nec * nc nc nc ne nc
26 male 169000 + 81800 24000 2 338 48
female 463000 % 126000 36700 & 926 734
nc = not calculated due to insufficient data

Exposure to P95 (as assessed by Cmax and AUC) increased over dose-proportionally
with increasing dose (about 3x and >4x over the dose-proportional levels for Cmax and
AUC, respectively). Exposure also increased with the increased duration of treatment,
suggestive of drug accumulation. There were no consistent gender differences in
exposure parameters throughout the treatment period, as assessed on weeks 1, 13 and 26
(note: HDF exposure on wk 13 was not determined due to insufficient data).
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Comparison with human exposure

P95 exposure data from 26-week Wistar rat study (at Week 26) compared to human exposure at
steady state

Dese Exposure Rat Human Rat/Human
(mg/kg/d) (2 mgBIDy | Exposure
M ¥ mg BID)
Margin
Conux (Dg/mL) 709 1320 584 12x, 23%°
50
AUCpa4 3890 1790 1138 34x, 168
(ng~i/ml) it
Cooxx (ng/ml) 24,000 36,700 584 411x, 628x"
500 AUCpag '
, 69 . 46 b
(oghionl) 169,000 3,000 1138 | 149x 407x

a Data taken from Clinical Study ClL0522A01 12, Actual AUC(0-12) value (568.9 ng-h/mL) is doubled to correlate '
with rodent AUC(0-24) and human kinetics (Module 2.7.2).
b Male, female

The P95 plasma exposure value (AUC) for 24-h exposure in humans at iloperidone
MRHD of 24 mg/day is 1138 ng.h/ml. In comparison, the corresponding AUC values of
P95 exposure in rats on wk 26 are 2 to 3x and 150 to 400x the human value at the LD and
HD, respectively.

Comments

The 26-week rat study of P95 oral tox1c1ty at doses of 50 and 500 mg/kg/day shows that
non-neoplastic proliferative changes (detected by either routine histology and/or by
immunohistochemical staining for cell proliferation) occurred in the mammary gland,
ovary, anterior pituitary, thyroid gland and endocrine pancreas. The sponsor attributes
these changes largely to a “reduction of dopamine-mediated inhibition of prolactm
secretion by the pituitary, leading to raised serum prolactin”, but this contention is not
supported by the results of the 26-week P95 rat study that failed to find prolactin increase
(as determined twice in the course of treatment — at wks 14 and 26). Neither is it
supported by P95 pharmacological characteristics, i.e., if P95 dopaminergic activity is
- much lower than that of parent drug and P95 “does not contribute to the primary
pharmacological activity of iloperidone” (as stated by sponsor), the proliferative changes
observed in the 26-week study are not likely to be secondary to P95 dopaminergic
activity. Moreover, similar proliferative changes were not observed in 26-week toxicity
study with the parent compound (iloperidone) in the same species, despite of the parent’s
much higher dopaminergic activity. In the 6-month iloperidone- toxicity study in rat [at
oral (gavage) doses of 12, 24, and 48 mg/kg/day], the morphologic pathology findings for
iloperidone (by routine histology) were limited to mammary gland epithelial
vacuolization in both genders at all dose levels with dose-related incidence and severity,
dose-related reduced size of testicles and testicular degeneration/atrophy (in single
animals) and higher incidence of prostate inflammation at HD. As BrdU labeling was not
performed in any of iloperidone repeat-dose toxicity studies, no comparison of these
findings can be made between P95 and iloperidone. However, proliferative changes in
multiple organs/tissues (i.e., pituitary, adrenals, thyroid, mammary gland) were found by
routine histology methods in the 6-month P95 study. Effects on thyroid, and mammary
gland persisted following the 4-week recovery period. Therefore, there is a substantial
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toxicological difference between the parent compound and P95 metabolite with regard to
P95 cellular proliferation capacity that is not seen with the parent drug.

Conclusion: Chronic (26-week) administration of iloperidone metabolite P95 to Wistar
rats at oral (gavage) doses .of 50 and 500 mg/kg/day, [corresponding to plasma exposure
(AUC 0-24) of about 2 to 3x and 150 to 400x the human AUC at MRHD at the LD and
HD, respectively] produced non-neoplastic proliferative changes (detected by either
routine histology or by immunohistochemical staining for cell proliferation) in the
mammary gland, ovaries, anterior pituitary, adrenals, thyroid gland and endocrine
pancreas. These changes were induced by both tested doses in a dose-dependent manner
(with the exception of the pancreas and the ovaries that were affected at the HD level
only). Effects on estrous cycle, thyroid, and mammary gland alterations persisted
following the 4-week recovery period. An NOAEL was not reached in either male or
female rats in view of the presence of pathomorphological changes in multiple
organs/tissues at the lowest tested dose of 50 mg/kg/day. The MTD was <500 mg/kg/day
for males in view of mortality and body weight decrease at 500 mg/kg/day; for females,
an MTD was not reached.

APPEARS THIS WAY
ON ORIGINAL
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2.6.6.4 Genetic toxicology
Tloperidone:
In vitro:
Non-mammalian cell assays Ames test conducted in Salmonella typhimurium (Study
12048-0-401R); Escherichia coli/mammalian-microsome reverse mutation assay
(Study 14476-0-402R).
Mammalian cell assays: A chromosomal aberration assay in Chinese Hamster Ovary
(CHO) celis (Study 14476-0-437); a test of induction of forward mutations at the
hypoxanthine-guanine phosphoribosyl transferase (HGPRT) locus in CHO cells
(Study 14476-0-435); two additional chromosomal aberration assays in CHO cells
evaluated the mutagenicity of iloperidone and mlcromzed iloperidone (Study 1463/63-
D5140 and Study 1463/70, respectively).
In vivo: Genotoxicity potential of iloperidone was evaluated in 4 in vivo studies. These
included 3 bone marrow micronucleus assays conducted in mice, the first of which was a
dose-finding assay of bone marrow cytotoxicity (Studies 14476-0-459PO, 14476-0-455,
and 998068) and 1 hepatocyte mlcronucleus assay conducted in rats (Study 1463/71-
D5140, micronized iloperidone).
The specxﬁcatlons of the drug substances used in each of these studies are listed in the
fol]owmg sponsor’s table.

Drug Substance Test Article: Noperidone
Batch/Lot No. Purity” Specified Impurities | Study Ne. Type of Study
(%) )
FROPOSED Baxch Tom!
SPECIFICATION:
Lot RC 4094 Not stated Notstuted | Nocstared | 12048-0-40IR | Sab Tlal lixp-mi Teverse
axHItion As3EY (Ames test)
Lot RC 4537 Not stated Notstated | Notstated | 14475-0-437 Chromosomal sherrstion assxy in CHO cells
Lot RC 4537 Not stated Notststed | Notsisted | 144760435 CHO/HGPRT forwsrd mutation assxy
Baich 93908 99.4% . — 1463/63-D5140 | Chromosomal sbexration sssxy in CHO cells
Baich 2929011 99.5% , __l 1463770 Clwomosomal sberration sssay in CHO cells
LotRC 4537 Not stated Notstated | Notstated | 14476-0-402R. | K. coli mammmalisn-microsome reverse
moiation ssssy
Lot RC 4537 Not stated Notstated | Notstated | 14476-0-435P0 | Dose-mnzing in vivo nurine micronoclens
Lot RC 4537 Not stated Notstated | Notstxed | 14476-0-455 1In vivo mazmmalian micromclens assxy
Batch 93908 99.4% " 098063 In vivo monse micronnclens assxy
Batch 9920011 99.5% _’ 1463f71-D5140 | Induction of micrommclei of raz Hver in vivo
2.6.6.4.1. In vitro non-mammalian cell system

Mutagenicity test on HP 873 in the salmonella/mammalian-microsome reverse
mutation assay (Ames test) with confirmatory assay (Study 12048-0-401R)
Study design: A GLP-compliant bacterial reverse mutation test was performed to investigate the
possible genotoxicity of iloperidone. The test was carried out using 5 Salmonella typhimurium
strains: TA98, TA100, TA1535, TA1537, and TA1538. On the basis of the results of a previous
dosefinding experiment, iloperidone (Lot RC 4094) was tested at 6 dose levels from 3,330 to 66.7
ug per plate in the presence of S9 and from 1,000 to 33.3 g per plate in the absence of $9. Each
strain was tested with or without a metabolic activation system, an 89 mixture prepared from the
liver of a rat given Aroclor™. Positive control substances included 2-aminoanthracene, 2-
nitrofluorene, sodium azide, and ICR-191.
The following validity criteria were employed:
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Report Title: Mutagenicity test on HP 873 in the sak reverse assay | Test Axticle: Tloperidone

(Ames test) with confirmatory assay ) ) B .

Test for Induction of: ions at Ne. of Independent Assays: 2 Study No. 12043 0-401R

bistidine &

Strains: S. yphimurium TA92, TA100, No. of Replicate Cal 3 plates/dose level

TA1535, TA1537, TA1538

Metabolizing Sy Aroclor-induced rat No. of Celis Analyzed/Culture: NA

fiver S9

Vehicles: l For Test Article: DMF For Positive Ci is: Not stated | cLp Compliance: Yes

Treatment: 3,330~-66.7 pg/plate with $9; 1,000-33.3 py/plate without S9 (6 dose levals each). Date of Treatment: February 8, 1990

Cytotoxic Effects (in dose range-finding assay): 21000 pg/plate with S9; 2667 pg/plate without $9.

Genotoxic Effects: None in the p or ab of S9
Metabolic Test Concentration TASS TAL00 TA1538 TAIS37 TAIS3S
Activation Article (ng/plate)
Withoat Tloperidone | 333 24 10013 15£3 s5x3 1816
667 25+9 %65 l12s2 | s=3 2£2 .
100 Cf22enn 9929 BELEY 42 RELINE
1333 cl28x3 . JeRx17 . .|13z24 KT {3141
667 28%.30 89x19 .. 8x3 . Tl 6%2 1743
1000 1243 18+ 11 171 Cj2=3 00
Vehicle |0 23£9 813 154 Tres 9xS
" | Positive 2-nitroffoorine: 1.0~ | 15349 58748 Mm£61 | 350250 1243516
control® sodinm azide: 2.0 -
ICR-101: 2.0

Both in an initial and confirmatory assay, iloperidone did not cause a positive increase in the
number of histidine revertants per plate of any of the tester strains either in the presence or
absence of microsomal enzymes prepared from Aroclor-induced rat liver.

Mutagenicity test of HP 873 in the Escherichia coli WP2uvrA-/mammalian
microsome reverse mutation assay with a confirmatory assay (Study 14476-0-402R)

Study design: A GLP-compliant bacterial reverse mutation test was performed to investigate the
potential of iloperidone to cause point mutations (base pair substitutions). The test was carried out
using the Escherichia coli strain, WP2uvrA. On the basis of the results of a previous dose-finding
experiment, iloperidone (Lot RC 4537) dissolved in dimethylformamide, was used at 6 dose
levels ranging from 3330 to 66.7 pg per plate. Each dose was tested with or without S9.

The following criteria for a valid assay were employed:

—
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. |
The following criteria for positive response were employed:
r
b(4)
|

Results: A summary of the design and findings of tﬁis study is presented in the following
sponsor’s table.

Report Title; Mutagenicity test on BP 873 in the Escherichia coli WP2uyrA /mammatian-microsome sevesse | Test Article: Hopesidone

orutation assay with a confmaatory assay

Test for Induction of: reverse fonin * | No.of Independent Assays: 3 (Assay | repeated in Assay | Study No. 144776.9402R

bactesial cells 3 due to dilution ervor in Assay 1)

Strains: E. coli No. of Replicate Coltures: 3 Locationin CTD: Vol. Page

Metabolizing Sy Aroclos-induced rat No. of Cells Analyzed/Culfure: -

liver S9 o

Veblcles: I For Test Article: DMF For Poxitive Controls: Not stated ially obfained) | GLP Compli: Yes

T Plata incorporation for 48 houss. Date of Treatment: April 3, 1991 (Assay 1),
April 9, 1991 (Assay 2), April 18, 1991
(Asaay 3)

Cytotoxic Effects: Lavn exiremely reduced at 3330 pg; nooe at all other doses.
Genotoxic Effects: None.

Metabolic Test Article Doso per Flate Mear Revertants per Plate G5SD)
Activation 0 Asay 1 Assay 2 (confinmmatory) Assay 3 (repeat of 1)
Without Vehicle control | 0 1746 . 123 2143
Activation
Negative control | 0 85 153 2343
Tioperidone 10 2421 ND ND
667 ND' 942 205
100 17%3 146 175
100 1922 ND ND
333 15£2 195 1825
667 ND 1424 175
1000 154 10+3 1423
3330 020 020 11
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4-pitroquinotine. | 10 45041 70934 45549
With ‘Vehicle control [} 278 1622 2%1
Activats
Negative coutrcl | 0 2143 1743 2547
Tlopesidone 10 163 ND ND
66.7 ND 171 17x5
100 253 196 193
100 208 ND ND
333 1925 16+5 268
667 ND 13£2 285
1000 1821 1323 1724
3330 : 0x0 0x0 121
S PY 175229 _ a2 T
incanit .
AsuwanbchnpmAmylb:mnofadihammmMemAuaylthaﬂedtommgzasmwmhhdno‘beu,uw o

b Lawn extremely reduced at this doze in exch assay.

Conclusion: Under the conditions of this study, in both an initial and confirmatory assay,
1lopendone did not cause a positive increase in the numbers of histidine revertant per plate elther
in the presence or absence of metabolic activation.

2.6.6.4.2. In vitro mammalian cell system
Genotoxicity test on iloperidone measuring chromosomal aberrations in
Chinese Hamster Ovary (CHO) cells: multiple harvests under conditions of
metabolic activation with a confirmatory assay (Study 14476-0-437)

Study design and methods: The possible genotoxicity of iloperidone (Lot 4537) was
evaluated in vitro in a chromosome aberration study conducted in a CHO cell line. The
study was GLP-comphant

The assay is designed to examine cells in the first mltOSIS after chemical exposure; this
design “limits loss of aberrant cells during the division process or conversion into
complex derivatives during the subsequent cell cycles”. Because a test compound can
cause a delay of progression through the cell cycle, the assay is designed to detect this
delay (in a preliminary range-finding assay) and allow for slower growth of damaged
cells by adjustment in the time between treatment and cell fixation.

In the range-finding assay, the cultures were incubated for 25-26 h with 5-bromo-2’-
deoxyuridine (BrdUrd); this “enabled the majority of cells to progress through two cell
divisions, thus providing assessment of cell cycle kinetics”. The aberrations assay was
conducted at the 10 hour harvest time if there was no cell cycle delay and at 20 h harvest
time if there was a cell cycle delay. In the range-finding assay, iloperidone concentration
range of 0.0334 pg/ml to 1000 pg/ml was tested, with and without metabolic activation.
The test article was suspended in ethanol at a target stock concentration of 100 mg/ml.

In the aberration assay, cells were cultured in growth medium containing 100 to 1000
pg/ml of iloperidone (initially dissolved in ethanol) in the presence or absence of a
metabolic activation mixture. The dose range was chosen based on the preliminary range-
finding test. Mitomycin C and cyclophosphamide were used as positive control
substances for the nonactivation and S9 metabolic activation series, respectively.
Replicate cultures were used at each dose level; single cultures were used for the negative
control, solvent control, and the positive controls. In the non-activation assay, 20 h.
harvest was conducted; in the S9 activation assay, 10- and 20 h. harvests were performed.
Chromosomal aberrations were analyzed for the cultures treated “at the four highest
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doses from which results could be obtained and from only one of the positive control
doses”.

Results:

In the range-finding assay, precipitate was observed after dosing at 1000 pg/ml, and a
slight precipitate at 334pg/ml; cellular debris and reductions in the cell monolayer
confluence (-30% and -15%, respectively) were observed at both these concentrations.
Slight reductions in numbers of visible mitotic cells were observed at 100, 334, and 1000
pg/ml. Severe cell cycle delay was evident in the cultures dosed with 33.4, 100, 334, and
1000 pg/ml in the range-finding study without activation, and no cell cycle delay was
evident in the range-finding assay with activation. No reduction in mitotic index was
observed in the test cultures when compared to the solvent control. Based on these
results, replicate cultures of CHO cells were incubated with concentrations of 100 to
1000 pg/mi of the test compound in a 20-hour aberration assay without metabolic
activation, and in 10 and 20-hour aberration assay with metabolic activation,

RANGEFINDING ASSAY FOR ASSESSYRG DELAY OP
CRLL CYCLE PROGRESSION
Compound: HP 873 Assay Numbers 14475
Metabolic Activation: Without Lab Nos Y3191 Trial Ho.s 1
X Cellas® Conflusnca® z
Treatment, ug/ml X Bolvent HMitotic
(Alfmi)f My | My, | DM Control Index
[} 1
Negative Control KHcCoy’s Sa L) 81 9 100 16.5
Soivent Control EBthanol (11.0) . 3 § ] 94 100 5.0
Positive Control HHC 0.250 97 |} a1 100 -
HP 873 33.4 66 § 38 | 100 15.9
100 92 | 8 | 100 3.4
334 100 ¢ ! 86 4.3
1000 ea } 12 3 71 5.4
Metabolic Activations With Lab Noa CY3AS1 Trial No.: 1
% Cells? Confluanced 2
Treatment g fml 2 Solvent Mitotic
(nl/ml)}] My ! Mye § 2Mp Control Index
[ ]
Hegative Contyxol McCoy'szs Sa 1 ?2 | 93 100 10.9
Solvent Control Ethanol (11.0) { 3 | 97 100 13.9
Pogitive Comtrol CP 2.00 { 32 | 63 100 *
HP 873 33.4 1 18 | 82 100 13.0
160 | 26 | 74 100 15.8
334 ! 29 | N1 100 12.5
1000 ] 35 | 65 100 11.7
‘X cells that have comiletod one (M1}, Emm one ﬁ two (Mlt+) or two ox

more (3M2) cycles in BrdUrd.

brhis endpoint is based upon visual obsarvations wvhich are made prior to the
harvest of the metaphase cells. Actual cell counts are not taken and any
hypexrtrophy of the attached cells cannot ba evaluated. At the tims of the
cemfluence obsexvation the flasks axe also evaluated for the appesrance of
floating mitotic cells and dead cells.

*Positive control not used for the sst of cultures used for mitatie index .
analysia.

In the aberration assay, no significant increases in cells with chromosomal aberrations
were observed at the concentrations analyzed either with or without metabolic activation.
These results were confirmed in the repeat assays. The sensitivity of the cell culture for
induction of chromosomal aberrations was shown by the increased frequency of
aberrations in the cells exposed to the positive control agents. Therefore, iloperidone was
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negative for inducing chromosomal aberrations in CHO cells under both non-activation
and activation conditions.

A summary of the design and findings of this study is presented in the following
sponsor’s table.

Report Title: M icity test on HP 873 ing ck | abermations in Chinese Hamster Ovary (CHO) cells: | Test Article: Tlopesidone

zmultiple hacvests under conditions of metabolic activation with a con assay

Test for Induction of: Ch ] ab S No. of Independent Assays: 2 - Study Ne. 14476-0-437

Stratns: Chinese Hamster Ovary oell line No. of Replicats Cultures: 2

Metabotizing System: Aroclor-induced satliver S9 | No, of Celis Analyzed/Culture: 200

Valicles: I For Test Article: Ethanol For Positive Controls: Not stated GLP Compliance: Yes

Treatmont: Cells incubated with target concentrations of 100-1000 pg/mL in 20-hour nonactivation or 10- and 20-hour Date of Treatment: March 27, 1991
achivation assay

Cytotoxic Effects: Without metabolic activati ducti medlmberatmuglmlq. 15% reduction in monolayer confluence at >249 pg/mL, slight reductions in visible

" mitotic cells a1299.4 pg/ml.; with metabolic activati Y ed in first 10-hour assay, wmmmdﬂmamuymmmmw
assay, slight reduction in mimbers 5f mitotic cells, 25% rednctio . fh zndﬂoamudcbmsemnmuyml.,ls% duction in

2994pglmL eﬂﬂhr&hunoﬂﬂl%ﬂpg’mhm;mﬁmwyzo-hmm . .

Genotoxic Effects: None |

Metabolie - mtAmd'e . | Concentration or® cu'krkm:‘tzon&iu‘hbi-tﬁiu‘mc‘mi\n' Cells Fixed at 10 Hows After Treatment = |

(ag/mi) No.of % Cellswith , | % Cellswith |No.of . | % Cellswith | % Celtswit]
Aberrations Aberrations »1 Aberrations ' | Aberiations >1
perCell | . .| Aberations | percent . .. .| Abairations
Wihout | Vehide |0 o fees 10 " jeo T |mp m)
Activation - : :
: Hopesidone - {249 - “teor - fes - “foe ND RE
497 001 05 00 ND ND
ue - 0.00 00 0.0 ND ND
994 0.02 20 00 ND ND
Mitonycin € 0.040 036 80% . 80* ND ND
With activation | Vehicle 0. 0.00 0.0 00 0.00 00 00
Topesidone 250 0.02 20 00 002 20 00
’ 500 0.00 0.0 00 0.00 00 00
749 0.00 00 00 0.00 0.0 0.0
999 0.00 00 0.0 0.00 00 00
Cyclophosphamide | 25.0 022 120° 400 02 18.0* 40*

* Significantly greater than pooled negative and solvent controls, P < 0.01 by Fisher’s exact test with adjustment for
multiple comparisons.

Note: The results of Trial 1 are presented in this table. The results of Tnal 2 confirmed these results.

Summary and conclusions: Iloperidone was tested in a genotoxicity test on chromosomal
aberrations in Chinese Hamster Ovary (CHO) cells in vitro, with and without metabolic
activation. In the range-finding study employing a concentration range of 0.0334 - 1000
pg/ml, severe cell cycle delay was evident in the cultures dosed with 33.4, 100, 334, and
1000 pg/ml without activation; no cell cycle delay was evident with activation. Based on
these results, replicate cultures of CHO cells were incubated with concentrations of 100
to 1000 pg/ml of the test compound in a 20-hour aberration assay without metabolic
activation, and in 10 and 20-hour aberration assay with metabolic activation. No
significant increases in cells with chromosomal aberrations were observed at the
concentrations analyzed. These results were confirmed in the repeat assays. The
sensitivity of the cell culture for induction of chromosomal aberrations was shown by the
increased frequency of aberrations in the cells exposed to the positive control agents.
Therefore, iloperidone was negative for inducing chromosomal aberrations in CHO cells
under the conditions of this assay.
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Mutagenicity test on HP 873 in the CHO-HGPRT forward mutation assay
with an independent repeat (Study 14476-0-435)
Study design:
This in vitro study tested the ability of iloperidone (Lot RC 4537) to induce forward
. mutations at the HGPRT (hypoxanthine-guanine phosphoribosyl transferase) locus in the
CHO-K1-BH Chinese hamster ovary (CHO) cell line as assessed by colony growth in the
presence of 6-thioguanine with and without metabolic activation. The study was GLP-
compliant. The rationale is adequately described sponsor’s paragraph reproduced below:
Hypoxanthina-guanine phosphoribosy) transferase (HEPRT) is a cellular
anzyms that allows calls ta salvage hypoxanthine and guanine for use in
DA synthesis. The HGPRT enzyme utilizes the substratas 5-phospho-
ribosyl -1-pyrophosphate and hypoxanthine or guanine to cau tha
formation of inosine- or guanosine wonophosphate. If a puriae anal
such as G-thioguanlno (‘I T'ls lnc!udud in tﬁc the ana og
wil1l be phosphorylated PRT pathway rpuntad nto :
nucleic acids, auntuu'ly rusulun in egllu‘lu' death. . The IBPR‘I’ locus .
13 located vn the X chrowosome. Since only ans of the two X
is functional in_the fesale CHO cells, d single-step forward mutatim
from HGPRT+ to HGPRT- 4n the functional X chromosoms will render the
cell umable to utilize hypoxanthine, guanine, or TG supplied $n the )
culturs modiue. Sisich mutants are as viable as wild-type cells in normal
wedium because DNA synthasis may sti11 proceed by de pava mthetic :
pathways that do not involve hypoxanthine or guanine as intermediates.
Tha basis for the selection of HEFRT- mutants is the loss of thelr - - - -
ability to uwtilize toxic purine analogs (e.g., T6), which enibles on'l,y
the HGPRT- mutants to grow in the presence of J6. ceﬂs shich grow to -
form colonies in the gnssnce ‘of T6 are assumed to have mutated, either

spontanecusly or by the action of the test article. to the HEPRT:
genotype.

Two independent assays were performed using both non-activation and S9 metabolic
activation. Both trials used 6 doses ranging from100 pg/mL to 1000 pg/mL under both
non-activation and S9 metabolic activation conditions.

Test article: Primary 100% stocks of the test material were prepared using absolute
ethanol as the diluent; the primary test material stocks were then diluted 1:100 into

culture medium resulting in test material concentrations that contained 1% absolute
ethanol.

Control articles:

- Negative (media) controls were performed for each portion of the study by
carrying cells unexposed to test material through all of the assay operations.
Triplicate cultures were. used in the cytotoxicity assays. Negative controls were -
not used in the mutation assays.

- Vehicle controls: Concurrent vehicle controls were performed for each portion of
the study by exposing cells to 1% absolute ethano! in culture medium for 4 hours.
In the activation portion of the assay, the vehicle controls were also exposed to
S9. Triplicate cultures were used in the cytotoxicity assays and duplicate controls
were used in the mutation assays.

- Positive controls: 5-Brom0-2’-deoxyur1dme (BrDU) 50 ug/ml (for non-activation
mutation assays). BrDU is highly and reproducibly mutagenic to CHO cells
without 89 metabolic activation. 3-Methylcholantrene (3-MCA) Sug/ml (for
mutation assays with S9 activation). 3-MCA requires metabolic activation by
microsomal enzymes to become mutagenic to CHO cells.

Range-finding cytotoxicity testing: Ten iloperidone concentrations (ranging from 1.95 to
1000 ug/ml) were tested for cytotoxicity with and without S9. One negative control and
one vehicle control were used in each cytotoxicity assay. Cytotoxicity was expressed as a
% of colony counts in treated vs. control cultures. The preliminary cytotoxicity
information was used to select 6 doses for the mutation assay that covered a range from
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approximately 0% to 90% reduction in colony-forming ability, corresponding to
iloperidone concentration range from 100 to 1000 ug/ml.

Mutation assays: Two non-activation and 2 activation assays were performed, each with
its own set of vehicle and positive controls. The procedures were identical, except for the
addition of the S9 fraction of rat liver homogenate and necessary cofactors during a 4-h
treatment period (NADP sodium salt, glucose-6-phosphate, Ca chloride, potassium
chloride, Mg chloride in a pH 7.8 sodium phosphate buffer).

Parameters: The following parameters were calculated, as described by the sponsor:
1. Relative Survival to Treatment

This paramcter gives the clonal cytaotoxicity of aaci treatment
by showing what tage of the cells weras able to form
colontes after the treatment pariad fn both the rangefinding
cytotoxicity assays and the mutation assays relative to the
concurrent vehicle cmtrn'l s. .The avorage nusber of colonies in
thres dishes (seedad at 200 cells .ada) was datermined for each
troatmunt condition.

Relattve surﬂvﬂ (-x) - (Avarage no. of eo‘louiu troated
culture/Average ho. of coloniss pcr J.
valncw ctmtrol daish) x-100%

2. Relativa Popuuuon Gmtlu

This_parameter shows the . cwu‘htiva gravth_of the treated cell

populatiosn, relative to the vehlc'le control growth, over the

entirg’ exﬁ ression pariod and prior. -xhnt selecr.‘lon. In L.

genaral, Bighly toxic treatments w111 raduce tho growth rvate as
well as the survival,

Vﬂm ‘lass than 100% indicate growth inhibition. For ex-ple
0% and 25% relative growth valses would indicate treated ce)l
gopn‘htions that wers ona and two nopu‘lauon doub‘lht.g: behind
hc vahicle control cultures. Treated gopu at are more
than 2 or 3 doublings behind the contro. mt not achiave
maximm expresston of the TG-reststant phenotype. 'nne ralative

population growth is calculated from cell count data

presanted in this report and is intendad to provide only an
approxisate Indication of growth during the expression pariod,
since calls are nsngﬂnn or not cup‘lete'ly released by
trypsin during the sul ture procedures.

Relativa Populatfon Erowth (X) = {(Treated culture population
fncrease over the ssion period/
vehicle control population increasa
aver tha expression period) x 100%

3. Absolute Cloning Efficiency

The abflity of the ealls to form colonies at the time of mutant
solection 1s measured by the absolute c’lon‘lng ofﬁcienqy (CE}.
This paramater §s used as the bdest estimate of the cloni nh
f‘icionca of the lwtant colls in un selsctlon dishes. us,

observed nusber of mutant colonies can ba converted to the
mamqy of -uunt uns in the treated populatfon.

Absolute CE (%) = ﬂ:erage)n:.lgl viable colontes per

4, Mutant Frequency

The mutant frequency §s the endpotwt of the a

calculated as the ratio of colonfes found 1n thioguanim-
selection medium to the total of calls adjusted
by the absolute C.E. The frequency is expressed in units of
10%, ©.g., the number of mutants par cno million cells.

Mutant  Frequency = Tnﬂ mutant c‘lonas/(no. of dishes x
10" x abs. C.E.)

Assay acceptance criteria (as cited from the sponsor’s report):

b(4)
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Assay evaluation criteria:

Range-finding cytotoxicity study: Cell cultures should be exposed to about 6 to 8
concentrations of the test article that are expected to span a range of cellular responses
from no observed toxicity to about 10% survival.

Mutagenicity study: Five dose levels selected on the basis of the range-finding study
should cover a range of toxicities with emphasis placed on the most toxic doses. A 95%
confidence level of the difference in mutant frequency between each tested concentration
and negative control. In addition, the mutant frequency must meet or exceed 15x10° in
order “to compensate for random fluctuations in the 0 to 10x10°° background mutant
frequencies that are typical for this assay”. Observation of a mutant frequency that meets
the minimum criteria for a positive response in a single treated culture within a range of
assayed concentrations is not sufficient evidence to evaluate a test article as a mutagen.
The following test results must be obtained to reach this conclusion (as cited from the
sponsor’s report):
« A dose-related or toxicity-related increase in mutant fraquency
should be observed. It is desirable to obtain this relation for
at least three doses. However, this depends on the concentra-

tion steps chosen for the assay and the toxicity at which
mutagenic activity appears.

« A mutagenic dose-response in one mutation assay should be
confirmed in the second mutation assay. While it is desirable
to confim significant mutagenesis in both trials, it may not
always be possible due to normal assay variation, especially
under toxic or insoluble treatment conditions, and also due to
the possible use of different dosa levels in the two trials.
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« If an increase ¥n mutant frequency 1s cbserved in one trial for
a single dosa near the highest testable toxicity, as doefinad
previocusly, and tha nuaber of mitant coloiies {s more than twice
the value necded to indfcate a significant vesponse, the test
artic'le genarally will be considered mutagenic. Smaller

increases at a singla dose near the Mglust tastable taxicity
will require confirmatfion by a repeat assay. Lack of
confirmation tn tha independent trial mill result in a nagative
avaluation undar the conditions of testi

« For some test articias, tha correlation betmn toxicity and
applied concentration ix poor. The proportion of the applied
article that effactively 1ntaracts witl: the cells to cause
genetic alterations is not always repeatable or readily con-
tralled. Cnnvnrsaly. measurabla changes in the frequency of
Induced mutants may occur with concentration changss that cause
only small dnngas in obsarvabla toxicity. Therefore, either
parameter, applied concentration or toxtcity (percent suwivﬂ),
can be used to establish whather the mutaganic activity 1is
rolated to an increase fn effective treatment.

e Treat ts that red relative clonal survival to less than
five percent may be included in the assay but will not be used
as suﬂ'lc'unt evidence for mutagenicity as it ralates to yisk
assess )

Results: The prellmmary range—ﬁndmg cytotoxicity assay showed that all of the tested
10 dose levels (ranging from 1.95 to 1000 ug/ml) were non-toxic to CHO cells in culture
both with and without metabolic activation (see sponsor s table below)

CYI'OTOXICITY ASSAY WITH WP 873
SAMPLE I)ENT!TY. HP 873 L CELL TYPE' CHO—KI BI!.
ASSAY NUMBER: - 14476 ' CELLS SEEDED PER DISH: 200
TEST DATE: Aprﬂ 16, 1991 pH ALTERATIONS: ONE
SOLVENT: ABSOLY COMMENTS ON TREATMERT: FOUR-HOUR EXPUSURE
APPLIED HIDMW um_nmmxmas%mnsg
AVERAGE ELATI
UG/N SURVIVAL® SURVIVAL®
NCb 173.0 102.5 138.3 103.4
yce 168.7 100.0 133.7 100.0
1.95 164.3 97 .4 125.3 93.7
3.91 175.7 10%.1 150.0 112.2
7.81 177.0 104.9 132.7 .3
.6 78.3 105.7 148.7 111.2
31.3 71.7 101.8 146.0 109.2
62.5 77.7 105.3 149.3 111.7
25 188.0 111.4 171.0 127.9
250 174.3 03.3 167. 126.4
00 180.7 107.1 164.7 123.2
1000 170.3 00. 161.7 K
2polative to veﬁiclo control cloning efficiency for all treatments.
bNC « Negative (media) control.
CVC = Vehicle control, 1% absolute ethanol.

Thus, the range-finding cytotoxicity study did not meet the following evaluation
criterion: “cell cultures should be exposed to concentrations of the test article that are
expected to span a range of cellular responses from no observed toxicity to about 10%
survival.”

In the mutagenicity assays conducted, the mutant frequencies seen in treated cultures
varied randomly with the dose within the range acceptable for background mutation
frequency. A single culture in the second non-activation mutation assay (400ug/ml) had a
significantly elevated mutant frequency which was determined to be “a result of normal
assay variation”. In the first activation mutation assay cultures treated with 600 and
800ug/ml had mutant frequencies significantly elevated over the concurrent negative
control. However, these values did not exceed the acceptable range for background
mutant frequency variation (15x10-6) and were not replicated in the 2™ activation
mutation assay. The mutant frequency of each vehicle and. positive control was
acceptable and within the historical range for the conducting laboratory. A detailed
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summary of the design and findings of thls study is presented in the following sponsor’s
table:

Report Tifte: Muzagenicity test on HP §73 in the CHO/HGPRT forward ractation assxy with o independest | Test Article: Doperidone
repext
Test for Tndfuction of- forwsed mutxtions in e HGPRT locus i | No. of Independent Assays: 2 Shady No. 14476-9-435
CHO cells - -
Stratns: Chinese Hanwster Ovary cell ine Na. of Replicaty Colturex:
Cywiexidty—3
Mstaleliving System: Aroclorinduced £xt iver S9 Na. of Celis AmalyzediCuliwre: NA
Vekicles: | For Test Avticle: Absolute efiancl For Positive Cantrela: Not staed GLP Conplivace: Yes
Treatment: operidone fom 100 30 1000 kel for 4 bours, followed by a 7-day expression pesiod. Date of Treximent: Apiil 26, 1991
Cytatoxic Effects: None.
Geastuxic Effects: Nooe.
Aclivabiod | | GomL) Mmc«h:y_rcm! -~-‘-gz.mnn‘-;°; caqm leeshy mn
Nn.(iSD) Velile oo
Withoit:  { Veliclecontral {0 - 213274 (1043 - {134 - {19 - n5+15 |70
" {veascot Jo . [2123a103 Jes7 0 . ess o {0 - {952a72 - f4as
Doperidene  J200 20702183 933 N3 1m0 Js0s13 |42
|00 |1893=133 1853 j12) 9 [123+86 |31
400 18932133 | 853 1170 18 1230444 |61
00 1M7+170 | 818 1227 12 140238 |44
800 103%98 26 1386 1 1039471 |04
1000 2143+110 | 966 1113 20 IN2:82 |68
BrdU 50 187368 844 525 358 109251 | 1345
n
With Vehicle cotrol | 0 27432165 | 1094 1033 14 189289 {49
o
Vehicle contral | 0 27046 206 967 ] 137+25 |18
Tioperidaue 100 20074159 | 801 1043 9 15535 |32
200 21374112 | 853 1045 17 1207x42 |39
400 1202108 | 766 122 16 1N55£101 |58
600 20004150 | 7938 9.6 1t 1975158 | 63%
200 23774245 | 948 1179 2% 06267 | 04ves
1000 20674117 |82 1099 12 f1222+68 |41
3IMCA 5 2233x164 |89 658 184 1143259 | 4316

* Mutamst frequency = total mntant colonies/(oo. of dishes x 2 x 105 x shsolute CE).

* P < 0.01 by Kastenbanm Bowman test and mutsnt frequency >15 x 104,

*¢ P <0 05 by Kastenbavm Bowmen test but mutx frequency is within acceptable backpround rnge (<15 x 109).

*+ P <0.01 by Kasterbaum Bowman test bat nmtant frequency is within acceptable backzronnd range (<15 x 109,

Note: The results of Trial 1 are presexted. The resnlts of Trial 2 confirmed the results of Tyl 1.

3-MCA = }-methylchotswthrene; BrdU = bromodeoxyuridine; CE = cloning efficiency; NA =not applicable; SD = standard deviation.

Based on these finding, the sponsor considered iloperidone as negative for
mutagenicity in CHO cells under both non-activation and activation conditions. in this
study. However, in the absence of mutagenic activity, the study did not meet the
necessary acceptance criteria, i.e.,

« For test articles with little or no mutagenic activity, an
accaptable assay should include applied concentrations that
reduce the clonal survival to -approximately 10X to 15% of the
average of the vehicle controls, reach the maximm ap Hod
concentrations "g'iven in the evaluation criteria, re
concentration that 1s approximately twice the sn‘lubnity timit
of the tost article in culture modfum or include a high con-
centration that 1s at least 75X of an excessively toxic con-
centration. There is no maximum toxicity reguirement for tast
articlas which clearly show mutagentic activity. (as cited from the SpOIlSOl')
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Conclusion: The test did not provide positive results for induction of forward mutations
at the HGPRT locus in Chinese hamster ovary cells with or without metabolic activation.
However, all of the tested concentration levels were non-toxic to CHO cells in culture
either with or without metabolic activation. For test articles with little or no mutagenic
activity, an acceptable assay should include applied concentrations that reduce the clonal
survival to approximately 10% to 15% of the average of the vehicle control. Since none
of the tested concentration levels were toxic to CHO cells, the study acceptance criteria
have not been met and the study is not considered valid.

Induction of chromosome aberrations in cultured Chinese Hamster Ovary

(CHO) cells (Study 1463/63-D5140)
Study design: The possible genotoxicity of iloperidone (Batch 98908) was evaluated in a
chromosomal aberration study conducted in CHO cells. The study was GLP-compliant.
Three independent experiments were conducted. In experiment 1, cells were cultured for
3 hours in growth medium containing up to 64.57ug/ml in the absence of S9 and up to
88.57ug/mL in the presence of S9, followed by a 17-hour recovery period prior to
harvest. In experiment 2, cells were cultured for 20 hours in the absence of S9 only, up to
a highest iloperidone dose of 31.06ug/mL. In experiment 3, cells were cultured for 20
hours in the presence of S9 only, up to a highest iloperidone dose of 98.41pg/mL.
Positive control: 4-nitroquinolone 1-oxide and cyclophosphamide in the absence and
presence of S9, respectively. ’
Results: The results of this study are summarized in the sponsor’s table on the next page.
The results were previously reviewed by Lois Freed, Ph.D. under IND 36827
(Pharmacology/Toxicology Memorandum of 5/13/1999 re Amendment N-123, dated
4/27/99). Excerpts from Dr. Freed’s review are reproduced below:

For the current in vitro chromosomal aberration assay, the data in the absence of metabolic
activation (S9) are summarized in the following sponsor’s tables below. For the 3-hr treatment,

_there was a 9-fold increase in the total number of cells with aberrations at the HIC in the absence
of 89. The HC was associated with a 65% decrease in cell count. At the 20-hr treatment, there
was only a tendency for the total number of cells with aberrations to be increased. At the HC
‘used, there was a 50% decrease in mean cell count. {Individual replicate data for the positive
control excluding gaps were 20-15 (total = 35) and 44-37 (total = 81) cells for the 3- and 20-hr
-treatment times, respectively.] As noted, the sporisor considered ILO522 to be negative in the
absence of S9; however, at least at the 3-br treatmient time, the number of cells with aberrations
was increased: Although not a strong signal, this increase cannot be dismissed.

Clear increases in cells with aberrations were observed in the presence of S9 at 88.57 pg/mL in
the presence of S9 in Exp. 1 and 3 (3-br treatment) , and at 98.42 pg/mL (7-fold) in Exp3.
[Individual replicate data excluding gaps were as follows: Exp 1, +59: 11 and 11 (total = 22)
«cells at 88.57 pgfmL; Exp 3, +59: 50 and 13 (total = 63) cells at 88.57 pg/mL and.60 and 53

(total = 113) cells at 98.42 pg/mL. Comparable data for the positive control: 33 and 34 (total 67)
cells in Exp 1, 75 and 51 (total = 126) cells in Exp 3.) These increases were associated with .
reductions in mean cell count of 48-60 and 50%, respectively. The positive effects observed at the
3-hr treatment time (with ILO522; Bxp 3) increased with concentration; but the increase far
exceeded in magnitude the small (11%) increase in concentration.
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The results indicate that ILO522 was equivocally positive in the absence of metabolic activation
and reproducibly positive in the presence of metabolic activation. The sponsor emphasized that
these positive effects were observed at *...strongly cytotoxic concentrations...” First, the
concentrations associated with clastogenic effects were not “strongly cytotoxic”. According to
the OBCD guidelines (1994), a > 50% decrease in mitotic index, cell confluency, or cell count
should be observed at the HC. Only the HICs used in Exp | met this level of “...significant
reduction...” (OECD guidelines, 1994). Regardless, the degree of cytotoxicity canniot be used in

this assay to mitigate a positive response.
(End citation)

Report Tithe: Induction of ck b in cultured Chinese Hapstzx Ovaxy (CHO) cells Test Asticle: Eopesidone:
Test for Inducticm of: Ch dab No. of Independent Assays: 3 Standy No. 1463/63.D5140
Metabolizing System: Aroclor-induced rat liver S9_{ No. of Celly Awalyzed/Cutry: 100,200l . - .
Treatwient: Expesiriect 1: cella freated with iloperidoné with and veithont activation 5ox 3 hours and samypled 220 Yoors! | Date of Tréafment: Not itited
Experiment 2: cells treated with llopesidone without activation enly for 20 howrs; Experiment 3: cells treated with -
floperidone with activition goly for W bours. 0 : o
Cytotexic Effects: Experiment i: 61% and 55% rednction in cell rumsber seen at highest dose withont and with activation, vely; Expesizoent 2: 45% redoction in cell
mumber seen 3t highest dose, Experiment 3: 57% redoction in oefl srmber st highest dose, ~ ~ - o - c
Expesiment (Expl) | TestArticle Comcentration | Cellswith Aberrations | Cells with Abevrations Excinding | Meau Cell No. x 165
R o (qgiml) - | Inclading Gaps (pér 200 cells | Gaps (per 208 cells'soiced) -
scored) .
Expt 1: 3-howr Vehicle [ 2 1 10
treatment, 17-honr
L
activation
Toperidone 3432 s 3 32
4707 ) 4 25
6457 13 9 14
4-nitroquinoline 1-oxide | 0125 3% 350 NR
Expt 1: 3-howr Vebicle 0. 2 2 34
treatnent 17-hour
Fecovery with
Tioperidone 4707 2 2 37
6457 s 2 24
8857 32 n* 16
Cyclophosphamide 125 85 6™ MR
Expt 2; 20-how Vekicle [} 3 2 12
e
activation
Toperidone 1907 s 4 21
264 3 3 15
3106 5 s 16
4.pitroquinoline 1-cxide | 025 0 a1 MR -
Expt 3: 20-hour Vekicle 0 n 16 20
treatment with
activation
Untreated ) 6 31
Toperidone 7194 3 28
8857 65" 63 111
o84t 13+ 13 10
Cydlophosphamide 25 126° 126 MR

* P <0.001 versus historical controls by Fisher’s exact test.
NR = not reported.
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Induction of chromosome aberrations in cultured Chinese Hamster Ovary (CHO)
cells by micronized iloperidene (Study 1463/70)

Study design: The possible genotoxicity of micronized iloperidone (Batch 9929011) was
evaluated in this GLP chromosomal aberration study conducted in CHO cells. Cells were
cultured for 3 hours in growth medium containing up to 64.12ug/mL in the absence of S9
and up to 88.74pg/mL in the presence of S9, followed by a 17-hour recovery period prior
to harvest. Positive control chemicals were 4-nitroquinolone 1-oxide and
cyclophosphamide in the absence and presence of S9, respectively.

Results: Micronized iloperidone induced chromosomal aberrations in cultured CHO cells
following treatment in both the presence and absence of S9. The effects were observed
over a dose range of 46.3 to 64.1pg/ml and 75.4 to 88.7ug/ml in the absence and presence
of S9, respectively. The maximal reduction of cell number at the highest concentrations
of micronized iloperidone employed in this study was 63% and 68%, in the absence and
presence of metabolic activation, respectively. Having in mind that according to ICH
S2A guidelines, the highest concentration in mammalian cell mutation tests should
produce at least 80% toxicity (no more than 20% survival), this reviewer does not agree
with the sponsor that the positive results in the chromosomal abetration assays in CHO
cells should be ascribed to excessive cytotoxicity. More importantly, the mean cell
survival at the lowest dose positive for chromosomal aberrations was 40-44%.

A summary of the study results is presented in the following sponsor’s table:

Report Title: Induction of benations in coktured Chinese Hanster Ovayy (CHO) cells Test Article; Hoperidone (micronized)
Test for Induction ef: Chr ] aberrati No. of Independent Assays: 1 Study No. 14637710
Strains: Chinese Hamster Ovary cell line Ne. of Replicate Caltures: 2
Metabolizing System: Aroclor-indoced rat liver S9 | No. of Cells Amalyzed/Cultnre: 100, 200 total
Vekicles: | For Test Articte: Acetone | For Positive Controb: DMSO GLP Compliasce: Yes
Bt mmmwmummﬁﬁmwmﬁnmm Date of Treatment: Not stated
CytﬂnkEﬂuB:G}'.md“%mhmmuﬂnmnbaﬂhwwmm iy and activatil oditions, Iy
e’ 2 m 1ad 1k X i ndnred ch A e ™3 y 5,
Treatoemt Test Article Concentration Cells with Aberrations Cells with Aberrations Exeluding | Mean Celj No. x 10°
(ng/mE) Inclaiieg Gups (per 200 cells | Gaps (per 200 cells scored)
scored)
3-hour treatment, Vekicle 0 1 0 27
17-howr recovery
‘without activation
Tlopezidone 845 1 0 20
4632 16* 15¢° 15
6412 r 36* 1.0
4-nitroquinoline 1-oxide 025 63* 61*
3-hour treatment, Vehicle 0 0 0 25
17-howr recovery
Toperidonz 3450 1 | B 20
543 15 15+ 15
3874 k2o 68* 08
Cyclophosphamide 125 03e ] o1* NR
* P<0.001 versus h:stmcalconkolsbyFlshez s exact test.
NR = not reported.

2.6.6.4.3. In vivo mammalian system

Mutagenicity test on HP 873 in vivo mammalian micronucleus assay (Study 14476-0-455)
Study design: A micronucleus test on iloperidone (lot RC 4537) was performed in ICR mice to
investigate the potential to induce micronucléi in bone marrow polychromatic erythrocytes
(PCEs). A total of 130 animals were treated (5 per sex per group). lloperidone was suspended in
corn oil and administered by oral gavage at 5, 16.7, and 50 mg/kg. The dose selection was based
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on the results of a preliminary dose range-finding study (Study 14476-0-459PO) in the same
species and strain at doses 10, 55, 100, 150, and 200 mg/kg administered by the same route;
severe toxicity was observed at 55 mg/kg. Vehicle and positive control (cyclophosphamide)
groups were euthanized approximately 24 hours after dosing. Animals treated with iloperidone
were euthanized approximately 24, 48, and 72 hours after dosing for extraction of the bone
matrow. One thousand PCE per animal were scored. The frequency of micronucleated cells
(MNC) was expressed as %MNC based on the total PCE in the scored optic field. The study was
GLP-compliant. The criteria for determining a positive response involved a statistically
significant dose-related increase in micronucleated PCEs, or the detection of a reproducible and
statistically significant positive response for at least one dose level. A test article that induced
neither a statistically significant dose response, nor a statistically significant and reproducibie
increase at one dose level was considered negative.

Results: Signs of toxicity were present at all tested doses in a dose-dependent manner.
Ioperidone did not induce a significant increase in micronucleated polychromatic erythrocytes
over the concurrent vehicle control levels in either sex or any of the harvest times, except in the
males from the HD group at 72 h. harvest. This was attributed to the low vehicle control values
for the males. Compared to the historical control values for males (i.e., 0.08%£0.04%), the 72-h.
values at HD were not significantly increased. None of the animals in the HD group exceeded the
normal frequency of micronuclei in this mouse strain (0.0-0.4%). The positive control
(cyclophosphamide) induced significant increases in micronucleated PCE in both sexes, with
mean values of 1.62% and 1.08% for males and females, respectively. The results are
summarized in the sponsor’s table below.

Report Title: Mnh;mmyuonmm ~huvivo Hian micromnclens assy | Test Avticte: Roperidove

Test for Induction of: Bone Treatment Schedule: Acate dose Stady No. 144760455
Species/Strain: ICR mice Sampling Time: 24, 48, and 72 hows after dose Locatiemin CID: Vol.  Page
Age: Bweeks Method of Administration: Oral gavage

Celts ly i erythrocy Vekicle/Formulation: Com oil suspension GLP Complance: Yes

No. of Cells Amalyzed/Antmal: 2000/animal Date of Dosing: April 16, 1991

Special Features: Nome.

Toxlc/Cytotoxie Effects: ARl doses, climical tigns {langwd or prostrate); remaining snimals appeared normat by 48 hours and remained healthy wntil hasvest.
Genotoxic Effects: None.

Evidence of Exposure: Clinica] signs atal} doges.

TestArticde | Dose (Shcex/dose) Harvest Tiae Meax % MN PCEs (5E) Ratio PCE:NCE G5E)
(mg/kg) (howrs) .
Males Females Total Males Females
Vehicle » 0.0420.02 008+0.04 0.06+0.02 0.22+0.06 0674017
Bopesidone b/ 004:0.04 0.10+0.05 0.07+0.03 0.33+0.08 095+024
48 0122005 010003 0.11+0.03 0430.11 0924021
n 0.102003 0.083:0.02 009£0.02 055003 095014
167 % 0.06::0.02 00810.05 007£0.03 034007 059016
48 0.10+004 0.06:0.02 003002 0432007 0562017
n 0.06+0.04 0.0420.02 0052002 053013 0.7820.13
30 24 004004 0022002 003002 042007 0712011
48 0.08:00¢ 0.06+0.02 007002 0402094 0864018
n 0.22+0.05% 0.1020.03 0.16:0.03 052+0.14 043 £0.09
Cyclo- 20 »n 162+034* 1.08:0.12* 135+0.19% 037+0.13 062011
phosphemide -
‘Sigmﬁunﬂyyuﬁu!hmﬂwmapmdmgvahdemhcl?<00§by1h&zy 's studentized range test.
** Significance due to Jow vehicle control vatues for males. Historical vehicle control data for males are 0.08 = 0,04.

Conclusion: Iloperidone did not induce a significant increase in micronuclei in bone matrow
PCE:s in a valid mouse bone marrow micronucleus test and was con51dered negative under the
conditions of this assay.
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In vivo mouse micronucleus assay (Study 998068)

Study design: This GLP study was designed to evaluate iloperidone (Batch 98908) for in
vivo clastogenic activity by detecting micronuclei in polychromatic erythrocyte cells in
the bone marrow of male ICR mice. Iloperidone was suspended in corn oil and
administered by oral gavage at 5, 16.7, and 50 mg/kg to 12 animals per dose level.
Twelve vehicle control and 6 positive control (cyclophosphamide 80 mg/kg) animals
were treated. Animals treated with iloperidone were euthanized approximately 24 and 48
hours after dosing for extraction of the bone marrow. At least 2000 PCEs per animal were
analyzed for the frequency of micronuclei. Cytotoxicity was assessed by scoring the
number of PCEs and normochromatic erythrocytes (NCEs) in at least the first 1000
erythrocytes tested for each animal. Plasma concentrations of iloperidone were
determined in pooled control and dosed samples, collected 1.h post dose from 3 mice per
dose (0 and 50 mg/kg) and pooled for each dose group.

Results: The test compound induced clinical signs of toxicity (prostration, ptosis,
hypoactivity, hunched posture) at all dose levels in a dose-dependent manner; polypnea
was noted at the HD. Iloperidone plasma concentration in the pooled dose group (50
mg/kg) sample was 1290 ng/ml, demonstrating that the animals were systemically
exposed to the test compound. There was no statistically significant decrease in the
polychromatic/normochromatic erythrocyte ratio, demonstrating that the test article was
not cytotoxic to the bone marrow. Iloperidone did not induce a statistically significant
increase in the frequency of micronucleated PCEs. Therefore, iloperidone was negative in
the mouse bone marrow micronucleus assay under the testing conditions employed.

A summary of the design and findings of this study is presented in the following
sponsor’s table.

Report Title: In vivo motse amicromnelens ssay | Test Articte: operidone

Test for Induction of: B: i i Treatment Schednle: Acute dose Study No. 993068
Species/Strain: ICR mice (males) Sampling Tume: 24 and 48 homs after dose | Location in CTD: Vol. Page
Age: 8 weeks . Method of Administration: Oral gavage

Cells Evalnated: Polychromatic erythrocy Vehicle/Formulation: Com oil suspension | GLP Compliance: Yes
No. of Cells Analyzed/Animal: 2000 . Date of Dosing: May 19, 1999

Special Features: None.

Toxic/Cytatoxic Effects: Prostration and sqpinted eyes at all iloperidone dose levels; polypnea in all high-dose animals by 1-hour timepoint, stight
hypoactivity in majority of low-dose animals oa Day 1, hypoactivity aad bunched postuse sporadically in ow- and high-dose antmals and majosity of mid-

Genotoxic Effects: None.
Evidence of Exposnre: Toxic signs seen in high-dose animals.
‘| Test Articls Dose (5 animals/group) Harvest Tirme (hr) | % MNPCEs (3SE) | Ratio PCE:NCE
(mg/kg)
Vehicle o 24 0.06+0.02 0.67:0.07
0 48 0.07+005 1202020
lloperidone 5 24 006003 055+003
438 0.06 004 0.84x0.09
16.7 24 0.06:003 0.57+0.05
48 0.12+0.05 115+022
50 24 0.09+006 0.69%0.07
48 0.05£0.02 0.76:£0.10
Cyclophosphamide 80 2 2712033 074+ 0.06
*Significantly greater than the comresponding vehicle control, P < 0.01 by Dumnett’s t-test.
MN = mi Jeated; NCE = h ic erythrocyte; PCE = polych ic erythrocyte; SE = standard esor.
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Conclusion: Iloperidone was negative in a valid mouse bone marrow micronucleus assay
under the testing conditions.

Induction of micronuclei in rat liver in vivo (Study 1463/71-D5140)

Study design: A GLP micronucleus test was performed in male Wistar rats to investigate
the potential of micronized iloperidone (Batch N 9929011) to induce micronuclei in rat
liver in vivo. In a preliminary dose-finding study, iloperidone suspended in corn oil at
doses of 10, 25, and 50 mg/kg was administered to rats 1 day prior and 1 day following
partial hepatectomy; animals were observed for a 2-day period following the second
administration. Based on the results, 10 mg/kg was identified as the maximum
acceptable dose. For the micronucleus test, vehicle control (corn oil), positive control
(dimethylnitrosamine), or micronized iloperidone at 5 and 10 mg/kg was administered by
oral gavage to rats at 0 h. (dose 1) and 48 h. (dose 2). A total of 21 and 26 rats were
treated (7 per iloperidone and vehicle administration; 5 per positive control
administration) and subsequently euthanized at 72 and 96 hours after first administration.
Partial hepatectomy was done at 24 hours after the first dose.

Results: A summary of the design and findings of this study is presented in the following
sponsor’s table.

Report Title: Induction of micromuclei in rat fiver in vive | Test Artictes Noperidone (micronized)
Test for Induction of: Hepatocyte mit fei T Schedule: 2 doses, 1 before and 1 after | Stady No. 1463/71-D5148
partial hepatectomy
Species/Strain: Wistar rats (out-bred), males Sampling Time: 72 and 96 hours after dose Location in CTD: Vol. Page
Age: 7-8 weeks Method of Administration: Oral gavage
Cells Evaluated: Hepatocytes Vehicle/Fy Tation: Com oil suspensi GLP Compliance: Yes
No. of Celis Analyzed/Anizmal; 2000 Date of Dosing: May 26, 1999
Special Features: None.
Toxie/Cytotoxic Effects: Clinical signs cbserved at both doses incinded lethargy, eye closure, prostration, humnched Hoerection, eye secretion; low

postnze. p
‘body temperature obsesved at the 5-mg dose in the 2aimals sampled at 96 hours; red staining tn bead seen at the 10-mg dose.
] Genotoxic Effects: None.
Evidence of Exposure: Overt toxicity at both doses.

Test Article Dose (mng/kg) | No. of Animals | Mic Jeated Hepatocy Micronucleated Cells/1000 Scored | Mitotic Index (mean)
72-hour sampling
time
Vehicle [ 5 17 1.70 091
Hoperidane 5 5 9 090 0.84
{micronized)

10 5 8 0.80 1.08
96-hour smp!fng
time
Vehicle 0 5 23 230 0.16
Toperidone 5 5 23 230 0.13
(micyonized)

10 5 15 1350 0.05
DMN 10* 3’ 104 17.33* 0.10
?Single administration.
* P £ 0.001 by chi-square test.

DMN = dimethylnitrosamine.
Slides from 5 animals were analyzed from each of the iloperidone-dosed groups and from
the negative (vehicle) control group; slides from 3 animals were analyzed from the
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positive control group. Negative control rats exhibited acceptable group mean
frequencies of micronucleated hepatocytes that were within historical negative control
ranges. Positive control animals exhibited increased numbers of micronucleated
hepatocytes and the mean micronucleus frequency was significantly greater vs.
concurrent control. In rats treated with iloperidone, the group mean frequencies of
micronucleated hepatocytes were similar to and not significantly different from those
seen in the concurrent vehicle controls at both the 72 h. and 96 h. sampling times. The
frequencies of micronucleated hepatocytes in all treated groups were within the normal
range. Micronized iloperidone did not induce micronuclei in the hepatocytes of male rats
treated up to 10 mgrkg (2 doses), at which clinical signs of toxicity (prostratlon ptosis,

hunched posture) were observed.

Conclusion

This GLP study evaluated the ability of micronized 1loper1done to induce micronuclei in
rat hepatocytes in vivo upon oral (gavage) administration to male Wistar rats. The test
compound did not induce micronuclei in the hepatocytes of male rats treated up to 10
mg/kg, at which clinical signs of toxicity were observed. Iloperidone was negative in a
valid rat hepatocyte micronucleus assay under the testing conditions.

2.6.6.4.4. Genotoxicity studies with iloperidone metabolite P95

The potential genotoxicity of iloperidone metabolite P95 was evaluated in 3 studies; an
Ames tested conducted in S. typhimurium (Study 991801), a chromosomal aberration test
conducted in V79 CHO cells (Study 991831), and a bone marrow micronucleus test in
rats administered orally up to 2000 mg/kg (Study 001887). P95 was found to be negative
in all the three tests.

The specifications of the drug substance are listed in the sponsor’s table below.

P95 Genetoxicity Studies

Drug Substance Test Article: Ioperidone

Batch/Lot No. Purity” Specified bmpurities | Study No. Type of Study
%) -
PROPOSED Each Tetal
SPECIFICATION:
Batch 0033001 99.6% Notstated . 001887 Ol bone marrow micronuclens test in mts
Bstch Versuch 5 99.9% Not stated  =eer 991801 M jeit test nsing Sabw
typhimurfum
Batch Versuch 5 99.9% Notstated | Notstated | 991831 Chromosomal abemration test in V79 Chinese
hamster cells .
The studies are summarized in the following sponsor’s table.
Test Article: Iloperidone metabolite P95

Test article Method of Duration | Doses Gender and No, MIDor Noteworthy findings Stady No.
Species/Strat Administrati of Dosing per Group NOEL
S. Typhimuria NA NA 80- NA NA P95 showed no mutagenic potentialin | 991801

50,000 ‘bacterial cells in the presence or

ot y PO

CHO cell line NA NA 64.6.300 | NA NA P95 did not induce chromosomal 991831

pg/mL aberrations in CHO cells in the

T o ab o taholi
activation.
Rat! " WKG |po. Acste@ | 200,630, | M, NA P95 chowed no potential to canse 001887
LX/BRL/HAN) doses) 2000 5 chromosomal damage o to affect the
IGSBR ’ spindle apparatus of rat bone marrow
. cells in vivo.
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P95 Ames test (Study 991 801)

Design: The tests were conducted with S. typhimurium strains TA 100, TA 1535, TA97a,
TA 98, and TA 102. The experiments were carried out in the absence and presence of an
S9-metabolizing system derived from rat liver homogenate. The test substances were
suspended in DMSO. Negative controls included solvent and untreated cells and positive
controls included sodium azide, 9-aminoacridine, 2-nitrofluorene or benzo(a)pyrene, 2-
aminoathracene and mitomycin C. P95 was tested at a dose range of 80 to 50,000 ugin a
first experiment and 1875 to 30000 pg per plate in a second experiment.

Results: Treatment of cells with P95 did not result in relevant increases in the number of
. revertant colonies in either the presence or absence of metabolic activation. Therefore,

this test article was not considered to be mutagenic in this bacterial test system.

P95 Chromosomal aberration test in V79 Chinese hamster cells (Study 991831)
Study design: P95 clastogenic potential was tested in vitro by determining its effects on
chromosomal aberrations in V79 Chinese hamster cells in the presence and absence, of rat
liver S9. P95 concentrations testéd ranged from 300 to 64.6 ng/inl with and/or without
metabolic' activation. Two independent experiments were conducted with a 3-hour
treatment and 17-hour recovery and 1 experiment used a 20-hour continuous treatment
with no recovery. Positive controls included cyclophosphamide and ethyl
methanesulphonate with and without S9, respectively. '

Results: P95 did not induce a concentration-dependent decrease in the mitotic index. In
the presence of metabolic activation, no statistically significant increase in structural
chromosomal aberrations was found. In the absence of metabolic activation after 3 hours
of treatment, a statistically significant increase in structural chromosomal aberrations was
seen at concentrations of 139.2 and 300pg/mL. However, the values (1.6% and 2%) were
within the historical negative control range and the corresponding negative control had
0% aberrant cells. Thus, this effect did not indicate clastogenicity and was not
biologically significant. After 20 hours of treatment without S9, an increase in structural
chromosomal aberrations was found at concentrations of 191.2 and 146.2 pg/mL, where
5% aberrant cells were found, which was above the historical control range. However, the
effect was not statistically significant and not reproducible, and was therefore concluded
to be not biologically significant. No relevant increase in polyploidy cells was seen with
or without metabolic activation.

In conclusion, P95 was not found to be clastogenic in the chromosomal aberration test
with V79 Chinese hamster cells under the conditions of this study.

P95 Oral bone marrow micronucleus test in rats (Study 001887)

Study design: The potential of iloperidone metabolite P95 to induce micronuclei in
polychromatic erythrocytes (PCEs) in the bone marrow was evaluated in ——
WI(GLX/BRL/HAN) IGS BR rats treated orally by gavage twice with an interval of 24
hours, and bone marrow was sampled 48 hours after the first application. P 95 doses of
200, 630, and 2000 mg/kg were chosen for the micronucleus test on the basis of a dose-
finding experiment, in which treatment with 2000 mg/kg/d p.o. induced signs of toxicity
such as ataxia, sedation, ptosis, piloerection, crouching, and labored respiration. Animals
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treated with 1% CMC served as negative controls; positive control animals were treated
orally with cyclophosphamide.

Results: The percentages of PCE were 52.8%, 46.3%, 52.6%, and 45.8% in the vehicle
control and 200, 630, and 2000 mg/kg groups, respectively, and the corresponding mean
percentages of micronucleated PCE were 0.16%, 0.17%, 0.22%, and 0.16%, respectively.
The positive control group had a mean percentage of micronucleated PCE of 3.42%.
There were no statistically significant differences between the treated and negative
control groups. Based on these findings, P95 administered orally to rats up to a dose of
2000 mg/kg was found to be negative in a valid bone marrow micronucleus mutagenicity
test. This indicates that P95 has no apparent potential to cause chromosomal damage or to
affect the spindle apparatus in rat bone marrow.

2.6.6.4.5. Genotoxic impurities
Among iloperidone impurities (as shown in sponsor’s table below),— compounds had
structures associated with potential genotoxicity: -

Method and
Lixmit of

f

Codes Chemical Name Structure Classification

133

b(4)

b{4)



e —
i

Genetic toxicology summary and conclusions

Tloperidone tested negative for genotoxic potential in the following valid in vitro assays
in both the presence and absence of metabolic activation: the salmonella/mammalian-
microsome reverse mutation assay (Ames test) conducted in Salmonella typhimurium
(Study 12048-0-401R), the Escherichia coli/mammalian-microsome reverse mutation
assay (Study 14476-0-402R), and a chromosomal aberration assay conducted in Chinese
Hamster Ovary (CHO) cells (Study 14476-0-437). Two additional chromosomal
aberration assays in CHO cells evaluated the clastogenicity of iloperidone and
micronized iloperidone (Study 1463/63-D5140 and Study 1463/70, respectively).
Tloperidone was found to be equivocally positive in inducing chromosomal aberrations in
CHO cells in the absence of metabolic activation and reproducibly positive in the
presence of metabolic activation; micronized iloperidone was found to induce
chromosomal aberrations in CHO cells under both metabolic activation and non-
activation conditions; the effect was seen at concentrations claimed to be “excessively
cytotoxic” by. the sponsor. However, the concentrations associated with clastogenic
effects were not "excessively cytotoxic”. According to the OECD guidelines, a > 50%
decrease in mitotic index, cell confluency, or cell count should be observed at the high
concentration. The degree of cytotoxicity cannot be used in this assay to mitigate a
positive response.
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The maximal reduction of cell number attained at the highest employed iloperidone
concentrations was 53% survival (in the presence of metabolic activation); the
" corresponding survival values attained at the highest concentrations of micronized
iloperidone were 63% and 68%, in the absence or presence of metabolic activation,
respectively. Having in mind that according to ICH S2A guidelines, the highest
concentration in mammalian cell mutation tests should produce at least 80% toxicity (no
more than 20% survival), we do not agree with the sponsor that the positive results in the
chromosomal aberration assays in CHO cells should be ascribed to excessive
cytotoxicity. More importantly, the mean cell survival at the lowest dose of iloperidone
positive for chromosomal aberrations was 40-45%.

In vivo genotoxicity potential of iloperidone was evaluated in 4 studies. These included 3
bone marrow micronucleus assays conducted in mice, the first of which was a dose-
finding assay of bone marrow cytotoxicity (Studies 14476-0-459P0, 14476-0-455, and
998068) and 1 hepatocyte micronucleus assay conducted in rats (Study 1463/71-D5140,
micronized iloperidone). The results of these assays indicated that iloperidone did not
induce a significant increase in bone marrow micronuclei in mice, nor did micronized
iloperidone induce a significant increase in hepatocyte micronuclei in rats.

Iloperidone metabolite P95 was evaluated for potential genotoxwlty and was found to be
negative in a battery of 3 tests: an Ames tested conducted in S. fyphimurium (Study
991801), a chromosomal aberration test conducted in V79 CHO cells (Study 991831),
and a bone marrow micronucleus test in rats.

Among iloperidone impuritie — :ompounds had structures associated with potential

—

)

In _conclusion, the results of in vitro and in vivo genotoxicity studies indicate that
iloperidone was clastogenic in one in vitro test (chromosomal aberration assay in CHO
cells) but was not clastogenic in vivo under the assay conditions used. It is likely that the
positive results obtained in chromosomal aberration assay in Chinese Hamster Ovary
(CHO) cells in vitro are of little biological relevance, having in mind the negative results
obtained in the in vivo micronucleus assays in rat hepatocytes and mouse bone marrow.
Iloperidone metabolite P95 was negative for potential genotoxicity in a battery of 3 tests:
an Ames, a chromosomal aberration test in CHO cells, and a bone marrow micronucleus
test in rats. For iloperidone genotoxic and potentially genotoxic impurities ( ——_

-

]
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2.6.6.5 Carcinogenicity

The protocols of the 2-year carcinogenicity studies of iloperidone in rats and mice were
approved by the Executive CAC and the doses were selected in accordance with the
Executive CAC recommendations (Pharm/Tox Memorandum by Dr. L. Freed of
9/14/1994).

Study title: A 24-month oral oncogenicity study of ILO 522 in mice (Study No. 988053)
Key findings:

Iloperidone administration to mice at doses of 2.5, 5, and 10 mg/kg/d caused a decreased
survival at HD (both genders) and in females from all treated groups. For this reason, the
HD groups (M and F) were terminated at study week 82 when the survival was
approximately 33% for both genders; all the remaining females were discontinued at
study week 90 when the survival was 33% and 32% for LDF and MDF, respectively, vs.
63% and 65% in the control female groups. For the remaining males, the duration of
dosing was 104 weeks, and the survival rate at study week 103 was 42% and 38% for
LDM and MDM, respectively, vs. 50% and 48% in the control male groups. Mean body
weight was slightly decreased in all dosed male groups (the average difference vs. control
was -4% and the maximal difference was -7.4%) and increased in all dosed female
groups (the largest difference vs. control was +13%). Mean food consumption was
increased in all treated groups of both genders throughout the study.

An increased incidence of malignant mammary tumors was seen in females at the lowest
dose only (23% vs. 0%, 2% in Control 1 and 2; 3% in MD and 2% in HD groups); the
incidence seen at the low dose group was higher than the historical control range for this
species and strain. On an mg/m?2 basis, there is no safety margin between the lowest dose
employed in the mouse carcinogenicity study (2.5 mg/kg/day) and the maximal
recommended dose in humans (24 mg/day). However, iloperidone administration showed
no dose relationship to mammary tumorigenesis. Mammary tumor incidences were not
increased in the mid- and high-dose groups, aithough the duration of treatment was the
same in the mid-dose and low dose groups. Increased incidence of proliferative
mammary changes (duct ectasia/ galactocele and glandular hyperplasia) was seen in
females from all dose groups without dose dependence.

According to the statistical reviewer and in agreement with the sponsor, “there was not a
single statistically significant tumor trend among either gender whether all treatment
groups were used and censored at the time the high dose was terminated or whether the
high dose was excluded from the analyses and the remaining groups were censored at
their later terminal sacrifice”.

The sponsor attributed the mammary gland changes, including the increased incidence of
tumors at the low dose, to endogenous hormonal imbalances (increased prolactin
secondary to pharmacological inhibition of the dopamine receptor). Elevated prolactin
and increased incidence of non-neoplastic proliferative mammary changes (duct ectasia/
galactocele and glandular hyperplasia) as well as pharmacological clinical signs were
seen in females from all dose groups without dose dependence. Prolactin levels were
increased in both genders; a dose-response was apparent for males but not for females.
Iloperidone administration showed no dose relationship to mammary tumorigenesis in the
mouse. -

Drug-related non-neoplastic lesions were observed in all treated groups and were noted in
female mammary gland (proliferative mammary changes, i.e., glandular hyperplasia and
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duct ectasia/galactocele), uterus (uterine adenomyosis), in the heart (cardiomyopathy
and/or atrial thrombosis) and in the lung (chronic interstitital inflammation/fibrosis and
alveolar macrophages). Generally, the incidences of these findings did not increase dose-
dependently; this was considered to be due to the decreased survival in the high dose
group, resulting in less time for development of the lesions.

The MTD in the mouse study was exceeded in the females based on the decreased
survival in all iloperidone-treated female groups as compared to the control group. For
the males, the MTD was 5 mg/kg/day based on a significant mortality increase at the next
tested dose level of 10 mg/kg/day. Since a decreased survival was induced even at the
lowest tested dose, an NOAEL for iloperidone administration was not reached in this
study, having in mind that the lowest tested dose (2.5 mg/kg/d) induced increased
mortality (in females) and pathological cardiac and pulmonary non-neoplastic lesions in
both genders.

APPEARS THIS WAY
ON ORIGINAL
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Study title: A 24-meonth eoral oncogenicity study of ILO 522 in mice (Study No. 988053)

Volume and page: electronic submission
Conducting laboratory and location: b{d)
Date of study initiatien: January 17, 1995
GLP compliance: yes
QA report: yes
Drug, lot #, and % purity:
Test article: Iloperidone (ILO522, HP 873)

Lot number: RC 5842

Purity: 99.4-99.8%
Vehicle control: 2% aqueous starch
Methods
Doses: 0, 0, 2.5, 5 and 10 mg/kg/day (males); 0, 0, 2.5, 5 and 10 mg/kg/day (females).
Basis of dose selection: The selection of doses for the 2-year study was based on the 13-week
repeated-dose study and it was in accordance with the Executive CAC recommendations (IND
36827, Pharm/Tox Memorandum by Dr. L. Freed of 9/14/1994) b (4)
Species/strain: Mouse. — CD-1®(ICR)BR
Number/sex/group (main study): 60/sex/dose group

TK study: 24 sex/dose group
Prolactin determination: 10 sex/dose group

Route, formulation, volume: oral gavage, suspension in vehicle (2% aqueous starch), dose
volume: 2.5, 5 and 10 mi/kg (for iloperidone LD, MD and HD, respectively) and 10 ml/kg for
control groups
Frequency of dosing: Daily
Treatment duration: 104 weeks (male)/ 90 weeks (female); HD terminated at 82 weeks (M, F)
Satellite groups used for toxicokinetics: 24 animals/sex/group (blood samples collected from
3- 4 animals/sex/group at each time point)
Age: 6 weeks at dosing initiation
Animal housing: 3 animals per sex per cage in wire-mesh suspended cages in a controlled
environment. :
Restriction paradigm for dietary restriction studies: non applicable
Drug stability/homogeneity: Dose form: suspension; Stable under the storage conditions used in
these studies; Homogeneous under the conditions used in these studies
Dual controels employed: Two control groups 60 mice/sex each
Interim sacrifices: At study week 82 for HD group (M and F) and at study week 90 for the
remaining female groups
Deviations from original study protocol: Interim sacrifices due to decreased survival. These
changes did not adversely affect the study integrity.
Observation times:
Live Phase
Observations: Daily for mortality and morbidity; weekly for detailed physical examinations and
palpable masses.
Body weights: Weekly
Food consumption: Weekly for the first 14 weeks and biweekly thereafter-
Clinical Pathology
Hematology: Blood samples taken from all animals euthanized at extremis, from all surviving HD
animals at week 82 interim necropsy, and from 10 mice/sex/group at week 90 interim (female)
necropsy and week 104 terminal (male) necropsy.
Prolactin determination: At study week 4, 10 animals/sex from all dosed groups and control.

138



Morphologic Pathology: _
Macroscopic examination: A complete necropsy was performed on all animals in the main study

(60/sex/group). The following tissues and organs were collected and preserved in 10% neutral
buffered formalin: .
Tissues coflected for histopathology evaluation

Adrenals (2) . Mammary gland (females only)

Aorte . Ovazica with ovidocts (2)

Bone with mamow (fermu™) Pancress

an(hebnm,md!nm, Peripheral netve (sciatic)

hindbrainy - Pituitary

Eyes with optic nerve (2) Proatate

Salivary glands frubmaxillary

Gastrofintestinal tract Q)

Jepmum : Ska -

Dewn - Spimal cord (thoracic)

Coka . Testes with epididymides(2)

Rectom Thynziss (if prescin)

Heat - Thyrdid [with perathyroids if

Kidaeya(2) - presesit (2)] ’

Liver (sections of two lobes) Trachea

Lungs (incloding bronch, fixed by Urinayy bladder

inflation with fixative) Uterax with vagina

Lymph nodes All gross lesions

Mandibular

Mesenteric

*=  Bone marow smears were collected from 10 mice/sex/group at the
scheduled necropsies (study weeks 82, 90 and 104). Slides were
prepared bt not placed in  formalin, Evaluation of
myeloid:erythroid ratios from bene mamow smears (200 cell count)
were performed by __—— " ¢,

Histopathology: Conducted on a full list of tissues from all main study animals from the control
and treated groups and all unscheduled deaths. Tissues were evaluated by light microscopy.
Pathology peer review was conducted.

Toxicokinetics: Blood collection prior to dosing and at 0.5, 1, 2, 4, and 8 hours post-dose on
study day 185 from 3 to 4 mice/sex from LD, MD and HD TK groups

Results

Mortality:

Sponsor’s analysis _

Drug-related decreased survival, more pronounced in the females, was noted in all treated groups.
For this reason, the HD groups (M and F) were terminated at study week 82 when the survival
was approximately 33% for both genders; all the remaining females were discontinued at study
week 90 when the survival was 33% for LDF and MDF, vs. 63% and 65% in the control female
groups. For the remaining males, the duration of dosing was 104 weeks, and the survival rate at
study week 103 was 42% and 38% for LDM and MDM, respectively, vs. 50% and 48% in the
control male groups. The cause of death was not determined for the majority of cases. Some early
deaths were ascribed to intubation trauma. Atrial thrombosis was considered to be the cause of
death for 2/31, 2/33, 7/35, 10/37 and 9/39 males and 0/22, 1/21, 3/40, 8/41 and 8/40 females in
the 0, 0, 2.5, 5, and 10 mg/kg/day groups, respectively. The sponsor considered this increase in
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the incidence of death caused by atrial thrombosis as test-article related. Survival at study weeks
51,77, 81, 89 and 103 is presented in the following sponsor’s table. - -
Survival at study weeks 51, 77, 81, 89 and 103
Number and percentage of animals surviving (N=60/group)

MALES FEMALES
GROUP 1] 2] 3] 4351132 ]3]41s
STUDY WEEK
ot 30| 52| a9 | 48 | 4 | 52| 5 | 51| 0| @
83% | 87% | 82% | so% | 72% | 879 | 92% ! 85% | 83% | 67%
- a8 | 44 | 47 | 39 | 26 | 48 | 48 | 38 | 33 | 2
80% | 73% | 78% | 65% | 43% | 73% | 80% | 63% [ 55w | 37%
o1 47 | 42 | 46 | 37 [21bd| 43 | 46 | 35 | 30ad [ 2ibd
St losw 0% | i | 62 | 35% | 72% | 7% | se% | s0% | 3%
P 44 |40 |37 [ 32 [, 38 | 39 |206d[206d] pg
B o dmwlemw]en|saw| N e 65% | 33% | 33% | N
103 3001201251 2 | fnalnalna|nafNa
- 50% | 48% | a2 | 38w | NA | M

a = Significantly different from control group 1 at 0.05 using the RXC Chi-squaré test
b = Significantly differcnt from control group 1 at 0.0 using the RXC Chi-square test
d = Significantly different fram control group 2 at 0.01 using the RXC Chi-square test

Statistical reviewer’s analysis (as cited from the review of Roswitha Kelly):

Due to the early termination of the high dose animals but not of one of the control groups, the
reviewer performed two sets of analyses: one (per gender) where all animals were used but all
were censored at the time of the terminal sacrifice of the high dose animals, and one (again per
gender) where the high dose was excluded and the remaining animals analyzed using their
terminal sacrifice time. '

The reviewer used the sponsor’s SAS transport file for mice to analyze the mortality and tumor
data of the female gender. Compared to the sponsor’s Table 1 in their Final Report, she observed
identical numbers of animals surviving to various study weeks and until the early terminal
sacrifice and very similar numbers for the animals living to the late sacrifice. In female mice, the
tests for increased mortality with dose were highly statistically significant when all animals were
censored at the time when the high dose was terminated (as shown in the reviewer’s table on the
next page). When the high dose is excluded, there still remained a highly statistically significant
negative effect on survival of the low and mid-dose animals, which confirms the sponsor’s
statement that “Test article-related reductions in survival were noted in all treated groups and
were more pronounced in the female groups.” In male mice, when the high-dose animals were
included and all animals censored at time of their (the high-dose’s) termination, the trend tests in
mortality were highly statistically significant (p=0.0000) (as shown in the reviewer’s table on the
next page). When the high dose imale animals were excluded from the mortality analyses, the
frend tests were statistically significant only at 0=0.05.

(Therefore), when all animals were used, the increase in mortality with dose was highly
statistically significant for both the male and female mice. When the high dose animals were
excluded from the analyses, the trends for increase in mortality among the male mice were now
statistically significant at only @=0.05 whereas for the females the high level of significance did
essentially not change. 4

The sponsor concluded that the MTD was exceeded based on the decreased survival in all treated
groups compared to the contro] groups. The statistical reviewer agreed with this statement with
respect to the female mice.
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In the P/T reviewer’s opinion, an MTD in male mice was reached at the dose level of 5
mg/kg/day based on the highly statistically significant increase in mortality at the next tested dose
level (10 mg/kg/day). ‘

FDA Statistical Reviewer’s Mortality Table
Female Mice

Analysis of Mortality No. Risk No. Disd Ne. Alive Pet Survival Pot Marblity

052 60 1 2 287 133
537 52 8 4 B3 267
‘TRl ™8 44 1 43 77 283
FINALKILL 839143 43 0
0-52 0 5 55 917 83
5378 55 i 48 30.0 200
CIR2
™ | 48 2 46 76.7 233
FINALKILL 839146 46 0
052 60 9 51 80 - 150
N <X JEEE | 13 -8 - 83 367
Low 2 - 38 3 35 583 . 417
FINALKILL 339135 . 35 [}
052 - 0 10 50 833 167
sary - 50 17 3 550 . 450
MED [ X O 30 50.0 500
FINAIKILL 839130 * * 30 0 i
052 ~ 60 2 40 67 333
5378 40 18 » 367 33
HICH 52 2 1 bl 350 65.0
FINALKILL 53-91 21 21 0
Male Mice
Analysis of Mortality  No. Risk No. Died No. Alive Pct Survival Pct Mortality
0-52 60 10 50 833 167
— 5378 50 2 48 £0.0 20.0
79-82 48 1 47 783 21.7
FINALKILL 83-10547 47 0
0.52 60 8 52 267 133
CIR? 53.78 52 9 43 7.7 283
79-82 43 1 2 70.0 30.0
FINALKILL 83.165 42 42 0
052 60 1 49 81.7 183
5378 49 2 47 783 21.7
Low 7982 47 1 46 76.7 233
FINALKILL 83-105 46 46 0
052 60 12 48 80.0 20.0
MEL 5378 48 9 39 65.0 350
79-82 39 2 37 61.7 383
FINALKILL 83-10537 37 0
0.52 60 17 43 n7 283
5378 43 17 26 33 56.7
HI
GH 79.82 26 5 21 35.0 65.0

FINALKILL 83-10521 21 0

Kaplan-Meier Survival Curves
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Female Mice

10 —
0.9 —

B85 oW 660 e | -+—% low H—A—& NMED ¥k iai

Male Mice

10 —

o 0 20 20 40 =] 80 70 80 (-} €0 1o

B—8——18 Com1 —6—& CTHR2 Yo - LOW A Ak MED e = HIQH

Clinical findings: The predominant clinical findings were mainly pharmacological in nature (e.g.,
ptosis, lacrimation, relaxed scrotum/vaginal opening, hypoactivity), were noted one hour
following dosing and were observed in all treated groups during the first 6-12 months of study,
without a clear dose-dependence. '

Body weight: Mean body weight was decreased in all dosed male groups (the average difference
vs. control was -4% and the maximal difference was -7.4%) and increased in all dosed female
groups (the largest difference vs. control was +13%). In males, the mean body weights were
decreased at the HD vs. control during study weeks 1-3 and from week 22 through week §2
interim necropsy; the MD and LD male groups had sporadic decreases in mean body weight vs.
control during study weeks 22-60. In females, the mean body weights were increased in all dosed
groups from study week 2 through week 78.

142



Mean body weight gains in the treated male groups were reduced vs. control values during the 1%
week and in HDM also during study- weeks 13 - 15, and similar to control from study week 15 to
the end of the study; in females, after initial transient decrease in HDF during the 1% week of
study, body weight gains were increased in all treated female groups from week 2 through 4, and
similar to control thereafter. .

The mean body weight changes from interval 0 (the initiation of dosing) in the treated groups
compared to control group 1 are shown in the following sponsor’s table:

Body weight changes from interval 0 (the initiation of dosing) in the treated groups compared to
control group 1

Dosags Level (tmg/kg/day)
Necks | 23 20 4e @00 23 a8 - 190
13 L% 6% T . H51%  HA0%  453%
26 1% L% -16% 0 432% 420%  #36%
52 2% 3% A% +25% +19% 422%
78 H% W% % 121% 20% 3%
) 0% - 2% 9% - +22% F18% . +20%
90 S% . 4% . NA . +IT% +16% .. NA
14 W% .+ NA - NA NA “NA

Mean food consumption tended to be increased in all treated groups (both genders) vs. control (as
illustrated by the following sponsor’s table). A transient significant decrease occwrred in HDM
during the 1% week, correlating with the body wt loss; however, significant increases in food
consumption vs. control became apparent at study week 9-10 in males and week 8-9 in females,
continuing throughout the study.

PROIRCE WO, ST 2 A 2e omAn sTODY OF o MIcs ~

SPONSORINOVARTIS Fooo /DAY} ~ STNNARY OF NEARS
SPOWSOR WO.1US $585033

ccase MAEALR ronce
SROVRs ° WI/T/ DAY 8 W/Eo/oaY 2.9 WN/EO/DRY

AN. ¢ NO/RSIDAY

4.7 4.7 &9 - 3.1 =
8.Ds .62 - 0.78 .74 9.38
n 40 L1 ) as
¢ 0 97
4.7 4.6 4.8 $.204 [
[ -5 .69 e.58 .74 .60
- 3 3 2¢
M T 9%
4.7 4.7 4.9 S.da "
$.D. [ ] .63 *.87 ..
» ) n 2¢
108 70 103 -
.7 4.5 .0 S.2ad 3
8.D. 0.683 e.83 .83 .76
n 3 n 3 a3
102 TO 103
4.6 4.7 3.8 S.lan -
2.90. .76 0.43 .47 .49
= 32 3T 3
o 1 was compared o groups 2, 3, & and 35
coatrol groud 2 was compared to sroups 1, 3, 4 mad 9,
& = siguifi ai fzom #7003 1 at 9.03 usisg Demmett’s test
b = signi ai from. group 1 at .01 using Dennsti’s tasy
© =« glanificeatly diffecent from contxol groupy 2 at 9.03 using Dunmakt’s test
4 = Bignitiosntly Aiffarent from comtyel sroup 2 at 0.01 using Dunnedt’s tast
WA @ NOT APPLICABLE .
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4.9 4.0 L4 5.2 |
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| a3 a2 18 2
8 ™0 97
L 4.7 4.8 $.2 9.3
8.n, .59 0.58 .0 1.08 -
» [ 8 4 s n
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o 4.6 4.7 .1 3.0
8Dy s.0¢ 0.¢3 3.08 D-;' -
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_ <¢.5 4.3 3.8 3.4
8.D. ‘.l‘ 0.68 0.32 1,38 =
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i
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Neoplastic findings:
Sponsor’s data

An increased incidence of malignant mammary tumors was seen in females at the lowest dose
only (23% vs. 0-2% in Control, 3% in MD and 2% in HD groups), as shown in the sponsor’s’
table below). However, Peto analysis failed to identify a dose-related trend either for mammary
gland adenocarcinoma alone or for combined incidences of adenoma/adenocanthoma/adeno-
carcinoma). : :
Incidence of mammary tumors in females

1 5
Number Examined 51 ﬁ 60 58
Incidence/Percentage N{|%]| N N |%
Adenoma 0 0 o 0 4
Adenocarcinoma ¢ 10 1 1 2
Adenocanthoma, malignant o L °ole
Mice with MammaryTamors | 0 J 0] 1 1 2

The sponsor attributed the increased number of mammary neoplasms in the LD group to
endogenous hormonal imbalances induced by pharmacological activities of the test drug. It is of
note that elevated prolactin and increased incidence of non-neoplastic proliferative mammary .
changes (duct ectasia/ galactocele and glandular hyperplasia) was seen in females from all dose
groups without dose dependence (see sponsor’s table below).

Incidence of non-neoplastic proliferative mammary changes

MALES FEMALES
GROUP o 11213141511 I 2 I 3 145
Mummary Glaed (No. Examined) | 3 | NAJ] 1| INAINA] 51 | o0 |60 58] 8
| Glandular Hyperplssin NAJNAINAINAINAY 2 ] 4 |8 [10] 8
| Ectasia, DustsGalactocels I JNAJ L INAIBNAY 6 | 627 18] 15
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In males, according to the sponsor’s description,
A slight increase in the incidence of alveolar-bronchiolar adenomas was
observed in the 2.5 mg/kg/day males when Gompared to the control
groups. Thesc tumors were analyzed statistically by the method of Peto™.
A significance level of p<0.05 was shown in the incidences of
bronchiolar/alveolar adenomas alone; none of the other analyses
(bronchiolar/alveclar carcinomas,  or combined incidences of
bronchiolar/alveolar adenomas and carcinomas) attained a level of
significance (p< 0.05). However, bronchiolar/alveolar fumors are
conmderedcommonunnots (spontancous mdeneemm of>l"/.) mthe .-
strain and age of mice used in this study®” . Becanse the significance -
level for testing positive linear trends in the incidence rate for common
tumors is considered to be 0.005 by the FDAZ, the significance level of
p<0.05 for the incidences of bronchiolat/alveolar adenomas was not
considered indicative of a test article-related effect. Furthermore, there
was no other evidence (such as multiplicity of tumors, increased incidence
of preneaplastic changes or mcmased incidence of lung tumors in female
mice) to suggest a relationship to treatment. Therefore, the slight increase
in lung bronchiolar/alveolar tumors is considered incidental and unrelated

to the administration of ILO522.

(End citation)
FDA statistical reviewer’s analysis:
Females: :
The reviewer obtained identical to the sponsor’s incidences for each of the tumors per treatment
group. In the reviewet’s analyses, consistently with the sponsor’s report, “none of the trend tests
for increase in tumor incidences with increasing dose approached statistical significance when all
dose groups were used or when the high dose group was excluded from the analyses”. The results
are shown in the statistical reviewer’s table reproduced on the next page.
Males:
The sponsor reported a statistically significant finding at the 0.05 level for alveolar-bronchiolar
adenomas by the method of Peto. In the reviewer’s analysis, alveolar-bronchiolar carcinomas or
the combined tumor types did not attain such a level of significance. The reviewer was “not clear
how the sponsor reached a p-value of <0.05 for the observed incidences of 7, 8, 12, 7, 2 (control
1, control 2, low, medium, and high dose groups respectively)”. To the reviewer, “it seemed
unusual that a sequence of such numbers could result in a minimally statistically significant linear
trend”. In the reviewer’s analysis, “the exact permutation trend test with all groups (and censored
at the time of the terminal sacrifice of the high dose) produced a p-value of 0.8415 which was
corroborated by the normal approximation test with a p-value of 0.8319. When the high dose was
excluded and the terminal sacrifice was after week 103, the respective p-values were 0.3252 and
0.3028.”
However, more importantly, the sponsor’s and the reviewer’s conclusions are “consistent in that
these findings do not approach the level of statistical significance necessary for common tumors”.
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The reviewer also agreed with the sponsor that “neither alveolar bronchiolar carcinomas in the
lung nor any other tumor finding approached statistical significance when all dose groups were
used or when the high dose was excluded”.

The results of the statistical reviewer’s analysis are shown in the tables reproduced below and on
the next page.

Tumor trends for female mice (statistical reviewer’s analysis)
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Tumor trends for male mice (statistical reviewer’s analysis)
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The sponsor attributed the mammary gland changes, including the increased incidence of tumors
‘at the low dose, to endogenous hormonal imbalances (increased prolactin secondary to

pharmacological inhibition of the dopamine receptor). Elevated prolactin and increased incidence

of non-neoplastic proliferative mammary changes (duct ectasia/ palactocele and glandular

hyperplasia), as well as pharmacological clinical signs-were seen in females from all dose groups

without dose dependence. As shown in the sponsor’s table below, prolactin levels were increased

in both genders; a dose-response was apparent for males but not for females.

Despite the elevation of prolactin and the development of hyperplastic changes in mammary

gland, iloperidone administration showed no dose relationship to mammary tumorigenesis in the

mouse.

Prolactin determination
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There were no notable drug-related changes in other clinical pathology parameters.

Non-neoplastic findings

Drug-related non-neoplastic lesions were observed in all treated groups and were noted in female
mammary gland (proliferative mammary changes, i.e., glandular hyperplasia and duct
ectasia/galactocele), uterus (uterine adenomyosis), in the heart (cardiomyopathy and/or atrial
thrombosis) and in the lung (chronic interstitital inflammation/fibrosis and alveolar
macrophages). The incidence of non-neoplastic findings is shown in the sponsor’s table on the

next page. The following sponsor’s narrative describes adequately the non-neoplastic -

histopathology findings:

Increased incidences of duct ectasia/galactoceles and glandular
hyperplasia were observed in the memmary gland in oll treated group
females and were. considered test article-related effects (Text Table 3).
Hyperpissia was characterized by proliferstion of the alveolar andlor
ductal cpithelium, while duct ectasia comsisted of dilated ductular
structures that frequently contained cosinophilic secretion. Both of these
changes, doctal proliferstion and increased secretions, have been
associated with prolactin”, and in this study, thess effects may be
secondary to the hyperprolactinemia ohserved in the treated groups.
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Incidence of non-neoplastic drug-related findings in males and females

GROUP 2 314 5 1 2]3 415
Ma Gland (No.Exsmined) | 3 JNA] 1 |NATNAL 51 160 ] 60| 59 | 58
Giandular Hyperplasia NAJNA|NAINAINAL 2 4 8 101 8

" Ectasis, Ducty/Galactocele 3 |NA[ 1 [NA|NAJ 6 [ 6127|181 16
Uterus (No. Examincd) NAINATNAINAINA[ 60 [ 66 [ 60| 60 | 60
| Adenomyosis NAINAfNAINAINAT 2 [ 1 [30] 21 | 20
 Heart (No. Examined) 60 | 60 160 [0 | 60 |60 | 60| 60 | 60 | 60
Atrial Thrombosis 7 3 g 11211210 1 4 10115
Mild 0o |1 ]2 11210 loft| 415
_Modeyates 13Jo6la]l7]6fojojz2]ofo
_Severs 4 ]21314jajJojr el

| Cardionyopathy (2|35 ja |47 19]28|®]|a3]
 Minimal__ Iy i[5 3] 9]0
Mild_ 1011721 [2]26] 4] a8 [11]19]28
Moderte 4 l3njisjsfjfejojsjis]os
Severs o|JojoJtfoloilofJofjole

| Lung (No. Examined) 60 | 60 | 60 | 60 | 60 [ 60 [ 60 | 60 | 60 | 60
Chronic Inflammatior/Fibrosis 15|16]116)]20 ] 17 8 9 BJjisj 2
Minimat 8| 6159 l6lalsl?iala

Mild 6 |10 8 | 7| 4f313 |31l
Moderate 1 o [3j4a] 701 |0|3]3]s

r Severe ojofololo]Jofltloeloloe
| Macrophages, Alveolar 0J19f21|25[16] 4 |w6f1a]2]2
Minimal | 5 5 8 2 1 11 3 6 4

Mild 6 J10f 7|92 03|4f|ajals
Moderate 3lafolsliloli 7 lulis

Uterine adenonyyosis consists of the presence of well-differentisted
endometrial glands and stroma in the myometrium; the glands sometimes
extend through the mwiscular wall just beneath the serosal surface. The
incidence of adenomyosis was increased in all treated group females (Text
Toble 3), with the highest incidence in the 2.5 mpkg/day group.
Adenomyosis may have resulted from the increased sequm prolactin Jovels
in the treated females, since prolactin causes hyperplusia of endometriom
and endometrial plands', and treatment of micc with prolactin or
compounds known in be associsted with hyperprolactinemia, such as

incidences of adenomyosis in mice'.

149



Two test atticlereisted effects were obecrved in the heat -
cardiomyopathy and atrial theombosis. Cardiomiyopathy was characterized
by myocardial degencration and fibroais and monomuclear cell infilteates,
This is 3 common, spontancous lesion in aging laboratory mice™, but the
increass in incidence and severity in all treated groups of malkes and
females suggests that the test aticle exacerbated the spontancous lesion in
the treated animals. In addition, the incidence of atrial thrombosis was
increased in the 5.0 and 10.0 mp/kg/day grovp femnles; a slight increase in
the invidence of atrial theombosis was also observed in the 5.0 and 10,0 '
mg/kg/dey males. As mentioned previously, srial thrombosis was
eomdmdtobeihnmeofduthmomﬁoqumwiummdammllﬂm.
incontrels.

Tmmkmmmmﬁwlmmm&emm
mﬂammuonfﬁhumandllvwlxmophum Buthofthmﬁndmgs
wrare ohserved with incredséd severity in all treated groups of miales and
fernales. Becanse of the increased incidences of cardiomyopathy and atriat
thrombosis in thess samw groups, the lung changes are considered

secondary to the cardiac changes, and not direct effects of the test asticle,
(End citation) .

The findings in the lungs were considered to be secondary to the cardiac changes, and the
findings in the uterus and the mammary glands were likely related to the increased serum
prolactin levels in the dosed groups. Generally, the incidences of these findings did not increase
dose-dependently; this was considered to be due to the decreased survival in the high dose group,
resulting in less time for development of the lesions.

Toxicokinetics

Iloperidone systemic exposure generally increased in a dose-proportional manner in both males
and females, but due to low iloperidone plasma levels, reliable pharmacokinetic results could
only be determined at the HD. The results indicated similar exposure in males and females, with
AUCO0-8 values of 658.8 and 617.8 ng/ml*h, respectively. Con51derable levels of the P89 9124
metabolite were observed in both males and females.

Adequacy of the carcinogenicity study and appropriateness of the test model

The study was conducted according to standard procedures. The species and strain was selected
based on recommendations of applicable guidelines and the available background data. Mice
were treated with iloperidone by oral gavage for up to 104 weeks at dosages accepted by the
Executive CAC. The oral route was chosen because it is the intended route for therapeutic use in
humans. The treatment produced evidence of toxicity based on reductions in survival, significant
in all treated female groups, as well as in the high-dose male group. Therefore, the MTD was
achieved in this study. Because of decreased survival (approximately 33%), the HD mice of both
genders were euthanized at Week 82. The females from the LD, MD and control groups were
euthanized at Week 90, when survival rates were 63%, 65%, 33%, and 32% in both control
groups and the 2.5- and 5-mg/kg groups, respectively. The males from the LD, MD and control
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groups were euthanized at Week 104. lloperidone systemic exposure generally increased in a
dose-proportional manner in both males and females, but due to low iloperidone plasma levels,
reliable pharmacokinetic results could only be determined at the HD. The results indicated similar
exposure in males and females, with AUCO0-8 values of 658.8 and 617.8 ng/mL-h, respectively.
There was not a single statistically significant tumor trend among either gender whether all
treatment groups were used and censored at the time the high dose was terminated or whether the
high dose was excluded from the analyses and the remaining groups were censored at their later
terminal sacrifice. A carcinogenicity study is considered valid despite the absence of significant
tumor findings if the following two criteria are met: .

- If sufficient numbers of animals were exposed long enough to allow for late developing

tumors;

- If the high dose provided a sufficient tumor challenge.
The number of animals is generally considered adequate if 20-30 animals survive through weeks
80-90. Though the high dose was terminated early for both genders at week 83, there were still 21
male and female mice alive before that early sacrifice. The control and other treatment groups had
at least 30 animals left at that time point. Hence there were sufficient numbers of animals exposed
long enough to allow for late-developing tumors. )
In determining whether the high dose provided an adequate tumor challenge, the MTD in the
mouse study was exceeded in the females based on the decreased survival in all iloperidone-
treated female groups as compared to the control group. For the males, the MTD was 5
mg/kg/day based on a significant mortality increase at the next tested dose level of 10 mg/kg/day.
The sponsor’s Peer Reviewer and the FDA statistical reviewer concurred with the findings and
conclusions of the study.
It is concluded that this is a valid carcinogenicity study.
Evaluation of tumor findings:
Sponsor’s findings:
Females: An increased incidence of malignant mammary tumors was seen in females at the
lowest dose only (23% vs. 0%, 2% in Control 1 and 2; 3% in MD and 2% in HD groups).
However, Peto analysis failed to identify a dose-related trend either for mammary gland
adenocarcinoma alone or for combined incidences of adenoma/adenocanthoma/adenocarcinoma).
Males: A slight increase in the incidence of alveolar-bronchiolar adenomas was observed at the
low dose vs. control groups. A significance level of p<0.05 was shown by the method of Peto in
the incidences of alveolar-bronchiolar adenomas alone; none of the other analyses (alveotar-
bronchiolar carcinomas,. or combined incidences of alveolar-bronchiolar adenomas and
carcinomas) attained a level of significance. Since alveolar-bronchiolar tumors are considered
common tumors (spontaneous incidence rates of >1%) in the strain and age of mice used in this
study, and the significance level for testing positive linear trends in the incidence rate of common
tumors is considered to be 0.005 by the FDA, the significance level of p<0.05>0.01 was not
considered indicative of a test-article related effect. Furthermore, there was no other evidence
(such as multiplicity of tumors, increased incidence of pre-neoplastic changes or increased
incidence of lung tumors in the females) to suggest a relationship to treatment. Therefore, the
slight increase in lung bronchiolar/alveolar tumors is considered incidental and unrelated to the
administration of the test drug.
Statistical reviewer analysis: Statistical review and evaluation of the results of this study was
independently conducted by the statistical reviewer Roswitha Kelly.
Females:
The reviewer obtained identical to the sponser’s incidences for each of the tumors per treatment
group. In the reviewer’s analyses, consistently with the sponsor’s report, “none of the trend tests
for increase in tumor incidences with increasing dose approached statistical significance when all
dose groups were used or when the high dose group was excluded from the analyses™.
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Males: :

In the reviewer’s analysis, alveolar-bronchiolar carcinomas or the combined tumor types did not
attain the level of significance reported by the sponsor. The reviewer was “not clear how the
sponsor reached a p-value of <0.05 for the observed incidences of 7, 8, 12, 7, 2 (control 1, control
2, low, medium, and high dose groups respectively)”. To the reviewer, “it seemed unusual that a
- sequence of such numbers could result in a minimally statistically significant linear trend”. In the
reviewer’s analysis, “the exact permutation trend test with all groups (and censored at the time of
the terminal sacrifice of the high dose) produced a p-value of 0.8415 which was corroborated by
the normal approximation test with a p-value of 0.8319. When the high dose was excluded and
the terminal sacrifice was after week 103, the respective p-values were 0.3252 and 0.3028.”
However, more importantly, the sponsor’s and the reviewer’s conclusions are “consistent in that
these findings do not approach the leve! of statistical significance necessary for common tumors”.
The reviewer also agreed with the sponsor that “neither alveolar bronchiolar carcinomas in the
lung nor any other tumor finding approached statistical significance when all dose groups were
used or when the high dose'was excluded”.

In conclusion, a 2-year iloperidone administration to male and female——. 'D-1 (ICR) BR mice
at oral doses of 2.5, 5, and 10 mg/kg/d caused an increased mortality in females at all dose levels
and in males at HD. In males, there was no carcinogenic effect attributable to the test article
based on the lack of a dose-response relationship or statistical significance level of the difference
in tumor incidence in any of the observed tumor types. In females, the incidence of malignant
mammary tumors was significantly increased above the concurrent and historical control range in
the low dose group only. On an mg/m2 basis, there is no safety margin between the low dose
employed in the study (2.5 mg/kg/day) and the maximal recommended dose in humans (24
mg/day). However, mammary tumor incidences were not increased in the mid- and high-dose
groups, although the duration of treatment was the same in the mid-dose and low dose groups. It
is not clear why similar increases in mammary tumor incidences were not seen at higher doses.

CAC concurrence:
e The Committee agreed that the study would be accepted, noting prior agreement on doses
by the Exec CAC. The Committee noted that termination of some groups may have been
conducted prematurely in this case, reducing the power of the test to detect neoplasms.

¢ The incidence of mammary tumors in the low dose females was significantly increased,
was notably above the historical range, and appeared to be drug related.
The Exec CAC believes this should be included in the labeling. It was not clear - why
similar increases were not seen at higher doses.
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Study title: A 24-month oral oncogenicity study of JLO 522 inrats (Study No. 988054)

Key findings:

In the rat carcinogenicity study conducted at doses of 4, 8, and 16 mg/kg/d for 24 months,
the treatment did not affect survival, but induced a dose-related, significant decrease in
mean body weights in the dosed groups vs. control, by 13%, 22% and 28% in males and
by 10%, 17% and 21% in females at LD, MD and HD; respectively, as well as a decrease
in food consumption and pharmacological clinical signs that subsided during the course
of the study. Body weight gains in the treated groups normalized after the first 3-4
months of study. However, due to the earlier substantial decreases in body weight, the
average body weight values for the entire period of the study were significantly lower
than the control. :

There were no signs of systemic toxicity in either clinical pathology or histopathology
parameters. Signs of pharmacological effect were present at all dose levels, manifested in
clinical signs and dose- and time-dependent pronounced increase in serum prolactin in
both genders, but much more pronounced in females, with associated non-neoplastic
proliferative mammary changes in females (glandular hyperplasia and galactocele, all
dose levels). .

In males, there was no significant increase in neoplastic incidence or dose-dependence
for .any of the observed tumor types or combinations. In females, the combined
incidences for pancreatic islet cell adenomas and islet cell carcinomas were increased (2,
2, 0, 3, 7 for the two controls, LD, MD and HD, respectively). The incidence value at HD
was within historical control range for this species and strain; the dose-response trend
analysis showed a p-value of 0.0051 that approached but did not reach the level of
statistical significance required for common tumors (alpha=0.005). There was no increase
in the incidence of other tumors or tumor combinations of any type, including mammary
tumors, although non-neoplastic proliferative mammary changes were increased in all
dosed female groups. An MTD was achieved or exceeded in this study, based on
decreases in mean body weight of over 10% in all treated groups.

In summary, iloperidone administration to rats for 2 years was not tumorigenic, in males;
in females, it produced an increased incidence of combined pancreatic benign and
malignant islet cell tumors (islet cell adenomas and carcinomas) at a p-value of 0.0051,
that approached the statistical significance level for common tumors (p< 0.005).
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Study title: A 24-month oral oncogenicity study of ILO 522 in rats (Study No. 988054)

Volume and page: electronic submission
Conducting Iaboratory and location:
Date of study initiation: August 27, 1993
GLP compliance: yes
QA report: yes
Drug, lot #, and % purity:
Test article: Iloperidone (ILO522, HP 873)
Lot number: RC 5842
Purity: 99.4-99.8%
Vehicle control: 2% aqueous starch
Methods
Doses: 0, 0, 4, 8 and 16 mg/kg/day (males); 0, 0, 4, 8 and 16 mg/kg/day (females).
Basis of dose selection: The selection of doses for the 2-year study was based on the 13-week
and 6-month repeated-dose studies and it was in accordance with the Executive CAC
recommendations (IND 36827, Interoffice Memorandum of 7/20/1993)
Species/strain: Rat- - CD®(SD)BR
Number/sex/group (main study): 60/sex/dose group
Route, formulation, volume: oral gavage, suspension in vehicle (2% aqueous starch), dose
volume: 0.4, 0.8 and 1.6 ml/kg (for LD, MD and HD, respectively) and 1.6 ml/kg for control
Frequency of dosing: Daily
Treatment duration: 104 weeks
Satellite groups used for toxicokinetics: none
Age: 7 weeks at dosing initiation ‘
Animal housing: 3 animals per sex per cage (upon arrival for a minimum of 3 days) and
individually thereafter in wire-mesh suspended cages in a controlled environment.
Restriction paradigm for dietary restriction studies: non applicable
Drug stability/homegeneity: Dose form: suspension; Stable under the storage conditions used in
these studies; Homogeneous under the conditions used in these studies
Dual controls employed: Two control groups 60 rats/sex each
Interim sacrifices: none
Deviations from original study protocol: Deviations from the specified dosing regimen did not
affect the data validity and study integrity.

Observation times:
Live Phase
Observations: Daily for mortality and morbidity; weekly for detailed physical examinations and
palpable masses.
Body weights: Weekly
Food consumption: Weekly for the first 13 weeks and biweekly thereafter
Clinical Pathology:
- Leucocyte differential counts: Blood samples taken from10 animals/sex/group at 12, 18
and 24 months and from all animals euthanized at extremis.
- Prolactin determination: Blood samples collected from10 animals/sex/group at 1 and 12
months (study weeks 4 and 51), approximately 2 hours after dosing.
Ophthalmic examination: Indirect ophthalmoscopy conducted on all rats prior to initiation of
dosing and during study week 103.
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Morphologic Pathology:

Macroscopic examination: A complete necropsy was performed on all ammals (60/sex/group).
The following tissues and organs were collected and preserved in 10% neutral buffered formalin:

Tissues collected for histopathology evaluation

Adrenals (2) Lymph node - mesenteric
Aorta Mammary gland (female)
Bone with mammow" Ovaries with oviducts (2)
Brain (forebrain, midbrain, Pancreas
* hindbrain) . Petipheral nerve (sciatic)
Eyes with optic nerve (2) Pituitary
Stomach @ -
‘Duodenum Seminal vesicles (2)
Jejunum Skeletal muscle (vastus
Tleum medmhs)
Cecum : Skin
Colon . .. . . Spinal cord (thmcxc)
Rectum - Spleen
Heart Testes wzth epldldylmdes 2
Kidneys (2) Thymus (if present)
Lachrymal gland Thyroids [both lobes with
Liver (scctions of two lobes) parathyroids if present (2)]
Lungs [including bronchi, fixed by Trachea
inflation with fixative (2)] Utinary bladder
Lymph node - mandibular ' Uterus with cervix and vagina
All gross lesions
* = Not placed in formalin

Histopathology: Conducted on a full list of tissues from all main study animals from the
control and treated groups and all unscheduled deaths. Tissues were evaluated by light
microscopy. Pathology peer review was conducted. ’

Toxicokinetics: not performed

Results
Mortality:
Sponsor’s analysis:
There was no drug-related effect on survival. The 24-month survival numbers in Control
group 1, Control group 2, LD, MD and HD were 30, 25, 25, 20 and 30 for males and 22,
21, 28, 27 and 20 for females, respectively. This represents a survival rate of 50%, 42%,
42%, 33% and 50% for males and 37%, 35%, 47%, 45% and 33%, respectively.
Statistical reviewer’s analysis (as cited from the review of Roswitha Kelly):
The reviewer used the sponsor’s SAS transport file for mice to analyze the mortality. She
obtained almost identical numbers of animals surviving till the terminal sacrifice and
agreed with the sponsor’s conclusions, that survival was not affected by the test article in
either males or females (as shown in the following tables and figures reproduced from the
reviewer’s report).
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FDA Statistical Reviewer’s Rat Mortality Table

Female Rats

Amnalysis of Mortality  No. Risk No. Died No. Alive Pet Sarvival Poi Merts
052 60 1 59 983 17
5378 59 11 43 200 200
CTR1 7991 43 15 33 550 45.0
92-103 33 11 22 36.7 633
FINALKILL104-166 22 2 .0
0-52 €0 2 58 96.7 33
5378 58 12 a6 761 233
CTR2 79.91 46 14 32 533 467
92-103 32 n 2 350 65.0
FINALKILL104-166 21 21 0 ‘0.0 100.0
0-52 60 2 58 96.7 33
5378 58 .8 50 833 167
LOW 7981 50 11 39 65.0 350
92103 39 9 30 " 500 '50.0
FINALKILL10$-16630 = 30 ~ ©
082 60 2 58 96.7 - 33
53-78 58 s 53 883 11.7
MED 79.91 53 9 4 73.3 26.7
92-103 . 4 16 - 28 467 53.3
FINALKILL104-10628 28 0
0-s2 60 1 59 983 1.7
. 5378 59 7 52 867 133
HIGH 7991 52 16 36 60.0 40.0
92-103 36 15 21 35.0 65.0
FINALKILL104-166 21 21 o
Male Rats
Amalysis of Mortality  No. Risk No. Died No. Alive Pct Survival Pet Morta
0-52 60 3 57 950 5.0
5378 57 7 50 833 16.7
CTR1 79-91 50 10 40 66.7 333
92-103 40 10 30 50.0 50.0
FINALKILL104-186 30 30 0
0-52 60 4 56 933 6.7
5378 56 7 49 81.7 183
CTR2 79-91 49 8 41 63.3 317
92-103 41 15 26 433 56.7
FINALKILL104-1€6 26 26 0
0-52 60 3 57 95.0 50
5378 57 12 45 75.0 250
Low 79-951 45 6 39 650 350
92-103 39 13 26 433 567
FINALKIL1.104-196 26 26 0
0-52 60 6 54 90.0 10.0
5378 54 8 16 76.7 233
MED 7991 46 12 34 56.7 433
92.103 34 14 20 333 66.7
FINALKILL104-106 20 20 0 00 100.0
0-52 60 3 57 950 50
5378 57 8 49 817 183
HIGH 79-91 49 7 12 70.0 30.0
92-103 2 10 32 53.3 46.7

FINALKILL104-106 32 32 0



Kaplan-Meier Survival Curves
Female Rats
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Clinical findings: Drug-related clinical signs were observed in all treated groups
primarily 1 hour post dosing. The most prominent of these clinical signs were
pharmacological in nature (e.g., ptosis, lacrimation, relaxed scrotum/vaginal opening),
were noted one hour following dosing and were observed in all treated groups in a dose-
related manner. There were no treatment-related increases in incidence of hypoactivity or
ataxia. The incidence of ptosis decreased during the last year of the study and the
incidence of relaxed scrotum/vaginal opening decreased during the last 6 months of
study, suggestive of a tolerance development. Similarly, increased incidences of rectal
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mucoid exudate were observed during the first 18 months of the study but subsided
thereafter.

Body weight:

A statistically significant reduction of body weight gains in the treated vs. control groups
occurred during the first 3 to 4 months of the study. Thereafter, the mean weekly body
weight gains in the treated groups were comparable or slightly lower than the control
values, suggestive of a tolerance development (see sponsor’s tables appended in
Attachment 2 of this review). In males, the mean weekly body weight gains were reduced
from study week 1 through 17 (at HD), week 1 through 12 (at MD) and during study
weeks 1 through 2 (at LD). In females, due to an initial increase in food consumption, the
decrease in body weight gain started later than in the males. The mean weekly body
weight gains in treated females were reduced from study week 3 through 16 (at HD), 5
through 16 (at MD) and week 9 through 12 (at LD). Other intermittent fluctuations in
body weight gain registered in the treated groups were small, not typically repeated
during consecutive weeks and without an apparent trend.

The mean body weight was decreased in comparison to control in all dose groups, dose-
dependently in both genders, but more expressed in the males (see sponsor’s tables
appended in Attachment 2 of this review). At the end of the study (week 104), the mean
body weights at LD, MD and HD were lower than the mean control values by 13%, 22%
and 28% for males and by 10%, 17% and 21% for females, respectively. In the male
groups, the mean body weights were decreased throughout the study; in females,
decreased mean body weights were registered from study week 8 onwards (at HD) and
from week 15 onwards (at LD and MD).

Food consumption :

The reduction of body weight gain in the treated groups was associated with a reduction
in food consumption. A statistically significant reduction of food consumption vs. control -
was registered in all dosed female groups and in the MD and HD male groups, in parallel
to the reduction in body weight. In comparison to control group 1, the mean food
consumption was reduced by up to 11% and up to 18% in males at MD and HD, and by
up to 13%, 17% and 14% in females at LD, MD and HD, respectively. The decrease took
place during the first 12-18 months of the study, in parallel to the duration of the most
prominent pharmacological clinical signs. In males, the mean food consumption values
were reduced from study week 2 through 88 (at HD) and during week 6 through 78 (at
MD). In females, after an initial rise in food consumption during study weeks 0 through
3-4, the mean food consumption was reduced from study week 7 through 64 and again
from week 83 to 88 (at HD), and from week 11 through 76 (at MD and LD).

Clinical pathology: Serum prolactin, determined at study week 4 and 51, was
significantly elevated vs. control in all male and female treated groups, more pronounced
in females. The increase was dose- and time-dependent, so that within the same dose
group, the values measured at week 51 were approximately 1.5x and 3x higher than those
measured at week 4 in males and females, respectively (see the following sponsor’s
table).

No changes in the other studied clinical pathology parameters were registered.
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Serum Prolactin Determination
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Macroscopic pathology: Open sores (primarily on hind paws) were observed with drug-
related increased incidence (2-fold over control in MD and HD females and in LD and
HD males — affecting about 70% of HD animals vs. 30% in control). The increased
incidence of sores (morphologically characterized as ulcerative pododermatitis) was “an
expected finding with housing of older rats in wire mesh cages™ and was attributed by the
sponsor to “potentially decreased activity (not of sufficient magnitude to be noted
clinically), consistent with the pharmacological activity of a neuroleptic agent”.

Neoplastic findings:

Sponsor’s data

According to the sponsor, there were “no significant drug-related increases in tumor
incidences of any type, including mammary tumors of the fibroadenoma and
adenocarcinoma classification”, although non-neoplastic proliferative mammary changes

were increased in all dosed groups (see sponsor’s table below).
Incidence of mammary tumors and proliferative mammary changes in females

2
Number Examined 59 d ss L W
IncKlence/Percentage % % % | NI %
Galactocele 31 24 41 1 25 1 42 132 155]18 ] 30
Hyperplasia, Glandular | 5 8 1 2 {13y22 12138 113]2
Adenoma 1 2 4 7 0 012 3 1 2
Fibroadenoma 34 | 58 139167126 |43121 )36 |21]35
Adenocarcinoma 10 | 17121 136 11512520134 112]20

“Analysis of péncreatic islet cell tumors (adenomas and carcinomas) using the method of
Peto showed a significance level of p<0.05 in the incidences of adenomas (both genders),
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carcinomas (females) and combined adenomas and carcinomas (females). The incidence
of islet cell adenomas in the high-dose female group was higher than the combined
incidences of adenomas in the 2 control female groups (p<0.05, Fisher’s exact test).”

Incidence of pancreatic islet cell tumors and proliferative lesions in the pancreas

Males Females
Group 1 2 3 4 5 1 2 3 4 5
Number Examined 59 160 1] 60 ] 60 1 60 160 [ 60| 60 | 60 | 60
Hyperplasia, Islet Cell | 3 6 11 6 7 9 151 8 17 { 14
Adenoma, Islet Cell 3 2 3 8 6 2 2 0 215
Carcinoma, IsletCell | 0 2 0 1 0 0 01 0 1 2
Toal . .l 6j10]M]ltst13a]juuli17 s_' 20 21

The incidences of islet cell tumors in this study were within reported historical control
ranges for this strain, as evaluated by the sponsor with reference to
Lang, P.L. (1992) Spontaiieous neoplastic lesions and selected non-neoplasuc

lesions in the Crl:CD BR rat. Charles River Laboratories, Inc.
As stated by the sponsor, “because -pancreatic islet cell tumors (adenomas and
carcinomas) are considered common tumors (spontaneous incidence rate of >1%) in rats
of the strain and age used in this study, and the significance level for testing positive
linear trend in the incidence rate of common tumors is considered to be 0.005 by the
FDA?”, the sponsor “did not consider the significance level of 0.05 for islet cell tumors to
be indicative of a drug-related effect”. In addition, “there was no other evidence (such as
multiplicity of tumors, increased incidence of preneoplastic changes, clear dose-response
relationship or increased mortality attributable to this tumor type) to indicate a
relationship to treatment”.
There was ”a slight increase in the incidence of thyroid C-cell adenomas in the low dose
males”, but there was “no statistical significance when the incidences of thyroid C-cell
adenomas alone, carcinomas alone, or adenomas and carcinomas combined were:
analyzed”. Since these thyroid tumors lacked statistical 51gn1ﬁcance and a dose-response
trend, a treatment-related effect was not suggested.

Incidence of thyreid C-cell adenomas
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: 3 10 4 2 I

T 3- comTmon 1 2- comvron 2 3« 4 NO/KO/DAY 4= ¢ WO/E3/DAY 5~ 16 MG/X0/DAY
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FDA statistical reviewer’s analysis:

Females:

The reviewer used the sponsor’s SAS transport file for rats to analyze the tumor data.

For males, none of the tumor findings increased significantly with dose.

In females, the combined incidences for pancreatic islet cell adenomas and islet cell
carcinomas were increased (2, 2, 0, 3, and 7 for the two controls, LD, MD and HD,
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respectively). The incidence value at HD was within historical control range for this
species and strain; the dose-response trend analysis showed a p-value of 0.0051 that
approached but did not reach the level of statistical significance required for common
tumors (alpha=0.005).

The sponsor provided incidence tables for several mammary and pituitary tumors among
the females. The reviewer obtained identical incidences for mammary and pituitary
tumors among the females per treatment group. As the tumor/tissue combinations were

recorded in the data sef, none reached statistical signiﬁcance

The statistical reviewer’s tables for tumor trends in males and females are reproduced
below and on the next page.

Tumor trends for female rats (statistlcal revnewer s analysxs)
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Continued on next page
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Tumor trends for female rats (statistical reviewer’s analysis) - Continued
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* Tumor incidences are shown for each control group but were combined for the trend tests.

Tumor trends for male rats (statistical reviewer’s analysis)
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Tumor trends for male rats (statistical reviewer’s analysis) - Continued
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®  Tumor incidences are shown per control group but wesre combined for the trend tests.

Non-neoplastic findings

Drug-related non-neoplastic lesions were observed in female mammary gland
(proliferative mammary changes, i.e., glandular hyperplasia and duct ectasia/galactocele),
at all dose levels without apparent dose dependence.

The only non-neoplastic finding that was a common cause of death was advanced
nephropathy (see sponsor’s table below), interpreted as “a common old-age lesion of this
strain of rat” (Bolton et al, 1976, Owen, Heywood, 1986, as referenced by the sponsor)
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A slight increase in alveolar histiocytosis in the lungs of treated rats was attributed to
“local pulmonary irritation due to potential aspiration of the test article solution following
gavage dosing®.
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Comments: Though mean body weight in treated groups was markedly lower than
control, body weight gains in treated groups normalized after the first 3-4 months of
study. Body weight reduction was associated with reduced food consumption which,’
along with clinical signs of sedation, was most expressed in the beginning of the study.
A tolerance to these effects developed during the study duration, so that after the 1 year
food consumption was no longer significantly different from control and the drug-related
clinical signs diminished. Body weight gains in the treated groups normalized after the
first 3-4 months of study. However, due to the earlier substantial decreases in body
weight, the average body weight values for the entire period of the study were
significantly lower than the control. There were no signs of systemic toxicity in either
clinical pathology or histopathology parameters. A sign of pharmacological effect was
the dose- and time-dependent pronounced increase in serum prolactin in all dose groups,
more expressed in females with associated proliferative mammary changes (glandular
hyperplasia and galactocele, in all female dose groups).

An MTD was achieved in this study based on the significant mean body weight
reductions vs. control. This reviewer is not of the opinion that the MTD was largely
exceeded, despite of the greater than 10% reduction in the mean body weight of the
treated groups vs. control because body weight gains normalized after 4 months of study,
and food consumption after the first year of study was not significantly different from
control, as well as because there were no signs of systemic toxicity on the background of
well manifested pharmacological activity at all tested dose levels.

Adequacy of the carcinogenicity study and appropriateness of the test model:

The study was conducted according to standard procedures to assess the carcinogenic
potential of the test article. The CD (SD) strain was selected based on recommendations
of applicable guidelines and the available background data for this species. Rats were
treated with iloperidone by oral gavage for 104 weeks at dosages accepted by the
Executive CAC. The oral route was chosen because it is the intended route for
therapeutic use in man. The treatment produced evidence of toxicity without affecting
survival, based on dose-related, significantly decreased mean body weights in the dosed
groups vs. control, by 13%, 22% and 28% in males and by 10%, 17% and 21% in
females at LD, MD and HD, respectively, by study week 104. Since survival ‘was not
affected by the treatment, there were sufficient numbers of animals exposed sufficiently
long to allow for late developing tumors. In determining whether the high dose presented
a sufficient tumor challenge, an MTD in the rat study was achieved in both genders based
on the dose-dependent decrease in mean body weight of > 10% in all iloperidone-treated
groups as compared to the control group. This reviewer is not of the opinion that the
MTD was largely exceeded, despite of the >10% mean body weight reduction because
body weight gains normalized after 4 months of study, and food consumption during after
the first year of study was not significantly different from control, as well as because
there were no signs of systemic toxicity on the background of well manifested
pharmacological activity at all tested dose levels. It is concluded that this is a valid
carcinogenicity study.
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Evalunation of tumor findings:

Sponsor’s findings: “Analysis of pancreatic islet cell tumors (adenomas and carcinomas)
using the method of Peto showed a significance level of p<0.05 in the incidences of
.adenomas (both genders), carcinomas (females) and combined adenomas and carcinomas
(females). The incidence of islet cell adenomas in the high-dose female group was higher
than the combined incidences of adenomas in the 2 control female groups (p<0.05,
Fisher’s exact test).” The incidences of islet cell tumors in this study were within
reported historical control ranges for this strain, as referenced by the sponsor.

As stated by the sponsor, “because pancreatic islet cell tumors (adenomas and
carcinomas) are considered common tumors (spontaneous incidence rate of >1%) in rats
of the strain and age used in this study, and the significance level for testing positive
linear trend in the incidence rat¢ of common tumors is considered to be 0.005 by the
FDA”, the sponsor “did not consider the significance level of 0.05 for islet cell tumors to
be mdxcatlve of a drug-related effect”. In addltlon, “there was no other evidence (such as
multiplicity of tumors, increased incidence of preneoplastic changes, clear dose-response
relationship or increased mortality attributable to this tumor type) to indicate a
relationship to treatment”. - -

Statistical reviewer analysis: Statistical review and evaluation of the results of this study
was independently conducted by the statistical reviewer Roswitha Kelly.

Individual tumor/tissue combinations did not approach statistical significance. However,
the incidence of combined pancreatic islet cell adenomas and islet cell carcinomas was
increased in females (2, 2, 0, 3, 7 for the two controls, LD, MD and HD, respectively), at
a p-value of 0.0051 that approached the statistical significance level for common tumors
(p< 0.005).

There was no increase in the incidence of other tumors or tumor combinations of any
type, including mammary tumors. For males, none of the tumor findings increased
significantly with dose.

In conclusion, based on the lack of a dose-response relationship or statistical significance
in tumor incidence in any of the observed tumor types in a valid carcinogenicity study,
there was no carcinogenic effect in the male rats attributable to the test article. In females,
the combined incidences for pancreatic islet cell adenomas and islet cell carcinomas were
increased at HD (2, 2, 0, 3, and 7 for the two controls, LD, MD and HD, respectively).
The incidence value at HD was within historical control range for this species and strain;
the dose-response trend analysis showed a p-value of 0.0051 that approached but did not
reach the level of statistical significance required for common tumors (alpha=0.005).
Having in mind that the incidences of pancreatic islet cell tumors in this study were
within the reported historical control range for this species and strain and that there was
- no other evidence indicating a treatment-related effect (such as multiplicity of tumors,
increased incidence of pre-neoplastic findings), it is concluded there was no carcinogenic
effect in the female rats attributable to the test article.

CAC concurrence:

- The Committee agreed that the study was adequate, noting prior agreement by the
Exec CAC

- The Committee found that there were no statistically significant tumors
attributable to the test article.
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