2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development
Study title: Segment I Study in Rats

Key study findings: This 2-generation study evaluated the effect of iloperidone on male
and female gonadal function, mating behavior and fertility, as well as on the prenatal and
postnatal growth and development of offspring. Oral (gavage) administration at doses of
0, 4, 12, 36 mg/kg/day to Sprague Dawley male and female rats (32/sex/group) for a
period starting 10 weeks prior to mating (males) or 2 weeks prior to mating (females) and
continuing through mating, gestation, parturition and lactation, resulted in the following
drug-related effects: clinical signs (hypoactivity, ptosis and lacrimation at MD and HD;
ptosis at LD), significant decreases in mean body weight of FO males and females at MD
and HD during pre-mating and mating periods, as well as throughout gestation and
lactation [e.g., the corrected maternal weight at term (terminal body weight minus gravid
uterine weight) was significantly lower at HD and MD by 13% and 7%, respectively],
female estrous cycle disturbances (all doses, dose-dependently) and reduction in male
reproductive organs’ weight (mean absolute prostate weight decreased in all dosed
groups; mean absolute and relative testis and epididymis weights decreased at HD).
Lower female fertility indices, i.e. 72% and- 88% were registered at HD and MD,
respectively, vs. 100% in control (statistically significant at HD). A significant negative

. trend was noted for male fertility, without significant differences between control and any

of the treated groups. The pregnancy rate was lower in MD and HD groups (86%, and
60%, respectively, vs. 100% in control), statistically significant at HD. The duration of
pregnancy was increased (mean duration of 22, 22.5, and 22.6 days at LD, MD, and HD
vs. 21.7 days in control group, statistically significant at MD and HD). Mean numbers of
corpora lutea and implantation sites were significantly lower at HD in comparison to
control; the reduced implantations were secondary to the reduction of corpora lutea and
not due to an increased pre-implantation embryonic lethality since preimplantation loss
was not significantly different from control in any of the treated groups. Embryofetal
growth was retarded at HD, as indicated by a significantly lower mean fetal weight at
term vs. control values. No external or visceral malformations were observed in the
treated groups, but visceral variation rates (dilatation of lateral and third brain ventricles,
dilatation of heart ventricles) were increased in HD group. There was an increased
prenatal and neonatal mortality in F1 generation, as demonstrated by decreased livebirth
index (89% and 83% at MD, and HD vs. 99% in control group, statistically significant),
increase in stillborn pup number (18 and 17 at MD and HD vs. 2 in control group,
statistically significant) and increase in neonatal deaths (mean viability indices, i.e. N
alive on postnatal Day 4/ N liveborn = 80% and 24% at MD, and HD vs. 98% in control
group, statistically significant). There was no pup lethality after the neonatal period (pups
surviving to weaning/pups alive on day 4 post-cull) or after weaning. Mean pup weight
was lower in MD and HD groups vs. control, statistically significant at postnatal day 14.
There were no differences in developmental landmarks or in neurobehavioral
development of F1 generation as assessed by activity and learning tests. However, very
few HD litters were available for growth and behavioral evaluations because of the low
pregnancy rate and neonatal deaths. F1 post-weaning growth and development were
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similar in dosed and control groups. Reproductive performance of F1 animals and F2
generation in utero growth and survival were apparently not affected by treatment.

In conclusion, based on the results of this study, a NOEL was not identified, since dose-
related estrous cycle disturbances and a decrease in prostate weight of FO were induced at
all dose levels, including the low dose. These effects are not unexpected and are most
likely secondary to the pharmacological action of the drug. However, at the low dose 4
mg/kg/day) these effects did not interfere with FO reproductive capacity, prenatal and
postnatal survival, growth and development of F1 generation, or with F1 reproductive
capacity and the prenatal growth and survival of the next, F2 generation. Therefore,

iloperidone oral dose of 4 mg/kg/day is identified as the NOAEL in the Segment I rat
fertility study.

Study no.: .
Volume # and page #: N.A.
Conducting laboratory and location:

Date of study initiation: June 21, 1993
GLP compliance: yes
QA reports: yes
Lot numbers and potency: Batch RC5634 /Purity 99.8% (HPLC)
Vehicle: 2% potato starch in water
Methods

Doses: 0, 4, 12, 36 mg/kg/day

Species/strain: Rat/ — CD® BR (Sprague-Dawley)

Number/sex/group: 32

Route, formulation, volume: Oral gavage, suspension in 2% water solution of
potato starch, dosing volume 10, 5, 7.5 and 10 mlkg for control, LD, MD and HD
groups, respectively.

Satellite groups used for toxicokinetics: None

Study design: Males were dosed for 10 weeks prior to mating through
termination; females were dosed for 2 weeks prior to mating through termination. Of the
32 females per group, 20 were assigned to C section, and 12 to natural delivery. The
group assignments were as follows: :
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1 (Control) 0 32 32 19 13
2 (Low) 46 - 3R 32 18 14
3 (Mid) 12 3z 32 18 14
4 (M 36 32 32 16 16
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During the mating period, one male was cohabited with one female from the same group
up to a maximum of 21 days or until mating was confirmed. The day of observation of
presence of sperm in vaginal lavage was designated as Day 1 of gestation. Pregnant
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females were randomly selected for dose group assignment. On gestation day 20, the FO
females scheduled for C-section were sacrificed; fetuses were weighed, sacrificed, and
evaluated for external and visceral abnormalities. The FO females selected for natural
delivery were allowed to litter and raise their pups (F1 generation) to weaning (Day 21
post partum). Litters were observed daily for clinical signs, growth and development.
Following weaning, selected F1 males and females were allowed to undergo a 7-week
growth phase, during which behavioral development was monitored in selected animals.
Upon maturation, the F1 animals were mated and allowed to naturally deliver the F2
generation which was terminated on Day 1 post partum.
In addition, HD FO males were mated with naive (untreated) females until mating was
confirmed; the pregnant females were sacrificed on gestation day 14 and the numbers of
corpora lutea, live and dead fetuses were determined.

Parameters and endpoints evaluated:
FO Parental Generation: Mortality and clinical 31gns (twice daily); Estrous cycle (all
females, daily vaginal lavage, beginning 2 weeks prior to mating through mating or end
of breeding); Body weight (weekly for males and non-pregnant females; on gestation
days 0, 7, 14 and 20, and on lactation days 0, 4, 7, and 21); Food consumption (weekly
for males and females prior to breeding; for delivering females — on lactation days 0-4, 4- - -
7, 7-10, and 10-14; not measured during mating or gestation); Necropsy: FO males and
females were examined grossly; male reproductive organs were weighed and abnormal
viscera and reproductive tract organs were preserved in 10% formalin.
F1 fetuses: On gestation day 20, the FO females scheduled for C-section were sacrificed;
numbers of corpora lutea, implantations, resorptions, live and dead fetuses were recorded;
fetuses were weighed, examined for external abnormalities and about 50% of fetuses
were preserved in Bouin’s for visceral examination.
F1 pups: Upon natural delivery, pup weight and viability were recorded on postnatal
(lactation) days 0, 4, 7, 14 and 21. Litters were culled to 8 pups on p.n. day 4.
Developmental and behavioral evaluations were conducted as listed in the following
sponsor’s table. The evaluations were performed on all pups beginning on the days listed
and continuing until the developmental landmark was positive for the entire litter, or until
weaning.

F1 pups — physical and neurobehavioral developmental endpoints
R _

Paramuter Day Criterion

Pinna unfolding 1 Both pinns detached

Gengralized hatr growth 7 Density comparabls to the dorsal surface of the growth on an
adult forepaw

Incisor sruption ? Upper inciscrs penstratad gums

Eya opening 11 Bath eyes opaned

Surfacs righting 4 Righted from sepine position in €2 seconds, thres out of
thres trials

Grip reflex 17-21 Gripped wire for 5 seconds

]

In addition, behavioral evaluations of motor activity (open field on postnatal days 22 and
60) and learning capacity (water maze, 3 weeks after weaning), as well as of sexual
maturation were performed on selected pups (1/sex/litter).

F1 Parental and F2 Observations: Following weaning, the F1 pups selected as parental
offspring were observed daily for mortality and morbidity; body weight was recorded
weekly. Food consumption was not measured. After a 7-week post-weaning growth

169



phase, the F1 males and females were mated within each group (mating confirmed by
vaginal lavage), and pregnant F1 females were weighed on gestation days 0, 7, 14, 20 and
on lactation day 0. Upon spontaneous delivery, the F2 pups were weighed, sexed,
observed for external abnormalities, terminated and preserved in 10% buffered formalin.
F1 parental males and females were sacrificed, gross pathology assessment was
performed, and abnormal viscera and reproductive organs were preserved in 10%
buffered formalin.

For maternal reproductive and fetal parameters, the litter was selected as the independent
sampling unit.

Results -
Mortality: 1 MD and 6 HD females were sacrificed following total litter death (no
notable clinical observations were recorded). There was no spontaneous mortality.
Clinical signs: Pre-mating and mating, males and females: Hypoactivity, ptosis and
lacrimation at MD and HD; ptosis at LD. During gestation, clinical signs were present in
all dosed groups. :
Body weight:

- Body weights of FO males and females during pre-mating and mating periods:
Prior to dose administration, the mean body weights were similar between the control and
treated groups. Mean body weight and body weight gain was significantly lower vs.
control in HD and MD males throughout the study; in females, after an initial increase, a
significant decrease in mean body weight vs. control was registered at HD and MD (see
sponsor’s tables below and on the next page).

Mean body weights (F0 Males)
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SIGHIFICANTLY mnmt'mu CONTROL: ¢ = P<0.05; ** = F<0.01.
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Mean body weights (F0 Males) - Continued
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SIGATFICANTLY DIFFERENT FRON CONTROL: ¢ = P<0.85; *4 = P<b.0f.

Mean body weights (F0 Females)
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Body weights of FO Dams during gestation and lactation

Mean body weights and body weight gain values of pregnant and lactating females are
presented in the sponsor’s tables on the next page. Significantly lower mean body
weights in comparison to control were registered at MD and HD throughout gestation (on
gestation days 7, 14, and 20) and lactation (as measured on postnatal days 0, 4, 7 and 14;
on day 21, the changes were not statistically significant).

Mean body weight of pregnant females at term (gestation day 20, at Caesarean section)
was significantly lower at HD and MD vs. control by 16% and 9%, respectively; the
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corrected maternal weight (terminal body weight minus gravid uterine weight) was
significantly lower by 13% and 7%, respectively. Maternal weight gain throughout
pregnancy (gestation days 0 through 20) was lower by 49% and 26% at HD and MD,
respectively vs. control. For those females that were allowed to deliver spontaneously,
the mean body weight after delivery (Lactation Day 0) was significantly lower at HD and
MD vs. control by 11% and 7%, respectively; similar differences in maternal body
weight vs. control were registered on Lactation Day 4 through 14, but by weaning
(Lactation day 21) the mean maternal weight has normalized and the differences from
control (-4% and -5% at MD and HD) were no longer statistically significant. At LD,
there were no notable differences in mean maternal weight or weight gain in comparison
to control during gestation or lactation.

___F0 Mean maternal body. weights and body weight gain during gestation = . .
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Food consumption: In males, 51gn1ﬁcantly decreased mean food consumptlon vs. control
were noted at HD (weeks 3 through 9) and MD (weeks 7-10); at LD, the mean food
consumption was significantly increased. In females during pre-mating and mating
periods, food consumption was significantly increased at all dose levels at weeks 8-9, and
at HD additionally at weeks 9-10. During lactation, mean maternal food consumption

was significantly decreased vs. control at MD (during the first 2 weeks post partum) and
HD (at all intervals).

FO reproductive performance:

Disturbances in estrous cycle were induced at all dose levels in a dose-dependent manner.
Prolonged periods of diestrous stage (=5 days) were observed during the pre-mating (in
18, 22, and 28 females at LD, MD and HD, respectively), as well as during the mating
period (in 7, 15 and 25 animals at LD, MD and HD, respectively, vs. 2 in control). This
resulted in lower female fertility indices, i.e. 72%, 88% and 97% at HD, MD and LD,
respectively, vs. 100% in control (a significant negative trend, as well as statistically
significant at HD). The pregnancy rate was lower in MD and HD groups. A significant
negative trend was noted for male fertility, without significant differences between
-control and any of the treated groups. The mean absolute and relative testis and
epididymis weights and absolute weights of seminal vesicles were lower in the HD group
vs. control; the mean absolute prostate weight was decreased in all dosed groups vs.
control (see sponsor’s table below). Mean body weight was significantly reduced in

HDM and MDM.
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The following sponsor’s tables summarize the reproductive performance results.

faproductiys Perfermance
Sepmnt 1 Study in Rats
fa Seneration
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Maternal and embryofetal parameters at Caesarean section: Corrected maternal weight
(terminal body weight minus gravid uterine weight) and net body weight gain were
significantly lower at MD and HD in comparison to control; gravid uterine weight was
decreased dose-dependently at MD and HD, statistically significant at the HD.

SEGHERY T STOY TN FATS
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GROUP GROUP 3 CROUP 4
DOSE LeveL 0.0 mu‘ Y 4 mm/sm 12 WO/KA/DAY 36 MG/KO/DAY
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B 15.43 . .81 .10
s i 18 '; ﬁ 16 14
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CIRRECTED VERGHT = N8 g X3 'ﬂ:ﬁ
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Mean number of corpora lutea and implantation sites were significantly lower at the HD
in comparison to control; the reduced implantations were secondary to the reduction of
corpora lutea and not due to an increased pre-implantation embryonic lethality since the
mean per cent of preimplantation loss was not significantly different from control in any
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of the treated groups (see sponsor’s table on the next page). There were no significant
differences in the rate of resorptions; however, two dams (one from MD and one from
HD group) had no viable fetuses at term.
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SIGNIFICANTLY DIFFERENT FHOM CONTROL: # = Pc0.05; * = P<0.01.

Embryofetal growth was retarded in HD group, as indicated by a significantly lower fetal
weight vs. control values.

No external or visceral malformations were observed in the treated groups, but visceral
variation rate was increased in the HD group (see sponsor’s table on the next page).
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Significant positive trends and significantly higher fetal incidence values in HD group vs.
control were found for the dilatation of lateral and third brain ventricles, dilatation of
heart ventricles and total soft tissue variations.
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Maternal and pup parameters upon natural delivery (see sponsor’s tables on the next
page) :

The following dose-dependent effects were registered: lower pregnancy rates (93%, 86%,
and 60% at LD, MD, and HD vs. 100% in control group, statistically significant at HD),
increased duration of pregnancy (mean duration of 22, 22.5, and 22.6 days at LD, MD,
and HD vs. 21.7 days in control group, statistically significant at MD and HD), increased
pre-, perinatal and peonatal mortality, as demonstrated by decreased livebirth index
(95%, 89% and 83% at LD, MD, and HD vs. 99% in control group, statistically
significant at MD and HD), increase in stillborn pup number (8, 18 and 17 at LD, MD,
and HD vs. 2 in control group, statistically significant at MD and HD) and increase in
neonatal deaths (mean viability indices, i.e. N alive on postnatal Day 4/ N liveborn =
96%, 80% and 24% at LD, MD, and HD vs. 98% in control group, statistically significant
at MD and HD). Total litter deaths occurred within the first 4 postnatal days in 1 and 6
litters from MD and HD groups, respectively. There was no pup lethality afer the
neonatal period (pups surviving to weaning/pups alive on day 4 post-cull) or after
weaning up to assignment to the behavioral or maturation phase of F1 generation.
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Mean pup weight was lower in MD and HD groups vs. contro! from postnatal day 4
onward, statistically significant at postnatal day 14 (see sponsor’s table on the next page).
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F1 pup weight
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There were no differences in developmental landmarks _or in neurobehavioral
development of F1 generation as assessed by activity and learning tests. However, very

few HD litters were available for growth and behavioral evaluations because of the low
pregnancy rate and neonatal deaths. F1 post-weaning growth and development were

similar in dosed and contro! groups. Reproductive performance of F1 animals and F2
generation in utero growth and survival were apparently not affected by treatment.

Conclusion: Based on the results of this study, a NOEL was not identified, since dose-
related estrous cycle disturbances and a decrease in prostate weight of FO were induced at
all dose levels, including the low dose. These effects are not unexpected and are most
likely secondary to the pharmacological action of the drug. However, at the low dose (4
mg/kg/day) these effects did not interfere with FO reproductive capacity, prenatal and
postnatal survival, growth and development of F1 generation, or with F1 reproductive
capacity and prenatal growth and survival of the next, F2 generation. Therefore,
iloperidone oral dose of 4 mg/kg/day is identified as the NOAEL in the Segment I rat
fertility study. The higher doses employed in this study induced dose-dependent
decreased parental F0 fertility (male and female), prolonged gestation, increased prenatal
and neonatal lethality of F1 progeny, and reduced F1 pre- and postnatal growth (as
indicated by lower body weight at term and postnatally).
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Embryofetal development (Segment IT)
Three Segment II studies were performed:
- Oral embryotoxicity study of iloperidone in rats
- Oral embryotoxicity study of iloperidone metabolite P95 12113 in rats
- Oral embryotoxicity study of iloperidone in rabbits

Study title: Oral Embryotoxicity Study of Tloperidone (HP 873) in Wistar Rats

Key study findings: Iloperidone administration to pregnant Wistar rats at doses of 0
(vehicle control), 4, 16, and 64 mg/kg/day by oral gavage on Gestation Days 7 through 18
induced at HD and MD a significant dose-dependent reduction in maternal weight (by
18% and 6%, respectively, vs. control at term) and in maternal weight gain (by up to 92%
and 34% of control values, respectively). Maternal food consumption was decreased at
HD by up to 11% vs. control. Placental weights were statistically significantly lower at
HD (by 17% vs. control) and MD (by 7% vs. control). Clinical signs associated with
pharmacological action of the test agent (sedation, ptosis) were present in all dosed
groups, dose-dependently. The high dose induced a marked (over 5-fold) increase in
post-implantation embryonic lethality. Early post-implantation death of all conceptuses
occurred in two thirds of the treated HD dams. The surviving HD fetuses exhibited
growth retardation (as expressed by significantly decreased fetal weight and crown/rump
length at term by 12% and 7%, respectively as compared to control, and retarded skeletal
ossification). An incredsed incidence of minor skeletal abnormalities (fragmented and/or
displastic thoracic vertebral centra) and skeletal variations (supernumerary thoracic rib)
was registered in the HD group. No increase in external or visceral abnormalities was
registered in any of the dosed groups. Intrauterine development was not adversely
affected at MD and LD. The embryo/fetal lethality and mean fetal body weight and
length in these groups did not differ appreciably from control.

Based on the study findings, iloperidone induces developmental toxicity (expressed as
embryofetal lethality, retarded intrauterine development and minor skeletal
abnormalities) at oral doses above 16 mg/kg/day. Signs of maternal toxicity (reduced
weight and weight gain, reduced placental weight) are induced at and above 16
mg/kg/day. The NOAEL for developmental toxicity in this study is 16 mg/kg/day (6
times the MRHD of 24 mg/day on an mg/m?2 basis).

Study no.: 92.0011; Report No. 94.0623

Volume # and page #: N.A.

Conducting laboratory and location: Pharma Development Corporate Tox1cology,
Hoechst Actiengesellshaft, Frankfurt/Main

Date of study initiation: 11 May 1993

GLP compliance: yes

QA reports: yes

Lot numbers and potency: RC 5634; purity 99.1% (HPLC)

Vehicle: Starch mucilage (20 g/1)

Methods
Doses: 4, 16, 64 mg/kg/day
Species/strain; Rat, Wistar
Numbet/sex/group: 22-24 mated females
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Route, formulation, volume: Oral gavage, suspension in 2% aqueous starch,

dosing volume 5 ml/kg (all groups)

Satellite groups used for toxicokinetics: None

Study design: Mated female Sprague-Dawley rats (22-24/group) were
administered iloperidone at doses of 0 (vehicle control), 4, 16, and 64 mg/kg/day by oral
gavage on Gestation Days 7 through 18 (day of sperm detection defined as Gestation Day
1). Cesarean section was performed on Gestation Day 21 for evaluation of maternal
reproductive parameters, pre- and postimplantation embryofetal lethality, fetal viability,
weight, gender, and morphology.

Parameters and endpoints evaluated:
Maternal: survival and clinical signs (daily), body weight and food consumption
(weekly), reproductive parameters (number of corpora lutea in ovaries, number of
implantations (uterine staining by ammonium sulfide), resorptions (number and
diameter), placental weights, live and dead fetuses).
Fetal: viability, gender, individual weight, crown-rump length, external, visceral (Bouin’s
fixative) and skeletal (alizarin staining) anomalies.
The findings obtained at the autopsy and at fetal examination were statistically evaluated
separately for the fetuses and for the litters.

Results

Mortality (dams): One HD dam was killed moribund after 9 treatments. There were no
spontaneous deaths in any of the groups.

Clinical signs (dams): Sedation and ptosis occurred in all dosed groups in a dose-related
manner.

Body weight (dams): Mean maternal body weights were dose-dependently decreased at
HD and MD, by 18% and 6%, respectively, vs. control at term; the decrease was
statistically significant from gestation day 14 onward. Mean body weight gains were
markedly reduced during the treatment period by up to 92% and 34% of control values at

HD and MD, respectively. There were no changes in mean body weight or weight gain at
LD.
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Segment II study in rats — Maternal body weight gain
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~ Food consumption: Decreased in the HD group (up to 11% vs. control values) during the
dosing period; no different from control at MD and LD.

. . L Maternal food consumption
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C-section data: The high dose induced a marked (over 5-fold) increase in post-
implantation embryonic lethality. Early post-implantation death of all conceptuses
occurred in two thirds of the treated HD dams. The surviving HD fetuses exhibited
growth retardation (as expressed by significantly decreased fetal weight and crown/rump
length at term by 12% and 7%, respectively as compated to control, and retarded skeletal
ossification). Placental weights were statistically significantly lower in HD and MD
groups. The placental weight reduction was marked at HD (by 17% vs. control) and mild
at MD (by 7% vs. control). An increased incidence of minor skeletal abnormalities
(fragmented and/or displastic thoracic vertebral centra) and skeletal variations
(supernumerary thoracic rib) was registered in the HD group. No increase in external or
visceral abnormalities was registered in any of the dosed groups.

Intrauterine development was not adversely affected at MD and LD. The embryofetal
lethality and mean fetal body weight and length in these groups did not differ appreciably
from control. The somewhat lower body length of the fetuses in the MD group was only
marginal and was within the normal range of the laboratory historical control values.

The results are presented in the sponsor’s tables reproduced below and on the next page.
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Segment II study in rats — Embryo/fetal lethality
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Segment II Study in Rats - Skeletal defects
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Conclusion: Based on the study findings, iloperidone induces developmental toxicity
(expressed as embryofetal lethality, retarded intrauterine development and minor skeletal
abnormalities) at oral doses above 16 mg/kg/day. Signs of maternal toxicity (reduced
weight and weight gain, reduced placental weight) are induced at and above 16
mg/kg/day. The NOAEL for developmental toxicity in this study is 16 mg/kg/day.
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Study title: JLO522 metabolite P95 12113: An oral embryotoxicity study in rats

Key study findings: P95 12113 (P95), the predominant circulating metabolite of
iloperidone in humans, was administered to timed-pregnant Wistar Hanover rats via oral
gavage as a suspension in 0.5% (w/v) sodium carboxymethylcellulose at doses of 0
(vehicle control), 20, 80 and 200 mg/kg/day on Gestation Days 7 through 17. The doses
were selected on the basis of a preceding 13-week oral toxicity study of P95 in rats that
showed decreased body weight and food consumption in males (but not in females) at
doses of 200 mg/kg/day and higher. In the present study, no signs of maternal toxicity
(mortality, body weight, weight gain, food consumption, necropsy findings and
reproductive parameters) were noted; maternal pharmacological clinical signs were
observed at all tested doses (relaxation and ptosis at LD, MD and HD; reduced locomotor
activity at MD and HD). There was no effect on embryo/fetal intrauterine lethality,
number of live fetuses, and fetal weight at term. Gross external malformations
(gastroschisis) were registered in 2 fetuses from one litter in HD group; it is uncertain if
this was a treatment-related effect since on a litter basis the incidence of this finding was
reported to be within the historical control values for similar abdominal closure defects in
this species and strain. A dose-dependent, increased incidence of incomplete ossification
of skull bones was found in all dose groups, i.e., incomplete parietal ossification in 8%,
11% and 12% of fetuses from 4%, 5% and 7% of the litters at LD, MD, and HD,
respectively, vs. 0% in control (statistically significant at all dose levels) and incomplete
interparietal ossification in 8%, 10% and 14% of fetuses from 26%, 27% and 27% of the
litters at LD, MD, and HD, respectively, vs. 5% and 19% in control fetuses and litters,
respectively (statistically significant at HD). The incidence of incomplete sternal
ossification was dose-dependently increased in all treated groups, although the difference
vs. control did not reach statistical significance (i.e., in 7%, 11% and 12% of fetuses at
LD, MD, and HD, respectively, vs. 5% in control fetuses). According to the sponsor, all
observed incidences of incomplete skeletal ossification in the treated groups were within
the historical control range, and therefore “not attributable to the test article”. However,
the dose-related increase of these incidences argues in favor of a treatment-related effect.
Maternal P95 plasma exposure (AUC) values were 210, 254 and 2355 h.ng/ml for the
LD, MD and HD, respectively; the corresponding Cmax values were 12, 111 and 1221
ng/ml.  The high dose (200 mg/kg/day) produced plasma exposure (AUC =2355
ng.h/ml) in pregnant rats approximately 4 times the human P95 plasma AUC value (569
-ng.h/ml) when the parent compound (iloperidone) was administered to schizophrenic
patients at a dose of 24 mg/day (12 mg b.i.d.).

In conclusion, iloperidone metabolite P95 administered to pregnant rats at oral doses of
20, 80 and 200 mg/kg/day during the period of major organogenesis (Gestation Days 7
through 17), produced dose-dependent maternal pharmacological effect (signs of
sedation) at all dose levels, but no maternal toxicity. Maternal plasma exposure (AUC) at -
HD was approximately 4 times the mean human plasma AUC of metabolite P95 when the
parent compound (iloperidone) was administered at the dose of 12 mg/kg/day. The
treatment did not induce embryo/fetal mortality or congenital malformations but
produced a dose-dependent increase in the incidence of retarded skeletal ossification vs.
the concurrent control (predominantly manifested as incomplete ossification of skull
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bones) at all tested dose levels, ranging from 8% (LD) to 14% (HD). These values,

however, were within the historical control range for the tested species and strain.

Study no.: 007138

Volume # and page #: N.A.

Conducting laboratory and location: Novart1s Pharmaceuticals Corporation, East
‘Hanover, NJ, USA

Date of study initiation: 22 August 2000

GLP compliance: yes

QA reports: yes

Test article: lloperidone metabolite P95 12113

Lot numbers and potency: batch no. 0038001; Content of active ingredient: 100.6%

Vehicle: 0.5% (w/v) sodium carboxymethylcellulose (CMC), type 7HF, aqueous solution

Methods
Doses: 20, 80 and 200 mg/kg/day
Spemes/strgm Rat, Wistar Hanover — WI(Glx/BRL/Han)IGS BR
Number/sex/group: 25 timed-pregnant females
Route, formulation, volume: Oral gavage, P95 12113 suspension in 0.5% (w/v)
CMC, dosing volume 10 ml/kg (all groups)
Satellite groups used for toxicokinetics: No. animals: 3 per control and 5 per each
dose group

Number/group Anirnal numbers*® . Dose Concentration
Group  mainstudy satellites  main study sateliites {mg/kg/day) (mg/mlL)
1 Control 25 3 1-49 59801-5905 0 0
2low 26 5 §5-103 59115019 20 2
3 Mid 25 5 109-157 59255933 80 8
4 High 25 5 163-211 5939-5847 . 200 20 .

Study design: Timed-pregnant female Wistar Hanover rats (25/group) were
administered iloperidone metabolite P95 12113 (P 95) via oral gavage as a suspension in
0.5% sodium CMC at doses of 0 (vehicle control), 20, 80, and 200 mg/kg on Gestation
Days 6 through 17. The doses were selected on the basis of a preceding subchronic (13-
week) oral toxicity study of P95 12113 conducted in rats at doses of 50, 200 and 500
mg/kg that produced pharmacological clinical signs (relaxation and ptosis) at all dose
levels and a decreased body weight and food consumption in males (but not in females)
at doses of 200 mg/kg/day and higher. Preliminary TK results from week 1 of that study
indicated that the dose of 200 mg/kg/day produced plasma exposure (AUC) value in
female rats approximately 65 times the human plasma exposure of metabolite P95 12113
when the parent compound (iloperidone) was administered at the dose of 12 mg/kg/day
(6 mg b.i.d.).

Ref:

Longo LM. ILO522 metabolite P95 12113: 13-weck oral (gavage) toxicity study in rats

with a 4-week recovery period (Study no. 007008). Novartis Phanmaceuticals

Corporation, East Hanover, New Jersey, US. 20-Oct-2000.

Body weight and food consumption were measured at specific time points throughout
gestation, and clinical signs were recorded daily. All main study females were sacrificed

on gestation Day 21, and a gross necropsy was performed. Gravid uterine weights and
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reproductive parameters were recorded. Fetuses were examined for external
abnormalities and fetal sex and weight were recorded. Fetal visceral and skeletal
examinations were subsequently performed. Satellite timed-pregnant animals (3 for
controls and 5/dose for P95-treated animals) were treated during the same time period for
toxicokinetic analyses. Plasma samples were taken on gestation Days 17 and 18 for
determination of P95 concentration.

Parameters and endpoints evaluated:
Maternal: survival and clinical signs (daily), body weight and food consumption (G. days
0, 3, 6, 9, 12, 15, 18 and 21), gross evaluation of dams (major viscera and placenta),
reproductive parameters (gravid uterine weight, number of corpora lutea in ovaries,
number of implantations, resorptions (number and diameter), placental weights, live and
dead fetuses). .-
Fetal: viability, gender, individual weight, external, visceral (fresh visceral examination),
"and skeletal (alizarin staining) examination.
The findings obtained at the autopsy and at fetal examination were statistically evaluated
separately for the fetuses and for the litters.
TK: Maternal blood samples (approx. 0.5 ml each) for TK were collected from the orbital
sinus of each satellite animal on G day 17 at 1, 2, 4, 6 and 24 h. afier the last dose.

Results

Mortality (dams): There were no spontaneous deaths in any of the groups.

Clinical signs (dams): Relaxed vaginal and anal openings and ptosis occurred in all
dosed groups. Decreased locomotor activity and hypersensitivity to touch occurred at MD
and HD.

Body weight (dams): Body weight parameters were not affected by treatment in any of
the dosed groups.

Food consumption: not affected by treatment in any of the dosed groups.

C-section data:

Maternal gross necropsy observations, reproductive parameters, fetal weight and sex ratio
showed no changes in the dosed groups vs. control (see sponsor’s table on the next page).

Fetal external abnormalities: Gross external malformations: hindlimb malrotation was
found in 1 LD fetus (0.6% incidence); and gastroschisis was found in 1.2% of the HD
fetuses (2 fetuses of one and the same litter from the HD group) (see sponsor’s table on
the next page). It is uncertain if the latter finding is treatment-related, as the incidence of
this malformation on a litter basis (4.5%) was within the laboratory historical control
values for similar abdominal closure defects in this species and strain.

Fetal visceral abnormalities: There were no treatment-related visceral malformations.
Occasional findings of visceral variations (i.e., small renal papilla and/or dilated ureters,
common visceral finding in this species) were registered in the control and MD groups
(see sponsor’s table on the next page).
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Fetal skeletal abnormalities; i
The total incidence of fetal skeletal malformations in the treated groups was similar to the
control group, as shown in the sponsor’s table below.
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Skeletal ossification: A dose-dependent, increased incidence of incomplete ossification of
skull bones was found in all dose groups, as shown in sponsor’s table below and on the
next page, i.e., incomplete parietal ossification in 8%, 11% and 12% of fetuses from 4%,
5% and 7% of the litters at LD, MD, and HD, respectively, vs. 0% in control (statistically
significant at all dose levels) and incomplete interparietal ossification in 8%, 10% and
14% of fetuses from 26%, 27% and 27% of the litters at LD, MD, and HD, respectively,
vs. 5% and 19% in control fetuses and litters, respectively (statistically significant at
HD). The incidence of incomplete sternal ossification was dose-dependently increased in
all treated groups, although the difference vs. control did not reach statistical significance
(i.e., in 7%, 11% and 12% of fetuses at LD, MD, and HD, respectively, vs. 5% in control
fetuses). According to the sponsor, all observed incidences of incomplete skeletal
ossification in the treated groups were within the historical control range, and therefore
“not attributable to the test article”. However, the dose-related increase of these
incidences argues in favor of a treatment-related effect.
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(Continued)
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Toxicokinetics

The following sponsor’s tables summarize the plasma concentration of metabolite P95 in
pregnant rats on day 17/18 of the study. ‘
Toxicokinetic parameters for P35 in plasma of pregnant rats

20 mg/kg/day - 80 mg/kg/day : 200 mgtkg/day
Rat# AUC Cmax Rat# AUC Cmax | Rat# AUC Cmax
{h'ngfml) (ng/ml) __{h°ng/iml) (ng/mi) (h°ng/mL) (ng/mL)
5913 NC 5.78 5027 228 114 5839 2153 1170
5915. NC 118 5931 225 108 8041 2617 1240

5917 210 19.5 5933 30 112 5843 598 373

5945 3641 2580
5947 2765 741

Meon 210 124 264 111 2355 1221
) 6.9 48.2 42 1120 837
cv £5.6 18.9 3.8 47.68 68.5

‘NC=not calculated, insufficient data

FortwoofthethrceannmalsmtheZOmg/kgldaygmuptherewasoﬁlyoneumepomtﬂm
showed measurable concentrations of the test article (1hour). AUC values wetenotcalculated
for those animals. For the third animal. the AUC was calculated.

Rats in all treated groups had measurable plasma concentrations of P95. Over the dose
. range, plasma exposure increased more than dose-proportionally for both Cmax and
AUC, as shown in the sponsor’s table on the next page. (For AUC, this applied for the
difference between MD and HD groups; LD group was not included in the analysis since
only an AUC for a single animal in that group could be obtained).
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Dose normalized toxicokinetic parameters for P95 In plasma from

pregnant rats
20 mg/kg/day 80 mg/kgrday 200 mg/kg/day
Rat# AUC - Cmax Rat# AUC Cmax Rat# AUC Cmax
(h*ng/mL) (ngfml) (h*ng/ml) (ng/ml) (hWng/ml) (ng/ml)
5913 ‘NC 0.289 5027 2.85 1.43 5939 108 6.85
59185 NC 0.550 5831 2.8t 133 5941 13.1 6.20
5917 10.5 0.975 5933 3.87 1.40 5943 299 1.87
5946 18.2 129
5947 13.8 3.71
Mean 10.5 0.618 318 138 11.8 6.10
sb 0.344 0.602 0.052 : 560 418
cv 55.8 189 376 . 476 . 685 .

NCxnot calculated. insifficlent data

Thus, the TK study showed that all dosed groups were exposed to P95, and plasma
exposure (AUC and Cmax) increased over proportionally with the dose. The high dose
(200 mg/kg/day) produced plasma exposure (AUC=2355 ng.h/ml) in pregnant rats
approximately 4 times the human P95 plasma AUC value (569 ng.h/ml) when the parent
compound (iloperidone) was administered to schizophrenic patients at a dose of 24 mg
/day (12 mg b.i.d.), as shown in the sponsor’s table below.

Mean (CV%) P95-12113 pharmacokinetic parameters in schizophrenic patients following
iloperidone administration in muitiple escalating oral doses (b.i.d.)**

Mean (CV%)
Parameters
2.0mg 4.0 mg 8.0 mg 120 mg
o (H)* 2.8 (67) 2.5(69) 2.5(70) 2.8(33)
Cuux™ (ng/mL) 9.02 (41) 19.06 (39) 37.74(37) 58.48 (38)
Can®® (ng/mlL) 5.80 (43) 120032) | 2472(29) 36.65 (32)
AUG, (ng-h/ml) 88.99 (37) 187.1(34) 379.7(32) 5689 (35)
Cry® (ng/mL) 742 (37) 15.59 (34) 31.64(32) 4741 (35)
N _ 28 24 20 16
*Median (Range)

**Each patient’s dose was increased from 2 mg twice a day up to 12 mg twice a day over a 31-day period; patients were maintained
on each dose for 7 days.

Conclusnon. Iloperidone metabolite P95 administered to pregnant rats at oral doses of 20,
80 and 200 mg/kg/day during the period of major organogenesis (Gestation Days 7
through 17), produced dose-dependent maternal pharmacological effect (signs of
sedation) at all dose levels, but no maternal toxicity. Maternal plasma exposure (AUC) at
HD was approximately 4 times the mean human plasma AUC of metabolite P95 when the
parent compound (iloperidone) was administered at the dose of 12 mg/kg/day (6 mg
b.i.d.). The treatment did not induce embryo/fetal mortality or congenital malformations
but produced a dose-dependent increase in the incidence of retarded skeletal ossification
vs. the concurrent control (predominantly manifested as incomplete ossification of skull
bones) at all tested dose levels, ranging from 8% (LD) to 14% (HD). These values,
however, were within the laboratory historical control range for the tested species and
strain.
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Study title: Oral Embryotoxicity Study of Iloperidone 873) in Himalayan Rabbits
(Effect on Morphological Development) (Segment 1T)

Key study findings: Iloperidone administration at oral (gavage) doses of 0, 4, 10 and 25
mg/kg/day to pregnant rabbits from gestation day 6 through 18 caused maternal mortality
at the HD (1/15) and induced dose-dependent drug-related clinical signs (sedation at all
dose levels and ptosis at MD and HD). Maternal water intake was reduced at all dose
levels in a dose-dependent manner; food intake was reduced at MD and HD. Maternal
body weight gain was markedly reduced at HD during the 1% week of treatment due to
reduced food consumption, resulting in about 5% decrease in mean body weight vs.
contro] on gestation days 13 and 19 (statistically significant). No signs of embryo/fetal
toxicity or teratogenicity were observed in LD and MD groups. The high dose induced
increase in embryo/fetal intrauterine lethality and a decrease in fetal viability at term.
Based on these results, the NOAEL for embryo/fetal toxicity is 10 mg/kg/day.

Study no.: 92.0012; Report no. 94.0660

Volume # and page #: N.A.

Conducting laboratory and location:

Pharma Development.Corporate Toxicology, Hoechst Actiengesellshaft, Frankfurt/Main
Date of study initiation: May 7, 1992

GLP compliance: Yes

QA reports:. yes

Drug, lot #, and % purity: Batch No. RC 4840; 99.8%

Vehicle: Starch mucilage (20 g/1)

Methods

Doses: 0, 4, 10, 25 mg/kg/day

Species/strain: Rabbit, Himalayan

Number animals/group: 15-16 pregnant females

Route, formulation, volume: oral gavage, suspension in 2% starch aqueous
solution; dose volume 5-ml/kg body weight in all groups.

Satellite groups used for toxicokinetics: none

_ Study design: Mated female Himalayan rabbits (15-16/group) were administered

iloperidone at doses of 0 (vehicle control), 4, 10, and 25 mg/kg/day by oral gavage on
Gestation Days 6 through 18 (day of sperm detection defined as Gestation Day 0).
Cesarean section was performed on Gestation. Day 29 for evaluation of maternal
reproductive parameters, pre- and postimplantation embryofetal lethality, neonatal
viability, weight, gender, and morphology.

Parameters and endpoints evaluated: .
Maternal; survival and clinical signs (daily), body weight and food consumption
(weekly), reproductive parameters (number of corpora lutea in ovaries, number of
implantations, resorptions (number and diameter), placental weights, live and dead
fetuses), organ weight (heart, liver, kidneys and spleen), gross necropsy.
Fetal: Viability at Cesarean section, 24 h survival rate in incubator, gender, individual
weight, crown-rump length, external, visceral (Bouin’s fixative) and skeletal (alizarin
staining) anomalies.
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The findings obtained at the autopsy and at fetal examination were statistically evaluated
separately for the fetuses and for the litters.

Results

Mortality (dams): There was one maternal death in HD group after 4 days of dosing (on
gestation day 9/10); the sponsor assessed the death as drug-related although the cause of
death was not determined because, due to autolysis, pathomorphological examination
could not be performed. Another case of maternal death occurred in the control group (on
gestation day 13) as a result of gavage error (confirmed pathomorphologically).

Clinical signs (dams): Compound-related sedation was observed in all animals at all dose
levels. Ptosis occurred at MD and HD, in 11 and 13 animals, respectively. These clinical
signs appeared about 1.5 h after dosing and persisted for several hours; in most cases, the
signs disappeared on the following day, except for 5 HD females in which the signs
persisted for “some days” after the discontinuation of dosing.

Reduced water consumption and defecation was observed at all dose levels, dose-

dependently (in 3, 4 and 9 animals at LD, MD and HD, respectively), as shown in the
sponsor’s table below.

STWDY ND:  RKGGHD T TITLE: ~ EMERVOTOXISITY IN RASNITS 0it kP B73 (P 88 8736)

START DAY NO: [} FINISH DAY WO: 29
oue GROUP GROUP 3 RO &

o 0 ! & 2 19 . -]
MG/KG MG/XQ WG/KG nerxe

R CORLOURED REDDISH
e shms, 2
DAYE FROM - TO 25 2%
REDUCED DEFECATION
OAYS CFROM - Yo " 22 ] 15 s 21
PALPEGR. FISSURE NARROM

ND. OF OBS. -1 e
. OF MAL. 7 10
oAvE CFrom - Y0 6w % w

N VERY KARROM
PALPEBR. FIS3.VER poriv]

. . » 2%

D:gi °§.22"-"%§ 7 B '3 1’
SLEEPINESS

158 178 2711

s 1 (11
oAYS CENo - ¥ & 1’ '] 1B 6 10

YAT! CONSUMPT LON

R A 7 2 =

DAYE FROM - TO 10 2 a 15 8 2

Body weight (dams): No significant effect on maternal body weight was observed at the
LD and MD. At HD, the dams lost weight due to reduced food consumption, resulting in
about 5% decrease in mean body weight vs. control on gestation days 13 and 19
(statistically significant), but subsequently, upon treatment discontinuation they gained

more weight than control, resulting in a similar body weight at term (see sponsor’s tables
on the next page). '

Food consumption (dams): Maternal food consumption was unchanged at LD. At MD
and HD, it was decreased significantly and dose-dependently during the treatment period
(i-e., 25% and 2x lower than control at MD and HD, respectively, during the 1* week of
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treatment). Food consumption at MD and HD increased significantly and dose-
dependently after discontinuation of treatment.

BODY VEIGHT (G) OF DANS DURING PREGMANCY
SROUP 1 GROUP 2 GROUP 3 aroUP &
[ 4 10 5
MG/KG WG/XG We/KG NG/KG
PULTIVARIATE CONPAR . *
DAY
[ NE NEAN 2522.5 2557.0 2625.4 2353.4
3.0, 16,1 152, 130.9 35,2
CHO. OF DANS) i 4 i is
MEAM 2577.4 N 2607.1 W 2665.5 W 99.1 N
¢ $.0. 10,1 1533 125.7 25
N0, OF DANS) . i3 i5 ic ) %
pEAN 2 2817 N 263.2 W 4759
B $.0, o4 108,38 1245 BR3er
NO. OF DANS) - i3 is i i
’ MEM . T0.2. N 2696.0 N %7 N 5
w . $.8, .. - b 14 T 2.2 7 aRace
{NO. OF DAMS) 13 | 4
KEAN 2198 % 2839.9 M %" 9.6
b _$D. . 152 Roes ) 27 151.6
(40, OF DANS) i3 is is %

a ¢t Siek) A 10 FICANTLY LESS FRGH CONTROL
N & EvALuarion ugtmmnu:l CONTAINS LESS THAN 5 ANIHALS
SiAT oV IEAL AUALYACS HASED OR CATES VERSUS PRELININAKY VALDES
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orove 1 crovr 2 Group 3 GROUP_4
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DAY
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(HO. OF DANS) i3 5 % i
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(NO. OF DANS) i3 i H 3 % -
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S.D. 4729 57.4 9.0 76.4
(HO. OF DAXS) i3 is % i
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S$.D. 54.0 o 52.9 6.0
(NO. OF i3 is i 14
HO STATISTICAL EVALUATION
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N/A 3 VITRIN/OUTSIDE THE NORMAL RANGE
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Terminal and necroscopic evaluations: Maternal necropsy findings: Gross necropsy
findings were unremarkable. Histopathology examination was not performed in this
study. Organ weights of kidney at HD and of liver at MD and HD and were dose-
dependently higher (by 6%, 9% and 19%, respectively) vs. the concurrent control values.

C-section data (implantation sites, pre- and post-implantation loss, etc.):

Mean number of corpora lutea per dam (indicative of the ovulation prior to the start of
treatment) was similar across groups. The mean number of implantations per dam was
significantly lower in HD group in comparison to control, but this change was not drug-
related since the treatment commenced post implantation. The post-implantation
embryo/fetal lethality was significantly higher, and the number of live fetuses/litter was
significantly lower in HD group vs. control group (see sponsor’s table below) The
smaller litter size in HD group can be attribuied to the treatment-related increase in post-
implantation embryo/fetal lethality as well as to the lower number of implantations in HD
group.

TMVEY OF lzsum ouuuc assmxut mn At uesmpl szcml
chow CROD® '2. m‘zo caowp &
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S0 1005 2158 LA i
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Fetal viability and weight:

Viability of fetuses delivered by Caesarean section was similar to control at LD and MD,
but reduced at HD, as shown by the lower survival rate of HD fetuses 24 h after delivery
in comiparison to the concurrent and previous control data for the conducting laboratory
(statistical analysis not performed). .

The mean fetal body weight and length were comparable across groups. Placental weight
and macroscopic appearance in the dose groups were similar to control.

SURVEY OF RESILTS IN LIVE FOETUSES AT CAESARIAN SECTION
arowr 1 GROUP 2 mixo GROUP 4
_________________________________________________ MGG MO/XG NG/XE We/KQ
NUMBEN OF FOETUSES TOIAL . 59 78 62 b
R AN 6.6 5.9 5.6 . 4.4
s.b. 1.8 2.5 2.7 1.9
ALES Xy NE sa.8 57.3 40.3 45.8
14 T (G X s -
SODY MEIGHNT ¢6) o e 3.9 W 4.7 N 33 =« 5.0 »
cnmuw L.Elaf‘l‘ ‘..'.D e %.7 " %2 W %.0 W 9§:;' »
PLACENTAL WEIGKT (6> Osll-sf - g:% ] '5):2; » a:ﬁ u 3:!73 ]
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N/A 3 METNIN/OUTSIOE YTHE NORNAL RANGE

Fetal morphology
The results of external, visceral and skeletal examination are summarized in the sponsor’s
tables reproduced on the next 2 pages.

External abnormalities: The incidence of external malformations tended to be
slightly and insignificantly higher at MD [n=2 (1 case of microphthalmia and 1 case of
forepaw deformity)] and HD [n=3 (1 case of cleft palate and omphalocele; 2 cases of
forelimb deformity) in comparison to control (1 case of “blister on the back of the lumbar
vertebral column™) and LD (1 case of “blister on the parietal cranial region™).

Visceral abnormalities: There were no remarkable findings or inter-group
differences, except for a dose-related increase in the incidence of distended and/or
displaced stomach.

Skeletal abnormalities: There were no differences in the incidence of skeletal
abnormalities or the degree of skeletal ossification between dosed and control groups.

Conclusion: Iloperidone administration at oral (gavage) doses of 0, 4, 10 and 25
mg/kg/day to pregnant rabbits from gestation day 6 through 18 caused maternal mortality
at the HD (1/15) and induced dose-dependent drug-related clinical signs (sedation at all
dose levels and ptosis at MD and HD). Maternal water intake was reduced at all dose
levels in a dose-dependent manner; food intake was reduced at MD and HD. Maternal
body weight gain was markedly reduced at HD during the 1™ week of treatment due to
reduced food consumption, resulting in about 5% decrease in mean body weight vs.
control on gestation days 13 and 19 (statistically significant). No signs of embryo/fetal
toxicity or teratogenicity were observed in LD and MD groups. The high dose induced
increase in embryo/fetal intrauterine lethality and a decrease in fetal viability at term.
Based on these results, the NOAEL for embryo/fetal toxicity is 10 mg/kg/day (8x the
MRHD of 24 mg/day on an mg/m2 basis).
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Segment II Study in Rabbits: Fetal morphology (External and visceral examination)

groue 1 2
s o ane 3 oo &
na/xa [T ] nerxQ WGIXG
class INCIDENCE BY FOETUS/LITTER
w. X m. % N, % .
EXTERMAL/VISCERAL DEFECTS OSTAINED AT AUTOPSY
AEEEREESRLEREERANSEEEFEN AN EERRARE O REREFREREKEEE
[T
LOMIS WEDTALIS DEXTER OR LOBUS  MIN 4.5 2.4 [ 3
INFERIOR MEGIAI IS - Mm’t! H ¢1523) i 6.7; ] ]
MEDIALIS DEXTEA o 'mlms
LATERALIS - COMPLETELY FUSED
ABDOMINAL CAVITY
SLOOD 1IN ABDOMINAL TAVITY HiN ] 1] 1 ..
8 8 i &3 g
STGACH
ENLARCED AND TAUY MITH FLUID  NIN 2, o 1 . .
A 1 &8 H i &3 P &3
Kiowey , .
DISPLACED - CAUD CRAMIAD VAR O 1 . N
A, , ms?pggnmu SRR 1 &.;3 § cg.ﬂ i 3:3
PELVES DISTENDED ~ RIGHT nin 4.
VIS biavEDED - | : L% ° 8
roReeau .
BENT 1N CARPAL REGION - [TV [ ..
LATERAD = UMI- OR BILATERAL ° 0 1 &3 : 23
LG
LOBUT MEDJALIS DEXVER OR LOBUS MIN 3 4.5 1 2. [ -]
INFERIOR MEDIALIS - 2 82 1 -
B0k DEXTER Koo feus ¢ &3 o e
MEDIALIS DEXTER OR LOSUS WEDIALLS
LOBUS DEXTER [NFERIGR
LATERALES - MEI‘ELY_RISQ
A!DWIIAL CAVITY
SL00D IN ABDOMINAL CAVITY win 0 [} b {2.3 [N
o o t A 0
Sromacy
ENLARGED AND TAUT WITR FLUID NI €2.2) o 1 .. o
i &3 H i 83 i 63
DISPLACED - CAUDAD OR CRAWIAD VAR O 1 (2.n 3 6.8 ¥
AND/GR TRAMSVEREE POSITION - [ 1 6.n 3 808 i g%
PELVIS DISYENDED - RIGHT [oT] 2 k. o
H 2 (5333' 0 3
FOREPAW
SENT _IN CARP 108 « [TV [
LATERAD - uu?': 55%?&'"” o 1] } 8:%’ % A2:§3
Em:ﬂtm DEFECTE ORTAINED AT BODY CROSS-TECTION EXANIUATION
WUMBER OF FOETUSER EXAN 390 & 33 »
nuuu: g: {I"EB‘!mtlllgu fx 3 % 12 %
EXTERNAL/VE
ABNORMAL creD 3% (87.2 36 (o7.8 27 818 18 .
vo 1Y1ES OETE 1 &8 % ‘G . £ 0:l B &3
ORAL CAVITY/ADOOMIMAL CAVITY
OWPHALOCE! ™ omas Q@ 0 0
355%2?&'5; LIVER tléﬁtm o L) o ] i 8:?
HEART
2 .1 0 [ .
SLO0D 1M PERICARDIUN w2 Gn 2 ¢ H
ASDDMINAL CAVITY
BLO0D 3N ABDOMINAL CAVITY LU 8 ! 29 8
ggmu
TAUT ULTH FLUID OR ute 2 12 1 x3 & c1g.1 ™ (25.0
EOET HRRE, "D EREALED - DEXTRAD, £ 88 i 8% $ 0y &S
TRANSVERSE POSITRON
KIDMEY
DISPLACED - CAUDAD - LEFT, VAR 17 (2.8 & (o8 1 Ge 10.7
TRASVERSE POATTION - LEFF 1 85 3 éi.!) i 88 3 a3

196



Segment 11 Study in Rabbits: Fetal morphology (Skeletal examination)
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Prenatal and postnatal development

Study title: Segment JII Study in Rats

Key study findings: lloperidone was administered at oral doses of 0, 4, 16 and 36/48
mg/kg/day, by gavage, to pregnant CD rats (25/group) from gestation day 17 through
post-partum (lactation) day 21. The HD dose level was reduced from 48 to 36 mg/kg/day
1 week after initiation of dosing. The HD was maternally toxic (even after the dose
reduction from 48 to 36 mg/kg/day), as demonstrated by maternal mortality (moribund
sacrifices) and a marked significant reduction of body weight (by 12% vs. control) during
gestation and lactation; signs of maternal toxicity were also present at MD, as
demonstrated by significant reductions in mean body weight during lactation (by 7% vs.
control) and in weight gain during gestation and lactation. No signs of maternal toxicity
were seen at LD. Dose-related, apparently pharmacological clinical signs (sedation,
hypoactivity, ptosis) were seen in all of the HD and in most of the MD animals, while in
LD group only few animals exhibited clinical signs. The treatment caused a dose-related
prolongation of the duration of gestation (the mean duration of gestation in control, LD,
MD and HD groups was 21.9, 22.1, 22.3 and 22.8 days, respectively, statistically
significant at MD and HD), as well as a prolonged delivery at HD, lasting up to 24 hours
(in 30% of the HD females). A dose-dependent decrease in the proportion of liveborn
pups was registered (mean livebirth indices = 96%, 91% and 58% at LD, MD and HD,
respectively vs. 100% in control), along with increased number of stillbirths (15, 33 and
131 at LD, MD and HD, respectively vs. 1 in control). There was also a significant and
marked increase in the postnatal offspring mortality at MD and HD, particularly during
early postnatal life. The mean viability indices of F1 generation (N pups alive on Day 4
pre-cull/N liveborn) were 91%, 75% and 19% at LD, MD and HD, respectively vs. 98%
in control. Total litter deaths occurred in 14 HD litters and in 1 litter each from MD and
LD within the first 5 days of life. The mean viability indices at weaning (N pups
surviving to weaning/N pups alive Day 4 post-cull) were decreased at the HD group
(74% vs. 100% in control). The observed high perinatal- and postnatal mortality
(stillbirths and neonatal deaths) in F1 generation at HD and MD can be a consequence, at
least in part, to the extended gestation and prolonged parturition through increased time
from placental detachment to parturition and a delay or lack of maternal stimulation and
nursing. Signs consistent with lack of maternal care were documented in MD and HD. At
gross pathology examination of pups that died during lactation or culled on day 4, “empty
stomachs” were found in 2 (1/1%), 2 (1.4%), 15 (8.6%) and 32 (13%) pups in 1 (4.3%), 2
(9.5%), 7 (30%) and 13 (59%) litters in Control, LD, MD, and HD groups, respectively,
indicative of poor maternal care at MD and HD.

Mean body weight values of F1 offspring were significantly and dose-dependently lower
in comparison to control at HD (by 15% at birth and by 32% on postnatal day 4, pre-cull)
and at MD (by 6% at birth and by 13% on postnatal day 4, pre-cull), indicative of
retardation in prenatal, and particularly in early postnatal growth at MD and HD. The
attainment of developmental landmarks (eye opening, generalized hair growth, incisor
eruption, pinna unfolding, gripping reflex, surface righting reflex, pupil and auditory
reflexes, and sexual maturation), as well as postnatal neurobehavioral development were
apparently unaffected at any dose level (however, it should be noted that in the high dose
group the number of F1 offspring tested for general activity in open field was much
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smaller than in any other group: 6 vs. 24-25 in the other dose groups). No effects were
noted in F1 reproductive performance and in prenatal development and viability of the
next F2 generation. The mean number of F2 pups born, live litter size, live born index
(%), mean body weight and postnatal survival from birth to PND 1 in the treated groups
were not significantly different from the control group.

In conclusion, iloperidone oral administration to pregnant rats from gestation day 17
through parturition and lactation up to postnatal day 21 at doses of 4, 16 and 48/36
mg/kg/day, caused maternal general toxicity at HD and MD, expressed in maternal
mortality (moribund sacrifices) at HD and significant decrease in maternal body weight
and body weight gain at HD and MD during the treatment period, as well as in adverse
maternal reproductive effects demonstrated by a significantly prolonged gestation (at
MD and HD) and excessive prolongation of parturition (at HD), resulting in impaired
viability of F1 generation. The high perinatal- and postnatal mortality (stillbirths and
neonatal deaths) in F1 generation at HD and MD can be a consequence, at least in part, to
the extended gestation and prolonged parturition through increased time from placental
detachment to parturition and a delay or lack of maternal stimulation and nursing. Signs
consistent with lack of maternal care were documented in MD and HD. The growth of the
surviving F1 offspring was impaired at MD and HD, as demonstrated by the reduced pup
weight at birth and weight gain through weaning. However, there was no apparent
adverse effect on F1 development, including behavior, sexual maturation and
reproductive capacity, at any of the administered dose levels. At the low dose, there were
signs of maternal sedation induced by iloperidone exposure, but there was no evidence of
adverse effect on parturition, maternal care, pup survival, growth and development.
Under the conditions of this study, the NOAEL is 4 mg/kg/day (1 .6 times the maximal
recommended dose in humans oh mg/m2 basis).

Study no.:
Volume # and page #: N.A. b(d')
Conducting laboratory and location: Hoehst-Roussel Pharmaceuticals Inc.,
Somerville, N.J. 08876, USA :
Date of study initiation: April 23, 1993
GLP compliance: Yes
QA reports: yes
Drug, lot #, and % purity: Iloperidone (HP 873), Lot# RC 5634,

Assumed purity 100% (not provided in the report)

Vehicle: 2% aqueous starch

——rt—

Methods

Doses: 0, 4, 16 and 36/48 mg/kg/day
Species/strain: Rat, —CDe(BR)
Number/sex/group: Fo dams: 25/group; Fi generation: 2 pups/sex/litter b(4)
Route, formulation, volume, and infusion rate: oral gavage, suspension in 2%
starch aqueous solution; dose volume 5 ml/kg body weight in all groups
Satellite groups used for toxicokinetics: None
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Study design and methods: Virgin female rats and untreated resident male rats of
the same strain and source were cohabited 1:1 in a cage for mating. After confirmation of
mating (by an intravaginal copulatory plug or by the presence of sperm in a vaginal
lavage), the female was placed in an individual maternity cage and the day was
designated as GD 0. The bred females (Fo maternal animals) were randomly assigned to
groups based on stratification of the GD 0 body weights. Iloperidone at oral doses of 0,
16 and 36/48 mg/kg/day was administered from gestation day 17 through post-partum
(lactation) day 21. The progeny was not directly administered the test article during the
study; the F1 pups were potentially exposed to the test article in utero and during lactation,
through maternal milk. Fo females were allowed to deliver naturally and rear their pups to
weaning (PND 21); females with total litter deaths and that did not deliver (up to post-
mating day 25) were sacrificed. All surviving Fo females with viable pups were sacrificed
on postnatal day 21. A gross necropsy was performed for each of these females. F1
litters were examined daily for survival and growth. Standardization of litter size to 8
pups per litter (4/ sex where possible) was performed on PN day 4 by a random selection.
Following weaning, selected F1 animals were assigned to either behavioral or
reproductive capacity testing (following a 70-day maturation phase prior to breeding).
Upon mating within the respective dose groups, pregnant F1 females were allowed to
deliver naturally and F2 offspring were examined and sacrificed on postnatal day 1.

Parameters and endpoints evaluated: Fo maternal animals: clinical signs and
mortality (twice daily); weight (on gestation days 0, 7, 14, 17 and 20, and on lactation
days 0, 4, 7, 10, 14, 17 and 21), food consumption (weekly throughout pregnancy and
lactation) as well as pregnancy maintenance, parturition and lactation. Fo females with
viable pups on postnatal day 21, females with total litter loss and that did not deliver (up
to post-mating day 25) were euthanized. A gross necropsy was performed for each of
these females. For females that delivered, the numbers of former implantation sites were
recorded. Uteri, ovaries and abnormal tissues were preserved in 10% neutral-buffered
formalin for possible future histopathologic examination as deemed necessary by the
gross findings. F1 generation was examined for growth, viability and development,
including reproductive and behavioral performance. F1 litters were examined daily for

. survival and pups were individually weighed on PN days 1, 4, 7, 10, 14, 17, and 21.
Standardization of litter size to 8 pups per litter (4/ sex where possible) was performed on
PN day 4 by a random selection. During lactation and growth of F1 pups, the following
physical and neurobehavioral developmental evaluations were performed, beginning on
the days listed and continuing until the entire litter attained a positive result or until
weaning (as listed in the sponsor’s table below).

F1 pre-weaning development tests

Paraster Day Criterion -
Pinna unfolding 1 Both pinna detachad
Generalized hair growth 7 Denaity comparable to tln doraul surface of the growth on an
adult forepaw. .
Incisor sruption © 7 Upper inctsors pumtraud gums
Eye opaning £1 °  Bath eyes apomd : :
surface righting . 4 Righted from supine position in&g uunda thru out of
’ thres triala
§rip reflax 17-21 Gripped wive for 10 seconds
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At weaning (PN Day 21), 2 F1 pups per sex per litter were randomly selected for
evaluation of sexual maturation (i.e., vaginal opening beginning on day 28 or testes
descend beginning on day 22) and behavioral testing (i.e., open field activity on days 22
and 60, and learning capacity in water maze at the age of 42 days). Following a growth
period of 70 days after weaning, F1 males and females (1 animal/sex/litter) were
cohabited for up to 21 days within respective dose groups for mating. Body weight of
pregnant F1 females was registered weekly; animals were observed daily for clinical
signs, maintenance of gestation and parturition. Upon delivery, the F2 offspring were
examined for viability and external abnormalities; F2 pups were sacrificed on postnatal
day 1 and preserved in 10% neutral-buffered formalin. F1 parental males and females
were sacrificed; gross necropsy was performed and abnormal viscera and reproductive
organs were preserved in 10% neutral-buffered formalin.

Results

Fo maternal:

Mortality: There was no spontaneous maternal mortality. There were 3 moribund
sacrifices of pregnant HD females: one on gestation day 22 (clinical signs of labored
respiration, “cold to touch”, pale appearance) and 2 sacrifices in extremis following a
prolonged delivery. Gross pathology findings of “mottled livers” were recorded in 2 of
these cases, and “pale kidneys, pale placenta and distended stomach” —in 1 case.
Additionally, 14 HD females and 1 female each in MD and LD groups were sacnﬂced
following total litter deaths.

Clinical signs: Dose-related, apparently pharmacological signs of sedation, hypoactivity,
ptosis were seen in all of the HD and in most of the MD animals, while in LD group only
few animals exhibited clinical signs. At HD (before the dose reduction), the clinical signs
persisted in all animals through the next day after dosing; after HD reduction from 46 to
38 mg/kg/day, all animals appeared free of clinical signs on the following day. The
distribution of the HD pregnant females according to gestation day at the time of the HD
reduction from 46 to 38 mg/kg/day is shown in the following sponsor’s table. As shown
in the table, the duration of dosing at the level of 46 mg/kg/day was not uniform for all
HD animals.

Distribution of HD maternal females according to gestation day at the time of HD reduction
from 46 to 38 mg/kg/day

Huwber of nant Femalea/L1ttar Survival
Gastation Day Lactation Day
Day Dose Lavel Changed: 15 19 20 21 2 2 0 1
¥o. of Aniwals . 2 21 1T §5 2 1 4
Mo. of Httara swrvivingtoBay2d 1 1 0 2 2 2 0 o
- -~~~ " |

In parallel to sedation, a marked decrease in food consumption was noted in the HD
group (by 50% vs. control on g. days 17-20). The mean maternal body weight on g. day
20 was approximately 12% lower in HD group in comparison to control. Mean body
weight gain was decreased in all dose groups for the same time period, and was 15%,
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22%, and 121% less than control at LD, MD, and HD, respectively (statistically
significant at MD and HD). Since the start of dosing was on g. day 17, all these maternal
effects occurred during the latter stages of gestation

Mean maternal (F0) body weight during gestation (g)

TR RATERRAL BOGY VETGHTS -DURTRG CESTATION == grame
DOSE LEVEL GROUP 1 Ghour 2 GROUP 3 GROUP 4

0 MA/KQ/DAY | 4 MG/KS/DAY 16 MG/XS/DAY 48/38 We/XG/DAY
HEAN 256.. T 2005 . . 257.3
ar ¢ $.0. 13, . 145 zﬁ.i . 11.3
] 5 ) 3 23
235.3  30).6 203.0 297.7
a7 ﬂ' 15.4 13. 13.4 14.1
N 35 - £}
DAY 14 MEAN 8 336.1 .3 235.6
S 1 2 16.9 168
i %k % 1] 23
HEAN 370.4 m. N7 m
oAy 17 s.D. g a.z 3
] 2 ] 3 2
. X #3.2 ¥
wr 22 = %3 8 8 B
LE 25 a8 u k2

SIU!FIMY nx#ﬁm m CONTROL: * = Pc0.05; ** w $<0.01. °

Mean maternal (F0) body weight gain durihg gestation (g/day)

WEAN MATERNAL BODY VEIGHT CIIGES BURING GESTATION - grams .
DOSE LEVEL GHOUP 1 GROUP 2 GRouP 3 GROUP &
G RG/KG/DAY & NG/KG/DAY 16 WG/XG/DRY 48736 NE/XA/DA|
BAYS 0 %0 ? WEAR 39.64 41.13 42.75 4.4
3.0, 5.1% 6.27 1.8 5.80
N 25 2 24 2
BAYS 7 70 14 NEAX 37.68 34.52 35.29 3.9
8.0. S.g 9.09 8.78 9.00
N a u a
DAYS 14 T0 17 NEAR 36. 37.78 2.6 7.83
$.0. 1.?7, 10.55 5.76 35.91
L) 3 a8 %
DAYS 17 10 26 WEAR 42.88 38.83 3344+ e K d
s.D. .84 10.88 10.84 15.43
N 25 ] u a
S 77017 HEAN n.ae - S o
o s g g ng 3
L] a 4 a
BAYS 070 20 152, T 150.08 51. 08,
s.h. ﬁ.g : 25.68 lI7.*Clg xzo.g"
N =] %
DAYS 7.70 20 NEAR 117. 108.96 108.38 §7..
5.0, %O.ig . g.ll 16.91 l!.;lw
[ 5 . a3 %4 a
SIGNIFICANTLY DIFFERENT FROM CONTROL: * = P<0.05; ** = Pe0.01,

During lactation, the mean maternal body weight was significantly lower than control
values at HD (postnatal days 0 through 17) and MD (postnatal days 10 through 17) by up
to 12% and 7%, respectlvcly, body weight gain was significantly lower than control
values at HD during the 2™ postnatal week (by 94%) and at MD durmg the 3™ postnatal
week (by 72%).
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Mean maternal (F0) body weight during lactation (g)
m%!ﬁﬁgﬁiﬁﬁ%ﬁﬂ—‘—wwﬁv

0OSE LEVEL GROUP 1 . GO 2 o 3 SROUP 4
0 MI/KS/DAY 4 WG/KG /DAY 16 HG/KG/DAY 48/36 MB/RR/T
DAY 0 NEAN “as.2 - M7 309.3 208, 4o
$.0. 1%.1 W] 15.7 $
X 35 3 71
DAY 4 A X " 1.
. = ¥ it} Wy G5y
N 25 1] 28 7
DAY 7 HEAN 338.8 9.0 , 328.7 307,20
s, 2.5 1.0 X 12,9
X 35 2 23 H
1 2 I iy g
" 25 - 23 s
DAY 14 NEAN 5.6 L. s 329.0 M5
$0. 2.7 87 309 189
] 25 : 31 ¢
DAY 17 NEAN 361.0 . w21 5.9 - 319.8¢¢
$.0. 17.8 ) 72 168
] 25 B iz 33 8
DAY 21 NEAR 330.8 . s18.9 355.1 8.7 .
$.D. 26.3 - Ta1.0 2.4 w2
" (LI L 28 - 6

pxmmmu DIFFEIEIT FIM comu.: .- R0.0S' > - '¢ﬂ.01. B

Mean maternal (¥0) body weight ﬁain during lactation (g/day)
FEAR MATERNAL BODY VEIGHT DURING LACTATION -~ grams

DOSE LEVEL GROUP 1 G0 2 GROUP 3 AROUP 4
0 HG/KS/0AY & MG/KG /DAY 16 M5/KGIDAY - 48136 WE/KB/ON
DAYS OT0 4 AN 10.56 19.03 10.22 1.8
s.D. 26.09 11,08 11.63 £4
N 25 _ 22 3
DAYS 470 7 HEAR 13, T 291 9.30 10.00
S.D. zz.% 18.93 736 1.3
] 25 2 23
DAYS 7 T0 10 KEAR 14.84 18.14 10.83 o
s.D. 12.58 13,13 .78 .
] 5 2 3
DAYS 10 70 14 17, : -27.73 -10. 5.50
oWl ?‘ﬂ" z4.§ ;.m zg.g xo.zs
N o 2 [
4 NEAN 4, ' B X 91 8.
OAYS 14 To 17 o 48 #8 A §:3
" 2 1 ]
DAYS 17 TO 21 HEAM -30.16 -43.27 -19.22 -21.
S.D. 86 6.60 35.03 53.33
] 25 2 2 s
7 21.68 . 22. 19.52 23,
Wiz 010 's%'.' 13288 0, 12.04 e.ﬁ
] 25 v 22 23 1
PAYS 0 TO 14 NEAN 21.48 S 12.41 19.78 30.17
.0, 20,39 26.99 31.93 15.20
] 25 . ] 22 8 s
vs WEAN 15.64 ’ 1.82 7.48 15.33
Oars o0 2t - 8.1, /a5 29797 25.58 2.7
1 25 » 22 %] s

SIGNIFICANTLY DIFFERENT FROM CONTROL: * = P<0.05: ** = P<0.01.

Mean food consumption was significantly decreased at HD compared to control on
gestation days 17-20 (upon initiation of treatment) (by 50%) and on lactation days 14-17
(by 18%).

Therefore, the HD employed in this study was maternally toxic (even aﬁer the dose
reduction from 48 to 36 mg/kg/day), based on maternal mortality (moribund sacrifices)
and a marked sxgmﬁcant reduction of body weight (by 12% vs. control) during gestation
and lactation; signs of maternal toxicity were also present at MD, as demonstrated by
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significant reductions in body weight gain during gestation and lactation and in mean
body weight during lactation (by 7% vs. control). No signs of maternal toxicity were seen
at LD.

Fo reproductive performance and litter data :

The treatment resulted in a dose-related prolongation of the duration of gestation (the
mean duration of gestation in control, LD, MD and HD groups was 21.9, 22.1, 22.3 and
22.8 days, respectively), statistically significant at MD and HD. A prolonged delivery,
lasting up to 24 hours, was observed in 30% of pregnant animals (n=7) at HD only. A
parallel decrease in the proportion of liveborn pups was registered (the mean livebirth
indices were 96, 91 and 58% at LD, MD and HD, respectively vs. 100% in control),
along with increased number of stillbirths, excessive at HD (n= 15, 33 and 131 at LD,
MD and HD, respectively vs. 1 in control). There was also a significant and marked
increase in the postnatal offspring mortality at MD and HD, particularly during early
postnatal life. The mean viability indices (N pups alive on Day 4 pre-cull/N liveborn)
were 91%, 75% and 19% at LD, MD and HD, respectively vs. 98% in control). Total
litter deaths occurred in 14 HD litters and in 1 litter each from MD and LD within the
first 5 days of life. The mean viability indices at weaning (N pups surviving to weaning/N
pups alive Day 4 post-cull) were decreased at the HD group (74% vs. 100% in control).
Thus, the decrease in F1 viability at birth and postnatal survival was excessive at HD, and
less pronounced but significant at MD, with a clear dose-dependence.

SN STk N
NATURAL DELEVERY DATA ANO LITTER DATA — SUNMARY
DOSE LEVEL GROUP 1 CROUP 2 EROUP 3 CROUP 4
0 MG/XG/DAY & NG/YG/ONY 16 Ma/XG/DAY 48436 WG/XG/0AY
Famales: MNsted ] o) 25
Pragnant ] 125 23 § g
Dalivaring = g g o g
H 100 2 9% [
Duration of Gestation: NEAN 1.9 2.1 22,3 22 .Ban
$.D. 0.4 0.5 0.5 4.7
[ 43 ] % 2
Femalus with Livabor ® 25 . |
- eu'ﬁﬂm'“gndum" % 100 13 100 B
Vith Sti1t Puwps ; 1 [} n 19
4.0 26 4 95
Females with no Liveborn P ] 0 0 ] 2
©8 WIsh no e 0.0 0.0 0.0 9.1
Females with no Pups Delivered 0 0 [ ]
0.9 0.0 0.0 0.0
Dalivered T 323 368 318
Fues 138 14200 15.3 1445
$.D. 3.73 .52 2.28 3.1
1 25 H
ST oo Tom n % %3 i
tncertatn TOTAL 9 o 3 14
Implantation Sitss TOTAL 390 349 403 s
MEAM 15.60 15.17 16.9 15.27
$.0. 3.65 42 2.70 5.28
[ 25 . . a3 un 2
SIGHIF ]! Y DI FROM m: * = Pcl).05; ** = P<0.01.
Reproducticn Equations
Percent Pregnant - IAOST_af foslex arssmunt » 10
Gestation Index (Parturition Index) - DUSber.of fomiles delivering live puos , 1o9

Bated = Evidence of sparm or vagimal plug, or a Titter was produced.
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HATURAL DELIVERY ﬂrm‘{{%n DATA -= SUMGARY .
DOSE LEVEL - GROUP § SROLP 2 GROUP 3 SROUP
ONGSKE/DAY - 4 ME/KA/DAY 16 ME/XG/DAY 0738 R ou
R et M;:W T o ® " 5
:g I a ID'E,AI* 99 1 % 19
m% vaboray * P :
m nfu HEA 100 L 100 % 74
alfve at weantng/
mmber slive at bay 4 postcull)
Pup Dispoattion
iz o ¢ B " : 3 !
101 7 1 123
c-mlblllud 107, [] 1 2 []
Kiss ToTi 3 T 3 14 13
Pops Surviviu at 21 days TOTAL pi-0) . m 175 33
Pups Dylng, Ki1led, Missing, and/or Cannibelized
. SRR 0 ’ B
ameh o B % g " vy
Entire Littar Dled, Killed, Kissing, udlw tamlbdlud ’
days 0~4 i ] ’ 1 1 )
days 521 R | L] o .y
Totdl Maber and tean Meles Percent by Litter
113 . 150 n
o B2 & & 1
s w8 ¢ § 2
m% @ 0 8 _ 58
Sl@l‘?lﬂlﬂ;‘ OIFFKIEII' Flﬂ wmu. * = 0,055 ** o Ped. 01
TOTAL » m cf 'z{ or Implants :
« Dos to prolonged deliveries, the duss for littsr Nos. mm and 3335624 were ucrlﬂud in extremis; a)1 pups wars killed on Day 0.

The high perinatal- and postnatal mortality (stillbirths and neonatal deaths) in Fl
generation at HD and MD can be a consequence, at least in part, to the extended gestation
and prolonged parturition through increased time from placental detachment to
parturition and a delay or lack of maternal stimulation and nursing, as suggested by the
sponsor. Signs consistent with lack of maternal care were documented in MD and HD
(i.e., pups “apparently weak” in 2 MD litters and in 7 HD litters in first 2 weeks of life,
“cold to touch” in 1 MD litter and in 4 HD litters in first 4 days of life, “pale pups” in 3
HD litters). Gross pathology examination of pups that died during lactation and pups
culled on day 4 noted “empty stomachs” in 2 (1/1%), 2 (1.4%), 15 (8.6%) and 32 (13%)
pups in 1 (4.3%), 2 (9.5%), 7 (30%) and 13 (59%) litters in Control, LD, MD, and HD
groups, respectively, indicative of poor maternal care at MD and HD.

F, physical development:

Mean body weight values of F1 pups were significantly and dose-dependently lower in
comparison to control at HD (by 15% at birth and by 32% on postnatal day 4, pre-cull)
and at MD (by 6% at birth and by 13% on postnatal day 4, pre-cull), showing a
retardation in prenatal, and particularly in early postnatal growth ant MD and HD.
Postnatal body weight gains of F1 offspring from birth through weaning were markedly
lower at HD relative to control values (see sponsor’s tables on the next page).
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F1 generation mean body weight

o : RO 3 oo 4
DOsE LEVEL o NVR/oAY o o 16 MG/KE/DAY 40738 WARDAY
Pup Vaight/Litter (grams) :
e e 8.2 .5 8.10 5.5
Gy 9 s, 845 0.62 3 a8
Covartate Adfusted HEAN % ¢ o8 % 555
FEOMLES HEAN 612 6.12 5.72 5.2
day 0 s. [ 0g 848 .4
2 1
Covariste Adjusted WEAN 6.1 $.09 5.78* 5.2
MLES - Precull  MEAR . . . .78
dy 4 L 8 -y 1% 18
i 3 22 » §
Covariats Adjusted NEAN 10.31 R 9.6+ s.91

SIGHIFICANTLY DIFFERENT FRON CONTROL: * = F<0.05; ** = P0.0L, . ..

F1 generation mean body weight gain from birth through weaning

Nean ﬁﬁ i Veight Cains Based on Marlau-ﬂmhd Hoans °
. Fales . ... . Fesales L
Interval S ) C 1 g 3 4

Days 0-4 {precull) 3.92 486 301 136 3.50 451 3.09 0.85
Days 0-4 (postoull) 408 A7 308 135 3.92 455 215 076
Days & (postel)) =7 5.47 - 6.18 - 5.66 499 5.34 -6.04  5.60 - 5.7
Days 7-14 1645 15,12 4.4 1.9 16.07 1615 1427 9.8
Days 14-21 2044 18.84 17.26 15.19 18.70 1264 16.18 14.04
Days 0-2t 46.48 4585 404 3344 44.04 4438 23321 29,97

F1 Developmental landmarks: The attainment of developmental landmarks (eye opening,
generalized hair growth, incisor eruption, pinna unfolding, gripping reflex, surface
righting reflex, pupil and auditory reflexes, and sexual maturation) was apparently
unaffected by treatment of the dams, although the pups were smaller in the MD and HD
groups. The data are summarized in the following sponsor’s table:

F1 generation: Developmental Landmarks
MEAN AGE 1IN DAYS OF PUPS NG CRITERION -- SUMMARY

DOSE LEVEL Faind Taend 8705/ B &
S DESCENDING MEAN .85 . 27. . .
Teste %% i} %8 %
pups reaching oriterion ! 1 . 15 lg 100
VAGINAL OPERING MEAN 33.54 -33.85 3?. .57
S.E- - "'gg l.g% .g .lg
pups reaching critarion X 100 . b 00 100
EYE OPERING HEAN 14.30 ’ 14.22 14.42 13.90
5.0, . §§ D.g [ X
pups resching oriterion b1 1 1 b 1
HAIR GROMTH ‘ MEAN .80 o.a1 .73 .92
S.g- 0.26 a.82 o.g ..Oa
25 22 -
pups reaching critarion X 100 100 100 100
INCISOR ERUPTION HEAN 10.03 10.34 20.12 a.92
5.D. 0. .88 O.g .-Gz
pups reaching critarion 1 135 100 100
PIKHA UIFOLOING gﬁ- s:g 5:§ s:g i:’?
pups reaching criterion %X 59 99 92 "
IPPING REFLEX 37.04 7. 02 17.18
& ¥ S.ll, 0.0g 10.8§ "n.g ..22
mps rsaching eriterion ; 150 b1 100 100
= Wumber 1ittars -
pups ing oriterion = total nusber of pups with messurs: present/total mmber tested on first day of test. -
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F1 Behavioral evaluation (Open field activity, learning and memory)

Increased motor activity in open field test at weaning and maturity was observed at MD
and HD relative to control. The significance of this finding in activity levels is unclear; it
should be noted that the sample size in HD group was much smaller than control or other
dose groups (6 vs. 24-25). There were no apparent differences between the treated groups

and control in F1 generation learning and memory as tested in water maze at the age of
42 days.

F1 Open field testing — Mean activity counts

Day 22
—fotivity County (5 HMiputs Rlecks) o
—orowp = 819 AA=15 —AG-Z0_
Nalas
1 Maan 257.83 137.20 84.33 . A1.96
(Control) © S.0. ' SS5.20 . 57.38 - 70.90 ' 50.47
™ 24 24 24 24
2 . Mean . 2086.23 < 180.59 113.93 71.88
CLow) sS.D. s5.96 €2 19 69.15 s1.52
" 22 z2 2z
3 Mean z84.18 167.50 130.82* 75.88
{Mid) - $.0. 89.02 . €4.76 3.8 - ‘66.0L
" 22 22 22 22
4 Mesn . 269.688 - 173.50 A75.37* .  120.33%
(H1gh) s.b, 21.38 S1.50 33.80 70.26
L] ) .3 L3 [ ] L3
Famales .
1 Mean  251.44 144.56 77.80 58.385
(Control ) s.b. 79.90 $2.97 7a.10 04.20
n 25 ) 23 25
C 2 Mean 288.41 177.59 120.50 76.28
Low) s.D. 45.52 64.56 €9.00 73.96
" 22 22 22 22
3 Mann 287.27 195.77~ 133.14% 89.73
i d) S.D. 73.45 62._85 64.37 72 77
n = 22 z2
-4 Meun 94.17 Z200.67~ i42.33 . 127 .50
CHigh) S.D. Z4 .62 19.50 S2.22 68.79
N [ 6 6 6
Tay &0
——Astivity Counts (5 Mioute Blacka)
—Sroup —A=3 -1 AA-AS . _18-20
Hates
1 #ean 485.2% 375.13 2082.04 214.33
(Control } s.D. 90.40 79.91 76.29 85_97
" 28 24 24 24
‘z Mean 518.91 409.27 295,78 243.95
(Low) s.o. 113.08 97.29 91.42 103.16
“ 22 22 22 22
3 Hean 565.77 411.0S 305.18 242.77
™i1d) s.D. 73._48 81.60 203.43 73.52
[ 2z 2z 2z 22
4 Mean 520.50 88,67 313.17 288.03
(High) s.D. 90.03 7e.04 29,58 90.80
“ 6 6 [ 6
Fermales .
1 . Mean 551.68 400.92 359.20 262.28
(Contral} 5.0. 84,52 . 8a.58 86.39. 86.55
N 25 25 25 28
2 Maan 566.82 453.05 358.64 282.95
{Low) S.D. 63.49 63.50 66.44 .
22 22 22
3 Nean 571.05 457.14 = 593.14 329.05
(mtd) sS.D. 100.35 91.30 115.19 106.26
» 22 22 22 22
4 Mean 527.00 449.12 344.03 349.33
(High) :.o. 62.51 1:.22 ag.u 72.&

*Significantly different from contrel p<0.05
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F1 Reproductive Performance and F2 litter data :
No effects were noted in F1 reproductive performance. The male and female fertility
indices were 88%, 95%, 100% and 100%, and the livebirth indices were 99%, 99%, 98%
and 100%, in Control, LD, MD, and HD group, respectively. The duration of pregnancy
and parturition were similar between the treated groups and control. There were no
neonatal deaths prior to the scheduled sacrifice of F2 litters on lactation day 1. The data
are summarized in sponsor’s tables reproduced below.

F1 Reproductive Performance
S it HI S in fats
an mﬂ«."

]

Ho. of meles pafred with at Jesst oné famsle BT a B _ 6
No. [X) of mles maﬁ“y mated with at Jsast ome. f-‘lo t 21 (o) - 21 (953 23 (100} © 6 (100}
Mo, of females paired vith st Tsast one male 5 2] 2] []
Ko, (%) femmles mated 24 (96) 22 (100) 23 (100) 8 (100)
No. aborted . . (] [} [ ] [}
No. daliversd arly [] ] [ ] 0
Ko. (%) famales with abnorwal gestation aind deumy g [ 0 0
Female Fertility [~ ] 95 100 100
Rale Fertility - ] 95 100 100
Percent of Rales Succarafully Meted - DAL SCITSS. ehan fo ke Tortily
Percent of chju Hated - m’-"-‘” of f-ﬂq pal
Percent Pregnant - mwmn“" of famalss pairsd X 100
Fowale Fertility Index - %ﬂ x 100
Kale Farti1 ity Index « Dumtar ot ales {woreanating Camles . 10
Gestation Index (Parturition Index) = CiMRRCof Comlog dolixering Live otk 109
Hated = Evidunce of sparm of vaginal plug, or a 11ttar was produced.
T B
NATURML DELIVERY DATA LITIEI BATA —— SUMNARY
LEVEL ROUP GROUP &
Dose ] ww\‘m 4 ue/xsnm 16 OB /OAY 48/36 WE/X3/0)
Faales: Hated 24 2 s
Dalivery § 9; l§ wg
™ & 31 100 a3
Duration of Gestatien: NEAN 21.8 2.9 21.8 22.0
s.0. 0.4 0.¢ 0.7 as
" 21 ze 3 H
Fupe .8 28 1 0.6
Fumales with no Livaborn Pups og ': oo nn
Females with no Pups Delivered ‘0 8 -3 -?
0.0 0.9 0.0 20
Pups Balvared A N 158 a8 15.5
$.0. 2.65 26 3.37 1.58
N a 3 23 5
Liveborn TOTAL 306 305 329 75
7
Sl ey i 1 : g
IspTantation Sites TOTAL 330 322 358 78
NEAN 15.71 18.35 15.57 15.60
s.0. 1. 2.06 358 1:14
" 26 23 s
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The mean number of F2 pups born, live litter size, live born index (%), mean body
weight and postnatal survival from birth to PND 1 in the treated groups were not
significantly different from the control group.

uﬁll 1t ﬂuﬂ ll RATS
MATURA! P
ATURAL DELIVERY DATA ANDOI'.“TER DATA ~~ SUMMARY
DOSE LEVEL arouP 1 GROUP 2 SROUP 3 GROUP 4
0 WG/XE/DAY 4 MBJXGIDAY 16 N3 /KB/DAY 43/38 MG/XA/DA
Females: Matad . u 22 - 3 i |
Pragoent ' ' & 150 1
Dl ivert 21 20 3
vertng [ 91 R 1%0 lg
Ouration of H REAN 3 . .8 .8 .
it of Gttt % % %y T
] 43 . 20 i a3 5
Fasalas with LS fups . . 20 23
IR & BB y
wemres 3 % S | 17 0.0
Fwsales with no Liveborn Pups 0 i '] 0 0
Fomales With no Pups Delivered 2 ; o2 3 bt
6.0 6.0 0.0 20
Pups Delive 1OV, . . I a0 :
vered Eﬁ e 4.6 .- 15.45 - llﬁ 15.53
S.D. 2.65 2.%‘ 3.3 1.58
] 21 0 2 5
Llveborn . JOIM. - -306 305 329 75
Stillborn 4 7
“lél!’tl‘n i % -] [} g
Implantation Sites TOTAL 330 N 327 358 78
HEAN 15.21 16.3% lg. 7 15.60
5.0, 1.9 . 2.06 . 1.14
] 21 0 23 5

STSNIFICANTLY DIFFERENT FRON CONTROL: * = P<0.05; ** = P<0.01.

In conclusion, iloperidone oral administration to pregnant rats from gestation day 17
through parturition and up to lactation day 21 at doses of 4, 16 and 48/36 mg/kg/day,
caused maternal general toxicity at HD and MD, expressed in maternal mortality
(moribund sacrifices) at HD and decrease in maternal body weight and body weight gain
at HD and MD during the treatment period, as well as in adverse maternal reproductive
effects demonstrated by a significantly prolonged gestation (at MD and HD) -and
excessive prolongation of parturition (at HD), resulting in high pre- and postnatal
mortality in F1 generation. The high perinatal- and postnatal mortality (stillbirths and
neonatal deaths) in F1 generation at HD and MD can be a consequence, at least in part, to
the extended gestation and prolonged parturition through increased time from placental
detachment to parturition and a delay or lack of maternal stimulation and nursing. Signs
consistent with lack of maternal care were documented in MD and HD. The growth of the
surviving F1 offspring was impaired, as demonstrated by reduced pup weight at birth and
. weight gain through weaning. However, there was no apparent adverse effect on F1
development, including behavior, sexual maturation attainment and reproductive capacity
at any of the administered dose levels. At the low dose, there were signs of maternal
sedatory effect and decreased body weight induced by iloperidone exposure, but except
for a slight increase in the stillbirth rate (mean 0.6/litter vs. 0.04 in control) there was no
evidence of adverse effect on parturition, maternal care, pup survival, growth and
development. Under the conditions of this study, the NOAEL is 4 mg/kg/day.
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Reproductive and Developmental Toxicity: Summary and conclusions
The following studies were performed to assess the reproductive and developmental
toxicity of iloperidone:

- PFertility (Segment I) study in rats;

- Embryofetal development (Segment II) study in rats and rabbits;

- Pre- and postnatal development (Segment III) study in rats.

The Segment 1 rat fertility study evaluated the effect of iloperidone on male and female
gonadal function, mating behavior and fertility, as well as on the development of 2
generations of offspring. Oral (gavage) administration at doses of 0, 4, 12, 36 mg/kg/day
to Sprague Dawley male and female rats (32/sex/group) for a period starting 10 weeks
prior to mating (males) or 2 weeks prior to mating (females) and continuing through
mating, gestation, parturition and lactation, resulted in the following drug-related effects:
clinical signs (hypoactivity, ptosis and lacrimation at MD and HD; ptosis at LD),
significant decreases in mean body weight of FO males and females at MD and HD
during pre-mating and mating periods, as well as throughout gestation and lactation [e.g.,
the corrected maternal weight at term (terminal body weight minus gravid uterine weight)
was significantly lower at HD and MD by 13% and 7%, respectively], female estrous
cycle disturbances (all doses, dose-dependently) and reduction in male reproductive
organs’ weight (mean absolute prostate weight decreased in all dosed groups; mean
absolute and relative testis and epididymis weights decreased at HD). Lower female
fertility indices, i.e. 72% and 88% were registered at HD and MD, respectively, vs. 100%
in control (statistically significant at HD). A significant negative trend was noted for male
fertility. The pregnancy rate was lower in MD and HD groups (86%, and 60%,
respectively, vs. .100% in control), statistically significant at HD. Mean numbers of
corpora lutea and implantation sites were significantly lower at HD in comparison to
control; the reduced implantations were secondary to the reduction of corpora lutea and
not due to an increased pre-implantation embryonic lethality since preimplantation loss
was not significantly different from confrol in any of the treated groups. The duration of
pregnancy was increased (stafistically significant at MD and HD). There was an
increased prenatal and neonatal mortality in F1 generation, as demonstrated by decreased
livebirth index (89% and 83% at MD, and HD vs. 99% in control group, statistically
significant), increase in stillborn pup number (18 and 17 at MD and HD vs. 2 in control
group, statistically significant) and increase in neonatal deaths (mean viability indices,
i.e. N alive on postnatal Day 4/ N liveborn = 80% and 24% at MD, and HD vs. 98% in
control group, statistically significant). Embryofetal growth was retarded at HD, as
indicated by a significantly lower mean fetal weight at term vs. control. No external or
visceral malformations were observed in the treated groups, but visceral variation rates
(dilatation of lateral and third brain ventricles, dilatation of heart ventricles) were
increased in HD group. There were no differences in developmental landmarks or in
neurobehavioral development of F1 generation as assessed by activity and learning tests.
However, very few HD litters were available for growth and behavioral evaluations
because of the low pregnancy rate and neonatal deaths. F1 post-weaning growth and
development were similar in dosed and control groups. Reproductive performance of F1
animals and F2 generation in utero growth and survival were apparently not affected by
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treatment. In conclusion, based on the results of this study, a NOEL was not identified,
since dose-related estrous cycle disturbances and a decrease in prostate weight of FO were
induced at all dose levels, including the low dose. These effects are not unexpected and
are most likely secondary to the pharmacological action of the drug. However, at the low
dose (4 mg/kg/day) these effects did not interfere with FO reproductive capacity, prenatal
and postnatal survival, growth and development of F1 generation, or with F1
reproductive capacity and the prenatal growth and survival of the next, F2 generation.
Therefore, iloperidone oral dose of 4 mg/kg/day is identified as the NOAEL in the
Segment I rat fertility study (this dose is 1.6 times the human exposure at MRHD (24
mg/day) on an mg/m2 basis). The higher doses employed in this study induced dose-
dependent decreased parental FO fertility (male and female), prolonged gestation,
increased prenatal and neonatal lethality of F1 progeny, and reduced F1 pre- and
postnatal growth (as indicated by lower body weight at term and postnatally).
Segment II Prenatal developmental toxicity study in rats:
Tloperidone administration to pregnant Wistar rats at doses of 0 (control), 4, 16, and 64
mg/kg/day by oral gavage on Gestation Days 7 through 18 induced at HD and MD a
significant dose-dependent reduction in maternal weight (by 18% and 6%, respectively,
vs. control at term) and in maternal weight gain (by up to 92% and 34% of control values,
respectively). Maternal food consumption was decreased at HD by up to 11% vs. control.
Placental weights were statistically significantly lower at HD (by 17% vs. control) and
MD (by 7% vs. control). Clinical signs associated with pharmacological action of the test
agent (sedation, ptosis) were present in all dosed groups, dose-dependently. The high
dose induced a marked (over 5-fold) increase in post-implantation embryonic lethality.
Early post-implantation death of all conceptuses occurred in two thirds of the treated HD
dams. The surviving HD fetuses exhibited growth retardation (as expressed by
significantly decreased fetal weight and crown/rump length at term by 12% and 7%,
respectively as compared to control, and retarded skeletal ossification). An increased
~ incidence of minor skeletal abnormalities (fragmented and/or displastic thoracic vertebral
centra) and skeletal variations (supernumerary thoracic rib) was registered in the HD
group. No increase in external or visceral abnormalities was registered in any of the
dosed groups. Intrauterine development was not adversely affected at MD and LD. The
embryo/fetal lethality and mean fetal body weight and length in these groups did not
differ appreciably from control.
In conclusion, based on the study findings, iloperidone induces developmental toxicity
(expressed as embryofetal lethality, retarded intrauterine development and minor skeletal
abnormalities) at oral doses above 16 mg/kg/day. Signs of maternal toxicity (reduced
weight and weight gain, reduced placental weight) are induced at and above 16
mg/kg/day. The NOAEL for developmental toxicity in this study is 16 mg/kg/day (6
times the MRHD of 24 mg/day on an mg/m2 basis).
The predominant circulating iloperidone metabolite in humans (P95) administered to
pregnant rats at oral doses of 20, 80 and 200 mg/kg/day during the period of major
organogenesis (Gestation Days 7 through 17), produced dose-dependent maternal
pharmacological effect (signs of sedation) at all dose levels, but no maternal toxicity.
Maternal plasma exposure (AUC) at the high dose was approximately 4 times the mean
human plasma AUC of metabolite P95 when the parent compound (iloperidone) was
administered at the dose of 24 mg/day (12 mg b.i.d.). The treatment did not induce
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embryo/fetal mortality or congenital malformations but produced a dose-dependent
increase in the incidence of retarded skeletal ossification vs. the concurrent control
(predominantly manifested as incomplete ossification of skull bones) at all tested dose
levels, ranging from 8% (LD) to 14% (HD). These values, however, were w1thm the
historical control range for the tested species and strain.

Segment II Prenatal developmental toxicity study in rabbits:

Iloperidone administration at oral (gavage) doses of 0, 4, 10 and 25 mg/kg/day to
pregnant Himalayan rabbits from gestation day 6 through 18 caused maternal mortality at
the HD (1/15) and induced dose-dependent drug-related clinical signs (sedation at all
dose levels and ptosis at MD and HD). Maternal food intake was reduced at MD and HD.
Maternal body weight gain was reduced at HD during the 1% week of treatment due to
reduced food consumption, resulting in about 5% decrease in mean body weight vs.
control on gestation days 13 and 19 (statistically significant). The high dose induced
increase in embryo/fetal intrauterine lethality and a decrease in fetal viability at term. No
signs of embryo/fetal toxicity or teratogenicity were observed in LD and MD groups.
Based on these results, the NOAEL for embryo/fetal toxicity is 10 mg/kg/day (8x the
MRHD of 24 mg/day on an mg/m2 basis).

Segment 11T Prenatal and postnatal developmental toxicity study in rats

Tloperidone oral administration to pregnant CD rats from gestation day 17 through
weaning (postnatal day 21) at.doses of 4, 16 and 48/36 mg/kg/day, caused maternal
toxicity statistically significant at HD and MD (maternal mortality at HD and dose-
dependent decrease in maternal body weight at HD, MD and LD), significantly prolonged
gestation and parturition, high perinatal- and postnatal mortality (stillbirths and neonatal
deaths) in F1 generation at HD and MD, and some increase in stillbirth rate at LD (mean
stillbirth rate per litter 0.6 vs. 0.04 in control). The high perinatal- and postnatal mortality
in F1 generation at HD and MD can be a consequence, at least in part, to the extended
gestation and prolonged parturition through increased time from placental detachment to
parturition and a delay or lack of maternal stimulation and nursing. Signs consistent with
lack of maternal care were documented in MD and HD. The growth of the surviving F1
offspring was impaired at MD and HD, as demonstrated by the reduced pup weight at
birth and weight gain through weaning. However, there was no apparent adverse effect
on F1 development, including behavior, sexual maturation and reproductive capacity, at
any of the administered dose levels. At the low dose, there were signs of maternal
sedation and decreased maternal weight induced by iloperidone exposure, but there was
no evidence of adverse effect on parturition, maternal care, pup survival, growth and
development. Under the conditions of this study, the NOAEL was 4 mg/kg/day (1.6 times
the human dose at the MRHD on an mg/m2 basis).
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2.6.6.7 Local tolerance

Local tolerance studies were conducted with iloperidone and its manufacturing
intermediates as summarlzed in the following sponsor’s table.

b(4)

b(4)

Hoperidone
Test Article: lloperidene
Species’ | Method of Dasss Gender and No. Noteworthy Findings Stady No,
Strain | Administration per Greup
Rabbit! | Ocular 100 mg MF Tloperidone was determined not $0 be a primary eye Eritant. 0793-220
New 3
Zealand
White
Rabbit/ | Topical 05g MF, Toperidone was d d not to be & primary dermal irditant. 0693-220
New - 3
Zealand
Tloperidone manufacturing intermediates
Test Article: llwpetldone metabolites
Testarticle | Species/Sirain’ | Method of . | Durafionof . | Doses.” " | Gender anaNo. per ' | Approximate Median | StudyNo.
Administration { Dosing Group LethalDoseor
. R No&woﬂhyﬁadinss
r Rabbit/New Ocular Acute (smgle 100 mg MF was 2294
Zealand White . . dose) : 3 determined to be .
moderately irrifating to
the eye
Rabbit/New Topical Acute (single 058 MF was 2394
Zealand White dose) 3 determined to be a
J dermal nop-irzitant
weeo.ST | GuineaPig/ Topieal Acnts 04mLof10%, | MF 7as pot 1095
Hariley (induction/ 25%, and 50% 0 o considered tobe a
challenge dose) | solution — dermal sensitizer in
(induction phase) | 5 ror water/ guinea pigs
and 100 mg of 5 for water/ water
100% sohition 3 for positive control/
{(challenge positive control
phase)
' Rabbit/New Ocular Acute (single 100 mg MF T wes 1494
Zealand White dose) 3 determined to be
minimally iritating to
the eve
Rabbit/New Topicat Acute(single 05g MF was 1594
Zealand White dose) 3 detérmined to be a
dermal non-irritant
J Guinea Pig/ Topical Acute 100 mg MF ‘—————  wasnot 1195
Hartley (induction/ Mfor, e | consideredtobea
challenge dose) - sensitizer in
3 1 watet/ guinea pigs
5 for water! water
3 for positive control/
’ RabbitNew Ocular Acote(single | Somg MF T was 1894
Zealand White dose) 3 determined to be
moderately iritating to
theeye
Rabbit/New Topical Acxute (single 0Sg MF vas 1994
Zealand White dose) 3 deterrnined to be a
J dermal non-isritant
Guinea Pig/ Topical Acute 100 mg MF ' was not 1295
Hariley (nduction/ 10 fne s — considered tobe a
challenge dose) T dermal sensitizer in
5 1or water guinea pigs
5 for water/ water’
3 for positive control/
positive control

b(4)
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Local tolerance studies, lloperidone manufacturing intermediates (Continued)

Test Article: Hoperidone metabulites
Test article | Sp Method of of Dases Gender and No. per | Approximate Median | Study Na.
Administration | Dosiag Group Lethal Dase o
Noteworthy Findings
Rabbit/New Ocalar Acuie(single | 100.mg MF —— was 2694
=" | Zealand White dose) 3 detesmined to be
minimally irxitating to
Rabbit/New Topicat Acute (single 05g MF I == was 2794
—— | Zealand White dose) 3 oereymmed fo bea
dermal non-rritant
—_— Guinea Pig/ Topical Acute 100 mg M,F —_— was not 1395
Hartley (indoction/ no— considered to be a
: challenge dose) — dermal sensitizer in
S for water: - | guineapips .
5 for watesf water -
3 for posifive comtroy

. Iloperidone

Primary eye irritation studies of iloperidone in rabbits (Study 0793-220)
The potential to produce eye irritation in New Zealand White rabbits (3/sex) was
evaluated following a single topical application of iloperidone (100 mg). Treated eyes
were examined for gross signs of eye irritation at 24, 48, and 72 h post-instillation and
graded for iloperidone or for each metabolite. Based on clinical findings and eye irritation
grading, iloperidone was not considered to be a primary eye irritant.

Primary dermal irritation study of iloperidone in rabbits (Study 0693-220)
The potential to produce skin irritation in New Zealand White rabbits (3/sex) was
evaluated following a single topical application of iloperidone (0.5 g), applied at 2 sites

per -animal. Treatment sites were treated with powder aliquots of the test material, and -

covered with bandages for 24 hours post-application. Application sites were examined for
gross signs of skin irritation at 24, 48, and 72 hours post-application and graded based on
the Draize system. The results of these studies indicated that iloperidone is not a primary
dermal irritant.

Iloperidone-manufacturing intermediate
Primary eye irritation studies of in rabbits (Study 2294)
The potential for iloperidone production intermediate —— o produce eye irritation
in New Zealand White rabbits (3/sex/group)was evaluated following a single topical
application of ~— (100 mg) Treated eyes were examined for gross signs of eye irritation
at 24, 48, and 72 h post-instillation. Based on clinical findings and eye 1rr1tat10n grading,
—— _ was determined to be moderately irritating to the eye.
Primary dermal irritation studies of ——— Uin rabbits (Study 2394)
The potential of ~———— o produce skin irritation in New Zealand White rabbits (3/sex)
was evaluated following a single topical application of ~— 1.5 g), applied at 2 sites per
animal. Treatment sites were treated with powder aliquots of the test material, and
covered with bandages for 24 hours post-application. Application sites were examined for
gross signs of skin irritation at 24, 48, and 72 hours post-application and graded based on
the Draize system. The results of these studies indicated that — is not a primary dermal
irritant.
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Dermal sensitization studies of —— 2 guinea pigs (Study 1095)
The dermal sensitization of | — ¢ was assessed in Hartley guinea pigs (23/sex).
During the induction phase of the study, test material (100 mg of active test product or
negative [distilled water] and positive [1-chloro-2,4-dintrobenzene] control materials)
was applied to the : ~-— —=~ ) patch, and the area was bandaged. Approximately 6
hours after dosing, patches were removed and the treated sites were moistened with
distilled water. This procedure was repeated 3 times a week for 3 weeks, totaling 9
induction exposures. For the challenge phase, test material (100 mg of active test product,
positive control material, or distilled water) was applied once, 18 days after the last
induction application. The animals were examined for signs of irritation at 24 and 48 h.
following each induction and challenge patch application, and responses were scored

using a Primary Dermal Reaction scale. No dermal reactions to ——  were noted at

24 or 48 hours post-application during either the induction or challenge phase of the
studies. Dermal reactions were noted at 24 and 48 hours in all animals treated with the
positive control during both the induction and challenge phase. Therefore, ; ~— ! is
not considered to be a dermal sensitizer in guinea pigs.

Iloperidone manufacturing intermediate .

Primary eye irritation study ot i rabbits (Study 1494)
The potential to produce eye irritation in rabbits following a single topical application
was evaluated for . — - (100 mg) using the same design described above — was
determined to be minimally irritating to the eye.

Primary dermal irritation studies of. ~—_ in rabbits (Study 1594)
The potential to produce skin irritation in rabbits following a single topical application
was evaluated for iloperidone manufacturing intermediate —— 0.5 g) in New
Zealand White rabbits using the same design used fo. — as described above. The
results indicated that —~——" not a primary dermal irritant.

Dermal sensitization studies of . ———— guinea pigs (Study 1195)
The dermal sensitization capability of iloperidone manufacturing intermediate —~——_
was evaluated in Hartley guinea pigs usmg the same design used for ~ _ as described
above No dermal reactions to —————" were noted at 24 or 48 hours post-apphcatlon
during either the induction or challenge phase of the studies.

Tloperidone manufacturing intermediate
Primary eye irritation studies of ~ . rabbits (Study 1894)
The potential ta produce eye irritation in rabbits following a single topical application
was evaluated for ———— 50 mg) in New Zealand White rabbits. Based on clinical
findings and eye irritation grading, — was determined to be moderately irritating
to the eye.
Primary dermal irritation stndies of ~——— n rabbits (Study 1994)
The potential to produce skin irritation in rabbits following a single topical application
was evaluated for iloperidone production intermediate | ~——— } (0.5 g) in New Zealand
White rabbits. The results indicated that iloperidone is not a primary dermal
irritant.
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Dermal sensitization studies of | ——  in guinea pigs (Study 1295)
The dermal sensitization of iloperidone production intermediate = ——was assessed
in Hartley guinea pigs. No dermal reactions to were noted at 24 or 48 hours
post-application during either the induction or challenge phase of the studies.

Iloperidone manufacturing intermediate |

Primary eye irritation studies of a rabbits (Study 2694)
The potential to produce eye irritation in rabbits following a single topical application
was evaluated for ——— 100 mg) in New Zealand White rabbits. Based on clinical
findings and eye irritation grading was determined to be minimally irritating h(A)
to the eye. '

Primary dermal irritation studies of ——— 'n rabbits (Study 2794)
The potential to produce skin irritation in rabbits following a single topical application
was evaluated for —— (0.5 g) in New Zealand White rabbits. The results indicated
that s not a primary dermal irritant. :

' Dermal sensitization studies of n guinea pigs (Study 1395)

The dermal sensitization of was assessed in Hartley guinea pigs. No dermal
reactions to © ~—— ' were noted at 24 or 48 hours post-application during either the
induction or challenge phase of the study.

In summary, the local tolerance studies showed that iloperidone was no primary eye or
dermal irritant in rabbits. Iloperidone production intermediates . «—wnwo
! —————— _  ‘Ywere minimally to moderately irritating to the eye, but none of
these agents were determined to be a primary dermal irritant or dermal sensitizer.

2.6.6.8 Special toxicology studies

Special toxicology studies included immunotoxicity and ototoxicity studies in rats and
guinea pigs, respectively, upon 1-week oral administration of iloperidone (ototoxicity
study) or 4-week oral administration of iloperidone and its metabolite P95
(immunotoxicity study). No immunotoxicity or ototoxicity were noted in these studies.
The design and findings of these studies are summarized in the following sponsor’s table.

Other Toxicity Studies
Test Spect B of Duration of Doses (mg/kg) Gender and No. per | Noteworthy Findings | Stady No.
Immunotoxicity
Boperidone ' | Rat/ Sprague- pPo. 4 weeks 0,4,24,50,500 { M,F NOEL: 89941
and P95- Daw] 10 Topesidone: 24 mg/kg
12113 .. - :CD*SD)BR) P95: 500 mp/kg
No immmotoxicity b(a)
observed with either
test article.
Ofotoxicity
Tloperidone | Guinea pig/Not | p.o. Acute (Single | Single:200and [ M,F All femnles died 2t 95-1
stated dose and 400 4 2200 mg/kg dose
multiple doses | Multiple: No evidence of auditory
for 1 week) M: 200 effects at any dose in
F: 100 either sex
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Four-week oral (gavage) immunotoxicity study of IL0O522 and ILO522 P95
metabolite in rats (Study 89941)

The potential immunotoxicity of iloperidone and its metabolite P95 12113 was studied
upon a 4-week oral (gavage) administration to Sprague-Dawley CC — :CD® (SD)BR
rats (10/sex/ dose) at iloperidone doses of 4 and 24 mg/kg/day, and P95 doses of 50 and
500 mg/kg/day. At study termination, hematological investigation and phenotype and
natural killer cell assays were performed. Organ weights and macroscopic and
microscopic examinations revealed no test article-related findings. There were no
significant changes in lymphocyte subsets or natural killer cell activity associated with
iloperidone or P95 12113 administration. It was concluded that administration of
iloperidone or its metabolite P95 12113 resulted in no significant changes in the immune
system. The NOEL for immunotoxicity was 24 mg/kg/d for iloperidone and 500 mg/kg/d
for P95.

Ototoxicity study in guinea pig (Study 95-1)

The effects of single and multiple (7 days) oral doses of iloperidone on auditory function
were evaluated in male and female guinea pigs. The single-dose experiment was
conducted at doses of 200 and 400 mg/kg for both males and females; the multiple-dose
experiment used doses of 200 mg/kg for males and 100 mg/kg for females, based of the
MTD determined in a preliminary dose-ranging study (200 and 100 mg/kg/d for males
and females, respectively). Neither the single- nor multiple-dose experiment revealed No
change in auditory function vs. control (saline) was found in either males or females
treated with iloperidone. It was concluded that iloperidone is not ototoxic in guinea pigs.

2.6.6.9 Discussion and Conclusions
(As provided under specific chapters)

2.6.6.10 Tables and Figures
(Provided in the text)

2.6.7 TOXICOLOGY TABULATED SUMMARY

Sponsor’s tables of pivotal studies pertinent to the primary indication and core
pharmacology studies relevant to the primary pharmacodynamic effect are
provided in the text
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

_ Conclusions:

The high affinity of iloperidone and its metabolites P88, P89, and P95 for al-
adrenergic receptors in peripheral vascular tissues indicates that are likely to exert
cardiovascular effects, such as postural hypotension.

Hloperidone prolongs action potential duration and block hERG currents in vitro;
indicating a capacity to prolong QTc interval. Iloperidone metabolite P88 also
exhibited this potential. In vivo, iloperidone dose-dependently decreases blood
pressure and induces transient increases in heart rate in rats and dogs; however,
ECG parameters were not affected.

Iloperidone inhibits CYP2D6 and CYP3A4/5 at the maximal recommended
therapeutic dose in humans (12 mg BID); its metabolites P88 and P95 have a
weaker inhibitory activity on CYP2D6 and CYP3A4/5.

Iloperidone metabolic profiles show differences across species. The most

abundant metabolites in humans (P95 and P88) are only minor circulating

metabolites in rodents.

Chronic oral administration of iloperidone to rats (6 months) and dogs (1 year)
and of iloperidone P95 metabolite to rats (6 months) induces general toxicity in
all tested species. An NOAEL was not reached in either of these studies. The
lowest tested doseof iloperidone in the 6-month rat study (12 mg/kg/d, about 5
times the human dose at MRHD (24 mg/day) on an mg/m2 basis) induced a
decrease in body and organ weights, hematological and clinical chemistry
changes, and histopathology changes in the mammary glands of males and
females. The lowest tested dose of iloperidone in the 1-year dog study (6 mg/kg/d,
8 times the human dose at MRHD on an mg/m2 basis) induced decreased body
weight and neurological clinical signs. The lowest tested dose of P95 in the 6-
month rat study (50 mg/kg/day, corresponding to plasma exposure (AUC 0-24)
approximately 2 to 3x the human exposure at MRHD) induced proliferative
pathomorphological changes in multiple organsftissues, i.c., endocrine glands
(pituitary, thyroid, and pancreas), mammary gland (both genders) and ovary.
Iloperidone was clastogenic in one in vitro test (chromosomal aberration assay in
Chinese Hamster Ovary (CHO) cells) but was not clastogenic in the in vivo
micronucleus assays in rat hepatocytes and mouse bone marrow. The positive
results obtained in chromosomal aberration assay in CHO cells in vitro are of
little biological relevance, having in mind the negative results obtained in vivo.
Iloperidone genotoxic and potentially genotoxic impurities — -ere——
— -~ +do not constitute a genetic toxicity risk for humans
since the acceptance criteria for each of these impurities are set at the level of —-
ppm, so that the overall daily exposure from the sum of these ~impurities is ~—-~
pg/day.

Tloperidone administration to mice for 2 years was not carcinogenic in males; 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/m?2 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
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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.

- lloperidone administration to rats for 2 years was not carcinogenic in males; in
females, it produced an increased incidence of combined pancreatic benign and
malignant islet cell tumors (islet cell adenomas and carcinomas) at HD 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-
neoplastlc findings), it is.concluded. there was. no carcmogemc effect .in either
male or female rats attributable to the test article.

- In viewof the proliferative effects seen with iloperidone metabolite P95 .in the 6-

~ month rat study, the Division required a 2-year carcinogenicity study w1th P95 in.

* he rat which is ongoing (CAC meeting of March 25, 2008).

- lloperidone induces. decreased fertility, prolonged gestation, increased prenatal

"~ and neonatal mortality, and ‘retarded growth  of the progeny upon oral
administration to male and female rats for a period starting 10 weeks prior to
mating (males) or 2 weeks prior to mating (females) and continuing through
gestation, parturition and lactation. The NOAEL is 4 mg/kg/day (1.6 times the
human dose at MRHD (24 mg/day) on an mg/m2 basis).

- Tloperidone oral administration to pregnant rats and rabbits during the period of
major organogenesis induces developmental toxicity (embryofetal lethality in
both species, retarded intrauterine development and minor skeletal abnormalities
in the rat) at doses that are maternally toxic The NOAEL for developmental
toxicity is 16 mg/kg/day in rats and 10 mg/kg/day in rabbits (6- and 8 times,
respectively, the human dose at MRHD of 24 mg/day on an mg/m2 basis).

- lloperidone perinatal and postnatal administration to rats (Gestation day 17
through postnatal day 21) produced, at maternally toxic doses, prolonged
gestation and parturition, increased incidence of stillbirths, neonatal mortality, and
retarded growth of progeny up to weaning, but did not affect neurobehavioral and
reproductive development of the surviving pups. The NOAEL is 4 mg/kg/day (1.6
times the human dose at MRHD (24 mg/day) on an mg/m2 basis).

Unresolved toxicology issues (if any):
Metabolite P95 2-year carcinogenicity study in rats is ongoing.

Recommendations: Approvable
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Tertiary Pharmacology Review

By:  Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and Toxicology
OND IO

NDA: 22-192

Submission date: September 27, 2007

Drug: iloperidone

Sponsor: Vanda Pharmaceuticals

Indication: Adults with schizophrenia

Reviewing Division: Division of Psychiatry Drug Products

Introductory Comments:

The pharm/tox reviewer and supervisor found the nonclinical information submitted for
iloperidone to be sufficient to support its use for the proposed indication.
Reproductive and developmental toxicity: '

The reviewer agreed with the sponsor’s proposed pregnancy category of C. Studies in rats
and rabbits showed that iloperidone induced embryotoxicity and growth/developmental
delays. The metabolite P95 when tested alone in rats produced delayed skeletal
ossification. Although some of these effects were observed at doses that induced some
maternal toxicity, the toxicity was not excessive and so the effects may be due to direct
effects of the drug and may not be only secondary to maternal toxicity. It is appropriate to
include these findings in labeling and assign pregnancy category C.

Carcinogenicity:

No increase in tumors attributable to iloperidone was noted in male or female rats.
Female mice had an increased incidence of mammary tumors although only in the low
dose group (2.5 mg/kg/day). The increase was statistically significant, was notably above
the historical range, and appeared to be drug related. The Executive Carcinogenicity
Assessment Committee concluded that this finding could be included in the labeling, It
was not clear why similar increases were not seen at higher doses.

The predominant human metabolite, P95, is a relatively minor metabolite in rodents.
Consequently, the applicant conducted a 6 month study in rats of P93. P95 induced
proliferative changes in multiple organs/tissues. The division, in consultation with the
Executive Carcinogenicity Assessment Committee, recommended that the applicant
conduct a carcinogenicity study of P95. The applicant submitted a protocol for a 2 year
study in rats and recommended doses were provided to the applicant from the Executive
Carcinogenicity Assessment Committee on June 14, 2007. This study is ongoing. The
division agreed that this study could be submitted post approval provided that the
labeling described the proliferative response observed with P95 in the 6 month study.

Conclusions:

I concur with the Division pharm/tox conclusion that the nonclinical data support
approval of this NDA for adults. I concur with the labeling recommended by the
reviewer.
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Executive CAC
Date of Meeting: March 25, 2008

Committee:  David Jacobson-Kram, Ph.D., OND IO, Chair
Abby Jacobs, Ph.D., OND IO, Member
Paul Brown, Ph.D., OND 10, Member
William Taylor, Ph.D., DSPTP, Alternate Member
Barry Rosloff, Ph.D., OND DPP, Team Leader
Sonia Tabacova, Ph.D., OND DPP, Presenting Reviewer

Author of Draft: Sonia Tabacova, Ph.D.

The following information reflects a brief summary of the Committee discussion and its
recommendations.

NDA # 22-192
Drug Name: Iloperidone
Sponsor: Vanda Pharmaceuticals

Background: Iloperidone, a new drug proposed for the treatment of schizophrenia,
belongs to the chemical class of piperidinyl-benzisoxazole derivatives and acts as an
antagonist at selected dopaminergic, serotoninergic, and adrenergic receptors. It has high
(nM) affinity for SHT2a/NEa1/NEw2¢/D2/D3/5HTi1a receptors in humans.

The protocols of the 2-year carcinogenicity studies of iloperidone in rats and mice were
previously approved by the Executive CAC and the doses were selected in accordance with the
Executive CAC recommendations (IND 36827, Interoffice Memorandum by Dr. J. De George of
7/20/1993 re. rat study protocol and IND 36827, Pharm/Tox Memorandum by Dr. L. Freed of
9/14/1994 re. mouse study protocol).

Rat Carcinogenicity Study: A 24-month oral oncogenicity study of ILO 522 inrats (Study No.
988054)

In the rat: ™ CD (SD) 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 the low dose, medium dose
and high dose, respectively, as well as a decrease in food consumption and
pharmacological clinical signs at all doses that subsided during the course of the study.
Body weight gains in the treated groups normalized after the first 3-4 months of study
and 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. Effects were much more pronounced in females, which exhibited non-
neoplastic proliferative mammary changes (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, and 7 for the two controls, LD, MD and HD, respectively). The
incidence value at the high dose was within the historical control range for this species

h(4)



and strain and was not statistically significant (p>0.05) in the pair-wise comparison of
high dose vs. control incidence values; 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.

An MTD was achieved or exceeded in this study, based on decreases in mean body
weight of over 10% in all treated groups.

In conclusion, based on the lack of a dose-response relationship or statistically significant
increase in tumor incidence in any of the observed tumor types in a valid carcinogenicity

study, there was no carcinogenic effect in male and female rats attributable to the test
article.

Mouse Carcinogenicity Study: A 24-month oral oncogenicity study of ILO 522 in mice
(StudyNo.* = 7" ) _

Hloperidone administration to ...--CD-1 (ICR) BR mice at doses of 2.5, 5, and 10 mg/kg/d
in 2% aqueous starch by gavage caused a dose-dependent decrease in survival in females
from all treated groups and in males at the high dose. For this reason, the high dose
groups (both male and female) were terminated at study week 82 when the survival was
approximately 33% for both genders and the number of survivors was 21 per sex. All the
remaining females from the low dose, mid dose and control groups were discontinued at
study week 90 when the survival was 33% and 32% in the low dose- and mid dose
female groups, 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% in the low dose- and mid dose male groups, 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, although 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.

The sponsor attributed the mammary gland changes, including the increased incidence of
tumors at -the low dose, to endogenous hormonal imbalances triggered by increased
prolactin secondary to pharmacological inhibition of the dopamine receptor. Prolactin
determination was performed once, at study week 4, in10 animals/sex/group. Prolactin

levels were increased in both genders; a dose-response was apparent for males but not for -

females.
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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). Generally, the incidences of these findings did not increase dose-
dependently. '

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.

Executive CAC Recommendations and Conclusions:

Mouse:

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.

e 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.
Rat:

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

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

David Jacobson-Kram, Ph.D.
Chair, Executive CAC

cci\

/Division File, DPP

Barry Rosloff /Team leader, DPP
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