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EXECUTIVE SUMMARY
L Recommendations
A. Recommendgtion on approvability: Approvable
B. Recommendation for nonclinical studies: Adequate
C. Recommendations on labeling: Changes recommended

IL. Summary of nonclinical findings

A. Brief overview of nonclinical findings
Pharmacology: Iloperidone has high affinity for serotonin 5-HT2A, adrenergic al,
adrenergic a2, D2, D3, and 5-HT1A receptors in humans, and acts as an antagonist at
selected dopaminergic, serotonergic, and noradrenergic receptor subtypes. Affinity was
highest for 5-HT2 and adrenergic al receptors, and lower for dopamine D2, which is a
profile of an atypical antipsychotic. Iloperidone metabolites P88 and P89 have a profile
similar to that of iloperidone in receptor-binding studies, with potential to exert CNS
effects mediated by dopaminergic, serotonergic, and noradrenergic antagonism. P95
exhibits a similar affinity to iloperidone for human 5-HT2A and adrenergic receptor
subtypes, while exhibiting a substantially lower affinity for D1, D2, and D3 receptor
subtypes compared with iloperidone. P95 is less likely to exert CNS effects since, as
shown by whole-body autoradiography, it apparently does not cross the blood-brain
barrier. The high affinities of iloperidone and its metabolites for al- adrenergic receptors
in peripheral vascular tissues indicate that iloperidone and its metabolites P88, P89, and
P95 are likely to exert cardiovascular effects, such as postural hypotension.
In vitro evaluation of iloperidone effects in isolated dog Purkinje fibers and in
mammalian cells expressing the cloned hERG showed that iloperidone has the capacity to
prolong action potential duration and to block hERG currents; this indicates that
iloperidone has the capacity to prolong QTc interval. Iloperidone metabolite P88, but not
P95, also exhibited this potential. In hemodynamic evaluations conducted in rats and
dogs, iloperidone was found to dose-dependently decrease blood pressure and to induce
transient increases in heart rate; however, cardiac output and ECG parameters were not
affected. Neither iloperidone nor its metabolite P95 was associated with any adverse
respiratory effects as evaluated in rats.
Pharmacokinetics: Iloperidone was rapidly absorbed in all animal species tested
following oral and i.v. administrations, but its bioavailability was very low due to a
significant first-pass effect. Oral bioavailability was <1% in rat, 5% in mouse, 19% in
both rabbit and dog, and approximately 36% in humans. The absorption profiles of
metabolites P88 and P95 were similar to the parent compound; their absorption was
rapid after either oral or i.v. administration. At equal oral doses, bioavailability of P95
(18%) was significantly higher than P88 (5%) in mice.
Hoperidone plasma exposure (Cmax and AUC) levels generally increased dose-
proportionally in the tested animal species, except for the rat in which exposure increased
over-proportionally possibly due to inhibitory activity of iloperidone to CYP enzymes.




Gender differences in exposure were present in the rat, the mean AUC in female rats
being significantly greater than that in males. ‘
Distribution of iloperidone and its metabolites after oral administration was rapid; the
highest drug concentrations were observed in the liver, kidney, gastrointestinal system,
and secretory glandular tissues; placental transfer was limited; and drug concentration in
the brain was very low. P95 metabolite did not pass the blood-brain barrier in the rat
(whole-body autoradiography). After oral administration to lactating rats, iloperidone was
excreted in milk; Cmax was attained 4 hours post dosing when iloperidone concentration
was approximately 10 times higher in milk than in plasma.
Hoperidone metabolic profiles show differences across species. The most abundant
‘metabolites in humans (P95 and P88) are found in the species used in toxicology studies.
However, in rodents, P95 and P88 are only minor circulating metabolites, in contrast to
humans. Plasma exposure to the main active metabolite P88 in rodents and dogs is lower
than that of iloperidone, while in humans, P88 exposure is greater than that of the parent
compound. For P95, the differences between humans and animals are even greater than
for P88. Results of pharmacology and pharmacokinetic studies that have bearing on the
potential toxicological characteristics of metabolite P95, include the following:

- While P95 is the predominant circulating metabolite of iloperidone in humans,

_comprising 25% to 54% of its total metabolism, in rodents it represents only 3.9%
to 5.7% of the total measurable exposure to iloperidone and its metabolites.

- Although P95 did not appear to cross the blood-brain barrier as assessed in the
whole-body autoradiography study in rats, in general toxicity studies in rodents
and dogs with direct oral administration of P95, it induced CNS clinical signs
similar to those induced by iloperidone, which suggests that the blood-brain
barrier is not impenetrable to P95.

- P95 is rapidly eliminated in rodents; the half-life of P95 is 45 min in mice, 40 min
in Sprague-Dawley rats and 100 min in Wistar rats, as compared to a half-life of
23-26 hours for P95 in humans.

In vitro metabolic studies showed that iloperidone has stronger inhibitory activity to
CYP2D6 and CYP3A4/3A5 compared with either P88 or P95; neither iloperidone nor its
metabolites had potential to induce cytochrome P450 enzymes.

Excretion profiles of iloperidone, P85 and P99 were similar. They are mainly eliminated
through the feces, in contrast to humans in which urinary excretion is the major
elimination pathway.

Toxicology: Repeat-dose studies of general toxicity and corresponding toxicokinetic
parameters were conducted with iloperidone in mice, rats, rabbits, and dogs.
Additionally, toxicology studies were performed in rats and mice with the predominant
circulating metabolite of iloperidone in humans, P95, to better characterize its safety and
toxicity profiles in view of the lower exposure to this metabolite following iloperidone
administration in animal species vs. humans.

General toxicology: Among all the repeat-dose general toxicology studies on iloperidone
and its P95 metabolite, pivotal studies of the longest duration and therefore most relevant
to safety evaluation, are the 6-month rat study and the 12-month dog study conducted
with iloperidone, and the 6-month rat study conducted with P95 metabolite. These studies
are the subject of the present review.




Iloperidone 6-month oral administration to rats_(Spfague-Dawley) at doses of 0,
12, 24, and 48 mg/kg/d induced dose-related clinical signs indicative of CNS depression

(ptosis, decreased motor activity, relaxation of the scrotum, anus, vaginal opening) and
decrease of mean body weight at all dose levels; hematological changes (lower total
leukocyte and lymphocyte counts at LD, MD and HD and lower platelet counts at MD
and HD); dose-related decrease in serum triglycerides and glucose levels in females at all
doses and in MD and HD males. Prolactin was not determined. Increased incidence and
severity of vacuolization of glandular epithelium in the mammary glands of males and
females was seen in all dose groups, mammary hypertrophy/hyperplasia in females at
MD and HD, testicular degeneration and atrophy at MD and HD, and fatty infiltration in
bone marrow sections in HD group. During the 5-week recovery period, an incomplete
reversibility was seen for decreased body weight, hematology and mammary glandular
epithelium changes. The MTD was 12 mg/kg/d, based on a marked body weight decrease
(18-22% vs. control) at the next higher dose tested (24 mg/kg/d). An NOAEL was not
reached in this study, as the lowest tested dose (12 mg/kg/d) induced a decrease in body
and organ weights, hematological and clinical chemistry changes, and histopathology
changes in the mammary glands of males and females. This dose is about 5 times the
human dose at MRHD (24 mg/day) on an mg/m?2 basis. _
Iloperidone 1-year oral administration to beagle dogs at 6, 12, and 24 mg/kg/d
induced drug-related clinical signs at all dosages (decreased spontaneous activity,
tremors, bizatre behaviors, labored breathing, ptosis, slow response times and/or lack of
pupillary reflex); the mid- and high-dose induced ataxia, loss of righting and toe pinch
reflex (in single animals), emaciation. Body weight decreases of 7.3% and 9.2% vs.
control were registered over the treatment period at LD and HD, respectively.
Hematology and clinical chemistry changes were induced dose-dependently at MD and
HD, i.e., decreases in mean erythrocyte count and in hemoglobin and hematocrit levels in
males and females; lower cholesterol and triglyceride levels in females, and increase in
alanin aminotransferase in HD males. No abnormalities were found in any dose group on
ECG and auditory examination. Higher mean absolute and relative liver weights and
hepatocellular hypertrophy resulting from proliferation of the endoplasmic reticulum
were found in males in the HD group, probably secondary to liver enzyme induction. The
MTD was 6 mg/kg/d in view of severe clinical signs and emaciation induced at and
above the next higher dose of 12 mg/kg/d. NOAEL was not reached in this study as the
lowest tested dose (6 mg/kg/d) induced decreased body weight and neurological clinical
signs. This dose is 8 times the human dose at MRHD (24 mg/day) on an mg/m2 basis.
lloperidone metabolite P95 six-month administration to rats (Wistar) at oral doses
of 50 and 500 mg/kg/day (yielding P95 plasma exposures of about 2 to 3x and 150 to
400x, respectively, the human P95 plasma exposure at iloperidone MRHD of 24 mg/d),
induced dose-dependent CNS clinical signs at both dose levels throughout the entire
treatment period, similar to those induced by iloperidone (ptosis, decreased motor
activity, relaxation of the scrotum, anus, vaginal opening) that are attributable to
pharmacological effect. Body weight and weight gain decreases were induced at HD
only. There were no drug-related abnormal findings in hematology, clinical chemistry
(including prolactin plasma levels), or urine analysis. Functional and morphologic
reproductive system changes were induced in both genders. In females, dose-dependent
cycle prolongation occurred at both LD and HD, consistent with the finding of vaginal



epithelium mucification and decreased uterine weight in the treated groups. In males,
atrophy of testicular seminiferous tubule epithelium (in 2 animals) and an increased
incidence of mixed cell inflammation of prostate gland with associated degenerative
changes were found at HD. In both genders, increased cellular proliferation in the
mammary gland (alveolar hyperplasia, increased secretion and dilatation of mammary
ducts) occurred with dose-related severity at LD and HD, non-reversible afier the
recovery period. Drug-related proliferative histopathology changes, demonstrable by
routine histology and/or immunohistochemical method (BrdU labeling) were induced in
endocrine glands (pituitary and adrenals in males, thyroid in females, and pancreas in
both genders), mammary gland (both genders) and reproductive organs (ovary, uterus,
testes, prostate). Statistically significant, treatment-related increase in cell proliferation
(increased proportion of cells in S phase of the cell cycle, as assessed by BrdU labeling)
was found in pituitary (LDM and HDM), mammary gland (duct and alveoli) in both
genders (LDM, HDM, HDF), and the endocrine pancreas in both genders (HDM, HDF).
Most of these histopathology deviations (with the exception of the adrenal, testicular and
secondary sex organ pathology in males) were induced in a dose-dependent manner at
both tested dose levels. An NOAEL was not reached in either male or female rats since
pathomorphological proliferative changes in multiple organs/tissues were present at the
lowest tested dose of 50 mg/kg/day, corresponding to plasma exposure (AUC 0-24)
approximately 2 to 3x the human P95 plasma exposure at MRHD of 24 mg
iloperidone/day.

Genetic_toxicology: Iloperidone was clastogenic in one in vitro test (chromosomal
aberration assay in Chinese Hamster Ovary (CHO) cells). It is likely that the positive
results obtained in the chromosomal aberration assay in vitro are of little biological
relevance, having in mind the negative results obtained in the in vivo micronucleus
assays in rat hepatocytes and mouse bone marrow. Iloperidone metabolite P95 was
negative for potential genotoxicity in a battery of 3 tests: an Ames, a chromosomal
aberration test in CHO cells, and a bone marrow micronucleus test in rats. For
iloperidone genotoxic and potentially genotoxic impurities .~
the acceptance criteria are set at the level of~—— each, so that the
overall daily exposure from the sum of these — mpurities is « - g/day.

Carcinogenicity: Two-year carcinogenicity studies of iloperidone were conducted in mice

and rats of both genders.

Iloperidone administration t¢ ——"D-1 (ICR) BR mice at oral doses of 2.5, 5, and 10
mg/kg/d (causing an increased mortality in males at HD and in females at all dose levels),
did not exert carcinogenic effect 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/m2 basis, there is no safety margin between
the low dose employed in the study (2.5 mg/kg/day) and the maximal recommended dose
in humans (24 mg/day). However, mammary tumor incidences were not increased in the
mid- and high-dose groups, although the duration of treatment was the same in the mid-
dose and low dose groups. It is not clear why similar increases in mammary tumor
incidences were not seen at the higher doses employed in this study. Drugs which elevate
plasma prolactin typically cause mammary tumors in rodents.

lloperidone administration to —~~~-D(SD)BR rats at oral doses of 4, 8, and 16 mg/kg/d
for 24 months (inducing a dose-related, significant decrease in mean body weights of

b(4)
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over 10% in all treated groups), did not exert carcinogenic effect in male rats. In females,
the combined incidences for pancreatic islet cell adenomas and islet cell carcinomas were
increased at HD (2, 2, 0, 3, and 7 for the two controls, LD, MD and HD, respectively).
The incidence value at HD was within historical control range for this species and strain;
the dose-response trend analysis showed a p-value of 0.0051 that approached but did not
reach the level of statistical significance required for common tumors (alpha=0.005).
Having in mind that the incidences of pancreatic islet cell tumors in this study were
within the reported historical control range for this species and strain and that there was
no other evidence indicating a treatment-related effect (such as multiplicity of tumors,
increased incidence of pre-neoplastic findings), it is concluded there was no carcinogenic
effect in the female rats attributable to the test article.
Reproductive and developmental toxicity was assessed in a Fertility (Segment I) study in
rats; Embryofetal development (Segment II) study in rats and rabbits; and in a Pre- and
postnatal development (Segment I1I) study in rats.

Segment I rat fertility study: Iloperidone oral administration at doses of 0, 4, 12,
36 mg/kg/day to Sprague Dawley male and female rats for a period starting 10 weeks
prior to mating (males) or 2 weeks prior to mating (females) and continuing through
mating, gestation and lactation, resulted in the following drug-related effects:
pharmacological clinical signs at all doses, significant decreases in body weight of both
males and females at MD and HD, female estrous cycle disturbances (all doses, dose-
dependently) and reduction in male reproductive organs’ weight (prostate weight
decreased in all dosed groups; testis and epididymis weights decreased at HD), lower
fertility indices (72% and 88% at HD and MD, respectively, vs. 100% in control), lower
pregnancy rates at MD and HD groups (86%, and 60%, respectively, vs. 100% in
control), reduction of corpora lutea count at HD in comparison to control; increased
duration of pregnancy at MD and HD; increased stillbirth rates and neonatal deaths at
MD and HD. At HD, embryofetal growth was retarded, and visceral variation rates
(dilatation of lateral and third brain ventricles, dilatation of heart ventricles) were
increased, but no external malformations were observed in the treated groups. There were
no differences in developmental landmarks or in neurobehavioral development of the
surviving F1 pups (however, insufficient number of HD litters were available for growth
and behavioral evaluations because of the low pregnancy rate and neonatal deaths).
Reproductive performance of F1 generation was apparently not affected. The NOAEL
" was 4 mg/kg/day (1.6 times the human dose at MRHD (24 mg/day) on an mg/m2 basis).
Although this dose induced estrous cycle disturbances and a decrease in prostate weight,
it did not affect parental fertility or the prenatal and postnatal survival, development and
reproductive capacity of the progeny.

Segment II Prenatal developmental toxicity studies in rats:

lloperidone administration to pregnant Wistar rats at oral doses of 0, 4, 16, and 64
mg/kg/day during the period of major organogenesis (Gestation Days 7 through 18)
induced 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) were
present at and above 16 mg/kg/day. The NOAEL for developmental toxicity was 16
mg/kg/day (6 times the human dose at 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 (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 MRHD of 24 mg/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 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.

Segment II Prenatal developmental toxicity study in rabbits:

Tloperidone 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 (1/15) and
decreased maternal body weight at the HD and dose-dependent drug-related clinical signs
(sedation) at all dose levels. Maternal food intake was reduced at MD and HD. The high
dose induced increase in embryo/fetal intrauterine lethality and a decrease in fetal
viability at term. No embryo/fetal toxicity or teratogenicity were observed at LD and
MD. Based on these results, the NOAEL for embryo/fetal toxicity is 10 mg/kg/day (8x
the human dose at MRHD of 24 mg/day on an mg/m?2 basis).

Segment III Prenatal and postnatal developmental toxicity study in rats
lloperidone 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 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. The NOAEL was 4 mg/kg/day (1.6 times the human dose at
MRHD of 24 mg/day on an mg/m2 basis).

B. Pharmacologic activity
The pharmacological profile of iloperidone is consistent with that of an atypical
antipsychotic with a reduced potential for extrapyramidal side effects and therapeutic
potential with regard to positive, negative, and social withdrawal symptoms of
schizophrenia. Iloperidone has the potential to induce hypotensive effects and to prolong
QTec interval duration

C. Nonclinical safety issues relevant to clinical use

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

- lloperidone prolongs action potential duration and block hERG currents in vitro;
indicating a capacity to prolong QTc interval. 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 has the potential to inhibit CYP2D6 and CYP3A4/5 at the

recommended therapeutic dose in humans (12 mg BID); its metabolites P88 and

P95 have a weaker inhibitory activity on CYP2D6 and CYP3A4/5.

Chronic oral administration of iloperidone to rats (6 months) and dogs (1 year)
and of iloperidone P95 metabolite to rats (6 months) induced general toxicity in
all tested species. An NOAEL was not reached in either of these studies. The
lowest tested dose of 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/m?2 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 organs/tissues, i.e., endocrine glands

(pituitary, thyroid, and pancreas), mammary gland (both genders) and ovary.

Tloperidone 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.

loperidone genotoxic and potentially genotoxic impurities ¢————w

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 -- :mpurities is
pg/day.

-Tloperidone administration for 2 years was not carcinogenic to rats; in mice
(female) administered oral doses of 2.5, 5 and 10 mg/kg/day for 2 years the
incidence of malignant mammary tumors was significantly increased above the
concurrent and historical control range in the low dose group only. On an mg/m2
basis, there is no safety margin between the low dose employed in the study (2.5
mg/kg/day) and the maximal recommended dose in humans (24 mg/day).
However, mammary tumor incidences were not increased in the mid- and high-
dose groups, although the duration of treatment was the same. It is not clear why
similar increases in mammary tumor incidences were not seen at higher doses.

In view of the proliferative effects seen with iloperidone metabolite P95 in the 6-
month rat study, the Division required a 2-year carcinogenicity study with P95 in
he rat which is ongoing (CAC meeting of March 25, 2008).

Iloperidone 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

b(4)



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).

Hoperidone 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/m?2 basis).
Hoperidone 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 weamng, but did not affect neurobehavioral and

reproductive dévelopiment of the surviving pups. The NOAEL is 4 mg/kg/day (1 6 e

times the human dose at MRHD (24 mg/day) on an: mg/m2 ba51s)
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-192

Review number: 1

Sequence number/date/type of submission: N-0000
Information to sponsor: No (x)

Sponsor and/or agent: Vanda Pharmaceuticals
Manufacturer for drug substance: Vanda Pharmaceuticals

Reviewer name: Sonia Tabacova
Division name: Psychiatry Drug Products
HFD #: 130

Review completion date: June 2008

Drug:
Trade name: None provided
Generic name: Iloperidone
Code name: ILO522 (Novartis); ILO522-NXA (Novartis); VYV-683 (Vanda)
Chemical name: 1-/4-[3-[4-(6-Fluorobenzo[d]isoxazol-3-yl)-1-
piperidinyl]propoxy]-3-methoxyphenyl]ethanone
Chemical Abstract Service (CAS) Number: 133454-47-4
Mole file number:
Molecular formula/molecular weight: C24H27N204F 1426.5 -

Structure:

o-CHy

Relevant INDs/NDAs/DMFs: IND 36827

Drug class: Antipsychotic

Intended clinical population: Adults with schizophrenia
Clinical formulation: Tablets

Route of administration: oral

Disclaimer: Tabular and graphical information is from sponsor’s submission unless
stated otherwise.



Studies reviewed within this submission: All submitted studies, except for the non-
pivotal iloperidone repeat-dose general toxicology studies

Studies not reviewed within this submission: Non-pivotal iloperidone repeat-dose
general toxicology studies

APPEARS THIS WAY ON ORIGINAL
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2,62 PHARMACOLOGY

2.6.2.1 Brief summary _

Tloperidone has an in vitro and/or ex vivo binding profile consistent with an atypical
antipsychotic, displaying affinity for human dopamine (D), serotonergic (5-HT), o-
noradrenergic, and sigma receptors, and no affinity for glycine-binding site, N-methyl-D
aspartate (NMDA) receptor channel, or muscarinic receptors. Affinity of iloperidone was
found to be highest for human 5-HTIA, 5-HT2A, D2, D3, adrenergic ol and o2
receptors, and lower for D1, D5, and other serotonergic receptors. Iloperidone has no
agonist activity at any receptors evaluated (rat or human), but was found to have
significant in vitro and in vivo antagonist activity at rat and human dopaminergic,
serotonergic, and noradrenergic receptors as evaluated in various in vitro and in vivo
functional assays. Both iloperidone and clozapine had potent inhibitory activities on 5-
HT2 receptors and weak effects on D2 receptors as shown in an ex vivo study in rats. The
high 5-HT2/D2 receptor binding ratio of iloperidone suggests that this compound has the
potential to act as an atypical antipsychotic agent with a relatively low potential to
produce extrapyramidal side effects. Preferential affinity for al over o2 receptors
suggests a potential for iloperidone to cause orthostatic hypotension.

Behavioral assays conducted in mice, rats and monkeys compared the in vivo
pharmacological activities of iloperidone with both typical (thioridazine and/or
haloperidol) and atypical (clozapine) antipsychotic agents. The results indicated that
iloperidone has potential for atypical antipsychotic action with reduced capacity for
inducing extrapyramidal (EPS) symptoms, potential anxiolytic properties at doses similar
to its antipsychotic properties and a potential to increase social interaction. Overall, the in
vivo pharmacodynamic profile of iloperidone indicated properties consistent with an
atypical antipsychotic with reduced EPS liability.

The major metabolites of iloperidone in humans are P88, P89 and P95. It is important to
note that P88 and P89 cross the blood-brain barrier, while P95 does not do so detectably.
Therefore, P95 is less likely to exert pharmacological effects on the central nervous
system and was primarily evaluated for the potential to exert peripheral effects.
Pharmacodynamic studies have been performed with P88, P89 and P95 metabolites
directly and their receptor-binding profiles were separately characterized. P89 was found
to bind with high affinity to D2 and 5-HT2 receptors, whereas P88 was approximately
30-fold and 10-fold weaker at these sites, respectively. Both P88 and P89 also exhibited
affinity for 5-HT1A receptors and a2- noradrenergic receptors. P95 exhibited similar
affinity for the human 5-HT2A receptor compared with iloperidone, and also exhibited
higher or comparable affinity for each adrenergic receptor subtype tested as compared
with iloperidone. P95 exhibited a substantially lower affinity for the D1, D2S, D2L, and
D3 receptor subtypes compared with iloperidone. Neither iloperidone nor P95 showed
appreciable affinity for histamine H1 receptors.

The receptor affinity profiles of P95 and P88 metabolites were further evaluated for
broad-spectrum receptor affinity for human, rat and guinea pig receptors using
radiolabeled ligand-binding techniques. The results showed that the P88 metabolite had
moderate to strong affinity at the adrenergic a1, ozs, azc, dopamine Di, Dz, D3, Ds,



histamine Hi, 5-HT1B, and 5-HTxzc sites. It had relatively weak affinity at the adrenergic
a8, 5-HTia, and 5-HTs sites. In comparison, the P95 metabolite showed weak to
moderate affinity at the adrenergic a1, a2a, 028, 62c, dopamine D1, D3, D4, and 5-HTs
sites. Compared with the receptor profile of iloperidone, these metabolites were
considered to have much weaker affinity at the various receptors. In a separate study,
both metabolites were found to have a high affinity for 5-HT2A, as iloperidone.
Functional assays conducted with iloperidone metabolites P88 and P89 indicated that
both compounds exhibit dopamine receptor antagonist properties. Additional behavioral
assays conducted with iloperidone metabolites P88 and P89 in mice, rats, and monkeys
indicated that these metabolites possess activity consistent with a dopamine antagonist
profile similar to iloperidone. However, in contrast to the parent compound, neither
metabolite appeared to possess anxiolytic activity, as measured in behavioral assays.

In a series of safety pharmacology studies, the cardiovascular safety of iloperidone was
evaluated in vitro and in vivo in rats and dogs. In dog Purkinje fibers paced at stimulation
frequencies of 0.5 and 1 Hz, iloperidone and P88 at a concentration of 0.1 pM and above
induced a prolongation in action potential duration. The highest concentration of 10 pM
induced a reduction in the maximum rate of depolarization at 3 Hz, indicating a
frequency-dependent interaction with cardiac sodium channels. Purkinje fibers exposure
to P95 at concentration of 0.01, 0.1, 1 and 10 pM induced a prolongation in action
potential duration at 10 pM but it did not reach the level of statistical significance; no
prolongation was seen at the concentration below or at 1 uM. These data indicate that
iloperidone and P88 have the potential to prolong the QT interval at free plasma
concentrations of 0.1 pM and above, while P95 has the potential to prolong the QT
interval at free plasma concentrations of over 10 uM. This extent of exposure to P95 is
unlikely, as administration of iloperidone doses of 24 mg given once-a-day in human
patients yielded maximal P95 steady-state plasma levels of 55.5 ng/mL, or 0.13 pM. In
vitro effects of iloperidone and its metabolites P95 and P88 in comparison with
risperidone and ziprasidone on the cardiac ion channel hRERG showed that all test articles
produced rapid, reversible blockade of hERG currents. The block potency rank order was
iloperidone > ziprasidone ~ P88 > risperidone > P95. These data suggest that P95 is
unlikely to contribute to the QT prolongation potential of iloperidone.

In vivo, iloperidone was found to have hypotensive and vasodilatory effects similar to
those of clozapine in normotensive and hypertensive rats and in conscious and
anesthetized dogs. The hypotensive activity of iloperidone was also supported by its
preferential affinity for al- over a2 adrenergic receptors in vitro. Except for a transient
increase in heart rate observed in some studies, no other notable hemodynamic effects
(e.g., cardiac output changes or ECG findings) were noted in rats or dogs. Similar to
iloperidone, metabolites P88, P89, and P95 were also found to exert hemodynamic
effects, including decreasing blood pressure.

One single-dose study was conducted to evaluate the respiratory safety of orally
administered iloperidone and its metabolite P95 in albino rats. The results indicate no
adverse respiratory effects of iloperidone or P95.

No pharmacodynamic drug interaction study of iloperidone or its metabolites was
conducted in any animal model. Three in vitro studies were performed to investigate
. induction and inhibition activities of iloperidone and its metabolites on human
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cytochrome P450 system. Following the incubations with human hepatocytes, neither
iloperidone, nor P95 or P88 was found to induce CYP enzyme activity. The potential of
iloperidone and its metabolites, P95 and P88, to inhibit human CYP enzymes was
assessed using pooled human liver microsomes and several probe substrates, metabolism
of which is known to be CYP isoform-selective. Iloperidone was found to directly inhibit
CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5; P88 metabolite
directly inhibited CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5; P95 had liitle or no
potential to cause no direct inhibition of CYP1A2, CYP2CS8, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4/S.

2.6.2.2 Primary pharmacodynamics :

Iloperidone is a piperidinyl-benzisoxazole derivative, structurally related to risperidone
and developed for the treatment of schizophrenia. The pharmacodynamic profile of
iloperidone was evaluated through assessment of in vitro receptor binding and a number
of in vitro and in vivo functional assays. For comparison, the clinically active
antipsychotic agents haloperidol, risperidone, and clozapine were included in selected
studies.

In vitro/Ex vivo Studies

Receptor affinity profile

The affinities of iloperidone for dopaminergic, serotonergic, noradrenergic and selected
other receptor types of the central nervous system relevant to the treatment of
schizophrenia were evaluated in rat, guinea pig, and bovine tissues, as well as in cell lines
stably expressing the relevant human receptor subtypes using in vitro radioligand-binding
assays. A summary of the initial evaluation of the in vitro binding affinity of iloperidone
and selected comparators for cloned rat and human dopamine and serotonin receptor
subtypes is presented in the following sponsor’s table.

Summary of binding affinities of iloperidone and selected anﬁpsychotlc agents for various rat and
human dopamine and 5-HT receptors

Recepter NYopevidone Risperidene Clozapine Olanzapine Quetiapine Haloperidol
sublype .

Rty 54680 550+ 70 €90 = B0 1005 2610420 320+ 100
Rat D, 54+:8 2001 790+ 10D 523%317 ND 13+2
Rat S-HTa 168+ 20 570 100 640 100 4540° ND >2000
Rat 5-HT, 3122 1409 61 x40 133=x14 185* 45+-9
Rt 5-HTg 427+354 1122 = 514 Tla2 275189 1297 %943 683 = 59
Rae 5-HT, 21.6x10.5 093067 1931 %47 15224326 133.6x474 241.2x143.7
Human Iy 216434 523268 19628 35 127T%334 82x7
Human 133%35 3303 168+38 303x57 T 104 21+12
Dawert”

Humarp D’..' 63x15 27«04 201903 37.7x41 706 101 23=13
Human D, 73x41 141248 473 2 490 49428 239 £ 256 19x03
Human D, 25%03 919 54575 295225 105721 3006
Human Dy 319131 563 2127 281 £ 64 74x13 1513 2407 17829
Homan 56x03 1202 232423 24.2%57 636+345 18679
5-HTza

Human 428316 12202 107x03 64+001 1184+ 266 3949 = 67
5-HTx

Ki = inhibitory constant; S.E. = standard error; ND = not done.
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Based on percent inhibition of radioligand binding, iloperidone exhibited high affinity for
human dopamine Dagort and Dyiong and D3 and for human serotonin 5-HT2A receptors, a
characteristic profile of an atypical antipsychotic. lloperidone also exhibited affinity for
dopamine D4, and for serotonin 5-HT2C, 5-HT6, and 5-HT7 receptors and a relatively
lower affinity for dopamine D1 and D5 receptors.

The receptor affinity profile of iloperidone at a wider range of rat and human
neurotransmitter receptors based on calculation of logarithm of dissociation constant
(pKD) values (or logarithm of inhibitory constant [pKi] values) measured in vitro,
displayed high affinity at the rat cortex al-adrenergic receptors (pKD = 9.37), rat cortex
5-HT2A receptors (pKD = 8.31), human 5-HT2A receptors (pKi = 9.95), and calf caudate
D2 receptors (pKD = 8.28) (Studies PKF-98- ‘03373 and RD-1999-02921). It had
moderate affinity at human, rat, or bovine dopamine receptors (D1, D2, D3, and D4), rat
a2C, human 5-HT6, human 5-HT1A, and calf 5-HT1B receptors. Weak affinity was seen
at human o2A, human 02B, human 5-HT2B, human 5-HT2C, human 5-HT7, and
histamine receptors. Very weak affinity (pKi range .of 5 to 6) was observed at the
norepinephrine (NE) transporter, human muscarinic receptors, and guinea pig f1- and p2- -
adrenergic receptor sites. Low affinity at histamine and muscarinic receptors was
considered suggestive of a reduced potential for weight gain and side effects such as dry
mouth, blurred vision, or other anti-cholinergic effects in clinical use (Kalkman, 2001, as
cited by the sponsor). There was no cross-reactivity, up to concentrations of 10 uM, at rat
NMDA glycine or channel sites or any other receptors tested.

In vitro receptor-binding data: human, rat, bovine, and guinea pig receptors
(Data from Studies PKF-98-03373 and RD-1999-02921)

Receptor Ligand Tissue pKp

5-HTia *H-8-OH-DPAT Human Hela 7134002
5HTizap i ¥ e v Calf caudate 7.05+0.05
5HTay *H-Ketanserin Rat cortex '831%0.13
5-HTan 3H-Ketanserin. Human CHO cells 995+027"
5-HTy¢ 3H-Mesulergine Human SF9 6.60+022
5-HT, 31-Mesulergine Human SF9 695£0.15
Noradrenergic o %LBE 2254 Rat cortex 937+0.12
Noradrenesgic a; *H-Idazoxan Rat cortex 6.74%0.13
Noradrenergic B; »ricyp Guinea pig heart 5.86:+0.03
Noradrenergic b BLicyp Guinea pig lung 551+ 0.06
D *H-SCH 23390 Calf candate 7360.05
D, ANT 3H-Spiperone Calf candate 828+0.16
D; *H-Spiperone Rat cortex 7.76 £ 0.06
D, SH-Spiperone Human HEK 829007
Dy 3H-Spiperone Human HER 737+0.02

° :Affmity for human 5-HT2A is expressed as mean pKi from Study RD-1999-02921; all other values in table are expressed as pKD
from Study PKF-98-00373; CHO = Chinese hamster ovary; HEK = human embryonic kidney; pKD = logarithm of dissociation
constant; 8-OHDPAT = 8-hydroxy-2(di-n propylamino)tretralin.
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Similar results were obtained in radioligand-binding assays of rat receptor subtype-
binding affinities using 50% inhibitory concentration [IC50] (Study ILO-1PD-002), as
shown in sponsor’s table on the next page. Iloperidone exhibited a high affinity for al-
noradrenergic and 5-HT2-serotonergic receptors, a moderate affinity for a2-
noradrenergic, D2-dopaminergic, 5-HT1A-serotonergic, and sigma receptors, low affinity
for D1-dopaminergic and 5-HT3-serotonergic receptors, and no apparent affinity for
muscarinic receptors, the [3H]TCP-binding site, or the glycine-binding site associated
with the NMDA -receptor channel.

In comparison to compounds with established antipsychotic activity, iloperidone
exhibited relatively greater affinity for 5-HT2 than for D2 receptors, similarly to
clozapine, indicating potential atypical antipsychotic action. The respective ratios of IC50
values for D2/5-HT2 for iloperidone and clozapine were 10 and 23, whereas the ratios for
haloperidol and thioridazine were 0.2 and 1.2, respectively (Study ILO-1PD-002).

In vitro rat brain receptor-binding profile (IC50) of iloperidone and antipsychotic comparators
(Data from Studies ILO-1PD-002 and ILO-1PD-003) '

.  ICw (uM).
Receptor Tioperidone Haloperidol Thioridazine Clozapine
D, 1060152 | 0 0755* | o299 IR
D, 0.109 +0.002 0.0258 + 0.004 0.233+0.047 1.55+023
5-HTjs 0207 +0.03 7.19 +0.080 0.613+0.188 0.821 +ND
SHT, 0.0111 = 0.0085 0.132+0.034 0.189+0.059 0.067 £ 0.017
5HT; 2.91° >10° >10° 3.46
A 0.00037 £0.00026 | 0.049:0.011 0.0162 £ 0.005 0.030 +0.005
Ay 0.060" >10° 1.28° 1.6
Sigma 0.064 = NP 0.087 +0.042 2.16° >10°
Muscarinic . >10+ NP >10® 0.157 + 0.059 0.11:0.033
EI:] m A >10° >10° NP >10°
binding site) .
Glycine gﬂﬁfx) >100° NP NP NP

Study ILO-1PD-002 based on N determinations ranging from 2 to 16.
°Reported in Study 1.O-IPD-003.
IC50 = 50% inhibitory concentration; NP = not provided; NMDA = N-methyl-D-aspartic acid.

2Value is mean obtained from measurements reported in Study ILO-1PD-002 and Study ILO-IPD-003.
f’Value based on single measurement reported in Study ILO-1PD-002. Unless o

therwise indicated, other values are means reported in

In a binding analysis of alA- and al1B-adrenergic receptor fypes in rat liver and rat
cortex, iloperidone was found to bind preferentially to alA receptors, that are “primarily
responsible for cardiovascular responses to changes in posture” (Study ILO-1PD-008).
The extended binding affinity of iloperidone to a-adrenergic receptors was further
explored in vitro in another study (Study 1088657) that compared binding to rat a1 A- and
a1B-adrenergic receptor subtypes and human alD-, a2A-, 02B-, and a2C-adrenergic
receptor subtypes. Iloperidone was found to bind with relatively greater affinity at the al
receptor subtypes evaluated in both rat and human (see sponsor’s table below). It was
also observed that in the rat, iloperidone has almost similar affinity to both alA and a1B
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receptors. This finding was different from the results obtained from Study ILO-1PD-008,
“possibly due to methodology differences in two different laboratories™.

In vitre receptor-binding data: rat and human noradrenergic receptor subtypes
(Data from Study 1088657)

Receptor Species ICso (aM) K (aM)
‘Noradrenergic aia Rat 0.233 +0.029 0.943 + 0.012
Noradrenergic ai Rat 0.183 £0.012 0.101 £ 0.007
Noradrenergic ayp Human 0.419+0.015 0.206 £0.007
Noradrenesgic a, Human 7.53 £0.689 2.82+0258
Noradrencrgic o . Human 1061 482+0232
Noradrepergicaxc _Human 42520172 . | 061730005

The al-adrenergic receptor antagonism of iloperidone was studied in vitro in rat vascular
tissues (Studies ILO-1PD-009 and ILO-1PD-010). lloperidone was found to be a potent
antagonist of norepinephrine (NE)-induced contraction of isolated rat aortic rings, which
is an index of al-receptor blockade in vascular tissues. The affinity of iloperidone for
vascular al-receptors (binding constant [KB] = 0.5 nM) was similar to that of risperidone
(KB = 0.3 nM) and approximately 13 times that of clozapine (KB = 6.8 nM). Iloperidone
also displayed potent competitive antagonism for vascular olA-receptors in the rat
mesenteric arterial bed. The KB value for iloperidone was 0.18 nM, compared to 35.6 nM
_ for clozapine. These findings indicated that iloperidone was likely to have cardiovascular
effects in vivo.

Ex vivo binding studies in rat

In ex vivo rat studies, iloperidone showed potent inhibition of the 5-HT2 receptor and

weak effects on D2 receptors, thus demonstrating activities of an atypical antipsychotic.
Ex vivo binding of iloperidone to rat D2 and 5-HT2 receptors (N = 4/treatment)
(Data from Study ILO-1PD-011)

Brain region PH]Spiperone bound
Iloperidone concentration Dz-apecific §-HIr-specific
froles/mg tissue % fimol g tissue %% control
Rostral strinturm
Vehicle 77.6x2.7 100 83x15 100
2.5 mg/kg 713:+4.1 92 23035 28
5 mg/kg 771+ 0.6 .99 29+009" 35
10 mg/kg 738437 95 1.8+0.7" 22
20 mg/kg 75.6+ 1.8 97 1.2+ 0.6* 15
Mid striatam
Vehicle 733122 100 6.5+2.0 100
2.5 mg/kg 71.6% 1.3 o8 17202 26
5 mg/kg 70617 97 18+1.6" 28
10 mg/kg 662+2.6 o1 1.4+0.8° 22
20 mg/kg 670+ 1.8 o2 0.4+02" I3
Nucleus accambens
Vehicle 60.6:2.8 100 104+25 100
2.5 mg/ks 556+ 1.0 o2 30+10" 29
5 mg/kg 558x13 92 33x1.5" 32
10 mp/kg 523x19 86 2.0 0.8 19
20 mg/kg 51.2:58 85 1.6 0.7" 15

a P<0.01, Newton-Keul’s test.
b P<0.05, Newton-Keul’s test.
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Hoperidone i.p. administration to Wistar rats at 2.5 to 20 mg/kg (Study ILO-1PD-011)
significantly inhibited, upon a 30-min pretreatment, the binding of [3H]spiperone ex vivo
to cortical and subcortical 5-HT2 serotonergic receptors (by 51% to 57% and by 61% to
85%, respectively), while the effects on the binding of [3H]spiperone to dopamine D2
receptors in the corpus striatum and nucleus accumbens were weak and not statistically
significant (maximal effect of 3% to 15% inhibition at 20 mg/kg) (see sponsor’s table
“below). The iloperidone profile of potent inhibition ex vivo of the 5-HT2 receptor and
weak effects on D2 receptors was similar to what was seen with clozapine at doses of 10
to 40 mg/kg i.p. with a 60- minute pretreatment. '
In summary, the results of iloperidone in vitro and ex vivo receptor-binding studies
indicated that iloperidone exhibits relatively high affinity for dopamine D2 and D3
receptors, noradrenergic al receptor subtypes evaluated in both rat and human, and
serotonergic 5-HT2A receptors, as well as 5-HT1A and 5-HT6 receptors. This binding
profile is consistent with the potential of an atypical antipsychotic, but with risk of
hemodynamic effects such as hypotension.
In vitro receptor-binding profile of iloperidone metabolites
The receptor-binding profiles of major metabolites of iloperidone, P88, P89 and P95,
have been characterized. Metabolite P89 was found to bind with high affinity to D2
receptors (IC50 = 0.0118 pM) and 5-HT2 receptors (IC50 = 0.00205 uM), whereas P88
was approximately 30-fold and 10-fold weaker at these sites, respectively (IC50 =043
and 0.022 pM, respectively). Both P88 and P89 also exhibited affinity for 5-HT1A
receptors (IC50 = 0.91 and 0.37 uM, respectively), al noradrenergic receptors (IC50 =
<0.01 and 0.001 pM, respectively), o2~ noradrenergic receptors (IC50 = 0.21 and 2.9 uM,
respectively), and sigma opiate receptors (IC50 = 0.97 and 0.36 uM, respectively); P88
did not bind to muscarinic receptors and P89 was not tested at this receptor (Study ILO-
MET-001). Another study evaluated the receptor affinity profile of metabolite P95 in
comparison to iloperidone as shown in the following sponsor’s table.

Receptor affinity profile of P95 and iloperidone for rat and human receptors
(Data from Study 1081881)

Receptor Spedies Moperidone X (VD) POS K; (nM)
S-HTaa Himman 5.6 0.3 3.9% & 0.267
S-HTm Hhumoan ND . 93377
5-FTac Eoman 42.8 + 1.6 2200 =+ 271
S-F¥sa Ehmman ND 4820 + 168
5-HTs Rat 42.7x35.4 ND
5-¥Ts Funaan 63.1° 4840 =395
S-HT> Rat 21.6 ND
S5-HT> Human 112® 955 + 100
Adrencrgic a; general Rat 4.36 ND
Adrenesgic aja Rat ND 4.66 2= 0.431
Adrenergic ayn Rat ND 2.69 = 0.270
Adrenergic aup Efumaan ND ) 8.78 x 0.8B21
Adrenergic maa Human 162° 2662
Adrenergic ag Human 162 1120
Adrenergic oy FHuman 16.2° 5.18:=% 0.529
Dopamine Dy ¥Huran 216 =34 3990 :x 187
Dopamine Do, Huoman 63215 684 = 72
Dopamine Dy Human 13.3:3.5 473278
Dopamine Th Homaan 71241 851 =46
Histamine H; Guinea pig/Human 437> 1360 = 193°

“Ki= inhibitory constant; ND = not determined.

19



Compared to the parent compound, P95 exhibited a substantially lower affinity for the
D1, D2S, D2L, and D3 receptor subtypes, similar affinity for the human 5-HT2A
receptor (Ki = 3.91 and 5.6 nM for P95 and iloperidone, respectively) and higher or
comparable affinity for adrenergic receptor subtypes tested. Similar to the parent
compound, P95 had no appreciable affinity to histamine H1 receptors.

A further evaluation of the main iloperidone metabolites, P95 and P88, for broad-
spectrum receptor affinity for human, rat and guinea pig receptors using radiolabeled
ligand-binding techniques (Study RD-2001-00343) showed that the P88 metabolite had
moderate to strong affinity (pKi values ranging from 7 to 8) at the adrenergic al, a2B,
a2C, dopamine D1, D2, D3, D4, histamine H1, 5-HT1B, and 5-HT2C sites. It had
relatively weak affinity (pKi < 6.5) at the adrenergic a2B, 5-HT1A, and 5-HT6 sites. In
comparison, the P95 metabolite showed weak to moderate affinity (pKi values ranging
from 5.5 to 7.7) at the adrenergic al, 024, a2B, 02C, dopamine D1, D3, D4, and 5-HT6
sites. Compared with the receptor profile of iloperidone, these metabolites are considered
to have much weaker affinity at the various receptors. In a separate study (Study RD-
1999-02921), both metabolites and the parent compound were found to have a high
affinity for 5-HT2A (pKi values of 9.95, 9.56, and 8.15 nM for iloperidone, P88, andP95,
respectively). The results are summarized in the following sponsor’s table..

P95 and P88 extended receptor affinity profile
(data from Studies RD-2001-00343 and RD-1999-0291)

Recepior Species P35 pK; (= SEM) (aM) | P88 pK; (= SEM) (nM)
Adrenergic o, general Rat 7672002 808 £:2011
Adrenergic ay, Hummn 642002 6442002
Adrenergic oz Buman 708005 1N £002
Adrenerzic ay; Human 7322009 7.79:0.10
Dopamine Dy Human 5542001 7.02:001
Dopamine D, Humn ND 7.80:0.02
Dopamine D, Rat 6111005 717004
Dopamine Dy Human ND 745005
Histamine H, Guinea pig ND 758020
5-HTy Human ND 637001
5-HTys Human ND 729003
5-HTy, - Humem 8151003 956031
5-HTy Human ND 7.18:005
5-HT, Humman 5592018 6112003

Characterization of iloperidone agonist/antagonist activity at receptor subtypes

The functional agonist/antagonist activity of iloperidone at a variety of dopaminergic,
noradrenergic, and serotonergic receptors has been characterized in rat tissues ex vivo
and in vivo, and at human receptor subtypes in vitro.

The rat studies indicated the potential for iloperidone to antagonize D2 receptors similar
to the typical antipsychotic haloperidol and stronger than the atypical antipsychotic
clozapine (Study ILO-1PD-013); the a2-antagonist properties of iloperidone (Study ILO-
1PD-014); and a moderately potent inhibition of serotonin uptake (Study ILO-1PD-015).
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The functional characterization assays at human receptor subtypes indicated that
iloperidone does not possess any agonist activity at the dopaminergic, serotonergic, or
noradrenergic receptors tested, but it is a potent inhibitor of the agonist response to
dopamine at dopaminergic receptors, NE at noradrenergic receptors, and 8-OH-DPAT at
serotonergic receptors. Iloperidone was most potent at D3 (pKB 8.59) receptors, followed
by a2C (pKB 7.83), 5-HT1A (pKB 7.69) and D2A (pKB 7.53) receptors, and 5-HT6
receptors (pKB 7.11). This functional profile was “consistent with potential efficacy
against psychotic symptoms and cognitive deficits, and with decreased potential for D2-
associated side effects.” These findings are summarized in the following sponsor’s table:

Tloperidone antagonist activity at human depaminergic, serotonergic, and noradrenergic receptor

D fom s KD-199902368 RD-2000,0030, RD-200000462, RD-2000-02214) _
D; _Dopaimine =~ 8593030
s Norepinephrine 6.74%0.05
' ""Norepmephtine * - 783006
5-HTia 8-OH-DPAT 7.69+0.18
5-HT; ‘ 5-HT _ 7.1120.08

Characterization of iloperidone metabolite P88 agonist/antagonist activity at dopamine

and adrenergic receptors

The agonist/antagonist activities of metabolite P88 and its enantiomer R(+)-P88 were
determined in cell lines expressing either human recombinant a2C adrenergic receptor or
the human D2A receptor (Study RD-2001-01349). Both enantiomers were devoid of
significant agonist activity but inhibited the agonist response in a conceniration-
dependent fashion. Both enantiomers were equipotent at the a2C receptor (pKB = 7.34
and 7.24 for the S(-) and R(+) enantiomers, respectively). Both were also equipotent at
the D2 receptor, exhibiting an affinity slightly greater than that for the 02C receptor (pKB
=7.76 and 7.78, respectively). P88 affinity for each receptor was similar to that noted for
iloperidone. These results suggest that iloperidone metabolite P88 has the potential to
exert functional effects on dopaminergic and adrenergic receptors similar to those of the
parent compound, iloperidone.

In vivo studies

Hoperidone: In vivo functional characterization of dopamine, serotonin, and adrenergic

receptor antagonism in rats
- Dopamine receptor antagonism of iloperidone

To determine in vivo interactions with CNS dopaminergic neurons, iloperidone was
administered to rats either acutely or once daily for 21 days before neuronal sampling
(Study ILO-1PD-026). Extracellular electrophysiological sampling of midbrain dopamine
neurons was used to directly measure activity of these dopamine systems. Ideally,
“dopaminergic blockade should take place preferentially in the substantia nigra pars
compacta (SNC) compared with the ventral tegmental area (VTA), as it is its effects in
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the latter area that have been associated with extrapyramidal symptoms (EPS)
liability”(Szewczak, 1995, as cited by the sponsor). The numbers of spontaneously firing
dopamine neurons within the SNC or VTA were counted. Acute administration of either
iloperidone (5 mg/kg i.p.), haloperidol (0.5 mg/kg i.p.), or clozapine (20 mg/kg ip.)
resulted in a significant increase in the number of spontaneously active dopamine neurons
in both the SNC and VTA areas. Lower doses of iloperidone (1 and 2 mg/kg i.p.) resulted
in a significant increase in the SNC area only. According to the sponsor, the presumed
mechanism for this effect, likely shared by iloperidone, haloperidol and clozapine, is
interference with a feedback control system by way of dopamine receptor blockade.
However, following chronic administration of either clozapine (20 mg/kg ip.) or
iloperidone (5 and 10 mg/kg i.p.), significant decreases were observed in the VTA
dopamine single-units, whereas increases were noted in SNC dopamine single-units.
Significant decreases were observed in both areas following chronic haloperidol (0.5
mg/kg) administration. The decreases following chronic treatment were hypothesized to
be the result of depolarization blockade. This selective decrease of VTA dopamine
single-unit neuronal activity seen with iloperidone suggested that this agent, similarly to
atypical antipsychotic clozapine, has a potential as an antipsychotic agent with reduced
EPS liability as compared with the typical antipsychotic haloperidol.
- Iloperidone effect on dopamine presynaptic autoreceptors
Iloperidone was administered to rats i.p. to test for striatal dopamine autoreceptor
antagonist activity by its ability to reverse the effects of apomorphine on gamma-
butyrolactone (GBL)-induced dopa accumulations (Study ILO-1PD-029). GBL
administration in rats results in dopa accumulation in central dopamine neurons. This
accumulation is reduced by treatment with apomorphine, presumably due to stimulation
of presynaptic autoreceptors. Therefore, compounds that block dopamine autoreceptors
will prevent the apomorphine-induced decrease in dopa accumulation after GBL
administration.” At iloperidone doses of 0.3, 1, 3, and 10 mg/kg i.p., inhibition of dopa
accumulation by apomorphine was reversed by 0%, 29%, 33% to 42%, and 40%,
respectively. Thus, iloperidone produced only partial reversal of the apomorphine effect,
similar to the atypical antipsychotic clozapine that produced only partial reversal of dopa
accumulation. In contrast, the typical antipsychotic haloperidol potently reversed
apomorphine-induced inhibition of dopa accumulation by 12%, 34%, 71%, and 100% at
0.03, 0.1, 0.3, and 1 mg/kg, respectively. Therefore, iloperidone showed “slight to
moderate” autoreceptor antagonist activity. This finding was consistent with the profile
of an atypical antipsychotic, having in mind that typical antipsychotic agents have been
differentiated from atypical agents in their interactions with .striatal dopaminergic
presynaptic autoreceptors (Szczepanik, 1996, as cited by the sponsor).
- lloperidone effects of chronic treatment on D2 and 5-HT2 receptors

Chronic treatment of rats with iloperidone at 5 mg/kg/day i.p. did not significantly
change the number or affinity of D2 receptors in any region of the corpus striatum or the
nucleus accumbens (Study ILO-1PD-028). The same treatment produced a significant
down-regulation of cortical 5-HT2 receptors to 41% to 59% of control in the dorsal and
sulcal areas of the frontal cortex, with a nonsignificant decrease in the dissociation
constant (KD). The effect on cortical 5-HT2 receptors was similar in magnitude to that
produced by clozapine (decreased to 49% of control). Chronic treatment with haloperidol
did not affect either the number or affinity of 5-HT2 receptors. These results differentiate
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iloperidone from haloperidol, and indicate a neurochemical profile similar to atypical
antipsychotics in whlch 5-HT2 receptor blockade occurs concomitantly with D2 receptor
antagonism.
- loperidone al-Adrenergic and non-selective serotonin receptor antagonism
Study ILO-1PD-032 employed the pithed rat model (which allows for direct evaluation of
vascular responses in living tissue in the absence of sensory input) to assess the ability of
iloperidone to antagonize the pressor effect of i.v. administered phenylephrine and
serotonin, as measured by an increase in diastolic blood pressure. Both a.1-adrenergic and
serotonergic receptor agonism are implicated in the tonic regulation of blood pressure
through direct interactions with vascular tissue. Oral administration of 1 and 6 mg/kg
iloperidone competitively shifted the phenylepinephrine pressor response curve 6- and
32-fold, respectively, to the right. These doses of iloperidone produced a non-competitive
blockade of the serotonin-induced pressor response in pithed rats. These findings
demonstrate that iloperidone is a vascular al-adrenergic and 5-HT2 serotonergic receptor
antagonist in rats, and indicate a potential for hypotenswe effects in clinical use.
- lloperidone_metabolites P88 and P89: In vivo functional characterization_of -
dogamme, serotonm, and adrenergxc receptor antagomsm in rats

Iloperidone metabolites P88 and P89 were characterized for their ability to antagonize
dopamine, serotonin, and adrenergic receptors in a series of in vivo rat studies similar to
those described above for iloperidone. Iloperidone metabolite P95 was not evaluated in
these assays since this metabolite does not cross the blood-brain barrier. As shown in
PK tissue distribution studies with radiolabelled P95, [14C]P95-derived materials were
not observed in the brain, indicating minimal or no passage across the blood-brain barrier
(Study DMPK(US)R99-2330 and DMPK(US)R01-417).
In a study that assessed the number of active dopamine neurons in both the ventral
tegmental area (VTA) and the substantia -nigra pars compacta (SNC) after P88
administration, a single i.p. dose of 0.25 mg/kg induced an increase of 26% in the VTA
and a significant increase of 60% (P < 0.01) in the SNC compared with vehicle treatment.
A higher dose of 0.5 mg/kg i.p. caused a significant increase of 73% (P < 0.01) in the
VTA and a 29% increase in the SNC (Study ILO-MET-001). These findings are
consistent with a dopamine antagonist profile for P88.
A single i.p. dose of 0.5 mg/kg of P89 induced significant (P < 0.01) increases of 67%
and 81% in the VTA and SNC, respectively, suggesting dopamine antagonist effects of
P89. When evaluated in the same assay after 21 days of P89 administration at either 0.5
or 5 mg/kg i.p., the low-dose group had a significant (P < 0.05) decrease of 20% in the
- VTA and an increase of 43% in the SNC compared with control. The high-dose group

had a significant (P < 0.05) decrease of 60% and 42% in the VTA and SNC, respectively,

versus control. These results suggest a profile similar to haloperidol.

Dopa accumulation after aromatic amino acid decarboxylase inhibition was evaluated

after treatment with P88 and P89. P88 caused a significant increase in dopa accumulation

in the striatum, accumbens, and cortex at 10 and 30 mg/kg i.p. P89 caused significant

increases in dopa accumulation in the striatum and accumbens at 0.03, 0.3, 3, and 30

mg/kg i.p. Both P88 (10 and 30 mg/kg i.p.) and P89 (0.3 and 3.1 mg/kg i.p.) reversed the

antagonistic effects of apomorphine on GBL treatment, indicating that they both block
- dopamine autoreceptors. This activity is shared by antipsychotic agents such as

haloperidol.
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Overall, the results of functional assays conducted with iloperidone metabolites P88 and
P89 indicate that both compounds exhibit dopamine receptor antagonist properties similar
to those seen in antipsychotic agents with established clinical efficacy.

In vivo behavioral pharmacology studies

- Effects of iloperidone in behavioral assays _
The antagonistic activities of iloperidone at dopaminergic, serotonergic, and
‘noradrenergic receptors effects of iloperidone were confirmed in behavioral assays
conducted in mice, rats, and monkeys. In addition, the assays provided indication for
potential antipsychotic effect, activity associated with decreased extrapyramidal symptom
liability, potential anxiolytic/negative symptom effect and potential for treatment of
social withdrawal. The results of these studies are summarized in the following sponsor’s
table (data from Studies 1.0-1PD-016, ILO-1PD-D17, ILO-1PD-018, ILO-1PD-019, ILO-1PD-020, ILO-1PD-021, ILO-
1PD-022, ILO-1PD-023, ILO-1PD-024, ILO-1PD-025, ILO-PD-031, ILO-1PD-033, and RD-1999-037175).

Summary of activity of iloperidone and antipsychotic comparators in behavioral assays

Climbing monse | ED=0.005 ’ =81(.687) |EDy=011(010-. |ED,=43 @048
asay . |@o900d0nip  ips O leadp . fip.
(LO-1PD-016) EDy=0150.14- | EDy=232Q1.1- D= 028 (0.27- EDg=8.2(7.093)
0.18p.o. 259)po. 020 po. po
Effect darstion: 2- Effect duration: 2-4b | Effect dumiion >4 h | Effect daation
4n >4h
Elevated hislf- Doses o£0.01-03 Dozes of 0.01-03 ND ND
enclosedplstform | myg/kg dose- my/kg dose-
assay o nice dependently and depenidently and
(RD-1999-03717S) | significantly sipnificantly increased
redeced explomtory | exploratory behavior
‘behaviar
ME-30I-induced EDgyp=010 (0.06- HDy»=1.13 (0.67- EDg=0250 (0.28- ND
| locomotiom xnd 015)ip. - 190)ip. 0.90)ip.
filling behavior in
mice
(JLO-1PD-017)
Yohimbine-induced | EDsp= 1.5 (0.06- EDgy=30.7 (144- Only 25% johibition. | No inhibiticn
seizare in mice 313)ip. 654)ip. of clonic convalsion
(LO-1PD-013) 205 mgkgip.
PCP-induced social | Failed to reverse Raversed PCP- Failed to reverse ND
deficits mrats i indoced deficits at 2.5 | PCP-indnced deficits
(ALO-1PD-019) deficits 11 0.125 20d | mpkgip. 20,125 md 0.25
025 mz/Xxgip. Had no effect on mgkgip.
Had no effecton Jocomotion Cansed decreaved
locomation Jocomotion at 025
mp/kE ip.
Rat self-stimmistion EDyp=0.15 (0.12- BDy~=74(.2-1.7) EDyy=0.077 (0.073- | ND
JLO-1PD-020) 0.17)ip. ip 0.081)ip.
EDy=1.03 (0.89-
1.15)poa
Contintous Sidhnen | EDyy ovp=NCip. | BDgpavaucaa=NC | EDgyary=0019 EDyp=157(142-
avoidsnce inrsts EDyave=63(50- [ip orpo. (0.034-0.066) i.p. 17.2)ip.
ALO-1PD-21) 1po. EDyovp =046 04~ | EDyympy=218
EDsoqia =NC ip. 0.5)p.o. 02-235)ip.
Dy gy =44 (3 3- EDgqup= 0043 EDgs ave e mtin=
5Hpo (0.037-0.05)i p. NCp.o.
EDy, ges= 0.63 (0.6-
0.Dpo.
Sidman svoidance | EDyoave=24 (22 | BDopim=168 (14.6- | EDyavp=10.74 (0.65- | ND
in monkeys (Stady | 2.8)p.o. @3.5h 190 po.@3.0h 0.83) p.o. @45k
ILO-1PD-033) EDuan=41G5 |EDpmu=17.7(5.6 | EDgmu=1.03 ©.93-
5.0)po.@35h 198)po.@3.0h 1L1d)po. @45h
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Summary of activity of loperidone and antipsychotic comparators in behavioral assays (Continued)

Assay (Study No) | Beperidans Clazapise Halsperidel Thioridazine
Pole-climb ip:EDyyp=065 |ip-EDyu=113 |ip:EDgaey=0043 |ip:EDy,p=
awoidmorinrats | (D46-0.85) ; ©5132); (D.039-0.045) - 131 (166-198) ;
(LO-1PD-022) EDyp=52(3.6 |EDyp=203(254- |EDygy=022(019- |ED,p=313
(8.9 ;EFAV=20 |351);RFAV=26 0.25) ; EFPAV =51 (29.2-33.8); EF/AV
=17
Po:EDgan=60 |p.o:EDwam=127 |po:EDwpsvg=11 X
B5567) (12-14.1); 12); = P02 EDg pp=
EDsygp=160 EDyup=331(291- |EDupp=142(119- |358(30.7412);
estimated; 389); 17.5); EDpy =
ER/AV =27 BF/AV=26 EF/AV=129 (60.5-89.6);
EF/AV=20
L-5-HTPinduced | ED,, =0.07 (0.056- | EDyy =043 037- EDg, =029 (0.23- ND
bead twitch 0.028)ip. 051 ip. 033)ip
(LO-IPD-023)
Social intericiion - { +25% mteractiod®, T § +13% imtecuction, ¢ | -19% inferscrica® jon®, | -5% inkeniction, -
innts - MKl @OS | -19% 1ol @ 5.0ip; | -11% w0l @005 ip. | 4% wed @25 ip.
aLo-irb-029  |ip | 3% imeaction®, - | -32%interacticn®, | -13% interaction,
+30% interaction®, | -15% totsl* 2t 10.0ip. |-22% wil @0.125 B o' @50
-18% ot @30 - ip. » o Aip.
i
3% wal" @ 25
ip
Hlevanid plos mage | +32% opei®, -23%% - | +15% open, 0% total | -22% open, 32% -+ { -21% open, 24%
inrsts wal® @ 05ip; @B10ip,+62% total @ 0.05 Lp.; wal® @ 1.0ip;
@ALO-1PD-025) +9% opm, 44% open®; -9% total @ ~47% open, -55% -27% open, -41%
total* 1 Oip. 25ip. toeal* 3 0.10ip. toal®@25ip.
Cock and Davidson | +396% amd +160%* | ND ND ND
fixed ratio conflict | @0.1 md 03,ip.
paradigm Dizrspam- +199%
({LO-1PD-031) mnd +100056" @1e
md3fpo.

Note: All concentrations are mg/kg. * P<0.05 vs. control; AVR = avoidance response; EDS0 = median effective dose;
EF = escape failure; PCP = phencyclidine; ND = not done; NC = not calculated; SHA = shocks avoided.

- Effects of iloperidone metabolites in behavioral assays

Pharmacology activity of iloperidone metabolites P88 and P89 was investigated in similar
behavioral animal models (Study ILO-MET-001), as summarized in the following sponsor’s
table.

Summary of activity of iloperidone metabolites in behavioral assays

Azsxy P88 (mag/by) P39 (mg/ke)
Climbxing monse sssay BEDye=012ip 013 po. EDy,=005ip., 0.19p.o.
Apomosphine stereotypy in rats EBDyy=325ip. EDyg,=0.7ip,
Catalepsy in ratx EDse=29ip. EDw=02ip.
Rat self-stimmlaion BDs=0.3 ip. EDwn=0016ip.
Comtinnons Sidman svoidamee in AVED,=38ip. AV EDg, = varisble sct
Iy SAEBDss=2.7ip SAEDw =0.091p.
Comti Siman =in AV EDg=0.8 p.o. AV EDp=44po.
monkeys SAEDy,>=19po. SA EDy, =87 po.
Pole chimb avoidance in rats AVEDyy=11ip. AV EDs=02ip.
BEF EDyy=53ip. EF BEDg,=038ip.
Social inteyaction in rats —% —5% total i e —3% wtal acrivity @
@0.123ip. 0.lip.
~+1% intersction, —15% toeal activity | +15% iateraction, —47% total
@025ip. : activity @ 0.25 i.p.
ioteraction, ~37% 1ol sctivity *26%6 jxreraction, —54% toeal
@05 ip. activity @ 0.5i.p.
Bvaluated pias mave in rats —22% open, ~10%6 teal @ 0.1 ip. Not tested
—38% opem, —37% total @ 025 ip.

AV = avoidance responding; ED50 = median effective dose; EF = escape failures; SA = shocks avoided;

SNC = substantia nigra compacta; VTA = ventral tegmental area.
The above behavioral pharmacodynamic assays conducted with P88 and P89 in mice, rats, and
monkeys indicate that these metabolites possess activity consistent with a dopamine antagonist
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profile similar to iloperidone. However, in contrast to the parent compound, neither metabolite
appeared to possess anxiolytic activity, as evidenced by demonstrable effects in the social
interaction assay or the elevated plus maze paradigm.

Effects of iloperidone on gene expression in the brain

The effects of iloperidone on the expression of target genes in the brain relevant to the
potential for antipsychotic activity were evaluated in rats upon daily i.p. administration of
iloperidone (I mg/kg, ip.) for 21 days (Study RD-2002-2660). Reverse transcriptase
polymerase chain reaction was used to quantify changes in gene expression in the frontal
cortex, hippocampus, and striatum. Target genes included the D2 and D3 receptor genes;
glutamate-related genes (NMDA receptor subunits NR1, NR2A, NR2B, NR2C, and the
glutamate transporter GLT-1); GABA-related genes (glutamic acid decarboxylase 67 kDa
isoform [GAD67], GABA transporter GAT-1, and reelin (a growth and differentiation
factor involved in neurotrafficking and dendritic spine growth; growth factor genes brain-
derived neurotrophic factor (BDNF) and neruegulin-1 (NRG-1); proto-oncogene cfos,
and y-synuclein. Following treatment, the animals were sacrificed and RNA was isolated
from the brain tissue for use in RT-PCR assays. The results of this study were
summarized by the sponsor as follows: “Iloperidone treatment produced an increase of
expression levels of D2 receptors in the hippocampus and striatum, indicating relevant
D2 receptor blockade. Iloperidone weakly enhanced expression of the NR2A and NR2B
receptor subunits and decreased NR2C and GLT-1 uptake site expression. In contrast,
iloperidone markedly increased the expression of GABA-related genes reelin and GAD67
in the frontal cortex and hippocampus, but not in the striatum, and increased expression
of GAT-1 in the hippocampus. Reelin expression was increased in the frontal cortex and
hippocampus, whereas NRG-1 expression was increased in the frontal cortex,
hippocampus, and striatum. Reelin expression has been shown to be reduced in the
frontal cortex and hippocampus of patients with schizophrenia, and thus iloperidone
treatment might ameliorate reelin deficits. GAD67 expression has also been shown to be
lower in patients with psychotic disorder (schizophrenia and bipolar disorder); thus, these
results raise the possibility that iloperidone might have the potential to ameliorate the
GADS67 deficit. Overall, the results of this study indicated that iloperidone can either
directly or indirectly affect expression levels of a number of gene products thought to
play roles in the etiology of schizophrenia.”

2.6.2.3 Secondary pharmacodynamics

Secondary pharmacodynamic properties of iloperidone, i.e., analgesic activity, anti-
cholinergic activity, extrapyramidal symptom liability, and antagonism of peripheral a-
adrenergic activity were evaluated in 6 studies, summarized in the sponsor’s table on the
next page.,

Analgesic activity: Iloperidone analgesic activity was assessed in an animal pain model
(writhing behavior in response to phenylquinone administration) (Study ILO-2PD-001).
Tloperidone was dose-dependently active in blocking phenylquinone-induced writhing
behavior in Swiss CD-1 mice (ED50 = 0.03 mg/kg, s.c.) that indicates potential analgesic
activity.

Anti-cholinergic activity: Physostigmine-induced lethality in mice was not antagonized
by iloperidone i.p. administration (Study ILO-2PD-002). In contrast, a dose- and time-
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dependent antagonism of lethality was observed with clozapine. These results: indicate
that iloperidone lacks anti-cholinergic propetties.
Extrapyramidal symptom (EPS) liability was assessed in a model of apomorphine-
induced stereotyped behavior in rats which is an indication of dopaminergic stimulation.
Antagonism of this behavior is linked to the blockade of dopamine receptors in the
corpus striatum, which is linked clinically to EPS and is predictive of the propensity for
EPS and tardive dyskinesia. Iloperidone dose-dependently antagonized apomorphine-
induced stereotypy, but was markedly less potent than haloperidol (ED50 = 34.8 mg/kg
i.p. vs. 0.60 mg/kg i.p. for iloperidone and haloperidol, respectively) (Study ILO-2PD-
003).
Iloperidone was also less potent than haloperidol in its ability to induce catalepsy (i.e., -
failure to correct externally imposed posture) in rats (ED50 = 30.7 mg/kg i.p. vs. 0.65
mg/kg i.p., respectively) (Study ILO-2PD-004). Clozapine and thioridazine were not
active in this paradigm at doses exceeding those of iloperidone. Induction of catalepsy is
indicative of inhibition of the nigrostriatal system, believed to be responsible for EPS.
The results of both these studies indicate that iloperidone was less potent vs. haloperidol
to induce EPS.
Both iloperidone (1.5 and 3 mg/kg i.p.) and clozapine (20 mg/kg i.p.) sngmﬁcantly
decreased haloperidol-induced catalepsy in rats (Study ILO-2PD-005). This suggests that
iloperidone, like clozapine, has the potential to ameliorate some of the EPS seen with
dopamine-receptor blockade
Antagonism of peripheral a-adrenergic activity: Iloperldone was active (ED50 = 0.30
mg/kg i.p.) in protecting rats from norepinephrine ~induced lethality (Study ILO-2PD-
006). Since norepinephrine-induced lethality is regarded as being induced through the
peripheral al adrenergic receptors, this result suggests that iloperidone blocks peripheral
a-adrenergic receptors.

Summary of activity of iloperidone and comparators in secondary pharmacodynamic assays

Key Findings

Assay (Study No.) Hoperidone Clozapine | Haloperidol Thioridazine
Phenylquinone- EDsy= 0.03 (0.023- ND EDsp=~2.7 (2.5-29) | ND
induced writhing in 0.033) s.c.’ p-o.
mice GLO-2PD-001) )

ipmine- No entagonizm at 40 | EDsp=12.6 i.p. at 60 | No antagonism at 10 | ND
induced lethality in mg/kg at any time min mg/kg; 50%
mice (ILO-2PD-002) | point antagonism at 20

mg/kg at 120 min
Apomorphine- EDsg=34.8 (22.0- No antagonism at 40 | EDsy= 0.60 (0.40- 1/6 rats protected at
induced stereotypy 53.D)ip. mgkg ip. 0.80)ip. 20 mg/kgip.
in rats
@LO-2PD-003)
Catalepsy in rats EDso= 30.7 (19.6- No activity EDsg = 0.65.(0.39- No activity
(ILO-2PD-004) 48.1) ip. 1.09)ip.
Prevention of Cataleptic score Ca ic score Cataleptic score ND
haloperidol-induced | 1.5mg/kg =49 20mg/kg=1.0+09 | 0.5mg/kg=80:%
catalepsy 14and60=1.1at and 1.2 = 0.9 at 60 0.5and89+69at
(hatloperidol 60 and 120 min, and 120 min, 60 and 120 min,
administered at 0.5 respectively respectively respectively
mg/kg) 3.0mgkg =49 =
{II.O-2PD-005) 1.2 and 80:+0.6 at
60 and 120 min,
respectively

Norepinephrine EDs =030 (0.20- ND ND ND
lethality 0.40) i.p.
@.o- 2PD-006)

Note: All concentrations are mg/kg; ED50 = median effective dose; ND = not done;
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2.6.2.4 Safety pharmacology

Neurological effects:

Pharmacological effects of P95 on general and neurobehavioral activities were studied in
male =" *D-1®(ICR)BR mice (10/group) at single oral (gavage) doses of 10, 30, 100, or
300 mg/kg of P95, and a vehicle control (Study 0170079). Animals were observed for
general condition and neurobehavioral activitiy at approximately 15 minutes, 1, 2, 6, and
24 hours postdose. Clinical signs were recorded pretest and during the treatment. Gross
necropsy was performed following the 24-hour postdose observation period.

There was no mortality. Dose-dependent neurobehavioral effects were observed at all
dose levels. Ataxia, decreased locomotor activity, and/or ptosis were seen at >10 mg/kg;
in addition, hyposensitivity to sound and impaired righting reflex were observed at doses
of >30 mg/kg. The signs resolved in most animals by 6 h. post dose at doses of <30
mg/kg, and by the 24-hour time point at doses of >100 mg/kg. There were significant
decreases in mean body temperature at all doses. No test-article-related macroscopic
lesions were observed at necropsy.

In conclusion, P95 induced changes in general and neurobehavioral activities in mice at
oral doses of =10 mg/kg that are most likely due to exaggerated pharmacological
response to the treatment.

Cardiovascular effects:
Invitro:

- Effect of iloperidone and metabolites on cardiac action potential in vitro
The effects of iloperidone and its major metabolites P88 and P95 (each at 0.01, 0.1, 1 and 10 uM)
on cardiac action potential and depolarization parameters were studied in dog isolated Purkinje
fiber preparations electrically stimulated at 1 and 0.5 Hz (Study 0120065). At 10 pM, the effects
on maximum rate of depolarization were investigated at a stimulation frequency of 3 Hz to assess
potential effects on sodium channels. DI-sotalol hydrochloride (50 uM) was used as a positive
control. The following parameters were measured in fibers: action potential duration at 60% and
90% repolarization, maximum rate of depolarization, upstroke amplitude, and resting membrane
potential. Change from baseline in action potential duration at 90% repolamzatxon at 0.5and 1 Hz
for iloperidone, P88, and P95 is summarized in the following sponsor’s table. Similar results were
seen at-60% repolarization.
Change from baseline in action potentlal duration for iloperidone and metabolites

Test item Change frem baseline (ms)

Stimulation 0.01 g\ 0.1 pM 10N 10.0 pM
firequency

Taperidone

1Hz 23=07 9.1+20 43.8x62 47.6x10.9°
05He 2218 9.0:x27 58.5+10.4° 63.4x 14.4°
P88

1Hz 03208 93+36" 428x10.7* 38.9x10.9°
0SHz 0312 13.6x59 59.8:16.6" 50.7x 13.8°
Pys

1Hz 1323 09223 1643 94332
OSHz 02+x25 1.7+32 35x43 13.9+43
Vehicle 0.1% DMSO 0.1% DMSO 0.1% D3SO 0.1% DMSO
1Hz 22213 1L7x14 29x16 29x15
0S5Hz 1823 21x14 41%21 40218

® Action potential data are shown for results at 90% repolarization;b P<0.05 ¢ P<0.01 DMSO = dimethylsulfoxide.
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Iloperidone and its metabolite P88 prolonged action potential duration at a concentration
of 0.1 pM and above and at stimulation frequencies of 0.5 and 1 Hz. The highest
concentration tested (10 uM) induced a depression of the plateau phase of the action
potential. There was also a reduction in maximum rate of depolarization at 3 Hz at this
concentration, indicating a frequency-dependent interaction with cardiac sodium
channels. Purkinje fibers exposure to P95 at concentration of 0.01, 0.1, 1 and 10 pM
induced a prolongation in action potential duration at 10 uM but it did not reach the level
of statistical significance; no prolongation was seen at the concentration below or at 1
uM. These data indicate that iloperidone and P88 have the potential to prolong the QT
interval at free plasma concentrations of 0.1 pM and above, while P95 has the potential to
prolong the QT interval at free plasma concentrations of over 10 uM. This extent of
exposure to P95 is unlikely, as administration of iloperidone doses of 24 mg given once-
a-day in human patients yielded maximal P95 steady-state plasma levels of 55.5 ng/mL,
or 0.13 pM.

- Effect of iloperidone and metabolites on cloned hERG channels =~

The in vitro effects of iloperidone and its metabolites P95 and P88 on mammalian cells
stably transfected with cloned cDNA of the cardiac ion channel hERG were studied in
comparison with risperidone and ziprasidone (Study 008167).

Concentration-response and temperature-dependence of L0522, ILO522 P95-12113

metabolite, ILO522 P88-8991 metabolite, risperidone and ziprasidone on this ion channel

current were measured.
All test articles produced rapid, reversible blockade of hERG currents. Assessment of the
blockade at near-physiological temperature showed an increase of the IC50 value for the
blockade for all test items except for risperidone (as shown in the sponsor’s table below).
The block potency rank order was iloperidone > ziprasidone =~ P88 > risperidone > P95.
These data suggest that iloperidone and its P88 metabolite possess a QT prolongation
potential, while P95 is unlikely to contribute to the QT prolongation potential of
iloperidone.

Summary of effects on hERG ion channel currents

Test article RERG ICs, (wM) MERG ICsa (nM) at 34.35°C
Topexidone 9 37

P95 metabolite 219 12,789

P88 matabolite 56 100
Risperidons 394 188
Ziprasidone 55 79

In vivo

Effects of iloperidone on hemodynamic parameters

Since the receptor affinity and functional assay results indicated that iloperidone
antagonized vascular al-adrenoceptors, potentially causing hypotensive and other
hemodynamic effects, a series of safety pharmacology studies was conducted in normal
and spontaneously hypertensive rats and in conscious and anesthetized dogs to evaluate
the effect of iloperidone on hemodynamic parameters such as blood pressure, heart rate,
cardiac output, and ECG evaluations. The results of these studies indicated that
iloperidone and its metabolites, P98 and P99 had hypotensive effects mediated through
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blockade of al-adrenergic receptors; this effect could be gradual or steep depending on
the method of administration (slow infusion vs. bolus injection).

- Effects on hemodynamic parameters in conscious rats
lloperidone administration at an oral dose of 3 mg/kg to conscious normotensive Long
Evans male rats (N = 3) caused reduction in mean arterial pressure throughout 240 min.
with a maximal decrease of 13% (-15 mm Hg) at 180 min post dose and a 5% decrease in
heart rate (Study ILO-SP-002). In comparison, clozapine (10 mg/kg p.o.) increased mean
arterial pressure by 5 mm Hg and heart rate by 18 beats per minute. The differential
hemodynamic effects of clozapine were attributed to “a different degree of functional
antagonism at ol-adrenergic receptors. In another study (ILO-SP-001), iloperidone
administered orally at 10 mg/kg to conscious, normotensive Long Evans rats (N = 4) had
no effect on mean arterial pressure or heart rate, although 1 of 4 rats showed a peak 41%
decrease in mean arterial pressure at 90 minutes. There was a statistically significant
reduction in mean arterial pressure at 240 minutes (-9.0 & 1.3%), but the sponsor did not
consider it to be of biological significance.
Spontaneously hypertensive rats were used in another two experiments (Study ILO-SP-
003 and Study ILO-SP-004). Iloperidone administration to conscious, spontaneously
hypertensive SRH rats (N = 4/group) at oral doses of 1 and 3 mg/kg, decreased arterial
systolic pressure by 11% (-19 mm Hg) and by 13% (-15 mm Hg) in the 1 and 3 mg/kg
group, respectively. Heart rate was decreased by 16 bpm (-4%) at 1 mg/kg and by 10 bpm
at 3 mg/kg. Clozapine administration (10 mg/kg p.o.) had a lesser effect: decreased
systolic pressure by 3 mm Hg and heart rate by 1 bpm (Study ILO-SP-003). .
In study ILO-SP-004, iloperidone administered orally to conscious, spontaneously
hypertensive SRH rats (N = 4) at 0.3 and 1 mg/kg had no effect on basal blood pressure
or heart rate, but induced a 48% inhibition of the hypertensive response to phenylephrine
at 1 mg/kg dose. At higher doses (6 mg/kg and 20 mg/kg p.o.) iloperidone lowered basal
blood pressure by up to 45% and inhibited the phenylephrine hypertensive response by as
much as 89%. These results suggest that blockade of vascular al-adrenergic receptors on
vascular smooth muscle was present even at the dose of 1 mg/kg. The ED50 value for
inhibiting the hypertensive response to the a-adrenergic agonist was 0.6 mg/kg.
Clozapine at 10 mg/kg (N = 4) increased mean arterial pressure by 5 mm Hg and heart
rate by 18 bpm.
Overall, the hemodynamic investigations in normal and hypertensive rats indicated that
iloperidone exerts hypotensive effect most likely due to blockade of al-adrenergic
receptors.

- Effects on hemodynamic parameters in anesthetized and conscious dogs
The cardiovascular effects of iloperidone i.v. administration to anesthetized dogs given as
either a bolus injection (15 seconds) or a slow intravenous infusion (30 minutes) at doses
of 0.02 and 1 mg/kg were evaluated (Study ILO-SP-005). A decrease in systemic arterial
pressure occurred, consistent with the results seen in rats. The hypotensive response
(39%) was primarily due to a reduction in peripheral resistance (40%) mediated by
vascular o1-adrenergic receptor blockade. Heart rate, cardiac output, and ECG were not
affected. The hypotensive effects produced by 0.02 mg/kg bolus (N = 4) or slow infusion
(N = 3) were of similar magnitude and subsided within 2 hours of dosing. The fall in
arterial pressure was gradual in onset with the slow infusion (peak reduction in 30 min) in
contrast to the rapid hypotensive effect caused by the bolus injection (peak reduction in 5
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min). Iloperidone plasma levels following the bolus i.v. injection of 0.02 mg/kg were
consistently higher than those following the slow i.v. infusion of the same dose (Study
RCE118.DOC). Plasma levels for iloperidone after a bolus injection ranged from 5 ng/ml
to 96 ng/ml, with an average Cmax value of 63 ng/ml (N = 4). The corresponding
iloperidone plasma levels after a slow infusion ranged from 5 ng/mL to 24 ng/ml, with an
average Cmax value of 15 ng/ml (N = 3). These findings suggest that human subjects
may better tolerate gradual onset of hypotension associated with slow infusion of
iloperidone. :

Study ILO-SP-006 compared the effects of single oral doses of iloperidone (2 and 5
mg/kg) and clozapine (5 mg/kg p.o.) on hemodynamic parameters in conscious dogs.
Administration of iloperidone resulted in a sustained decrease in mean arterial pressure
with peak decreases of 24 mm Hg (-24%) and 20 mm Hg (-22%) at the 2 and 5 mg/kg,
respectively. Peak responses occurred between 2 and 3 hours post-dose. In comparison, a
peak decrease of 16 mm Hg (-16%) was observed following oral clozapine, with the peak
response at 1 hour post-dose. Drug-induced variations in heart rate were not observed.
Both closapine and iloperidone produced sedation in the dogs. The results indicate that
iloperidone oral administration at doses of 2 and 5 mg/kg produced vasodepressor effects
in conscious dogs comparable to those of clozapine (5 mg oral). The peak time of
hemodynamic effects of iloperidone correlated with peak mean plasma levels noted with
clinical use of iloperidone,

Effects of a cumulative oral dosing were explored following 3 days of oral administration
of iloperidone to conscious dogs at doses of 0.5, 1, and 10 mg/kg (Study ILO-SP-009).
On the fourth day the animals were anesthetized and instrumented for hemodynamic
evaluation. After 3 days of iloperidone dosing, the hypotensive effects and decreases in
peripheral resistance were similar to those in dogs administered the same doses acutely.
Intra-duodenal (i.d.) administration of iloperidone (2 and 10 mg/kg) and clozapine (5
mg/kg 1.d.) caused similar hypotensive and vasodilating effects in anesthetized dogs
(Study ILO-SP-007). However, iloperidone appeared to exert less influence on cardiac
output and heart rate than did clozapine. Moreover, iloperidone exhibited positive
ionotropic effects, while clozapine showed negative ionotropic effects, as evidenced by
the progressive reduction in the rate of left ventricular pressure development (dP/dtmax).
No drug-related ECG changes were noted for either compound.

Study ILO-SP-008 examined the dose-response relationship of hemodynamic effects of
single intra-duodenal doses of iloperidone (0.5, 1, and 10 mg/kg) in anesthetized dogs.
Hemodynamic parameters were monitored for 120 minutes. 0.5 mg/kg was a no-effect
dose with regard to hypotension and blockade of peripheral vasoconstrictor responses;
the doses of 1 and 10 mg/kg produced measurable hypotension and reduction in
peripheral vascular resistance.

A general toxicity and cardiovascular telemetry study of single escalating oral doses of
iloperidone (0, 5, and 15 mg/kg on Days 1, 4, and 7, respectively) was conducted in
conscious dogs (2/sex/group) (Study 0270088). Evaluations included general toxicity
endpoints and cardiovascular data (mean arterial, systolic and diastolic blood pressure,
heart rate and electrocardiographic) and body temperature collected using implanted
transmitters. Measurements were recorded for approximately 1 minute every 5 minutes
on a continuous basis for the duration of the study. The following data points were
analyzed after each dose from the 1-minute segment of data: 1, 2, 4, and 6 hours post
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dose. Pharmacologically related clinical signs were observed at 2 5 mg/kg (ptosis,
lacrimation, ataxia, decreased motor activity); additional signs noted at 15 mg/kg were
emesis, lateral recumbency, aggression, hypersensitivity, and impairment of the righting
reflex. There were no drug-related changes in body weight or food consumption. There
were no changes in body temperature or ECG (as shown in the sponsor’s table below).

Mean electrocardiographic data

Time HR p wave PR interval QRS complex QT interval
interval
bpm  duration Duration Duration Duralion®
Control
1 102 0.04 0.10 0.05 220
ES ) 20.01 0.01 40.01 +18
2 9% - Q04 . - 010 04 .. 205 .
+30 - 4000 - 0.0 RV Y +10
4 14 0.04 0.10 0os 200
+28 40,00 0.01 001 418
8 128 064 0.10 004 75
#30 300t 3004 3000 . 0 319
5 motka
1 160 0.0¢ 0.08 0.04 190
436 - 2001 . - 40,00 4000 - - 212
2 ) 115 0.04 0.08 0.04 220
+20 +0.01 001 +0.01 218
4 110 0.04 0.09 0.04 223
+28 +0.01 0.01 +0.01 421
o 138 0.03 . 0.08 0.04 205
38 +0.00 +0.01 +0.01 +10
. 15 mag/k
1 137 0.03 .08 0.0a 190
27 20.01 +0.01 +0.01 24
2 142 0.03 n.os 004 205
418 40.01 . D01 +0.01 210
4 154 004 0.08 004 203
166 30,01 +0.01 +0.00 433
8 137 0.04 0.08 0.04 200
102 20.01 +0.00 0.01 128
‘mifiseconds

Summary data of heart rate and blood pressure (arterial, systolic and diastolic) are
presented in the following sponsor’s tables:

Mean heart rate (BPM)

Tine (hour) Vehicle 5 mgkg 15 mp/kg
1 107134 151437 135+ 17
2 1M1:32 112+23 14718
4 108120 105433 148+ 582
8 140 + 63 128 141 130+ 55

Mean arterial blood pressure (mmHg)

Time {hour) Vehicle 5 mgikg 15 mg/kg
1 87+14 2412 7H+14
2 2+ 15 6819 85117
4 89+ 11 89112 57+22
8 g8+ 25 7116 61+13
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Mean systolic blood pressure (mmHg)

Time (howr) Vehi Smghg 1S mofky
1 120+ 14 g1+18 10017
2 132121 g7+8 88+ 18
4 122+ 18 ar+ 11 ’ 80t28
6 133131 g8+ 13 89+20
Mean diastolic blood pressure (mmHg)
Time (hour) Vehicle 5 mgikg 1Smohy
1 4+ 11 52410 504 12
-2 AR 539 ] 50415
4 N+ 53+ 14 M0
- @ 76+ 20 5043 4748

A decrease in all blood pressure parameters was noted at 5 and 15 mg/kg and a slight and
transient increase in heart rate was noted at 15 mg/kg. There was considerable individual
animal variation in both heart rate and blood pressure measurements. The overall trend,
when comparing vehicle and iloperidone administration, was a decrease in diastolic,
systolic, and mean blood pressures at 5 and 15 mg/kg and a transient increase in heart
rate at 15 mg/kg, with no effects on body temperature or ECG.

Effects of iloperidone metabolites on hemodynamic parameters .

Hemodynamic parameters were evaluated in rats and dogs following administration of
iloperidone metabolites P88 and P89 (Study ILO-MET-001). The results are summarized
in the following sponsor’s table:

Effects of P88-8991 and P89-9124 on Cardiovascular Physiology
P88-8991 (mg/kg) . -9124
Direct Blood Pressure A systolic pressure: A systolic pressure:
t in Conscious Rats -18 mmHg @ 1, p.o. -14 mmHg @ 3, p.o.
Hemodynamic Evaluation in Not tested i iv. | iv
modynamic aid.  20.iv. 0.5, iy
MAP -17% -4% -35%
TPR -16%  -35% -49%
HR 4%  -25% NC
d{{% “13%  -19% +31%
NC NC NC
coO 2% 2% +31%
Lead NEKG 13 NC NC
LBBB®*
a = loft bundle branch block

Iloperidone metabolites P88 and P89 administered to conscious rats at single oral doses
of 1 and 3 mg/kg, respectively, produced decreases in systolic blood pressures of 18 and
14 mm Hg, respectively. The magnitude of this effect was similar to that seen in
hemodynamic studies conducted with the parent compound in rats.

P89 was also evaluated for hemodynamic changes in anesthetized dogs. At 2 mg/kg
administered i.d., mean arterial blood pressure (MAP) was decreased by 17%, with a
16% decrease in total peripheral resistance (TPR) and a 14% decrease in heart rate (HR).
Left ventricular end diastolic pressure (LVEDP) was unchanged and left ventricular rate
of pressure development (dP/dtmax) was decreased by 13%. Cardiac output was
decreased by 21% and one third of dogs had a left bundle-branch block. At 2 mg/kg i.v.,
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P89 caused a 34% decease inn MAP, a 35% decrease in TPR, and a 25% decrease in HR.
The LVEDP was unchanged and dp/dtmax was decreased by 19%. Cardiac output was
reduced by 22%. At 0.5 mg/kg i.v., P89 caused a 35% decrease in MAP and a 49%
decrease in TPR, with no change in HR. LVEDP was unchanged, dp/dtmax was
increased by 37%, and cardiac output was increased by 33%. No lead II
electrocardiogram changes were seen (Study ILO-MET-001).

Overall, the effects of P88 and P89 metabolites on hemodynamic parameters in
anaesthetized dogs, including a hypotensive effect, were similar to those observed
following iloperidone administration.

Pulmonary effects:

A single-dose study was conducted to evaluate the pharmacological effects of iloperidone
(at doses of 0.1, 1, and 10 mg/kg) and its metabolite P95 (at doses of 1, 10, and 100
mg/kg) on the respiratory system following oral (gavage) administration to male albino
rats (Sprague-Dawley CD¢ ——~ CD®(SD)BR, N = 6 per group). For respiratory testing,
animals were placed in head-out plethysmographs, and ventilatory parameters (tidal
volume, respiratory rate, and derived minute volume) were measured for 15-minute
periods at the following time points: predose, 1, 2, and 6 hours post-dose (Study 93279).
Clinical signs included ptosis, tremors, and hypoactivity in the 10-mg/kg iloperidone

-group, and ptosis in the 10- and 100-mg/kg P95 groups. Body weights were not recorded,

except for the animal group allocation at the start of the study. The results are
summarized in the sponsor’s tables on this and nest page.

No adverse treatment-related effects on respiratory function were observed following
exposure to either iloperidone or P95, Minor decreases in respiratory minute volumes
were observed in the animals treated with 1 and 10 mg/kg iloperidone and in all P95-
treated groups, but none of the changes reached statistical significance and were not
considered to be of toxicological significance. All tidal volumes, respiratory rates, and
derived minute volumes values were considered to be within the expected range for
healthy control animals of the tested species and strain. '

Iloperidone: Group mean respiratory function measurements in rats

PRE DOSK 1H POST ‘DOSE
73 [V [T 157

™™ BRg/ ML/ ™v aRE/ ML/

ML nw. MIN, ML MIN. MIX.
GROUP 1 - VENICLE CONIROL 1.27 216.5 276.0 1.05 199.3 204.3

.246 28.08 62.02 .158 30.38 21.60
OROUP 2 - ILOS22 1.41 202.7 278.0 1.24 198.5 247.2
0.1 m/kg .246 37.74 47.42 .220 26.24 55,44
GROUP 3 - ILO522 1.00 217.7 216.2 1.08 212.5 225.2
1.0 ag/kg .232 21,12 57.97 .226 39.62 70.12
aRouP 4 - IN0522 1.19 213.2 248.8 1.24 168.2 207.7
10.0 mg/kg .393 32.74 66.51 .377 20.35 62.10
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Iloperidone: Group mean respiratory function measurements in rats (Continued)

2B POST DOSE &H POST DOSE-
= 24 R xv
L4 BRS/ L/ ka4 mRe/ ML/
ML MIN. EIN, ML MWIN. KIN,
GROUP 1 -~ VEHICLE CONTROL .97 197.3 18%.7 1.16 213.8 243.7
170 11.79 31.33 +235 30.3%8 42.91
gROUR 2 - ILO532 1.24 198.7 248.3 1.32 198.8 258.53
0.1 »g/kg 184 27.30 62.04 .228 23.86 34,53
GROUP 3 - ILO322 1.08 212.8 228.7 1.08 316.0 232.3
1.0 sg/ng . <147 -0 14,86 . 37,9 178 '31.39 . 43%.02 -
OXOUP 4 - ILO322 1.26 164.8 222.9 1.14 193.3 . 219.3
10.0 w[m .355 oo 51,84 110.64 -256  32.08 52 14

Iloperldone metabohte P95 Group mean resplratory functlon measurements in rats

_PHE DOSE 18 PosST nons
®R uV IR . 20
v RS/ s/ v BRE/ ML/
NL XN, MIN. " NIN. MIN,
GROUP 5 - P95-12113 1.33 204.6 271.6 1.22 196.2 239.7
1.0 »g/kg .180 12.16 28.08 .213 10.34 44.34
GROUP 6 - P95-12113 1.21 214.3 259.0 1.22 212.0 254.2
10.0 mg/kg .229 17.72 48.53 .183 12.85 40.56
oROUR 7 - DYS-12113 1.41 197.0 278.2 .41 185.7 257.0
~100.0 ma/ka .313 14.21 44.65 .417 32.04 83,30
26 POSY DOSE 68 m'm‘
R 13 7 uv
v BRI/ nL/ ™ »es/ W/
ML MIN. e 14 WIN. MIN,
QROUP 8 - P95-12113 1,25 207.2 255.5 1.10 199.8 216.5
1.0 »g/kg .453 17.84 86.80 L3466 10.94 64.16
GROUP 6 - P95-12113 1.36 2031.0 269.7 1.08 204.3 2i11.0
ng 1/ kg .219 36.22 45.48 112 22.85 36.70
GROUP 7 - P95-12113 1.22 204.2 245.2 1.34 210.7 282.3
100.0 »ng/kg 215 §1.57 61.50 +»257 15.32 65.34

Renal effects: No data

Gastrointestinal effects: No data

Abuse liability: No data
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2.6.2.5 Pharmacodynamic drug interactions

No pharmacodynamic drug interaction study in animal models in vivo was conducted
with either iloperidone or its metabolites. Three in vitro studies were performed to
investigate induction and inhibition activities of iloperidone and its metabolites on human
cytochrome P450 system. The studies are adequately summarized by the sponsor as
follows.

In vitro assessment of cytochrome P450 inhibition by iloperidone and metabolites P95
and P88 '

The potential of iloperidone and its metabolites P95 and P88 to inhibit human
cytochrome P450 (CYP) enzymes was assessed in two studies using pooled human liver
microsomes and several probe substrates, metabolism of which is known to be CYP
isoform-selective. 4

“In the initial study (Study DMPK[US]R00-2173), the human liver microsomes were pre-
incubated with the nicotinamide adenine dinucleotide phosphate-oxidase (NADPH)-
generating system in the absence of the marker system. It was determined that in some
cases, some loss of activity of the enzyme tested was observed under these conditions
regardless of the presence of the test article(s). Due to the possibility that iloperidone,
P88, and P95 may bind to microsomal protein or lipids, an attempt was made to design a
second study such that, in as many cases as possible, the microsomal protein, incubation
time, and phosphate buffer concentration were 0.1 mg/mL, 5 minutes and 50 mM,
respectively, for assays performed with human liver microsomes.” ,

“Under the design of a second study (Study XT065041), iloperidone was found to
directly inhibit CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5.
Approximately 22%, 48%, 45%, 60%, 86%, 96% and 92% inhibition, respectively, were
observed at the highest concentration of iloperidone examined (100 puM). The IC50
values for CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5 were
>100 pM, >100 pM, >100 puM, 57 pM, 11 UM, 2.1 pM and 8.5 uM, respectively.
Evidence of time-dependent inhibition of CYP2D6 and CYP3A4/5 by iloperidone was
observed, as an increase in inhibition was observed upon preincubation.

According to the September 2006 Draft Guidance “Drug Interaction Studies — Study
Design, Data Analysis, and Implications for Dosing and Labeling,” the [IJ/Ki ratio from
in vitro studies can be used to predict the likelihood of inhibitory drug interactions
clinically. [I] is defined as the steady-state Cmax concentration at the recommended
therapeutic dose, and Ki is defined as one-half the IC50 observed in the in vitro study

(IC50 * 0.5). The following table shows the predicted clinical relevance of these ratios.
Prediction of Clinical Relevance of Competitive CYP Inhibition

WK, Prediction
V> 1 Likely

1>[K>0.1 Possitie
0.1>[IyER, Remowe

Taken directly from the September 2006 Draft Guidance “Drug Interaction Studies — Study Design, Data Analysis,
and Implications for Dosing and Labeling.” .
[T} = steady-state Cmax at the recommended therapeutic dose; Ki= inhibitory constant.

The maximum recommended dose for iloperidone is 24 mg/d given twice daily (12 mg
BID). lloperidone has a molecular weight of 426.5 g/mol. According to results obtained
in Study CILO522A2328, the steady state iloperidone Cmax is 19.33 ng/ml, which would
correspond to molar exposure of 45 nM. Based on this information, the [I)/Ki ratios can
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be calculated (see next table). These data predict a remote p0551b111ty of clinically
relevant CYP inhibition by iloperidone.

o [II/Ki Ratios
CcYr1az | cymc | oYmoe | cypacis | cyemns | oypaas | cymsas
11} 450M | 456M | 45nM | 45oM | 45:M | 45mM | aso
] 30 uM S0 50 1M 29 pM 35M LIpM 43pM
111 00009 | Qo009 | 0000 0.002 0003 004 001

- m =-steady:state Cmax at the recommended ther-z.lpeﬁfi:: dose; Ki = inhibitory constant.

In the second study, P88 directly inhibited CYP2C9, CYP2C19, CYP2D6, and
CYP3A4/5, with approximately 25%, 24%, 76%, 43% and 30% inhibition, respectively,
observed at the highest concentration of P88 examined (100 uM). The IC50 values for
these enzymes were >100 pM,>100 pM, 35 pM, >100 pM and >100 pM, respectively.
Evidence of time-dependent inhibition of CYP2D6 and CYP3A4/5 by P88 was also
observed. P95, in the second study, had little or no potential to cause no direct inhibition
of CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4/5, and the IC50
values for these enzymes were all >100 pM. There was little or no evidence of time-
dependent inhibition of CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and
CYP3A4/5 by P9s.

The above study results demonstrated that iloperidone and its metabolites inhibited
various enzymes in P450 system at the highest concentration tested (100 pM). However,
normal therapeutic levels of iloperidone are expected to be in the range of 45 nM, >2000-
fold less than what was used in the in vitro studies. Based on this finding, and the [I}/Ki
ratio data presented in the table above, it is concluded that iloperidone does not inhibit
CYP1A2, CYP2C8, CYP2C9 and CYP2C19, but has the potential to inhibit CYP2D6
and CYP3A4/5 in humans.” (End citation)

In vitro evaluation of iloperidone, P88 and P95 as inducers of cytochrome P450
expression

“The effects of iloperidone and its metabolites, P95 and P88, on the expression of
cytochrome P450° (CYP) enzymes were assessed in primary cultures of human
hepatocytes (Study XT063049). Cultures were treated once daily for 3 consecutive days
with iloperidone, P88, or P95 at 0.05, 1.0, or 20 uM in DMSO, or one of 2 known CYP
inducers, omeprazole and rifampin. Cells were then harvested to prepare microsomes for
analysis of phenacetin O dealkylation (marker for CYP1A2), amodiaquine N dealkylation
(marker for CYP2CS8), diclofenac 4" hydroxylation (marker for CYP2C9), S mephenytoin
4’-hydroxylation (marker for CYP2C19), and testosterone 6B hydroxylation (marker for
CYP3A4/5).

Treatment with iloperidone caused a small increase (2-fold or less) in CYP1A2 and
CYP2C8 activities, and a decrease in CYP2C9, CYP2C19 and CYP3A4/5 activity at high
concentrations of Ilopendone At 20 pM, Iloperidone caused approximately a 30%, 47%
and 79% decrease in CYP2C9, CYP2C19 and CYP3A4/5 activity, respectively when
compared with the vehicle control, and the decrease was statistically sngmﬁcant for
CYP3A4/5 activity.

Treatment of hepatocytes with P88 caused little or no change (2-fold or less on average)
in CYP1A2 and CYP2C8 activity, but caused a decrease in CYP2C9, CYP2C19 and
CYP3A4/5 activity at the highest concentrations tested (20 pM). At 20 pM, P88 caused
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approximately a 19%, 45% and 80% decrease in CYP2C9, CYP2C19 and CYP3A4/5
activity, respectively; and the decrease in CYP3A4/5 activity was statistically significant
when compared with the vehicle control.

Treatment of hepatocytes with P95 had little or no effect on the activity of any of the -
CYP enzymes examined (CYP1A2, CYP2C8, CYP2C9, CYP2C19, or CYP3A4/5).

The results of this study show that iloperidone, P88 and P95 did not induce the enzymes
examined. Iloperidone and P88 may inhibit the activity of CYP2C9, CYP2C19, or
CYP3A4/5. P95 had little or no effect on the activity of any of the enzymes examined in
this study: The resuits of Study XT03049 agree with the results obtained from Study
XT065041”. (End citation)

2.6.2.6 Discussion and conclusions

lloperidone exhibits a nonclinical pharmacological profile consistent with that of an
atypical antipsychotic, characterized by a relatively lower affinity for dopamine D2
receptors and high affinity for serotonin 5-HT2 receptors. The pharmacological profile of
iloperidone was evaluated using in vitro radioligand-binding assays in rat, bovine, and
guinea pig tissues and cell lines stably expressing human receptor subtypes, ex vivo
' binding assays in the rat, functional characterization assays, and behavioral assays in
mice, rats, and dogs. Based on these studies, iloperidone was demonstrated to have hlgh
affinity for 5-HT2A, adrenergic al, adrenergic a2, D2, D3, and 5-HT1A receptors in
humans, and was found to act as an antagonist at selected dopaminergic, serotonergic,
and noradrenergic receptor subtypes. Affinity was highest for 5-HT2 and adrenergic al
receptors, and lower for D2, which is an affinity profile consistent with a potential for
iloperidone to act as an atypical antipsychotic. The respective ratios of IC50 values for
D2/5-HT2A for iloperidone and clozapine were 10 and 23, whereas the ratios for
haloperidol and thioridazine were 0.2 and 1.2, respectively. These ratios indicate a greater
relative affinity for 5-HT2A receptors for iloperidone compared with typical
antipsychotic agents such as haloperidol. This profile, which is similar to the atypical
antipsychotic clozapine, suggests that iloperidone may have reduced potential for
extrapyramidal side effects compared with typical antipsychotics. Behavioral studies of
iloperidone in animals support its antipsychotic potential with regard to positive and
negative symptoms, and social withdrawal symptoms of schizophrenia, as well as
potential anxiolytic activity at the same doses that produce antipsychotic effects.
Behavioral findings also suggested that iloperidone, like clozapine, is less likely to be
associated with extrapyramidal symptoms usually seen with dopamine-receptor
antagonists such as haloperidol.

Additional pharmacological characterization indicated that iloperidone lacks anti-
cholinergic activity.

Iloperidone metabolites P88 and P89 were found to have a profile similar to that of
iloperidone in receptor-binding studies, with potential to exert CNS effects mediated by
dopaminergic, serotonergic, and noradrenergic antagonism. P95 had affinity for
serotonergic, al and a2 adrenergic receptors, as well as dopaminergic receptors.
Although P95 does not cross the blood-brain barrier as shown by whole-body
autoradiography, there is potential for P95 to exert clinical effects relevant to safety
through interaction with various receptor subtypes. ‘
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The receptor-binding and antagonism profile of iloperidone and its metabolites, namely
high affinity for al- adrenergic receptors in peripheral vascular tissues, indicate that
iloperidone and its metabolites P88, P89, and P95 are likely to exert cardiovascular
effects, such as postural hypotension. )

In vitro evaluation of iloperidone effects in isolated dog Purkinje fibers indicated that
iloperidone has the capacity to prolong action potential duration. Iloperidone was also
found to produce a rapid and reversible block of hERG currents in mammalian cells
expressing the cloned hERG. This indicates that iloperidone has the capacity to prolong
QTc interval duration. Iloperidone metabolite P88, but not P95, also exhibited this
potential. In hemodynamic evaluations conducted in conscious normotensive and
hypertensive rats and conscious and anesthetized dogs, iloperidone was found to dose-
dependently decrease blood pressure due to its effects at al-adrenergic receptors. Small
and/or transient increases in heart rate were also noted in some studies. Cardiac output
and ECG parameters were not affected by iloperidone in these studies. The fall in arterial
pressure seen with iloperidone was gradual in onset with a slow i.v. infusion and steep
with a bolus i.v. injection, suggesting that hypotensive effects of iloperidone could be
altered by the method of administration. '

Neither iloperidone nor its metabolite P95 was associated with any adverse respiratory
effects as evaluated in albino rats.

In vitro studies showed that iloperidone has inhibitory, but not inducing activity in the
CYP enzyme system. Based on the steady-state Cmax at the recommended therapeutic
dose in humans (12 mg BID), it is not likely that iloperidone has the potential to inhibit
CYP1A2, CYP2C8, CYP2C9 and CYP2C19 at therapeutic doses in humans, but it has
the potential to inhibit CYP2D6 and CYP3A4/5 in humans.

In conclusion, the pharmacological profile of iloperidone is consistent with that of an
atypical antipsychotic with a reduced potential for extrapyramidal side effects as
compared to haloperidol and therapeutic potential with regard to positive and negative
symptoms, and social withdrawal symptoms of schizophrenia, including anxiolytic
properties. Hoperidone has the potential to induce hypotensive effects and to prolong QTc
interval duration.

APPEARS THIS WAY ON ORIGINAL
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2.6.3 PHARMACOLOGY TABULATED SUMMARY
Safety Pharmacology

Test Article: Hoperidone

Organ Systems
1 Evaluated

Method of

Toperidone
Concen-
tration/
Doses*

Geunder and

No. per
Growp

Noteworthy Findings

Compliance

Stady
Number

Cardiovascalar

In vitro

0.01-10 pM

NA

® Indog Purkinje fibers paced xt
stimulation frequencies of 0.5 and 1 Hz,
iloperidone and its metabolite (P88
prolonged action p ial dusation at a
concentration of 0.1 pM.

* Doperidone snd it metabolite (JP88 5t

free plasma roncentrations 20,1 pM are

likely to have direct effects on the QRS
® P95 appear 10 be less ikely to have

direct effects on QRS complex or QT

®  No other effects on cardiac action

potential parameters were noted for any
test item.

Yes

0120065

Cardiovascular

In vitro

NA

3-30,000

®  Ioperidone and metabolites (P95, P88)

produced rapid, reversible block of kRERG
current suggesting the potential for effects

on QT duration.

®  Assexsmeat of test article block st pear
ICsp vatues for all ifoperidone, P95, P83,
and ziprasi , but not risperido

2

Yes

008167

Cardiovascular

Rat/Long

Evans

po.

10mg/kg

Not

®  Ovendl, floperidone did not elicita
hypotensive response or an effect on HR,
except 1 of 4 notmotensive rats had a
41% decrease in MAP at 90 min_

Indeterminate
(oot required)®

Cardiovascular

Rat/Long

Evans

p.o.

3mgkg

Toperidone

n=3

®  Toperid duced a reduction in MAP

thronghout 240 min with a maximat
d of 13% (15 mmHg) in MAP at

n=4

180 min post-dose and decrease of 5% in
HR in nonmotensive rats,

®  Clozapine increased MAP by 5 mmHg
and decreased HR by 18 bpm.

Indeterminate
(ot required)®
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Organ Sy p Method of | Ioperid Gender and | N thy Findings GLP | Study
Evaluated Strain Admin, Concen- No. per i Campliance Number
tration/ Group
Doses”
Cardiovascular Rat/ SHR | po. 1and3 Not "o Romeridone d . ial - Indehmﬁndeb ILO-SP-
mg/kg specified/ + < (not requir 003
Ropesidone pressure by 11% and 13% and decreased ¢ o8
n=4 ' HR by 4% and 3% in hypestensive rafs at
Cbr;pme 1 mg/kg and 3 mg/kg dose, respectively.
n= )
®  Clonpine did not decrease arferial
i pressore or HR.
Cardiovascalar Rat/ SHR | p.o. 0.3-20 Not_ &  Overll results s $that 03 and 1 Xadeuminmb TLO-SP-
mg/kg specified/ (ot required)” | 004
n=4 forall mg/kg had no effect on basal BP or HR,
doses except although a 48% inhibition of hypestensive
16 for 20 ponse to phenylephring ocemred at |
mgkg mygkg dose.
®  Toperidone {6 and 20 mg/ky) lowered
basal BP by 45% and inbibited the .
phenylephrine effect on BP by 89% (EDw
. . . . =06mikgpo). =
Cardiovascular 'Doglnc;t p.o. Zorfnnykg Not . ..- ..A ] . .;‘ . inate | ILO-SP-
specified specified/ pesidone cansed sustain easei | (ootsequired)® | 006
Hoperidone” MAP with peak of 24% and 22% 21 2 and R
2mg/kp 5 mg p.o., respectively, in conscious
a=3; dogz,
Smgky
a=4; ®  Clozapine caused peak decrease of 16%
Clozapine at5 mpkg
=3
*  Toperidons and clozapine prod
simsilar vasodep effects in
dogs.
Cardiovascular Dog/ iv_, bofus 0.02-1 M+F/ . Indeterminate | ILO-SP-
Beagle | (15sec)or | mghs Bolsn=4 |® Hoperidone dosedependently lowered | (oo v an | oo
slow _ Taftos Y asterial p in
infosion. n=3 dogz.
(30 min) .
® Hypotessive response (39%) was due fo 8
duction in peripheral resi {40%)
fiated by lar ay-receptor -
blockade.
® HR, cardinc cutput, ECG not affected.
®  The hypestensive effects produced by
bolus or slow iufusion were of similar

magnitode and subsided within 2 hours of
dosing.

The fall in asterial pressure was gradual in
onset with the slow mfinion (peak
reduction 30 min) in contrast to the rapid
lypotensive effect cansed by fhe botos
injection (peak reduction 5 min),
suggesting that bnmans may toferate
gradual onset of kyp i iated

41




‘Test Article: operidone

Organ Systems
Evaluated

Method of

Teperidone
Concen-
tration/

Neteworthy Findings

CempHance

Stady
Number

Cardiovascular

Beagle

iv,bolus
(15 sec)or
slow
sndsi

(30 min)

0.02 mg/kg

Associated with Study ILO-SP-005 to
correlate plasma levels of iloperidone and
P94-11840 with cardiovasculay

+ & i adirpd

s in
Tlopesidone plasma levels after bolus
injection of 0.02 mg/kg consistently
higher than levels for iloperidone
following slow infusion of 0.02 mg/kg.
injection ranged fom'S to 96 ngfml, with

average Crai = 63 ng/ml. + 2 ngfml.. |

Plasma fovels after slow infusion faziged
from 5 to 24 ng/mil, with average Coax =
15 ng/mL + 8 ag/ml.

Plasma level of P94-11840 was
essentially below the limits of detection.
Resuits agvee with b Svnamic effscts
noted in the cardiovascular study.

Indeterminate
(uot required)®

RCE113.

Cardiovascular

20r10
mg/kg

M+F/n=3

Tloperidone i.d. caused simitar
hypotensive and vasodilator effects to
clozapine 5 mg/kg, id in anesthetized
dogs.
Tlopesidone exerted less influence on
cardiac ontput and HR than clozapine.
Toperidone exhibited + i pic eff
while clozapine showed - & pi
effects, evidenced by progressive
duction in left icular rate of
pressure development.

No drug-related ECG changes noted.

Indetenminate
(oot nquimd)"

Cardiovasculay

id

F/ 0.5 mgkg
n=4;1
mg/kgax=3;
10 mgikg

n=3

T, .

A dose of 1 mp/kg (i.d) produced
bl hy[ ion and reduction in

Tisne of onset of the peak hemodynamic
responses occnrred in a doge-related

(oot xeqni:ed)b

008
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Test Article: Noperidone
Organ Systerss | Specler/ | Method of | Tloperid Gender and | N hy Findings GL? Study
Evaluated Strain Admin. Concen- Ne. per Compliance Number
tration/ Growp
Doses®
Cardiovascular Dog po,id ggS, 0.25, il:)si'xlnyk; o Aer3daysofi idone p.o. dosing, :‘mmb go,g_sp.
fm“,y,g‘ mgkgn=4; 0.5 and 10 mp/keg (L d.) produced similar ired)
p.o. 5mg/kg byp ive effects and & in
followedby |n=4;10 peripheral resistance as in dogs given the
;?:odm mgkgn=2 same doses acutely without pre.treatment.
mg/kgid. ®  Only 2/4 dogs seceiving | mg/kgid.
indicating that cemulative dosing shightly
altered cardiovascular effects.
Cardiovascular | Dog/ |po. . 0,5, amnS | ME . Yes - 0270088
' Beagle' . mghkg .| sextdosé - * A!mgledosesofimdlSmglkg,m -
: iloperidone-related changes in body
temperature and ECG were noted.
® A decrease in mean BP occumred at doses
omegmdlSmganduhglnmd o
mwwmmaknlswkgwu :
noted.
Respintory . {Ra¥ .. |po. . |Iloperidone |M/6/dose No adverse treitment effects of - | Indeterminate | 932797
Albino - 01,1, md " oprtons ot o3 carepiniy | (ot | o010
10 mg/kg fenction. )
P95 1,10,
and 100
mg/kg
Test Avticle: Doperidone
Organ Sy Species/ Method of | Doperid Gender and | Notewrorthy Findings GLP Study
Evalaated Strain Admoin. Concen- No. per . Compliance Number
tration/ Group
Doses”
CNS/Whole body | Mouse p.o. P9510,30, jMI10/ose |, P95 (operid botite) ¢ Yes 0170079
: 100, and 300 resulted in alterstions in general and
mg/kg neurobehavioral sctivity at all doses,
which were considered as exaggerated
phasmacologic responses.
Single dose unless specified otherwise.
BGLP statement is not included in the study report.
BP=blood ECG=el i E)m-mdsmeﬁemdose.l?aEun:le,hﬂl(}-hm:na!m-a-go-gomlawdgm,}m=hmﬂm,|d =
denal; iv. = M-mn!e MAP = mean srierial pressure; NA = not applicable; p.o. = oral; SHR = spontaneously hyperteasive rat.
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2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

The preclinical pharmacokinetic studies performed with iloperidone include analytical
methods development and ADME studies of iloperidone and its metabolites P88-8991
(referenced as P88) and P95-12113 (referenced as P95).

Several analytical methods were developed and validated for the determination of
iloperidone and its metabolites, P88 and P95 in plasma samples. An additional method
was developed for the detection and separation of S-P88 and R-P88.

ADME studies were conducted in vitro and in vivo with mice (CD-1), rats (Sprague-
Dawley, Han Wistar, Lister Hooded, Long Evans, Wistar-Hannover, Long Evans
Hooded), rabbits (New Zealand white), dogs (Beagle), and monkeys (Cynomolgus), and
evaluated oral or intravenous administration of iloperidone following single and multiple
doses for up to 14 days, ranging from 1 mg/kg to 20 mg/kg.

In vivo absorption studies demonstrated that in all species treated with a single i.v. dose,
the maximum plasma concentration was observed at the first blood sampling, at
approximately 0.1 h. post-dose. Following oral administration (either single- or multiple-
dose), the time to reach Cmax was 0.5 to 1 h. in the mouse and dog, 1 h. in the rabbit and
monkey, and 1 to 2 hrs. in the rat. Oral bioavailability was <1% in rat, 5% in mouse, and
19% in both rabbit and dog after a single oral dose of 5 mg/kg. The low bioavailability
was likely due to first-pass effect in the species tested. In humans, iloperidone is readily
absorbed (tmax is 2-3 h afier a single dose and about 1.5 h with multiple dosing);
absolute bioavailability is estimated to be approximately 36% because of a first-pass
effect.

Plasma exposure values (Cmax and AUC) upon i.v. or oral administration were higher in
dogs than in other species at equal dose levels. In rats orally dosed with iloperidone (5, 16
and 20 mg/kg), the Cmax and AUC levels increased over-proportionally with dose
elevation. This finding was possibly related to inhibitory activity of iloperidone to
cytochrome P450 (CYP) enzymes. The mean plasma exposure (AUC) in the female rats
was greater than that in the males, indicating a gender difference in PK profile. In
humans, the pharmacokinetics of iloperidone is considered dose proportional in the dose
range studied, i.e. from 2 to 12 mg b.i.d. (4 to 24 mg daily).

The in vitro protein-binding of iloperidone in rats, dogs; and humans was greater than
90%, 86%, and 93%, respectively. The protein-binding activity of iloperidone in humans
appears not to be changed by the appearance of its metabolites, as shown in an ex vivo
study in humans where the protein-binding values were similar at 3 h. and 24 h. afier a
single oral dose of 3 mg iloperidone,.

Iloperidone organ distribution upon either oral or i.v administration to mice, rats, rabbits,
and dogs, was rapid; the highest drug concentration was generally observed in the liver,
kidney, gastrointestinal system, and secretory glandular tissues; placental transfer was
limited; and drug concentration in the brain was very low. After oral administration to
lactating rats (5 mg/kg), Cmax levels in the plasma and milk were reached in 0.5 and 4 h.,
respectively; iloperidone concentration was approximately 10 times higher in the milk
than in plasma at 4 hours post dosing.

The metabolism of iloperidone was evaluated in mice, rats, rabbits, dogs, and humans. In
vitro, iloperidone was metabolized in human liver microsomes to primarily 4 products:
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P22 (N-dealkylation), P94 (hydroxylation), P89 (O-demethylation), and P88 (carbonyl
reduction). The main metabolites were P88, P89, P94, and P95. In vivo metabolic studies
in mice, rats, rabbits, and dogs showed that iloperidone was extensively metabolized in
all species tested, with numerous metabolites (including those found in humans)
identified in the plasma and excreta. Similarly, in humans, there are multiple metabolic
pathways for iloperidone as shown in a clinical ADME study (ILOS522 2301) using
[14C]-iloperidone. Of practical importance in humans are the CYP2D6 pathway, which
leads to formation of the most abundant metabolite in systemic circulation, P95; a
reduction pathway leading to the formation of the second most abundant metabolite, P88;
and the CYP3A4 pathway, which produces metabolite P89 and probably other
metabolites that are present in circulating blood in low quantities. The total systemic
exposure (AUC) to P95 in humans is about 2.5 times that of iloperidone; however, as this
metabolite does not cross the blood-brain barrier (as shown in the rat), it is believed to
have no direct CNS activity. The total exposure to P88 in humans is about 1.5 times that
of iloperidone; it crosses the blood-brain barrier and has a similar receptor binding profile
as iloperidone. Therefore, P88 is considered to be an active metabolite. The most
abundant metabolites in humans are found in the species used in toxicology studies.
loperidone and its metabolites had very little or no potential to induce hepatic CYP
enzymes both in vitro and in vivo. In vitro, iloperidone and its metabolites, P88 and P95
had potentials to inhibit the activities of CYP enzymes. However, iloperidone
concentrations (IC50) that inhibited the activity of CYP1A2, CYP2CS8, CYP2C9 or
CYP2C19 in the in vitro studies wete > 100 uM, nmiuch higher than human plasma Cmax
(1933 ng/ml) at the maximum recommended human dose (24 mg/day), which
corresponds to molar exposure of 45 nM. On the other hand, the IC50 for CYP2D6 and
CYP3A4/5 were 11, 2.1, and 8.5 uM, respectively. Therefore, it is unlikely that at
MRHD iloperidone and its metabolites can inhibit the activity of CYP1A2, CYP2CS8,
CYP2C9 or CYP2C19, but there may be a potential to inhibit CYP2D6 and CYP3A4/5.
Elimination of iloperidone-related materials following oral administration of iloperidone
to mice, rats, rabbits, and dogs was rapid, with feces as the main route of elimination
(indicating biliary excretion). Upon oral or i.v. administration of iloperidone to CD-1
mice, the drug was extensively metabolized prior to excretion with little or no iloperidone
observed in urine; open-ring P89 was one of the major urinary metabolites; P88 and its
open-ring metabolite were major fecal metabolites and small amounts of unchanged
iloperidone or open-ring form of iloperidone were present in feces following both doses.
In humans, however, the main excretion route of products of iloperidone’s metabolism is
the kidney, different from the animal species tested, in which most of the iloperidone
dose is excreted with bile into feces.

ADME profiles of two major iloperidone metabolites, P95 and P88, were also
investigated. Absorption of P95was rapid; Cmax was reached at 0.5 h. after single-dose
oral administration of P95 at 5 to 20 mg/kg to CD-1 mice or 5 to 50 mg/kg to Sprague-
Dawley rats. Oral bioavailability was greater in mice (18-20%) than in rats (1.4-2.6%).
Plasma exposure values in mice increased dose proportionally, while Cmax and AUC in
rats increased over-proportionally with dose increase. In humans, the pharmacokinetics of
iloperidone and its two main metabolites P88 and P95 is considered dose-proportional in
the dose range studied, i.e. from 2 to 12 mg b.i.d. (4 to 24 mg daily).
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Only the S-form of metabolite P88 was found in humans. Oral availability of P88 in mice
and dogs was approximately 2% and 5%, respectively. Following single-dose oral
administration of S-P88 at 5 mg/kg or i.v. injection at 1 mg/kg, Cmax and AUC levels in
mice were lower than those in dogs.

Since rats do not metabolize iloperidone to P95 to the extent seen in humans, studies on
P95 distribution in rat tissues and organs were performed upon P95 administration.
Tissue distribution of P95 was studied in pregnant and non-pregnant female rats after
single i.v. (Img/kg) and oral (80 mg/kg) administration of [14C]P95. P95 was rapidly
distributed to different tissues, the highest tissue concentrations were detected in the liver,
kidney, and gastrointestinal system; however it did not pass the blood-brain barrier in
either non-pregnant or pregnant rats.

Metabolism of P95 or P88 was investigated in mice, rats, or dogs, following oral or i.v

administration of either P95 or P88 alone. The major circulating metabolites of P95 in’
‘both mice and rats after a single i.v. dose of [14CJP95 of 1 mg/kg were the P95 acyl

glucuronide and/or-the O-demethylated P95 glucuronide. After a single oral dose
administration- of [14C]S-P88, the overall metabolite patterns in mouse plasma- and
excreta ‘were qualitatively similar to those in-mice -dosed with a single oral dose of
[14Cliloperidone, suggesting a possible rapid conversion of S-P88 to iloperidone

following oral administration. In. dogs however, there was no evidence that S-P88 and.

iloperidone were in equilibrium.

Excretion of P95 and P88 was evaluated in mice, rats, and dogs, respectively. In all
species tested, P95, P88 and their metabolites were mainly eliminated through feces;
urinary excretion was a minor elimination pathway. Prior to excretion, P88 in dogs and
P95 in rodents were extensively metabolized. Only 15.3% and 0.3% of the administered
dosages were excreted unchanged in urine in mice and rats, respectively, between 0 to 48
hours. The major metabolite in feces was open-ring P95.

The formulations used for the ADME studies (except for radiolabeling) were identical to
the formulations used in pharmacology and toxicology studies.

2.6.4.2 Methods of Analysis
The following bioanalytical methods were developed:

- analytical method for the determination of iloperidone and its P88 metabolite in
human plasma based on = . e chromatography/mass
spectrometry/mass spectrometry (LC/MS/MS) (Study DMPK(US)R98-1595);

- asecond method based on high-performance liquid chromatography:
spectrometry (HPLC/MS/MS) was validated for iloperidone and its P88

" metabolite, but it did not meet the validation acceptance criteria for the P95
metabolite (Study DMPK(US)R99-720);

- athird method was developed to extend the second method for the analysis of the
P95 metabolite and validated for rat and dog plasma (Study DMPK(US)R99-
2297);

- afourth method was developed for the determination of iloperidone, P88, and P95
in urine (Study DMPK(US)R98-3042);

- a fifth method was developed to separate and detect S-P88 and R-P88 in plasma
and urine by using chiral LC/MS/MS (Study DMPK(US)R00-2322);
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- Additional methods were developed for the synthesis of [14Cliloperidone,
[3H]P95, and [3H]P88 (studies DMPK(US)R00-2143, DMPK(US)R01-1058,
DMPK(US)R99-053, and DMPK(US)R99-034, respectively).

2.6.4.3 Absorption

Single- and multiple-dose studies with oral or i.v. administration of iloperidone or one of
its metabolites, P95 or P88, were performed in the mouse (CD-1), rat (Sprague-Dawley,
Han Wistar), rabbit (New Zealand), dog (Beagle), and monkey (Cynomolgus). In each
species studied, absorption of iloperidone was rapid, but bioavailability of the compound
was low, likely due to first-pass effect. Species-specific variability in absorption was
observed, with the lowest bioavailability in the rat.

- Single-dose studies with iloperidone

The absorption parameters of iloperidone in the mouse, rat, rabbit, dog, and monkey
following a single oral or i.v. administration are summarized in the sporisor’s table below.
PK profiles varied among different animal species. After a single oral dose administration
at 5 mg/kg, Cmax levels in all species were reached between 0.5 to 1.2 hours post dosing;
both Cmax and AUC levels in the dog were greater than other species; absorption rates
were 50% to 80% in mouse, 56% to 86% in rat, 76% to 79% in rabbit and 42% to 99%
in dog; oral bioavailability was <1% in rat, 5% in mouse, and 19% in both rabbit and
dog. The low bioavailability was likely due to a first-pass effect.

Iloperidone plasma exposure parameters in rats (Cmax and AUC) were increased over-
dose proportionally upon administration of single oral doses of 5, 16, and 20 mg/kg.
Mean plasma drug concentration was higher in female than in male rats following a
single oral dose of 16 mg/kg loperidone.

Upon intravenous administration (1 mg/kg), Cmax was recorded at the first sampling
time (0.083 h) in all species; both Cmax and AUC levels in dogs were higher than those
in other species.

Mean PK parameters following a single-dose oral or intravenous administration of iloperidone

Species Study No. Doze Admin. Cuoa | - AUC on
(mg/kg) | Reate (ag/mL) () (agoh/mL)
MIF MIF M
DMPR{US)
Momse (CD-1) e 5 peo. 12.779A o.5ATA 76.2/MA
Momse (CD-1y | ILOPE 001 20 p.o. S60/NA VNA | NA
Rat (Sprague- DMPEFS)
ey e s po. 338MNA 1.2/MNA 644MA
Rat (Sprague- | DMPE(US)

i T 16 po. 41.5/259 21 17777500
Rat (Wistm) | ILO-PE-001 20 o 202/MA 0.SAIA 629MA°
Rabbit (New | DMPEUS)

s | et s p.0. NA/6S.4 NAA NA/S34
Dog (Beagle) | ILOPK-001 s p.o. 2NA UNA NA
DMPE(US)
Dog (Beagled e s po. 165/NA o.5MA S44/MA
© M"““"-"'w y | worEom s po. 34/NA TNA NA
DMPEQUS) .
Mouse (CD-1) s 1 iv. 162/NA 083NA |. 306MNA
R“n(s’;'::;" T g 1 iv. I7TO/NA 0.083/NA 316NA
RabbitNew | DMPEUS) :
e s | ameos 1 iv. NA/ABS NA/0.083 NA/ST3
Dog Beagle) | Ronasos’ 1 iv. 689/NA 00EINA 90S/NA

AUCO—w0=area under the plasma concentration curve from time 0 hour to infinity;.
a AUCO0-24; b AUC 0 to last sampling time point (2 or 4).
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- Multiple-dose studies with iloperidone
- Multiple-dose study with iloperidone in the mouse (Study DMPK(US)R01-
1353) '

After administration of repeat oral 10-mg/kg dose of iloperidone for 9 days followed by
[14Cliloperidone (specific activity=20.8 pCi/mg) for the following 5 days to CD-1 mice,
plasma concentrations of iloperidone and metabolite P95 were determined on Day 14.
The Cmax values of iloperidone and metabolite P95 (21.4 ngEq/mL in male and 16.2
ngEg/mL in female) were observed 0.5 to 1 h post dose in both male and female mice.
Hoperidone AUC0-24 values were 528 ng*h/ml and 618 ngeh/ml for males and females,
respectively. For the metabolite P95, AUC0-24 values were 69.3 ngEqeh/ml and 77.6
ngEqeh/m! for males and females, respectively. No obvious gender difference in exposur
was observed. '

- Muitiple-dose study with iloperidone in the rat (Study DMPK(US)R01-1181)
Administration of 5 daily oral doses of iloperidone (16 mg/kg/day) to Sprague-Dawley
rats resulted in the following exposure values for iloperidone, P88, and P95:

- Cmax: males 181, 8.3, and 6.7 ng/ml, respectively; females 151, 7.2, and 8.9

ng/ml, for iloperidone, P88, and P95, respectively;

- Tmax: males 1, 1, and 1 b; females 2, 2, and 1 h for iloperidone, P88, and P95,

respectively;

- AUC0-24: males 343, 18.1, and 11.4 ngeh/ml; females 937, 49.2, and 58.9

ngeh/ml for iloperidone, P88, and P95, respectively.

Thus, plasma exposure values (AUC0-24) for iloperidone and metabolites was higher in
female than male rats.

The following sponsor’s table summarizes the mean PK parameters of iloperidone in the
plasma of mice and rats administered with multiple oral doses of iloperidone. Following a
14-day oral administration, both Cmax and AUC levels were comparable in male and
female mice. However, the AUC value in female rats was nearly 2.5-fold greater than the
male rats, after 5 daily consecutive doses.

Mean PK parameters of iloperidone following multiple-dose oral administration of iloperidone

Species | StudyNo. |Duration | Dose | Admin | Cax tam AUC 4
(ug/kg) | Route | (mg/ml) ® (ngeh/mL)
MF MF M/F
m mg’) l4days | 10 po. | 1721139 0.5/0.5 528/618
Rat | pvprqs)
(Sprague- | DPEC | saays | 16 | po | 181131 ) 343/937
Dawley)

- Single-dose studies with metabolite P95
P95, one of the major metabolites of iloperidone, was orally or i.v. administered in 2
separate studies in male mice and rats. Plasma concentrations of P95 were measured
between 0 to 24 hours and 0 to 72 hours, respectively. Following oral administration at 5,
10, and 20 mg/kg, the levels of Cmax and AUC in mice were higher than those in rats;
tmax levels in all dosing groups were identical in both species. The oral bioavailability
values in mice calculated after a single oral doses of 5, 10, and 20 mg/kg were 18%, 32%,
and 20%, respectively; in rats, after a single oral doses of 20 and 50 mg/kg the oral
bioavailability was much lower (1.4% and 2.6%, respectively). When mice and rats were
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dosed i.v. at 1 mg/kg, the AUC levels in the rat were relatively greater than in the mouse.
The data are summarized in the following sponsor’s table.

Mean PK parameters in male mice and rats following single-dose administration of P95

Species Study No. Dose Admin. Canx [ - AUC g
(ng/kg) | Route (ag/mL) (153 (ugEqe=h/mL)
Mouse DMPE(US) 119, 276, 336, 1180,
DD R99-1246 5,10,20 p-o. <07 0.5,05,0.5 15000
Rat
DMPE(US) | 5. 10,20, 321,316, | 05,0.5,05, | 161,195,
(Sprague- R99-1245 50 © PO 60.2, 455 0.5 161, 718°
Dawley) - > - >
Mouse DMPE(US) .
DD R991546 1 iv. 948 0.083 368°
Rat :
(Spragne- . Dmg) 1 iv. 1560 .| o083 538
Rat(Han . | DMPR(US) . . .
Wistan) R99.1245 - 1 iv. 1000 0.083 ST

a AUC0-24, ngEqeh/mL; b AUC0-24 ng-h/mL; c AUC0-72, ngEq-h/mL. .
The following sponsor’s sumrary adequately describes the results of these studies: -

- Single-dose study with P95 in the mouse (Study DMPK(US)R99-1246)
“After iloperidone administration, the exposure of P95 was low in the mouse relative to
that in the human. Therefore, this study was conducted to gain further insight into the
disposition of P95 in the mouse following a single non-radio-labeled P95 oral-(gavage) or
[14C]P95 (specific activity=116 pCi/mg) i.v. doses in male mice (CD-1). After
administration of a single oral dose of P95 to mice at 5, 10, and 20 mg/kg, the following
calculations were made regarding concentrations of P95 in plasma: Cmax values at 119,
276, and 507 ng/ml, tmax values at 0.5, 0.5, and 0.5 hour, and AUC0-24 values at 336 +
77.8, 1180 = 201, and 1500 + 176 ngEqeh/mL, respectively. The oral bioavailability
values calculated after a single oral dose of 5, 10, and 20 mg/kg were 18%, 32%, and
20%, respectively. The plasma concentration of P95 following a single i.v. administration
of [14CJP95 at a dose of 1 mg/kg is as follows: a Cmax value of 948 + 56.8 ng/ml, a
tmax value of 0.083 hour (first sampling time), and an AUC0-72 value of 368 + 56.8
ngEqeh/ml were found in CD-1 mice. With respect to radioactivity in plasma, a Cmax
value of 894 + 76.1 ng/mL, a tmax value of 0.083 hour (first sampling time), and an
AUC0-72 value of 894 + 76.1 ngEq*h/mL were calculated. P95 concentrations were
below the limit of detection within 4 hours postdose; however, measurable amounts of
drug-related material were present throughout the 72-hour study. This study
demonstrated that exposure is proportional to dose”.

- Single-dose study with P95 in the rat (Study DMPK(US)R99-1245)
“Since the exposure of P95 was relatively low in the rat relative to humans, to gain a
better insight into the disposition of P95 in the different strains of rats, a single [14C]P95
(specific activity=116 or 117 pCi/mg) i.v. or non-radio-labeled P95 oral (gavage) dose
was given to male rats (Han Wistar and Sprague-Dawley). After single i.v. administration
of [14CJP95 at a dose of 1 mg/kg, the plasma unchanged drug-concentration-time
profiles were characterized by an initial concentration (first sample time=0.083 hour) of
1560 ng/ml in Sprague-Dawley and 1000 ng/ml in the Han Wistar rats with a rapid
decline thereafter. For Han Wistar rats, the AUC0-72 was 579 ngEqeh/ml. For Sprague-
Dawley rats, the AUC0-72 was 538 ngEqeh/mL. Thus, no difference in P95 absorption
was observed between the 2 strains. With respect to radioactivity in the plasma of Han
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Wistar and Sprague-Dawley rats, the AUC0-72 values were 1200 £ 17.1 and 1560 =+ 105
ngEq+h/mL, respectively. After single-dose administration of an oral (gavage) dose of
P95 to Sprague-Dawley rats at 5, 10, 20, and 50 mg/kg, the Cmax values of 3.21 + 5.57,
31.6 £ 13.3, 60.2 + 33.8, and 455 + 284 ng/mL; tmax values of 0.5, 0.5+ 0, 0.5 + 0, and
0.5+ 0 h ; and AUC0-24 values of 1.61 + 2.78, 19.5 £ 9.99, 161 + 199, and 718 + 424
ng*h/ml were calculated, respectively. Therefore, increasing P95 doses yielded increases
in exposure that were over-proportional to dose. The oral bioavailability calculated after a
single oral dose of 20 and 50 mg/kg were 1.4% and 2.6%, respectively. Bioavailability
was not calculated for the 5- or 10-mg/kg doses due to the limited AUC0-24 data.”

- Single-dose studies with metabolite S-P88

It was hypothesized that iloperidone and P88 existed in equilibrium, and that the same
metabolic profile should be present regardless of whether iloperidone or S-P88 was
administered. To test this hypothesis, the plasma concentrations of iloperidone and
metabolites of iloperidone, P95 and P88, were determined in 2 animal species (mice and
dogs) after single oral (gavage) or i.v. doses of [14C]S-P88. Since a chiral method had
demonstrated that there was no R-P88 formed in animals or humans, all concentrations
were reported as S-P88. Studies evaluating the absorption profile of S-P88 were
performed in male mice (Study DMPK(US)R01-950) and male dogs (Study
DMPK(US)R01-1016). After a single oral dose of 5 mg/kg of [14C]S-P88 to either
species, oral bioavailability was only 2% in the mouse and 5% in the dog, which
suggested an extensive first-pass effect. After a single oral dose administration of [14C]S-
P88, the overall metabolite patterns in mouse plasma were qualitatively similar to those
in mice dosed with a single oral dose of [14Cliloperidone, suggesting a possible rapid
conversion of S-P88 to iloperidone following oral administration. In dogs however, there
was no evidence that S-P88 and 1loper1done were in equilibrium. PK parameters of S-P88
are summarized in the following sponsor’s table.

Mean PK parameters of P88 following single-dose administration of S-P88 to mice and dogs

Species Study No. Dose Admin. Caxx | - AUC ¢
(mg/kg) | Route (ng/mL) @ (ngeh/mL)

Mouse DMPR(US) - 5 po. 3.70 05 720

(CD-1) RO1-950

Dog DMPE(US) 5 p.o. 545 0.7 583

(Beagle) | RO1-1016 _

Mouse DMPK(US) 1 1v. 803 0.083 66.7

(CD-1) RO1-950

Dog DMPK(US) 1 iv. 545 0.083 233

(Beagle) | RO1-1016

The following sponsor’s summary adequately describes the results of these studies:

- Single-dose study with S-P88 in the mouse (Study DMPK(US)R01-950)
“The plasma concentrations of iloperidone and metabolites of iloperidone, P95 and P88,
were determined after single oral (gavage) or iv. doses of [14C]S-P88 (specific
activity=20 or 117 puCi/mg, respectively) to male mice (CD-1). After administration of a
single oral dose of [14C]S-P88 at 5 mg/kg, Cmax values of 3.7, 2.3-2.6, and 2.2 ng/ml,
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tmax values of 0.5, 2-4, and 0.5 hours, and AUC0-72 values of 7.2 + 1.6, 20.2 + 6.4, 3.9
+ 1.96 ngeh/ml were observed for S-P88, R-P88, and P95 in plasma, respectively. A
Cmax value of 22.7 ng/ml, tmax value of 0.5 hour, and an AUC0— value of 73.1 + 10.6
ng*h/ml were observed for iloperidone. With respect to radioactivity in plasma, Cmax
values of 492 and 85.4 ngEq/ml, tmax values of 0.5 and 4 hours, and an AUC0~72h value
of 2260 + 285 ngEqeh/ml were observed. The oral bioavailability calculated after a single
oral dose of 5 mg/kg of [14C]S-P88 was low (2%), indicating extensive first-pass
elimination in the dose. There was complete absorption of the 5- mg/kg oral dose of
[14C]S-P88. After single i.v. administration of [14C]S-P88 at a dose of 1 mg/kg, Cmax
values of 80.3, 176, and 1.24 ng/mL, tmax values of 0.08, 0.5, and 0.5 hour, and AUC0—
72 values of 66.7 + 7.5, 53.2 + 2.8, and 3.6 + 2.3 ngeh/ml were observed for S-P$8, RPS88,
and P95 in plasma, respectively. For iloperidone in plasma, a Cmax value of 29.7 ng/ml,
a tmax-value of 0.5 h, and an AUCO0—o value of 72.1 + 8.5 ngsh/ml were observed. With
respect to radioactivity in plasma, Cmax values of 500 and 191 ngEq/mL, tmax values of
0.5 and 8 h, and an AUC0-72h value of 1800 + 691 ngEqeh/ml were observed.”

- Single-dose study with S-P88 in the dog (Study DMPK(US)R01-1016) .

“The plasma concentrations of iloperidone and metabolites, P95 and P88, were
determined after single oral (gavage) or i.v. doses of [14C]S-P88 (specific activity= 5.94
or 30.5 uCi/mg, respectively) in solution to male dogs (Beagle). Since a chiral method
demonstrated that there was no R-P88 formed, all concentrations are reported as S-P88.
After administration of a single oral dose of [14C]S-P88 at 5 mg/kg, Cmax values of 54.5
+ 65.7 and 16.6 + 11.1 ng/ml, tmax values of 0.7 + 0.3 and 5.3+ 3.1 h, and AUC0-
values of 58.3 + 47 and 376 < 266.ng+h/ml were observed, for P88 and P95, respectively.
For iloperidone, a Cmax value of 99 + 105 ngEq/ml, a tmax value of 0.83 =+ 0.3 h, and
AUCO—o values of 212 + 132 ngeh/ml were observed. With respect to radioactivity in
plasma, a Cmax value of 1040 + 659 ngEq/ml, a tmax value of 0.08 + 0.3 hour, and an
AUCO-co value of 8640 + 2580 ng*h/ml were observed. The oral bioavailability after a
single oral dose of 5 mg/kg of [14C]S-P88 was low (5% * 4 %), indicating extensive
first-pass elimination of the dose. The absorption of the 5-mg/kg oral dose of [14C]S-P88
was high (58.7%+ 17.5%). After single i.v. administration of [14C]S-P88 at a dose of 1
mg/kg, Cmax values of 545 and 2.4 ng/mL, tmax values of 0.08 and 7.5 h, and AUC0-w
values of 233 and 62.5 ng*h/ml were observed for P88 and P95, respectively. For
iloperidone, a Cmax of 145 ngEq/ml, a tmax of 0.8 h, and an AUCO—0 value of 367
ng+h/ml were observed. Iloperidone levels were below the LOQ after 24 hours. With
respect to radioactivity in plasma, a Cmax value of 717 ngEq/ml, a tmax value of 0.08 h,
and an AUCO- value of 2940 ngEqeh/ml were observed. Comparison of the data
generated from administration of [14C]iloperidone to the dog (Study DMPK(US)R99-
1189) and the data generated from this study provided no evidence that S-P88 and
iloperidone are in equilibrium after an oral dose of S-P88 in the dog.”

2.6.4.4 Distribution

Distribution profile of iloperidone was evaluated in vitro in animals and humans and in
vivo in animals (mouse, rat, rabbit, and dog). -

Protein binding and distribution in blood cells

Plasma protein-binding of iloperidone was greater than 90%, 86%, and 93% in the rat,
dog and human, respectively, as determined in 2 in vitro studies using [14C] and [3H]
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iloperidone (Study TH1D150793, Study DMPK(US)R99-1121). A similar plasma
_protein-binding in humans was also determined in an ex vivo study using plasma.of
volunteers treated with iloperidone at a single oral dose of at 3 mg; the mean protein-
binding value was 94.4% at 3 hours and 94.8% at 24 hours post.dose; plasma protein-
binding rate of iloperidone was not significantly affected by its metabolites in this ex vivo
test (Study DMPK(US)N01-1200).
The mean binding values of P95 metabolite in the rat, dog, and human plasma were
approximately 90.5%, 68.5%, and 84.9%, respectively, as determined in vitro (Study
DMPK(US)R99-1121).
The blood distribution of iloperidone in human, dog, and rat blood using
[14Cliloperidone at concentrations of 0.1 to 100 pg/ml showed that in all species tested,
only a small amount of iloperidone was detected in red blood cells; the fraction of
[14C]ilopefidbné ‘distributed into the red blood cells (fBC) was <0.25 ) in each test
species. Iloperidone blood/plasma concentration ratios were. mdependent -of the drug
-concentrations used for the incubation (Study DMPK(US)RO] 1427) :
Distribution of iloperidone in tissues - ‘
Tissue distribution of iloperidone was 1nvest1gated in- the mouse, rat, rabblt and dog
Following a single-dose i.v. administration, the steady-state volume of distribution (Vss)
values. of. 1loper1done in mice (7.7 l/kg), rats (4.1 1/kg), rabbits (2. 9 lkg), and dogs 23
I/kg) were approximately 10, 6, 4, and 4 times larger than the volume of total body water
in these species, respectively, indicating an extensive tissue distribution after i.v.
administration of iloperidone (Studies DMPK(US)R99-1188, DMPK(US)R98-2214,
DMPK(US)R99-1190, and DMPK(US)R99-1189).
After oral or i.v. administration, tissue distributions of radio-labeled iloperidone were
qualitatively evaluated in rat studies showing that iloperidone was quickly distributed
into different organs; the highest drug concentrations were generally observed in liver,
kidney, gastrointestinal system, and secretory glandular tissues, while the concentration
of radioactivity was very limited in central nervous tissues (Studies AC1D290192,
DMPK(US)R01-1362, and DMPK(US)R00-1313). Similar tissue distribution results for
iloperidone were found in pigmented rats, except for the concentration of radioactivity in
the eyes which was significantly higher in pigmented than in albino eyes (Study 901504).
The ability of iloperidone and its metabolite, P88 to cross the blood-brain barrier was
studied in vitro using an in vitro 2 cell monolayer model at 5-uM donor concentrations of
[14Cliloperidone and [14C]S-P88 (Study ADME(US)R01-1488). The apparent
permeabilities (Papp) were calculated based upon total [14Cliloperidone and [14C]S-P88
radioactivity located on the receiver side or donor side of the model, after a 2-hour
incubation. Both [14Cliloperidone and [14C]S-P88 were found to be highly permeable
compounds under the conditions of this experiment. These data suggest that iloperidone
and S-P88 can cross the blood-brain barrier.
Distribution of metabolite P95 in tissues
The tissue distribution -of [14CJP95 was studied by quantltatlve whole-body
autoradiography in adult male Long Evans Hooded (pigmented) rats after a single 1-
mg/kg i.v. dose of [14CJP95 (specific activity=116 nCi/kg) (Study DMPK(US)R99-
2330). One rat per time point was sacrificed at 5 minutes, 1 hour, 4 hours, and 24 hours
post dose. [14C]P95-derived materials were not observed in the brain, indicating minimal
or no passage across the blood-brain barrier. The bile concentration (11.4pg-Eqg/g) at 5
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minutes post dose was higher than any other tissue, organ or fluid. The highest tissue
concentrations were measured at 5 minutes post dose in the kidney (3.25ug-Eq/g) and
liver (2.61ng-Eq/g). [14C]P95 and its radio-labeled metabolites were rapidly eliminated,
since at 4 hours post dose, only the liver had measurable amounts of radioactivity
(0.786pg-Eq/g). At 24 hours post dose, no radioactivity was detected in any tissue, fluid,
or organ.
Distribution in pregnant and lactating animals

- Ioperidone
Placental transfer and subsequent fetal tissue distribution were examined in pregnant rats
(Study AC1D140294) and rabbits (Study AC2D140294) orally dosed with [14C]
iloperidone. Limited placental transfer of radioactivity to fetus was observed in both
species; the concentration of radioactivity was barely detectable in fetal organs.
In another study, drug concentrations in plasma and milk were compared after
. iloperidone oral administration to lactating rats at 5 mg/kg (Study TH1D01694). Peak
concentrations in plasma and milk were attained at 0.5 and 4 hours post dose,
respectively; drug concentration in milk at 4 hours post dose was approximately 10 times
that in the plasma; and the concentration levels of iloperidone in milk were higher than in
plasma from 1 to 12 hours post dosing.
Whole-body . radiography study. of iloperidone in. pregnant albino rats (Study
AC1D140294)
Single oral administration of [14C] iloperidone to pregnant Sprague-Dawley rats
(3/group) on Gestation day 12 or 18 at a dose level of 64 mg/kg, resulted, at 1 hour post
dose, in general distribution throughout the maternal tissues with the highest
concentrations in the liver, kidney, gastrointestinal tract, lung, adrenal gland, and bone
marrow. Lesser, but significant, concentrations of radioactivity were observed in the fat,
mammary tissue, thymus, placenta, amniotic sac, and central nervous tissue. Blood
concentrations appeared to be at or just above the level of detection. Only limited
placental transfer of radioactivity to the fetus was observed (maternal liver concentrations
were approximately 10 to 20 times higher than the barely discernible concentration in
fetal liver). By 48 hours post dose, only the liver, kidney, gastrointestinal tract contents,
placenta, and amniotic sac contained detectable concentrations of radioactivity. At the
later time points, due to the limited placental transfer of radioactivity and the subsequent
minimal fetal distribution, it was difficult to identify individual fetal tissue, particularly
those from the 12th day of gestation animals.
There were no significant differences observed in the distribution of radioactivity
between gestational Day 12 and Day 18. The dose formulation used in this study
(suspension in starch mucilage) impaired the absorption of drug material.
Distribution of radiolabeled iloperidone in pregnant rabbit (Study AC2D140294)
Administration of radiolabeled iloperidone at a single oral dose of 25 mg/kg to pregnant
New Zealand rabbits on Gestation Day 12 or Day 19 resulted, at 1 hour post dose, in a
general distribution of radioactivity throughout the maternal tissues, with the highest
concentrations in the liver, kidney, bladder, and gastrointestinal tract. Lesser but still
significant amounts of radioactivity were found in the lung, bone marrow, spleen,
salivary glands, fat, myocardium, central nervous system, and skeletal muscle. Limited
placental transfer occurred, and fetal distribution was barely detectable. Concentrations of
radioactivity in the tissues appeared to reduce slowly over the time course (1 to 48 hours)
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of the experiment. There were no significant differences observed between gestational
Day 12 or Day 19 at any time point during the course of the experiment.

Iloperidone Excretion into Milk (Study TH1D01694)

[14C]lloperidone oral administration to lactating Sprague Dawley rats at a single dose of
5 mg/kg resulted in the following concentrations in the maternal plasma and milk (as
determined by HPLC analysis of samples taken at 1, 2, 4, 6, and 12 hours post dose):

, Test Article: lloperidone
Time (b): 1,2,4,6,12,24 1h 2h 4h 6h 12h 24h
Concentration of Radioactivity
Milk: 0.922 1.400 1465 1.150 0407 0.044
Plasma: 0.32% © | o205 0.150 0.161 0.058 0.064

The main study findings were as follows: Iloperidone and its metabolites were
concentrated nearly 10-fold in milk vs. plasma at 4 hours following oral administration;
concentrations in milk were lower than plasma at 24 hours after administration;
metabolite profile was similar in milk and plasma.

- P95 distribution in pregnant animals

Distribution.of [14C]P95 in pregnant rats (Study DMPK(US)R01-417)

Since rats do not metabolize iloperidone to P95 to the extent seen in humans, this study
was performed to more fully characterize P95 distribution in rat tissues and organs. The
distribution of radioactivity following a single oral dose of [14C]P95 into the organs,
tissues, and body fluids of pregnant rats (Sprague-Dawley) was studied by quantitative
whole-body autoradiography. Following an 80-mg/kg [14C] P95 oral dose administered
to pregnant rats on gestational Days 10 and 17, radioactivity was distributed only to the
liver, kidney, and spleen. No [14C]P95 was detectable in the brain, which corroborated
the findings in P95 distribution study in non-pregnant rats (Study DMPK(US)R99-2330) ,
suggesting that P95 does not cross the blood-brain barrier. Distribution of radioactivity
on gestational Days 10 and 17 appeared to be the same, regardless of the gestational age
of the animals. The highest tissue concentrations were detected at 1 hour post dose in the
kidney and liver (26 to 27pugEq/g). Radioactivity was not detected in any other tissues,
organs, or fluids including the fetus, placenta, amniotic fluid, or implantation site.
Radioactivity was eliminated quickly; at 24 hours post dose, only the liver in the Day 10
animal contained measurable radioactivity (11.7 pg/Eq/g,).

2.6.4.5 Metabolism

Metabolism of iloperidone was investigated in vitro (in human liver microsomes; in rat
liver extracts; in liver S9 preparations from rodents, rabbits, dogs and humans; in bile and
urine of rats and dogs), as well as in vivo in the mouse, rat, rabbit, and dog. Metabolism
of the metabolites of iloperidone, S-P88 and P95, was also evaluated in vivo, in mice, rats
and dogs upon oral and i.v. administration.

Metabolism of iloperidone in vitro

In vitro, iloperidone was metabolized in human liver microsomes to primarily form 4
products: P22 (N-dealkylation), P94 (hydroxylation), P89 (O-demethylation), and P88
(carbonyl reduction) (Study DMPK(US)R01-538). In human liver S9, the major product
formed was P88. The higher formation of P88 in human liver S9 incubations, as
compared to human liver microsomes, supported the formation of P88 by cytosolic
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enzymes, as well as by cytochrome P450 in humans in vivo. The in vitro formation of
P88 was contributed to by several specific P450 enzymes, including CYP1A1, CYP1A2,
CYP2A6, CYP2B6, CYP2C8, CYP2C19, CYP3A4, and CYP3AS. The pathways for the
" metabolism of iloperidone in human were similar to rats. The metabolites excreted in the
bile and urine of rats (Wistar) and dogs (Beagles) that were administered iloperidone
(rats: 60 mg/kg, ip.; dogs: 20 mg/kg, p.o.) were identified and characterized by
combination of LC/MS and liquid chromatography/nuclear magnetic resonance
(LC/NMR) (Study AEM022594). Iloperidone was demonstrated to be metabolized by the
O-demethylation  to  yield 6-fluoro-3-[1-(3-hydroxypropy!)-4-piperidinyl]-1,2-
benzisoxazole and 1-[4-[3- [4-(6~fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl}propoxy]-2-
hydroxyphenyl]ethanone and by hydroxylation on the acetophenone ring, producing 1-
[4-[3-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinylJpropoxy]-2,5 dihydroxyphenyl]
ethanone. '

The metabolism pathway of iloperidone in human and animal species is illustrated in the
sponsor’s figures below and on the next pages. '

Metabolic pathways of iloperidone in humans
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Steady-state kinetics of iloperidone carbonyl reduction to form P88 and oxidation of S-
P88 to form iloperidone were examined in S9 preparations from various species (Study
DMPK(US)R01-1294) to explain the lower exposure of P88 than iloperidone in rodents
and dogs as compared to that in humans, in whom P88 exposure is greater than that of
iloperidone. Ratios of iloperidone carbonyl reduction to S-P88 reduction intrinsic
clearance values in liver 89 of rabbit, human, mouse, rat, and dog were 5.7, 2.4, 0.50,
0.46, and 0.26, respectively. The in vitro reactions with rabbit and human liver S9
indicated that iloperidone was metabolized with a greater efficiency to the reduced form
of iloperidone (P88) than S-P88 is oxidized to form iloperidone. The equilibrium of the
reduction/oxidation reaction favored formation of P88, and the preference was due to a
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higher maximum enzyme velocity (Vmax) and/or reduced concentration of substrate that
produces half-maximal velocity, in the presence of a competitive inhibitor (Km) values.
In mouse, rat, and dog liver S9, the reaction tended toward formation of iloperidone from
$-P88 rather than reduction of iloperidone to form P88. The low formation of P88 in rat
and dog in vivo could also be due to a greater metabolic clearance of iloperidone by
biotransformation pathways other than formation of P88. The preference for S-P88
oxidation over iloperidone reduction in mouse, rat, and dog are in line with in vivo study
results in these animals, in which iloperidone was found to be more predominant than
P8s.

Metabolism of iloperidone in vivo ,

The patterns and identity of iloperidone and its metabolites were determined following
single oral or i.v. doses of 5 or 1 mg/kg, respectively, of [14Cliloperidone to mice, rats,
rabbits, and dogs.

Metabolism of the metabolites of iloperidone, S-P88 and P93, was also evaluated in vivo,
in mice, rats and dogs upon oral and i.v. administration.

Single-dose study with iloperidone in the mouse (Study DMPK(US)R99-1188)

After single i.v. administration of [14Cliloperidone at a dose of 1 mg/kg, iloperidone
and/or its open-ring metabolite and an glucuronide of open-ring P89 were major
circulating species for the first 4 hours postdose. P95 and P88 were only minor
circulating metabolites, representing no more than 1.7% or 5.1%, respectively, of the
plasma radioactivity. After single administration of an oral (gavage) dose of
[14Cliloperidone of 5 mg/kg, the open-ring glucuronide of P89 was the major circulating
species (26% to 62%) for the first 8 hours postdose, while iloperidone and its open-ring
form were only minor species (5.7%) in plasma. P95 and P88 concentrations were below
the LOQ in all samples when quantified by LC/MS/MS (non-radiochemical detection)..
Iloperidone was extensively metabolized prior to excretion with little or no iloperidone
detected in urine, and only about 2.5% in feces, following either i.v. or oral dosing.
Open-ring P89 was one of the major urinary metabolites. P88 and its open-ring
metabolite were major fecal metabolites following both doses.

Single-dose study with iloperidone in the rat (Study DMPK(US)R98-2214)

After single administration of an oral (gavage) dose of [14Cliloperidone of 5 mg/kg to
rats (Sprague Dawley), the major circulating metabolites were conjugates of oxidized
metabolites, unconjugated iloperidone, and its open-ring form. Small amounts of
unconjugated P94, P95, and P88 were also observed following both oral and i.v.
administration. The metabolic profiles from the i.v. and oral doses were similar.
Following i.v. administration, a product of both oxidation and O-demethylation was the
major circulating species. Iloperidone was extensively metabolized prior to excretion.
Following oral dosing, free urinary [14C]P95 accounted for approximately 0.06% of the
dose. Although the total amounts of [14C]P95-related metabolites in urine were under
<1% of the dose, the ratio of oral to i.v. dose suggested that the total [14CIP95-related
metabolites following oral administration of [14Cliloperidone may represent up to
approximately 20% of the total metabolic disposition of iloperidone in the rat.
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Metabolic pathways of iloperidone in the mouse




Single-dose study with iloperidone in the rabbit (Study DMPK(US)R99-1190)
Hoperidone was extensively metabolized in rabbits to form at least 20 metabolites. The
major biotransformation pathways included reduction of the carbonyl group to form P88
and its further metabolites; oxidation at the a-methyl to form P94, P95, and further
metabolites; N-dealkylation to form P17.6 and P20.8; O-demethylation to form P89 and
further metabolites; reduction of the benzisoxazole ring, most likely by gut microflora, to
form open-ring iloperidone and other open-ring metabolites; and N-oxidation to form
P42.5. The major metabolites included N-dealkylation metabolite, glucuronide of open-
ring iloperidone, glucuronide of open-ring P95, iloperidone, glucuronide of open-ring
P88, glucuronide of P89, P88, and P95. The metabolite P88 in the rabbit plasma
following the oral administration of iloperidone was determined to be nearly exclusively
S-P88. The plasma AUC ratio of the R- over the S-isomer was 0.01.

' Metabolic,pathways of I“C_] iloperidone in the rabbit _
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Single-dose study with iloperidone in the dog (Study DMPK(US)R99-1189)

Following single oral or i.v. doses of 5 or 1 mg/kg, respectively, of [14C]Jiloperidone to
dogs (Beagle), the major components in plasma included iloperidone, P94, P95, a
carboxylic acid derivative of P88, an N-dealkylation product, and a carboxylic acid
derivative of iloperidone. Iloperidone was extensively metabolized in dogs prior to
excretion; unchanged iloperidone accounted for only 3% to 6% of the total chromatogram
radioactivity. The major biotransformation pathways included reduction of the carbonyl
group to form P88 and its further metabolites; oxidation at the a-methyl to form P94,
P95, and further metabolites; N-dealkylation to form P17.6 and P20.8; O-demethylation
to form P89 and further metabolites; and reduction of the benzisoxazole ring, most likely
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by gut microflora, to form open-ring iloperidone and other open-ring metabolites. The
metabolite profiles in the excreta were similar between the oral and i.v. groups.

Metabolic pathways of [*C] iloperidone in the dog

peg “
. A & o &I)lm
0 opmmgesc N I
= - — Pos
N 'grmxy J:Ig—) e
| o o °
S BN S « ﬁgf
o :Z':""m o = ' A
gasmy Lo ) : C . : o BE% - open ting Protict
: %) S L : . gy ..
-] m//Oiéu__‘) N "m BN “a2%) k

ofe o

l'" oap L,-i)/t e SR )

wﬂi nom il H: (O;g) : | (‘:18;%)
)

P2A6 pens
0.61%)

(Numbers in the bracket represent the percent of oral dose recovered in the excreta as that structure or pathway)

Single-dose study with iloperidone in the rat and dog (Study RT1D310791)

Disposition and metabolism studies on iloperidone in rats and dogs following single i.v.
or oral doses of 1 or 5 mg/kg, respectively, of [14Cliloperidone showed that iloperidone
was extensively metabolized in both species prior to excretion. The metabolism of
[14Cliloperidone was qualitatively similar in rat and dog with 5 radioactive peaks
detected by TLC.

Metabolism of iloperidone metabolites P88 and P95 in vivo

P88: In vivo studies of P88 metabolism upon a single oral or i.v. dose of [14C]S-P88
were performed in mice and dogs. In mice orally treated with [14C]S-P88, the overall
metabolite patterns in the plasma and excreta were qualitatively similar to those in mice
dosed orally with iloperidone, suggesting a possible -rapid conversion of S-P88 to
iloperidone in the mouse (Study DMPK(US) R01-950). However, no evidence of S-P88
and iloperidone equilibrium was found in the dog after a single dose oral administration
(Study DMPK(US)R01-1016).

Single-dose study S-P88 in the mouse (Study DMPK(US)R01-950)

The ADME properties of S-P88 metabolite of iloperidone, in mice (CD-1) were studied
following a single administration of 1 mg/kg iv. or a 5-mg/kg oral gavage dose of
[14C]S-P88. After iv. administration, the major circulating metabolites included
glucuronide of P89, S-P88 glucuronide, and iloperidone accounting for 30%, 21%, and
11% of the total exposure (AUCO0-8 of total radioactivity), respectively. After oral
administration, the plasma profile was qualitatively similar to that of the i.v. group. The
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major circulating metabolites included glucuronide of P89 and S-P88 glucuronide,
accounting for 27% and 30% of the total exposure. The overall metabolite patterns in the
plasma and excreta following administration of a single oral dose of [14C]S-P88 were
qualitatively similar to those following administration of a single oral dose of
[14Cliloperidone. :

Single-dose study with S-P88 in the dog (Study DMPK(US)R01-1016)

Metabolite patterns were evaluated following single i.v. or oral doses of 1 or 5 mg/kg,
respectively, of [14C]S-P88 to Beagle dogs. S-P88 was extensively metabolized in dogs.
The 2 major metabolic pathways were benzisoxazole reduction and alpha-methyl
oxidation. Carbony! oxidation, N- and O-dealkylation, oxidation of the carbon atom of
the piperidine ring, and glucuronidation represented minor pathways.

Following the 5-mg/kg oral dose, at least 12 metabolites were detected in the plasma.
There was no metabolic conversion of S-P88 to R-P88 after the oral dose. The major
plasma metabolite after oral administration was P33.6 (P94). The 2 major metabolites in
urine were P17.6 and P20.8; in feces, they were P26.3 and P39.8. There was no evidence
that S-P88 and iloperidone were in equilibrium.

P9S: Single-dose studies with P 95 in mice and rats. In vivo studies of P95 metabolism in
mice and rats were performed upon single i.v. or oral doses of 1 or 5 mg/kg of [14C]P95,
respectively (Study DMPK(US)R99-1246, Study DMPK(US)R99-1245). In both mouse
and rat, there was no rapid conversion between P95 and iloperidone in plasma. Following
a single 1-mg/kg iv. [14C]P95 dose in the mouse or the rat, P95 was the major
circulating species at 1 and 2 hours postdose. In mice i.v. dosed with [14CJP95, P95
represented 64.1% of the radioactivity within 2 hours after administration; after i.v.
administration to the rat, P95 only represented 19.5% of the radioactivity in the pooled 1-
and 2-hour plasma samples. Major circulating metabolites were the P95 acyl glucuronide
and/or the O-demethylated P95 glucuronide in the mouse and rat, in addition to open-ring
P95 glucuronide in the rat.Prior to excretion, P95 was extensively metabolized. Only
15.3% and 0.3% of the administered dose were excreted unchanged in urine in the mouse
and rat, respectively, and no P95 was observed in feces following administration in mice.
The major metabolite in feces was open-ring P95 in the mouse and the rat.

The following sponsor’s tables presents a summary of iloperidone and its P88 and P95
metabolites circulating levels upon 14C-iloperidone or metabolites P88 and P95 single-
dose i.v. and oral administration to rodents, rabbits and dogs.

Hoperidone, P83 and P95 metabolites circulating levels in rodents, rabbits and dogs administered
single i.v. (1 mg/kg) and oral (5 mg/kg) dose of “C-iloperidone

% of Compound (peak) in Samy
Species Sample | Sampling Time | % of Doze in Sample Pareut (lo/ open- M2 (P95/ open P95) M2 (P33 open-xing
or Period ring 1o/ Tlo+2 amu) P3%)
Rat Plasma [1,2,4,12,24h |NA 1h613%Genal) | 1h:0.60% (oral) 1k 0.72% (oral)
(Sprage- 55.1%Gv) No sigmal (iv.) 199%Gv)
Dawley) 2b4MGonl)  |203%(wah | 2k 0.50% fual)
5% G6v) No siznal Gv.) 6.07% (v
Ab-702%(cmal) | 4h-0.60% (oral) 4k No signal (oral),
451%Gv) 0.68% (iv) 265%@v)
DE281% D) |12k 1.75% (eral) 12h: 0.72% (oral)
(Continued)
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(Continued

Species Sxmple | Sampling Time | % of Dore in Sample Parent (The! apen- M2 (P95 open P935) M2 (P33 open-ving
ar Perisd zing Ba’ Bo+2 aram) . )
Mouse Phasma |1,2,4,8h NA 1h-2.59% (oral) 1 h-4.40% (oral) 1 h: 526% (oral)
B-n 393% Gv) 1.79% Gv.) 436% G.v)
2k 120% (oxal) 2k 4.89% (onal) 2% 1.17% (oral)
493%Gv) - 131% Gv) 381%G.v)
4 b 5.68% (oaal) 41 10.2% (oxal) 4% 5.05% (oral)
2.8%Gv) 122% Gv.) 512% (iv.)

. 8k 1.51% (oal) 8h 314% (onal) 81 238% (oral)
Rabbit | Plama® [05,1,2,4,8, |NA 0.5k 164% (oral) | .5 h: 6.93% (o)) 0.5k 11.0% (cral)
Qe 12amd 24 h 1k 25.7% (ceal) 1h:128% (oraD 1h 15.4% (oal)
%,‘:”)!‘“" 2Zb: 33.0% (cral) 2k 14.0% (onal) 2k 1622% (oral)

4 b 31.0% (cxal) 4k 9.88% (oxal) 2k 14.5% (oral)
8 13.8% (ovad) 81 3.70% (oaD) 2h 5.80% (osal)
12h: 7.08% (oraD 12h: 1.61% (oral) 1217 3.05% o)
. I . 245h:132% (o) {240 BLO(owaD - - 24L- BIQ(em) -
Dog . [Phawm®|05,1,2,3,4.6 [NA {051:9.66% toa) | 0.5 b 7.58% (craD) 0.5 BLO (o2l
@eagle) 812, ma24h 1w220%¢onD . |1h163%0EDd . | 1hBIQ(ead
24: 18.2% (oxa) J 2k 270% (oxaD 2k BLQ (oral)
31 19.7% (o) 3 35.5% (oral) 3k BLQ(craD
AR 204%(ciaD ] 4k 29.9% lexal) &h:BLQ {oiaD)
Sk 6% (D - h259% @D | 6k BLQ (D
85 542%(cral) | 3B 22.7% (oral) | 8k BLQ (oD
12 b 2.06% (ora) 12k 12.2% (ona) 12 b BLQ (aral)
225:293% (onD) © {24k 13.0% (ora) - | 24 b BLQ (o))

Iloperidone, P88 and P95 circulating levels in mice and dogs after single i.v. (1 mg/kg) and oral (5
mg/kg) dose of [14C]S-P88 or [14C] P95

P88

% of Compound (peak) in Sample

Species Sample | Sampling Time | % of Dore in Sample Parent (S-P88or S- | Ml (R-P88 or R-PSS M2 (o)

or Period P38 glu) gha)

Mouse | Plama® [ 0.083, 025, 0.5, | NA 0083 N 86.6%Gv) | 0083k BLD Gv) D083 b 14.9% GLv)

€Dy L4,8,md24b 025h:211% (oea) | 0.25 ke 16.7% (onal) 025 b: 253% (oral)
05k 261% (oral), | 0.5h: 15.9% (oxal), 0.5 b: 12.6% (oral),.
64.9% (iv) 11.4% Gv.) 495% Giv.)

| 13 98.2% ¢omal), 1k 720% (oral), 1k 33.7% (onal), 37.9%

89.3% (iv) 15.9% Giv.) Gx)
21 11.4% (ora), 4h: 1.22% (oxal), 3h: 515% (oral), 4.36%
1.64% Gv) 1.69% G.v.) Gy
81 1.59% (cual), 81 0.93% (o), Bh: 1.27% (osal), 1.27%
0.26% (iv) 0.78% G.v.) Gv)
24 b 2.54% (o) 241 1.27% {omal) 24.h- 0{orad)

Dog Plasma® [ 0.083,05,1,2, |NA 0083h: 563% (iv) | 0.083h: 109% Gv) 0.083 b: No signal Gi.v.)

Beagle) 3,4 md6h 0.5 b 58.5% (oxal), 0.5} 65.8% (oraD), 0.5h: 8.69% (omal), no
152% G.v) 161% G.v.) signal Gv.)
1} 28.6% (oxal), [ 3 b 82.4% (oxal), 1k 16.4% (oxal), no
12.0% Gv) 148% Gv) signal (Lv)
2.4 818% (oral), 2h: 54.8% (oral), 2b: 16.0% (oral), no
TL1% Gv) 100% G.v) ﬁf,?;)(
3 b 4.25% (oral), 39, : aral),
11.8% Gv) %:t:‘“‘“ 1.6% Gv)
4} 4.89% (cral), 195 U 4k 18.6% (oxal),

4k 30.9% (oral), 3%
1.6% Gv) 25.7% Gv) Gv)
§h:Nosxignal (oral), | 61 22.1% (aral), * S h: 20.9% (orad),
0% Gv) 11L1% Gv) 1o signal G.v.)
P95
Species | Sample | Samplinz Time | % of Dorein Sample | Parent (P95) M1 (O-demethylated | M2 (Open-ring P95
or Period Psg ide) o e)

Rat Plasma® | 1-2h, and 2-8h |NA 12k 195% 1-2h:-NA 1-25:28.7%

Spragoe- 28k NA hNA 2.8k 100%

Dawley)

Mouse | Plasma®{ 1-2h NA 1-2h-64.1% 1-2h 359% NA

€D-1

61



2.6.4.6 Excretion
Excretion profiles in animals (mice, rats, rabbits and dogs) were studied following a
single-dose administration of iloperidone or one of the metabolites of iloperidone, P95 or
P88. Additionally, one study investigated excretion of iloperidone in milk. The animal
studies showed that fecal elimination accounts for the primary excretory path for
iloperidone and its 2 metabolites, P95 and P88.
Excretion of iloperidone
Excretion of iloperidone was explored in mice, rats, rabbits, and dogs following a single
oral and i.v. dose administration of [14Cliloperidone (Study DMPK(US)R99-1188, Study
DMPK(US)R98-2214, Study DMPK(US)R99-1190, and Study DMPK(US)R99-1189).
As summarized in the sponsor’s table below, orally or i.v. administered radioactivity was
mainly eliminated through feces. After either oral or i.v. administration, more than 80%
radioactivity was recovered in urine and fecal samples of all 4 species. Similar results
were also observed in rat and dog in another animal study (Study RT1D310791). In this
study, the amounts of radioactivity excreted in urine and feces were comparable between
male and female rats after oral or i.v. administration.

- Excretion data following a single-dese administration of iloperidone

Species | StudyNo. | Dose | Admin. | Urine(%dose) |  Feces(%dose)
(mg/kg) | Route T c
024h | 0168h | 024h | 0-168h
Mouse DMPE(US)
(CD-1) R99-1188 ] p.o. 26.3 348 325 488
Rat
(Sprague- ];(98_22[ 14] 5 p.o. 514 | 593 68.5 794
Dawley) .
Rabbit
(New DMPK(US)
Zealand R99-1190 5 po. 182 214 55.4 663
‘White)
Dog DMPK(US)
(Beagle) R99-1189 5 po. 3.04 7.40 001 747
Mouse DMPK(US) N
(CD-1) | R99-1188 1 iv. 385 28 373 446
Rat '
(Sprague- %9&2214 1 iv. 572 691 812 962
Dawley)
Rabbit
(New DMPK(US) .
Zealand | R99-1190 1 iv. 2438 280 28 56.4
White)
Dog DMPR(US) .
(Beagle) | R99-1189 1 iv. 8.55 12.0 142 742
Excretion of P95 or P88

Excretion studies with the two 'major metabolites P95 and P88 were conducted in rats and
dogs, respectively. Following a single oral or i.v. dose administration of [14CJP95 or
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[14C]P88, radioactivity was mamly eliminated through fecal route in both the rat and the
dog, as shown in the sponsor’s table below.
Single-dose study with P95 in the rat (Study DMPK(US)R99-1245)
The excretion of radioactivity in urine, feces, and cage wash was examined after single
i.v. administration of 1 mg/kg of [14C]P95 to rats (Sprague-Dawley and Han Wistar) to
investigate strain .differences. In Sprague-Dawley rats, excretion was primarily via the
biliary route as demonstrated by the fecal recovery of 95% of radioactivity at 72 hours.
Approximately 5% of the administered radioactivity was recovered in the urine,
Including cage wash, recovery of the radiolabel was 101% (complete) within the 72
hours. In Han Wistar rats, approximately 3% and 56% of the administered radioactivity
was recovered in the urine and feces, respectively, at 24 hours. Mass balance was
complete within 72 hours post-dose. Excretion of [14C]P95 and its radiolabeled
metabolites was rapid since 56% to 59% of the administered radiolabel was recovered
within 24 hours post-dose The results of this study are summarized in the sponsor’s table
below.

Excretion data followmg a smgle-dose admmlstratlon of P95

Species | StudyNo. | Dose' | Admin. Urine (% dose) | Feces (% dose)
(mg/ke) | Route Radioactivity - | Radioactivity
024k | o72m’ 0-24h’ 0-72h |-
Rat
(Sprague- %nmxlgi? 1 iv. 421 5.26 518 954
Dawley)
Rat (Han- | DMPK(US) 1 iv. 298 NA 563 NA

Wistar) | R99-1245

Single-dose study with P88 in the dog (Study DMPK(US)R01-1016)

Radioactivity recovered in urine and feces of Beagle dogs following a single oral or i.v.
dose of 1 and 5 mg/kg, respectively, of [14C]S-P88 was determined. Regardless of the
route of administration, the radioactivity was excreted mainly in the feces, with
recoveries of 76% and 70.3% for the oral and i.v. dose groups, respectively (see
sponsor’s table below). Radioactivity excretion was rapid with most of the recovered
dose (97% of the excretion after the oral dose and 89% of the excretion after the i.v.
dose) excreted in the 0- to 48- hour post dose interval. Urinary excretion (0 to 72 hours)
was a minor elimination pathway, and accounted for 7.01% and 5.67% of the oral and i.v.
dose, respectively.

Excretion data following a single-dose administration of P88

Species Study No. Dose Admin. Urine (% dose) Feces (% dose)
(mg/kg) | Route Radioactivity Radioactivity
0-24h 0-168h | 0-24h 9168 h
Dog DMPE(US) 5 po. 6.15 7.01 564 76.0
(Beagle) RO1-1016
Dog DMPK(US) 1 S iw 512 5.67 313 703
(Beagle) RO1-1016
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Excretion in milk

Distribution of [14Cliloperidone into milk of lactating Sprague-Dawley rats
(StudyTH1D010694) _

The transfer of radioactivity into the milk of lactating rats (Sprague-Dawley) was
investigated following a single dose of [14ClJiloperidone at 5 mg/kg. As demonstrated in
the following sponsor’s table, the concentration of radioactivity in milk at 4 hours
postdosing was near 10-fold greater than that in plasma at the same time. However, by 24
hours after dosing, concentrations of radjoactivity in milk had fallen to values slightly
lower than plasma. The metabolic profile in milk was qualitatively similar to that in
plasma with 5 of 6 plasma metabolites also observed in milk.

Concentration of radmactmty in rat milk and plasma after a single oral dose of |lopendone

Mem Concentnhon of Rad;oadl\my(pgeqm.lg) R
»0.5ih | 1n ] 2nm. 4nh | 6h | 12n | 24n
Mk ] > | ooz 1.409 | 1460 | 1150 | 0407 | o044
Plasma | o405 | o039 | o025 7| o150 | o161 | 0098 | o061

‘Radmacmtywm onlyteeovuedmthennlk sample of 1 of 3 animals.

2.6.4.7 Pharmacokinetic drug interactions: (See under Pharmacology)
2.6.4.8 Other Pharmacokinetic Studies: NA

2.6.4.9 Discussion and Conclusions

PK studies with iloperidone were conducted in vitro and in vivo w1th mice, rats, rabbits,
dogs, and monkeys. Iloperidone was rapidly absorbed in all species tested following oral
and i.v. administrations, but its bioavailability was very low due to a significant first-pass
effect. Absorption profiles of iloperidone showed species differences, as demonstrated by
the higher exposure (Cmax and AUC) values in dogs in comparison to other species
treated at the same dose levels. Oral bioavailability was <1% in rat, 5% in mouse, 19% in
both rabbit and dog, and approximately 36% in humans.

Plasma exposure (Cmax and AUC) levels generally increased dose-proportionally in the
tested animal species, except for the rat in which exposure increased over-proportionally
with dose elevation from 5 to 20 mg/kg. This finding might be possibly related to
inhibitory actlv1ty of iloperidone to cytochrome P450 (CYP) enzymes. Gender
differences in exposure were present in the rat, the mean AUC in female rats being
51gmﬁcantly greater than that in males.

Absorption profiles of metabolites P88 and P95 were similar to the parent compound;
their absorption was rapid after either oral or i.v. administration. At equal oral doses,
bioavailability of P95 (18%) was significantly higher than S-P88 (5%) in mice. P95
plasma exposure (Cmax and AUC) values in the rat increased exponentially in response
to dose elevation, while in mice values were increased dose proportionally.

After either oral or i.v. administration, iloperidone and its metabolites distributed rapidly
to different organs; the highest drug concentration was generally observed in the liver,
kidney, gastrointestinal system, and secretory glandular tissues; placental transfer was
limited; and drug concentration in the brain was very low. P95 metabolite did not pass the
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blood-brain barrier in the rat. After oral administration to lactating rats, Cmax levels in
the plasma and milk were reached in 0.5 and 4 h., respectively; iloperidone concentration
was approximately 10 times higher in the milk than in plasma at 4 hours post dosing.
Iloperidone metabolic profiles show some differences across species. The most abundant
metabolites in humans (P95 and P88) are found in the species used in toxicology studies.
However, in rodents, P95 and P88 are only minor circulating metabolites, in contrast to
humans. Results of pharmacology and pharmacokinetic studies that have bearing on the
potential toxicological characteristics of metabolite P95, include the following:

- While P95 is the predominant circulating metabolite of iloperidone in humans,
comprising 25% to 54% of its total metabolism (Study CIL0522A 2301), in
rodents it represents only 3.9% to 5.7% of the total measurable exposure to
iloperidone and its metabolites.

- P95 is rapidly absorbed and distributed. Although P95 did not appear to cross the
blood-brain batrier as assessed in PK distribution study in rats, in general toxicity
studies in rodents and dogs it induced CNS clinical signs similar to those induced
by iloperidone, which suggests that the blood-brain barrier is not absolutely
impenetrable to P95.

- P95 is rapidly eliminated in rodents; the half-life of P95 is 45 min in mice, 40 min
in Sprague-Dawley rats and 100 min in Wistar rats, as compared to a half-life of
23-26 hours for P95 in humans.

- P95 exhibits a similar affinity to iloperidone for human 5-HT2A and adrenergic
receptor subtypes, while exhibiting a substantially lower affinity for D1, D2, and
D3 receptor subtypes compared with iloperidone. These results suggest that while
P95 appears to have a lesser potential to exert CNS pharmacological effects in
comparison to the parent compound, it has a potential to exert other systemic
effects through interaction with peripheral receptor subtypes.

Metabolite P88 exposure in rodents and dogs is lower than that of iloperidone, as
compared to humans, in whom P88 exposure is greater than that of iloperidone. The in
vitro reactions with rabbit and human liver S9 indicated that iloperidone was metabolized
with a greater efficiency to the reduced form of iloperidone (P88) than P88 is oxidized to
form iloperidone. The equilibrium of the reduction/oxidation reaction favored formation
of P88, while in mouse, rat, and dog liver S9, the reaction tended toward formation of
iloperidone from P88 rather than reduction of iloperidone to form P88.. The preference for
P88 oxidation over iloperidone reduction in mouse, rat, and dog are in line with the in
vivo study results in these animals, in which iloperidone was found to be more
predominant than P88. The low formation of P88 in rat and dog in vivo could also be due
to a greater metabolic clearance of iloperidone by biotransformation pathways other than
formation of P88.

In vitro metabolic studies showed that iloperidone has st;onger inhibitory activity to
CYP2D6 and CYP3A4/3A5 compared with either P88 or P95; neither iloperidone nor its
metabolites had potential to induce cytochrome P450 enzymes.

Excretion profiles of iloperidone, P85 and P99 were similar. They are mainly eliminated

through the feces, in contrast to humans in which urinary excretion is the major
elimination pathway.
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2.6.4.10 Comparative TK summary

" Toxicokinetics: Overview of Toxicokinetics Data

. Test Article: Iloperidone
Steady-State AUC (ng-hr/mL)
Daily Dose Mice Rats® Dog* Human®
(mghg/dsy)  [ypate Female Male Female Male [ Femare
2
4 65 219 NA NA 2956
5 799° 172
P _ 64.84
10 1255% 658.8°. | 1030% 617.8° 1899 INA ‘
vy 4 — el “Tod I
15 2735 315!
16 1 ’ A . Jsa
24 1020 - | 3682 2319
25 _ 659.1 795.1
48 11275 16163

a Four-week oral toxicity study (Study 0394-220).

b Four-weck oral toxicokinetic study (Study 0494-220).
¢ Study CIL0O5220112.
d Thirteen-week oral toxicity study (Study 0193A).
€ Twenty-four-month oral carcinogenicity study (Study 988053).

NA = not available due to insufficient data points at the indicated dose.

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
Relevant tables are incorporated in the text of the PK Chapter 2.6.4.

APPEARS THIS WAY ON ORIGINAL
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology: _

Single-dose studies were conducted to evaluate acute toxicity of iloperidone p.o., i.v., or
i.p. administration, as well as of orally administered iloperidone metabolite P95 and
iloperidone production intermediates. The approximate median lethal dose of oral
iloperidone in mice was between 55 and 80 mg/kg (M) and <55 mg/kg (F); in rats it was
>480 mg/kg (M) and between 240 and 480 mg/kg (F). The most common clinical signs
following iloperidone acute administration were ptosis, decreased spontaneous motor
activity, and relaxed scrotum. Additional signs of acute toxicity in some or most animals
in some studies included clonic convulsions, prostration, intermittent whole-body
tremors, chromodacryorrhea, excessive lacrimation, epistaxis, ataxia. Single oral doses of
P95 in the range of 100 to 750 ing/kg in rats did not cause mortality; the clinical signs
were similar to those seen with iloperidone, and included decreased motor activity,
ptosis, and relaxed scrotum. The approximate median lethal doses of orally administered
iloperidone production intermediates in rats were generally higher in comparison to
iloperidone.

Repeat dose studies of general toxicity and corresponding toxicokinetic parameters were
conducted with iloperidone in mice, rats, rabbits, and dogs. Additionally, toxicology
studies were performed in rats and mice with the predominant circulating metabolite of
iloperidone in humans, P95, to better characterize its safety and toxicity profiles in view
of the lower exposure to this metabolite following iloperidone administration in animal
species vs. humans. In humans, P95, comprises 25% to 54% of iloperidone total
metabolism (Study CIL0522A 2301). However, in rodents P95 represents only 3.9% to
5.7% of the total measurable exposure to iloperidone and its metabolites. The half-life of
P95 is 45 min in mice, 40 min in Sprague-Dawley rats and 100 min in Wistar rats, as
compared to a half-life of 23-26 hours for P95 in humans. Due to proportional differences
in exposure to this metabolite following iloperidone administration in preclinical species
compared with that in human, a number of toxicology studies were performed with P95
direct administration in preclinical species to assess its potential to exert toxic effects.
Toxicity studies conducted with P95 in rats included an acute toxicity study, two 13-week
oral toxicity studies (in rats and dogs), a 26-week study in rats, a full battery of genetic
toxicity tests (Ames test, chromosomal aberration test, and in vivo micronucleus test in
rats), and an embryo-fetal development study in rats. An immunotoxicity study was also
performed in conjunction with iloperidone

Among all the repeat-dose general toxicology studies on iloperidone and its P95
metabolite, pivotal studies of the longest duration and therefore most relevant to safety
evaluation, are the 6-month rat study and the 12-month dog study conducted with
iloperidone, and the 6-month rat study conducted with P95 metabolite. These studies are
the subject of the present review.

Iloperidone 6-month oral administration to rats (Sprague-Dawley) at doses of 0, 12, 24,

and 48 mg/kg/d for 26 weeks induced dose-related clinical signs indicative of CNS
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depression (ptosis, decreased motor activity, relaxation of the scrotum, anus, vaginal
opening) and decrease of mean body weight in all dose groups throughout the study
(from 8% at LD to 32% at HD at the end of the dosing period); hematological changes
including lower total leukocyte and lymphocyte counts at LD (F), MD and HD (both
genders), and lower platelet counts in MD and HD males; and dose-related serum
chemistry deviations including lower triglyceride levels in females at all doses and in HD
males and lower glucose levels in females at all doses and in MD and HD males.
Prolactin was not determined. Increased incidence and severity of vacuolization of
glandular epithelium in the mammary glands of males and females was seen in all dose
groups, mammary hypertrophy/hyperplasia in females at MD and HD, testicular
degeneration and atrophy at MD and HD, and fatty infiltration in bone marrow sections
in HD group. During the 5-week recovery period, an incomplete reversibility was seen
for decreased body weight, hematology and mammary glandular epithelium changes. The
MTD of iloperidone in this study was 12 mg/kg/d, based on the marked body weight
decrease (18-22% vs. control) at the next higher dose tested (24 mg/kg/d). An NOAEL
was not reached in this study, as the lowest tested dose (12 mg/kg/d) induced a decrease
in body and organ weights, hematological and clinical chemistry changes, and
histopathology changes in the mammary glands of males and females.

TK analysis indicated that iloperidone plasma exposure increased over dose-
proportionally, with mean maximal concentrations of 24, 89, and 958 ng/ml in males and
18, 351, and 1351 ng/m in females at LD, MD and HD, respectively. The average
concentrations of iloperidone in the females at MD and HD were 3.9 and 1.5 greater than
in the corresponding male groups. Plasma levels of iloperidone metabolites P88 8991 (the -
principal metabolite) and P89 9124 increased dose-dependently, with iloperidone noted at
the highest plasma concentration in every dosage group.

Hoperidone 1-year oral administration to beagle dogs at 6, 12, and 24 mg/kg/d induced
drug-related clinical signs at all dosages (decreased spontaneous activity, tremors, bizarre
behaviors, labored breathing, ptosis, slow response times and/or lack of pupillary reflex);
the mid- and high-dose induced ataxia, loss of righting and toe pinch reflex (in single
animals), emaciation. Body weight decreases of 7.3% and 9.2% vs. control were
registered over the treatment period at LD and HD, respectively. Hematology and clinical
chemistry changes were induced dose-dependently at MD and HD, i.e., decreases in
mean erythrocyte count and in hemoglobin and hematocrit levels in males and females;
lower cholesterol and triglyceride levels in females, and increase in alanin
aminotransferase in HD males. No abnormalities were found in any dose group on ECG
and auditory examination. Higher mean absolute and relative liver weights and
hepatocellular hypertrophy resulting from proliferation of the endoplasmic reticulum
were found in males in the HD group, probably secondary to liver enzyme induction. The
MTD was 6 mg/kg/d in view of severe clinical signs and emaciation induced at -and
above the next higher dose of 12 mg/kg/d. NOAEL was not reached in this study as the
- lowest dose induced decreased body weight and neurological clinical signs.

The mean plasma concentrations of iloperidone at week 49 were 5, 4, and 29.7 ng/ml (for
males), and BLQ, 29.7 ng/ml, and 119.8 ng/ml (for females) at 6, 12 and 24 mg/kg/d,
respectively, pointing to an over dose-proportional increase in plasma concentrations in
females. The principal metabolite was P89 9430, which was detected at higher levels than
iloperidone.
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lloperidone metabolite P95 six-month administration to rats (Wistar) at oral doses of 50
and 500 mg/kg/day (yielding P95 plasma exposures of about 2 to 3x and 150 to 400x,

respectively, the human P9SAUC at iloperidone MRHD of 24 mg/d), induced dose-
dependent CNS clinical signs at both dose levels throughout the entire treatment period,
similar to those induced by the parent compound (ptosis, decreased motor activity,
relaxation of the scrotum, anus, vaginal opening) that are attributable to pharmacological
effect. Body weight and weight gain decrease (not due to reduced food intake) was
induced at HD in males only (by 11% and 26%, respectively vs. control by the end of
treatment); the decrease was not compensated during the recovery period. There were no
drug-related abnormal findings in hematology, clinical chemistry (including prolactin
plasma levels), or urine analysis. Drug-related histopathology changes, demonstrable by
routine histology and/or immunohistochemical method (BrdU labeling) were induced in
endocrine glands (pituitary and adrenals in males, thyroid in females, and pancreas in
both genders), mammary gland (both genders) and reproductive organs (ovary, uterus,
testes, prostate). Statistically significant, treatment-related increase in cell proliferation
(increased proportion of cells in S phase of the cell cycle, as assessed by BrdU labeling)
was found in pituitary (LDM and HDM), mammary gland (duct and alveoli) in both
genders (LDM, HDM, HDF), and the endocrine pancreas in both genders (HDM, HDF).
In females, dose-dependent cycle prolongation occurred at both LD and HD, consistent
with the finding of vaginal epithelium mucification and decreased uterine weight in the
treated groups. In the ovaries, a dose-related interstitial cell hyperplasia was observed at
LD and HD that was likely associated with the reduced estrus cycle activity. After the
recovery period the prolongation of estrus cycle did not fully normalize, and increased
number of corpora lutea was observed in the ovaries of HDF, concordant with increased
ovarian weight. In the thyroid, diffuse follicular hyperplasia was induced in both LDF
and HDF; this finding did not normalize after the recovery period. In males, pituitary
changes (increase in the cell proliferation index at all time points, consistent with an
increased pituitary weight) were induced with a dose-related incidence at both tested
doses, while adrenal, testicular and secondary sex organ pathology was seen at HD only.
In the adrenals, an increased incidence of diffuse cortical hypertrophy and reduced
cortical cytoplasmic vacuolation was seen in HDM, concordant with increased absolute
and relative adrenal weight and was reversible after the recovery period. Atrophy of
testicular seminiferous tubule epithelium (in 2 animals) and an increased incidence of
mixed cell inflammation of prostate gland with associated degenerative changes were
found at HD. In both genders, increased cellular proliferation in the mammary gland
(alveolar hyperplasia, increased secretion and dilatation of mammary ducts) occurred
with dose-related severity at LD and HD during treatment and even after recovery period.
Most of these histopathology deviations (with the exception of the adrenal, testicular and
secondary sex organ pathology in males) were induced in a dose-dependent manner at
both tested dose levels, corresponding at LD to plasma exposure (AUC 0-24)
approximately 2 to 3x the human exposure at MRHD of 12 mg twice daily.

An NOAEL was not reached in either male or female rats in view of the presence of
pathomorphological changes in multiple organs/tissues at the lowest tested dose of 50
mg/kg/day. The MTD was <500 mg/kg/day for males in view of excessive body weight
decrease at 500 mg/kg/day; for females, an MTD was not reached
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Genetic toxicology: The following genetic toxicology studies of iloperidone and its
metabolite P95 were conducted in support of this application:

lloperidone tested negative for genotoxic potential in the following valid jn vitro assays
in both the presence and absence of metabolic activation: the salmonella/mammalian-
microsome reverse mutation assay (Ames test) conducted in Salmonella typhimurium
(Study 12048-0-401R), the Escherichia coli/mammalian-microsome reverse mutation
assay (Study 14476-0-402R), and a chromosomal aberration assay conducted in Chinese
Hamster Ovary (CHO) cells (Study 14476-0-437). Two additional chromosomal
aberration assays in CHO cells evaluated the clastogenicity of iloperidone and

micronized iloperidone (Study 1463/63-D5140 and Study 1463/70, respectively).

lloperidone was found to be equivocally positive in inducing chromosomal aberrations in
CHO cells in the absence of metabolic activation and reproducibly positive in the
presence of metabolic activation; micronized iloperidone was found to induce
chromosomal aberrations in CHO cells under both metabolic activation and non-
activation conditions; the effect was seen at concentrations claimed to be “excessively
cytotoxic” by the sponsor. However, -the concentrations associated with clastogenic
effects were not "excessively cytotoxic". According to the OECD guidelines, a > 50%
decrease in mitotic index, cell confluency, or cell count should be observed at the high
concentration. The degree of cytotoxicity cannot be used in this assay to mitigate a
positive response.

The maximal reduction of cell number attained at the highest employed iloperidone
concentrations was 53% survival (in the presence of metabolic activation); the
corresponding survival values attained at the highest concentrations of micronized
iloperidone were 63% and 68%, in the absence or presence ‘of metabolic activation,
respectively. Having in mind that according to ICH S2A guidelines, the highest
concentration in mammalian cell mutation tests should produce at least 80% toxicity (no
more than 20% survival), we do not agree with the sponsor that the-positive results in the
chromosomal aberration assays in CHO cells should be ascribed to excessive
cytotoxicity. More importantly, the mean cell survival at the lowest dose of iloperidone
positive for chromosomal aberrations was 40-45%.

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

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

Among iloperidone impurities <~ compounds had structures associated with potential
genotoxicity: . ..o -

— E——— vas found to be mutagenic in
the Ames test in the presence of metabolic activation, and to induce chromosomal
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abetrations in cultured CHO cells. The other structurally potential genotoxic impurities
. were not tested for genotoxicity. However, for each
of these impurities ‘the acceptance criteria are set at the level of NMT ~m, so that the
overall daily exposure from the sum of these _ genotoxic and potentially genotoxic
impurities is NMT  _..____fay.

a5

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

, the acceptance criteria are set at the level of NMT — ppm
each so that the overall daily exposure from the sum of these - genotoxic and potentially
genotoxic impurities is NMT =~ —....day.

Carcinogenicity:

Tloperidone administration to male and female — CD-1 (ICR) BR mice at oral doses of
2.5, 5, and 10 mg/kg/d for 2-years caused an increased mortality in females at all dose
levels and in males at HD. In males, there was no carcinogenic effect attributable to the
test article based on the lack of a dose-response relationship or statistical significance
level of the difference in tumor incidence in any of the observed tumor types. In females,
the incidence of malignant mammary tumors was significantly increased above the
concurrent and historical control range in the low dose group only. On an mg/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 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.

Inrat <=:CD®SD)BR carcinogenicity study conducted at doses of 4, 8, and 16 mg/kg/d
for 24 months, the treatment did not affect survival, but induced a dose-related,

significant decrease in mean body weights in the dosed groups vs. control, by 13%, 22%
and 28% in males and by 10%, 17% and 21% in females at LD, MD and HD,
respectively. Body weight gains in the treated groups normalized after the first 3-4
months of study. However, due to the earlier substantial decreases in body weight, the
average body weight values for the entire period of the study were significantly lower
than the control. There were no signs of systemic toxicity in either clinical pathology or
histopathology parameters. Dose- and time-dependent pronounced increase in serum
prolactin occurred in both genders, but much more pronounced in females, with
associated non-neoplastic proliferative mammary changes in females (glandular
hyperplasia and galactocele, all dose levels).

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

In summary, iloperidone administration to rats for 2 years was not carcinogenic in cither
males or females.

Reproductive and developmental toxicology:

The following studies were performed to assess the reproductive and developmental
toxicity of iloperidone:

- Fertility (Segment I) study in rats;

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

- Pre- and postnatal development (Segment IIT) study in rats.
The Segment I 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 lactimation 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 control in any of the treated groups. The duration of
pregnancy was increased (statistically 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
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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
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 FI
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 Fl pre- and
postnatal growth (as indicated by lower body weight at term and postnatally).

Segment 11 Prenatal developmental toxicity study in rats: _
Hloperidone 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). No increase in
external or visceral abnormalities was registered in any of the dosed groups. An increased
incidence of minor skeletal abnormalities (fragmented and/or displastic thoracic vertebral
centra, supernumerary thoracic rib) was registered in the HD group. No effect on
intrauterine developmental parameters was induced at MD and LD.

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).
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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
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
historical control range for the tested species and strain.

Segment II Prenatal developmental toxicity study in rabbits:

Hoperidone ‘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/m?2 basis). ’

Segment III Prenatal and postnatal developmental toxicity study in rats

lloperidone oral administration to pregnant CD 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 was 4 mg/kg/day (1.6 times the maximal recommended dose in
humans on mg/m2 basis).
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2.6.6.2 Single dose toxicity

Six single-dose toxicity studies, hsted in the sponsor’s table below, were conducted in
mice and rats to evaluate the acute toxic effects and mortality associated with iloperidone
p.0., i.v,, or i.p. administration.

Typeof Stndy Spriesxnd | Mefhodof Durzfisnol | Doses cx» Testing Facilily Stady Ne.
" in . u ——

T Mouse po. Acute 55, 80,120,180 | Yes Druog Safety, Hoeclnt-Rowtsel 3090-35
toxicity Phamacenticals Fnc, Samerville,

¥ Monse iv. Acte 10,15,20 Yes Drug Safety, Boechnt Boussel | 0795
toxicity W Inc, Somerville,
Single-dose Mouse ip. Acute 36,55,80,120- | Yes Safety, Hoechet Rowssel 319035
Single-dose Rat po. Acute 120, 240, 430 Yes Drug Saﬁty Hoechst-Roossel 0590-35
Singledose - Rat iv. Acme 14,21.28° | Yes - sz Sﬂy.ﬂneebs-km;’sd 0695
Sugedow | Rm e, Ace 0,100, | Ya | Drog Seby, HoubRounel | 065035

Single-dose studies have also been conducted to evaluate the toxicity of orally
administered iloperidone metabolite P95 (Study 007007, rising-dose study) and
iloperidone production intermediates
—_ ' " — inrats.
The design and mortality findings of the single-dose toxicity studies of iloperidone are
presented in the following sponsor’s table.

Summary of iloperidone single-dose toxicity studies

B S

Study No. | Species Route | Sex No. of Range of Approx. median Maximum dose
animals/ | doses lethal dose (mg/ky) with sorvivors
group | (mg/kg) (ng/ke)

309035 | Momse | po. MF |5 5510180 ;”‘ <"“55“°‘ S3and80 |y pr g0

- M.F:between15and | M:-15

0795 Mouse iv. M,F 5 10 to0 20 20 F-20

. M:between 36 and 55 | M: 120°

3190-35 | Mouse ip. MF 5 3610120 F: <36 F- 55

M- >480 M- 480
0590-35 Rat p.o. . M,F 5 12010480 | F: between 240 and u

480 F:240

- betw M: 14

0605 Rat iv.  |MF s HUo2g | MFbetweenldand

21 F:21

M: >480
0690-35 Rat ip. M.F 5 60 to 480 F: between 120 and M. F: 480

240 ’ :

'Anso%mcnahtywasobsuvedatlZOmg/kgld,bnthO%mothlﬂywuobsuvedatSSamlSOmg]kgli
F = female; i.p. = intraperitoneal; i.v. = intravenoos; M = male; p.o. = oral.

The approximate median lethal dose of orally administered iloperidone in mice was
between 55 and 80 mg/kg (M) and <55 mg/kg (F); in rats it was >480 mg/kg (M) and

between 240 and 480 mg/kg (F). The most common clinical signs associated with
iloperidone acute administration included ptosis, decreased spontaneous motor activity,
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and relaxed scrotum. Additional signs of acute toxicity noted in some or most animals in
some studies included clonic convulsions, prostration, intermittent whole-body tremors,
chromodacryorrhea, excessive lacrimation, epistaxis, ataxia, soft stools; excessive
salivation, muscle rigidity and emaciation were infrequently observed.
Single oral doses of P95 in the range of 100 to 750 mg/kg in rats did not cause mortality;
the clinical signs were similar to those seen with iloperidone, and included decreased
motor activity, ptosis, and relaxed scrotum.
P95 escalating-dose toxicity study

Stady No., | Species/
Strain

Route

Gender Duration
andNoJ | of
group treatment

Range of
doses
{mg/kg)

NOEL

MIDor

Noteworthy findings

MF/2 | Acate

1001750 | No

Maatality: None.

Results of the studies involving production intermediates are presented in the following

sponsor’s table.
Iloperidone Manufacturing Intermediates
Testarticle | Species/Strain | Method of Duration of Doses Gender and No.per | Approximate Median Study No.
Administration | Dosing Group Lethal Dase or
Noteworthy Findings
Rat/ Sprague- p.o. Acute (single 100 to 500 MF Median Jethal dose: 2194
Dawley dose) 5 M, F: Between 300 and
= D¥SD 500 mg/kg
| R vAFPLUSD
anlSpngne- po. Acute Gingle | 5000 MF Medizn Jethal dose: 1394
—_— doue) s >5000 mp/kg
~.... (SD)B
RVAF/PLUS®)

r Ral/Sprages. | po. Acute (single | 2000 (1600)t0 | M.F Medinm lethal dose: 1794

Dawley dose) 4000 (3200)° 5 M, F: Between 2000
— sa— (1600) and 3000 (2400)°
R VAFYLUS®) mgkg

B | | RavSprague | po. Acute (single | 400 to 1200 M,F M:between800nd | 2504

Dawley dose) s 1200
) - SDP(SD)B F: between 400 snd 800
R VAFPLUS®)

" |revSpagee  |po. Acute(iogle | M: 500102000 | M,F Median fethal dose: 0994
Dawley dose) F: 500 to 1000 5 M: between 750 and
~aCD(SD)B 1000 mg/kg
R vAF/PLUSY) F: between 500 xnd 750°

3 gk

The approximate median lethal doses of orally administered iloperidone production
intermediates in rats were higher in comparison to iloperidone, except for intermediate

S iy

mg/kg).

which had a median lethal dose similar to iloperidone (between 300 and 500
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2.6.6.3 Repeat dose toxicity

Eleven studies evaluated the repeat dose general toxicity and correspondmg toxicokinetic

parameters associated with p.o., i.v., and/or inhaled iloperidone in mice, rats, rabbits, and
~dogs. Additionally, toxicology studies were performed in rats and mice with the

predominant circulating metabolite of iloperidone in humans, P95, to better characterize

its safety and toxicity profiles in view of the lower exposure to this metabolite followmg

iloperidone administration in animal species vs. humans. The following sponsor’s table

lists the preclinical repeat-dose general toxicology studles performed with iloperidone
and P95 metabolite.

Repeat-dose general toxicology studies performed with iloperidone and P95 metabolite

Overview Test Article: Doperidone®
Type fStudy and | Method of Durationof | Doses GLP . | TategFaclty - No.
pestStndy . {Speceonnd | Metodol [ | R R
Repesrdose”. " IMowse - . {po. Bweas | os 1020 “IYes | HoehstMarioaRousselInc, © - | 0193 ¢(A)
Repetdose =~ tRet - lpo. - - dwesks  [0,20%40,80 JYes - - mwmw | 269035
pes 2 Poaomscetals o, Servle
Repeatdoss Rt | pe. T dweeks Tax 82,48  |Yes | DrupSafity, Hoechst-Roussel | 0394220
tomicity & FPrnpaceaticals Tnc, Somerville,
Repeatdose "~ - Rt -~ “fpo. - - |B3wedsw [04,10%25 |Yes - ] DrugSuiety, HoechstRomsel | 128935
-dode Rat o. Smothswith | 0,12924,48 | Yes  Hoechst Ronasel 120235
m ¥ S-week 2 wmamhm Inc, Somerville,
recovery
Repeat-dose Rt iv. 2weeks 0,1,2,4° Yes Boed!stuxmkmdhr, 0895
tonicity Bridgewater, NJ
Repeat dose Rat Inhalation 2weeks 0,5 mg/m® Indetemunate® | Emty Life Sciences (no 946081
toaiclty Tocation given)
Repeat-dote Rabbit iv. 2wecks 0,075,153 | Yes Hoechst Marion Roussel Inc, 0995
toxicity Bridgrwater, NJ
Dog po. Swerks 4%10,25 Yes Hoechst Marion Roussel Inc, 0494220
toxicity Bridgewater, NI
Repeat-dose : 0. Bwedswith | 0,4, 10925 Yes Safety, Hoechst-Rousse} 1389.35
tomscity Pt g Lweek 1 mwxm,m
Tecovery N
Repest-dose Dog po. 12 months 0,6812,24 Yes Drug Safety, Hoechst-Roussel 0992-0220
toxicity Pharmacenticals Inc, Somerville,
Metabolites - Studles Conducted with ioperklane Metsholice P95
Metabolites (tepeat- | Mouree po. 4 weeks 0,50,250,750, | Yes ‘Novartis Phanmacenticals 0170087
. dose toxicity) 1500 Carporation, East Hanover, NJ
W- Rat po. 3 days 100,300,750 | No Novastis Pharmaceaticals o 007007
Corporation, East Haoover,
Metbolites (repeat- | pyy 0. 13 weeks 100,200,500 | Y PRE——— TAJ0006
dose toxicity) po. 0, 109, 200, es } ’._‘ g
Metabolites Gepeat- | gy po. 13 weeks with | 050,200,500 [ Yes Nmmu 007008
dose tonicity) Awreek Corparation, East Hanover, NJ
Tecovesy
Metabolites (repeat- | gyt po. Wwedsw/ | 0,50,500 | Yes Novatis Pharmacenticale 017013
dose toxicity) 2 week Corporation, East Hxnover, NJ
TELOVETY

Among all the repeat-dose gencral toxicology studies on iloperidone and its P95
metabolite, pivotal studies of the longest duration and therefore most relevant to safety
evaluation, are the 6-month rat study and 12-month dog study conducted with
iloperidone, and the 6-mont rat study conducted w1th P95 metabolite. These studies are
the subject of this review.
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Stady title: Six-month oral toxicity study of HP 873 in rats with a five-week
recovery period

Key study findings:

Iloperidone was administered to Sprague-Dawley — CD® (SD)BR) rats (27/sex/dose)
by oral intubation at doses of 0 (vehicle control), 12, 24, and 48 mg/kg/d for 26 weeks.
Mortality occurred in single animals in control group (1 male, week 25), MD and HD
groups (one MD male at Week 22 and one HD female at Week 13). It was uncertain if
the mortality in the treated groups was treatment-related.

Clinical signs (ptosis, relaxed scrotums) occurred in all dosage groups, dose-dependently;
decreased activity was seen at MD and HD; and epistaxis, at HD. Dose-related decrease
of mean body weight vs. control was seen in all dose groups throughout the study (from
8% at LD to 32% at HD at the end of the dosing period); and lower mean absolute food
consumption was noted in the MD and HD groups. Hematological findings included
lower total leukocyte and lymphocyte counts at LD (F), MD and HD (both genders), and
lower platelet counts in MD and HD males. Serum chemistry findings included dose-
related lower triglyceride levels in females at all doses and in HD males; and lower
glucose levels in females at all doses and in MD and HD males.

Dose-related decreases in absolute organ weights were noted in all treated groups,
corresponding to the lower terminal body weights, with the exception of higher mean
absolute adrenal weight in HD males. Pathology examinations revealed dose-related
increased incidence and severity of vacuolization of glandular epithelium in the
mammary glands of males and females in all dose groups, mammary
hypertrophy/hyperplasia in females at MD and HD, testicular decreased size,
degeneration and atrophy at MD and HD, minimal to mild active/chronic prostate
inflammation at HD, and fatty infiltration in bone marrow sections especially in HD
group.

During the 5-week recovery period, an incomplete reversibility of decreased mean body
weights was seen. Absolute mean food consumption generally recovered to control
values. Some hematological abnormalities and differences in organ weights remained
during the recovery period. Vacuolization of mammary glandular epithelium was still
present after recovery, but to a lesser extent than seen at the 26-week time point.

TK analysis indicated that iloperidone plasma exposure increased over dose-
proportionally, with mean maximal concentrations of 24.4, 89.5, and 958.3 ng/ml in
males and 18.3, 350.7, and 1351.4 ng/m in females at LD, MD and HD, respectively. The
average concentrations of iloperidone in the females at MD and HD were 3.9 and 1.5
greater, respectively than in the corresponding male groups. Concentrations of
iloperidone metabolites P89 9124, and P88 8991 increased in a dose-related manner, with
iloperidone noted at the highest plasma concentration in every dosage group. P88 8991
was the principal metabolite; P89 9124 was slightly lower and P89 9430 was generally
below the limits of quantification or not detected.

The MTD of iloperidone in this study is 12 mg/kg/d, based on a marked body weight
decrease (18-22% vs. control) at the next higher dose tested (24 mg/kg/d).

A NOAEL was not reached in this study, as the lowest tested dose (12 mg/kg/d) induced
a decrease in body and organ weights, hematological and clinical chemistry changes
(mostly in females), and histopathology changes (vacuolization of glandular epithelium
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in the mammary glands of males and females). At equal oral doses, iloperidone plasma
exposure in females was higher than in males. :
Study no.: 1292-35
Conducting laboratory and location: Drug Safety, Hoechst-Roussel Pharmaceuticals
Inc, Somerville, NJ
Date of study initiation: August5, 1992
GLP compliance: Yes. QA reports: yes
Drug, lot #, and % purity: Iloperidone, Batch/Lot RC 4840, 99.8%:;
Formulation/vehicle: 2% aqueous starch
Methods
Dosing:
Species/strain: Rat/ Sprague-Dawley ——CD® (SD)BR)
#/sex/group or time point (main study): 27
Satellite groups used for toxicokinetics or recovery: TK: 10 sex/dose group;
Recovery: 6 sex/dose group
Age: 9 weeks
Route, form, volume, and infusion rate: Oral gavage, suspension in 2 % aqueous
starch.
Doses in administered units: 12, 24, and 48 mg/kg/d
Note: Iloperidone dosage levels for this study were selected on the basis of preceding
4-week and 13-week studies in the same species and strain, conducted at doses of 20,
40 and 80 mg/kg/d and 4, 10 and 25 mg/kg/d, respectively. In the 4-week study, dose-
dependent microscopic findings were induced at all dose levels and included changes
in the mammary glands, bone marrow and testes. In the 13-week study, there was a
dose-related decrease in uterine weight, but no histopathology findings were
registered at any of the doses administered.
Observations and times:
Mortality, clinical condition (daily), neurologic examinations (corneal reflex, pupilary
light response, reflexes of placement, righting and toe pinch) and auditory test (visible
pinna movement evoked by sound stimuli of 12 kHz), ophthalmoscopic examination
(prior to treatment, at midterm and end of dosing period), body weight and food
consumption, hematology, serum chemistry, urinalysis (weeks 2, 6, 14 and 26), organ
weights, gross and microscopic pathology. Bone marrow examinations (200-cell
differential counts; myeloid/erythroid ratios, cellularity grade and percent) were limited
to the control and HD group (19-21 animals/sex/group). Blood samples for toxicokinetic
evaluation were taken from10 rats/sex/dose at 3 hours post dose after 22 weeks of dosing.
After 26 weeks of treatment, 21 animals/sex/ dose group were euthanized, and the
remaining rats (6/group) were removed from treatment to determine the rever51b111ty of
findings during a 5-week recovery period.

Results:

Mortality: Spontaneous deaths occurred in 1 control male (week 25), 1 MDM (week 22)
and 1 HDF (week 13). No gross necropsy changes were registered.

Clinical signs: Ptosis, relaxed scrotums occurred in all dosage groups, dose-dependently;
decreased activity was seen at MD and HD; and epistaxis, at HD. Neurology and auditory
examination revealed no consistent drug-related changes.
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Body weights: Significant, dose-related decrease of mean body weight gains vs. control
were registered in both genders beginning at week 1 in HD group, and between weeks 2
and 19 in MD and LD groups. By the end of the dosing period, the mean body weights in
LD, MD, and HD groups were lower than control by 8%, 23% and 32% (M) and by 9%,
18% and 30% (F), respectively. At the end of the recovery period, the mean body weights

of MD group (males) and HD (both genders) remained significantly lower than control
(see sponsor’s table below).

Iloperidone 6-month study in rats: Mean body weights
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Food consumption: Dose-related decrease in absolute mean food consumption were
registered throughout the dosing period in MD and HD, beginning at week 1 in HD and
at week 4 in MD. Significantly lower absolute food consumption values were registered

occasionally in LDF. During the recovery period, the absolute food consumption was
comparable to or greater than control.

Ophthalmoscopy: No drug-related findings were registered
Electrocardiography: Not performed

Hematology: Drug-related differences in mean hematology values included higher
erythrocyte counts (males, all dose groups, dose-dependent), slightly higher hemoglobin
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and hematocrit values (males), dose-dependent decrease in total leucocyte, lymphocyte
and platelet counts (statistically significant in MDM and HDM), as shown in the
sponsor’s table below. These hematology changes persisted after the 5-week recovery
period. Although the differences were statistically significant, many of the values were
within normal limits of variation.

Tloperidone 6-month study in rats: Mean hematology values

DETERMIMATION TEST MALES: DAILY DOSE IN WG/KG FEMALES: DAXLY DOSE IN M3/X0
(UNITS) WEEK s 12 % & 0o 12 28 a8
ERVTHROCYTE COUNY PRE 72.43 724 7.2 1.2 743 7.0 7:.42 7.5
(MILLION/CUBIC M4) 2 8.28 6.73° 5.9 9.8 8.44 8.5 B8.55 8.92
] 9.08 9.49* 9.7 9.80* 871 0.58 8.9%5 9.07
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2 16.0 .16.7 16.3 16.3 . 15.2  16.1* 16,0 15.4
n 16.0 15.9 16.1 16.1 18,3 15.8  16.1 16.4°
JOTAL LEUKOCYTE COUNT PRE 9.7 9.0 102 8.4 6.9 80 8.7 9.6
um/wmr:o 2 1.5 114 19 100 85 0.9 8.8 8.4
6 2.5 12,0 128 9.8 8.0 10.5¢ 8.4 8.7
1 12.5 11.3 105 8.3 6.2 8.4 7.9* 7.9
2 10.2 104 6.9 6.9* 59 63 57 5.1
R LY 17.7 1D.A 7.3  8.9* 5.7 8.8 6.3 50.74'
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v e " x:': x:'g 11’: : :.9 7.5 9.4 8.0 7.4
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26 1078 1025 993 926* 856 925 S71 998
N 1032 955 963 1050 982 873 915 1032

N = 12 VALUES OR LESS PER MEAN AS INDICATED IN THE INDIVIDUAL DATA
» = SIGNIFICANTLY DIFFERENT FROM CONTROL (P<0.05)

Evaluation of bone marrow smears (see sponsor’s table on the next page) showed a mild
but stafistically significant decrease in overall bone marrow cellularity in the HD group,
in both males and females (lower dosage groups were not evaluated). HD males had a
higher percentage of lymphogenous cells vs. control, while in the females the percentage
of lymphogenous cells was lower in comparison to control. These opposite effects
appeared to be random and unrelated to treatment. HD females had a higher percentage
of erythropoietic cells than controls, but that did not appear to be a treatment-related
effect.

After the recovery period (when food consumption normalized) no significant differences
were present between the HD and control animals.
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Iloperidone 6-month study in rats: Bone marrow examination
End of treatment period
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Clinical chemistry:

Significant drug-related differences in mean serum chemistry included decrease in
triglycerides in HD males (weeks 14 and 26) and females in all dose groups (week 26),
dose-dependently. At the end of recovery period, low triglyceride values persisted in LD
and MD female groups. Lower glucose values were registered in all female dose groups
from 2™ week onward and in the MD and HD males from the 6™ week onward. The
blood glucose changes were reversible after cessation of treatment.

Hoperidone 6-month study in rats: Mean clinical chemistry values
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Urine analysis showed no differences between treated and control groups.

Organ_weights: Dose-related significant decrease in mean terminal body weight at
necropsy was seen in all dose groups (by 9%, 25% and 36% in males and by 9%, 20%
and 31% in females in LD, MD and HD groups , respectively. Most of the organs had
lower absolute mean organ weights and higher relative mean organ weights
corresponding to the lower terminal body weight. However, for the adrenals, dose-related
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increases in mean absolute and relative adrenal weights were registered in the HD males.
After the recovery period, the decreased organ weights ameliorated but did not recover
completely and remained statistically significantly lower than control at the MD (males)
and HD (both genders). The mean absolute adrenal weight in HDM was still higher vs.
control, but the difference was no longer statistically significant.

Iloperidone 6-month study in rats: Mean absolute and relative organ weights
End of the dosing period

DETERMINATION MALES: DAILY DOSE IN MG/KQ FEMALES: DAILY DOSE IN M5/K8
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Gross- and histopathology:
Incidences of microscopic findings are reproduced in the following sponsor’s table.

Iloperidone 6-month study in rats: Microscopic findings
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Microscopic findings, Females
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Notable morphology findings were mammary gland epithelial vacuolization in both
genders at all dose levels with dose-related incidence and severity, dose-related reduced
size of testicles and testicular degeneration/atrophy (the latter in single males at MD and
HD), higher incidence of prostate inflammation at HD, fatty infiltration of bone marrow
in both genders at HD. The bone marrow and prostate changes were “greatly
ameliorated” after the recovery period, but the changes in the mammary glands did not
recover. There were no histopathology changes in other endocrine and glandular organs;

and no drug-related neoplastic lesions were observed.
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Toxicokinetics:

The results of plasma analysis indicate that the concentrations of iloperidone and its
metabolites P88 8991, P89 9430 and P89 9124 increased dose-dependently, with the
highest plasma levels for the parent compound. P88 was the principal metabolite; levels
of P89 9124 were slightly lower, and P89 9430 was generally below the limits of
quantification or not detected. The mean plasma concentrations of iloperidone in the
females were higher than those in the males, by approximately 4x and 1.5x at MD and
HD, respectively. The mean plasma concentrations of iloperidone and its metabolites are
shown in the sponsor’s table below.

Plasma concentrations of iloperidone (HP 873) and its metabolites P88 and P89 in the 6-month rat study

(mean, ng/ml +SD)
HPSTS  PEDOIs0 peoo1ze _ peaeesl W
0 BLANR BLONR f81a BLANR
12 BLGONR . 18 . 05¢£10 2442319
24 9.5210.7 54254 A5£30 . 8951172
48 . 4008204 2822101 411218 958.3 2 508.9
FEMALES: -
24 0.04 10.4 - 1082929 272270 350.7 £ 588.1 -
43 BLONR - 2442193 - = 4782428 - 13514214059

N=10

BLQ = below limit of quantification (2.00 ng/mi for P89 8124, P8BS 8991, and HP 873;
4.00 ngAmi for P89 N

NR = not reportable (sampie snalyzed but was not evahiabie and could not be repssied due
to ineuficlent )

@ one value = 4.0 ng/mi, al other values wera BLQ
# one value = §.5 na/mi, all other vahues ware NR or BLQ
Summary of individual study findings:
The study results are summarized in the following sponsor’s table.

Report Title: Six-month oral toxicity of HP 873 in xats with a five-week recovery period ITmAr&k:lbpuidme
SpecledStrafx O Duration of Dosing: 26 weeks (6 months) Stady No. 1292-35
Speagae-Drwk -— . CD°(SD)BR)
Initial Age: 9 weeks Duration of Postdose: 5 weeks Lecationin CTI: Vil Page
Date of First Dose: August 5, 1992 Method of Admintstration: Onal infubation
R Vehicle/Formulation: 2% sqoeons starch GLF Comphiance: Yes
Spedial Features: None
No Observed Adverse Effect Levek: Not establiched | MID: 12 gy
Daily Dece (wg/kp) 0 (Control) 12 E2) 43
No. of Antmals M:27 F:27 M:27 F:27 M:27 F:27 M:27 F:27
Toxicokinetics: mean plasma Ho: BLQ.NR | Do:BLQ Do:244 1o: 183 Bo: 29.5 To: 350.7 No:9583 To: 13514
concentrations (agfal) P29 5430: PEOM30:04 | P29 9430: P299430: P899430:9.8 | P399430:9.0 | P89 430:
BLQ, NR PBOOI2A: BLQ.NR BLQ,NR P899124:54 § P89 406 BLQ,NR
P29 S124: BLQ P39 9124: PRI 9IA: PE38901:35 | 124:105 PRI9I24: PRI9IA:
BLQ, NR Pg8 2991: 11 BLQ,NR P38 P28 8991: 232 044
P28 2991: BLQ PS8 8991: 8%91:04 27 P28 299} P28 8991:
BLQ 05 411 738
Noteworthy Findings:
Died or Sacrificed Moriband 1 0 [ 0 1 0 0 ) S
Body Weight (W) Mg 410g -8.1%* 9.0%* =0.5%* ~18.0%* =32.1%= ~20.5%*
Mean Food Conswmption (p/animal)* | 209 230 20 204 259+ 2.1 255 198
CHnical Observations - - Relaxed Prosis Relaxed Prosis Relaxed Ptosis
scrotum scrotam serotum Jactivity
bactivi civiy
Epistaxis
Continued
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[mewmwmmhmm-wmypﬁ ITmAxHe:llq:aidmz

Hematology (3 or 1 relative to contrel | — - dpiatelets, | JWBC, JWBC, 3WBC, JWBC, JWBC,
#'Week 26) 1RBC iymphocytes, | diympbo- | Jtympho- {iyopho- | Ytympho-
1EBC cytes, 1RBC | cytes, cytes, TRBC
Splatelets,
1RBC 1RBC
Serams Chemistry (4 or | relativeto | — - - {gincose - dgincose dgincose Jgincose
control at Week 26) Ltiglycerides Ltriglycarides | ltiglycerides | Jtriglyorides
Urinalysia ) - - - - - - - -
Organ Welghes () © - - -8 53 -6 -203 -365 -315
Advresal Wi (%)" - - ~ - _ Z 28 =
Gross Pathelogy No noteworthy changes noted.
Histopathology (relative te contrel) !
- - - - - - Liver: IPAS-& ORO-positive
consistent with Ifood
- - - - Testesxc Isize | — zuks. dsize §-
stroplry srophy -
- - - - - - Prostate: - | -
miximal to
mild
e eicheon
-nm'- - =
- - EYs M“ S O olerdil N oo A P
) . mdmumdmuny a1l treated groups Mwmum«wup
~ — ND l ND Bnmmmlmnﬂdmymmm )
Ammsnmmnm No drog-related findings.
and Auditory Response e ’
Recovery Period .
Postdose Evaluation (Week 31, 5 |s Is Ic l.s Ie Is |s la
‘Weeks Postdose) No, Evaluated:
Noteworthy Findings:
Died or Sacrificed Morbund [ [ [ [ [ 0 [} [
Mean Welght Gain Weeks 2731(p) | 20 1 3 8 81 30 123 2
Mean Food Consumption (g/asimal)® | 29.1 27 266 213 274 209 300 216
Clinteal Observations AR abmermal clinical i d after discomtinuation of 1
Hereatology (Week 31) — - P—  TWEC, Iymphocyte couat, s EBC
Hewatelogy & onnhuvmmm - - - 1RBC - 1RBC, THet 1REC, tHet,
at Week 31D 1B
Servaa Chemistry (b or t relativeto | — - - dtiglyeerides | ~ Jtriglyeerides | - -
control st Week 31)
Orgar Weights (Week 31) - - Ameliceated, but dose.related &ifference £ ! rexmined (sigaificant for Groops 3 and 4).
Histopathology (Week 31) . Mmymvmqumwhmmmm
Bone marrow and p 2boarmalities: Greatly amelk P
-- No findings of note.

* Significantly different from control (P < 0.05 by Dunnen’s 2-sided multiple comparisons test).

a At the end of the dosing period, For controls, group means are shown. For treated groups, percent differences from controls are
shown. Statistical significance is based on actual data (not on the percent differences).

b Mean absolute food consumption (g/animal) at Week 26.

¢ Percentage difference from control in mean terminal body weight at Week 27 necropsy.

d Percentage difference from control in mean absolute adrenal weight at Week 27 necropsy.

€ Mean absolute food consumption (g/animal) at Week 31.

BLQ = below limit of quantification; NR = not reported; RBC = red blood cell count; WBC white blood cell count; Hb =
hemoglobin; Het = hematocrit.

Conclusion: The MTD of iloperidone in this study is 12 mg/kg/d, based on a marked
body weight decrease (18-22% vs. control) at the next higher dose tested (24 mg/kg/d).

A NOAEL was not reached in this study, as the lowest tested dose (12 mg/kg/d) induced
a decrease in body and organ weights, hematological and clinical chemistry changes
(mostly in females), and histopathology changes (vacuolization of glandular epithelium
in the mammary glands of males and females). At equal oral doses, iloperidone plasma
exposure in females was higher than in males.
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