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Disclaimer

Except as specifically identified, all data and information discussed below and
necessary for approval of 202971 are owned by Otsuka Pharmaceutical Company, Ltd
or are data for which Otsuka Pharmaceutical Company has obtained a written right of
reference.

Any information or data necessary for approval of NDA 202971 that Otsuka does not
own or have a written right to reference constitutes one of the following: (1) published
literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, as
reflected in the drug’s approved labeling. Any data or information described or
referenced below from reviews or publicly available summaries of a previously approved
application is for descriptive purposes only and is not relied upon for approval of NDA
202971.
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1  Executive Summary

1.1 I ntroduction

Aripiprazole (co-developed by Otsuka Pharmaceutical Company and Bristol Myers Squibb) has
been approved and marketed in tablet, oral solution, and orally disintegrating tablet formulations
for the treatment of schizophrenia, and in an injectable IM formulation for the treatment of
agitation associated with schizophrenia or bipolar disorder. The primary NDA for aripiprazole,
NDA 21-436 (schizophrenia, oral tablet) was approved on 15 November, 2002. Supplemental
NDA'’s included an oral solution formulation for schizophrenia (NDA 21-713, approved 10 Dec,
2004), an oral disintegrating tablet formulation for schizophrenia (NDA 21-729, approved 7
June, 2006), and an injectable formulation for schizophrenia and bipolar disorder (NDA 21-866,
approved 20 Sept, 2006).

The present NDA, submitted under section 505(b), seeks approval for Aripiprazole monohydrate
extended-release suspension for injection [Intramuscular (IM) Depot] for the maintenance
treatment of schizophrenia. This IM Depot product is an extended-release injectable suspension
designed to deliver 300 mg or 400 mg of aripiprazole over a period of 4 weeks. The sponsor’s
clinical rationale for the development of this IM Depot formulation is the efficacy and
safety/tolerability of once-a-month treatment. It was developed under IND 67380 (13 May
2003).

1.2 Brief Discussion of Nonclinical Findings

Note: The clinical formulation was used in all of the nonclinical studies.

Studies conducted with aripiprazole IM depot formulation

Pharmacokinetics: After injection of aripiprazole IM depot formulation in rats, the Cmax and
AUC of aripiprazole increased with the dose increment, and there was no gender difference in
plasma concentrations. Aripiprazole injected as a depot formulation was stable at the injection
site without being metabolized or decomposed. Based on the residual amount of aripiprazole in
the injection site, the absorption of aripiprazole increased approximately from 39% up to 84%
from 168 hours to 1008 hrs post injection, indicating a controlled release of the drug into
systemic circulation. The absolute bioavailability (assessed in mini pigs) indicated that
aripiprazole was completely bioavailable from IM and SC routes (111 % and 102%,
respectively) and incompletely bioavailable by oral route (22.3%), which is suggestive of the
extensive first pass metabolism and/or incomplete absorption of aripiprazole following PO
administration.

Assessment of aripiprazole metabolites OPC-14857, DM-1451, DM-1452, OPC-3373 and 1-(2, 3
dichlorophenyl)piperazine (DCPP) following single IM injections of aripiprazole IM depot
formulation to rats, showed that the plasma concentrations of DM-1451 increased nonlinearly
with the dose increment while the rest of the assessed metabolites (OPC-14857, DM-1452, OPC-
3373 and DCPP) were below the lower limit of quantification (LLQ). The rank order of the
Cmax and AUCo-t for aripiprazole and its metabolites is aripiprazole> DM-1451> OPC-3373>
OPC-14857.
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Toxicology:
The nonclinical testing strategy for intramuscular aripiprazole was abbreviated since it was

supported, in part, by results from previous in vitro and in vivo nonclinical studies conducted to
support other formulations and indications for aripiprazole.
Studies conducted specifically for the IM depot formulation include general toxicity and local
irritation profile, characterized in single- and repeat-dose regimens in rats, dogs, monkeys and
rabbits. The carcinogenicity as well as reproductive and developmental toxicity and juvenile
toxicity of aripiprazole were previously evaluated following oral and/or intravenous
administration described in the primary and supplemental NDAs. Since the systemic human
plasma exposure to aripiprazole at MRHD for the intramuscular depot formulation (400 mg; 200
mg BID) did not exceed the systemic exposure at the oral MRHD (30 mg/day), carcinogenicity
and reproductive and developmental toxicity studies using the intramuscular depot formulation
of aripiprazole would not have provided any further information to assess the potential hazard in
humans. Therefore, a carcinogenicity study of the intramuscular depot formulation was not
conducted in accordance with the Executive CAC recommendation (Executive CAC Minutes,
September 26, 2008) and a waiver for undertaking developmental and reproductive toxicity
studies was granted by the FDA to Otsuka, June 23, 2010.
Studies conducted specifically for the IM depot formulation
The following toxicology studies were conducted specifically for the IM depot formulation of
aripiprazole and submitted with the present NDA:
General toxicity

Single-Dose: Dogs (2 studies)

Repeat-Dose:

- Preliminary 4 wk and 26-wk toxicity studies in rats and dogs

- 52-wk study in dogs

- 2-wk and 4-wk studies in monkeys
The pivotal repeat dose general toxicity studies supporting the clinical development of
intramuscular aripiprazole IM depot formulation were performed in rats (26-weeks), dogs (52
weeks) and monkeys (4 weeks). Aripiprazole was administered weekly in the 26-week study in
rats and the 52-week study in dogs, whereas daily administrations were used for the 4-week
monkey study. All pivotal toxicity studies were conducted in compliance with GLP regulations.
Dose selection for pivotal studies was based on results from preceding intramuscular exploratory
or range-finding studies.
Rats: Weekly intramuscular injections of aripiprazole (OPC-14597) depot formulation to rats at
maximal dose of 100 mg/kg for a period of 26-weeks resulted in granulomatous inflammation to
the deposited drug at the injection site. There was no morphologic evidence of drug- related
skeletal muscle necrosis in any of the dosed animals. Morphological changes in female
reproductive and mammary tissues and atrophy of pituitary pars intermedia in both genders were
present at all dose levels, and were likely pharmacologically mediated as a consequence of D2
partial agonistic activity of aripiprazole. The NOAEL was 50 mg/kg/week in the males and 100
mg/kg/week in the females since low body weight and decreased food consumption were
observed in the males given 100 mg/kg, but not in the treated females under the conditions of the
present study. At the NOAEL, the Cmax and AUCy4 of aripiprazole at week 26 were 98.1ng/mL
and 598.6 ng.d/mL, respectively for males and 1135.3 ng/mL and 4336.2 ng.d/mL, respectively
for females.
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Dogs: Administration of aripiprazole depot formulation to beagle dogs by weekly IM injections
at doses of 10, 20 and 40 mg/kg of aripiprazole for 52 weeks resulted in localized granulomatous
inflammation at the injection site in the males at all dosages and in HD females, and in necrosis
of muscle fibers involved in the granulomatous inflammation in 1 HD female at the end of the
52-week dosing period. The inflammation consisted of accumulation of macrophages,
eosinophilic deposits, foreign body giant cells, lymphocytes and polymorphonuclear leukocytes,
in association with deposits of birefringent crystal-like material (interpreted as drug). The gross-
and histopathology changes at the injection site were reversible by the end of the 26-week
recovery period. There were no clinical signs, and no drug-related changes in body weight, food
consumption, hematology, blood chemistry, urinalysis, ophthalmology, audiology,
electrocardiography, body temperature, no drug-related changes in organ weights or in gross-
and histopathology of the systemic organs. The NOAEL was 40 mg/kg/week with mean Cmax
and AUCy4 of aripiprazole at Week 52 of 438ng/mL and 2460 ng.d/mL, respectively for males,
and 306 ng/mL and 1820 ng.d/mL, respectively for females.

Monkeys: Intramuscular daily administration of aripiprazole depot formulation at doses of 2, 4,
or 7.5 mg/kg to Cynomolgus monkeys once daily for 29 days, resulted, at all doses, in CNS-
related clinical signs (reduced activity, most likely pharmacologically mediated) and reversible
skeletal muscle injury at the injection site. Small increases in serum aspartate aminotransferase at
mid- and high dose were likely a consequence of injection site injury. Microscopically, increased
incidence and/or severity of skeletal muscle necrosis (minimal to mild), degeneration (mild to
moderate), and regeneration (mild to moderate) were observed at injection sites at all doses,
while injection site changes associated with the control article and/or intramuscular injection
procedure were generally minimal in severity. All changes at the injection site showed evidence
of reversibility. Following a 1-month post-dose recovery period, there was no residual fibrosis at
the injection sites of monkeys given either the control article or aripiprazole formulations.
Exposures to aripiprazole and its pharmacologically active dehydro-metabolite (BMS-337044)
were dose-proportional with no apparent sex differences. Small accumulation in systemic
exposure occurred upon repeated dosing for 29 days. A NOAEL was not reached in this study
(lowest tested dose of 2 mg/kg/day) since injection site skeletal muscle injury was present at all
doses.

Local Tolerance: Local tolerance studies were conducted in rats, rabbits, dogs and monkeys with
different IM depot formulations to determine a suitable formulation for use in toxicity studies. A
formulation based on carboxymethyl cellulose (CMC) was found to be well tolerated in the rat,
rabbit and dog, but not in the monkey. Another formulation of aripiprazole (in 15% Captisol)
was examined in the rat and rabbit and was also found to be well tolerated. Microscopically, the
primary finding at the injection site from these studies was a localized, granulomatous
inflammatory response to deposited drug consistent with a foreign-body reaction in response to
deposited drug (polymorphic, birefringent crystalline material). This inflammation was not
completely resolved by termination of the studies.

Studies cross-referenced from previous NDAs

Pharmacology (including safety pharmacology), genotoxicity, carcinogenicity, oral reproductive
and developmental toxicity, and juvenile toxicity of aripiprazole are cross-referenced from
previously approved NDAs, primarily NDA 21-436. The primary NDA for aripiprazole, NDA
21-436 (schizophrenia, oral tablet; submitted 31 October 2001), contained the majority of the
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nonclinical studies; some of these studies, as described below, are also supporting the present
application and are cross-referenced from the original NDA.

- The genotoxic and carcinogenic potentials of aripiprazole were assessed in support of
aripiprazole oral tablet formulation. A waiver for conducting nonclinical carcinogenicity
studies was granted to OTSUKA by the Division based on Executive CAC
recommendation that the proposed by the sponsor 2-year carcinogenicity study was not
necessary (Executive CAC Minutes dated 26 September 2008).

- The reproductive and developmental toxicity of aripiprazole was previously evaluated in
rats and rabbits following oral or IV administration. Additional developmental and
reproductive toxicity studies were not conducted with the IM depot formulation. A
waiver for undertaking these studies was granted by the Division (email by Keith
Kiedrow, 23 June 2010) because the systemic exposure after IM depot dosing was much
lower than that after oral or intravenous dosing (as shown by repeated dose TK studies of
the IM depot formulation).

- Other studies: Dermal sensitization, phototoxicity, antigenicity, immunotoxicity, and
physical dependence and abuse potential of aripiprazole were previously assessed (NDA
21 436).

13 Recommendations

1.3.1 Approvability
Approvable

1.3.2 Additional Non Clinical Recommendations
None

1.3.3 Labeling

Section 13.2., under "Intramuscular Aripiprazole"

Reviewer's note: The safety margin between the NOAEL in rats (50 and 100 mg/kg for males
and females, respectively) and the maximum recommended human dose (400 mg), (1 and 2
times for male and female rats, respectively, based on mg/m2 body surface) was calculated by
the sponsor without taking into account the difference in administration periods between humans
and animals (weekly in rats vs.once in every 4 weeks in humans). If the human dose is
recalculated from once in 4 weeks to weekly administration (in order to match the dosing in rats),
then the MRHD should be divided by 4, and the corresponding safety margins would be 4 times
higher than those stated in the label. However, we accept the more conservative safety margin as
stated by the sponsor since it better corresponds to the difference in systemic
exposure (AUC) between rats (at NOAEL) and humans (at MRHD), adjusted for administration
period. Thus, no change in this part of labeling is recommended.
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2  Drug Information

21 Drug

Generic Name: Aripiprazole
Code Name: OPC-14597, OPC-31, BMS-337039

Synonyms: Throughout this NDA, the subject drug has been referred to as:

» aripiprazole extended release suspension for injection

» aripiprazole intramuscular (IM) depot

* Intramuscular (IM) Depot Formulation

« IM depot formulation of aripiprazole (Abilify™, OPC-14597, BMS-337039)
* Intramuscular (IM) injection

* Depot

Chemical Name: 7-{4-/4-(2,3-dichlorophenyl)-1-piperazinyl] butoxy}-3,4-dihydro-2(1H)-
quinolinone

Molecular Formula/Molecular Weight: 448.39

Cl Cl
N N-CH;CH;CH;CH3 N o]
_/ H

Pharmacologic Class: 2™ generation antipsychotic (partial D, and 5HT) 5 agonist, 5SHT,
antagonist)

Structure:

2.2 Relevant INDs, NDAs, BLAsand DMFs
IND 67380; NDA 21-436

2.3  DrugFormulation

Extended release aqueous suspension for gluteal injection to deliver 300- or 400 mg of
aripiprazole in 300- or 400 mg/vial strength.

24  Commentson Novel Excipients

Aripiprazole drug substance used for Aripiprazole IM Depot is sterile aripiprazole monohydrate
manufactured by @ aripiprazole @@ drug substance used for the
approved drug products that are ABILIFY® tablets, Oral Solution, Orally Disintegrating Tablets.
0@ - . : . . >,
is the only solvent that is used in the commercial process of sterile aripiprazole
monohydrate.
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Aripiprazole IM Depot product is a sterile, single-dose, lyophilized cake for reconstitution in

Sterile Water for Injection. No novel excipients are used in the formulation. The commercid]
formulation is comprised of Sterile Aripiprazole Monohydrate, Carboxymethylcellulose Sodium
USP, Mannitol USP, Sodium Phosphate Monobasic Monohydrate USP, Sodium Hydroxide NF,

@@ and Water for Injection, USP.

25  Commentson Impurities/Degradants of Concern: none

2.6  Proposed Clinical Population and Dosing Regimen

Adult patients with schizophrenia to be injected into the gluteal muscle with 300 or 400 mg
aripiprazole in an aqueous suspension.

2.7  Regulatory Background

Aripiprazole (discovered by Otsuka Pharmaceutical Company and co-developed with Bristol
Myers Squibb) has been approved in the US and is currently marketed in tablet, oral solution,
and orally disintegrating tablet formulations for the treatment of schizophrenia, and in an
injectable IM formulation for the treatment of agitation associated with schizophrenia or bipolar
disorder, as listed below.

NDA # Formulation Indication Submission Approval
Date Date
Original: ABILIFY® (aripiprazole) Schizophrenia Oct 31, 2001 Nov 15, 2002
NDA 21-436 Tablets
Supplemental:
- NDA 21-713 ABILIFY® (aripiprazole Schizophrenia Nov 20, 2003 Dec 10, 2004
Oral Solution
- NDA 21-729 ABILIFY DISCMELT® Schizophrenia Dec 22, 2003 June 7, 2006
(aripiprazole) Orally
Disintegrating Tablet
- NDA 21-866 ABILIFY® (aripiprazole) Schizophrenia and Nov 29, 2005 Sept 20, 2006
Injection for intramuscular use | Bipolar Disorder

The primary NDA for aripiprazole, NDA 21-436 (schizophrenia, oral tablet; submitted 31

Oct 2001, approved 15 Nov, 2002), contained the majority of the nonclinical studies that were
conducted to support the use of this drug as an oral formulation for schizophrenia.

The present NDA, submitted under section 505(b), seeks approval for Aripiprazole monohydrate
extended-release suspension for injection (Intramuscular Depot) for the maintenance treatment of
schizophrenia. This IM Depot product is an extended-release injectable suspension designed to
provide effective drug release for 4 weeks and to deliver 300 mg and 400 mg of aripiprazole in
300- and 400-mg/vial strength, respectively. The sponsor’s clinical rationale for the development
of this IM Depot formulation is the efficacy and safety/tolerability of a once-monthly treatment.
It was developed under IND 67380 (13 May 2003).

3 Studies Submitted

The submitted studies, specifically conducted with aripiprazole extended release suspension for
IM injection, include PK, general toxicology studies [single-dose in dogs, and repeat-dose
toxicity in rats (4 and 26 weeks), dogs (4, 26, and 52 weeks) and monkeys (2- and 4 weeks)], and
local tolerance studies (in rats, rabbits, dogs and monkeys), as listed in the following sponsor’s
table:
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Submitted studies

Reviewer: Sonia Tabacova Ph.D.

PK o
Type of Study Test Method of Test Facility Report
System Administration Number
Absorption
Plasma Concentrations of OPC-14597 and Fat'Sprague Dawley Intramuscular Tokushima Fesearch 022879
Its Meatabaolites and Muscular Concentration M, F Institute, Oisuka
of OPC-14597 in Fats After Single Pharmaceutical Co,
Intramuscular Administrations of OPC- Ltd, Japan
14397 Injactable Suspension at 12.5, 25 and
50 meg'kg or OPC-14597 Aqueous Solution
at 375 mg'ke
Absception, Disttibution and Excretion of Fat'Sprague Dawley Intramuscular Tokushima Fesearch 022847
Fadipactivity After Single Intramuscular M, F Institute, Otsuka
Administration of | C-OPC-14597 to Rats Pharmaceutical Co.
Ltd, Japan
Pharmacckinetic Evaluation of Aripiprazole Mmipig/Sinclair Intravenous Buristol-Myers Squbb 014124
(BII5-337039) and Two hMetabolites in M Oral (tablats) Fesearch and
Sinelair® Minipigs Following Intravencus, Intramuscular Deevalopment,
Orzl, Intramuscular, and Subecutansouns Subeutanasons UsA
Admimistration of Avipiprazols
Organ Distribution
Plasma Concentrations of OPC-14597 and Fat'Sprague Dawley Intramuscular Tokushima Fesearch 022879
Itz Matabolites and Muscular Concentration M, F Institute, Otsuka
of OPC-14597 in Fats After Single Pharmaceutical Co,
Intramuszcular Administrations of OPC- Ltd, Japan
14597 Injectable Suspension at 12.5, 25 and
50 mg'kg or OPC-14597 Aqueocus Solution
at 3.75 mg'ks
High-performance Liguid Chromatographic Fat'Sprague Dawley Intramuscular Tokushima Fesearch 025564
Analysis of Radicactivity in Plazma and M, F Institute, Otsuka
Injected Site After Singls Intrammuscular Pharmaceutical Co,
Administration of | C-DPC-14397 to Rats Ltd, Japan
Type of Study Test Method of Test Facility Eeport
System Administration Number
Absorption, Distribution and Excretion of Rat'Sprague Dawley Intramuscular Tokushima Feasearch 022847
Fadioactivity After Single Intramuseular M, F Institute, Otsuka
Administration of  C-OPC-14597 to Rats Pharmaceutical Co,
Litd, Japan
Metabolizm in vive
Plasma Concentrations of OPC-14597 and Rat'Sprague Dawley Intramuscular Tokushima Feasearch 022879
Its Meatabolites and Muscular Concentration M,F Institute, Otsuka
of OPC-14597 in Rats After Singla Pharmaceutical Ceo,
Intramuscular Administrations of OPC- Litd, Japan
14397 Injactable Suspension at 12.5, 25 and
50 mg'kg or OPC-14597 Aguacus Sclution
at 3.75 mg'ks
Investization of Metabolites of OPC-14597 Fat muscle tissues In vitro Tokushima Feasearch 024412
in Injected Site After Single Inframmsecular M Institute, Otsuka
Admimistration of OPC-145%7 Injectabls harmaceutical Co,
Suspension to Fats Ltd, Japan
Pharmacckinetic Evaluation of Aripiprazele Mmipig/Sinclair Intravenous Buristol-Myers Squbb 014124
(BMS-337039) and Two Metabolites in M Oral (tablats) Fesearch and
Sinelair® Mimpigs Following Intravencus, Intramuscular Devalopment,
Ozl Intramuscular, and Suhoutansons Subcutansous USA
Admimistration of Avipiprazols
Excretion
Absorption, Distribution and Excretion of FRat'Sprague Dawley Intramuscular Tokushima Feasearch 022847

Radicactivity After Single Intramuscular
Administration of  C-OPC-14597 to Rats

M.F

Institute, Otsuka
Pharmaceutical Co,
Ltd. Japan
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Toxicology studies
Study Species/Strain | Foute and Drose Eey Eesult Eeport
(MNumber zex) Duration Mumber
Acute Toxicity
Single Diose Diog/Beazle InI 100, 200 or lo mortaliny. Microscopic 015504
1 Diay 400 me evidence of injection site
Sisen/dose 100 mg'ml mflanmnation at 2l doses
formmilation with moomplete recovary.
Flasimna levels increased
with dose
Single Dioze Diog'Beagzle 0.t 0 {zaline), 150, | Mo momality. Climical 019933
1 Diay 200, 300 or signs of exazzerated
Sisen/dose 400 me phamuacology and
150 and 200 mjection site AL
mzal Microscopic evidence of
formmilaton mmjection site inflapunanon
at all doses with
moomplate recovery.
Flazma levels increased
with dose
Eepeat Dose Toxicity
4-Waek Fat'Sprague 0.t 0 (zalme]), O Gross and nucroscoplc 018701
Toxicicy Drawlay 4 Weeks (placebo}, 50 evidence of injecdon site
or LOD meg'ks, | milammaton ar 2l dosaes.
Sisen/dose injeciions were | Flasins levels increased
miven weekly | with dose with hizher
or biwaeklv: plasrns levals fom ssen
ozl dose with weekly weamnen:
volume for compared to boweekly
each group mesnuent
was 0.5 mL kg
I6-Waek Far'Sprague InI 0 (zaline), O HOAEL = 50 mekg 18325
Toxicicy Drawlay 28 Weeks (placebo), 25, | (males), 100D me'ks
with 4- S0, 106 (ferualas)
Waak Miain Siwdy: Becowvery at | injeciions wers
Facovery 12/sax/doze 0 (zaline), 0 miven weekly | Gross and microscopic
(placebod {0.25 or 0.5 evidence of injecdon site
Fecovary: and 100 mL/kg) inflanmnation at 2ll doses
Slsex’dose mz'kg with mconiplete recovery
Saline, Nomphaological chanzes m
Placebo and reprodactive and
100 ma'kg IEEIMATY fssne
Froups) considered a consequence
of Dy partizl agonist
acowity of aripiprazole.
Flazma levels increased
with dose
Continued on the next page
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Submitted studies (continued)
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Stady Species/Strain | Route and Dhse Eey Rewult Beport
(Numberisex) | Durafion Number
4-Waek DogBeagle it} 0 (salime), O | Gross and mecroscopic 18702
Toxicity 4 Weeks (placebao), 20, | evidence of injecton site
3lsendose 40 mgks; mwflanmztion at all dosas.
injections were | Plasins levels increased
miven weekly | with dose with higher
or biweskly | plasmes levels fom seen
(0.1 or 02 with weekly frestmen:
mLkz) comparad to boweekly
mesnuent
26-Week DogBeagle it} 0 (salive), O | WOAEL =20 mzkg (19344
Toxicity 26 Weeks | (placebad, 10,
with 4- Main Study: 20, 40 make; | Gross and microscopic
Week Jlsexdose injections were | evidence of injecton site
Recovery miven weekly | inflammstion obsarved at
Recovary for a total dose | all doses with moorplate
Ysendose volune of (L1 | recovery. Plasmns levels
or 0.2 mUks | meressed with dose
521-Waek DiogBeagle it 0 (salive), O | WOAEL =20 mz'kg 022242
Toxicity 26 Weeks | (placeba), 10, 022722
with 26- Main Study: 20, 40 ma'kg; | Gross and microscopic (23492
Wask 4'sexdose 30-Week | injectons wera | evidence of injection site
Recovery [nferim miven weekly | imflammstion observed at
39-Week Evaluaton | foratotal dose | all doses pertodically
Interimy 3/zex volune of 0.1 | during the study with
from the Salme | 26-Week or 0.2 mLEg | complete recovery.
and Fecovery at Plasma [evels increased
aripiprazole 0 (zaline) with dosa
meared groups and 40
mzkg
Recovary
2zay from the
Saline and 40
mekz sroups
2-Waek Monkay, it 0 (vehicle), 2, | Gross and microscopic 13597
Toaxicity cvnomalgus 2 Weeks 4, 7.5 mgkg at | evidence of injecton site
with 2- 1 mlEz/day | wflammation observed a:
Wask Main Study: all doses pertodically
Recovery 3lsendose during the study. Plasma
levels increased with dose.
Racovary
Continued on the next page
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Submitted studies (continued)

Toxicology
Stady Species/Strain | Foute and Dioze Eey Retult Eeport
(Number'sex) Dioration Mumber
4-Waek hlonkey, g 0 (vehicle), 2, | Clinical signs of 017831
Toxicity Cyvnomnalgus 4 Weeks 4, 7.3 mgkgal | exaggaratad
with 4- 1,3.265, 053 | phannacology. Increased
Week Mhain Study: or L AST observed at the hegh
Facovery /zen'dose il Ez'day, dose Gross and
respectvaly. microscopic evidence of
Facovery: mjection site inflanunaton
Vizen/doze at all doses duong the
stdy. Plazma levels
mncreased with dose
Lacal Tolerance
Single Dose FavSprague 0% O (salma), O Gross and nucroscopis Q15505
Irritation Drawlay 1 Day (velicle), 12.5, | evidence of injection site
25 or 30 mgke | wilammstion st all doses
Salipe conmal: At 0123, 025 | with mncomplsts recovery
G'zan and 0.5 mlLkg,
respectvaly.
Wehicle and Coniroels
aripiprazols (zaline awd
eroups: 15 sex vehicle)
traatad 0.5
ml ks
Single Dose FavSprague 0% QE5mLkg ofa | Gross and microscopis 319934
Irritation Drawlay 1 Day 0 {zaline), 75 | evidence of injecrion site
or 10D mgkz, | mflannnaton a2l dosas
Salipe conmal: 0.5 ml ks with incomiplete recovery.
G'zan
Wehicle and
aripiprazols
sroups: 15/sex
I-Waek Fat' Sprague LS| 0.5 mLkg Gross and microscopic 013598
Fapeat Drawlay of 0 evidence of injection site
Diose 14 Draws (vekicla), 2 miflarmnsation at 21l dosas
with 2- 12/sex/dosa or 7.5 with corplats recoveary.
Week ozl
Facovery soluton
Single FabbitTlew I 0 (saline), Gross and microscopic 319934
Dose Zealand Whita 1 Day 150 or 200 evidence of injection site
Iritation mg; 1 mL oflannnation at 21l doses
2 malss'dose injecton of with mcomplete recovery.
a2 150 ar
200 rz
sohation
Single Habbitew LY, w(salme), O (ross and DUCTOSCOpLD (1) EET
Diose Zealand White 1 Diay (wrehicla). evidence of injecoon site
Irritation 15, 5000 mflanmmation ar 2l doses
2 males/'dose 100 mg at with mcomplets recovery.
1 1 g
bs f'mi
ofa LOD
ozl
SUESPEnsion
Single BabbatTlew kg 1ml ofal Bicroscopic evidance of 2313731
Diose Zealand White 1 Day (saline), O mjection site inflanunation
DIrritxtion (rehkicla), 2, at all dases with
G females/dosa 401 7.5 tncomiplate recovery at the
ozl lirgh dose
solution
Continued on the next page
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Submitted studies (continued)

Toxicology
Study Species/Strain | Foute and Dipze Eey REesult Eeport
(Mumbersex) Duration Mumber
Single Dipg’ Baagle LS 2 ml. (200 (Gross o microsCopic 3143493
Dose 1 Day iz, 3 ml evidence of injectdon site
Iritaton 1/sexn/dose (300 mg) or mflanmunation ar 2ll dosas,
4 ml (400
g of 100
g mil
suspension
az 2
mjecrions
Single Ionkey I 0.5 ml of Gross and nucroscopic 015503
Diose cvnonolzns 1 Day 50 or 100 evidence of injecton site
Iritaton g mil miflamunation at 2] doses
Srsendose SUEPEnEion; with Incomplata recovary.
0.5 ml
saline; 0.5
ml vehicles

31 Studies Reviewed

All PK studies; pivotal toxicology studies (1 month rat, 52-week dog and 1 month monkey
study); all local tolerance studies

3.2 Studies Not Reviewed

Studies cross-referenced from the relevant original NDA (see Regulatory History).

Waivers:

A waiver for conducting developmental and reproductive toxicity studies was granted to Otsuka
by the FDA (e-mail from Keith Kiedrow to sponsor dated 23 June 2010, re IND 67,380 Serial
Number 136, dated 5/25/2010) because the exposure after IM depot dosing was much lower than
that after oral or intravenous dosing (as shown by repeated dose TK studies of the IM depot
formulation), and reproductive and developmental toxicity evaluations had been previously
conducted with the oral and intravenous administration.

A waiver for conducting nonclinical carcinogenicity studies was granted to OTSUKA by the
FDA based on Executive CAC recommendation that the proposed 2-year carcinogenicity study
was not necessary (Executive CAC Minutes of 9/26/2008).

3.3 Previous Reviews Refer enced:

Lois M. Freed, Sonia Tabacova: NDA 21 436 Aripiprazole tablets (schizophrenia),
Pharmacology /Toxicology Review, 8/29/2002;

Sonia Tabacova: SNDA 21 436 Aripiprazole tablets (bipolar disorder), Pharmacology
/Toxicology Review, 4/6/2004

Sonia Tabacova: NDA 21713 Aripiprazole oral solution, Pharmacology/Toxicology Review,
9/18/2004;

Sonia Tabacova: NDA 21729 Aripiprazole oral disintegrating tablet, Pharmacology /Toxicology
Memorandum, 10/12/2004

Sonia Tabacova: NDA 21866 Aripiprazole injectable IM formulation, Pharmacology
/Toxicology Review, 9/6/2006

13
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4  Pharmacology

4.1  Primary Phar macology

No new studies submitted

4.2  Secondary Pharmacology

No new studies submitted

4.3  Safety Pharmacology

No new studies submitted
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5 Pharmacokinetics/ADME/Toxicokinetics

51 PK/ADME

The PK of aripiprazole intramuscular depot formulation was studied in rats and minipigs.

In rats, aripiprazole Cmax and AUC increased with dose and there were no sex differences in
plasma concentrations'. Aripiprazole was stable at the injection site, without being metabolized
or decomposed”. As indicated by the residual amount of aripiprazole at the injection site at 168
and 1008 hrs post injection, absorption increased from approximately 39% to 84%, respectively,
indicating a controlled release of the drug into systemic circulation.

In minipigs, the PK of aripiprazole (30 mg single dose) was compared following parenteral
(intravenous, intramuscular, subcutaneous) and oral administration®. The mean AUC values
were similar among the IM, IV and SC routes, while for the PO route the mean AUC was much
lower. Aripiprazole was completely bioavailable after IM and SC administration (absolute
bioavailability 111% and 102%, respectively) and incompletely bioavailable after PO
administration (22.3%), suggestive of extensive first pass metabolism and/or incomplete
absorption following PO administration.

Aripiprazole metabolites OPC-14857, DM-1451, DM-1452, OPC-3373 and 1-(2,3-
dichlorophenyl)piperazine (DCPP) were analyzed in rats following single injections of
aripiprazole IM depot formulation'. Plasma concentrations of all metabolites except for DM-
1451 were below the lower limit of quantification. The Cmax and AUCt of DM-1451 increased
nonlinearly with the dose. There were no gender differences in the plasma concentrations of
aripiprazole metabolites. The rank order of the Cmax and AUCt for aripiprazole and its
metabolites was aripiprazole > DM-1451 > OPC-3373 > OPC-14857.

The biotransformation of aripiprazole was also evaluated in minipigs following IV, PO, IM, and
SC administrations of a single 30 mg dose’. The plasma concentration of metabolite OPC-14857
was higher than that of metabolite DM-1451. DM-1451 was below LLQ in most plasma samples
for IV and IM routes. The AUC:t ratios of metabolite OPC-14857 to parent drug were similar
among IV, IM, and SC routes (2.67, 2.70, and 2.06%, respectively), but much higher after oral
administration (11.4%). DM-1451 to parent drug AUC:t ratios were below LLQ for IV and IM
routes, and 3.2% and 1.1 % for PO and SC ones.

Aripiprazole_biotransformation at the injection site was determined in muscle tissue collected at
24, 168, 504 and 1008 hours after single IM administration of aripiprazole IM depot formulation
to male rats’. There was no metabolite or degradation product of aripiprazole produced in the
injection site up to 1008 hours (42 days) after administration, and aripiprazole administered as a
depot formulation was stable at the injection site without being metabolized or decomposed
during that period.

! Furukawa M. Plasma Concentrations of OPC-14597 and Its Metabolites and Muscular Concentration of OPC-14597 in Rats
After Single Intramuscular Administrations of OPC-14597 Injectable Suspension at 12.5, 25 and 50 mg/kg or OPC-14597
Aqueous Solution at 3.75 mg/kg. Otsuka Study No. 028369, Otsuka Report No. 022879, 2009

? Koyama N. Investigation of Metabolites of OPC-14597 in Injected Site after Single Intramuscular Administration of OPC-
14597 Injectable Suspension to Rats. Otsuka Study No. 030054, Otsuka Report No. 024412, 2010

3 Gao X, Patel R. Pharmacokinetic Evaluation of Aripiprazole (BMS-337039) and Two Metabolites in Sinclair® Minipigs
Following Intravenous, Oral, Intramuscular, and Subcutaneous Administration of Aripiprazole. Otsuka Study No. 017371 (BMS
Study No. MAP034/178/337039/005), Otsuka Report No. 014124, 2001

4 Koyama N. Investigation of Metabolites of OPC-14597 in Injected Site after Single Intramuscular Administration of OPC-
14597 Injectable Suspension to Rats. Otsuka Study No. 030054, Otsuka Report No. 024412, 2010
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In all TK studies, the systemic exposures to aripiprazole and metabolites following IM depot
injection were dose-related and prolonged with parent compound still detectable at or over 29
days after a single injection. With repeat dosing, systemic levels of aripiprazole and metabolites
increased with dose, but generally not dose-proportionally. There were no remarkable gender
differences.

Absor ption

Rats

The plasma concentrations of aripiprazole were determined following single IM injections of
aripiprazole IM depot formulation at doses of 12.5, 25 and 50 mg/kg, and aripiprazole IM rapid
formulation at a dose of 3.75 mg/kg to male rats. A single IM dose of 25 mg/kg of aripiprazole
depot formulation was also administered to female rats to determine if there were sex differences
in plasma exposure (Furukawa M. Plasma Concentrations of OPC-14597 and its Metabolites and
Muscular Concentration of OPC-14597 in Rats After Single Intramuscular Administrations of
OPC-14597 Injectable Suspension at 12.5, 25 and 50 mg/kg or OPC-14597 Aqueous Solution at
3.75 mg/kg. Otsuka Study No. 028369, Otsuka Report No. 022879, 2009).

The Cmax and AUC of aripiprazole following administration of IM depot formulation at single
doses of 12.5 to 50 mg/kg increased with dose and there was no sex difference in plasma
concentrations of aripiprazole; Cmax was reached in 7 days (as compared to 0.25 hours for
aripiprazole IM rapid formulation at a single IM dose of 3.75 mg/kg), and the elimination half-
time (ti1/2)was 5 to 18 days (as compared to 2.5 hours for aripiprazole IM rapid formulation at a
single IM dose of 3.75 mg/kg). The pharmacokinetic data are summarized in the following

sponsor’s table.

Plasma Concentrations of Aripiprazole in Ratsafter Single IM doses of Aripiprazole | njectable Suspension

Test Article: Aripiprazole IM Depot
Species/Strain Rat/Sprague Dawley | Rat/Sprague Dawley | Rat/Sprague Dawley | Rat/Sprague Dawley | Rat/Sprague Dawley
Gender (M/F)/Number of Animals M/3 per time poimnt M/3 per time point M/3 per time point F/3 per time pomt M/3 per time point
Feeding Condition Fed Fed Fed Fed Fed
Vehicle/Formulation Water for Water for Water for Water for Water for
injection/TM rapid injection/TM depot injection/TM depot injection/TM depot mnjection/TM depot
formulation formulation formulation formulation formulation
Method of Administration Intramuscular Intramuscular Intramuscular Intramuscular Intramuscular
Dose (mg/kg as the free base) 3.75 12.5 25 25 50
Sample (whole blood, plasma, Plasma Plasma Plasma Plasma Plasma
serum efc.)
Analyte OPC-14597 OPC-14597 OPC-14597 OPC-14597 OPC-14597
Assay LC-ESI-MS/MS LC-ESI-MS/MS LC-ESI-MS/MS LC-ESI-MS/MS LC-ESI-MS/MS
PK Parameters:
=

tmax (1) 0.25 168 168 168 168

Cpas (ng/mL) 5933 10.23 15.45 17.91 40.72

AUC¢ (ng-h/mL) 1649 2150 5898 5822 12170

(Time for calculation - h) (0-24h) (0-672 h) (0-840h) (0-840 1) (0-1008 h)

5 22 2

AUCy (ng-h/mL) 1651 2244 7123 7185 14750

t1/2.2 (1) 2.487 126.7 306.5 386.1 438.0

(Time for calculation - h) (168-672 h) (168-840 h) (336-840h) (336-1008 h)

MRTq () 2.205 2755 509.7 5039 594.5
Report No. 022879 022879 022879 022879 022879

AUCo = area under the concentration-time curve from time zero to infinity; AUCt = area under the concentration-time curve calculated to the
last observable concentration at time t; Cmax = maximum (peak) plasma concentration of the drug; F = female; LC-ESI-MS/MS = liquid
chromatography-electrospray ionization-tandem mass spectrometry; M = male; MR Too = mean residence time from time zero to infinity; t1/2,z =
terminal-phase elimination half-life; tmax = time to maximum (peak) plasma concentration.

Reference ID: 3153786
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The time-courses of radioactive concentrations in the blood, plasma, tissues as well as urinary
and fecal excretions of radioactivity were determined after a single intramuscular administration
of “C-OPC-14597 IM rapid formulation to rats at a dose of 3.75 mg/kg (see the sponsor’s table
below).

Absor ption of Radioactivity after Single Intramuscular Administration of [14C]-Aripiprazoleto Rats*
Test Article: **C-OPC-14597 IM rapid formulation (single IM dose of 3.75 mg/kg)

Species Strain Eat'Sprague Eat'Sprague
Dawley Dawley
Gender (MF) Number of Animals M3 per time F/3 per time point |2
point :
Feeding Condidon Fad Fed
Vehicle Formulation L-tartane L-tartane
acidCaptisel’ acud'Captisol’
Water for Water for
imechion (rapid injechon (rapid
foromlation) formulation)
Method of Adminiztration Intramuscular Intramomscular
Dosze (mg'kg as the free base) 1.75 3.75
Sample (whele blood, plazma, Blood Blood
serum etc.)
Analyte Radioactivity Fadioactvity
Aszay LSC LSC
PE Parameters:
" (h) 01387 = 0.0964 0.083 = 0.000
max
Cax (0 2q/mL) 4023E830 46521541
AUC} (ng eq-h'mL) 1080 £ 56 1409+ 102
{Time for calculation - k) (12er24h) (24 L)
ATUCx (ng eq-h/mL) 1297 £ 133 1614 158
t172.2 (b) ?I_:j311q:j-. jjg ICII.:g 3& I:ll:.l-lﬁ
(Time for ealeulation - ) 008517 1)
Report No. 022847 022847

*Miyata K. Absorption, Distribution and Excretion of Radioactivity after Single Intramuscular
Administration of 14C-OPC-14597 to Rats. Otsuka Study No. 028360, Otsuka Report No. 022847, 2009

Minipigs

The PK and absolute bioavailability of aripiprazole were also evaluated in male Sinclair minipigs
(n=3) following IV, IM, SC and oral administrations ( ®®  pharmacokinetic
Evaluation of Aripiprazole (BMS-337039) and two Metabolites in Sinclair® Minipigs Following
Intravenous, Oral, Intramuscular, and Subcutaneous Administration of Aripiprazole. Otsuka
Study No. 017371 (BMS Study No. MAP034/178/337039/005), Otsuka Report No. 014124,
2001. A single 30 mg dose was given by each route, according to a nonrandomized crossover
design. An IM injection formulation of aripiprazole (7.5 mg/mL in 15% Captisol FM/0.05 M
tartrate buffer) was used for IV, IM, and SC doses, and the 2 X 15 mg aripiprazole oral tablets
were used for oral dose. The washout period between consecutive doses was at least 7 days.
Serial blood samples were collected over 24 to 72 hours after dosing, and plasma concentrations
of aripiprazole and two metabolites, DM-1451 and OPC- 14587, were determined by an
LC/MS/MS method with a lower limit of quantitation (LLQ) of 1 ng/mL for all three analytes.
The mean pharmacokinetic values for aripiprazole are summarized in the following sponsor’s
table.
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PK of Aripiprazolein Sinclair® Minipigs Following I ntravenous, Oral, I ntramuscular, and Subcutaneous
Single-dose Administration of Aripiprazole (Test Article: Aripiprazole IM Depot)

S pecies/Strain® Minipig Sinclair Minipig Sinclair Minipig Sinclair Minipiz Sinclair
Gender (M/F) Number of Animals M/3 M3 M3 M3
Feeding Condition Fasted Fasted Fasted Fasted
Vehicle Formulation 15% Caphsel0.05 M Tahblet 15% Caphsel/0.05 M 15% Captisol0.05 M
tartrate buffer tarfrate buffer tartrate buffer
pH 4.3) (pH 4.3} (pH4.3)
Method of Administration Intravenous (infusion) Oral (Tablet) Intramuscular Subcutzneous
Dhoze 30 mg (4 mL/'minmg, 30 mg 30 mg (4 mL'minpag) 30 mg (4 mL'mimpig)
4 ml'5 minutes)
Sample (whole blood, plazma, Plasma Plasma Plasma Plasma
zerum efe.)
Analyte OPC-14597 OPC-14597 OPC-14597 QPC-14597
Assay LCMS/MS LOMSMS LC/MSMS LOMS/MS
PE Parameters:
tmax "”D 0.08 4.00 1.00 0.50
Cypay (ng/mL) 684 £ 243 4301320 ileze4 2801583
AUC; (ng-hmL) 1547+ 216 170 = 301 1864 £ 739 1642797
(Time for caleulation - k) (12 to 24 b} (24 k) {36 to T2 k) {36 to 680 k)
AUCqp (n=-h/mL) 1658 + 342 553': 1881 £ 745 1665859
547 e 813 878
t1/2,z (k) ; 6.19 .
{Time for ealeulation - k) (3.33) (4.08) (.07
MR T (k) 576365 874 790310 925311.83
CLT (mL/ min/kg) 2112477 ND ND ND
Vaz (L'kg) 67412098 ND ND ND
Eeport No. 014124 014124 014124 014124

BMS-337039 = OPC-14597; AUCe° = area under the concentration-time curve from time zero to infinity; AUCt = area under the concentration-
time curve calculated to the last observable concentration at time t; Cmax = maximum (peak) plasma concentration of the drug; CLT = total body
clearance; LC/MS/MS = liquid chromatography-electrospray ionization-tandem mass spectrometry; M = male; MRTo> = mean residence time
from time zero to infinity; ND = not determined; t1/2,z = terminal-phase elimination half-life; tmax = time to maximum (peak) plasma
concentration; Vss = steady state volume of distribution.

a
Three Sinclair® male minipigs (approximately 5 months old and between 15.1-18.3 kg of weight at study initiation).

b . C L . . N
Reported as median. N = 2, the values were not obtained in one animal because the terminal phase of plasma concentration-time profile was
not well defined in this animal.

The mean AUC values were similar among the IV, IM, and SC routes while the mean AUC
value for the PO route was much lower. Aripiprazole was completely bioavailable from IM and
SC routes (absolute bioavailability (F) = 111% and 102%, respectively) and incompletely
bioavailable by PO route (F = 22.3%). The latter is suggestive of an extensive first pass
metabolism and/or incomplete absorption of aripiprazole following PO administration.

Distribution

Following a single IV administration of aripiprazole IM depot formulation at a dose of 30 mg/kg
to minipigs, aripiprazole was extensively distributed to extravascular tissues (Vss = 6.74 L/kg);
the estimated total body clearance was 21.1 mL/min/kg (see the table above).

In rats, the residual content of aripiprazole in the injection site was determined following a single
IM injection of aripiprazole IM depot formulation to males and females at a dose of 25 mg/kg,
and aripiprazole IM rapid formulation to females at a dose of 3.75 mg/kg (Furukawa M. Plasma
Concentrations of OPC-14597 and Its Metabolites and Muscular Concentration of OPC-14597 in
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Rats After Single Intramuscular Administrations of OPC-14597 Injectable Suspension at 12.5,
25 and 50 mg/kg or OPC-14597 Aqueous Solution at 3.75 mg/kg. Otsuka Study No.028369,
Report No0.022879, 2009). The residual contents of aripiprazole in the injection site after
injection of aripiprazole IM depot formulation (25 mg/kg) were 60.8, 37.5 and 15.7% of the dose
at 168, 504 and 1008 hours after dosing, respectively, indicating that the absorption of the depot
formulation increased from 39% to 84% from 168 h to 1008 h after injection. The values were
similar in males and females. The residual contents of aripiprazole after injection of aripiprazole
IM rapid formulation (3.75 mg/kg) at 0.5 and 24 hours were 27.6 and 0.6% of the dose,
respectively (see the following sponsor’s table).

Muscular Concentration of Aripiprazolein Ratsafter Single M Administrations of Aripiprazole Injectable
Suspension (Aripiprazole IM Depot)

Species/ Strain Bat/Sprazne Dawley Bat'Sprague Dawley Rat/Sprazue Dawley
Cender (AUF)Number of Animal: M3 per ime point M3 per fime poiut F/3 per time poin:
Feeding Condition Fed Fed Fad
Vehicle Formulation Water for mjectionTA rapid Water for injectionTM Depot Water for injection TM Depat
formlaton formmlation formlaton

Method of Adminiztration Inrammscnlar Inrammscnlar Inmramscular
Diose (e lz as the free base) ENE 13 25
Samples Muscle Whscle Muscls
Analvie OPC-14347 OPC-14307 OFC-14587
Assay HPLC HPLC HELL
Time (h) Mean Besidual Coutent of OPC-14597 (% of Dhoze)

] 1015273 1105258 10202115

0.5 6ET7 NA NA

M 06110 1352187 1252100

163 NA L e §7.7£10.6

504 NA 37531 371232

1003 NA 157251 78102
Repaort Mo 022870 022870 022879

F = female; HPLC = kigh-perfomuance lguid chromstography; M= male; MA = vot available

The radioactivity of aripiprazole and its metabolites in plasma and injection site following single
IM administration of "“C-aripiprazole (rapid formulation) at 3.75 mg/kg to male rats were
measured by HPLC in samples collected at 0.25, 2, and 8 hours post dose (Itose M. High-
performance Liquid Chromatographic Analysis of Radioactivity in Plasma and Injected Site after
Single Intramuscular Administration of 14C-OPC-14597 to Rats. Otsuka Study No. 030447,
Otsuka Report No. 025564, 2010). At 0.25 and 2 hrs post dose, unchanged aripiprazole was the
most abundant substance in both plasma and muscle (injection site) samples; the percentage of
unchanged aripiprazole to total radioactivity was more than 85%, as shown in the following
sponsor’s table. Metabolite OPC-3373 was detected in plasma at 0.25 hrs post dose. Analysis at
8 hrs post dose could not be conducted because the radioactivity concentrations in both plasma
and muscle were insufficient to be measured by HPLC.
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Radioactivity in Plasma and I njection Site after SingleIM Administrations of [14C]-Aripiprazoleto Rats

Species/Straim; Rat/Sprazue Dawley
Gender AM/F)Number of Animals: M3 per tims pomnt
Feeding Condition: Fed
Vehicle Tormulation: L-tartaric zeid Captizol W ater for mnjection (rapid formulation)
Method of Adminiztration: Inframuscular
Dose (mg'ke of the free baze): 375
Radionuclide: C-0PC-14397
Specific Activity: 57.9 mCimmol
Sampling Time: 0.25 and 2 hours for both plasma and muscle samples
Analyte: OPC-14357, OPC-3373, and total radioactraty
Assay: HPLC flow semtillation analyzer and liquid semtillation counter
Sl Time (hours % of Total Radioactivity
e tme (hou) OPC-14597 OPC3373
025 8351126 1452126
Plasma
2 1000200 00z0.0
025 100.020.0 00z0.0
Muzele
2 100,000 0.0z00
HFLC = hish-performance howd chromatosraphv: M = male

These results showed that aripiprazole was the most abundant substance in both the systemic
circulation and the muscle injection site after an intramuscular administration.

Tissue distribution of “C-aripiprazole IM rapid formulation was determined in male rats after a
single IM administration of 3.75 mg/kg (Miyata K. Absorption, Distribution and Excretion of
Radioactivity after Single Intramuscular Administration of '*C-OPC-14597 to Rats. Otsuka
Study No. 028360, Otsuka Report No.022847, 2009). The highest radioactive concentrations in
blood, cerebrum, cerebellum, eyeball, lung, liver, adrenal gland, kidney, muscle and plasma were
measured at 0.25 hrs after administration and decreased thereafter. At 168 hours, radioactive
concentrations were still detected in harderian and submaxillary glands, liver, adrenal gland and
kidney, but not detected in blood, cerebrum, cerebellum, eyeball, lung, fat, muscle tissues and
plasma. The residual radioactivity in the femoral muscle (injection site) was 35.2% of the dose at
0.25 hrs and 0.68% of the dose at 168 hrs, showing that almost all dosed radioactivity was
completely eliminated from the injection site by 168 h post injection (see the following sponsor’s
table).
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Distribution of Radioactivity after Single Intramuscular Administration of [14C]-Aripiprazole to Rats

Species/Strain: Rat/Sprague Dawley
Gender (M/T)Number of Animals:  M/3 per time point
Feeding Condition: Fed
Vehicle Formulation: L-tartaric acid/Captisol Water for injection (rapid formulzfion)
Method of Adminiztration: Intrammuscular
Dose (mg'kg of the free haze): 3.75
Radionuclide: TC-OPC-14597
Specific Activity: 579 mCimmeol
Sampling Time: 0.25, 2 8,24, 72 and 168 howrs postdoze
Analyte: Radioactmvity
Azzav: Liguid semtillation counter

Concentration {ng eq/g or mL)
Tiszues/Organs 0,25 hours I hours 3 hours 24 hours 72 hours 163 hours:
Blood TIBIZ 7930 143,71 46.53 224214153 ND XD ND
Cerebrum 1669 222091 370.5 59944 El90 T B128 37339930 XD ND
Cerebellum 1755 £ 356.7 3§3TL126 34995215 4850 T 5.400 D ND
Eyeball 67151509 1864 £ 45 8] 526412289 167122973 ND ND
Harderian gland 4927 £ 1202 G831z 1974 395711525 172512318 146.0 £ 36.29 2026 220.03
Submaxillary gland 41371741 4 4955 29493 1257 3089 G041 35163 47423672 178422022
Lung 20480 = 3093 30162084 256416823 T6.07 £ 8.396 WD ND
Liver 732715452 4312z 9506 185321943 49084411 6929 T 18.30 1453 21259
Adrenal gland 14830 = 1378 4700z 1152 1477 = 260.1 1208 £ 7.000 186.6 £214.7 156.2 2 65.83
Kidney B410+ 2027 1855 456.8 410.1 8353 151.122347 G004 1249 255229466
Fat 9155z 1608 1671z 5432 334713208 20245445 XD ND
Muszcle 1904 £ 299 5 7012122089 161811927 13.5412.04 XD ND
Plazma 10211197 1927135521 42455167 15.69 = 1.057 ND ND

Eatio of Tizsue to Plazma

Tiszues/Organs 0,25 hours I hours 3 hours 24 hours 72 hours 163 hours:
Blood 0.764 = 0.044 0.74210.035 0522 200832 ND NC HC
Cerebrum 1.63420.017 195210421 1987 £2.049 0.344 T 05596 NC NC
Cerehellum 1.708 0143 201110531 0824 0052 0.29] T 0504 NC HNC
Eyeball 0.653 Z0.084 0876 £0.112 1.27% £ 0.628 1.066£0.178 NC HC
Harderian gland 478020579 530811536 93593785 110.1 £ 14.77 NC NC
Submazillary gland £070Z0.777 268418102 19445009 3746132235 NC HC
Lung 2001 z 0838 261519908 5007 Z1.204 4835z 0516 NC HC
Liver 7.208 20573 226912248 433474338 31353213 NC HC
Adrenal gland 14.65 = 1.609 257417318 34.73 £ 4.036 77.23£5.152 NC NC
Kidney 228820878 100813195 9618 T 1.079 9592 T 0856 NC HC
Fat 0.895z0.102 B6TI11.949 B.OY7TB.095 18550254 NC NC
Musele 1.BE5 0400 364910786 39314335 0.863 T 0753 NC HNC
n=23

M = male; NC = not calculated; WD = not detected; No. = number.

M etabolism

Aripiprazole metabolites OPC-14857, DM-1451, DM-1452, OPC-3373 and DCPP were
measured in plasma following single intramuscular injections of aripiprazole IM depot
formulation at doses of 12.5, 25 and 50 mg/kg to male rats; aripiprazole IM rapid formulation at
a dose of 3.75 mg/kg was injected to male rats for comparison (Furukawa M. Plasma
Concentrations of OPC-14597 and Its Metabolites and Muscular Concentration of OPC-14597 in
Rats after Single Intramuscular Administrations of OPC-14597 Injectable Suspension at 12.5, 25
and 50 mg/kg or OPC-14597 Aqueous Solution at 3.75 mg/kg. Otsuka Study No. 028369,
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Otsuka Report No.022879, 2009). The plasma concentrations of metabolites OPC-14857, DM-
1452, OPC- 3373 and DCPP were lower than the lower limit of quantification in all dose groups.
Metabolite DM-1451was detected in rat plasma at 25 and 50 mg/kg, but not at the 12.5 mg/kg
dose level (see the following sponsor’s table). The plasma exposure parameters of DM-1451
increased nonlinearly with the dose increment: Cmax 0.9 to 4.8 ng/mL and AUCt 44.2 t0748.6
ng. h/mL at 25 and 50 mg/kg, respectively. The tmax was 168 hrs. There were no sex differences
in the plasma concentrations of aripiprazole metabolites after IM depot formulation injection (25
mg/kg) to female rats. The rank order of the Cmax and AUC: for aripiprazole and its metabolites
was aripiprazole > DM-1451 > OPC-3373 > OPC-14857.

Plasma Concentrations of Aripiprazole Metabolite DM-1451 in Rats
After SingleIM Administrations of Aripiprazole | njectable Suspension

P

Species/Strain

Rat/'Sprague

Rat/'Sprague

Rat/Sprague

Rat/Sprague

Rat/Sprague

myjection/IM rapid

. .
formomlation

iy ection/Th
depot formulation

mjection/Th
depot formulation

imjection/IM
depot formulation

Dawley Dawley Diawley Dawley Dawley
Gender (M/F)VNumber of Animals M3 per time M/3 per time W3 per time F/3 per time point M3 per time
point point point point
Feeding Condition Fad Fed Fed Fed Fad
Vehicle/Formulation Water for Water for W atar for Water for Water for

imection/Th
dapot formulation

Method of Adminizeration Intramuzeular Intrammseular Intrammseular Intramuseular Intrammseular
Daose (mg'kg as the free base) 3.75 12.5 25 25 30
Sample (whole blood, plasma, Flazma Plazma Plasma Flazmaz Plazma
sernm ete.)
Analyte Dhi-1451 DM-1451 DM-1451 DM-1451 DM-1451
Azsav LC-ESI-MS/MS LC-ESI-MS/DIS LC-ESI-MS/MS LC-ESI-MS/S LC-ESI-MS/MS
PL Parameters:

tmax (b) 0.5 WD 168 168 168

€y (nz/mL) 16.52 D 0921 1.079 4834

. ; 9374 WD 4419 51.79 T4R.6

AUC (ng-h/mL) h - . . o

[Tim; for caleulation - k) (0-8 b} (0-168 k) (0-163 k) (0-336h)

ATUCq (ng-h/ml) 150.0 MC NC HC NC

E = (ng-

t1/2.2 () 5512 WL NC M W

: & ']

(Time for ealculation - b) (03-81)

METx (b) 7.64 WC NC N W

I -5
Report No. Q22879 022879 022879 022874 022879

AUCceo = area under the concentration-time curve from time zero to infinity; AUCt = area under the concentration-time curve calculated to the
last observable concentration at time t; Cmax = maximum (peak) plasma concentration of the drug; DCPP = a metabolite of OPC-14597; F =
female; LC-ESI-MS/MS = liquid chromatography-electrospray ionization-tandem mass spectrometry; M = male; MRTco = mean residence time
from time zero to infinity; NC = not calculated; ND = not determined; t1/2,z = terminal-phase elimination half-life; tmax = time to maximum
(peak) plasma concentration.

The biotransformation of aripiprazole was also evaluated following IV, PO, IM, and SC
administrations of a single 30 mg dose in three male Sinclair minipigs ( .
Pharmacokinetic Evaluation of Aripiprazole (BMS-337039) and Two Metabolites in Sinclair®
Minipigs Following Intravenous, Oral, Intramuscular, and Subcutaneous Administration of
Aripiprazole. Otsuka Study No. 017371 (BMS Study No. MAP034/178/337039/005), Otsuka
Report No.014124, 2001). An intramuscular injection formulation of aripiprazole (7.5 mg/mL in
15% CaptisolFM/0.05 M tartrate buffer) was used for IV, IM, and SC doses, and the 2 X 15 mg
aripiprazole oral tablets were used for oral dose. A washout period of at least 7 days was
observed between consecutive doses. Serial blood samples were collected over 24 to 72 hours
after dosing, and plasma concentrations of two metabolites, DM-1451 and OPC-14857, were
determined using an LC/MS/MS method with a lower limit of quantitation (LLQ) of 1 ng/mL for
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the analytes. Plasma concentrations of metabolite OPC-14857 were higher than the plasma
concentrations of DM-1451 for all routes of administration. The OPC-14857 to parent drug
AUC:t ratios were essentially similar among IV, IM, and SC routes (2.67, 2.70, and 2.06%,
respectively); after PO dose, the mean OPC-14857 to parent drug AUCtratio (11.4%) was much
higher compared to IV, IM, and SC doses (see the sponsor’s table below). The mean DM-1451
to parent drug AUCt ratios were 3.2% and 1.1 % for PO and SC doses; for IV and IM doses,
DM-1451 concentrations in most plasma samples were below LLQ. The metabolite data support

the finding that aripiprazole undergoes extensive first pass metabolism after PO administration.
PK Evaluation of Aripiprazole (BM S-337039) M etabolitesin Sinclair® Minipigs Following
Intravenous, Oral, Intramuscular, and Subcutaneous Administration of Aripiprazole

e

. . A
Species/Strain

Minipig/Sinclair

Minipig/Sinclair

Minipig/Sinelair

Minipiz/Sinclair

Gender (M/F)/Number of Animals M3 M3 M3 M3
Feeding Condition Fasted Fasted Fastad Fasted
Vehicle Formulation 15% Captisal0.05 M Tablet 15% Captisel0.05 M 15% Captisal0.05 M
tartrate buffer tartrate buffer tartrate buffer
(pH 4.3) (pH 43) (pH 4.3)
Method of Adminiztration Intravenous (infusion) Oral (Tablet) Intrammseular Subcutaneous

Doze 30 mz (4 ml/minipiz, I mg 30 mg (4 mL minpig) 30 mg (4 mLimmipig)
4 ml/5 mimates)

Sample {(whole blood, plasma, Flazma Flasma Plasma Flazma

serum ete.)

Analyte OPC-14857 OPC-14857 OPC-14857 OPC-14837

Azsay LC/MSMS LCMSMS LOMSAIS LC/MSMS

PK Parameters:

b
4.00° (2.00, 8.00)

b
400" (4.00, 24.00)

b
5.00° (4.00,12.00)

b
800 (8.00, 8.00)

tmay (b]
Cnax (nz/mL) 411118 441284 6171255 295028
AUC; (ng-h/mL) 416837 60.5° 54814211 3431306
{Time for calculation - k)
Ratio of AUC{metabolite) to 2672016 11_4: 2701105 206074
AUC(parent) (%)
Report No. 014124 014124 014124 014124
Species/ Sirain. Minipig/Sinelair Minipig/Sinelair Minipig/Sineclair Minipiz/Sineclair
Gender (M/F) Number of Animals M3 M/3 M3 M3
Feeding Condition Fasted Fasted Fasted Fasted
Vehicle Tormulation 15% Captisol/0.05 M Tablat 15% Captisol/0.05 M 15% Captisol/0.05 M
tartrate buffer tartrate buffer tartrate buffer
(pH 4.3) (pH43) (pH 4.3)
Method of Administration Intravenons (infusion) Oral (Tablet) Intranmscular Subcutaneons
Dose 30 mg (4 mL minipiz, 30 mg 30 mg (4 mL/minipiz) 30 mg (4 mL'minpig)
4 ml/5 minutes)
Sample (whole blood, plasma, Flazma Flasma Plazma Flazma
serum efe.)
Amnalyte DM-1451 DM-1451 DM-1451 DM-1451
Assay LC/MSMS LCMSMS LOMS/MS LC/MSMS
FK Parameters:
b T d
tmax (1) »D 4.00(4.00, 400 3.00 B.00 (B.00, S.I:I:l)c
C oy (nz/mL) XD 225° 3.46° 258
b - 4€ - 1o at
AUC; (ng-b/mL) ND 17. NR® 184
{Time for caleulation - k)
Ratio of AUC(metabolite) to '_\'Dt' 3 19': ':\_'RE '..].l::
AUC(parent) (%)
Report Ne. 014124 014124 014124 014124

BMS-337039 = OPC-14597; AUCt = area under the concentration-time curve calculated to the last observable concentration at time t; Cmax = maximum (peak) plasma concentration of the drug; LC/MS/MS = liquid chromatography-
electrospray ionization-tandem mass spectrometry; LLQ = lower limit of quantitation; M = male; ND = not determined; NR = not reported; tmax = time to maximum (peak) plasma concentration;
aThree Sinclair® male minipigs (approximately 5 months old and between 15.1-18.3 kg of weight at study initiation).

bAIl plasma concentrations in all individual animals were below LLQ. C n=2.d n= 1. e Only two or less than two plasma concentrations were above LLQ in all individual animals.
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Aripiprazole_metabolites in the injection site were determined in muscle tissue collected at 24,
168, 504 and 1008 hours after single IM administration of aripiprazole IM depot formulation to
male rats @@ Tnvestigation of Metabolites of OPC-14597 in Injected Site after Single
Intramuscular Administration of OPC-14597 Injectable Suspension to Rats. Otsuka Study No.
030054, Otsuka Report No.024412, 2010). The samples were analyzed by liquid chromatography
coupled to tandem mass spectrometry (LC/MS/MS); two peaks related to aripiprazole were
detected in the HPLC and mass chromatograms of the dosed rat muscle homogenate samples,
however, the peak area ratios of these to aripiprazole in the chromatograms were less than 0.6%.
One of the peaks was identified as DM-1452. The other peak could not be identified. The peaks
detected in the dosed samples did not increase with time (as shown in the following figures from
the study report). These peaks were also detected in the muscle homogenate samples of the
control group immediately after injection of aripiprazole IM depot formulation.
Figurel

HPL C Chromatogram of Dosed Rat M uscle Homogenate Sample
(Male, 25 mg/0.25 mL/kg)
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These findings suggested that these two peaks were not of biotransformed metabolite and
support the conclusion that there was no metabolite or degradation product of aripiprazole
produced in the injection site at 1008 hours (42 days) after dosing, and aripiprazole administered
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as a depot formulation remained at the injection site without being metabolized or decomposed

during that period.

Excretion

Urinary and fecal excretion was measured in rats after single intramuscular administration of "“C-
aripiprazole IM rapid formulation at a dose of 3.75 mg/kg @@ Absorption, Distribution

and Excretion of Radioactivity after Single Intramuscular Administration of 14C-OPC-14597 to
Rats. Otsuka Study No. 028360, Otsuka Report No.022847, 2009). The excretion data are
summarized in the following sponsor’s tables.

Excretion of Radioactivity after Single Intramuscular Administration of
[14C]-Aripiprazole to Rats

Males
Test Article: Aripiprazole IM Depot

Species/ Strain Rat/Sprague Dawley

Cender (M/F)Number of Animal: | M3

Feeding Condition Fed

Vehicle Formulation L-tartaric acid Captizol Water for injection (rapid formmlation)

Method of Admimztratdon Inframuscular

Doze (mg'kg as the free base) 3.75

Radionnclide 14[_01}[_145;_‘-

Specifie Activity 57 9 mCr/'mmeol

Analyte l'i:in:i.mamivir_\'1

Aszay Liquid semtllation counter

. Cumulative Exereted Radioactivity (% of Daose)

Excretion Route Trine Fecen Imalb

Time
0- 24 (h) 4521111 72081197 76.60 = 268
0- 48 (h) 4731109 8523057 §9.96 2 1.61
0-72(h) 4831109 §8.19x0.77 93021122
0 -%6 (h) 4881114 8977 1.30 94651131
0-120 (h) 4881114 90.72  1.66 95602143
0 - 144 (h) 4881114 91.46 £ 2.08 96341165
0 - 168 (h) 4881114 9205248 96951153

Report Number 022847

aD'ata expressed as the mean T standard deviation of 3 animals.

Females i i

Species/Strain Eat/Sprague Dawley

Gender (MUF)Number of Animals | F/3

Feeding Condition Fed

Vehicle/ Formulation L-tartanic acid/Captisol Water for injection (rapid formmlation)

hlethod of Administration Intramuscular

Dioze (mg/'kg as the free base) 3.75

Eadionuclide 14(:_0:?':_145;_—.

Specific Activity 579 mCr'mmol

Analyte 1'{:-1ci_1::zctirir_\'E

Assay Liguid scmhbllabhon counter

. Cumulative Excreted Radicactivity (%0 of Dose)

Excretion Route Trine Foces Iotalh

Time
0 - 24 (k) 5761150 68.79 T 13.83 745471235
0- 43 (k) 6251161 85.08 £8.79 91.33 £7.20
0- 72 (k) 641 1.68 B8.36 £ 7.19 94.77 £ 5.60
0 - 96 (k) 6521170 89.35 T 6.66 95.86 508
0-120 (k) 6571174 90.15 £ 6.19 06.72 X460
0 - 144 (h) 6571174 90.71 £ 5.90 97.28 433
0 - 168 (h) 6571174 91.09 £5.70 9768411

EReport Number 022847

atha axpressed as the mean T standard deviation of 3 animals.
bT]:e value of cage washing was added to the total value from 0 to 168 hours.
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The cumulative urinary and fecal excretion of radioactivity within 168 hrs after administration
was 4.88% and 92.05% in males, and 6.57% and 91.09% in females, respectively. The excretion
of total radioactivity, including cage washings, within 168 hrs accounted for 96.93% and 97.69%
for male and female rats respectively, indicating that the excretion was complete.

Pharmacokinetic Drug I nteraction
Pharmacokinetic drug interaction studies are cross-referenced from the previously approved
NDA 21-436 (schizophrenia, oral tablet; submitted October 31, 2001).

5.2 Toxicokinetics

(Included in toxicity studies)
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6  General Toxicology

Background: The nonclinical testing strategy for intramuscular aripiprazole was abbreviated
since it was supported, in part, by results from previous in vitro and in vivo nonclinical studies
conducted to support other formulations and indications for aripiprazole.

The toxicity and local irritation profile of intramuscular aripiprazole was characterized in single-
and repeat-dose toxicity studies in rats, dogs, monkeys and rabbits. The carcinogenicity as well
as reproductive and developmental toxicity and juvenile toxicity studies of aripiprazole in mice,
rats, rabbits and dogs was previously evaluated following oral and/or intravenous administration
described in the primary and supplemental NDAs. Since the systemic exposure to aripiprazole in
toxicity studies was found to exceed the human exposure at the oral MRHD of 30 mg/day, and
the human plasma exposure at MRHD (400 mg; 200 mg BID) for the intramuscular depot
formulation did not exceed the systemic exposure at the oral MRHD, carcinogenicity and
reproductive and developmental toxicity studies using the intramuscular depot formulation of
aripiprazole would not provide any further meaningful information to assess the potential hazard
in humans. Therefore, a carcinogenicity study of the intramuscular depot formulation was not
conducted in accordance with the Executive CAC recommendation (Executive CAC Minutes,
September 26, 2008). A waiver for undertaking developmental and reproductive toxicity studies
was granted by the FDA (e-mail from K. Kiedrow (FDA) to Otsuka, June 23, 2010).

6.1 Single-Dose Toxicity

Study Species/Strain Route Dose Key Result Report
(Number/sex) and Number
Duration
Single Dose Dog/Beagle ™M 100, 200 or No mortality. Microscopic 015504
S/sex/dose 1 Day 400 mg evidence of injection site

inflammation at all doses with
incomplete recovery.
Plasma levels increased with dose.

Single Dose Dog/Beagle M 0 (saline), 150, No mortality. Clinical signs of 019933
S/sex/dose 1 Day 200, 300 or exaggerated pharmacology and
400 mg injection site trauma.

Microscopic evidence of injection
site inflammation at all doses with
incomplete recovery.

Plasma levels increased with dose.

In an initial single-dose toxicity study [BMS-337039: Single-dose Intramuscular Depot Toxicity
Study in Dogs. Otsuka Study No. 019797 (BMS Study No. DM02014), Otsuka Report No.
015504, 2003], aripiprazole (100 mg/mL) was administered IM to dogs (5/sex/dose) at doses of
100, 200 or 400 mg (dose volumes of 1, 2, or 4, 1-mL injections, respectively). A vehicle control
group received two 1-mL injections of the carrier formulation (CMC, | {§mannitol, sodium
monobasic phosphate and sterile water for injection, pH ~7; mean particle size o
Swelling at the injection sites was noted on Days 1 to 4 at all doses in females and at MD and
HD in males. Changes in hematology parameters (RBC, WBC, leukocytes) attributable to
inflammatory response at the injection sites, were found at MD and HD on Day 2. There were no
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toxicologically significant changes in clinical chemistry parameters. At necropsy, white
discoloration was observed in the muscle at the injection site at all doses.

In a second single-dose study [BMS-337039: Single-Dose Intramuscular Depot Toxicity Study
in Dogs (II). Otsuka Study No. 025802, (BMS Study No.DM04016), Otsuka Report No.

019933, 2006], aripiprazole in the CMC formulation as described above was administered to
dogs (5/sex/dose) at doses of 0 (saline control), 150, 200, 300 or 400 mg (150 and 200 mg/mL
formulations as one or two 1-mL injections) into the right hind limb thigh. Tremors were
observed at all doses; transient decreased activity at > 200 mg on the day of dosing (not present
on the next day). These effects were likely an exaggerated pharmacological effect of aripiprazole.
Clinical observations at the injection site included pain, transient hind limb lameness/limping (all
doses, on the day of dosing), and hindlimb muscle fasciculations in 1 male at 300 mg and 1
female at 400 mg (on Day 2, resolved by Day 3). Changes in hematology parameters (WBC,
neutrophils) registered at all doses on Day 2 were likely related to local inflammation at the
injection site. At necropsy, white foci at the injection site were seen in all treated animals at
Week 5 and Days 43/44 post-dosing.

In both single dose studies, a dose-related granulomatous inflammation was observed
characterized by numerous epitheloid macrophages with multinucleated (foreign body) giant
cells and lymphocytes that were localized primarily in the interstitial tissue of skeletal muscle.
The macrophages were associated with deposits of birefringent crystalline material (interpreted
as deposited drug), and represented a foreign body reaction to the deposited drug. Injection site
findings diminished, but did not completely resolve up to Days 43/44 post-dosing in either study.
Toxicokinetic evaluations from each of these studies revealed a dose-related plasma exposure to
aripiprazole and metabolites with no gender differences. Plasma levels of the parent drug were
measurable up to 27 days after injection.

Plasma Toxicokinetics of Aripiprazole and M etabolites Following a Single Intramuscular Injection of
Aripiprazoleto Dogs

Otsuka Study No. 019797; Otsuka Report No. 015504

Doze (me) Aripiprazole DA-1451 OPC-14857
e lng Male | Female Male | Female Male | Female
Cmax (mg'mlL)
100 123 347 =] 1.31 3.00 101
(@=2)
200 55.7 795 1.80 L.&7 15.0 37.8
(n=3) n=4)
400 140 122 5.13 257 524 613
n=3) n=4)
AUC,, 1ng-dn}'.mL:|i
100 112 254 NC NC 254 60.1
(n=3)
200 474 683 NC NC 133 308
400 938 1027 193 723 348 354
n=1} n=2)

NC =Not calculated

aThe AUC values were calculated from time 0 to infinity for aripiprazole and from 0 to the last measurable concentration for the
metabolites. The lower limit of quantification was 1 ng/mL.
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Plasma Toxicokinetics of Aripiprazole and M etabolites Following a Single Intramuscular Injection of
Aripiprazoleto Dogs

Otsuka Study No. 025802, Otsuka Report No. 019933

Doze (mg)
150 204 300 4040

Male | Female Male | Female Male | Female Male | Female
Aripiprazole
Cowingml) [ 426 387 770 552 874 772 139 134
AUC, cap - -

1 7 7 2 2 2 2

(ng h/ml) 12 600 9670 20,0040 16,200 28,100 23,100 44500 458040
OPC-14857
C e (nz'ml) 239 13.2 323 245 36 8 304 61.9 51.0
-:LT-'-CI 2kl £ ] 7 f 5 7
(ng-/ml) 5890 2660 Q000 6740 11,400 8510 19 800 17,604

6.2  Repeat-Dose Toxicity

The pivotal repeat dose toxicity studies supporting the clinical development of
intramuscular aripiprazole IM depot formulation were performed in rats (26-weeks), dogs
(26 and 52 weeks) and monkeys (4 weeks). Aripiprazole was administered weekly in the
in rat and dog, whereas daily administrations were used for the monkey study. All pivotal
toxicity studies were conducted in compliance with GLP regulations. Dose selection for
pivotal studies was based on results from preceding intramuscular exploratory or range-
finding studies. Toxicokinetic evaluations were also conducted in all of these pivotal

studies.
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Pivotal repeat dose toxicity studies

Study title Twenty-six-week Intermittent Repeated I ntramuscular Depot Toxicity
Study of OPC-14597 in Rats with Four-week Recovery Test

Study no.: 024105

Study report no.: 019345, 2007

Conducting laboratory and  Tokushima Research Institute

location: Otsuka Pharmaceutical Co., Tokushima, Japan
Date of study initiation: 9 May 2006 (Completion: 27 Feb 2007)

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: OPC-14597 for injectable suspension,
Lot Nos.: 2J64454 and 4M63442, purity 101.2% and
103.8 % for 200 and 400 mg /vial, respectively

Key Study Findings

Aripiprazole depot formulation administered by weekly IM injections to SD rats for 26 weeks at
doses of 25, 50 and 100 mg resulted in decreased body weights and food consumption at HD vs.
control, more expressed and non-recoverable in males. Subcutaneous nodule and swelling at the
injection site were observed after injection, but resolved either between injections or as the study
progressed. Injection site findings included “white foci” of dose-dependent size, not fully
reversible after the recovery period, and microscopically characterized by granulomatous
inflammation (accumulation of macrophages, eosinophilic deposits and proliferation of
capillaries with swollen endothelial cells) associated with deposits of birefringent crystal-like
material (interpreted as drug). The following findings could be extension of the drug
pharmacology: mammary gland hyperplasia in females at all doses (irreversible at HD at the end
of recovery period), lobular hyperplasia and milk secretion in female mammary gland,
hypertrophy of corpora lutea in the ovary, mucification of epithelium in the uterine cervix and
vagina and atrophy of pars intermedia of the pituitary gland were observed. The NOAEL was 50
mg/kg in males and 100 mg/kg in females with mean Cmax and AUC+4 of aripiprazole at week
26 of 98.Ing/mL and 598.6 ng.d/mL respectively for males and 1135.3 ng/mL and 4336.2
ng.d/mL, respectively for females.

Methods

Doses: 0 (saline), 25, 50 and 100 mg/kg of OPC-14597

Frequency of dosing: Weekly

Route of administration: Intramuscular injection in the hindlimbs (sura, thigh and

rump) once weekly for 26 weeks in the morning

Dose volume:0.5 mL/kg in control, MD and HD groups; 0.25 mL/kg for LD group
Formulation/Vehicle: OPC-14597 for injectable suspension (a white cake constituted with
about  ®® water for injection)/ 0% OPC-14597 solution for injection, Lot No.: 06C00P000
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Species/Strain: Rat/Sprague-Dawley [Crl: CD(SD)]

Number/Sex/Group: 12

Age: 8-9 weeks at initiation of dosing

Weight: 304-363 g (M) 197-246 g (F)
Satellite groups: TK of aripiprazole and its metabolites in all dose groups in additional
3/sex/group rats
Deviation from study protocol: Occasional short interruptions of air ventilation and air
conditioning due to maintenance work. As these events were transient and none of the
animals showed any abnormalities at the end of quarantine period, it is unlikely that
these events have affected the study results.

Study design: OPC-14597 depot formulation of was administered by a weekly intramuscular
injection to groups of 12 rats/sex for 26 weeks at 0 (saline), 25, 50 and 100 mg/kg of OPC-
14597. Two control groups of 12 rats/sex each were used: a saline and a placebo control (0%
OPC-14597 solution for injection, Lot No.: 06CO0P000). The control or test article was
administered by weekly rotation to 5 specified injection sites of each hindlimb (sura, thigh and
rump) once weekly in the morning, at a dose volume of 0.25 mL/kg (LD) or 0.5 (2x0.25) mL/kg
for all other groups. The choice of the total dose volume of 0.5 mL/kg as 2 injections
(0.25mL/kg/site) was based on the preceding 4-week rat toxicity study.

The reversibility of toxicity was examined after a subsequent 4-week treatment-free recovery
period using additional 5 animals of each sex at O(saline), 0 (placebo control) and HD group. A
satellite group was set for each dose group to determine the plasma concentrations of OPC-
14597 and its metabolites to assess the systemic exposure.

Observations. General condition including the injection site (once daily), body weight (once
weekly from Day 1 to Week 13, fortnightly thereafter until Week 25, and finally at Week 26),
food consumption, hematology and blood chemistry (on the day of necropsy), urinanalysis
(weeks 14and 26), ophthalmoscopy (at pre-dose and in weeks 14 and 26), necropsy, organ
weights (brain, pituitary gland, submaxillary glands (including the sublingual glands), thyroid
glands (including the parathyroid glands), thymus, heart, lungs, liver, spleen, adrenal glands,
kidneys, testes, seminal vesicle, prostate, ovaries, and uterus), gross pathology and
histopathology ( liver, kidneys, ureters, thymus, mesenteric lymph nodes, mandibular lymph
nodes, popliteal lymph nodes, spleen, heart, aorta, lungs, bronchi, trachea, larynx, tongue,
esophagus, submaxillary glands, sublingual glands, parotid glands, stomach, pancreas,
duodenum, jejunum, ileum, cecum, colon, rectum, seminal vesicles, prostate, ovaries, oviducts,
uterus, uterine cervix, vagina,urinary bladder, pituitary gland, adrenal glands, thyroid glands,
parathyroid glands, skin, mammary glands, skeletal (triceps branchii) muscle, sciatic nerve,
brain, spinal cord (cervical, thoracic and lumbar), optic nerve, harderian glands, sternum with
marrow, femur with marrow, stifle joint, and injection site).

Toxicokinetics: Plasma concentrations of OPC-14597 and its metabolites: OPC-14857, DM-
1451, DM-1452, OPC-3373 and DCPP were determined in the satellite dose groups.
Approximately 1 mL blood was collected from 3 animals/sex of each treated group on Days 1, 2,
4 and 7 post-dosing in Week 1, and at pre-dosing, 0.25, 2, 4 and 7 days post-dosing in Weeks 4,
13, and 26, as well as in recovery Weeks 1, 2, 3 and 4.The plasma concentrations of OPC-14597
and the metabolites were determined by high performance liquid chromatography-tandem mass
spectrometry (LC-MS/MS) 2, 4 and 7 days post-dosing in Weeks 4, 13 and 26, as well as in

31
Reference ID: 3153786



NDA/BLA # 202 971 Reviewer: Sonia Tabacova Ph.D.

recovery Weeks 1, 2, 3 and 4. Cmax, tmax and area under the plasma concentration curve from 0
to 7 days (AUC7d) were determined. The AUC7d was calculated based on the plasma
concentrations at each time point using the linear trapezoidal rule.

Results

Mortality: There was no drug-related mortality. One control female was sacrificed moribund on
study day 72. Clinical Signs: Subcutaneous nodules and swelling at the injection sites after
dosing were occasionally observed in all dosed groups during the dosing and recovery period,
but diminished with time .

Body Weights: Dose-dependent decrease in body weight was seen in males at MD and HD,
statistically significant at HD. At the end of the dosing period, the mean body weight of HD
males was 91% of control values; the decrease in body weight persisted (though not statistically
significant) after discontinuation of treatment, so that at the end of recovery period, the mean
body weight of HD males was 87% of the control group. In contrast, increase in body weight
gain was seen in treated females compared to saline and placebo controls, but this effect was not
dose-dependent as it was most expressed at LD (see the following sponsor’s tables).

Body Weight
Sex : Male Onit : g
Dase 54 ] R2E AS0 Al00
Ha f Animals 17 17 12 12 17
Mean+35.D. Mzan+5.D. Mean+5.D0. Mean+5.D. Mean+5.D.
Week n n n be
25 637.5+64 gel.6+64 634.2+456.2 618.3+71.9 EEd.34+42.8%%%
17 17 12 12 17
26 6dE6.3+69.3 E69.4+65.8 64l .5+58.4 £623.8+73.7 90,6442 .0%%
17 17 12 12 17
R1 65l.21204.1 £55.6495 570.6x61.4
5 5 5
R3 66 l+b6.4 e7d.6+1 ] 587.0+66.3
5 5 5
R4 675.2+469.3 6T7T6.24+97.3 5859.2 +67
5 5 5
Sex Female Unit g
Dose 50 LD RZS ASOD 2100
Ho. of Animals 17 17 12 12 17
Mean+5.D. Mean45.D. Mean+5.D. Mean+5.D0. Mean45.D.
Week n n n I
25 347.3+22.5 336.6424.9 378.0+40.2 354.6432.5 357 +26.0
1& 17 12 12 17
ZE 354.1+425.4 341.5+26.1 385.5+43.9 35%.3+34.8 362.2427.0
1& 17 12 12 17
Rl 329.04+13.8 354 .04£20.8 369.2 £39.4
4 5 5
R3 334.0415.3 355.2+424. 370.4 +36.9
4 5 5
R4 337.5459.4 363.2+423 373.8+32.8
I 5 5
L25 25mg/ kg LS 50mg/kg Rl 100mg/ kg
: Significant difference from the ntrol (30 wvs A25, AS R10Q or S 3 R100)
1 : Significant difference from the contrel (30 vs A0)
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Feed Consumption

Decreased (11%) food consumption was observed in HD males compared to control and placebo
that correlated with the decrease in body weight in this group; this change persisted (although not
statistically significant) during the recovery period. A smaller (4%) and transient decrease in
food consumption was also observed in MD males. A decrease in food consumption was
occasionally observed in females at MD but not at HD.

Ophthalmoscopy
No drug-related changes.
Hematology

Increases in platelet counts were observed at MD (11% in females) and HD (12% and 18% in
males and females, respectively). However, no other hematology changes suggesting
hemorrhage were observed, and most of the individual values were within the range of the
control and placebo values. A relationship of this finding to the IM injection of OPC-14597 was
unlikely since there were no corresponding hemorrhagic changes at the injection site. It thus
appears that the change in the platelet counts was not of toxicological concern.

Minimal decreases in MCH were observed at HD (females), however this change was likely
incidental since there were no changes in the other erythrocyte indices.

Clinical Chemistry

A small increase in the mean AST value was observed in HDM, but most of the individual
values were within the range of the control. Two HD males had AST values (111 and 126 TU/L)
in excess of the upper limit of the control males (104 IU/L). At the end of the recovery period,
increased AST was still observed in HD males (see the following sponsor’s table). Since the
differences were small and there were no drug-related histopathology changes in the liver, this
small increase in AST was not of toxicological concern. A relationship to the IM injection of
OPC-14597 was unlikely since no corresponding muscular degeneration or necrosis was

observed at the injection site in any of the treated animals.
Clinical Chemistry: AST and ALT in males

Sex : Male
Dose S0 A0 AZ5R ARD A100
Item {unit) Stage Mezans+5.D. Means+5.D. Mean+5.D. Mean+5.D. Mean+5.D.
No of animals n n n n n
AST (3O0T) + Weekls 62.0+14.4 140.64+252.1 68.3410.4 67.2+11.7 Bh.6+18.1%%
(I0/L) 12 12 12 1z 12
R.Weskd 63.847.7 76.8+16.6 99 .+ 22.5%
5 5 4
ALT (GPT) Weekls 28.244.4 140.54+377.8 33.849.7 2B.5+46.6 35.3412.1
(ITU/L) 12 12 12 1z 12
R.Weskd 31.0+4.2 37.64+7.5 39.3+11.5
5 5 4
S0 : Omg/kg A0 : Omg/kg A25 : 25mg/kg RS0 : 50mg/kg A100 : 100mg/kg
* ; PeD.0D5 , ** ; P<0.01 : Significant difference from the contrel (50 ws A25, AS0, R100 or SO vs A100)
$ ; PeD.D5 , 535 ; P<0.01 : Significant difference from the control (S0 vs AQ)
+) # ; P<0.05 , ## ; P<0.01 : Significant difference from the control (A0 wvs A25, A50, Al00 or AD vs Al00)
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In females, decreased cholesterol (at HD) and phospholipids (at MD and HD) were observed.
These changes were still observed in HD females at the end of the recovery period (as shown in
the following sponsor’s table). However, since most of the individual values were within the
range of the saline and placebo controls, and there were no changes in the body weight and food
consumption in HDF, it is unlikely that these small decreases were toxicologically significant.

Clinical Chemistry —Lipid indicesin females

Sex : Female
Dose 50 AOD A25 ] A100
Item {unit) Stage Mean+S.D. Meanss.D. Mean+S.D. Mean+5.D. Mean+5.D.
No of animals n n n n n
CHO+ Week26 93.5+16.1 85.1+£10.7 90.2+420.4 77.3+14.6 75.5417.9%
(mg,/dL) 12 12 12 12 12
R.Week4 113.5+23.6 99.8411.0 62,249 9=+g{
4 5 5
FL+ Week2a 166.7+24.0 158.3:20.9 164.2+434.8 137.8420.6% 136.2422.8%
(mg/dL) 1z 12 12 1z 12
R.Weekd 195.8+443.3 184.4:18.7 119.8417. T+
4 5 5
TG Week2a 33.7+14.1 43.7:41.0 41.6423.7 26.146.3 22.649.8
(mg/dL 12 12 12 1z 1z
R.Week4 23.5+£9.0 38.4:14.4 21.2+8.0
4 B 5
] omg/kg A0 : Omg/kg A25 : 25mg/kg AS0 : S0mg/kg AR100 : 100mg/kg
P<0.05 * P<0.01 : Significant difference from the control (S0 vs A25, AS0, RA100 or S0 vs Al00)
P=0.05 $ P<0.01 : Significant difference from the control (S0 vs AD)
+) # ; P=0.05 , ## ; P=<0.01 : Significant difference from the control (A0 vs A25, A50, Al00 or RO wvs Al00)

Decreased total protein was found in males at all dose levels (not dose-dependent), and small
decreases in total protein and A/G ratio due to decreased albumin content were seen in females at
HD and MD. These changes were too slight to be toxicologically meaningful.

Urinalysis

Mean urinary sodium excretion was increased (up to 2-fold vs. control at wk 26) in MD and HD
female groups; creatinine excretion was also increased (up to 1.3x vs. control at wk 26) in
females at MD and HD. However, most of the individual urinary sodium values in treated
females were within the range of the control groups in Week 26, and no related changes in the
plasma sodium concentration were present. The increase in creatinine excretion was small, and
there were no related changes in plasma creatinine concentration in the treated females.

Gross Pathology

The following changes were observed at the end of the dosing period (see the following
sponsor’s table):

Injection site: White foci (corresponding to the subcutaneous nodules observed in vivo) were
present at the injection sites in all animals dosed with OPC-14597 suspension. Their size was
generally dose-related and ranged from 1 mm linear to 8 X 8 X 20 mm. These changes were
not reversible at HD, and at the end of the recovery period white foci were still observed in all
HD animals.

Mammary gland: A dose-dependent enlargement of mammary glands was observed in dosed
females (1 LDF, 5 MDF, and 8 HDF) and in 1 placebo control female; galactocele was seen in
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ILDF, 1 MDF and 1 placebo control female. These changes were not fully reversible after
discontinuation of treatment; at the end of the recovery period, mammary enlargement was still
present in 3 HD females.

Other changes, such as discolored foci in the lung, bronchus, glandular stomach mucosa or the
eye were sporadically seen in single animals at MD and HD. These low incidence findings were
either not dose dependent, or usually experienced in intact rats.

Item : Macropathological Findings - Summary Etage : Weeklé
Eex : Male
Doae i} =X} A2E ARD A10D
Ho. of Animals 1z 12 12 12 12
Injection site Examined 12 12 12 12 12
White focus ] ] 12 12 12
Eex : Female
Mammary gland Examined 12 12 12 12 12
Dewvelopment o 1 1 = 8
Galactocele o 1 1 1 0
Mass o 1 0 0 0
Injection site Examined 12 12 12 12 12
White foous o 0 12 12 12

E0 : O_mg/kg AD : Omg/kg B25 : 25mg/kg AS0 : L0mg/kg Al100 : 100mg/kg

Item : Macropathological Findings - Summary Etage : R.Week4d
Eex 1 Male
Doae E0 0 Al00
Ho. of Rnimals 5 5 E
Injection site Examined 5 L =
White focus 0 0 =
Eex : Female
Mammary gland Examined E & =
Development i i 3
Injection site Examined 4 & =
White focus 0 o 5

ED : Omg/kg AD : Omg/kg ALO0D : 100mg/kg
Organ Weights

At the end of the dosing period, the following changes were observed in both the absolute and
relative weights: Males: a dose-dependent decrease (at MD and HD) in the weights of pituitary
(up to 14%), liver (up to 18%) and kidneys (up to 8%); Females: decreased weights of the uterus
(at MD and HD, up to 36%) and adrenal glands (all doses, up to 15% at HD), and increased
weight of the spleen (at MD and HD, up to 19% at HD).

There were no corresponding histopathology changes in any of these organs, i.e., although
decreased mean uterine weight was observed in HD females, all of the individual values were
within the range of the control, and no atrophic changes were observed in the uterus.

At the end of the recovery period, the absolute and relative weights of the uterus in HD females
were decreased, and the absolute weights of the ovaries were increased compared to control (it is
of note that the latter changes were not significant at the end of the dosing period). In HD males,
the absolute liver weight was decreased, but there were no changes in liver relative weight.
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Histopathology
Adequate Battery: Yes

Peer Review: Yes

Histopathology Findings

At the end of the dosing period, the following changes were observed:

Injection site: Granulomatous inflammation corresponding to the white foci was observed
macroscopically at the injection site in all treated animals (12 of 12 per dose group), and
consisted of accumulation of macrophages, eosinophilic deposits and proliferation of capillaries
with swollen endothelial cells, in association with deposits of birefringent crystal-like material
(interpreted as drug). Slight hemorrhage located within the granulomatous inflammation was
noted in 2HD males.

Pituitary gland: Atrophy of pars intermedia was observed in all treated males and females except
for 1 HD female.

Mammary gland: Lobular hyperplasia was observed in all treated females (12/12), as well as in
20f 12 saline control females and in 3of 12 placebo control females. Milk secretion was observed
in 4 LD females, 4 MD females and in 7 HD females, as well as in 1 saline control and in 2
placebo control females.

Ovary: Hypertrophy of corpora lutea was observed in 5 LDF, 7 MDF, and 9 HDF.

Uterine cervix: Mucification of epithelium was observed in 2 LD and 3 HD females.

Vagina: Mucification of epithelium was observed in 3 LDF, IMDF, and in 4 HD females.

Note: The findings in female reproductive and mammary tissues had been observed in previous
oral toxicity studies in rats, and were considered a consequence of pharmacologically mediated
hyperprolactinemia

Histopathology findings at end of dosing, Week 26

Sex: Male

Dose =0 Al R25 ARD A100
Ho. of Rnimals 1z 12 12 12 12
Pituitary Examined 12 12 12 12 12
Atrophy of pars intermedia + i a 0 0 0
- 0 1] 12 12 12
+- 0 1] 0 0 0
++- i 0 0 0 0
Injection site Examined 12 12 12 12 12
Gramulomatous inflammation + ] ] 0 0 0
- 0 0 12 12 12
++ 1] 1] 0 0 0
++- 0 0 0 0 0
Hemorrhage + ] ] 0 0 2
- 0 0 0 0 0
++ 0 0 0 0 0
+++ ] ] 0 0 0
Ekeletal muscle Examined 12 12 0 0 12
Focal necrosis of muscle fiber + 1 ] - 0
- 0 0 - 0
+- 0 0 - 0
+++ 0 1] - 0

+ 1 Very Elight , + : Elight , ++ : Modsrate , +++ : EBevere , - : Mot Examined

ED0 : Omg/kg AD : Omg/kg &8/25 : 2E5mg/kg ALR0 : 50mg/kg Al0D : 100mg/kg
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Histopathology findings at end of dosing, Week 26

Sex: Female
Dose ED RO A2E ARD Al0O0
NHo. of Animals 12 12 12 12 12
Pituitary Examined 12 12 12 12 12
Atrophy of pars intermedia + ] ] 0 0 0
- 0 0 12 12 11
+- 0 0 0 0 0
+++ 1] 1] 0 0 0
Mammary gland Examined 12 12 12 12 12
Lobular hyperplasia + 2 3 9 E g
- 0 0 3 H B
++ 0 0 0 o 0
+++ 1] 0 0 0 0
Milk secretion + 1 2 4 4 T
- 0 0 0 0 0
+- 0 1] 0 0 0
+++ 1] 0 0 0 0
Ovary Examined 12 12 12 12 12
Hypertrophy of corpora lutea + il ] 0 0 0
- i 0 5 T ]
+- 0 0 0 0 0
+++ 0 ] 0 0 0
Uterine cervix Examined 12 12 12 12 12
Mucification of epithelium + il il 0 0 0
- 0 0 2 0 3
+= 0 0 0 0 0
++- i i 0 0 0
Vagina Examined 12 12 12 12 11
Mucification of epithelium + ] ] 0 0 0
+ 1] 0 3 1 4
+- 0 0 0 0 0
4+ 0 i 0 0 0
Injection =site Examined 12 12 12 12 12
Gramlomatous inflammaticon + ] a 0 0 0
- 0 1] 12 12 12
+- 0 1] 0 0 0
+++ 0 il 0 0 0
: Very Elight , + : Elight , ++ : Moderate , +++ : Severe

+
E0 : Omg/kg AD : Omg/lkg A25 : 25mg/lkg ASD : 50mg/kg ALOD : 100mg/kg

At the end of recovery period, granulomatous inflammation and birefringent crystal-like material
within the foci of granulomatous inflammation, similar to that seen at the end of the dosing
period, were observed in all HD animals, male and female; morphological changes in the
reproductive and mammary tissues (lobular hyperplasia in 4 of 5 HD females) were still present,
and atrophy of pars intermedia in the pituitary gland was still observed in all males and females
at HD. Hypertrophy of corpora lutea in the ovary was observed in 2 of 5 examined HD females
and mucification of vaginal epithelium was observed in 1of 5 HD females.
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Histopathology findings at the end of recovery period (Recovery Week4)

Male
Dose i} RO A100
Ho. of Bnimals L L1 =
Pituitary Examined & & =
Atrophy of pars intermedia + ] ] 0
- 0 0 5
+= 1] 1] 0
+++ i i 0
Injection site Examined 5 L 5
Gramulomatous inflammation + 0 0 0
- 0 0 5
+- 0 0 0
++- 0 i 0
Female
Pituitary Examined 4 5 =
Atrophy of para intermedia + o a 0
- 0 0 5
++ ] 0 0
++- 0 0 0
Mammary gland Examined 4 L =
Lobular hyperplasia S 0 0 2
+ ] 0 2
+= 0 0 0
++- 0 0 0
Thrary Examined 4 & =
Hypertrophy of corpora lutea + ] i 0
- 0 0 2
+- 0 0 0
+++ ] 0 0
Vagina Examined 4 1 =
Mucification of epithelium + ] ] 0
- 0 0 1
++ 0 0 0
+++ ] ] 0
Injection site Examined 4 L =
CGramulomatous inflammation S 0 0 0
- 0 0 5
++ ] ] 0
++- 0 0 0
: Very Elight , + : Elight , ++ : Moderate , +++ : Bevere

+
EQ0 : Omg/kg A0 : Omg/kg &R/100 : 100mg/kg

Toxicokinetics

The mean exposure values (Cmax and AUC7d) of OPC-14597 and its detectable metabolites
(OPC-14857 and DM-1451) were elevated in a dose-related manner for both genders, except that
they were slightly higher at LD than at MD in Week 26. The Cmax and AUC7d of OPC-14597
were higher than those of the metabolites. The Cmax and AUC7d of OPC-14597 and its
metabolites in all dosed groups increased as the dosing period progressed. No remarkable sex
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differences in the plasma concentrations of OPC-14597 and

throughout the dosing period.

During the recovery period, the plasma concentrations of OPC-14597 and its metabolites

decreased gradually in both sexes.

Reviewer: Sonia Tabacova Ph.D.

1ts metabolites were observed

Cmax (ng/mL)
Substance- Daose Week 1 Week 4 Week 26
determined | (mglkg) Aale Female Male Female Male Female
OPC-14507 25 188 126 42.1 311 118.5 121.7
50 21.1 405 T0.3 T80 981 599
100 588 T0.0 161.0 138.0 9784 1135.3
OPC-14827 25 <=2 2 2 2 28 54
50 =2 0.8 0.8 4.0 18 46
100 =2 14 T8 16 1019 101.1
DAI-1451 25 16 1.8 49 i1 g0 56
50 3.3 4.0 6.8 4.9 5.2 54
100 7.1 52 109 7.5 11.5 B2
DAI-1452 25 2 2 2 2 2 =2
50 2 2 2 0.7 2 =2
100 2 2 2 0.7 37 7.2
OPC-3373 25 2 2 2 2 0.7 =2
50 2 2 2 2 2 =2
100 2 2 24 24 138 148
DCEP 25 2 2 2 2 2 2
50 2 2 2 2 2 2
100 2 2 2 2 11.9 5.9
Cmax, relative (%)
Males
Tteny: Cmax (%) /relative™
Stage Weelk 1 Week 4 Week 26
Digze EﬂlE’."]sCE:I 25 30 100 25 50 100 23 50 100
OPC-14597 1000 1000 1000 1000 1000 1000 1000 1000 100.0
OPC-14857 NC NC NC NC 1.1 49 24 1.8 10.5
Dh-1451 185 15.1 11.7 112 93 6.5 73 81 1.1
DM-1452 NC NC MNC NC MNC MNC MNC MNC 0.6
OPC-3373 NC NC MNC NC MNC 27 1.1 MNC 25
DCFP NC NC MWC NC MNC MWC MNC MC 24
Females
Ttenmy: Cmax (%) /relative™
Stage Weal 1 Week 4 Week 16
Dioze EﬂlE"]sCE:l 25 30 100 25 50 100 23 30 100
OPC-14597 1000 1000 1000 1000 1000 1000 1000 1000 1000
OPC-14857 NC 20 2.0 NC 5.2 5.5 4.5 51 g9
Dh-1451 13.8 0.6 7.2 0.6 6.1 5.2 44 58 0.7
Dh-1452 NC NC NC NC 0.9 0.5 NC NC 0.6
OPC-3373 NC NC NC NC MNC 3. NC NC 23
DCFP NC NC NC NC MNC M NC NC 1.0

*- Comas of OPC-14507 was set at 100%, Molar ratio.

MNC: not calenlated
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AUCT7d (ng.day/mL)

Reviewer: Sonia Tabacova Ph.D.

Substance- Daosze Week 1 Week 4 Week 16
determined | {mg'kg) Ahlale Female Male Female MMale Female
OPC-14597 25 76.6 489 2253 168.2 T28.7 647.0
50 06.8 1304 4068 4318 5086 338.0
100 2153 1209 9257 8118 38408 4336.2
OPC-14887 25 HC NC HC NI 11.6 249
50 HC 0.8 1.5 16.9 57 164
100 M 21 328 164 346.7 3450
DAL-1421 25 11.2 37 26.0 15.7 319 31.1
50 15.2 10.6 389 26.6 472 178
100 30.7 18.9 61.6 41.3 69,7 509
DAL-1422 25 MC NC HC M HC HC
50 NC NC HC 0.7 [ NC
100 ML NC HC 20 234 283
OPC-3373 25 HC NC HC NI 31 NC
50 MC NC HC M HC HC
100 M NC 11.1 6.3 £0.3 48 4
DCPP 25 HC NC HC NI HC HC
50 NC NC HC HC HNC HC
100 HC NC HC NI 4E8 184
NC: not calculated
AUCTd, relative (%)
Males
Ttem: AUCTA (%) /relative®
Stage | Week 1 Week 4 ek 20
Diose (mg/lke) 25 50 100 25 50 100 25 30 100
- 1000 1000 1000 1000 1000 100.0 1000 1000 1000
OPC-14857 NC NC NC NC 04 36 16 1.0 o1
DM-1451 14.1 15.2 138 11.1 92 6.5 69 1.6 18
DM-1452 NC NC NC NC NC NC NC NC 0.6
OPC-3373 NC NC NC NC NC 22 0.8 NC 32
DCPP NC NC NC NC NC NC NC NC 25
TTALCT: ot OPL 150 Was set at 10076, Molar rato.
NC: not calculated
Females
Ttem: AUCTA (%) /relative®
Stage Week 1 Week 4 Week 26
Dose (mg/kz) 25 50 100 25 50 100 25 30 100
- 1000 1000 1000 1000 1000  100.0 1000 1000 1000
OPC-14837 NC 0.6 0o NC 30 45 30 3l g0
Dn-1451 72 78 70 a0 30 449 46 5.0 1.1
Dn-1452 NC NC NC NC 02 0.2 M MNC 0.6
OPC-3373 NC NC NC NC NC 14 N NC 20
DCPP NC NC NC NC NC NC N NC 08

T ALCTE OTOPC 1400 was set af 1000e, Molar rato.

MNC: not calculated
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Comments:

In hematology and blood chemistry, some drug-related changes were observed in males (at HD)
and in females (at MD and HD). However, these effects were toxicologically insignificant since
they were small and all or most of the individual values were within the range of the control and
placebo control animals, and no corresponding histopathology abnormalities were present.

At the end of the recovery period, HD males still showed lower body weight, decreased food
consumption, and slightly increased AST as compared to controls, while HD females showed
small decreases in cholesterol and phospholipids. Morphological changes in the female
reproductive and mammary tissues were still present at HD, and atrophy of pituitary pars
intermedia was still found at HD in both genders. Similar findings in the female reproductive and
mammary tissues had been observed in previous oral toxicity studies in rats (Hashimoto K, 1999;
Bartek, Kelly 2001; Bartek, 2001 — as cited by the sponsor)’, and are likely a consequence of
pharmacologically mediated hyperprolactinemia as those seen with other antipsychotics. Atrophy
of pars intermedia in the pituitary had also been noted in previous rat studies of OPC-14597. This
finding is likely pharmacologically mediated as a consequence of D2 partial agonistic activity of
OPC-14597.

Conclusion:

In conclusion, the weekly intramuscular injections of OPC-14597 depot formulation to rats at
maximal dose of 100 mg/kg for a period of 26-weeks resulted in granulomatous inflammation to
the deposited drug at the injection site. There was no morphologic evidence of drug- related
skeletal muscle necrosis in any of the animals dosed with OPC-14597.

Morphological changes in female reproductive and mammary tissues and atrophy of pituitary
pars intermedia in both genders were present at all dose levels, and were likely
pharmacologically mediated as a consequence of D2 partial agonistic activity of OPC-14597. The
NOAEL was 50 mg/kg/week in the males and 100 mg/kg/week in the females since low body
weight and decreased food consumption were observed in the males given 100 mg/kg, but not in
the treated females under the conditions of the present study.

5 Hashimoto K. Four-week repeated oral dose toxicity study of OPC-14597 with 4-week recovery test in rats. Otsuka Study No.
014789, Otsuka Report No. 012974, 1999.

Bartek WJ, Kelly WA. BMS-337039: Twenty-six-week oral toxicity study in rats. Otsuka Study No. 017179, Otsuka Report No.
014030, 2001.

Bartek WJ. BMS-337039: Thirteen-week oral investigative study of hormone levels in rats. Otsuka Study No.017178. Otsuka
Report No.014029, 2001.
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Study title: Eifty-two-week Intermittent Repeated | ntramuscular Depot Toxicity
Study of OPC-14597 in Beagle Dogs with Twenty-six-week Recovery Test

Study no.: 026483

Study report no.: 023492

Conducting laboratory and  Tokushima Research Institute

location: Otsuka Pharmaceutical Co., Tokushima, Japan
Date of study initiation: 10 Oct 2007 (Completion: 29 Sep 2009)

GLP compliance: Yes

QA statement: Yes

Drug, lot #, and % purity: OPC-14597 for injectable suspension,
Lot Nos.: 07G94A200 and 07G88A400, purity 99.8% and
100.9 % for OPC-14597/200 and 400 mg /vial,
respectively

Key Study Findings

Administration of aripiprazole depot formulation to beagle dogs (4/sex/group) by weekly IM
injections at doses of O (saline), 0 (base of depot formulation), 10, 20 and 40 mg/kg of
aripiprazole for 52 weeks resulted in localized granulomatous inflammation at the injection site
in the males at all dosages and in HD females, and in necrosis of muscle fibers involved in the
granulomatous inflammation in 1 HD female at the end of the 52-week dosing period. The
inflammation consisted of accumulation of macrophages, eosinophilic deposits, foreign body
giant cells, lymphocytes and polymorphonuclear leukocytes, in association with deposits of
birefringent crystal-like material (interpreted as drug). The gross- and histopathology changes at
the injection site were reversible by the end of the 26-week recovery period. There were no
clinical signs, and no drug-related changes in body weight, food consumption, hematology,
blood chemistry, urinalysis, ophthalmology, audiology, electrocardiography, body temperature,
no drug-related changes in organ weights or in gross- and histopathology of the systemic organs.
The NOAEL was 40 mg/kg/week under the conditions of the present study, with mean Cmax and
AUC74 of aripiprazole at Week 52 of 438ng/mL and 2460 ng.d/mL, respectively for males and
306 ng/mL and 1820 ng.d/mL, respectively for females.

Methods
Doses: 0 (saline), 0(0% OPC-14597 solution for injection), 10, 20 and 40 mg/kg of
OPC-14597
Frequency of dosing: Weekly
Route of administration: Intramuscular injection in 6 specified areas of each hindlimb
(thigh and rump) by weekly rotation
Dose volume:0.2 mL/kg
Formulation/Vehicle: OPC-14597 for injectable suspension (a whole white cake constituted with about 2
mL water for injection / 0% OPC-14597 solution for injection (Lot: 07H85P000) ; Physiological saline
Species/Strain: Dogs/Beagle
Number/Sex/Group: 7 (3 for interim sacrifice, wk 39 +4 for final sacrifice , wk 52)
+2 additional recovery animals at HD and saline control
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Age: 8 months at initiation of dosing

Weight: 7.3 - 10.7 kg (M) and 6.2 - 9.7 kg (F)
Satellite groups: Recovery (2 animals/sex at HD and saline control)
Deviation from study protocol: Transient short deviations in animal room ventilation,
humidity, air conditioning, and refrigerator temperature due to power failure were not
likely to have affected the study results

Study design: (See the following sponsor’s table)

Sex (Group I]_}ET:I (};E?;:;T TE;:::H Number of Animals (Animal Nos.)
(mglkeg) | (mg'mL) |{mL/kg) Week 38 ° Week 51°  |Recovery Week 16 °
Male | S0 0 0 0.2 |3 (00001-00003) (4 (00004-000073 2 (0000800009
AD 0 0 0.2 4 (00010-00013)
Al0 10 100 0.1 |3 (00014-0001&) (4 (0o017-00020)
A20 20 100 02 |3 (00021-00023) (4 (00024-00027)
A40 40 200 0.2 |3 (0002E-000307 (4 (00031-00034) [ 2000035,00036)
Female| S0 0 0 0.2 |3 (00037-00039) [4 (00040-00043y [ 200004400045
AD 0 0 0.2 4 {00046-00048)
AlD 10 100 0.1 |3 (0005000052 (4 (00053-00056)
A20 20 100 0.2 |3 (0005700059 (4 (00080-00083)
A40 40 200 0.2 |3 (00064-00066) |4 (00067-00070) [ 2(00071.00072)

The animmals of 50- and Ad-groups were given physinlogical salme and 0% OPC-14597 solution, respectivaly.
* The animals were terminated at the end of the 3%-wesk dosing period.

" The animals were terminated at the end of the 52-week dosing paried.

“ The animals were terminated at the end of the 26-week recovery period.

Based on the results of a 26-week study (weekly doses of 10, 20 and 40 mg/kg), the
52-week dog study employed weekly IM injections of aripiprazole depot formulation
at doses of 10, 20 and 40 mg/kg of aripiprazole, at a dose volume of 0.2 mL/kg (0.1
mL/kg for LD). Two control groups: saline and placebo (base of depot formulation,
0% OPC-14597 solution for injection) were used. Injection sites: the control or test
articles were administered to 6 specified areas of each hindlimb (thigh and rump) by
weekly rotation. Interim sacrifice was performed in Week 39. The reversibility of
toxicity was examined after a 26-week treatment-free recovery period after 52 weeks
of dosing, using an additional 2 animals of each sex (control and HD groups only).
Plasma concentrations of OPC-14597 and its metabolites were determined at the end of
the dosing period.

Rationale for Dose Selection

OPC-14597 injectable suspension was formulated to achieve final concentrations of
100 and 200 mg/mL. The maximal possible dose volume for the IM injection of OPC-
14597 was 0.1 mL/kg/site, and weekly administration of a total dose volume of 0.2
mL/kg as 2 injections (0.1 mL/kg/site) into the right or left hindlimb was used
successfully in the preliminary 4-week study. Since weekly IM administration of 0.2
mL/kg (0.1 mL/kg/site x 2 injections) of 200 mg/mL suspension at a maximal dose of
40 mg/kg was well tolerated in the 26-week study, 20 and 40 mg/kg of OPC-14597
were selected as MD and HD in the present study, injected weekly as 100 and 200
mg/mL suspensions at a total dose volume of 0.2 mL/kg (2 injections of 0.1
mL/kg/site). For the low dose of 10 mg/kg, 100 mg/mL suspension was administered
weekly as a single injection of 0.1 mL/kg.
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Observations: General condition including injection site (once daily), body weight (once weekly
from Day 1 to Week 13, every 2 wks up to week 25, every 4 wks up to week 49, and also at
weeks 39 and 52, and every 4 weeks during the recovery period. Food consumption (weekly);
hematology and clinical chemistry (weeks 26, 39 and 51, and recovery week 26); urinanalysis for
pH, protein, glucose, ketones, bilirubin, occult blood and urobilinogen, and urine sediment
(weeks 27, 38 and 50, and recovery week 26), ophthalmoscopy (weeks 27, 39 and 52, and
recovery week 26), hearing tests (HD only) once before dosing, treatment weeks 27, 39 and 52,
and recovery week 26.

Electrocardiography was performed on each animal under conscious conditions at predosing and
at 24 hours post-dosing at Weeks 1, 26, 39 and 52, and at recovery week 26 (heart rate, P-, R-,
and T-wave amplitudes, ST-segment amplitude, PR interval, QRS width, QT interval, QTc
(correction by Van de Water, QTc = QT-87(RR-1));

Necropsy, organ weights, gross pathology and histopathology: the following organs or tissues
of all animals including a moribund sacrificed control female were fixed in 10% neutral buffered
formalin: liver, gallbladder, kidneys, thymus, mandibular lymph nodes, medial retropharyngeal
lymph nodes, mesenteric lymph nodes, popliteal lymph nodes, spleen, heart, aorta, lungs and
bronchi, trachea, larynx, esophagus, submaxillary glands, sublingual glands, parotid glands,
zygomatic glands, tongue, stomach, duodenum, jejunum, ileum (including Peyer’s patch),
cecum, colon, rectum, pancreas, urinary bladder, ureters, prostate, epididymides, ovaries,
oviducts, uterus, uterine cervix, vagina, pituitary gland, thyroid glands, parathyroid glands,
adrenal glands, skin, mammary glands, skeletal muscle (brachial biceps), brain, spinal cord
(thoracic), sciatic nerve, optic nerve, lacrimal glands, injection site, sternum and femur (with
marrow), and stifle joint (articular capsule, femoral trochlea). The treated tissues were stained
with hematoxylin and eosin; Periodic acid-Schiff (PAS) staining was used to examine kidneys
and testes of all dogs. Light microscopy was performed on all specimens. Additionally, unstained
frozen sections were prepared from the formalin fixed injection site (R4), obtained from 2 males
and 2 females of the treated groups at the end of the 39- and 52-week of dosing and of all HD
animals at the end of the recovery period, and were examined microscopically with polarized
light.

Toxicokinetics:

Plasma concentrations of OPC-14597 and its metabolites were determined in blood samples
collected from dosed animals on weeks 1 and 26 (at 0.25 and 1 day after administration), weeks
39 and 52 (at pre-dosing and at 0.25, 1, 3 and 7 days after administration), and on recovery
weeks 2, 4, 8, 12, 16, 20 and 26. In control and placebo control animals, only the concentration
of OPC-14597 was determined.

The following toxicokinetic parameters were determined on Weeks 39 and 52: Cmax, Tmax, and
area under the plasma concentration versus time curve from 0 to 7 days (AUC74). The AUCrawas
calculated based on the plasma concentrations at each time point using the trapezoidal rule.

Results

Mortality: No drug-related deaths occurred throughout the dosing period (1 control female
receiving physiological saline was euthanized due to sudden deterioration associated with heart
failure at Week 51).

Clinical Signs: There were no clinical signs associated with pain due to the IM administration of
the depot formulation throughout the dosing period. The only drug-related finding at the
injection site was the expected finding of a subcutaneous nodule (raised area containing deposits
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of the test article) occasionally observed after injection in the males at all dosages and in the HD
females.

There were no drug-related effects on body weight, food consumption, hematology, blood
biochemistry, urinalysis, ophthalmology, audiology, electrocardiography, body temperature,
organ weights, gross and microscopic examination of the systemic organs.

Body Weights: During the 52-week dosing period, there were no statistically significant changes
in body weights or body weight gains of the treated groups in comparison to control for both
sexes. A lower, though not statistically significant and non-dose-dependent, body weight gain
was registered in treated females in all dosed groups, likely related to a corresponding (not
statistically significant) decrease in food consumption. No statistically significant difference in
body weights or body weight gains was observed between the placebo control and saline control
groups, except for a lower body weight gain in the male placebo control group at Week 17.

Feed Consumption:

During the 52-week dosing period, statistically significant lower food consumption was
occasionally observed in the treated groups when compared to control groups. The overall food
intakes during the 39-week dosing period in the LD, MD and HD groups were respectively 85,
84 and 87% of the control group in males, and 80, 83 and 85% of the control group in the
females, and those during the 52-week dosing period were respectively 84, 83 and 83% of the
control group in males, and 75, 72 and 77% of the control group in females. No statistically
significant difference was observed in the food consumption between the saline control and
placebo control groups.

Ophthalmoscopy: No drug-related changes.

Conjunctival congestion was observed in control, placebo control and treated animals;but there
was no increase in incidence in relation to either the dose level or the length of the dosing period.
No changes in eyelids, nictating membrane, cornea, sclera, iris, medial portion, or fundus of both
eyes were observed in any individuals of the control, placebo control, and treated groups.

Hematology: There were no toxicologically meaningful drug-related changes.

Decreased count of basophils was found in HD females at Week 51. However, the changes were
small, and the individual values were almost within the variation observed in the control animals.
A small decrease in MCHC was noted in HD males at Week 51 compared to control, but the
comparison to the pre-value showed an increase. Some other parameters showed statistically
significant changes in treated groups vs. control group and/or to the pre-values, but these changes
were not related to either the dose level or the length of the dosing period.

Clinical Chemistry: There were no toxicologically significant drug-related changes.

Decreased aspartate aminotransferase (AST) was registered in both males and females at all dose
levels on Weeks 26, 39 and 51; a decreased « 1-globulin content was noted at all dosages in the
males (Week 51) and in females (Weeks 26, 39 and/or 51), but the individual decrease below the
pre-value at Week 51 was almost within the range of the control animals. Decreased S -globulin
content was seen in LD and HD females at Week 51, but all individual decreases vs. pre-values
were within the fluctuation of the control animals, and the actual values were comparable to
those observed in the control animals. Transiently increased Na was noted in both genders at HD
in Week 39, but it was not observed at Week 51. Some other parameters showed statistically
significant changes when compared to the values in the control group and/or to the pre-values,
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but changes observed were not related to either the dose level or the length of the dosing period.
The biological significance of the slight decreases in AST observed at all doses in the males and
females was unclear, but without any other blood biochemical change it is likely to be of no
toxicological importance

Urinalysis: No drug-related changes

EKG:

During the dosing period, some statistically significant differences were observed in the treated
groups; however none of these changes were of toxicological significance.

Heart rate: there were statistically significant changes in the treated groups in comparison to
control group and/or to the pre-value, but the changes observed were not related to either the
dose level or the length of the dosing period. No difference was observed between the control

and placebo control groups.

Heart rate (beats/min)
Sex: Male

Doge =0 RO BR10 RZ0 BaN
Stage Tim= Mean+=.D. M=an+=.D. Mean+2 .0 Mearn+= . D M=an+=.D.
Ho of animals = n T T n
Weskl Ere 106 .04+32 .5 120.0+11.5 123.0+15.1 10&.2425.3 O0.8+411.0
=] 4 7 7 @
24 hr 104 .4+ 22 .5 127.5+10.3 123.4+12. 9 109.8+24. 8 99.24+7.4
a 4 7 7 ] [
HWeskzZs Ere 24.6+12.3 05, 5+& .4 127.1+11.6*" 111 .0+22.1 104.1+22. 8
a 4 7 7 @ @
24 h1r 95.6+19.3 0K .B84+5.4 120.6419.7 118.1+20.5 148.1+17.8
Q 4 7 7 9 &
Wesk2 Ere 94 .4+19.1 9E.8+13.1 124.0+13 . 6% 114.1+15.8 104.9422 .2
a 4 7 7 =]
24 h1r 25.4+190.5 8%, 0+3.7 117.2+21.0 117 .1+19. 9 105 .&6+17.2
E] 4 =] 7 7 =] T
Weslks2 Ere 1032 .2+ 12 .8 108 . 0+20.4 124.3+15.1 112 .8+16. 0 105.7+8.7
[3 4 4 4 [3 o]
24 hr 13 .2+19.1 g83.3+10.0 122.3+1&6.7 119 .5+17.5 1o8.7+18.32
[3 4 @ 4 4 [3 &
F.WeekzZg 94 .0+18.4 E0.5+10.5
2 2
Sex: Female
Weslkl Fre 11=Z.1+Z22 .3 112 .0+=1.0 105.4+17.6 96 .9+9 .5 107 .8+23 .7
4 7 7
24 hr 10&6.8+10.5 a7.8+5.4 102.0+17.5 102 .7+14.7 11l6.5+22 .0
7 7 @ o
WeskZe Ere 107 .9+20.5 983.5+=2.1 125.3+11. 2 102 .5+19. 4 115.1+22.%
=] 7 & 7 @
24 hr 102.0+19.0 95.5+15.9 117.4+12.6 107 .1+19. 2 120.2+21.2
=] % 7 7 @ T
Wask2d Bre 9zZ.0+10.2 eET.B8+9.7 110.9+20.7F 99.&6+10. 4 104.04+21.1
a T 4 7 7 @
24 hr 94 .14+132 . & 103 .0+0.2 117.64+9 2ww 108 .9+12 .9 11z.&+16.1™
a =] 4 7 o 7 =] )
Weskt2 Bre 101 .&64+25.0 92.0+17.9 100.5+15. 5 102.5+17.2 107 .24+21.&
= 4 & o
24 hr 99.8+14.& 91.0+9.5 10%.0+7.7 107 .2+14 .2 114.0+18 .2
= 4 4 4 =] &
E.HWeskZa 1009 . 0 122.04+4 .2
1 2
S0 : Omg; kg A0 : Flacebo RE10 : l0mg/ kg RZ0 : Zoma kg R0 : A0mg kg
* E<0.05 , *% : Pc0.01 : Cignificant differ=nce from ceontrol
® : P=0.05 | @& : D=0.0l : Cignificant differsnce from the pre-valus (Weskl)
Statistical analysis were conductsd betws=n the controel group (S0)
=ach treated group(&10, 220 and R40) and betws=n the contreol(£0)] and
placekbo control (A0) groups.

P-wave amplitude: some treated and placebo control animals showed increased P-wave
amplitude (> 4.0 mV), but the changes over the pre-value at Week 1 were all within the range of
the control animals.

R-wave amplitude: Individually, high R-wave amplitude (> 3.0 mV) was occasionally recorded
in some treated animals, but similar high R-wave amplitude was noted before the initiation of
administration or in the control animals.

ST-segment amplitude: There were no statistically significant changes in any treated group
during the dosing period vs. control. In comparison to the pre-value, a statistically significant
increase was seen in HD males but the changes were within the fluctuation observed in the
placebo control group. Statistically significant increase was also noted in LD females at Week
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52, but was not observed in either MD or HD females. No difference was observed between the
control and placebo control groups.

QTec: There was no statistically significant change in any treated groups vs. control during the
dosing period. In comparison to the pre-value, there was a statistically significant decrease in HD
females at Week 39, but no change was observed at Week 52. Individually, the treated animals
showed no abnormal changes. No difference was observed between the control and placebo
control groups.

Cardiac rhythm: One HD male showed second degree atrio/ventricular block at all time points
during the 39-week dosing period (including pre-dosing at Week 1). In addition, 2™ degree block
was also noted in 1 HD male at Week 39, 1 HD female before dosing on Dayl, and 1 control
female at Week 52. At Recovery Week 26, there were no treatment-related changes in any
parameters examined in any of the high dose animals.

Gross Pathology:

At necropsy, white foci in the muscles at the injection sites were observed at the end of both 39-
and 52-week dosing periods in all animals dosed with OPC-14597 suspension at all dose levels.
These foci were of variable shapes and sizes that ranged from 1 X 1 mm to 77 X 40 mm. They
receded with time and at the end of the 26-week recovery period, there were no gross pathology
changes at the injection site in any of the HD animals.

The gross examination of the systemic organs did not show any drug-related changes. Involution
of the thymus and focal changes of the urinary bladder, lungs and bronchus, heart, jejunum,
gallbladder, liver and pituitary were observed in several treated animals, but were of low
incidences not dose-related, or usually observed in intact dogs. In 1 control female (00044),
euthanized at Week 51, white foci in the left ventricle including the apex and papillary muscle
and multiple scattered red foci on the endocardial surface of the left ventricle were evident.

Organ Weights

No drug-related changes were observed in any treated groups compared to control at the end of
the 39-week dosing period and no treated animals showed any individual abnormal changes.
At the end of the 52-week dosing period, decreased relative weight of the liver was noted in the
HD males, but with no change in the absolute weight. In MD females, increases in the absolute
and relative weights of the uterus were noted, but with no change in HD females.

Histopathology
Adequate Battery: Yes

Peer Review: Yes

Histopathology Findings:

In all treated animals, the grossly observed white foci at the injection site were characterized
microscopically by localized granulomatous inflammation consisting of accumulation of
macrophages, eosinophilic deposits, foreign body giant cells, lymphocytes and
polymorphonuclear leukocytes, in association with deposits of birefringent crystal-like material.
Examination with polarized light of selected unstained frozen sections, obtained from 2 male and
2 female animals of the treated groups revealed the presence of birefringent crystal-like material
(interpreted as drug) within the foci of granulomatous inflammation at the injection sites.
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Necrosis of muscle fibers was noted in 1 HD female at the end of the 52-week dosing period; it
was limited to the muscle fibers involved in the granulomatous inflammation, possibly as a
consequence of focal ischemia secondary to granulomatous inflammation since interstitial tissues
including vessels in the necrotic muscles also underwent necrosis. At the end of the 26-week
recovery period, there were no gross- and histopathology changes at the injection site in any of

the HD animals.

Other findings at the injection site included regeneration of muscle fibers in 1 male and 1 female
of the placebo control group, 2 males and 2 females gof LD group, 3 MD females 1 HD male.
The microscopic examination of the systemic organs did not show any drug-related changes.

Toxicokinetics

The toxicokinetic parameters of plasma concentrations of OPC-14597 and its metabolites are

summarized in the following sponsor’s tables.

Reference ID: 3153786

Reviewer: Sonia Tabacova Ph.D.

Cmax (ng/mL)
Substance- Doze Level Weelk 39 Weel 52
determined (mg/lkg) Male Female Male Female
OPC-14597 10 6l.7 586 668 &a0.6
20 135 102 35 109
40 377 336 438 £
QPC-14857 10 15.6 131 18.4 14.0
20 39.4 33.7 59.6 35.9
40 123 137 163 122
Dhi-1451 10 1.00 1.00 1.00 1.00
20 1.00 1.65 0.838 1.22
40 327 2.29 2.86 1.84
Dhi-1452 10 6.07 5.40 7.70 620
20 154 13.2 251 152
40 50.4 57.4 64.4 47.6
QPC-3373 10 1.36 1.B5 1.53 1.59
20 321 4.92 336 5.10
40 10.4 11.0 118 11.4
DCFPP 10 0.285 1.00 1.00 1.00
20 1.41 1.44 1.99 1.46
0 676 5.16 8.71 5.33
AUC7d (ng- d/mL)
Substance- Dhose Level Weel 20 Week 52
determined (mg'kg) Male Female Male Female
OPC-14597 10 388 354 41040 357
20 El5 &7 833 693
40 2300 2010 2460 1820
QPC-14857 140 97.3 73.0 107 B3.5
20 236 187 276 217
40 781 BO7 941 723
Dnd-1451 10 NC NC NC NC
20 WNC 6.93 1.71 5.77
40 16.0 10.3 150 B.53
Dhi-1452 10 37.0 287 433 37.3
20 S0l 71.3 116 93.0
44 217 339 349 290
OPC-3373 10 662 8.69 7.54 911
20 17.9 26.9 17.3 29.6
40 63.6 6358 707 &1
DCFPP 14a 0.393 WL WL NC
20 5.7 6.57 8.42 627
440 38.1 30.7 47.0 26.2
WNC: Wot caleulatad
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Changesin Plasma Concentrations of the High Dose Animals - Recovery Period

Sex Substance- Eecovery Week

determined 2 4 3 12 16 21 16

hlale QPC-14597 115 71.0 363 12.8 4.53 1.00 1.00
QPC-14857 39.0 194 667 220 = 1.00 1.00 1.00
Dh-1451 0.EE5 - 1.00 = 1.00 < 1.00 = 1.00 1.00 1.00
Dhi-1452 147 723 2346 0.51 = 1.00 1.00 1.00
OPC-3373 334 2.03 = 1.00 < 1.00 = 1.00 1.00 1.00
DCPP 1.61 - 1.00 = 1.00 < 1.00 =1.00 1.00 1.00

Female OPC-14397 126 843 403 16.0 f.85 0.78 1.00
OPC-14857 422 193 422 1.74 = 1.00 1.00 1.00
Dh-1451 = 1.00 : 1.00 = 1.00 c 1.00 = 1.00 1.00 1.00
DM-1452 192 903 192 0.66 =1.00 1.00 1.00
QPC-3373 202 141 = 1.00 = 1.00 =1.00 1.00 1.00
DCPP 148 = 1.00 = 1.00 = 1.00 = 1.00 1.00 1.00

The mean Cmax and AUC from 0 to 7 days (AUCr) of OPC-14597 and its metabolites at Week
52 were dose-related for both sexes, and were comparable to those at Week 39. The Cmax and
AUC74of OPC-14597 were higher than those of the metabolites. No remarkable sex differences
were observed in the plasma concentrations of OPC-14597 and its metabolites. In the control and
placebo groups, the results of all analyses for OPC-14597 were below the lower limit of
quantification (< 1.00 ng/mL). During the recovery period, the plasma concentrations of OPC-
14597 in the animals given 40 mg/kg slowly decreased, and were below the lower limit of
quantification (< 1.00 ng/mL) at the end of the 26-recovery period.

Conclusion: The 52-week weekly IM administrations of the depot formulation of OPC-14597 at
a maximal dose of 40 mg/kg were well tolerated and resulted in foreign-body type of
granulomatous inflammation to deposited drug at the injection site with no significant muscle
injury. No systemic toxicity was observed up to 40 mg/kg. Thus, the NOAEL was 40
mg/kg/week under the conditions of the present study, with mean Cmax and AUC7d of
aripiprazole at Week 52 of 438 ng/mL and 2460 ng.d/mL, respectively for males and 306 ng/mL
and 1820 ng.d/mL, respectively for females.

Study title: One-month intramuscular toxicity study in monkeys

Study no.: 023183
Study report no.: 017831
Conducting laboratory and  Bristol-Myers Squibb Pharmaceutical Research Institute
location: Departments of Toxicology and Pathology
Syracuse, New York USA
Date of study initiation: April 6, 2004 (first day of dosing)
GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Aripiprazole Lot No. R4217, purity 100.5 %

Key Study Findings

Intramuscular administration of aripiprazole at doses of 2, 4, or 7.5 mg/kg to Cynomolgus
monkeys (5/sex/dose group) once daily for 29 days, resulted, at all doses, in CNS-related clinical
signs (reduced activity, most likely pharmacologically mediated) and reversible skeletal muscle
injury at the injection site. Small increases in serum aspartate aminotransferase at MD and HD
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were likely a consequence of injection site injury. Microscopically, increased incidence and/or
severity of skeletal muscle necrosis (minimal to mild), degeneration (mild to moderate), and
regeneration (mild to moderate) were observed at injection sites at all doses, while injection site
changes associated with the control article and/or intramuscular injection procedure were
generally minimal in severity. All changes at the injection site showed evidence of reversibility.
Following a 1-month postdose recovery period, there was no residual fibrosis at the injection
sites of monkeys given either the control article or aripiprazole formulations. Exposures to
aripiprazole and its pharmacologically active dehydro-metabolite (BMS-337044) were dose-
proportional with no apparent sex differences. Small accumulation in systemic exposure
occurred upon repeated dosing for 29 days. A NOAEL was not reached in this study (< the
lowest tested IM dose of 2 mg/kg/day) since injection site skeletal muscle injury was present at
all doses.

Methods
Doses: 0, 2, 4, and 7.5 mg/kg OPC-1459
Frequency of dosing: once daily for 29 days.
Route of administration: Intramuscular injection
Dose volume: 0.265, 0.53, or 1 ml/kg/day of a 7.5 mg/ml formulation for LD, MD and
HD groups, respectively; 1 ml/kg/day of the control article for the control group.
Daily doses that exceeded 2 ml were divided and administered at separate sites in the
muscle so that no more than 1.5 ml of formulation was delivered at any one site.
The injection sites were alternated daily between the right and left thighs.
Formulation/Vehicle: Test article carrier and control article (vehicle): 15% w/v
Captisol (sulfobutylether-®cyclo-dextrin) and 50 mM tartrate buffer (pH 4.5) in Sterile
Water for Injection, USP
Species/Strain: Monkeys/Cynomolgus
Number/Sex/Group: 5
Age: 21- 39 months
Weight: 2.0 - 2.8 kg (males) and 2.0 - 2.6 kg (females)
Satellite groups: No
Deviation from study protocol: Transient short deviations were not likely to have
affected study results

Experimental Design:

Daily Doso Concentration of
Group BMS-337039 Volume BMS-337039 Number of
Number (mzka) (mlkg) { eyl ) Animals
1 0? 1 0 SM,5F
2 2 0.265 73 SM,5F
3 4 0.53 75 S5M,5F
4 1.5 1 73 SM,5F

3 15% Captizol’® and 30 mM tarrate buffer (~pH 4.3) o Sterile Warter for Injection (UTSP).
Observations: survival, clinical signs (twice daily), body weight (pretest and at least once each
week), food consumption (daily), physical examinations (including neurologic and respiratory
function) and ophthalmology (prior to study inception and on days 23 and 57), hematology,
clinical chemistry (blood samples collected prior to the first dose, during week 4, and during
post-dose period), urine analysis (urine collected over an approximate 18-hour period pretest,
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during week 4, and during post-dose period), and gross and histopathology examinations.
Scheduled necropsies were conducted on day 30 for 2 or 3 animals/sex/group (depending on
survival), and the remaining animals were necropsied on day 57 (at the end of a 1-month post-
dose recovery period).

Electrocardiography: pre dosing and on days 23 and 49 or 50. Electrocardiogram tracings were
assessed for heart rate, durations of the P wave, PR interval, QRS complex, QT, QTc interval
(Fridericia method for correction), ST segment, and amplitudes of the P wave, R wave and T
wave.

Necropsy, organ weights, gross pathology and histopathology: A complete necropsy was
conducted on all animals and included gross examination and collection of standard
tissues/organs. Bone-marrow smears of rib were collected from all animals at scheduled
necropsies but were not examined.

Representative samples of each organ and tissue and all suspected gross lesions were collected
and fixed in 10% neutral buffered formalin (except eyes which were fixed in 5%
glutaraldehyde), sectioned, stained with hematoxylin and eosin, and examined by light
microscopy. Gomori’s iron reaction for hemosiderin and Schmorl’s method for lipofuscin were
used to determine the nature of the pigment present in the mesenteric lymph nodes in 2 animals.
For post-dose recovery animals, only injection sites and gross lesions were examined.
Toxicokinetics: plasma concentrations of aripiprazole and its dehydro-metabolite BMS-337044
were determined at each dose level on days 1 and 29. Blood samples were collected from all
drug-treated animals at approximately 10 and 30 min, and 1, 3, 8, and 24 hr after dosing. A
comparable blood sample volume was collected from control animals and discarded. A validated
liquid chromatography/tandem mass spectrometry (LC/MS/MS) method was used with a lower
limit of quantitiation (LLQ) for aripiprazole and dehydro-aripiprazole of 1 ng/mL.

Results

Mortality: There was no drug-related mortality. A low-dose male had an emetic episode
immediately after being given its daily oral dietary supplement; the monkey died shortly
thereafter, and gross findings of white fluid in the trachea along with the histology finding of
diffuse pulmonary fluid, confirmed that the death of this animal was likely due to aspiration of
the dietary supplement.

Clinical Signs: Decreased activity and tremors at all doses (reversible and dose-related),
attributable to pharmacology. Decreased activity occurred in all drug-treated animals with higher
frequency at MD and HD; it was not observed in any monkeys during the 1-month recovery
period. Tremors occurred with low incidence at LD, and with higher incidence and frequency at
MD and HD; they decreased in frequency during the last 2 weeks of dosing, and were not
observed in any animals during the 1-month recovery period); One MD male had a tonic
convulsion on day 2. As no other convulsions were observed in the study, this single event was
not likely to be drug-related in view of the lack of dose relationship and that it was observed
prior to dosing.

Incidences of dehydration and “thin appearance” were seen at MD and HD, possibly secondary
to decreased activity and food consumption. These signs were reversible.

Injection site: Scabbing, swelling and red discoloration at the injection site was seen at all doses
and vehicle control; the number of days in which these findings were observed in affected
animals was dose-dependent (see the sponsor’s table below). These changes were completely
reversible following the 1-month post-dose recovery period.
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I njection-Site Findingsin Monkeys

Group Red Discoloration Swelling Scabbing
1 iVehicle Control) 10 {8) 10 (17 10 @
I 2mgkg/day) §(8) 10 (11 10 ()
3 (4 mgkg/day) 10 (7) 10 (15) 10 (12
4 (7.5 mg'ke'day) 10 (11) 10 (1% 10 (1%)

a: Data are tabulated as the mumber of males and femalss affacted (10/zroup) at least once during the
dosmg phaze (days 1-29), wath the average mumber of days in which the finding was chservad 1 the
affacted amimals, roundsd to the neavsst mtegar, in parsntheses. Moter Valuss are not adjusted for
survival.

Body Weight: There were no drug-related effects on body weight.

Feed Consumption: A reversible and dose-dependent decrease of food consumption occurred at
all doses; mean food consumption during the dosing phase (days 1-29) was 22-28% lower than
control at LD, and 51-59% lower than control at MD and HD. The drug-related decrease of food
consumption was likely secondary to the pharmacologic activity of aripiprazole and occurred in
all drug-treated animals except for 2 LD males. During the dosing phase (days 1-29), mean food
consumption of males at LD, MD and HD was 22%, 59%, and 51% lower than control,
respectively. Corresponding values in the females were 28%, 54%, and 58% lower than control,
respectively.

Beginning on day 4 (females) or day 5 (males), each animal (including controls) was given a
single daily 30 ml oral dose of Boost, a liquid nutritional supplement (dose increased to 45 ml 2
days later, until discontinuation during the first week of the recovery period), to prevent possible
deterioration of the animals’condition secondary to the reduced food consumption.

Due to this nutritional supplementation, there was no adverse effect on body weight, despite the
relatively large drug-related decreases of food consumption.

During the 1-month recovery period, food consumption recovered to pretest values,

Ophthalmoscopy: No drug-related changes.

Hematology:

There were no direct drug-related effects on hematology or coagulation parameters. Significant
minimal increases in mean absolute (110%) and relative (124%) reticulocyte counts were seen in
HD males and comparable increases in reticulocytes were evident in females at all doses, on an
individual animal basis. These changes were likely a consequence of hemorrhage following the
IM dosing procedure. A statistically significant minimal increase in the mean neutrophil count
(128%) in HD males was not drug-related because the mean and individual values were
comparable to pre-test. The statistically significant minimal decreases in mean prothrombin
times in males at MD and HD (5 and 6%, respectively) and the statistically significant increased
(30%) fibrinogen in females at HD were not of toxicology concern because both mean and
individual values were within historical control reference ranges for the testing laboratory. The
statistically significant minimal increases in platelet counts in females at LD and MD (49 and
43%, respectively) were also likely incidental since there was no similar change at HD.
Following a I-month recovery period, the mean and individual values for hematology and
coagulation parameters were comparable in animals from control and treated groups.
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Clinical Chemistry:

Drug-related serum chemistry changes included statistically significant small decreases in serum
gamma glutamyl transferase (GGT) in males at MD and HD (37 and 29%, respectively) and
increases in serum aspartate aminotransferase (AST) in females at MD and HD (99 and 98%,
respectively) and in 1 HD male (195%). These small increases in serum AST are attributable to
skeletal muscle injury at the injection sites. Statistically significant minimal increases in serum
sodium (2%) and alanine aminotransferase (53%) in LD males are attributable to biological
variation because of the absence of a dose relationship and/or because values were comparable to
pretest.

Following a 1-month recovery period, the mean and individual values of serum chemistry
parameters were comparable in animals from control and treated groups.

Urine analysis: There were no drug-related changes. A minimal decrease in mean urine pH in
HD females was not likely to be drug related as the mean and individual values were similar to
pretest. Following a 1-month recovery period, mean and individual values for urinalysis
parameters were comparable in animals from control and treated groups.

EKG: There were no significant abnormalities detected in any group compared to pre-dose
electrocardiograms. Quantitative assessments did not identify any abnormalities in EKG
parameters including QT interval.

Gross Pathology:

End-of-Dose Necropsy: Red or dark discoloration in the region of the injection site, interpreted
to be hemorrhage, occurred in 1 MD male, 2 MD females and 2 HD females. Although these
findings were not evident macroscopically in controls, microscopic evaluation demonstrated
hemorrhage in the subcutis at the injection site in control and treated groups that was generally
comparable in incidence and severity, suggesting that the red or dark injection site discoloration
was likely a result of the IM injection procedure and not a direct drug-related effect.

Postdose Necropsy: There were no drug-related macroscopic findings.

Organ Weights:

End-of-Dose Necropsy: There were no drug-related organ weight changes. Statistically
significant increases in mean absolute and relative heart weights (46% and 36%, respectively)
were registered in LD females and in mean relative spleen weight (21%) in MD females, but
similar changes were not observed at higher doses and, therefore were unrelated to treatment.
Post-dose Necropsy: There were no drug-related organ weight changes.

Histopathology
Adequate battery: Yes
Peer Review: Yes

Histopathology Findings:
End-of-Dose Necropsy: Drug-related findings were limited to the injection site and are described
in the following sponsor’s table.
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Incidence of Selected Microscopic Findings at the I njection Sitesfor End-of-Dose Animals

Dose (mg/'ko/day): L 2 1 7.5

MNo. of monkeys (MUF): 33 23 33 33

Sox: MUF MUF MUF MU
Mecrosis, Skeletal huscls:

Mindimezal saverity 241 - 171 33

hiild sewerity -~ -2 -2 -
Degeneration. Skeletal Muscle:

Minimal saverity 3,2 1/1 2 252

Bild severity -1 1.2 271 -1

Meodsarate severity - - - - 1s-
Eemensration, Skeletal Biuscls:

Minimal sexverity 302 -2 -1 -

Mild severity - -1 21 33

Moderate severity - - -1 -
Inflamymation. Subacute:

Blinimezl saverity 243 22 171 241

biild severity - == 12 171
Fibroplasia Fibrosis:

Mindimezal saverity 252 - -1 13

BMald severity - -1 = P

Binimal sexrerity 2,2 1/5 273 3./3

Bild severity - 1/- - -

Modsrate severity - -- 1%/ -
Edema

Mimimnal saverity 2 - -f1 1/2

* Morphologic features of these findings were considered likely due to the anesthetic (Ketaminel) administration at the injection site
prior to necropsy.

The microscopic injection site changes were present in both control article- and aripiprazole-
treated groups and included skeletal muscle necrosis, degeneration, and regeneration; subacute
inflammation, fibroplasia/fibrosis, hemorrhage, and edema. These changes were generally
minimal in severity in the control article group. In the dosed groups, there was evidence of drug-
related exacerbation of these changes as indicated by: increased incidences and/or severity of
minimal to mild skeletal muscle necrosis at all doses; degeneration (mild to moderate) and
regeneration (mild to moderate). Mild subacute inflammation at the injection sites was observed
at MD and HD, and an increased incidence and severity of minimal to mild fibroplasia/fibrosis,
at HD. The hemorrhage tended to be in the subcutis and/or superficial layers of the skeletal
muscle, indicating that it was likely due to the IM injection procedure. Acute and subacute
inflammation and skeletal muscle degeneration and regeneration in the adjacent muscle and
sciatic nerve were observed in a few animals in control and treated groups and were considered
by the sponsor to be an extension of the injection site reaction. The injection site changes in this
study were consistent with those observed at the same doses in a previous 2-week IM study in
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monkeys with this formulation® and showed no evidence in progression of severity with a longer
duration of dosing. Other injection site lesions in a few animals in control and/or treated groups
(edema, dermal scab formation with epithelial hyperplasia, macrophage infiltrates, ulceration,
and foreign body granulomas) were attributable to the control article and/or IM dosing
procedure. All other histologic lesions observed were naturally occurring and/or spontaneous
lesions, which are commonly observed in laboratory housed monkeys.

Postdose Necropsy: In postdose animals, the most common lesions at the injection sites were
minimal skeletal muscle regeneration and minimal subacute inflammation (see the following
sponsor’s table).

Incidence of Selected Microscopic Findings at the I njection Sitesfor Postdose Animals
i

Dose (mg/kg/day): o 2 1 7.5
No. of monkeys (M/F): 22 22 22 22
Sox: M/F M/F MIF MF
Feganeration, Skeletal Muscls, Minimal 111 1/- - 1/-
Dageneration, Skeletal Muscls, Minimal -1 1/- -1
Inflammation, Subacute, Minimal -2 -/- 1i-

- Indicates absence of finding 1n zroup

The lower incidence of these alterations without a clear relationship to dose indicated that the
injection site changes were reversible. There was no residual fibrosis in any group.

In summary, microscopic injection site changes were present in both control article- and
aripiprazole-treated groups and  included skeletal muscle necrosis, degeneration, and
regeneration; subacute inflammation, fibroplasia/fibrosis, hemorrhage, and edema. The
hemorrhage tended to be in the subcutis and/or superficial layers of the skeletal muscle,
indicating that it was likely due to the IM injection procedure. In the dosed groups, there was
evidence of drug-related exacerbation of these changes in comparison to control, as indicated by
the increased incidences and/or severity of skeletal muscle necrosis (minimal to mild) at all
doses; degeneration (mild to moderate) and regeneration (mild to moderate), and an increased
incidence and severity of fibroplasia/fibrosis (minimal to mild), at HD. After a 1-month recovery
period, the lower incidence of these alterations without a clear relationship to dose indicated that
the injection site changes were reversible. There was no residual fibrosis in any group.

Toxicokinetics:

The toxicokinetic parameters of aripiprazole and its pharmacologically active dehydrometabolite,
BMS-337044 are presented in the following sponsor’s table:

8 B® BMS-337039: Two-week intramuscular toxicity study in monkeys (Study No. 99351), Report.

Bristol-Myers Squibb Company, July 7, 2000. BMS Document Control Number 920007292
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TK Parametersfor aripiprazole and its dehydro-metabolite BM S-337044 in Monkeys

Daose Study Aripiprazole Dehydro- Aripiprazole Dehydro-
[me/ke/day] | Day Aripiprazole Aripiprazole
Male | Female | Male | Female Male Female Male Female
Cmax [ngm]_] .’L‘L-(-{ﬂ-T:l I:I.g.l:l.-'ml.]a
E ! 637 £91 40 47 1746 1934 318 477
Jgh 597 T&7 43 49 2263 2189 554 538
4 1 1096 2065 T4 75 3678 4627 378 924
29 1159 1586 121 91 5600 4809 1799 1445
7.5 1 2559 2531 1&7 135 9272 9471 087 1716
9 3733 3763 183 172 11070 9718 2703 2587
Cmax Ratios AUC(0-T) Ratios
1:2:3 8 Dose 1 L7400 13042 (1204211629 | 121551 12449 12764 | 1:1.5386
Ratio -
¥ 11075412049 (1:2843( 11835 (125458 1:2.2:44 [ 1:3.3:45 [1:2138

a . . . - iy .
Caleulated from time zero to the time of the last qguantifiable plasma concentration, ranging from 3 to 24
I post-dose.

° =4 due to the death of one amimal on Day 15,

The systemic exposure to aripiprazole and dehydro-aripiprazole, following IM administration of
2- to 7.5-mg/kg/day doses of aripiprazole for 29 days, was dose-related; the Cmax and AUC
values appeared to increase dose-proportionally. The systemic exposure to aripiprazole and
dehydro-aripiprazole appeared to be similar in females and males. The ratio of AUC values of
aripiprazole on day 29 compared to day 1 were 1.2-1.5 (males) and 1.0-1.1 (females). In
conclusion, the exposure of the monkeys to aripiprazole and dehydro-aripiprazole was dose-
proportional without apparent sex-related differences and a small amount of accumulation in the
systemic exposure was observed upon repeated daily dosing for 29 days.

Conclusion: Daily intramuscular administration of aripiprazole extended-release suspension to
monkeys for 1 month at doses of 2, 4 and 7.5 mg/kg/day was associated with pharmacologically
mediated CNS-related clinical signs and evidence of reversible skeletal muscle injury in injection
sites at all doses. Small increases in serum aspartate aminotransferase at 4 and 7.5 mg/kg/day
were likely a consequence of injection site injury. Microscopically, increased incidence and/or
severity of skeletal muscle necrosis (minimal to mild), degeneration (mild to moderate), and
regeneration (mild to moderate) were observed at injection sites at all doses, while injection site
changes associated with the control article and/or intramuscular injection procedure were
generally minimal in severity. A NOAEL was not reached in this study (< the lowest tested IM
dose of 2 mg/kg/day) since injection site skeletal muscle injury was present at all doses.
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7  Genetic Toxicology

Studies not performed

8 Carcinogenicity

Studies not performed

A waiver for conducting nonclinical carcinogenicity studies was granted to OTSUKA by
the FDA based on Executive CAC recommendation that the proposed 2-year
carcinogenicity study was not necessary (Executive CAC Minutes of 9/26/2008)

9 Reproductive and Developmental Toxicology

Studies not performed

A waiver for conducting developmental and reproductive toxicity studies was granted to Otsuka
by the FDA (e-mail from Keith Kiedrow to sponsor dated 23 June 2010, re IND 67,380 Serial
Number 136, dated 5/25/2010) because the exposure after IM depot administration was much
lower than that after oral or intravenous dosing (as shown by repeated dose TK studies of the IM
depot formulation), and reproductive and developmental toxicity evaluations had been
previously conducted with oral and intravenous administration.
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10 Special Toxicology Studies

Local Tolerance Studies

Eight definitive local tolerance studies were conducted with vehicles to be used in subsequent
toxicity studies. Formulations of aripiprazole in carboxymethylcellulose (CMC) or in 15%
Captisol were examined to determine a suitable formulation for use in toxicity studies.

The formulation proposed to be marketed for clinical use is based on CMC as suspending agent.

Study title: Single-dose Intramuscular Depot Irritation Study in Rats

Study no.: Otsuka Study No. 019798 (BMS Study No. DM02019)

Study report: Otsuka Report No. 015505, 2003 (BMS-337039)

Conducting laboratory and location: BMS, Pharmaceutical Research Institute,
Departments of Toxicology and Pathology, Mt. Vernon, Indiana

Date of study initiation: May 7, 2002

GLP compliance: Yes

QA statement:

Drug, lot #, and % purity: Aripiprazole (OPC-31, OPC14597), Batch C00J99M

Key study findings: Administration of aripiprazole (100 mg/ml) in a CMC formulation ( {
mannitol, monobasic sodium phosphate, sterile water for injection, pH 7; particle size @ to
rats (15/sex/dose group) at single doses of 12.5, 25 or 50 mg/kg (corresponding dose volumes of
0.125, 0.25 or 0.5 mL/kg, respectively), resulted in a dose-related increase in the incidence of
injection site swelling in all dosed groups (attributable to deposits of test article in the muscle),
but not in control groups. At necropsy on Days 29 and 45, white discolored foci were observed
macroscopically at the injection sites at all doses; the foci decreased in size over time but did not
completely resolve by study termination (Day 45). Microscopically, the foci were characterized
by a dose-related localized inflammatory response in association with deposits of birefringent
crystals (interpreted as drug) in the muscle interstitium, consistent with a foreign body reaction
to deposited drug. There was no evidence of muscle cell necrosis. Low incidence of “minimal
fibrosis” was found in injection-site muscles at MD and HD. A partial resolution of the
granulomatous inflammation and fibroplasia/fibrosis occurred by study termination on Day 45.
The microscopic injection site changes in the vehicle control were comparable to those in the
saline control. The exposure of the rats to aripiprazole was dose related with no apparent sex-
related differences in the systemic exposure upon single IM depot dose administration.
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Methods
Doses: 12.5, 25 or 50 mg/kg
Frequency of dosing: Single
Route of administration: IM 1into the right thigh muscle
Dose volume: 0.125, 0.25 or 0.5 mL/kg, respectively
Formulation/Vehicle: Suspension (100 mg/ml)
CMC formulation/ @mannitol, monobasic sodium phosphate,
sterile water for injection, pH 7; particle size. ~ ©®
Species/Strain: Rat/ Crl:CD(SD)IGS BR
Number/Sex/Group: 15
Age: 12-14 wks at study initiation
Weight: 404-466 g (males) and 229-292 g (females)
Satellite groups: TK

Aripiprazole (100 mg/ml) in a CMC formulation ( {mannitol, monobasic sodium phosphate,
sterile water for injection, pH 7; particle size ®@) was administered to Crl:CD(SD)IGS BR
rats (15/sex/dose group) at single doses of 12.5, 25 or 50 mg/kg (corresponding dose volumes of
0.125, 0.25 or 0.5 mL/kg, respectively).The high dose was selected based on volume
considerations, as 0.5 ml/kg is an upper dose volume limit per injection site for an intramuscular
depot injection into the thigh muscles of rats. These doses represented approximately 0.3-, 0.6-,
and 1.2-fold multiples of the projected maximum clinical dose of 4 ml (400 mg) based on mg/m?2.
An additional group of 6 rats/sex received IM injection of 0.5 mL/kg of 0.9% Sodium chloride
for mjection, USP and served as a saline control group; a second control group of 15 rats/sex
received 0.5 mL/kg of the test article carrier formulation and served as a vehicle control group.
On the day of dosing (day 1), rats were approximately 12-14 weeks old with body weight ranges
of 404 to 466 g (males) and 229 to 292 g (females).

Experimental Design
Group Dose Concentration Number of
Number BMS-337039 Volume BMS-337039 ’ Animals
(mng/'kg) (ml'kg) (mg/ml)
1 0 0.5 0 6M.6F
stenle ;alme]a
2 0 0.5 0 I5M, 15F
(’rel:n.icle)b
3 12.5 0.125 100 I5M,15F
< 25 0.25 100 I5M,15F
5 50 0.5 100 ISM,15F
* Control article
b
Comparator control

For the dosed and vehicle control groups, 9 animals/sex/group were euthanatized and necropsied
on day 29; the remaining six animals/sex/group were euthanatized and necropsied on day 45. For
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the saline control group, half of the animals (3/sex) were euthanatized and necropsied on both
days 29 and 45.

Evaluations included injection site changes and plasma concentrations of aripiprazole and
selected metabolites to assess systemic exposure. Blood samples for the evaluation of systemic
exposure were collected on days 1 (6 h postdose), 2, 4, 7, 10, 15, 22, 29, 36, and 43 of the study.
The plasma samples were analyzed for aripiprazole and metabolites DM-1451 and OPC-14857
by a validated LC/MS/MS method that had a lower limit of quantitation of 1 ng/mL

Results

There was no mortality or clinical signs.

A dose-related increase in the incidence of injection site swelling (attributable to deposits of test
article in the muscle) was observed in all dosed groups with the total number of occurrences
increasing with dose, but not in either of the control groups. The incidence was higher in males,
which could be associated with the larger injection volume administered to males. The duration
of injection site swelling was dose dependent and was longer in males.

Incidence, Duration, and Onset of Injection Site Swelling in
Rats Administered Aripiprazole Depot Formulation

Males Fomales
Dase (mg'ke) 12.5 15 £ 125 25 £
Wo. of Ammals Affected 4afls Jofls Dofls Jofld | 2afl5 10of15
Total Ocourrences 7 28 23 3 3 32
Dwration (days) 1-2 2-19 1-25 | 2-1 1-7
Averags Duratien (days) 1.75 933 927 1.0 2.5 3l
Onset (days) 2-5 2-6 1-2 2.4 2-3 2.4

Gross pathology: At necropsy on Days 29 and 45, white discolored foci were observed
macroscopically at the injection sites at all doses; the foci generally decreased in size over time
but did not completely resolve by study termination (Day 45).

Histopathology: Microscopically, the foci were characterized by a dose-related minimal to mild
granulomatous inflammation and minimal fibroplasia/fibrosis on Day 29. The localized
inflammatory response consisted of numerous epitheloid macrophages and foreign body giant
cells in association with deposits of birefringent crystals (interpreted as drug) in the muscle
interstitium. These findings were consistent with a foreign body reaction to deposited drug. No
evidence of muscle cell necrosis was observed. By Day 45, partial resolution of the
granulomatous inflammation and fibroplasia/fibrosis occurred. In the vehicle control animals,
microscopic injection site changes were generally comparable to those seen with saline injection
(see the following sponsor’s table). The pathology evaluation was reviewed by a peer-review
pathologist.
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Histopathology Group Incidence

Dose (mg/'kg): SC CcC 12.5 25 50
No. of rats (M/F): 6/6 15/15 15/15 15/15 15/15
Sex: MF M/F M/F MF M/F

Interim Necropsy (dav 29}'1.'

Granulomatous Inflammation:

Minimal severity - 0/1 7/8 69 3/6

Mild severity - - 1/0 30 6/3
Fibroplasia/Fibrosis:

Minimal severity - - 2/0 111 /3

b
Terminal Necropsy (dav 45)

Granulomatous Inflammation:

Minimal severity - - 5/4 56 6/6
Fibroplasia/Fibrosis:
Minimal severity - 1/0 - 11 1/0

SC - zaline control; CC - comparator (vehicle) control
- Indicates absence of finding 1n group

A N=9/sex/group except for SC (N=3/sex)

N=6/sex/group except for SC (N=3/sex)

Toxicokinetics

Plasma TK of Aripiprazole and M etabolites Following Single IM Injection of Aripiprazoleto Rats

Dose Aripiprazole DM-1451 OPC-14587
(mg/kg)

Male |  Female Male |  Female Male |  Female

Cmax (ng/mL)

25 13.8 123 2.12 1.10 -1 <1

25 18.0 253 2.53 2.03 -1 <1

50 119 526 143 336 123 163
AUC" (ng-d/mL)

125 151 146 ND ND ND ND
25 246 301 219 ND ND ND
5 180 484 2.0 ND ND ND

ND = Not determined.

a . . _
Calculated from time zero to the last measurable plasma concentration; Day 42 for aripiprazole and
between Days 14 and 21 for DM-1451. The lower limit of quantification was 1 ng/mlL.

Systemic exposure to aripiprazole was dose-related with no remarkable gender differences, and
was measurable up to Day 43 post-dose at all doses; AUC values increased similarly to the dose
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increment in males and females; Cmax values increased less than the dose increment in males
but similar to the dose increment in females (see the above sponsor’s table). Tmax for
aripiprazole was 6 days after dose administration. Plasma concentrations of metabolites DM-
1451 and OPC-14857 were generally below the LLOQ (1 ng/mL) in most animals, although
measurable DM-1451 plasma concentrations were found in some males at MD and HD on Days
14 and 21 post dose. For the metabolites DM-1451 and OPC-14587, the peak concentrations that
were greater than the LLOQ usually occurred at 6 hours post-dose, although a few occurred at 6
days post-dose.

Conclusion:

Single intramuscular injections of 12.5, 25, or 50 mg/kg of a 100 mg/ml aripiprazole depot
formulation in rats [representing approximately 0.3-, 0.6-, and 1.2-fold multiples of the projected
maximum clinical dose of 4 ml (400 mg) based on body surface] were clinically well tolerated
and resulted in a minimal to mild localized granulomatous inflammatory response (foreign body
reaction) to deposited drug at the injection site. The inflammation diminished somewhat over
time but did not resolve completely by day 45. There was no morphologic evidence of drug-
related skeletal muscle necrosis at any dose level. Systemic exposure to aripiprazole was dose-
proportional with no remarkable gender differences, and was measurable up to the end of study
(Day 43 post-dose); plasma concentrations of metabolites DM-1451 and OPC-14857 were
generally below the LLOQ (1 ng/mL) in most animals.

Study title: Single-dose Intramuscular Depot Irritation Study in Rats (IT)
Study no.: Otsuka Study No. 025804 (BMS Study No. DM04018)
Study report: Otsuka Report No.019936, 2006

Conducting laboratory and location: BAS Evansville,

10424 Middle Mt. Vernon Road

Mt. Vernon, IN 47620

Date of study initiation:

GLP compliance: Yes

QA statement: Yes

Drug, lot #: Aripiprazole (OPC-31, OPC14597), Batch 2B52237
150 mg/mL formulation: Lot No. 52972-128-02,

200 mg/mL formulation: Lot No. 52972-122-02

Key Study Findings: A single IM injection of aripiprazole CMC formulation ®“mannitol,

monobasic sodium phosphate, sterile water for injection, pH 7; particle size Y9y to rats
(15/sex/dose) at doses of 75 or 100 mg/kg; 150 and 200 mg/mL, dosig volume 0.5 mL/kg
resulted in a localized, minimal to mild granulomatous inflammatory response to deposited drug
at the injection site, consistent with a foreign-body reaction. This inflammation was not
completely resolved by Day 45. No evidence of skeletal muscle injury at the injection sites was
observed. There were no treatment-related clinical signs and grossly visible injection site
findings. Aripiprazole plasma exposure was approximately dose-proportional in both genders;
metabolite OPC-14857 was generally below the LLOQ at all sampling times.
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Methods
Doses:
Frequency of dosing:

Route of administration:

Dose volume:
Formulation/Vehicle:

Species/Strain:
Number/Sex/Group:

Age:
Weight:

Satellite groups:

Reviewer: Sonia Tabacova Ph.D.

75 or 100 mg/kg; 150 and 200 mg/mL

Single dose

IM injection

0.5 mL/kg

sodium carboxymethylcellulose-based depot formulation
@@ mannitol, monobasic sodium phosphate, sterile water for
injection, pH 7; particle size ®@ (150 and 200
mg/mL)

Rats/ Sprague Dawley Crl:CD(SD)IGSBR

6 rats/sex in the control group and 15 rats/sex in the drug-
treated groups

11-13 weeks at study initiation

Males —367.7-4793 ¢

Females — 246.0 - 298.4 g

TK

Experimental design: Three groups of Sprague Dawley rats were given a single IM dose of 0
(saline control, 0.9% Sodium Chloride for Injection, USP), 75, or 100 mg/kg of BMS-337039
(150 and 200 mg/mL formulations at 0.5 mL/kg).

Observations:

Parameters for evaluation included viability, daily clinical observations, and injection site
scoring. At scheduled euthanasia, injection sites were examined from 3 rats/sex in the control
group and 9 rats/sex in the drug-treated groups on Day 29; injection sites from the remaining
animals (3/sex in the control group and 6/sex in the drug-treated groups) were examined on Day
45. Histopathology examination of injection sites from all animals was performed. Blood
samples for systemic exposure were collected from treated animals on Days 1, 2, 4, 7, 10, 15, 22,
36 and 43 from the 3 animals/sex/group at each time point. On Day 1, blood samples were
collected at approximately 6 hours after dosing; on all other days, samples were collected at
approximately the same time of day as the animal was dosed on Day 1.

Results

There was no treatment-related mortality or clinical signs. Gross observations at necropsy were
limited to white discoloration at the injection site in all treated animals on Days 29 and 45 that
represented deposits of the test article.

Histopathology

Microscopically, the primary finding at the injection site was a localized, minimal to mild
granulomatous inflammatory response to deposited drug (polymorphic birefringent crystalline
material) that was consistent with a foreign-body reaction; the finding was slightly greater in
severity at 100 mg/kg. This inflammation was not completely resolved by Day 45. Other drug-
related injection site changes on Days 29 and/or 45 included minimal subacute inflammation at
both dose levels and minimal fibroplasia/fibrosis at 100 mg/kg. No evidence of skeletal muscle
injury at the injection sites was observed at any dose.
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Incidence of Selected Drug-Related Microscopic Findings at the I njection Sites

Dose {magkg): D T5 Ty
Sex: MAF M/F MYF
Interim Necropsy (Day 29%:
Mo, of Rats (M/F): 33 9/9 99
inflammalicn, granuiomatous

bAinimal - &6/5 2iq

Mild - 34 T8
Inflammation, subacube

Nelimirmal - 43 22
Fibroplasia/ fibrosis

Minirnal - - 143
Terminat MNecropsy (Day 45):
MNo. of Rats {M/F): 343 66 L

_In}I;r_n matiomn, grar;;.rlnm&m us

Minimal - 3G 34

Mlild - 30 32
Inflammaticon, subacute

Minimal - - 20
Fibroplasia/ fibrosis

Mimimal - - 12

- Indicates absence of findng in group

Toxicokinetics

Aripiprazole Cmax and AUCo-42d were dose-related and approximately dose-proportional in both
genders (see the following sponsor’s table). The tmax (6 days) was not affected by gender or dose.
Plasma concentrations for the metabolite OPC-14857 were less than the LLOQ at all sampling
times in the 100 mg/kg dose group and were quantifiable only at the 6-hour sampling time for

females and at the 216-hour sampling time for males in the 75 mg/kg dose group.
Plasma TK of Aripiprazole and M etabolite OPC-14857 Following Single IM Injection of Aripiprazoleto Rats
Otsuka Study No. 025804

Aripiprazole OPC-14857

i
Dose (ingke) Male | Female Male | Female
Cpax (ng/mL)
75 62.5 457 1.03 1.50
100 66.5 50.1 <1 <
ATUC(H.424 (ng-d/mL)
75 16,500 11,200 NC NC
100 21.100 13,300 NC NC

NC = Mot calculated. The lower limit of quantification was 1 ng/mL.

Conclusion:
Aripiprazole intramuscular doses of 75 and 100 mg/kg, administered as sodium carboxymethyl-

cellulose-based depot formulations (150 and 200 mg/mL), produced no clinical evidence of
irritation at the injection site. Microscopically, the primary finding at the injection site was a
localized, minimal to mild granulomatous inflammatory response to deposited drug that was
consistent with a foreign-body reaction. This inflammation was not completely resolved by Day
45. There was no evidence of skeletal muscle injury at the injection sites at either dose.
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Study title: Single-dose Intramuscular Depot Irritation study in Male Rabbits
Study no.: Otsuka Study No. 019858 (BMS Study No. DM02020)

Study report: Otsuka Report No.015567, 2003

Conducting laboratory and location: BMS Pharmaceutical Research Institute
Departments of Toxicology and Pathology, Mt. Vernon, Indiana USA

Date of study initiation: 16 April, 2002

GLP compliance: Yes

QA statement: Yes

Drug, lot #: Aripiprazole (OPC-31, OPC14597), Batch C00J99M

Key Study Findings: Single intramuscular injections of up to 1.0 mL of a 100 mg/mL suspension
of aripiprazole in a CMC formulation ( {gmannitol, monobasic sodium phosphate, sterile water for
mjection, pH 7; particle size ®®) to rabbits were well tolerated; there were no clinical signs
(including signs associated with pain) or in-life injection site findings in any of the drug-treated
groups. At necropsy, foci of white discoloration of dose-related size, consistent with deposits of
test article and associated inflammation, were noted at injection sites in all drug-treated animals at
all time points. The principal microscopic finding at the injection site was localized, dose-related
granulomatous inflammation in the muscle interstitial tissue representing a foreign body reaction
to deposited drug; the inflammation was not completely resolved by Day 57. Birefringent
polymorphic crystalline material, interpreted as deposited drug, remained in areas of inflammation
through Day 57 in all treated groups. There was no clinical chemistry or morphology evidence of
drug-related skeletal muscle necrosis at any dose level. Injection site changes associated with the
article carrier were limited to minimal muscle degeneration/regeneration in one rabbit in each

group.

Methods

Doses: 25, 50 and 100 mg

Frequency of dosing: Single dose

Route of administration: M

Dose volume: 0.25, 0.5 and 1 mL, respectively

Formulation/Vehicle: The formulation contained lyophilized 250 mg aripiprazole;

®® sodium carboxymethyl-cellulose; ®@ mannitol,

USP; and ®® sodium phosphate, monobasic; adjusted to
approximately pH 7 and e

Species/Strain: Rabbits/ New Zealand White Hra:(NZW) SPF

Number/Sex/Group: 12 males/group

Age: 4 to 5 months at study initiation

Weight: 2.7t03.2kg

Control groups: saline control group (0.9% Sodium Chloride for Injection,
USP) as; vehicle control group (1 mL of the test article carrier
formulation)

Study design: 100 mg/ml dosing formulation of BMS-337039, comparator control (test article
carrier), or control article (sterile saline) were administered intramuscularly once in the right
thigh muscle using a 21-gauge needle, according to the following sponsor’s table.
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Group Draily Dose Concentration Number of
Mumber BALS-237T030 Volume BAIS-23T0ae Amnimals
(mg) (ml) (mgml)
1 0 (srerile 53]'.1;!}3' ! o M
2 0 (vahicls)” 1 0 12 M
3 25 0.25 100 120
4 50 0.5 100 120
5 100 1 100 120

® Cortrel article

" Comparator coniroel
Dose selection: The high dose was selected based on volume considerations (1 ml considered the
upper dose volume limit per injection site for an intramuscular injection in rabbits); in an
exploratory single dose intramuscular irritation study in rabbits (Bristol-Myers Squibb Study No.
DMO01005), a 0.5 ml injection (50 mg) of this depot formulation was clinically well tolerated.
The mid- and low doses were selected to allow for observation of dose-response.

Observations;

Clinical signs and injection site observations, serum AST and CK (Days 2, 4, and 7 post dose)
and gross and microscopic pathology examinations of the injection sites on Days 4, 7, 15, 29 and
57 post dosing.

Results:

Single intramuscular injections of up to 1.0 mL of a 100 mg/mL suspension were clinically well
tolerated, and there were no clinical signs (including signs associated with pain) or in-life
injection site findings in any of the drug-treated groups.

At necropsy, white discoloration at the injection sites (consistent with deposits of the test article
and associated inflammation) was noted in all drug-treated animals at all time points. The size of
these discolored foci was generally dose related, and there was a reduction in size over time (see
sponsor’s table below). Rare observations of red discoloration (hemorrhage) seen grossly were
considered to be due to the injection procedure as these were present in comparator control and
treated animals.

Size Range of BM $-337039-Related White Discoloration

-

Dlose (mg): 25 5
Wiohune {ml) 025 0 1
oo of Fabbims: 12 1 12
Semx: % | M Y|

2
(=]

100

Lh

]

=]

length {cm) X width length (o) 3 width lengzrh {cma) 2 width

Lesion- femi) {cm) (cm)

Discoloration, whire
(day 4)
Discoloration, white “ = 0.8
(day 7) -
Discoloration, whire
(day 15}
Discoloration, whire
(dary 207

Discoloraton, white . - " o = -
tday 57) 1o 1.5 0.4 vo 1.0 0.3 0.5 1.5 1

tad
—

1825 041005 3.3 0.5 251w

1.5t 3.0 1.2 24 13m?2

Itol5 0512 18t03.0 06t 10 1Ew40 0500 1.5

GEmlS 0.5 0o 1.0 12t03.5 06t 12 l4m4s 0510 1.1
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Histopathology

The principal microscopic finding at the injection site was localized granulomatous inflammation
in the muscle interstitial tissue, characterized by the presence of “epitheloid macrophages,
heterophils and lymphocytes”, interpreted as a foreign body reaction to deposited drug. The
inflammation was generally dose-related and most severe at Days 15 and 29, with incomplete
resolution by Day 57. Birefringent polymorphic crystalline material, interpreted as deposited
drug, remained in areas of inflammation through Day 57 for all treated groups. Additional drug-
related histopathology included minimal to mild subacute inflammation through Day 15 in the
LD and MD groups, and through Day 57 in the HD group; increased incidence of minimal
muscle degeneration/regeneration, and minimal or mild fibroplasia that generally resolved by
Day 57. Microscopic injection site changes associated with the CMC-based test article carrier
were comparable to those seen with saline injection and were limited to minimal muscle
degeneration/regeneration in one rabbit in each group on day 4. There were no drug-related
changes in AST or CPK or morphology evidence of drug-related skeletal muscle necrosis at any
dose level.

__Incidence of Drug-Related MicroscopicFindings .

Dose (me): 0 (Sterile Saling)” 0 (Vehicle)" 25 50 100
Concertration (mgml): 0 0 100 100 100
Violnme (ml): 1 | 025 0.5 10
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Study title: BMS-337039: Single-Dose Intramuscular Depot Irritation Study in Male
Rabbits (II

Study no.: Otsuka Study No. 025803 (BMS Study No. DM04017)

Study report: Otsuka Report No.019934, 2006

Conducting laboratory and location: BAS Evansville, Mt. Vernon, IN 47620

Date of study initiation: 26 April 2004

GLP compliance: Yes

QA statement: Yes

Drug, lot #: Aripiprazole (OPC-31, OPC14597, BMS-337039-06) Batch 2B52237

Key Study Findings: In a second study in rabbits, IM administration of aripiprazole at single
doses of 150 and 200 mg/kg (corresponding dose volume of 1 mL of a 150 or 200 mg/mL
suspension in a CMC formulation), resulted in discoloration at the injection site in all treated
rabbits at scheduled necropsies on Days 4, 7, 15, 29 and 57 at both doses. The foci of white/tan
discoloration at the injection sites were deposits of test article (polymorphic, birefringent
crystalline material), and decreased in size by Day 57 post dose. Microscopic findings at the
injection site at all time points included mild granulomatous inflammation as a foreign-body
reaction in response to deposited drug. The inflammatory reaction was most expressed on Day
15 and was partially reversible by Day 57 post injection. Drug-related findings indicative of
skeletal muscle injury included minimal degeneration and necrosis (Days 4 and/or 7) and
minimal regeneration (Day 15 post injection).

Methods

Doses: 150, 200 mg/kg

Frequency of dosing: single dose

Route of administration: IM

Dose volume: 1 mL of 150 or 200 mg/mL aripiprazole suspension
Formulation/Vehicle: CMC formulation ®®mannitol, monobasic sodium
phosphate, sterile water for injection, pH 7; particle size O@
Species/Strain: Rabbit/New Zealand White Hra:(NZW) SPF
Number/Sex/Group: 12/male

Age: 7 months

Weight: 2.8 — 3.4 kg

Control groups: Vehicle control (CMC formulation); Saline control (1 mL 0.9%
Sodium Chloride for Injection (USP)

Observations: Clinical signs and injection site observations, periodic determination of serum
AST and CK; gross and microscopic examinations of the injection sites on Days 4, 7, 15, 29 and
57.

Results:

Mild edema at the injection site was noted in 1 rabbit on Day 2 and persisted to Day 4 (day of
necropsy). At necropsy, foci of white and/or red or tan discoloration at the injection sites were
seen in all treated animals at scheduled sacrifices on Days 4, 7, 15, 29 and Day 57 at both doses.
These foci of discoloration at the injection sites were assessed as deposited test article, and were
visibly smaller on Day 57 as compared to Day 29. No differences in aspartate aminotransferase
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(AST) and creatine kinase (CK) were observed between the treated and control rabbits (tested on
on Days 2, 4, and 7).

Histopathology

Microscopic finding at the injection site at all time points included generally mild granulomatous
inflammation as a foreign-body reaction in response to deposited drug (polymorphic, birefringent
crystalline material). The inflammatory reaction was most severe on Day 15 but declined in
severity through Day 57. Drug-related findings indicative of skeletal muscle injury included
minimal degeneration and necrosis (Days 4 and/or 7) and minimal regeneration (Day 15).
Additionally, mild subacute inflammation was observed at the injection sites through Day 15.

Toxicokinetics:

The systemic exposures of male rabbits to aripiprazole following a single intramuscular depot
dose of 150 or 200 mg were dose-related. Cmax and AUCo-56d after a single dose were generally
proportional to the dose increment for aripiprazole. Tmax for aripiprazole was 216 hours (9 days)
after both doses. Most plasma concentrations of metabolite OPC-14857 were below the LLOQ (1
ng/mL). TK summary is presented in the following sponsor’s table:

TK summary
Aripiprazole L
Daze (mgz)
FParameter
150 200

Cre (ng/ml) 53.5 825

-"‘*-T*-:Cl'l-luah 11 3

(nghimL ) 31,200 44,100

Tooazx (h) 216 216

M etabolite BM S-337044

Daze (mgz)
Parameter
150 200
Coun (ng/mal) 144 203
.“‘a.T-\.-Cn_ﬁ_l;h 13 -
(ng-h'ml) 6 419
Tooax (h) 144% 21&

*(One quantfiable concentration only

69

Reference ID: 3153786



NDA/BLA # 202 971 Reviewer: Sonia Tabacova Ph.D.

Study title: Single-Dose Intramuscular Depot Exploratory Irritation Study in Dogs

Study no.: Otsuka Study No. 018754 (BMS Study No. DM02015)

Study report: Otsuka Report No.014893, 2002

Conducting laboratory and location: BMS Departments of Toxicology and Pathology
Mt. Vernon, Indiana USA

Date of study initiation: 11 March 2002

GLP compliance: No

QA statement: No

Drug, lot #: Aripiprazole (OPC-31, OPC14597, BMS-337039) Batch C99G74M

Key Study Findings:

Aripiprazole formulation (100 mg/mL in 1% CMC) administered to beagle dogs (1/sex/dose) as
two injections at dose volumes of 2, 3 or 4 mL to provide doses of 200, 300 or 400 mg,
respectively, produced injection site changes (swelling and erythema) at MD and HD. At
necropsy, white discoloration (deposits of test article) at the injection sites at all dose levels, and
red discoloration of subcutaneous tissue (hemorrhage) were noted in MD and HD groups.
Microscopically, the primary tissue response to deposited drug (birefringent crystalline material)
was subacute inflammation at all doses (mild at LD, and moderate to marked at the higher
doses). Other microscopic injection site changes were: edema, hemorrhage, degeneration of
skeletal muscle, granulomatous inflammation, and fibroplasia/fibrosis. Systemic exposure to
aripiprazole and metabolite OPC-14857 was dose related in females but not in males. The tmax
ranged from 3 h to 72 h. Cmax and AUC increased dose-proportionally in females, but showed no
dose dependency in males.

Methods
Doses: 200, 300 or 400 mg
Frequency of dosing: Single dose
Route of administration: Intramuscularly, as two injections of
equal volume in the right thigh muscle
Dose volume: 2, 3 or 4 mL of aripiprazole suspension (100 mg/mL in 1% CMC)
Formulation/Vehicle: Aripiprazole suspension (100 mg/mL) in ®® cMC)/
@@ sodium carboxymethylcellulose (CMC), @@ mannitol, and
water (mean particle size of O
Species/Strain: Dogs/Beagle
Number/Sex/Group: 1/sex/dose
Age: 10-12 months at study initiation
Weight: 6-12 kg
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Deviation from study Pharmacokinetics - Plasma concentrations of BMS-337040 were not determined.
protocol: Reason for amendment:

This metabolite of BMS-337039 was not detectable in a previous single-dose
intramuscular exploratory study of prototype depot formulations and therefore was not
analyzed.

Pharmmacokinetics - The plasma samples were analyzed for BMS-3370435, a metabolite of

BMS-337039, The data will be included in the study records, but will not be reported.
Impact of Deviation:

Since this was an inadvertent measurement of a known metabolite of BMS-337039 that is
not formed in any appreciable levels, it 15 the opinion of the study director that this
deviation did not affect the validity or integrity of the study,

Experimental design: Aripiprazole formulation (100 mg/mL in ®®CMC) was administered to
dogs as two injections at dose volumes of 2, 3 or 4 mL to provide doses of 200, 300 or 400 mg,
respectively (see the sponsor’s table below)

Number and i
Group Dose Volume ! %T;;g-‘?ﬂr:;n Duose Number of
Number (i} Site of 37 (e} Animals
Injections (mg/ml)
1 2(2x 1 1ml) 2 -right 100 2060 IM1F
].:' 3 (2x15ml) 2 - right 100 300 IM1F
3° 4(2x2 ml) 2 -righe 100 400 1M, 1F
Thigh mmscle
Group 2 and 3 anmmals will be dosed ealy if clinically acceptable tolerancs in Group 1.

Observations. Clinical signs and injection site observations, periodic determination of serum
aspartate aminotransferase (AST) and creatine kinase (CK), and gross and microscopic
pathologic examinations of the injection sites on Day 4. Blood samples to determine systemic
exposure of aripiprazole and the metabolite OPC-14857 (BMS-337044) were collected at 0.2,
0.5, 1, 3, and 8 hrs after injection on Day 1, and on days 2 and 4 of the study.

Results: Injection site swelling and erythema were present at MD and HD. There were no
changes in AST or CPK compared to pre-test values. At necropsy, white discoloration (deposits
of the test article) was apparent at the injection sites at all dose levels, and red discoloration of
subcutaneous tissue (hemorrhage) and “minimal or mild” swelling were noted in the mid- and
high dose groups.

Histopathology: Microscopically, the primary tissue response to deposited drug (birefringent
crystalline material) was subacute inflammation (mild at LD, and moderate to marked at the
higher doses). Other microscopic injection site changes observed were: edema, hemorrhage,
degeneration of skeletal muscle, granulomatous inflammation, and fibroplasia/fibrosis. These
changes were minimal to mild in severity.

Toxicokinetics:

Systemic exposure to aripiprazole and OPC-14857 was dose related in females but not in males.
The tmax varied considerably across the dose groups and ranged from 3 h to 72 h. Between the
low and mid dose, the Cmax and AUC values increased approximately equally to the dose
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increment in females, but displayed no dose dependency in males (see the following sponsor’s

table).
TK of aripiprazole and its metabolite OPC-14857 (BM S-337044)
IM Doze BMS-337039 BMAS-337044
[me] Male | Female Male | Female
Cmazx [pg'mL] (Tmax [h])
200 83.1(8) 348 (8) 43.1 24 14.1 24)
300 28.1024) 38.2(24) 9.5(72) 19.5 (24)
400 38.6(3) 72.6(72) 20.1 (24) 36.0 (72)
Cmax Ratios
1:1.5:2 Dose Ratio 1:0.3:0.7 | 1:1.7:2.1 1:0.2:0.5 | 1:1.4:2.6
IM Doze BAS-337039 BAS-337044
[me] Male |  Female Male |  Female
AUC” [nzedays/ml ]
200 2326 73.4 92.7 29.6
300 75.2 131.6 2.7 36.5
400 33.9 151.0 40.3 86.7
AUC Ratios
1:1.5:2 Diose Ratio 1:0.3:0.4 1:1.8:2.5 1:02:0.4 1:1.2:2.9

“Caleulated from time zero to 72 h after dosing (study day 4).

Study title: Single-dose Intramuscular Exploratory Study of Prototype Depot Formulations
in Monkeys
Study no.: Otsuka Study No. 019796 (BMS Study No. DM02005)
Study report: Otsuka Report No.015503, 2002
Conducting laboratory and location: BMS Departments of Toxicology and Pathology
Mt. Vernon, Indiana USA
Date of study initiation: February 5, 2002
GLP compliance: No (not necessary)
QA statement: No
Drug, lot #: Aripiprazole (OPC-31, OPC14597, BMS-337039) Batch

Key Study Findings. Intramuscular administration of 25 and 50 mg aripiprazole (as a single 0.5
ml dose of prototype depot formulation containing 50 or 100 mg/ml of aripiprazole in CMC) into
the thigh muscle of cynomolgus monkeys produced significant acute local irritation,
characterized by injection site swelling and discoloration. Grossly apparent white deposits of
drug in the injection site muscles and granulomatous inflammation associated with deposited
drug were the principal morphologic alterations at injection sites. Although the inflammation
decreased over time neither the gross nor microscopic changes completely resolved by 29 days
postdose. Drug-related increase in aspartate aminotransferase (1.4-fold to 6.3- fold) and creatine
kinase (3-fold to 18.7-fold) vs. pretest values were registered at both tested doses on day 2
postdose, indicative of muscle injury in both sexes. Similar gross and microscopic injection site
changes had been observed in rabbits and dogs at comparable or higher doses (0.5 ml/injection in
rabbits and 1 ml/injection in dogs) of the same or similar prototype depot formulations.
However, in contrast to monkeys, these prototype formulations did not produce increases in
serum aspartate aminotransferase or creatine kinase values in other species. Because of the
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“notable” acute local irritation associated with single doses of these prototype formulations, the
investigators considered cynomolgus monkey “not an optimal non-rodent species for future
evaluations of larger injection volumes or repeated dosing of aripiprazole intramuscular depot
formulations”. Thus, the greater susceptibility of monkeys to local irritation by aripiprazole IM
depot formulation would hinder administration of doses sufficiently high to achieve systemic
exposure to aripiprazole adequate for safety assessment.

Methods

Doses: 25 and 50 mg

Frequency of dosing: Single dose

Route of administration: IM

Dose volume: 0.5 mL

Formulation/Vehicle: Aripiprazole suspension (50 and 100 mg/mL, mean particle size of
) in @@ cMC)/ P¥sodium carboxymethylcellulose, @@ mannitol, and water

Species/Strain: Monkey/Cynomolgus

Number/Sex/Group: 3

Age: 2.5 to 4.3 years at study initiation

Weight: 4.0 to 6.6 kg for males and 3.2 to 4.3 kg for females

Satellite groups:

(b) (4)

Study design:
Experimental Design
Dally Dose Concentration Number
Gl'ﬂl.lp Number Yolume Number and S"I’!a BMS-33T039 of
(mbinjection) of Injections (mg/ml) Aninvals
| (Test Article Carrier #3) 0.5 1 - left 0
3ML2AF
2 (Formulation #4) 0.5 1 -right S0
3 (Saline Control b 0.5 1 - left L]
3ML2AF
4 (Formulation #35) 0.5 1 -right 100
a Thigh Muscle

Two aripiprazole prototype intramuscular depot formulations at concentrations of 50 or 100
mg/ml in ®@sodium carboxymethylcellulose (CMC) were administered IM in the thigh muscle,
as 0.5 ml single doses to two groups of 3 monkeys/sex. The corresponding test article carrier or
saline was administered in the other thigh muscle of the same animals. Therefore, there was no
control group included in this study.

Observations. survival, clinical signs and injection site observations, serum aspartate
aminotransferase and creatine kinase, and gross and microscopic pathology (days 7, 15, and 29
postdose) of the injection sites. To evaluate systemic exposure, plasma concentrations of
aripiprazole and its pharmacologically active metabolites OPC-14857 (BMS-337044) and DM-
1451 (BMS-337040) were measured through day 29 postdose; only the results from the 100
mg/ml formulation were reported. Blood samples were collected on days 1, 2, 4, 7, 10, 15, 22,
and 29. On day 1, samples were collected at 10 and 30 minutes, 1, 3, and 8 hours postdose. For
all other days, samples were collected at approximately 24- hour intervals from the time of
dosing. Necropsies were conducted on days 7, 15 and 29 post-dose.
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Results: There was no mortality. Hypoactivity was noted in 1 female given the 100 mg/mL
formulation; it was considered pharmacologically mediated and had been observed previously in
oral studies with aripiprazole in monkeys.

Acute injection site swelling or discoloration was noted in 1 male or 1 female monkey at 100
mg/mL. Drug-related increase in aspartate aminotransferase (1.4-fold to 6.3- fold) and creatine
kinase (3-fold to 18.7-fold) vs. pretest values occurred in both sexes on Day 2 post
administration of the CMC/50 mg/mL formulation and the saline/100 mg/mL formulation. These
changes affected from one to all three animals per group. Comparable changes were not seen in
rabbits or dogs given the same or larger injection site volumes of these or comparable
formulations. There were no indications of increased values of these parameters on day 4 post-
dose. On day 7 postdose, a mild increase in AST (4.5x compared to the pretest value) and an
increase in CK (21.8x compared to the pretest value) occurred in one LD female (50 mg/ml
aripiprazole in | ®?@sodium carboxymethylcellulose, Group 2). However, since there were no
indications of increased values of these parameters on day 4 post-dose in this animal, or day 7
post-dose in the males or other females in this group or in animals given the higher concentration
of drug (100 mg/ml aripiprazole in = ®®sodium carboxymethyl-cellulose), the relationship of
these changes to treatment was uncertain.

Aspartate aminotransferase (AST) and creatine kinase (CK) in monkeys, Day 2 post-dose

Males Females
Oay: 2 ralatiws to Start Dats Day: 2 relative to Start Date
Group AET CE Group AST CE
Sax UsfL UL By UL UiL
1/Zm  Mean 2Z.0 E1E.7 1/2f Mean 85,3 B£3.1
5.0. 34.1 57.E 5.D. GE4.4 S05.5
H 3 3 H 3 3
I/4m  Mean 126.3 ce7n. T 31/4f Meman 152.3 3024.13
5.0. 9z.2 33156.4 5.0. 14E.1 4616.2
H i i H 3 3
Gross pathology

At necropsy, white discoloration, apparently test article deposits in muscle, was noted in the
injection sites through Day 29 for both concentrations. The white foci were of variable shape and
size and did not decrease with time.

Histopathology

Day 7 Necropsy: mild focal granulomatous inflammation, characterized primarily by the
accumulation of neutrophils and macrophages with foamy cytoplasm around eosinophilic
deposits of the test article. Examination of formalin-fixed, unstained frozen sections of muscle
revealed the presence of birefringent crystals (consistent with drug) in the injection sites at both
doses.

Minimal focal skeletal muscle regeneration occurred sporadically in the injection site muscles
dosed with carrier and aripiprazole CMC formulations at both doses.

Day 15 Necropsy: mild focal granulomatous inflammation, characterized primarily by the
accumulation of macrophages with foamy cytoplasm and lesser numbers of neutrophils around
eosinophilic deposits of the test article and presence of birefringent crystals (consistent with
drug) in the injection sites of both tested doses. Minimal fibroplasia/fibrosis in the injection site
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muscles of one LD animal (F) and 2 HD animals (M and F) necropsied at this timepoint. Other
changes were minimal skeletal muscle cell regeneration in the male and minimal hemorrhage in
the female at HD.

Day 29 Necropsy: Focal granulomatous inflammation in the injection site muscles (minimal to
mild at LD and mild at HD); minimal fibroplasia/fibrosis in the injection site muscle of the HD
male. Presence of birefringent crystals (consistent with drug) in the injection sites of both doses.
The CMC carrier was associated with focal minimal chronic inflammation in the injection site
muscle of a female, and a focus of perivascular necrosis and subacute inflammation as a
consequence of needle damage in the injection site muscle of the male. At day 15, minimal
skeletal muscle regeneration occurred in the injection site of one female dosed with CMC.

Saline Control

Day 7: Minimal focal skeletal muscle regeneration and minimal focal subacute inflammation
occurred in the injection site muscles of the female dosed with saline.

Day 15: Minimal skeletal muscle regeneration and minimal subacute inflammation were
apparent in the injection site muscles of both the male and female dosed with saline.

Day 29: A focus of minimal skeletal muscle cell regeneration, that correlated with the
macroscopically apparent faint area of grey discoloration in the injection site muscle of the male
dosed with saline.

Toxicokinetics

Plasma Toxicokinetics of Aripiprazole and M etabolites OPC-14857 and DM -1451
Following Single Intramuscular I njection of 50 mg (100 mg/mL) Aripiprazoleto Monkeys

Dose (mg) Aripiprazole DM-1451 OPC-14857

g Ivale Female Male Female Iale Female
Conax 18.5 492 =1 1.18 4.4 157
(ng/mL) (n=1)
AUC.64 633 171.6 NC NC 135 56.7
(ng-d/mL)
AUC-14d 1542 3194 NC NC il7 104 .4
(ng-d/mL)
AUC-284 264.5 4132 NC NC 499 80.9
(ng-d/mL)

NC = Not calculated. The lower limit of quantification was 1 ng/mL.

The 100 mg/ml formulation produced systemic exposure to aripiprazole and metabolite OPC-
14857 (BMS-337044) for up to 29 days postdose. Exposure was higher and more variable in
female than in male monkeys. AUC values increased from day 7 through day 29 post-dose
indicating continued absorption over this period. Analysis for metabolite DM-1451 (BMS-
337040) showed that most concentrations were below the limit of quantitation (1 ng/mL).

In summary, acute injection site swelling or discoloration was observed in 1 male and 1 female
monkey at 100 mg/mL and later observed in all 3 monkeys per group of each formulation. These
findings were accompanied by a drug-related increase in aspartate aminotransferase (1.4-fold to
6.3- fold) and creatine kinase (3-fold to 18.7-fold) vs. pretest values recorded on Day 2 post
administration of both formulations. Comparable changes were not seen in rabbits or dogs given
the same or larger injection site volumes of these or comparable formulations. There were no
indications of increased values of these parameters on day 4 post-dose. In general injection site
findings included “minimal to mild” granulomatous inflammatory response to birefringent
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crystalline drug deposits characterized by accumulation of macrophages with foamy cytoplasm
and eosinophilic deposits of the test article. The severity of the microscopic changes tended to
decrease with time, but complete resolution of the inflammatory process did not occur by Day
29. Focal inflammation and skeletal muscle regeneration was observed in the injections sites
from CMC and saline administration as a consequence of needle damage from injection. This
sensitivity to the local irritation potential of intramuscular depot formulations of aripiprazole
probably reflects, in large part, the relatively small thigh-muscle mass in monkeys. The greater
susceptibility of monkeys to local irritation by aripiprazole IM depot formulation would hinder
administration of doses sufficiently high to achieve systemic exposure to aripiprazole adequate
for safety assessment.
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Different formulations of aripiprazole were examined to determine a suitable formulation
for use in toxicity studies. A formulation using CMC was used to examine the local
tolerance of aripiprazole in several studies as described above. Another formulation of
aripiprazole in 15% Captisol was also examined in the rat and rabbit in the following
studies.

Study title: Two-Week Intramuscular Tolerance Study in Rats

Study no.: Otsuka Study No. 016456 (BMS Study No. DM00005)

Study report: Otsuka Report No.013598, 2000

Conducting laboratory and location: BMS Departments of Toxicology and Pathology
Mt. Vernon, Indiana USA

Date of study initiation: January 11, 2000

GLP compliance: Yes
QA statement: Yes
Drug, lot #: Aripiprazole (OPC-31, OPC14597, BMS-337039) Batch No. C99G74M

Key study findings: IM administration of aripiprazole at doses 1 or 3.75 mg/kg/day for 2
weeks to rats (as a solution in 15% Captisol and 0.05 M tartrate buffer; dose volume 0.5
mL/kg at concentrations of 2 or 7.5 mg/mL), was associated with a transient AST
elevation (HDF only) and morphologic evidence of reversible muscle irritation. A dose-
related increased incidence of discoloration and swelling was observed at injection sites.
Microscopically, degeneration, necrosis, and regeneration of muscle and subacute
inflammation, hemorrhage, edema, and fibroplasia/fibrosis of muscle and surrounding
connective tissue occurred at the injection sites, with generally minimal severity in the
vehicle control and LD groups, and at a minimal to mild severity in HD group. In both
dose groups, the fibroplasia was located primarily in connective tissue adjacent to the
muscle, with lesser involvement of intramuscular connective tissue. The injection site
changes were nearly completely reversible during the 2-week post-dose period. Only
minimal, late stage muscle regeneration and fibroplasia/fibrosis were still present in
vehicle control and dosed groups. Systemic exposure to aripiprazole was dose-related and
exposure was higher in males. DM-1451 was the major circulating metabolite. Plasma
concentrations for metabolites OPC-3373 and DCPP were below the LLOQ.

Methods

Doses: 0, 1 or 3.75 mg/kg/day

Frequency of dosing: Daily for 2 weeks

Route of administration: IM

Dose volume: 0.5 mL/kg (at concentrations of 2 or 7.5 mg/mL)

Formulation/Vehicle: Aripiprazole, as a solution in 15% (w/v) Captisol® (sulfobutyletherbeta-
cyclodextrin) and 0.05 M tartrate buffer, in Sterile Water for injection, DSP, pH 4.3 to 4.5.
Species/Strain: Rat/ Crl:CD@(SD) IGS BR

Number/Sex/Group: 12

Age: 12 weeks at study initiation

Weight: 333.7 to 442.0 g (M) and 208.8 to 253.2 g (F)

Study design:

Dosed and vehicle control groups of 12 rats/sex were administered 0.5 mL/kg of the test

77
Reference ID: 3153786



NDA/BLA # 202 971 Reviewer: Sonia Tabacova Ph.D.

formulation or vehicle once daily for 2 weeks by intramuscular injection into the area of the biceps
femoris of the hind leg, alternating daily between the right and left leg muscles. 8 rats/sex/group
were necropsied and evaluated after 2 weeks of dosing and the rest at the end of a 2-week recovery
period. Blood samples were collected at various time points on Day 10 to determine the systemic
exposures to aripiprazole and selected metabolites.

Observations: Mortality and clinical observations (twice daily), injection sites (daily), body
weight (baseline and weekly), food consumption (baseline and weekly); creatine kinase and
aspartate aminotransferase (blood samples obtained at the scheduled necropsies); gross- and
histopathology (representative samples of the injection sites from all animals were stained with
hematoxylin and eosin, and examined by light microscopy)

Blood samples for toxicokinetic evaluation were collected at 10 and 30 min and 1, 3, 8, and 24
hrs after a daily dose on Day 10 from four animals/sex/group/time point for analysis of
aripiprazole and its metabolites DM-1451, OPC-14857, DM-1452, OPC-3373 and 1-(2,3-
dichlorophenyl) piperazine (DCPP).

Results

There was no mortality and no changes in body weight and food consumption. During the dosing
phase, a dose-related increased incidence of discoloration and swelling at injection sites was
observed. These findings resolved after 3 days of recovery. At the end of the dosing phase, a
slight but statistically significant increase in the mean serum AST was observed in females at the
high dose, but the mean and all individual values were within the range of historic controls.
Mean AST values in males at all doses and females at 2 mg/ml did not differ from controls.
There were no drug-related changes in mean serum creatine kinase (CK) at any dose (see the
following sponsor’s table).

Serum AST and CPK in Rats Treated Intramuscularly
for 2 Weekswith Aripiprazole

Dose End of Desing End of Recovery

(mg/ke) AST (IU/L) CPK (IU/L) AST (IU/L) CPK (IU/L)
Ivlale Female Male Female MMale Female Male Female

Control 81.1x 791+ 176.1 £ 143.1 723+ 713+ 1155+ 1213 %
9.0 10.2 62.0 40.8 9.5 43 253 319

1 308+ 839+ 1620+ 140.0 £ 73.0+ 750+ 1313+ 1385+
12.5 142 425 220 12.5 7.6 67.8 223

375 851 946+ 1475+ 1288 = 730+ 693+ 1695+ 1145+
93 10.8* 475 216 8.8 5.9 82.0 376

* p= 0.05; Values are the mean + standard deviation

Gross pathology

At the end-of-dosing necropsy, increased incidence of dark and/or red discoloration of injection
sites was present.

Histopathology

Peer review: Yes

At the injection sites, degeneration, necrosis, and regeneration of muscle and subacute
inflammation, hemorrhage, edema, and fibroplasia/fibrosis of muscle and surrounding
connective tissue occurred with a “minimal severity” in the vehicle and LD groups and at a
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“minimal to mild” severity in the HD group. In all dose groups, the fibroplasia was located
primarily in connective tissue adjacent to the muscle, with lesser involvement of intramuscular
connective tissue in most animals. During the 2-week recovery period, there was nearly complete
reversibility of injection site changes. Only minimal, late stage muscle regeneration and
fibroplasia/fibrosis were still present in both control and dosed animals. The injection site
histopathology changes in vehicle control and LD groups were generally minimal in severity and
attributed to the vehicle and/or dosing procedure, while changes at the high dose were minimal to
mild and were in part drug related. Overall, intramuscular administration of a 15% Captisol
formulation of aripiprazole to rats for 2 weeks was associated with morphologic evidence of

reversible muscle irritation.
Incidence of Findings at the I njection Sites at End-of-Dose

Dose (mg/ml/day): 0 2 7.5
No. of Rats (M/F): 8/8 8/ 8/8
Sex: . M/F M/F M/F
MNecrosis, mmscle:

Minimal severity > m 42

Mild severity - - 45

Minimal severity & 77 B/8
Inflammation, subacute:;

Minimal severity e m 1/0

Mild severity - 171 T/8
Hemorrhage:

Minimal severity 53 5/6 52

Mild severity 02 01 25
Edema:

Minimal severity 01 21 B4

Mild severity - - 04
Repenecration, muscle:

Minimal severity 68 /8 o2

Mild severity 210 10 86
Fibroplasia/fibrosis:

Minimal severity 68 68 -

Mild severity - 110 B8

- Indicates absence of finding in group

Toxicokinetics
Systemic exposure to aripiprazole was dose-related and higher in males than in females. DM-
1451 was the major circulating metabolite; it was measurable up to 3 h. and 8 h. after dosing at
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LD and HD, respectively. Plasma concentrations for metabolites OPC-14857 and DM-1452 were
below the LLOQ at LD, but at HD they were measurable up to 3 hrs post dose. The rest of
metabolites (OPC-3373 and DCPP) were below the LLOQ at all time points for both tested dose

levels.

Reviewer: Sonia Tabacova Ph.D.

Plasma Toxicokinetics of Aripiprazole and M etabolites Following Daily IM Injection of Aripiprazole
for 2 Weeksto Rats

Dose Aripiprazole OPC-14857 DM-1451 DM-1452
(mg/kg) Male | Female Male | Female Male | Female Male | Female
Cmax (ng/mL)

1 198 182 =1 <1 5.50 3.03 =1 =1
3.75 911 719 2.21 2.62 12.3 592 1.76 1.86
AUC(.¢ (ng -hr/mL)"

1 365 272 NC NC 10.61 NC NC NC
375 18.50 11.31 548 6.60 535 15.27 4.52 435

NC = Not calculated. The lower limit of quantification was 1 ng/mL.

For aripiprazole, t = 8 to 24 hours. For OPC-14857, DM-1451 and DM-1452, t =3 to 8 hours

Reference ID: 3153786
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Study title: Single-Dose Intramuscular Irritation Study in Rabbits
Study no.: Otsuka Study No. 016719 (BMS Study No. 99356)

Study report: Otsuka Report No.013731, 2000
Conducting laboratory and location:

®@

Date of study initiation: 20 December 1999

GLP compliance: Yes

QA statement: Yes

Drug, lot #: Aripiprazole (OPC-31, OPC14597, BMS-337039) Lot No. C99G74M

Key study findings: Administration of a single IM dose (1 mL) of aripiprazole, at concentrations of
2, 4 or 7.5 mg/mL (as a solution in 15% Captisol and 0.05 M tartrate buffer), to female rabbits
resulted in dose-related increased creatin kinase in all dosed groups on Day 2 compared to saline or
vehicle controls. Injection site edema (“slight”) was observed across all groups including controls. At
necropsy, focal tan areas associated with and/or surrounded by hemorrhage were observed at
mjection sites at MD and HD. Microscopically, muscle degeneration/regeneration and inflammation
were observed on Day 4 post dose with “minimal” severity in the saline control group, “minimal to
mild” severity in the vehicle control, LD and MD groups, and “mild to moderate” severity in the HD
group. “Minimal to mild” hemorrhage and mineralization of degenerative muscle fibers were noted in
vehicle- and drug-treated groups. By Day 18 post dose, there was nearly complete reversibility of
mnjection site effects: minimal muscle regeneration and mineralization were still present in one animal
at 2 mg/mL, and slight edema and “minimal” muscle regeneration, inflammation, mineralization,
and/or fibrosis were apparent in the HD group. In conclusion, evidence of muscle irritation was
observed in rabbits given a single intramuscular injection of 15% Captisol®/0.05M tartrate buffer
and 2, 4 and 7.5 mg/mL aripiprazole formulations. The microscopic injection site changes observed
at LD appeared to be primarily related to the carrier and the dosing procedure since the incidence and
severity of microscopic changes were generally comparable to those observed in the vehicle control

group.

Methods

Doses: 2,40r7.5mg

Frequency of dosing: Daily for 2 weeks

Route of administration: M

Dose volume: 1 mL

Formulation/Vehicle: Aripiprazole solution in 15% Captisol® and 0.05M Tartrate
buffer (pH 4.5)

Species/Strain: Rabbits/ New Zealand White SPF

Number/Sex/Group: 6 (females only)

Age: 15 wks at study initiation

Weight: 3.1to3.6kg.

Satellite groups: No

Study design: Aripiprazole concentrations selected spanned those to be administered clinically (2
and 7.5 mg/mL) (higher concentrations of aripiprazole in 15% Captisol® resulted in
precipitation of test article at the site of injection). Two control groups, a saline control (0.9%
sodium chloride) and a vehicle control, were used in this study. A post-dose recovery period of
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18 days was used. Four animals per group were necropsied on Day 4, and 2 animals/group were
necropsied on Day 18.

Observations;

Body weight, clinical and injection site observations, serum creatine phosphokinase and
aspartate aminotransferase [blood for AST and CK determination was collected from all animals
prior to in-life initiation (day -4), on day 2 (24 hrs after IM injection) and on day 18 (recovery
phase)], and gross and histopathology evaluations of injection sites.

Results

There was no mortality, clinical signs, or effect on body weights. “Slight” injection site edema
was observed across all groups including controls. Increased creatine kinase relative to pre-dose
values was observed in all groups, including controls. A dose-related increase in creatine kinase
compared to saline or vehicle controls was observed in all dosed groups on Day 2; this change
was reversible by Day 18 (see the sponsor’s table below).

Serum AST and CK in Rabbits Treated Intramuscularly with a Single Dose of Aripiprazole

Study Day | 0 (saline) | 0 (vehicle) | 2 mg/mL | 4 mg/mL | 7.5 mg/mL
AST (IU/L)
Day -4 37271 35+92 31+83 36+ 105 37£76
Day 2 29+45 29+ 98 352116 31£73 3084
Day 182 36 30 29 21 36
CPK (IU/L)
Day -4 42721416 479 £1237 379+£339 3101101 402 £105.7
Day 2 623 £ 1597 2388 £ 649.1%* | 2167 £960.8% | 3149+ 5828 6042 =
=D
11393
Day 153 757 429 4650 173 360

*0On Day 18, n = 2 rabbits.

*p=0.05; ** p= 0.01; # p= 0.001 compared to saline control. & p= 0.001 compared to vehicle control.
Values are the mean + standard deviation.

Gross pathology

Focal tan-colored areas associated with and/or surrounded by hemorrhage were observed at
injection sites of some animals at MD and HD on Day 4 necropsy.

Histopathology

The saline control produced muscular changes compatible with the physical trauma of needle
puncture and fluid instillation. The vehicle control produced changes in the muscle that were
slightly more severe than the saline control group. Subjective microscopic assessment of the test
article-treated injection sites suggested a drug-related increase in the severity of
degenerative/regenerative changes, inflammation, hemorrhage and mineralization in the high-
dose group. These changes appeared reversible as noted by the near total resolution of lesions by
the end of the recovery period (only minimal residual muscle regeneration and mineralization in
one LD and one HD animal and minimal inflammation in two HD animals remained on day 18).
In addition, fibrosis was noted in the high-dose group at the end of the recovery period,
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reinforcing the fact that the initial degenerative and inflammatory lesions were of greater severity
in the high-dose group. Microscopic changes at the low- and mid-dose levels were similar to
those observed in the vehicle control group.

Incidence of histopathology findings
Main study animals
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Conclusion: Evidence of muscle irritation was observed in rabbits given a single IM injection of
2,4 and 7.5 mg/mL aripiprazole formulation in 15% Captisol®/0.05M tartrate buffer, as well as
in the vehicle control animals. The microscopic injection site changes observed at LD appeared
to be primarily related to the carrier and the dosing procedure since the incidence and severity of
microscopic changes were generally comparable to those observed in the vehicle control group.
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11 Integrated Summary and Safety Evaluation

The nonclinical testing strategy for intramuscular aripiprazole was abbreviated since it was
supported, in part, by results from previous in vitro and in vivo nonclinical studies conducted to
support other formulations and indications for aripiprazole. No genetic toxicity, carcinogenicity,
reproductive/developmental toxicity, or juvenile toxicity studies were performed with
intramuscular aripiprazole because these specific toxicities had been previously evaluated
following oral and/or intravenous administration described in the primary and supplemental
NDAs. Since the systemic human plasma exposure to aripiprazole at MRHD for the
intramuscular depot formulation (400 mg; 200 mg BID) did not exceed the systemic exposure at
the oral MRHD (30 mg/day), carcinogenicity and reproductive and developmental toxicity
studies using the intramuscular depot formulation of aripiprazole would not have provided any
further information to assess the potential hazard in humans. Therefore, a carcinogenicity study
of the intramuscular depot formulation was not conducted in accordance with the Executive
CAC recommendation (Executive CAC Minutes, September 26, 2008) and a waiver for
undertaking developmental and reproductive toxicity studies was granted by the FDA to Otsuka,
(June 23, 2010).

Studies conducted specifically with the IM depot formulation include PK/TK, general toxicity
and local irritation profile in single- and repeat-dose regimens in rats, dogs, monkeys and rabbits.
Pharmacokinetics: After injection of aripiprazole IM depot formulation in rats, the Cmax and
AUC of aripiprazole increased with the dose increment, and there was no gender difference in
plasma concentrations. Aripiprazole injected as a depot formulation was stable at the injection
site without being metabolized or decomposed. Based on the residual amount of aripiprazole in
the injection site, the absorption of aripiprazole increased approximately from 39% up to 84%
from 168 hours to 1008 hrs post injection, indicating a controlled release of the drug into
systemic circulation. The absolute bioavailability (assessed in mini pigs) indicated that
aripiprazole was completely bioavailable from IM and SC routes (111 % and 102%,
respectively) and incompletely bioavailable by oral route (22.3%), which is suggestive of the
extensive first pass metabolism and/or incomplete absorption of aripiprazole following PO
administration.

Assessment of aripiprazole metabolites OPC-14857, DM-1451, DM-1452, OPC-3373 and 1-(2, 3
dichlorophenyl)piperazine (DCPP) following single IM injections of aripiprazole IM depot
formulation to rats, showed that the plasma concentrations of DM-1451 increased nonlinearly
with the dose increment while the rest of the assessed metabolites (OPC-14857, DM-1452, OPC-
3373 and DCPP) were below the lower limit of quantification (LLQ). The rank order of the
Cmax and AUCt for aripiprazole and its metabolites was aripiprazole> DM-1451> OPC-3373>
OPC-14857.

The pivotal repeat dose general toxicity studies supporting the clinical development of
intramuscular aripiprazole IM depot formulation were performed in rats (26-weeks), dogs (52
weeks) and monkeys (4 weeks). Aripiprazole was administered weekly in the 26-week study in
rats and the 52-week study in dogs, whereas daily administrations were used for the 4-week
monkey study. All pivotal toxicity studies were conducted in compliance with GLP regulations.
Dose selection for pivotal studies was based on results from preceding intramuscular exploratory
or range-finding studies.
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Rats: Weekly intramuscular injections of OPC-14597 depot formulation to rats at maximal dose
of 100 mg/kg for a period of 26-weeks resulted in granulomatous inflammation to the deposited
drug at the injection site. There was no morphologic evidence of drug- related skeletal muscle
necrosis in any of the dosed animals. Morphological changes in female reproductive and
mammary tissues and atrophy of pituitary pars intermedia in both genders were present at all
dose levels, and were likely pharmacologically mediated as a consequence of D2 partial agonistic
activity of OPC-14597. The NOAEL was 50 mg/kg/week in the males and 100 mg/kg/week in
the females since low body weight and decreased food consumption were observed in the males
given 100 mg/kg, but not in the treated females under the conditions of the present study. At the
NOAEL, the Cmax and AUC4 of aripiprazole at week 26 were 98.1ng/mL and 598.6 ng.d/mL
respectively for males and 1135.3 ng/mL and 4336.2 ng.d/mL, respectively for females.

Dogs: Administration of aripiprazole depot formulation to beagle dogs by weekly IM injections
at doses of 10, 20 and 40 mg/kg of aripiprazole for 52 weeks resulted in localized granulomatous
inflammation at the injection site in the males at all dosages and in HD females, and in necrosis
of muscle fibers involved in the granulomatous inflammation in 1 HD female at the end of the
52-week dosing period. The inflammation consisted of accumulation of macrophages,
eosinophilic deposits, foreign body giant cells, lymphocytes and polymorphonuclear leukocytes,
in association with deposits of birefringent crystal-like material (interpreted as drug). The gross-
and histopathology changes at the injection site were reversible by the end of the 26-week
recovery period. There were no clinical signs, and no drug-related changes in body weight, food
consumption, hematology, blood chemistry, urinalysis, ophthalmology, audiology,
electrocardiography, body temperature, no drug-related changes in organ weights or in gross-
and histopathology of the systemic organs. The NOAEL was 40 mg/kg/week. At the NOAEL,
the Cmax and AUCq4 of aripiprazole at Week 52 were 438ng/mL and 2460 ng.d/mL,
respectively for males and 306 ng/mL and 1820 ng.d/mL, respectively for females.

Monkeys: Intramuscular daily administration of aripiprazole depot formulation at doses of 2, 4,
or 7.5 mg/kg to Cynomolgus monkeys for 29 days, resulted, at all doses, in CNS-related clinical
signs (reduced activity, most likely pharmacologically mediated) and reversible skeletal muscle
injury at the injection site. Small increases in serum aspartate aminotransferase at mid- and high
dose were likely a consequence of injection site injury. Microscopically, increased incidence
and/or severity of skeletal muscle necrosis (minimal to mild), degeneration (mild to moderate),
and regeneration (mild to moderate) were observed at injection sites at all doses, while injection
site changes associated with the control article and/or intramuscular injection procedure were
generally minimal in severity. All changes at the injection site showed evidence of reversibility.
Following a 1-month post-dose recovery period, there was no residual fibrosis at the injection
sites of monkeys given either the control article or aripiprazole formulations. Exposures to
aripiprazole and its pharmacologically active dehydro-metabolite (BMS-337044) were dose-
proportional with no apparent sex differences. Small accumulation in systemic exposure
occurred upon repeated dosing for 29 days. A NOAEL was not reached in this study (lowest
tested dose of 2 mg/kg/day) since injection site skeletal muscle injury was present at all doses.
Local Tolerance: Local tolerance studies were conducted in rats, rabbits, dogs and monkeys with
different IM depot formulations to determine a suitable formulation for use in toxicity studies. A
formulation based on carboxymethyl cellulose (CMC) was found to be well tolerated in the rat,
rabbit and dog, but not in the monkey. Another formulation of aripiprazole (in 15% Captisol)
was examined in the rat and rabbit and was also found to be well tolerated in these 2 species.
Microscopically, the primary finding at the injection site from these studies was a localized,
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granulomatous inflammatory response to deposited drug consistent with a foreign-body reaction
in response to deposited drug (polymorphic, birefringent crystalline material). This inflammation
was not completely resolved by termination of the studies.

- CMC formulation local tolerance studies: Aripiprazole in a CMC formulation ( @mannitol,
monobasic sodium phosphate, sterile water for injection, pH 7; particle size P9 was
administered to rats in two local tolerance studies, at single IM doses of 12.5, 25 and 50 mg/kg,
with corresponding dose volumes of 0.12, 0.25 and 0.5 mL/kg, respectively. At all doses, there
was a dose-related increase in the incidence of injection site swelling that represented deposits of
test article in the muscle; white discolored foci were observed at necropsy. Microscopically, the
primary finding at the injection site from both studies was a localized, granulomatous
inflammatory response to deposited drug that was consistent with a foreign-body reaction. This
inflammation was not completely resolved by Day 45 post-dose.

Local tolerance studies using the CMC-based formulation were also conducted in rabbits. In the
first study aripiprazole was administered as single IM doses of 25, 50 or 100 mg (corresponding
dose volumes of 0.25, 0.5 or 1 mL, respectively, of a 100 mg/mL suspension). A second study
employed single IM doses of 150 or 200 mg (corresponding dose volume of 1 mL of a 150 or
200 mg/mL suspension). At the lower doses of the first study (up to 100 mg/injection), there
were no clinical signs or injection site findings in any of the drug-treated groups. At the higher
doses of the second study, mild edema at the injection site was noted and white or tan
discoloration at the injection sites (consistent with deposits of the test article and associated
inflammation) was noted in all drug-treated animals. The size of these discolored foci was
generally dose related, and there was a reduction in size over time. The microscopic findings at
the injection site were similar to those seen in rats and consisted of granulomatous inflammation
as a foreign-body reaction in response to deposited drug (polymorphic, birefringent crystalline
material). The inflammatory reaction was most severe early in the study (e.g., Day 15) and
declined in severity towards the end of recovery period (Day 57 post-dose). Other drug-related
findings indicative of skeletal muscle injury included “minimal” degeneration and necrosis
(Days 4 and/or 7 post-dose) and “minimal regeneration” (Day 15 post-dose).

Local tolerance to the CMC-based formulation was studied in dogs administered aripiprazole
(100 mg/mL in ®® CMC) as two injections at total dose volumes of 2, 3 or 4 mL to provide
doses of 200, 300 or 400 mg, respectively. At the mid- and high dose, swelling and erythema
were evident at the injection sites, most likely related to the large dosing volume; at necropsy,
white discoloration (deposits of the test article), red discoloration of subcutaneous tissue
(hemorrhage) and swelling were noted at the injection sites in mid- and high dose groups.
Microscopically, the primary tissue response to deposited drug was subacute inflammation at all
doses with a dose-related severity. Other microscopic injection site changes included: edema,
hemorrhage, degeneration of skeletal muscle, granulomatous inflammation, and
fibroplasia/fibrosis.

Intramuscular administration of aripiprazole in CMC formulation to monkeys resulted in greater
toxicity (primarily at the injection site) compared to other tested species. In monkeys, 0.5 mL of
aripiprazole formulation (50 or 100 mg/mL in ®®CMC), administered IM at total dose volume
of 0.5 mL to provide doses of 25 or 50 mg, respectively, resulted in hypoactivity at HD and acute
mjection site swelling and discoloration at both doses. Compared to pretest values,
administration of the 50 mg/mL and 100 mg/mL formulation resulted in a drug-related increase
in aspartate aminotransferase and creatine phosphokinase in both sexes on Day 2 postdose,
partially reversible by Days 4 and 7 postdose. White discoloration (apparent test article deposits
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in muscle), was noted in the injection sites through Day 29 for both concentrations and did not
decrease with time. Microscopically, granulomatous inflammatory response to birefringent
crystalline drug deposits was noted that was characterized by accumulation of macrophages with
foamy cytoplasm and eosinophils. Although the severity of the microscopic changes tended to
decrease with time, a complete resolution of the inflammatory process did not occur by study
termination (Day 29 post dose).

- Captisol formulation local tolerance studies: Two studies were conducted using a formulation
based on 15% Captisol and 0.05 M tartrate buffer (pH 4.3 to 4.5) vehicle. In the first study, rats
were treated once daily for 2 weeks with IM doses of 1 or 3.75 mg/kg (0.5 mL/kg at
concentrations of 2 or 7.5 mg/mL). A dose-related increased incidence of discoloration and
swelling at injection sites was observed that resolved 3 days after discontinuation of treatment.
At the end of the dosing phase, a slight but statistically significant increase in the mean serum
AST was observed in females at the high dose. At the end-of-dosing necropsy, degeneration,
necrosis, and regeneration of muscle and subacute inflammation, hemorrhage, edema, and
fibroplasia/fibrosis of muscle and surrounding connective tissue were observed microscopically
in the high dose group, as well as in the vehicle and low dose groups with lesser severity. During
the 2-week postdose period, there was nearly complete reversibility of injection site changes.

In rabbits, single 1 mL doses of aripiprazole in 15% Captisol and 0.05 M tartrate buffer (pH 4.5)
were administered using concentrations of 2, 4, or 7.5 mg/mL. “Slight” injection site edema was
observed across all groups including controls. A dose-related increase in creatinine
phosphokinase on Day 2 was observed compared to saline or vehicle controls, reversible by Day
18 post dose. At Day 4 necropsy, focal tan areas associated with and/or surrounded by
hemorrhage were observed at injection sites of some animals at mid- and high dose.
Microscopically, muscle degeneration/regeneration and inflammation were observed with
minimal severity in the saline control group, minimal to mild severity in the vehicle control, LD
and MD groups and greater severity in the HD group. By Day 18, minimal muscle regeneration
and mineralization were still present in one animal at 2 mg/mL, and very slight edema and
minimal muscle regeneration, inflammation, mineralization, and/or fibrosis were apparent at HD.
In summary, local irritation was assessed in studies using single intramuscular injections of
aripiprazole in a CMC-based formulation to rats, dog and rabbits resulted in similar gross and
histopathology changes at the injection site. The changes observed consisted of white or
discolored foci, interpreted as deposition of the drug, and associated granulomatous
inflammation. Cellular infiltrates, e.g., macrophages, were occasionally seen in association with
the local tissue inflammatory reaction. A comparable inflammatory response was also observed
in rats and rabbits administered aripiprazole in a Captisol formulation. During the postdose
recovery period, the injection site changes diminished in size and severity but the recovery was
incomplete even with a prolonged (up to 57 days) post-dose recovery period.

The toxicity observed in the monkey, in contrast to the rat, dog and rabbit, was generally more
severe with either single or repeat dosing. In addition to clinical signs related to the
pharmacological action of aripiprazole, injection site changes included the expected local
inflammatory reaction as well as skeletal muscle degeneration and/or necrosis with regeneration,
subacute inflammation, hemorrhage, edema and fibroplasia/fibrosis with associated changes in
clinical pathology changes. These findings were considered to some extent to the vehicle
(Captisol) and trauma associated with injection with a slight exacerbation of the injection site
injury attributed to aripiprazole. In addition, the greater sensitivity to injection site reaction
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observed in the monkey was most likely due to the more frequent (daily) dosing regimen, in

contrast to weekly dosing in other species, as well as the smaller thigh tissue mass in the monkey.

Systemic exposure to aripiprazole and metabolites following intramuscular injection was dose-
related in all of the toxicity studies described above. Exposure to aripiprazole with intramuscular
injection was prolonged with the parent compound detected at 29 days or more following a
single injection. With repeat dosing, systemic levels of aripiprazole and metabolites increased
with dose and the increase was not generally dose proportional. There were no remarkable
differences between genders (sponsor’s summary table below).

Comparison of TK Parametersfor Aripiprazole (IM Depot) and Metabolites acr oss Species at the NOAEL
(TK data represent repeat-dose exposure at the end of the dosing period)

Species Rat Dog Doz Monkey'
Study 26 Weeks 16 Weels 51 Weeks 4 Weeks
Duration
Sex Male Female Male Female Male Female Male Female
NOAEL Dose ] 100 40 i 40 40 p! 2
(mg/kg)
AUCo.5 (agbinl)’
Aripiprazele 0523 14867.0 49029 52114 84343 6240.0 1263 2189
[598.6) [4336.7) (1430) (1520 {2460) (1820)
OPC-14857 19.54 11859 1803 4 1700.8 32263 789 534 638
(3.7} (34393 (326) (496) (%41 (123)
DM-1451 161.8 1745 26.2 218 il4 103 ND ND
470 (30.9) (7.64) (.95 (1500 8.3
DM-1452 NC 87.0 668.6 89.7 11966 904 3 ND ND
(28.3) (195) (173 (349) (290)
OPC-3373 NC 1659 1272 170.7 2424 2061 ND ND
(43.4) (371 {498 (707 (6013
DCFE NC £3.1 727 782 161.1 Bog WD ND
(18.4) {21.Y {215 41m (26.2)
Cingy (ng/mlL)
Anpprazole 08.1 11333 263 295 438 06 897 767
OPC-14857 1.8 101.1 89.7 8735 163 122 43 49
DM-1451 8.2 §.2 1.79 1.63 1.86 1.54 ND ND
DM-1452 =LLOQ 7. 337 0.7 64 4 476 ND ND
OPC-3373 =110 148 6.73 104 138 114 WD ND
DCFE LLOG 50 4.06 309 87 333 ND ND

AUCO-t = area under the concentration-time curve; Cmax = maximum concentration; LLOQ = lower limit of quantification (2 ng/mL); NC = not
calculated; ND = not determined; NOAEL = no observed adverse effect level.

aFor the monkey, a NOAEL was not established. The toxicokinetic parameters are shown for the lowest dose tested. For the AUC, the values are
in units of ng h/mL.

b
The AUC is shown as the AUC0-24h (ng h/mL) and was calculated from the AUC7d (ng d/mL) that is given in parenthesis
Source: Otsuka Report Nos. 019345 (26-week rat), 019346 (26-week dog), 022722 (52-week dog), 017831 (4-week monkey)
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Toxicity Species NOAEL NOAEL Safety Margin* AUC**
(mg/kg) M/F (mg/m2) M/F Based on body at NOAEL
surface area (m2) (ng.h/mL)
General
Repeat-dose | Rat 50 mg/kg/week (M) 300 mg/m2/week (M) 4.9 AUCy
100 mg/kg/week (F) 600 mg/m2/week (F) 9.7 599 (M)
4336 (F)
Dog 40 mg/kg/week(M/F) 800 mg/m2/week 13 AUCy
2460 (M)
1820 (F)
Monkey | <2 mg/kg/day (M/F) < 24 mg/m2/day NA AUCq.241
<2263 (M)
(NOAEL not reached: less <2189 (F)
than the lowest tested dose
of 2 mg/kg/day)

* MRHD in human: 400 mg/4 wks (100 mg/week = 1.7 mg/kg or 61.7 mg/m? for a 60 kg person)
**AUC.084 in human: 163 mecg h/mL at MRHD

Conclusion and recommendation: Based on the results from the nonclinical general toxicity
and local tolerance studies and safety margins between animal exposures at NOAEL and human
exposure at MRHD of 400 mg per 4 weeks (per m2 of body surface area), aripiprazole IM Depot
formulation is safe to administer to humans.
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12 Appendix/Attachments

None
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR

NDA/BLA or Supplement
NDA/BLA Number: 202971  Applicant: Otsuka Stamp Date: 9/26/2011
Drug Name: Aripiprazole NDA/BLA Type:

Extended Release Suspension
for injection

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes | No Comment

1 |Isthe pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a \
manner to allow substantive review to
begin?
2 |Is the pharmacol ogy/toxicology section
indexed and paginated in a manner allowing \
substantive review to begin?
3 |Isthe pharmacol ogy/toxicology section N
legible so that substantive review can
begin?

Areal required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed

The pharmacology, safety pharmacology, genetic toxicity,
carcinogenicity and reproductive/developmental  toxicity
studies are cross-referenced from the original NDA 21-436
(oral tablet) and from supplemental NDAs 21-713 (ora
solution), 21-729 (ora disintegrating tablet) and 21-866

have been performed in accordance with the
GLP regulations (21 CFR 58) or an
explanation for any significant deviations?

and Sl,lbnjl'.[ted (carci ”ogen' city, \ (injectable IM rapid release formulation).

mutagenicity, teratogenicity, effects on A carcinogenicity study of the intramuscular depot

fertility, juvenile studies, acute and repeat formulation was not conducted in accordance with the

dose alit anima Studies, animal ADME Creiue CAC comivion Bxemtve CAC Uires 925

studies, safety pharmacology, etc)? reproductive toxicity studies was granted by the FDA (e-
mail from K. Kiedrow 6/23, 2010).

If the formulation to be marketed is _ NA.

different from the formulation used in the Eg;ﬁ]fjgﬂg:]aﬂggdt?nﬁmfzfﬁésy”S‘t)ag'g)er ent from the

toxicology studies, have studies by the

appropriate route been conducted with

appropriate formulations? (For other than

the oral route, some studies may be by

routes different from the clinical route

intentionally and by desire of the FDA).

Does the route of administration used in the

animal studies appear to be the same as the

intended human exposure route? If not, has v

the applicant submitted arationale to justify

the alternative route?

Has the applicant submitted a statement(s)

that al of the pivotal pharm/tox studies J

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement
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NDA/BLA or Supplement
Content Parameter Yes | No Comment
8 |Hasthe applicant submitted all specia
studies/data requested by the Division N

during pre-submission discussions?

9 |Arethe proposed labeling sections relative
to pharmacol ogy/toxicology appropriate
(including human dose multiples expressed N
in either mg/m2 or comparative
serum/plasmalevels) and in accordance
with 201.57?

10 |Have any impurity — etc. issues been
addressed? (New toxicity studiesmay not | see CMC review
be needed.)

11 |Has the applicant addressed any abuse
potential issues in the submission? N Cross-referenced from the original NDA 21-436

12 |If thisNDA/BLA isto support aRx to OTC N.A.
switch, have al relevant studies been
submitted?

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? __ Yes

If the NDA/BLA is not fileable from the pharmacol ogy/toxicology perspective, state the reasons
and provide comments to be sent to the Applicant.

Please identify and list any potential review issuesto be forwarded to the Applicant for the 74-

day letter.

Sonia Tabacova 11/09/2011
Reviewing Pharmacol ogist Date

Aisar Atrakchi 11/14/2011
Team L eader/Supervisor Date
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