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1 Executive Summary 

1.1 Introduction 

This is a 505(b)(2) NDA submission for risperidone extended release injectable suspension 
(RBP-7000), a once monthly, extended release, subcutaneously injected depot formulation of 
risperidone for the treatment of schizophrenia in adults. The reference listed drug (RLD) is 
risperidone (NOA 020272, RISPERDAL tablets). Risperidone is approved for use in the US in a 
tablet form (RISPERDAL® Tablets) and as a long-acting intramuscular injection (i.e., 
RISPERDAL CONSTA®). 

RBP-7000 is a risperidone depot drug product to be administered SC in the abdomen once 
monthly; the maximum dose is 120 mg risperidone administered as a 0.8-ml injection. RBP-
7000 contains H

4
l risperidone in the ATRIGEL® Delivery System (diluent} consisting of <bH

4
> 

<b><<rJ polymer, 80:20 poly(D-L-lactide-co-glycolide) with a 1
u

11
"
1 

(PLGH), and <b><4I N-methyl-2-pyrrolidone (NMP), a <b><4
> <b><41iThe 

drug product is prepare as a 2-syringe system: one liquid-filled syringe [Synnge A) contains 
ATRIGEL Delivery System and one powder-filled syringe (Syringe B) contains the risperidone 
drug substance. 
This 505(b)(2) submission relied on 3 sources of nonclinical safety information: 
1. Nonclinical studies for PK, TK and toxicity evaluation of RBP-7000 and/or the ATRIGEL 
Delivery System. The toxicity studies provide a direct comparison between RBP-7000 and 
ATRIGEL Delivery System administered alone. 
2. The approved labelling for risperidone from NDA 020272 (RISPERDAL ®Tablets) and safety 
information for the ATRIGEL Delivery System from approved products containing the ATRIGEL 
Delivery System. 
3. Published scientific literature. 

1.2 Brief Discussion of Nonclinical Findings 

In the pivotal , GLP-compliant, repeat-dose general toxicity studies in rats and dogs with SC 
monthly administration for 6- and 9-months of the clinical to be marketed formulation, RBP-7000 
was well tolerated at doses of up to 60 and 80 mg/kg in rats and dogs, respectively, and 
provided sustained exposure to risperidone active moiety with predictable systemic effects and 
minimal to moderate effects at the local injection site. Plasma exposure in male and female rats 
at the NOAEL of 60 mg/kg provides a safety margin of 10- to 20-times (for Cmax), 8- to 14-times 
(for AUC0-24h) and 3- to 4-times (for AUC0-2ad) the corresponding human exposure parameters at 
the maximal clinical dose of 120 mg risperidone; the safety margins at the dog NOAEL of 80 
mg/kg are 42 to 60 times (for Cmax), 62 to 91 times (for AUC0.24h) and 45 to 57 times (for AUC0. 
28d) the corresponding human exposure parameters at the maximal clinical dose of 120 mg 
risperidone (PK data from the multiple-dose clinical Study RB-US-09-0009). 
RBP-7000 was negative when tested for genetic toxicity in a valid micronucleus assay in male 
and female rats by SC dosing. Micronuclei induction was also not present upon SC 
administration of ATRIGEL Delivery System alone (vehicle control ) using the same dosing and 
sampling regime. 
Carcinogenicity studies have not been conducted with RBP-7000. The Division waived the 
carcinogenicity study requirement for RBP-7000 based upon its composition, pharmacology and 
toxicology, and the absence of pre-neoplastic lesions in the toxicity studies in rats and dogs 
(correspondence of 9 July 2012), as well as on the carcinogenicity studies already conducted in 
rat and mouse with risperidone under Risperdal Tablet NDA 20272 (see drug label). 
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Reproductive and developmental toxicology studies were not performed with RBP-7000, but 
were conducted with ATRIGEL Delivery System alone (without the active pharmacological 
ingredient) in rats and rabbits using a similar (but not identical) extended-release product <bf<;f, 

. The safety margins for the maxima 
human dose of RBP-7000l contalning 800 mg ATRIG L Delivery System) are !bff4>times the 
NOAEL values for male sperm parameters, pre- and postnatal developmental toxicily, and ::J 
times the NOAEL for female fertility, based on mg/m2 body surface area. 
Juvenile toxicity studies with RBP-7000 have not been conducted, but were performed for oral 
risperidone in juvenile rats and dogs (RISPERDAL Tablets Label 2017). 

1.3 Recommendations 

1.3.1 Approvability: Approvable 

1.3.2 Additional Non Clinical Recommendations: None 

2 Drug Information 

2.1 Drug 

CAS Registry Number: 106266-06-2 

Generic Name: Risperidone extended release suspension (RBP-7000) for injection 

Code Name: PERSERIS 

Chemical Name: 3-[2-[4-{6-F/uoro-1, 2-benzoxazol-3-yl)piperidin-1-y/]ethyl]-2-methyl-6, 7, 8, 9-
tetra-h ydro-pyrido[ 1, 2-a]pyrimidin-4-one 

Molecular Formula/Molecular Weight: C23H21f N4Q2 I 410.5 g/mol 

Structure or Biochemical Description: 

Risperidone Base 

a~. 
0 

F 

Drug Product Composition 
Component Nominal Composition 

0/o w /w I mg/u n it dosea I mgfkgb 

Risperidone Base (Syringe B) (6)~) 

P LGH (Syringe A) 

NMP (Syringe A) 

Total 

Approximate Delivered Volume (ml) 

NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-co-glycolide)L~~ (bf(4f 
a. mg/unit dose calculated based on the actual formulation of !bl !4Jnspendon~NMP and !bff4lpLGH. 
b. Based on 60-kg human body weight 
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Pharmacologic class: Antipsychotic 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

NDA 020272 RISPERDAL tablets (Listed drug); IND 105623 (Referenced IND) 

2.3 Drug Formulation 

RBP-7000 injectable suspension contains <b~ risperidone in the ATRIGEL® Delivery System 
consisting~><4> <bl<

4
I polymer, 80:20 poly(D-L-lactide-co-glycolide)J <bH

4
> 

(PCGB), and (bff4I N-methyl-2-pyrrolidone (N P), a 
(b)(j <bH

4l The drug product is prepare as a 2-syringe system: one liquid-filled 
syringe (Syringe A) contains ATRIGEL Delivery System and one powder-filled syringe (Syringe 
B) contains the risperidone drug substance. 

2.4 Comments on Novel Excipients 

The excipients in the drug product formulation (NMP and PLGH) are listed in the Inactive 
Ingredient (llG) Database. Nonclinical safety studies (single- and repeat-dose toxicity, 
genotoxicity and developmental and reproductive toxicity were conducted with the drug 
formulation and/or ATRIGEL Delivery System. 

2.5 Comments on lmpurities/Degradants of Concern 

Impurities in the risperidone drug substance are characterized and specification limits 
established. Any unknown impurities designated under the category of any single unspecified 
degradation product will be limited to not more than :~~% . There are 8 specified im urities 
present in the drug substance. These impurities are controlled <bll

4
> 

(bH4l~he specification im1ts of the 
USP impurities are listeaOii'"'tne rug substance spec1fi·-ca- .-.-10-n- and align with the current USP 
limits. The specified impurity <b><j is controlled (bl<4J using a 
specification limit <b><4I%) that is less han he qualification thresholde'Sta6Jlsneain ICR Guideline 
Q3B(R2). <bll41 

Im purify 
levels 1flRBP-=7000 arug proauct rots usea for ey nonclinical toxicity studies were characterized 
and provide additional support for its margin of safety. Taken collectively, no qualification of this 
impurity is required. 

There are no extractables/leachables of concern; the safety margin for any extractable/ 
leachable is at least fivefold below the allowable threshold. No leachables were observed in the 
monitored stability batch. 

2.6 Proposed Clinical Population and Dosing Regimen 

RBP-7000 is to be administered for the treatment of schizophrenia in adults by SC injection in 
the abdomen once monthly; the maximum dose is 120 mg risperidone administered as a 0.8-ml 
injection. 

2.7 Regulatory Background 

Risperidone is approved for use in the US in a tablet form (RISPERDAL ®Tablets) and as a 
long-acting intramuscular injection (RISPERDAL CONSTA®). 
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3 Studies Submitted 
Pharmacology: Two non-GLP studies (#QRS-C186-06 and QRS-C162-06) on RBP-7000 
pharmacologic effect in apomorphine-induced emesis model in dogs. 

Safety pharmacology: Studies were not conducted with RBP-7000. 

Pharmacokinetics/ADME: Two GLP single-dose formulation development studies (Studies # 
RBRS-C063-70-09 and RBRS-C092-70-11) and one GLP multiple-dose PK study (Study 
RBRS-C029-70-09); Non-GLP formulation-development studies of early formulations of RBP
7000 to characterize the PK profile and to compare SC exposure to PO and IV risperidone; 
Non-GLP single dose PK studies to assess the ability of RBP-7000 to provide sustained plasma 
risperidone concentrations for 28 days in dogs; Dose dumping potential evaluation (study # FC
RPT-0347R); Tissue distribution study to evaluate the absorption, distribution and PK of the 
ATRIGEL Delivery System components in rats following SC injection of a formulation 
containing14C-PLGH and no active pharmaceutical ingredient. Metabolism or metabolite 
identification studies, as well as excretion studies have not been conducted with RBP-7000 

Toxicology: The submitted toxicology studies are listed in the following sponsor’s table: 

Genotoxicity: In vivo rat micronucleus genotoxicity study with RBP-7000 SC administration 
(Study RBLS-R07-70-10). Note: A full battery of genotoxicity studies were conducted with 
risperidone under the approved NDA 020272 (RISPERDAL Tablets). 
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Carcinogenicity: No carcinogenicity studies have been conducted with RBP-7000. 
Based upon the composition of RBP-7000, the status of active and inactive ingredients, the 
known pharmacology and toxicology characteristics of the API risperidone (rat and mouse 
carcinogenicity studies conducted under NDA 20272), and the proposed use, the Sponsor has 
obtained a waiver for carcinogenicity studies (correspondence of 9 July 2012). 

Reproductive and developmental toxicity: Reproductive and developmental toxicity studies 
were performed with ATRIGEL Delivery System SC administration in rats and rabbits (Studies 
FC-RPT-0336R and FC-RPT-0337R). 
Pre- and postnatal development studies and 2-generation reproductive study were conducted 
with risperidone in rats and rabbits under the approved NDA 020272. 

Juvenile Toxicity Studies: Juvenile animal studies (JAS) with RBP-7000 have not been 
performed. However, JAS were performed for oral risperidone in juvenile rats and dogs 
(RISPERDAL Tablets Label 2017). 

3.1 Studies Reviewed 
All submitted studies (except for the early formulation development studies) 

3.2 Studies Not Reviewed 
Early formulation development studies; these were screening studies done to select the final 
formulation, they were not conducted under GLP and no unique findings were identified. 

3.3 Previous Reviews Referenced 
None 
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4 Pharmacology 

4.1 Primary Pharmacology 

Because the pharmacology of the drug substance is well known, the objective of the RBP-7000 
pharmacology program was to confirm the pharmacology effect of RBP-7000 exposure following 
SC administration in dogs. In order to demonstrate the pharmacologic ability of RBP-7000 to 
block central D2 receptors, the inhibition of apomorphine-induced emesis was evaluated in 2 
non-GLP studies in male beagle dogs. Apomorphine is a direct dopamine receptor agonist, with 
marked affinity for D2, D3, D4 receptor subtypes and, to a lesser extent, D1 and D5. In beagle 
dogs, apomorphine-induced activation of D2 receptors produces dose-dependent emesis 
(Depoortere 2008)1. In contrast, risperidone, as a selective D2 and 5-HT2 receptor antagonist, 
completely blocks the apomorphine-induced emes·is following IV, SC or PO administration 
(RISPERDAL CONSTA Product Monograph 2015). 

Pharmacology Studies with RBP-7000: Apomorphine-induced Emesis in Dogs (Non-GLP) 

Species 
Study Type 

80 :20 PLGH 
Route Risperidone Dose (mg) Study No. MW (kOa) 

(b)(4l 
SC 60, 90, 120 

Dog PK, PD QRS-C186-06 
PO 2, 3. 4 

Dog PK, PD SC 60 QRS-C162-06 

kDa=kilo Daltons; MW=molecular weight; PD=pharmacodynamics; PK=pharmacokinetic; PO=oral; 
PLGH=poly(D L-lactide-co-glycolide) (bf<<Jl SC=subcutaneous 

(bl\41 

Key findings (studies QRS-C186-06 and QRS-C162-06): Following SC administration of RBP-
7000 at single doses of 60 - 120 mg risperidone per dog (n=6/sex/dose), an immediate inhibition 
of apomorphine-induced emesis was noted within the first 24 hours. Inhibition of apomorphine
induced emesis continued for 35 days after a single SC administration of RBP-7000 at 60, 90 or 
120 mg risperidone, demonstrating that adequate risperidone levels were maintained to block 
the central D2 receptors in this pharmacologic model. While the molecular weight of the polymer 
in the ATRIGEL Delivery System in these studies was not identical to the clinical formulation 
that utilizes 80:20 PLGH with a molecular weight of approximately ~~ kDa <bH

4
> 

all nonclinical studies with the 80:20 PLGA polymer 
(ljff

4
l demonstrated comparable exposure to 

risperidone acfi-ve_ m_o-.1'e-.-y-. ---------

Single-dose 42-Day Pharmacokinetic and Pharmacodynamic Study of RBP-7000 in 
Dogs (Study No.QRS-C186-06) 

This non-GLP study compared PK and PD profiles of RBP-7000 and oral risperidone. 36 male 
beagle dogs (6/group) received the RBP-7000 test article (ljH4l risperidone in <6J c4l 80:20 
PLGH tbH

4l and <b><
4J NMP (N-me li'Yl-2-pyrrolidone) a 60, 90 or 120 

mg by a single SC Injection, or the con rol'8rticle of 2, 3 or 4 mg risperidone by a single oral 
dose. The PK and PD profile of the test and control articles were followed for 42-days. The 
RBP-7000 formulation evaluated in this study was the same as the proposed commercial 

1 Depoortere R, Barret-Grevoz C, Bardin L, Newman-Tancredi A. Apomorphine-induced emesis in dogs: Differential sensitivity to 
established and novel dopamine D2/5-HT1A antipsychotic compounds. Eur J Pharmacol 2008;597:34-38 (as cited by the sponsor). 
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formulation but with a <b><
4
l which was not expected 

to affect the PD of risperidone. 
Apomorphine (0.04 mg/kg) was administered IV to each dog on Days 20, 24, 30 and 35 to 
determine the antiemetic effect of the test article. The dogs were monitored for at least 15 min 
for presence or absence of emesis. 
All dogs in the study were emesis-free after each apomorphine challenge, with the exception of 
1 dog in the low-dose RISPERDAL Tablet group (2 mg/day), with plasma total active moiety 
concentrations below the limit of quantitation at the blood collection time points nearest to the 
apomorphine challenge. These results indicate the RBP-7000 formulation sustained sufficient 
plasma levels of risperidone to block D2 receptors, which were similar to plasma levels 
observed following administration of approximately equivalent PO RISPERDAL Tablet doses. 
Reviewer's Note: The PK part of this study is presented under Section 5.1.of this review. 

Single-dose 45-Day Pharmacokinetic and Pharmacodynamic Study of RBP-7000 in 
Dogs (Study QRS-C162-06) 

This non-GLP study determined the 45-day PK and PD profile of three RBP-7000 test 
formulations which varied in the lactide to glycolide ratio in Beagle dogs (GM/group). A 
description of the test articles used in this study is shown in the following sponsor's table. 

Test Articles Evaluated in Study QRS-C162-06 
Gro up No. Inj ect ion RSP Route Formulation 
(Description) A nimals Volume• Dose 

(fJL) (m g)' 

1 6M 400 60 SC !5)(.f)l SP ·n AIRIGFI [)P.JiveOI , 
(RBP-7000) System (b)(41 

2 6M 400 60 SC (1>J1
4J SP inAIRIGEL DeJiverv I 

(RBP-7000) System (1>)(41 

3 6M 400 60 SC ~ · . I SP m ATRIGEL Delivery . 
(RBP-7000) r-SvstemJ (~~4l4 

NMP=N -methyl-2-pyrrolidone; PLGH=80:20 poly(D,L-lactide-co-glycolide >I !b)!4! PLG=poly(lactide -CO-
- -glycolide), RSP- nspendone, SC-subcutaneous 

a. Nominal dose per animal was based on target injection volume and drug loading·~· ----.(bl <
4
! 

The RBP-7000 formulation for Group 2 in this study was the same as the proposed commercial 
formulation but with a (b!W the difference was not expected to 
affect the PD of the formulation. 
To determine the antiemetic effect of RBP-7000, all dogs were administered apomorphine (0.04 
mg/kg IV) on Days 1, 3, 7, 10, 14, 21, 29, 35, 42 and 45 following a single RBP-7000 SC 
administration of 60 mg risperidone. The dogs were monitored for at least 15 min. and the 
presence or absence of emesis was recorded. Plasma exposure to risperidone and 9-
hydroxyrisperidone was determined in blood samples collected on the same days. 
Results for the group (Group # 2) which received the proposed ~ommercial formu.lation \ <bl14j 
risperidone in (bH4

> 80:20 PLGH <b><4> and (bH4
> NMP) are 

presented in the following sponsor's table. 

NMP=N-meth 
risperidonein 

Reference ID: 4284319 

Apomorphine-induced Emesis Following SC Administration of RBP-7000 
(N dogs with emesisfT otal number of dogs evaluated) 

Formula lion Dose Regimen Apomorphine Challenge Oay 
RSP Dose Route 1 3 7 10 14 21 29 35 42 45 

RBP-7000 Single (Day 0) 0/6 0/6 0/6 016 016 0/6 0/6 0/6 1/6 1/6 
60mg SC 

yl-2-pyrrolidone; PLGH- 8020 poly(D, L-lactide-co-glycolide~ !bf(4) RBP-7000 
~6)(4) 80/20 PLGH (b)(4~ andfbH4! NMP; RSl-'-nspendone; SC=subcutaneous 
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All dogs receiving the RBP-7000 formulation were emesis-free from Day 1 through Day 35, after 
which 1 of 6 dogs vomited on Days 42 and 45. These results were consistent with the PK profile 
where the maximum plasma concentration of the total active moiety was reached after 6 h, and 
the mean plasma total active moiety concentrations exceeded 16 ng/mL through Day 35. These 
data indicated that the plasma concentrations of total active moiety were sufficient to block 
central D2 receptors and were maintained for 35 days after a single injection of RBP- 7000. The 
plasma concentration of the total active moiety for the dog showing emesis on Days 42 and 45 
post-injection were 5.5 and 3.1 ng/mL, respectively (concentrations insufficient to prevent 
emesis were much lower than the mean effective plasma concentrations of ≥ 16 ng/mL). 

4.2 Secondary Pharmacology: 
No secondary pharmacology studies were conducted with RBP-7000. 

4.3 Safety Pharmacology 
No safety pharmacology studies were conducted with RBP-7000. The safety pharmacology of 
risperidone was investigated in dogs as part of the development program for RISPERDAL 
Tablets (NDA 20272) 
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

The following sponsor's table lists the key nonclinical studies for which PK and TK data were 
collected. 

Key PK and TK Studies Conducted With RBP-7000* 

Syringe A Formulation 

Species/ Dur:.tion Risperidone 
Polymer 

MWb GLP 
Study No. Strain Purpose (D:.ys) Dose• (mg/kg) (kD:.) Sterllis:.tion Status 

INRS-R144-70-15 Rau Sprague- Dose dumping 1 0,360 (b)(41 Non-GLP 
Dawley 

RBLS-R07-70-10 Rauco Genotoxicity (single-dose) 2 0, 38, 75, 150 ~ 
QRS-R191-06 RaU Sprague- Single-dose MTD and TK 28 0, sooc, 1200, 1800, Non-GLP 

Dawley 2400d 

QLS-R13-06 Rau Sprague- Single-dose toxicity and TK 56 0, 60, 225, 450 II GLP 
Dawley 

RBLS-ROG· 70-10 Rau Sprague- MD toxicity and TK 225 0, 15, 60, 120°. 240d GLP 
Dawley 

QRS-C192-06 Dog/ beagle Single-dose MTD and TK 28 0, 75, 150,300,450 Non-GLP 

QRS-C186-06 Dog/ beagle Single-dose PK vs PO 42 6.9. 12 Non-GLP 

QRS-C162·06 Dog/ beagle Single-dose PK 45 6 Non-GLP 

QLS-C14·06 Dog/ beagle Single-dose toxicity and TK 56 7.5, 37.5. 375 GLP 

RBRS-C063-70-09 Dog/ beagle Single-dose PK VS PO 84 6 Non-GLP 

RBRS-C1 16-70-12 Dog/ beagle Single-dose PK VS IV 112 6 Non-GLP 

RBRS-C092-70-11 Dog/ beagle Single-dose PK 280 6,9, 12 Non-GLP 

RBRS-C029-70-09 Dog/ beagle MDPK 140 6 Non-GLP 

RBLS-C05-70-10 Dog/ beagle MD toxicity and TK 309 0,5, 20, 80 GLP 
....___(b)(4) 

These studies evaluated either the proposed commercial formulation, or similar early 
development formulations with "minimal changes", and characterized exposures in single-dose 
and repeat-dose PK and toxicology studies. 

Absorption: 

Single-dose PK and TK Studies: 
Rats: Two single-dose TK studies of RBP7000 (Studies QLS-R13-06 and QRS-R191-

06) were conducted in Sprague-Dawley rats at risperidone doses ranging from 60 to 2400 
mg/kg. In the pivotal, GLP-compliant single-dose toxicity and TK study (Study QLS-R13-06), 
exposure was dose-proportional over doses ranging from 60 to 450 mg/kg risperidone. The 
release over the first 24 h. after injection was small (:5 7% of the total systemic exposure) and 
was followed by a trough during the first week with a subsequent rise to a plateau that persisted 
to Day 28. In both studies, exposures to risperidone and 9-hydroxyrisperidone were higher in 
females, which correlated with increased toxicity in females in this study. Risperidone accounted 
for approximately 70% to 75% of the total moiety exposure. 

Dogs: A similar PK profile was observed in beagle dogs. SC injection of RBP-7000 at 
doses ranging from 6 to 450 mg/kg risperidone in several single-dose PK dog studies (QRS-
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C192-06, QRS-C162-06, RBRS-C092-70-11) resulted in sustained, dose-proportional systemic 
exposures of total active moiety over a 28-day period. A small first peak on Day 1 (AUC0-24h less 
than 10% of total AUC0-28d) was followed by a trough during the first week with a subsequent 
rise to a plateau or second peak that persisted through Day 28. The metabolite 9-hydroxy 
risperidone accounted for most of the total active moiety exposure with concentrations 
approximately 4 times that of risperidone (in contrast to the rat, where risperidone accounted for 
approximately 70% to 75% of the total moiety exposure). Plasma concentrations of the total 
active moiety declined steadily after Day 35, but remained at measurable levels through Day 84 
for some animals. Systemic exposure was greater in males than females, except for the lowest 
tested dose level (7.5 mg/kg, Study QLS-C14-06). 
Total active moiety exposure in dogs for the proposed commercial formulation at 60, 90 and 120 
mg risperidone is shown in the following sponsor’s figure and table (Study RBRS-C092-70-11). 

Mean (± SD) Plasma Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in the Single-dose 
PK Study of RBP-7000 60, 90 and 120 mg in Dogs (Study RBRS-C092-70-11) 

Subcutaneous injections at all dose levels resulted in an immediate rise in plasma total active 
moiety concentrations within 30 minutes, with 24-h exposures of approximately 3% (based on 
the ratio of AUC0-24h/AUC0-84day). Initial peak concentrations of total active moiety were reached 
at 4 h post-injection and increased with increasing dose. Plasma levels then declined to trough 
levels between Days 3 and 7, and increased again to a second peak around Days 10 to 17, then 
declined steadily from the second peak until the end of the study on Day 84 with detectable 
levels of risperidone and 9-hydroxyrisperidone in most animals at all doses. Average total active 
moiety levels over the 28-day dosing period (Cave) were approximately 29, 40 and 54 ng/mL and 
total exposure over the 84-day study (AUC0-84d) were approximately 27, 43 and 61 μg·h/mL for 
the 60-, 90- and 120-mg doses, respectively. 

NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-co-glycolide) 
RBP-7000=  risperidone in the ATRIGEL Delivery System  80:20 PLGH  and NMP); 
SD=standard deviation 

(b) (4)

(b) (4) (b) (4) (b) (4) (b) (4)
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Mean (± SD) PK Parameters for Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in the 
Single-dose PK Study of RBP-7000 60, 90 and 120 mg in Dogs (Study RBRS-C092-70-11) 

RSP Mean (±StDev) PK Parameter 

Dose C...u tmu Can AtJC.-2.., AUCo.2•0 AU Co.Md 
Group (mg) (nglml ) (h) (ng/m l ) (ng·hfm l) (ng ·hfml) (ng·h/m l ) 

Risperidone 
1 6fl 38.3±4 8.5 2 6 .3 1 ± 4 .69 223±114 4248 ± 3144 6624 ± 3480 

00 4 1.0±25.6 1 e.n ±2.05 331 ± 154 4560 ± 1380 15456 ± 2779<2" 

120 58.0 ±35.9 2 9.26 ±3.01" 449:f: 157 6216 ±2026" 11544 ± 3696" 

9-Hyd:roxyrisperidone 

1 60 48.7 ±39.8 2 40 23.Q :I: 14 .5 665 :I: 506 1 6080 :t 97 20 2 1240± 14952 

00 67.1 ±43.0 6 3 4 .5 ± HU'! 1025± 758 23208 ± 13152 28464 ± 14400~ 

120 80.8±39.8 8 46..0 ± 25.5" 1394 ± Ba4 30936 ± 17136b 5 1816 :1: 29976b 

Total Active Moiety 
1 60 69.9 :1:54.6 84 29.3± 14 .8 864 :I: 598 19728 :I: 9936 27072 ± 14760 

9(1 127 ± 145 4 40.0 ±20.7 1318 ± 876 268B.O :1: 1381IB 42840 :I: 28176" 

120 100 ± 52.6 4 53.6 ±26.3" 1790 ± 970 35976 ± 17681l" 6 1392 :I: 31968" 

AUC0-24h=area under the plasma concentration-time curve from time 0 to 24 h; AUC0-28d=area under the plasma concentration
time curve from time 0 to 28 days or 672 h; AUC0-84d=area under the plasma concentration-time curve from time 0 through Day 84; 
Cave=average plasma concentration; Cmax=maximum plasma concentration; RSP=risperidone; RBP-7000=lbH41 risperidone in 
(bl~ 80 20 PLGH (bJ ~l andf'>l ~ · NMP; SC=Subcutaneous; SD=standard deviation; trnax=time to Cmax 
rrotes: Total active mo1ef9' = [R1speridoneJ + (410/426) x (9-HydroxyrisperidoneJ; N=12 unless otherwise noted: a. N=11; b. N=9 

The ability of RBP-7000 single SC dose to consistently provide sustained plasma risperidone 
concentrations in comparison to oral risperidone was confirmed in a pharmacology study in 
dogs, following SC administration of 60, 90 or 120 mg risperidone in RBP-7000, vs. 
approximately equivalent PO doses of RISPERDAL Tablet of 2, 3 or 4 mg/day of risperidone, 
respectively (Single-dose 42-Day PK and PD Study of RBP-7000 in Dogs,# QRS-C186-06, see 
also under the Pharmacology section of this review). When compared with the corresponding 
daily PO doses of risperidone, daily fluctuation was significantly reduced; the mean plasma 
risperidone levels following RBP-7000 SC administration were below the Cmax and above the 
observed minimum plasma concentration for the corresponding PO RISPERDAL Tablet doses, 
as shown in the following sponsor's table and figure. 

Total Active Moiety Absorption in Dogs: PK Comparison between RBP-7000 Single SC Injection 
and Risperdal® Tablet Daily Oral Dose in Dogs (Study# QRS-C186-06) 

~5ff4! Risperidone in the A TRI GEL Delivery System ;<bJ (4! 80:20 PLGH and~bJ (4) NMP) (Study QRS-C186-06) 
Group Description RISPERDAL Tablets RBP-7000 
Method of Administration Oral Subcutaneous 
Dose (mg/kg)0 0.2 0.3 0.4 6 9 12 
Mean Plasma Pharmacokinetic Parameter for Males 
Cmox on Day 0 (ng/ml ) 104.6 119.4 353.8 95.3 116.4 180.1 
tmox on Day 0 (h) 1 1 1 2 2 2 
Cmax on Day 30 (ng/ml) 69.6 123.8 274.7 . . . 

C24h on Day 0 (ng/ml ) 5.6 10.8 25.9 . . . 

Css. RBP-7000 (ng/ml) . . . 28.9 32.7 50.7 

AUCo-1• (ng·h/ml) 629 811 2203 1514 1658 2681 
AUCo-420 (ng· h/ml) 30581 43853 102442 29839 34116 53734 

ti12 (h) 11 11 9 . . . 

AUC0-1d= from dosing to 24 h post-dose; AUC0-42d= from dosing to 42 days post-dose (RBP-7000) or area under the curve for the 
first 24 hours x 35 days plus the area under the curve from Day 1 to Day 42 (RISPERDAL Tablets); C24h=mean concentration 24 h 
after first dose; Cmax=maximum plasma concentration of mean group profile; Cmin=average plasma concentration between Day 7 
and Day 35, exduding the sampling on Day 30 at 1, 2, 4 and 6 hours post-dose; Css=steady-state concentration calculated by 
averaging plasma concentrations on Day 3 through Day 42; t1/2=plasma terminal half-life; 
(-}not applicable; c. Assumes 10-kg dog 
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NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

PK Comparison between the ATRIGEL® Formulation 60 mg Risperidone Single SC Injection 
and 2 mg Risperdal® Tablet Daily Oral Dose in Dogs (Study # QRS-C186-06) 

Multiple-dose PK and TK Studies: 

Plasma risperidone and 9-hydroxyrisperidone concentrations were also measured in the 6- 

month rat and 9-month dog repeat-dose GLP toxicology studies with RBP-7000 monthly 

administration.  


In rats administered 6 monthly SC injections of RBP-7000 at risperidone doses of 15, 60, 
120 (F) or 240 (M) mg/kg in a GLP repeat-dose toxicology study (Study RBLS-R06-70-10), peak 
plasma total active moiety concentrations were reached between 1 and 8 h post-dose, followed 
by a decline over the remainder of the 28-day dose interval until the subsequent injection. The 
Cmax was generally less than dose-proportional for the total active moiety. Systemic exposure 
(AUC0-28d) was generally less than dose-proportional for females between 15 and 120 mg/kg 
and males between 15 and 60 mg/kg but was generally dose-proportional for males between 60 
and 240 mg/kg. AUC0-28d remained consistent with repeated dosing, except for the high-dose 
(240 mg/kg) males where the AUC0-28d increased with repeated dosing. 
There were no consistent or notable sex differences for Cmax and AUC0-28d. The terminal half-
life was 247 to 379 h (10 to 16 days); and up to 80 days to fully clear the drug. 

In dogs administered 9 single SC injections of RBP-7000 for 9 months at risperidone 
doses of 5, 20 and 80 mg/kg in a GLP repeat-dose toxicology study (Study RBLS-C05-70-10), 
the TK characteristics of risperidone, 9-hydroxyrisperidone and total active moiety were similar; 
peak plasma total active moiety concentrations were reached between 1 and 8 h post-dose, 
with sustained concentrations between 8 and 336 h post-dose. Systemic exposure (Cmax and 
AUC0-28d) increased after the first dose but remained relatively similar after subsequent 
dosing, except for HD females, in which the AUC0-28d increased with repeated dosing. Cmax 
and total systemic exposure increased approximately dose-proportionally. The terminal half-life 
was between 76 and 431 h. 

TK data from the multiple-dose studies in rats and dogs are shown in the following sponsor’s 
tables. 
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Mean (± SE) TK Parameters of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety for 
6-Month Repeat-dose Toxicity Study of RBP-7000 in Sprague-Dawley Rats (Study RBLS-R06-70-10) 

Day 1 Day 141 

Dose fmu AUCe..ne1 AUCo ... t.. .. c., .. AUC....., AUC..., 
Gender Group (mglkg) (h) C... .. (ng/mLJ (ng·hlml} (ng·hlmL) (h) (nglmL) (ng·hlmL) (ng·hlml) 

Risperidone 
M ale 5 15 4 102 :1: 49.7 51)47 :I: Cl37 7Cl2 1 162 ± 211.CI IOCl9CI :I: 188Q 1434 

6 e.o 4 432 ± 188 19998 ± 4743 2160 1 291 ± 24.5 33402 ± 6548 2619 

7 240 4 552 :I: 275 83953 :I: 14753 !)7 11 2 1046:1: 160 181626:1: 17257 12434 

Female 5 15 2 126 :I: 33.1 83110:1: 1214 1105 1 141± 15.8 11354 :I: 1188 1244 

o e.o 4 255± 10:8 24388 ± 3913 2230 2 453 ± 160 38 164 :I: 1585 3742 

7 120 4 360 ± 80.0 62582 :I: 13834 :>606 1 30:> ± 39.2 62708 :1: 5e7 9 4706 

9-Hydroxyrisperidone 
Male 5 15 2 22.5 :I: 1.82 2082 ± 309 251 2 74.Cl±37.3 5Cl07 :t 1374 859 

6 e.o 2 35.1±11.4 10531 ± 3317 431 4 89.6 ±25.CI 16945 :I: 5ll 14 1464 

7 240 8 239 ± 59.9 37452 ± 5893 3653 2 687 ± 205 106827 :I: 14297 1 1395 

Female 5 15 2 68.8 :I: 15.4 4746 :1:004 680 4 73.2 :I: 23.0 5538 :I: 897 930 

e ao 2 108 :I: 28.5 146113 :I: 1684 1344 2 355:1: 113 30871 ± 3137 3378 

7 120 8 165 :I: 78.7 35957 :I: 7753 2432 8 341:I:53.5 47Cl92 ± 515 1 4854 

Total Active Moiety 
Male 5 15 4 118 ± 4 8.8 8329 ± 876 10 13 2 2211± 92.7 1Cl3e3 :I: 3247 2293 

6 e.o 4 46.5 ± 195 30529 ± 8039 2591 1 373 :I: 26.8 50347 :I: 11557 4083 

7 240 4 731 ± 271 121175 :I: 18101 11134 2 1733 :I: 363 288453 :I: 27 2.511 238211 

Female 5 15 2 195 :1:48.5 13142 :I: 1649 1785 1 201 :1:30.4 15892 :I: 2Q83 2174 

e e.o 4 343 ± 153 39081 :1:5340 3580 2 808 :1:2eg CHI035 :t 4-0 3 1 7 12Q 

7 120 4 469 ± 89.0 98539 :I: 20385 6038 8 588 ± 57.e 110401 :I: 10469 9620 

Mean (± SE) TK Parameters of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety for 
9-Month Repeat-dose Toxicity Study of RBP-7000 in Beagle Dogs (Study RBLS-COS-70-10) 

Day 1 Day 225 

Dose t.. .. AUC...1e1 AUCo.,, t.n .. c.. .. AUC...a• AUC. .. , 
Gender Group (mglkg} (h) C...H(ngfml) (ng·hlml) (ng·h!ml ) {h) (ng/ml) (ng·h.lml }" (ng·h/ml) 

Risperidooe 

Male 2 5 1 23.6 ± 5.10 3807 :I: 617 188 4 28.Q :I: 5.9 1 7848 4 18 

3 20 8 132 :!: 34.2 25433 :!: 8592 2020 8 17g :!: 122 42240 3074 

4 80 4 360 :!: 147 82527 :!: 22633 4343 4 481 :!: 111 128641 6516 

Femruec 2 5 2 13.4 :1:4.55 6435± 1995 221 336 22.0 ± 5.24 10453 443 

3 20 8 62.1 :!: 32.2 15376 ± 1708 1163 4 103±31.4 24777 14 11 

4 80 1 290 :!: 54.1 63746 :!: 1559'9 359e 4 719 :I: 275 149129 9940 

9-Hydroxyrtsperidone 

Ma1e 2 5 24 58.3 :I: 10.6 28094 :!: 4983 ~7 24 134 :!: 31.ll 55156 2398 

3 20 8 371 ± 50.6 149.084 :I: 33731 6402 24 476 :I: 166 2331)44 10333 

4 80 338 708 ± 126 393098 ± 54875 12689 4 1209 :I: 177 582599 24408 

Fem rue 2 5 8 78.4 :I: 14.5 3 15tli6 ± 3976 1104 336 121±41.0 59256 2294 

3 20 8 205 :!: 58.6 102874 ± 9391 4384 4 401 ± 74.5 164992 8530 

4 80 33-6 616 ± 165 38044 1 ± 62628 13601 24 1983 ± 790 7375 78 34915 

Total Active Moiety 

Male 2 5 4 71 . 1 ± 16.6 3 11?61 :!: 555() 1176 24 154 :!: 37.8 63004 2816 

3 20 8 503± 83.7 174517 ± 4221)8 8421 8 652 :I: 320 276184 13407 

4 80 4 991 ± 200 475625 :!: 74 115 17032 4 16.BQ ± 240 7 11240 30923 

Female 2 5 8 9 1.2 ± 18.0 38001:!:5748 1325 336 143 ± 45.2 69709 2737 

3 20 8 267 :!: 86.7 11S250 ± 101?63 5547 4 504 :!: 97.0 189769 9940 

4 80 8 828 ± 93.4 444188 ± 75730 17197 4 23ll'B ± 71 I 886707 44854 

AUC0-24=AUC from time 0 to 24 hours; AUC0-28d=AUC from time 0 to 28 days; Cmax=maximum plasma concentration; NMP=N 
methyl-2-pyrrolidone; PLGH=poly(O,L-lactide-c0-glycolide) (bJ (4J RBP-7000= (bJ (:(J 

tmax=tlme to Cmax; t1/2=plasm-a~term1na half-llfe 
Note: Median values presented tor tmax; Iota ac 1ve mo1efy"'7R1~s~pe-c"re"c1d"·-o'""n"""eJ··A+ (9-Hydroxyrisperidone] 
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Similar are the findings of the multiple-dose PK study in beagle dogs (Study RBRS-C029-70-09, 
non-GLP), with 4 repeated monthly injections of 60 mg risperidone in RBP-7000 (approximately 
6 mg/kg). In this study, 2 formulations of (bl<"' risperidone in (bl!4l 80:20 PLGH and <b>C4> 

( (bf<
4j NMP were tested at risperidone dose. level of 60 mg per dog wilfl either a ml kDa polymer 
osed commercial formulation) or a ~1 kDa polymer (a similar molecular weight as in the 

single-dose GLP studies). After each monthly SC injection (on Days 0, 28, 56 and 84), both 
formulations provided an immediate post-dose increase in plasma total active moiety 
concentrations. For the proposed commercial formulation, mean Cmax were 102 to161 ng/ml 
following injections 1 through 4 (see the following sponsor's table). Both formulations showed 
consistent and low 24-h release (AUC0-24n= 5% to 11 % of AUC0-2act) for all 4 injections. Exposure 
over the 28-day period increased by approximately 2-fold between the first and second injection; 
steady-state was reached by the second dose. Exposures for the second, third and fourth 
injections were not significantly different. 

Absorption of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in 4-Month Multiple-dose PK Study 
with RBP 7000 SC administration in dogs (Study# RBRS-C029-70-09) 

SpeciesJStrain: Dog/Beagle 

Study No.: RBR~70-09 
GLP Compliance: No 
Number of Animals/Group: 3M + 3F 

Risoeridone (Mean} 

c.. .. (ng/ml) 

AUCc-,,. (ng·hlml) 

AUC..,.. (ng·h/ml) 

C...(ng/ml) 

~HWroxvrisoeridone (Mean} 

Cru (ng/ml) 

AUC..,.,, (ng·hlml) 

AUC..a. (ng·h/ml) 

c...(nglmLJ 
c,,, ..... (nglml) 
t,,.,.,(h) 

Total Active Moietv {Mean) 

c.. .. (ng/ml) 

AUC..,,.,. (ng·hlml) 

AUC..m {ng-h/ml) 

C... (nglmL) 

c,,, ..... (ng/ml) 

Study Ti tle· <t>140-0ay Multiple Dose Pbarmacokinetic Study of Three ATRIGEL® Fonnulations 
Containing (4) Risperldone Administered Subculaneously and Oral RISPERDAL® Tablets 
Containing 1119 Risperidone with 25 mg RISPERDAL® CONST A 111 Administered lntramusculatly in 
Beagle Dogs 

RBP-7000•, 6 mg/kga/28 days x 4 injections SC 
Dose 1 {O;rt O} Dose 2 {Dav 28) Dose 3 {Dav 56) Dose 4 {Dav 84! 

52 47 68 68 

600 624 960 792 

4200 8208 6096 6528 

6.3 12 9.1 9.7 

57 82 98 113 

1032 1296 1704 2184 

14448 28488 30312 31752 

22 42 45 47 

0 18 26 35 
2 132 24 24 

102 111 151 161 

1632 1920 2664 3000 

18672 36672 38408 38280 

28 55 54 57 

1.9 23 32 41 

lt. .. (h) 2 168 1 2 

•RBP 7000: 6)(41 Risperidone in the ATRIGEL Delivery System CbH4l 80:20 PLGH and'<l>H4J NMP) 
Cave=average plasma concentration over the dosing period; Cmax=maximum plasma concentration; Cpredose=plasma 
concentration prior to dosing; tmax=time of occurrence for maximum drug concentration; 
Note: Total Active Moiety = [Risperidone] + [9-Hydroxyrisperidone] 
a. Assumes 10-kg dog 

Evaluation of dose dumping potential 
At a Type C advice meeting on 27 February 2013, the Division (Division of Psychiatry Products) 
expressed concern regarding the potential of the RBP-7000 drug product to undergo a dose
dumping (defined as the process by which an external factor, such as pressure or temperature, 
can cause a premature release of drug in vivo, causing increased drug concentrations and 
potentially harmful side-effects to the dosed subject). 
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The sponsor subsequently evaluated dose-dumping potential of RBP-7000 in nonclinical studies 
in vitro and in vivo, as well as by clinical PK modelling and simulation, and by monitoring and 
review of adverse events (AEs) in Phase 3 clinical studies, as agreed with the Division. 
These studies are listed in the following sponsor's table. 

Summary of Studies Conducted to Address the Dose-Dumping Potential of RBP-7000 

Stu dy Model Theoretica l Influence Spon sor Evaluation Summary of Potential 
(Report No .) 

Chemical Solubility of RSP in NMP FC-RPT --0107R Theoretically only 23% 
Properties of RBP- Impact of temperature risperidone would be 
7000 Im pact of particle size bioavaila!Jle to dose-dump 

In Vitro Assay Physical pressure and FC-AOV-0016R External stressors did not 
temperature on in vitro increase dose-dumping 
release kinetics 

In Vivo Rat Model Physical pressure and NRS..R144-70-15 There was no indication 
temperature on in vivo that lhe simulated 
release kinetics conditions of implant 

manipulation (i.e., 
pressure) or exercise 
increased the release of 
risperidone from the 
implant or the systemic 
exposure to risperidone 
and its metabolite in rats 

Clinical PK PK simulation of 3.7% NOV-7000-M05 PlasmaRSP 
Simulation Studies (reference), 10%, 25%, concentrations observed 

50%, 75% or 100% drug ln Phase 3 (RB-US-09-
release within lhe first 0010) were consistent with 
24 hours followtng SC the expected behaviour of 
injection the drug (i.e., 3 .7% initial 

release related to the first 
peak) 

All individual values were 
within the range 
corresponding to an early 
release s 10% 

Cllnical Adverse None (intended clinical use RB-US--09-0010 and A few subjects 
Event Analyses conditions only) RB-US-13-0005 experienced SAEs 

RB-US-09--0010: N=2 

RB-US-13--0005: N=34 
None of these SAEs was 
considered related to the 
study drug 

RBP-7000= <
5
H

41 
·speridone in ATRIGEL Delivery System 

{b){4) (6) f4' 
:20 PLGH in NMP); SC=subcutaneous; 

RSP=ris ridone pe 

Key findings of the nonclinical studies for dose-dumping assessment: 
The in vitro study (Study# FC-ADV-0016R) evaluated risperidone release over a 24-h period 
under simulated conditions of applying static or intermittent pressure to the depot and 
increased temperature of the bio-relevant media to 42°C. The results showed that increases in 
pressure or temperature did not induce a drug release difference greater than 10% compared to 
the control depot (see the Biopharmacology Review of this study by Dr. G. Gieser). 
The in vivo study in rats (Study# INRS-R144-70-15) assessed the dose-dumping potential of 
RBP-7000 in the conditions of physical pressure or exercise over a 24 h period following a 
single SC injection of 90 mg risperidone in RBP-7000. The animals received either controlled 
pressure manipulation of the injection site, or were placed on a manually operated wheel 10 min 
post administration for 20 min of exercise. The control group received no manipulation or 
exercise. The results from this study, as reviewed below, were comparable to those observed in 
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the in vitro assay. Although there was some variability within the individual data, the mean and 
standard deviation of risperidone release from the implants and plasma total risperidone moiety 
concentrations were comparable in all groups, showing no evidence of dose-dumping from the 
depot as a result of exercise or applied pressure to the depot site. 

Nonclinical In Vivo Study to Evaluate the Effect of Physical Pressure on the Depot and Exercise 
on Risperidone Release from the RBP-7000 Finished Drug Product (Study# NRS-R144-70-15) 
This non-GLP dose-dumping study evaluated the effect of either exercise or application of 
physical pressure on the depot on risperidone release over 24 h following RBP-7000 
administration by a single SC bolus injection to rats. 
Methods: Male rats (36/group) were administered a single SC injection of 90 mg risperidone in 
RBP-7000 (dose volume 0.6 mL), or 0.6 mL saline for the control group. Immediately following 
the administration to the control and test groups (Group 1 and 2, respectively), the injection sites 
were manipulated and pressed by hand (target force 500 to 1200 g) to mimic the pressure a 
human may exert on the implant site. Additional saline control and test groups (Group 3 and 4, 
respectively) were placed on exercise wheel for a 20 min exercise session, starting 10 min post-
dose. Group 5 was a RBP-7000 control group and received neither physical pressure on the 
depot, nor exercise. The animals were euthanized at 2, 12, and 24 h post injection (12 
rats/group/ time point), with blood and depot material collected from each rat. Drug release from 
the collected depots and plasma samples were assayed at each time point for total active 
risperidone moiety (risperidone and its main metabolite, 9-hydroxyrisperidone). 
Results: Analysis of the 2, 12 and 24-h risperidone release from collected depots (ex vivo) 
showed no indication that pressure and exercise result in dose-dumping of risperidone from 
RBP-7000. No remarkable differences were found in the mean percent of drug release between 
the test groups and control (Group 5). The largest difference was noted between the exercise 
group (Group 4) and the control (Group 5) at the 2-hour time point, at which risperidone release 
in Group 4 averaged 6.9% higher than the control value. 
The depot release data are summarized in the following sponsor’s table which presents the 
average remaining amount of risperidone in the harvested depots and the average risperidone 
released from each group at 2, 12 and 24 hours post-injection. 

Risperidone Content in Ex Vivo Depots at Various Time points Post-injection [INRSR144-70-15] 

RBP-7000=  risperidone in ATRIGEL Delivery System  80:20 PLGH in  NMP); RSP=risperidone; 
SD=standard deviation 
a. N=11 

(b) (4) (b) (4) (b) (4)

(b) (4)
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Although there were individual data variations, the mean risperidone release from the depot was 
comparable in all groups. An average of 78% risperidone remained in the depot and was not 
released into the circulation. 
Several factors may have contributed to the individual differences in the release data. As stated 
by the sponsor, "A single bolus injection of RBP-7000 contains some variation in the nominal 90 
mg risperidone delivered; thus, there are variations in the risperidone dose delivered to each rat 
and the nominal dose used in the release calculations. Another source of variation includes the 
depot retrieval method, which consists of locating the depot and surgically excising it. Although 
every effort was made to remove all pieces of the depot, missing a small piece would attribute to 
reporting a higher release value for that animal." Considering these potential sources for 
variations and the fact that the difference in mean percent drug release at each time point for 
each treatment group vs the control group did not exceed 6.9%, there was no evidence of dose 
dumping as a result of exercise or pressure to the injection site following administration of RBP-
7000. 
The mean plasma total active moietv concentrations were highest at the 2-h time point and 
decreased progressively at the 12- and 24-h time points. As shown in the following sponsor's 
table, all mean 24-hour plasma total active moiety concentrations were below 200 ng/ml 
(regardless of the treatment group), providing further evidence that dose-dumping was not 
induced by pressure and exercise stressors. 

Mean (±Standard Deviation) Plasma Risperidone, 9-Hydroxyrisperidone and Total 
Active Moiety Concentration [INRS-R144-70-15] 

Group Time Point N Mean Plasma Concentration 
(Descr ipt ion) (Hour) Ris peridone 9-Hydroxyrisperidone Active Moiety 

(ngfml ) (ng/ml) (ng/ml) 

2 2 12 364.2 ± 81.8 187.2 ± 26.9 544.3 ± 952 
RBP-7000 12 11 184.7 ± 92.1 182.4 ± 161.0 360.3 ± 243.7 (pressure) 

24 11 111.3 ± 28.8 64.4 ± 31.3 1732± 57.7 

4 2 12 422.7 ± 111.7 195.1±52.6 610.4 ± 143.6 
RBP-7000 

12 12 193.7 ± 152.2 183.0 ± 195.3 369.8 ± 335.5 (exercise) 
24 12 87.6 ± 21.4 45.8 ± 15.7 131 .7 ± 33.7 

5 2 12 474 .3 ± 166.3 178.3 ± 44.4 645.9 ± 181.7 
RBP-7000 12 12 109.9 ±262 672 ± 20.4 174.6 ± 41.4 (control) 

24 12 100.2 ± 31.0 53.1±20.0 151 .3 ± 40.9 

RBP-7000-'!bl (4) Risperidone in the A TRIG EL Delivery System '!bl<'ll 80:20 PLGHI (b)(4~ and~bH4J 
NMP) 
Group 2: Pressure; Group 4: Exercise; Group 5: Control; Total Active Moiety fT otal Risperidone· (bl (4) 

(6J(4I ---------
(6J<4l 

The relationship between plasma concentration and drug release from the depot is illustrated in 
the following sponsor's figure which shows that a higher release of risperidone from the depot 
was not associated with a higher plasma level at all time points. Although there was variability in 
the PK data (likely due to inter-individual variability in distribution and elimination of the drug), 
the highest individual implant release rates were not necessarily associated with higher total 
active moiety plasma concentrations in the same animal, which suggests that small differences 
in risperidone release from RBP-7000 did not result in major differences in risperidone systemic 
exposure. 
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NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

Individual Animal Correlation between Plasma Total Active Moiety Concentration and Risperidone 
Release from Harvested Depot [INRS-R144-70-15] 

Note: A different color for each time point was used to facilitate interpretation at each time point 

In conclusion, there is no indication that the simulated conditions of implant manipulation by 
pressure or exercise increased the release of risperidone from the implant or the systemic 
exposure to risperidone and its metabolite, since mean risperidone release from the depot and 
mean plasma total active moiety concentrations were similar in all groups at each time point. 

ADME Data for RBP-7000 Non-active Components 
The Sponsor performed 2 studies to characterize the ADME of the ATRIGEL Delivery System in 
animals. These studies were conducted as part of the development program for another 
product, buprenorphine base in the ATRIGEL Delivery System (RBP-6000). In Study INLS
R101-60-15, male Sprague-Dawley rats were administered buprenorphine in the ATRIGEL 
Delivery System, with either 14C-labelled PLGH or 14C-labelled NMP. In the second study 
(RBRS-R010-60-11), male Sprague-Dawley rats were administered the ATRIGEL Delivery 
System which included 14C-PLGH (without any active pharmaceutical ingredient). These studies 
are reviewed below, under the “Distribution” section. 

Distribution: A tissue distribution study of the ATRIGEL Delivery System components was 
performed in male rats following SC injection of a formulation containing14C-PLGH and no active 
pharmaceutical ingredient (Study RBRS-R010-60-11). Another tissue distribution study (INLS
R101-60-15) of the ATRIGEL Delivery System components in male rats was performed using 
ATRIGEL Delivery System containing either 14C-PLGH or 14C-NMP, but a different drug 
substance (buprenorphine). 

Quantitative Whole Body Autoradiography of Rats Following SC Administration of 14C-PLGH in 
ATRIGEL Delivery System (Study RBRS-R010-60-11) 
In this study, the ATRIGEL Delivery System PLGH and NMP) 
containing14C-PLGH (without active drug) was injected SC at a target volume of 0.5 mL 

as a single dose in 10 male Sprague-Dawley rats. 
Carcasses were collected at 1, 7, 30, 70 and 90 days post injection for scanning for image 

(b) (4) (b) (4) (b) (4)

(b) (4)

densitometry. 
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Whole Blood and Plasma Distribution: The highest concentration in the whole blood was found 
on Day 30, followed by a steady decline through Day 90. Radioactivity was similar between 
whole blood and plasma on Days 1 and 7, but was significantly higher in whole blood than in 
plasma at the subsequent time points (1, 2 and 3 months), indicating that the distribution of 
radioactivity into the cellular fraction of blood increased over time. 

Summary of Blood and Plasma 14C-PLGH Concentration Values (ng-eq/g) 

Note: Individual animal numbers are listed in the top bar 

Whole Body Autoradiography: High degree of radioactivity was present at the injection site on 
Day 1, with little systemic distribution. The injection site retained high radioactivity level on Day 
7, with apparent systemic distribution, particularly in the liver. Radioactivity disappeared from 
the injection site by Day 30, with broad systemic distribution and highest tissue concentrations 
seen at this time point; tissue radioactivity then diminished through Days 70 and 90, 
approaching the limit of quantitation in about half of the tissues at 3 months post injection. 
Radioactivity was well distributed and measureable in 37 of 48 tissues and 43 of 48 tissues by 
Day 7 and Day 30, respectively. On Days 70 and 90, measureable radioactivity was present in 
39 of 48 tissues. The tissues with the highest radioactivity concentrations on Day 7 and Day 30 
were the injection site, urine, liver and skin (>25,000 ng-eq/g). On Day 30 there was also a high 
concentration of radioactivity in the bone (75,629ng-eq/g). Skin and bone continued to have 
high levels of radioactivity on Day 70 (41,432ng-eq/g and 62,363ng-eq/g, respectively), while 
radioactivity concentrations at the injection site and urine had fallen to BLQ by this time point. 
On Day 90, skin and bone still had high radioactivity concentrations (48,193ng-eq/g and 
48303ng-eq/g, respectively). No significant accumulation 

(b) (4)
was observed for any tissues or 

organs for this  PLGA copolymer. 

Quantitative Whole Body Autoradiography of Rats Following SC Administration of 14C-PLGH or 
14C-NMP in RBP- 6000 (Study INLS-R101-60-15) 
This GLP study evaluated absorption, distribution and PK of both 14C-PLGH or 14C-NMP 
following a single SC injection of buprenorphine in the ATRIGEL Delivery System (RBP-6000) 
prepared with either 14C-PLGH or 14C-NMP, after administration of 14C-PLGH with 250 mg/kg 
buprenorphine base, or 14C-NMP with 250 mg/kg buprenorphine base to male Sprague-Dawley 
rats. 
After SC administration of 14C-PLGH in RBP-6000 to rats (Group 1), the highest concentrations 
of radioactivity in blood and plasma were observed at 35 days and 21 days post-dose, 
respectively. The t½ values for total radioactivity were 20 days and 21 days, respectively. Blood 
to plasma concentration ratios of radioactivity after dosing increased over the course of the 
study, indicating that the distribution of radioactivity into the cellular fraction of blood increased 
over time. 
14C-PLGH-derived radioactivity was widely distributed to all tissues by the first collection time 
point (24 h post-dose), with the exception of urinary bladder, and steadily increased in all 
tissues over time. Radioactivity was present in brain and testis, suggesting 14C-PLGH crossed 
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the blood-brain and blood-testis barriers. At 24 h, the highest concentration of radioactivity was 
observed at the injection site, with an average concentration of 4,240,000 ng-equivalents 14C
PLGH/ buprenorphine C-PLGH/g, which then declined over time to 57,400 ng-equivalents by 
Day 140, which represented approximately 1.4% of the radioactivity observed at the injection 
site at 24 h post-dose. Other than the injection site, the highest average concentration of 
radioactivity (8230 ng-equivalents 14C-PLGH/buprenorphine CPLGH/g) was observed in the 
liver at 28 days post-dose. 
The 14C-PLGH/buprenorphine C-PLGH-derived radioactivity at the injection site over time is 
shown in the following sponsor’s figure. 

Mean Concentration of 14C-PLGH and 14C-NMP Radioactivity at the Injection Site Following a 
Single SC Injection of Buprenorphine in the ATRIGEL Delivery System Containing Either 14C-PLGH 

14C-NMP=N-methyl-2-pyrrolidone with radiolabelled portion; 14C-PLGH=80:20 poly(D,L-lactide-co-glycolide) 
and radiolabelled portion; Source: Study INLS-R101-60-15 

(b) 
(4)

(Group 1) or 14C-NMP (Group 2) to Male Sprague- Dawley Rats (Study No. INLS-R101-60-15) 

Injection site radioactivity remained high and relatively unchanged through 21 days and then 
declined rapidly over the next 3 time points to 85,900 ng-equivalents 14C-PLGH/g by Day 56, 
which was approximately 2.0% of the radioactivity at the dose site at 24 h. The sponsor 
commented that “this pattern is not unexpected; the PLGH degradation process has an initial 
phase where the average polymer MW declines and with very few chains small enough to be 
water soluble, the result is very little mass loss. At later time points, a significant portion of the 

observed in plasma on Days 21 and 28, in addition to most tissues reaching their maximum 
radioactivity level at 28 days.” 
Animals in Group 2 received ATRIGEL Delivery System with 14C-NMP and buprenorphine 
(RBP-6000). The highest concentrations of radioactivity in blood and plasma were 18,100 and 
21,400 ng-equivalents 14C-NMP/g, respectively, observed at 8 h post-dose. Concentrations of 

polymer can diffuse away from the dose site as the chains have low enough MW to be water 
soluble . This is responsible for the rapid decline in 
radioactivity at the dose site between Days 21 and 56 and the high levels of radioactivity 

(b) (4)

(b) (4)
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radioactivity in blood and plasma then declined but were still measurable through 336 h and 672 
h for plasma and blood, respectively. Average blood to plasma concentration ratios of 
radioactivity ranged from 0.8 through 3.3 over the course of the study, indicating that the 
distribution of radioactivity into the cellular fraction of blood increased over time after SC 
administration of the ATRIGEL Delivery System containing 14C-NMP. 
14C-NMP-derived radioactivity was widely distributed to most tissues by 12 h post-dose, and 
most of the tissues reached Cmax by this time point. Radioactivity was present in brain and testis, 
suggesting it crossed the blood-brain and blood-testis barriers. At 12 h, the highest 
concentration of radioactivity was at the injection site, with an average of 1,740,000 ng
equivalents 14C-NMP/g, which then declined over time and by Day 28 represented 
approximately 0.5% of the radioactivity observed at 12 h, suggesting that almost all the 
radioactivity was released from the injection site over 4 weeks. The tissues showing the highest 
maximum concentrations of radioactivity over the course of the study (excluding the dose site), 
were: preputial gland, urinary bladder, arterial wall, kidney medulla, eye lens, cecum, kidneys 
and kidney cortex, with values of 18,000, 13,100, 12,800, 12,000, 11,800, 11,600, 11,400 and 
11,000 ng-equivalents 14C-NMP/g, respectively. The tissues with the lowest Cmax values were 
abdominal fat and spinal cord with concentrations of 2880 and 4190 ng-equivalents 14C-NMP/g, 
respectively. The percentage of radioactivity that remained at the injection site on Day 28 was 
1.4% and 2.5% of the values on Day 1 and 2, respectively. Radioactivity was cleared or BLQ for 
most of the tissues by Day 28. 

Reviewer’s comment: It should be noted that the above studies were conducted using a 
different RBP formulation i.e., ATRIGEL Delivery System with a different API (buprenorphine). 
The assessment would have been more appropriately conducted with risperidone as the API 
and the current ATRIGEL delivery system formulation because formulations and components of 
drug delivery could behave differently in different molecules and APIs. Nevertheless, these 
studies are considered adequate because ATRIGEL was tested neat (without the API). 

In summary, the distribution and kinetics of radioactivity from this study show that NMP rapidly 
diffuses from the injection site upon injection of the ATRIGEL Delivery System, reaches a peak 
concentration in tissues at 12 h and, after 3 days, is at minimal levels in the injection site, blood 
and plasma. Both 14C-PLGH and 14C-NMP copolymers cross the blood-brain and blood-testes 
barriers. No significant accumulation was observed for any tissues or organs for either 14C
PLGH or 14C-NMP copolymers. 

Metabolism: No metabolism or metabolite identification studies have been conducted with 
RBP-7000 

Excretion:  No excretion studies have been conducted for RBP-7000. The excretion of 
risperidone has been extensively studied under NDA 20272 (RISPERDAL Tablets). 
Reviewer’s comment: Once released from the RBP-7000 formulation and absorbed into the 
bloodstream, risperidone distribution, metabolism and excretion are properties of the drug 
molecule, identical to that of the drug substance from PO and IM risperidone-containing 
products. The data on risperidone distribution, metabolism and elimination are referenced from 
the NDAs for RISPERDAL PO and IM products (NDAs 20272, 20588, 21444 and 21346). 

5.2 Toxicokinetics 
(Reviewed under 5.1 – PK, Absorption) 
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6 General Toxicology 

6.1 Single-Dose Tox icity 

Four single-dose toxicity/TK studies (listed in the following Applicant's table; 2 GLP and 2 non
GLP) were conducted with RBP-7000 in rats and dogs, to determine the maximum tolerated 
doses and select doses for the repeat dose toxicology studies. All these studies were conducted 
with a RBP-7000 formulation which was similar (but not identical) to the final proposed 
commercial formulation <b><41 

These differences were no expected to impac the 

Single-dose SC Toxicity Studies With RBP-7000 
Study Number Species/ Duration RSP Dose Formulation (% w/w) j GLP Status Testing Facility 

Strain (mgfkg)" (bJ<4Y 

QRS-R19Hl6 Rat/ Sprague- 4weel<s fl>, 150', 300, 600, No 
Da>Mey 1200, 1800, 2400' 

QLS-R13-06 Rat/ Sprague- 8weeks Cl" , 60 (M only), Yes 
Daw1ey 225, 450 

QRS-C192-06 Dog/beagle 4weeks QI>, 75, 150, 300, No 
450 

OLS-C14--06 Dog/beagle 8weeks CP, 7.5, 37.5, 375 Yes 

GLP=Good Laboratory Practices; NMP=N-methyl-2-pyrrolidone; M-ma I !bH4I 
PLGH"'.80:20 poly (D,Llactide-co-glycolide)r,_ lDJ14~ RSP=risperidone 
a. Nominal n spendone dose per group ts presented Wiless otherwise reported, for pivotal toxicology studies with RBP-7000, the highest no 
observed adverse effect level (NOAEL) is underlined; b. ATRIGEL D elivery System alone; c. Females only; d. Males only 

6.1.1. Single-dose Toxicity of RBP-7000 in Rats 
Single-dose 4-Week Subcutaneous MTD Study of RBP-7000 in Rats 
(Study QRS-R191 -06) 

Key study findings: In this non-GLP study, single SC doses of RBP-7000 were tolerated up to 
600 mg/kg and 300 mg/kg risperidone in male and female rats, respectively. The vehicle, 
ATRIGEL delivery system alone was tolerated at single SC doses of up to 10,600 mg/kg in 
males and 6,800 mg/kg in females. 
Treatment-related mortality occurred at ~ 1200 mg/kg risperidone in M and at ~ 600 mg/kg 
risperidone in F. Mortality was also observed in the high-dose ATRIGEL Delivery System 
groups (13,600 mg/kg M and 10,200 mg/kg F). Clinical signs of decreased activity and closed 
eyelids were present in RBP-7000 groups, but not in the ATRIGEL Delivery System-only 
groups. The majority of the clinical signs resolved within 2 weeks post-injection. 
Macroscopically, moderate thickening at the injection sites was noted in all dose- and control 
groups as an effect of the delivery system. Test article-related microscopic findings were limited 
to injection sites, the cervix and the vagina. All injection sites had SC deposits of granular 
foreign material, surrounded by granulomatous inflammation and fibroplasias with dose-related 
severity in the delivery system groups. Occasionally, acute inflammation, necrosis and 
hemorrhage were associated with the foreign material. The overlying skin had ulceration, 
exudation, epidermal hyperplasia and hyperkeratosis. In RBP-7000 groups, the tissue reactions 
at the injection sites were increased in severity, compared with vehicle controls that received a 
volume- matched amount of the ATRIGEL Delivery System alone. 
In the majority of RBP-7000-treated females, the vaginal and cervical mucosa had changes 
suggestive of diestrus, while in control females, the vaginas and cervices were in varying stages 
of estrus cycle. 
The study results are summarized in the following sponsor's table. 
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Single-dose 4-Week Subcutaneous MTD Study of RBP-7000 in Rats (Study QRS-R191-06) 
Method of Gender ;ind Observed Approxim;ite 

Species/ Administr;ition Doses M;iximum 
Str;iln (Vehicle/ (mg/kg) Number per Nonleth;il Dose Leth;il Dose Noteworthy Findings 

Formul;ition) Group (mg/kg) (mg/kg) 

Rat/ SC Ob, 150°, 3M/3F 333°, 429b 667°, 857b Clinic;il Observ;itions: Decreased activity, splayed 
Sprague- 300, 600, (Main Study) hind or fore limbs, partially closed eyes, red material 
Dawley A TRIGEL® Delivery 1200. around eyes. lacrimation, convulsions, ! urination; 

syst[bl <4>ao:20. 1800, 15M/ 15F Dermal Observ;itions:• ulceration, exudation, 
PLGH (b)(4l 2400d epidermal hyperplasia. hyperkeratosis, granulomatous 

and (bjNMP 
(TK: innammation Food Con.sumption: ! foOd 

(il presented In consumption during first Clay alter Closing (all Closes) 
m2.6.5.5) Body Weight: ! in a I groups in first week w~h 

recovery slower In higher dose groups: Organ 
Weight: No test-article related changes; 
Hlstopathology: Limited to test site (granulomas. 
epidermal hyperplasia. hyperkeratosis, 
degeneration/necrosis). uterus 
(degeneration/necrosis, metestrus, proestrus) vagina 
(degeneration/necrosis, dlestrus, metestrus. 
proestrus) 

F=female; M=male; 
a. Similar injection site findings were observed in the control animals and ace considered an effect of the ATRIGEL® Delivery System. 
b. ATRIGEL Delivery System 
c. Females only; assumes 250-g rat; female rats received 0.25, 0.5, 1, 2 or 3 units containing 150 mg risperidone each in single unit injections 
d. Males only; assumes 250-g rat; male rats received 0.5, 1, 2, 3 or 4 units containing 150 mg risperidone each in single unit injections 

Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats 
(Study QLS-R13-06) 

Key study findings: In this GLP study, 450 mg/kg exceeded MTD causing death in females. 
CNS signs typical of risperidone were observed in both sexes at all dose groups being more 
severe and persistent in female rats. Risperidone target organs of toxicity included the testes 
(seminiferous tubule degeneration/atrophy in MD&HD), and vagina (vaginal epithelial 
mucification and degeneration/necrosis at all doses). These changes are likely due to the known 
effect of risperidone on serum prolactin levels. The NOAEL of a single SC dose of RBP-7000 is 
60 mg/kg risperidone for male rats; a NOAEL for female toxicity could not be determined. There 
were no drug-related effects at the injection site. 

Toxicity and TK data are summarized in the following sponsor's table. 

Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats (Study QLS-R13-06) 
Method of Gender and Observed Approximate 

Species/ Adminlstr;ition Doses M;ix imum 
Strain (Vehicle/ (mg/kg) 

Number per Nonlethal Dose Lethal Dose Noteworthy Findings 

Formulation) Group (mg/kg) (mg/kg) 

Rat / SC QI>, 60, 10M/10F 225 Not Applicable Clinical Observations: Decreased activity, partially 
Sprague- 225, 450 (Main Study) closed eyes. red material around eyes. lacrimation, ; 
Dawley ATRIGEL® Dellveiy Dermal Observations:• discoloured skin at injection 

Systero:i(bl <4'8.0:20 16M / 16F 
site Food Consumption: J food conslll1plion during 

PLGH (blC4 
(TI<) 

first day after dosing (all doses) was statistically 
and1!bl (4~~MP significant for males on Day 1 and females at Day 2-5 

for 450 mg/kg; Body Weight: 1 in males at 450 mg/kg 
Toxicokinetics (Mean), Dose Sex Cnwc AUCo.1 of 5-6% from Day 21 to tennination; 1 m females at 

Risperidone (mg/kg) (N=15/sex) (ng/ml) (ng·h/ml) 450 mg/kg of 7-11 % from Day 2-5, comparable for the 

60 M 284 34440 rest of study Organ Weight: No definitive changes. 
possible test article related changes in pituitary at 450 

F 499 44400 mg/kg males with T of 22, 27 and 24% in mean 
225 M 525 96336 absolute, relative to body weight and relative brain 

F 455 184632 weight Histopathology: Limited to testes 

450 M 572 171384 
(seminiferous tubule degeneration/atrophy} and 
vagina (epithelial mucification and 

F 937 406512 

a. Macroscopic pathology; b. Vehicle control Table continued on the next page 
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Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats (Continued) 

Drug-related microscopic changes were found in the testes (seminiferous tubule 
degeneration/atrophy at MD and HD, which correlated macroscopically with small testes at HD); 
vaginal epithelial mucification and degeneration/necrosis at all dose levels (in 7, 7, and 9 
animals at LD, MD and HD, respectively). These changes were likely associated with the known 
effect of risperidone on serum prolactin levels; similar changes were reported in studies where 
serum prolactin was measured (Zhang 2015)3. 
TK: Cmax of the total active moiety (risperidone plus the active metabolite 9
hydroxyrisperidone) was reached at 6 h post-dose at HD and at 1 to 2 h post-dose at the lower 
dose levels. After a small initial release during the first 24 h (≤ 8.6% of total AUC), there was a 
trough during the first week followed by a subsequent rise to a plateau which persisted through 
Day 28. Plasma concentrations of drug and metabolite declined after Day 35, but remained at 
measurable levels in all groups at the last time point on Day 56. Plasma exposures to both 
risperidone and 9-hydroxyrisperidone were dose proportional. The parent drug accounted for 
most of the total active moiety exposure, with risperidone concentrations about 2 to 4-fold higher 
than those of the metabolite. Exposures to risperidone and 9-hydroxyrisperidone were markedly 
higher in females than in males. This PK gender difference correlated with the increased 
severity of toxicity changes seen in females. At the NOAEL (60 mg/kg), males had a Cmax of 
350 ng/mL and an AUC of 45,912 ng·h/mL. In contrast, mortality was observed in females at 
450 mg/kg, at an active moiety Cmax of 1291 ng/mL and AUC of 569,472 ng·h/mL. 

6.1.2. Single-dose Toxicity of RBP-7000 in Dogs 
Single-dose 4-Week Subcutaneous Maximum Tolerated Dose Study of RBP-7000 in Dogs 

(Study QRS-C192-06)
 
Key study findings: In this non-GLP study, single RBP-7000 SC dose of 450 mg/kg exceeded 

MTD causing death in 1 of 2 female dogs. Treatment-related clinical signs of decreased activity, 


3 Zhang J, et al. A 12-week subchronic intramuscular toxicity study of risperidone-loaded microspheres in rats. Human Exp 
Toxicol. 2015; 34(2):205-223 (as cited by the sponsor) 
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ataxia and tremor throughout the study occurred for doses greater than 75 mg/kg. 
Microscopically, acute inflammation and necrosis at the injection sites were present at all doses 
within the tested dose range (75-450 mg/kg), with increased incidence and severity vs. vehicle 
control (ATRIGEL Delivery System). 

RBP-7000 was injected SC at doses of 75, 150, 300 and 450 mg/kg. Mortality occurred at 450 
mg/kg in 1 of 2 females, euthanized in extremis on Day 1 following prolonged tremors, 
prostration and unresponsiveness.  Clinical signs: prostration in males at ≧150 mg/kg and 
females at ≧300 mg/kg; decreased activity, closed eyelids, ataxia and tremor at all dose levels, 
both sexes (resolved at LD by the end of the 2nd week, but persisted throughout the 28-day 
study period at all higher dose levels). Body weight decrease with correlating decrease in food 
consumption was initially observed in all animals, including controls, but resolved over time. It is 
unclear if the decrease was associated with the test article or the vehicle. Microscopic changes 
at the injection sites included increased incidence of acute inflammation and necrosis and 
increased severity of granulomatous inflammation in both sexes at all dose levels; there was not 
a clear dose-related difference in incidence or severity among risperidone treated groups. 
Plasma concentrations confirmed exposure to the active moiety following administration of RBP
7000; the ATRIGEL Delivery System control group did not have any measurable risperidone 
levels. 

Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Dogs 

(Study QLS-C14-06) 

Key study findings: In this GLP study, the NOAEL for a single RBP-7000 SC administration in 
dogs is 7.5 mg/kg risperidone (clinical signs of ataxia and prolonged suppression of activity, 
attributable to exagerated pharmacology of the API, occurred at and above the next higher 
tested dose of 37.5 mg/kg) 

Beagle dogs (3/sex/group) were administered a single SC injection of RBP-7000 ( (b) (4)

risperidone in ATRIGEL Delivery System), at risperidone dose levels of 7.5, 37.5 and 375 
mg/kg. The control group 

(b) (4)
received 2125 mg/kg of the vehicle (ATRIGEL Delivery System 

(b) (4) (b) (4)without risperidone: 80:20 PLGH and NMP). The dose volume per injection 
was 1 mL. 

There was no mortality or treatment-related changes in body weights, ophthalmology, 
hematology, clinical chemistry, urine analysis and organ weights. 
Risperidone-related clinical signs of dose-dependent decreased activity (in all dose groups), 
partially/completely closed eyelids, ataxia (at MD and HD), tremors and prostration (at HD), 
were observed in both genders. 
Treatment-related macroscopic findings were limited to injection sites (thickened skin) at MD 
and HD, with incidence and severity similar between the vehicle control and HD group, affecting 
all vehicle control and HD injection sites in both sexes. Microscopic changes were observed 
only at the injection sites (focal or multifocal cavities within the hypodermis, with a necrotic 
center mixed with chronic granulomatous inflammation), similar between the vehicle control and 
RBP-7000 HD group and attributable to a vehicle effect. There were no gross or histopathology 
changes due to the RBP-7000 that were independent of the ATRIGEL Delivery System. 
Plasma exposures were dose-proportional over the range of doses studied. TK profiles of 
risperidone, 9-hydroxyrisperidone and the total active moiety were multiphasic, with an initial 
drug release of ≤ 4% of the total active moiety AUC on Day 1, followed by a trough during the 
first week, and a subsequent rise to a plateau, which persisted through Day 28 or beyond. 
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Plasma concentrations steadily fell after Day 35 but were measurable through Day 56. Plasma 
exposures and toxicity data are summarized in the following sponsor's table. 

Single-dose Subcutaneous Toxicity Study in Dogs: Data Summary (Study QLS-C14-06) 
Treatment ATRIGEL RBP-7000 

Delivery System 

RSP Dose (mg/l<g) o mgJl<g 7.5 mgJl<g 37.5 mg/l<g 375 mgJl<g 

Number of Animals 3 M/3 F 3M/3 F 3 M/ 3 F 3M/ 3 F 

Active Moiety•: 

Cmax (ng/mL) - 76/ 102 4411 248 301 61 2283 

AUC~•s• (ng·hfm L) - 48432/ 58632 28101 61 145·152 19698481 
1637568 

A UC0-'24h (ng·hlrnL) - 8 1611752 6859/ 3830 59592/ 41856 

Cl inical Signs 

Clinical - ! activity: 2 F o n L activity: Mon L activity: M on 
Observations Day 1 Days 1-7, Fon Days 1-42 , Fon 

Day s 1~2; Ataxia Days 1-56 ; 
2 F o n Day 1; Ataxia : 1M / 1F 
t lacrim ation, on Day 2; All F 
brown/green prostrate on Day 

material around 1; F eyes p artially 
eyes c losed 0t1 Days 

1-56; t 
lacrimation , 
brown/green 

mate rial around 
eyes 

Histopathology I test site - - T test site 
g ranulom a with granuloma w ith 

chronic chronic 
infla mmation; inflammatio n; 

necrotic centre necrotic centre; 

Gross patholocv Thickened skin Thickened skin Thickened skin 
at injection site at injection site at injection site 

AUCO-last=area under the plasma versus time concentration from zero to the last measurable time point; AUC0-24h= area under the plasma 
concentration-time curve from time 0 to 24 hours; Cmax=maximum plasma concentration; RBP-7000= (6) risperidone in (6) (4) 80:20 PLGH[}b! 
(b) (4) and (b~ NMP; RSP=risperidone; a. Total active moiety [total risperidoneJ = [risperidoneJ + [9-h)~~oxyrisperidone ; mean TK parametg s 
are presen~ for malesffemales 

6.2 Repeat-Dose Toxicity 

The following table lists the repeat-dose GLP toxicity/TK studies conducted in rat and dog with 
RBP-7000 injections; both studies included a 12-week recovery period and were conducted with 
the clinical to be marketed formulation of RBP-7000, !

5
>T

4
' risperidone in !l>H

4l 80/20 PLGH LJ~ 
<11><4rand <bf<4l NMP. 

Repeat-dose Subcutaneous Toxicity Studies with RBP-7000 
Study Number Species/ Strain Duration RSP Dose Formulation GLP 

(mg/kg)• 
RSP I PLGH 

I 
Solvent Status 

(%w/w)b (MW) 

RBLS-R06-70-10 Rat/ Sprague- 6 months 0, 15, 
(6) (4 

GLP 
Dawley + 12-week QQ, 1200, 241Jd 

recovery 

RBLS-C05-70-10 Dog/ beagle 9 months 0, 5, 20, 80 GLP 
+ 12-week 
recovery 

I. ~ 

(llff4l GLP=Good Laboratory Practices; kDa- kiloda,lton; NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-
lacttde-coglycolidefRBP-7000)__ (b) nspendone m (b~ 80:20 PLGH (b}(4) and (b) ('llNMP; RSP=rispendone; 
a. Nominal risperidone dose per gr~~~; for pivotal toxi~\ogy studies with RBP-7000, the highest NOAEL is widerlined; b. %w/w=percentage on 
a weight-by-weight basi~; c. Female dose only; d. Male dose only 
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6.2.1. Repeat-Dose Toxicity in Rats 

Study title:  6-Month Repeat-dose Subcutaneous Toxicity Study in Sprague-Dawley 
Rats with 12-Week Recovery Period 

Study no.: 
Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: 

(b) (4)
RBP-7000; risperidone/ATRIGEL 

(b) (4)

(b) (4) risperidone base in 
 80/20 PLGH and NMP) 

Syringe A (ATRIGEL delivery system) Lot # 106 
Syringe B (risperidone) Lot # RB0056-67 

Key Study Findings: No significant or unexpected effects were observed following SC 
administration of RBP-7000 once every 28 days to rats for 6 months. RBP-7000 was well 
tolerated at doses of up to 60 mg/kg, and provided significant, sustained exposure to total active 
risperidone moiety with predictable systemic effects and minimal to moderate effects at the local 
injection sites. NOAEL: 60 mg/kg (due to body weight decrease of over 10% at the next higher 
tested dose). Plasma exposure in male and female rats at the NOAEL dose level provides a 
safety margin of 10- to 20-times (for Cmax), 8 to 14-times (for AUC0-24h) and of 3 to 4-times (for 
AUC0-28d), based on the human PK data from the repeat-dose clinical Study RB-US-09-0009 at 
RBP-7000 maximal dose of 120 mg risperidone (i.e., Cmax = 39.7 ng/mL, AUC0-24h = 493 ng·h/mL 
and AUC0-28d = 15585 ng·h/mL, after the 3rd injection). 

Methods 

RBLS-R06-70-10 

2 March 2010 
(b) (4)

Doses:	 15, 60, 120 (F), or 240 (M) mg/kg risperidone in RBP-7000 ( (b) (4)

(b) (4) (b) (4) (b) (4)risperidone in 80:20 PLGH and NMP); 
Control: ATRIGEL Delivery System without risperidone administered at 
755 mg/kg (F) and 1509 mg/kg (M) 

Frequency of dosing: 28 days
 
Route of administration: Subcutaneous (SC)
 
Dose volume: 0.09 – 1.5 mL/kg/dose
 
Formulation/Vehicle: 

(b) (4)
ATRIGEL Delivery System without risperidone: 


(b) (4) (b) (4) 80:20 PLGH and NMP 

Species/Strain: Rat/Sprague-Dawley 
Number/Sex/Group: 28 (main study groups); 9 (TK groups) 
Age: 11 weeks 
Weight: 283 - 414 g (males) and 201- 288 g (females) 
Satellite groups: TK 

Deviation from study protocol: None of the deviations were considered to have impacted the 
overall integrity of the study or the interpretation of the study results and conclusions. 
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RBP-7000=  80:20 PLGH and  NMP;    RSP=risperidone; 
a. Nominal dose; b. Recovery necropsy;  

(b) (4) (b) (4) (b) (4)

Study design: 
Study Design for 6-Month Repeat-dose Toxicity Study of RBP-7000 in


Sprague-Dawley Rats (Study RBLS-R06-70-10)
 

c. ATRIGEL Delivery System: 755 mg/kg (females only) or 1509 mg/kg (males only) ATRIGEL Delivery System 
d. Female dose level; e. Male dose level; f. Animals used for TK only 

Observations: 
Mortality and morbidity (daily, including TK animals), dermal observations (pre-dose and once 
daily during first week and weekly thereafter), food consumption (weekly), body weight (weekly, 
including TK animals); clinical chemistry,  urine analysis (pre-study and prior to terminal and 
recovery necropsies); ophthalmic examinations (pre-study and before terminal necropsy of HD 
and control);  TK: Blood samples from TK groups (3 animals/sex/time point) on Days -3, 1 (pre
dose, 1, 2, 4, 8 and 24 h post-dose) and in bi-weekly intervals thereafter, until Day 225. 
Necropsies on Days 169 and 225 (approximately 4 and 12 weeks after last dose administration, 
respectively); target tissues examined microscopically in all dosed groups, and the rest of 
tissues, in HD and control groups. TK animals were euthanized without necropsy following the 
final TK sample collection. 

Results 

Mortality: No test article-related mortality (1 recovery female was euthanized on Day 196 due 
to a cage injury; two TK females died following blood collection; restraint or collection 
procedures were determined as the cause of death at necropsy). 

Clinical Signs: Risperidone-related decreased activity was observed in RBP-7000 HD group 
only (13/ 28 HDM and 11/ 28 HDF). Clinical observations related to the ATRIGEL Delivery 
System and not to RBP-7000 included: labored breathing, seizure/tremors, excess salivation 
and abnormal lung sounds (in 2, 2, 4 and 1 vehicle control animals, respectively). These signs 
appeared at a similar or lower incidence in RBP-7000 groups, unrelated to risperidone dose 
level. 

Body Weights: RBP-7000-related dose-dependent decrease in mean body weights and mean 
body weight gains occurred in males at MD and HD for the entire dosing period (Days 1 to 168). 
Mean male body weights on Day 168 were 2%, 6% and 15% below the control value in LD, MD 
and HD RBP-7000 groups, respectively. During the recovery period, mean body weights and 
body weight gains remained reduced in HDM. In females, mean body weight and body weight 
gains were unaffected up to the highest RBP-7000 dose evaluated in the females (120 mg/kg), 
even though food intake was reduced (see below); this effect could not be explained. 
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Food Consumption 
Mean food consumption was reduced at HD in both genders, throughout the dosing period, 
reaching statistical significance at most of the time points. On Day 168, mean food consumption 
values in LD, MD and HD  RBP-7000 groups were 2%, 5%, and 13% (for males), and 4%, 9%, 
and 11% (for females) below the control, respectively. Food consumption during the recovery 
period remained reduced in HD animals (both genders) compared to control. In HDM, the 
reduced food consumption correlated with reduced body weights. 

Ophthalmoscopy 
There were no ophthalmic findings in any of the dose- or control animals examined 

Hematology, Clinical Chemistry, Urinalysis 
No RPB-7000-related changes were observed in hematology, clinical chemistry or urine 
analysis parameters during the study. Inter-group differences, some of which attained statistical 
significance, were sporadic, transient, or were of a magnitude commonly observed in laboratory 
Sprague-Dawley rats undergoing similar study procedures at the testing facility, and were not 
considered test article related. 

Organ Weights 
Dose-dependent significant weight decreases of testes, uterus and adrenal glands (in F) were 
found in all dosed groups (including LD) at the terminal necropsy on day 169  and persisted 
through the end of recovery period on day 225;  

RBP-7000-associated Organ Weight Findings (Study RBLS-R06-70-10) 

* Statistically significant; F=female; M=male; NR=not reported; RBP-7000=  risperidone in 80:20 PLGH and NMP (b) 
(4)

(b) 
(4)

(b) (4) (b) 
(4)

Gross Pathology 
No systemic test article-related gross findings were found at either terminal or recovery 

necropsies (on days 169 and 225, respectively). 

Injection site observations: 
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Erythema, eschar, and edema at injection sites, observed in most animals in all main study 
groups including controls, as well as more severe findings (ulceration, eschar exfoliation and 
erythema beyond the test site) occurred in the ATRIGEL vehicle control and RPB-7000 MD and 
HD groups with similar incidence and severity (see the following sponsor’s table). Necrosis was 
found in the ATRIGEL vehicle control group only. The incidence of material accumulation at the 
injection sites was similar among control and treated groups. 
The RBP-7000 injection site dermal changes were most likely due to the ATRIGEL delivery 
system and not related to the API. 

Dermal Observations Summary (Dermal Scoring Grades*)

       X = Present; (-) = None; * Dermal Score Grades shown in the next sponsor’s table 
Dermal Score Grades 

Histopathology 
Histological Findings 
Histopathology findings at the injection sites were similar between RBP-7000 high dose groups 
and volume-matched vehicle controls. These findings were expected granulomatous foreign 
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body reactions and consisted of a cystic space, fibrosis and granulomatous inflammation with 
slightly higher incidence and severity in RBP-7000 HD group compared with vehicle control. 
These findings were reversible: both incidence and severity were decreased following the 12
week recovery period. 

RBP-7000-associated Injection Site Findings at Necropsy on Day 169 

RBP-7000=  risperidone  80:20 PLGH and NMP; RSP=risperidone 
a. Last injection Day 113; b. Last injection Day 141; c. Scores: minimal = 1; mild = 2; moderate =3; marked =4; 
The table shows sum total score by site and group 

(b) 
(4)

(b) 
(4)

(b) (4) (b) 
(4)

Other organs: Drug-related, dose-dependent histopathology changes were present in all RBP
7000 dose groups (≥ 15 mg/kg risperidone) in mammary glands (male and female), adrenal 
glands (females), testes, epididymis, prostate and thymus by the end of the treatment period, 
and persisted following the 12-week recovery period in all these organs, except for the thymus. 
These findings were likely related to risperidone effect of on serum prolactin concentrations, a 
well-recognized effect of this and other antipsychotic drugs (though serum prolactin was not 
assessed in this study). 
These test article-related histopathology findings were as follows: 
Mammary gland: Vacuolation of glandular epithelium associated with acinar development in 
females or glandular atrophy in males. The incidence and severity of this finding was clearly 
increased in females treated with RBP-7000 at ≥ 15 mg/kg. 
Testes: Degeneration of germinal epithelium 
Epididymis: Aspermia (marked) characterized by the complete absence of mature spermatozoa 
in the tubules. This change was considered to be secondary to degeneration of germinal 
epithelium in the testes. 
Prostate: Accumulation of cell debris and acute inflammation cells with incidence and severity 
greater than in the control group. 
Adrenals: Vacuolation in the cytoplasm and increased size of cells of the zona glomerulosa 
(outermost layer). 
Thymus: Depletion of lymphoid tissue from the thymus cortex (potentially test article-related 
finding of minimal toxicological importance). This is also a common incidental finding which 
could be secondary to stress. 

The histopathology findings are summarized in the following sponsor table: 
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Summary of Microscopic Findings 

Scheduled Necropsy (Day 169)
 

Recovery necropsy (Day 225) 

a Numbers in parentheses represent the number of animals with the finding 

35 

Reference ID: 4284319 



 

 

 

 

 
    

   
  

    
  

  

 
  

 
 

  

 

  
 

 

 
 

   

      
      

  

NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

Toxicokinetics 
TK Summary of Total Active Moiety (Study RBLS-R06-70-10) 

RBP-7000=  risperidone in  80:20 PLGH  and  NMP; RSP=risperidone; 
T½=apparent terminal elimination half-life 
a. Three animals/sex were rotated and utilised for each TK time point 

(b) (4) (b) (4) (b) (4) (b) (4)

b. Total active moiety: [total risperidone] = [risperidone] + [9-hydroxyrisperidone] 
Plasma concentrations peaked between 1 and 4 h post-dose for risperidone and 

between 1 and 8 h post-dose for 9-hydroxyrisperidone and total active moiety. Plasma Cmax for 
risperidone was high relative to therapeutically effective exposure (about 10 ng/mL), and ranged 
from 100 to 2000 ng/mL. The Cmax was generally less than dose-proportional for the total 
active moiety. Systemic exposure (AUC0-28d) was generally less than dose-proportional for 
females between 15 and 120 mg/kg and males between 15 and 60 mg/kg but was generally 
dose-proportional for males between 60 and 240 mg/kg. AUC0-28d remained consistent with 
repeated dosing, except for the high-dose (240 mg/kg) males where the AUC0-28d increased with 
repeated dosing. There were no consistent or notable sex differences for Cmax and AUC0-28d for 
risperidone, 9-hydroxyrisperidone and total active moiety. There was no accumulation with 
repeated dosing except for the high-dose group. Plasma concentration at 4 weeks post-dose 
(Ctrough) values per group were generally similar throughout the 6-month study, demonstrating 
continuous presence of drug over the 4-week post-dosing periods (except for HD males where 
Ctrough increased with repeated dosing). The metabolite/parent ratios were between 0.06 and 
1.13 for Cmax and between 0.45 and 0.84 for AUC0-28d. T1/2 from the recovery phase was 252-387 
h for risperidone, 240- 439 h for 9-hydroxy-risperidone and 247- 379 h for the total active 
moiety. 
The TK assessment confirmed that with SC injection of RBP-7000 in rats once every 4 weeks 
for 6 months, significant and consistent exposure was maintained throughout the 4-week dosing 
intervals following each dose. 

Conclusion: Repeated SC administration of RBP-7000 to rats at risperidone doses of 15, 60 
and 120/240 mg/kg once monthly for 6 months provided sustained exposure to total active 
risperidone moiety, induced predictable dose-dependent systemic effects and minimal to 
moderate effects at the injection sites, and did not result in any significant or unexpected 
toxicological findings,. 
NOAEL: 60 mg/kg (due to body weight decrease of over 10% at the next higher tested dose). 
Using the human PK data from the repeat-dose clinical Study RB-US-09-0009 with RBP-7000 at 
the maximal dose of 120 mg risperidone (i.e., Cmax = 39.7 ng/mL, AUC0-24h = 493 ng·h/mL and 

36
 

Reference ID: 4284319 



NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

AUC0-2ad = 15585 ng·h/ml, after the 3rd injection), exposure at the NOAEL in this study provides 
a safety margin of 10- to 20-times (based on Cmax of 448 and 763 ng/m in M and F, 
respectively), a safety margin of 8- to 14-times (based on AUC0-24h of 3987 and 5596 ng.h/ml in 
M and F, respectively) and a safety margin of 3- to 4-times (based on AUC0-2ad of 49139 and 
63294 ng.h/ml in Mand F, respectively). 

6.2.2. Repeat-Dose Toxicity in Dogs 
Study title: 9-Month Repeat-dose Subcutaneous Toxicity Study in Beagle Dogs with 12-Week Recovery 
Period 

Study no.: 
Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

QA statement: 
Drug, lot#, and% purity: 

RBLS-C05-70-10 

1March2010 
Yes 
Yes 

(b)l4) 

RBP-7000; risperidone/ATRIGEL® C b><4jrisperidone base in 
<bH4f 80/20 PLGH and (b)(ilj NMP) 
Syringe A (ATRIGEL® ael1very system) Lot# 106 and RB0061-3 
Syringe B (risperidone) Lot# RB0056-67 

Key Study Findings: No significant or unexpected effects were observed following SC 
administration of RBP-7000 once every 28 days for 9 months to dogs at risperidone doses of up 
to 80 mg/kg. ATRIGEL Delivery System-related gross- and histopathology findings at injection 
sites (edema, dermal irritation, eschar, granulomatous inflammation as a foreign-body reaction) 
were present in all dose groups, including control, not dose-dependent and resolved during the 
recovery period. Changes in reproductive organs of both genders, resolvable after a 12-week 
recovery period, were likely related to risperidone effect on serum prolactin, a known effect of 
this and other antipsychotic drugs. RBP-7000 was well tolerated at doses of up to 80 mg/kg, 
and provided sustained exposure to risperidone active moiety with predictable systemic effects 
and minimal to moderate effects at the local injection site. NOAEL: 80 mg/kg. Plasma exposure 
in male and female dogs at the NOAEL provides a safety margin of 42 to 60-times (for Cmax), of 
62 to 91-times (for AUC0-24h) and of 45 to 57-times (for AUC0-28d), based on the human PK data 
from the repeat-dose clinical Study RB-US-09-0009 at RBP-7000 maximal dose of 120 mg 
risperidone in humans (i.e., Cmax = 39.7 ng/ml, AUC0-24h = 493 ng·h/ml and AUC0-28d = 15585 
ng·h/ml, after the 3rd injection). 

Methods 
Doses: 5, 20 or 80 mg/kg risperidone in RBP-7000 <b><

4
l risperidone in ATRIGEL 

Delivery System <b><4I 80:20 PLGH (bH4
> and (bl<4I NMP) 

Control: 503 mg/kg ATRIGEL Delivery System without risperidone. 
Frequency of dosing: 28 days 
Route of administration: SC 
Dose volume: 0.03 - 0.5 ml/kg 
Formulation/Vehicle: ATRIGEL Delivery System without risperidone: <b1<4l 80:20 PLGH <bf<4J 

and <6J<4> NMP 
Species/Strain: Dog/Beag e 
Number/Sex/Group: 8 
Age: 6.8 to 7.7 months 
Weight: 7 - 9.7 kg (males) and 6 - 8.3 kg (females) 
Satellite groups: TK 
Deviation from study protocol: None of the deviations have impacted the overall integrity of the 
study or the interpretation of the study results and conclusions. 
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Study design: 

Study Design for 9-Month Repeat-dose Toxicity Study of RBP-7000 in Beagle Dogs 
(Study RBLS-COS-70-10) 

Group RSP RSP Dosage Dose Number of Males/Females 
Dose Dose Mass Volume Initial Necropsy Necropsy Necropsy 
Level Concb {mg/kg) (ml/kg)~ 

Total on on on 
(mgfkg)~ c 

Day 253 Day 281 d Day 309d 

1 0 0 503 0.457 8 / 8 3 13 3 / 3 2 12 
(control)'" 

2 5 15.9 31 0.031 8 / 8 3 / 3 3 / 3 2 / 2 

3 20 15.9 126 0 .126 8 / 8 3 13 3 / 3 2 / 2 

4 80 15.9 503 0.503 8 / 8 3 1 3 3 / 3 2 / 2 

P-700odCbf!41risperidone inD 6J 80:20 PLGH (bf(4I andD 6J NMP; RSP=risperidone; 
. . 141 ~Nominal 3ose; b. Analytical testmg conducted ~P-7000; c. tJoses were delivered within ± 20% of the desired dose mass 

d. Recovery necropsies 
e. ATRIGEL Delivery System: (bJ 80:20 PLGH and (6~ NMP- (bl\.ll ATRIGEL Delivery System 

141 141 

Animals were dosed on Day 1 via SC injection of risperidone in the ATRIGEL Delivery System 
\ <6J<4

> risperidone in <bH4J 80:20 PLGH <bH4
> and <br<4r NMP). The control article was 

ATRIGEL Delivery Sys em without risperidone: <b><j 80:20 PLGH 
7 

<bH
4j and <bH4

> NMP. 
Subsequent SC doses were given on Days 29, 57, 85, 113, 141, 169, 19 and 225. The dose 
was administered over 1 to 5 separate injection sites as necessary, to achieve the intended 
doses. Main study animals were euthanized on either Day 253, 28 days after the last dose 
(3/sex/group) or Day 281 , 56 days after the last dose (3/sex/group). Recovery animals 
(2/sex/group) were euthanized on Day 309, 84 days after the last dose). 

Observations: 

Mortality and morbidity (twice daily, including TK animals), dermal observations (pre-dose and 
once daily during first week after each dose and weekly thereafter), food consumption (weekly), 
body weight (weekly); ECG (pre-study and on Day 225 at 2 h post-dose); clinical chemistry, 
hematology and coagulation (pre-study, on weeks 12, 24, and monthly thereafter), urine sample 
collection (pre-study and at terminal and recovery necropsies); Ophthalmic examinations (pre
study and before terminal necropsy for HD and control group); TK: Blood samples from TK 
groups (4 animals/sex/time point) on Days -3, 1 (pre-dose, 1, 2, 4, 8 and 24 h post-dose) and in 
bi-weekly intervals thereafter. Necropsies on Days 253, 281 and 309 (4, 8 and 12 weeks after 
last dose, respectively); full necropsy, including gross examination of tissues and organ weights, 
was conducted on all animals; tissues were examined microscopically (at least in HD and 
control groups). Selected tissues (injection sites, epididymis, mammary gland, prostate, ovary, 
testes, uterus and vagina) were evaluated in all dose groups. 

Results 

Mortality: None (all animals survived to their respective scheduled necropsies) 

Clinical Signs: 

RBP-7000-related clinical signs were associated with the expected pharmacological effects of 
risperidone and included transiently decreased activity and food consumption in both genders at 
all dose levels; and changes that were likely associated with hyperprolactinemia (including 
swollen/lactating mammary glands (galactorrhea), amenorrhea and gynecomastia). Estrus cycle 
disturbances (noted as decreased occurrence of vaginal discharge), galactorrhea and/or 
mammary enlargement were seen in females at all dose levels, in a dose-dependent manner. 
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Decreased vaginal discharge was observed in 2 of 8, 4 of 8, and 7 of 8 females at LD, MD and 

HD, respectively, vs. 0 of 8 F in the control group.
 
The maximal duration of galactorrhea and mammary enlargement was longest in the HD group:
 
93 days vs. 54, 3, and 0 days in MD, LD and control groups. 


Body Weights: No changes 

Feed Consumption: Occasional transient decreases in food consumption in all dose groups on 
single days resolved by week 4. 

Ophthalmoscopy: No changes 

ECG: 
One male at 80 mg/kg had a supraventricular tachycardia on Day 225, 2 h post-dose. It was
 
possibly test article-related due to the occurrence of the event in a high-dose animal; however, 

all other ECG readings were normal.
 

Hematology, Clinical Chemistry, Urinalysis: 

No changes attributable to the administration of the RBP-7000 or the ATRIGEL Delivery System
 

Gross Pathology 
No RBP-7000-related dermal changes were observed in this study. However, ATRIGEL 
Delivery System-related gross pathology findings of material accumulation at the injection site(s) 
were present and similar in all dose groups, including control. ATRIGEL Delivery system-related 
dermal observations included edema, dermal irritation outside the injection site, blanching, 
eschar, erythema beyond the test site, were not dose-dependent and resolved during the 
recovery period for most animals. 

Organ Weights 
RBP-7000-related effects included decreased absolute organ weight, organ to brain weight 
ratios and organ to body weight ratios for: prostate (in all dose groups), epididymis (at MD and 
HD), testes (at HD), uterus and ovary (in all dose groups), and increased organ weight and 
weight ratios for pituitary at HD (in females). Histological correlates were present for the 
reproductive organs’ weight changes, but not for the pituitary. The organ weight changes were 
persisting in both males and females through the first recovery necropsy on Day 281 (56 days 
after the last dose), but were generally resolved by the 2nd recovery necropsy (81 days after the 
last dose), except for prostate at the high-dose males only. 

Histopathology 
Injection sites: Granulomatous inflammation was present at the injection sites in all dose groups,
 
including the vehicle control, and typically consisted of foreign body-type giant cells, 

lymphocytes and neutrophils; eosinophilic hyaline material was occasionally present and 

represented the injected material. These changes were diminishing during the recovery period.
 
As these changes were similar in all groups, including the vehicle control, the inflammation was 

due to the ATRIGEL Delivery system and not to risperidone.
 
Test article-related changes in other organs: 

Atrophy of prostate glandular epithelium was present in all RBP-7000 dose groups and 

correlated with the decreased prostate weight. Decreased size of epididymis tubule lining 

epithelial cells at MD and HD correlated with the decreased epididymis weight. 

In females, estrus cycle-related histology alterations in uterus, ovary, vagina, and mammary 

gland were present in all RBP-7000 dose groups. Conventional definition “immature” was used
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to designate dogs that had the histology features of immature dogs that had not cycled prior to 
necropsy, regardless of age. The most characteristic features of non-cycling/immature dogs 
were absence of corpora lutea in the ovary, atrophy of uterine glands and vaginal epithelium 
and absence of glandular tissue in the mammary gland. The non-cycling/immature histologic 
findings correlated with the decreased uterine and ovary weights. No histological correlate was 
identified for the increased pituitary weights. 
Histology changes in the male and female reproductive organs persisted through the first 
recovery necropsy (56 days after the last dose) and were generally similar to those recorded at 
the terminal necropsy. Prostate changes were still present in all of the RBP-7000 dose groups. 
However, changes in uterus, ovary, vagina and mammary gland were only present at MD and 
HD and not at LD, indicating the beginning of recovery in these organs. At the 2nd recovery 
necropsy (81 days after the last dose), there were no histology changes in epididymis; prostate 
atrophy and uterus/ovary/vagina changes were present only at HD, indicating continuing 
recovery. The histology findings at the terminal and recovery periods are summarized in the 
following sponsor’s tables. 

RBP-7000-Associated Histology Findings in 9-Month Repeat-dose SC Toxicity Study in Dogs
 
Terminal necropsy, Day 253 (28 days after the last dose)
 

Recovery necropsy, Day 281 (56 days after the last dose) 
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Recovery necropsy, Day 309 (81 days after the last dose)

 RBP-7000=  risperidone in  80:20 PLGH and NMP; RSP=risperidone; (b) 
(4)

(b) 
(4)

(b) 
(4)

(b) (4)

Toxicokinetics 
Plasma concentrations peaked within the first 2 weeks post-dose for risperidone, 9-hydroxy
risperidone and total active moiety.  The concentrations were generally stable indicating 
sustained exposure throughout the 28-day period. The Cmax, Ctrough and AUC0-28d increased in 
approximately dose-proportional manner, and there were no consistent differences between the 
sexes. Terminal elimination t1/2 (calculable from the recovery phase) was between 76 and 431 h 
for the total active moiety. The TK parameters remained relatively similar for the repeated 
doses, except for the females of the 80 mg/kg group where the plasma exposure increased 
throughout the 9-month study. The metabolite/parent ratios were ≤ 6.1 for Cmax and ≤ 7.4 for 
AUC0-28d. 
A summary of TK parameters for total active moiety is presented in the following sponsor’s 
table. 

TK Parameters for Total Active Moiety

9-Month Repeat-dose SC Toxicity Study in Beagle Dogs with 12-Week Recovery
 

(Study RBLS-C05-70-10) 

Day 225: Last dosing day; AUC0-24 =area under the plasma concentration-time from time 0 to 24 h; AUC0-28d =area under the 
plasma concentration-time from time 0 to 28 days or 0 to 672 h; Cmax=maximum plasma concentration; RSP=risperidone; 
T½=apparent terminal elimination half-life; 
a. Up to 4 animals/sex were used for each TK time point 
b. Total active moiety: [total risperidone] = [risperidone] + [9-hydroxyrisperidone] 

41
 

Reference ID: 4284319 



 

 
 

  
 

  
 

   
 

 
    

 

 
   

 

 
 
 

 
  

  
 

 
 

  

  

  

NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

Conclusion: Administration of RBP-7000 to beagle dogs by SC injection once every 28 days for 
9 months did not result in any significant unexpected toxicological findings. Changes observed 
were related primarily to the effects of the drug on serum prolactin, a well-known effect of this 
and other antipsychotic drugs of this class in dogs (Tian 20144, as cited by the sponsor). 
RBP-7000 was well tolerated at doses of up to 80 mg/kg, and provided sustained exposure to 
risperidone active moiety with predictable systemic effects and moderate effects at the local 
injection site. NOAEL: 80 mg/kg. Plasma exposure in male and female dogs at the NOAEL 
provides a safety margin of 42 to 60 times (for Cmax), of 62 to 91 times (for AUC0-24h) and of 45 to 
57 times (for AUC0-28d), based on the human PK (3rd dose) from the repeat-dose clinical Study 
RB-US-09-0009 at RBP-7000 maximal clinical dose of 120 mg risperidone (i.e., Cmax = 39.7 
ng/mL, AUC0-24h = 493 ng·h/mL and AUC0-28d = 15585 ng·h/mL, after the 3rd injection). 

7 Genetic Toxicology 
RBP-7000 was tested in a single GLP-compliant in vivo rat micronucleus genotoxicity study with 
SC administration. 
The ATRIGEL Delivery System is FDA-approved and has been shown to be not genotoxic 
(NDAs 021343, 021379, 021488 and 021731). It should be noted that the API risperidone was 
tested in full battery of genotoxicity tests under the NDA for Risperdal® and the results were 
negative 

7.1. In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
Study title: Rat Bone Marrow Erythrocyte Micronucleus Test Following a Single Subcutaneous 
Administration of RBP-7000 in CD Rats 

Study no: 
(b) (4)

Study RBLS-R07-70-10
 
Conducting laboratory and location:
 

Date of study initiation: 11 January 2010
 
GLP compliance: Yes
 

QA statement: Yes
 
Drug, lot #, and % purity: RBP-7000 ( (b) (4)  risperidone in 
 80:20 PLGH and NMP) 

Syringe A: ATRIGEL Delivery System, Lot 106, Sub-lot A 
(b) (4) (b) (4)

Syringe B: Risperidone, Lot RB0056-1 

Key Study Findings 
RBP-7000 did not induce micronuclei in bone marrow cells when tested in a valid micronucleus 
assay to the maximum tolerated dose (943 mg RBP-7000/kg, equivalent to 150 mg 
risperidone/kg) in male and female CD rats by SC dosing and 24 h and 48 h sampling regime. 
Micronuclei induction was also not present upon SC administration of ATRIGEL Delivery 
System alone (vehicle control) at a dose of 943 mg/kg (equivalent to risperidone  dose volume 
of 150 mg risperidone/kg) using the same dosing and sampling regime. 

Methods 
Doses in definitive study: 38, 75, 150 mg/kg risperidone in RBP-7000 
Frequency of dosing: Single 
Route of administration: SC 
Formulation/Vehicle: ATRIGEL Delivery system 

4 Tian J, et al.  A 12-week intramuscular toxicity study of risperidone-loaded microspheres in Beagle dogs.  Human  Exp.Toxicol. 
2014; 33(5):473-487 (as cited by the sponsor) 
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Species/Strain: Rat/CD 
Number/Sex/Group: 10 
Satellite groups: TK (3/sex/group) 
Basis of dose selection: MTD 
Negative control: ATRIGEL Delivery System 
Positive control: Cyclophosphamide (50 mg/kg) 

Study Validity 
The following acceptance and evaluation criteria were satisfied: 

- The prepared slides had uniform staining properties and sufficient number of PCE cells 
to allow accurate micronucleus determination (by counting a minimum total of 1000 
erythrocytes (PCE + NCE) per marrow preparation); 

- The MN-PCE frequencies for the vehicle control were within the expected historical 
range, defined in accordance with the testing laboratory experience of the bone marrow 
micronucleus test using CD rats (the average micronucleus incidence in negative control 
and untreated CD rats determined as 0.06 ± 0.05%, a range of 0.01-0.13% per group of 
5-6 animals and 0.03-0.11% per group of 10-12 animals (in agreement with published 
data for micronucleus tests with CD rats); 

- Adequate positive control response for at least 2 animals and the dose group as a 
whole. 

Evaluation criteria: 
- Negative Response: The test would be judged negative if no biologically relevant 

increases in the numbers of micronucleated polychromatic erythrocytes (MN-PCE) were 
observed, relative to the concurrent untreated control and established historical negative 
control frequencies for MN-PCE induction; 

- Positive Response: The test would be judged positive if an increase greater than 10% in 
the number of MN-PCE over the expected historical control ranges was obtained for one 
or more of the test item treated dose groups. The increase should be biologically 
relevant and statistically significant relative to concurrent untreated control and historical 
control frequencies for MN-PCE and/or MN-NCE induction. 

- The delivery system (ATRIGEL Delivery System) was also compared against the 
concurrent untreated control and historical control data 

Results 
In the preliminary toxicity study to determine the maximum tolerated dose, the target RBP-7000 
starting dose was equivalent to risperidone 1000 mg/kg in males and 750 mg/kg in females. 
5 groups of male and female CD rats received SC doses of RBP-7000 ranging from 109 to 590 
mg risperidone/kg (equivalent to 686 to 3711 mg RBP-7000/kg, respectively). Mortality of all 
animals occurred at the two highest dose levels, as shown in the following sponsor’s table.

 (a.) Dosing was not completed due to the rapid onset of severe clinical reaction 
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Based on these toxicity data, the MTD of RBP-7000 was 150 mg/kg risperidone or 943 mg/kg 
RBP-7000 in both males and females. 
In the micronucleus test, 3 groups were dosed SC with RBP-7000 at equivalent risperidone 
doses of 38, 75 and 150 mg/kg (236, 472 and 943 mg RBP-7000/kg respectively). Concurrent 
vehicle (ATRIGEL Delivery System) control groups were dosed SC and sampled at 24 h and 48 
h in parallel with the test item treated rats. Another control group remained untreated. Bone 
marrow samples were taken 24 and 48 h after the initial dose. 

Study Design for Rat Bone Marrow Micronucleus Study of RBP-7000 in CD Rats 

Group Test Article Nominal RSP Number of Males/Females 
Dose (mg/kg) Dosing 24-h 48-h 

Hour Samp le Sample 

1 (Control) ATRlGEL Delivery O' 0 515 515 
System 

2 RBP-7000 38 0 Ol 5 Of 0 

3 RBP-7000 75 0 015 Of 0 

4 RBP-7000 150 0 515 515 
5 (Control) Cyclophosphamide O" 0 510 OJ 0 

6 (Control) Untreated 0 - 5/ 5 -
o=[3~ in[!~ 80:20 PLGHC~6Jl4f andrlb1%NMP; RSP=risperidone RBP-700 

a. Group 1 aniillals received 943 mg/kg ATRIGEL ffelivery System: l~l 80:20 PLGH and l!~ NMP 
b. Group 5 animals received 50 mg/kg cyclophosphamide 

Rat Bone Marrow Micronucleus Results 
Test Article n me Sex No. Erythrocytes 

(h) Rats Nomiochromatic Po lych romat ic Cells PCE/ NCE 
Cells (NCE) (POE) 

Number of PCE No. O/o Mean 
MN-NCE Analysed MN- MN~ (±StDev) 

POE PCE 
ATRIGE

1
i._o .,.1;_"(b')(4 . 2 4 M 5 5 10004 4 CUM 0 .66 (0 . 14 ) 

System F 5 6 10002 6 o.oe 0.65 (0 .15 ) 

M / F 10 11 2000 6 10 0.05 0.66 (0 . 14) 

48 M 5 0 10001 3 0.03 0.60 (0 . 10) 

F 5 3 10002 4 0.04 0.67 (0 .09) 

M / F 10 3 20003 7 0 .03 0 .64 (0 . 10) 

38 m g1'kg 
4 

24 F 5 5 10004 5 0 .05 0 .7 0 (0 . 11 ) 
.4CiSQ.eOdon~ (b) (' l 

(b) <4JRBP-7000] 

175 m{llkg {6) (4J 24 F 5 4 10004 6 o.oe 0 .64 (0 .07) 
.rrsp_e~one 

(b}(4~BP-7000] 

15 0 mglkg , 2 4 M 5 3 10000 3 0 .03 0 .64 (0 .05) 
r isp eridone <6JT4J 

F 5 7 10003 7 0 .07 0.52 (0 .07) 
"' (b}(4)RB P-7000) 

MJF 10 IO 20003 10 0 .05 o.5B(o.oa1 
48 M 5 1 10004 4 0 .04 0 .67 (0 . 13) 

F 5 1 10001 3 0 .03 0 .65 (0 . 15 ) 

M / F 10 2 20005 7 0 .03 0 .67 (0 . 14 ) 

Cyclophos·phamide 24 M 5 3C>a 10003 1e1 1 .67cp 0 .49 (0 .03) 
50 m glkg 

Untreated Conin>I 2 4 M 5 2 1000 1 3 0 .03 0 .79 (0 . 10 ) 
F 5 4 10002 1 0 .0 1 0 .73 (0 . 13) 

M /F 10 6 20003 4 0.02 0 .76 (0 . 11 j 

MN-NCE--micronucleated normochromatic ery1hrocyte; MN-PCE=micronucleated polychromatic erythrocyte; NCE=Normochromatic 
erythrocyte; PCE--polychromatic erythrocytes; StDev=standard deviation; a =Evident response in normochromatic erythrocyte; cp--positive 
response in polychromatic erythrocyte 

44 

Reference ID: 4284319 



 

  

   
  

   

  
 

  
   

 

  

   
 

    
    

   
  

 

    
  

    
 

NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 

No animal deaths occurred in the micronucleus test. Moderate risperidone-related clinical signs 
of subdued behavior, hunched posture, partially closed eyes were observed in all RBP-7000 
dose groups in a dose-dependent manner. 
The number of MN-PCE in the vehicle control group, at a dose volume equivalent to the high 
dose group, 150 mg/kg (943 mg ATRIGEL Delivery System/kg), averaged 0.05% and 0.03% for 
animals sampled at 24 h and 48 h, respectively. This MN-PCE frequency corresponded to the 
established in-house control range for vehicle treated rats of the CD strain (0.03-0.11% per 10
12 rats). In the untreated control group, the MN-PCE level was 0.03% and 0.01% for males and 
females, respectively. These frequencies fall within the expected historical control range (0.01
0.13% per 5-6 rats and 0.03-0.11 per 11-12 rats). 
Exposure to the positive control, 50 mg cyclophosphamide/kg, induced large increases in bone 
marrow micronuclei. The mean MN-PCE frequency was 1.67%; increase in the number of MN
NCE was also observed. Bone marrow toxicity accompanied these findings as shown by a 
suppression of the PCE/NCE ratios. 
The highest MN-PCE frequency recorded in the RBP-7000-test groups was in the high dose 
females where an incidence of 0.07% was observed (sampled at 24 h). There was no indication 
that RBP-7000 induced bone marrow micronuclei in the treated rats. Suppression of the 
PCE/NCE ratio was observed in the HD female group at the 24 h sampling point indicating slight 
bone marrow toxicity. 
Plasma analysis demonstrated proof of systemic exposure to the active ingredient. In all blood 
samples, risperidone and its metabolite 9-hydroxyrisperidone were present in levels above the 
LLQ. Risperidone concentrations were in the range 27-550 and 26-875 ng/mL in M and F, 
respectively; 9-hydroxyrisperidone ranged from 7.6 to231 ng/mL in M and from 12.9 to 
373ng/mL in F. Risperidone concentrations were highest at the 2 h collection point. 

8 Carcinogenicity 
No carcinogenicity studies have been conducted with RBP-7000. 
Based upon the composition of RBP-7000, the status of active and inactive ingredients, the 
known pharmacology and toxicology characteristics and in the absence of pre-neoplastic 
lesions in the toxicity bridging studies in rats and dogs with RBP-7000, the Division waived 
carcinogenicity study requirement for RBP-7000 (correspondence of 09 July 2012). 
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9 Reproductive and Developmental Toxicology 

Reproductive and developmental toxicity studies with RBP-7000 have not been conducted. 
However, reproductive and developmental GLP-compliant toxicity studies have been conducted 
with the A TRI GEL Delivery System alone in rats (2) and rabbits (1) using a similar extended
release product, administered SC once a month. These studies on the ATRIGEL Delivery 
System were conducted by the Applicant in a program for RBP-6000 (Buprenorphine base in 
ATRIGEL Delivery System) and are listed in the following table. 

Reproductive and Developmental Toxicity Studies with the ATRIGEL Delivery System a 

Study Nunnber S;peciies/ Strain Fonnula tiio n G L P 
Polyrnet" 

I 
S o w ent S tatus 

(b)(4) 
GLP l NLs-R 103-60-1 6 R at/ S,prague-Davvley 

l NLS-R.104-60-1 6 Ratl Spragu~ley GLP 

l N LS- L 105-60-1 6 Rabbit/ NZ VVhite GLP 

a. ATRIGEL Delivery System:e ><4J (6)(~) PLGH and~bll4J NMP; NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-c0-glycolide) 

As noted previously, the polymer composition of the A TRI GEL Delivery System in these studies 
(DH~l varied from that used in the RBP-7000 product (80:20); however, because the ratios are 

close to those in the RBP-7000, the studies and results are considered applicable. 

9.1 Fertility and Early Embryonic Development 

Study title: A Combination Study for the Effect of RBP-6000 (Buprenorphine base in 
the ATRIGEL Delivery System ) administered by SC injection on Male and Female 
Fertility and Embrvo-fetal Development Following Subcutaneous Administration of RBP-
7000 in the Spraque-Dawley Rat 

Study no.: NLS-R103-60-16 
Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

QA statement: 
Drug, lot#, and% purity: (._ ___ <b> ..... (4j PLGH and (bH4

> NMP) 

Key Study Findings: ATRIGEL Delivery System administered alone as a SC injection to 
female rats before mating and on Gestation day 7 caused embryo/fetal toxicity (decreased body 
weight), and external and visceral malformations at doses ~ 2829 mg/kg (35 times the 
ATRIGEL maximal human dose of 800 mg on mg/m2 basis); the NOAEL was 1415 mg/kg (17 
times the MRHD). ATRIGEL also adversely affected male and female fertility and reproductive 
system parameters at doses ~ 2829 mg/kg for males and 4244 mg/kg for females (35 and 52 
times the MRHD),with NOAEL values of 1415 mg/kg for male sperm parameters (percent 
abnormal sperm) and 2829 mg/kg for female fertil ity and reproductive parameters (17 and 35 
times the MRHD, respectively, based on mg/m2 body surface.) These effects could be 
attributed to NMP component of the A TRI GEL delivery system. 
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Methods 
Doses: 1415, 2829 and 4244 mg/kg ATRIGEL Delivery System (see below) 

Frequency of dosing: 

Dose volume: 
Route of administration: 

Formulation: 
Control: 

Species/Strain: 
Number/Sex/Group: 

Satellite groups: 
Deviation from study protocol: 

Study design: 

Dose Levels of ATRIGEL Delivery System and its Components 

A TR.IGEL® Delive1-y 
System (mg/kg) NMP (mg 'kg) PLGH (mg/kg) 

14 15 
2829 
4244 

}."MP - N-mechyl-2-pyrrolidone; PLGH - polylactide-co-glycolide 

Females: 2x (before mating and on GD 7); 
Males: 3x (with 28-day intervals) 
1.2 - 3.7 mUkg (ATRIGEL); 4.5 ml/kg (saline control) 
SC 

(llH4l PLGH and (b)(.fI NMP 
0.9% Sodium Chloride for lnjecfion, USP 
Rat/Sprague-Dawley 
23 
TK (3 /group) 

(b)(4I 

Deviations from the study protocol did not affect the integrity of the 
results and conclusions of the study. 

Females were treated once with ATRIGEL Delivery System or saline control by SC injection before 
mating; then paired with untreated males and received a subsequent SC injection again on gestation 
day (GD) 7. Males began dosing 14 days after pairing with the treated females and received 3 SC 
injections of the test and control article in 28-day intervals, then paired with untreated females 14 
days after the last dose. 
Study Design for Fertility and Embryo.fetal Development Study With the ATRIGEL Delivery System in Rats 

G roup Te<>t ATR.JGEL Totaf Number o f A nimals 
Art:icl e Oeltve.ry oo-~V0-lume 

S ·ys:t-en• (n• L/'lc;gJ l'Vlai n S t udy T K 

OOS·E! 
T r eated T reated U n -treated T r eated T reated 

{n>g/l<g) 
tvlolc-s Fcn--.a lcs Fen-..oJc-s Ma.I es Fern.a l es 

~ Sol.inc- - 4 .5 - 23 - 3 

2 ATRJGEL 1 41S 1 _23 - 23 - 3 

3 ATRJGEL 282.9 2-45 - 23 - 3 

4 ATRIGEL 4244 3.69 - 23 - 3 

8 Sal i ne - 4 .5 23 - 23 3 -
9 A TfttGEL 1415 1.23 23 - 23 3 -
10 A TRI GEL 2 82.9 2 .46 2.3 - 2:3 3 -
11 ATRI G EL 4 2 44 3 469 23 - 23 3 -

Observations: Mortality, clinical signs, body weight, food consumption, estrus cycle 
determination (daily until evidence of copulation). 

Untreated females (paired with treated males) were euthanized on GD 13; uterine examination, 
N viable and nonviable embryos, early resorptions, N total implantations and corpora lutea, 
maternal body weight, gravid uterus, and ovary weights. 
Treated females (paired with untreated males) were euthanized on GD 20; uterine examination, 
N viable and nonviable embryos, early and late resorptions, N total implantations and corpora 
lutea; Fetuses were individually sexed and examined for external, visceral and skeletal 
malformations and variations. 
Treated males: body weight; testes, epididymis, seminal vesicles with coagulating gland and 
prostate weights; sperm concentration and morphology 
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Results 
Female survival, macroscopic findings and organ weights were unaffected by any of the 
ATRIGEL Delivery System dose levels. 
Mean estrous cycle length was statistically longer in the high dose ATRIGEL Delivery System 
group (4244 mg/kg), resulting in an extended time to mating. These findings were treatment-
related and may be attributed to exposure to high levels of N-methyl-2-pyrrolidone (2589 
mg/kg). Estrous cyclicity was unaffected in the LD and MD (1415 and 2829 mg/kg) ATRIGEL 
groups. 
Signs indicative of maternal toxicity (lower body weight, body weight gain and food 
consumption) were observed during the gestation period at HD (4244 mg/kg) ATRIGEL Delivery 
System group. Maternal toxicity was likely due to exposure to NMP. 
Maternal reproductive/fertility parameters and developmental observations: Post-implantation 
loss was statistically higher in the 4244 mg/kg ATRIGEL group and correlated with statistically 
higher mean number of resorptions with resulting reduction in mean number of viable 
fetuses/litter size in the 4244 mg/kg ATRIGEL group. Mean gravid uterine weight and mean 
final body weight were statistically lower in the 4244 mg/kg ATRIGEL group and correlated with 
the lower fetal body weights observed at this dose level. Uterine parameters at LD and MD 
ATRIGEL were unaffected by treatment. 
Adverse treatment-related developmental effects were observed in the mid- and high ATRIGEL 
groups. Mean fetal body weights were statistically lower in the high ATRIGEL group. In addition, 
a higher litter incidence of external malformations was observed at mid- and high dose 
ATRIGEL groups (2829 and 4244 mg/kg) and consisted predominately of malformations of the 
head and skeletal malformations of the skull.  Visceral malformations (complete situs inversus of 
the thoracic cavity and abdomen were observed in the high dose ATRIGEL group. 
Male fertility and reproduction indices were lower at the high dose ATRIGEL group. Abnormal 
sperm parameters (low motility, low mean number of sperm and higher percentage of abnormal 
sperm) were found in mid- and high dose (2829 and 4244 mg/kg) ATRIGEL groups and 
correlated with a low pregnancy outcome (8 non-pregnant females) in the high dose ATRIGEL 
group. The untreated females (mated to males treated at the 4244 mg/kg ATRIGEL) had 
reduced numbers of implantation sites and viable fetuses, and higher preimplantation loss 
(although not statistically significant). These effects on male fertility, fecundity, and uterine 
parameters for untreated females are treatment-related and adverse. 
Comments:  It is likely that the toxicity observed is due to exposure to NMP. The toxicity findings 
from this study are corroborated by published toxicity studies of NMP in rodents. Increased 
resorption of fetuses, decreased fetal body weight, increased fetal skeletal abnormalities, 
testicular degeneration have been reported in NMP-treated rats (Malek 19975; Becci 19826, as 
cited by the Applicant). Testicular degeneration and atrophy in males was observed at NMP 
doses of 1234 and 2019 mg/kg (Malek 1997). Decreased maternal body weight gain, resorption 
of fetuses, decreased fetal body weight, and skeletal abnormalities were observed in rats 
administered dermal doses of NMP of 750 mg/kg (Becci 1982); embryonic and fetal toxicity and 
teratogenicity were reported at NMP doses of 500 and 750 mg/kg administered orally to 
pregnant rats on GD 6 through 20 (Saillenfait et al., 20027). For comparison, animals in this 
study received NMP doses of 863, 1726 or 2589 mg/kg in ATRIGEL LD, MD and HD groups 
(1415, 2829 and 4244 mg/kg ATRIGEL), respectively. 

5 Malek DE, et al. Repeated dose toxicity study (28 days) in rats and mice with N-methyl-pyrrolidone (NMP). Drug Chem Toxicol. 

1997;20(1-2):63-77 (as cited by the sponsor)
 
6 Becci PJ, et al. Teratogenicity study of N-methyl-pyrrolidone after dermal application to Sprague-Dawley rats. Fundam Appl 

Toxicol.1982;2(2):73-76 (as cited by the sponsor)
 
7 Saillenfait AM et al. Developmental toxicity of N-methyl-2- pyrrolidone administered orally to rats. Food  Chem Toxicol. 2002; 

40(11):1705-1712  (as cited by the sponsor)
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Conclusion: 
Based on these results, the NOAELS are as follows: 

The NOAEL for female fertility and reproductive parameters for A TRIGEL Delivery 
System is 2829 mg/kg (1726 mg/kg NMP); 
The NOAEL for developmental toxicitv is 1415 mg/kg ATRIGEL (863 mg/kg NMP); the 
next higher doses of 2829 and 4244 mg/kg A TRI GEL induced fetal malformations; 
The NOAEL for male reproductive and fertil ity parameters for ATRIGEL Delivery System 
is 2829 mg/kg; however, the NOAEL for sperm parameters (percent abnormal sperm) is 
1415 mg/kg ATRIGEL (863 mg/kg NMP). 

Safety margins at the NOAEL vs. the highest dose of 120 mg RBP-7000 in humans ----(b)l4) 

ATRIGEL Deliverv Svstem Safetv Marains for Fertilitv and Embrvo-fetal Toxicitv 
Parameter Fertility and embryo-fetal toxicity study Safety margin vs. Maximum human 

NOAEL for rats dose* 
mg/kg I mg/m2) (based on mg/m2 body surface) 

ATRIGEL NMP PLGH ATRIGEL NMP PLGH 
Delivery Delivery 
Svstem <bl <41---2.1'.stem 

Female ferti lity and 2829 I 16974 (bJl4l 

reproduction 
Fetal 1415 I 8490 
development 
Male fertility and 1415 I 8490 
Reproduction 

(b)(4) 

The safety margins at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL 
Delivery System and 120 mg risperidone) are 17-, 34, and 17-fold the rat NOAELs for male 
sperm parameters, female fertility, and fetal developmental toxicity, respectively. 

9.2 Embryonic Fetal Development 

Study title: RBP-6000: A Study for Effects on Embryo Fetal Development in Rabbits 

Study no.: 
Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: 

QA statement: 
Drug, lot#, and% purity: 

IN LS-L 1 05-60-1 6 
(b)(4l 

CbH4l PLGH and CbH4
> NMP) ----

Key Study Findings: Developmental toxicity including total litter resorptions, increased post
implantation loss, decreased mean number of viable fetuses, decreased fetal body weight and 
increased litter incidence of external, visceral and skeletal malformations were observed in the 
rabbit at ATRIGEL Delivery System SC dose of 1783 mg/kg. The NOAEL for maternal and 
developmental toxicity for ATRIGEL is 713 mg/kg; this provides a 17x safety margin at the 
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maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg 
risperidone) on a mg/m2 body surface basis. 

Methods 
Doses: 357, 713 and 1783 mg/kg ATRIGEL Delivery System (see below) 

Dose Levels of ATRIGEL Delivery System and its Components 

Frequency of dosing: 
Dose volume: 

Route of administration: 
Formulation: 

Control: 
Species/Strain: 

Number/Sex/Group: 
Satellite groups: 

Deviation from study protocol: 

Study design: 

ATRJGEL ® Delivexy 
System (mg/kg) NMP mg'kg) PLGH (mg'kg~ 

~~ ~~_11· 
1783 -

NMP - N-methyl-2-pyirnlidone; PLGH - poly(lactide-co-glycolide) 

Once (on Gestation Day 7) 
0.31 mUkg 
SC 

<bH4 PLGH and <bf\4' NMP 
0.9% Sodium Chloride for lnJecfion, USP 
RabbiU New Zealand White 
23 
No 
Deviations from the study protocol did not affect the integrity of the 
results and conclusions of the study. 

The test and control articles were administered to pregnant females by SC injections on 
gestation day (GO) 7. The dose was divided, so that the maximal injection volume was not more 
than 0.38 mUkg. All groups were euthanized and C-section performed on GD 29. 

Study Design for the Prenatal Development Study with the ATRIGEL Delivery System in Rabbits 

Group Test ATRIGEL Da.se No. lnj. Total Number of Animats 
Article Delivery Volume/ Dose Initial Uterine 

System Injection Volume Examination 
Do.se (m.Ukg) (ml/kg) 

lmglkgl F F 

1 Saline - 0.38 5 1.9 23 23 

2 ATRIGEL 357 0.31 1 0.31 23 23 

3 ATRIGEL 713 0.31 2 0.62 23 23 

4 ATRIGEL 1783 0.31 5 1.55 23 23 

Observations: 

Maternal mortality and morbidity, clinical signs, body weights, food consumption and parturition 
and litter data (viable and nonviable embryos, N resorptions, implantations and corpora lutea; 
gravid uterine weight, fetal weight, external , visceral and skeletal fetal malformations and 
variations). 

Results: 

Signs of maternal toxicity (lower body weight gain and food consumption) during the gestation 
period were observed in ATRIGEL Delivery System high-dose group (1783 mg/kg). In the same 
group, 3 females aborted and 10 females had total litter resorption (100% post-implantation 
loss}, resulting in markedly decreased mean number of viable fetuses per litter in this group. (as 
shown in the following sponsor's table). Mean fetal body weight was significantly lower in the 
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high-dose ATRIGEL group by about 10% vs. saline control. These parameters were unaffected 
in ATRIGEL mid- and low-dose groups. 

Summary of Maternal and Developmental Observations (Mean ± SD) 

a. Significantly different from saline control (P < 0.05) 
b. Significantly different from saline control (P < 0.01) 

Increased litter incidence of external, visceral, and skeletal malformations and variations were 
observed in the high-dose ATRIGEL group. 

Summary of External Malformations (% of Litters Affected) 

External 

a. Statistically significant compared to saline control group 
b. Higher than or not seen in historical control 
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Summary of Visceral Malformations (% of Litters Affected) 

Visceral 

a. Statistically significant compared to saline control group 
b. Higher than or not seen in historical control 

Conclusion: Developmental toxicity including total litter resorption, increased post-implantation 
loss, decreased mean number of viable fetuses, decreased fetal body weight and increased 
litter incidence of external, visceral and skeletal malformations were observed in the high-dose 
ATRIGEL group and are likely related to high exposures of NMP (Saillenfait, 2002). 
Tthe NOAEL for maternal and developmental toxicity for ATRIGEL is the mid-dose (713 mg/kg) 
which contained NMP and mg/kg PLGH. Using the maximum human dose of 
ATRIGEL Delivery System in RBP-7000 the safety 
margin at the NOAEL is 17 times for maternal and developmental toxicity based on mg/m2 body 

(b) (4)

(b) (4)

(b) (4)

surface area. 

ATRIGEL Delivery System Safety Margins for Maternal and Embryo/fetal Developmental Toxicity 

Maternal 713 / 8556 
toxicity 

Developmental toxicity study 
NOAEL for rabbits 

(mg/kg / mg/m2) 

Safety margin vs. Maximum human 
dose* 

(based on mg/m2 body surface) 

Parameter 

ATRIGEL 
Delivery 
System 

NMP PLGH ATRIGEL NMP PLGH 
Delivery 
System 

Embryo/fetal 
developmental 
toxicity 

713 / 8556 

(b) (4)
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9.3 Prenatal and Postnatal Development 

Study title: A Pre- and Post-natal Development Study Including Maternal Function of RBP-6000 
(Buprenorphine in the ATRIGEL Delivery System ) Administered by Subcutaneous Injection in the 
Spraque-Dawley Rat 

Study no.: IN LS-R 1 04-60-16 
Conducting laboratory and location: (b)l4} 

Date of study initiation: 
GLP compliance: 

QA statement: 
Drug, lot#, and % purity: 

June 17, 2016 
Yes 
Yes 
ATRIGEL Delivery System 
RBP Batch #202 

<bll4! PLGH and <b>~l NMP) ----
Key Study Findings: 

The NOAEL of ATRIGEL Delivery System alone for pre- and postnatal development in the rat 
(gestation, parturition and lactation period through weaning, as well as for offspring growth, 
sexual maturation, neurobehavioral development and reproduction/fertility) is 1415 mg/kg . The 
safety margin at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery 
System and 120 mg risperidone) is 17-fold, based on mg/m2 body surface area. 

Methods 
Doses: 242, 713 and 1415 mg/kg ATRIGEL Delivery System 

Dose Levels of ATRIGEL Delivery System and its Com onents 

Frequency of dosing: 

Dose volume: 
Route of administration: 

Formulation/: 
Control: 

Species/Strain: 
Number/Sex/Group: 

Satellite groups: 
Deviation from study protocol: 

Study design: 

ATRIGEL ~ Delive1y NMP PLGH 
System (mg/kg) (mg/kg) (mg/kg) 

___ :4_~1-~5 __ _,[ •>1 
NMP - N-methyl-2-pyirnlidone; PLGH - poly(lactide-co-glycolide 

2 injections with a 3-week interval (on Gestation Day 7 and Lactation 
Day 7) 
0.2-1.23 mUkg 
SC 

Cbl <~l PLGH and <b><4l NMP 
0.9% Sodium Chloride for Injection, USP 
Rat/Sprague-Dawley 
25 
No 
Deviations from the study protocol did not affect the integrity of the 
results and conclusions of the study 

The effect of A TRIGEL Delivery System on pregnant/lactating females and on the embryo/fetal 
and postnatal development of the progeny was evaluated following exposure of pregnant rats 
from implantation through the weaning of offspring. ATRIGEL Delivery System and saline 
control were administered by SC injection on gestation day (GD) 7 and once again on post-natal 
lactation day (LO) 7. The rats were allowed to deliver; the progeny (F1 ) was reared to maturity, 
and female and male F, offspring from each group were mated for reproductive and fertil ity 
assessment. 
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Study Design of Pre- and Post-natal Development Study with the ATRIGEL Delivery System in Rats 

P=Pregnant rats (Parental); F1= offspring (first generation) 

Observations: 
The following parameters and end points were evaluated: 

Maternal: viability, clinical signs, body weights, food consumption, parturition and litter data, 

rearing offspring to weaning. 

F1 offspring: survival, gender, clinical observation, body weights, gross abnormalities; 

behavioral and development indices (righting reflex (LD 2), pinna detachment (LD 2), cliff 

avoidance (LD 11), eye opening (LD 13), air drop righting reflex (LD 16), auditory response 

(PND 22), vaginal opening (PND 28), preputial separation (PND 35), motor activity (PND 37), 

passive avoidance test (PND 70 to 85),  reproductive and fertility assessment.
 

Results: 
No adverse effects from administration of the ATRIGEL Delivery System (242, 713 and 1415 
mg/kg) in parental (P) generation females were observed on survival, clinical  observations, 
gestation and lactation body weights, food consumption, parturition, weaning of the F1 offspring 
or macroscopic observations. No effects were observed on the offspring (F1) survival, clinical 
observations, sexual maturation, behavioral assessments (passive avoidance and motor 
activity), reproductive parameters (mating, fertility and fecundity indices), macroscopic findings 
or GD 13 caesarean section data. 
Maternal gestation- and lactation body weight and body weight changes in all ATRIGEL Delivery 
System groups were comparable to the saline control group and unaffected by treatment. No 
effects were observed on parturition data in parental females in any of the ATRIGEL Delivery 
System groups. Pregnancy rates were 100% in all groups. Parturition parameters (gestation 
length, N pups at birth, gestation index, stillborn index, and uterine implantation site counts) in 
the ATRIGEL groups were comparable to saline controls. 
There was no effect on F1 pup survival between LD 4 to LD 21 (lactation index) in comparison to 
the saline control; mean pup survival was 98.91% to 100% in all ATRIGEL groups between LD 
4 to LD 21. No effect was observed on F1 pup sex ratios or clinical examinations (pre-weaning 
and post-weaning) in the ATRIGEL Delivery System groups. F1 pup body weights in all 
ATRIGEL groups were generally comparable to the saline control and unaffected by maternal 
treatment; there was no effect on physical development, sensory response and reflex 
performance from F1 pup pre- or post-weaning assessments of motor activity, learning and 
memory evaluations. 
There was no effect on F1 sexual maturation endpoints (mean age of vaginal opening and of 
preputial separation). 
Mortality of F1 pups selected to continue on study was unaffected by ATRIGEL treatment; Mean 
F1 body weights of both genders, as well as mean gestation body weight and body weight 
change in F1 pregnant females in ATRIGEL groups were comparable to the saline control. No 
effect was observed on reproductive performance of F1 animals in any of the ATRIGEL groups. 
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F1 male and female mating indices for all groups ranged from 96% to 100%. Male and female 
fecundity indices (ratio of pregnant to number mated) in ATRIGEL groups ranged from 84% to 
100% and were comparable to the saline control group (92%). Fertility indices (ratio of pregnant 
to number paired) in the ATRIGEL control groups ranged from 84% to 100% and were 
comparable to the saline control (92%). The mean copulatory interval (mean number of days to 
mating) in all ATRIGEL groups were comparable to the saline controls. No effect was seen in 
the uterine and ovarian parameters of F1 pregnant females at the C-section on GD 13 (mean 
number of corpora lutea, uterine implantation sites, viable embryos and resorption sites per 
animal and mean pre- and post-implantation loss). 

Conclusion: Based on these findings, the high dose of ATRIGEL Delivery System (1415 
mg/kg) is the NOAEL for female gestation, parturition and lactation period through weaning of 
the F1 generation, as well as for F1 offspring growth, sexual maturation, neurobehavioral 
development and reproductive/fertility function. The safety margin at the maximal human dose 
of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg risperidone) is 17 
times the rat NOAEL, based on mg/m2 body surface area. 

10 Special Toxicology Studies 
Phototoxicity: 

(b) (4)

Phototoxicity studies 
(b) (4)

of RBP-7000 have not been performed. The molar 
(b) (4)extinction coefficient for risperidone is L mol-1 cm, based on absorbance between 

and nm. According to ICH Guidance S10, a compound that does not have a molar 
extinction coefficient greater than 1000 L mol-1 cm-1 at any wavelength between 290 and 700 nm 
is not considered to result in direct phototoxicity. Therefore risperidone in RBP-7000 does not 
have the potential for inducing photo toxicity. 

Juvenile Toxicity Studies: Juvenile animal studies with RBP-7000 have not been conducted. 
However, JAS were performed for oral risperidone (juvenile dogs treated for 40 weeks, and 
juvenile rats treated from Days 12 to 50 of age with risperidone oral doses) (RISPERDAL 
Tablets Product Label Insert 2017). 
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11 Integrated Summary and Safety Evaluation 
RBP-7000 subcutaneous (SC) administration provides sustained release of risperidone with 
measurable plasma risperidone levels for a minimum of 28 days in rats and dogs. The PK 
profile is characterized by an initial peak within the first 24 hours after injection, followed by a 
drop in concentration to approximately Day 7, after which a plateau or second peak occurs. 
When compared with corresponding daily oral doses of risperidone, daily fluctuations of plasma 
risperidone were significantly reduced following RBP-7000 SC administration and mean plasma 
risperidone levels were below the Cmax. but above the observed minimum plasma concentration 
for the corresponding oral doses. 
Assessment of RBP-7000 dose-dumping potential in rats under conditions of physical pressure 
or exercise following a single SC injection showed no evidence of dose-dumping from the depot 
as a result of exercise or applied pressure to the injection site. 
The pharmacokinetics of the ATRIGEL Delivery System non-active components (N-methyl-2-
pyrrolydone and PLGH copolymers) were characterized in rats following SC injection of a 
formulation containing 14C-PLGH or 14C-NMP (these studies were conducted as a part of the 
development program for another product, RBP-6000 - buprenorphine in ATRIGEL Delivery 
System; Sublocade®). The distribution and kinetics of radioactivity showed that NMP rapidly 
diffuses from the injection site and is widely distributed to most tissues, reaching peak tissue 
concentrations at 12 h post dose with highest concentration at the injection site. Almost all 14C
NMP-derived radioactivity was released from the injection site over a period of 4 weeks.14C
PLGH concentration in blood peaked on Day 30, followed by a steady decline through Day 90. 
14C-PLGH-derived radioactivity was widely distributed to all tissues by 24 h post-dose, and 
steadily increased over time. Both 14C-NMP and 14C-PLGH radioactivity was present in brain 
and testis, suggesting that these copolymers crossed the blood-brain and blood-testis barriers. 
No significant accumulation was observed for any tissues or organs for either 14C-PLGH or 14C
NMP copolymers. 

General Toxicity: 
Single-dose toxicity: RBP-7000 single-dose SC administration produced expected 

pharmacological effects observed with reisperidone in rats and dogs. In rats, signs of decreased 
activity, partially closed eyelids as well as decreases in food consumption in both genders were 
mostly transient. In dogs, decreased activity, ataxia, tremors, prostration, lacrimation, 
partially/completely closed eyes were observed. The majority of clinical signs occurred in the 
first few days after injection, correlating with the initial peak of risperidone release. Testicular 
atrophy and vaginal mucification in rats were suggestive of changes in serum prolactin (prolactin 
measurement was not performed). The NOAEL values in the single-dose studies were 7.5 
mg/kg in dogs (both genders) and 60 mg/kg in rats for males; a NOAEL for female rats was not 
achieved (<60 mg/kg). All single-dose studies were conducted with a RBP-7000 formulation 
which was similar (but not identical) to the final proposed commercial formulation <bH4

> 

Repea -dose oxicitv: Pivotal repeat-dose GIP oxicifY'$1 udies were pe ormed in ra s 
and dogs with RBP-7000 monthly SC injections for 6 and 9 months, respectively, with a 12-
week recovery period. Both studies were conducted with the commercial formulation of RBP-
7000 c bn<ri risperidone in <bH4 80/20 PLGH - !6H4j and !6H4l NMP). 

Ras: Administration of RBP-7000 to rarsar"montfily SC doses of 15, 60 and 120 or 240 
mg/kg risperidone for 6 months did not result in any significant or unexpected toxicity. RBP-
7000 was well tolerated at doses of up to 60 mg/kg, and provided sustained exposure to total 
active risperidone moiety with predictable systemic effects and minimal to moderate effects at 
the local injection sites. NOAEL: 60 mg/kg. Plasma exposure in male and female rats at the 
NOAEL provides a safety margin of 10- to 20-times (for Cmax), 8- to 14-times (for AUC0-24h) and 
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of 3- to 4-times (for AUC0-28d) over the corresponding human exposure parameters at the 
maximal clinical dose of 120 mg risperidone (PK data from the multiple-dose clinical Study RB
US-09-0009). 

Dogs: Administration of RBP-7000 to Beagle dogs at monthly SC doses of up to 80 
mg/kg risperidone for 9 months did not result in any significant or unexpected toxicological 
findings. ATRIGEL Delivery System-related gross- and histopathology changes at injection sites 
(edema, dermal irritation, eschar, granulomatous inflammation as a foreign-body reaction) were 
present in all dose groups, including control, were not dose-dependent and resolved during the 
recovery period. Changes in reproductive organs of both genders, resolvable after the 12-week 
recovery period, were suggestive of risperidone effect on serum prolactin, a known effect of this 
and other antipsychotic drugs. RBP-7000 was well tolerated at doses of up to 80 mg/kg, and 
provided sustained exposure to risperidone active moiety with predictable systemic effects and 
minimal to moderate effects at the local injection site. NOAEL: 80 mg/kg.  Plasma exposure in 
male and female dogs at the NOAEL provides a safety margin of 42 to 60 times (for Cmax), of 62 
to 91 times (for AUC0-24h) and of 45 to 57 times (for AUC0-28d), over the corresponding human 
exposure parameters at the maximal RBP-7000 clinical dose of 120 mg risperidone. 

Genetic toxicity: RBP-7000 did not induce micronuclei in bone marrow cells when tested in a 
valid micronucleus assay to the maximum tolerated dose (943 mg/kg, equivalent to 150 mg/kg 
risperidone) in male and female CD rats by SC administration. Micronuclei induction was also 
not present upon SC administration of ATRIGEL Delivery System alone (vehicle control) using 
the same dosing and sampling regime. In vitro reverse mutation assay in bacterial cells and in 
vitro assays in mammalian cells have not been conducted with RBP-7000, having in mind that 
risperidone drug substance has been previously studied in a full battery of genotoxicity tests and 
is not genotoxic or mutagenic. 

Carcinogenicity: No carcinogenicity studies have been conducted with RBP-7000. Based upon 
the RBP-7000 composition, pharmacology and toxicology characteristics and in the absence of 
pre-neoplastic lesions in the toxicity bridging studies in rats and dogs with RBP-7000, the 
Division waived carcinogenicity study requirement for RBP-7000 (correspondence of 09 July 
2012). 

Reproductive and developmental toxicity studies with RBP-7000 have not been conducted. 
However, reproductive and developmental GLP-compliant toxicity studies were conducted with 
the ATRIGEL Delivery System without API in rats and rabbits using a similar extended-release 
product, administered SC once a month. These studies on the ATRIGEL Delivery System were 
conducted by the Applicant in another program (for RBP-6000, Buprenorphine base in 
ATRIGEL Delivery System; Sublocade

(b) (4)

). The polymer composition of the ATRIGEL Delivery 
System in these studies varied from that used in the RBP-7000 product (80:20); this 
difference is considered small and the studies with their results were accepted and applicable to 
the ATRIGEL system used with risperidone. 

The evaluation of potential toxicity of ATRIGEL Delivery System on male and female fertility and 
early embryonic development in rats determined a NOAEL of 1415 mg/kg ATRIGEL for male 
sperm parameters (percent abnormal sperm); of 2829 mg/kg for female fertility and reproductive 
parameters; and of 1415 mg/kg for embryo/fetal developmental toxicity. Fetal toxicity (decrease 
in fetal weights), and higher incidence of external (head and skull), and visceral malformations 
were observed at doses 34 times the MRHD based on mg/m2 basis. The safety margins for the 
maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System) are 17 times 
the rat NOAELs for male sperm parameters and fetal developmental toxicity, and 34 times the 
rat NOAEL for female fertility, based on mg/m2 body surface area. 
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 In a study of ATRIGEL Delivery System effects on embryonic and fetal development in rabbits, 
developmental toxicity (including total litter resorptions, increased post-implantation loss, 
decreased mean number of viable fetuses, decreased fetal body weight and increased litter 
incidence of external, visceral and skeletal malformations) was observed at ATRIGEL Delivery 
System SC dose of 1783 mg/kg, administered to pregnant rabbits on Gestation Day 7. The 
NOAEL for ATRIGEL maternal and developmental toxicity is 713 mg/kg, which provides a safety 
margin of 17 times over the maximal human dose of RBP-7000 based on a mg/m2 body surface 
area. 
The effect of ATRIGEL Delivery System on pre- and postnatal development in rats was 
evaluated following exposure of pregnant rats from implantation through the weaning of 
offspring. ATRIGEL Delivery System and saline control were administered by SC injection on 
gestation day 7 and once again on post-natal lactation day 7. Based on the findings, ATRIGEL 
dose of 1415 mg/kg is determined as the NOAEL for female gestation, parturition and lactation 
through weaning of the F1 generation, as well as for the offspring growth, sexual maturation, 
neurobehavioral development and reproductive/fertility function. The safety margin at the 
maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System) is 17 times 
the rat NOAEL, based on mg/m2 body surface. 
Reviewer’s Comments: The adverse effects of the ATRIGEL system are likely due to the NMP 
component. The toxicity of NMP in the published scientific literature is included in the drug label 
of Sublocade® and will be included in Perseris® label as well. 

Juvenile Toxicity studies with RBP-7000 have not been conducted, but were performed for oral 
risperidone in juvenile rats and dogs (RISPERDAL Tablets Label 2017). 

Safety assessment: 

General toxicity:
 
Based on the NOAEL values determined in the pivotal, GLP-compliant, repeat-dose chronic 

toxicity studies in rats and dogs with monthly SC administration for 6- and 9-months,
 
respectively, the safety margins for human exposure to RBP-7000 at the maximal clinical dose 

of 120 mg risperidone in ATRIGEL Delivery System are as follows:
 

Safety Margins for Human Exposurea to RBP-7000 (120 mg Risperidone in ATRIGEL Delivery System) 
Safety margin

Animals vs. human exposure at the maximal dose 
of 120 mg in the multiple dose clinical 

study # RB-US-09-0009 
Study Species Sex NOAEL Cmax AUC0-24h AUC0-28d Based on Based on Based on 

(mg/kg) (ng/mL) (ng·h/mL) (ng·h/mL) Cmax AUC0-24h AUC0-28d 
of 39.7 of 493 of 15585 
ng/mLb ng·h/mLb ng·h/mLb 

Repeat- Rat M 60 377 4028 49711 
dose F 60 795 6993 67876 

Toxicology 
Dog M 80 1689 30923 711240 

F 80 2399 44854 886707 

(b) (4)

a. Total Active Moiety (Risperidone + 9-Hydroxyrisperidone) 
b. PK parameters observed after 3rd injection (Day 57) of RBP-7000 (120 mg risperidone) in a multiple ascending 
dose study of RBP-7000 in subjects with clinically stable schizophrenia (Study RB-US-09-0009):  
Cmax =39.7 ng/mL; AUC0-24h =493 ng·h/mL; AUC0-28d =15585 ng·h/mL 

Plasma exposure in male and female rats at the NOAEL of 60 mg/kg provides a safety margin 
of 10- to 20-fold (for Cmax), 8 to 14-fold (for AUC0-24h) and of 3 to 4-fold (for AUC0-28d), based on 
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the PK data from the repeat-dose clinical Study RB-US-09-0009 at RBP-7000 maximal dose of 
120 mg risperidone in humans (after the 3rd injection). 

Plasma exposure in male and female dogs at the NOAEL of 80 mg/kg provides a safety 
margin of 40 to 60 times (for Cmax), 60 to 90 times (for AUC0-24h) and of 45 to 57 times (for AUC0-
2ad), based on the PK data from the repeat-dose clinical Study RB-US-09-0009 at RBP-7000 
maximal dose of 120 mg risperidone in humans (after the 3rd injection). 

Reproductive and developmental toxicity 
In reproductive and developmental toxicity conducted with ATRIGEL Delivery System without 
API in rats and rabbits using a similar extended-release product, the following safety margins for 
reproductive and developmental toxicity were determined for the A TRIGEL delivery system and 
its inactive components, methyl-2-pyrrolidone (NMP) and 80:20 poly (0, L-lactide-co-glycolide) 
(PLGH): 

ATRIGEL Delivery System without API: Safety Margins for Reproductive and Developmental 
Toxicity 

Embrvo/fetal Development (Rabbit) 
Parameter Developmental toxicity study Safety margin vs. Maximum human 

NOAEL for rabbits dose• 
mo/ko I mo/m2) (based on mo/m2 bodv surface) 

ATRIGEL NMP PLGH ATRIGEL NMP PLGH 
Delivery Delivery 
Svstem 

Embryo/fetal 713 I 8556 (bf{4) 
System 

(llH41 

developmental 
toxicitv 
Maternal 713 I 8556 
toxicitv 

Fertilitv, Prenatal and Postnatal development (Rat) 
Parameter NOAEL for rats Safety margin vs. Maximum human 

(mg/kg I mg/m2) dose• 
(based on mg/m2 body surface) 

ATRIGEL NMP PLGH ATRIGEL NMP PLGH 
Delivery Delivery 
System System 

Female fertility and 
Fertilitv and embrvo-fetal toxicitv studv <Re> 

2829 I 1697 4 (bl <
4
li 

reproduction 
Male fertility and 14151 8490 
Reproduction 

Fetal 14151 8490 
development 

Pre- and postnatal Development Study (R1!!) 
Postnatal 1415 I 8490 (bH4> <bl (ill -1 

_deyelonment 

ATRIGEL Delivery System safety margins at the maximal human dose of RBP-7000 (containing 
800 mg ATRIGEL) are 17-, 34 -, and 17 times (on mg/m2 body surface basis) the rat NOAELs 
for male sperm parameters, female fertility, and fetal developmental toxicity (including 
malformations), respectively; 17 times the rabbit NOAEL for maternal and embryo/fetal 
developmental toxicity; and 17 times the rat NOAEL for pre- and postnatal development of the 
progeny of dams treated during gestation and lactation. 
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	1 Executive Summary 
	1 Executive Summary 
	1.1 Introduction 
	1.1 Introduction 
	This is a 505(b)(2) NOA submission for risperidone extended release injectable suspension (RBP-7000), a once monthly, extended release, subcutaneously injected depot formulation of risperidone for the treatment of schizophrenia in adults. The reference listed drug (RLD) is risperidone (NOA 020272, RISPERDAL tablets). Risperidone is approved for use in the US in a tablet form (RISPERDAL® Tablets) and as a long-acting intramuscular injection (i.e., RISPERDAL CONSTA®). 
	RBP-7000 is a risperidone depot drug product to be administered SC in the abdomen once monthly; the maximum dose is 120 mg risperidone administered as a 0.8-ml injection. RBP7000 contains >1! risperidone in the A TRI GEL® Delivery System (diluent) consisting of <bH> 
	4
	4 

	41111
	Figure

	<bl<I polymer, 80:20 poly(D-L-lactide-co-glycolide) with a u " (PLGA), and <bHI N-methyl-2-pyrrolidone (NMP), a <b:l <bl<1 he 
	4
	41

	drug product is prepared as a 2-syringe system: one liquid-filled syringe [Syringe ) contains .ATRIGEL Delivery System and one powder-filled syringe (Syringe B) contains the risperidone .drug substance. .This 505(b )(2) submission relied on 3 sources of nonclinical safety information: .
	1. 
	1. 
	1. 
	Nonclinical studies for PK, TK and toxicity evaluation of RBP-7000 and/or the ATRIGEL Delivery System. The toxicity studies provide a direct comparison between RBP-7000 and ATRIGEL Delivery System administered alone. 

	2. 
	2. 
	The approved labelling for risperidone from NOA 020272 (RISPERDAL ®Tablets) and safety information for the ATRIGEL Delivery System from approved products containing the ATRIGEL Delivery System. 

	3. 
	3. 
	Published scientific literature. 



	1.2 Brief Discussion of Nonclinical Findings 
	1.2 Brief Discussion of Nonclinical Findings 
	In the pivotal, GLP-compliant, repeat-dose general toxicity studies in rats and dogs with SC monthly administration for 6-and 9-months of the clinical to be marketed formulation, RBP-7000 was well tolerated at doses of up to 60 and 80 mg/kg in rats and dogs, respectively, and provided sustained exposure to risperidone active moiety with predictable systemic effects and minimal to moderate effects at the local injection site. Plasma exposure in male and female rats at the NOAEL of 60 mg/kg provides a safety 
	28

	F 
	Reproductive and developmental toxicology studies were not performed with RBP-7000, but were conducted with ATRIGEL Delivery System alone (without the active pharmacological <bll\ 
	ingredient) in rats and rabbits using a similar (but not identical) extended-release product 
	4

	. The safety margins for the maxima ose o1 RBP-7000{ contaming 800 mg ATRIGEL Delivery System) are ectimes the NOAEL values for male sperm parameters, pre-and postnatal developmental toxicity, and J times the NOAEL for female fertility, based on mg/m2 body surface area. Juvenile toxicity studies with RBP-7000 have not been conducted, but were performed for oral risperidone in juvenile rats and dogs (RISPERDAL Tablets Label 2017). 
	human d
	41
	::

	1.3 Recommendations 
	1.3 Recommendations 
	1.3.1 Approvability: Approvable 
	1.3.1 Approvability: Approvable 
	1.3.2 Additional Non Clinical Recommendations: None 2 Drug Information 
	2.1 Drug CAS Registry Number: 106266-06-2 Generic Name: Risperidone extended release suspension (RBP-7000) for injection Code Name: PERSERIS Chemical Name: 3-(2-[4-(6-F/uoro-1,2-benzoxazol-3-yl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9tetra-hydro-pyrido[1,2-a]pyrimidin-4-one Molecular Formula/Molecular Weight: C23H21FN402 I 410.5 g/mol 
	Structure or Biochemical Description: Risperidone Base
	O:h 
	0 
	Drug Product Composition 
	Component Nominal Com posit ion 0/o w /w I mg/unit dosea I mg/k gb Risperidone Base (Syringe B) (6)(4) P LG H (Syringe A) NMP (Syringe A) Total Approximate Delivered Volume (ml) 
	NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-co..glycolide) L___ (bll'II .. 
	a. 
	a. 
	a. 
	mg/unit dose calculated based on the actual formulation of (b)(4Jnspendone in (bJ<4lNMI" and (b)(4lPLGH. 

	b. 
	b. 
	Based on 60-kg human body weight 


	Pharmacologic class: Antipsychotic 



	2.2 Relevant INDs, NDAs, BLAs and DMFs 
	2.2 Relevant INDs, NDAs, BLAs and DMFs 
	NOA 020272 RISPERDAL tablets (Listed drug); IND 105623 (Referenced IND) 

	2.3 Drug Formulation 
	2.3 Drug Formulation 
	RBP-7000 injectable suspension contains <b><> risperidone in the A TRIG EL® Delivery System consisting of Hl <bf<4J po ymer, 80:20. poly(D-L-lactide-co-glycolide)J <bH> (PLGB), and >1! N-methyl-2-pyrrolidone (N P), a 
	4 
	4
	4 
	4

	(b>~ (b>< r The drug product is prepared as a 2-syringe system: one liquid-filled syringe [Syringe A) contains ATRIGEL Delivery System and one powder-filled syringe (Syringe B) contains the risperidone drug substance. 
	4
	Figure


	2.4 Comments on Novel Excipients 
	2.4 Comments on Novel Excipients 
	The excipients in the drug product formulation (NMP and PLGH) are listed in the Inactive Ingredient (llG) Database. Nonclinical safety studies (single-and repeat-dose toxicity, genotoxicity and developmental and reproductive toxicity were conducted with the drug formulation and/or ATRIGEL Delivery System. 

	2.5 Comments on lmpurities/Degradants of Concern 
	2.5 Comments on lmpurities/Degradants of Concern 
	Impurities in the risperidone drug substance are characterized and specification limits established. Any unknown impurities designated under the category of any single unspecified degradation product will be limited to not more than m%.There are 8 specified impurities present in the drug substance. These impurities are con rolled <b><> 
	4 

	(b> <j~he specification limits of the USP impurities are listed on the drug subst1ficat1on and align with the current USP limits. The specified impurity <b><> is controlled <b><I using a specification limit <b><%) that is less han he qual1fication thresholaestabl1shed m lCH Guideline Q3B(R2). <bll> 
	4
	ance spec
	4
	4
	41 
	4

	Impurity levelSlnRBP-=7000 drug product lots used for key nonclinical toxicity studies were characterized and provide additional support for its margin of safety. Taken collectively, no qualification of this impurity is required. 
	There are no extractables/leachables of concern; the safety margin for any extractable/ leachable is at least fivefold below the allowable threshold. No leachables were observed in the monitored stability batch. 

	2.6 Proposed Clinical Population and Dosing Regimen 
	2.6 Proposed Clinical Population and Dosing Regimen 
	RBP-7000 is to be administered for the treatment of schizophrenia in adults by SC injection in the abdomen once monthly; the maximum dose is 120 mg risperidone administered as a 0.8-mL injection. 

	2.7 Regulatory Background 
	2.7 Regulatory Background 
	Risperidone is approved for use in the US in a tablet form (RISPERDAL ®Tablets) and as a long-acting intramuscular injection (RISPERDAL CONSTA®). 


	3 Studies Submitted 
	3 Studies Submitted 
	Pharmacology: Two non-GLP studies (#QRS-C186-06 and QRS-C162-06) on RBP-7000 pharmacologic effect in apomorphine-induced emesis model in dogs. 
	Safety pharmacology: Studies were not conducted with RBP-7000. 
	Pharmacokinetics/ADME: Two GLP single-dose formulation development studies (Studies # RBRS-C063-70-09 and RBRS-C092-70-11) and one GLP multiple-dose PK study (Study RBRS-C029-70-09); Non-GLP formulation-development studies of early formulations of RBP7000 to characterize the PK profile and to compare SC exposure to PO and IV risperidone; Non-GLP single dose PK studies to assess the ability of RBP-7000 to provide sustained plasma risperidone concentrations for 28 days in dogs; Dose dumping potential evaluat
	14

	Toxicology: The submitted toxicology studies are listed in the following sponsor’s table: 
	Toxicology: The submitted toxicology studies are listed in the following sponsor’s table: 
	Carcinogenicity: No carcinogenicity studies have been conducted with RBP-7000. Based upon the composition of RBP-7000, the status of active and inactive ingredients, the known pharmacology and toxicology characteristics of the API risperidone (rat and mouse carcinogenicity studies conducted under NDA 20272), and the proposed use, the Sponsor has obtained a waiver for carcinogenicity studies (correspondence of 9 July 2012). 

	Figure
	Genotoxicity: In vivo rat micronucleus genotoxicity study with RBP-7000 SC administration (Study RBLS-R07-70-10). Note: A full battery of genotoxicity studies were conducted with risperidone under the approved NDA 020272 (RISPERDAL Tablets). 
	Genotoxicity: In vivo rat micronucleus genotoxicity study with RBP-7000 SC administration (Study RBLS-R07-70-10). Note: A full battery of genotoxicity studies were conducted with risperidone under the approved NDA 020272 (RISPERDAL Tablets). 


	Reproductive and developmental toxicity: Reproductive and developmental toxicity studies were performed with ATRIGEL Delivery System SC administration in rats and rabbits (Studies FC-RPT-0336R and FC-RPT-0337R). Pre- and postnatal development studies and 2-generation reproductive study were conducted with risperidone in rats and rabbits under the approved NDA 020272. 
	Juvenile Toxicity Studies: Juvenile animal studies (JAS) with RBP-7000 have not been performed. However, JAS were performed for oral risperidone in juvenile rats and dogs (RISPERDAL Tablets Label 2017). 
	3.1 Studies Reviewed 
	3.1 Studies Reviewed 
	All submitted studies (except for the early formulation development studies) 

	3.2 Studies Not Reviewed 
	3.2 Studies Not Reviewed 
	Early formulation development studies; these were screening studies done to select the final formulation, they were not conducted under GLP and no unique findings were identified. 

	3.3 Previous Reviews Referenced 
	3.3 Previous Reviews Referenced 
	None 
	4 
	4 
	Pharmacology 


	4.1 Primary Pharmacology 
	4.1 Primary Pharmacology 
	4.1 Primary Pharmacology 
	Because the pharmacology of the drug substance is well known, the objective of the RBP-7000 pharmacology program was to confirm the pharmacology effect of RBP-7000 exposure following SC administration in dogs. In order to demonstrate the pharmacologic ability of RBP-7000 to block central D2 receptors, the inhibition of apomorphine-induced emesis was evaluated in 2 non-GLP studies in male beagle dogs. Apomorphine is a direct dopamine receptor agonist, with marked affinity for D2, D3, D4 receptor subtypes and
	1

	Pharmacology Studies with RBP-7000: Apomorphine-induced Emesis in Dogs (Non-GLP) Species Study Type 80:20 PLGH Route Risperidone Dose (mg) Study No. MW (kOa) (bl\41 SC 60, 90, 120 Dog PK, PD PO QRS-C186-06 2, 3, 4 Dog PK, PD SC 60 QRS-C162-06 
	kDa=kilo Daltons; MW=molecular weight; PD=pharmacodynamics; PK=pharmacokinetic; PO=oral; PLGH=poly(Q,L-lactide-co..glycolide) (bJ<4l SC=subcutaneous 
	(bl\41 
	Key findings (studies QRS-C186-06 and QRS-C162-06): Following SC administration of RBP7000 at single doses of 60 -120 mg risperidone per dog (n=6/sex/dose), an immediate inhibition of apomorphine-induced emesis was noted within the first 24 hours. Inhibition of apomorphineinduced emesis continued for 35 days after a single SC administration of RBP-7000 at 60, 90 or 120 mg risperidone, demonstrating that adequate risperidone levels were maintained to block the central D2 receptors in this pharmacologic mod
	4 
	4

	~~~~~~~~~~~--o
	risperidone active moiety. 
	Single-dose 42-Day Pharmacokinetic and Pharmacodynamic Study of RBP-7000 in 
	Dogs (Study No.QRS-C186-06) This non-GLP study compared PK and PD profiles of RBP-7000 and oral risperidone. 36 male beagle dogs (6/group) received the RBP-7000. test article Mlj risperidone in (bl\j 80:20 PLGH (bJ<l and <bH> NMP (N-methyl-2-pyrrolidone) a 60, 90 or 120 mg by a smgle SC lnjeCtion, or the con rol article of 2, 3 or 4 mg risperidone by a single oral dose. The PK and PD profile of the test and control articles were followed for 42-days. The RBP-7000 formulation evaluated in this study was the 
	4
	4
	4 

	Depoortere R, Barret-Grevoz C, Bardin L, Newman-Tancredi A. Apomorphine-induced emesis in dogs: Differential sensitivity to established and novel dopamine D2/5-HT1A antipsychotic compounds. Eur J Pharmacol 2008;597 34-38 (as cited by the sponsor). 
	1 

	formulation but with a <b><f which was not expected to affect the PD of risperidone. Apomorphine (0.04 mg/kg) was administered IV to each dog on Days 20, 24, 30 and 35 to determine the antiemetic effect of the test article. The dogs were monitored for at least 15 min for presence or absence of emesis. All dogs in the study were emesis-free after each apomorphine challenge, with the exception of 1 dog in the low-dose RISPERDAL Tablet group (2 mg/day), with plasma total active moiety concentrations below the 
	4

	Single-dose 45-Day Pharmacokinetic and Pharmacodynamic Study of RBP-7000 in 
	Dogs (Study QRS-C162-06) This non-GLP study determined the 45-day PK and PD profile of three RBP-7000 test formulations which varied in the lactide to glycolide ratio in Beagle dogs (GM/group). A description of the test articles used in this study is shown in the following sponsor's table. 
	CO
	Group No. Inj ection RSP Route Formulation (Descripti on) Animals Volume• Dose (1-1 L ) (mg)' 1 6M 400 60 SC (b)(4JI SP in AI RIGFI Deliverv , (RBP-7000) System (b)(4l 2 6M 400 60 SC (b)(4J SP in_AIRIGEL.D eliveOL J. (RBP-7000) System (bll41 3 6M 400 60 SC ~ · . ISP 1n ATRIGEL Delivery .. (RBP-7000) r-SvBtemJ <6M:l4 NMP=N -methyl-2-pyrrolidone; PLGH=80:20 poly(D,L-lactide-co-glycolide)( (bl <4! PLG=poly(lactide ---

	Test Articles Evaluated in Study QRS-C162-06 
	glycolide). RSP-nspendone, SC-subcutaneous 
	a. Nominal dose per animal was based on target injection volume and drug loading·~
	· ----.(b)(
	41 
	The RBP-7000 formulation for Group 2 in this study was the same as the proposed commercial formulation but with a (bH! the difference was not expected to affect the PD of the formu a ion. To determine the antiemetic effect of RBP-7000, all dogs were administered apomorphine (0.04 mg/kg IV) on Days 1, 3, 7, 10, 14, 21, 29, 35, 42 and 45 following a single RBP-7000 SC administration of 60 mg risperidone. The dogs were monitored for at least 15 min. and the presence or absence of emesis was recorded. Plasma ex
	4
	4
	4
	4
	4

	Apomorphine-induced Emesis Following SC Administration of RBP-7000 (N dogs with emesisfTotal number of dogs evaluated) 
	Fonmulation RSP Oose 
	Fonmulation RSP Oose 
	Fonmulation RSP Oose 
	Dose Regimen Route 
	Apomorphi ne Challenge Day 

	1 
	1 
	3 
	7 
	10 
	14 
	21 
	29 
	35 
	42 
	45 

	RBP-7000 60mg 
	RBP-7000 60mg 
	Single (Day 0) SC 
	0/6 
	0/6 
	0/6 
	016 
	016 
	0/6 
	0/6 
	0/6 
	116 
	116 


	NMP=N-methyl-2-pyrrolidone; PLGH-80:20 poly(D,L-lactide-co-glycolide~ 10>141 RBP-7000: (6)(4) risperidone in ~bH4l 80/20 PLGH (bf<4~ andtl>ll41 NMP; RSP-nspendone; sc =:subcutaneous 
	All dogs receiving the RBP-7000 formulation were emesis-free from Day 1 through Day 35, after which 1 of 6 dogs vomited on Days 42 and 45. These results were consistent with the PK profile where the maximum plasma concentration of the total active moiety was reached after 6 h, and the mean plasma total active moiety concentrations exceeded 16 ng/mL through Day 35. These data indicated that the plasma concentrations of total active moiety were sufficient to block central D2 receptors and were maintained for 


	4.2 Secondary Pharmacology: 
	4.2 Secondary Pharmacology: 
	No secondary pharmacology studies were conducted with RBP-7000. 

	4.3 Safety Pharmacology 
	4.3 Safety Pharmacology 
	No safety pharmacology studies were conducted with RBP-7000. The safety pharmacology of risperidone was investigated in dogs as part of the development program for RISPERDAL Tablets (NDA 20272) 
	5 
	5 
	Pharmacokinetics/ADME/Toxicokinetics 


	5.1 PK/ADME 
	5.1 PK/ADME 
	5.1 PK/ADME 
	The following sponsor's table lists the key nonclinical studies for which PK and TK data were collected. 
	Key PK and TK Studies Conducted With RBP-7000* 
	Syringe A Formulation Species/ Duration Ri speridone Polymer MWb GLP Study No. Strain Purpose (Days) Dose• (mg/kg) (kDa) Sterilisation Status INRS-R144-70-15 Rav Sprague-Dose dumping 1 0, 360 (b)(4l Non-GLP Dawley RBLS-R07-70-10 RaUCD Genotoxicity (single-dose) 2 0, 38, 75, 150 GLP QRS-R1 91-06 Rav Sprague-Single-dose MTD and TK 28 0, 600C, 1200, 1800, Non-GLP Dawley 2400d QLS-R13-06 Rav SpragueSingle-dose toxicity and TK 56 0, 60, 225, 450 II GLP Dawley RBLS-R06-70-1 0 RnV Sprague-MD toxicity and TK 225 0
	These studies evaluated either the proposed commercial formulation, or similar early development formulations with "minimal changes", and characterized exposures in single-dose and repeat-dose PK and toxicology studies. 
	Absorption: 
	Single-dose PK and TK Studies: 
	Rats: Two single-dose TK studies of RBP7000 (Studies QLS-R13-06 and QRS-R19106) were conducted in Sprague-Dawley rats at risperidone doses ranging from 60 to 2400 mg/kg. In the pivotal, GLP-compliant single-dose toxicity and TK study (Study QLS-R 13-06), exposure was dose-proportional over doses ranging from 60 to 450 mg/kg risperidone. The release over the first 24 h. after injection was small (::5 7% of the total systemic exposure) and was followed by a trough during the first week with a subsequent rise
	Dogs: A similar PK profile was observed in beagle dogs. SC injection of RBP-7000 at doses ranging from 6 to 450 mg/kg risperidone in several single-dose PK dog studies (QRS
	C192-06, QRS-C162-06, RBRS-C092-70-11) resulted in sustained, dose-proportional systemic 0-24h less 0-28d) was followed by a trough during the first week with a subsequent rise to a plateau or second peak that persisted through Day 28. The metabolite 9-hydroxy risperidone accounted for most of the total active moiety exposure with concentrations approximately 4 times that of risperidone (in contrast to the rat, where risperidone accounted for approximately 70% to 75% of the total moiety exposure). Plasma co
	exposures of total active moiety over a 28-day period. A small first peak on Day 1 (AUC
	than 10% of total AUC

	Mean (± SD) Plasma Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in the Single-dose PK Study of RBP-7000 60, 90 and 120 mg in Dogs (Study RBRS-C092-70-11) 
	Subcutaneous injections at all dose levels resulted in an immediate rise in plasma total active moiety concentrations within 30 minutes, with 24-h exposures of approximately 3% (based on 0-24h/AUC0-84day). Initial peak concentrations of total active moiety were reached at 4 h post-injection and increased with increasing dose. Plasma levels then declined to trough levels between Days 3 and 7, and increased again to a second peak around Days 10 to 17, then declined steadily from the second peak until the end 
	the ratio of AUC
	moiety levels over the 28-day dosing period (C
	total exposure over the 84-day study (AUC

	NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-co-glycolide) RBP-7000= risperidone in the ATRIGEL Delivery System  80:20 PLGH and NMP); SD=standard deviation 
	Mean (± SD) PK Parameters for Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in the .Single-dose PK Study of RBP-7000 60, 90 and 120 mg in Dogs (Study RBRS-C092-70-11) .
	RSP Mean l±StDev) PK Parameter Dose c..... tr.. ... c..... AU~.., AUCo-zad AUC0..a.&e1 Group (mg) (ng/ml) (h) (ng/ml) (ng·hlml ) (ng·hfml) (ng·hhnl ) Ri speridone 1 60 38.3 :i!:48.5 2 6.31 :I: 4 .6Q 223 :i!: 114 4 24 13 :I: 3 144 6t>24 :I: 34 80 00 4 1.0 :i!:25.6 1 6.77 :I: 2 .05 331 :i!: 154 4 560 :I: 1380 15456 :I: 27792~ 120 58.0 :!: 35.Q 2 '9.26 :!: 3 .0 1 b 449 :i!: 157 6216 :!:2026b 11544 :I: 3696" 9.Hydr oxylisperidone 1 6() 48.7 :!: 39.8 24 0 23.Q :I: 14 .5 665 :i!: 50.6 16080 :I: 9720 2 1240 :I: 14
	0 SC=Subcutaneous· SD=standard deviation-trnax=time to Cmax !Wtes: Total active mo1ei1= [R1speridone] + (410/426) x (9-Hydroxyrisperidone]; N=12 'unless otherwise noted: a. N=11; b. N=9 
	(b)(4! andtl>H41 NMP· 

	The ability of RBP-7000 single SC dose to consistently provide sustained plasma risperidone concentrations in comparison to oral risperidone was confirmed in a pharmacology study in dogs, following SC administration of 60, 90 or 120 mg risperidone in RBP-7000, vs. approximately equivalent PO doses of RISPERDAL Tablet of 2, 3 or 4 mg/day of risperidone, respectively (Single-dose 42-Day PK and PD Study of RBP-7000 in Dogs,# QRS-C186-06, see also under the Pharmacology section of this review). When compared wi
	Total Active Moiety Absorption in Dogs: PK Comparison between RBP-7000 Single SC Injection 
	and Risperdal® Tablet Daily Oral Dose in Dogs (Study# QRS-C186-06) .lbl (4) Rsperidone n the ATRIGEL Delivery System lbl (4) ao-20 PLGH andtbJ (4J NMP) (Study QRS C186 06).
	I I I[' -
	Group Description 
	Group Description 
	Group Description 
	RISPERDAL Tablets 
	RBP-7000 

	Method of Administration 
	Method of Administration 
	Oral 
	Subcutaneous 

	Dose (mg/kg)0 
	Dose (mg/kg)0 
	0.2 
	0.3 
	0.4 
	6 
	9 
	12 

	Mean Plasma Pharm acokinetic Parameter for Males 
	Mean Plasma Pharm acokinetic Parameter for Males 

	Cm.,. on Day 0 (ng/ml ) 
	Cm.,. on Day 0 (ng/ml ) 
	104.6 
	119.4 
	353.8 
	95.3 
	116.4 
	180.1 

	tmox on Day 0 (h) 
	tmox on Day 0 (h) 
	1 
	1 
	1 
	2 
	2 
	2 

	Cm.,. on Day 30 (ng/m l ) 
	Cm.,. on Day 30 (ng/m l ) 
	69.6 
	123.8 
	274.7 
	-
	-
	-

	C2•h on Day 0 (ng/ml ) 
	C2•h on Day 0 (ng/ml ) 
	5.6 
	10.8 
	25.9 
	-
	-
	-

	Css, RBP-7000 (ng/ml ) 
	Css, RBP-7000 (ng/ml ) 
	-
	-
	-
	28.9 
	32.7 
	50.7 

	AUCo-10 (ng·h/ml) 
	AUCo-10 (ng·h/ml) 
	629 
	811 
	2203 
	1514 
	1658 
	2681 

	AUCo ..2• (ng·h/ml) 
	AUCo ..2• (ng·h/ml) 
	30581 
	43853 
	102442 
	29839 
	34116 
	53734 

	t112 (h) 
	t112 (h) 
	11 
	11 
	9 
	-
	-
	-


	AUC0-1 d= from dosing to 24 h post-dose; AUC0-42d= from dosing to 42 days post-dose (RBP-7000) or area under the curve for the 
	first 24 hours x 35 days plus the area under the curve from Day 1 to Day 42 (RISPERDAL Tablets); C24h=mean concentration 24 h 
	after first dose; Cmax=maximum plasma concentration of mean group profile; Cmin=average plasma concentration between Day 7 
	and Day 35, excluding the sampling on Day 30 at 1, 2, 4 and 6 hours post-dose; Css=steady-state concentration calculated by 
	averaging plasma concentrations on Day 3 through Day 42; t1/2=plasma terminal half-life; 
	(-} not applicable; c. Assumes 10-kg dog 
	PK Comparison between the ATRIGEL® Formulation 60 mg Risperidone Single SC Injection and 2 mg Risperdal® Tablet Daily Oral Dose in Dogs (Study # QRS-C186-06) 
	Figure
	Plasma risperidone and 9-hydroxyrisperidone concentrations were also measured in the 6- .month rat and 9-month dog repeat-dose GLP toxicology studies with RBP-7000 monthly .administration.  .
	Multiple-dose PK and TK Studies: .

	 administered 6 monthly SC injections of RBP-7000 at risperidone doses of 15, 60, 120 (F) or 240 (M) mg/kg in a GLP repeat-dose toxicology study (Study RBLS-R06-70-10), peak plasma total active moiety concentrations were reached between 1 and 8 h post-dose, followed by a decline over the remainder of the 28-day dose interval until the subsequent injection. The Cmax was generally less than dose-proportional for the total active moiety. Systemic exposure 0-28d) was generally less than dose-proportional for fe
	In rats
	(AUC
	and 240 mg/kg. AUC
	(240 mg/kg) males where the AUC

	 administered 9 single SC injections of RBP-7000 for 9 months at risperidone doses of 5, 20 and 80 mg/kg in a GLP repeat-dose toxicology study (Study RBLS-C05-70-10), the TK characteristics of risperidone, 9-hydroxyrisperidone and total active moiety were similar; peak plasma total active moiety concentrations were reached between 1 and 8 h post-dose, with sustained concentrations between 8 and 336 h post-dose. Systemic exposure (Cmax and AUC0-28d) increased after the first dose but remained relatively simi
	In dogs

	TK data from the multiple-dose studies in rats and dogs are shown in the following sponsor’s tables. 
	NDA/BLA # 210 655 Reviewer: Sonia Tabacova, Ph.D. 
	Mean (±SE) TK Parameters of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety for 6-Month Repeat-dose Toxicity Study of RBP-7000 in Sprague-Dawley Rats (Study RBLS-R06-70-10) 
	Gender 
	Gender 
	Gender 
	Group 
	Dose (mg/kg} 
	t.. .. (h ) 
	C....(ngtmL} 
	Day 1 AU~. (ng·hlml } 
	AUC..z• t.... c.... (ng·hlml) (h } (nglml) 
	Day 141 Aue~·· (ng·hlmL) 
	AUC...(ng·hlml } 
	.. 

	t 112 (h} 

	TR
	Risperidone 

	Male 
	Male 
	5 
	15 
	4 
	102 ± 4Q.7 
	5547 ± 037 
	7152 
	1 
	162 :1: 2g_o 
	1oogo :1: 100g 
	1434 
	3<158 

	6 
	6 
	60 
	4 
	432 ± 188 
	1QQ98 ± 4743 
	2160 
	1 
	29 1 ± 24.5 
	33402 ± 6548 
	261Q 
	2'61 

	7 
	7 
	240 
	4 
	552 :I: 275 
	83Q53 :I: 14753 
	57 11 
	2 
	1046 :I: 160 
	18 1626 :1: 17257 
	12434 
	252 

	Fem.>le 
	Fem.>le 
	5 
	15 
	2 
	126 ± 33.1 
	8390 ± 12 14 
	1105 
	1 
	14 1 :I: 15.8 
	9354 ± 1188 
	1244 
	2118 

	0 
	0 
	60 
	4 
	255 :I: 108 
	24388 ± 3Q l 3 
	2230 
	2 
	453 :I: 160 
	38 164 :I: 1585 
	3742 
	387 

	7 
	7 
	120 
	4 
	3<150 :I: 80.6 
	62582 :I: 13834 
	3{306 
	1 
	303 ± 39.2 
	62708 ± 5e79 
	4766 
	345 

	TR
	9-Hydroxyrisperidone 

	Male 
	Male 
	5 
	15 
	2 
	22.5 :I: 1.82 
	2082 ± 30Q 
	25 1 
	2 
	74.0 :I: 37.3 
	5007 :I: 1374 
	859 
	3<153 

	6 
	6 
	60 
	2 
	35.1 :I: 11.4 
	10531:I: 3317 
	43 1 
	4 
	SQ.6 :I: 25.6 
	16Q45 :I: 5() 14 
	1464 
	43g 

	7 
	7 
	240 
	8 
	23Q ± SQ.II 
	37452 ± 58Q3 
	:J.653 
	2 
	687 :I: 205 
	106827 :I: 142Q7 
	113Q5 
	240 

	Fe m ..1Je 
	Fe m ..1Je 
	5 
	15 
	2 
	68.8 :I: 15.4 
	4746 :1:604 
	680 
	4 
	73.2 :I: 23.0 
	6538 :I: 897 
	Q:J.O 
	28 1 

	e 
	e 
	60 
	2 
	108 :I: 28.5 
	14093 :I: 1684 
	1344 
	2 
	355:1: 113 
	:J.0871:I: 3137 
	3378 
	327 

	7 
	7 
	120 
	8 
	105 :I: 78.7 
	35g57 ± 7753 
	2432 
	8 
	34 1 :I: 53..5 
	470Q2 :I: 5151 
	4854 
	321 

	TR
	Total Active Moiety 

	Male 
	Male 
	5 
	15 
	4 
	118 :1: 48.8 
	832Q ± 870 
	10 13 
	2 
	229 :I: 92.7 
	10303 :1: 3247 
	2293 
	3<157 

	6 
	6 
	60 
	4 
	465 :I: 195 
	3052Q ± 8039 
	2591 
	1 
	373. :I: 26.8 
	50347 :I: 11557 
	4083 
	286 

	7 
	7 
	240 
	4 
	731 ± 271 
	121175 ± 18101 
	9134 
	2 
	1733 :I: 36-3 
	288453 :I: 27259 
	23829 
	247 

	Fem.>le 
	Fem.>le 
	5 
	15 
	2 
	195 ±48.5 
	13 142 :I: 1649 
	1785 
	1 
	201 :I: 30.4 
	158Q2 :I: 2063 
	2174 
	268 

	0 
	0 
	60 
	4 
	343:1: I ~ 
	39081 :1:5340 
	3580 
	2 
	808 :I: 26Q 
	M1035 :1: 4031 
	7 120 
	379 

	7 
	7 
	120 
	4 
	469 ± 8Q.O 
	98539 :I: 20385 
	6038 
	8 
	588 :I: 57.6 
	110401:I: 10469 
	9620 
	335 


	Mean (±SE) TK Parameters of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety for 9-Month Repeat-dose Toxicity Study of RBP-7000 in Beagle Dogs (Study RBLS-COS-70-10) 
	Day 1 Day225 Dose t.... AUc..a,., AUC.... t..•• Cmu AUc..aa• AUC..., Gender Group (mg/kg) (h) C..H(ngfmL) (ng·hlmL) (ng·h!mL) (h) (ng/ml) (ng·h!mL}" (ng·hlmL) Risperidone Male 2 5 I 23.6 :I: 5.10 3867 :I: 6 17 188 4 28.9 :I: 5.9 1 7848 4 18 3 20 8 132 :I: 34.2 25433 :I: 8592 2020 8 179 :I: 122 42240 3074 4 80 4 360 :I: 147 82527 :I: 22633 4343 4 48 1 :I: 111 128<14 I 6516 Female 2 5 2 13.4 :I: 4.55 6435 :1: 1QQ5 22 1 336 22.0 :I: 5.24 10453 443 3 20 8 62.1 :I: 32.2 15376 :I: 1708 1163 4 103±31.4 24777 14 11
	Similar are the findings of the multiple-dose PK study in beagle dogs (Study RBRS-C029-70-09, non-GLP), with 4 repeated monthly injections of 60 mg risperidone in RBP-7000 (approximately 
	44
	6 mg/kg). In this study, 2 formulations of CbHl risperidone in CbHl 80:20 PLGH and <b><> L ><l NMP were tested at risperidone dose. level of 60 mg per dog with either a [lli kDa polymer (proposed commercial formulation) or a :~l kDa polymer (a similar molecular weight as in the single-dose GLP studies). After each mon hly SC injection (on Days 0, 28, 56 and 84), both formulations provided an immediate post-dose increase in plasma total active moiety concentrations. For the proposed commercial formulation, m
	4 
	4

	Absorption of Risperidone, 9-Hydroxyrisperidone and Total Active Moiety in 4-Month Multiple-close PK Study with RBP 7000 SC administration in dogs (Study# RBRS-C029-70-09) 
	SpeciesJStrain: Dog/Beagle 
	SpeciesJStrain: Dog/Beagle 
	SpeciesJStrain: Dog/Beagle 
	St udy Title· <t>140-0 ay Multiple Dose Pharmacokinetic Study of Three ATRIGEL® Foonulations 

	Study No.: RBR~29-70-09 GLP C~liance: No Number of Animals/Group: 3M+ 3F 
	Study No.: RBR~29-70-09 GLP C~liance: No Number of Animals/Group: 3M+ 3F 
	Containing (4)Risperidone Administered Subcutaneously andOral RISPERDAL® Tablets Containing 11~ Risperidone with 25 mg RJ SPERDAL® CONSTA™ Administered lntramuscularty in Beagle Dogs 


	RBP-700o·. 6 mg/kg3/28 days x 4 injections SC 
	RisoeOdone {Mean} C..., (ng/ml) 
	RisoeOdone {Mean} C..., (ng/ml) 
	RisoeOdone {Mean} C..., (ng/ml) 
	Dose 1 {OayO} 52 
	Dose 2{Dav 28) 47 
	Dose 3 {Dav 56) 68 
	Dose 4 {Dav 84) 68 

	AUCo-... (ng·h/ml) 
	AUCo-... (ng·h/ml) 
	600 
	624 
	960 
	792 

	AUG,.,., (ng·h/ml) 
	AUG,.,., (ng·h/ml) 
	4200 
	8208 
	6096 
	6528 

	~. (O!VmL) 
	~. (O!VmL) 
	6.3 
	12 
	9.1 
	9.7 

	~Hvdroxvrisoeridone {Mean} 
	~Hvdroxvrisoeridone {Mean} 

	C.... (ng/ml) 
	C.... (ng/ml) 
	57 
	82 
	98 
	113 

	AUG,.,.. (ng·h/ml) 
	AUG,.,.. (ng·h/ml) 
	1032 
	1296 
	1704 
	2184 

	AUG,.,.. (ng·h/ml) 
	AUG,.,.. (ng·h/ml) 
	14448 
	28488 
	3031 2 
	31 752 

	C... (Jl!¥mL) 
	C... (Jl!¥mL) 
	22 
	42 
	45 
	47 

	c,,,...,,. (ng/ml ) 
	c,,,...,,. (ng/ml ) 
	0 
	18 
	26 
	35 

	t....(h) 
	t....(h) 
	2 
	132 
	24 
	24 

	Total Active Moietv {Mean! Cm.. (O!Vml) 
	Total Active Moietv {Mean! Cm.. (O!Vml) 

	102 
	102 
	11 1 
	151 
	161 

	AUG,.,.. (ng·h/mL) 
	AUG,.,.. (ng·h/mL) 
	1632 
	1920 
	2664 
	3000 

	AUC...ao (ng·h/ml) 
	AUC...ao (ng·h/ml) 
	18672 
	36672 
	36408 
	38280 

	~(O!VmL) 
	~(O!VmL) 
	28 
	55 
	54 
	57 

	c,,,..... (ng/ml ) 
	c,,,..... (ng/ml ) 
	1.9 
	23 
	32 
	41 

	2 168 2 
	2 168 2 


	•
	•
	•
	RBP 7000: '6)(4) Risperidone in the ATRIGEL Delivery System(U>ll4j 80:20 PLGH andlbH4l NMP) .Cave=average plasma concentration over the dosing period; Cmax=maximum plasma concentration; Cpredose=plasma .concentration prior to dosing; tmax=time of occurrence for maximum drug concentration; .Note: Total Active Moiety = [Risperidone] + {9-Hydroxyrisperidone] .

	a. 
	a. 
	Assumes 10-kg dog 


	Evaluation of dose dumping potential .At a Type C advice meeting on 27 February 2013, the Division (Division of Psychiatry Products) .expressed concern regarding the potential of the RBP-7000 drug product to undergo a dose.dumping (defined as the process by which an external factor, such as pressure or temperature, .can cause a premature release of drug in vivo, causing increased drug concentrations and .potentially harmful side-effects to the dosed subject). .
	The sponsor subsequently evaluated dose-dumping potential of RBP-7000 in nonclinical studies in vitro and in vivo, as well as by clinical PK modelling and simulation, and by monitoring and review of adverse events (AEs) in Phase 3 clinical studies, as agreed with the Division. These studies are listed in the following sponsor's table. 
	0 
	Summary of Studies Conducted to Address the Dose-Dumping Potential of RBP-700

	Study Model 
	Study Model 
	Study Model 
	Theoretical Influence 
	Sponsor Evaluation 
	Summary of Potential 

	TR
	(Report No.) 

	Chemical 
	Chemical 
	Solubility of RSP in NMP 
	FCRPT -0107R 
	Theoretically only 23% 

	Properties of RBP-
	Properties of RBP-
	Impact of temperature 
	risperidone would be 

	7000 
	7000 
	Impact of particle size 
	bioavailalJle to dose~ump 

	In Vitro Assay 
	In Vitro Assay 
	Physical pressure and 
	FC-ADV-0016R 
	External stressors did not 

	TR
	temperature on in vitro 
	increase dose-dumping 

	TR
	release kinetics 

	In Vivo Rat MOdel 
	In Vivo Rat MOdel 
	Physical pressure and 
	NRS-R144-70-15 
	There was no indication 

	TR
	temperature on in vivo 
	that the simulated 

	TR
	release kinetics 
	conditions of implant 

	TR
	manipulation (i.e., 

	TR
	pressure) or exercise 

	TR
	increased the release of 

	TR
	risperidone from the 

	TR
	implant or the systemic 

	TR
	exposure to risperidone 

	TR
	and its metabolite in rats 

	Cllnical PK 
	Cllnical PK 
	PK simulation of 3.7% 
	INDV-7000-M05 
	Pla sma RSP 

	Simulation Studies 
	Simulation Studies 
	(reference), 10%, 25%, 
	concentrations observed 

	TR
	50%, 75% or 100% drug 
	in Phase 3 (RB-US-09

	TR
	release within the first 
	0010) were consistent with 

	TR
	24 hours following SC 
	the expected behaviour of 

	TR
	injection 
	the drug (i.e., 3.7% initial 

	TR
	release related to the first 

	TR
	peak) 

	TR
	All individual values were 

	TR
	within the range 

	TR
	corresponding to an early 

	TR
	release s 10% 

	Cllnical Adverse 
	Cllnical Adverse 
	None (intended clinical use 
	RB-US-09-0010 and 
	A few subjects 

	Event Analyses 
	Event Analyses 
	conditions only) 
	RB-US-13-0005 
	experienced SAEs 

	TR
	RB-US-09-0010: N=2 

	TR
	RB-US-13-0005: N=34 

	TR
	None of these SAEs was 

	TR
	considered related to the 

	TR
	study drug 

	164
	164
	4


	RBP-7000= )( f 'speridone in ATRIGEL Delivery System (bJ<l 0:20 PLGH in (bJ<' NMP); SC=·subcutaneous; 
	4

	RSP=ris peridone 
	Key findings of the nonclinical studies for dose-dumping assessment: The in vitro study (Study# FC-ADV-0016R) evaluated risperidone release over a 24-h period under simulated conditions of applying static or intermittent pressure to the depot and increased temperature of the bio-relevant media to 42°C. The results showed that increases in pressure or temperature did not induce a drug release difference greater than 10% compared to the control depot (see the Biopharmacology Review of this study by Dr. G. Gie
	the in vitro assay. Although there was some variability within the individual data, the mean and standard deviation of risperidone release from the implants and plasma total risperidone moiety concentrations were comparable in all groups, showing no evidence of dose-dumping from the depot as a result of exercise or applied pressure to the depot site. 
	(Study# NRS-R144-70-15) This non-GLP dose-dumping study evaluated the effect of either exercise or application of physical pressure on the depot on risperidone release over 24 h following RBP-7000 administration by a single SC bolus injection to rats. : Male rats (36/group) were administered a single SC injection of 90 mg risperidone in RBP-7000 (dose volume 0.6 mL), or 0.6 mL saline for the control group. Immediately following the administration to the control and test groups (Group 1 and 2, respectively),
	Nonclinical In Vivo Study to Evaluate the Effect of Physical Pressure on the Depot and Exercise on Risperidone Release from the RBP-7000 Finished Drug Product 
	Methods
	Results
	risperidone release from collected depots

	Risperidone Content in Ex Vivo Depots at Various Time points Post-injection [INRSR144-70-15] RBP-7000= risperidone in ATRIGEL Delivery System  80:20 PLGH in NMP); RSP=risperidone; SD=standard deviation a. N=11 
	Although there were individual data variations, the mean risperidone release from the depot was comparable in all groups. An average of 78% risperidone remained in the depot and was not released into the circulation. Several factors may have contributed to the individual differences in the release data. As stated by the sponsor, "A single bolus injection of RBP-7000 contains some variation in the nominal 90 mg risperidone delivered; thus, there are variations in the risperidone dose delivered to each rat an
	Mean (±Standard Deviation) Plasma Risperidone, 9-Hydroxyrisperidone and Total 
	Active Moiety Concentration [INRS-R144-70-15] 
	Group Time Point N Mean Plasma Concentration (Description) (Hour) Risperidone 9-Hydroxyrisperidone Active Moiety (ngJmL) (ng/ml ) (ngJmL) 2 2 12 364.2 ± 81.8 187.2 ± 26.9 544.3 ± 95.2 R'BP-7000 12 11 184.7 ± 92.1 182.4 ± 161.0 360.3 ± 243.7 (pressure) 24 11 111.3 ± 28.8 64.4 ± 31.3 173.2 ± 57.7 4 2 12 422.7 ± 111.7 195.1±52.6 610.4 ± 143.6 R'BP-7000 12 12 193.7 ± 152.2 183.0 ± 195.3 369.8 ± 335.5 (exercise) 24 12 87.6 ± 21.4 45.8 ± 15.7 131 .7 ± 33.7 5 2 12 474.3 ± 166.3 178.3 ±44.4 645.9 ± 181.7 RBP-7000 1
	RBP-70QQ_'!bll4) Risperidone in the ATRIGEL Delivery System ~bll4) 80:20 PLGHi (bll4~ and~b)(4J NMP) 
	(b)(4)
	Group 2: Pressure; Group 4: Exercise; Group 5: Control; Total Active Moiety [Total Risperidone: (b)(4J --------(b)(4f 
	The relationship between plasma concentration and drug release from the depot is illustrated in the following sponsor's figure which shows that a higher release of risperidone from the depot was not associated with a higher plasma level at all time points. Although there was variability in the PK data (likely due to inter-individual variability in distribution and elimination of the drug), the highest individual implant release rates were not necessarily associated with higher total active moiety plasma con
	Individual Animal Correlation between Plasma Total Active Moiety Concentration and Risperidone Release from Harvested Depot [INRS-R144-70-15] 
	Figure
	Note: A different color for each time point was used to facilitate interpretation at each time point 
	, there is no indication that the simulated conditions of implant manipulation by pressure or exercise increased the release of risperidone from the implant or the systemic exposure to risperidone and its metabolite, since mean risperidone release from the depot and mean plasma total active moiety concentrations were similar in all groups at each time point. 
	In conclusion

	ADME Data for RBP-7000 Non-active Components 
	The Sponsor performed 2 studies to characterize the ADME of the ATRIGEL Delivery System in animals. These studies were conducted as part of the development program for another product, buprenorphine base in the ATRIGEL Delivery System (RBP-6000). In Study INLSR101-60-15, male Sprague-Dawley rats were administered buprenorphine in the ATRIGEL Delivery System, with either C-labelled PLGH or C-labelled NMP. In the second study (RBRS-R010-60-11), male Sprague-Dawley rats were administered the ATRIGEL Delivery 
	14
	14
	14

	Distribution: A tissue distribution study of the ATRIGEL Delivery System components was performed in male rats following SC injection of a formulation containingC-PLGH and no active pharmaceutical ingredient (Study RBRS-R010-60-11). Another tissue distribution study (INLSR101-60-15) of the ATRIGEL Delivery System components in male rats was performed using ATRIGEL Delivery System containing either C-PLGH or C-NMP, but a different drug substance (buprenorphine). 
	14
	14
	14

	Quantitative Whole Body Autoradiography of Rats Following SC Administration of 
	Quantitative Whole Body Autoradiography of Rats Following SC Administration of 
	14
	C-PLGH in 

	ATRIGEL Delivery System (Study RBRS-R010-60-11) In this study, the ATRIGEL Delivery System PLGH and NMP) containing14C-PLGH (without active drug) was injected SC at a target volume of 0.5 mL as a single dose in 10 male Sprague-Dawley rats. Carcasses were collected at 1, 7, 30, 70 and 90 days post injection for scanning for image 
	densitometry. 
	: The highest concentration in the whole blood was found on Day 30, followed by a steady decline through Day 90. Radioactivity was similar between whole blood and plasma on Days 1 and 7, but was significantly higher in whole blood than in plasma at the subsequent time points (1, 2 and 3 months), indicating that the distribution of radioactivity into the cellular fraction of blood increased over time. 
	Whole Blood and Plasma Distribution

	Summary of Blood and Plasma 14C-PLGH Concentration Values (ng-eq/g) 
	Note: Individual animal numbers are listed in the top bar 
	: High degree of radioactivity was present at the injection site on Day 1, with little systemic distribution. The injection site retained high radioactivity level on Day 7, with apparent systemic distribution, particularly in the liver. Radioactivity disappeared from the injection site by Day 30, with broad systemic distribution and highest tissue concentrations seen at this time point; tissue radioactivity then diminished through Days 70 and 90, approaching the limit of quantitation in about half of the ti
	Whole Body Autoradiography
	Figure

	 PLGA copolymer. 
	(Study INLS-R101-60-15) This GLP study evaluated absorption, distribution and PK of both C-PLGH or C-NMP following a single SC injection of buprenorphine in the ATRIGEL Delivery System (RBP-6000) prepared with either C-PLGH or C-NMP, after administration of C-PLGH with 250 mg/kg buprenorphine base, or C-NMP with 250 mg/kg buprenorphine base to male Sprague-Dawley rats. After SC administration of C-PLGH in RBP-6000 to rats (Group 1), the highest concentrations of radioactivity in blood and plasma were observ
	(Study INLS-R101-60-15) This GLP study evaluated absorption, distribution and PK of both C-PLGH or C-NMP following a single SC injection of buprenorphine in the ATRIGEL Delivery System (RBP-6000) prepared with either C-PLGH or C-NMP, after administration of C-PLGH with 250 mg/kg buprenorphine base, or C-NMP with 250 mg/kg buprenorphine base to male Sprague-Dawley rats. After SC administration of C-PLGH in RBP-6000 to rats (Group 1), the highest concentrations of radioactivity in blood and plasma were observ
	Quantitative Whole Body Autoradiography of Rats Following SC Administration of 
	14
	C-PLGH or 
	14
	C-NMP in RBP- 6000 
	14
	14
	14
	14
	14
	14
	14
	respectively. The t
	14
	14

	the blood-brain and blood-testis barriers. At 24 h, the highest concentration of radioactivity was observed at the injection site, with an average concentration of 4,240,000 ng-equivalents CPLGH/ buprenorphine C-PLGH/g, which then declined over time to 57,400 ng-equivalents by Day 140, which represented approximately 1.4% of the radioactivity observed at the injection site at 24 h post-dose. Other than the injection site, the highest average concentration of radioactivity (8230 ng-equivalents C-PLGH/bupren
	14
	14
	14


	Mean Concentration of C-PLGH and C-NMP Radioactivity at the Injection Site Following a Single SC Injection of Buprenorphine in the ATRIGEL Delivery System Containing Either C-PLGH (Group 1) or C-NMP (Group 2) to Male Sprague- Dawley Rats (Study No. INLS-R101-60-15) 
	14
	14
	14
	14C-NMP=N-methyl-2-pyrrolidone with radiolabelled portion; 14C-PLGH=80:20 poly(D,L-lactide-co-glycolide) and radiolabelled portion; Source: Study INLS-R101-60-15 
	14

	Injection site radioactivity remained high and relatively unchanged through 21 days and then declined rapidly over the next 3 time points to 85,900 ng-equivalents C-PLGH/g by Day 56, which was approximately 2.0% of the radioactivity at the dose site at 24 h. The sponsor commented that “this pattern is not unexpected; the PLGH degradation process has an initial phase where the average polymer MW declines and with very few chains small enough to be water soluble, the result is very little mass loss. At later 
	14

	observed in plasma on Days 21 and 28, in addition to most tissues reaching their maximum radioactivity level at 28 days.” Animals in Group 2 received ATRIGEL Delivery System with C-NMP and buprenorphine (RBP-6000). The highest concentrations of radioactivity in blood and plasma were 18,100 and 21,400 ng-equivalents C-NMP/g, respectively, observed at 8 h post-dose. Concentrations of 
	observed in plasma on Days 21 and 28, in addition to most tissues reaching their maximum radioactivity level at 28 days.” Animals in Group 2 received ATRIGEL Delivery System with C-NMP and buprenorphine (RBP-6000). The highest concentrations of radioactivity in blood and plasma were 18,100 and 21,400 ng-equivalents C-NMP/g, respectively, observed at 8 h post-dose. Concentrations of 
	14
	14

	radioactivity in blood and plasma then declined but were still measurable through 336 h and 672 h for plasma and blood, respectively. Average blood to plasma concentration ratios of radioactivity ranged from 0.8 through 3.3 over the course of the study, indicating that the distribution of radioactivity into the cellular fraction of blood increased over time after SC administration of the ATRIGEL Delivery System containing C-NMP. C-NMP-derived radioactivity was widely distributed to most tissues by 12 h post
	14
	14
	most of the tissues reached C
	14
	14
	14


	polymer can diffuse away from the dose site as the chains have low enough MW to be water soluble . This is responsible for the rapid decline in radioactivity at the dose site between Days 21 and 56 and the high levels of radioactivity 
	Figure
	Reviewer’s comment: It should be noted that the above studies were conducted using a different RBP formulation i.e., ATRIGEL Delivery System with a different API (buprenorphine). The assessment would have been more appropriately conducted with risperidone as the API and the current ATRIGEL delivery system formulation because formulations and components of drug delivery could behave differently in different molecules and APIs. Nevertheless, these studies are considered adequate because ATRIGEL was tested nea
	In summary, the distribution and kinetics of radioactivity from this study show that NMP rapidly diffuses from the injection site upon injection of the ATRIGEL Delivery System, reaches a peak concentration in tissues at 12 h and, after 3 days, is at minimal levels in the injection site, blood and plasma. Both C-PLGH and C-NMP copolymers cross the blood-brain and blood-testes barriers. No significant accumulation was observed for any tissues or organs for either CPLGH or C-NMP copolymers. 
	14
	14
	14
	14

	Metabolism: No metabolism or metabolite identification studies have been conducted with RBP-7000 
	Excretion:  No excretion studies have been conducted for RBP-7000. The excretion of risperidone has been extensively studied under NDA 20272 (RISPERDAL Tablets). Reviewer’s comment: Once released from the RBP-7000 formulation and absorbed into the bloodstream, risperidone distribution, metabolism and excretion are properties of the drug molecule, identical to that of the drug substance from PO and IM risperidone-containing products. The data on risperidone distribution, metabolism and elimination are refere

	5.2 Toxicokinetics 
	5.2 Toxicokinetics 
	(Reviewed under 5.1 – PK, Absorption) 
	6 
	6 
	General Toxicology 

	6.1 Single-Dose Toxicity 
	Four single-dose toxicity/TK studies (listed in the following Applicant's table; 2 GLP and 2 nonGLP) were conducted with RBP-7000 in rats and dogs, to determine the maximum tolerated doses and select doses for the repeat dose toxicology studies. All these studies were conducted with a RBP-7000 formulation which was similar (but not identical) to the final proposed commercial formulation <b><> hese differences were no expec ed to 1mpacr fhe 
	4

	Single-dose SC Toxicity Studies With RBP-7000 
	Figure
	Study Number 
	Study Number 
	Study Number 
	Species/ Strain 
	Duration 
	RSP Dose (mg/kg)" 
	Formulation (% w/w) 
	j GLP Status (b)(4Y 
	Testing Facility 

	QRS-R191-06 
	QRS-R191-06 
	Rat/ Sprague-DaiMey 
	4 weeks 
	O",150', 300, 600, 1200, 1800, 2400" 
	No 
	(6)(4) 

	OLS-R13-06 
	OLS-R13-06 
	Rat/ Sprague-DaiMey 
	8 weeks 
	IJ>, 60 (M only), 225, 450 
	Yes 

	QRS-C192-06 
	QRS-C192-06 
	Dog/ beagle 
	4weeks 
	O", 75, 150, 300, 450 
	No 

	OLS-C14-06 Dog/ beagle 8 weeks Cl', 7.5, 37.5, 375 GLP=Good Laboratory Practices; NMP=N-methyl-2-pyrrohdone; M=ma 
	OLS-C14-06 Dog/ beagle 8 weeks Cl', 7.5, 37.5, 375 GLP=Good Laboratory Practices; NMP=N-methyl-2-pyrrohdone; M=ma 
	I 
	Yes 
	Ml4! 


	PLGH=80:20 poly (D,Llactide-co-glycohde)r --10>14! RSP=risperidone 
	a. Nominal nspendone dose per group 1s presented unless otherwise reported, for pivotal toxicology studies with RBP-7000, the highest no observed adverseeffect level (NOAEL) is underlined; b. ATRIGEL Delivery System alone; c. Females only; d. Males only 
	6.1.1. Single-dose Toxicity of RBP-7000 in Rats Single-dose 4-Week Subcutaneous MTD Study of RBP-7000 in Rats (Study QRS-R191 -06) 
	Key study findings: In this non-GLP study, single SC doses of RBP-7000 were tolerated up to 600 mg/kg and 300 mg/kg risperidone in male and female rats, respectively. The vehicle, ATRIGEL delivery system alone was tolerated at single SC doses of up to 10,600 mg/kg in males and 6,800 mg/kg in females. Treatment-related mortality occurred at ~1200 mg/kg risperidone in M and at ~600 mg/kg risperidone in F. Mortality was also observed in the high-dose ATRIGEL Delivery System groups (13,600 mg/kg M and 10,200 mg
	Single-dose 4-Week Subcutaneous MTD Study of RBP-7000 in Rats (Study QRS-R191-06) 
	Species/ Str;iin Rat/ Sprague-Dawley 
	Species/ Str;iin Rat/ Sprague-Dawley 
	Species/ Str;iin Rat/ Sprague-Dawley 
	Method of Administr;ition Doses (Vehicle/ (mg/kg) Formulation) SC ob, 1so•. 300, 600, ATRIGEL® Deliveiy 1200, Systel bl <4>00:20. 1800, PLGH (bl~ 2400d and ~JNMP 
	Gender ;ind Number per Group 3M/3F (Main Study) 15M/ 15F (TK: presented In m2.6.5.5) 
	Observed Max imum Nonlethal Dose (mg/kg) 333°, 429b 
	Approxim;ite Lethal Dose Noteworthy Findings (mg/kg) 667°, 857b Clinical Observations: Decreased activity, splayed hind or fore limbs. partially closed eyes, red material around eyes, lacrimation, convulsions. ! urination; Dermal Observations:• ulceration. exudation, epidermal hyperplasia. hyperl<eratosis. granulomatous innammation Food Consumption: ! food consumption during first day after dosing (all doses) Body Weight: ! in a I groups in first week wnh recovery slower in higher dose groups: Organ Weight:


	F=female; M=male; 
	a. 
	a. 
	a. 
	Similar inj ection site findings were observed in the control animals and ace considered an effect of the ATRIGEL® Delivery System. 

	b. 
	b. 
	ATRIGEL Delivery System 

	c. 
	c. 
	Females only; assumes 250-g rat; female rats received 0.25, 0.5, 1, 2 or 3 units containing 150 mg risperidone each in single unit injections 

	d. 
	d. 
	Males only; assumes 250-g rat; male rats received 0.5, 1, 2, 3 or 4 units containing 150 mg risperidone each in single unit injections 


	Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats (Study QLS-R 13-06) 
	Key study findings: In this GLP study, 450 mg/kg exceeded MTD causing death in females. CNS signs typical of risperidone were observed in both sexes at all dose groups being more severe and persistent in female rats. Risperidone target organs of toxicity included the testes (seminiferous tubule degeneration/atrophy in MD&HD), and vagina (vaginal epithelial mucification and degeneration/necrosis at all doses). These changes are likely due to the known effect of risperidone on serum prolactin levels. The NOAE
	Toxicity and TK data are summarized in the following sponsor's table. 
	Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats (Study QLS-R13-06) 
	Method of 
	Observed 
	Gender and 
	Gender and 
	Approximate

	Species/ Administration Doses Maximum 
	Number per 
	Number per 
	Number per 
	Number per 
	Lethal Dose 

	Noteworthy Findings

	(Vehicle/ 

	Nonlethal Dose 
	Strain 
	Strain 
	Strain 
	Strain 
	Strain 
	(mg/kg) 

	Group 

	(mg/kg) 

	Formulation) 

	(mg/kg) 
	Ob, 60,
	Rall 
	10M/10F 
	10M/10F 
	Not Applicable 

	Clinical Observations: Decreased adlvily, partially Sprague-
	SC 
	225 
	225, 450 
	closed eyes, red material around eyes. lacrimation. ; Dawley 
	(Main study) 
	(Main study) 
	(Main study) 
	(Main study) 
	Dermal Observations:• discoloured skin at injection

	ATRIGEL® Delivery 

	site Food Consumption: ! food conslll1plion during

	Syst~· (bHJso·20 
	4

	16M / 16F 
	16M / 16F 
	first day after dosing (all doses} was statistically

	PLGH (bH
	4 

	(TK) 
	significant for males on Day 1and females at Day 2-5 
	and1<bl (4~~MP 
	for 450 mg/kg; Body Weight: ! in males at 450 mg/kg Toxicokinetics (Mean), 
	AUCo-1
	Dose 
	Dose 
	Sex 

	Cmax 
	of 5-6% from Day 21 to termination; ! in females at Risperidone 
	(mg/kg) 
	(mg/kg) 
	(N=15/sex) 

	(ng/ml) 
	(ng·h/ml) 
	(ng·h/ml) 
	450 mg/kg of 7-11 % from Day 2-5. comparable for the rest of study Organ Weight: No definitive changes,

	60 
	60 
	M 

	284 
	34440 
	possible test article related changes in pituitary at 450 F 
	499 
	44400 
	mg/kg males with f Of 22, 27 and 24% in mean 225 
	absolute, relative to body weight and relative brain weight Histopathology: Limited to testes 
	M 
	525 
	96336 
	F 
	455 
	184632 
	184632 
	(seminiferous tubule degeneration/atrophy) and 

	450 
	450 
	M 

	572 
	171384 
	vagina (epithelial mucificatiOn and F 
	937 
	406512 
	a. Macroscopic pathology; b. Vehicle control Table continued on the next page 
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	Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Rats (Continued) 
	Figure
	Drug-related microscopic changes were found in the testes (seminiferous tubule degeneration/atrophy at MD and HD, which correlated macroscopically with small testes at HD); vaginal epithelial mucification and degeneration/necrosis at all dose levels (in 7, 7, and 9 animals at LD, MD and HD, respectively). These changes were likely associated with the known effect of risperidone on serum prolactin levels; similar changes were reported in studies where serum prolactin was measured (Zhang 2015). Cmax of the to
	3
	TK: 

	6.1.2. Single-dose Toxicity of RBP-7000 in Dogs 
	(Study QRS-C192-06). : In this non-GLP study, single RBP-7000 SC dose of 450 mg/kg exceeded .MTD causing death in 1 of 2 female dogs. Treatment-related clinical signs of decreased activity, .
	Single-dose 4-Week Subcutaneous Maximum Tolerated Dose Study of RBP-7000 in Dogs .
	Key study findings

	ataxia and tremor throughout the study occurred for doses greater than 75 mg/kg. Microscopically, acute inflammation and necrosis at the injection sites were present at all doses within the tested dose range (75-450 mg/kg), with increased incidence and severity vs. vehicle control (ATRIGEL Delivery System). 
	RBP-7000 was injected SC at doses of 75, 150, 300 and 450 mg/kg. Mortality occurred at 450 mg/kg in 1 of 2 females, euthanized in extremis on Day 1 following prolonged tremors, prostration and unresponsiveness.  Clinical signs: prostration in males at ≧150 mg/kg and females at ≧300 mg/kg; decreased activity, closed eyelids, ataxia and tremor at all dose levels, both sexes (resolved at LD by the end of the 2week, but persisted throughout the 28-day study period at all higher dose levels). Body weight decreas
	nd 

	Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Dogs 
	Single-dose 8-Week Subcutaneous TK and Toxicity Study of RBP-7000 in Dogs 

	(Study QLS-C14-06) 
	: In this GLP study, the NOAEL for a single RBP-7000 SC administration in dogs is 7.5 mg/kg risperidone (clinical signs of ataxia and prolonged suppression of activity, attributable to exagerated pharmacology of the API, occurred at and above the next higher tested dose of 37.5 mg/kg) 
	Key study findings

	Beagle dogs (3/sex/group) were administered a single SC injection of RBP-7000 ( risperidone in ATRIGEL Delivery System), at risperidone dose levels of 7.5, 37.5 and 375 mg/kg. The control group received 2125 mg/kg of the vehicle (ATRIGEL Delivery System without risperidone: 
	Figure
	Figure
	Figure
	Figure

	80:20 PLGH 
	and 
	NMP). The dose volume per injection was 1 mL. 
	There was no mortality or treatment-related changes in body weights, ophthalmology, hematology, clinical chemistry, urine analysis and organ weights. Risperidone-related clinical signs of dose-dependent decreased activity (in all dose groups), partially/completely closed eyelids, ataxia (at MD and HD), tremors and prostration (at HD), were observed in both genders. Treatment-related macroscopic findings were limited to injection sites (thickened skin) at MD and HD, with incidence and severity similar betwee
	Plasma exposures

	Plasma concentrations steadily fell after Day 35 but were measurable through Day 56. Plasma exposures and toxicity data are summarized in the following sponsor's table. Single-dose Subcutaneous Toxicity Study in Dogs: Data Summary (Study QLS-C14-06 
	Treatment 
	Treatment 
	Treatment 
	ATRIGEL 
	RBP-7000 

	TR
	Delivery System 

	RSP Dose (mg/l<g) 
	RSP Dose (mg/l<g) 
	o mgJl<g 
	7.5 mg/kg 
	37.5 mg/l<g 
	375 mg/kg 

	Number of Animals 
	Number of Animals 
	3 M/3 F 
	3 M/ 3 F 
	3 M/3 F 
	3 M/3 F 

	Active Moiety•: 
	Active Moiety•: 

	Cm.ax (ngfmL ) 
	Cm.ax (ngfmL ) 
	-
	76/ 102 
	441/ 248 
	301 61 2283 

	AUCQ.last (ng·hfm L) 
	AUCQ.last (ng·hfm L) 
	-
	48432/ 58632 
	28101 61 148'152 
	1969848/ 

	TR
	1637568 

	AUC0-2•h (ng-h/ml) 
	AUC0-2•h (ng-h/ml) 
	-
	8 161 1752 
	6859/ 3830 
	59592/ 41856 

	C linical Signs 
	C linical Signs 

	Clinical 
	Clinical 
	-
	! activity 2 F on 
	J. activity: M on 
	! activity: M on 

	Observations 
	Observations 
	Day 1 
	Days 1-7, Fon 
	Days 1-42, Fon 

	TR
	Days 1-42; Ataxia 
	Days 1-56; 

	TR
	2 F on Day 1; 
	Ataxia: 1M I 1F 

	TR
	f laaimation, 
	on Day 2; All F 

	TR
	brown/green 
	prostrate on Day 

	TR
	material around 
	1; F eyes partially 

	TR
	eyes 
	closed on Days 

	TR
	1-56; l 

	TR
	lacrimation, 

	TR
	brown/green 

	TR
	material around 

	TR
	eyes 

	Histopathology 
	Histopathology 
	f test site 
	-
	-
	T test site 

	TR
	granuloma with 
	granuloma with 

	TR
	chronic 
	chronic 

	TR
	inflammation; 
	inflammation; 

	TR
	necrotic centre 
	necrotic centre; 

	Gross patholocv 
	Gross patholocv 
	Thickened skin 
	Thickened skin 
	Thickened skin 

	TR
	at injectionsite 
	at injection site 
	at injection site 


	AUCO-last=area under the plasma versus time concentration from zero to the last measurable time point; AUC0-24h= area under the plasma 
	concentration-time cU£Ve from time 0 to 24 hours; Cmax=maximum plasma concentration; RBP-7000= (bf risperidone in[!6) (4)80:20 PLGHm 1 1:1>>14> and jb~ NMP; RSP=risperidone; a. Total active moiety [total risperidone] = [risperidone] + [9~)~~oxyrisperidonel; mean TK parametg s 
	are presen~for males/females 
	6.2 Repeat-Dose Toxicity 
	The following table lists the repeat-dose GLP toxicity/TK studies conducted in rat and dog with RBP-7000 injections; both studies included a 12-week recovery period and were conducted with 
	4
	the clinical to be marketed formulation of RBP-7000, <b><f risperidone in !bH! 80/20 PLGH l 
	4
	::

	<bH4Yand <bH4f NMP. 
	Repeat-dose Subcutaneous Toxicity Studies with RBP-7000 
	Study Number RBLS-R06-70-10 
	Study Number RBLS-R06-70-10 
	Study Number RBLS-R06-70-10 
	Species/ Str3in Rau Sprague-Dawley 
	Dur3tion 6months + 12-week recovery 
	RSP Dose (mg/kg)• 0, 15, §Q,,120C. 24()d 
	RSP(%w/w)b 
	I 
	Formulation PLGH I(MW) 
	Solvent 
	(b)(-4) 
	GLP Status GLP 
	Testing Facility (b)(4) 

	RBLS-COS-70-10 
	RBLS-COS-70-10 
	Dog/ beagle 
	9months + 12-week recovery 
	0, 5, 20, 80 
	GLP 


	(Dl\41 GLP=Good Laboratory Practices; kDa-kilodalton; NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L
	I__ 
	~ _, -~ 
	lacttde-coglycolide); RBP-7000= (bl,nspendone m (b)1 80:20 PLGH (b) (41and(b)l41NMP;RSP=rispendone; 
	a. Nominal risperidone dose per grJ~~; for pivotal toxi~logystudies with RBP-7000, the highest NOAEL is underlined; b. %wfw=percentage on a weight-by-weight basis; c. Female dose only; d. Male dose only 
	29 
	6.2.1. Repeat-Dose Toxicity in Rats 
	Study title:  
	6-Month Repeat-dose Subcutaneous Toxicity Study in Sprague-Dawley Rats with 12-Week Recovery Period 

	Study no.: 
	Conducting laboratory and location: 
	Date of study initiation: 
	GLP compliance: Yes 
	QA statement: Yes 
	Drug, lot #, and % purity: RBP-7000; risperidone/ATRIGEL 
	Figure
	Figure

	risperidone base in 
	risperidone base in 
	Figure

	 80/20 PLGH and 

	NMP) Syringe A (ATRIGEL delivery system) Lot # 106 Syringe B (risperidone) Lot # RB0056-67 
	No significant or unexpected effects were observed following SC administration of RBP-7000 once every 28 days to rats for 6 months. RBP-7000 was well tolerated at doses of up to 60 mg/kg, and provided significant, sustained exposure to total active risperidone moiety with predictable systemic effects and minimal to moderate effects at the local injection sites. 60 mg/kg (due to body weight decrease of over 10% at the next higher tested dose). Plasma exposure in male and female rats at the NOAEL dose level p
	Key Study Findings: 
	NOAEL: 
	safety margin 
	of 10- to 20-times (for C
	AUC
	RBP-7000 maximal dose of 120 mg risperidone (i.e., C
	and AUC
	rd

	Methods 
	Methods 

	RBLS-R06-70-10 2 March 2010 
	Doses:. 15, 60, 120 (F), or 240 (M) mg/kg risperidone in RBP-7000 ( risperidone in 
	Figure
	Figure
	Figure
	Figure

	80:20 PLGH 
	and 
	NMP); Control: ATRIGEL Delivery System without risperidone administered at 755 mg/kg (F) and 1509 mg/kg (M) 
	Frequency of dosing: 28 days. Route of administration: Subcutaneous (SC). Dose volume: 0.09 – 1.5 mL/kg/dose. Formulation/Vehicle: ATRIGEL Delivery System without risperidone: .
	Figure
	Figure
	Figure

	 80:20 PLGH 
	 80:20 PLGH 
	 80:20 PLGH 
	and 

	NMP 

	Species/Strain: Rat/Sprague-Dawley Number/Sex/Group: 28 (main study groups); 9 (TK groups) Age: 11 weeks Weight: 283 - 414 g (males) and 201- 288 g (females) Satellite groups: TK 
	Deviation from study protocol: None of the deviations were considered to have impacted the overall integrity of the study or the interpretation of the study results and conclusions. 
	RBP-7000= 80:20 PLGH and  NMP;    RSP=risperidone; a. Nominal dose; b. Recovery necropsy;  
	Study design: 
	Study Design for 6-Month Repeat-dose Toxicity Study of RBP-7000 in.Sprague-Dawley Rats (Study RBLS-R06-70-10). 
	c.
	c.
	c.
	 ATRIGEL Delivery System: 755 mg/kg (females only) or 1509 mg/kg (males only) ATRIGEL Delivery System 

	d.
	d.
	 Female dose level; e. Male dose level; f. Animals used for TK only 


	Observations: 
	Mortality and morbidity (daily, including TK animals), dermal observations (pre-dose and once daily during first week and weekly thereafter), food consumption (weekly), body weight (weekly, including TK animals); clinical chemistry,  urine analysis (pre-study and prior to terminal and recovery necropsies); ophthalmic examinations (pre-study and before terminal necropsy of HD and control);  TK: Blood samples from TK groups (3 animals/sex/time point) on Days -3, 1 (predose, 1, 2, 4, 8 and 24 h post-dose) and
	Results 
	Mortality: No test article-related mortality (1 recovery female was euthanized on Day 196 due to a cage injury; two TK females died following blood collection; restraint or collection procedures were determined as the cause of death at necropsy). 
	Clinical Signs: Risperidone-related decreased activity was observed in RBP-7000 HD group only (13/ 28 HDM and 11/ 28 HDF). Clinical observations related to the ATRIGEL Delivery System and not to RBP-7000 included: labored breathing, seizure/tremors, excess salivation and abnormal lung sounds (in 2, 2, 4 and 1 vehicle control animals, respectively). These signs appeared at a similar or lower incidence in RBP-7000 groups, unrelated to risperidone dose level. 
	Body Weights: RBP-7000-related dose-dependent decrease in mean body weights and mean body weight gains occurred in males at MD and HD for the entire dosing period (Days 1 to 168). Mean male body weights on Day 168 were 2%, 6% and 15% below the control value in LD, MD and HD RBP-7000 groups, respectively. During the recovery period, mean body weights and body weight gains remained reduced in HDM. In females, mean body weight and body weight gains were unaffected up to the highest RBP-7000 dose evaluated in t
	Food Consumption 
	Mean food consumption was reduced at HD in both genders, throughout the dosing period, reaching statistical significance at most of the time points. On Day 168, mean food consumption values in LD, MD and HD  RBP-7000 groups were 2%, 5%, and 13% (for males), and 4%, 9%, and 11% (for females) below the control, respectively. Food consumption during the recovery period remained reduced in HD animals (both genders) compared to control. In HDM, the reduced food consumption correlated with reduced body weights. 
	Ophthalmoscopy 
	There were no ophthalmic findings in any of the dose- or control animals examined 
	Hematology, Clinical Chemistry, Urinalysis 
	No RPB-7000-related changes were observed in hematology, clinical chemistry or urine analysis parameters during the study. Inter-group differences, some of which attained statistical significance, were sporadic, transient, or were of a magnitude commonly observed in laboratory Sprague-Dawley rats undergoing similar study procedures at the testing facility, and were not considered test article related. 
	Organ Weights 
	Dose-dependent significant weight decreases of testes, uterus and adrenal glands (in F) were found in all dosed groups (including LD) at the terminal necropsy on day 169  and persisted through the end of recovery period on day 225;  
	RBP-7000-associated Organ Weight Findings (Study RBLS-R06-70-10) * Statistically significant; F=female; M=male; NR=not reported; RBP-7000= risperidone in 80:20 PLGH and NMP 
	Gross Pathology 
	No systemic test article-related gross findings were found at either terminal or recovery .necropsies (on days 169 and 225, respectively). .: .
	Injection site observations

	Erythema, eschar, and edema at injection sites, observed in most animals in all main study groups including controls, as well as more severe findings (ulceration, eschar exfoliation and erythema beyond the test site) occurred in the ATRIGEL vehicle control and RPB-7000 MD and HD groups with similar incidence and severity (see the following sponsor’s table). Necrosis was found in the ATRIGEL vehicle control group only. The incidence of material accumulation at the injection sites was similar among control an
	Dermal Observations Summary (Dermal Scoring Grades*)
	       X = Present; (-) = None; * Dermal Score Grades shown in the next sponsor’s table 
	Dermal Score Grades 
	Figure
	Histopathology 
	Histological Findings Histopathology findings at the  were similar between RBP-7000 high dose groups and volume-matched vehicle controls. These findings were expected granulomatous foreign 
	Histological Findings Histopathology findings at the  were similar between RBP-7000 high dose groups and volume-matched vehicle controls. These findings were expected granulomatous foreign 
	injection sites

	body reactions and consisted of a cystic space, fibrosis and granulomatous inflammation with slightly higher incidence and severity in RBP-7000 HD group compared with vehicle control. These findings were reversible: both incidence and severity were decreased following the 12week recovery period. 

	RBP-7000-associated Injection Site Findings at Necropsy on Day 169 RBP-7000= risperidone  80:20 PLGH and NMP; RSP=risperidone a. Last injection Day 113; b. Last injection Day 141; c. Scores: minimal = 1; mild = 2; moderate =3; marked =4; The table shows sum total score by site and group 
	: Drug-related, dose-dependent histopathology changes were present in all RBP7000 dose groups (≥ 15 mg/kg risperidone) in mammary glands (male and female), adrenal glands (females), testes, epididymis, prostate and thymus by the end of the treatment period, and persisted following the 12-week recovery period in all these organs, except for the thymus. These findings were likely related to risperidone effect of on serum prolactin concentrations, a well-recognized effect of this and other antipsychotic drugs
	Other organs

	The histopathology findings are summarized in the following sponsor table: 
	Summary of Microscopic Findings .Scheduled Necropsy (Day 169). 
	Figure
	Recovery necropsy (Day 225) 
	Figure
	a Numbers in parentheses represent the number of animals with the finding 
	Toxicokinetics 
	TK Summary of Total Active Moiety (Study RBLS-R06-70-10) RBP-7000= risperidone in 80:20 PLGH  and  NMP; RSP=risperidone; T½=apparent terminal elimination half-life a. Three animals/sex were rotated and utilised for each TK time point 
	b. Total active moiety: [total risperidone] = [risperidone] + [9-hydroxyrisperidone] 
	Plasma concentrations peaked between 1 and 4 h post-dose for risperidone and max for risperidone was high relative to therapeutically effective exposure (about 10 ng/mL), and ranged from 100 to 2000 ng/mL. The Cmax was generally less than dose-proportional for the total 0-28d) was generally less than dose-proportional for females between 15 and 120 mg/kg and males between 15 and 60 mg/kg but was generally 0-28d remained consistent with 0-28d increased with 0-28d for risperidone, 9-hydroxyrisperidone and tot
	between 1 and 8 h post-dose for 9-hydroxyrisperidone and total active moiety. Plasma C
	active moiety. Systemic exposure (AUC
	dose-proportional for males between 60 and 240 mg/kg. AUC
	repeated dosing, except for the high-dose (240 mg/kg) males where the AUC
	repeated dosing. There were no consistent or notable sex differences for Cmax and AUC
	(C
	C

	1.13 max and between 0.45 and 0.84 for AUC0-28d. T1/2 from the recovery phase was 252-387 h for risperidone, 240- 439 h for 9-hydroxy-risperidone and 247- 379 h for the total active moiety. The TK assessment confirmed that with SC injection of RBP-7000 in rats once every 4 weeks for 6 months, significant and consistent exposure was maintained throughout the 4-week dosing intervals following each dose. 
	for C

	Conclusion: Repeated SC administration of RBP-7000 to rats at risperidone doses of 15, 60 and 120/240 mg/kg once monthly for 6 months provided sustained exposure to total active risperidone moiety, induced predictable dose-dependent systemic effects and minimal to moderate effects at the injection sites, and did not result in any significant or unexpected toxicological findings,.  60 mg/kg (due to body weight decrease of over 10% at the next higher tested dose). Using the human PK data from the repeat-dose 
	NOAEL:
	the maximal dose of 120 mg risperidone (i.e., C

	RBLS-C05-70-10 1 March 2010 
	AUC0-2ad =15585 ng·h/mL, after the 3rd injection), exposure at the NOAEL in this study provides a safety margin of 10-to 20-times (based on Cmax of 448 and 763 ng/m in M and F, respectively), a safety margin of 8-to 14-times (based on AUC0-24h of 3987 and 5596 ng.h/mL in M and F, respectively) and a safety margin of 3-to 4-times (based on AUC0-2adof 49139 and 63294 ng.h/mL in Mand F, respectively). 
	6.2.2. Repeat-Dose Toxicity in Dogs Study title: 9-Month Repeat-dose Subcutaneous Toxicity Study in Beagle Dogs with 12-Week Recovery Period 
	Study no.: 
	(b)(4I
	Conducting laboratory and location: 
	Date of study initiation: 
	GLP compliance: Yes 
	QA statement: Yes 
	Drug, lot #, and % purity: RBP-7000; risperidone/ATRIGEL® [<blljrisperidone base in 
	4

	<bHf 80/20 PLGH and <bHf NMP) 
	4
	4

	Syringe A (ATRIGEL® aelivery system) Lot # 106 and RB0061-3 
	Syringe B (risperidone) Lot# RB0056-67 
	Key Study Findings: No significant or unexpected effects were observed following SC administration of RBP-7000 once every 28 days for 9 months to dogs at risperidone doses of up to 80 mg/kg. ATRIGEL Delivery System-related gross-and histopathology findings at injection sites (edema, dermal irritation, eschar, granulomatous inflammation as a foreign-body reaction) were present in all dose groups, including control, not dose-dependent and resolved during the recovery period. Changes in reproductive organs of 
	Methods Doses: 5, 20 or 80 mg/kg risperidone in RBP-7000 <b><I risperidone in ATRIGEL 
	4

	Delivery System <b><r 80:20 PLGH (bHand (bHl NMP) 
	4
	4 
	4

	Control: 503 mg/kg ATRIGEL Delivery System w1thou risperidone. Frequency of dosing: 28 days Route of administration: SC Dose volume: 0.03 -0.5 ml/kg Formulation/Vehicle: ATRIGEL Delivery System without risperidone: <b><I 80:20 PLGH and <b><r NMP --
	4
	4

	Figure
	Species/Strain: Dog/Beagle .Number/Sex/Group: 8 .Age: 6.8 to 7.7 months .
	Weight: 7 -9.7 kg (males) and 6 -8.3 kg (females) .Satellite groups: TK .Deviation from study protocol: None of the deviations have impacted the overall integrity of the .study or the interpretation of the study results and conclusions. .
	Study design: Study Design for 9-Month Repeat-dose Toxicity Study of RBP-7000 in Beagle Dogs (Study RB LS-COS-70-10) 
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	TR
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	8/ 8 
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	TR
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	15.9 
	31 
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	8 / 8 
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	RBP-7000='(6) (4)fisperidone in[~1 80:20 PLGHC (b) (4I and[~1 NMP; RSP=risperidone; 
	. . ~ I ... 
	a. 
	a. 
	a. 
	Nominal ~ose; b. Analytical testing conducted on RBP-7000; c. fioses were delivered within± 20% of the desu-eddose mass 

	d. 
	d. 
	Recovery necropsies 

	e. 
	e. 
	ATRIGEL Delivery System: j~~ 80:20 PLGH and l!~ NMP-CUlH4J ATRIGEL Delivery System 


	Animals were dosed on Day 1 via SC injection of risperidone in the ATRIGEL Delivery System 
	<b><r risperidone in <b><r 80:20 PLGH <bH> and <b><r NMP). The control article was A TRI GEL Delivery System without risperidone: <b><> 80:20 PLGH <b><j and r<b><> NMP. Subsequent SC doses were given on Days 29, 57, 85, 11 3, 141, 69, 19 7 and 22~The dose was administered over 1 to 5 separate injection sites as necessary, to achieve the intended doses. Main study animals were euthanized on either Day 253, 28 days after the last dose (3/sex/group) or Day 281 , 56 days after the last dose (3/sex/group ). Reco
	4
	4
	4 
	4
	4 
	4
	4

	Observations: 
	Mortality and morbidity (twice daily, including TK animals), dermal observations (pre-dose and once daily during first week after each dose and weekly thereafter), food consumption (weekly), body weight (weekly); ECG (pre-study and on Day 225 at 2 h post-dose); clinical chemistry, hematology and coagulation (pre-study, on weeks 12, 24, and monthly thereafter), urine sample collection (pre-study and at terminal and recovery necropsies); Ophthalmic examinations (prestudy and before terminal necropsy for HD a
	Results 
	Mortality: None (all animals survived to their respective scheduled necropsies) 
	Clinical Signs: 
	RBP-7000-related clinical signs were associated with the expected pharmacological effects of risperidone and included transiently decreased activity and food consumption in both genders at all dose levels; and changes that were likely associated with hyperprolactinemia (including swollen/lactating mammary glands (galactorrhea), amenorrhea and gynecomastia). Estrus cycle disturbances (noted as decreased occurrence of vaginal discharge), galactorrhea and/or mammary enlargement were seen in females at all dose
	38 
	Reference ID 4284319 
	Decreased vaginal discharge was observed in 2 of 8, 4 of 8, and 7 of 8 females at LD, MD and .HD, respectively, vs. 0 of 8 F in the control group.. The maximal duration of galactorrhea and mammary enlargement was longest in the HD group:. 93 days vs. 54, 3, and 0 days in MD, LD and control groups. .
	Body Weights: No changes 
	Feed Consumption: Occasional transient decreases in food consumption in all dose groups on single days resolved by week 4. 
	Ophthalmoscopy: No changes 
	ECG: 
	One male at 80 mg/kg had a supraventricular tachycardia on Day 225, 2 h post-dose. It was. possibly test article-related due to the occurrence of the event in a high-dose animal; however, .all other ECG readings were normal.. 
	Hematology, Clinical Chemistry, Urinalysis: .No changes attributable to the administration of the RBP-7000 or the ATRIGEL Delivery System. 
	Gross Pathology 
	No RBP-7000-related dermal changes were observed in this study. However, ATRIGEL Delivery System-related gross pathology findings of material accumulation at the injection site(s) were present and similar in all dose groups, including control. ATRIGEL Delivery system-related dermal observations included edema, dermal irritation outside the injection site, blanching, eschar, erythema beyond the test site, were not dose-dependent and resolved during the recovery period for most animals. 
	Organ Weights 
	RBP-7000-related effects included decreased absolute organ weight, organ to brain weight ratios and organ to body weight ratios for: prostate (in all dose groups), epididymis (at MD and HD), testes (at HD), uterus and ovary (in all dose groups), and increased organ weight and weight ratios for pituitary at HD (in females). Histological correlates were present for the reproductive organs’ weight changes, but not for the pituitary. The organ weight changes were persisting in both males and females through the
	nd 

	Histopathology 
	: Granulomatous inflammation was present at the injection sites in all dose groups,. including the vehicle control, and typically consisted of foreign body-type giant cells, .lymphocytes and neutrophils; eosinophilic hyaline material was occasionally present and .represented the injected material. These changes were diminishing during the recovery period.. As these changes were similar in all groups, including the vehicle control, the inflammation was .due to the ATRIGEL Delivery system and not to risperido
	Injection sites
	Test article-related changes in other organs

	to designate dogs that had the histology features of immature dogs that had not cycled prior to necropsy, regardless of age. The most characteristic features of non-cycling/immature dogs were absence of corpora lutea in the ovary, atrophy of uterine glands and vaginal epithelium and absence of glandular tissue in the mammary gland. The non-cycling/immature histologic findings correlated with the decreased uterine and ovary weights. No histological correlate was identified for the increased pituitary weights
	nd 

	RBP-7000-Associated Histology Findings in 9-Month Repeat-dose SC Toxicity Study in Dogs. Terminal necropsy, Day 253 (28 days after the last dose). 
	Recovery necropsy, Day 281 (56 days after the last dose) 
	Recovery necropsy, Day 309 (81 days after the last dose) RBP-7000= risperidone in  80:20 PLGH and NMP; RSP=risperidone; 
	Toxicokinetics 
	Plasma concentrations peaked within the first 2 weeks post-dose for risperidone, 9-hydroxyrisperidone and total active moiety.  The concentrations were generally stable indicating max, Ctrough and AUC0-28d increased in approximately dose-proportional manner, and there were no consistent differences between the 1/2 (calculable from the recovery phase) was between 76 and 431 h for the total active moiety. The TK parameters remained relatively similar for the repeated doses, except for the females of the 80 m
	sustained exposure throughout the 28-day period. The C
	sexes. Terminal elimination t
	throughout the 9-month study. The metabolite/parent ratios were ≤ 6.1 for C
	AUC

	TK Parameters for Total Active Moiety.9-Month Repeat-dose SC Toxicity Study in Beagle Dogs with 12-Week Recovery. 
	(Study RBLS-C05-70-10) 
	Figure
	Day 225: Last dosing day; AUC0-24 =area under the plasma concentration-time from time 0 to 24 h; AUC0-28d =area under the plasma concentration-time from time 0 to 28 days or 0 to 672 h; Cmax=maximum plasma concentration; RSP=risperidone; T½=apparent terminal elimination half-life; 
	a.
	a.
	a.
	 Up to 4 animals/sex were used for each TK time point 

	b.
	b.
	 Total active moiety: [total risperidone] = [risperidone] + [9-hydroxyrisperidone] 


	Conclusion: Administration of RBP-7000 to beagle dogs by SC injection once every 28 days for 9 months did not result in any significant unexpected toxicological findings. Changes observed were related primarily to the effects of the drug on serum prolactin, a well-known effect of this and other antipsychotic drugs of this class in dogs (Tian 2014, as cited by the sponsor). RBP-7000 was well tolerated at doses of up to 80 mg/kg, and provided sustained exposure to risperidone active moiety with predictable sy
	4
	NOAEL: 80 mg/kg
	provides a 
	safety margin
	 of 42 to 60 times (for C
	57 times (for AUC
	rd 
	RB-US-09-0009 at RBP-7000 maximal clinical dose of 120 mg risperidone (i.e., C
	ng/mL, AUC
	rd

	7 Genetic Toxicology 
	RBP-7000 was tested in a single GLP-compliant in vivo rat micronucleus genotoxicity study with SC administration. The ATRIGEL Delivery System is FDA-approved and has been shown to be not genotoxic (NDAs 021343, 021379, 021488 and 021731). It should be noted that the API risperidone was tested in full battery of genotoxicity tests under the NDA for Risperdal® and the results were negative 
	7.1. In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
	Study title: 
	Rat Bone Marrow Erythrocyte Micronucleus Test Following a Single Subcutaneous Administration of RBP-7000 in CD Rats 

	Study no: Study RBLS-R07-70-10. Conducting laboratory and location:. Date of study initiation: 11 January 2010. GLP compliance: Yes. QA statement: Yes. Drug, lot #, and % purity: RBP-7000 ( risperidone in .
	Figure
	Figure

	80:20 PLGH and 
	NMP) Syringe A: ATRIGEL Delivery System, Lot 106, Sub-lot A Syringe B: Risperidone, Lot RB0056-1 
	Figure
	Figure

	Key Study Findings 
	RBP-7000 did not induce micronuclei in bone marrow cells when tested in a valid micronucleus assay to the maximum tolerated dose (943 mg RBP-7000/kg, equivalent to 150 mg risperidone/kg) in male and female CD rats by SC dosing and 24 h and 48 h sampling regime. Micronuclei induction was also not present upon SC administration of ATRIGEL Delivery System alone (vehicle control) at a dose of 943 mg/kg (equivalent to risperidone  dose volume of 150 mg risperidone/kg) using the same dosing and sampling regime. 
	Methods Doses in definitive study: 38, 75, 150 mg/kg risperidone in RBP-7000 Frequency of dosing: Single Route of administration: SC Formulation/Vehicle: ATRIGEL Delivery system 
	Species/Strain: Rat/CD Number/Sex/Group: 10 Satellite groups: TK (3/sex/group) Basis of dose selection: MTD Negative control: ATRIGEL Delivery System Positive control: Cyclophosphamide (50 mg/kg) 
	Study Validity 
	The following acceptance and evaluation criteria were satisfied: -The prepared slides had uniform staining properties and sufficient number of PCE cells to allow accurate micronucleus determination (by counting a minimum total of 1000 erythrocytes (PCE + NCE) per marrow preparation); -The MN-PCE frequencies for the vehicle control were within the expected historical range, defined in accordance with the testing laboratory experience of the bone marrow micronucleus test using CD rats (the average micronucleu
	and untreated CD rats determined as 0.06 ± 0.05%, a range of 0.01-0.13% per group of 
	5-6 animals and 0.03-0.11% per group of 10-12 animals (in agreement with published 

	Results 
	In the preliminary toxicity study to determine the maximum tolerated dose, the target RBP-7000 starting dose was equivalent to risperidone 1000 mg/kg in males and 750 mg/kg in females. 5 groups of male and female CD rats received SC doses of RBP-7000 ranging from 109 to 590 mg risperidone/kg (equivalent to 686 to 3711 mg RBP-7000/kg, respectively). Mortality of all 
	animals occurred at the two highest dose levels, as shown in the following sponsor’s table. (a.) Dosing was not completed due to the rapid onset of severe clinical reaction 
	Based on these toxicity data, the MTD of RBP-7000 was 150 mg/kg risperidone or 943 mg/kg RBP-7000 in both males and females. In the micronucleus test, 3 groups were dosed SC with RBP-7000 at equivalent risperidone doses of 38, 75 and 150 mg/kg (236, 472 and 943 mg RBP-7000/kg respectively). Concurrent vehicle (ATRIGEL Delivery System) control groups were dosed SC and sampled at 24 h and 48 h in parallel with the test item treated rats. Another control group remained untreated. Bone marrow samples were taken
	Study Design for Rat Bone Marrow Micronucleus Study of RBP-7000 in CD Rats 
	Group 
	Test Article 
	Nominal RSP 
	Number of MalesJFemales 
	Dose (mg/kg) 
	Dosing 
	2~h 
	4a-h 
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	Sample
	Hour 
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	1 (Control) 
	ATRIGEL Delivery 
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	515 
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	RBP-700 o{:<61 in[~1 80:20 PLGHC (b) (4I andr(bf%NMP; RSP=risperidone 
	I A\ IA\ . ~ 
	a. 
	a. 
	a. 
	Group 1 aniilials received 943 mg/kg ATRIGEL ffelivery System: l!~ 80:20 PLGH and~j NMP 

	b. 
	b. 
	Group 5 anintals received 50 mg/kg cyclophosphamide 


	Rat Bone Marrow Micronucleus Results 
	Test Article 
	Test Article 
	Test Article 
	Time 
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	TR
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	ATtR IG E 1 L_O.,.liv<>r.v I Sy5tem (bl <4 
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	TR
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	1 1 
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	0 .66 (0 . 14 ) 

	TR
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	TR
	F 
	5 
	3 
	10002 
	4 
	0.04 
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	TR
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	MN-NCE---micronucleated normochromatic erythrocyte; MN-PCE=micronucleated polychromatic erythrocyte; NCE=Normochromatic 
	erythrocyte; PCE--polychromatic erythrocytes; StDev=standard deviation; a=Evident response innormochromatic erythrocyte; cp--positive 
	response inpolychromatic erythrocyte 
	No animal deaths occurred in the micronucleus test. Moderate risperidone-related clinical signs of subdued behavior, hunched posture, partially closed eyes were observed in all RBP-7000 dose groups in a dose-dependent manner. The number of MN-PCE in the , at a dose volume equivalent to the high dose group, 150 mg/kg (943 mg ATRIGEL Delivery System/kg), averaged 0.05% and 0.03% for animals sampled at 24 h and 48 h, respectively. This MN-PCE frequency corresponded to the 12 rats). In the untreated control gro
	vehicle control group
	established in-house control range for vehicle treated rats of the CD strain (0.03-0.11% per 10
	0.13% per 5-6 rats and 0.03-0.11 per 11-12 rats). 
	positive control
	RBP-7000-test
	Plasma analysis

	8 Carcinogenicity 
	No carcinogenicity studies have been conducted with RBP-7000. Based upon the composition of RBP-7000, the status of active and inactive ingredients, the known pharmacology and toxicology characteristics and in the absence of pre-neoplastic lesions in the toxicity bridging studies in rats and dogs with RBP-7000, the Division waived carcinogenicity study requirement for RBP-7000 (correspondence of 09 July 2012). 
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	9 
	Reproductive and Developmental Toxicology 

	Reproductive and developmental toxicity studies with RBP-7000 have not been conducted. However, reproductive and developmental GLP-compliant toxicity studies have been conducted with the A TRI GEL Delivery System alone in rats (2) and rabbits (1) using a similar extendedrelease product, administered SC once a month. These studies on the ATRIGEL Delivery System were conducted by the Applicant in a program for RBP-6000 (Buprenorphine base in ATRIGEL Delivery System) and are listed in the following table. 
	Reproductive and Developmental Toxicity Studies with the ATRIGEL Delivery System a Study N w1mber S pec:ii e s / Stra i n F omnu l atiio n GUP P olymer I S olvent S tatus (bf(<(~ GLPI N L s-R103-60-16 R a t/ S,p rague-Oavvrey INLS-R104-60-16 RatJ S,prague-Dawtey 'GLP l N LSL 10~16 Rabbit/ N Z V!.lllite 'GLP a. ATRIGEL Delivery System: !bH4l (b)(41 PLGH and~bH4J NMP; NMP=N-methyl-2-pyrrolidone; PLGH=poly(D,L-lactide-c0-glycolide) 
	As noted previously, the polymer composition of the A TRI GEL Delivery System in these studies !bHi(' varied from that used in the RBP-7000 product (80:20); however, because the ratios are close o those in the RBP-7000, the studies and results are considered applicable. 
	9.1 Fertility and Early Embryonic Development 
	Study title: A Combination Study for the Effect of RBP-6000 (Buprenorphine base in the ATRIGEL Delivery System ) administered by SC injection on Male and Female Fertility and Embrvo-fetal Development Following Subcutaneous Administration of RBP7000 in the Spraque-Dawley Rat 
	Study no.: N LS-R 1 03-60-16 
	Conducting laboratory and location: 
	Date of study initiation: March 
	Figure
	GLP compliance: Yes QA statement: Yes Drug, lot#, and % purity: ATRIGEL Delivery System _____<b>--<j PLGH and <b><> NMP) RBP Batch #202 
	4
	4

	Key Study Findings: ATRIGEL Delivery System administered alone as a SC injection to female rats before mating and on Gestation day 7 caused embryo/fetal toxicity (decreased body weight), and external and visceral malformations at doses ~ 2829 mg/kg (35 times the ATRIGEL maximal human dose of 800 mg on mg/m2 basis); the NOAEL was 1415 mg/kg (17 times the MRHD). ATRIGEL also adversely affected male and female fertility and reproductive system parameters at doses ~ 2829 mg/kg for males and 4244 mg/kg for femal
	Methods 
	Doses: 1415, 2829 and 4244 mg/kg ATRIGEL Delivery System (see below) 
	Frequency of dosing: 
	Dose volume: .Route of administration: .Formulation: .Control: .Species/Strain: .Number/Sex/Group: .Satellite groups: .Deviation from study protocol: .
	Study design: 
	Dose Levels of ATRIGEL Delivery System and its Components 
	Figure

	ATR.IGEL® DeliYe1y .System (mg/kg) NMP (mg kg) PLGH (mg/kg) .
	(b)(4J 
	1415 .2829 .4244 .
	XMP -N-methyl-2-pyrrolidone: PLGH -polylactide-co-glycolide 
	Females: 2x (before mating and on GD 7); Males: 3x (with 28-day intervals) 
	1.2 -3.7 mUkg (ATRIGEL); 4.5 ml/kg (saline control) SC 
	>1! PLGH and (bf<4J NMP 0.9% Sodium Chloride for Injection, USP Rat/Sprague-Dawley 23 TK (3 /group) Deviations from the study protocol did not affect the integrity of the results and conclusions of the study. 
	4

	Females were treated once with ATRIGEL Delivery System or saline control by SC injection before mating; then paired with untreated males and received a subsequent SC injection again on gestation day (GD) 7. Males began dosing 14 days after pairing with the treated females and received 3 SC injections of the test and control article in 28-day intervals, then paired with untreated females 14 days after the last dose. 
	Study Design for Fertility and Embryo-fetal Development Study With the ATRIGEL Delivery System in Rats 
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	-


	Observations: Mortality, clinical signs, body weight, food consumption, estrus cycle .determination (daily until evidence of copulation). .
	Untreated females (paired with treated males) were euthanized on GD 13; uterine examination, .N viable and nonviable embryos, early resorptions, N total implantations and corpora lutea, .maternal body weight, gravid uterus, and ovary weights. .Treated females (paired with untreated males) were euthanized on GD 20; uterine examination, .N viable and nonviable embryos, early and late resorptions, N total implantations and corpora .lutea; Fetuses were individually sexed and examined for external, visceral and 
	Results 
	Female survival, macroscopic findings and organ weights were unaffected by any of the ATRIGEL Delivery System dose levels. Mean  length was statistically longer in the high dose ATRIGEL Delivery System group (4244 mg/kg), resulting in an extended time to mating. These findings were treatment-related and may be attributed to exposure to high levels of N-methyl-2-pyrrolidone (2589 mg/kg). Estrous cyclicity was unaffected in the LD and MD (1415 and 2829 mg/kg) ATRIGEL groups. Signs indicative of maternal toxic
	estrous cycle
	Maternal reproductive/fertility parameters and developmental observations
	developmental effects
	mid- and high dose 
	Male fertility and reproduction indices
	mid-and high dose
	Comments:  
	5
	6
	7

	Malek DE, et al. Repeated dose toxicity study (28 days) in rats and mice with N-methyl-pyrrolidone (NMP). Drug Chem Toxicol. .1997;20(1-2):63-77 (as cited by the sponsor). Becci PJ, et al. Teratogenicity study of N-methyl-pyrrolidone after dermal application to Sprague-Dawley rats. Fundam Appl .Toxicol.1982;2(2):73-76 (as cited by the sponsor). Saillenfait AM et al. Developmental toxicity of N-methyl-2- pyrrolidone administered orally to rats. Food Chem Toxicol. 2002; .40(11):1705-1712  (as cited by the spo
	5 
	6 
	7 

	Conclusion: 
	Based on these results, the NOAELS are as follows: The NOAEL for female fertility and reproductive parameters for A TRIGEL Delivery System is 2829 mg/kg (1726 mg/kg NMP); The NOAEL for developmental toxicity is 1415 mg/kg ATRIGEL (863 mg/kg NMP); the next higher doses of 2829 and 4244 mg/kg A TRI GEL induced fetal malformations; The NOAEL for male reproductive and fertility parameters for ATRIGEL Delivery System is 2829 mg/kg; however, the NOAEL for sperm parameters (percent abnormal sperm) is 1415 mg/kg AT
	bJ<4I 
	(

	Safety margins at the NOAEL vs. the highest dose of 120 mg RBP-7000 in humans 
	---
	

	Figure
	ATRIGEL Deliverv Svstem Safetv Marains for Fertilitv and Embrvo-fetal Toxicitv 
	Parameter 
	Parameter 
	Parameter 
	Fertility and embryo-fetal toxicity study 
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	(i>ft;ir 
	The safety margins at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg risperidone) are 17-, 34, and 17-fold the rat NOAELs for male sperm parameters, female fertility, and fetal developmental toxicity, respectively. 
	9.2 Embryonic Fetal Development Study title: RBP-6000: A Study for Effects on Embryo Fetal Development in Rabbits 
	Study no.: IN LS-L 1 05-60-16 .Conducting laboratory and location: .
	Date of study initiation: .GLP compliance: .QA statement: .Drug, lot#, and % purity: .
	___<b>-<j PLGH and <b><> NMP) 
	4
	4

	(b)(4f 
	Key Study Findings: Developmental toxicity including total litter resorptions, increased postimplantation loss, decreased mean number of viable fetuses, decreased fetal body weight and increased litter incidence of external, visceral and skeletal malformations were observed in the rabbit at ATRIGEL Delivery System SC dose of 1783 mg/kg. The NOAEL for maternal and developmental toxicity for ATRIGEL is 713 mg/kg; this provides a 17x safety margin at the 
	49 
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	maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg risperidone) on a mg/m2 body surface basis. 
	Methods Doses: 357, 713 and 1783 mg/kg ATRIGEL Delivery System (see below) Dose Levels of ATRIGEL Delivery System and its Components 
	ATRlGEL®Delivery 
	ATRlGEL®Delivery 
	ATRlGEL®Delivery 

	System (mg/kg) 
	System (mg/kg) 
	NMP mg/kg) 
	PLGH (mg/kg) 

	TR
	~(b)(4J 

	357 
	357 

	713 
	713 

	1783 
	1783 


	Frequency of dosing: .Dose volume: .Route of administration: .Formulation: .Control: .Species/Strain: .Number/Sex/Group: .Satellite groups: .Deviation from study protocol: .
	Study design: 
	NMP -N-methyl-2-pyil'O!idone; PLGH-poly(lactide-co-glycolide) 
	Once (on Gestation Day 7) 
	0.31 mUkg SC 
	(bH ! PLGH and <b><I NMP 0.9% Sodium Chloride for ln]eCtion, USP RabbiU New Zealand White 23 No Deviations from the study protocol did not affect the integrity of the results and conclusions of the study. 
	4
	4
	Figure

	The test and control articles were administered to pregnant females by SC injections on gestation day (GD) 7. The dose was divided, so that the maximal injection volume was not more than 0.38 mUkg. All groups were euthanized and C-section performed on GD 29. 
	Studbbits 
	y Design for the Prenatal Development Study with the ATRIGEL Delivery System in Ra

	Group 
	Group 
	Group 
	Test 
	ATRIGEL 
	Dose 
	No. lnj. 
	Total 
	Num ber of An imals 

	TR
	Article 
	Delivery System Dose 
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	Dose Volume (mUkg) 
	Initial 
	Uterine Examination 

	TR
	(mg/kg) 
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	F 

	1 
	1 
	Saline 
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	1.9 
	23 
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	ATRIGEL 
	357 
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	713 
	0.31 
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	23 
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	4 
	4 
	ATRIGEL 
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	Observations: 
	Maternal mortality and morbidity, clinical signs, body weights, food consumption and parturition and litter data (viable and nonviable embryos, N resorptions, implantations and corpora lutea; gravid uterine weight, fetal weight, external, visceral and skeletal fetal malformations and variations). 
	Results: 
	Signs of maternal toxicity (lower body weight gain and food consumption) during the gestation period were observed in ATRIGEL Delivery System high-dose group (1783 mg/kg). In the same group, 3 females aborted and 10 females had total litter resorption (100% post-implantation loss), resulting in markedly decreased mean number of viable fetuses per litter in this group. (as shown in the following sponsor's table). Mean fetal body weight was significantly lower in the 
	high-dose ATRIGEL group by about 10% vs. saline control. These parameters were unaffected in ATRIGEL mid- and low-dose groups. 
	Summary of Maternal and Developmental Observations (Mean ± SD) 
	a.
	a.
	a.
	 Significantly different from saline control (P < 0.05) 

	b.
	b.
	 Significantly different from saline control (P < 0.01) 


	Increased litter incidence of external, visceral, and skeletal malformations and variations were observed in the high-dose ATRIGEL group. 
	Summary of External Malformations (% of Litters Affected) 
	External 
	Figure
	a.
	a.
	a.
	 Statistically significant compared to saline control group 

	b.
	b.
	 Higher than or not seen in historical control 


	Summary of Visceral Malformations (% of Litters Affected) 
	Figure
	Visceral 
	Figure
	a.
	a.
	a.
	 Statistically significant compared to saline control group 

	b.
	b.
	 Higher than or not seen in historical control 


	Conclusion: Developmental toxicity including total litter resorption, increased post-implantation loss, decreased mean number of viable fetuses, decreased fetal body weight and increased litter incidence of external, visceral and skeletal malformations were observed in the high-dose ATRIGEL group and are likely related to high exposures of NMP (Saillenfait, 2002). Tthe NOAEL for maternal and developmental toxicity for ATRIGEL is the mid-dose (713 mg/kg) 
	which contained NMP and mg/kg PLGH. Using the maximum human dose of ATRIGEL Delivery System in RBP-7000 the safety margin at the NOAEL is 17 times for maternal and developmental toxicity based on mg/m2 body 
	surface area. 
	ATRIGEL Delivery System Safety Margins for Maternal and Embryo/fetal Developmental Toxicity 
	Maternal 713 / 8556 toxicity 
	Developmental toxicity study NOAEL for rabbits (mg/kg / mg/m2) Safety margin vs. Maximum human dose* (based on mg/m2 body surface) Parameter ATRIGEL Delivery System NMP PLGH ATRIGEL NMP PLGH Delivery System Embryo/fetal developmental toxicity 713 / 8556 
	9.3 Prenatal and Postnatal Development 
	Study title: A Pre-and Post-natal Development Study Including Maternal Function of RBP-6000 (Buprenorphine in the ATRIGEL Delivery System ) Administered by Subcutaneous Injection in the Spraque-Dawley Rat 
	Study no.: INLS-R104-60-16 
	Conducting laboratory and location: Date of study initiation: June 17, 201 6 GLP compliance: Yes QA statement: Yes Drug, lot#, and % purity: ATRIGEL Delivery System ___<b>-<j PLGH and <b><> NMP) RBP Batch #202 
	4
	4

	Key Study Findings: 
	The NOAEL of ATRIGEL Delivery System alone for pre-and postnatal development in the rat (gestation, parturition and lactation period through weaning, as well as for offspring growth, sexual maturation, neurobehavioral development and reproduction/fertility) is 1415 mg/kg . The safety margin at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg risperidone) is 17-fold, based on mg/m2 body surface area. 
	Methods Doses: 242, 713 and 1415 mg/kg ATRIGEL Delivery System 
	Dose Levels of ATRIGEL Delivery System and its Com 
	Dose Levels of ATRIGEL Delivery System and its Com 
	onents 

	ATRIGEL~ Delive1y NMP PLGH .System (mg/kg) (mg/kg) (mg/kg) .
	~~~~~-(b)(l
	-~~~!-el~-=--=~~,........,~~.,...-=~.
	NMP -N-methyl-2-pyil'O!idone; PLGH -poly(lactide-co-glycolide 
	Frequency of dosing: 2 injections with a 3-week interval (on Gestation Day 7 and Lactation Day 7) Dose volume: Route of administration: SC Formulation/: (bH! PLGH and <b><I NMP Control: 0.9°ToSodium Chloride for Injection, USP Species/Strain: Rat/Sprague-Dawley Number/Sex/Group: 25 Satellite groups: No Deviation from study protocol: Deviations from the study protocol did not affect the integrity of the 
	0.2-1.23 mUkg 
	4
	4

	results and conclusions of the study Study design: The effect of A TRIGEL Delivery System on pregnant/lactating females and on the embryo/fetal and postnatal development of the progeny was evaluated following exposure of pregnant rats from implantation through the weaning of offspring. ATRIGEL Delivery System and saline control were administered by SC injection on gestation day (GD) 7 and once again on post-natal lactation day (LO) 7. The rats were allowed to deliver; the progeny (F1) was reared to maturity
	Study Design of Pre- and Post-natal Development Study with the ATRIGEL Delivery System in Rats 
	P=Pregnant rats (Parental); F1= offspring (first generation) 
	Observations: 
	The following parameters and end points were evaluated: .viability, clinical signs, body weights, food consumption, parturition and litter data, .rearing offspring to weaning. .: survival, gender, clinical observation, body weights, gross abnormalities; .behavioral and development indices (righting reflex (LD 2), pinna detachment (LD 2), cliff .avoidance (LD 11), eye opening (LD 13), air drop righting reflex (LD 16), auditory response .(PND 22), vaginal opening (PND 28), preputial separation (PND 35), motor
	Maternal: 
	F
	1 offspring

	Results: 
	No adverse effects from administration of the ATRIGEL Delivery System (242, 713 and 1415 mg/kg) in parental (P) generation females were observed on survival, clinical  observations, 1 offspring 1) survival, clinical observations, sexual maturation, behavioral assessments (passive avoidance and motor activity), reproductive parameters (mating, fertility and fecundity indices), macroscopic findings or GD 13 caesarean section data. Maternal gestation- and lactation body weight and body weight changes in all AT
	gestation and lactation body weights, food consumption, parturition, weaning of the F
	or macroscopic observations. No effects were observed on the offspring (F
	There was no effect on F
	4 to LD 21. No effect was observed on F
	and post-weaning) in the ATRIGEL Delivery System groups. F
	performance from F
	There was no effect on F
	Mortality of F
	F
	change in F

	F1 male and female mating indices for all groups ranged from 96% to 100%. Male and female fecundity indices (ratio of pregnant to number mated) in ATRIGEL groups ranged from 84% to 100% and were comparable to the saline control group (92%). Fertility indices (ratio of pregnant to number paired) in the ATRIGEL control groups ranged from 84% to 100% and were comparable to the saline control (92%). The mean copulatory interval (mean number of days to mating) in all ATRIGEL groups were comparable to the saline 
	Conclusion: Based on these findings, the high dose of ATRIGEL Delivery System (1415 mg/kg) is the NOAEL for female gestation, parturition and lactation period through weaning of the F1 generation, as well as for F1 offspring growth, sexual maturation, neurobehavioral development and reproductive/fertility function. The safety margin at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL Delivery System and 120 mg risperidone) is 17 times the rat NOAEL, based on mg/m body surface area. 
	2

	10 Special Toxicology Studies 
	Phototoxicity: Phototoxicity studies of RBP-7000 have not been performed. The molar extinction coefficient for risperidone is 
	Figure
	Figure
	Figure

	L mol-1 cm, based on absorbance between and 
	nm. According to ICH Guidance S10, a compound that does not have a molar extinction coefficient greater than 1000 L molcmat any wavelength between 290 and 700 nm is not considered to result in direct phototoxicity. Therefore risperidone in RBP-7000 does not have the potential for inducing photo toxicity. 
	-1 
	-1 

	Juvenile Toxicity Studies: Juvenile animal studies with RBP-7000 have not been conducted. However, JAS were performed for oral risperidone (juvenile dogs treated for 40 weeks, and juvenile rats treated from Days 12 to 50 of age with risperidone oral doses) (RISPERDAL Tablets Product Label Insert 2017). 
	11 Integrated Summary and Safety Evaluation 
	RBP-7000 subcutaneous (SC) administration provides sustained release of risperidone with measurable plasma risperidone levels for a minimum of 28 days in rats and dogs. The PK profile is characterized by an initial peak within the first 24 hours after injection, followed by a drop in concentration to approximately Day 7, after which a plateau or second peak occurs. When compared with corresponding daily oral doses of risperidone, daily fluctuations of plasma risperidone were significantly reduced following 
	14
	14
	14
	14
	14
	14
	14
	14
	14

	General Toxicity: 
	Single-dose toxicity: RBP-7000 single-dose SC administration produced expected pharmacological effects observed with reisperidone in rats and dogs. In rats, signs of decreased activity, partially closed eyelids as well as decreases in food consumption in both genders were mostly transient. In dogs, decreased activity, ataxia, tremors, prostration, lacrimation, partially/completely closed eyes were observed. The majority of clinical signs occurred in the first few days after injection, correlating with the i
	4

	Repeat-dose toxicity: Pivotal repeat-dose GLP oxic1tYStooies were pe ormed in rats and dogs with RBP-7000 monthly SC injections for 6 and 9 months, respectively, with a 12week recovery period. Both studies were conducted with the commercial formulation of RBP7000 C b><I risperidone in (bH! 80/20 PLGH <b><> and <b><> NMP). 
	4
	4
	4
	4

	Ras: Administration of RBP-7000 to ra s a mont ly SC doses of 15, 60 and 120 or 240 mg/kg risperidone for 6 months did not result in any significant or unexpected toxicity. RBP7000 was well tolerated at doses of up to 60 mg/kg, and provided sustained exposure to total active risperidone moiety with predictable systemic effects and minimal to moderate effects at the local injection sites. NOAEL: 60 mg/kg. Plasma exposure in male and female rats at the NOAEL provides a safety margin of 10-to 20-times (for Cm
	0-28d) over the corresponding human exposure parameters at the maximal clinical dose of 120 mg risperidone (PK data from the multiple-dose clinical Study RBUS-09-0009). 
	of 3- to 4-times (for AUC

	: Administration of RBP-7000 to Beagle dogs at monthly SC doses of up to 80 mg/kg risperidone for 9 months did not result in any significant or unexpected toxicological findings. ATRIGEL Delivery System-related gross- and histopathology changes at injection sites (edema, dermal irritation, eschar, granulomatous inflammation as a foreign-body reaction) were present in all dose groups, including control, were not dose-dependent and resolved during the recovery period. Changes in reproductive organs of both ge
	Dogs
	male and female dogs at the NOAEL provides a 
	safety margin
	 of 42 to 60 times (for C
	to 91 times (for AUC

	: RBP-7000 did not induce micronuclei in bone marrow cells when tested in a valid micronucleus assay to the maximum tolerated dose (943 mg/kg, equivalent to 150 mg/kg risperidone) in male and female CD rats by SC administration. Micronuclei induction was also not present upon SC administration of ATRIGEL Delivery System alone (vehicle control) using the same dosing and sampling regime. In vitro reverse mutation assay in bacterial cells and in vitro assays in mammalian cells have not been conducted with RBP-
	Genetic toxicity

	 No carcinogenicity studies have been conducted with RBP-7000. Based upon the RBP-7000 composition, pharmacology and toxicology characteristics and in the absence of pre-neoplastic lesions in the toxicity bridging studies in rats and dogs with RBP-7000, the Division waived carcinogenicity study requirement for RBP-7000 (correspondence of 09 July 2012). 
	Carcinogenicity:

	 studies with RBP-7000 have not been conducted. However, reproductive and developmental GLP-compliant toxicity studies were conducted with the ATRIGEL Delivery System  in rats and rabbits using a similar extended-release product, administered SC once a month. These studies on the ATRIGEL Delivery System were conducted by the Applicant in another program (for RBP-6000, Buprenorphine base in ATRIGEL Delivery System; Sublocade). The polymer composition of the ATRIGEL Delivery System in these studies 
	Reproductive and developmental toxicity
	without API
	Figure
	

	varied from that used in the RBP-7000 product (80:20); this difference is considered small and the studies with their results were accepted and applicable to the ATRIGEL system used with risperidone. 
	The evaluation of potential toxicity of ATRIGEL Delivery System on  determined a NOAEL of 1415 mg/kg ATRIGEL for male sperm parameters (percent abnormal sperm); of 2829 mg/kg for female fertility and reproductive parameters; and of 1415 mg/kg for embryo/fetal developmental toxicity. Fetal toxicity (decrease in fetal weights), and higher incidence of external (head and skull), and visceral malformations were observed at doses 34 times the MRHD based on mg/mbasis. The safety margins for the maximal human dose
	male and female fertility and early embryonic development in rats
	2 

	 In a study of ATRIGEL Delivery System effects on , developmental toxicity (including total litter resorptions, increased post-implantation loss, decreased mean number of viable fetuses, decreased fetal body weight and increased litter incidence of external, visceral and skeletal malformations) was observed at ATRIGEL Delivery System SC dose of 1783 mg/kg, administered to pregnant rabbits on Gestation Day 7. The NOAEL for ATRIGEL maternal and developmental toxicity is 713 mg/kg, which provides a safety marg
	embryonic and fetal development in rabbits
	pre- and postnatal development in rats 
	2
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	 studies with RBP-7000 have not been conducted, but were performed for oral risperidone in juvenile rats and dogs (RISPERDAL Tablets Label 2017). 
	Juvenile Toxicity

	Safety assessment: .:. Based on the NOAEL values determined in the pivotal, GLP-compliant, repeat-dose chronic .toxicity studies in rats and dogs with monthly SC administration for 6-and 9-months,. respectively, the safety margins for human exposure to RBP-7000 at the maximal clinical dose .of 120 mg risperidone in ATRIGEL Delivery System are as follows:. 
	General toxicity

	Safety Margins for Human Exposure to RBP-7000 (120 mg Risperidone in ATRIGEL Delivery System) 
	a
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	Figure
	a.
	a.
	a.
	 Total Active Moiety (Risperidone + 9-Hydroxyrisperidone) 

	b.
	b.
	 PK parameters observed after 3rd injection (Day 57) of RBP-7000 (120 mg risperidone) in a multiple ascending dose study of RBP-7000 in subjects with clinically stable schizophrenia (Study RB-US-09-0009):  Cmax =39.7 ng/mL; AUC0-24h =493 ng·h/mL; AUC0-28d =15585 ng·h/mL 


	Plasma exposure in male and female rats at the NOAEL of 60 mg/kg provides a max), 8 to 14-fold (for AUC0-24h) and of 3 to 4-fold (for AUC0-28d), based on 
	safety margin 
	of 10- to 20-fold (for C

	the PK data from the repeat-dose clinical Study RB-US-09-0009 at RBP-7000 maximal dose of 120 mg risperidone in humans (after the 3rd injection). 
	Plasma exposure in male and female dogs at the NOAEL of 80 mg/kg provides a safety margin of 40 to 60 times (for Cmax), 60 to 90 times (for AUC0-24h) and of 45 to 57 times (for AUC02ad), based on the PK data from the repeat-dose clinical Study RB-US-09-0009 at RBP-7000 maximal dose of 120 mg risperidone in humans (after the 3rd injection). 
	Reproductive and developmental toxicity In reproductive and developmental toxicity conducted with ATRIGEL Delivery System without API in rats and rabbits using a similar extended-release product, the following safety margins for reproductive and developmental toxicity were determined for the A TRIGEL delivery system and its inactive components, methyl-2-pyrrolidone (NMP) and 80:20 poly (D, L-lactide-co-glycolide) (PLGH): 
	ATRIGEL Delivery System without API: Safety Margins for Reproductive and Developmental Toxicity Embrvo/fetal Development (Rabbit) 
	Parameter Embryo/fetal developmental toxicitv Maternal toxicitv 
	Parameter Embryo/fetal developmental toxicitv Maternal toxicitv 
	Parameter Embryo/fetal developmental toxicitv Maternal toxicitv 
	Developmental toxicity study NOAEL for rabbits mo/ko I ma/m2) ATRIGEL NMP Delivery Svstem 713 I 8556 713 I 8556 
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	Fertility, Prenatal and Postnatal development (Rat) 


	Parameter 
	Female fertility and 
	reproduction .Male fertility and .Reproduction .
	Fetal .development .
	Postnatal 
	·~deyelooment 
	NOAEL for rats 
	NOAEL for rats 
	NOAEL for rats 
	Safety margin vs. Maximum human 

	(mg/kg I mg/m2) 
	(mg/kg I mg/m2) 
	dose* 

	TR
	(based on mg/m2 body surface) 

	ATRIGEL 
	ATRIGEL 
	NMP 
	PLGH 
	ATRIGEL 
	NMP 
	PLGH 

	Delivery 
	Delivery 
	Delivery 

	System 
	System 
	System 


	Fertilitv and embrvo-fetal toxicitv studv l R<:" 
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	Pre-and postnatal DeTlopment Study (Rat) 
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	ATRIGEL Delivery System safety margins at the maximal human dose of RBP-7000 (containing 800 mg ATRIGEL) are 17-, 34 -, and 17 times (on mg/mbody surface basis) the rat NOAELs for male sperm parameters, female fertility, and fetal developmental toxicity (including malformations), respectively; 17 times the rabbit NOAEL for maternal and embryo/fetal developmental toxicity; and 17 times the rat NOAEL for pre-and postnatal development of the progeny of dams treated during gestation and lactation. 
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