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1.0	 EXECUTIVE	SUMMARY	 
Forest Laboratories has submitted this 

(b) (4)
supplement for asenapine 

following a Written Request issued on September 9, 2009, and amended on December 

16, 2009. In the Written Request, the sponsor is asked to obtain information on 

asenapine for pediatric schizophrenia in adolescents ages 13-17 and for pediatric mania 
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and mixed episodes in bipolar disorder 1 in children and adolescents ages 10-17. To 

fulfil the Written Request, the sponsor conducted 2 pharmacokinetic studies and 4 

clinical trials. In the current submission, the sponsor is requesting a pediatric exclusivity 

determination. In addition, the sponsor is seeking approval of asenapine for acute 

treatment of mania and mixed episodes in pediatric bipolar I patients 10-17 years of 

age. 

The sponsor conducted two pediatric pharmacokinetic studies. Study PA7501022 was 

conducted in adolescents alone (also submitted to the original NDA). Study P06522 was 

conducted in children and adolescents (10-17 years of age) with schizophrenia or 

bipolar I disorder. OCP determined that pediatric pharmacokinetic studies have fulfilled 

the requirement under the Written Request for pediatric pharmacokinetic assessment.  

The submitted pharmacokinetic data suggested the exposure in pediatric patients 10-17 

years of age is similar to that in adults. The exposure data appear to support the 

proposed pediatric doses in bipolar I disorder. In addition, exposure-response analysis 

results supported the use of asenapine in pediatric patients aged 10-17 years with 

bipolar I disorder. In addition, the proposed pediatric dose for bipolar disorder is 

acceptable. 

1.1 RECOMMENDATIONS 

The Office of Clinical Pharmacology has reviewed the submission and finds the 

submitted information acceptable, provided an agreement on the label can be obtained 

from the sponsor. The acceptability of specific drug information is provided below. 

Decision Acceptable to OCP Recommendations and Comments 

Overall Yes No NA PWR requirements are met. 

Evidence of Effectiveness Yes No NA Adequate information from the pivotal trials to 

support the approval of pediatric bipolar I 

disorder. 

Proposed dose for general 

population 

Yes No NA Doses of 2.5 mg, 5.0 mg or 10.0 mg BID for 

Mania and Mixed Episodes in Pediatric 

Bipolar(10-17 yrs). 

Labeling Yes No NA Pending satisfactory agreement with the 

sponsor. 
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1.2 Post-Marketing	Studies 

No post-marketing studies are requested. 

2.0 Question	Based	Review 

2.1 What are the approved adult doses and the proposed pediatric doses? 

The approved doses in adult patients and the proposed doses in pediatric patients are 

listed in Table 1. 

Table 1: Approved Doses in Adults and Proposed Pediatric Doses 

Treatment Group Doses 

Schizophrenia Adult 5mg-10 mg bid 

Bipolar Adult 5mg-10 mg bid 

Pediatric 2.5mg-10mg bid 

2.2 Were the exposure for adolescents and adults comparable for Asenapine? 

Yes. The exposure for adolescents and adults are comparable. At the dose of 5 mg, the 
adolescent steady state exposure obtained from study A7501022 (Table 2) was similar 
to that in adults obtained from a TQT study (Table 3). 

Table 2: Adolescent PK Parameters Obtained from Study A7501022 
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Table 3: Adult PK Parameters Obtained from a Thorough QT Study 

2.3 Was the exposure to asenapine in children 10-11 years of age comparable 

to adults? 

Yes. The exposure in children 10-11 years of age is similar to that in adults. At the dose 

of 5 mg, the Cmax and AUC values are 3.48 ng/ml and 23.6 hr*ng/mL, respectively 

(Table 4). The observed values are similar to those observed in adults (Table 3) and 

adolescents (Table 2). 

Table 4: Arithmetic Mean (SD) of the Pharmacokinetic Parameters of Asenapine 
Following Multiple Dose Administration of 2.5, 5, or 10 mg Asenapine BID in a Pediatric 
Population 10-11 Years of Age 
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		2.4 Does the E-R relationship support evidence of effectiveness in bipolar 

patients? 

Yes. The exposure-response relationship demonstrates a reduction of YMRS total score 

with an increase in asenapine concentration. 

For the monotherapy of adults and pediatric patients aged 10-17 years with bipolar I 

disorder, the proposed dose administration is listed in Table 5. 

Table 5 Dose administration for patients with bipolar I disorder 

In the original NDA (2009), 2 positive trials supported flexible dosing in the range of 5-

10 mg BID (10% patients received the dose reduced from 10 mg to 5 mg) in the adult 

bipolar population. The pediatric Phase 3 trial (P06107) studied fixed doses of 2.5 mg, 5 

mg and 10 mg. 
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The efficacy of Asenapine was established at doses of 2.5 mg, 5 mg and 10 mg. We 

merged Asenapine treatment groups 2.5mg, 5mg and 10mg data. There was a 

significant YMRS Total Score reduction with higher Asenapine exposure compared with 

placebo (P= 0.003, Figure 1). But there was no significant YMRS reduction between 

Asenapine treatment groups (P= 0.6675). 

Figure 1 Significant YMRS reduction with higher Asenapine exposure compared with 

placebo 

Source: Reviewer’s analysis 

In Phase 3 trial P06107, clinical response was defined as YMRS total score change at 

Day 21 >= 50%. The proportion of responders treated with Asenapine was higher than 

patients with placebo (50% vs 27%). In addition, there was a trend of increasing 

response rate with the increase of AUC in Asenapine treated bipolar patients but 

reached plateau (Figure 3). 

Figure 2. Trend of increase of responder rate with the increase of AUC in Asenapine 

treated patients 
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(b) (4)

In original NDA (2009), in adult schizophrenia population, there was no suggestion of 

added benefit with a 10 mg twice daily dose, but there was a clear increase in certain 

adverse reactions. The pediatric Phase 3 trial (P05896) studied fixed doses of 2.5 mg 

and 5 mg. 
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Information Requested Data 
Bioanalytical report location \\cdsesub1\evsprod\nda022117\0171\m5\53-

clin-stud-rep\533-rep-human-pk-stud\5333-
intrin-factor-pk-stud-rep\a7501022-
00rnxs\00rnxs.pdf 

Analytes Asenapine, desmethyl-asenapine , and  
asenapine-11-O-sulfate 

Method description Liquid chromatography coupled to mass spectrometry 

(LC-MS) using electrospray ionization in multi reaction 

monitoring (MRM) mode 

QC concentrations 0.075ng/ml, 1.5 ng/ml and 15 ng/ml 

Analytes asenapine and its metabolites Org 30526 (desmethyl-

asenapine) and Org 214025 (asenapine-11-O-sulfate) 

Internal standard Asenapine and its internal standard (Org 5222-10), Org 

30526 and its internal standard(Org 5649) and Org 

214025 and its internal standard (Org 8444) 

Linearity 0.025 to 20.0 ng asenapine per mL human plasma 

0.050 to 20.0 ng Org 30526 per mL human plasma 

0.050 to 20.0 ng Org 214025 per mL human plasma 

Lol Quantitation 0.025 ng asenapine/mL 

0.05 ng Org 30526/mL 

0.05 ng Org 214025/mL 

Recovery 59% Org 214025 

QC intra run precision Lower than or equal to 15%, 

QC intra run accuracy Between (and including the limits) -15 and 15%, 

QC inter run precision Lower than or equal to 15%, 

QC inter run accuracy Between (and including the limits) -15 and 15%, 

Bench Top stability 24 h 

Long Term stability 5 months 

10 

Reference ID: 3706183 















pediatric subjects (ages 10-17 years) in this study. 

APPENDIX 

Table 3. Arithmetic Mean (SD) of the Pharmacokinetic Parameters of Asenapine Following Multiple Dose Administration 

of 2.5, 5, or 10 mg Asenapine BID in a Pediatric Population 

Table 4. Arithmetic Mean (SD) of the Pharmacokinetic Parameters of N-desmethylasenapine Following Multiple Dose 

Administration of 2.5, 5, or 10 mg Asenapine BID in a Pediatric Population 
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Figure 1. Arithmetic Mean Asenapine Plasma Concentration-Time Profiles Following Final Dose Administration of 2.5 mg 

(10-11 years), 5 mg (10-11 years), or 10 mg (10-17 years) Asenapine BID 
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Figure 2. Arithmetic Mean Asenapine Concentration-Time Profiles Following Final Dose Administration of 10 mg 

Asenapine BID By Age Group 

CLINICAL PHARMACOLOGY STUDY REVIEW 
Pharmacokinetic Study 

Single Ascending Dose Study Multiple Ascending Dose Study 

Report #: A7501022 Study Period: 

First Subject Visit: 12 October 2005 

Last Subject Visit: 28 March 2006 

NDA 22117 Link: 

\\Cdsesub1\EVSPROD\NDA022117\0000\m5\53-clin-stud-rep\533-rep-

human-pk-stud\5333-intrin-factor-pk-stud-rep\a7501022 

A Placebo-Controlled, Double-Blind, Randomized, Parallel Group, Multiple-Dose Study With Asenapine in 

Adolescent Subjects With A Psychotic Disorder to Evaluate Safety, Tolerability, and Pharmacokinetic 
Title Parameters 
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 The PPK analysis used a non-linear mixed effects modeling approach. The model previously 

developed on adult PK data (NDA 022-117, 2009). The final PPK model that best characterized 

all of the pediatric data was a 2-compartment model with first-order absorption, linear inter-

compartmental clearance (Q/F) into the peripheral compartment (V3/F), and first-order 

elimination clearance (CL/F) from the central compartment (V2/F). Individual PK parameters 

were assumed to be log-normally distributed, and inter-individual variability (IIV) was estimated 

on CL/F, absorption (Ka), bioavailability (F1) and V2/F with exponential error models. The 

residual variability (RV) was expressed in an additive error model for log transformed 

concentrations. 

The software package NONMEM (version VII) was used in the analysis. Model fitting was 

performed in a UNIX environment with Intel FORTRAN Compiler (version 12.01), Xpose, PsN 

(version 3.2.4) and R (version 3.0.2). 

PPK Model Parameters 

The final population PK parameter estimates are presented in Table 1. 

Table 1. Final Population PK Parameters for asenapine 

Source: 03v04d.pdf, Table 8. 

Model Evaluation 
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The final PPK model was mainly evaluated with standard diagnostic goodness of fit plots and 

visual predictive checks (VPC). 

Goodness-of-fit (GOF) plots (Figure 5 ) for the final PPK model. Scatter plots of population 

predicted and individual predicted vs. observed concentrations showed an even distribution 

around the concord line. Scatter plots of CWRES vs. population predicted concentrations and of 

CWRES vs. time showed the CWRES was evenly distributed. 

Figure 5 Goodness of fit plots represent the appropriateness of final PPK model to describe the 

time course of asenapine plasma concentration in pediatric population. Plots (a) and (b) represent 

the closeness of observed plasma concentrations to population and individual predictions, 

respectively. Plots (c) and (d) explain the trend over time and population predictions, 

respectively. Plot (e) depicts the relationship between absolute IWRES and individual 

predictions and plot (f) represent the distribution of CWRES. 
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Source: 03v04d.pdf, Figure 11 
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Visual predictive checks (VPC) showed that the PPK model accurately followed the central 

tendency of the observed data (Figure 6). However, VPC of the 10 mg data has some over-

prediction by the model (Figure 14). 

Figure 6. VPC plots displaying the adequacy of model by overlaying observations (o or *) on 

model predicted 95% prediction intervals (shaded area). Dots (o) represent the plasma 

concentration data at time since last dose (binned intervals). Solid and dashed lines represent the 

median of observations and model predictions, respectively. 

Source: 03v04d.pdf, Figure 13
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Figure 7. The adequacy of model to describe asenapine PK in phase 3 plasma concentration data 

is presented by comparing model predicted and observed data stratified by dose level. Symbol 

(◊) and (▪) represent the median of predictions and observations, respectively. Dotted and solid 

whiskers represent the 95% confidence intervals of predictions and observations, respectively. 

Source: 03v04d.pdf, Figure 14 

Reviewer’s Comments: The identified final PPK model had no significant biases and represented 

an adequate fit to the data. 

Magnitude of Covariate Effects 

A forest plot (Figure 8) illustrated the relative differences (GMR and 90% CI) in asenapine 

exposure (AUC0-12) as a function of intrinsic demographic features (age, BMI, race and gender). 

None of these factors result in clinically meaningful changes in asenapine PK indicating that no 

dose adjustments are required on the basis of these factors. 

Figure 8 Impact of Intrinsic Factors on the Pharmacokinetics (Dose Normalized AUC0-12) of 

Asenapine Indicated via GMR (■) and 90% CIs (whiskers). BMI stratifications: Underweight (< 

18.5 Kg/m2), Normal (more than 18.5 and less than 25 Kg/m2, Overweight (more than 25 and 

less than 30 Kg/m2, Obese (more than 30 Kg/m2) 
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Source: 03v04d.pdf, Figure 16 

Reviewer’s Comments: No covariates were identified that may have significant impact on the 

dose adjustments. 

Comparison of adult and pediatric PK 

At the same dose level, plasma asenapine concentrations in pediatrics were generally comparable 

to adults following repeated administration, both in bipolar 1 disorder and schizophrenia 

populations (Figure 9). 
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Figure 9, Similarity in Steady-State Asenapine Plasma-Concentration Time Profiles in the 

Pediatric Population (Study P06522) and Adults (Study A7501001) Following Administration of 

Clinically Relevant Doses 

Source: summary-clin-pharm.pdf, Figure 2.7.2: 3 

The comparisons were restricted to the study results from Phase 1 evaluations with 5 mg and 10 

mg BID dosing. The potential differences between the pediatric and adult populations were 

explored through comparisons of the model-derived PK parameter estimates from each 

population (Table 2). The similarity in the PPK parameter estimates indicates similarity across 

fundamental PK properties of asenapine. 

Table 2 Comparison of Population PK parameters in the Pediatric and Adult Populations 
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Source: summary-clin-pharm.pdf, Table 2.7.2: 5 

Figure 10 displays steady-state asenapine PK profiles between the pediatric population 5 mg or 
10 mg BID compared to those in adults by overlapping observed plasma concentrations from 
pediatric population on the prediction intervals derived from adult population PK model (NDA 
022-117, 2009). It was expected that 90% of observed data were within the prediction intervals. 
Although some of the observed concentrations in pediatrics fall outside the prediction intervals, 
overall there is good concordance between the data and the independent predictions. 

Figure 10. Pediatric Steady-State Asenapine Plasma Concentrations (dots) (A7501022, P06522) 

Compared to Adult Model-Based Predictions (90% prediction intervals (shaded), median (solid 

line)) Following Clinically Relevant Doses. 
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Source: summary-clin-pharm.pdf, Figure 2.7.2: 4 

Estimates of systemic exposure (AUC0-12 and Cmax) were derived from the simulated steady-state 
concentrations and compared between the pediatric and adult populations (Table 3). Results 
indicated similar exposure between pediatric and adult patients at the same asenapine dose 
regimens. 

Table 3. Comparison of asenapine PK parameters at steady-state condition in Adults and 

Pediatric Population 

Source: 03v04d.pdf, Table 9 

Reviewer’s Comments: The comparisons of observed plasma concentrations from Phase 1 

studies and model-estimated PK parameters show that asenapine PK in the pediatric and adult 

populations are largely similar at the same dose regimens. Therefore, PK properties in adults 

can be applied to the pediatric population. 

Exposure-Response Analysis 

Sponsor conducted an E-R analysis between individual predicted AUC0-12 and observed Y-MRS 
scores at Day 21 in bipolar pediatric population. Individual AUC0-12 estimates for subjects in 
study P06107 were estimated from the final PK model and binned in equally sized groups and 
plotted against Y-MRS scores in P06107 study. Across the exposures, a limited trend of decrease 
in Y-MRS score was observed (Figure 11). 

Figure 11. Exposure-response relationship examined through a visual exploration of the 

relationship between AUC0-12 and individual Y-MRS scores in P06107. The boxes reflect the 

interquartile range (25-75th percentiles), the median denoted as solid line in each box, with the 

whiskers extending to the 5th-95th percentiles and individual data outside these percentiles 

presented as symbols 
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Source: 03v04d.pdf, Figure 17 

Reviewer’s Analysis 

FDA conducted dose/exposure-response analysis for study P06107 in bipolar patients (exposure-

efficacy analysis result was demonstrated in section 1.1.1) and results showed there was a 

significant YMRS Total Score reduction with higher asenapine exposure. FDA also conducted 

dose/exposure-response relationship for study P05896 in in schizophrenia patients (exposure-

efficacy analysis result was demonstrated in section 1.1.2). The exposure-response relationship 

was consistent with the dose-response relationship. Within asenapine-treated patients, there was 

no significant reduction in PANSS score with increasing asenapine concentration. In FDA 

exposure-response analysis, the logistic regression model was applied. The individual 

brexpiprazole concentration-time profiles were simulated using the sponsor’s final PPK model. 

AUC was calculated with drug clearance divided by dose. 

Dose-efficacy Analysis for Bipolar Indication: 
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The efficacy of Asenapine was established at doses of 2.5 mg, 5 mg and 10 mg. The three 

treatment arms showed noticeable decrease of YMRS Total Score compared with placebo 

(Figure 12Error! Reference source not found.). 

Figure 12 Dose-YMRS Relationship in bipolar pediatric population 

Source: Reviewer’s analysis 

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

Data sets used are summarized in Table 4. Analytic software includes SAS 9.3 and SPLUS 8.0. 

Table 4. Analysis Data Sets 

Study Number Name Link to EDR 

P06107 S6107_effd.xpt \\Cdsnas\pharmacometrics\ Reviews\Ongoing 

PM Reviews\Saphris_NDA 

22117_LZ\Analysis\Exposure-efficacy for 

Bipolar\Dataset 

P06107 and P05896 patab26.txt 

(b) (4)

Listing of Analyses Codes 

File Name Description Location in \\cdsnas\pharmacometrics\ 

Sap E-R BP.ssc Exposure-Efficacy for Bipolar \\Cdsnas\pharmacometrics\Reviews\Ongoing 

PM Reviews\Saphris_NDA 

22117_LZ\Analysis\Exposure-efficacy for 

Bipolar\Code 
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