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1. Executive Summary 

The sponsor submitted oxcarbazepine (OXC) extended release (ER) tablets as a 505(b)(2) 
application using OXC immediate release (IR) (Trileptal) as the reference product. The 
clinical program included (1) an adult study evaluating the efficacy and safety of 1200 and 
2400 mg of OXC ER (adjunctive) in refractory epilepsy and (2) a pharmacokinetics study 
evaluating an initiation dose of 8-10 mg/kg in pediatrics with refractory epilepsy. The 
sponsor is seeking approval of OXC ER as adjunctive therapy in children (4-17 years) and 
adults suffering from partial onset seizures. Our findings are summarized as the follows:  

 Patients should not be switched from OXC IR to OXC ER at the same dose. The active 
metabolite, 10-monohydroxy derivative (MHD) and the parent compound, oxcarbazepine 
(OXC) after administration of OXC ER were not bioequivalent to those after 
administration OXC IR (Trileptal). 

 OXC ER should be administered under fasting conditions (i.e. 1 hour before or 2-hours 
after meals). There was about 62% and 181% increase in peak concentration (Cmax) for 
MHD and OXC, respectively, when OXC ER was administered with food compared to 
under fasting conditions.  

 The same dose of OXC ER can be administered by using combinations of different 
strengths. MHD pharmacokinetics were equivalent following administration of 4 x 150 
mg, 2 x 300 mg, 1 x 600 mg OXC ER.  

 A 1200 mg/day dosing appears to be effective. A concentration-response relationship was 
observed with percentage reduction in seizure frequency as a function of MHD Cmin 
concentrations. Similar concentration-response relationships were identified between 
1200 mg/day dosing and 2400 mg/day dosing. In addition, the exposure-response 
relationship between the OXC-IR and OXC-ER formulations are similar. Based on the 
established concentration-response relationship, there appears to be a clinically 
meaningful decrease in seizure frequency at the dose of 1200 mg.   

 The established exposure-response relationships support the use of OXC ER in pediatric 
patients up to 17 years of age, who require OXC ER as adjunctive therapy. The exposure-
response relationship (MHD Cmin vs. seizure reduction) for both pediatrics and adults 
are significant and similar amongst the populations. 

 Pediatric dose can be adjusted by body weight of the patient. Pharmacokinetics (PK) of 
oxcarbazepine has been adequately characterized in pediatric patients (4-16 years of age). 
PK in patients 17 years of age can be sufficiently derived based on existing pediatric and 
adult data. Based on PK simulations, dosing based on body weight in pediatric patients 
(4-17 years) will yield comparable MHD Cmin exposures to the adult population.  
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Figure 2: Placebo-anchored exposure-response for the OXC-ER formulations (1200mg/day and 
2400 mg/day modeled separately).  Data includes placebo patients along with patients with PK 

and PD information from both the 1200 mg/day and 2400 mg/day groups.  

Note: For exposure-response, solid symbols and bars represent the mean and 95% confidence interval of 
change from baseline in 28-day seizure frequency for each MHD concentration quantile. The solid line 
represents the mean prediction from the linear relationship and its corresponding 95% confidence interval 
for the 1200 mg/day group (blue shaded region) and 2400 mg/day group (red shaded region). 

Based on an empiric linear model, the relationship between percentage reduction in seizure 
frequency and MHD Cmin is not different between the OXC-ER and OXC-IR formulations. 

Pediatric vs Adult exposure after administration of OXC ER 

In the pediatric PK study, MHD Cmin concentrations were evaluated after an initiation dosing 
regimen of 8-10 mg/kg to 17 pediatric patients.  Absolute doses in the study included 150, 300, 
450 and 600 mg/day.  Although these actual doses were not evaluated in the pivotal trial, 
pharmacokinetic simulations in adults (administered equivalent doses) showed comparable MHD 
exposures to the pediatric population.  The population PK model suggests that weight-based 
dosing would yield comparable MHD exposures to that found in the adult population.   

The current label proposes initiation of OXC-ER at 8-10 mg/kg/day and target maintenance dose 
should be increase by no more than 600 mg/week and should be titrated to tolerability and 
effectiveness. The dosing nomogram below only serves as a guide for target maintenance dosing 
in pediatrics. 

5
 

Reference ID: 3191008 





 

 

 

 

  
 

 
   

 

 
 

 
 

  

 

 
 

 

 

 
 
 
 
 
 
 

 

2. Question Based Review (QBR) 

2.1 General Attributes 

What pertinent regulatory background or history contributes to the current assessment of the 
clinical pharmacology and biopharmaceutics of this drug? 

The sponsor submitted oxcarbazepine (OXC) extended release (ER) tablets as a 505(b)(2) using 
OXC immediate release (Trileptal) as the reference product. Trileptal is approved in the United 
States for initial monotherapy and adjunctive therapy in children and adults suffering from partial 
onset seizures. The sponsor is seeking only the adjunctive therapy indication for OXC ER. The 
rationale for the development of OXC-ER included targeting an improved treatment adherence to 
a once daily regimen. Moreover, the ER formulation was developed to yield a “flatter” PK daily 
profile of OXC with the intent to yield an improved safety and tolerability profile when used as 
adjunctive antiepileptic drug (AED) therapy. 

In addition to 7 pharmacokinetic studies and exposure response analysis, the sponsor submitted a 
single, randomized, placebo-controlled trial of OXC ER as adjunctive therapy in adults with 
partial epilepsy. The sponsor is also seeking the indication of adjunctive therapy in children 
based on a pharmacokinetic study conducted in children ages 4 to 16 years old. The sponsor is 
seeking a waiver for children from birth to age 4 years and age 17 years old. 

The batches used in the clinical pharmacology studies were laboratory scale batches while that 
used in the pivotal safety and efficacy studies were commercial batches. The laboratory and 
commercial scale batches were manufactured at different sites. The sponsor requested and the 
Agency concurred at a meeting in April 2009 that there is no need to conduct a bridging BE study 
to prove equivalence between the laboratory scale and the commercial scale batches. The agency 
requested a multi-point dissolution test be conducted comparing the laboratory scale batches to 
the commercial scale batches in the following dissolution media: water with 1% sodium lauryl 
sulfate (SLS), 0.1N hydrochloric acid (HCl) with 1% SLS, United States Pharmacopeia (USP) 
buffer medium at pH 4.5 with 1% SLS, and USP buffer medium at pH 6.8 with 1% SLS.  The 
results submitted indicate similarity between the laboratory and the commercial scale batches 
(Refer to ONDQA-Biopharm review). 

What are the highlights of the chemistry and physical-chemical properties of the drug substance 
and the formulation of the drug product as they relate to clinical pharmacology and 
biopharmaceutics? 

Oxcarbazepine chemically is 10,11-Dihydro-10-oxo-5Hdibenz[b, f]azepine-5-carboxamide. It is 
currently approved in the U.S. as an immediate release dosage form (Trileptal) in strengths of 150 
mg, 300 mg and 600 mg film coated tablets for oral administration. Trileptal is also available as a 
300 mg/5 mL (60 mg/mL) oral suspension. The sponsor has developed an extended release oral 
tablet dosage formulation in strengths of 150 mg, 300 mg and 600 mg. Oxcarbazepine structure is 
provided in Figure 3.  
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Fig 3 

Structure of Oxcarbazepine 

What are the proposed mechanism (s) of action and therapeutic indication(s)? 

The sponsor is seeking approval to use oxcarbazepine extended release tablets as once a day 
administration for adjunctive therapy in the treatment of partial onset seizures in adults and 
children with epilepsy. The precise mechanism by which oxcarbazepine and MHD exert their 
antiseizure effect is unknown; however, in vitro electrophysiological studies indicate that they 
produce blockade of voltage-sensitive sodium channels, resulting in stabilization of hyperexcited 
neural membranes, inhibition of repetitive neuronal firing, and diminution of propagation of 
synaptic impulses. 

What are the proposed dosage and route of administration? 

Oxcarbazepine should be initiated with a dose of 600 mg/day, given once daily in adults. The 
dose may be increased by a maximum of 600 mg/day at approximately weekly intervals. The 
proposed recommended daily dose is between 1200 – 2400 mg/day.  

In pediatric patients aged 4-17 years, treatment should be initiated at a dose of 8-10 mg/kg every 
day (QD), generally not to exceed 600 mg QD. The target maintenance dose should be achieved 
by dose increases of no more than 600 mg/week. 

2.2 General Clinical Pharmacology  

What are the design features of the clinical pharmacology and clinical studies used to support 
dosing or claims? 
Tables 4 and 5 contain clinical studies in support of OXC ER new drug application. Studies 
804P101 and 804P102 were conducted only for formulation selection and therefore were not 
reviewed. 
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Table 4: Clinical Studies in Healthy Adult Subjects 
Study N Objective Oxcarbazepine 

(OXC) Test 
Trileptal 
(Reference)  

Treatment  
QD (every day) 

Treatment 
BID (twice daily) 

804P101 
(pilot-
formulations 
exploration) 

16 Evaluate BA of 3 
ER formulations 
(Form)

 1 x 600 mg  
Form A 
1 x 600 mg  
Form B 
1 x 600 mg  
Form C 

300 mg bid 

804P102 
(pilot- Form 
exploration) 

21 Evaluate steady 
state BA of two 
ER Form 

1 x 600 Form A 
x 7days 
1 x 600 mg Form 
B x 7 days

 300 mg bid for 7 
days 

804P103 32 Evaluate steady 
state BA of OXC 
vs Trileptal 

600 mg QD x 3, 
then 900 mg QD 
x3, then 1200 mg 
QD x 7 

300 mg bid x 3 
days, then 450 
mg bid x 3 days, 
then 600 mg bid 
x 7 days 

804P104 54 Evaluate dose 
proportionality 

Single doses of 
4 x 150 mg 
2 x 300 mg  
1 x 600 mg 

Not applicable 

804P104.5 54 Evaluate dose 
linearity 

Single doses of 
1 x 150 mg 
1 x 300 mg 
1 x 600 mg 

Not applicable 

804P105 62 Evaluate food 
effect 

Single doses of 
600 mg under 
fed and fasting 
conditions 

Not applicable 
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Table 5: Clinical Studies in Subjects with Epilepsy 
Study N Design Treatments Status 
804P301 123 (2400 mg 

OXC ER) 
122 (1200 mg 
OXC ER) 
121 (Placebo) 

Phase 3, 
randomized, 
blinded, placebo-
controlled, in 
patients with 
refractory partial 
onset seizures 

1:1:1 
randomization to 
1200 mg/day 
2400 mg/day 
Placebo 

Completed- 
Registration trial 

804P302 21 Open-label 
safety follow-on 
of 804P301 

600 – 2400 
mg/day OXC ER 

Ongoing 

80P107 32 (18 
completed) 

PK at steady 
state in pediatric 
partial onset 
seizures 

150 – 600 
mg/day based on 
weight 

Completed- 
submitted 

804P303 54 Open-label, 
safety follow on 
of 804P107 

As clinically 
indicated 

CSR in progress 

What is the basis for selecting the response endpoints (i.e. clinical or surrogate endpoints) or 
biomarkers and how are they measured in clinical pharmacology and clinical studies 

The primary endpoint in the efficacy trials was percentage change (PCH) in seizure frequency per 
28 day during the treatment phase relative to the baseline phase (PCHt) in the ITT population. All 
seizures up to the point of subject discontinuation (excluding the Tapering/Conversion Period) 
were included in the analysis.  

2.2.1 Exposure-Response 

Is there evidence of an exposure-response relationship (dose-response, concentration-response) 
for efficacy of the OXC-ER formulation? 

Yes. A significant dose-response and concentration-response relationship was observed for the 
OXC-ER formulation. Figure 4 below shows the results of the pivotal trial graphically, and makes 
comparison to the dose-response information from the IR formulation pivotal trial results.  The 
results from the IR formulation pivotal trials were obtained from approved label.  For the IR 
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Figure 6: Placebo-anchored exposure-response for the OXC-ER formulations (1200mg/day and 
2400 mg/day modeled separately).  Data includes placebo patients along with patients with PK 

and PD information from both the 1200 mg/day and 2400 mg/day groups.  

Note: For exposure-response, solid symbols and bars represent the mean and 95% confidence interval of 
change from baseline in 28-day seizure frequency for each MHD concentration quantile. The solid line 
represents the mean prediction from the linear relationship and its corresponding 95% confidence interval 
for the 1200 mg/day group (blue shaded region) and 2400 mg/day group (red shaded region). 

Are the exposure-response relationships for the OXC-ER and IR formulations similar? 

Yes. Based on an empiric linear model, the relationship between percentage reduction in seizure 
frequency and MHD Cmin is not different between the OXC-ER and OXC-IR formulations.    

In the case for OXC-ER, a ~ 16-19% lower exposure (AUC and Cmax) of MHD was observed in 
the pivotal bioequivalence study, not meeting the pre-specified criteria for bioequivalence. 
Therefore, the intent of this analysis was to determine if, despite the differential MHD exposures 
seen between the OXC-ER and IR formulations, the exposure-response relationships were 
similar. For the evaluation, the model parameters of the exposure-response relationship for the IR 
formulation was obtained from publicly available information.1 For the IR exposure response 
relationship, an empiric model was derived relating the percentage change from baseline in 
seizure frequency to MHD Cmin concentrations: 

log (% change from baseline in seizure frequency + 110) = β0 + β1 * Cmin + ε 

where, β0 and β1 is the intercept and slope, respectively, or the linear relationship, ε is the 
residual error and Cmin is the MHD exposure metric (in µmol/L) used to assess the relationship. 
Using the same empiric model, the exposure-response relationship was derived for the OXC-ER 
formulation, and the slope parameter estimate was compared to the parameter (β1) published for 
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the OXC-IR relationship.  Results for the comparison as seen in Figure 47 below show the 
exposure-response relationship between the formulations are similar. 

Figure 7: Point estimate for the slope parameter (and corresponding 95% CI interval) for the 
OXC-ER and OXC-IR formulations (1200mg/day and 2400 mg/day inclusive).  Data includes 

placebo patients along with patients with PK and PD information from both the 1200 mg/day and 
2400 mg/day groups.  

The slope parameter of exposure-response relationships for both formulations are both 
statistically significant (both relationships with p-values <0.05).  Overlapping 95% confidence 
bounds infer that the point estimates are indistinguishable between the ER and IR formulations. 
The smaller 95% confidence bounds for the IR formulation exposure-response relationship may 
be due to the increased sample size used for the analysis.    

(1 East Coast Population Analysis Group Conference, 2006. Workshop presentation by Joga Gobburu. 
http://www.ecpag.org/2006/6_JogaGobburu.) 

Pediatric exposure-response 

Are similar Cmin concentrations achieved in adults and pediatrics with the OXC-ER 
formulation? 

Yes. In the pediatric PK study, MHD Cmin concentrations were evaluated after an initiation 
dosing regimen of 8-10 mg/kg to 17 pediatric patients.  An age range of 4-17 was supposed to be 
evaluated, but the sponsor did not obtain PK for patients who were >16 years old.  Absolute doses 
in the study included 150, 300, 450 and 600 mg/day.  Although these actual doses were not 
evaluated in the pivotal trial, pharmacokinetic simulations in adults (administered equivalent 
doses) showed comparable MHD exposures to the pediatric population.   

In the development of Trileptal®, both an adult and pediatric study was performed to determine 
the effectiveness of IR Oxcarbazepine in the adjunctive setting.  Available public information 
infers that the exposure-response relationships between these populations are reasonably similar.* 
This notion suggests that the epilepsy disease between populations are reasonably similar as well. 
Under the assumption that the exposure-response relationships between the OXC-IR and OXC­
ER formulations are similar in adults, bridging the pediatric approval would require a PK study in 
pediatrics to match MHD exposures in adults (as the sponsor attempted to perform).  
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Is the dose and dosing regimen selected by the sponsor consistent with the known 
relationship between dose-concentration-response? 

The dose selected is based on the results of the pivotal clinical efficacy trial and exposure-
response analysis. This trial demonstrated that 2400 mg was statistically significantly better than 
placebo. Even though the 1200 mg was not statistically significantly better than placebo there 
appears to be a clinically meaningful decrease in seizure frequency.  Exposure response analysis 
suggested a relationship between concentration/dose and decrease in frequency of exposure (refer 
to pharmacometric review). 

What are the evidences of efficacy provided by the sponsor in support of the application? 

Table 7 from the sponsor’s analysis indicates the 2400 mg resulted in greater reduction in seizure 
frequency and this reduction was statistically significantly (P = 0.003) better than placebo. The 
1200 mg dose  also resulted in decrease in seizure frequency per 28 days relative to baseline but 
was not statistically significantly different from placebo (p=0.078). Refer to medical review for 
Agency’s evaluation. 

Table 7: Primary Efficacy Results 

What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) with regards to safety? 

The sponsor reported that in the pivotal safety and efficacy study (study 301), overall, AEs were 
more frequently reported in subjects receiving 2400mg/day (69.1%) compared with 1200mg/day 
(56.6%) and placebo (55.4%). Dizziness, somnolence, headache, nausea, diplopia, and vomiting 
were the most frequently reported AEs (≥10%) in subjects treated with OXC XR. The incidence 
of dizziness, somnolence, headache, and diplopia appeared to be dose-related. The sponsor states 
that the occurrence and reporting frequency of AEs in Phase 3 oxcarbazepine treatment groups 
were consistent with the expected AE profile of immediate-release OXC. Incidence rates for 
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common, dose-limiting, OXC-associated AEs (dizziness, somnolence, headache, nausea, 
diplopia, and vomiting) in the OXC XR groups were no greater than the expected incidence rates 
reported for patients with partial seizures treated with Trileptal. The sponsor reported that the 
most common adverse events (AEs) in healthy volunteers were headache, somnolence, dizziness, 
and nausea, occurring in 17.8%, 13.1%, 4.7%, and 3.8% of subjects treated with oxcarbazepine 
XR and 16.7%, 13.6%, 18.2%, and 10.6% in subjects treated with Trileptal®, respectively 
(Refer to medical review for Agency evaluation of safety). 

Does this drug prolong the QT or QTc interval? 

A thorough QT study was not required and not conducted in support of this 505 (b)(2) NDA. 

2.2.2. General Pharmacokinetics 

Are the active moieties in the plasma (or other biological fluid) appropriately identified and 
measured to assess pharmacokinetic parameters and exposure response relationship? 

Yes, the active moieties, MHD and OXC were appropriately measured in biological fluids. 
Oxcarbazepine is rapidly reduced by cytosolic enzymes in the liver to its 10-monohydroxy 
metabolite, MHD, which is primarily responsible for the pharmacological effect. MHD is 
metabolized further by conjugation with glucuronic acid. Minor amounts (4% of the dose) are 
oxidized to the pharmacologically inactive 10,11-dihydroxy metabolite (DHD).  

What are the general ADME (Absorption, Distribution, Metabolism and Elimination) 
Characteristics of Oxcarbazepine? 

Refer to Trileptal approved label for general ADME 

Oxcarbazepine is cleared from the body mostly in the form of metabolites which are 
predominantly excreted by the kidneys. Fecal excretion accounts for less than 4% of the 
administered dose. Approximately 80% of the dose is excreted in the urine either as 
glucuronides of MHD (49%) or as unchanged MHD (27%); the inactive DHD accounts for 
approximately 3% and conjugates of MHD and oxcarbazepine account for 13% of the dose.  

The half-life of the parent is about two hours, while the half-life of MHD is about nine hours. 

Figure 8 below is the reported metabolic pathway of oxcarbazepine. 
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Oxcarbazepine Metabolic Pathway
 

Schutz et al: Xenobiotica, 16(8):769-778, 1986 

I- oxcarbazepine, II- MHD (IIa S-enantiomer, IIb- R-enantiomer), VI and VII - glucuronide metabolites of 
MHD, VIII- glucuronide metabolite of oxcarbazepine, IX- sulphide metabolite of oxcarbazepine, III, IV 
and V minor metabolites of MHD 

Intrinsic factors 

Refer to Trileptal label. 

Extrinsic Factors 

Refer to Trileptal label for general drug-drug interaction information. 

Did concomitant medications (carbamazepine, phenytoin, Phenobarbital, valproic acid) 
administered in the adjunctive therapy trial affect the exposure to MHD when administered 
together with OXC XR? 

Based on population pharmacokinetic analysis evaluation in epileptic patients in the phase III 
study, co-administration of one or more of carbamazepine, phenytoin, phenobarbital or valproic 
acid increased the apparent clearance of MHD, typically by factor of 1.3.  Studies conducted in 
support of Trileptal label show that there is 40% , 25%, 30% and 18% decrease in MHD 
concentration after administration of Trileptal with carbamazepine, phenobarbital, phenytoin and 
valproic acid, respectively. Dose adjustment for OXC-ER is not recommended when Valproic 
acid and Phenobarbital are co-administered.  The dose of OXC-ER should be titrated to clinical 
response if there is a need to administer carbamazepine and phenytoin with OXC-ER. 
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Are exposures comparable and proportional after administration of equivalent doses of different 
strengths OXC ER? 

The sponsor evaluated whether administration of the same dose of OXC ER by using different 

strengths produced similar exposures. The study evaluated the dosage form equivalence of   

oxcarbazepine extended release (OXC XR) formulation when administered as 4 x 150 mg tablets, 

2 x 300 mg tablets, or 1 x 600 mg tablet, under fasting conditions. The following table provides 

the results of the comparison. 


Table 8: Summary of the Ratios of LSMs and the 90% Confidence Interval for MHD 
ANOVA Treatment 

Comparisons* 
Ratio of LS 
Means (%) 

90% CI (%) Intra-Subject CV 
(%) 

AUC0-t B vs A 
C vs B 
C vs A 

100.73 
98.26 
98.97 

96.94 – 104.66 
94.51 – 102.16 
95.22 – 102.88 

11.72 

AUC0- B vs A 
C vs B 
C vs A 

100.59 
98.45 
99.04 

96.70 – 104.64 
94.59 – 102.47 
95.18 – 103.05 

12.06 

Cmax B vs A 
C vs B 
C vs A 

97.93 
97.23 
95.22 

94.46 – 101.52 
93.74 – 100.85 
95.22 – 98.74 

11.01 

A= OXC XR Tablet, 4 x 150 mg, B= OXC XR Tablet, 2 x 300 mg, C= OXC XR Tablet,  


MHD pharmacokinetics were comparable following administration of 4 x 150 mg, 2 x 300 mg, 1 

x 600 mg OXC XR. OXC pharmacokinetics was also comparable with respect to AUC but not 

Cmax. The difference in OXC Cmax comparison between 4 x 150 mg and 1 x 600 mg could be 

due to the multiple dosage units used for the 150 mg and should not be clinically relevant. 

Therefore, the doses of OXC ER can be administered by combinations of tablets with different 

strengths. 


Based on PK, what is the degree of linearity or non-linearity in the dose concentration 
relationship? 

The sponsor also evaluated the dosage form pharmacokinetic linearity of  OXC XR formulation 

when administered as 1 x 150 mg tablets, 1 x 300 mg tablets, or 1 x 600 mg tablet, under fasting 

conditions. Table 9 provides the results of the power model used to evaluate dosage form
 
linearity. 


Table 9: Power model results (slope and 95% CI) for the Ln-Transformed PK Parameters for 
MHD 
Statistical Analysis Slope 95% CI 
AUC0-t 1.25 1.21 – 1.29 
AUC 1.24 1.20 – 1.28 
Cmax 0.91 0.88 – 0.94 

The lower and upper bounds of the 95% CI for the slope of the power model were greater than 1 
for AUCs and lower than 1 for Cmax. These results indicate a greater than proportional increase 
in AUCs and a less than proportional increase in Cmax over the 150 mg to 600 mg dose range for 
MHD. Similar results were observed with the parent compound, OXC.  
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2.3 General Biopharmaceutics 

Is Oxcarbazepine ER bioequivalent to the reference listed drug, Oxcarbazepine IR (Trileptal)? 

The sponsor evaluated the bioequivalence between OXC ER and Trileptal after multiple dose, 

open-label, randomized two-way cross over study. Doses were titrated to the desired dose of 1200 

mg daily. The ER dose was given once daily and the IR was administered twice daily. Figure 9 

depicts the plasma concentration time profile after administration. 


Figure 9: Mean Plasma MHD concentration over time 

Table 10 contains the statistical evaluation of selected pharmacokinetic parameters of MHD and 
OXC in plasma. 

Table 10: Statistical Evaluation of Pharmacokinetic Parameters of MHD and OXC in Plasma 
Pharmacokinetic Parameters Ratios of LSM and 90% Confidence Intervals (CI) 

MHD in Plasma 
OXC XR vs OXC IR 

OXC in Plasma 
OXC XR vs OXC IR 

AUC(0-24) 80.8% (77.5 -84.3%) 63.8% (59.6 -68.4%) 
Cmax, ss 80.8% (77.0 – 84.9%) 38.6% (33.3 – 44.8%) 
Cmin, ss 83.7% (78.8 – 88.9%) 104.2% (91.5 – 118.6%) 

The exposures of the active metabolite (MHD) and OXC after multiple dose administration of 
1200 mg of OXC ER were not bioequivalent to that after administration of 1200 mg Trileptal. 
AUC, Cmax and Cmin for MHD were about 19%, 19%, and 16%, respectively lower after 
administration of OXC ER compared to that after Tripletal. The 90% confidence interval around 

Reference ID: 3191008
 

21
 



 

 

 
 

 
 

 

  
 

 

 

 
 

 

 

 
 

 
 

 
 

 

the point estimate for Cmax and AUC were not contained within the regulatory criteria of 80% to 
125%. 

Is the exposure to MHD significantly different after administration of OXC ER with or without 
food? 

The sponsor evaluated the effect of food in a single center, single dose, open-label, randomized, 
2-way (Fed versus Fasting) crossover study. The subjects were administered 600 mg of OXC ER 
under fed conditions (FDA recommended breakfast) and under fasting conditions. Table 11 
provides the statistical results for MHD and oxcarbazepine (OXC). 

Table 11: Statistical evaluation after administration of OXC ER with or without food 
Ratio of LSM and 90% Confidence Intervals 

Pharmacokinetics OXC 
OXC XR Fed vs OXC XR 
Fasted 

MHD 
OXC XR Fed vs OXC XR 
Fasted 

AUC0-t 131.3 (126.1 – 136.7%) 113.5 (109.5 – 117.7%) 
AUC 129.4 (124.4 – 134.5%) 112.0 (107.9 – 116.2%) 
Cmax 281.7 (254.5 – 311.75%) 162.6 (156.7 – 168.7%) 

The extent of exposure (AUC) to MHD is not significantly affected when OXC ER is 
administered with high fat meal (1000 kcal) compared to when it is taken under fasting 
conditions. But the peak exposure (Cmax) of MHD is increased about 62% after administration 
with food compared to under fasting conditions. The extent (AUC) and peak (Cmax) exposure to 
the parent compound, oxcarbazepine, are significantly increased when OXC ER is administered 
with food. Tmax of OXC following the administration of OXC ER under fed conditions occurred 
about 2 hours later than for OXC ER under fasting conditions (6.7 vs 4.6 hours). Tmax of MHD 
following the administration of OXC ER under fed conditions occurred approximately 2.5 hours 
earlier than under fasting conditions (9.7 vs 12.1 hours). Therefore, it is recommended that OXC 
ER be administered under fasting conditions because of the significant increase in peak exposure. 

What is the composition of oxcarbazepine extended release formulations used in the 
bioavailability and clinical registration trials? 

The sponsor has developed OXC as an extended-release (ER) version of OXC immediate release, 
based on a monolithic, controlled-release matrix tablet capable of a once-daily (QD) dosing 
regimen (Table 12). Available tablet strengths of OXC ER are 150 mg, 300 mg and 600 mg. The 
batches used in the clinical registration trials are commercial scale batches. 

The sponsor reported that oxcarbazepine is a BCS class II drug. The drug substance is poorly 
water soluble with an aqueous solubility of approximately 0.07mg/mL at room temperature, and 
shows similar solubility throughout the physiological pH range in the gastrointestinal tract. The 
solubility of oxcarbazepine increases in the presence of sodium lauryl sulfate (SLS). 
Oxcarbazepine is reported to exhibit high permeability across the Caco-2 cell monolayer.  
The following table contains the quantitative composition of the 150 mg, 300 mg and 600 mg 
oxcarbazepine extended release tablets.   
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Table 12: Composition of commercial scale oxcarbazepine extended release tablets 
Component Function Amount per tablet (mg) 

150 mg 300 mg 600 mg 
Oxcarbazepine Drug Substance 150 300 600 
Silicified 
Microcrystalline 
Cellulose, NF 
(Prosolv 
SMCC50) 

Tableting aid 11.25 35 95 

Methacrylic Acid 
Copolymer 
(Type C), NF 
(Eudragit L 100­
55) 

Enteric Polymer 25 50 100 

Sodium Lauryl 
Sulfate, NF 
(Texapon K 12 P 
PH) 

Solubilizer 12.5 25 50 

Hypromellose 
(Type 2208), 
USP (Methocel 
K4M Premium 
CR) 

Release 
controlling agent 

37.5 62.5 100 

Povidone, USP 
(Kollidon 25 
Polymer) 

Binder 12.5 25 50 

Magnesium 
Stearate, NF 
(Non-Bovine, 
HyQual Code 
5712) 

Lubricant 1.25 2.5 5 

Opadry II 
Yellow 
85F12383 

Coloring agent 
and 
nonfunctional 
cosmetic coat 

7.5 15 30 

Ink Black , 
Opacode S-1­
17823 

Printing ink Trace Trace Trace 

Purified water, 
USP 

Granulation fluid Removed during 
processing 

Removed during 
processing 

Removed during 
processing 

Purified water, 
USP 

Coating solvent Removed during 
processing 

Removed during 
processing 

Removed during 
processing 

Total 257.5 515 1030 
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2.4 Analytical Methods 

What bioanalytical methods are used to assess concentrations of OXC and MHD and is the 
validation complete and acceptable? 

A sensitive, accurate, and reproducible bioanalytical method for the determination of 
oxcarbazepine and 10-hydroxycarbazpine (MHD) in human plasma was developed and validated 
using liquid chromatography with tandem mass spectrometry (LC/MS/MS). The method was 
validated over a concentration range of 0.005-1.0 μg/mL for oxcarbazepine and 0.05-10.0 μg/mL 
for MHD in human plasma. The overall absolute recovery for all analytes was 86.8 % or greater. 
Interference from blank human plasma and carryover from the highest standard were less than or 
equal to 7.5% of the lower limit of quantitation (LLOQ) for both analytes. The acceptance criteria 
were met and the method has been validated successfully.  The analytical method is acceptable. 
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Summary of Pharmacokinetic Parameters for OXC 
Dose AUC0- Cmax Tmax T ½ AUC0-t 

OXC 4 x 5.39 0.50 4.79 10.67 5.23 
150 mg (32.61) (53.91) (33.17) (16.27) (33.78) 
OXC 2 x 5.40 0.43 4.63 10.57 5.27 
300 mg (32.97) (52.49) (36.61) (16.21) (33.92) 
OXC 1 x 5.36 0.42 4.69 10.69 5.21 
600 mg (36.31) (42.04) (31.16) (20.63) (37.84) 

 Was the pharmacokinetics dose proportional?  Yes  No NA
 
 Dosage strength equivalence was demonstrated. 


Summary of the Ratios of LSMs and the 90% Confidence Interval for MHD 

ANOVA Treatment 

Comparisons* 
Ratio of LS 
Means (%) 

90% CI (%) Intra-Subject CV 
(%) 

AUC0-t B vs A 
C vs B 
C vs A 

100.73 
98.26 
98.97 

96.94 – 104.66 
94.51 – 102.16 
95.22 – 102.88 

11.72 

AUC0- B vs A 
C vs B 
C vs A 

100.59 
98.45 
99.04 

96.70 – 104.64 
94.59 – 102.47 
95.18 – 103.05 

12.06 

Cmax B vs A 
C vs B 
C vs A 

97.93 
97.23 
95.22 

94.46 – 101.52 
93.74 – 100.85 
91.82 – 98.74 

11.01 

*A= OXC XR Tablet, 4 x 150 mg, B= OXC XR Tablet, 2 x 300 mg, C= OXC XR Tablet,  

1 x 600 mg 


Summary of the Ratios of LSMs and the 90% Confidence Intervals for OXC 
ANOVA Treatment 

Comparisons* 
Ratio of LS 
Means (%) 

90% Confidence Interval (CI) 
(%) 

Intra-Subject 
CV (%) 

AUC0-t B vs A 
C vs B 
C vs A 

101.78 
97.69 
99.44 

97.45 – 106.31 
93.48 – 102.10 
95.17 – 103.69 

13.31 

AUC0- B vs A 
C vs B 
C vs A 

101.12 
98.31 
99.41 

96.98 – 105.43 
94.23 – 102.57 
95.31 – 103.89 

12.78 

Cmax B vs A 
C vs B 
C vs A 

87.70 
98.26 
86.17 

80.60 – 95.42 
90.19 – 107.04 
79.14 – 93.83 

26.14 

*A= OXC XR Tablet, 4 x 150 mg, B= OXC XR Tablet, 2 x 300 mg, C= OXC XR Tablet,  

1 x 600 mg 


 The pharmacokinetics is best described by: 
 Mono-exponential decay,  Bi-exponential decay,  Tri-Exponential Decay 

 Was there a lag time in absorption?  Yes  No 
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 Pharmacokinetics Parameters Per Dose Group, Mean (%CV) 
Summary of the Pharmacokinetic Parameters for MHD 

Dose AUC0-∞ Cmax Tmax t1/2 AUC 0-t 

OXC 150 28.39 1.23 9.24 9.52 27.22 
mg (A) (22.14) (24.77) (34.95) (14.09) (22.96) 
OXC 
300 mg 
(B) 

67.32 
(25.84) 

2.32 
(22.70) 

10 
(34.11) 

9.65 
(13.39) 

65.92 
(26.29) 

OXC 600 159.39  4.37 15.2 11.09 154.60 
mg (C) (23.71) (23.19) (36.53) (23.35) (23.25) 

Summary of Pharmacokinetic Parameters for OXC 
Dose AUC0- Cmax Tmax T ½ AUC0-t 

OXC 150 0.95 0.13 4.99 7.44 0.86 
mg (30.24) (49.82) (28.79) (33.19) (32.10) 
OXC 300 2.13 0.23 4.81 10.26 2.10 
mg (33.02) (43.90) (20.18) (20.33) (34.32) 
OXC 600 4.76 0.38 4.54 11.16 4.62 
mg (29.94) (39.73) (35.29) (18.05) (30.43) 

Summary of the Dose-Normalized to the 300 mg Dose Pharmacokinetic Parameters for MHD 
Parameter *Treatment A 

Mean (%CV) 
Treatment B 
Mean (%CV) 

Treatment C  
Mean (%CV) 

AUC0-t 

(g*h/mL) 
54.45 (22.96) 65.92 (26.29) 77.30 (23.25) 

AUC0- 

(g*h/mL) 
56.76 (22.14) 67.32 (25.84) 79.69 (23.71) 

Cmax (g/h) 2.47 
(24.77) 

2.32 (22.70) 2.19 (23.19) 

*A= OXC XR Tablet, 1 x 150 mg, B= OXC XR Tablet, 1 x 300 mg, C= OXC XR Tablet,  

1 x 600 mg 


Summary of the Dose-Normalized to the 300 mg Dose Pharmacokinetic Parameters for OXC 
Parameter *Treatment A 

Mean (%CV) 
Treatment B 
Mean (%CV) 

Treatment C  
Mean (%CV) 

AUC0-t 

(g*h/mL) 
1.71 (32.01) 2.01 (34.32) 2.31 (30.43) 

AUC0- 

(g*h/mL) 
1.90 (30.24) 2.13 (33.02) 2.38 (29.94) 

Cmax (g/h) 0.257  
(49.82) 

0.23 (43.90) 0.19  (39.73) 

*A= OXC XR Tablet, 1 x 150 mg, B= OXC XR Tablet, 1 x 300 mg, C= OXC XR Tablet,  

1 x 600 mg 
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Are the exposure-response relationships for the OXC-ER and IR formulations similar? 

Yes.  Based on an empiric linear model, the relationship between % reduction in seizure 
frequency and MHD Cmin is not different between the OXC-ER and OXC-IR formulations.    

In the case for OXC-ER, a ~ 16-19% lower exposure (AUC and Cmax) of MHD was observed in 
the pivotal bioequivalence study, not meeting the prespecified criteria for bioequivalence. 
Therefore, the intent of this analysis was to determine if, despite the differential MHD exposures 
seen between the OXC-ER and IR formulations, the exposure-response relationships were 
similar. For the evaluation, the model parameters of the exposure-response relationship for the IR 
formulation was obtained from publicly available information.* For the IR exposure response 
relationship, an empiric model was derived relating the % change from baseline in seizure 
frequency to MHD Cmin concentrations: 

log (% change from baseline in seizure frequency + 110) = β0 + β1 * Cmin + ε 

where, β0 and β1 is the intercept and slope, respectively, or the linear relationship, ε is the 
residual error and Cmin is the MHD exposure metric (in µmol/L) used to assess the relationship. 
Using the same empiric model, the exposure-response relationship was derived for the OXC-ER 
formulation, and the slope parameter estimate was compared to the parameter (β1) published for 
the OXC-IR relationship.  Results for the comparison as seen in Figure 4 below show the 
exposure-response relationship between the formulations are similar. 

Figure 4.  Point estimate for the slope parameter (and corresponding 95% CI interval) for 
the OXC-ER and OXC-IR formulations (1200mg/day and 2400 mg/day inclusive).  Data 
includes placebo patients along with patients with PK and PD information from both the 

1200 mg/day and 2400 mg/day groups.  

The slope parameter of exposure-response relationships for both formulations are both 
statistically significant (both relationships with p-values <0.05).  Overlapping 95% confidence 
bounds infer that the point estimates are indistinguishable between the ER and IR formulations. 
The smaller 95% confidence bounds for the IR formulation exposure-response relationship may 
be due to the increased sample size used for the analysis.    
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To further evaluate the discrepancy between geographical regions, MHD concentration- response 
analysis was performed using similar sub-grouping of patients that had PK/PD date (Figure 6). A 
significant trend was observed with % reduction is seizure frequency as a function of MHD Cmin 
concentrations for both the geographical regions. The exposure-response relationship was more 
pronounced in the North-American group (p-value <0.0001) compared to the non-North 
American group (p-value = 0.012), which coincides with what observed for the dose-response 
relationship observed in Figure 5 above. 

The collected information suggests that the pronounced placebo effect in the non-North American 
sites may be driving the lack of statistical significance for the 1200 mg/day dose level in the 
pooled analysis. Dose-response information for the North-American sites suggest both the 1200 
mg/day and 2400 mg/day doses are effective and is corroborates with the exposure-response 
information obtained for the different geographical regions. 

Figure 6. Placebo-anchored exposure-response of the OXC-ER formulations for the 
North American and non-North American geographical regions. Data includes 
placebo patients along with patients with PK and PD information from both the 

1200 mg/day and 2400 mg/day groups. 
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Note: 
For exposure-response, solid symbols and bars represent the mean and 95% confidence interval of 
%change from baseline in 28-day seizure frequency for each MHD concentration quantile (squares = non 
North American, circles = American). The solid lines represent the mean prediction from the linear 
relationship and its corresponding 95% confidence interval for the North America group (green shaded 
region) and non-North American group (grey shaded region). 
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randomized, controlled trials. With respect to monotherapy for pediatrics, the effectiveness of 
Trileptal for partial seizures in children aged 4-16 years was determined from data obtained from 
prior studies, as well as results from pharmacokinetic/pharmacodynamic analyses.  
Supernus Pharmaceuticals has developed an extended-release (ER) version of OXC as a 
controlled-release matrix tablet for the intent of dosing as a once-daily regimen. Available tablet 
strengths of OXC-ER are 150 mg, 300 mg and 600 mg. The rationale for the development of 
OXC-ER included targeting an improved treatment adherence with a once-daily regimen. 
Moreover, the ER formulation was developed to yield a “flatter” PK daily profile of OXC with 
the intent to yield an improved safety and tolerability profile when used as adjunctive 
antiepileptic drug (AED) therapy. 

RESULTS OF SPONSOR’S ANALYSIS 

Summary of Clinical Study Report SPN-804P301 

Clinical efficacy of OXC-ER was tested in a single pivotal trial, SPN-804P301. This study was a 
multicenter, double-blind, randomized (1:1:1), parallel group, placebo-controlled study evaluating 
add-on therapy with OXC-ER in patients from 18 to 65 years with refractory epilepsy (simple 
partial seizures, complex partial seizures, or partial seizures with secondarily generalized 
seizures). The aim of the study was to evaluate the efficacy and safety of OXC-ER as add-on 
therapy compared to placebo, with OXC-ER administered either as 2 x 600 mg tablets QD or 4 x 
600 mg tablets QD. Patients must have been on stable regimens of at least one or up to three 
concomitant AEDs at baseline and continued those regimens during the study. Randomized 
patients were to have had a mean of at least three recorded partial seizures every 28 days during 
the 8-week Baseline Phase. 
Three hundred sixty-six subjects were randomized, including 164 men (44.8%) and 202 women 
(55.2%) with a mean age of 38.9 years. Subjects were treated with OXC-ER 2400 mg/day 
(n=123), OXC-ER 1200 mg/day (n=122), or placebo (n=121) as part of adjunctive therapy. The 
types and frequencies of seizures experienced by subjects during the baseline phase were similar 
across treatment groups, with median seizure frequency per 28 days of 6 in both OXC-ER groups, 
and 7 in the placebo group. The majority of patients were receiving either one AED (32.5%) or 
two AEDs (53.6%), with 50 patients (13.7%) receiving three AEDs. The three treatment groups 
were comparable with respect to the types of concomitant AEDs taken. 
Active subjects initiated treatment at 600 mg/day and escalated to their maintenance dose. 
Subjects in the 1200 mg/day treatment group reached their target dose by week 2 of the Titration 
Period. Subjects in the 2400 mg/day treatment group reached their target dose by week 4 of the 
Titration Period. In the Maintenance Period (beginning at Visit 3 and continuing through Visits 4 
and 5) subjects were maintained at their target dose. Subjects in the 2400 mg/day treatment group 
were permitted one blinded dose reduction to 1800 mg/day beginning at week 4 of the Titration 
Period and at any time during the Maintenance Period. 
The primary endpoint for this study was the median percent change (PCH) in seizure frequency 
between the Baseline and Treatment phases (Titration plus Maintenance Periods) for each OXC­
ER dose compared to placebo for the ITT population. Analysis of primary and secondary 
endpoints included examination of the Per Protocol (PP) population. Overall, 267 (73%) subjects 
were included in the PP population, with the lowest percentage (65%) in the 2400mg group and 
the highest (82%) in the placebo group; 72% of the 1200mg group met the criteria for the PP 
population. 
The results of the study showed that adjunctive therapy with OXC-ER at 2400mg, administered 
once-a-day, was statistically significant (median percentage seizure reduction of 42.9%, 
p=0.003). The 1200 mg/daily dose, in spite of a decrease in seizure frequency per 28 days relative 
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to baseline (-38.2%), failed to separate from the placebo arm (p=0.078), for which the median 
seizure frequency decrease was -28.7%. The percentage of treatment responders (defined as 
patients experiencing more than 50% reduction in their seizure frequency compared to baseline) 
were 40.7% for the 2400mg group, 36.1% for the 1200mg group, and 28.1%, for the placebo 
group. 
Overall, AEs were more frequently reported in subjects receiving 2400mg/day (69.1%) compared 
with 1200mg/day (56.6%) and placebo (55.4%). Dizziness, somnolence, headache, nausea, 
diplopia, and vomiting were the most frequently reported AEs (≥10%) in subjects treated with 
OXC-ER. The incidence of dizziness, somnolence, headache, and diplopia appeared to be dose-
related.. 

Summary of Population PK Report SPN-804P301 

A population pharmacokinetic model for OXC-ER was developed in healthy normal adults 
(Study 804P103) and applied to the pharmacokinetic data from patients with epilepsy in the 
pivotal phase III study (804P301). 
For each subject in the pivotal trial, a total of five plasma samples were planned for PK analysis. 
Samples were to be collected during the Maintenance Period (Visits 3, 4, and 5) and also during 
the Tapering or Conversion Periods (Visits 6 and 7). One sample was to be taken pre-dose; the 
other four samples were to be taken post-dose at 1h, 2h, 4h and 7h (±30 min). Each sample was to 
be obtained at a separate visit, if possible. Plasma concentrations for OXC and MHD (10­
monohydroxy metabolite, the primary active metabolite) were determined for all samples 
collected. The final analysis dataset included 189 subjects: placebo-converted (n=22), 1200 
mg/day (n=85), and 2400 mg/day (n=82). 
The structural model for OXC was based on analysis from a previous study (Study 804P103). It 
included two systemic compartments and first-order elimination from the central compartment. 
OXC was presumed to be released at a constant rate from the formulation until available drug was 
fully released; absorption of OXC into the central circulation was quantified by a first-order 
process. The structural model for MHD was based on analysis from a previous study (804P103): 
MHD was formed by a first-order process, driven by the central compartment concentration of 
OXC. For MHD, a one compartment with first-order elimination characterized the PK well. 
Based on previous analysis, MHD was also formed during absorption of OXC, presumably due to 
first-pass metabolism. To prevent issues related to identifiability, it was assumed that 10% of 
OXC was converted to MHD. For both OXC and MHD, relationships between covariates and 
post hoc etas were evaluated and incorporated into the model. 

Population PK of OXC 

A linear two-compartment model developed in healthy normal subjects fit the patient data well. 
Only one covariate – body weight – was incorporated into the model. Allometric scaling of 
systemic parameters was determined to yield the best fit. Parameter estimates for the optimal 
model are displayed in Table 4 and diagnostic plots are presented in Figure 9.  
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Table 4.  Parameter Estimates for OXC Population PK Model 

Source: Population PK Report SPN-804P301, page 5 (table 1 and 2) 

Figure 9. Diagnostic Plots for OXC Population PK Model  

Source: Population PK Report SPN-804P301, pg 43 

Population PK of MHD 

The linear one-compartment model developed and validated in healthy normal subjects fit the 
patient data well. Three covariates were incorporated into the model: an effect of weight on 
apparent clearance; a factor to describe the effect of treatment on production of MHD from OXC; 
and a factor to describe the effect of co-administration of carbamazepine, phenytoin, 
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phenobarbital or valproic acid on apparent clearance. Parameter estimates for the optimal model 
are displayed in Table 5 and diagnostic plots are presented in Figure 10. 

Table 5.  Parameter Estimates for MHD Population PK Model 

Source: Population PK Report SPN-804P301, page 7 (table 5 and 6) 
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Figure 10. Diagnostic Plots for MHD Population PK Model  

Source: Population PK Report SPN-804P301, pg 58 

Reviewer’s comments: 

The sponsor’s population PK models adequately describe the OXC and MHD PK observations 

after OXC-ER administration.  


Summary of Population PK/PD Report SPN-804P301 

Results of the population pharmacokinetic analysis were applied to the analysis of 
pharmacodynamic (PD) data (28-day seizure frequency) collected in the pivotal study. Analysis 
included graphical and statistical comparisons of the efficacy variables among treatment groups 
(placebo, 1200 mg/day, and 2400 mg/day) and among low (MHD Cmin < 14 mg/L) and high 
(MHD Cmin ≥ 14 mg/L) concentration groups. Additionally, a 
pharmacokinetic/pharmacodynamic (PK/PD) model was fit to the data. 
PK variables were derived from simulated data for each subject (in an active treatment group) in 
the NONMEM analysis dataset at each visit for which there was a valid PK observation based on 
the individual post hoc predicted concentration vs. time profile at that visit. For each subject in 
the analysis dataset, a median value for Cmin was calculated by taking the median of values 
across visits for which Cmin was derived for that subject. 
For each subject, a value for 28-day partial seizure frequency and percent change from baseline 
(PCH) in 28-day partial seizure frequency at each visit and overall for the Treatment Phase of the 
study: 

28-day partial seizure frequency = 28 × (# partial seizures during the specified interval)
     (# days during the specified interval) 

PCH = 100% × [28-day seizure frequency (on study) – 28-day seizure frequency (baseline)] 
[28-day seizure frequency (baseline)] 

A sigmoidal Emax model was fit to the Cmin and PCH data for the Treatment Phase for the 166 
subjects with Cmin estimated. 

Where PCH0 is the intercept (upper asymptote), Emax is the maximum effect size, and γ is the 
shape factor. Due to difficulty estimating γ simultaneously with PCH0, Emax, and C50, γ was 
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fixed to a series of values and the remaining parameters were estimated. For each value of γ, the 
fit of the model to the data was evaluated graphically. 
Comparison among concentration groups and the placebo group showed a different pattern than 
comparisons among treatment groups (Figure 11). The high concentration group (Cmin ≥ 14 
mg/L) was distinguished from both placebo (P < 0.00003) and the low concentration group (Cmin 
< 14 mg/L, P = 0.0024) as early as Visit 3 (end of Titration). This distinction continued through 
Visit 6. In contrast, the low concentration group and the placebo group demonstrated similar 
median seizure frequency throughout the study (see Figure 11). Table 6 summarizes the results 
by concentration group. This dichotomous result above and below the median concentration for 
the study indicated that a strong concentration-response relationship might exist that could not be 
explained by dose alone. 

Figure 11.  Median 28-day Seizure Frequency at each visit in the treatment phase.  Left 
panel stratified by treatment group: placebo (green, n=121), 1200 mg/day (blue, n=122), 

2400 mg/day (red, n=123). Right panel stratified by concentration group: placebo (green, 
n=121); Cmin < 14 mg/L (blue, n=84); Cmin ≥ 14 mg/L (red, n=82). 

Source: Population PK/PD Report SPN-804P301, pg 21 

Table 6. Primary Efficacy Results for Concentration Groups 
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Source: Population PK/PD Report SPN-804P301, pg 27 

The Sponsor modeled 28-day seizure frequency as a function of MHD Cmin for the population 
subgroup ( 

Table 7). The results of the Emax model shows that plasma levels of MHD above 14 mg/L are 
associated with better clinical outcome than levels below 14 mg/L (Figure 12). There exists a 
transitional region from 10 to 18 mg/L over which increased plasma concentration results in 
increased efficacy. Above 18 mg/L, increase in plasma concentration is not likely to result in 
further clinical improvement. The sponsor states that the effective plasma concentration range 
determined in the present analysis agrees with efficacious levels for MHD observed and reported 
elsewhere.  

Table 7.  Parameter estimates for the Emax model (final model incorporated γ = 20) 

Source: Population PK/PD Report SPN-804P301, pg 31 
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Figure 12. Percent change from baseline in 28-day seizure frequency (PCH) vs.
 
Cmin for the Treatment Phase. Plotted are data for 166 subjects in the population 


PK subgroup (for whom both Cmin and PCH were obtained). 


Source: Population PK/PD Report SPN-804P301, pg 32 
Notes: Data for subjects in the 1200mg/day treatment group (n = 85) are plotted as blue circles; data for subjects in the 
2400mg/day treatment group (n=81) are plotted as red circles. Group median values for Cmin are plotted as vertical 
lines: 1200 mg/day (11.7 mg/L, blue) and 2400 mg/day (19.4 mg/L, red). PCH is stratified by levels of improvement 
(horizontal lines). For one subject with PCH > 100 (PCH = 556.1), PCH was set to 100. The magenta line is the fit of a 
sigmoidal Emax model to the data when γ = 20. The value of C50 estimated with the model (14.0 mg/L) is plotted as a 
vertical black line. The green line is a smoother. 

Of 84 subjects with Cmin < 14 mg/L, 29% demonstrated PCH ≤ -50 (responsive); in contrast, of 
82 subjects with Cmin ≥ 14 mg/L, 62% were responsive (Table 8). The ratios of responders to 
non-responders who had MHD Cmin above and below 14 mg/L were compared statistically using 
a chi-square test. The difference in response ratio was found to be significant (P = 0.000027). 

Table 8.  Responder Analysis for Subjects in the Population PK Subgroup (n=166) Above 
and Below Critical Value of MHD Cmin (14 mg/L) 

Source: Population PK/PD Report SPN-804P301, pg 30 

The sponsor concludes that the PK/PD results of the study are supportive of the efficacy results, 
showing a significant correlation between MHD trough plasma concentrations and clinical 
response, with “optimal” trough plasma concentrations above 14mg/L.  

Reviewer’s comments: 

The reviewer concurs with the sponsor’s PK/PD characterization of MHD Cmin vs. % change 

from baseline in seizure frequency.  
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Summary of Clinical Study Report SPN-804P107 

The pharmacokinetics of multiple-dose OXC-ER was assessed in a small population of pediatric 
patients (4 to 16 years of age) with partial onset seizures (Study 804P107). The population 
pharmacokinetic model developed in adult patients with epilepsy was applied to the 
pharmacokinetic data from pediatric patients.  
Eighteen subjects participated in and completed the study. OXC-ER, 10 mg/kg/day, was 
administered for seven days (8 days in two subjects). All subjects received open-label, once-daily 
doses of OXC-ER as adjunctive therapy during the six consecutive days of the Dosing Period; at 
Day 7 the dose was taken on-site and blood samples were drawn for PK analysis. On the final day 
of dosing, dosing was observed in the clinic and plasma was sampled pre-dose and 1, 2, 4, and 7 
hours post-dose.  At Visit 1, eligible subjects were assigned to one of four treatment groups (150, 
300, 450, or 600mg/day) based on weight.\ 
Each subject received OXC-ER following the 10mg/kg/day weight-based dosing guidance for 
OXC as follows (Subject Weight, Total Daily Dose): 15.0 to 29.9kg 150mg/day; 30.0 to 44.9kg 
300mg/day; 45.0 to 59.9kg 450mg/day and 60.0kg and above 600mg/day. 
Samples were assayed for OXC and MHD. For one subject, all OXC samples were reported as 
BQL; this subject was excluded from the pharmacokinetic analysis for each of OXC and MHD. 
Thus, seventeen subjects were included in the analysis. A population pharmacokinetic model was 
developed, incorporating knowledge gained from previous adult studies (in which sampling per 
subject was more extensive than in the present study). 
Rather than estimating a new set of pharmacokinetic parameters in pediatric patients, the analysis 
was initially based on the assumption that the pharmacokinetic parameters in adults, scaled to the 
body size of children, applied to pediatric patients. This was accomplished by fixing the systemic 
parameters to values obtained in adult patients (Study 804P301). Then, various scaling 
approaches were evaluated. 
The structural model for OXC was based on analyses of previous studies. It included two 
systemic compartments and first-order elimination from the central compartment. OXC was 
presumed to be released at a constant rate from the formulation until available drug was fully 
released; absorption of OXC into the central circulation was quantified by a first-order process. 
The structural model for MHD was based on analyses from previous studies: MHD was formed 
by a first-order process, driven by the central compartment concentration of OXC. Based on 
previous analyses, MHD was also formed during absorption of OXC, presumably due to first-
pass metabolism. There was one compartment for MHD with first-order elimination. To prevent 
issues related to identifiability, it was assumed that 10% of OXC was converted to MHD. For 
both OXC and MHD, relationships between covariates and post hoc etas were evaluated and 
incorporated into the model if appropriate. 
Simulations were performed based on daily dosing for seven weeks and post hoc values obtained 
from the weight-normalized models for each of OXC and MHD. Graphics were prepared to 
confirm that steady state conditions were attained. Simulated plasma concentrations for the 24 
hours at steady state were extracted from the NONMEM output table. Cmin and Cmax were 
determined by examination of the data. AUC was determined using linear trapezoids; Cmean was 
calculated as AUC / 24. 

Pediatric Population PK of OXC 

The PK profiles of OXC are presented in Figure 13. Allometric and weight-normalized models 
were evaluated. Other than body size, no covariates were incorporated into the model. The 
allometric model yielded the best objective function; however, the weight-normalized model 
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Figure 14. 
The base model for OXC generally fit the data well; however, ratios of observed-to population 
predicted concentrations were centered at slightly less than unity. This was addressed by applying 
an allomteric scaling factor, either to apparent clearance and apparent distribution clearance or to 
all systemic parameters. Both of these models were justified statistically compared to the model 
without scaling. The model in which both clearance terms were scaled had the lowest objective 
function and was adopted as the final model. 

Figure 13.  Plasma OXC Concentrations for all Pediatric Subjects. 

Source: Population PK Report SPN-804P107, pg 32 

Figure 14. Diagnostic Plot for OXC PK in Pediatrics. 

Source: Population PK Report SPN-804P107, pg 36 

PK metrics at steady state (simulated) for OXC are presented in Table 9. 

Table 9.  Values for OXC for Apparent Clearance, Cmean, Cmin, and Cmax for Each 
Subject at Steady State 
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Source: Population PK Report SPN-804P107, pg 38 

Pediatric Population PK of MHD 

The PK profiles of MHD are presented in Figure 15.  Allometric and weight-normalized models 
were evaluated. The weight-normalized model fit better than the allometric model as judged by 
the objective function and quality-of-fit graphics (Figure 16). There was no evidence of bias for 
the weight-normalized model; as a result, the additional scaling required for OXC was not 
required for MHD. Other than body size, no covariates were incorporated into the model. The 
weight-normalized model was adopted as the optimal model. 
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 Figure 15.  Plasma MHD Concentrations for all Pediatric Subjects. 

Source: Population PK Report SPN-804P107, pg 49 

Figure 16. Diagnostic Plot for MHD PK in Pediatrics. 

Source: Population PK Report SPN-804P107, pg 37 
PK metrics at steady state (simulated) for MHD are presented in Table 10. 

Table 10.  Values for MHD for Apparent Clearance, Cmean, Cmin, and Cmax for Each 
Subject at Steady State 
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Source: Population PK/PD Report SPN-804P107, pg 39 

The sponsor’s analysis evaluated whether the typical values for systemic parameters obtained in 
adult patients could be applied to pediatric patients, after scaling for body size. They conclude 
that dosing of pediatric patients with OXC-ER can be determined based on body weight. Weight-
normalized doses in pediatric patients should produce MHD exposures (AUC) comparable to that 
in typical adults, with OXC exposures ~40% higher in children than in adults. No other covariates 
appeared to influence the pharmacokinetic characteristics of OXC ER. However, this finding and 
the claim that doses in pediatric patients should be weight-based should be considered with 
caution because the number of patients in the present study and the quantity of data available 
from each subject were both small. 

Reviewer’s comments: 
The reviewer concurs with the sponsor’s PK characterization of MHD exposures in the pediatric 
population.  The Sponsor explored the OXC and MHD concentrations at a dose that would be 
used for initiation of therapy but did not explore the PK maintenance doses. Moreover, PK plots 
of MHD suggested that week of dosing did not attain steady state conditions, rendering the 
assessment of MHD clearance to be based on simulation results. The sponsor rightfully explains 
that the combination of a small number of subjects and sparse sampling prevented independent 
analysis of the pediatric data from this study. Data were analyzed using the assumption that the 
systemic pharmacokinetic parameters obtained in adults applied to children (scaled for body 
size). The reviewer accepts this approach in characterizing the PK of MHD in the pediatric 
population. 
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REVIEWER’S ANALYSIS 

Introduction 
An independent analysis was performed to further explore the exposure-response relationship in 
adults. Moreover, further analysis was performed to determine whether the pediatric exposures 
are comparable to exposures to adults.  

Objectives 
Analysis objectives are to: 
1.	 Assess if there is an overall relationship between MHD exposure and reduction in 

seizure frequency for the OXC-ER formulation.  

2.	 Compare and contrast the exposure-response information with the OXC-ER 
formulation to that of the IR formulation. 

3.	 Explore the influence of geographical region on the exposure-response relationship.   

4.	 Determine if similar concentrations in adults and pediatrics be achieved with the 
OXC-ER formulation. 

Methods 
Exposure-response assessment was performed using MHD Cmin as an exposure metric and % 
change from baseline in 28 day seizure frequency that was collected in the pivotal study. MHD 
minimum concentration (Cmin) was derived directly by inspection. For each subject in the 
analysis dataset, a median value for Cmin was calculated by taking the median of values across 
visits for which Cmin was derived for that subject. 
Analysis included graphical and statistical comparisons of the efficacy variables among treatment 
groups (placebo, 1200 mg/day, and 2400 mg/day) and among geographical regions, namely North 
American (NoAm) and Non-North American (Non-NoAm) sites. 
The comparison of the exposure-response relationship between the IR and ER formulations was 
performed to provide confirmation of effectiveness of the ER formulation.  The exposure-
response model information for the IR formulation from publically available information1 was 
obtained and the model parameters were contrasted to that found in the ER formulation.   

1 East Coast Population Analysis Group Conference, 2006. Workshop presentation by Joga Gobburu, 
Ph.D.. http://www.ecpag.org/2006/6_JogaGobburu.pdf 

In the assessment of whether similar concentrations in adults and pediatrics can be achieved with 
the ER formulation, MHD Cmin concentrations from pediatrics were contrasted Cmin 
concentrations from the adult pivotal study. Furthermore, target concentrations were established 
based on the adult exposures obtained from the pivotal study (median MHD concentration for 
1200 mg/day and 2400 mg/day).  Simulations were performed to ascertain what the 
recommended maintenance dose for the pediatric populations would be, accounting for body-
weight. 
Further details of each analysis are presented below.   
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Data Sets 
Data sets used are summarized in Error! Reference source not found.. 

Table 11. Analysis Data Sets 

Study Number Name Link to EDR 
804p107 Pediatric PK \\Cdsnas\pharmacometrics\Reviews\Ongoing PM 

Reviews\OxcarbazepineER_NDA202810_SSB\Sponsor 
Data and Reports\804p107-pk\analysis\legacy\datasets 

804p301 Pivotal Trial efficacy \\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\OxcarbazepineER_NDA202810_SSB\Sponsor 
Data and Reports\804p301\analysis\legacy\datasets 

804p301pk Pivotal Trial PK \\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\OxcarbazepineER_NDA202810_SSB\Sponsor 
Data and Reports\804p301-pk\analysis\legacy\datasets 

Software  
NONMEM 6.1.0 (Globomax, Inc) was used for population PK analysis and simulations. 
Graphical and statistical analysis was performed via Tibco Spotfire S+ 8.1. 

Models 
The reviewer utilized the Sponsor’s population PK model and final PK parameters to perform 
simulations. 

Results 

Refer to Section 1: Summary of Findings 

LISTING OF ANALYSES CODES AND OUTPUT FILES 
File Name Description Location in \\cdsnas\pharmacometrics\ 
Study301_er_bysite_ANCHORED All Exposure 

response 
analysis 

\\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\OxcarbazepineER_NDA202810_SSB\ER 
Analyses\ER_bysite 

control-110919-102508.txt MHD PopPK \\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\OxcarbazepineER_NDA202810_SSB\PPK 
Analyses\FinalModels\MHD 

control-110912-131158.txt OXC PopPK \\Cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\OxcarbazepineER_NDA202810_SSB\PPK 
Analyses\FinalModels\OXC 
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