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1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 
Is the oral suspension formulation bioequivalent to the currently approved tablet 
formulation?  
Yes. The suspension formulation was demonstrated to be bioequivalent to the tablet 
formulation under fasted condition and for AUC parameters of perampanel under fed 
state but not for Cmax under fed state (on average 23% lower for the suspension 
formulation compared to tablet). However, based on population pharmacokinetic (popPK) 
simulated multiple-dosing scenario at steady state, the AUC and also Cmax of perampanel 
were BE between treatments (i.e., before and after switching from one formulation/food 
intake status to another formulation/food intake status). Therefore, the difference in Cmax 
observed in the single-dose evaluation is not considered to be clinically meaningful. In 
conclusion, the oral suspension formulation demonstrated comparable bioavailability as 
the tablet formulation and can be used interchangeably.  

1.2 Recommendations 
The Office of Clinical Pharmacology reviewers have reviewed the submission and find 
NDA 208-277 acceptable from Clinical Pharmacology’s perspective provided that an 
agreement is reached between the Sponsor and the Agency regarding the recommended 
labeling language. 
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2 PERTINENT REGULATORY BACKGROUND 
FYCOMPA® was approved as adjunctive therapy for treatment of partial-onset seizures 
(POS) with or without secondarily generalized seizures in patients aged 12 year and older 
under the original submission for NDA 202-834, and was later approved as adjunctive 
therapy for primary generalized tonic-clonic (PGTC) seizures in patients with epilepsy 
aged 12 years and older under an efficacy supplement submission (NDA 202-834/s005). 

FYCOMPA® is currently available as film-coated tablets with multiple strengths - 2, 4, 6, 
8, 10 and 12 mg. The sponsor also developed an oral suspension (OS) formulation as an 
alternative to the tablet formulation. The new formulation may address the needs of 
patients who are unable to or prefer not to swallow a solid oral dosage form. This 
submission does not contain a new efficacy or safety trial and the sponsor seeks OS 
approval solely relying on a pivotal bioequivalence (BE) study (Study E2007-A001-048) 
with supportive evidence from a popPK analysis. The sponsor pursues the same 
indications for OS formulation as those approved for tablet.  

Study 048 was a randomized, open-label, 2-arm, single-dose, crossover study conducted 
in healthy subjects. Arm 1 compared the BE of a single 12-mg dose of perampanel OS to 
a single 12-mg dose of perampanel tablet under fasted conditions. Arm 2 compared the 
BE of a single 12-mg dose of perampanel OS to a single 12-mg dose of perampanel tablet 
when each was administered with a standard, high-fat meal.  

In addition, results from a pilot relative bioavailability (BA) study (Study E2007-E044-
028), a randomized, open-label, 2-period, 2-sequence crossover study comparing the PK 
of a single 4-mg dose of perampanel OS to a single 4-mg dose of perampanel tablet in 
healthy subjects, were provided. The OS formulation used in this pilot study was a 
‘prototype’ suspension, different from the final formulation used in Study 048. Study 028 
has been reviewed during the original NDA submission. The results are not included here 
since the relevance of this study to the current submission is remote.  

3 RESULTS OF SPONSOR'S ANALYSIS 
3.1 Demonstration of Bioequivalence 

The results from Study 048 demonstrated that both rate and extent of absorption (Cmax 
and AUC) are BE between the OS and tablet formulations under fasted state (see Table 2 
of Appendix 1). Under fed conditions, the extent of absorption (AUC) of the OS 
formulation was equivalent to the tablet formulation, whereas the rate of absorption from 
OS was slower with 23% lower Cmax and 2-hours delay in Tmax compared to tablet (see 
Table 4 of Appendix 1).. The clinical relevance of this reduction in Cmax is further 
discussed in Section 3.3 and is deemed not clinically significant. 

3.2 Food Effect 

Based on cross-group comparisons, there was lack of significant food effect for the tablet 
formulation with a slight delay of 1 hour for the median Tmax when given under fed state 
(see Table 5 of Appendix 1). As to the OS formulation, a high-fat meal reduced the 
AUC(0-t), AUC(0-inf), and Cmax of perampanel by 10%, 13%, and 22%, respectively (see 
Table 6 of Appendix 1). The median Tmax of perampanel was delayed by 2 hours.  
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In the original NDA submission (202-834) for the tablet formulation, the food effect was 
characterized in two studies which showed that the AUC of perampanel was not affected 
by a high-fat meal but the Cmax was reduced by 40% (Study E2007-044-003) or 28% 
(E2007-044-009). The difference in the magnitude of Cmax reduction observed from these 
studies (11% reduction in Cmax from the current study) may be due to one or multiple 
factors of the followings: 1) nature of study design – cross-over (Study 003) vs. parallel 
groups (current study and Study 009); 2) number of subjects (n=24 in Study 003, n=8 for 
each group in Study 009, n = 36 - 49 for each group in the current study); 3) different 
tablet formulations used (formulation A in Study 003, formulation B in Study 009, and 
formulation D in the current study); 4) study variability. Nevertheless, the findings from 
the current study does not affect the dosing and administration recommended in the 
approved labeling, i.e., perampanel being taken regardless of food at bedtime, since 1) 
the extent of difference from this study is smaller compared to the previous results; 2) 
due to the long terminal half-life of perampanel (on average about 105 hours after single-
dose administration), there is substantial accumulation of perampanel concentrations after 
multiple dosing. Thus, the difference in Cmax observed in single-dose food effect study is 
anticipated to be smaller at steady state; 3) as a chronic treatment, the overall exposure 
(AUC) of perampanel may be more relevant to its efficacy than Cmax. 

For the OS formulation, although the food effect seemed to be larger than that for the 
tablet formulation, the OS formulation is expected to be BE in both Cmax and AUC to the 
tablet at steady state, as indicated by the popPK analyses (see section 3.3). Therefore, it is 
acceptable to apply the dosing and administration recommended for tablet in the current 
labeling to the OS formulation.   

3.3 Modeling and Simulation 
PopPK analysis was conducted to simulate the PK profiles under multiple-dose, steady-
state conditions. A population PK model was developed based on Study 048 data alone 
which captured the PK data reasonably well (see Table 7 and Figure 3 in Appendix 2). 
Simulations of concentration-time profiles were then performed using the popPK model 
for each scenario (suspension/tablet and fasted/fed) at steady-state (Day 27 after once 
daily dosing) and also on Day 28 (as a single-dose administration) following a “switch” 
in treatment as listed below.  

• Tablet Fasted (Day 27) to Suspension Fasted (Day 28) 
• Suspension Fasted (Day 27) to Tablet Fasted (Day 28) 
• Tablet Fasted (Day 27) to Suspension Fed (Day 28) 
• Suspension Fed (Day 27) to Tablet Fasted (Day 28) 
• Tablet Fed (Day 27) to Suspension Fasted (Day 28) 
• Suspension Fasted (Day 27) to Tablet Fed (Day 28) 
• Tablet Fed (Day 27) to Suspension Fed (Day 28) 
• Suspension Fed (Day 27) to Tablet Fed (Day 28) 
 
One thousand (n=1000) concentration-time profiles were simulated for each treatment 
scenario in order to determine and compare the 90% prediction intervals on Day 27 
(steady-state) and Day 28 (first day of change). For all scenarios (represented by switches 
between suspension under fed and tablet under fasted condition, see Figures 4 and 6 in 
Appendix 2), 90% prediction intervals on Day 27 and following the switch in treatment 
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on Day 28 were closely superimposed indicating that the steady-state exposure to 
perampanel was not affected by a change in either formulation or food with dosing at 
steady-state. 
 
In addition, individual Cmin, Cmax and AUC0-24hr parameters were derived and a formal 
statistical analysis to evaluate BE following a switch in treatment at steady-state was 
performed. As represented by Forest plots (see Figures 7 and 8 in Appendix 2), the 90% 
confidence intervals (CI) of the geometric mean ratio (before and after the switch) for not 
only AUC0-24hr but also Cmax are all falling within the 80% to 125% BE limit, indicating 
that the treatment on the first day after the switch (OS under fed state on Day 28) is 
equivalent to the treatment before the switch (tablet under fasted condition on Day 27). It 
is known that perampanel has a long half-life (on average ~105 hours) and there is 
substantial accumulation after multiple dosing, i.e., 4.3-fold accumulation for AUC0-24hr, 
and 2.5-fold for Cmax at steady state compared to single dose (please refer to the 
discussions in previous Clinical Pharmacology review for NDA 202-834). Thus, the 
~23% difference in Cmax observed between tablet and suspension formulations in the 
single dose BE evaluation under fed conditions becomes even smaller after multiple 
dosing.  
 
Though not required for BE assessment, Cmin was also evaluated, since it is often 
postulated to represent the exposure associated with efficacy. Compared to Cmax and 
AUC, Cmin showed larger variability. In all switching scenarios, the large majority of the 
90% CI replicates for Cmin were contained within BE limits. For the tablet (fasted) 
switching to suspension (fed) scenario, all the CIs substantially overlaid with the 0.8 to 
1.25 BE limits; there were 3 CIs that were not completely contained within the 
equivalence limits. However, as shown in Figure 9 of Appendix 2, all 90% CIs of the 20 
replicates substantially overlapped with the range limits. As to the other 7 scenarios, only 
1 or 2 of the 20 replicates in each scenario were slightly outside the limit, also with 
substantial overlap with 0.8 to 1.25 limits (results not shown).  
 
Though the sponsor performed simulation for all the scenarios as listed above, the current 
review only included the PK profiles and/or Forest plots for the scenarios switching from 
tablet administered under fasted state to the suspension given with food and vice versa. 
This pair of switches represents the ‘worst’ scenarios. As described in Section 3.1, after 
single-dose administration, the OS formulation resulted in lower Cmax of perampanel 
compared to the tablet formulation (more obviously under fed state). As summarized in 
Section 3.2, a high-fat meal reduced exposure to perampanel for the tablet and more 
obviously for the OS formulation. Thus, the tablet formulation administered under fasted 
state and the OS formulation given under fed condition represent the boundary situations. 
The switches between these two reflect the largest change in PK parameters among all 
the scenarios. 
 
Overall, the popPK analysis demonstrated that the small difference in Cmax after single 
dose administration under fed conditions was not of clinical importance as evidenced by 
demonstration of BE for Cmax and AUCss for various switching scenarios at the steady-
state.  
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Appendix 1. Study E2007-A001-048: A Randomized, Open-Label, Crossover Study to 
Demonstrate Bioequivalence Between a 12-mg Dose of an Oral Suspension Formulation 
of Perampanel and a 12-mg Tablet Formulation of Perampanel Under Fasted and Fed 
Conditions in Healthy Subjects  
 
Objective Primary: To demonstrate bioequivalence (BE) between a single 12-mg dose 

of an oral suspension (OS) formulation of perampanel and a single 12-mg 
tablet formulation of perampanel when administered under fasted conditions. 
Secondary: 
• To evaluate bioequivalence between a single 12-mg dose of oral suspension 
formulation of perampanel and a single 12-mg tablet formulation of 
perampanel when both co-administered with a high-fat meal in healthy 
subjects 
• To evaluate and compare the PK profile, safety, and tolerability of a single 
12-mg dose of an oral suspension formulation of perampanel with a single 12-
mg tablet of perampanel under both fasted and fed conditions 
• To evaluate the effects of a high-fat meal on rate and extent of perampanel 
absorption following single dose administration of either a 12-mg dose of an 
oral suspension formulation of perampanel or a 12-mg tablet of perampanel

Study Design This was an open-label, 2-arm, single-dose, randomized crossover study. In 
Arm 1, BE between the OS and tablet formulations of perampanel was 
evaluated under fasted conditions, whereas in Arm 2, BE between the two 
formulations was evaluated under fed conditions. 

R = randomization 
Formulation A = Single oral dose of 1 x 12-mg perampanel tablet under fasted 
conditions. 
Formulation B = Single oral dose of 1 x 12-mg perampanel oral suspension under 
fasted conditions. 
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Formulation C = Single oral dose of 1 x 12-mg perampanel tablet under fed 
conditions. 
Formulation D = Single oral dose of 1 x 12-mg perampanel oral suspension under fed 
conditions 

Dosing & 
Administration 

Arm 1: In both treatment periods, following an overnight fast of at least 10 
hours, the subjects received a single oral dose of perampanel with 240 mL of 
water. No food was allowed for at least 4 hours after dosing. Water was 
allowed as desired except for 1 hour before and after drug administration. 
Arm 2: In both treatment periods, following an overnight fast of at least 10 
hours, subjects began the high-fat (approximately 50% of total caloric content 
of the meal) and high-calorie (approximately 800 to 1000 calories) meal 30 
minutes before dosing; this test meal derived approximately 150, 250, and 
500 to 600 calories from protein, carbohydrate, and fat, respectively. The 
meal was eaten in 30 minutes or less. All subjects were administered their 
assigned perampanel dose with 240 mL of water 30 minutes after the start of 
the meal, regardless of how much of the meal had been consumed at that 
point. If the meal had not been completed, the proportion not completed was 
recorded. No food was allowed for at least 4 hours after dosing. Water was 
allowed as desired except for 1 hour before and after dosing. 

Study 
Population 

Subjects were healthy adult males and females with a body mass index 
between 18 and 32 kg/m2. 
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PK 
Assessments 

Beginning on Day 1 of Treatment Period and Day 43 of Treatment Period 2, 
blood was collected pre-dose and at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 
12, 24, 36, 48, 72, 120, 168, 336, and 504 hours post-dose. 

Bioanalytical 
Methods 

The bioanalytical method BTM-1076-R0 used to determine perampanel 
plasma concentrations was validated.  

Analyte Perampanel (ng/ml) 
Method LC-MS/MS 

Internal Standard ER-16761500 
LLOQ 1 

Calibration Range 1, 2, 5, 20, 100, 200, 
400, 500 

QC 3, 50, 380 
Accuracy (%Actual) 97.6 – 101.3% 

Precision (%CV) 3.6 – 4.1% 
An ISR (Incurred Sample Reproducibility) evaluation was performed on a 
total of 252 study samples. All of the incurred samples met the acceptance 
criteria (i.e., at least 2/3 of all the analyzed ISR samples have no more than a 
± 20.0% difference when compared to the original analysis results). 

PK Results 
All 100 randomized subjects were dosed in Period 1. Eleven subjects were not dosed in Period 
2. The number of discontinuations was comparable across treatments. 
 
1. BE under fasted condition 
The OS formulation was demonstrated to be BE to the tablet formulation.  
 
Figure 1. Perampanel Mean Plasma Concentration-Time Profiles after Treatments A and B 
under Fasted Conditions (Arm 1) on a Linear Scale 
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The OS formulation has similar or slightly larger variability (expressed as CV%) for the PK 
parameters under fasted condition.  
 
Table 1. PK Parameters of Perampanel after Single Dose Administrations of Treatments A and 
B under Fasted Conditions (Arm 1) 

 
Median (range) reported for tlag and tmax. 
 
Table 2. Statistical Analysis of the Natural Log-Transformed Plasma Exposure Parameters of 
Perampanel after Treatments A and B under Fasted Conditions (Arm 1) 

 
a: Test = 12-mg Perampanel Oral Suspension-Fasted 
b: Ref = 12-mg Perampanel Tablet-Fasted 
c: Geometric Mean for Test and Ref based on Least Squares Mean of log-transformed parameter values 
d: Ratio(%) = Geometric Mean (Test)/Geometric Mean (Ref) 
e: 90% Confidence Interval 
 
 
2. BE under fed state 
The OS formulation was BE to the tablet formulation in terms of AUC but not for Cmax. On 
average, the OS formulation has about 23% lower Cmax than the tablet formulation.  
 
Figure 2. Perampanel Mean Plasma Concentration-Time Profiles after Single Dose 
Administration of Treatments C and D under Fed Conditions (Arm 2) on a Linear Scale 
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The OS formulation has similar or slightly larger variability (expressed as CV%) for the PK 
parameters under fed state.  
 
Table 3. Pharmacokinetic Parameters of Perampanel after Single Dose Administration of 
Treatments C and D under Fed Conditions (Arm 2) 

 
Median (range) reported for tlag and tmax. 
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Table 4. Statistical Analysis of the Natural Log-Transformed Plasma Exposure Parameters of 
Perampanel after Treatments C and D under Fed Conditions (Arm 2) 

 
a: Test = 12-mg Perampanel Oral Suspension-Fed 
b: Ref = 12-mg Perampanel Tablet-Fed 
c: Geometric Mean for Test and Ref based on Least Squares Mean of log-transformed parameter values 
d: Ratio(%) = Geometric Mean (Test)/Geometric Mean (Ref) 
e: 90% Confidence Interval 
 
 
3. Food Effect 
The food effect was evaluated based on cross-group comparisons. There was no significant food 
effect on the absorption of perampanel after administration of the tablet formulation. The 
absorption of perampanel was slightly delayed (by 1-hr in median Tmax) under fed state.  
 
As to the OS formulation, under fed state, there was an average reduction of approximately 
10%, 13%, and 22% in AUC(0-t), AUC(0-inf), and Cmax, respectively, relative to fasted condition. 
The median Tmax was delayed by 2 hours under fed state.  
 
Table 5. Statistical Analysis of the Natural Log-Transformed Plasma Exposure Parameters of 
Perampanel after 12-mg Perampanel Tablet Under Fed Conditions (Treatment C) and 12-mg 
Perampanel Tablet under Fasted Conditions (Treatment A)  

 
Note: t1/2 and parameters based on extrapolation could not be calculated for all subjects; statistical analysis is 
based on n = 92 for Cmax, AUC(0-72), AUC(0-t), and n = 84 for AUC(0-inf) 
a: Test = 12-mg Perampanel Tablet-Fed 
b: Ref = 12-mg Perampanel Tablet-Fasted 
c: Geometric Mean for Test and Ref based on Least Squares Mean of log-transformed parameter values 
d: Ratio(%) = Geometric Mean (Test)/Geometric Mean (Ref) 
e: 90% Confidence Interval 
 
Table 6. Statistical Analysis of the Natural Log-Transformed Plasma Exposure Parameters of 
Perampanel after 12-mg Perampanel Oral Suspension Under Fed Conditions (Treatment D) and 
12-mg Perampanel Oral Suspension under Fasted Conditions (Treatment B) 

 
Note: t1/2 and parameters based on extrapolation could not be calculated for all subjects; statistical analysis is 
based on n = 91 for Cmax, AUC(0-72), AUC(0-t), and n = 87 for AUC(0-inf) 
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a: Test = 12-mg Perampanel Oral Suspension-Fed 
b: Ref = 12-mg Perampanel Oral Suspension-Fasted 
c: Geometric Mean for Test and Ref based on Least Squares Mean of log-transformed parameter values 
d: Ratio(%) = Geometric Mean (Test)/Geometric Mean (Ref) 
e: 90% Confidence Interval 
 
Reviewer’s note: According to the reviewers from Office of Study Integrity and Surveillance 
who conducted the inspection at the bioanalytical site, the bioanalytical data of this study were 
found to be reliable. 
Conclusions • The oral suspension formulation of perampanel is bioequivalent to the 

perampanel tablet formulation administered as single 12-mg doses under fasted 
conditions. 
• Under fed conditions, bioequivalence criteria were met for AUC parameters, 
but the Cmax for the perampanel suspension was approximately 23% lower 
than that for the tablet.  
• There was a slightly slower rate of absorption from the oral suspension 
formulation of perampanel relative to the perampanel tablet, as demonstrated by 
an approximately 1-hour delay in Tmax under fasted conditions and a 2-hour 
delay in Tmax when administered with a high-fat meal. 
• A high-fat meal has no significant effect on the absorption for the 12-mg 
perampanel tablet. 
• A high-fat meal resulted in slightly lower perampanel exposure for the 12-mg 
oral suspension of perampanel, relative to fasted conditions, as demonstrated by 
an approximately 22% and 13% decrease in mean Cmax and AUC(0-inf) values 
of perampanel, respectively. 
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Appendix 2. Study Report CPMS-E2007-010R: Population Pharmacokinetics of 
Perampanel 12mg Oral Suspension & Tablet Formulation in Fed & Fasted Healthy 
Subjects 
 

Objectives:  
・ To characterize the population pharmacokinetics (PK) of perampanel in fed and fasted 
subjects receiving single dose oral suspension and tablet formulations 
・  To simulate plasma perampanel concentration-time profiles for the purpose of 
assessing the impact of “switching” between the tablet and suspension formulation on 
steady-state exposure parameters (Cmax, Cmin, AUC) under both fasted and fed conditions. 
・  To evaluate bioequivalence (BE) at steady-state for Cmax, Cmin, AUC between 
suspension and tablet formulations under both fed and fasted conditions at steady-state. 
 
Sponsor’s Analyses: 
Model based analysis consisted of a population PK model for perampanel using the data 
from Study 048 data alone, which was performed using NONMEM version 7.2 interfaced 
with PDxPop 5.0. This was a first-order absorption and 2-compartment disposition model 
with additional parameters included for rate of absorption (Ka) and relative extent of 
absorption (F1rel) for suspension/tablet formulation in the presence or absence of food. 
The condition tablet/fasted was the reference treatment. No covariate analysis was 
performed for the purpose of this population PK analysis. 
 
As previously shown and in line with the half-life of perampanel, once daily up to 27 
days was adequate to reach steady-state. Based on the final population PK model for 
perampanel in subjects receiving single dose perampanel, steady-state profiles following 
perampanel 12 mg/day were simulated up to Day 27, and then on Day 28 following a 
switch in treatment. For purposes of completeness, all switch scenarios (suspension, 
tablet, fasted, fed) were simulated, as summarized below. For each scenario a sample of 
1000 subjects were simulated, for the purposes of generating 20 replicates of 50 subjects 
each. The selection of replicates of 50 was based on the number of subjects planned for 
Study 048. 
 

• Tablet Fasted (Day 27) to Suspension Fasted (Day 28) 
• Suspension Fasted (Day 27) to Tablet Fasted (Day 28) 
• Tablet Fasted (Day 27) to Suspension Fed (Day 28) 
• Suspension Fed (Day 27) to Tablet Fasted (Day 28) 
• Tablet Fed (Day 27) to Suspension Fasted (Day 28) 
• Suspension Fasted (Day 27) to Tablet Fed (Day 28) 
• Tablet Fed (Day 27) to Suspension Fed (Day 28) 
• Suspension Fed (Day 27) to Tablet Fed (Day 28) 
 
Simulated perampanel concentration-time profiles on Day 27 and Day 28 for each of the 
1000 virtual subjects for each scenario were used to determine perampanel 90% 
prediction intervals on Days 27 and 28. In addition individual Cmin, Cmax and AUC 
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parameters were derived and a formal statistical analysis to evaluate BE following a 
switch in treatment at steady-state was performed.  
 
Results: 
1. Modeling 
The population PK model reasonably well described perampanel concentration-time 
profiles following 12 mg single dose tablet or suspension formulation in either fed or 
fasted state. Model parameters are presented in Table 7. Goodness-of-fit-plots are 
presented in Figure 3.  
 
Table 7. Final Model Population Pharmacokinetic Parameter Estimates of Perampanel 

 
(from page 10 in Sponsor’s Study Report CPMS-E2007-010R 
The reviewer was able to reproduce the PK parameter estimations as shown in Table 7.) 
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As shown in the table, the rate of absorption was slower in the presence of a high fat meal 
and also slower for the suspension formulation compared to tablet, as evidenced also in 
the non-compartmental analysis (NCA) of Study 048 PK data.  
 
With the reference formulation of tablet/fasted, F1rel was estimated to be 1.04 [95% CI: 
0.954-1.13], 1.01 [95% CI: 0.969-1.05] and 1.04 [95% CI: 0.947-1.13] for tablet/fed, 
suspension/fasted and suspension/fed treatments, respectively. In all cases, 95% CI 
covered unity for F1rel and fall within the range of 0.8 to 1.25. Therefore, according to the 
model, the extent of perampanel absorption for all treatments was equivalent to that of 
the tablet/fasted treatment. This is in agreement with the results from the statistical 
analysis for AUC from the NCA. 
 
Figure 3. Goodness-of-fit-plots for Perampanel Study 048 Final Population PK Model 

 
(from page 9 in Sponsor’s Study Report CPMS-E2007-010R) 
 
2. Simulation 
For each treatment condition on Day 27 following repeated dosing and on Day 28 
following the switch in treatment, 90% prediction intervals for the concentration-time 
profiles (N=1000) were plotted. Herein, only the results for switching from tablet 
administered under fasted state to the suspension given with food and vice versa are 
included. This pair of switches represents the largest change among all the scenarios 
based on the NCA results and above popPK modeling analysis.  
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Figure 4. Perampanel Predicted Concentration-time Profile at Steady-State following 
12mg/day Tablet/Fasted (Day 27) & Suspension/Fed (Day 28) (N=1000) 

 
(from page 12 in Sponsor’s Study Report CPMS-E2007-010R) 
 
Figure 5. Perampanel Predicted Concentration-time Profile at Steady-State following 
12mg/day Suspension/Fed (Day 27) & Tablet/Fasted (Day 28) (N=1000) 

 
(from page 12 in Sponsor’s Study Report CPMS-E2007-010R) 
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For all treatments (results only shown for switches between suspension under fed and 
tablet under fasted condition), 90% prediction intervals on Day 27 and following the 
switch in treatment on Day 28 were closely superimposed indicating that the steady-state 
exposure to perampanel was not affected by a change in either formulation or food with 
dosing at steady-state. 
 
(Reviewer’s Comment: Figure 5 (from the sponsor’s study report) appears to be 
inconsistent with expectation. First, as shown by Study 048, formulation or food intake 
status had no or minimal impact on the AUC of perampanel. However, the predicted 95th 
of PK concentrations from suspension/fed, as shown above, are always higher than those 
from tablet/fasted. The PK profiles should have been close to those in Figure 4 with 
similar AUC between the two treatments. Secondly, the Cmax of perampanel from 
tablet/fasted is expected to be slightly higher than that from suspension/fed (but still 
within the BE limit). Yet, we cannot see such difference in Figure 5 at all.  
 
The reviewer ran the simulation independently using the same input data file and 
NONMEM code provided by the sponsor, and generated the following plot. 
 
Figure 6. Perampanel Predicted Concentration-time Profile at Steady-State following 
12mg/day Suspension/Fed (Day 27) & Tablet/Fasted (Day 28) (N=1000) 

 
 
As shown in the above figure, the tablet/fasted treatment results in similar AUC as 
suspension/fed but with slightly higher Cmax as anticipated. The reviewer also changed 
the seed number for simulation. The simulated concentrations of perampanel for 
individual/treatment become different, but, the concentration-time profiles are very 
similar to Figure 6. Nevertheless, the difference between Figures 5 and 6 does not affect 
the overall conclusion.)  
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3. Statistical Analyses 
Ratios of geometric means and 90% CI are presented as Forest plots below. Only the 
results for switching from tablet administered under fasted state to the suspension given 
with food are included. 
 
Though the Cmax of perampanel on Day 28 after administration of suspension formulation 
under fed state is slightly lower than the Cmax on Day 27 after repeated dosing of tablet 
formulation under fasted condition, the 90% CI falls within the equivalence limits 0.8 to 
1.25, indicating that the treatment on the first day after the switch (Day 28) is equivalent 
to the treatment before the switch (Day 27). This is also true for all the other 7 scenarios.  
 
Figure 7. 90% CIs for the Comparison of Table Fasted (Day 27) to Suspension Fed (Day 
28) Cmax 

 
(from page 23 in Sponsor’s Study Report CPMS-E2007-010R) 
 
The AUC of perampanel at steady state was also shown to be BE after switch.  
 
Figure 8. 90% Confidence Intervals for the Comparison of Tablet Fasted (Day 27) to 
Suspension Fed (Day 28) AUC(0-24) 
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(from page 24 in Sponsor’s Study Report CPMS-E2007-010R) 
 
Though not required for BE assessment, Cmin was also evaluated, since it is often 
postulated to represent the exposure associated with efficacy. Compared to Cmax and 
AUC, Cmin showed larger variability. In all switching scenarios, the large majority of the 
90% CI replicates for Cmin were contained within BE limits. For the tablet (fasted) 
switching to suspension (fed) scenario, all the CIs substantially overlapped the 0.8 to 1.25 
BE limits; there were 3 CIs that were not completely contained within the equivalence 
limits. However, as shown in the figure below, all 90% CIs of the 20 replicates 
substantially overlapped with the range limits. It should be noted that each replicate CI 
estimate included data from N=50 subjects which was not selected based on 
consideration of the variability for each parameter, but rather based on the single dose 
study design used in Study 048, therefore, one of the possible explanations for the 
findings about Cmin parameter might be associated with inadequate number of subjects 
included within each replicate, considering that the measurements for Cmin are usually 
more variable. As to the other 7 scenarios, only 1 or 2 of the 20 replicates in each 
scenario were slightly outside the limit, also with substantial overlap with 0.8 to 1.25 
limits.  
 
Figure 9. 90% Confidence Intervals for the Comparison of Tablet Fasted (Day 27) to 
Suspension Fed (Day 28) Cmin 
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(from page 23 in Sponsor’s Study Report CPMS-E2007-010R) 
 
Overall, the statistical analyses suggested that BE in exposure parameters is expected 
between the oral suspension and tablet formulation at steady state, either under fed or 
fasted conditions, and both formulations can be used interchangeably without any impact 
on maintaining therapeutic exposures.  
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Office of Clinical Pharmacology 

New Drug Application Filing and Review Form 
General Information About the Submission 

 Information  Information 
NDA/BLA Number N 208,277 Brand Name FYCOMPA® 

OCP Division DCP-I Generic Name Perampanel (E2007) 

Medical Division HFD-120 Drug Class AMPA receptor 
antagonist 

OCP Reviewer Xinning Yang  Indication(s) 

Partial-onset seizures 
(POS) or Primary 
generalized tonic-clonic 
(PGTC) seizures in 
patients with epilepsy 
aged 12 years and older 
as adjunctive therapy 
 

OCP Team Leader Ta-Chen Wu 
(acting) 

Dosage Form Suspension (0.5 mg/mL) 

Pharmacometrics 
Reviewer Xinning Yang Dosing Regimen 

Titrated to 8 - 12 mg for 
POS, 8 mg for PGTC, 
once daily at bedtime 

Pharmacometrics 
Team Leader Kevin Krudys 

Route of 
Administration Oral  

Date of Submission 06/30/2015 Sponsor Eisai Co. 

Estimated Due Date 
of OCP Review 04/01/2016 

Priority 
Classification Standard 

Medical Division Due 
Date 04/08/2016   

PDUFA Due Date 04/30/2016   
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Clin. Pharm. and Biopharm. Information 
FYCOMPA® was approved as adjunctive therapy for treatment of partial-onset seizures (POS) with or 
without secondarily generalized seizures in patients aged 12 year and older under the original NDA 
submission, and was later approved as adjunctive therapy for primary generalized tonic-clonic (PGTC) 
seizures in patients with epilepsy aged 12 years and older under an efficacy supplement submission. 
 
Perampanel is a noncompetitive and highly selective α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) receptor antagonist. AMPA receptors play a role in mediating cortical glutamatergic 
transmission. AMPA antagonists could potentially reduce excessive excitatory activity and 
excitotoxicity, and thus exhibit anticonvulsant and potentially antiepileptogenic effects. 
 
FYCOMPA® are available as film-coated tablets with multiple strengths - 2, 4, 6, 8, 10 and 12 mg. The 
sponsor also developed an oral suspension (OS) formulation as an alternative to the currently approved 
tablet formulation. It will address the needs of patients who are unable to or prefer not to swallow a solid 
oral dosage form. This submission does not contain new efficacy or safety trial and solely relies on a 
pivotal bioequivalence (BE) study (Study E2007-A001-048) with supportive evidence from a population 
pharmacokinetic (popPK) analysis. The sponsor pursues the same indication for OS formulation as for 
tablet.  
 
Study 048 was a randomized, open-label, 2-arm, single-dose, crossover study conducted in healthy 
subjects. Arm 1 compared the BE of a single 12-mg dose of perampanel OS to a single 12-mg dose of 
perampanel tablet under fasted conditions. Arm 2 compared the BE of a single 12-mg dose of 
perampanel OS to a single 12-mg dose of perampanel tablet when each was administered with a 
standard, high-fat meal. The results demonstrated BE between OS and tablet formulations under fasted 
state. Under fed conditions, the extent of absorption (AUC) of the OS formulation was equivalent to the 
tablet formulation, whereas the rate of absorption from OS was slower with 23% lower Cmax and 2-hours 
delay in Tmax compared to tablet. PopPK analysis was conducted to simulate the PK profiles under 
multiple-dose, steady-state conditions and demonstrated that the small difference in Cmax after single 
dose administration under fed conditions was not of clinical importance as evidenced by demonstration 
of BE for Cmax, AUCss, and Cmin parameters when switching between suspension and tablet under both 
fed and fasted conditions.  
 
In addition, results from a pilot relative bioavailability (BA) study (Study E2007-E044-028), a 
randomized, open-label, 2-period, 2-sequence crossover study comparing the PK of a single 4-mg dose 
of perampanel OS to a single 4-mg dose of perampanel tablet in healthy subjects, were provided. The 
OS formulation used in this pilot study was a “prototype” suspension, different from the final 
formulation used in Study 048. Study 028 has been reviewed during the original NDA submission.  
 
On August 25, 2015, the following information request was sent to the sponsor, 
You only provided the study report for population PK analysis (CPMS-E2007-010R). You need to 
provide files for dataset (with .xpt extension), model codes or control streams, and output listings (with 
.txt extension) for base structural model, final model, and the simulations you conducted. 
  
On August 28, 2015, the sponsor submitted the required documents for the popPK model and eight 
simulations conducted.  
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Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                               

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

x                          

Tabular Listing of All Human Studies  x                          
HPK Summary  x                          
Labeling  x                          
Reference Bioanalytical and Analytical 
Methods 

x                          

I.  Clinical Pharmacology                                                                            
    Mass balance:     
    Isozyme characterization:     
    Transporters:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -                                                                            

Healthy Volunteers-                                                                            

single dose:     
multiple dose:     

Patients-                                                                            

single dose:     
multiple dose:     

    Dose proportionality -     
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -     

In-vivo effects on primary drug:     
In-vivo effects of primary drug:     

In-vitro:     
    Subpopulation studies -     

ethnicity:     
gender:     

pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment:     

Obese subject:     
    PD -                                                                            

Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                      

Data rich: x 1   
Data sparse:     

II.  Biopharmaceutics                                                                            
    Absolute bioavailability     
    Relative bioavailability -     

solution as reference:     
alternate formulation as reference:     
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    Bioequivalence studies -     

traditional design; single / multi dose: x 2 1  
replicate design; single / multi dose:     

    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol    
    induced dose-dumping 
 

    

III.  Other CPB Studies     
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies     
  2 BE studies, 1 

popPK analysis 
 

1 BE study, 1 
popPK 
analysis 

 

Filability and QBR comments 

 “X” if yes Comments 

Application filable?        X 
 

Comments sent to 
firm? 

 
X 

The comments were sent to the sponsor on August 25, 
2015. The sponsor responded on August 28, 2015. See 
the text for details.  

QBR questions (key 
issues to be 
considered) 

Is the oral suspension formulation bioequivalent to the tablet 
formulation under fasted and fed states? 

Other comments or 
information not 
included above 

 

Primary reviewer 
Signature and Date 

Xinning Yang 

Secondary reviewer 
Signature and Date 

Ta-Chen Wu, Kevin Krudys 

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

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
  x  

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

  x  

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

x    
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4 Did the sponsor submit data to allow the evaluation of the validity of 

the analytical assay? 
  x  

5 Has a rationale for dose selection been submitted?   x  
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin? 

x    

7 Is the clinical pharmacology and biopharmaceutics section of the NDA 
legible so that a substantive review can begin? 

x    

8 Is the electronic submission searchable, does it have appropriate 
hyperlinks and do the hyperlinks work? 

x    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
x    

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  x  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? x    
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)? 

  x  

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

  x  

14 Is there an adequate attempt by the applicant to use exposure-response 
relationships in order to assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the pharmacokinetic or 
pharmacodynamics? 

  x  

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

 x   

16 Did the applicant submit all the pediatric exclusivity data, as described 
in the WR? 

  x  

17 Is there adequate information on the pharmacokinetics and exposure-
response in the clinical pharmacology section of the label? 

x    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

x    

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission? 

  x  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 
____Yes____ 
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
 
 
 
Xinning Yang          September 1, 2015 
Reviewing Clinical Pharmacologist      Date 
 
Kevin Krudys (Pharmacometric) 
Ta-Chen Wu (acting)        September 1, 2015 
Team Leader/Supervisor       Date 
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