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1. Executive Summary 

The sponsor is seeking approval of Fycompa (perampanel) as an adjunctive therapy for 
the treatment of partial-onset seizures with or without secondarily generalized seizures in 
patients aged 12 years and older. Perampanel is a non-competitive AMPA (alpha-amino
3-hydroxy-5-methyl-4-isoxazolepropionic acid) receptor antagonist. The proposed 
formulations are film-coated oral tablets with strengths of 2, 4, 6, 8, 10 and 12 mg. The 
sponsor’s proposed dosing regimen is: Fycompa should be taken once daily before 
bedtime; start with a dose of 2 mg/day; the dose may be increased based on clinical 
response and tolerability by an increment of 2 mg/day to a dose of 4 mg to 12 mg/day. 
The maximum recommended daily dose is 12 mg once daily. Dose increases should 
occur at weekly intervals and no more frequently than that.    

To support the approval of the application, three pivotal, placebo-controlled, Phase 3 
trials were conducted in intend-to-treat patient population to demonstrate the safety and 
efficacy of perampanel. Clinical pharmacology program consists of single- and multiple-
dose studies evaluating pharmacokinetic (PK) profiles of perampanel, and examining the 
metabolic profiles, dose proportionality (Western and Japanese populations), absolute 
bioavailability (BA), effects of food and evening dosing, potential for drug-drug 
interactions, and PK in specific populations (elderly and hepatic impairment), and 
bridging between the to-be-marketed formulations and the clinical formulation used in 
the pivotal trials. Exposure-Response analysis was performed to evaluate the 
relationships between exposure of perampanel and efficacy and safety data obtained from 
the Phase 3 trials. Population PK analyses were performed to evaluate the effects of 
common covariates (age, gender, weight, race, and renal impairment) on PK of 
perampanel in healthy subjects and/or in patient population.   

1.1 Recommendation 

The Office of Clinical Pharmacology/ Division of Clinical Pharmacology 1 (OCP/DCP
1) has reviewed the submission and finds NDA 202-834 acceptable from an OCP 
perspective provided that an agreement is reached between the Sponsor and the Agency 
regarding the Post-Marketing Requirement (PMR), Post-Marketing Commitment (PMC) 
and the recommended labeling language. 

Comments to be conveyed to the Medical Officers: 
1. Based on Dose- and Exposure-Response relationships (efficacy: primary endpoint, % 
of reduction in seizure frequency during double-blind phase from baseline; safety: % of 
patients having hostility/aggression), we recommend the following, 

1) For patients not on any enzyme-inducing AEDs (defined as carbamazepine, 
oxcarbazepine, phenytoin, phenobarbital and primidone), perampanel treatment 
should be initiated from 2 mg/day, and increased by an increment of 2 mg/day 
every week to a target dose of 8 mg/day. The labeling of FYCOMPA will 
describe the risk of hostility/aggression and recommend close monitoring of 
patients during titration period and at higher doses of perampanel. Given that, 

2 


Reference ID: 3205587 



 

 
 

 

 
 

 

 
 

 

 

  

 

 

 

dose of perampanel may be further increased to 12 mg/day in some patients, 
based on individual clinical response and tolerability.   

2) For patients already on enzyme-inducing AEDs (any of carbamazepine, 
oxcarbazepine, phenytoin, phenobarbital and primidone), perampanel treatment 
should be initiated from 4 mg/day, and increased by an increment of 2 mg/day 
every week to a maximum dose of 12 mg. If adequate response is not obtained at 
12 mg dose, patients should be switched to alternate treatment.  

3) For patients on perampanel treatment, when enzyme-inducing AEDs mentioned 
above are introduced or withdrawn, patients should be closely monitored for their 
clinical response and tolerability. Dose adjustment of perampanel may be 
necessary. 

4)	 Concomitant use of other strong CYP3A inducers (e.g., rifampicin and St. John’s 
wort) should be avoided. 

Dose- and Exposure-Response analyses showed that, the percentage reduction in seizure 
frequency during double-blind phase from baseline increased in a dose- and 
concentration-dependent manner with little difference between 8 mg and 12 mg, while 
the proportion of patients with hostility/aggression related adverse events increased in the 
concentration range between 8 mg and 12 mg. 

A dedicated study in healthy subjects showed that carbamazepine increased oral 
clearance of perampanel to 3-fold and correspondingly decreased perampanel AUC to 1/3 
of controls. Population PK analysis reported that carbamazepine, oxcarbazepine and 
phenytoin decreased perampanel AUC to 1/3-1/2 compared to patients not on enzyme-
inducing AEDs. Lower efficacy (percentage of reduction in seizure frequency) was 
reported for patients on enzyme-inducing AEDs as a result of lower exposure of 
perampanel. Consequently, higher dose of perampanel may be necessary for these 
patients. The maximum dose of perampanel should not exceed 12 mg, as dose beyond 12 
mg has not been tested in patients. 

2. The maximum dose of perampanel should not exceed 4 mg for patients with moderate 
hepatic impairment. We recommend 6 mg as the maximum dose for patients with mild 
hepatic impairment. Dose should be titrated up every two weeks instead of every week. 
The total AUC0-inf of perampanel (free drug and drug bound to plasma protein) in patients 
with mild and moderate hepatic impairment was 1.49- and 2.55-fold, respectively, of 
those in healthy matched controls. The AUC0-inf of free perampanel in patients with mild 
and moderate hepatic impairment was 1.81- and 3.28-fold, respectively, of those in 
healthy controls because of the decreased plasma protein binding of perampanel in 
hepatically impaired patients. The terminal half-life values of perampanel in these 
patients were prolonged to 2-3 times of those in healthy controls.   

3. Perampanel is not recommended for patients with severe renal impairment or patients 
undergoing hemodialysis. A dedicated study has not been conducted to evaluate the 
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effect of different degrees of renal impairment on PK of perampanel. Population PK 
analysis suggested that creatinine clearance is not a significant covariate for perampanel 
oral clearance. However, the dataset only contained 52 patients with mild renal 
impairment (CLcr: 50 – 80 mL/min) and 3 patients with moderate renal impairment 
(CLcr: 30 – 50 mL/min). Thus, the effect of severe renal impairment and end stage of 
renal disease on perampanel PK is unknown and can not be readily predicted, either. No 
dose adjustment is needed for patients with mild renal impairment. We recommend use of 
perampanel with caution in patients with moderate renal impairment and slower titration 
may be considered.  

4. Repeated doses of 12-mg perampanel decreased Cmax and AUC of levonorgestrel by 
42% and 40%, respectively. The effectiveness of levonorgrestel-containing hormonal 
contraceptives may be impaired. Thus, if 12-mg perampanel is used, additional non-
hormonal contraceptive methods should be used.  

5. Perampanel should be taken at bedtime. When perampanel was administered under 
fasted state, Cmax was 39-67% higher than that under fed condition (high-fat meal), and 
Tmax was achieved earlier by 2-3 hrs. In accordance, the time to reach the maximal 
decrease of peak saccadic velocity was attained earlier by 1-2 hrs when perampanel was 
taken under fasted state, indicating earlier onset of sedation effects, compared to that 
under fed condition. In addition, all the pivotal trials were conducted with perampanel 
given before bedtime with food.  

6. We propose a PMR to request the Sponsor to conduct in vitro study(ies) to further 
characterize the contributions of major CYP enzymes (other than CYP3A4/5) and non-
CYP enzymes to perampanel metabolism in liver. Pending the results, further in vivo 
study may be considered. Perampanel is primarily metabolized. Though in vitro studies 
suggested that CYP3A4/5 may be the major enzyme responsible for perampanel 
metabolism, dedicated drug-drug interaction (DDI) studies in humans showed that 
CYP3A4/5 plays a limited role in perampanel metabolism and other CYP enzymes and/or 
non-CYP enzymes may also be involved. Due to the limitations of in vitro studies, the 
contributions of non-CYP3A enzymes to perampanel metabolism have not been 
adequately characterized. Thus, it is unknown whether any of these enzymes could be the 
major enzyme(s) responsible for perampanel metabolism. Consequently, the potential for 
adverse drug interactions cannot be excluded for patients who are on perampanel and 
concomitant medications that are inhibitors of such an enzyme. 

7. We propose a PMC to ask the Sponsor to conduct an in vitro study to evaluate the 
effect of perampanel on CYP2B6 activity at clinically relevant concentrations. An in 
vitro study showed that perampanel at a concentration of 30 µM increased CYP2B6 
activity to 2.2 – 3.6 fold of control. The steady-state Cmax of perampanel at a maintenance 
dose of 12 mg once daily is projected to be around 2.83 µM, which is about 10-fold lower 
than the concentration studied. Thus, the effect of perampanel on CYP2B6 activity at this 
therapeutic concentration is unknown. Bupropion is a sensitive substrate of CYP2B6 and 
could be used in epilepsy patients. If perampanel increases CYP2B6 activity also at 

4 


Reference ID: 3205587 



 

 

 

 
 

 

 

 

 

 

 
 

 

  

therapeutic dose level, it has the potential to significantly decrease bupropion plasma 
concentration and thereafter lead to inadequate efficacy of bupropion.  

1.2 Phase IV Commitment 

The Sponsor should commit to conducting the following studies as a PMR or PMC: 
	 PMR: Conduct in vitro study(ies) to elucidate the contributions of major CYP 

isozymes (except CYP3A4/5) and non-CYP metabolic enzymes to perampanel 
metabolism, e.g., characterization of the enzymes involved in the formation of all 
identified metabolites of perampanel (including the oxidative metabolite M5).  

	 PMC: Conduct an in vitro study in human liver microsomes to evaluate the effects of 
a range of concentrations of perampanel (e.g., up to 30 µM and including clinical 
relevant concentration of ~3 µM) on CYP2B6 activity using a recommended 
CYP2B6 probe substrate as per the FDA Guidance for Drug-Drug Interactions. 

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings 

Pharmacokinetics: 
The exposure (AUC) of perampanel increased dose-proportionally over the range of 0.2
12 mg after single-dose administration and 1-12 mg after multiple-dose administration.
 
Cmax of perampanel increased in a dose-proportional manner after single-dose 

administration of 0.2-8 mg and increased less than dose-proportionally beyond dose of 8 

mg. The PK of perampanel was time-independent in both healthy subjects and patients. 

Oral clearance of perampanel was similar between healthy subjects and patients with 

partial-onset seizures. 


Absorption: 

The absolute oral bioavailability of perampanel tablets was reported to be 116%. The 

mass-balance study showed that, after a single oral dose of radiolabeled perampanel, only 

3% of radioactivity was recovered in feces within 48 hrs post-dosing. Taken together,
 
these results indicated that oral absorption of perampanel is essentially complete.
 
Perampanel was rapidly absorbed after oral administration, with median Tmax ranging 

from 0.5 to 2.5 hrs after single- or multiple-dose administration under fasted condition. 

High-fat meal reduced perampanel Cmax by 28-40% and delayed its Tmax by 2-3 hrs, but 

had insignificant effect on perampanel AUC.  


Distribution: 
The apparent volume of distribution (Vd/F) of perampanel in healthy volunteers averaged 
77 L (ranging from 51 to 105 L). Plasma protein binding of perampanel was high (95
96%) and independent of perampanel concentrations (20 to 2000 ng/ml). Perampanel 
mainly bound with albumin and 1-acid glycoprotein and to a much lesser extent with γ 
globulin. Saturable binding of perampanel was found for 1-acid glycoprotein. Mild and 
moderate hepatic impairment decreased the extent of plasma protein binding of 
perampanel. Blood to plasma ratio of perampanel was 0.55 – 0.59.  
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Metabolism: 
Study showed that perampanel is extensively metabolized. Perampanel was primarily 
eliminated by oxidative metabolism, followed by glucuronide conjugation for some 
metabolites. In vitro studies suggested that CYP3A4/5 was the major enzyme responsible 
for perampanel metabolism. However, co-administration with ketoconazole in humans, a 
strong CYP3A4/5 inhibitor, only resulted in a modest increase (20%) of perampanel 
AUC, suggesting that CYP3A4/5 play a limited role in perampanel metabolism in vivo. 
Oral clearance of perampanel was greatly increased to 3-fold by carbamazepine which is 
known as a broad-spectrum enzyme inducer and is able to induce CYP3A4/5 and also 
other CYP and non-CYP enzymes. These findings suggest the involvement of other CYP 
enzymes and/or non-CYP enzymes in perampanel metabolism. However, the 
contributions of these non-CYP3A enzymes to perampanel metabolism have not been 
fully characterized. Several caveats are noted for the in vitro studies performed by the 
Sponsor using recombinant human CYP isozymes and human liver microsomes. (see 
Sections 2.2.4.4, and 2.4.1). 

Unchanged perampanel accounted for 75-80% of the total drug-related material (total 
radioactivity) in plasma. No major metabolite with significant amount (> 10% of total 
drug-related material) was present in systemic circulation. 

Elimination: 
In the mass-balance study 22% and 48% of the dose were recovered in urine and feces, 
respectively, within a period of 42 days. Relative to metabolites, parent drug was present 
in feces only in small amounts. Due to low extraction efficiency (20-30%) of the feces 
samples, quantitative interpretation of the results could not be made. Little parent drug 
was detected in urine. Consistently, in a single-dose and a multiple-dose study less than 
0.2% of administered dose was recovered as parent drug in urine within 48 hrs or 24 hrs 
after drug administration, respectively. 

Oral clearance (CL/F) of perampanel was approximately 12 mL/min in healthy adults and 
patients. The terminal half-life (t1/2) was 105 hrs on average based on the Phase 1 
population PK analysis. After multiple dosing steady-state exposure of perampanel was 
approached by Day 14 and achieved within 21 days with around 4.3-fold accumulation in 
perampanel exposure (AUC0-24hr) compared to single dose. Steady-state Cmax was around 
2.5-fold of that after single-dose administration.  

Dose-/Exposure-Response relationships:  
There were clear dose- and exposure-response relationships for both efficacy and safety 
of perampanel. The percent reduction in seizure frequency during double-blind phase 
from baseline (i.e., primary efficacy endpoint) appeared to increase in a dose- and 
concentration-dependent manner with little difference between 8 mg and 12 mg, while 
the proportion of patients with hostility/aggression related adverse events increased in the 
concentration range between 8 mg and 12 mg. The benefit-risk assessment supported a 
target dose of 8 mg in patients on treatment not including enzyme-inducing AEDs (such 
as carbamazepine, oxcarbazepine, phenytoin, phenobarbital and primidone). Further dose 
increase to 12 mg may be considered for some patients, depending on individual clinical 
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response and tolerability. (see Section 1.3 Extrinsic Factors for dosing recommendations 
for patients on treatment including enzyme-inducing AEDs) 

Statistical analysis of the efficacy data suggested that 4 mg once daily was the minimum 
effective dose.  

Intrinsic factors:  
Age, gender, race, weight: 
The population PK analyses based on pooled data from the pivotal efficacy trials showed 
that adolescent patients had slightly higher CL/F (0.787 L/hr) than adult patients (0.73 
L/hr for males and 0.605 L/hr for females). Elderly (> 65 years old) had similar CL/F to 
younger adults. Female healthy subjects had 32% higher exposure (AUC) to perampanel 
than males. The difference was smaller in patients (19-27% higher AUC in females). 
CL/F of perampanel slightly decreased with increased fat body mass. These differences 
are not considered clinically significant. Race had no significant impact on the PK of 
perampanel. 

Renal impairment: 
A dedicated study has not been conducted to evaluate the PK of perampanel in patients 
with renal impairment. Though population PK analysis showed that median CL/F of 
perampanel was 27% lower in patients with mild renal impairment (CLcr: 50–80 
mL/min), corresponding to an increase of 37% in AUC, compared to patients with 
normal renal function (CLcr > 80 mL/min), there was substantial overlap in exposure 
between these two groups of patients. In addition, there was no significant correlation 
between CL/F of perampanel and estimated creatinine clearance (mostly ≥ 50 mL/min). 
Thus, no dosage adjustment is needed for patients with mild renal impairment. There 
were only 3 subjects with moderate renal impairment (CLcr: 30–50 mL/min) in the Phase 
3 PK dataset, who had 14% lower CL/F than patient with normal renal function. It is 
recommended that perampanel be used in moderately renal impaired patients with close 
monitoring. A slower titration may be considered. On the other hand, perampanel is not 
recommended for patients with severe renal impairment or patients undergoing 
hemodialysis, as their effects on perampanel PK can not be readily predicted.  

Hepatic impairment: 
Perampanel PK was evaluated in subjects with mild (Child-Pugh A) or moderate (Child-
Pugh B) hepatic impairment. Total (free and plasma protein bound) AUC0-inf of 
perampanel was 50% higher in mild hepatic impairment patients and was more than 
doubled (2.55-fold) in moderate hepatic impairment patients compared to their 
demographic-matched healthy controls. The terminal t1/2 was prolonged from 125 hrs in 
normal hepatic function subjects to 306 hrs in mild hepatic impaired patients, from 139 
hrs to 295 hrs in moderate hepatic impaired patients. Unbound fraction of perampanel in 
plasma was 27% and 73% higher in mild and moderate hepatic impaired patients 
compared to their controls, respectively. Thus, the AUC0-inf values of free perampanel in 
patients with mild and moderate hepatic impairment were 1.81- and 3.28-fold, 
respectively, of those in healthy matched controls. Perampanel dose should not exceed 4 
mg in moderate hepatic impaired patients and 6 mg should be the maximum 
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recommended dose for mild hepatic impaired patients. Due to longer t1/2 of perampanel, 
titration of perampanel in these patients should be conducted more slowly with dose 
increased no more frequently than every two weeks.  

Extrinsic factors:  
Drug-Drug Interaction (DDI): 
In vitro studies: 
Perampanel did not inhibit CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, 
UGT1A1, UGT1A4 or UGT1A6 in vitro. It was a weak inhibitor of CYP2C8, UGT1A9 
and UGT2B7 (IC50 > 30 µM) and is not expected to result in clinically significant DDI. 
Perampanel was a time-dependent inhibitor of CYP3A4. At a concentration of 30 µM, it 
increased CYP2B6 activity to 2.2 – 3.6 fold of control.  

The effect of perampanel on CYP2B6 activity is unknown at its therapeutic concentration 
levels (steady state Cmax predicted to be 1.89 µM for a maintenance dose of 8 mg once 
daily). Thus, a PMC is proposed for an in vitro study to investigate the effect of 
perampanel on CYP2B6 activity at clinically relevant concentrations to clarify the drug-
drug interaction potential between perampanel and CYP2B6 substrates.  

Perampanel did not induce CYP1A2. It was a weak inducer of CYP2B6 and is not 
expected to have clinically significant consequence. Perampanel induced CYP3A4 at 
concentrations of 3 µM and above, but the inducing effect was weak compared to the 
positive control, rifampicin. Perampanel may induce UGT1A1 (≥ 3 µM) and to a lesser 
extent induce UGT1A4 (30 µM).  

Perampanel was not a substrate of P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT2, 
OAT3, OAT4, OCT1, OCT2 or OCT3. It was a weak inhibitor of P-gp, BCRP, OAT1, 
OAT3, OCT1 and OCT3. Perampanel increased activity of OAT2. Significant in vivo 
consequence involving these transporters is not anticipated. 

Effect of co-administered drugs on perampanel: 
Co-administration with ketoconazole (a strong inhibitor of CYP3A4) at 400 mg q.d. 
increased perampanel AUC by 20%, suggesting that CYP3A4/5 may play a limited role 
in perampanel metabolism. Co-administration with carbamazepine (a strong inducer of 
CYP3A4 and a broad-spectrum inducer for other CYP and non-CYP enzymes) at 300 mg 
b.i.d. increased CL/F of perampanel to 3-fold, decreased perampanel AUC by 67% and 
shortened its t1/2 by half (from 56.8 hrs to 25.3 hrs). Results of these studies suggested the 
potential involvement of other CYP enzymes and/or non-CYP enzymes, besides 
CYP3A4/5, in the metabolism of perampanel in humans. However, the importance of 
these enzymes in perampanel metabolism remains unclear and, consequently, possibility 
of significant drug interactions between perampanel and inhibitors of these enzymes can 
not be excluded. Thus, a PMR is required to further elucidate the role of non-CYP3A 
metabolic enzymes in perampanel metabolism with in vitro study(ies). 

The population PK analysis showed that carbamazepine increased perampanel CL/F to 3
fold of that in patients not receiving enzyme-inducing AEDs, which is consistent with the 
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results of the dedicated DDI study in healthy subjects. In addition, population PK 
analysis revealed that phenytoin and oxcarbazepine increased CL/F of perampanel to 2
fold in patients. Thus, with the presence of carbamazepine, oxcarbazepine and phenytoin, 
the exposure of perampanel was decreased to 1/3 – 1/2 of that in patients not receiving 
these AEDs. Population PK analysis did not detect inducing effect of phenobarbital (a 
broad-spectrum enzyme inducer) or primidone (prodrug of phenobarbital) on CL/F of 
perampanel. However, the result was not conclusive due to the limited number of patients 
on concomitant phenobarbital or primidone.  

The recommended starting dose of perampanel is 2 mg/day for patients on treatment not 
including enzyme-inducing AEDs (carbamazepine, oxcarbazepine, phenytoin, 
phenobarbital and primidone). For patients already on treatment with any of these 
enzyme-inducing AEDs, we recommend a starting dose of 4 mg/day which can be 
increased to a maximum dose of 12 mg/day. If seizure control is not sufficient at 12-mg 
dose, switching to other treatment should be considered. 

On the other hand, when these enzyme-inducing AEDs are introduced or withdrawn from 
patients on perampanel, patients should be closely monitored for their clinical response 
and tolerability. Dose adjustment of perampanel may be necessary.  

Other strong CYP3A inducers (e.g., rifampicin, St. John’s wort) should be avoided for 
concomitant use with perampanel.  

Population PK analysis found that topiramate increased perampanel CL/F by 23-29%. 
However, such effect is not clinically meaningful. Other AEDs (clobazam, clonazepam, 
lamotrigine, levetiracetam, valproate, zonisamide) did not alter CL/F of perampanel. 

Daily dosing of oral contraceptive (ethinylestradiol 30 µg and levonorgestrel 150 µg) did 
not affect perampanel PK. 

Effect of perampanel on co-administered drugs: 
Repeated 6-mg perampanel doses decreased AUC of midazolam (a probe CYP3A4 
substrate) by 13%, indicating that perampanel was a weak CYP3A inducer and had 
minimal effect on CYP3A4 substrates. Repeated 4-mg doses did not alter the PK of 
levodopa. 

Repeated doses of 12 mg perampanel reduced AUC0-24hr and Cmax of single-dose 
levonorgrestrel by 40% and 42%, respectively. At 12-mg dose level, perampanel 
decreased Cmax of single-dose ethinylestradial by 18% but not affected its AUC0-24hr, 
suggesting that at this dose level perampanel did not significantly induce CYP3A. 
Repeated doses of 4 mg or 8 mg perampanel did not significantly affect AUC and Cmax of 
ethinylestradial or levonogrestrel, with 8-mg perampanel slightly reducing AUC0-24hr and 
AUC0-inf of single-dose levonogrestrel by 9% and 12%, respectively. The significant 
decrease in exposure of levonorgestrel in the presence of 12 mg once daily dose of 
perampanel may impair its effectiveness as contraceptive. Thus, when 12 mg dose of 
perampanel is given, non-hormonal forms of contraception should be used.   
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Population PK analysis showed that perampanel did not have clinically significant effects 
on other AEDs (carbamazepine, clobazam, clonazepam, lamotrigine, levetiracetam, 
phenobarbital, phenytoin, topiramate, valproic acid, and zonisamide). Perampanel 
decreased oxcarbazepine clearance by 26%. The clinical relevance of this effect is 
unknown, as the pharmacological activity of oxcarbazepine is primarily exerted through 
its major metabolite, 10-monohydroxy metabolite (MHD), which was not measured by 
the sponsor. 

Food effect: 
All the pivotal clinical trials were conducted under fed condition (i.e., perampanel was 
administered with food before bedtime). Two Phase 1 food-effect studies showed that, 
compared to administration of drug under fed condition with high-fat meal, Cmax of 
perampanel was 39% or 67% higher when administered under fasted state, while AUC 
remained similar. In addition, median Tmax of perampanel was shortened by 2-3 hrs to 
approximately 1 hr under fasted state. Peak saccadic velocity (PSV), an objective 
assessment of sedation, was measured in these studies. The maximal decrease of PSV 
from baseline was similar when perampanel (single dose of 1 mg or 6 mg) was 
administered under fasted state compared to fed condition. However, the time to reach 
the maximal decrease of PSV was achieved earlier by 1-2 hrs when perampanel was 
administered under fasted state, indicating early onset of sedation effect. Considering the 
clinical trial design and the observed correlation between Tmax for plasma concentration 
and Tmax for sedative effect (i.e, PSV) of perampanel, we recommend that perampanel be 
taken at bedtime regardless of food intake.  

PK Comparison of TBM vs. Clinical Formulations in Pivotal Trials: 
All the pivotal trials were conducted with Formulation C of perampanel tablet in 2-mg 
strength, whereas Formulations C (2 and 4 mg) and Formulation D (6, 8, 10 and 12 mg) 
are the proposed commercial formulations. Two BE studies using the lowest (6 mg) and 
the highest (12 mg) strengths of Formulation D demonstrated that this formulation was 
bioequivalent to Formulation C on the basis of point estimates for geometric mean ratios 
and the corresponding 90% confidence intervals (CIs) which fell within the 80-125% BE 
acceptance criteria. Biowaiver was granted for the intermediate 8-mg and 10-mg 
strengths of Formulation D based on comparisons of in vitro dissolution data. In addition, 
one BE study demonstrated dose strength bioequivalence between 2-mg and 4-mg 
strengths of Formulation C. 
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2. Question Based Review 

2.1 General Attributes 

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

Fycompa (perampanel, E2007) is proposed as an adjunctive therapy for the treatment of 
partial-onset seizures with or without secondarily generalized seizures in patients with 
epilepsy aged 12 years and older. 

The precise mechanism by which perampanel exerts its antiepileptic effects in humans 
remains to be fully elucidated. The presumed mechanism of action of perampanel is 
acting as a non-competitive antagonist of the ionotropic α-amino-3-hydroxy-5-methyl-4
isoxazolepropionic acid (AMPA) receptor. In vitro, perampanel inhibited AMPA-induced 
(but not NMDA-induced) increase in intracellular calcium. In animals, perampanel 
significantly prolonged seizure latency in an AMPA-induced seizure model. 

2.1.2 What are the highlights of physico-chemical properties of the drug substance? 

Perampnael (E2007), the active ingredient of Fycompa, is chemically known as 2-(2-oxo
1-phenyl-5-pyridin-2-yl-1,2-dihydropyridin-3-yl) benzonitrile hydrate (4:3). Its molecular 

(b) (4)
formula is C23H15N3O • 3/4H2O and the molecular weight is 362.90 (3/4 hydrate) or

 Perampanel is white to yellowish white powder that is freely soluble 
in N-methylpyrrolidone, sparingly soluble in acetonitrile and acetone, slightly soluble in 
methanol, ethanol and ethyl acetate, very slightly soluble in 1-octanol and diethyl ether 
and practically insoluble in heptane and water. The structure for perampanel is provided 
below. 

2.1.3 What are the proposed dosage(s) and route(s) of administration? 

Fycompa tablets are available as round, bi-convex, film coated oral tablets in multiple 
strengths, as presented in Table 1 below. 

Table 1. Description of Commercial Tablet Formulations of Perampanel 
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The sponsor proposed that Fycompa should be taken once daily before bedtime. 
Treatment should be initiated with a dose of 2 mg/day. The dose may be increased based 
on clinical response and tolerability by 2 mg/day increments on a weekly basis to a target 
dose of 4 mg to 12 mg/day. The maximum recommended daily dose is 12 mg. Dose 
increases should occur no more frequently than at weekly intervals. 

2.2 General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology and clinical studies 
used to support dosing or claims? 

The perampanel clinical development program for the proposed indication included 27 
Phase 1 studies in healthy subjects or specific populations, 4 completed Phase 2 studies 
(Study 203, 206, 208 and 231), 3 completed Phase 3 trials (Study 304, 305 and 306), one 
ongoing study in adolescents (Study 235), and 3 ongoing open-label extension studies 
(Study 207, 233 and 307). Design features of these studies are briefly presented in Table 
2 (please refer to Appendix 4.3 Filing Review for details). In addition, there were 4 
population PK analysis reports: CPMS-E2007-2011-002 based on 19 Phase 1 studies, 
EMFFR2008/06/00 based on 2 Phase 2 studies, CPMS-E2007-2011-003 based on 3 
pivotal Phase 3 studies (all patients), and CPMS-E2007-2011-004 based on 3 pivotal 
Phase 3 studies (adolescent patients). 

Table 2. Perampanel Clinical Pharmacology Studies 
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Pivotal Clinical Studies: 
Studies 304, 305, and 306 were multi-center, randomized, double-blind, placebo-
controlled, parallel-group studies to evaluate the efficacy, safety, and tolerability of fixed 
doses of perampanel given as adjunctive therapy (i.e., added onto one to three 
concomitant anti-epilepsy drugs (AEDs)) in epileptic patients aged 12 years and older (18 
years and older for sites in some countries). The three studies had similar design but 
differed in the doses of perampanel evaluated, as illustrated in Figures 1 and 2. 

Figure 1. Study Diagram for E2007-G000-304 and E2007-G000-305 
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Figure 2. Study Diagram for E2007-G000-306 

Subjects who met seizure frequency and type criteria during the Pre-randomization Phase 
were randomly assigned with equal probability to receive study medication (placebo or 2, 
4, or 8 mg perampanel in Study 306; placebo or 8 or 12 mg perampanel in Studies 305 
and 304) administered once daily before bedtime with food. During the Titration Period, 
dosage was increased in 2-mg increments on a weekly basis until the target dose was 
achieved. Subjects continued to take their baseline AED medication regimen throughout 
the double-blind Phase and no changes to the concomitant AEDs were permitted. Only 
one inducer AED (defined in the protocol as carbamazepine, phenytoin, phenobarbital, or 
primidone) out of the maximum of three AEDs was allowed. Down-titration of study 
medication was permitted during the Double-blind Phase for subjects experiencing 
intolerable adverse events; more than one down-titration was discouraged and the dose 
was to be increased again as soon as tolerability improved. Subjects who completed the 
Double-blind Phase could enter the OLE study (307) and receive treatment with open-
label perampanel. Subjects who did not elect to enroll in the OLE study or who withdrew 
prematurely during the Double-blind Phase entered the 4-week Follow-up Phase. Study 
medication was discontinued at the start of this phase (i.e., no downward titration of 
study drug was required). 

2.2.2. What is the basis for selecting the clinical endpoints or biomarkers 
(collectively called pharmacodynamics (PD)) and how are they measured in clinical 
pharmacology and clinical studies? 

The primary efficacy endpoint in the three Phase 3 studies was the percent change in 
seizure frequency per 28 days during the Double-blind Phase relative to the Pre-
randomization Phase.  Information about the number and type of seizures experienced 
was recorded in a daily diary. The primary analysis was an analysis of covariance 
(ANCOVA) in the Intent-to-Treat (ITT) dataset and later on was amended to Full ITT 
dataset (please refer to Statistical review by Dr. Ququan Liu for details). Both the 
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baseline seizure frequency per 28 days and the percent change per 28 days during 
treatment were rank-transformed separately. ANCOVA was then conducted on these 
rank-transformed percent change data, with treatment and pooled countries as factors, 
and the ranked baseline seizure frequency per 28 days as a covariate. 

The key secondary endpoint was responder rate. A responder was defined as a subject 
who experienced a 50% or greater reduction in seizure frequency per 28 days during the 
maintenance period of the double-blind treatment phase relative to baseline. 

2.2.3 Exposure-Response 

2.2.3.1. Is there any significant exposure-response relationship? And does the 
relationship support the proposed dosing regimen? 

Yes, according to the pharmacometric reviewer’s assessments, there were clear dose- and 
exposure-response relationships for both efficacy and safety data from three Phase 3 
trials. The primary endpoint (reduction in seizure frequency) was used for efficacy 
assessment. For safety analysis the adverse events related to hostility/aggression based on 
Standardized MedDRA Queries (SMQs) were extracted from the adverse event dataset.  

Dose-Response Relationships 
As illustrated in Figure 3, the seizure frequency decreased in a dose-dependent manner 
with little difference between 8 mg and 12 mg, while the proportion of patients with 
hostility/aggression related adverse events increased in the dose range of 8 mg and 12 
mg. 

Figure 3. Efficacy and Safety of Perampanel in Patients with Partial-Onset Seizures on 
Different Maintenance Doses of Perampanel. Left Panel: Efficacy - Percentage of 
Reduction in Seizure Frequency during Double-Blind Phase from the Baseline; Right 
Panel: Percentage of Patients Having Hostility/Aggression Related Adverse Events 
during Double-Blind Phase 

0 2 4 8 12 (mg) 
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The dose of 2 mg did not meet the statistically significant criteria (p-value=0.4197). 
However, the doses of 4 mg, 8 mg and 12 mg showed effectiveness in all studies, 
although 12 mg failed to show greater efficacy compared to 8 mg in Study E2007-G000
305. 

Table 3. Summary of Results of Primary Efficacy Analyses (based on Full ITT analysis 
set) The numbers are the median percent reduction of seizure frequency during double-
blind phase from the baseline relative to placebo with p-values in parentheses. 

Study / Dose 2mg 4mg 8mg 12mg 

306 
-4.36 

(0.4197) 
-13.7 

(0.0026) 
-20.1 

(<0.0001) 

305 
-19.1 

(0.0008) 
-13.69 

(0.0105) 

304 
-13.53 

(0.0261) 
-14.2 

(0.0158) 

Exposure-Response Relationships 
The pharmacometric reviewer also analyzed the efficacy and safety data with 
corresponding perampanel average concentrations at steady state (Css,avg) which were 
predicted from the Phase 3 population PK model. The analysis shows that the seizure 
frequency decreased in concentration-dependent manner with little difference between 
exposures after 8 mg and 12 mg, while the proportion of patients with 
hostility/aggression related adverse events increased in the concentration range 
corresponding to doses of 8 mg and 12 mg.  

Figure 4. The Benefit and Risk Profiles of Perampanel. The grey and orange shaded areas 
represent the efficacy (% reduction in seizure frequency) and safety (% patients of having 
hostility/aggression related AEs), respectively. The solid lines are model-predicted 
relationship and the dots are observed data at the ranked six bins of perampanel steady 
state concentrations. The boxplots indicate the distribution of concentration at each dose 
group (6 mg and 10 mg were simulated assuming the same variability as 4 mg).  
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Sub-group Analysis by Inducer and Non-inducer AEDs 
The Sponsor conducted dose-response analysis in patients taking enzyme-inducing AEDs 
at baseline (any of carbamazepine, oxcarbazepine, and phenytoin, defined as inducer 
group) and patients not taking these AEDs at baseline (defined as non-inducer group). 
The analysis indicated smaller effect sizes of perampanel in inducer group compared to 
non-inducer group for the same maintenance doses (see Table 8 and Table 9 in Appendix 
4.2 Pharmacometric Review for details).  

It is concerned that the sub-group analysis conducted by the sponsor can be confounded 
by co-medications as approximately 80-90% of patients in all three efficacy trials took 2 
or 3 AEDs as background therapies. Consequently, an exploratory concentration-efficacy 
analysis was performed for each group in order to examine the potential confounding 
effect by unbalanced baseline characteristics including other AEDs use in inducer and 
non-inducer groups. 

Examining the distribution of perampanel Css,avg in the two groups shows that the 
Css,avg of perampanel in inducer group were about 1/3-1/2 of that in non-inducer group. 
This is consistent with the findings from the dedicated DDI study with carbamazepine 
and also the Phase 3 population PK analysis which showed that carbamazepine, 
oxcarbazepine and phenytoin increased perampanel apparent clearance to 2-3 folds of 
that in control groups (see Section 2.4 Extrinsic Factors for details).  

Figure 5. The Distribution of Perampanel Average Concentration at Steady State by Dose 
in Inducer and Non-inducer Groups 

The Css,avg was binned by quartiles for inducer and non-inducer groups. The median 
concentration with range in each bin is displayed by groups in the following table. 
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Table 4. The Median and Range of Average Concentrations of Perampanel (ng/mL) at 
Steady State in Each Quartile by Inducer and Non-inducer Groups. 

Quartile Inducer Group: median (range) Non-Inducer Group: median (range) 
1st 55 ng/ml  (10-88) 129 ng/ml (21-203) 
2nd 132 ng/ml (92-167) 275 ng/ml (204-365) 
3rd 209 ng/ml (168-267) 491 ng/ml (367-650) 
4th 371 ng/ml (268-1260) 876 ng/ml (672-1958) 

The median percent of reduction in seizure frequency was calculated for each bin of 
concentration and shown in Figure 6 by groups of inducer and non-inducer. The plots 
suggest that, at similar concentration ranges of perampanel, the reduction in seizure 
frequency is similar between inducer and non-inducer groups. If an assumption of similar 
distribution of baseline characteristics including other background treatments can be 
made for patients across concentration quartile bins, then the data suggests that there is 
no additional pharmacodynamic interaction. The lack of pharmacodynamic interaction 
implies that dose of perampanel can be increased in patients taking enzyme-inducing 
AEDs to reach perampanel concentrations closer to those observed in patients not taking 
enzyme-inducing AEDs.  

Figure 6. Median Change in Seizure Frequency versus Steady State Average Perampanel 
Concentrations in Studies of 304/305/306.  The effect size is displayed at the median 
concentrations at each bin. 

Recommendation: Due to the significant increase of perampanel clearance by enzyme-
inducing AEDs and resulted lower perampanel exposure, dosing recommendation is 
proposed separately for patients on treatment with enzyme-inducing AEDs or non-
inducers. Herein, enzyme-inducing AEDs include carbamazepine, oxcarbazepine, 
phenytoin, phenobarbital and primidone. Phenobarbital and primidone are generally 
considered as broad-spectrum enzyme inducers as carbamazepine and phenytoin and are 
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expected to have inducing effect on perampanel clearance. The population PK analysis 
with limited data did not detect such effect and the results were inconclusive. (see Section 
2.4 Extrinsic Factors for details) 

Given that efficacy and safety profiles of perampanel show little difference in efficacy 
between 8 mg and 12 mg but higher risk with increasing dose/concentration, the target 
maintenance dose is recommended to be 8 mg once daily for patients not on treatment 
with any enzyme-inducing AEDs. Perampanel treatment should be initiated at 2 mg/day, 
and increased by an increment of 2 mg/day every week to a target dose of 8 mg/day. The 
labeling of FYCOMPA will describe the risk of hostility/aggression and recommend 
close monitoring of patients during titration period and at higher doses of perampanel. 
Given that, dose of perampanel may be further increased to 12 mg/day in some patients, 
based on individual clinical response and tolerability.   

For patients already on any of the enzyme-inducing AEDs, perampanel treatment should 
be initiated at 4 mg/day and increased by an increment of 2 mg/day every week to a 
maximum dose of 12 mg. If sufficient seizure control is not achieved at 12 mg dose, 
patients should be switched to alternate treatment. Further increase of dose beyond 12 mg 
is not recommend since doses higher than 12 mg have not been studied in patients. 
Furthermore, when these enzyme-inducing AEDs are introduced into or withdrawn from 
patients on perampanel treatment, the patients should be closely monitored for their 
clinical response and tolerability, and dose adjustment (increase or decrease) for 
perampanel may be necessary. 

2.2.3.2 Does this drug prolong the QT or QTc interval? 

No significant QTc prolongation effect of perampanel was detected in the TQT study 
(E2007-A001-013) where healthy subjects received 6 mg once daily from Day 1- Day 7, 
8 mg on Day 8, and 10 mg on Day 9 followed by 12 mg once daily for another 7 days 
(Day 10 – 16). The largest upper bounds of the 2-sided 90% CI for the mean differences 
between perampanel (6 mg and 12 mg) and placebo were below 10 ms, the threshold for 
regulatory concern as described in ICH E14 guidelines. In this study 12 mg dose 
produced a mean perampanel Cmax value of 800 ± 222 ng/ml. As described later (Table 
6), a steady-state Cmax of 661 ng/ml (1.89 µM) was predicted for perampanel 
administered under fasted condition following the dosing regimen proposed for clinical 
use (i.e, 2 mg  7 days  4 mg  7 days  6 mg  7 days  8 mg maintenance dose). 
Drug-drug interaction study E2007-E044-005 showed that strong CYP3A inhibitor 
ketoconazole (400 mg once daily) increased AUC of perampanel by 20% and decreased 
its Cmax by 10%. Thus, the Cmax observed in the TQT study following the 12-mg dose 
covered these scenarios. Details are available in the review for the thorough QT study 
documented by Dr. Joanne Zhang, and the review memo documented by Dr. Mónica L. 
Fiszman of the QT-IRT review team. 

2.2.4 What are the PK characteristics of the drug and its major metabolite? 

2.2.4.1 What are the single and multiple dose PK parameters? 
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Single- and multiple-dose PK characteristics of perampanel were evaluated in a number 
of Phase 1 studies including a single-dose escalation Study E2007-E044-001 and a 
multiple-dose escalation Study E2007-E044-002 in Western populations. The PK profiles 
of perampanel obtained from these two studies are shown below. 

PK Profiles 
Figure 7. Mean (+SD) Plasma Concentration Profiles of E2007 after Single Doses in 
Healthy Male Volunteers (Left panel: 0-48 hrs; Right Panel: 0-168 hrs) (Study E2007
E044-001) 

Figure 8. Mean Perampanel Plasma Concentration-Time Profiles after 14 Days Repeated 
Dosing (once daily) in Healthy Male Volunteers (Study E2007-E044-002) 

[Note: Dosing regimen for 6 mg was different from those for 1 – 4 mg. Doses of 1, 2 and 4 mg 
were administered once daily for 14 days. For 6 mg cohort, 4 mg was given q.d. for the first 7 
days, followed by 6 mg for another 7 days.] 

PK Parameters 
The terminal t1/2 of perampanel varied among studies ranging from 53–157 hrs. On 
average perampanel has a long terminal t1/2 around 100 hrs. A population PK analysis 
(CPMS-E2007-2011-002) was performed based on 19 Phase 1 studies using a two-
compartment model with first-order absorption. The PK parameters presented in the table 
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below were calculated for each subject using the population PK model, perampanel 
doses, and covariates for each subject. 

Table 5. Mean (SD) Perampanel Pharmacokinetic Parameters Calculated from the 
Population Pharmacokinetic Modeling of Phase 1 Data (Study CPMS-2007-2011-002) 

a. Presented as Median (Minimum – Maximum) 

Steady-State 
Time to reach steady state:  Following once-daily dosing of perampanel, attainment of 
steady-state was approached by Day 14 and was achieved within 21 days, based on the 
results from Studies E2007-E044-002, E2007-E044-014, E2007-E044-025, E2007-J081
026 and E2007-E044-029. 

Figure 9. Geometric Mean Pre-dose Plasma Perampanel Concentrations (Study E2007
E044-002) 

[Note: For 6 mg group, concentrations on Days 10, 11, 12, 13 and 14 are those following 6 mg 
perampanel q.d. for 3, 4, 5, 6 and 7 days, respectively.] 
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In addition, as illustrated in Table 6, steady state of perampanel could be reached earlier 
for a high maintenance dose when perampanel dose is titrated up by a step of 2 mg every 
week. For example, 94% of the Cmax,ss values, 90% of the Cav,ss values and 92% of the 
Cmin,ss values are projected to be achieved after 1-week daily administration of 8 mg. 

Accumulation:  Following once-daily dosing of 1, 2 or 4 mg perampanel, AUC0-24hr on 
Day 14 was on average 4.3-fold of that on Day 1 (E2007-E044-002 and E2007-J081
026). The extent of accumulation is less than that (6.83-fold) predicted based on the 
terminal t1/2 (~105 hrs) which assumes that administered drug is entirely eliminated 
during the terminal phase (i.e., one-compartment model with oral absorption). The 
observed lower accumulation ratio is in consistent with the nature of multi-phasic PK 
profile of perampanel and results in an estimated effective t1/2 around 65 hrs. The 
accumulation ratio (on average 2.5-fold) for Cmax at steady state was less than that 
observed for AUC0-24hr (E2007-E044-002 and E2007-J081-026). 

Fluctuation:  After 14-day once-daily dosing the fluctuation index (FI%, calculated as 
(Cmax,ss – Cmin,ss)/Cavg,ss x 100%) for perampanel ranged from 57 to 82% with an average 
of 68% (E2007-E044-002 and E2007-J081-026). In Study 002, perampanel was 
administered under fasted state everyday. In Study 026 perampanel was administered 
once daily at 30 minutes after the start of breakfast, except on Days 1, 7, and 14 of Step 1 
and Days 1, 14, 21, and 28 of Step 2 when perampanel was administered after overnight 
fast and the fasting was maintained for 4 hrs after administration. The PK parameters 
were derived from the intensive PK sampling on these days, which reflect more of the PK 
profile under fasted state. A lower FI% (28%) was observed for 10-mg dose of 
perampanel in Study E2007-E044-009 where once-daily doses of perampanel were 
administered to morning dosing group of subjects immediately before low-fat breakfasts.  

Phase 1 population PK model was utilized to simulate the concentration-time profiles of 
perampanel administered under fasted conditions following such a dosing regimen: 
initiating perampanel dose from 2 mg q.d. for one week and increasing daily dose every 
week by 2 mg until reaching the maintenance doses. Based on the simulated 
concentration-time profiles, exposure parameters Cmax, Cmin, and Cavg were calculated for 
various days as presented in the following Table. A fluctuation index around 42% was 
predicted based on these simulated data.  

Table 6. Time Course of Perampanel Exposure with Repeated Administration: Estimated 
Exposure Parameters during Titration/Maintenance Periods for Three Dosing Regimens 
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[Note: QT should be QD. The Pharmacometric reviewer performed the simulation independently using the 
Phase 1 population PK model and confirmed the above results provided by the Sponsor.] 

Time-independent PK 
In healthy subjects, CL/F of perampanel after multiple dosing was 11.9 mL/min on 
average (range: 9.9 – 15.3 mL/min), which is similar to that after single-dose 
administration (11.7 mL/min on average, range: 7.1 – 18.7 mL/min), suggesting that 
there is no auto-induction or auto-inhibition of perampanel metabolism by itself. This is 
also supported by the findings from the Phase 3 population PK analysis (CPMS-E2007
2011-003) that perampanel CL/F in patients not receiving enzyme-inducing AEDs 
remained the same between Visit 6 (week 10) and Visit 8 (week 19), as shown in Table 7.  

Table 7. Model-Predicted Apparent Clearance Values: Effect of Time (Study CPMS
E2007-2011-003) 

a. Significant AEDs were those identified by the population pharmacokinetic model as having statistically 
significant effect on the clearance of perampanel (i.e., carbamazepine, oxcarbazepine, phenytoin, and 
topiramate). 
c. Ratio to estimated value on Visit 6 
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2.2.4.2 What are the characteristics of drug absorption? 

Perampanel is rapidly absorbed with median Tmax values ranging from 0.5 to 2.5 hrs after 
single- or multiple-dose administration. Absolute bioavailability of perampanel was 
estimated to be 116% (N=5; range: 105-129%) from Study E2007-E044-017 where 10 
healthy male volunteers received a single oral 8-mg dose of perampanel under fasted 
state followed by a single 10-μg (200 nCi) i.v. microdose of 14C-perampanel. 14C
perampanel was intravenously administered as a 15-min infusion starting 45 minutes 
after administration of the oral dose. The AUC after oral dose was calculated based on 
perampanel concentrations determined by LC-MS/MS, while the AUC for intravenous 
dose was estimated based on unchanged 14C-perampanel concentrations determined by 
accelerated mass-spectrometry (AMS).  

The reason for the absolute oral bioavailability being over 100% is unclear. It should be 
noted that the absolute bioavailability can only be estimated for 5 out of 10 subjects in 
this study. For the remaining 5 subjects, quality controls (QC) for the AMS assay failed 
to pass the acceptance criteria (i.e., at least 6 out of 9 QC samples need to fall within 80
120% of the actual concentrations) and thus reliable plasma concentrations of 14C
perampanel could not be obtained. It is also noted that there was a small secondary peak 
around 24 hrs post-dosing in the concentration vs. time profile of non-radiolabeled 
perampanel as also observed in some other studies. The reason for such phenomenon 
(secondary peak or ‘shoulder’) remains unknown. One of the possible explanations is 
entero-hepatic recycling, which could lead to an absolute bioavailability beyond 100%. 
Nevertheless, the estimated absolute bioavailability from this study, along with mass-
balance study results (Section 2.2.4.4), indicates that absorption of perampanel is 
essentially complete. 

High-fat meal reduced perampanel Cmax by 28-40% but did not affect the extent of 
perampanel absorption (AUC).  

2.2.4.3 What are the characteristics of drug distribution? 

Following the achievement of Cmax, there was an initial, relatively rapid decline in 
perampanel plasma concentrations before 12 hrs post drug administration, followed by a 
slow decline. The plasma concentration-time profiles have been described using a two- or 
three-compartment model with first-order absorption. The apparent volume of 
distribution (Vd/F) ranged 51–105 L across single-dose PK studies, with an average of 77 
L, which is consistent with the value (75 L) estimated from Phase 1 population PK 
analysis. 

Plasma protein binding of perampanel (95-96%) was constant over a concentration range 
from 20 to 2000 ng/mL. Perampanel mainly bound to albumin and 1-acid glycoprotein 
and to a lesser extent to γ-globulin in human serum. Saturable binding was observed with 
1-acid glycoprotein between the perampanel concentrations of 20 and 2000 ng/mL. 
Consistent with these in vitro results (Studies B00033 and AE-4737-G), Study E2007
E044-017 showed that the fraction of perampanel bound to plasma protein in vivo was 
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95.9±1.36% at 1 hr post-dose. The ex vivo protein binding results also showed that the 
extent of protein binding of perampanel was decreased by mild hepatic impairment and 
more obviously by moderate hepatic impairment, as summarized in Table 8.  

Table 8. Mean (SD) Unbound Fraction of Perampanel (N=6 in each group, measured at 
2-hrs post drug administration) 

Note: Normal A and B were healthy subject groups as demographic-matched controls for Child-
Pugh A and B groups, respectively. 

The blood-to-plasma ratio of perampanel ranged from 0.55 to 0.59. 

2.2.4.4 What are the characteristics of drug metabolism? 

Mass-Balance:   Perampanel appears to be extensively metabolized in humans. In a mass-
balance study (E2007-E044-007) where 2 mg perampanel tablet with 200 nCi 14C
perampanel was orally administered to 8 healthy elderly subjects, 70% of radiolabeled 
dose was recovered over a period of 42 days, with 22% of dose found in urine and 48% 
in feces. The 3% of total radioactivity recovered in feces within the first 48 hrs post drug 
administration suggested that most of the dose administered had been absorbed from the 
gastrointestinal tract. Metabolic profiling was further performed for urine and feces 
samples. However, the information obtained was very limited since only urine samples 
collected between 4- 8 hrs and feces samples collected between 144-168 hrs were 
analyzed for metabolite profiles.  

Metabolic Profiling of Urine and Feces:   More informative results of metabolic profiling 
were obtained from the absolute bioavailability study (E2007-E044-017) which also used 
radiolabeled perampanel as described in the previous section (Section 2.2.4.2). AMS 
analysis of urine samples collected at 0-24, 132-156, and 300-324 hrs post drug 
administration revealed the presence of a number of metabolites. Unchanged perampanel 
was also detected, but only accounted for 1-5% of the total radioactivity in each time-
interval, which is consistent with less than 0.2% of perampanel dose eliminated as parent 
drug into urine within 48 hrs after single-dose administration or 24 hrs following 
multiple-dose administration (Studies E2007-044-001 and E2007-E044-002). 
Collectively, these findings suggest that renal clearance of perampanel is negligible. 
AMS analysis of 0-24, 48-72, and 120-168 hrs feces samples revealed numerous peaks 
on HPLC-radiochromatogram, which suggests the presence of a number of metabolites 
besides parent drug. The peak of unchanged perampanel on the chromatogram was 
comparable or smaller relative to metabolites. However, quantitative interpretation of 
these results was hampered by the low extraction efficiencies of feces samples (around 
20%). 

Metabolic Pathways:  Metabolic pathways of perampanel in humans are proposed as 
following, 
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Figure 10. Proposed Metabolic Pathways of Perampanel in Humans 

Perampanel is primarily eliminated by oxidative metabolism followed by glucudonide 
conjugation for some metabolites. However, the relative contributions of these metabolic 
pathways in humans remain unknown, as majority of administered dose was excreted into 
feces and metabolic profiling results of feces samples were not quantitative.  

Gap between In Vitro Findings and In Vivo Results: In vitro studies suggested that 
oxidative metabolism of perampanel is mainly mediated by CYP3A4/5. A study using 
recombinant human CYP isozymes showed that 25% of perampanel was metabolized 
after incubation with CYP3A4 microsomal preparation, while less than 5% of 
perampanel were metabolized in other CYP isozyme microsomes (CYP1A2, CYP2A6, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP2E1) (Study B04006). 
Another study showed that CYP3A5 metabolized perampanel to a similar extent as 
CYP3A4 (Study B06012). The other study using human liver microsomes revealed that 
0.3 µM ketoconazole and anti-CYP3A4 antibody inhibited 60-65% of the metabolite 
formation for M1, M3, M4 and M19 (Study B07001). Ketoconazole and anti-CYP3A4 
antibody also inhibited the formation of M6, M7 and M8, but quantitative results were 
not available. Though these in vitro studies suggested that CYP3A4/5 may be the major 
enzyme responsible for perampanel metabolism, the dedicated DDI study (E2007-E044
005) showed that strong CYP3A4/5 inhibitor, ketoconazole, increased exposure of 
perampanel by 20% only, pointing to a possible limited role of CYP3A4/5 in perampanel 
metabolism in humans. On the other hand, carbamazepine, a broad-spectrum enzyme 
inducer, which can induce CYP3A4/5 and also CYP2C8, CYP2C9, CYP2C19, CYP2B6 
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and non-CYP enzymes, was shown to increase CL/F of perampanel to 3-fold of control 
group (E2007-E044-006), indicating the involvement of non-CYP3A enzymes in 
perampanel metabolism. 

Caveats for In Vitro Studies:  The contributions of non-CYP3A metabolic enzymes to 
perampanel metabolism have not been fully characterized due to several limitations of the 
in vitro studies: first, perampanel was incubated with microsomes of each CYP isozyme 
for only 30 minutes in Study B04006, which may not be long enough to detect the full 
effect of an enzyme for the metabolism of a drug with low clearance; secondly, there 
were no positive controls in that study, as probe substrates for CYP isozymes were not 
included. Thus, enzyme activity and validity of experimental conditions were not 
warranted. Either insufficient enzyme activity or deficient experimental condition can 
results in under-estimation of the contribution from an enzyme; thirdly, Study B07001 
using human liver microsomes did not assess the contribution of CYP3A4/5 to the 
formation of all identified metabolites (e.g., M5 and M15). Both M5 and M15 were 
detected in urine and feces (Study E2007-E044-017); lastly, Study B07001 did not 
evaluate the contribution of any other enzyme beyond CYP3A4/5 for the formation of 
any metabolite.  

Uncertainty about Metabolism:  Due to the aforementioned limitations of both mass-
balance study and absolute bioavailability study, relative contribution of each metabolic 
pathway in overall metabolism of perampanel is unknown (Figure 10). If a metabolic 
enzyme is primarily responsible for the formation of one or multiple metabolites as the 
major metabolic pathway(s) of perampanel, concomitant use of a potent inhibitor of this 
enzyme will be expected to significantly increase the exposure of perampanel in humans. 

Absence of Major Circulating Metabolites:   Studies E2007-044-007 and E2007-044-017 
reported that unchanged perampanel accounted for 75-80% of total radioactivity in 
plasma. Metabolic profiling by AMS analysis of plasma samples collected at 1-, 132-, 
216-, 312- and 480-hrs post-dose did not reveal any major peak on HPLC
radiochromatogram except that of parent drug, suggesting the absence of major 
metabolite with exposure >10% of total drug-related material in systemic circulation. In 
accordance, LC/MS/MS assay validated for measurements of M1, M2, M3, M4, M5 and 
M7 were used to analyze plasma samples with or without the addition of  
glucuronidase. The plasma concentrations of these metabolites were below the lower 
limit of quantification (1 ng/ml) for the majority of subjects at the majority of time points 
(from pre-dose to 480 hrs post-dose, except 50 and 55 min post-dose). 

In vitro pharmacology Study M09014 showed that metabolites M1, M3, M4, M5 and M7 
had antagonistic effects on AMPA receptor. Based on the IC50 values, their effects were 
weaker than perampanel by 44-, 3.0-, 3.8-, 7.7- and 27-fold, respectively. No activity was 
observed with M2 up to 10 μM (refer to Pharmacology and Toxicology review 
documented by Dr. Christopher D. Toscano for details). 

Recommendation: Further in vitro study(ies) are requested as a PMR to elucidate the 
contribution of metabolic enzymes other than CYP3A to perampanel metabolism, e.g., 
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characterizing the enzymes involved in the formation of all identified metabolites 
(including M5). 

2.2.4.5 Does the mass balance study suggest renal or hepatic as the major route of 
elimination? 

Hepatic metabolism represented the major route of elimination, with 48% of total dose 
administered recovered in feces over a period of 41 days post drug administration. 22% 
of dose was recovered in urine, with little amount of parent drug (See Section 2.2.4.4 for 
additional details). 

2.2.4.6 What are the characteristics of drug elimination? 

Perampanel is cleared primarily by oxidative metabolism followed by glucuronide 
conjugation for some metabolites. The metabolites were excreted into both feces and 
urine (See Section 2.2.4.4 for additional details). 

Across the single- and multiple-dose studies in healthy volunteers perampanel CL/F was 
11.7 mL/min (0.7 L/hr) on average. In the Phase 1 population PK analysis the estimated 
CL/F for perampanel was 10.9 mL/min (0.652 L/hr). The mean terminal t1/2 of 
perampanel was approximately 100 hrs following single- and multiple-doses.  

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

AUC of perampanel increased dose-proportionally over the range of 0.2-12 mg after 
single-dose administration and 1-12 mg after multiple-dose administration. Cmax of 
perampanel increased in a dose-proportional manner after single-dose administration of 
0.2-8 mg and increased less than dose-proportionally beyond dose of 8 mg. 

In studies for single-dose escalation (E2007-E044-001 in Western population and E2007
J081-010 in Japanese), multiple-dose escalation (E2007-E044-002 in Western 
population), and for elderly population (E2007-E044-004), linear PK was examined using 
regression analysis with a power function to determine if the value of the exponential 
term differed from 1.0. The results of these evaluations are summarized in the table 
below. In general, the exponential term was close to the value of 1.0, suggesting that 
AUC and Cmax of perampanel increased in a dose-proportional manner (Figure 11). 
Linear PK of perampanel after multiple dosing is also supported by Study E2007-J081
026 conducted in Japanese population, where Cmax, Cmin and AUC0-tau for 4 mg dose 
group were double of corresponding parameters for 2 mg dose.  

Table 9. Evaluations of Potential Nonlinearity in Perampanel PK 
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Figure 13. Dose-Exposure Relationship of Perampanel after Multiple Doses from 1 to 10 
mg. Left panel: Dose-normalized Cmax; Right panel: Dose-normalized AUC0-t 
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The Phase 3 population PK analysis showed that CL/F of perampanel was comparable 
between 4 mg and 12 mg doses in patients, suggesting approximately dose-proportional 
increase of perampanel AUC in a dose range up to 12 mg after multiple-dose 
administration.  

Table 11. Model-Predicted Apparent Clearance Values: Effect of Perampanel Dose 
(Study CPMS-E2007-2011-003) 

a. Significant AEDs were those identified by the population PK model as having statistically significant 
effect on the clearance of perampanel (i.e., carbamazepine, oxcarbazepine, phenytoin, and topiramate). 
b. Ratio to estimated value at dose 8 mg 

2.2.4.8 How does the PK of the drug and its major metabolites in healthy subjects 
compare to that in patients? 

Pharmacokinetics of perampanel in epilepsy patients was similar to that in healthy 
subjects. From the Phase 3 population PK analysis CL/F of perampanel in patients not on 
enzyme-inducing AEDs (defined as carbamazepine, oxcarbazapine, phenytoin and 
topiramate in the analysis) was estimated as 0.73 L/hr or 0.605 L/hr for males and 
females, respectively. These estimates were similar to the CL/F (0.652 L/hr) estimated 
for healthy subjects based on the Phase 1 population PK analysis (CPMS-E2007-2011
002). 

2.2.4.9 What is the inter- and intra-subject variability of PK parameters in healthy 
subjects and patients? 

In healthy subjects the variability (expressed as CV%) of perampanel Cmax ranged from 
15% to 40% across single-dose and multiple-dose studies. After single-dose 
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administration CV% of AUC0-inf for majority of the studies fell within 30-60%. The CV% 
of AUC0-tau after multiple-dose administration was approximately 30%.  

Based on population PK analyses between-subject variability (IIV) for CL/F of 
perampanel in healthy subjects and patients was estimated to be 49.5% and 46.4%, 
respectively. The within-subject variability (IOV) for CL/F of perampanel in patients was 
approximately 21.3%.  

2.3 Intrinsic Factors 

2.3.1 What intrinsic factors influence exposure and/or response and what is the 
impact of any differences in exposure on the pharmacodynamics?  

Intrinsic factors, such as age, gender, race, weight, renal impairment and hepatic 
impairment, were studied in Phase 1 studies and/or Phase 3 trials, as described in the 
following Sections. 

2.3.1.1 Elderly 

Pharmacokinetics of perampanel in healthy elderly subjects were evaluated in Study 
E2007-044-004 where 8 subjects (4 males and 4 females) received 1 mg single dose and 
another 8 subjects (4 males and 4 females) received 2 mg dose. Mean CL/F of 
perampanel was 10.2 or 11.1 mL/min in elderly males, and 10.6 or 9.8 mL/min in elderly 
females. These values were similar to that for younger adults (10.9 mL/min) derived from 
Phase 1 population PK analysis, indicating that perampanel clearance is not affected by 
aging. 

2.3.1.2 Gender 

The Phase 1 population PK analysis suggested that CL/F of perampanel in females was 
24% lower than that in males, which translated into 32% higher AUC in females 
compared to males. Similarly, the Phase 3 population PK model indicated that CL/F of 
perampanel in female patients was 16-20% lower than that in male patients. These 
differences are not considered clinically important.  

2.3.1.3 Race 

A single-dose escalation study (E2007-J081-010) was conducted in Japanese healthy 
male subjects. CL/F of perampanel was on average 11.8 mL/min (mean CL/F ranging 
8.0–13.3 mL/min across doses from 0.25–8 mg).  A multiple-dose study (E2007-J081
026) was performed in Japanese healthy males with mean CL/F of perampanel estimated 
to be 9.9 or 10.6 mL/min (for 2 mg and 4 mg doses, respectively). These values were 
similar to 10.9 mL/min derived for overall healthy population (479 Caucasians, 28 
Black/African Americans, 20 Asians, 60 Japanese, and 19 subjects of other races) based 
on the Phase 1 population PK model. Similarly, the Phase 3 population PK analysis 

33 


Reference ID: 3205587 



 

 

 

 
 

  
 

 

 

 

 

 

indicated that perampanel CL/F in patients was not significantly affected by race (837 
Whites, 24 Blacks, 133 non-Chinese Asians, 85 Chinese, and 30 patients of other racial 
groups.). 

2.3.1.4. Weight 

Simulation based on the Phase 1 population PK model showed that for subjects with body 

weight of 100 kg perampanel concentrations were totally contained within the 90% 

prediction interval for perampanel concentrations in subjects with 50 kg body weight, 

suggesting that body weight is not a significant covariate.  

As summarized in the table below, the Phase 3 population PK analysis showed that CL/F 

of perampanel decreased slightly with increasing fat body mass. Such difference is not 

considered clinically relevant.  


Table 12. Model-Predicted Apparent Clearance Values: Effect of Fat Body Mass (Study 

CPMS-E2007-2011-003) 

a: Significant AEDs were those identified by the population PK model as having statistically significant 
effect on the clearance of perampanel (i.e., carbamazepine, oxcarbazepine, phenytoin, and topiramate). 
d: Ratio to estimated value of subject whose FBM 17.1 kg 

2.3.1.5. Pediatric 

All three pivotal trials included adolescent patients (12–17 yr). The CL/F of perampanel 
in adolescents, regardless of gender, was estimated to be 0.787 L/hr from the population 
PK model CPMS-E2007-2011-004 based on pooled adolescents data. Although this CL/F 
value is slightly higher than that in adults (0.605-0.73 L/hr), the differences are not 
considered clinically meaningful. 

2.3.1.6 Renal impairment 

No dedicated study has been conducted in subjects with renal impairment. Effect of renal 
impairment on perampanel clearance was evaluated via population PK approach using 
Phase 3 data. As shown in the Table 13, median CL/F of perampanel was 27% lower in 
patients with mild renal impairment compared to patients with normal renal function, 
which corresponded to a 37% higher AUC in patients with mild renal impairment. 
However, there was substantial overlap in exposure between the two groups of patients 
(Figure 14, right panel). In addition, the plot of CL/F of perampanel versus estimated 
creatinine clearance (CLcr, mostly larger than 50 mL/min) did not reveal significant 
correlation between perampanel clearance and renal function (Figure 14, left panel). 
Therefore, no dose adjustment is needed for patients with mild renal impairment. It is 
noted that there were only 3 subjects with moderate renal impairment in the dataset. 
Considering that little parent drug was excreted into urine (see Section 2.2.4.4) and renal 
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clearance of perampanel is negligible, perampanel can be used in patients with moderate 
renal impairment with close monitoring. A slower titration may be considered. On the 
other hand, effects of severe renal impairment and end stage of renal diseases on 
perampanel PK can not be readily predicted, and thus use of perampanel in these patients 
is not recommended.   

Table 13. Oral Clearance of Perampanel in Patients with Different Renal Function 
Renal function category 

(CLcr, mL/min) 
Normal (> 80) Mild (50-80) Moderate (30-50) 

Number of Patients 711 52 3 
Perampanel CL/F 

(L/hr, median) 
1.25 0.91 1.07 

Figure 14. Left Panel: Relationship between Perampanel Oral clearance and Creatinine 
Clearance (CLcr). Right Panel: Oral clearance of Perampanel in Patients with Different 
Categories of Renal Function (2: moderate renal impairment; 3: mild renal impairment; 4: 
normal renal function) 

Recommendation: No dose adjustment is needed for patients with mild renal impairment. 
For patients with moderate renal impairment, it is recommended that perampanel be used 
with caution and close monitoring. A slower titration may be considered based on clinical 
response and tolerability. Perampanel is not recommended for patients with severe renal 
impairment or patients on hemodialysis.  

2.3.1.7 Hepatic impairment 

In a dedicated hepatic impairment study (E2007-044-015), single-dose PK of 1 mg 
perampanel administered after food was evaluated in patients with reduced hepatic 
function (Child-Pugh A and Child-Pugh B) and their demographic-matched healthy 
controls (6 subjects in each group). 

As shown in Figure 15, total AUC0-inf (free drug and drug bound with plasma protein) of 
perampanel was increased by 49% in patients with mild hepatic impairment compared to 
healthy controls, with t1/2 prolonged from 125 ± 56 hrs to 306 ± 275 hrs. In patients with 
moderate hepatic impairment total AUC0-inf of perampanel was more than doubled (2.55
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fold) compared to controls, with t1/2 prolonged from 139 ± 145.5 hrs to 295 ± 116.3 hrs. 
Due to decreased plasma protein binding of perampanel in hepatically impaired patients 
(see Section 2.2.4.3), the AUC0-inf values of free perampanel in patients with mild and 
moderate hepatic impairment were 1.81- and 3.28-fold, respectively, of those in healthy 
matched controls. 

Figure 15. Effect of Mild and Moderate Hepatic Impairment on PK of Perampanel  

Recommendation: Dose of perampanel should not exceed 4 mg in patients with moderate 
hepatic impairment and 6 mg is recommended as the maximum dose of perampanel for 
patients with mild hepatic impairment. Due to the prolonged t1/2 (2-3 times), patients with 
mild or moderate hepatic impairment should be dose-titrated more slowly with close 
monitoring. Dose increases of perampanel should occur every two weeks, rather than 
weekly, in these patients. 

2.4 Extrinsic Factors 

2.4.1 Is the drug and/or the major metabolite a substrate, inhibitor or inducer of 
CYP enzymes on an in vitro basis? 

Metabolism by CYP: Results from in vitro studies (B04006, B06012 and B07001) 
suggested that CYP3A4/5 is the major enzyme responsible for perampanel metabolism, 
while other CYP enzymes (e.g., CYP1A2, CYP2B6, CYP2C8, CYP2C19, CYP2D6 and 
CYP2E1) may also be involved. 

Inhibition potential: Perampanel did not inhibit CYP1A2, CYP2A6, CYP2C9, CYP2C19, 
CYP2D6, CYP2E1, UGT1A1, UGT1A4 and UGT1A6 (Studies B00030, AE-4739-G, 
and XT095036). It is a weak inhibitor of CYP2C8, UGT1A9 and UGT2B7 (IC50 > 30 
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µM), and is not expected to result in clinically significant inhibition on these enzymes. 
Perampanel is a time-dependent inhibitor of CYP3A4, with kinact and KI estimated as 
0.036 min-1 and 40.6 µM. Perampanel increased CYP2B6 activity to 2.2 – 3.6 fold of 
control group at a concentration of 30 µM. It is noted that steady state Cmax of 
perampanel at a dose of 12 mg is predicted to be 992 ng/ml or 2.83 µM (Table 6), and it 
is unknown whether perampanel exerts the similar stimulating effect for CYP2B6 activity 
at its therapeutic concentrations. If such CYP2B6 stimulating effect exists at therapeutic 
concentrations, perampanel would potentially decrease the plasma concentrations of 
CYP2B6 substrates (e.g., buproprion) in humans and thus reduce the efficacy of these 
drugs. 

Recommendation: A PMC is proposed to request the Sponsor to conduct an in vitro study 
to investigate the effect of perampanel at clinically relevant concentrations on CYP2B6 
activity to provide clarity for the drug-drug potential between perampanel and CYP2B6 
substrates. It is recommended that a higher concentration of perampanel (e.g., 30 µM) be 
included in the study to serve as a comparator. In addition, the PMC study is 
recommended to be performed with probe substrate of CYP2B6 (e.g., buproprion) per the 
Agency’s Guidance for studying the drug-drug interaction.  

Induction potential: Perampanel did not induce CYP1A2 at concentrations up to 30 µM 
in human hepatocytes. It is a weak inducer of CYP2B6 and is not expected to result in 
clinically significant CYP2B6 induction. Perampanel at concentrations of 3 µM and 
above induced CYP3A4/5, but the induction effect was weak compared to the positive 
control - rifampicin (Study GE-0045). Perampanel may induce UGT1A1 (≥ 3 µM) and to 
a lesser extent induce UGT1A4 (30 µM) (Study XT093050). It remains unknown 
whether perampanel has induction effect on UGT1A6, UGT1A9, and UGT2B7, as the 
positive controls used did not exhibit inducing effect, either.  

2.4.2 Is the drug and/or the major metabolite a substrate and/or an inhibitor of P-
glycoprotein transport processes or any other transporter system? 

Perampanel is not a substrate for P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT2, 
OAT3, OAT4, OCT1, OCT2 or OCT3 (Studies GE-0258-G, DMPKT2011-002, GE
0404-G and B06015). Perampanel is a weak inhibitor of P-gp, BCRP, OAT1, OAT3, 
OCT1 and OCT3, and is not expected to result in clinically significant inhibition on these 
transporters. Perampanel increased OAT2 activity at concentrations of 1 µM and above, 
which is not expected to occur in humans considering the much lower concentrations of 
unbound perampanel at its therapeutic dose level.  

2.4.3 Are there any in vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure-response relationships are different when drugs are 
co-administered? If yes, is there a need for dosage adjustment? 

2.4.3.1 Effect of co-administered drugs on perampanel 

(1) Ketoconazole 
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Study E2007-044-005 (N=26) was conducted to examine the effect of ketoconazole (a 
strong CYP3A4 inhibitor) on PK of single 1-mg dose of perampanel in healthy males. As 
illustrated in Figure 16, co-administration of ketoconazole 400 mg QD for 8 days (Day 3
10) increased perampanel AUC by 20% and slightly prolonged its t1/2 from 58.4 hrs to 
67.8 hrs, suggesting that CYP3A4/5 may play a limited role in perampanel metabolism in 
humans.  

Figure 16. Effects of Co-administered Drugs on PK of Perampanel  

(2) Antiepileptic Drugs (AEDs): 
Study E2007-044-006 (N=14) was conducted to examine the effect of carbamazepine (a 
strong CYP3A inducer, also known as a broad-spectrum inducer for CYP2C8, CYP2C9, 
CYP2C19, CYP2B6 and non-CYP enzymes) on PK of single 2-mg dose of perampanel in 
healthy males. Co-administration of carbamazepine 300 mg BID for 10 days (Day 32-41) 
increased CL/F of perampanel to 3-fold, decreased perampanel Cmax and AUC to 74% 
and 33% of controls, respectively, and significantly reduced perampanel t1/2 from 56.8 hrs 
to 25.3 hrs. Given the potential inducing effect by carbamazepine on several CYPs and 
non-CYP enzymes as well as the magnitudes of inhibition and induction observed in 
these studies (Studies 005 and 006), it is likely that other CYP and/or non-CYP enzymes 
may also be involved in perampanel metabolism in humans besides CYP3A4/5. 
However, the contributions of these enzymes to perampanel metabolism have not been 
fully characterized. Due to the limitations of in vitro and in vivo studies (see Section 
2.2.4.4) it remains unknown whether any of these non-CYP metabolic enzymes could be 
a major enzyme responsible for perampanel metabolism. Consequence of adverse drug-
drug interaction between perampanel and concomitant medication that is potent inhibitor 
of a major enzyme (if there is such an enzyme) can be significant. Given that 
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consideration, we recommend a PMR which requests the sponsor to further characterize 
the contributions of CYP enzymes (other than CYP3A4/5) and non-CYP enzymes to the 
metabolism of perampanel with in vitro study(ies). Pending in vitro results, in vivo study 
may also need to be considered (see Section 1.2).  

Consistent with the dedicated DDI study conducted in healthy subjects, as shown in the 
table below, the Phase 3 population PK analysis suggested that carbamazepine also 
induced perampanel CL/F to about 3-fold of that in patients not receiving enzyme-
inducing AEDs. In addition, population PK analysis suggested that phenytoin and 
oxcarbazepine induced perampanel CL/F to about 2-fold of that in patients not on 
enzyme-inducing AEDs. These increases in CL/F of perampanel will lead to reduction of 
perampanel exposure to 1/3 – 1/2 of that in patients not receiving enzyme-inducing 
AEDs. Similar inducing effects of carbamazepine and oxcarbazepine were also observed 
in adolescent patients. Topiramate was found to induce perampanel CL/F as well, but to a 
lesser extent (23-29%) which is not considered clinically significant. 

Table 14. Model-Predicted Apparent Clearance Values for Adult Patients: Effects of 
Antiepileptic Drug Inducers (Study CPMS-E2007-2011-003) 

AED = antiepileptic drug, CL/F = apparent clearance, FBM = fat body mass 
a. Ratio to estimated value without significant AED 
b. Significant AEDs were those identified by the population pharmacokinetic model as having a statistically 
significant effect on the clearance of perampanel (i.e., carbamazepine, oxcarbazepine, phenytoin, and 
topiramate). 

Table 15. Model-Predicted Apparent Clearance Values for Typical Adolescent Patients 
(Study CPMS-E2007-2011-004) 

a. Significant AEDs include those identified as having a statistically significant effect on perampanel CL/F 
in the adolescent subgroup (carbamazepine and oxcarbazepine). 
b. Ratio to estimated value without significant AED. 

The Phase 3 population PK analysis included data from patients receiving carbamazepine 
(N=379), lamotrigine (N=357), valproate (N=350), levetiracetam (N=330), topiramate 
(N=226), oxcarbazepine (N=201), clobazam (N=115), zonisamide (N=94), phenytoin 
(N=91), clonazepam (N=82), phenobarbital (N=54), and primidone (N=18). The analysis 
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reported that clobazam, clonazepam, lamotrigine, levetiracetam, phenobarbital, 
primidone, valproate, and zonisamide did not have an effect on perampanel CL/F. It 
should be noted that this claim of negative effect by phenobarbital and primidone 
(prodrug of phenobarbital) is questionable. Phenobarbital is a broad-spectrum enzyme 
inducer like carbamazepine and phenytoin. As described in Topomax® label, topiramate 
is a mild inducer of CYP3A4. Though there is no direct comparison between 
phenobarbital and topiramate with respect to their enzyme-inducing effects, 
phenobarbital is generally thought to be a more potent inducer of CYP3A4, and is 
expected to exert its inducing effect on perampanel clearance in between that of 
phenytoin and topiramate. The reason that the population PK analysis did not detect such 
an effect may be due to small size of patients receiving phenobarbital or primidone, since 
the number of patients on phenobarbital or primidone represented only about 6% of the 
total PK population. 

Recommendation: Since these AEDs (carbamazepine, oxcarbazepine, phenobarbital, 
phenytoin, and primidone) can greatly increase the perampanel CL/F through enzyme 
induction, perampanel plasma exposure will be significantly reduced in patients 
concomitantly taking these AEDs. Thus, the dosing recommendation of perampanel 
should be differentiated for patients taking these enzyme-inducing AEDs versus patients 
not taking these AEDs (see Section 2.2.3.1 for detailed dosing recommendations). 

Concomitant use of other strong CYP3A inducers (e.g., rifampicin and St. John’s wort) 
with perampanel should be avoided, as these drugs or herb medications are expected to 
greatly reduce perampanel plasma concentrations but not provide therapeutic benefit in 
seizure control. 

(3) Oral Contraceptive:  
Part B of Study E2007-044-029 evaluated the effect of multiple doses of oral 
contraceptive (OC: Microgynon-30®, containing ethinylestradiol (EE) 30 µg and 
levonorgestrel (LNG) 150 µg) on PK of single 6-mg dose of perampanel. Twenty-four 
subjects received 6 mg perampanel on Day 1 (Treatment period 1). After a washout of at 
least 7 days, subjects received the OC on Day 1–Day 21 (Treatment period 2). On Day 21 
subjects also received 6 mg perampanel. As shown in Figure 16, combination of EE and 
LNG does not affect PK of perampanel.   

2.4.3.2 Effect of Perampanel on co-administered drugs 

(1) AEDs: 
The Phase 3 population PK analysis (CPMS-E2007-2011-003) reported no significant 
effects of perampanel on the clearance of clonazepam, levetiracetam, phenobarbital, 
phenytoin, topiramate, or zonisamide. On the other hand, perampanel increased the 
clearance of carbamazepine, clobazam, lamotrigine, and valproic acid; however, the 
magnitudes of these effects were <10% at the highest perampanel dose (12 mg QD) and 
were not considered clinically relevant. 
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The analysis of oxcarbazepine concentrations showed a 26% decrease in its clearance in 
the presence of perampanel. The clinical impact is unknown, since oxcarbazepine 
clearance is rarely estimated and its pharmacological action results from exposure to its 
major metabolite, 10-monohydroxy metabolite (MHD), which was not measured by the 
Sponsor. 

(2) Probe substrate for CYP3A4: 
Study E2007-A001-014 (N=35) was conducted to examine the effect of 6-mg QD doses 
of perampanel for 20 days (Day 2 to 21) on single-dose PK of 4-mg midazolam (probe 
CYP3A4 substrate) given on Day 1 and Day 22. As shown in Figure 17, 6-mg 
perampanel decreased Cmax of midazolam by 15% and AUC by 13%, suggesting that 
perampanel is a weak inducer of CYP3A4/5 in vivo and is expected to have minimal 
effect on PK of CYP3A4 substrates.  

Figure 17. Effect of Perampanel on PK of Midazolam and Levodopa 

(3) Levodopa: 

Study E2007-044-025 (N=59) was conducted to examine the effect of 4-mg QD doses of 

perampanel for 19 days (Day 2 to 20) on single-dose PK of 100 mg levodopa (Sinemet®
 

110 tablet) given on Day 1 and Day 21. As shown in Figure 17, perampanel did not affect 

PK of levodopa. 


(4) Oral contraceptives: 

Studies E2007-044-019 (N=22) and E2007-044-029 (N=28) were conducted to examine
 
the effect of repeated doses of perampanel on multiple-dose or single-dose PK of OC 

(Microgynon-30®, EE 30 µg and LNG 150 µg). 


In Study E2007-E044-019, OC was given once daily for 21 days (Day 1–21). Perampanel 
was then administered as 2 mg QD for 7 days (Day 22–28, no OC). Both OC and 4 mg 
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Recommendation: Administration of perampanel at 12 mg/day may decrease the 
effectiveness of levonorgestrel-containing hormonal contraceptives. If 12 mg/day dose of 
perampanel is used, additional non-hormonal forms of contraception should be used.  

2.5 General Biopharmaceutics 

2.5.1 Based on the biopharmaceutics classification system (BCS) principles, in 
what class is this drug and formulation? 

A formal BCS classification for perampanel has not been determined.  

2.5.2 What is the relative bioavailability of the proposed to-be-marketed 
formulation to the pivotal clinical trial?   

Formulation C of perampanel (2 mg strength) was used in all the three pivotal trials. Both 
Formulation C (2 and 4 mg strengths) and Formulation D (6, 8, 10 and 12 mg strengths) 
are the proposed commercial formulations. Dose strength bioequivalence between 2 and 
4 mg strengths of Formulation C has been demonstrated in Study E2007-E044-016 
(N=24). Formulation D has never been tested in clinical trials except in three BE studies. 
A BE (Study E2007-044-037, N=25) was initially conducted but failed to pass BE 
criteria for Cmax (the lower bound of geometric mean ratio of Formulation D vs. 
Formulation C was 78%). Two additional BE studies (E2007-A001-039, N=52 and 
E2007-A001-040, N=51) were conducted and successfully demonstrated the 
bioequivalence between Formulation D (6 mg strength in Study 039 and 12 mg strength 
in Study 040) and Formulation C. The sponsor requested a biowaiver for the intermediate 
8 mg and 10 mg strengths of Formulation D and was granted the biowaiver based on 
comparisons of in vitro dissolution data (Figure 19, also refer to the Biopharmaceutical 
review by Dr. Tien-Mien Chen of ONDQA for additional details).  

Figure 19. Similarity of Dissolution Profiles for Formulations C and D 

Formulation A (0.1, 1, and 5 mg tablets) was developed to initiate clinical study and used 

formulated to Formulation B 
in the early stage of clinical trials (mainly in Phase 1 studies). Formulation A was then re

(b) (4)
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2.5.3. What is the effect of food on the bioavailability (BA) of the drug from the 
dosage form? What dosing recommendation should be made, if any, regarding 
administration of the product in relation to meals or meal types? 

Food effect has been evaluated for Formulation A and Formulation B of perampanel. 
Study E2007-044-003, a cross-over, two-period, two-sequence study conducted in 24 
healthy subjects, showed that high-fat meal decreased Cmax of perampanel (Formulation 
A) by 40%, delayed Tmax (median) by 2 hrs, but had no effect on perampanel AUC 
(AUC0-168hr and AUC0-inf). Part 1 of Study E2007-044-009, with a parallel design (8 
subjects in fasted group, 8 subjects in fed group), evaluated the food effect on 
Formulation B. Results showed that high-fat meal decreased perampanel Cmax by 28%, 
delayed its Tmax (median) by 3 hrs, but did not alter perampanel AUC0-24hr. 

Concentration-time profiles of perampanel and graphical presentation of statistical 
analysis results of point estimate and 90% CI for the geometric mean ratios of 
perampanel exposure for food effect are shown below. 

Figure 21. Food Effect on Perampanel PK 

Figure 22. Concentration versus Time Profiles of Perampanel under Fasted and Fed 
Conditions (Left panel: Study E2007-044-003 (Formulation A); Right panel: Study 
E2007-044-009 (Formulation B)) 

46 


Reference ID: 3205587 







 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

1076-R0) and SH09-E01-TR352) developed by different contract laboratories. Another 
(b) (4)LC-MS/MS method /QBR101589-2) was developed and validated to quantify 

perampanel and its metabolites (M1, M2, M3, M4, M5 and M7) in human plasma. These 
assay validations are deemed acceptable per the Agency’s Bioanalytical Guidance.  

The bioanalytical methods for determination of perampanel in human plasma were 
examined for possible interferences caused by concomitant drugs (e.g., AEDs, 
ketoconazole, levodopa, and oral contraceptive). It was determined that these 
concomitant drugs did not interfere with the quantitation of perampanel. 

In addition, assay methods using accelerator mass spectrometry (AMS) were developed 
to quantify the 14C-radioactivity for 14C-perampanel in human plasma, whole blood, urine 
and feces samples. Both methods are not considered validated but can serve the 
qualitative or quantitative purpose of the studies. This method consisted of HPLC 
separation and fraction collection, followed by AMS analysis, and was also used for 
metabolite profiling.  

Listed below were details for the 4 analytical methods 
(b) (4) (b) (4) (b) (4)

-US/BTM-1076-R0, 
QPS/45-0603, /105-001 and /QBR101589-2) which were used to 
analyze the plasma samples for most of the clinical studies. 
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(b) (4)

(b) (4)

503.98 ng/mL diluted 10-fold, 
Dilution integrity 5000 ng/mL diluted 20-fold 2500 ng/mL diluted 10-fold 2000 ng/mL diluted 10-fold 

964.78 ng/mL diluted 50-fold, 

Specificity No significant interfering peaks No significant interfering peaks No significant interfering peaks No significant interfering peaks 

In addition, two LC-MS/MS methods were developed and validated for quantitation of perampanel in human urine samples. 

Table 18. Bioanalytical Methods for the Determination of Perampanel in Urine Samples Obtained in Clinical Studies 

Report Title 
Assay validation for the 
quantitative analysis of unchanged 
drug (E2007) in human urine 

Assay validation for the quantitative analysis of 
unchanged 
drug (E2007) in human urine 

Used in Clinical Study 

Lab/Project Code 

001 002 

Analyte Names 

Internal Standard (IS) 

Analytical Method Type 

Perampanel (E2007) 

LC-FI 

Perampanel (E2007) 

LC-MS/MS 

Stock solution solvent 

Extraction Method 

Linear range 

Range of Recovery (%) 

Average Recovery of IS (%) 

ethanol 

Liquid/liquid 

0.2555 to102.2 ng/mL 

95% 

95% 

ethanol 

Liquid/liquid 

49.68 to 1006.02 pg/ml 

90-94% 

NA 

QC concentrations 

QC Intra-assay Precision 

QC Intra-assay Accuracy 

QC Inter-assay Precision 

QC Inter-assay Accuracy 

0.714, 40.8, 81.6 ng/ml 

0.6 to 4.7% 

98.3  to 111.8% 

0.9 to 2.5% 

96.7 to103% 

49.97, 185.92, 399.73, 752.98 pg/ml 

5.63 to 7.32% 

97 to 116% 

1.27 to 7.17% 

101 to 107% 

Stock solution storage stability 

QC sample long term storage stability 

QC samples at 5 C 

QC sample bench-top stability 

Processed sample stability 

Freeze/thaw stability in human urine 

At least 283 days at 4 C, 7 hr at RT 

at least 3 months at -20 C 

At least 2 days at 5 C 

at least 2 days at RT 

at least 2 days at RT 

4 cycles at -20 C 

at least 174 days when stored at 4 C, 17 hr at RT 

NA 

NA 

at least 4 hr at RT 

at least 1 day at RT 

3 cycles 

Dilution integrity 

Specificity 

2040 ng/mL diluted 100-fold or 204 
ng/mL diluted 10-fold 

No significant interfering peaks 

Diluted 2- and 5-fold 

NA 
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3. Detailed Labeling Recommendations 

The Office of Clinical Pharmacology has reviewed the proposed labeling for Fycompa 

(perampanel) immediate release oral tablets and found it acceptable provided that the 

recommended revisions are made to the labeling language. 


Labeling recommendation to be sent to the Sponsor: 

The following describes the proposed changes: the underlined text is the proposed change to the 

label language; the Strikethrough text is recommendation for deletion from the perspective of
 
OCP. 


4. Appendices 

4.1. Proposed Labeling 

Highlights of Prescribing Information 

Reference ID: 3205587 

(b) (4)

8 Page(s) of Draft Labeling have been Withheld in Full as 
b4 (CCI/TS) immediately following this page



 

 

 
 

 

 

 

 

 

  

 

  
 

 

 

 

 

4.2. Consult Review 

Office of Clinical Pharmacology: 
Pharmacometric Review 

1. SUMMARY OF FINDINGS 

1.1 Key Review Questions 

The purpose of this review is to address the following key questions. 

1.1.1 Is there any covariate which affects perampanel PK? 

Yes, the sponsor’s analysis showed that clearance (CL/F) of perampanel was related to gender, 
fatty body mass (FBM, kg) as well as co-administration of carbamazepine, oxcarbazepine, 
phenytoin and topiramate.  

A population PK analysis had been conducted in a dataset composed of 770 patients enrolled 
into three phase III studies (304/305/306).  

The sponsor’s final model showed that perampanel apparent clearance (CL/F) was slightly lower 
in a typical female subject (0.605 L/h) than in a male subject (0.730 L/h), assuming FBM=17.1 
kg and without co-administration of the AEDs found to induce perampanel clearance. Visit (as 
time effect), dose, and FBM were also significant covariates on CL/F of perampanel; CL/F 
slightly increased with increasing dose, slightly decreased at later visits and with higher FBM 
(Appendix 1). However, these effects were small and not considered clinically meaningful. 
Perampanel CL/F was not significantly affected by baseline seizure frequency, age, or renal or 
liver function (Appendix 2). 

Regarding to co-administered AEDs, CL/F of perampanel increased approximately 3 fold, 2 fold 
and 2 fold with carbamazepine, oxcarbazepine and phenytoin co-administration, respectively 
(Appendix 1). Also the use of topiramate appeared to increase CL/F of perampanel slightly 
(0.73L/h (no use) vs. 0.91 L/h (use)). 

The sponsor also evaluated the effect of perampanel on the CL of AEDs. All the statistically 
significant effects of perampanel on the CL of the AEDs were minimal in magnitude and thus of 
no clinical relevance (Table 5). 

1.1.2 Is there any significant exposure-response relationship? And does the relationship 
support the proposed dose? 

Yes, there was a clear exposure-response relationship for both efficacy and safety. However, the 
dose of 8 mg / day rather than 12 mg / day seems to be reasonable target dose based on the 
reviewer’s assessment.   

Sponsor conducted three Phase III studies; E2007-G000-304, E2007-G000-305 and E2007
G000-3006. The primary endpoint was the percent reduction in seizure frequency during double
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blind phase (DB) from the baseline. The doses of 8 mg and 12 mg with placebo were evaluated 
in E2007-G000-304, E2007-G000-305 whereas the doses of 2mg, 4mg and 8mg were compared 
to placebo in E2007-G000-306. The dose of 2 mg did not meet the statistically significant criteria 
(p-value=0.4197). However, the doses of 4mg, 8mg and 12 mg showed effectiveness in all 
studies, although 12 mg failed to show superiority compared to 8mg in E2007-G000-305 (Table 
1). 

Table 1. The summary of primary efficacy analyses results. The numbers are the median percent 
reduction during DB phase from the baseline relative to placebo with p-values in parentheses. 

2mg 4mg 8mg 12mg 
306 -4.36 

(0.4197) 
-13.7 

(0.0026) 
-20.1 

(<0.0001) 
305 -19.1 

(0.0008) 
-13.69 

(0.0105) 
304 -13.53 

(0.0261) 
-14.2 

(0.0158) 

Regarding to the safety, the probability of gait disturbance, dysarthria (speech disorder), nausea, 
weight increase, fatigue, irritability, somnolence and dizziness was shown to increase 
significantly with an increase in plasma concentrations of perampanel (Figure 6). 

The reviewer re-analyzed the data from three phase III studies linked to perampanel average 
concentration at steady state to assess whether the sponsor’s proposed dosing regimen is 
appropriate or not. For efficacy the same primary endpoint was used, and for safety analysis the 
adverse events related to hostility/aggression were extracted based on Standardized MedDRA 
Queries (SMQs) from the adverse event dataset.  

The benefit-risk assessment shows that the seizure frequency decreased in concentration-
dependent manner with little difference between 8mg and 12mg while the proportion of patients 
with hostility/aggression related adverse events increased in the concentration range of 8mg and 
12 mg (Figure 1).   
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Given the efficacy and safety profiles of perampanel which show little difference in efficacy 
between 8 mg and 12 mg and higher risk with increasing concentration, the targeted maintenance 
dose should be 8 mg/day.  

1.2 Recommendations 

The Division of Pharmacometrics has reviewed the submission (NDA 202834), and there is one 

recommendation on the dosing regimen as follows; 

Given the efficacy and safety profiles of perampanel, the targeted maintenance dose should be 8
 
mg/day. 


2. Pertinent Regulatory Background 

The sponsor is seeking the approval for perampanel for the treatment of patients with partial-
onset seizures, with or without secondary generalization. Perampanel is an orally active, 
noncompetitive, and highly selective α -amino-3-hydroxy-5- methyl-4-isoxazolepropionic acid 
(AMPA) receptor antagonist. The half-life of perampanel is about 105 hours which was the basis 
for once-daily dosing. The sponsor’s proposed dosing regimen is as follows: 
 Perampanel should be initiated with a dose of 2 mg/day. 
 The dose may be increased based on clinical response and tolerability by 2 mg/day 

increments to a dose of 4 mg to 12 mg/day.  
 The maximum recommended daily dose is 12 mg. 
 Dose increases should occur no more frequently than at weekly intervals.  

3. Results of Sponsor's Analysis 

Population PK analyses 
A population PK analysis had been conducted in a dataset composed of 770 patients enrolled 
into three phase III studies (304/305/306).  

Blood samples for the determination of perampanel concentrations were collected at two time 
points 1 to 2 hr apart at visit 6, visit 7 and visit 8 (during the maintenance period).  
A single blood sample for the determination of plasma concomitant AED(s) was to be collected 
at visit 1, visit 2, and visit 9 or early discontinuation visit if applicable. In addition, blood 
samples were to be collected at two time points, 1 to 2 hr apart at visit 6, visit 7 and visit 8. The 
AEDs and AED metabolites to be determined included the following: carbamazepine, 
carbamazepine epoxide, phenytoin, phenobarbital, primidone, 
valproic acid, topiramate, lamotrigine, gabapentin, tiagabine, zonisamide, levetiracetam 
and the 10-monohydroxy metabolite of oxcarbazepine. 

The prior analyses in healthy subjects and in subjects with partial seizures or with Parkinson’s 
disease have shown that a two-compartment disposition model with zero or first order 
absorption, and absorption time lag, first-order elimination described perampanel PK well. 
However, since the dose was administered at bedtime, and the first sample was to be taken at the 
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clinic during a daytime visit, absorption and distribution were complete when the plasma 
concentrations were collected, preventing fitting a PK model with an absorption phase. 
Therefore, only one compartment PK model with bolus input and first-order elimination could be 
fitted to the data. 

The covariates tested in the population PK analysis are gender (0 for males, 1 for females),age, 
dose, race (coded 1 for Caucasians, 2 for Blacks, 3 for Orientals, 4 for “Other races”), body 
weight(kg), body mass index (BMI), fatty body mass (FBM), Creatinine Clearance (CLCR , 
ml/min), alanine amino transferase (IU/L). The covariate selection was repeated using different 
strategies, trying to estimate the most parsimonious model. Because of the AED comedications 
were not distributed evenly between demographic groups, the full model was built in two stages:  

- Only demographic and baseline characteristic covariates excluding AEDs were selected 
for univariate analysis. 
- Then all significant covariates and all selected AEDs (dichotomous Yes/No) were 
included concurrently, using multiplicative models, on the parameter clearance.  
- The full model was submitted to univariate backward deletion, to rank the effects of 
AEDs, i.e., the effect of each AED (Y/N) was estimated in the presence of all others. 
Non-significant effects were removed from the model.  
- Finally, the effect of significant AEDs was evaluated as a function of their 

concentration or of their daily dose and the most significant function was selected leading 
to the final PK model. 

Table 3 summarizes the baseline characteristics for the patients included in population PK 
model. 
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Table 3. Summary of demographic and baseline characteristics 

Source: the sponsor’s pop pk report, page169. 
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The sponsor’s final model of perampanel apparent clearance is described as follows: 


CL/F(L/h)=0.770*(1+COV1+COV2) 

where 

COV1 = -0.138 x (FBM/17.1)+0.0220 x (DOS-2)-0.162 x (SEX-1)-0.0231*(VIS-6) 

COV2 =1.67*CAR+0.841*OXC+0.942*FENC/16204+0.228*TOP 

where FBM = fatty body mass; DOS = perampanel dose, SEX = 1 for male, 2 for 

female; VIS = effect of visit relative to Visit 6; CAR = 1 (with) or 0 (without) 

carbamazepine; OXC = 1 (with) or 0 (without) oxcarbazepine; FENC = phenytoin 

concentration. 

The apparent volume of distribution (V) was fixed to 129 L.  


The sponsor’s final model showed that perampanel apparent clearance (CL/F) was slightly lower 

in a typical female subject (0.605 L/h) than in a male subject (0.730 L/h), assuming FBM=17.1 

kg and without co-administration of the AEDs found to induce perampanel clearance. Visit (as 

time effect), dose, and FBM were also covariates. CL/F slightly increased with increasing dose,
 
slightly decreased at later visits and with higher FBM; however, these effects were small and not 

considered clinically relevant. 


Specifically, CL/F decreases when fat body mass increases (0.73 L/h for FBM=17.1kg, 0.787 

L/H for FBM=7.93kg, and 0.583 L/H for FBM=40.72kg). CL/F decreases slightly by 2.31% at 

each visit after Visit 6. CL/F increases slightly by 2.20% for an increase of dose of 1 mg per day, 

above the minimum dose of 2 mg. However, these effects were small and not considered 

clinically meaningful. 


Regarding to co-administered drugs, CL/F of perampanel increased approximately 3 fold, 2 fold 

and 2 fold with carbamazepine, oxcarbazepine and phenytoin co-administration, respectively. 

Also the use of topiramte appeared to increase CL/F of perampanel slightly (0.73L/h (no use) vs. 

0.91 L/h (use)). 

Perampanel CL/F was not significantly affected by baseline seizure frequency, age, or renal or 
liver function (estimated with creatinine clearance or circulating liver enzymes respectively). 

Table 4 presents the parameter estimates from the sponsor’s final population PK model.  

Table 4. The parameter estimates from the sponsor’s final PK model 
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Source: the sponsor’s pop pk report, page 184. 

The sponsor also evaluated the effect of perampanel on the pharmacokinetics of other AEDs.  

Plasma AED concentrations, treated as Cavss, were used to determine the apparent clearance 
from the ratio between the dosing rate (daily dose/24) and Cavss. AED clearance was affected by 
between-subject and inter-occasion variability. Table 5 summarizes the results from the analyses 
for the AEDs. All the statistically significant effects of perampanel on the CL of the AEDs were 
minimal in magnitude and thus of no clinical relevance. 
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Table 5. The results from population PK model for co-administered drugs.  

Source: the sponsor’s report, page 11. 

Exposure-Response Analyses 

The sponsor conducted three Phase III studies: E2007-G000-304, 305 and 306.  The primary 
endpoint was the percent reduction in seizure frequency during double-blind phase (DB) from 
the baseline. The doses of 8 mg and 12 mg with placebo were evaluated in the studies of E2007
G000-304, 305 whereas the doses of 2mg, 4mg and 8mg were compared to placebo in the study 
of E2007-G000-306. The dose of 2 mg did not meet the statistically significant criteria (p
value=0.4197). However, the doses of 4mg, 8mg and 12 mg showed effectiveness in all studies, 
although 12 mg failed to show superiority compared to 8mg in E2007-G000-305 (Tabe 6).  

Table 6. The summary of primary efficacy analyses results. The numbers are the median percent 
reduction during DB phase from the baseline relative to placebo with p-values in parentheses. 
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2mg 4mg 8mg 12mg 

306 -4.36 
(0.4197) 

-13.7 
(0.0026) 

-20.1 
(<0.0001) 

305 -19.1 
(0.0008) 

-13.69 
(0.0105) 

304 -13.53 
(0.0261) 

-14.2 
(0.0158) 

For the exposure-response analyses, data from three phase III studies (304/305/306) were pooled. 
The model-predicted perampanel concentration at steady state, Cavss, was derived at visits 6, 7 
and 8 as follows: 

Cavss= (DDOS/24)*1000/(CL/F) 

For efficacy analysis, a log-transformed seizure frequency was used as a response variable. The 
final model was a drug effect proportional to predicted Cavss (in mg/L) with additive IIV 
(ETA2) on the slope (SLOP) as follows.  

The model predicts that during maintenance, the seizure frequency in a typical subject (baseline 
of 11.33 seizures over a period of 28 days) is predicted to be: 7.5, 7.2, 6.7 and 6.4 seizures per 28 
days when treated with perampanel and with a median concentration of 73.5, 146.3, 264.2 or 
336.5 ng/mL respectively (median predicted Cavss in the 2 mg, 4 mg, 8 mg and 12 mg groups). 

Regarding to the safety analyses, following 9 most frequent and clinically relevant adverse 
events (AEs) were analyzed related to perampanel concentration: euphoric mood, increased 
appetite, gait disturbances grouped with balance-disorder and fall, dysarthria grouped with 
aphasia and speech disorder, weight increases, fatigue grouped with asthenia and apathy, 
irritability grouped with aggression and anger, dizziness, and decreased appetite. 

The probability of occurrence of a given AE was estimated using a logistic regression model. A 
linear predictor (logit) was estimated as a function of exposure (Cavss) to perampanel. The 
influence of demographic covariates and of concomitant AEDs (presence/absence) on this 
relationship was explored on the logit. 

The sponsor’s safety-exposure analyses showed that the probability of euphoric mood, gait 
disturbance, dysarthria, weight increase, fatigue, irritability, somnolence, dysarthria and 
dizziness was shown to increase significantly with an increase in plasma concentrations of 
perampanel whereas the probability of headache, increased or decreased appetite was not shown 
to be affected by an increase in plasma concentrations of perampanel. 
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Reviewer’s comments: 
 The dose and visit (time effect) were found to be statistically significant covariates in the 

sponsor’s population PK model. 
o	 Perampanel PK showed linearity in the dedicated study, and there was little 

difference in observed concentration by visit so the sponsor’ finding seems to be 
counter-intuitive. 

o	 However, the magnitude of estimated CL/F is minimal so it is not expected to 
influence overall conclusions from the population PK analyses.  

	 The sponsor’s exposure-response analyses are acceptable. However, there are a couple 
of minor comments as follows; 

o	 The sponsor’s analyses did not account for the difference in efficacy profile 
between studies. 

o	 The sponsor’s analyses did not account for correlation between visits.  
o	 The reviewer re-analyzed the data using the primary efficacy endpoint rather than 

log(seizure frequency) to be consistent with the primary efficacy analysis.  
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4. REVIEWER’S  ANALYSES 

4.1 Introduction 

The reviewer conducted independent analyses to assess whether the sponsor’s proposed dose is 
reasonable or not. The relationship between primary endpoint, percent reduction in seizure 
frequency from baseline during double blind phase, and steady state average concentration was 
analyzed. In addition to exposure-efficacy relationship, the reviewer looked further into safety 
event focused on incidences related to hostility or aggression as it appeared to be dose-dependent 
increase, especially at doses of 8 mg/day and 12 mg/day.  

4.2 Objectives 

	 To assess whether the sponsor’s proposed dose is reasonable or not given efficacy 
and safety profile of perampanel. 

4.3 Methods 

The data from three phase III studies were included. Being consistent with the primary efficacy 
analyses, the percent reduction in seizure frequency during the double blind phase from the 
baseline phase was evaluated. The percent change was log-transformed, and t-distribution was 
assumed for log-transformed response variable as it seemed to provide better fit compared to a 
normal distribution according to Akaike Information Criteria (2527 vs. 2854).  

For safety analyses, the adverse events including euphoric mood, gait disturbance, dysarthria 
(speech disorder), weight increase, fatigue, nausea, irritability, somnolence and dizziness were 
re-analyzed by the reviewer. Each adverse event was defined as 1 if a patient had occurred at 
least once during double blind phase, and logistic regression was applied for the relationship.  In 
addition to that, the adverse events related to hostility/aggression were extracted based on 
Standardized MedDRA Queries (SMQs) from the adverse event dataset from three phase III 
studies. The exact adverse event used for the analyses are listed below; 

Injury, Laceration, Skin Laceration, Aggression, Anger, Belligerence, Physical Assault, 
Abnormal Behaviour, Affect Lability, Agitation, Disinhibition, Human Bite, Hypomania, 
Impulse-Control Disorder, Impulsive behaviour, Irritability, Mania, Paranoia, Personality 
Change, Personality Disorder, Psychomotor Hyperactivity, Psychotic behaviour, Psychotic 
Disorder. 

A logistic regression was applied with Emax function for structural relationship between the 
probability of adverse event and the steady state average concentration.   

4.3.1 Data Sets 

Data sets used are summarized in Table 7. 

Table 7. Analysis Data Sets 

Study Number Name Link to EDR 

72
 

Reference ID: 3205587 





 

 

 
  

 

 
 

 

 
 

 

Figure 3. The model predicted relationship for the percent reduction in seizure frequency and 
perampanel average concentration at steady state with 95% prediction interval (blue shaded 
area). The dots indicate the observed values at ranked six bins of perampanel concentration. 
Also four boxplots are the distribution of perampanel concentration at each dose. 

Sub-group analysis by inducer and non-inducer group 
The sponsor conducted dose response analysis in patients taking enzyme inducing AEDs (any of 
oxcarbazepine, carbamazepine, and phenytoin) and not taking enzyme inducing AEDs.  Non-
inducer group was defined as a patient not taking one of the above three AEDs.  The results are 
shown in Table 8 and Table 9 which indicates smaller effect size in patients who took inducers 
than those who did not take any of inducers. 

Table 8. Median Percent Change in Seizure Frequency and Responder Rate During Maintenance 
Period by Last (Actual) Dose and Baseline Co-administered AED, Completer Analysis Set for 
Studies E2007-G000-305 and E2007-G000-304, Excluding Central and South American Sites 

Source: the sponsor’s summary of efficacy report, page 108. 

74 

Reference ID: 3205587 



 

 

 

 

 

 

 
 

 
 

Table 9. Median Percent Change in Seizure Frequency and Responder Rate During Maintenance 
Period by Last (Actual) Dose and Baseline Co-administered AED, Completer Analysis Set for 
Study E2007-G000-306 

Source: the sponsor’s summary of efficacy report, page 109. 

The concern was raised by the pharmacometric reviewer that the sub-group analysis conducted 
by the sponsor can be confounded by other co-medication uses as patients were allowed to take 
up to three AEDs as background therapies in all three studies.  In order to examine the potential 
confounding effect by unbalanced baseline characteristics including other AEDs use in the two 
groups, we conducted the exploratory concentration-efficacy analysis.   

First, the reviewer examined the distribution of perampanel concentration by inducer groups, 
which shows that the concentration of those who took inducer is about 2-3 fold lower than that of 
those who did not (Figure 4) 
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Figure 4. The distribution of perampanel average concentration at SS by dose and inducer 
groups. 

The steady-state average concentration was binned by quartiles by with-inducer and without-
inducer groups.  The median concentrations with range in each bin by groups are displayed in 
Table 10. 

Table 10. The steady-state average concentration range (ng/ml) by with inducer and without 
inducer groups. 

Quartile With Inducer: median (range) Without Inducer : median (range) 
1st 55 ng/ml  (10-88) 129 ng/ml (21-203) 
2nd 132 ng/ml (92-167) 275 ng/ml (204-365) 
3rd 209 ng/ml (168-267) 491 ng/ml (367-650) 
4th 371 ng/ml (268-1260) 876 ng/ml (672-1958) 

The median percent change in seizure frequency was calculated in each bin of concentration 
quartile by two groups of patients and the result is shown in Figure 5. One group was receiving 
enzyme-inducing AEDs while the other group was not receiving enzyme-inducing AEDs at 
baseline. The graph suggests that at similar concentration ranges of perampanel, the reduction in 
seizure frequency is similar between the two groups.  If the assumption of similar distribution of 
baseline characteristics, other background treatments across concentration quartile bins can be 
made, then the data suggests that there is no additional pharmacodynamic interaction.  The lack 
of pharmacodynamic interaction implies that dose of perampanel can be increased in patients 
taking enzyme inducing AEDs which would result in perampanel concentrations as observed in 
patients not taking enzyme inducing AEDs. 
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Figure 5. Median change in seizure frequency versus steady state average perampanel 
concentrations in studies of 304/305/306. The effect size is displayed at the median 
concentrations at each bin. 

Safety 

Perampanel blood levels were found to be statistically significant covariate in gait disturbance, 
dysarthria (speech disorder), weight increase, fatigue, nausea, irritability, somnolence and 
dizziness (Figure 6). The incidence of Fatigue, dizziness, irritability and gait disturbance shows 
relatively sharp increase with increasing perampanel concentration.  
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Figure 6. The safety profiles of perampanel linked to the concentration.  

Based on the internal discussion with clinical team, the reviewer further analyzed data focused 
on the adverse event related to hostility and aggression.  The reviewer looked into the adverse 
event of hostility and aggression based on Standardized MedDRA Queries.  A total of 23 adverse 
events were extracted as stated in the method section. 

Table 11 presents the percent of patients who had hostility/aggression related adverse events 
during DB phase. The result shows clear dose-dependent increase in the incidences, and the 
percentage appears to increase at about 215 ng/ml of perampanel blood level, which corresponds 
to majority of distribution at doses at 8 and 12 mg (Figure 7). 

The adverse events were summarized by the severity (Table 12), and the severe adverse events 
were occurred only at 8 mg and 12 mg. 

Table 11. The percent of patients who had hostility/aggression related adverse events during DB 
phase by dose and perampanel concentration. The perampanel concentration was ranked and 
grouped by 6 bins such that the equal number of patients was assigned to each bin.  

Study Placebo 2 mg 4 mg 8 mg 12 mg Total 

304 9% 16% 25% 17% 
(11/121) — — (21/133) (33/134) (65/388) 

78 

Reference ID: 3205587 



 

 

  

 

 

305 7% 
(10/136) — — 

13% 
(17/129) 

16% 
(19/121) 

12% 
(46/386) 

306 2% 
(4/185) 

5% 
(9/180) 

5% 
(9/172) 

9% 
(15/169) 

5% 
(37/706) 

Perampanel concentration, min-max, ng/ml (# patients) 

0 9.7-91.1 
(n=128) 

91.4
154.8 
(n=128) 

155.1
213.9 
(n=129) 

214.2
305.6 
(n=128) 

306.1
513.7 
(n=129) 

513.8
1958.1 
(n=128) 

6% 6% 8% 6% 11% 13% 22% 

Table 12. The number of patients who had hostility/aggression related adverse events by 
severity. The multiple incidences per a patient were counted as an independent incidence.  

study Planned 
dose 
group 

AE severity 

Mild Moderate Severe 

304 Placebo 11 5 0 

8mg 21 8 4 

12mg 22 22 6 

305 Placebo 7 4 0 

8mg 13 4 2 

12mg 18 9 2 

306 Placebo 3 1 0 

2mg 6 3 0 

4mg 8 1 0 

8mg 14 4 1 
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Figure 9 shows the benefit and risk profiles of perampanel, and based on the benefit and risk 
profile, the reviewer predicted the percent reduction in seizure frequency during DB phase and 
the probability of adverse events related to hostility and aggression (Table 13).  

The distribution of concentration at 6 mg and 10 mg were simulated assuming the same 
variability as in 4 mg.  
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Given the efficacy and safety profiles of perampanel which show little difference in efficacy 
between 8 mg and 12 mg, and higher risk with increasing concentration, the targeted 
maintenance dose should be 8 mg/day.  

5. Listing of Analyses Codes and Output Files 

File Name Description Location in 
\\cdsnas\pharma 
cometrics\ 

Efficacy.sas 
Aggression.sas 
Safety.sas 

The reviewer’s exposure-efficacy 
analysis 
The reviewer’s exposure-safety analysis 
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6. Appendix 


Appendix 1. The effect of significant covariates on perampanel CL/F. 
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Appendix 2. The relationship between perampanel CL/F and other covariates.  
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4.3. OCP Filing Review Form 

Office of Clinical Pharmacology 

New Drug Application Filing and Review Form 

General Information About the Submission

 Information Information 

NDA/BLA Number 202,834 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 seizure with or 
without secondarily 
generalized seizure in 
patients aged 12 years and 
older (Adjunctive therapy) 

OCP Team Leader Angela Men Dosage Form 
Tablet 
(2, 4, 6, 8, 10 and 12 mg) 

Pharmacometrics 
Reviewer 

Joo-Yeon Lee Dosing Regimen 
4 - 12 mg once daily before 
bedtime 

Date of Submission 12/22/2011 
Route of 
Administration 

Oral 

Estimated Due Date 
of OCP Review 

8/22/2012 Sponsor Eisai Co. 

Medical Division Due 
Date 

8/30/2012 
Priority 
Classification 

Standard 

PDUFA Due Date 10/22/2012 

86 

Reference ID: 3205587 



 

 

 

 

  

 
 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
                  
 

Clin. Pharm. and Biopharm. Information 

The sponsor submitted this original NDA 202834 (NME) on May 25th, 2011 seeking for 
approval of FYCOMPA® (Perampanel, E2007) for the adjunctive treatment of partial-onset 
seizures with or without secondarily generalized seizures in patients aged 12 year and older. 
This NDA is under regular review classification. 

Perampanel is a noncompetitive and highly selective α-amino-3-hydroxy-5-methyl-4
isoxazolepropionic acid (AMPA) receptor antagonist. AMPA receptors play a key role in 
mediating cortical glutamatergic transmission. AMPA antagonists could potentially reduce 
excessive excitatory activity and excitotoxicity, and thus exhibit anticonvulsant and potentially 
antiepileptogenic effects. 

The proposed products are film-coated tablets available as 2, 4, 6, 8, 10 and 12 mg. Treatment 
with FYCOMPA® should be initiated with a dose of 2 mg/day. The dose may be increased 
based on clinical response and tolerability by 2 mg/day increments to a dose of 4 mg to 12 
mg/day. Dose increases should occur no more frequently than at weekly intervals. 

There are 29 clinical pharmacology studies submitted, which include 2 BA studies, 5 BE 
studies, 2 food effect studies, 2 SAD studies, 2 MAD studies, 1 mass balance study, 1 elderly 
population, 1 hepatic impairment study, 6 drug-drug interaction studies, 1 QT study, 1 alcohol 
study, 2 abuse potential studies and 1 phototoxic study. There are 4 population PK/PD reports, 
16 bioanalytical validation reports and 20 in vitro studies. In addition, there are 4 Phase 2 trials, 
3 Phase 3 pivotal trials and 3 open-label extension studies.  

All clinical studies were conducted with tablet formulations. The earliest clinical studies 
utilized formulation A which was demonstrated to be BE with formulation B. Formulation B 
was used in some Phase 1 and also Phase 2 studies, while Formulation C was used in Phase 2 
studies and all the pivotal Phase 3 trials. According to the sponsor, 

BE studies were performed showing BE between these two formulations. 

from Formulation B to C. Therefore, a formal BE study was not conducted. Instead, in vitro 
dissolution test was used to support BE between formulation B and C. Formulation D was not 
tested in any clinical studies and is proposed for commercial use besides Formulation C. Three 

(b) (4)
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This NDA consists of 

-   Biopharmaceutics studies (9 studies): 
1. BA: (2 studies) 

E2007-E044-017: Absolute Bioavailability, SD p.o. 8 mg and i.v. 14C-labeled microdose, N=10 
(F:116% ± 9.4%, data available from only 5 subjects due to analytical problems)  

E2007-E044-028: Relative Bioavailability, SD 4 mg Tablet vs. 4 mg oral suspension, N=16 
(oral suspension has similar AUC, but lower Cmax and prolonged Tmax)  

2. BE: (5 studies) 
E2007-A001-008: SD 2x1 mg Formulation B vs. 2x1 mg Formulation A, n=34 (BE) 
E2007-E044-016: SD 1x4 Formulation C vs. 2x2 Formulation C, n=24 (BE) 
E2007-E044-037: SD 1x12 Formulation D vs. 6x2 Formulation C, n=28 (BE for AUC0-t and  

AUC0-inf, but not Cmax with GMR of 86.4% and 90% CI of [78.4, 95.3]) 
E2007-A001-039: SD 1x6 Formulation D vs. 3x2 Formulation C, n=54 (BE) 
E2007-A001-040: SD 1x12 Formulation D vs. 6x2 Formulation C, n=54 (BE)

 3. Food effect: (2 studies) 
 E2007-E044-003: SD 1 mg Formulation A, fasted vs. high fat, n=24 (No effect on AUC, reduced 

Cmax by 40% and prolonged Tmax by ~2hr)
 E2007-E044-009: SD 6 mg Formulation B, fasted vs. high fat, n=8 in each group (parallel design)  

 (part 1)  (No effect on AUC0-24hr, reduced Cmax by 28% and prolonged Tmax by ~3hr) 

 4. Analytical methods: (12 methods, 16 validation studies) 

-   Human Pharmacokinetic studies (16 studies): 
1. Healthy subject PK and tolerability: (6 studies)  

(dose-proportional SD 0.2-8 mg, MD QD 1-10 mg)  
E2007-E044-001: SAD (0.2-8 mg), n=55 (renal CL is minimal) 
E2007-J081-010: SAD in Japanese (0.2-8 mg), n=56 (overall similar to study 001)

 E2007-E044-002: MAD (1-4 mg, QD, 14 day; 4mgx7d followed by 6 mgx7d, QD), n=32 
 (steady state reached by Day 14. Accumulation ratio of AUC: 3.40-4.88)

 E2007-J081-026: MAD in Japanese (2mgx14d and 2mgx14d followed by 4mgx14d, QD), n=12 in 
each group  

 E2007-E044-009: Time of Dosing (6mgx7d followed by 8 mgx7d then 10mgx7d, QD, morning or 
(part 2) evening dosing), n=8 in each group (Cmin not affected by time of dosing) 

 E2007-E044-007: Mass Balance, SD 2 mg with 14C-labeled microdose, N=8  
(collected up to 41 days, Recovery=70%, 48% in feces and 22% in urine 
Little parent drug present in feces and urine, indicating almost complete  
Absorption in plasma, perampanel metabolites were not detected.) 

2. Patient PK and initial tolerability study reports: (2 studies) 
 E2007-E049-203: MAD (1 or 2 mgx28d, QD) n=6 for each group 

(steady state reached within 21 days of dosing; Accumulation ratio: 2.53-3.35) 
 E2007-J081-231: MD in Japanese (efficacy study, initiated at a dose of 2mg QD and increased  

weekly in 2 mg increments up to 12 mg QD) n=30  

3. Intrinsic factors: (2 studies) 
E2007-E044-004: Elderly population. SD 1 or 2 mg, n=8 for each group, age 65-76 yr 
E2007-E044-015: Hepatic impaired population. SD 1 mg in mild and moderate hepatic insufficient  

patient (Child-Pugh A and B), n=6 in each group 
 (fu,p at 2 h was increased by 27.3% and 73.5% in Child-Pugh A and B subjects, 
 respectively, vs. their respective control groups. For Child-Pugh A subjects, Cu,2 h  
 was 1.26-fold higher, t1/2 was 2.4-fold longer, and unbound AUC(0-inf) was 1.8
fold higher. For Child-Pugh B subjects, Cu,2 h was 1.18-fold higher, t1/2 was 2.1

 fold longer, and the unbound AUC(0-inf) was 3.3-fold higher. 

88 

Reference ID: 3205587 

http:2.53-3.35
http:3.40-4.88


 

 

                  
                
                             
                                                       
                        
                                                    
                                                                           
                             
                            
                            
                                                           
                          
                                                          
                                                         
                                                      
 
                     
                          
                            
                          
                          

 
         
                  
                           
                           
                        
                        
                        
  
                   
                        
                        

 
                   

                  
                  
                   

 
    

                  
                
                 
                         
                      
                             
                        

             
                

     
     
 
 

4.	  Extrinsic factors: (6 studies) 
E2007-E044-005: DDI, SD 1 mg alone vs. ketoconazole 400 mg QD x 10 days + SD 1 mg on Day 3 

N=26, (AUC of perampanel increased by 20%) 
E2007-E044-006: DDI, SD 2 mg vs.  Carbamazepine 300 mg BID x 17 days (Day 25-41) + SD 2  

   mg on Day 32, N=20  
(AUC of perampanel decreased by 67%, t1/2 reduced by ~50%) 

E2007-E044-025: MD 4 mg x 19 days + Levodopa SD 100 mg, N=59 (no effect on levodopa) 
E2007-A001-014: DDI, MD 6mg x 20 days QD + SD 4 mg midazolam, N=35 (<20% effect) 
E2007-E044-019: DDI, MD 4mg x 21 days QD + OC (ethinylestradiol 30 µg and levonorgestrel 

150 µg) 21 days QD, N=24 (No effect on either component of OC) 
E2007-E044-029 (Part A): MD 35 days, titration to 8 or 12 mg, QD + OC Single dose, N=28

 (8 mg had no effect on OC; 12 mg reduced Cmax of ethinylestradiol by <20%; 
12 mg perampanel decreased levonorgestrel Cmax and AUC by ~40%) 

 (Part B): SD 6 mg + OC QD 21 days, N=24 (OC had no effect on perampanel) 

5. 	Population PK (4 reports)
 CPMS-E2007-2011-002: a pooled analysis of the data obtained in 19 Phase 1 studies  
 EMFFR2008/06/00: a pooled analysis of data obtained in two Phase 2 studies
 CPMS-E2007-2011-003: a pooled analysis of data from 3 pivotal Phase 3 studies (all patients)
 CPMS-E2007-2011-004: a pooled analysis of data from 3 pivotal Phase 3 studies (adolescent) 

-   Human Pharmacodynamic studies (5 studies): 
1. Healthy PD and PK/PD: 

E2007-E044-030: Alcohol, effect on psychomotor function and cognition. 
E2007-A001-013: QT, moxifloxacin used as positive control (Linear PK from 6 to 12 mg) 
 E2007-E044-020: Phototoxic Potential 
E2007-A001-023: Abuse potential 
E2007-A001-024: Abuse potential 

2. Patient PD and PK/PD – Population PK/PD: (3 reports) 
 EMFFR2008/06/00, CPMS-E2007-2011-003, CPMS-E2007-2011-004: 

    Modeling of the exposure-response relationship 


-	 Efficacy and safety studies (9 studies): 
1. Phase 2 trials: (3 studies)  206, 208, 231 
2. Phase 3 pivotal trials (3 studies): 304, 305, 306 
3. Open-label extension: (3 studies) 207, 233 and 307 

-	 In vitro studies pertinent to PK using human biomaterials (20 studies):
 1. Plasma protein binding: (2 studies) B00033 and AE-4737-G  (fu,p ~5%)
 2. Blood to Plasma ratio: B06013 (B/P: 0.55-0.59) 
3. Hepatic metabolism and drug interaction: (8 studies)  

B04006, B07001, B06012, B00030, GE-0045, AE-4739-G, XT095036, XT093050
 (mainly via CYP3A4/5, not inhibitor of major CYP450 isoenzymes except CYP2C8, no or weak  
inhibitor of 3A4 though time-dependent inhibitor of 3A4, not inducer of 1A2, weak inducer of 3A4 
and 2B6) 

4. Metabolite isolation and identification: (5 studies) C07139, B03033, B05007, L07002, B08002
 5. Transporter: (4 studies) GE-0258-G, B06015, GE-0404-G, DMPK2011-002 

(not substrate of P-gp, BCRP, OATs, OCTs and OATP1B1 and 1B3
 
Weak inhibitor of P-gp, BCRP, OAT1, OAT3, OCT1 and OCT3)
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(b) (4)

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 16 

I.  Clinical Pharmacology 

    Mass balance: x 1 
    Isozyme characterization: x 3 
    Transporters: x 4 
    Blood/plasma ratio: x 1 

Plasma protein binding: x 2 
Pharmacokinetics (e.g., Phase I) - 

Healthy Volunteers-

single dose: x 1 
multiple dose: x 1 

Patients-

single dose: 

multiple dose: x 2 One in Japanese 
Dose proportionality -

fasting / non-fasting single dose: 

fasting / non-fasting multiple dose: 

Drug-drug interaction studies - 
In-vivo effects on primary drug: x 3 
In-vivo effects of primary drug: x 4 

In-vitro: x 5 
    Subpopulation studies - 

ethnicity: x 2 Japanese, SAD and MAD 
gender: 

pediatrics: 

geriatrics: x 1 
renal impairment: 

hepatic impairment: x 1 Mild and moderate 
Obese subject: 

PD - 
Phase 2: x 3 Study 206, 208, 231 
Phase 3: x 3 Study 304, 305, 306 

PK/PD - 
Phase 1 and/or 2, proof of concept: x 3 Study 206, 208, 231 

Phase 3 clinical trial: x 3 Study 304, 305, 306 
Population Analyses -

Data rich: x 1 
Data sparse: x 3 

II.  Biopharmaceutics 

Absolute bioavailability x 1 
to Tablet Relative bioavailability - x 1 

solution as reference: 
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alternate formulation as reference: 

    Bioequivalence studies - x 5 
traditional design; single / multi dose: x 5 

replicate design; single / multi dose: 

Food-drug interaction studies x 2 
    Bio-waiver request based on BCS 

    BCS class 

   Dissolution study to evaluate alcohol    
    induced dose-dumping 

III. Other CPB Studies 

Genotype/phenotype studies 

Chronopharmacokinetics x 1 Morning vs. Evening 
dosing 

Pediatric development plan 

    Literature References 

Total Number of Studies 

24 PK + 
4 Pop PK/PD + 
1 QTc+ 
20 in vitro+ 
16 Assay 
Validation + 
Literature 

24 PK + 
4 Pop PK/PD + 

20 in vitro+ 
16 Assay 

Validation 
Reports 

Reviewed 

Filability and QBR comments 

“X” if yes Comments 

Application filable? X 

Comments sent to 
firm? 

QBR questions (key 
issues to be considered) 

 Are there exposure (dose) – response (efficacy and safety) 
relationships? 

 Is dose adjustment necessary for concomitant use of AEDs which 
induced perampanel clearance? 

 Is severe renal impairment study needed? 

 Sample collection period for one of the food effect studies was only 
24hr. 

 Is drug-drug interaction study needed for PPIs, considering pH 
dependent solubility and dissolution of perampanel?       

Other comments or 
information not 
included above 
Primary reviewer 
Signature and Date 

Xinning Yang 

Secondary reviewer 
Signature and Date 

Angela Men 

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

91 

Reference ID: 3205587 



 

 

 

   

   

  

  
 

  

   

 

  

  

  

 

  
  

   

  
    

 

  

   

   

 
   

 
 

   

 
 

  

  
  

 
 

   

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 

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 No pre-NDA 

meeting 
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 
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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. 

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 

Reviewing Clinical Pharmacologist Date 

Team  Leader/Supervisor       Date  
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Appendix 2. Clinical Pharmacology Studies: Overview of Study Design and Results 
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