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Abstract
Objective: Early response to anti-seizure medication (ASM) is associated with 
a favorable prognosis in patients with epilepsy. Research is required to confirm 
existing data on the clinical use of perampanel as first adjunctive therapy in dif-
ferent patient groups and different regions. Here, we present a post hoc analysis 
of four post-marketing studies to examine side by side the efficacy and safety of 
perampanel administered as the first adjunctive ASM across different geographic 
settings.
Methods: Data from patients receiving first adjunctive perampanel were in-
cluded in this post hoc analysis from Study 412 (NCT02726074, South Korea), 
Study 410 (NCT03288129, US), Study 509 (NCT04202159, Germany), and Study 
501 (NCT04257604, Italy). Assessments included the median percent reduction 
from baseline/screening in seizure frequency, seizure-freedom rate, retention 
rate, and safety.
Results: A total of 170 patients who received first adjunctive perampanel were 
included in this study, including 102 patients from Study 412, 44 from Study 
410, 13 from Study 509, and 11 from Study 501. At the latest time point in each 
study, 50% responder rates were ≥62.5% (range, 62.5%–100.0%) across seizure 
types, while seizure-freedom rates ranged from 25.0% to 100.0% (median, 51.6%). 
Retention rates were ≥61.8% at Month 6 in all studies and ≥54.5% at Month 12 
in Studies 410 and 501 where these data were available. Overall, 46.2%–90.9% of 
patients experienced ≥1 treatment-emergent adverse event (TEAE) and 13.7%–
27.3% discontinued perampanel due to TEAE(s). The most common TEAEs 
reported across each study were dizziness (≤50.0%), somnolence (≤36.4%), and 
fatigue (≤13.6%).
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1  |   INTRODUCTION

Early response to anti-seizure medications (ASMs) is 
associated with a favorable prognosis in patients with 
epilepsy.1 Results from a study following a total of 1098 
patients with epilepsy for up to 26 years demonstrated 
that approximately 50% of patients did not achieve sei-
zure freedom with their first ASM.2 Adjunctive ASMs are 
prescribed with the aim of improving seizure control2; 
however, ASM polytherapy has been associated with an 
increased frequency of adverse events vs. ASM monother-
apy.3 Furthermore, patients who fail to achieve seizure 
freedom with their first ASM may have an increased like-
lihood of experiencing uncontrolled seizures with each 
subsequent ASM.4 Thus, effective early-line treatments 
with a beneficial balance between efficacy and tolerability 
are required.

Perampanel, a selective, non-competitive α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor an-
tagonist is a once-daily, oral ASM for focal-onset seizures 
(FOS) and generalized tonic-clonic seizures (GTCS).5,6 
Perampanel is approved in over 70 countries and terri-
tories globally. In the United States (US) and Korea, per-
ampanel is approved for adjunctive and monotherapy 
treatment of FOS, with or without focal to bilateral ton-
ic-clonic seizures (FBTCS), in patients aged ≥4 years and is 
approved for adjunctive treatment of FOS, with or without 
FBTCS, in patients aged ≥4 years in Europe.5,7,8 In addi-
tion, perampanel is approved for adjunctive treatment of 
GTCS in patients aged ≥12 years in the US, and in patients 

aged ≥7 years with idiopathic generalized epilepsy (IGE) 
in Europe and Korea.

A pooled analysis of patients treated with peram-
panel in routine clinical practice in the PERMIT study 
demonstrated that fewer previous or concomitant ASMs 
at baseline were associated with improved seizure con-
trol.9 This was supported by evidence from a post hoc 
analysis of PERMIT, which suggested that perampanel 
administered as early-line therapy (one or two previous 
ASMs) was significantly more effective and better toler-
ated than when administered as late adjunctive therapy 
(≥3 previous ASMs).10 Furthermore, it has been shown 

Significance: The results from this post hoc analysis demonstrated that per-
ampanel as first adjunctive therapy had a good treatment response with no new 
safety signals observed. Limitations included the post hoc nature of the analy-
sis and the inability to pool data due to study design differences. Overall, these 
data support the use of perampanel as an early-line treatment in patients with 
epilepsy.
Plain Language Summary: This analysis looked at a medicine called peram-
panel and how well it works for people with epilepsy when it was one of the first 
medicines added to their regular seizure treatment. Data were collected from four 
separate studies that were done in South Korea, the United States, Germany, and 
Italy. Most patients had fewer seizures across all four studies after 6 months of 
treatment. The most common side effects reported in patients included dizziness 
and sleepiness. Perampanel worked well when used early during treatment, and 
most people were able to keep taking perampanel without significant difficulties.

K E Y W O R D S

anti-seizure medication, first add-on therapy, focal epilepsy, focal-onset seizures, generalized 
tonic-clonic seizures, perampanel

Key points

•	 This post hoc analysis evaluates perampanel as 
first adjunctive therapy for epilepsy across dif-
ferent clinical and regional settings.

•	 Perampanel as first adjunctive therapy had fa-
vorable responder rates and was well tolerated 
across different geographic settings.

•	 The safety profile of first adjunctive peram-
panel was consistent with the known safety of 
perampanel in patients with epilepsy.

•	 The data reported here support the use of per-
ampanel as an early-line treatment in patients 
with epilepsy.
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that perampanel is efficacious and well tolerated as early-
line treatment in patients with epilepsy from different 
geographic regions and across ethnicities based on data 
from Study 412 (FAME [NCT02726074], South Korea),11 
Study 410 (ELEVATE [NCT03288129], US),12 interim data 
from Study 509 (PERPRISE [NCT04202159], Germany),13 
and Study 501 (AMPA [NCT04257604], Italy).14 However, 
data are limited regarding the clinical use of perampanel 
as first adjunctive therapy and further research is required 
to improve the management of epilepsy in patients.

Here, we present a post hoc analysis of data from Studies 
412, 410, 509, and 501 to examine side by side the efficacy 
and safety of perampanel administered as the first adjunc-
tive ASM across different clinical and regional settings.

2  |   METHODS

2.1  |  Study design

The key features of each study are shown in Table 1. Briefly, 
Study 412 was a Phase IV, multicenter, open-label study of 
perampanel as first adjunctive therapy, consisting of a 12-
week titration phase and a 24-week maintenance phase.11 
Study 410 was a Phase IV, multicenter, open-label study of 
perampanel as monotherapy or first adjunctive therapy, com-
prising a 13-week titration period, a 39-week maintenance 
period, and a 4-week follow-up period.12 Study 509 was a 12-
month, multicenter, prospective, non-interventional study 
which assessed the efficacy and safety of perampanel as the 
only adjunctive ASM; data from the 6-month interim analy-
sis are presented here.13 Finally, Study 501 was a 12-month, 
multicenter, prospective, real-life, observational study as-
sessing adjunctive perampanel.14 These four studies were 
selected as the most appropriate data available to answer the 
research question at the time of data analysis.

2.2  |  Patients

Patient populations of studies included in this analysis 
have been described previously,11–14 and are summarized 
in the Methods S1. Briefly, Study 412 assessed patients 
aged ≥12 years with FOS, with or without FBTCS11; Study 
410 included patients aged ≥4 years with FOS, with or 
without FBTCS, or with GTCS12; Study 509 assessed pa-
tients aged ≥18 years with FBTCS or GTCS due to IGE13; 
and Study 501 included patients aged ≥12 years with in-
sufficiently controlled FOS, with or without FBTCS, who 
were receiving 1–3 concomitant ASMs (Table 1).

All study protocols were reviewed by the institutional 
review boards or ethics committees of participating cen-
ters for ethical approval and all patients provided written 

informed consent before trial participation. Each trial was 
registered at Clini​calTr​ials.​gov (Study 412: NCT02726074; 
Study 410: NCT03288129; Study 509: NCT04202159; Study 
501: NCT04257604).

2.3  |  Endpoint assessments

The primary endpoint was the 50% responder rate at 
6 months in Study 412; the retention rate at 3, 6, 9, and 
12 months in Study 410; and the median percent reduction 
from baseline in seizure frequency per 28 days at 6 months 
in Study 501 (Table 1). Secondary and exploratory endpoints 
across studies included the median percent reduction from 
baseline in seizure frequency per 28 days, 50% and 75% re-
sponder rates, seizure-freedom rates, retention rates, and the 
incidence of treatment-emergent adverse events (TEAEs; 
Table 1). Interim endpoints in Study 509 included retention 
rate, measures of effects on seizure frequency, and TEAEs.

2.4  |  Post hoc analysis

In the post hoc analysis reported here, only data from pa-
tients receiving perampanel as the first adjunctive therapy 
were included from each study. Data from each study 
could not be pooled due to differences in study design and 
are therefore presented side by side.

Efficacy assessments included 50% responder rates and 
seizure-freedom rates in all studies, and 75% responder rates 
in Studies 412, 410, and 501. Safety and tolerability assess-
ments included retention rates, the incidence of TEAEs, 
serious TEAEs, TEAEs leading to perampanel discontinua-
tion, and the most frequently reported TEAEs in each study.

2.5  |  Statistical analysis

Assessments of efficacy were conducted in the full analysis 
set (FAS; patients who received at least one dose of peram-
panel and were included in at least one post-dose efficacy 
assessment) in Studies 412 and 410, the interim analysis 
set (IAS; the first 100 patients who received at least one 
dose of perampanel and were projected to complete the 
6-month study visit or discontinued treatment before this 
visit) in Study 509, and in the intent-to-treat (ITT) analysis 
set (all patients who enrolled in the study) in Study 501. 
Last observation carried forward (LOCF) type imputation 
was employed to handle missing data for seizure-related 
efficacy endpoints in Study 41012 and Study 501.14

Retention rates and safety assessments were based on 
the safety analysis set (SAS; patients who received at least 
one dose of perampanel and were included in at least one 
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4  |      MELETTI et al.

post-dose safety assessment) in Studies 412, 410, and 501 
were based on the IAS in Study 509.

3  |   RESULTS

3.1  |  Patients

Table  2 shows the baseline demographics and clini-
cal characteristics of patients receiving perampanel as 
first adjunctive therapy from each study. The number 
of patients who received perampanel as first adjunctive 

therapy varied between studies: in Study 412, 102 pa-
tients received first adjunctive perampanel and were in-
cluded in the SAS, of whom 85 were included in the FAS; 
in Study 410, 44 patients were included in the SAS and 
FAS; 13 patients were included in the IAS in Study 509; 
and 11 patients were included in the SAS and 8 were in-
cluded in the ITT analysis set in Study 501. The median 
(range) age of patients was 39 (20–77) years in Study 
412, 36 (12–77) years in Study 410, 49 (25–85) years in 
Study 509, and 28 (17–78) years in Study 501. The most 
common ASM at baseline was levetiracetam in Study 
412 (40.0%), Study 410 (54.5%), and Study 509 (30.8%), 

T A B L E  1   Overview of studies.

Study 412 
(NCT02726074)11 Study 410 (NCT03288129)12

Study 509 
(NCT04202159)13 Study 501 (NCT04257604)14

Study type Phase IV, multicenter, 
open-label clinical study

Phase IV, multicenter, open-
label clinical study

Multicenter, prospective, 
non-interventional study

Multicenter, prospective, 
real-life, observational study

Patients Patients aged ≥12 years 
with a diagnosis of FOS, 
with or without FBTCS, 
who required adjunctive 
therapy after failure to 
control seizures with ASM 
monotherapy

Patients aged ≥4 years with 
FOS, with or without FBTCS, 
or with GTCS who were 
treatment naïve or required 
adjunctive therapy after 
failure to control seizures 
with ASM monotherapy

Patients aged ≥18 years with 
FBTCS or GTCS due to 
focal epilepsy or IGE who 
are receiving perampanel as 
the only adjunctive therapy 
to ASM monotherapy or as 
a substitute for one ASM of 
a baseline dual therapy

Patients aged ≥12 years with 
insufficiently controlled 
FOS, with or without 
FBTCS, while receiving 1–3 
ASMs

Region South Korea US Germany Italy

Study dates January 2016–April 2017 August 2017–April 2021 January 2020–March 2023 January 2016–April 2019

Treatment First adjunctive therapy Monotherapy or first 
adjunctive therapy

Adjunctive therapy Adjunctive therapy

Dosage 4–12 mg/daya 4–12 mg/dayb Per approved indication Per approved indication

Objectives The efficacy and safety 
of perampanel as first 
adjunctive therapy in 
patients with FOS, with or 
without FBTCS

The efficacy and safety of 
perampanel as monotherapy 
or first adjunctive therapy in 
patients with FOS, with or 
without FBTCS, or with GTCS

The effectiveness of 
perampanel as the only 
adjunctive therapy in 
patients with FBTCS or 
GTCS

The effectiveness of 
adjunctive perampanel in 
patients with FOS, with or 
without FBTCS, in a real-life 
clinical setting

Primary 
endpoint

50% responder rate for 
FOS, with or without 
FBTCS

Retention rate at 3, 6, 9, and 
12 months

Retention rate at 12 months Median percentage change 
from baseline in all seizure 
frequency per 28 days at 
6 months

Other 
endpoints

50% responder rate for 
GTCS, 75% responder rate 
and seizure-freedom rate 
for all seizures, and percent 
change from baseline in all 
seizure frequency

50% and 75% responder 
rates, seizure-freedom rate, 
and median percent change 
from baseline in all seizure 
frequency

Retention rate, median 
percent change in monthly 
seizure frequency, 50% 
responder rate, and seizure-
freedom rate at 6 months

Retention rate, 50% and 75% 
responder rates, seizure-
freedom rates, and median 
percent change from 
baseline in seizure frequency

Abbreviations: ASM, anti-seizure medication; FBTCS, focal to bilateral tonic-clonic seizures; FOS, focal-onset seizures; GTCS, generalized tonic-clonic seizures; 
IGE, idiopathic generalized epilepsy.
aDuring the titration period, perampanel was initiated at 2 mg/day and incrementally increased by 2 mg/day over weekly intervals for patients receiving non-
enzyme-inducing ASMs (or ≥2-week intervals for those receiving enzyme-inducing ASMs) to a maximum of 12 mg/day. The final dosage at the end of the 
titration period was used for the maintenance period. Patients who could not tolerate 4 mg/day perampanel were discontinued from the study.
bDuring the titration period, perampanel was initiated at 2 mg/day and up-titrated to 4 mg/day at week 3; additional up-titrations by 2 mg/day over ≥2-week 
intervals to a maximum of 12 mg/day were optional based on clinical response and tolerability. The final dosage at the end of the titration period was used for 
the maintenance period. Patients who could not tolerate 4 mg/day perampanel were discontinued from the study.
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      |  5MELETTI et al.

sodium valproate in Study 509 (30.8%), and carbamaz-
epine in Study 501 (45.5%). The patient disposition of 
each trial is shown in Figure S1.

3.2  |  Perampanel dose and exposure

Median mean daily dose of perampanel during the 
Maintenance Period of Study 410 or throughout the study 
period of Study 412, and median modal dose over the 
treatment period (Studies 509 and 501) ranged from 4.0 to 
6.0 mg/day across studies (Table S1). The mean cumula-
tive duration of exposure to perampanel was over 179 days 
in each study.

3.3  |  Efficacy outcomes

The 50% and 75% responder rates and the seizure-freedom 
rates across studies are summarized in Figure 1. The pro-
portion of patients achieving a 50% response was com-
parable at each time point within each of the studies 
(Figure 1A). At the final visit (or interim analysis in Study 
509), the 50% responder rates across seizure types were 
88.8%–100.0% in Study 412, 75.0%–87.5% in Study 410, 
85.7%–100.0% in Study 509, and 62.5%–75.0% in Study 
501. The 75% responder rates in patients with FOS varied 
between studies: 77.6%–84.5% in Study 412; 48.1%–59.3% 
in Study 410; and 25.0%–50.9% in Study 501 (Figure 1B). 
Results were similar in patients with FBTCS (Study 

T A B L E  2   Baseline demographics and clinical characteristics of patients who received perampanel as first adjunctive therapy.

Study 412  
(N = 85)a

Study 410 
(N = 44)b

Study 509  
(N = 13)c

Study 501 
(N = 11)d

Median (range) age, years 39.0 (20–77) 36.0 (12–77) 49.0 (25–85) 28.0 (17–78)

Female, n (%) 49 (57.7) 23 (52.3) 7 (53.8) 3 (27.3)

Mean (SD) time since epilepsy diagnosis, years 10.9 (9.3) 7.1 (9.6) 11.2 (14.6) 12.6 (12.5)

Seizure type,e n (%)

FOS 85 (100.0) 35 (79.5) 8 (61.5) 11 (100)

FOS with FBTCS 16 (18.8) 21 (47.7) 8 (61.5) 5 (45.5)

GTCS 0 (0.0) 12 (27.3) 4 (30.8) 0 (0.0)

Mean (SD) baseline seizure frequency per 28 daysf

FOS 4.1 (7.7)g 8.5 (20.5)h 1.5 (1.2) 6.0 (7.3)

FBTCS NR 20.5 (35.8)h 0.9 (0.6) NR

GTCS NR 0.9 (0.5)h 1.8 (1.5) NR

Total seizures NR 6.7 (17.2) NR 6.0 (7.3)

Most commoni ASMs at baseline, n (%)

Levetiracetam 34 (40.0) 24 (54.5) 4 (30.8) 2 (18.2)

Carbamazepine 20 (23.5) 1 (2.3) 0 (0.0) 5 (45.5)

Oxcarbazepine 17 (20.0) 2 (4.5) 0 (0.0) 0 (0.0)

Lamotrigine 7 (8.2) 6 (13.6) 3 (23.1) 1 (9.1)

Valproic acid 5 (5.9) 3 (6.8) 0 (0.0) 1 (9.1)

Lacosamide 1 (1.2) 3 (6.8) 1 (7.7) 1 (9.1)

Sodium valproate 0 (0.0) 0 (0.0) 4 (30.8) 0 (0.0)

Abbreviations: ASMs, anti-seizure medications; FBTCS, focal to bilateral tonic-clonic seizures; FOS, focal-onset seizures; GTCS, generalized tonic-clonic 
seizures; NR, not reported; SD, standard deviation.
aFull analysis set.
bAll 44 patients were included in the safety analysis set and full analysis set.
cInterim analysis set.
dSafety analysis set.
eSeizure type at baseline for Studies 412, 509, and 501; history of seizure type for Study 410.
fSeizure frequency = (number of seizures/[date of visit 1 - date 8 weeks before visit 1]) × 28 for Study 412; baseline seizure frequency data were collected 
retrospectively for Study 410; seizure frequency in the 3 months before perampanel initiation for Study 509; baseline seizure frequency per 28 days was 
calculated based on seizure diaries 8 weeks before perampanel initiation for Study 501.
gFOS with or without FBTCS.
hIncluded all types of seizures at baseline rather than the type of seizures recorded during the study.
i≥5% of patients from Studies 412 and 410, or ≥2 patients from Studies 509 and 501 (due to the small number of patients).
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6  |      MELETTI et al.

F I G U R E  1   (A) 50% responder rates, (B) 75% responder rates, and (C) seizure-freedom rates in patients who received perampanel as first 
adjunctive therapy. aIn Study 410, FOS includes patients with FOS only (with or without FBTCS); FBTCS is the subset of FOS only patients 
who recorded FBTCS during baseline; GTCS includes patients with GTCS only. The “Total” column includes patients with FOS only, GTCS 
only, and mixed FOS and GTCS; therefore, the total number of patients is greater than the sum of patients with FOS only or GTCS only. 
FBTCS, focal to bilateral tonic-clonic seizures; FOS, focal-onset seizures; GTCS, generalized tonic-clonic seizures.
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      |  7MELETTI et al.

412, 80.0%–100.0%; Study 410, 50.0%–75.0%; Study 501, 
33.3%–50.0%) and GTCS (Study 410, 62.5%). The seizure-
freedom rates were >58% in patients with FOS and >80% 
in patients with FBTCS from Study 412 at each time point 
(Figure 1C). The proportion of patients achieving seizure 
freedom in Study 410 varied between seizure types but was 
consistent across time points (FOS, 26.7%–30.0%; FBTCS, 
37.5%; GTCS, 44.4%–66.7%). At Month 6, seizure-freedom 
rates in Study 509 were >75.0% across all seizure types. 
In Study 501, the seizure-freedom rates were 12.5%–37.5% 
in patients with FOS and 0.0%–33.3% in patients with 
FBTCS.

3.4  |  Safety outcomes

The percentage of patients who remained on perampanel 
as first adjunctive therapy at Month 6 was 61.8% in Study 
412, 65.9% in Study 410, 92.3% in Study 509, and 72.7% in 
Study 501 (Figure 2). At Month 12, 59.1% of patients from 
Study 410 and 54.5% of patients from Study 501 remained 
on perampanel as first adjunctive therapy.

An overview of safety outcomes across studies is pro-
vided in Table  3. Overall, 46.2%–90.9% of patients expe-
rienced ≥1 TEAE and 13.7%–27.3% of patients across 
studies experienced a TEAE which resulted in perampanel 

F I G U R E  2   Retention rates in patients who received perampanel as first adjunctive therapy. aSafety analysis set. bAll 44 patients were 
included in the safety analysis set and full analysis set. cInterim analysis set.

T A B L E  3   Summary of TEAEs in patients who received perampanel as first adjunctive therapy.

Study 412 
(N = 102)a

Study 410 
(N = 44)a

Study 509 
(N = 13)b

Study 501 
(N = 11)a

TEAEs, n (%) 77 (75.5) 40 (90.9) 6 (46.2) 10 (90.9)

Treatment-related TEAEs, n (%) 57 (55.9)c 27 (61.4) 1 (7.7) 8 (72.7)

Serious TEAEs, n (%) 8 (7.8) 3 (6.8) 1 (7.7) 1 (9.1)

TEAEs leading to perampanel discontinuation, n (%) 14 (13.7) 8 (18.2) 2 (15.4) 3 (27.3)

Most frequently reported TEAEs,d n (%)

Dizzinesse 51 (50.0) 14 (31.8) 1 (7.7) 3 (27.3)

Fatigue 2 (2.0) 6 (13.6) 1 (7.7) 0 (0.0)

Headache 9 (8.8) 5 (11.4) 0 (0.0) 1 (9.1)

Irritability 2 (2.0) 5 (11.4) 0 (0.0) 0 (0.0)

Somnolence 10 (9.8) 6 (13.6) 0 (0.0) 4 (36.4)

Vomiting 0 (0.0) 5 (11.4) 0 (0.0) 0 (0.0)

Abbreviation: TEAE, treatment-emergent adverse event.
aSafety analysis set.
bInterim analysis set.
cAdverse drug reactions, irrespective of causality to perampanel treatment, were reported in Study 412.
dTEAEs that occurred in ≥5% of patients from Study 412 or ≥10% of patients from Study 410; patients with >1 TEAE in the same category are only counted 
once in that category.
eData for dizziness and vertigo have been combined for Study 501 because the Italian term “vertigine” translates to both “vertigo” and “dizziness” in English.
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discontinuation. The most common TEAEs reported 
across each study were dizziness (up to 50.0% of patients), 
somnolence (up to 36.4% of patients), fatigue (up to 13.6% 
of patients), headache (up to 11.4% of patients), irritabil-
ity (up to 11.4% of patients), and vomiting (up to 11.4% of 
patients).

Serious TEAEs were reported in 6.8%–9.1% of patients 
across studies. One death, caused by sudden unexpected 
death in epilepsy, was reported in Study 410, but this was 
not considered to be related to perampanel; no deaths 
were reported in any other study.

4  |   DISCUSSION

This post hoc analysis of Studies 412, 410, 509, and 501 
demonstrated that treatment with perampanel as first 
adjunctive therapy was effective in reducing seizure 
frequency, with 50% responder rates ≥62.5% across sei-
zure types in each of the four studies. In addition, per-
ampanel as first adjunctive therapy also demonstrated 
favorable 75% responder rates at the latest time point in 
each study, ranging from 37.5% to 100.0%; while seizure-
freedom rates ranged from 25.0% to 100.0%. First adjunc-
tive perampanel was well tolerated in all studies, with 
retention rates >61% at Month 6. No new safety signals 
were observed. Overall, the results presented here sug-
gest that perampanel may be an effective early-line ASM 
for the treatment of epilepsy.

The efficacy findings in this post hoc analysis were 
generally consistent with those in other real-world stud-
ies that evaluated perampanel as early-line adjunctive 
therapy in patients with epilepsy.15–18 In these real-world 
studies, retention rates ranged from 67.0% to 90.5%; 50% 
responder rates ranged from 50.4% to 85.7%; and seizure-
freedom rates ranged from 20.4% to 71.4%. Our results 
were also in line with PERMIT, a global pooled-analysis 
study evaluating the effectiveness and tolerability of per-
ampanel in routine clinical care.9 The 12-month retention 
rate in the PERMIT study was 64.2%, the 50% responder 
rate was 58.3%, and the seizure-freedom rate was 23.2%.9 
However, PERMIT included studies conducted in 17 coun-
tries in Europe, Asia, North America, the Middle East, and 
Australia, whereas in this post hoc analysis, we present a 
more homogeneous data set.

The safety of early-line perampanel treatment re-
ported here is consistent with the known safety profile 
of perampanel in patients with epilepsy5; no new safety 
signals emerged and ≤27.3% of patients discontinued 
treatment due to TEAEs. It is important to note that 
this analysis was not powered to detect new safety sig-
nals. The frequency of treatment-related TEAEs varied 
by study, because these studies were conducted in four 

different countries and treating physicians could have 
distinctive criteria to assess the causality of TEAEs. 
Incidences of serious TEAEs were similar across studies, 
with 6.8–9.1% of patients reporting serious TEAEs. In ad-
dition, the incidences of TEAEs reported in this post hoc 
analysis were in line with those reported previously for 
perampanel as adjunctive therapy (30.1%–91.8%), with 
the highest incidence of TEAEs in this analysis being 
72.7% in Study 501.9,15–21 With this in mind, it is import-
ant to highlight the need to balance efficacy with tolera-
bility for each patient when considering perampanel as a 
first adjunctive ASM.

Of note, research has found that cytochrome P450 
3A4 (CYP3A4) polymorphism is related to ethnicity, with 
higher instances in people of non-European descent.22 
Polymorphic differences in CYP3A4 lead to altered drug 
metabolism and resultant differences in efficacy and tol-
erability.22 Perampanel undergoes metabolism primarily 
via CYP3A4/5, and also has a weak inhibitory effect on 
CYP3A4 resulting in decreased midazolam concentra-
tions (a CYP3A4 substrate).5,23 A study of Korean par-
ticipants found that the most common CYP3A4 variant 
in Asian populations was CYP3A4*18, with further re-
search finding that this variant did not significantly af-
fect midazolam disposition.24 Together, these findings 
could indicate that the most common CYP3A4 variant 
in Asian populations may not have an impact on per-
ampanel metabolism, as the CYP3A4*18 variant did not 
affect the metabolism of midazolam.24 This is in line 
with the results presented here; results from Study 412 
(South Korea) were comparable with those from Studies 
410, 509, and 501 (US, Germany, Italy, respectively). 
In support of the findings of this analysis, results from 
subgroup analyses of the PERMIT study demonstrated 
that perampanel as early-line treatment was more effec-
tive and better tolerated than perampanel administered 
as late adjunctive therapy in patients with focal and/or 
generalized epilepsy.25 Similarly, these findings are also 
supported by a multicenter survey of clinical experi-
ences of adjunctive perampanel in Austria and Germany, 
which demonstrated better tolerability in patients with 
one or two baseline ASMs compared with those on more 
than two baseline ASMs, and a subgroup analysis of the 
PERPRISE study, which showed higher retention rates 
and better seizure outcomes with early-use perampanel 
(one or two prior ASMs) compared with late-use peram-
panel (≥5 prior ASMs).13,26 Taken together, these data il-
lustrate the importance of administering perampanel as 
early-line therapy, particularly because early response to 
ASM therapy is associated with a favorable prognosis in 
patients with epilepsy.1

Given the clinical benefit of perampanel as first ad-
junctive therapy observed in this post hoc analysis, it is 
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also relevant to examine how the dosing regimen used in 
these studies compares with the approved indications and 
clinical practice guidelines.

In Europe, the recommended perampanel maintenance 
dose as an adjunctive therapy for patients aged ≥12 years 
with FOS is 4–8 mg/day (maximum 12 mg/day); for chil-
dren aged 4–11 years, the recommended maintenance dose 
varies by weight (≥30 kg, 4–8 mg/day; 20–<30 kg, 4–6 mg/
day; <20 kg, 2–4 mg/day).7 For patients aged ≥7 years with 
GTCS, the recommended perampanel maintenance dose 
as an adjunctive therapy is up to 8 mg/day for those aged 
≥12 years; the recommended maintenance dose for chil-
dren aged 4–11 years also varies by weight and has simi-
lar ranges to those for patients with FOS.7 In Korea, the 
recommended perampanel maintenance dose for patients 
aged ≥4 years with FOS is 4–8 mg/day (maximum 12 mg/
day), both as monotherapy and adjunctive therapy; for 
patients aged ≥7 years with GTCS, the recommended 
maintenance dose as adjunctive therapy is 8 mg/day.8 In 
the US, the recommended perampanel maintenance dose 
for patients aged ≥4 years with FOS as monotherapy or ad-
junctive therapy is 8–12 mg/day (maximum 12 mg/day), 
and for patients aged ≥12 years with GTCS as adjunctive 
therapy is 8 mg/day.5 In the current post hoc analysis, the 
median daily dose of perampanel was ≤6 mg/day across 
studies. In addition, the dosing observed in Studies 412, 
410, 509, and 501 was lower than that seen in the pivotal 
Phase III studies of adjunctive perampanel (8 or 12 mg/
day).19,20

5  |   LIMITATIONS

This post hoc analysis has several limitations, such as 
the small sample sizes (especially the patient popula-
tions of Studies 509 interim analysis and 501), the non-
randomized study designs, and the LOCF method, which 
was used to handle missing data in Studies 410 and 501. 
Although LOCF is a commonly used technique that ena-
bles complete case analysis without the need for complex 
modeling, it can introduce certain biases27; for example, 
this technique assumes that a patient's last recorded value 
remains unchanged over time and does not account for 
any changes in treatment effect beyond the last observed 
time point.

Another limitation is that the data were reported 
side by side and could not be pooled due to differences 
in study designs, which limits the ability to interpret 
and generalize the findings across studies. In addition, 
Studies 412, 410, 509, and 501 were mostly conducted in 
local countries and over different time periods (January 
2016 to March 2023) rather than a controlled, global study 
conducted in parallel in these countries. The standard of 

care/clinical practice may be different in each country 
and may have evolved over this time within a single coun-
try. Furthermore, safety monitoring approaches could 
vary substantially across geographic regions or clinical 
practice settings, leading to inconsistent reporting; thus, 
incidences of TEAEs, and the potential heterogeneity in 
safety reporting may render cross-study comparisons of 
safety data inappropriate. Further analysis of the asso-
ciation between perampanel in combination with spe-
cific ASMs or groups stratified by enzyme-inducing or 
enzyme-inhibiting ASMs would be beneficial, but due to 
data limitations, it was not possible within the scope of 
this analysis.

6  |   CONCLUSION

The results of post hoc analyses demonstrated that peram-
panel as first adjunctive therapy had favorable responder 
rates with no new safety signals across studies conducted 
in a range of clinical and regional settings. Overall, these 
data add further evidence to support the use of peram-
panel as an early-line treatment in patients with various 
seizure types (FOS, FBTCS, and GTCS).
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