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A B S T R A C T

Purpose: This post hoc analysis assessed the effects of adjunctive perampanel on myoclonic and absence seizure
outcomes in patients (aged ≥12 years) with idiopathic generalized epilepsy (IGE) and generalized tonic-clonic
seizures during the double-blind (up to 8 mg/day) and open-label extension (OLEx; up to 12 mg/day) phases of
Study 332.
Methods: Patients experiencing myoclonic and/or absence seizures during study baseline were included.
Assessments for myoclonic and absence seizures included: median percent change in seizure frequency, number
of seizure days and seizure-free days (all per 28 days), 50 % and 75 % responder rates, seizure-freedom rates,
seizure worsening, and monitoring of treatment-emergent adverse events (TEAEs).
Results: During the double-blind phase, myoclonic and/or absence seizures were reported in 47/163 and 60/163
patients, respectively. Median percent reductions in seizure frequency per 28 days from study baseline were
52.5% and 24.5% (myoclonic seizures) and 7.6 % and 41.2 % (absence seizures) for placebo and perampanel,
respectively; seizure-freedom rates were 13.0 % and 16.7 % (myoclonic seizures) and 12.1 % and 22.2 % (ab-
sence seizures), respectively. During the OLEx phase, 46/138 and 52/138 patients experienced myoclonic and/
or absence seizures, respectively. Responses during the double-blind phase were maintained during long-term
(> 104 weeks) adjunctive perampanel treatment. The frequency/type of TEAEs was consistent with the known
safety profile of perampanel.
Conclusion: In this post hoc analysis, adjunctive perampanel was not associated with any overall worsening of
absence seizures. Further research is needed to investigate the effect of adjunctive perampanel in IGE patients
with myoclonic and/or absence seizures.

1. Introduction

Anti-seizure medications (ASMs) are the primary treatment option
for generalized tonic-clonic (GTC; previously primary generalized
tonic-clonic) seizures in patients with idiopathic generalized epilepsy
(IGE [1,2]). However, clinical data regarding ASM efficacy in this

indication are limited and few ASMs are licensed to treat GTC seizures
[3]. Other common generalized seizure types that can occur con-
currently in patients with IGE and GTC seizures are myoclonic and
absence seizures, which may occur in approximately 60 % and 40 % of
patients with GTC seizures, respectively [4].

Some ASMs can aggravate certain seizure types in IGE, in particular,
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myoclonic and absence seizures, resulting in seizure frequency in-
creases or appearance of new seizure types [5–8]. For example, car-
bamazepine and phenytoin, which are both indicated for treatment of
focal (previously partial-onset) and GTC seizures, may aggravate
myoclonic and absence seizures in patients with generalized epilepsies
[5,9,10]. Lamotrigine, which is indicated for adjunctive treatment of
focal and GTC seizures, has also been reported to aggravate myoclonic
seizures in patients with IGE and is associated with the development of
non-convulsive status epilepticus (SE) with mild myoclonic components
[11–13].

Perampanel, a selective, non-competitive, α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor antagonist, is a once-daily
oral ASM for focal seizures and GTC seizures [14,15]. Approval of
perampanel for adjunctive treatment of GTC seizures was based on the
randomized, double-blind, placebo-controlled, Phase III Study 332
(NCT01393743) in patients (aged ≥12 years) with IGE and GTC sei-
zures [16]. During this study, adjunctive perampanel 8 mg/day con-
ferred significantly greater median percent reductions in GTC seizure
frequency per 28 days (P<0.0001) and greater 50 % responder rates
(P = 0.0019) compared with placebo [16]. Patients who completed the
double-blind phase of Study 332 could enter an open-label extension
(OLEx) phase to assess long-term efficacy and safety of adjunctive
perampanel.

To determine if perampanel aggravates other seizure types in IGE,
we performed a post hoc analysis to assess the effects of adjunctive
perampanel on myoclonic and absence seizures in patients with IGE and
GTC seizures who participated in the double-blind and OLEx phases of
Study 332.

2. Methods

2.1. Study design

The methodology for the double-blind phase of Study 332 has been
previously published [16]. Briefly, patients aged ≥12 years with IGE
and drug-resistant GTC seizures, despite treatment with 1–3 ASMs,
entered a pre-randomization phase (4-week screening; 4–8-week base-
line) before being randomized to receive once-daily placebo or ad-
junctive perampanel (up to 8 mg/day) across a 17-week double-blind
treatment phase (4-week titration; 13-week maintenance, followed by a
4-week follow-up period for patients who did not enter the OLEx) [16].
For those patients who did not enter the OLEx, perampanel dose was
tapered (reduced) at the investigator’s discretion.

The OLEx phase comprised a 6-week blinded conversion period and
up to a 136-week open-label maintenance period. During the conver-
sion period, patients who were previously randomized to placebo were
switched to perampanel 2 mg/day and up-titrated in 2-mg increments
to the optimal perampanel dose (maximum 12 mg/day) at the in-
vestigator’s discretion; patients who were previously randomized to
perampanel continued to receive perampanel once daily at their pre-
vious maintenance dose. During the OLEx maintenance period, patients
were unblinded to study treatment and remained on the optimal dose of
perampanel established during the conversion period (maximum 12
mg/day). Changes to concomitant ASMs were permitted during the
OLEx maintenance period (during the conversion period, ASMs were
continued as in the double-blind phase). A 4-week follow-up period was
completed by all patients after the last on-treatment visit during the
OLEx phase. The OLEx was terminated if perampanel became com-
mercially available in the country where the patient resided.

Study 332 was performed in accordance with all applicable clinical-
trial guidelines and regulations. Trial protocol, amendments, and in-
formed consent were reviewed by national regulatory authorities, and
independent ethics committees or institutional review boards. All pa-
tients provided written informed consent [16].

2.2. Post hoc analysis

Patients were included in this post hoc analysis if they had parti-
cipated in the double-blind phase or the double-blind and OLEx phases
of Study 332. Patients must have experienced myoclonic and/or ab-
sence seizures during double-blind baseline (for the double-blind phase
analyses; this was the 4–8-week pre-randomization baseline period), or
pre-perampanel baseline (for the OLEx phase analyses; for patients who
received placebo during the double-blind phase, this included the 4–8-
week pre-randomization baseline period plus the 17-week double-blind
treatment period; for patients who received perampanel during the
double-blind phase, this included the 4–8-week pre-randomization
baseline period). For this post hoc analysis, data from the double-blind
and OLEx phases of Study 332 were reported separately. Double-blind
phase data include those reported during the double-blind titration and
maintenance periods. OLEx phase data include those reported during
the OLEx conversion and maintenance periods. Data were also analyzed
to determine whether any de novo myoclonic and/or absence seizures
were reported during the double-blind phase (relative to pre-randomi-
zation baseline) or OLEx phases (relative to pre-perampanel baseline).

2.3. Efficacy assessments

Efficacy assessments were based on the Full Analysis Sets (FASs).
The double-blind phase FAS comprised all randomized patients who
received ≥1 dose of study drug and had any post-baseline seizure
frequency data. The OLEx phase FAS comprised all patients who re-
ceived ≥1 dose of perampanel during the OLEx phase, had pre-per-
ampanel baseline seizure frequency data, and ≥1 observation of valid
seizure diary data during the entire perampanel treatment duration.

Efficacy assessments included median percent change in myoclonic
and absence seizure frequency per 28 days (double-blind or pre-per-
ampanel baseline vs. double-blind or OLEx treatment phase, respec-
tively); and 50 % and 75 % responder rates for myoclonic and absence
seizures (defined as the proportion of patients with a ≥50 % or ≥75 %
reduction in myoclonic or absence seizure frequency per 28 days from
double-blind or pre-perampanel baseline). Seizure-freedom rates for
myoclonic and absence seizures were also assessed during the double-
blind maintenance period (defined as the proportion of patients who
completed the maintenance period and were free from myoclonic/ab-
sence seizures during maintenance treatment), and at 13-week treat-
ment intervals during the OLEx phase (defined as the proportion of
patients who completed each 13-week treatment interval and were free
from myoclonic/absence seizures during that interval); seizure-freedom
rates for ≥3, ≥6, or ≥12 months were also assessed during the OLEx.
In addition, the number of days during which patients experienced
myoclonic and/or absence seizures (seizure days) or were free from
myoclonic and/or absence seizures (seizure-free days) per 28 days
during the double-blind and OLEx phases were assessed, as well as
seizure worsening (defined as an increase in myoclonic or absence
seizure frequency per 28 days from double-blind or pre-perampanel
baseline).

2.4. Safety assessments

Safety assessments were based on the Safety Analysis Sets (SASs).
The double-blind phase SAS included patients who were randomized to
study drug, had received ≥1 dose of study drug and had ≥1 post-
baseline safety assessment. For the OLEx phase, the SAS included pa-
tients who received ≥1 dose of perampanel during the OLEx phase and
had any on-therapy safety data during the OLEx phase. Safety assess-
ments included monitoring of treatment-emergent adverse events
(TEAEs), serious TEAEs, and discontinuation rates.
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2.5. Statistical analysis

During the double-blind phase, median (95 % confidence interval
[CI]) difference between placebo and perampanel for seizure frequency,
number of seizure days, and number of seizure-free days were calcu-
lated using the Hodges-Lehmann method. Responder rates were based
on the last observation carried forward approach and analyzed using
the Cochran-Mantel-Haenszel test.

Study 332 was not powered to detect differences in the frequency of
myoclonic or absence seizures between the placebo and perampanel
treatment groups and this is largely due to the small sample size – the
patients in the current analysis are a sub-set of patients from the ori-
ginal double-blind study. Therefore statistical analyses should be in-
terpreted with caution.

3. Results

3.1. Patients

3.1.1. Double-blind phase
Of the 163 patients who were randomized and treated in Study 332,

47 (28.8 %) patients had myoclonic seizures (placebo, n = 23; per-
ampanel, n = 24) and 60 (36.8 %) had absence seizures (placebo, n =
33; perampanel, n = 27) during double-blind baseline. Four patients
had de novo myclonic seizures (n = 2, for both placebo and per-
ampanel) and 6 had de novo absence seizures (n = 3, for both placebo
and perampanel) during the pre-randomization baseline period (but did
have these seizure types in their history). One patient had a de novo
myoclonic seizure with perampanel compared with their seizure his-
tory. Demographic and baseline characteristics were comparable be-
tween patients with myoclonic and absence seizures (Table 1), and
were similar to those reported for the overall Study 332 population
[16]; however, there were greater proportions of female and Caucasian
patients in the myoclonic and absence seizures dataset compared with

the overall population.
Overall, 3 (6.4 %) patients with myoclonic seizures (placebo, n = 1;

perampanel, n= 2), 10 (16.7 %) with absence seizures (placebo, n= 4;
perampanel, n = 6; 3 of these patients had both myoclonic and absence
seizures), and 12 (15.2 %) with neither myoclonic nor absence seizures
(placebo, n = 5; perampanel, n = 7) discontinued during the double-
blind phase (Supplementary Table 1). The most common primary
reason for discontinuation was ‘adverse events’ (AEs) for both seizure
types and for patients with neither myoclonic nor absence seizures.

3.1.2. OLEx phase
Of the 138 patients who entered the OLEx phase, 46 (33.3 %) pa-

tients had myoclonic seizures and 52 (37.7 %) had absence seizures
during pre-perampanel baseline. During the double-blind and OLEx
treatment phases, 4 patients had de novo myoclonic seizures (4 relative
to pre-perampanel baseline and 1 which was also relative to their sei-
zure history) and 3 patients had de novo absence seizures (relative to
pre-perampanel baseline). Demographic and baseline characteristics of
patients entering the OLEx phase were generally consistent with those
reported during the double-blind phase (Table 1). Across the OLEx
phase, 22 (47.8 %) patients with myoclonic seizures and 24 (46.2 %)
with absence seizures discontinued (Supplementary Table 1). The most
common reasons for discontinuation were ‘patient choice’ and ‘other’.

3.2. Efficacy outcomes

3.2.1. Double-blind phase
During the double-blind phase (titration and maintenance periods

[maximum perampanel dose, 8 mg/day]), median myoclonic and ab-
sence seizure frequency per 28 days decreased relative to double-blind
baseline in both the placebo and perampanel groups (Fig. 1A). In per-
ampanel-treated patients, 50 % responder rates for myoclonic and ab-
sence seizures were 41.7 % and 48.1 %, respectively, and 75 % re-
sponder rates were 16.7 % and 33.3 %, respectively; there was no

Table 1
Patient demographics and baseline characteristics during double-blind baseline and pre-perampanel baseline.

Double-blind baselinea Pre-perampanel baselineb

Myoclonic Absence Myoclonic (n = 46) Absence (n = 52)

Placebo (n = 23) Perampanel (n = 24) Placebo (n = 33) Perampanel (n = 27)

Mean age, years (SD) 28.1 (8.9) 27.8 (7.8) 28.8 (13.2) 26.9 (10.0) 27.4 (8.1) 27.0 (11.6)
Female, n (%) 16 (69.6) 14 (58.3) 24 (72.7) 19 (70.4) 30 (65.2) 37 (71.2)
Race, n (%)
Caucasian 17 (73.9) 12 (50.0) 24 (72.2) 19 (70.4) 27 (58.7) 33 (63.5)
Asianc 4 (17.3) 10 (41.7) 8 (24.2) 6 (22.2) 15 (32.6) 15 (28.8)
Black/African American 2 (8.7) 0 (0.0) 1 (3.0) 1 (3.7) 2 (4.3) 2 (3.8)
Otherd 0 (0.0) 2 (8.3) 0 (0.0) 1 (3.7) 2 (4.3) 2 (3.8)

History of seizure typee

Tonic-clonic 23 (100.0) 24 (100.0) 33 (100.0) 27 (100.0) 46 (100.0) 52 (100.0)
Myoclonic 23 (100.0) 24 (100.0) 16 (48.5) 12 (44.4) 46 (100.0) 25 (48.1)
Absence 12 (52.2) 12 (50.0) 33 (100.0) 27 (100.0) 22 (47.8) 52 (100.0)
Clonic 1 (4.3) 0 (0.0) 1 (3.0) 0 (0.0) 1 (2.2) 1 (1.9)
Tonic 1 (4.3) 0 (0.0) 2 (6.1) 0 (0.0) 1 (2.2) 2 (3.8)
Atonic 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 0 (0.0) 0 (0.0)

Median (min, max) seizure frequency per 28 daysf

Myoclonic 3.5 (0.5, 250.5) 13.8 (0.5, 719.9) – – 5.8 (0.1, 719.9) –
Absence – – 8.2 (0.4, 572.0) 13.0 (0.4, 1403.0) – 9.1 (0.1, 1403.0)

If patients experienced both myoclonic and absence seizures, they are counted twice in this table; this includes 24 patients during double-blind baseline and 22
patients during pre-perampanel baseline who had both myoclonic and absence seizures.
aBased on the double-blind Full Analysis Set.
bBased on the OLEx Safety Analysis Set.
cIncludes Chinese, Japanese, and other Asian races.
dIncludes American Indian/Alaskan Native, Native Hawaiian/other Pacific Islander, and other races.
eHistory of seizure type(s) are with respect to the date of informed consent in the double-blind phase.
fSeizure frequency data has only been reported under the relevant cohort (myoclonic or absence).
Max, maximum; min, minimum; OLEx, open-label extension; SD, standard deviation.
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significant difference in 50 % or 75 % responder rates between treat-
ment groups for either myoclonic or absence seizures (Figs. 1B and 1C).
Myoclonic and absence seizure-freedom rates were also similar between
the placebo and perampanel groups (Fig. 1D); in the perampanel group,
16.7 % of patients were free from myoclonic seizures and 22.2 % were
free from absence seizures.

The median number of myoclonic and absence seizure days per 28
days decreased relative to double-blind baseline in both the placebo
and perampanel groups (Fig. 2A). Relative to double-blind baseline, the
perampanel group had smaller median percent reductions in seizure
days compared with placebo for both myoclonic and absence seizures
(-19.1 vs.−51.7% [myoclonic] and -21.3 vs.−25.2 [absence]). How-
ever, these differences between groups were not statistically significant;
median percent difference (95 % CI) for perampanel relative to placebo
was 19.8 (-14.5, 56.0; P = 0.8279) for myoclonic seizures, and -5.2

(-43.1, 32.5; P = 0.3811) for absence seizures. In accordance with a
decrease in seizure days, the median number of myoclonic and absence
seizure-free days per 28 days generally increased during the double-
blind treatment phase relative to double-blind baseline in both the
placebo and perampanel groups (Fig. 2B). The perampanel group had a
larger increase in the seizure-free days compared with double-blind
baseline than the placebo group for both myoclonic and absence sei-
zures; median (95 % CI) difference between placebo and perampanel
was -0.2 (-3.3, 2.9; P = 0.9176) and -1.0 (-3.9, 1.9; P = 0.4840) for
myoclonic and absence seizures, respectively.

Myoclonic seizure worsening during the double-blind treatment
phase was experienced by 7 (30.4 %) placebo-treated patients (3 of
these patients also had a worsening of GTC seizures) and 7 (29.2 %)
perampanel-treated patients (none of these patients had a worsening of
GTC seizures). Of these, 1 perampanel-treated patient discontinued due
to an AE. Absence seizure worsening during the double-blind treatment
phase was experienced by 15 (45.5 %) placebo-treated patients (4 of
these patients also had a worsening of GTC seizures) and 8 (29.6 %)
perampanel-treated patients (1 of these patients also had a worsening of
GTC seizures). Of these, 3 patients discontinued (placebo, n = 2 [AEs
and lack of efficacy]; perampanel, n = 1 [AE; this is the same patient
who experienced worsening of myoclonic seizures and discontinued
due to an AE]).

3.2.2. OLEx phase
During the OLEx maintenance period (maximum perampanel dose,

12 mg/day), a reduction in myoclonic and absence seizure frequency
per 28 days from pre-perampanel baseline was observed following ad-
junctive perampanel treatment (Fig. 3A). During Weeks 1–13, median
percent reductions in seizure frequency per 28 days were 98.5 % and
66.2 % for myoclonic and absence seizures, respectively; during Weeks
92–104, median percent reductions in seizure frequency per 28 days
were 100.0 % for both seizure types.

Myoclonic and absence seizures 50 % and 75 % responder and
seizure-freedom rates were also observed across the OLEx phase
(Figs. 3B–D). During Weeks 1–13, 50 % responder, 75 % responder, and
seizure-freedom rates were: 76.7 %, 69.8 %, and 48.8 %, respectively,
(myoclonic seizures); and 57.1 %, 49.0 %, and 34.7 %, respectively,
(absence seizures); during Weeks 92–104, these were: 91.7 %, 91.7 %,
and 66.7 %, respectively (myoclonic seizures), and 93.3 %, 86.7 %, and
53.3 %, respectively, (absence seizures). The proportion of patients who
were seizure free for ≥3, ≥6, or ≥12 months during the OLEx phase
are shown in Supplemenatry Table 2.

Across the OLEx, the median number of myoclonic and absence
seizure days decreased (Fig. 4A), and the median number of myoclonic
and absence seizure-free days per 28 days generally increased relative
to pre-perampanel baseline (Fig. 4B). A decrease in the number of
myoclonic or absence seizure-free days was experienced by 8 (17.4 %)
and 9 (17.3 %) patients, respectively.

Myoclonic seizure worsening occurred in 7 (15.2 %) patients, 1 of
whom also had a worsening of GTC seizures. Of these patients, 2
completed the study and 5 discontinued (2 withdrew due to lack of
efficacy [both had an increase in myoclonic seizures only]; 1 withdrew
due to an AE [suicide attempt]; 1 withdrew consent, [reasons un-
known]; and 1 withdrew due to patient choice [therapeutic effect was
not as expected; this patient had an increase in myoclonic seizures
only]).

Absence seizure worsening was experienced by 9 (17.3 %) patients,
3 of whom also had a worsening of GTC seizures. Of these patients, 3
completed the study and 6 discontinued (2 withdrew due to an AE [foot
pain and incontinence; and suicidal ideation (this patient had a sec-
ondary reason for discontinuation [lack of efficacy] and had a wor-
sening of absence seizures only)]; 1 withdrew consent [reasons un-
known]; and 3 withdrew due to patient choice [moved house;
inadequate therapeutic effect (this patient had an increase in both GTC
and absence seizures); and lack of control for absence seizures]). Of the

Fig. 1. Myoclonic and absence seizures (A) median percent reduction in seizure
frequency per 28 days, (B) 50 % responder rates, (C) 75 % responder rates, and
(D) seizure-freedom rates during the double-blind treatment phasea (Full
Analysis Set).
The median difference from placebo was estimated using the Hodges-Lehmann
method. Fig. 1A: P-values are based on a rank analysis of covariance with
treatment and country as factors and prerandomization seizure frequency as a
covariate. Figs. 1B and C: P-values are based on non-missing values and and
were calculated using Cochran-Mantel-Haenszel test stratified by country.
aData across the double-blind titration and maintenance periods are reported.
CI, confidence interval.

C. Brandt, et al. Seizure: European Journal of Epilepsy 80 (2020) 115–123

118



patients who experienced seizure worsening, 2 patients experienced
both myoclonic and absence seizures (1 completed the study, the other
withdrew consent).

3.3. Safety outcomes

3.3.1. Double-blind phase
TEAEs were reported in 36 (76.6 %) patients with myoclonic sei-

zures (placebo, n = 18; perampanel, n = 18) and 45 (75.0 %) with
absence seizures (placebo, n = 22; perampanel, n = 23) (Table 2).
Dizziness was the most common for both seizure types in perampanel-
treated patients (Table 2). Serious TEAEs were reported in 6 (12.8 %)
patients with myoclonic seizures (placebo, n = 3: fall, grand mal
convulsion, SE [n = 1 each]; perampanel, n = 3: constipation, con-
vulsion, suicidal ideation [n = 1 each; dose at onset: 8 mg/day]) and 6
(10.0 %) patients with absence seizures (placebo, n = 3: thermal burn,
grand mal convulsion, SE [n = 1 each]; perampanel, n = 3: SE [6 mg/
day] and chronic cholecystitis [8 mg/day], n = 1; constipation [8 mg/
day], n = 1; and suicidal ideation [8 mg/day], n = 1 [this is the same
patient who had myoclonic seizures]).

TEAEs leading to discontinuation occurred in 1 (2.1 %) patient with
myoclonic seizures (perampanel: suicidal ideation [dose at onset, 8 mg/
day]) and 4 (6.7 %) patients with absence seizures (all perampanel
treated: SE [6 mg/day], n = 1; abnormal behavior [8 mg/day], n = 1;
suicidal ideation [8 mg/day], n = 1 [this is the same patient who had
myoclonic seizures]; and fatigue, dizziness, insomnia, and mood swings
[2 mg/day], and sedation and vomiting [6 mg/day]), n = 1. The

overall incidence of TEAEs with perampanel (including serious TEAEs
and TEAEs leading to discontinuation), showed a general dose-depen-
dent trend during the double-blind phase (Supplementary Table 3).

3.3.2. OLEx phase
During the OLEx phase, TEAEs were reported in 39 (84.8 %) pa-

tients with myoclonic seizures and 45 (86.5 %) patients with absence
seizures (Table 2). Dizziness was the most common for both seizure
types. In patients with myoclonic seizures, serious TEAEs were reported
in 6 (13.0 %) patients, including: psychiatric symptoms (dose at onset,
6 mg/day), n = 1; constipation (8 and 12 mg/day), n = 1; facial bone
fracture and wound (both 8 mg/day), n = 1; convulsion and suicide
attempt (both 8 mg/day), n = 1; convulsion (8 mg/day), n = 1; and
fibula fracture and tibia fracture (both 12 mg/day), n = 1. In patients
with absence seizures, serious TEAEs were reported in 8 (15.4 %) pa-
tients, including: suicidal ideation (dose at onset, 4 mg/day) and psy-
chogenic seizures (6 mg/day), (n = 1); retinal detachment (6 mg/day),
grand mal convulsion (10 mg/day), sedation (10 mg/day), and di-
verticulitis (12 mg/day), (n = 1); disseminated intravascular coagula-
tion, pneumonia, and septic shock (all 8 mg/day), (n = 1); constipation
(8 and 12 mg/day [this is the same patient who had myoclonic sei-
zures]), (n= 1); convulsion and mental status change (both 8 mg/day),
(n = 1); incomplete spontaneous abortion (8 mg/day), (n = 1); ag-
gression (8 mg/day), (n = 1); and fibula fracture and tibia fracture
(both 12 mg/day, (n = 1) (this is the same patient who had myoclonic
seizures).

TEAEs leading to discontinuation occurred in 2 (4.3 %) patients

Fig. 2. Median number of myoclonic and absence (A) seizure days per 28 days and (B) seizure-free days per 28 days during double-blind baseline and the double-
blind treatment phasea (Full Analysis Set).
aData across the double-blind titration and maintenance periods are reported.
Max, maximum; min, minimum.
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Fig. 3. Myoclonic and absence seizures (A) median percent reduction in seizure frequency per 28 days, (B) 50 % responder rates, (C) 75 % responder rates, and (D)
seizure-freedom rates during the OLEx maintenance phase by 13-week treatment intervals (Full Analysis Set).
OLEx, open-label extension.
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with myoclonic seizures (anger [dose at onset, 6 mg/day], n = 1; and
suicide attempt [8 mg/day]), n = 1, and 5 (9.6 %) patients with ab-
sence seizures (pain in extremity [2 mg/day], and fecal and urinary
incontinence [8 mg/day], n = 1; suicidal ideation [4 mg/day], n = 1;
anger [6 mg/day], n = 1; disseminated intravascular coagulation,
pneumonia, and septic shock [all 8 mg/day], n = 1; and incomplete
spontaneous abortion [8 mg/day], n = 1). The overall incidence of
TEAEs (including serious TEAEs and TEAEs leading to discontinuation),
showed a general dose-dependent trend up to 8 mg/day; findings be-
yond this were limited by small patient numbers in the higher dose
groups (Supplementary Table 4).

4. Discussion

Adjunctive perampanel (up to 8 mg/day) has shown efficacy in the
treatment of GTC seizures in patients (aged ≥12 years) with IGE in
Study 332 [14,16]. In our post hoc analysis, adjunctive perampanel was
not associated with any overall worsening of absence seizures during
the double-blind or OLEx phases. During the double-blind phase, re-
ductions in the frequencies of myoclonic and absence seizures were
observed in both the placebo and perampanel groups. The magnitude of
reductions in myoclonic seizure frequency was not greater than placebo
and the greater reductions in absence seizures in the perampanel group
relative to placebo cannot be termed an improvement as the differences

were not statistically significant. These responses were maintained
following long-term (>104 weeks) adjunctive perampanel treatment
although the small patient numbers at later timepoints should be noted.
Similarly, 50 % and 75 % responder and seizure-freedom rates were
maintained during long-term treatment. The median number of myo-
clonic and absence seizure days decreased and the median number of
seizure-free days increased across the double-blind and OLEx phases
compared with study baseline. Overall, reductions in seizure fre-
quencies and improvements in responder rates were greater during the
OLEx phase compared with the double-blind phase and this may be due
to factors such as perampanel ‘responders’ entering the OLEx (patients
randomized to perampanel during the double-blind phase and who did
not improve may not have entered the OLEx), and as the study con-
tinued patients remaining on the study will be those experiencing
sustained improvement so there may be some self-selection.

Although reductions in seizure frequency and increases in responder
rates were observed with both placebo and perampanel compared with
baseline, the magnitude of effect was greater with placebo vs. per-
ampanel for myoclonic seizures. However, observations were based on
small patient numbers and the study was not powered to detect treat-
ment group differences in these patient subsets. Further research is
necessary to investigate any potential difference. A similar trend was
not observed for absence seizures.

The efficacy outcomes reported during the OLEx phase are generally

Fig. 4. Median number of myoclonic and absence (A) seizure days per 28 days and (B) seizure-free days per 28 days during pre-perampanel baseline and the OLEx
phasea (Full Analysis Set).
aData across the OLEx conversion and maintenance periods are reported.
Max, maximum; min, minimum; OLEx, open-label extension.
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consistent with real-world observational studies of long-term per-
ampanel in patients with IGE. In a retrospective, 1-year observational
study of perampanel administered during routine clinical care of IGE
patients, 43/48 (89.6 %) with myoclonic seizures and 40/47 (85.1 %)
with absence seizures had fewer days with these seizure types at 12
months compared with baseline. Following 12 months’ perampanel
treatment, 31/48 (64.6 %) and 24/47 (51.1 %) were free from myo-
clonic or absence seizures, respectively, for at least the previous 6
months [17]. In a small, retrospective, observational study in patients
with drug-resistant myoclonic seizures (N = 31), perampanel reduced
the mean number of days with myoclonic seizures per month from 19.8
seizures at baseline to 9.9 seizures at 6 months. Furthermore, 10/31
(32.2 %) patients were free of myoclonic seizures following 6 months’
perampanel treatment [18].

While the majority of patients showed an improvement in the fre-
quency of myoclonic or absence seizures, a small number of patients
experienced a worsening of seizures during the double-blind (in both
the placebo and perampanel groups) and OLEx phases of Study 332;
however, few patients discontinued due to seizure worsening. These
data are unsurprising since seizure frequency naturally fluctuates; it
would be expected that at least some patients would have an increase in
seizures, since it is rare for all patients to show seizure improvements
following ASM treatment [19,20]. In addition, a small number of pa-
tients experienced de novo myclonic and/or absence seizures during the
double-blind and OLEx phases. However, it should be noted that the
number of de novo seizures reported during the double-blind phase with
perampanel was the same as the number reported with placebo (for
each; n = 2 myoclonic, and n = 3, absence).

The nature and prevalence of TEAEs in patients with myoclonic
and/or absence were comparable with those reported for the overall
Study 332 population with GTC seizures during both phases, and were
consistent with perampanel’s known safety profile [14,16]. The number
of patients with myoclonic and/or absence seizures who reported ser-
ious TEAEs whilst receiving perampanel was low during both phases
(n=≤8 in all cases). The number of patients who had TEAEs leading to
discontinuation was ≤5 for both seizure types during the double-blind
and OLEx phases. These data are similar to those reported during the
double-blind phase for the overall population, in which serious TEAEs
and TEAEs leading to discontinuation were reported in 6 and 9

perampanel-treated patients, respectively. Previous studies of ad-
junctive perampanel have also demonstrated that perampanel is gen-
erally safe and well tolerated in the long-term treatment of patients
with generalized or focal seizures [17,18,21].

Potential limitations of this analysis include those inherent to post
hoc analyses, and the uncontrolled and unblinded nature of the OLEx
study design. Small sample sizes, particularly at later timepoints, and
the fact that Study 332 was not powered to detect differences between
treatment groups related to myoclonic and absence seizures, limit in-
terpretation of statistical analyses. It may be difficult for patients/ob-
servers to accurately count individual myoclonic and/or absence sei-
zures due to the high frequencies in some patients and the sometimes
subtle and ambiguous nature of these seizures types. We believe,
however, that changes in seizure days and seizure-free days are more
robust outcome parameters; for example, seizure-free days have been
used as a composite measure for effectiveness in previous studies, since
they account for both seizure frequency and severity, and more accu-
rately reflect patients’ quality of life and ability to perform daily tasks
without seizures [22]. The results of these analyses point in the same
direction as the analysis of seizure frequencies. Seizure-reporting is
generally not as accurate as desirable but this limitation is inherent to
all current ASM trials.

5. Conclusion

Treatment with ASMs can aggravate some seizure types associated
with IGE [5–8]. Perampanel has demonstrated efficacy and safety in
GTC seizures among patients with IGE [16,23–25], but its effect on
myoclonic and absence seizures has not been previously explored. This
post hoc analysis provides preliminary evidence to suggest that per-
ampanel does not exacerbate absence seizures in patients with IGE.
Further research is needed to investigate the effect of adjunctive per-
ampanel on myoclonic seizure and/or absence seizure frequency in
patients with IGE.
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TEAEs, n (%) 18 (78.3) 18 (75.0) 22 (66.7) 23 (85.2) 39 (84.8) 45 (86.5)
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