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A B S T R A C T   

Purpose: To investigate the effectiveness, safety and tolerability of perampanel (PER) in treating myoclonic 
seizures in clinical practice, using data from the PERaMpanel pooled analysIs of effecTiveness and tolerability 
(PERMIT) study. 
Methods: PERMIT was a pooled analysis of 44 real-world studies from 17 countries, in which patients with focal 
and generalised epilepsy were treated with PER. This post-hoc analysis included patients with myoclonic seizures 
at baseline. Retention and effectiveness were assessed after 3, 6, and 12 months; effectiveness was additionally 
assessed at the last visit (last observation carried forward). Effectiveness assessments included responder rate 
(≥50% seizure frequency reduction from baseline) and seizure freedom rate (no seizures since at least the prior 
visit). Safety and tolerability were assessed by evaluating adverse events (AEs) and discontinuation due to AEs. 
Results: 156 patients had myoclonic seizures (59.0% female; mean age, 32.1 years; idiopathic generalised epi
lepsy, 89.1%; Juvenile Myoclonic Epilepsy, 63.1%; monthly median myoclonic seizure frequency [interquartile 
range], 1.7 [1.0–10.0]; mean [standard deviation] prior antiseizure medications, 2.9 [2.6]). Retention was 
assessed for 133 patients (mean time, 12.1 months), effectiveness for 142, and safety/tolerability for 156. 
Responder and seizure freedom rates were, respectively, 89.5% and 68.8% at 12 months, and 85.9% and 63.4% 
at the last visit. Incidence of AEs was 46.8%, the most frequent being dizziness/vertigo (19.2%), irritability 
(18.6%) and somnolence (9.6%). AEs led to discontinuation of 14.0% of patients over 12 months. 
Conclusion: PER was associated with reduction in myoclonic seizure frequency in patients with myoclonic sei
zures treated in everyday clinical practice.   

1. Introduction 

Myoclonic seizures are involuntary jerks (brief muscular contrac
tions) arising from the central nervous system, which can vary in dis
tribution and intensity and may occur in different epilepsy syndromes, 

including some types of idiopathic generalised epilepsy (IGE), progres
sive myoclonus epilepsies and epileptic encephalopathies [1,2]. The 
International League Against Epilepsy includes classifications for 
myoclonic seizures that are both focal and generalised in origin [3]. 
Some myoclonic epilepsies, including progressive myoclonus epilepsies 
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such as Unverricht–Lundborg Disease, are amongst the most disabling 
types of epilepsy [4]. Myoclonic seizures are challenging to treat 
because not all antimyoclonic drugs are antiepileptic and only a limited 
number of antiseizure medications (ASMs) are antimyoclonic; indeed, 
some ASMs (e.g., carbamazepine, phenytoin) may induce myoclonic 
seizures or exacerbate existing myoclonic seizures [2,5]. Treatment is 
further complicated because myoclonic seizures frequently occur with 
other seizure types [6]. Correct choice of treatment requires accurate 
diagnosis of a patient’s epilepsy syndrome, and some myoclonic epi
lepsies are refractory to treatment [5]. Available treatment options are 
currently limited. Valproate and benzodiazepines, such as clonazepam, 
have historically been used to treat myoclonic seizures, and work by 
enhancing γ-aminobutyric acid activity in the brain [5]. Levetiracetam is 
also used to treat myoclonic seizures [2,7–9], although there have been 
reports of myoclonic seizure exacerbation in some patients [10–12]. In 
addition, there are a few reports showing some effectiveness of zonisa
mide [13,14] and topiramate [15], but side effects have been reported. 
Piracetam and phenobarbital have also been included in treatment 
guidelines for myoclonic seizures [16]. 

Perampanel (PER) is a first-in-class, potent, selective, orally active, 
non-competitive α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA) receptor antagonist [17–19]. In clinical trials, PER was 
effective in treating focal-onset seizures, with or without focal to bilat
eral tonic-clonic seizures [20,21], and generalised tonic-clonic seizures 
in patients with IGE [22]. Post-hoc analysis of clinical trial data also 
provided limited evidence of PER’s efficacy in treating myoclonic sei
zures [23]. In Europe, PER is indicated for the adjunctive treatment of 
focal-onset seizures, with or without focal to bilateral tonic-clonic sei
zures, in patients aged ≥4 years, and primary generalised tonic-clonic 
seizures in patients aged ≥7 years with IGE [24]. In the USA, PER is 
indicated as monotherapy and adjunctive therapy for the treatment of 
focal-onset seizures, with or without focal to bilateral tonic-clonic sei
zures, in patients with epilepsy aged ≥4 years, and as adjunctive therapy 
in the treatment of primary generalised tonic-clonic seizures in patients 
with epilepsy aged ≥12 years [25]. 

Real-world data are generally taken to refer to clinical data collected 
outside the randomised controlled clinical trial setting, and may be 
derived from a variety of sources, including electronic health records, 
insurance databases, patient registries, and retrospective or prospective 
studies conducted under clinical practice conditions [26,27]. Real-world 
clinical practice data complement evidence from clinical trials by 
providing information on patients who are more diverse in terms of 
clinical characteristics than those recruited for clinical trials, as well as 
insights into the individualised treatment strategies employed in clinical 
practice [28–30]. Currently, only a few clinical practice studies have 
investigated PER for the treatment of myoclonic seizures [31–35]. The 
PERaMpanel pooled analysIs of effecTiveness and tolerability (PERMIT) 
study is the largest pooled analysis of PER clinical practice data con
ducted to date, including approximately 5200 patients treated with PER 
for focal and/or generalised epilepsy [36]. The large size of the PERMIT 
cohort has allowed meaningful subgroup analyses to be conducted. The 
objective of this study was to investigate the effectiveness, safety and 
tolerability of PER when used to treat myoclonic seizures in everyday 
clinical practice, using data from the PERMIT study. 

2. Methods 

2.1. Study design 

PERMIT was a pooled analysis of real-world data from 44 prospec
tive, retrospective and cross-sectional studies and work groups in which 
patients with focal and generalised epilepsy were treated with PER, full 
details of which have been previously published [36]. The studies were 
identified by a systematic PubMed literature search, supported by 
searches of abstracts from key epilepsy congresses from 2012 to 
December 2019 [36]. All of the studies were either previously published 

or presented at an international conference, with clearly defined inclu
sion/exclusion criteria. Effectiveness was assessed after 3, 6, and 12 
months of PER treatment and at final follow-up (i.e., the last observation 
of each patient, independent of the timepoint when it occurred [last 
observation carried forward]; defined as ‘last visit’). Safety and tolera
bility were assessed for the duration of PER treatment. Each study in 
PERMIT was approved by its own independent ethics committee and 
letters were sent to these ethics committees to inform them about the 
PERMIT study; as per current legislation, additional ethics committee 
approval was not required for participation in PERMIT [36]. A post-hoc 
subgroup analysis was conducted of patients in PERMIT who had 
myoclonic seizures at baseline. 

2.2. Study population 

The studies included in PERMIT employed broad inclusion/exclusion 
criteria, to be representative of patients encountered in clinical practice 
[36]. The current analysis included all patients who had myoclonic 
seizures at baseline. 

2.3. Study assessments 

Retention was assessed after 3, 6 and 12 months of PER treatment. 
Effectiveness was assessed after 3, 6 and 12 months and at the last visit. 
Effectiveness assessments comprised number of myoclonic seizures/ 
month, number of days with myoclonic seizures/month, seizure 
freedom rate, responder rate, and the proportions of patients with un
changed or worsening seizure frequency. Seizure freedom was defined 
as no myoclonic seizures since at least the prior visit (either 3 or 6 
months, depending on the timepoint at which seizure freedom was 
assessed), and response was defined as ≥50% myoclonic seizure fre
quency reduction from baseline (i.e., prior to PER initiation). An in
crease or decrease in seizure frequency of ≤10% was classified as 
‘unchanged seizure frequency’. Safety and tolerability were assessed by 
evaluating adverse events (AEs), AEs leading to discontinuation, psy
chiatric AEs, and psychiatric AEs in patients who discontinued. Infor
mation on PER dosing was also assessed. 

2.4. Subgroup analyses 

Several additional subgroup analyses of patients with myoclonic 
seizures at baseline were conducted. These included comparisons be
tween: patients diagnosed with versus without IGE; patients with versus 
without psychiatric comorbidity at baseline; patients for whom a slow 
(<2 mg/week) versus fast (2 mg/week) PER titration schedule was used; 
patients treated with 0, 1, 2 and ≥3 previous ASMs; and patients treated 
with 0, 1, 2 and ≥3 concomitant ASMs. For all subgroup analyses except 
the last two, assessments included retention, effectiveness (responder 
and seizure freedom rates, as previously defined) and safety/tolerability 
(as previously described). For the subgroup analyses based on number of 
previous and concomitant ASMs, assessments comprised responder and 
seizure freedom rates only. 

2.5. Statistical analyses 

The statistical methodology employed in PERMIT has been published 
previously [36]. The Full Analysis Set (FAS) included all patients treated 
with PER. The Retention Population included patients from the FAS 
whose PER status was known at some point during the first 12 months 
after starting treatment (including those with ongoing PER treatment at 
12 months, those who stopped PER prior to 12 months and those lost to 
follow-up/end of study follow-up prior to 12 months). The Effectiveness 
Population included patients from the FAS who had at least one effec
tiveness measurement available. The Tolerability Population included 
patients from the FAS for whom data on AEs were available. 

There was great heterogeneity in the objectives of each study 
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included in the pooled analysis and therefore in the information re
ported. As previously described, PERMIT attempted to combine reported 
information in the most complete way possible [36]. Missing data were 
not imputed, except in cross-sectional studies, in which the last visit 
datum was captured for inclusion in the established cut-off points (3, 6 
or 12 months). When the observation timepoint of the study did not 
match the established cut-off points, the following allocations were 
made: observations performed between 1.5 and 4.5 months were allo
cated to the 3-month visit; those performed between 4.5 and 9 months 
were allocated to the 6-month visit; and those performed between 9 and 
15 months were allocated to the 12-month visit. A ‘final’ variable was 
created in which the last observation of each patient was included, 
independently of the moment when it occurred (defined as ‘last visit’). 
No hypothesis was defined, and no systematic review of individual pa
tients was considered, due to the heterogeneity of the individual sam
ples, as well as of the different objectives of each study; therefore, the 
individual studies were not treated as clusters. Quantitative variables 
were described as mean, standard deviation (SD), median, minimum 
and maximum values, together with the number of valid cases and 
confidence intervals (CIs) or interquartile range (IQR; 25th percentile to 
75th percentile). Qualitative variables were described as absolute fre
quencies and percentages. Data were not available for all patients at 
every time point; therefore, for each variable, the total number of pa
tients for whom the datum in question was available is stated and this 
value was used as the denominator for frequency analyses. Retention (on 
PER treatment) was studied over 12 months using Kaplan–Meier 
methodology. The numbers of myoclonic seizures/month and days with 
myoclonic seizures/month were compared between baseline and last 
visit using the Wilcoxon test. Between-group comparisons of patients 
with versus without IGE, patients with versus without psychiatric co
morbidity at baseline, and patients for whom a slow (<2 mg/week) 
versus fast (2 mg/week) PER titration schedule was used, were con
ducted using the Chi-squared test and Fisher’s exact test, as appropriate. 
The significance level was set at 5% and the statistical package SPSS 
25.0 was used for all analyses. 

3. Results 

PERMIT collected information from 5200 patients with epilepsy who 
initiated PER treatment and the final FAS included 5193 patients [36]. 
Of the patients included in the PERMIT FAS population, 156 had 
myoclonic seizures at baseline (median [IQR] monthly frequency, 1.7 
[1.0–10.0]; mean [SD] monthly frequency, 7.7 [11.3]). Retention was 
assessed for 133 of these patients, effectiveness for 142 patients, and 
safety/tolerability for 156 patients. 

3.1. Study population 

Fifty-nine percent of the population were female, and the mean (SD) 
age was 32.1 (13.0) years (Table 1). The mean (SD) age at epilepsy onset 
was 14.9 (9.5) years and the mean (SD) duration of epilepsy was 17.0 
(13.1) years. Most patients (97.4%) had a presumed genetic aetiology, 
and a range of epileptic syndromes was represented; the most frequent 
types (>10% of patients) being Juvenile Myoclonic Epilepsy (JME) 
(63.6%) and other IGE (syndrome unclassified; 25.2%). Overall, 40.5% 
of patients had learning disability at baseline and 19.4% had psychiatric 
comorbidity. The most frequently reported psychiatric comorbidities 
(≥5% of patients) were anxiety (6.3%) and depression (5.6%). Nearly all 
patients (96.8%) had only generalised-onset seizures at baseline, a mi
nority (3.2%) having both generalised-onset and focal-onset seizures. 
The mean (SD) number of ASMs patients had been treated with prior to 
initiating PER was 2.9 (2.6), the most frequently used prior ASMs (≥20% 
of patients) being valproate (35.8%) and levetiracetam (33.0%). Most 
patients received one or two concomitant ASMs at PER initiation. The 
most frequently used concomitant ASMs (≥20% of patients) were lev
etiracetam (50.0%), valproate (34.7%) and zonisamide (22.0%). 

Table 1 
Demographic and baseline characteristics (full analysis set/tolerability 
population).  

Characteristic Full analysis set/tolerability 
population 
N = 156 

Sex  
Na 156 
Female, n (%) 92 (59.0) 
Male, n (%) 64 (41.0) 

Age  
Na 151 
Mean (SD), years 32.1 (13.0) 
Median (range), years 30.0 (13.0‒78.0) 

Age category  
Na 156 
<12 years, n (%) 4 (2.6) 
≥12‒<18 years, n (%) 15 (9.6) 
≥18‒<65 years, n (%) 135 (86.5) 
≥65 years 2 (1.3) 

Age at epilepsy onset  
Na 141 
Mean (SD), years 14.9 (9.5) 
Median (range), years 13.0 (0.0‒58.0) 

Duration of epilepsy  
Na 141 
Mean (SD), years 17.0 (13.1) 
Median (range), years 15.0 (0.0‒61.0) 

Aetiologyb  

Na 152 
Genetic, n (%) 148 (97.4) 
Structural, n (%) 1 (0.7) 
Unknown, n (%) 3 (2.0) 

Epilepsy syndrome diagnosis  
Na 151 
No, n (%) 2 (1.3) 
Yes, n (%) 149 (98.7) 

IGE, n (%) 139 (92.1) 
JME, n (%) 96 (63.6) 
Juvenile Absence Epilepsy, n (%) 3 (2.0) 
Jeavons Syndrome, n (%) 2 (1.3) 
Other IGE (syndrome unclassified), n 

(%) 
38 (25.2) 

Not IGE, n (%) 10 (6.6) 
MERRF, n (%) 4 (2.6) 
Angelman Syndrome, n (%) 2 (1.3) 
Progressive Myoclonic Epilepsy, n (%) 2 (1.3) 
Lennox-Gastaut Syndrome, n (%) 1 (0.7) 
West Syndrome, n (%) 1 (0.7) 

Learning disability  
Na 42 
No, n (%) 25 (59.5) 
Yes, n (%) 17 (40.5) 

Psychiatric comorbidity  
Na 144 
No, n (%) 116 (80.6) 
Yes, n (%) 28 (19.4) 

Seizure type  
Na 156 
Generalised-onset only, n (%) 151 (96.8) 
Focal-onset and generalised-onset, n (%) 5 (3.2) 

Number of previous ASMs  
Na 143 
Mean (SD) 2.9 (2.6) 
Median (range) 2.0 (0‒13) 

Number of previous ASMs  
Na 143 
0, n (%) 23 (16.1) 
1, n (%) 27 (18.9) 
2, n (%) 26 (18.2) 
3, n (%) 25 (17.5) 
4, n (%) 15 (10.5) 
5, n (%) 9 (6.3) 
≥6, n (%) 18 (12.6) 

Number of concomitant ASMs  
Na 151 
Mean (SD) 1.8 (1.2) 

(continued on next page) 
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3.2. Treatment (FAS/tolerability population) 

The mean (SD) PER dose was 2.6 (1.1) mg/day at baseline (median, 
2.0 mg/day; range, 2–6 mg/day; n = 47) and 5.5 (2.1) mg/day at the last 
visit (median, 6.0 mg/day; range, 2–12 mg/day; n = 146). A fast titra
tion (2 mg/week) was used in 13.5% (7/52) of patients and a slow 
titration (<2 mg/week) was used in 86.5% (45/52). The mean (SD) 
number of concomitant ASMs was 1.8 (1.2) at baseline (median, 1.0; 
range, 0–5; n = 151) and 1.3 (0.9) at the last visit (median, 1.0; range, 
0–4; n = 98). The proportion of patients treated with PER as mono
therapy was 11.3% (17/151) at baseline and 11.2% (11/98) at the last 
visit. 

3.3. Retention (retention population) 

Retention rates were 94.7% (126/133), 89.0% (113/127) and 80.7% 
(92/114) at 3, 6 and 12 months, respectively. The mean (95% CI) time 
under PER treatment was 12.1 (11.4–12.7) months (Fig. 1). Reasons for 

discontinuation of PER treatment at 12 months included AEs (n = 13; 
11.4%), lack of efficacy (n = 5; 4.4%), both AEs and lack of efficacy (n =
3; 2.6%), and unknown (n = 1; 0.9%). 

3.4. Effectiveness (effectiveness population) 

The number of myoclonic seizures per month decreased significantly 
between baseline and the last visit, the mean decrease being 64.9% 
(p<0.001; Fig. 2A). Similarly, the number of days with myoclonic sei
zures per month decreased significantly between baseline and the last 
visit, the mean decrease being 64.8% (p<0.001; Fig. 2B). At 12 months, 
the responder rate was 89.5% (77/86) and the rate of seizure freedom 
since the previous visit was 68.8% (64/93); the proportions of patients 
with unchanged and worsening seizure frequency were 5.8% (5/86) and 
3.5% (3/86), respectively (Fig. 3). At the last visit, responder and seizure 
freedom rates were 85.9% (110/128) and 63.4% (90/142), respectively; 
and the proportions of patients with unchanged and worsening seizure 
frequency were 10.2% (13/128) and 3.1% (4/128), respectively (Fig. 3). 

3.5. Safety and tolerability (tolerability population) 

AEs were reported for 46.8% (73/156) of patients (Table 2). The 
most frequently reported AEs (≥5% of patients) were dizziness/vertigo 
(19.2%), irritability (18.6%) and somnolence (9.6%). AEs led to 
discontinuation of 14.0% (16/114) of patients over 12 months. Psy
chiatric AEs were reported for 24.7% (38/154) of patients and 6.9% (9/ 
131) of patients with psychiatric AEs discontinued. The most frequently 
reported psychiatric AE (≥5% of patients) in patients who discontinued 
was irritability (5.3% [7/131]). 

3.6. Subgroup analyses 

3.6.1. Patients diagnosed with IGE at baseline 
Overall, 139/156 (89.1%) patients with myoclonic seizures were 

diagnosed with IGE and 17/156 (10.9%) were not diagnosed with IGE at 
baseline. Retention at 12 months and the responder rate at the last visit 
were not significantly different between subgroups, but the seizure 
freedom rate at the last visit was significantly higher in patients with 
versus without IGE (Fig. 4A). The incidences of AEs, AEs leading to 
discontinuation and psychiatric AEs, and the percentages of patients 
with psychiatric AEs who discontinued, were not significantly different 
between patients with versus without IGE (Supplementary Table S1A). 
As in the overall population, the most frequently reported AEs (≥5% of 

Table 1 (continued ) 

Characteristic Full analysis set/tolerability 
population 
N = 156 

Median (range) 1.0 (0‒5) 
Number of concomitant ASMs  

Na 151 
0, n (%) 17 (11.3) 
1, n (%) 59 (39.1) 
2, n (%) 33 (21.9) 
3, n (%) 27 (17.9) 
≥4, n (%) 15 (9.9) 

Most frequently usedc concomitant ASMs  
Na 150 
Levetiracetam, n (%) 75 (50.0) 
Valproate, n (%) 52 (34.7) 
Zonisamide, n (%) 33 (22.0) 
Lamotrigine, n (%) 25 (16.7) 
Clonazepam, n (%) 23 (15.3) 
Clobazam, n (%) 17 (11.3)  

a Number of patients for whom datum in question was available. 
b International League Against Epilepsy 2017 classification. 
c ≥10% of patients. 

ASM, antiseizure medication; JME, Juvenile Myoclonic Epilepsy; IGE, idio
pathic generalised epilepsy; MERFF, Myoclonic Epilepsy associated with Ragged 
Red Fibres; SD, standard deviation. 

Fig. 1. Kaplan–Meier curve for retention on PER treatment over 12 months (retention population). PER, perampanel.  

W. D’Souza et al.                                                                                                                                                                                                                               



Seizure: European Journal of Epilepsy 100 (2022) 56–66

60

patients) in patients with IGE were dizziness/vertigo (20.1%), irrita
bility (18.0%) and somnolence (10.1%). Retention, effectiveness and 
safety/tolerability in the subgroup with IGE were similar to the overall 
myoclonic population. 

3.6.2. Patients with versus without psychiatric comorbidity at baseline 
Of the 159 patients with myoclonic seizures, the presence or absence 

of psychiatric comorbidity at baseline was known for 144, of whom 28 
(19.4%) had psychiatric comorbidity and 116 (80.6%) did not. After 12 
months, retention was significantly lower in patients with versus 
without psychiatric comorbidity, and, at the last visit, responder and 
seizure freedom rates were significantly lower in patients with versus 
without psychiatric comorbidity (Fig. 4B). The incidence of AEs and AEs 
leading to discontinuation were significantly higher in patients with 
versus without psychiatric comorbidity, but the incidence of psychiatric 
AEs and the percentages of patients with psychiatric AEs who dis
continued were not significantly different between subgroups (Supple
mentary Table S1B). The incidence of dizziness/vertigo was higher in 
patients with versus without psychiatric comorbidity (25.0% vs. 12.9%) 
and the incidence of fatigue was lower in patients with versus without 

psychiatric comorbidity (0% vs. 5.2%). 

3.6.3. Slow (<2 mg/week) versus fast (2 mg/week) titration schedule 
Speed of titration was known for 52 of the 156 patients with 

myoclonic seizures. Of these, 45 (86.5%) were treated with slow titra
tion and seven (13.5%) with fast titration. Rates of retention (Month 12) 
and seizure freedom (last visit) were higher in patients treated with slow 
versus fast titration, but these differences were not statistically signifi
cant; responder rates (last visit) were similar between subgroups 
(Fig. 4C). Safety and tolerability assessments were not significantly 
different between patients treated with slow versus fast titration (Sup
plementary Table S1C). 

3.6.4. Number of previous ASMs 
At the last visit, responder rates in patients treated with 0, 1, 2 and 

≥3 concomitant ASMs were 100% (1/1), 100% (23/23), 96.0% (24/25) 
and 80.3% (57/71), respectively. Corresponding seizure freedom rates 
were 100% (1/1), 82.6% (19/23), 88.0% (22/25) and 52.9% (45/85), 
respectively. 

Fig. 2. Median (with P25 to P75 IQR) number of (A) myoclonic seizures/month and (B) days with myoclonic seizures/month (effectiveness population). IQR, 
interquartile range; P, percentile. 
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3.6.5. Number of concomitant ASMs 
At the last visit, responder rates in patients treated with 0, 1, 2 and 

≥3 concomitant ASMs were 100% (14/14), 96.6% (57/59), 78.6% (22/ 
28) and 63.0% (17/27), respectively. Corresponding seizure freedom 

rates were 57.1% (8/14), 84.7% (50/59), 71.0% (22/31) and 26.3% 
(10/38), respectively. 

4. Discussion 

In this subanalysis of the PERMIT study, PER was shown to be 
associated with reduction in myoclonic seizure frequency when used to 
treat patients with myoclonic seizures (primarily IGE) in everyday 
clinical practice. After 12 months, approximately 80% of patients were 
retained on PER, 90% had responded to PER treatment, and over two- 
thirds were seizure free. The proportion of patients who experienced 
seizure worsening with PER was low (<4%). The most frequent AEs 
(dizziness/vertigo, irritability and somnolence) were consistent with 
PER’s known safety profile [24], and no new or unexpected safety sig
nals emerged. Psychiatric AEs, which are commonly associated with 
PER treatment [24], occurred in approximately one quarter of patients, 
but the only psychiatric AE that occurred in more than one patient who 
discontinued was irritability, which occurred in 5.3% of patients with 
psychiatric AEs who discontinued. The findings of this study are 
encouraging given that myoclonic seizures are challenging to treat and 
few ASM treatment options are currently available [2,5]. 

Clinical trial evidence for the use of PER in treating myoclonic sei
zures is limited to a post-hoc analysis of a Phase 3 trial conducted in 
patients with IGE [22], in which 47/163 (28.8%) patients had 
myoclonic seizures [23]. In this analysis, the median percent reduction 
from baseline in 28-day myoclonic seizure frequency was numerically 
greater with placebo versus PER (52.5% vs. 24.5%), as was the 
responder rate (60.9% vs. 41.7%), and the seizure freedom rate was 
similar for placebo versus PER (13.0% vs. 16.7%) (p=not significant for 
all comparisons) [23]. However, the observations were based on small 
patient numbers and the trial was not powered to detect between-group 

Fig. 3. Responder rate, seizure freedom rate, and percentages of patients with unchanged and worsening seizure frequency (relative to baseline) at Month 3, Month 
6, Month 12 and the last visit (effectiveness population). Response was defined as ≥50% seizure frequency reduction from baseline. Seizure freedom was defined as 
no seizures since at least the prior visit. 

Table 2 
Summary of safety and tolerability (full analysis set/safety population).  

Total patients N = 156 

Patients with any AE, n (%) 73 (46.8) 
Most frequently reported AEs,a n (%) 

Dizziness/vertigo 
Irritability 
Somnolence 
Fatigue 
Anxiety 
Depression 
Instability/ataxia 
Weight increased  

30 (19.2) 
29 (18.6) 
15 (9.6) 
6 (3.8) 
4 (2.6) 
4 (2.6) 
4 (2.6) 
4 (2.6) 

Patients with AEs leading to discontinuation, n (%) 16 (14.0)b 

Patients with any psychiatric AE, n (%) 38 (24.7)c 

Patients with psychiatric AEs who discontinuedd, n (%) 9 (6.9)e 

Types of psychiatric AEs in patients who discontinuedd, n (%) 
Irritability 
Anxiety 
Behavioural disorders 
Depression 
Personality disorder  

7 (5.3)e 

1 (0.8)e 

1 (0.8)e 

1 (0.8)e 

1 (0.8)e  

a ≥2% patients. 
b N=114. 
c N=154. 
d These patients had psychiatric AEs but it was not possible to determine if it 

was these AEs that led to discontinuation. 
e N=131. AE, adverse event. 
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differences in these patient subsets [23]. 
In the clinical practice setting, a Spanish, retrospective, multicentre, 

observational study specifically assessed the effectiveness and tolera
bility of adjunctive PER in 31 patients with myoclonic seizures [32]. At 6 
months, the responder and seizure freedom rates for myoclonic seizures 

were 48.4% and 32.3%, respectively (compared with 90.1% and 72.1%, 
respectively, in the PERMIT cohort), and 39% experienced improve
ments in functional ability [32]. It should be noted that all these patients 
had drug-resistant epilepsy, having received a mean of 5.0 ASMs prior to 
initiating PER (compared to 2.9 in the PERMIT cohort) and a mean of 2.4 

Fig. 4. Retention rate (Month 12), responder rate (last visit), and 
seizure freedom rate (last visit) in (A) patients with versus without 
IGE, (B) patients with versus without psychiatric comorbidity at 
baseline and (C) patients treated with PER using a slow (<2 mg/ 
week) versus fast (2 mg/week) titration schedule. Response was 
defined as ≥50% seizure frequency reduction from baseline. Seizure 
freedom was defined as no seizures since at least the prior visit. IGE, 
idiopathic generalised epilepsy; NS, not significant; PER, perampanel.   
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concomitant ASMs at the time of PER initiation (compared to 1.8 in the 
PERMIT cohort) [32], which might partly explain the lower responder 
and seizure freedom rates observed, in comparison with the current 
analysis. It is also important to note that all 31 of these patients were 
included in PERMIT. Since PERMIT was conducted, two other studies 
reporting the real-world use of PER for treating myoclonic seizures have 
been published. An Italian multicentre study assessed the impact of PER 
on cortical myoclonus and seizure frequency in 49 patients with pro
gressive myoclonus epilepsies over 4–6 months [35]. Four patients 
discontinued during the first 2 months due to psychiatric side effects, but 
in the remaining patients PER significantly reduced myoclonus severity, 
assessed using a minimal myoclonus scale (p<0.001) and the Unified 
Myoclonus Rating Scale (p<0.001) [35]. In 17 patients who had 
persistent convulsive seizures before entering the study, PER reduced 
seizure frequency by over 50% [35]. AEs were reported for 44.8% 
(22/49) of patients, the most frequently reported AEs (≥5% of patients) 
being irritability or anxiety (26.5%), drowsiness (20.4%) and aggres
siveness (6.1%) [35]. Overall, 77.6% (38/49) of patients continued 
taking PER at the last observation, for a mean duration of 16.8 months 
[35]. The remaining patients discontinued PER due to persistent AEs 
(anxiety and irritability) [35]. It should be noted that all patients 
included in this study initiated PER while receiving 2‒6 concomitant 
ASMs [35], whereas 16.1% of patients in the PERMIT cohort were 
treatment-naïve before starting PER treatment. A Spanish, retrospective, 
single-centre, observational study investigated changes in epileptiform 
discharges, seizure frequency and AEs in 52 patients with 
generalised-onset seizures (n = 44) and focal-onset seizures with focal to 
bilateral tonic-clonic seizures (n = 8), who received PER treatment for 
12 months [33]. As in the Italian study, most patients were treated with 
PER as an adjunct to existing ASM therapy and only one patient (1.9%) 
was treated with PER as monotherapy (86.5% of patients were being 
treated with one or two ASMs when PER was initiated, whereas 37.1% of 
patients in the PERMIT cohort were treated with one or two concomitant 
ASMs) [33]. At baseline, 11 patients had myoclonic seizures, with a 
higher burden than in the PERMIT cohort (mean [SD] monthly fre
quency, 20.5 [15.3]), the frequency of which decreased significantly 
after 3, 6 and 12 months (p<0.05 for all timepoints); at the last visit, the 
monthly frequency of myoclonic seizures had decreased by 99.5% from 
baseline [33]. In a subgroup of 21 patients with JME, the responder and 
seizure freedom rates at 12 months were 100% and 81%, respectively 
[33]. Tolerability was only reported for the overall population (N = 52) 
[33]. After 12 months, 36.5% (19/52) of patients had experienced at 
least one AE, the most frequently reported AEs (≥5% of patients) being 
irritability (23.1%), somnolence (9.6%), anxiety (7.7%), fatigue (5.8%) 
and dizziness (5.8%) [33]. Overall, five patients (9.6%) discontinued 
treatment with PER, including one patient with JME, three patients with 
primary generalised epilepsy other than JME, and one patient with 
focal-onset epilepsy [33]. These two reports are broadly consistent with 
the current findings from the PERMIT study, providing further evidence 
that PER is associated with reduction in myoclonic seizure frequency 
when used to treat myoclonic seizures in clinical practice, with no new 
or unexpected safety signals emerging in this setting. Two single case 
reports and a small, open-label, multicentre study (N = 10) have addi
tionally provided evidence to suggest that PER may be effective in 
treating patients with Lafora disease, a fatal, intractable, progressive 
myoclonus epilepsy with onset in adolescence [37–39]. In the multi
centre study, seven patients were treated with PER for >9 months and 
three discontinued treatment after 2‒6 months due to undesired effects 
or lack of efficacy [39]. Four patients experienced >74% reduction from 
baseline in seizure frequency and seven experienced a major improve
ment in myoclonus [39]. 

Current ASM treatment options for patients with myoclonic seizures 
are limited. Valproate has historically been one of the primary treat
ments, alone or in combination with some benzodiazepines (e.g., clo
nazepam), based on a long history of clinical experience [2,5,40]. 
Valproate has been used to treat JME, Lennox-Gastaut syndrome, Doose 

syndrome, myoclonic absence, photomyoclonic epilepsy, eyelid myo
clonia with absence seizures, and post-anoxic myoclonus, and has the 
advantage of being available in an intravenous formulation for use in 
myoclonus status epilepticus [5]. However, the use of valproate is 
affected by its well-established teratogenicity, causing congenital mal
formations and neurodevelopmental delay, severely limiting its use in 
females of childbearing potential [41,42]. Levetiracetam was effective 
in treating myoclonic seizures in placebo-controlled trials [7,43] and 
open-label studies [44–46], and is licensed in Europe for the adjunctive 
treatment of myoclonic seizures in adults and adolescents aged ≥12 
years with JME [9]. However, there have been reports of myoclonic 
seizure exacerbation with levetiracetam use, including patients switch
ing from valproate to levetiracetam to avoid the teratogenic risk asso
ciated with valproate [10–12]. Lamotrigine was effective in treating 
patients with JME in open-label and retrospective studies, although less 
effective than levetiracetam when used as monotherapy [47–52]. 
However, as with levetiracetam, there have been reports of myoclonic 
seizure exacerbation with lamotrigine use [53–55]. Topiramate has 
been investigated as monotherapy and adjunctive treatment for patients 
with JME in open-label randomised controlled trials and post-hoc anal
ysis of double-blind, randomised, placebo-controlled trials [56–58], 
which have shown that it is as effective as, and better tolerated than, 
valproate [59], although it has also been shown to result in poorer 
neuropsychiatric performance than valproate in patients with JME [15]. 
Open-label and retrospective studies have additionally provided some 
limited evidence of the effectiveness of zonisamide in treating myoclonic 
seizures [13,60–62]. Other ASMs with some evidence of use in the 
treatment of myoclonic epilepsy include piracetam [63–66] and 
phenobarbital [67,68], both of which have been included in treatment 
guidelines for patients with myoclonic seizures [16]. In line with current 
evidence, the ASMs used most frequently in the current study before 
initiating PER (≥20% of patients) were valproate (35.8%) and levetir
acetam (33.0%), and the most frequently used concomitant ASMs at the 
time of PER initiation were levetiracetam (50.0%), valproate (34.7%) 
and zonisamide (22.0%), which is line with current evidence. 

The subanalyses conducted in the current study provide some addi
tional insights into the potential use of PER in patients with myoclonic 
seizures. Since almost 90% of patients with myoclonic seizures were 
diagnosed with IGE at baseline, it is to be expected that results of the IGE 
subgroup analysis were very similar to those of the overall myoclonic 
population. The rate of seizure freedom at the last visit was significantly 
higher in patients diagnosed with versus without IGE, but, otherwise, 
the effectiveness and safety/tolerability of PER were similar in patients 
diagnosed with and without IGE. It is also perhaps unsurprising that PER 
was shown to be significantly less effective and well tolerated in patients 
who had psychiatric comorbidity at baseline, in comparison with those 
who did not, since certain psychiatric comorbidities, such as depression, 
are known to increase seizure frequency in epilepsy patients [69], and 
the presence of psychiatric comorbidity is associated with poorer 
response and tolerability to ASM treatment, and an increased risk of 
drug-resistant epilepsy [70–72]. The incidences of AEs and AEs leading 
to discontinuation were significantly higher in patients with versus 
without psychiatric comorbidity, which may relate to those with psy
chiatric comorbidity most likely using higher levels of polypharmacy 
than those without psychiatric comorbidity, which may have increased 
the incidence of drug–drug interactions and associated AEs. Psychiatric 
AEs are commonly reported with PER;[24] however, although the 
incidence of psychiatric AEs was numerically higher in patients with 
versus without psychiatric comorbidity, the between-group difference 
was not statistically significant, and the proportion of patients with 
psychiatric AEs who discontinued did not differ significantly between 
groups. In the subgroup analysis comparing data for patients treated 
with PER using a slow (<2 mg/week) versus fast (2 mg/week) titration 
schedule, there was an indication that PER was more effective when 
slow versus fast titration was used, but none of the between-group 
comparisons for effectiveness or safety/tolerability were statistically 
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significant, probably as a result of the low number of patients in the fast 
titration subgroup, and further research is therefore needed to clarify 
these observations. Descriptive comparisons of responder and seizure 
rates in patients treated with 0, 1, 2 and ≥3 previous and concomitant 
ASMs generally indicated that PER’s effectiveness decreased with 
increasing number of previous and concomitant ASMs, consistent with 
the idea that the number of previous or concomitant ASMs is a marker of 
treatment refractoriness, as has been shown in similar analyses with 
other ASMs (e.g., eslicarbazepine acetate [73]). 

This study is limited in being a post-hoc analysis of PERMIT, which 
was itself limited in being a retrospective pooled analysis of studies that 
were heterogeneous in terms of their objectives and information re
ported, and which, due to the nature of its design, did not have complete 
data available for all patients at all timepoints, across all endpoints and 
assessments [36]. Furthermore, most studies included in PERMIT were 
uncontrolled retrospective analyses of cases, which are likely to have 
had selection bias against patients deemed likely to suffer from known 
side effects of PER treatment, thereby altering the balance between 
tolerability and efficacy, in comparison with blinded studies [36]. Other 
sources of potentially significant bias may also have influenced the 
current findings. A disadvantage of pooled analysis of real-world studies 
is that the approach may over-estimate the potential clinical value of the 
product under investigation, since it is not possible to assess to potential 
impacts of factors such as patient selection, regression to the mean, and 
the bias inherent in the early dropout from a study of those who fail to 
respond to the intervention. In addition, as there was no control group, it 
was not possible to quantify the effectiveness of PER, in comparison with 
placebo/no drug or the passage of time. Moreover, since myoclonic 
seizures are brief, sporadic and retrospectively recorded, there may be 
an influence of time on the recording of myoclonus frequency (i.e., 
observer fatigue, recall bias), which might exaggerate the effectiveness 
of a drug in observational studies. As noted in the Methods, the obser
vation timepoints of some studies included in PERMIT did not match 
those assessed for the overall PERMIT population (i.e., 3, 6 and 12 
months), which may have affected the findings for some assessments. In 
addition, although individual subject data were reviewed by the in
vestigators of the original studies included in PERMIT, they were not 
reviewed systematically in the current post-hoc study. Finally, although 
the large size of the PERMIT study population allows meaningful sub
group analyses to be conducted, some of the subgroups of the current 
myoclonic subanalysis cohort were imbalanced, which may have influ
enced findings, or were too small to allow robust statistical testing. 

5. Conclusion 

In summary, PER was associated with reduction in myoclonic seizure 
frequency when used to treat patients with myoclonic seizures in 
everyday clinical practice, with high rates of retention, response and 
seizure freedom over 1 year of treatment. The tolerability of PER was 
consistent with its known safety profile. These findings are encouraging, 
given the current lack of ASM treatment options for myoclonic seizures, 
and support the potential use of PER in this setting. 
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