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A B S T R A C T

Purpose: Perampanel (PER) is a selective, non-competitive antagonist of the alpha-amino-3-hydroxy-5-methyl-4-
isoxazole-propionic acid (AMPA) receptor. In Japan, PER is approved for patients with epilepsy who are at least
12 years old for the adjunctive treatment of primary generalised tonic-clonic seizures and partial-onset seizures
(with or without secondary generalization). We surveyed the efficacy, adverse effects, and serum concentrations
of PER, focusing especially on patients younger than 12 years of age.
Methods: We retrospectively surveyed the clinical information of patients treated with PER and assessed the
efficacy at 6 months after treatment initiation. We compared efficacy, adverse effects, and serum concentration
in patients younger or older than 12 years of age. Responders were defined as those who experienced a ≥50%
seizure reduction.
Results: Eighty-four patients were enrolled. The average age of the younger group was 7.1 ± 3.3 (standard
deviation) years compared to 16.4 ± 3.7 years in the older group. The responder rate was 42.9% (36/84). The
responder rate did not differ between the two age groups (< 12 years, 20/44, 45.4%;> 12 years, 16/40, 40.0%;
p= 0.78). The younger age group had a significantly lower concentration-to-dose (CD) ratio than the older age
group (< 12 years, 1849.8 ± 2209.3;> 12 years, 3076.3 ± 3352.2, p=0.02). Treatment-emergent adverse
events (TEAEs) were observed in 22.6% (19/84) of patients, with the most common being somnolence (8/84,
9.5%).
Conclusion: PER may be an alternative to treat seizures in paediatric drug-resistant epilepsy. Serum con-
centrations of PER might be lower in patients younger than 12 years than in older patients.

1. Introduction

Perampanel (PER) is a selective, non-competitive alpha-amino-3-
hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) receptor antago-
nist that was developed for the treatment of epilepsy [1]. PER has a
novel and unique mechanism for epilepsy treatment, and once-daily
administration is recommended because of its long half-life (53–136 h)
[2]. One study using a rat model of status epilepticus indicated that PER
provides a neuroprotective effect in addition to termination of seizures
[3]. In Japan, PER is approved for patients with epilepsy aged ≥12
years for the adjunctive treatment of primary generalised tonic-clonic
seizures (GTCS) and partial-onset seizures (with or without secondary
generalization). Although clinical experience with PER continues to

increase, there is insufficient data on treatment of epilepsy in children
younger than 12 years of age. We hypothesized that PER can act as an
effective alternative treatment for patients younger than 12 years of age
with drug-resistant epilepsy.

We retrospectively investigated whether PER can serve as an al-
ternative treatment for children, adolescents, and young adults with
drug-resistant epilepsy. In particular, we focused on differences in ef-
ficacy, adverse effects, and serum concentrations of PER in patients
younger than 12 years of age compared to patients older than 12 years
of age.
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2. Methods

We retrospectively surveyed consecutive patients treated with PER
at the Saitama Children’s Medical Center from 2016 to 2018. Patients
whose symptoms were observed to be resistant to treatment with at
least 2 appropriate antiepileptic drugs and who were then administered
PER as an add-on drug were enrolled. A total of 84 patients (49 boys, 35
girls) were included in this study. We divided the 84 patients into 2
groups based on whether patients were younger (44 patients) or older
than 12 years of age (40 patients). We retrospectively collected the
following clinical data: age at the onset of epilepsy, age at PER initia-
tion, epilepsy syndromes, seizure types, seizure frequency before and
after PER administration, adverse effects, and concomitant anti-epi-
leptic drugs used at the start of PER treatment. PER was initially ad-
ministered at 0.04mg/kg/day and was increased at 2–4-week intervals.
Epilepsy syndromes and seizure types were defined according to the
International League Against Epilepsy classification [4]. Effectiveness
was assessed by a paediatric neurologist who evaluated caregiver ob-
servations to compare the frequency of seizures during the 4 weeks
before PER therapy was initiated (baseline) and a 4-week period 6
months after initiation. Concomitant antiepileptic drug doses, other
than PER, were not changed in most of the cases. In this study, re-
sponders were defined as those patients who experienced a ≥50%
seizure reduction and whose seizure frequency was more than one
every two months at baseline. For patients with multiple seizure types,
PER efficacy was valuated independently for each type [focal seizure,
generalised tonic-clonic seizure (GTCS), generalised tonic seizure
(GTS), myoclonic seizure, epileptic spasms, and absence seizure]. Ag-
gravation of seizures was defined as a ≥25% increase in seizure fre-
quency from baseline.

We also retrospectively reviewed all data on serum PER con-
centration collected from 2016 to 2018. PER concentration had been
measured 130 times in 54 patients during the study period. Blood
samples were collected 12–18 h after administration of PER. PER con-
centration measurements were performed at least four weeks after each
patient reached a stable dose of PER, and every 6–12 months while PER
was administered. If the dose of PER was changed secondary to the
patient's seizure condition, we remeasured the PER concentration.
Therefore, some patients had their concentrations measured several
times according to how many times the PER dose was changed. Serum
concentrations of PER were measured using liquid chromatography-
tandem mass spectrometry [5]. Because of the substantial number of
paediatric patients included in this study, we calculated the con-
centration-to-dose (CD) ratio (ng/ml per mg/kg) in order to correct for
body weight. We compared patients based on whether they were or
were not administered enzyme-inducing antiepileptic drugs (EIAEDs).
For this study, EIAEDs were defined as carbamazepine, phenytoin,
phenobarbital, or topiramate. The CD ratio was compared in patients
who had been treated with EIAEDs versus those who had not. We then
compared the CD ratio between patients younger and older than 12
years in order to assess paediatric PER concentration.

Informed consent was obtained from the parents or guardians of
each patient. For patients< 12 years of age, we explained the nature of
the study and obtained age-appropriate assent. This study was ap-
proved by the Saitama Children’s Medical Center Institutional Review
Board [2018-03-05].

Data were analysed using SPSS (SPSS Inc., Chicago, IL) software for
statistical analysis. Continuous variables were compared using the
Mann-Whitney U test, and categorical variables were compared using
Pearson’s chi-square test or Fisher’s exact test. Differences were defined
as significant at a probability level of less than 0.05.

3. Results

The clinical data of the 84 patients included in the present study are
shown in Table 1. The age of onset of epilepsy ranged from 0 months to

15 years [mean ± standard deviation (SD), 3.0 ± 3.6]. The age at
which PER treatment was initiated ranged from 7 months to 28 years
(mean ± SD, 11.4 ± 5.9). There was no significant between-group
difference in the number of antiepileptic drugs that the patients had
previously tried (< 12 years, median 4 drugs, range 2–9 drugs;> 12
years, median 4 drugs, range 2–8 drugs; p= 0.77). The 50% responder
rate was 42.9% (36/84). Seven patients (8.3%) were seizure-free fol-
lowing PER treatment. There was no significant difference in responder
rate in patients younger or older than 12 years of age (< 12 years, 20/
44, 45.4%;> 12 years, 16/40, 40.0%; p=0.78).

In terms of outcomes according to seizure type, 33.3% (3/9) of
GTCS patients and 36.4% (4/11) of generalised tonic seizure (GTS)
patients were observed to respond to PER, as well as 43.6% (24/55) of
patients with focal motor with or without secondary generalised sei-
zure, 50.0% (5/10) of patients with myoclonic seizures, 40.0% (4/10)
of patients with epileptic spasms, and no (0/1) patients with absence
seizures (Table 2). There were no significant differences in responder
rate between patients younger or older than 12 years with respect to
any of the seizure types.

Treatment-emergent adverse events (TEAEs) were observed in
22.6% (19/84) of patients. The most common TEAE was somnolence
(8/84, 9.5%), followed by aggravation of seizure (6/84, 7.1%), and
irritability (3/84, 3.6%). Respiratory failure, dizziness, and appetite
loss were each observed in 1.2% (1/84) of our sample. In total, 15.5%
(13/84) of patients discontinued treatment with PER because of TEAEs.
There was no significant difference in the incidence of TEAEs in pa-
tients older than 12 years of age versus those younger than 12 years of
age (10/44, 22.7% vs. 9/40, 22.5%, respectively; p= 0.81).

PER serum concentration results are shown in Figs. 1 and 2. In total,
130 samples from 54 patients were analysed during the study period.
The mean ± SD for PER serum concentration was 269.2 ± 290.5 ng/
ml, with a CD ratio of 2414.6 ± 2845.9 ng/ml per mg/kg. We also

Table 1
Clinical profile of patients.

Overall
(n=84)a

< 12 years old
(n= 44)b

> 12 years old
(n= 40)c

Age when PER was
initiated, years (SD)

11.4 (6.0) 7.1 (3.3) 16.4 (3.7)

Age at onset of epilepsy,
years (SD)

3.0 (3.6) 1.5 (2.1) 4.5 (4.3)

Female, n (%) 35 (41.7) 22 (50.0) 13 (32.5)
Seizure type, n (%)
Focal seizures 55 (65.5) 25 (56.8) 30 (75.0)
Generalised tonic clonic
seizures

9 (10.7) 3 (6.8) 6 (15.0)

Generalised tonic
seizures

11 (7.1) 10 (22.7) 1 (0.3)

Myoclonic seizures 10 (11.9) 5 (11.4) 5 (12.5)
Epileptic spasms 10 (11.9) 10 (22.7) 0 (0.0)
Absence seizures 1 (1.2) 1 (2.3) 0 (0.0)

Epilepsy type, n (%)
Focal 71 (84.6) 35 (79.5) 36 (90.0)
Generalized 13 (15.5) 9 (20.5) 4 (10.0)

No. of concomitant AEDs, n
(%)

One 16 (19.0) 10 (22.7) 6 (15.0)
Two 25 (29.8) 12 (27.3) 13 (32.5)
Three 20 (23.8) 10 (22.7) 10 (25.0)
Four or more 23 (27.4) 12 (27.3) 11 (27.5)

Concurrent EIAED
treatment, n (%)

39 (46.4) 18 (40.9) 21 (52.5)

No concurrent EIAED
treatment, n (%)

45 (53.6) 26 (59.1) 19 (47.5)

AED=Anti-epileptic drug, EIAED=enzyme-inducing anti-epileptic drug,
PER=perampanel.

a 8 patients had 2 seizure types, 2 patients had 3 seizure types.
b 6 patients had 2 seizure type, 2 patients had 3 seizure types.
c 2 patients had 2 seizure type.
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analysed CD ratio according to whether patients received EIAEDs or not
and observed a significantly lower mean CD ratio in patients who re-
ceived EIAEDs (n= 62) than in those who did not (n= 68)
(1494.7 ± 1552.7 vs. 3265.9 ± 3456.7, respectively; p < 0.01,
Fig. 1). The ratio of the patients who received EIAEDs was not sig-
nificantly different between the two age groups (patients< 12 years of
age, 16/31; patients> 12 years of age, 16/23; p=0.29). The ratio of
responders was also not significantly different between the two age
groups (patients< 12 years of age, 14/31; patients> 12 years of age,
10/23; p= 0.90). We observed that patients younger than 12 years of
age (n= 74) showed a significantly lower mean CD ratio than patients
older than 12 years of age (n= 56) (1849.8 ± 2209.3 vs.
3076.3 ± 3352.2, respectively; p= 0.02, Fig. 2). The CD ratio was not
significantly different between responders (n= 62) and non-responders
(n=68) (2106.3 ± 2116.1 vs. 2708.9 ± 3390.9, respectively;
p= 0.23).

4. Discussion

In this retrospective cohort study, PER was an effective drug-re-
sistant epilepsy treatment for patients younger than or older than 12
years of age. A 50% responder rate (i.e., at least 50% seizure reduction
following initiation of PER treatment) was observed in 36 of the 84

patients (42.9%) included in the present study, while seizures were
completely resolved in 7 patients (8.3%). Prior studies have reported
that the efficacy (50% responder rate) of PER in drug-resistant epilepsy
patients with primary GTCS is 64.2% in those 12 years and older [6]
and 37.5% in those under the age of 18 [7]. The patients enrolled in the
present study were being treated with at least two anti-epileptic drugs
prior to initiation of PER, meaning that they exhibited relatively drug-
resistant epilepsy. In the current study, 52.4% (44/84) of patients were
younger and 47.6% (40/84) were older than 12 years of age. We found
no differences between the age groups (> 12 years vs< 12 years) in
terms of PER effectiveness, suggesting that PER might be an effective
treatment for drug-resistant epilepsy in paediatric patients.

Previous studies in rat models indicate that PER has anti-ictogenic
and anti-epileptogenic properties in both mature and immature animals
[8]. Thus, we sought to determine the clinical effectiveness of PER in
children. We did not observe any difference between the age groups
according to the type of seizure. Previous studies have suggested that
PER might be particularly effective for patients with myoclonic seizures
[9–11]. Our study supports these previous results, as we observed a
relatively high responder rate in patients with myoclonic seizures (50%,
5/10) in the total patient group.

The adverse effects of PER reported in previous studies were usually
mild or moderate in severity [12]. In our study, TEAEs were present in

Table 2
Efficacy and adverse effects of perampanel.

Overall (n= 84) < 12 years (n= 44) > 12 years (n= 40) p value

Responder rate, n (%) 36 (42.9) 20 (45.5) 16 (40.0) 0.78
Seizure-free rate, n (%) 7 (8.3) 3 (6.8) 4 (10.0) 0.90
Responder rate by seizure subtype
Focal seizures, n (%) 24 (43.6) 13 (52.0) 11 (36.7) 0.38
Generalised tonic clonic seizures, n (%) 3 (33.3) 1 (33.3) 2 (33.3) 0.45
Generalised tonic seizures, n (%) 4 (36.4) 3 (30.0) 1 (100.0) 0.77
Myoclonic seizures, n (%) 5 (50.0) 2 (40.0) 3 (60.0) 1.00
Epileptic spasms, n (%) 4 (40.0) 4 (40.0) n.d. n.d.
Absence seizures, n (%) 0 (0.0) 0 (0.0) n.d. n.d.

Treatment-emergent adverse events 19 (22.6) 10 (22.7) 9 (22.5) 0.81

n.d.= no data.

Fig. 1. Serum concentrations of perampanel.
Comparison of patients by administration of enzyme-inducing anti-epileptic
drugs. ** indicates p-value< 0.01.

Fig. 2. Serum concentration of perampanel.
Comparison of patients by age group (younger than 12 vs older than 12). *
indicates p value under 0.05.
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22.6% (19/84) of patients, and most of these cases did not require
further treatment. We regard the sedative effects of PER to be mild. All
TEAEs resolved soon after discontinuation of PER. Previous reports
have indicated that TEAEs related to PER are less likely to occur in
patients who are younger than 12 years of age [13,14]. In our report,
there was no significant difference in the incidence of TEAEs in patients
older than or younger than 12 years of age (10/44, 22.7% vs. 9/40,
22.5%, respectively; p= 0.81).

The pharmacokinetic profile of oral PER is characterised by slow
elimination (long half-life), and PER clearance can be markedly in-
creased by the CYP3A4 enzyme inducers carbamazepine, phenytoin,
phenobarbital, or topiramate [2,15,16]. Yamamoto et al. [17] reported
that PER concentrations in a Japanese sample were lower than had
been reported in other populations, possibly reflecting the low fre-
quency of CYP3A5*3/*3 in Japanese compared to Caucasian popula-
tions. The average CD ratio in the current study tended to be lower than
the ratios previously reported in Caucasian patients [18]. Serum con-
centrations of PER have been shown to be highly variable, suggesting
that they are dependent on age, sex, and body weight [17]. Therefore,
we investigated age-specific tendencies in PER concentrations and
found that patients younger than 12 years old showed lower PER
concentrations than those older than 12 years. One past study reported
that PER administered concurrent with EIAEDs resulted in a lower re-
sponder rate compared to administration without EIAEDs [19], and a
phase III study of PER has clearly demonstrated a positive dose-re-
sponse relationship with 4mg and 8mg/day doses [20]. These reports
suggest that EIAEDs may lead to lowering of PER concentrations and
that higher PER concentrations may be necessary for effective treat-
ment. Therefore, higher dosages of PER may be needed for children
with drug-resistant epilepsy compared to adolescents and young adults.

A limitation of this study is the small number of patients from a
single institution. In addition, evaluation of PER efficacy was limited to
the subjective assessments of seizure frequency based on caregiver
observations. Seizure frequency data were collected retrospectively
based on case notes. Therefore, the results of this study should be in-
terpreted with caution. Future, prospective studies should examine the
efficacy of PER in children.

In conclusion, PER could serve as an alternative for seizure treat-
ment in paediatric drug-resistant epilepsy and appears to be relatively
safe. Serum concentrations of PER might be lower in patients who are
younger than 12 years of age compared to those older than 12 years.

Declarations of interest

None.

Funding

This research was supported by a grant-in-aid for Research on
Measures for Intractable Diseases, No. H29-Nanchi-Ippan-10, from the
Ministry of Health, Labour and Welfare, Japan.

Acknowledgments

None.

References

[1] Rogawski MA. Revisiting AMPA receptors as an antiepileptic drug target. Epilepsy
Curr 2011;11:56–63. https://doi.org/10.5698/1535-7511-11.2.56.

[2] Plosker GL. Perampanel: as adjunctive therapy in patients with partial-onset sei-
zures. CNS Drugs 2012;26:1085–96. https://doi.org/10.1007/s40263-012-0021-2.

[3] Wu T, Ido K, Osada Y, Kotani S, Tamaoka A, Hanada T. The neuroprotective effect of
perampanel in lithium-pilocarpine rat seizure model. Epilepsy Res 2017;137:152–8.
https://doi.org/10.1016/j.eplepsyres.2017.06.002.

[4] Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas W, et al.
Revised terminology and concepts for organization of seizures and epilepsies: report
of the ILAE Commission on Classification and Terminology, 2005-2009. Epilepsia
2010;51:676–85. https://doi.org/10.1111/j.1528-1167.2010.02522.x.

[5] Mano Y, Takenaka O, Kusano K. High-performance liquid chromatography-tandem
mass spectrometry method for the detection of perampanel, a novel alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor antagonist in human plasma.
J Pharm Biomed Anal 2013;107:56–62. https://doi.org/10.1016/j.jpba.2014.12.
018.

[6] French J, Krauss G, Wechsler R, Wang X, DiVentura B, Brandt C, et al. Adjunctive
perampanel (PER) for treatment of drug-resistant primary generalized tonic-clonic
(PGTC) seizures in patients (PTS) with idiopathic generalized epilepsy (IGE): a
double-blind, randomized, placebo-controlled phase III trial (abstract 2.389 plus
poster). 68th American Epilepsy Society Annual Meeting 2014.

[7] Lin KL, Lin JJ, Chou ML, Hung PC, Hsieh MY, Chou IJ, et al. Efficacy and tolerability
of perampanel in children and adolescents with pharmacoresistant epilepsy: the first
real-world evaluation in Asian pediatric neurology clinics. Epilepsy Behav
2018;85:188–94. https://doi.org/10.1016/j.yebeh.2018.06.033.

[8] Dupuis N, Enderlin J, Desnous B, Desnous B, Dournaud P, Allorge D, et al. Anti-
ictogenic and antiepileptogenic properties of perampanel in mature and immature
rats. Epilepsia 2017;58:1985–92. https://doi.org/10.1111/epi.13894.

[9] Goldsmith D, Minassian BA. Efficacy and tolerability of perampanel in ten patients
with Lafora disease. Epilepsy Behav 2016;62:132–5. https://doi.org/10.1016/j.
yebeh.2016.06.041.

[10] Shiraishi H, Egawa K, Ito T, Kawano O, Asahina N, Kohsaka S. Efficacy of per-
ampanel for controlling seizures and improving neurological dysfunction in a pa-
tient with dentatorubral-pallidoluysian atrophy (DRPLA). Epilepsy Behav Case Rep
2017;8:44–6. https://doi.org/10.1016/j.ebcr.2017.05.004.

[11] Crespel A, Gelisse P, Tang NP, Genton P. Perampanel in 12 patients with
Unverricht-Lundborg disease. Epilepsia 2017;58:543–7. https://doi.org/10.1111/
epi.13662.

[12] Hanaya R, Arita K. The new antiepileptic drugs: their neuropharmacology and
clinical indications. Neurol Med Chir (Tokyo) 2016;56:205–20. https://doi.org/10.
2176/nmc.ra.2015-0344.

[13] Biro A, Stephani U, Tarallo T, Bast T, Schachter K, Flager M, et al. Effectiveness and
tolerability of perampanel in children and adolescents with refractory epilepsies:
first experiences. Neuropediatrics 2015;46:110–6. https://doi.org/10.1055/s-0035-
1546276.

[14] Heyman E, Lahat E, Levin N, Epstein O, Lazinger M, Berkovitch M, et al. Tolerability
and efficacy of perampanel in children with refractory epilepsy. Dev Med Child
Neurol 2017;59:441–4. https://doi.org/10.1111/dmcn.13362.

[15] Gidal BE, Laurenza A, Hussein Z, Yang H, Fain R, Edelstein J, et al. Perampanel
efficacy and tolerability with enzyme-inducing AEDs in patients with epilepsy.
Neurology 2015;84:1972–80. https://doi.org/10.1212/WNL.0000000000001558.

[16] Takenaka O, Ferry J, Saeki K, Laurenza A. Pharmacokinetic/pharmacodynamic
analysis of adjunctive perampanel in subjects with partial-onset seizures. Acta
Neurol Scand 2018;137:400–8. https://doi.org/10.1111/ane.12874.

[17] Yamamoto Y, Usui N, Nishida T, Takahashi Y, Imai K, Kagawa Y, et al. Therapeutic
drug monitoring for perampanel in Japanese epilepsy patients: influence of con-
comitant antiepileptic drugs. Ther Drug Monit 2017;39:446–9. https://doi.org/10.
1097/FTD.0000000000000416.

[18] Patsalos PN, Gougoulaki M, Sander JW. Perampanel serum concentrations in adults
with epilepsy: effect of dose, age, sex, and concomitant anti-epileptic drugs. Ther
Drug Monit 2016;38:358–64. https://doi.org/10.1097/FTD.0000000000000274.

[19] Villanueva V, Garcés M, López-González FJ, Rodriguez-Osorio X, Toledo M, Salas-
Puig J, et al. Safety, efficacy and outcome-related factors of perampanel over 12
months in a real-world setting: the FYDATA study. Epilepsy Res 2016;126:201–10.
https://doi.org/10.1016/j.eplepsyres.2016.08.001.

[20] Kramer LD, Satlin A, Krauss GL, et al. Perampanel for adjunctive treatment of
partial-onset seizures: a pooled dose-response analysis of phase III studies. Epilepsia
2014;55:423–31. https://doi.org/10.1111/epi.12527.

S. Ikemoto, et al. Seizure: European Journal of Epilepsy 73 (2019) 75–78

78

https://doi.org/10.5698/1535-7511-11.2.56
https://doi.org/10.1007/s40263-012-0021-2
https://doi.org/10.1016/j.eplepsyres.2017.06.002
https://doi.org/10.1111/j.1528-1167.2010.02522.x
https://doi.org/10.1016/j.jpba.2014.12.018
https://doi.org/10.1016/j.jpba.2014.12.018
http://refhub.elsevier.com/S1059-1311(19)30136-0/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30136-0/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30136-0/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30136-0/sbref0030
http://refhub.elsevier.com/S1059-1311(19)30136-0/sbref0030
https://doi.org/10.1016/j.yebeh.2018.06.033
https://doi.org/10.1111/epi.13894
https://doi.org/10.1016/j.yebeh.2016.06.041
https://doi.org/10.1016/j.yebeh.2016.06.041
https://doi.org/10.1016/j.ebcr.2017.05.004
https://doi.org/10.1111/epi.13662
https://doi.org/10.1111/epi.13662
https://doi.org/10.2176/nmc.ra.2015-0344
https://doi.org/10.2176/nmc.ra.2015-0344
https://doi.org/10.1055/s-0035-1546276
https://doi.org/10.1055/s-0035-1546276
https://doi.org/10.1111/dmcn.13362
https://doi.org/10.1212/WNL.0000000000001558
https://doi.org/10.1111/ane.12874
https://doi.org/10.1097/FTD.0000000000000416
https://doi.org/10.1097/FTD.0000000000000416
https://doi.org/10.1097/FTD.0000000000000274
https://doi.org/10.1016/j.eplepsyres.2016.08.001
https://doi.org/10.1111/epi.12527

	Efficacy and serum concentrations of perampanel for treatment of drug-resistant epilepsy in children, adolescents, and young adults: comparison of patients younger and older than 12 years
	Introduction
	Methods
	Results
	Discussion
	Declarations of interest
	Funding
	Acknowledgments
	References




