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ABSTRACT
Objective.We report our clinical experience of the effectiveness and tolerability
of adjunctive perampanel treatment in a Chinese paediatric population with
refractory epilepsy. We also compare the effectiveness and tolerability of
perampanel with or without concomitant oxcarbazepine or levetiracetam.
Methods. This retrospective observational study was conducted from Septem-
ber 2019 to September 2020 in the paediatric neurology clinics of two tertiary
hospitals in the Chinese mainland. We reviewed the data obtained from 96
paediatric patients aged 2-14 years whose seizures were pharmacoresistant and
who could be followed up for a minimum of six months. The effectiveness was
estimated by the perampanel response rate at 6- and 12-month follow-up
evaluations. Adverse events were also recorded. Patients were stratified by age
(2-7 and 7-14 years), and with/without concomitant oxcarbazepine or
levetiracetam.
Results. The population comprised 96 patients with refractory epilepsy. The
retention rate was 84.4% and 81.0% at 6 and 12 months, respectively. The most
common dose used was 4 mg (48.5%). Corresponding 50% responder and
seizure freedom rates were as follows: 46.9% and 20.8% at six months, and 51.2%
and 27.4% at 12 months, respectively. Adverse effects were reported in 22
patients (22.9%). The most common adverse effects were irritability, somno-
lence, and dizziness. The 50% and 100% responder rates and adverse effects
were greater in patients aged 7-14 years than in those aged 2-7 years. The
proportion of responder and seizure-free rates and adverse effects were similar
with or without oxcarbazepine. Perampanel was more effective in patients
concomitantly treated with levetiracetam, however, this did not result in
significantly more adverse events, including aggression.
Significance. The present study suggests that perampanel, with or without
concomitant oxcarbazepine or levetiracetam, is generally safe, well-tolerated,
and efficacious in paediatric patients with uncontrolled epilepsy in a clinical
setting.
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Epilepsy is a common neurological disease in children
and adolescents. The incidence of epilepsy in children
ranges from 41-187/100,000 and the prevalence of
epilepsy ranges from 3.6 to 4.4 per 1000 children in
developing countries [1]. Of children with epilepsy,
about 10% have drug-resistant epilepsy [2]. Drug-
resistant epilepsy represents a significant burden
for patients and can reduce quality of life. Perampanel
is a structurally novel, selective, non-competitive a-
amino-3-hydroxy -5-methyl-4-isoxazolepropionic acid
(AMPA)-type glutamate receptor antagonist that func-
tions by blocking glutamate activity in the postsynaptic
AMPA receptors [3].
Perampanel is a third-generation anti-seizure medica-
tion (ASM) used for focal seizures (FS), with or without
focal to bilateral tonic–clonic seizures (FBTCS), and
generalized tonic–clonic seizures (GTCS) in patients
with epilepsy aged 12 years and above in multiple
countries around the world. In 2018, perampanel was
approved by the US Food and Drug Administration for
the treatment of FS (as adjunctive therapy and
monotherapy) in patients aged four years and older
[4]. Perampanel entered the Chinese market and was
approved to treat FS, with or without FBTCS, and GTCS
in patients aged 12 years and older in September 2019.
Study 232 (NCT01527006) was the first study to evaluate
the pharmacokinetics and preliminary tolerability and
effectiveness of adjunctive perampanel in epilepsy
patients aged 2-12 years [5]. Study 311 (NCT02849626)
was a multi-centre, open-label, single-arm study in
paediatric patients, aged 4-12 years, with FS (with/
without FBTCS) or GTCS [6]. Notably, early prescrip-
tion of third-generation ASMs as add-on treatment
may potentially become a new strategy for people with
epilepsy, increasing the tolerability and effectiveness
of the drugs used [7]. Rohracher et al. [8] found that
patients using co-administered enzyme-inducing anti-
seizure drugs (EIASDs, such as carbamazepine,
oxcarbazepine, phenytoin, and primidone) appeared
to have a lower likelihood of seizure freedom than
those using co-administered non-EIASDs. Use of co-
administrated synaptic vesicle protein 2A (SV2A)
modulators was associated with a higher chance of
seizure freedom. Perampanel’s apparent oral clear-
ance is increased by EIASDs and perampanel exposure
is thereby lowered, therefore, a higher perampanel
dose and more frequent up-titration is needed for
patients receiving perampanel concomitantly with
EIASDs to achieve a level of effectiveness similar to
that in patients receiving non-EIASDs [6, 9, 10]. A
previous study also suggested that the serum per-
ampanel concentration begins to increase from one
week after discontinuation of carbamazepine, and
thereafter continues to increase for eight weeks [11].
A sub-analysis of Study 231 and an extension of Study
233 investigated drug–drug interactions between

perampanel and concomitantly used EIASDs [12].
Levetiracetam and brivaracetam are both modulators
of SV2A-mediated neurotransmitter release [13, 14],
but in China, levetiracetam is currently the only SV2A
modulator available, as brivaracetam has not been
approved for use in China. Oxcarbazepine is the most
commonly used EIASD in paediatric patients.
Clinical data on the safety and effectiveness of
perampanel in real-world clinical settings involving
Chinese children are limited, as perampanel has only
recently been approved for use in China. In this study,
we provide a real-world evaluation of the effectiveness
and safety of perampanel use in Chinese mainland
paediatric neurology clinics. We describe our experi-
ence with perampanel as adjunctive treatment in
patients with refractory epilepsy, aged 2-14 years,
and relate the drug-drug interactions between per-
ampanel and concomitantly used oxcarbazepine or
levetiracetam.

Materials and methods

Patients

This retrospective observational study was performed
between September 2019 and September 2020 in the
Department of Paediatric Neurology, the Children’s
Hospital of Soochow University and the Affiliated
Hospital of Xuzhou Medical University. Inclusion
criteria were age 2-14 years, history of refractory
epilepsy; and follow-up with �six months of peram-
panel as add-on therapy.
The institutional review board of each study centre
approved the study, and all patients and their parents
provided written informed consent before participa-
tion. Since perampanel is only approved by the
Chinese Food and Drug Administration for the
treatment of seizures in patients aged 12 years above,
informed consent was also obtained for off-label use
of perampanel when the patient was under 12 years
old. Patients were stratified by age (2-7 years; 7-14
years) and according to the presence or absence of
concomitant oxcarbazepine and levetiracetam.

Collected data

Data are presented for total patients and by age of
cohort (younger [2-7 years] vs older [7-14 years]
patients), and for patients with/without concomitant
oxcarbazepine, and with/without concomitant levetir-
acetam treatment. The following data were collected at
baseline: family and personal medical histories, age at
epilepsyonset, ageatperampanel initiation, seizureand
epilepsy type, epilepsy aetiology, seizure frequency,
and most common concomitant anti-epileptic drugs
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(AEDs). Seizure types and epilepsy syndromes were
classified in accordance with the International League
Against Epilepsy.
Patients received perampanel at doses ranging from 1-
2 mg/day to a maximum of 12 mg/day given once-daily
at bedtime. Perampanel was administered at a once-
daily dose of 2 mg/day in patients aged seven years and
above. Up-titration was usually performed by incre-
ments of 1-2 mg every 3-4 weeks. However, in children
aged from2 to <7 years, smaller increments (1 mg)were
applied and up-titration was slower (1 mg every 3-4
weeks). The perampanel titration schedule was at the
discretion of the treating physician, according to the
medical needs of thepatient. If a patient did not tolerate
up-titrated treatment, the dose could be reduced to the
previous level. Treatment was discontinued when the
neurologist considered that perampanel was not
effective or in cases in which seizure aggravation or
intolerable side effects were suspected.
The primary endpoint was safety and tolerability of
perampanel. Safety assessments included the inci-
dence of adverse effects (AEs) and serious adverse
events (SAEs). Efficacy endpoints were the proportion
of patients who were seizure-free, the proportion of
responders (patients with � 50% seizure reduction
from baseline), and the retention rate on perampanel
at six and 12 months. Seizure freedom at 12 months
was defined as no seizures during the previous six
months, whereas seizure freedom at six months was
defined as no seizures for three months prior to the
visit. Seizure reduction measures were based on
monthly seizure frequency. The safety endpoints
included the proportion of patients with AEs at six

and 12months, and the proportion of patients with AEs
that led to discontinuation of perampanel at six and
12months. AEswere gleaned from clinical records, and
were classified by study investigators as mild, moder-
ate, or severe. Only AEs considered by the participat-
ing physicians to be related to perampanel were
included in the analysis. Efficacy and safety outcomes
were also assessed by age, and with/without oxcarba-
zepine or levetiracetam use.

Data analysis

Continuousvariables arepresentedasmean� standard
deviation (SD). Categorical variables were summarized
as frequency and percentage. The chi-square test or
Fisher’s exact test was used, as appropriate, for analysis
of between-group differences in discrete variables.
Valuesofp<0.05weredefinedasstatistically significant.
Statistical analyses were performed using SPSS version
25 software (IBM, New York, NY).

Results

Demographic and baseline characteristics of patients

Ninety-six paediatric patients who experienced phar-
macoresistant epilepsy and who received treatment
with perampanel as adjunctive therapy were included
in the analysis. All patients had complete data for � six
months of follow-upwhichwas available for analysis. A
flowchart of patient numbers and retention rates at the
6- and 12-month follow-up time points is presented in
figure 1. In total, 96 paediatric patients were included

Patients included in
the sample

Last F/U at 6 months despite
PER continuing, n = 12

Patients withdrawn, n = 8
• Lake of efficacy 3
• Seizure increase 3
• Withdrawal due to AEs 2

Patients withdrawn, n = 7
• Lake of efficacy 4
• Withdrawal due to AEs 3

Patients withdrawn, n = 1
• Lake of efficacy 1

3 months F/U
n = 88/96

6 months F/U
n = 81/96

12 months F/U
n = 68/84

& Figure 1. Flow chart of the patients in this study. F/U: follow-up
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in the analysis (43 females; aged 2-14 years, mean:
7.9 � 3.2 years). Sixty-two patients (64.6%) had FS, and
20 patients (20.8%) had GTCS. There were 44 patients
(45.8%) aged 2-7 years (mean: 4.8 � 1.1 years)
and 52 patients (54.2%) aged 7-14 years (mean:
10.5 � 1.8 years). Thirty-seven patients (38.5%) were
taking concomitant oxcarbazepine and 48 patients
(50.0%) were taking concomitant levetiracetam. Patient
demographics and baseline clinical characteristics are
provided in table 1. Age at perampanel initiation
and sex distribution were not significantly different
between the oxcarbazepine/levetiracetam cohort vs
the non-oxcarbazepine/levetiracetam cohort.

Perampanel dose and treatment

At the end of 12 months of follow-up, 68 patients
(70.8%) continued with perampanel. The mean � SD
maximal daily dose of perampanel for all patients was
4.7 � 1.3 mg/day. The most common dose was 4 mg
(48.5% of 68 patients) (figure 2). This was similar across

the levetiracetam cohort, but the mean maximal
value of perampanel was slightly higher in the older
patients (5.1� 1.4 mg/day) than in the younger patients
(4.1 � 0.96 mg/day). Patients with concomitant oxcar-
bazepine use (4.8 � 1.2 mg/day) required a higher
dosage of perampanel than subjects who did not use
oxcarbazepine (4.5 � 1.4 mg/day) (table 1). However,
these differences in perampanel dosage between
patients in different age cohorts or with/without
oxcarbazepine were not statistically significant.
The most common concomitant AEDs taken by
paediatric patients with refractory epilepsy were
levetiracetam, oxcarbazepine, lamotrigine, valproic
acid and topiramate. Differences in concomitant AEDs,
including lamotrigine, valproic acid and topiramate,
taken by patients in different age cohorts or with/
without oxcarbazepine/levetiracetam were not statisti-
cally significant. The proportion of patients with
concomitant levetiracetam was not significantly differ-
ent between the oxcarbazepine cohort vs the non-
oxcarbazepine cohort. Also, the proportion of

~Table 1. Patient demographics and baseline clinical characteristics according to age and oxcarbazepine
or levetiracetam use.

Age cohort Oxcarbazepine cohort Levetiracetam cohort

2-7
years
(n = 44)

7-14
years
(n = 52)

With
oxcarbazepine
(n = 37)

Without
oxcarbazepine
(n = 59)

With
levetiracetam
(n= 48)

Without
levetiracetam
(n = 48)

Total
(n = 96)

Mean agea, years (SD) 4.8(1.1) 10.5 (1.8) 8.7(3.1) 7.4(3.2) 7.8(2.9) 8.0(3.5) 7.9 (3.2)

Female, n (%) 45 44 40 51 54 37 45

Mean perampanelb

dosage, mg (SD)
4.1 (0.96) 5.1(1.4) 4.8(1.2) 4.5(1.4) 4.6(1.5) 4.6(1.2) 4.7 (1.3)

Type of seizure, n (%)
Focal seizuresc 29 33 32 30 25 37 62
Generalized seizuresd 9 11 1 19 12 8 20
Focal and generalized 6 8 4 10 11 3 14

Aetiology of epilepsy
Genetic 17 3 3 17 12 8 20
Structural 6 10 9 7 8 8 16
Infectious 1 5 1 5 4 2 6
Unknown 20 34 24 30 24 30 54

Most common concomitant AEDs [at least 10% patients], n (%)
Levetiracetam 24(54.5) 24(46.2) 18(48.6) 30(50.8) 48(100) 0 48(50)
Oxcarbazepine 15(34.1) 22(42.3) 37(100) 0(0) 18(37.5) 19(39.6) 37(38.5)
Lamotrigine 13(29.5) 20(38.5) 10(27.0) 23(39.0) 13(27.1) 20(41.7) 33(34.4)
Valproic acid 14(31.8) 17(32.7) 10(27.0) 22(37.3) 12(25.0) 20(41.7) 32(33.3)
Topiramate 17(38.6) 11(21.2) 8(21.6) 20(33.9) 10(20.8) 18(37.5) 28(29.2)

aAge calculated at time of perampanel initiation.
bMaximum perampanel dose.
cFocal seizures include simple seizures without motor signs, simple focal seizures with motor signs, complex focal seizures, and focal to bilateral tonic–
clonic seizures.
dGeneralized seizures include absence, myoclonic, clonic, tonic, tonic–clonic, and atonic astatic seizures.
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patients taking concomitant oxcarbazepinewas similar
between patients with and without levetiracetam.

Effectiveness of perampanel at six and 12 months
of follow-up

We were able to review 81 and 68 patients who
remained on perampanel at six and 12 months,
respectively. The retention rates for perampanel
treatment were 84.4% (six months) and 81.0% (12
months). Fifteen patients discontinued perampanel
within the first six months and one patient discon-
tinued the drug between six and 12 months (figure 1).
The reasons for discontinuation of perampanel were
lack of effectiveness in 8.3% (n = 8), intolerable AEs in
5.2% (n = 5), and aggravation of seizure in 3.1% (n = 3)
of patients. A summary of perampanel effectiveness at
the six- and 12-month follow-up time points is
presented in figure 3. With perampanel treatment,
seizure reduction varied over time, with 46.9% (45/96)
and 51.2% (43/84) of patients showing a�50% response
rate after six months and 12 months of follow-up,
respectively. The number of patients experiencing
complete seizure control increased from 20 (20.8%) at
six months to 23 (27.4%) at 12 months. Nineteen
patients reported periods of seizure freedom lasting
�sixmonths at the final follow-up visit, and one patient
gained seizure freedom at six months, but lost this
status by the 12-month follow-up visit.
The 50% response rates were 34.1% and 57.7% for the
younger and older cohorts after six months of follow-
up (p = 0.037) and 38.5% and 62.2% after 12 months of
follow-up (p = 0.030), respectively. The proportion of
patients with seizure freedom was higher in the
patients aged 7-14 years than in those aged 2-7 years

at both the six-month (28.8% vs 11.4%, p = 0.037) and
the 12-month (35.6% vs 17.9%, p = 0.071) follow-up time
points (figure 3A). Significant differences were ob-
served in responder rates for patients in the different
age cohorts, besides seizure freedom, after 12 months
of follow-up.
There was a similar response between patients who
received oxcarbazepine and those who did not receive
oxcarbazepine (figure 3B). The efficacy of perampanel
varied according to the presence or absence of
concomitant levetiracetam. The 50% response rates
were 58.3% and 43.8% for patients with and without
concomitant levetiracetam, respectively, after six
months of follow-up (p = 0.032), and 63.4% and
39.5%, respectively, after 12 months of follow-up
(p = 0.029). The proportion of patients with seizure
freedom was higher in patients with concomitant
levetiracetam than in those without at the six-month
(29.2% vs 12.5%, p = 0.044) and 12-month (39.0% vs
16.3%, p = 0.019) follow-up time points (figure 3C).

Safety and tolerability

Overall, 22.9% of patients (22/96) had experienced at
least one AE. These were mild or moderate in most
patients, thus no SAEs were reported. Most AEs
occurred within the first 3–6 months, with a few
additional AEs occurring over the remaining follow-up
time (table 2). All AEs improved when perampanel
dosage was tapered or discontinued. The most
frequent AEs were irritability (12 patients, 12.5%),
somnolence (nine patients, 9.4%), and dizziness (seven
patients, 7.3%). Overall, 5.2% of patients discontinued
perampanel due to AEs. Headache and skin allergy
were both reported in five patients (5.2%). Ataxia was
seen in four patients (4.2%). Aggression and fatigue
were reported in three patients (3.1%). Sleep disorders
(i.e., insomnia) and poor appetite were each noted
in one patient (1.0%). AEs were more common
in older patients (30.8%) than younger patients
(13.6%) (p = 0.047). Overall, four patients (7.7%) in
the older cohort discontinued due to AEs, whereas
only one patient (2.3%) in the younger cohort
discontinued because of AEs. AEs were more common
in older than in younger children.
No significant difference in AEs was seen between
patients with and without oxcarbazepine (22.0% and
24.3% of patients, respectively). Levetiracetam has
previously been associated with psychiatric AEs and is
known to induce aggressiveness. In this study, aggression
was present in two patients without concomitant
levetiracetam and in one patient with concomitant
levetiracetam. AEs were more common in patients
without concomitant levetiracetam compared to those
with concomitant levetiracetam (27.0% vs 18.8%),
although this difference was not statistically significant.
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Discussion

In this study, we describe our experience with
perampanel in Chinese paediatric patients. We
designed the study to clarify whether age- and
medication-related factors affect the clinical response
and risk of AEs in patients treated with adjunctive
perampanel. Few studies have addressed this issue.
Our retrospective data analysis demonstrated that
perampanel administered as an adjunctive treatment
in paediatric patients with refractory epilepsy signifi-
cantly reduced seizure frequency, with an acceptable
safety profile. We defined differences in character-
istics and responses to perampanel according to age
and concomitant oxcarbazepine or levetiracetam use.
Biró et al. first reported a retrospective study of
perampanel use in paediatric patients experiencing
refractory epilepsy; they found that the 50% response
rate after the first three months of therapy was 31%,
with complete seizure control occurring in 8.6% of
patients [15]. The results of a multi-centre study
indicated a 50% response rate and a 4.8% seizure-
free rate over a follow-up of 6.6 months [16]. Two trials
with 24 paediatric patients each achieved a response
rate of 42% [17, 18]. The first real-world evaluation in
Asian paediatric neurology clinics indicated that the
rate of 50% seizure reduction was 37.5% and 34.7% at
six and 12months, respectively [19]. A United Kingdom
national multicentre observational study on a hetero-

geneous group of 96 children and adolescents with
drug-resistant epilepsy undergoing PER treatment
reported an overall responder rate of 18.8% for all
seizure types at both six- and 12-month follow-up
periods [20]. Yun et al. reported a higher response rate
of 68%, and a 23% seizure-free rate after an average of
9.2 months of follow-up in a Korean centre [21].
According to these previous studies, the rates of
seizure freedom were 4.8–23% in children and
adolescents, whereas the response rates ranged from
30.3% to 68% in children with refractory epilepsy. We
demonstrated that 20.8% and 27.4% of paediatric
patients achieved seizure freedom, and 46.9% and
51.2% experienced � 50% reduction in seizure
frequency by six and 12 months of follow-up,
respectively. Our effectiveness and retention rates
were high. The use of small increments in perampanel
dose and slow titration in the current study likely
explain differences in the effectiveness and retention
rate outcomes. This is consistent with a previous
finding showing that prescription of perampanel in
patients with refractory epilepsy using a slow titration
schedule facilitated a good retention rate, supporting
seizure freedom [22]. The first open-label, prospective
study in Korea also suggested that titration speed
affects response to treatment, with a slower titration
speed resulting in higher response rates relative to
those using a faster titration speed. Moreover, the
authors showed that slow titration of perampanel

~Table 2. Adverse effects (AEs) reported by patients according to age and oxcarbazepine or levetiracetam use.

Age cohort oxcarbazepine cohort levetiracetam cohort

2-7
years
(n =
44)

7-14
years
(n =
52)

With
oxcarbazepine
(n = 37)

Without
oxcarbazepine
(n = 59)

With
levetiracetam
(n = 48)

Without
levetiracetam
(n = 48)

Total
(n = 96)

No. of AEs (%) 6
(13.6)

16
(30.8)

9 (24.3) 13 (22.0) 9 (18.8) 13 (27.0) 22 (22.9)

AEs leading to perampanel adjustment, n (%)
Dose reduction 0 1 (1.9) 0 1 (1.7)) 1 (2.1) 0 1 (1.0)
Discontinuation 1 (2.3) 4 (7.4) 2 (5.4) 3 (5.1) 1 (2.0) 4 (8.3) 5 (5.2)

Individual AEs in � 1 patient (%)
Irritability 3 (6.8) 9 (17.3) 5 (13.5) 7 (11.9) 5 (10.4) 7 (14.6) 12 (12.5)
Somnolence 2 (4.5) 7 (13.5) 4 (10.8) 5 (8.5) 6 (12.5) 3 (6.3) 9 (9.4)
Dizziness 2 (4.5) 5 (9.6) 4 (10.8) 3 (5.1) 3 (6.3) 4 (8.3) 7 (7.3)
Headache 1 (2.3) 4 (7.7) 2 (5.4) 3 (5.1) 2 (4.2) 3 (6.3) 5 (5.2)
Skin rash 2 (4.5) 3(5.8) 4 (10.8) 1 (1.7) 2 (4.2) 3 (6.3) 5 (5.2)
Ataxia 2 (4.5) 2 (3.8) 1 (2.7) 3 (5.1) 1 (2.1) 3 (6.3) 4 (4.2)
Aggression 1 (2.3) 2 (3.8) 0 3 (5.1) 1 (2.1) 2 (4.2) 3(3.1)
Fatigue 2 (4.5) 1 (1.9) 1 (2.7) 2 (3.4) 3 (6.3) 0 3 (3.1)
Poor appetite 0 1 (1.9) 0 1 (1.7) 0 1 (2.1) 1 (1.0)
Sleep disorder 0 1 (1.9) 1 (2.7) 0 0 1 (2.1) 1 (1.0)
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could improve the effectiveness and safety profile of
perampanel, regardless of concomitant use of
other AEDs [23].
A Phase III study of adjunctive perampanel in patients
aged �12 years established 4 mg/day as the modal
dose for treatment of focal seizures [24]. One post hoc
analysis also indicated that 4 mg/day was the most
common dose for idiopathic generalized epilepsy [25].
The most common dose in our study was also 4 mg/
day; thus, our study confirms that perampanel at 4 mg/
day confers reduced seizure frequency in paediatric
patients. However, there may be little correlation
between dose and age. This was demonstrated in
Study 232 [5] and 311 [6], showing that perampanel
population pharmacokinetic parameters and covariate
effects in children and adolescents were similar to
those in adults.
With respect to safety and AEs, we did not observe any
previously unknown AEs. Themost frequent AEs in our
study were irritability, somnolence, and dizziness,
which were consistent with previous reports [8, 9, 26].
Patients with refractory seizures in our study cohort
demonstrated relatively good tolerance, with a 22.9%
rate of AEs compared with other series in which AEs
were noted in 30.6–67%of patients. All AEs in this study
were transient and mild, and a small percentage of
patients discontinued the study because of AEs related
to perampanel treatment. Aggression was one of the
most common AEs leading to discontinuation which is
consistent with the open-label extension Study 307
[27]. One possible explanation may be the lower
perampanel dosage and slow titration rate used in this
study. Slower titration schedules have been associated
with fewer AEs overall. Similarly, Ettinger et al.
suggested that psychiatric AEs were observed more
frequently during the titration phase [28]. Such
findings imply that increased caution should be
employed during titration of perampanel. The other
possible explanation for fewer AEs may be decreased
verbal expression in the younger cohort, aged
2-7 years, during titration.
Alongside demonstrating real-world effectiveness and
safety, we also attempted to clarify whether age or
medication-related factors are associated with super-
ior clinical responses or a reduced risk of AEs. Few
studies have addressed this issue. Significant differ-
ences were observed concerning the response rates
for patients in the two age cohorts. The response to
perampanel therapy tended to be higher in patients
aged 7-14 years than in the younger cohort aged
2-7 years. This is consistent with previous findings
[15, 16]. Rohracher et al. also reported that the
likelihood of seizure freedom increased with increas-
ing age [8]. Consistent with previous studies [8-10],
younger patients aged 2-7 years had a significantly
reduced risk of AEs compared to older children aged

7-14 years in the present study. Kim et al. demonstrated
that patient characteristics, including age and sex, did
not appear to influence the safety outcomes related to
perampanel [25]. The higher rate of AEs among the
older patients in this study may be attributed to the
slightly faster titration of perampanel and increased
verbal expression in older than younger children
during titration. Notably, in our study, the mean daily
perampanel dose was slightly higher in the cohort with
oxcarbazepine than the cohort without oxcarbaze-
pine. Despite the higher overall perampanel dose in
the oxcarbazepine cohort, the incidence of AEs was
similar across both cohorts with or without oxcarba-
zepine. This is consistent with other reports [6, 24],
which document no differences in risk of AEs between
patients receiving, or not receiving, concomitant
EIASDs. No significant differences were found be-
tween the groups with or without oxcarbazepine in
relation to response rate to perampanel, which is
consistent with prior observational studies showing
that the proportion of responders and seizure-free
rates were similar with or without concomitant EIASDs
[16]. Similar results were reported in three other
studies [29-31]. Moreover, the core Study 311 also
suggested that there was no negative impact of
concomitant EIASDs on perampanel effectiveness [6].
Patients taking concomitant levetiracetam had greater
clinical responses to perampanel than patients without
levetiracetam in our study. A previous study showed that
the 50% response rate for all partial seizures was higher
when levetiracetam was co-administered than when any
of the other three AEDs were used with perampanel [32].
A study of perampanel with concomitant levetiracetam
for patients with drug-resistant epilepsy showed that
perampanel was significantly more effective and seizure-
free status was significantly more frequent in patients
concomitantly using levetiracetam than in those without
levetiracetam [33]. These findings are therefore concor-
dant with those of the present study. The mechanism of
action of levetiracetam is unique among AEDs; it is an
inhibitor of SV2A-mediated neurotransmitter release [12-
14], which has led to the development of new
compounds binding to the SV2A site. Similarly, in vitro
studies have shown that perampanel is a selective AMPA
receptor, involving a novel pharmacological mechanism
[34]. Thus, pharmacokinetic or pharmacodynamic inter-
actions between perampanel and levetiracetam may
account for the better outcome observed in levetirace-
tam-treatedpatients, however, further studies areneeded
to confirm this.
The packaging of perampanel warns of serious
psychiatric and behavioural reactions, including ag-
gression, hostility, irritability, anger, and homicidal
ideation, as required by the Food and Drug Adminis-
tration [4]. Levetiracetam demonstrates a distinct
pattern of association with mood and behavioural
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disorders, including irritability, aggression, agitation,
anxiety, and hyperactivity disorder compared with
other AEDs in paediatric patients with epilepsy [35].
Thus, the risk of AEs, such as irritability and aggression,
is likely to be increased in cases of concomitant
perampanel and levetiracetam. However, in this study,
aggression was present in two patients without
concomitant levetiracetam and in one patient with
levetiracetam. Thus, AEs tended to be more common
in patients who did not have concomitant levetirace-
tam compared to those with levetiracetam (27.0% vs
18.8%), although this difference was not statistically
significant. Consistent with previous studies of per-
ampanel [23, 33, 36], concomitant treatment with
levetiracetam did not tend to affect the incidence of
AEs. No serious AEs related to suicidality were
reported in our study.

Limitations

There were some limitations in our study. Firstly, this
was a retrospective observational study that included a
relatively small cohort of patients with refractory
epilepsy. Secondly, the study lacked randomization
and a control group. Thirdly, the durationof observation
and dose of perampanel may have limited our
evaluation in some patients. However, this study
demonstrated the effectiveness and safety of perampa-
nel therapy in Chinese mainland children
and adolescents, which had not been reported previ-
ously. Thus, the study findings contribute to the existing
knowledge on the effectiveness and tolerability of
perampanel in cohorts of different age, as well as
concomitant use of oxcarbazepine and levetiracetam.

Conclusion

The effectiveness and safety data reported here
demonstrate that adjunctive perampanel treatment
is efficacious and well-tolerated in paediatric patients
(aged 2-14 years) with refractory epilepsy. These
findings support the potential of perampanel as a
treatment option for children and adolescent patients
with drug-resistant epilepsy. &

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) Which of the following anti-epileptic drugs does NOT induce perampanel metabolism?
A. Carbamazepine
B. Oxcarbazepine
C. Levetiracetam

(2) What is the difference in effectiveness and safety between perampanel with concomitant levetiracetam and
without levetiracetam in paediatric patients with refractory epilepsy based on the current study?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.

R. Qu, et al.

864 • Epileptic Disord, Vol. 23, No. 6, December 2021



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


