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ABSTRACT
Objective. Pathogenic mutations in refractory childhood epilepsy are being
increasingly discovered. In this study, we analysed the efficacy and tolerability
of perampanel as treatment for genetically-related refractory childhood
epilepsy.
Methods. This prospective study, conducted in China, included 50 patients with
refractory epilepsy of genetic aetiology, who were treated with adjunctive
perampanel therapy. Perampanel treatment was considered effective when the
seizure frequency was reduced by >50%. Perampanel treatment was evaluated
over at least nine months, from January 2020.
Results. A total of 184 paediatric patients with refractory epilepsy received add-
on perampanel therapy, and of these, 128 received treatment for�nine months
and underwent genetic analysis. Fifty children were identified with pathogenic
or likely pathogenic variants. A total of 24 different causative monogenic
mutations were found, and the most common causative monogenic variants
were observed in the SCN1A gene (n = 15). The mean maximal dose of
perampanel was 3.4�1.2 mg/day in responders. The response rates to
perampanel in children with genetically-related refractory epilepsy (n=50)
were 68.0%, 58.0%, and 46.0% at three, six and nine months post-initiation,
respectively. Adverse events were reported in 23 patients (46.0%) with genetic
aetiology. Somnolence, ataxia, and irritability were the most common adverse
events. The response rates to perampanel in children with pathogenic or likely
pathogenic variants associated with Dravet syndrome, tuberous sclerosis,
mitochondrial encephalopathy with lactic acidosis and stroke-like episodes,
Rett syndrome, and dentatorubral-pallidoluysian atrophy were high.
Significance.A lowmaintenance dose of perampanelmay be effective andwell-
tolerated as adjunctive treatment in children with refractory epilepsy of genetic
aetiology.
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Epilepsy is a common neurological
disease in children. Around 30% of
individuals with epilepsy remain unre-
sponsive to current medical treatments
[1]. The common aetiologies of drug-
resistant epilepsy include genetic,
structural, and unknown origins [2].

Nearly 40% of epilepsy is genetic [3].
Thus, it is important to identify safe and
effective anti-seizure medications
(ASMs), particularly in the setting of
adjunctive treatment [4].
Perampanel is a structurally novel,
selective, non-competitive AMPA-type
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glutamate receptor antagonist. It is a third-generation
ASM used for focal-onset seizures (FOS), with or
without focal to bilateral tonic-clonic seizures
(FBTCS), in patients �four years of age (monotherapy
and adjunctive therapy), and for generalized tonic-
clonic seizures (GTCS) in patients with epilepsy aged
12 years and above in multiple countries around the
world [5]. In September 2019, perampanel was
approved as an adjunctive therapy for the treatment
of FOS, with or without FBTCS, in patients aged 12
years and older in China. Biró et al. conducted the
first clinical trial for the use of perampanel in patients
aged 2-17 years with refractory epilepsies, which
revealed that perampanel is effective in paediatric
patients with refractory epilepsy with acceptable
tolerability [6]. A retrospective study demonstrated
the efficacy and tolerability of perampanel in patients
aged 0-6 years (mean age: 4 � 1.6 years) with
intractable epilepsy [7]. Other studies [8, 9] have
provided clinical evidence indicating that perampa-
nel may be a broad-spectrum ASM for various seizure
types. Moreover, perampanel has not been found to
aggravate any type of epilepsy, including myoclonic
seizures or absences [8, 9]. However, the current
literature focuses on one particular genetic aetiology
[10-13].
In this study, we analysed and compared responses to
perampanel between patients with various genetic
aetiologies. This prospective study aimed to evaluate
the efficacy and tolerability of perampanel in paediat-
ric patients with intractable epilepsy, and compare the
effects of perampanel according to the different types
of genetic mutations.

Materials and methods

Patients

Thisprospectivestudywasconductedbetween January
2020 and June 2021 at two centres: the Department of
Paediatric Neurology, Children’s Hospital of Soochow
University and the Affiliated Hospital of Xuzhou
Medical University. The Institutional Review Board
approved the study, and all the parents of the patients
provided written informed consent before participa-
tion.Sinceperampanel isonlyapprovedby theChinese
Food and Drug Administration for the treatment of
seizures in patients aged 12 years and above, informed
consent was obtained for the off-label use of perampa-
nel for patients <12 years.
Patients were enrolled based on the following
inclusion criteria:
� age 2-14 years and failure to achieve seizure
freedom with �two ASMs before perampanel
treatment;

� initation of perampanel therapy from January 2020
to June 2021, with a minimum observation period of
nine months;
� and specific genetic aetiology determined through
karyotyping, mtDNA sequencing, epilepsy gene
panels, fragment analysis, chromosomal microarray,
whole-exome sequencing, or trio- whole-exome
sequencing.

The exclusion criteria were as follows:
� a proven aetiology other than genetic aetiology,
such as infectious, structural, or immune
encephalopathies;
� or incomplete data or unsuccessful patient contact.

Collected data

The following data were collected at baseline: age at
epilepsy onset, age at perampanel initiation, seizure
and epilepsy type, the number of concomitant ASMs,
epilepsy syndrome, the specific genetic aetiology, and
personal and family medical histories. In case of any
queries, adverse events (AEs), or other clinical
problems, the parents contacted us. We evaluated
seizure frequency and AEs. Seizure frequency was
calculated every three months after perampanel
initiation. Efficacy was evaluated after three, six and
nine months of perampanel treatment and at the last
follow-up visit. Reduction in seizure frequency was
calculated relative to seizure frequency three months
prior to perampanel initiation. The efficacy endpoint
was the proportion of responders (patients with�50%
seizure reduction from baseline). Further, we com-
pared the responses to perampanel between paediat-
ric patients with different identified mutations.

Data analysis

Continuous variables were presented as mean �
standard deviation (SD). Categorical variables were
represented as frequency and percentage. The Chi-
square test or Fischer’s exact test was used for the
analysis of the between-group differences in discrete
variables. P values <0.05 were considered statistically
significant. Statistical analyses were performed using
SPSS version 25 software (IBM Corp., Armonk, NY,
USA).

Results

Demographic and baseline characteristics

A total of 184 paediatric patients aged 2-14 years, who
experienced pharmacoresistant epilepsy, underwent
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treatment with adjunctive perampanel from January
2020 to June 2021. Among these, 128 children, who
underwent genetic testing, were included in the
analysis. Fifty children were identified to have
pathogenic or likely pathogenic mutations. Twenty-
four different causative monogenic mutations were
found in these 50 patients. The pathogenic or likely
pathogenic mutations affected genes that included
SCN1A (15), MT-TL1 (4), MECP2 (3), SCN2A (3), TSC2
(3), CDKL5 (2), TSC1 (2), ADGRG1 (1), ALG13 (1), ASPM
(1), ATP1A3 (1), GABRG2 (1), GRIN2A(1), IQSEC2 (1),
PCDH19 (1), PIK3R2 (1), RHOBTB2 (1), SCN8A (1),
SLC12A3 (1), SMARCA4 (1), STXBP1 (1), THRA (1), TPP1
(1) andCAG tri-nucleotide repeat in the ATN1 gene (2)
(figure 1).
Of the 50 pathogenic or likely pathogenic variants, 31
(62.0%) were de novo, and the remaining 19 (38.0%)
were hereditary mutations. There were 15 patients
with Dravet syndrome, five with tuberous sclerosis
complex (TSC), and four with mitochondrial ence-
phalomyopathy, lactic acidosis, and stroke-like epi-
sodes (MELAS). Four patients with refractory epilepsy
associated with MELAS syndrome had inherited it

from their mothers. However, the mothers of these
patients with MELAS were asymptomatic even with
mutant mtDNA (three mutations corresponded to
m.3243A>G, and one to m.3252A>G). Additionally, two
patients were diagnosed with Rett syndrome and both
carried MECP2 variants. Two patients were brothers
and suffered from DRPLA, confirmed by the presence
of a CAG tri-nucleotide repeat in the ATN1 gene. Two
patients had Lennox-Gastaut syndrome. The remain-
ing 19 children were diagnosed with unclassified
refractory epilepsy with pathogenic or likely patho-
genic variants.
In total, 50 paediatric patients with refractory epilepsy
of genetic aetiology were included in the analysis (26
girls; aged 2-14 years, mean: 6.7 � 2.7 years) (table 1).
All patients had complete data from �nine months of
follow-up. The average number of concomitant ASMs
was 2.2 � 0.9. The most common concomitant ASMs
taken by patients were levetiracetam (n = 32 [64.0%]),
topiramate (n = 22 [44.0%]) and valproic acid (n = 21
[42.0%]). The average loading dose of perampanel was
3.4 � 1.2 mg/day in all patients with genetic aetiology,
depending on the clinical response (table 1).

SCN1A (30.0%)

SCN2A (6.0%)
TSC2 (6.0%)
ATN1 (4.0%)

MT-TL1 (8.0%)
MECP2 (6.0%)

CDKL5 (4.0%)
TCS1 (4.0%)
ADGRG1 (2.0%)
ALG13 (2.0%)
ASPM (2.0%)
ATP1A3 (2.0%)
GABRG2 (2.0%)
GRIN2A (2.0%)
IQSEC2 (2.0%)
PCDH19 (2.0%)
PIK3R2 (2.0%)
RHOBTB2 (2.0%)
SCN8A (2.0%)
SLC12A3 (2.0%)
SMARCA4 (2.0%)
STXBP1 (2.0%)
THRA (2.0%)
TPP1 (2.0%)

& Figure 1. The pathogenic or likely pathogenicmutations in childrenwith refractory epilepsywho received
perampanel treatment.
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Efficacy of perampanel

The mean duration of follow-up was 13.6 months
(range: 9-24). Of the 50 paediatric patients with
refractory epilepsy of genetic aetiology, 34 (68.0%)
patients responded to perampanel at threemonths, 29
(58.0%) responded at six months and 23 (46.0%)
responded at nine months (figure 2). Four patients
discontinued perampanel within the first three
months, six between 3-6 months, and six between
6-9months (figure 2). A lack of efficacy in 81.2% (n = 13)
patients and intolerability of AEs in 18.8% (n = 3)
patients were the main reasons for drug discontinua-
tion. At the last follow-up visit, 23 patients (46.0%)

were considered responders and 27 patients (54.0%),
who showed <50% seizure reduction, were consid-
ered non-responders. No statistically significant
differences in clinical variables, such as age at
perampanel initiation, sex, average loading dose of
perampanel, seizure type, and number of concomi-
tant ASMs, were identified between responders and
non-responders (table 1).
In the subset of patients with Dravet syndrome with
SCN1A mutations, we observed 73.3%, 66.7% and
60.0% efficacy at three, six and nine months of
perampanel treatment, respectively. The response
rates were 60.0% (3/5), 60.0% (3/5) and 60.0% (3/5) in
patients with TSC, respectively. In the four patients

~Table 1. Demographics of children with refractory epilepsy of genetic aetiology, and comparison between
responders and non-responders to perampanel at the last follow-up visit.

Total
(n = 50)

Responders
(n = 23)

Non-responders
(n = 27)

p value

Mean agea, years (SD) 6.7 (2.7) 6.8 (2.7) 6.6 (2.7) 0.789

Female, n (%) 26 (52%) 12 (52.2%) 14 (51.9%) 0.982

Mean perampanelb dosage, mg (SD) 3.4 (1.2) 3.3 (1.1) 3.4 (1.2) 0.675

Seizure types, n (%)

Focal aware without motor signs 9 (18.0%) 4 (17.4%) 5 (18.5%) 0.918

Focal aware with motor signs 15 (30.0%) 7 (30.4%) 8 (29.6%) 0.951

Focal impaired awareness 19 (38.0%) 9 (39.1%) 11 (40.7%) 0.908

Focal with FBTCs 18 (36.0%) 10 (43.5%) 8 (29.6%) 0.309

GTCS 16 (32.0%) 8 (34.8%) 8 (29.6%) 0.697

Atypical absence 11 (22.0%) 5 (21.7%) 6 (22.2%) 0.967

Myoclonic 16 (32.0%) 7(30.4%) 9 33.3%) 0.827

Clonic 9 (18.0%) 3 (13.0%) 6(22.2%) 0.400

Tonic 10 (20.0%) 4 (17.4%) 6 (22.2%) 0.670

Epileptic spasms 6 (12.0%) 2 (8.7%) 4 (14.8%) 0.906

Mean number of concomitant ASMs, n (SD) 2.2 (0.9) 2.1 (0.8) 2.3 (0.9) 0.429

Most common concomitant ASMs (at least 10% patients), n (%)

Levetiracetam 32 (64.0%) 15 (65.2%) 17 (63.0%) 0.869

Topiramate 22 (44.0%) 9 (39.1%) 13 (48.1%) 0.522

Valproic acid 21 (42.0%) 9 (39.1%) 12 (44.4%) 0.704

Oxcarbazepine 12 (24.0%) 6 (26.1%) 6 (22.2%) 0.750

Lamotrigine 12 (24.0%) 4 (17.4%) 7 (25.9%) 0.468

aAge calculated at the date of perampanel initiation.
bMaximum perampanel dose.
ASM: anti-seizure medication; FBTCS: focal to bilateral tonic-clonic seizure; GTCS: generalized tonic-clonic seizure; SD: standard deviation.
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with refractory epilepsy associated with MELAS
syndrome in our study, we observed response rates
of 75.0% (3/4), 75.0% (3/4) and 50.0% (2/4) after three,
six, and nine months of perampanel treatment,
respectively. In addition, two patients with Rett
syndrome and two with DRPLA had good responses
to adjunctive perampanel treatment at the nine-
month follow-up visit. In particular, two patients with
DRPLA suffered daily myoclonic seizures, weekly
GTCS, and ataxia, followed by neurological and

intellectual deterioration. Remarkably, their myoclon-
ic seizures had almost stopped, and the frequency of
GTCS reduced following low-dose perampanel treat-
ment. The efficacy of the treatment was maintained
for >nine months (figure 3).

Safety and tolerability of perampanel

Overall, 23 patients (46.0%) reported eight types of AEs
(figure 4A). Most AEs occurred within eight weeks

All patients taking PER with refractort epsy
n = 184

Patients taking PER with refractoty

epilepsy of genetic aetiology, n = 50

3 months

6 months

9 months

Responders: 34/50 (68.0%)

Responders: 29/50 (58.0%)

Responders: 23/50 (46.0%)

Patients withdrawn, n = 4
Lack pf efficacy 2

Lack pf efficacy 5

Lack pf efficacy 6

Withdrawal due to AEs 2

Patients withdrawn, n = 6

Withdrawal due to AEs 1

Patients withdrawn, n = 6

& Figure 2. Response to perampanel after three, six and nine months in patients with childhood refractory
epilepsy of genetic aetiology.
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& Figure 3. Response to perampanel in patients with childhood refractory epilepsywith pathogenic or likely
pathogenic genetic mutations (�two patients/mutation) at three, six and nine months of follow-up.
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after the initiation of perampanel. All AEs improved
when the perampanel dosage was tapered or dis-
continued. The most frequent AEs were somnolence
(14 patients, 28.0%), ataxia (eight patients, 16.0%) and
irritability (six patients, 12.0%). Overall, 6.0% patients
discontinued perampanel due to AEs. Fatigue was
seen in three patients (6.0%), aggression and dizziness
were both reported in two patients (4.0%), and sleep
disorders (i.e., insomnia) and weight gain were noted
in one patient (2.0%). Over 60% patients (14/23, 60.9%)
reported their treatment-related AEs at a perampanel
dose of 2 mg/day or less (figure 4B). Twenty patients,
who experienced some AEs at least once, maintained
perampanel until their last visit. Among the patients,
symptoms improved in three when the dose was
reduced, while the rest maintained the same dose.

Aggression, ataxia, and somnolence were the main
reasons for perampanel dose reduction and
discontinuation.

Discussion

Refractory epilepsy in children is a broad phenotypic
spectrum with genetic heterogeneity [14]. To date,
more than 500 genes have been implicated in epilepsy
[15, 16]. In our study, perampanel was found to be
effective for childhood refractory epilepsy of genetic
aetiology with response rates at three, six and nine
months of 68.0%, 58.0%, and 46.0%, respectively.
Therefore, the efficacy of perampanel treatment in
genetically-related refractory childhood epilepsy was
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good. Patients presentedwith almost any seizure type,
including FOS, atypical absence, clonic, tonic, myo-
clonic, or GTCS. We suggest that perampanel may
effectively treat all types of seizures in childhood
refractory epilepsy with genetic aetiology. A previous
study showed that perampanel treatment improves
many different types of seizures in paediatric patients
with Dravet syndrome, including FOS with impaired
awareness, GTCS, and myoclonic seizures [10]. We
speculate that the efficacy of perampanel in child-
hood refractory epilepsy with genetic aetiology may
not be associated with a specific seizure type, but with
the underlying disease itself. Perampanel targets
glutamate activity at AMPA receptors located in the
postsynaptic membranes, thereby reducing neuronal
hyperexcitation associated with seizures [17]. More-
over, it shortens the after-discharge duration and
prolongs the latency of generalized seizure onset [18].
Our study indicates that perampanel might have
broad-spectrum anti-seizure effects.
Patients with various pathogenic mutations who had
Dravet syndrome, TSC, MELAS, Rett syndrome, or
DRPLA showed better responses to perampanel. In
patients with Dravet syndrome, the response rates
were 73.3%, 66.7% and 60.0 % after three, six and nine
months of perampanel treatment, respectively. Previ-
ous studies have shown high response rates to
perampanel in children with Dravet syndrome after
short- and long-term follow-up, similar to the rates
observed in our study. The response rates reached
50% and 80%during aminimumobservation period of
three months [6, 19]. Children with Dravet syndrome
may achieve 50-66.7% seizure reduction using per-
ampanel treatment after one or nearly one year [7, 10].
Here, all patients withDravet syndromehad an SCN1A
gene mutation. The SCN1A gene is mainly expressed
in somatic cells, in neurons of the central nervous
system. It encodes the alpha-subunit of neuronal
voltage-gated sodium ion channels, type one (NaV 1.1)
[12]. SCN1A mutations can affect Nav1.1 channel
expression and impair neuronal activity, causing
Dravet syndrome [20]. AMPAR antagonistsmay reduce
seizure frequency by attenuating impaired GABAergic
transmission in Dravet syndrome [7]. This suggests
that perampanel treatment is effective for SCN1A-
related epilepsy, however, further studies are
warranted.
TSC is an autosomal dominant disorder, of which
epilepsy is one of the most common clinical
manifestations, affecting 80-90% of patients, and is
refractory in up to 75% of cases [10]. According to
previous studies [7, 21], perampanel reduced seizure
frequency by more than 50% in five of seven patients
(71.4%) with TSC. Moreover, efficacy in four patients
(57.1%) was sustained after one year. All patients had a
pathogenic or likely pathogenic variant, including one

mutation in TSC1 and six in TSC2. Previous studies
have provided evidence for glutamatergic dysregula-
tion in TS; neuron-specific knockout of TSC1may lead
to activation of AMPA receptors [22]. Perampanel
might attenuate neuronal excitability by inhibiting
AMPA current to control seizures in TSC. MELAS is an
inherited, mitochondrial disease, usually caused by
m.3243A>Gmutation and is characterized by seizures,
lactic acidosis, vomiting, headache and recurrent
stroke-like episodes [23, 24]. Seizures occur in 71-
96% of patients withMELAS [25]. MELAS includes FOS,
FBTCS, epilepsia partialis continua, and generalized
seizures [13, 26]. The findings of our study indicate
that perampanel may be an effective option for
treating refractory epilepsy associated with MELAS
syndrome. This is consistent with a previous study
which reported a favourable experience with per-
ampanel as treatment for three cases of status
epilepticus in patients with mitochondrial disorders
[13]. Shiraishi et al. [11] reported a paediatric patient
with DRPLA who had a remarkable clinical outcome
with a low dose of perampanel. The seizures and
myoclonus were eliminated in this patient, along with
improvement in activities of daily living. Oi et al. [27]
reported 16 Japanese patients with progressive
myoclonic epilepsies, including two DRPLA patients,
who received treatment of low-dose perampanel after
several months of follow-up. They described clinical
improvement inmyoclonus and scores for activities of
daily living in two DRPLA patients. It is speculated that
the AMPA system is responsible for the pathogenesis
of DRPLA, and that perampanel plays a role in the
excitatory neurotransmission process in patients with
DRPLA [12]. Low-dose perampanel improves refracto-
ry cortical myoclonus, which may be because it
disperses and inhibits paroxysmal depolarization
transfer in the sensorimotor cortex and reduces the
synchronous firing degree of postsynaptic neurons in
motor efferent pathways [27]. Therefore, perampanel
could be an effective treatment for patients with
DRPLA.
In the present study, AEs and related ASM discontin-
uation or dose reduction accounted for 46.0% and
12.0% of the cohort, respectively. We also recognize
that many AEs were reported during low-dose
perampanel use. The average dose of perampanel
associated with the occurrence of AEs was 2.8 mg/day.
Fourteen patients (14/23, 60.9%) reported AEs at 2 mg/
day or less. We infer that a high burden of concomi-
tant ASMs influenced these events. Furthermore, in
clinical practice, careful observation is required for
the initiation of perampanel in patients with multiple
ASMs.
Leading AEs were somnolence (28.0%), ataxia (16.0%)
and irritability (12.0%), which is consistent with
previous findings [28, 29]. Ataxia is considered to be
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caused by cerebellar/brainstem dysfunction, resulting
from perampanel, which may inhibit excitatory
neurotransmission [30]. Somnolence was another
characteristic sedative AE associated with perampanel
treatment. Irritability and aggression were two psy-
chiatric AEs significantly associated with perampanel,
and the inhibitory effect of perampanel on glutama-
tergic transmission through the AMPA receptor may
lead to these side effects [7, 31].

Conclusion

Low-dose perampanel may be an effective treatment
for genetically-related refractory childhood epilepsy
that is well-tolerated among this patient population in
daily clinical practice. Furthermore, perampanel
treatment may be promising for children with
refractory epilepsy with Dravet syndrome, TSC,
MELAS, Rett syndrome, and DRPLA caused by
pathogenic or likely pathogenic mutations. Future
research is warranted to fully elucidate the efficacy of
perampanel in this patient population. &

Key points
� We analysed the efficacy and tolerability of
perampanel as treatment for genetically-related
refractory childhood epilepsy.

� Response rates to perampanel in children with
genetic refractory epilepsy were 68.0%, 58.0%
and 46.0% at three, six and nine months.

� A low maintenance dose of perampanel may be
effective and well-tolerated as an adjunctive
treatment in children with refractory epilepsy.

&
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www.epilepticdisorders.com.

Acknowledgements and disclosures.
The authors would like to thank the patients who participated in
this study and their families, as well as all the study investigators
and their respective teams.
The authors have no conflict of interest to declare.

Funding.
This work was supported by the National Natural Science
Foundation of China (grant number: 82171441), the Natural
Science Foundation of Jiangsu Province (General) Project (grant
number: BK20201175), the Six Talent Peaks Project in Jiangsu
Province (grant number: WSN-028), and the Clinical Diagnosis
and Treatment of Key Diseases in Suzhou (grant number:
LCZX201810).

References

1. MohanM, Keller S, Nicolson A, Biswas S, Smith D, Osman
Farah J, et al. The long-term outcomes of epilepsy surgery.
PLoS One 2018; 13: e0196274.

2. Aneja S, Jain P. Refractory epilepsy in children. Indian J
Pediatr 2014; 81: 1063-72.

3. Guerrini R, Noebels J. How can advances in epilepsy
genetics lead to better treatments and cures? Adv Exp Med
Biol 2014; 813: 309-17.

4. Beghi E, Giussani G, Sander JW. The natural history and
prognosis of epilepsy. Epileptic Disord 2015; 17: 243-53.

5. Fycompa prescribing information, 2020. http://www.
fycompa.com/-/media/Files/Fycompa/Fycompa_Prescribin-
g_Information.pdf

6. Biró A, Stephani U, Tarallo T, Bast T, Schlachter K, Fleger
M, et al. Effectiveness and tolerability of perampanel in
children and adolescents with refractory epilepsies: first
experiences. Neuropediatrics 2015; 46: 110-6.

7. Chang FM, Fan PC, Weng WC, Chang CH, Lee WT. The
efficacy of perampanel in young children with drug-resistant
epilepsy. Seizure 2020; 75: 82-6.

8. Steinhoff BJ, Patten A, Williams B, Malhotra M. Efficacy
and safety of adjunctive perampanel 4 mg/d for the
treatment of focal seizures: a pooled post hoc analysis of
four randomized, double-blind, phase III studies. Epilepsia
2020; 61: 278-86.

9. Potschka H, Trinka E. Perampanel: does it have
broad-spectrum potential? Epilepsia 2019; 60(Suppl 1): 22-36.

10. Yoshitomi S, Takahashi Y, Yamaguchi T, Imai K, Ishii A,
Hirose S, et al. Efficacy and tolerability of perampanel in
pediatric patients with Dravet syndrome. Epilepsy Res 2019;
154: 34-8.

11. Shiraishi H, Egawa K, Ito T, Kawano O, Asahina N,
Kohsaka S. Efficacy of perampanel for controlling seizures
and improving neurological dysfunction in a patient with
dentatorubral-pallidoluysian atrophy (DRPLA). Epilepsy
Behav Case Rep 2017; 8: 44-6.

12. Huang W, Liu M, Yan SF, Yan N. Structure-based
assessment of disease-related mutations in human volt-
age-gated sodium channels. Protein Cell 2017; 8: 401-38.

13. SantamarinaE,AlpuenteA,MaisterraO,SueirasM,SarriaS,
Guzman L, et al. Perampanel: A therapeutic alternative in
refractorystatusepilepticusassociatedwithMELASsyndrome.
Epilepsy Behav Case Rep 2019; 11: 92-5.

14. Liu J, Tong L, Song S, Niu Y, Li J, Wu X, et al.Novel and de
novo mutations in pediatric refractory epilepsy. Mol Brain
2018; 11: 48. Erratum in: Mol Brain 2018; 11: 59.

15. Wang J, Lin ZJ, Liu L, XuHQ, Shi YW, Yi YH, et al. Epilepsy-
associated genes. Seizure 2017; 44: 11-20.

16. Weber YG, Biskup S, Helbig KL, Von Spiczak S,
Lerche H. The role of genetic testing in epilepsy
diagnosis and management. Expert Rev Mol Diagn 2017;
17: 739-50.

R. Qu, et al.

694 • Epileptic Disord, Vol. 24, No. 4, August 2022

http://www.epilepticdisorders.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=29768433
https://www.ncbi.nlm.nih.gov/pubmed/?term=29768433
https://www.ncbi.nlm.nih.gov/pubmed/?term=29768433
https://www.ncbi.nlm.nih.gov/pubmed/?term=25106842
https://www.ncbi.nlm.nih.gov/pubmed/?term=25106842
https://www.ncbi.nlm.nih.gov/pubmed/?term=25012387
https://www.ncbi.nlm.nih.gov/pubmed/?term=25012387
https://www.ncbi.nlm.nih.gov/pubmed/?term=25012387
https://www.ncbi.nlm.nih.gov/pubmed/?term=26234761
https://www.ncbi.nlm.nih.gov/pubmed/?term=26234761
http://www.fycompa.com/-/media/Files/Fycompa/Fycompa_Prescribing_Information.pdf
http://www.fycompa.com/-/media/Files/Fycompa/Fycompa_Prescribing_Information.pdf
http://www.fycompa.com/-/media/Files/Fycompa/Fycompa_Prescribing_Information.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=25730374
https://www.ncbi.nlm.nih.gov/pubmed/?term=25730374
https://www.ncbi.nlm.nih.gov/pubmed/?term=25730374
https://www.ncbi.nlm.nih.gov/pubmed/?term=25730374
https://www.ncbi.nlm.nih.gov/pubmed/?term=31901668
https://www.ncbi.nlm.nih.gov/pubmed/?term=31901668
https://www.ncbi.nlm.nih.gov/pubmed/?term=31901668
https://www.ncbi.nlm.nih.gov/pubmed/?term=31944276
https://www.ncbi.nlm.nih.gov/pubmed/?term=31944276
https://www.ncbi.nlm.nih.gov/pubmed/?term=31944276
https://www.ncbi.nlm.nih.gov/pubmed/?term=31944276
https://www.ncbi.nlm.nih.gov/pubmed/?term=31944276
https://www.ncbi.nlm.nih.gov/pubmed/?term=29953584
https://www.ncbi.nlm.nih.gov/pubmed/?term=29953584
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035242
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035242
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035242
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035242
https://www.ncbi.nlm.nih.gov/pubmed/?term=28856097
https://www.ncbi.nlm.nih.gov/pubmed/?term=28856097
https://www.ncbi.nlm.nih.gov/pubmed/?term=28856097
https://www.ncbi.nlm.nih.gov/pubmed/?term=28856097
https://www.ncbi.nlm.nih.gov/pubmed/?term=28856097
https://www.ncbi.nlm.nih.gov/pubmed/?term=28150151
https://www.ncbi.nlm.nih.gov/pubmed/?term=28150151
https://www.ncbi.nlm.nih.gov/pubmed/?term=28150151
https://www.ncbi.nlm.nih.gov/pubmed/?term=30834194
https://www.ncbi.nlm.nih.gov/pubmed/?term=30834194
https://www.ncbi.nlm.nih.gov/pubmed/?term=30834194
https://www.ncbi.nlm.nih.gov/pubmed/?term=30834194
https://www.ncbi.nlm.nih.gov/pubmed/?term=28007376
https://www.ncbi.nlm.nih.gov/pubmed/?term=28007376
https://www.ncbi.nlm.nih.gov/pubmed/?term=28548558
https://www.ncbi.nlm.nih.gov/pubmed/?term=28548558
https://www.ncbi.nlm.nih.gov/pubmed/?term=28548558
https://www.ncbi.nlm.nih.gov/pubmed/?term=28548558


17. Plosker GL. Perampanel: as adjunctive therapy in patients
with partial-onset seizures. CNS Drugs 2012; 26: 1085-96.

18. Wu T, Ido K, Ohgoh M, Hanada T. Mode of seizure
inhibition by sodium channel blockers, an SV2A ligand, and
an AMPA receptor antagonist in a rat amygdala kindling
model. Epilepsy Res 2019; 154: 42-9.

19. 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.

20. Bender AC, Morse RP, Scott RC, Holmes GL, Lenck-
Santini PP. SCN1A mutations in Dravet syndrome: impact of
interneuron dysfunction on neural networks and cognitive
outcome. Epilepsy Behav 2012; 23: 177-86.

21. De Liso P, Vigevano F, Specchio N, De Palma L, Bonanni
P, Osanni E, et al. Effectiveness and tolerability of perampa-
nel in children and adolescents with refractory epilepsies –
An Italian observationalmulticenter study. Epilepsy Res 2016;
127: 93-100.

22. Wang Y, Greenwood JS, Calcagnotto ME, Kirsch HE,
Barbaro NM, Baraban SC. Neocortical hyperexcitability in a
human case of tuberous sclerosis complex and mice lacking
neuronal expression of TSC1. Ann Neurol 2007; 61: 139-52.

23. Ng YS, Bindoff LA, Gorman GS, Horvath R, Klopstock T,
Mancuso M, et al. Consensus-based statements for the
management of mitochondrial stroke-like episodes. Well-
come Open Res 2019; 4: 201.

24. Chen H, Hu Q, Raza HK, Chansysouphanthong T, Singh
S, Rai P, et al. An analysis of the clinical and imaging features

of mitochondrial encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS). Somatosens Mot Res 2020;
37: 45-9.

25. Finsterer J. Manifestations of the mitochondrial A3243G
mutation. Int J Cardiol 2009; 137: 60-2.

26. Chevallier JA, Von Allmen GK, Koenig MK. Seizure
semiology and EEG findings in mitochondrial diseases.
Epilepsia 2014; 55: 707-12.

27. Oi K, Neshige S, Hitomi T, Kobayashi K, Tojima M,
Matsuhashi M, et al. Lowdose perampanel improves
refractory cortical myoclonus by the dispersed and sup-
pressed paroxysmal depolarization shifts in the sensorimo-
tor cortex. Clin Neurophysiol 2019; 130: 1804-12.

28. Steinhoff BJ, Hamer H, Trinka E, Schulze-Bonhage A,
Bien C, Mayer T, et al. A multicenter survey of clinical
experiences with perampanel in real life in Germany and
Austria. Epilepsy Res 2014; 108: 986-8.

29. Andres E, Kerling F, Hamer H, Kasper B, Winterholler M.
Behavioural changes in patients with intellectual disability
treated with perampanel. Acta Neurol Scand 2017; 136:
645-53.

30. Zaccara G, Giovannelli F, Cincotta M, Verrotti A, Grillo E.
The adverse event profile of perampanel: meta-analysis of
randomized controlled trials. Eur J Neurol 2013; 20:
1204-11.

31. Hansen CC, Ljung H, Brodtkorb E, Reimers A. Mecha-
nisms underlying aggressive behavior induced by antiepi-
leptic drugs: focus on topiramate, levetiracetam, and
perampanel. Behav Neurol 2018; 2018: 2064027.

TEST YOURSELF

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

(2)What were themost frequent adverse events found among patients treatedwith perampanel in the current study?
A. Somnolence
B. Irritability
C. Vomiting

(3) What factors were found to be irrelevant between responders and non-responders?
A. Sex
B. Number of concomitant ASMs
C. Pathogenic or likely pathogenic mutant gene types

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

Perampanel in refractory childhood epilepsy

Epileptic Disord, Vol. 24, No. 4, August 2022 • 695

https://www.ncbi.nlm.nih.gov/pubmed/?term=23179642
https://www.ncbi.nlm.nih.gov/pubmed/?term=23179642
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035244
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035244
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035244
https://www.ncbi.nlm.nih.gov/pubmed/?term=31035244
https://www.ncbi.nlm.nih.gov/pubmed/?term=30032806
https://www.ncbi.nlm.nih.gov/pubmed/?term=30032806
https://www.ncbi.nlm.nih.gov/pubmed/?term=30032806
https://www.ncbi.nlm.nih.gov/pubmed/?term=30032806
https://www.ncbi.nlm.nih.gov/pubmed/?term=30032806
https://www.ncbi.nlm.nih.gov/pubmed/?term=22341965
https://www.ncbi.nlm.nih.gov/pubmed/?term=22341965
https://www.ncbi.nlm.nih.gov/pubmed/?term=22341965
https://www.ncbi.nlm.nih.gov/pubmed/?term=22341965
https://www.ncbi.nlm.nih.gov/pubmed/?term=27568598
https://www.ncbi.nlm.nih.gov/pubmed/?term=27568598
https://www.ncbi.nlm.nih.gov/pubmed/?term=27568598
https://www.ncbi.nlm.nih.gov/pubmed/?term=27568598
https://www.ncbi.nlm.nih.gov/pubmed/?term=27568598
https://www.ncbi.nlm.nih.gov/pubmed/?term=17279540
https://www.ncbi.nlm.nih.gov/pubmed/?term=17279540
https://www.ncbi.nlm.nih.gov/pubmed/?term=17279540
https://www.ncbi.nlm.nih.gov/pubmed/?term=17279540
https://www.ncbi.nlm.nih.gov/pubmed/?term=32090171
https://www.ncbi.nlm.nih.gov/pubmed/?term=32090171
https://www.ncbi.nlm.nih.gov/pubmed/?term=32090171
https://www.ncbi.nlm.nih.gov/pubmed/?term=32090171
https://www.ncbi.nlm.nih.gov/pubmed/?term=32000557
https://www.ncbi.nlm.nih.gov/pubmed/?term=32000557
https://www.ncbi.nlm.nih.gov/pubmed/?term=32000557
https://www.ncbi.nlm.nih.gov/pubmed/?term=32000557
https://www.ncbi.nlm.nih.gov/pubmed/?term=32000557
https://www.ncbi.nlm.nih.gov/pubmed/?term=18662836
https://www.ncbi.nlm.nih.gov/pubmed/?term=18662836
https://www.ncbi.nlm.nih.gov/pubmed/?term=24605851
https://www.ncbi.nlm.nih.gov/pubmed/?term=24605851
https://www.ncbi.nlm.nih.gov/pubmed/?term=24605851
https://www.ncbi.nlm.nih.gov/pubmed/?term=31401489
https://www.ncbi.nlm.nih.gov/pubmed/?term=31401489
https://www.ncbi.nlm.nih.gov/pubmed/?term=31401489
https://www.ncbi.nlm.nih.gov/pubmed/?term=31401489
https://www.ncbi.nlm.nih.gov/pubmed/?term=31401489
https://www.ncbi.nlm.nih.gov/pubmed/?term=24721197
https://www.ncbi.nlm.nih.gov/pubmed/?term=24721197
https://www.ncbi.nlm.nih.gov/pubmed/?term=24721197
https://www.ncbi.nlm.nih.gov/pubmed/?term=24721197
https://www.ncbi.nlm.nih.gov/pubmed/?term=28568478
https://www.ncbi.nlm.nih.gov/pubmed/?term=28568478
https://www.ncbi.nlm.nih.gov/pubmed/?term=28568478
https://www.ncbi.nlm.nih.gov/pubmed/?term=28568478
https://www.ncbi.nlm.nih.gov/pubmed/?term=23607817
https://www.ncbi.nlm.nih.gov/pubmed/?term=23607817
https://www.ncbi.nlm.nih.gov/pubmed/?term=23607817
https://www.ncbi.nlm.nih.gov/pubmed/?term=23607817
https://www.ncbi.nlm.nih.gov/pubmed/?term=30581496
https://www.ncbi.nlm.nih.gov/pubmed/?term=30581496
https://www.ncbi.nlm.nih.gov/pubmed/?term=30581496
https://www.ncbi.nlm.nih.gov/pubmed/?term=30581496

	0687-0695_jleepd_1443

