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ABSTRACT

Objective. Real-world data from adolescents treated with perampanel in a
routine clinical setting are lacking in Japan. We evaluated the safety and efficacy
of perampanel for adolescent patients (aged 12-17 years) with drug-resistant,
refractory epilepsy in real-world settings.

Methods. This was a large-scale, prospective, observational post-marketing
study, with a 104-week observation period. Safety was assessed by monitoring
adverse effects (adverse drug reactions). For efficacy assessments, seizure
frequency was compared between the four weeks immediately prior to the last
observation and the four weeks before the commencement of perampanel.
Results. In total, 519 patients were enrolled; 505 and 484 patients were included
in the safety and efficacy analysis sets, respectively. The mean age was 14.4
years. The mean daily dose of perampanel was 4.4 mg/day. The main reasons for
discontinuation at 104 weeks were adverse events (48.4%) and inadequate
efficacy (46.8%). The retention rate at 104 weeks was 50.5%. Adverse effect and
severe adverse effect incidences were 42.2% and 1.8%, respectively. The most
common adverse effects were somnolence (13.5%), irritability (8.5%), dizziness
(5.1%), and agitation (4.8%). There were significant differences in the
occurrence of adverse effects between the initial titration interval of <2 weeks
and 2-4 weeks (odds ratio=0.441, p=0.029) and 4-8 weeks (odds ratio=0.462,
p=0.027). The median percent change in seizure frequency at the last
observation carried forward was —50.0 for focal aware seizures with motor
signs, —73.3 for focal aware seizures without motor signs, —28.6 for focal
impaired awareness seizures, —62.6 for focal to bilateral tonic-clonic seizures,
and —20.0 for generalized tonic-clonic seizures.

Significance. In adolescent patients, perampanel was well tolerated and
efficacious in reducing seizure frequency. No unexpected safety issues were
observed, and slow titration may reduce the incidence of adverse effects.

Key words: efficacy, safety, perampanel, post-marketing study, long-term
outcome

The anti-seizure medication (ASM) receptors used to treat epilepsy [1-3].
perampanel is an orally administered,
selective, and non-competitive antago-
nist of o-amino-3-hydroxy-5-methyl-4- for the treatment of focal seizures
isoxazolepropionic acid glutamate (including focal to bilateral tonic-clonic

In Japan, perampanel is approved as
monotherapy and adjunctive therapy
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seizures [FBTCS]) in patients aged >four years, and as
adjunctive therapy for the treatment of generalized
tonic-clonic seizures (GTCS) in patients aged >12
years who have failed to respond adequately to other
ASMs [4].

We previously reported on the actual use of
perampanel in adult patients in Japan in a real-world
setting [5]. Perampanel was effective in reducing
seizure frequency and was safe, especially in older
patients. The efficacy and tolerability profiles of
perampanel in Asian adult patients appears to be
similar to that in non-Asian populations [6, 7]. Data for
paediatric and adolescent patients were collected in
randomized trials [8-12] and real-world data are also
available [13-16]; however, there is a scarcity of
information from large samples of adolescents treated
in routine clinical settings in Asia. Therefore, we
conducted a large-scale, prospective, observational,
post-marketing study (PMS) to evaluate the safety and
efficacy of perampanel in adolescent patients (aged
12-17 years) with drug-resistant, refractory epilepsy in
real-world settings in Japan.

Methods

Study design and patients

Patients treated with perampanel in Japan were
prospectively enrolled in accordance with the Good
Post-marketing Surveillance Practice (GPSP) ordi-
nance. The treatment regimen was not mandated
but was determined at the physician’s discretion,
according to routine practice; details of the treatment
regimen used were collected for evaluation. Based on
the Japanese package insert [4], perampanel should
be started at 2 mg orally once daily at bedtime for
adults and adolescents aged >12 years, and then
titrated in 2-mg increments at intervals of >one week.
The approved maintenance dose is 4-8 mg once daily
in the absence of concomitant ASMs that accelerate
the metabolism of this product, or 8-12 mg once daily
in the presence of such concomitant drugs.

A total of 142 clinical departments at 141 institutions
across Japan participated, with enrolment occurring
between August 1*!, 2016 and March 31%, 2019. Patients
were registered using a central system utilizing
Electronic Data Capture. The study observation period
comprised the 104 weeks after the first treatment. If
treatment was withdrawn during the observation
period, the follow-up period comprised the four
weeks after withdrawal.

As the GPSP Ordinance does not require patient
consent, it was not mandatory for this study. This
study was registered at ClinicalTrials.gov under the
identifier number, NCT03059381.

Eligible participants were individuals aged 12-17 years
with drug-resistant, refractory epilepsy. Patients had
either focal seizures with or without FBTCS or primary
GTCS. FBTCS or GTCS were defined according to the
2017 International League Against Epilepsy classifica-
tion of epileptic seizures [17]. The only exclusion
criterion was a history of prior perampanel
administration.

Outcome measures

The following patient and treatment data were
collected: patient background information (sex, age,
epilepsy classification, disease duration, and comor-
bid conditions); the daily dose of perampanel
administered, the administration period, and reasons
for withdrawal; and retention rates at 104 weeks.
Safety was assessed by monitoring adverse effects
(adverse drug reactions; i.e. treatment-emergent
adverse events for which a causal relationship with
perampanel could not be ruled out) during the
observation period. Adverse effects were categorized
using the Medical Dictionary for Regulatory Activities
version 24.0. Current seizures and seizure-related
events (e.g., abnormal EEG, computed tomography, or
MRI findings, and falls due to seizures) were not
considered adverse effects. For patients who received
>one increased dose of perampanel within eight
weeks, safety outcomes were evaluated in subgroups
of <2 weeks, 2-4 weeks, and 4-8 weeks, according to
the initial perampanel dose escalation interval. The
dose of perampanel was determined at the physician’s
discretion.

For efficacy assessments, seizure frequency during
the four weeks immediately prior to the last observa-
tion was compared with the frequency during the four
weeks before the start of perampanel use (baseline).
The last observation carried forward (LOCF) approach
was used and the data collected at the last efficacy
assessment during the observation period were
included. The 50% responder rate (the percentage
of patients who achieved a50% or greater reduction in
seizure frequency), 100% responder rate (the per-
centage of patients who achieved seizure-free status
during the four weeks prior to the last observation),
and the median percent reduction in seizure frequen-
cy from baseline for focal aware seizures (FAS) with
motor seizures, FAS without motor seizures, focal
impaired awareness seizures (FIAS), FBTCS, and GTCS
were also evaluated.

Statistical methods

The target sample size was set at 500 patients; this was
based on the calculation that 300 patients would be
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required to detect at least one adverse effect with a
frequency of 1% and a 95% confidence interval (Cl),
and assuming a withdrawal rate within the 52-week
observation period of 40%. Thus, we planned to
collect data from 500 patients to ensure that approxi-
mately 300 patients would complete the 52-week
observation period.

Patient characteristics were recorded using descrip-
tive statistics; data are shown as mean values
with standard deviations (SD) or the median
percent change (min, max). The perampanel reten-
tion rate was estimated using the Kaplan-Meier
method. To investigate factors that could potentially
affect safety, we calculated and compared the
incidences of adverse effects in terms of patient
background. We used multivariable logistic regres-
sion analysis to investigate the relationships be-
tween the incidence of adverse effects and each
factor. For the efficacy analyses, we calculated the
50% and 100% responder rates for each type of
seizure; patients without a specific type of seizure at
baseline were excluded from these analyses. To
investigate the factors that could affect efficacy,
we calculated the percentage change in seizure
frequency according to patient background, and
multivariate logistic regression was performed.
All tests were two-sided and we applied a signifi-
cance level of <5%. All statistical analyses were
conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

PMS of perampanel in adolescents

Results

Patient disposition and baseline characteristics

During the registration period, a total of 519 patients
were enrolled. Data were not received for 12 patients;
thus, the baseline patient population comprised 507
patients (supplementary figure 1). The safety analysis
set included 505 patients after two individuals were
excluded (one lacked evaluable data and one was
found to have a protocol violation). The efficacy
analysis set included 484 patients; 21 patients were
excluded from perampanel use due to seizure types
other than FAS (including FBTCS) or GTCS within one
year before the start of administration, no concomi-
tant ASM, lack of evaluable data, and unapproved
dose/dosage of perampanel (over 12 mg).

Table 1 shows the characteristics of the patients
included in the safety and efficacy analyses. Within
the safety analysis set, the mean + SD age was 14.4 £+
1.7 years. A total of 415/505 patients (82.2%) had a
disease duration of >five years, with the majority
having FAS (including FBTCS; 361/505 [71.5%]). The
majority of patients were taking >two oral ASMs (425/
504 [84.3%]). Psychiatric symptoms within two years
prior to the study were observed in 70 (13.9%)
patients, with aggression being the most frequent
(43/70 [61.4%]). There were no patients with a history
of suicide-related behaviour.
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M Figure 1. Perampanel retention rates (safety analysis set) calculated using the Kaplan-Meier method.
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V¥ Table 1. Patient baseline characteristics.

Safety analysis

set

Efficacy analysis
set

(n=505) (n=484)
Male 300 (59.4) 287 (59.3)
Female 205 (40.6) 197 (40.7)
Age (years), mean + SD 144 + 1.7 143 +£ 1.7
Body weight (kg), mean £ SD 42.1 + 16.2 42.0 + 16.3
(n=411) (n=394)
Body mass index (kg/m?)
<15.0 69 (13.7) 66 (13.6)
>15.0 to <20.0 141 (27.9) 136 (28.1)
>20.0 128 (25.3) 121 (25.0)
Unknown 167 (33.1) 161 (33.3)
Seizure type at baseline*?
FAS with or without FBTCS 361 (71.5) 356 (73.6)
GTCS 79 (15.6) 79 (16.3)
Other (including other seizure types, seizure frequency unknown, or no 78 (15.4) 62 (12.8)
seizure reported)
Epilepsy type®
Focal epilepsy 384 (76.0) 374 (77.3)
Generalized epilepsy 107 (21.2) 97 (20.0)
Combined epilepsy 14 (2.8) 13 (2.7)
Unknown epilepsy 5 (1.0) 5 (1.0
Aetiology®
Structural 171 (33.9) 164 (33.9)
Neurodevelopmental malformation® 86 (50.3) 81 (49.4)
Perinatal events® 43 (25.1) 43 (26.2)
Cerebrovascular disorder® 18 (10.5) 18 (11.0)
Brain tumour€ 14 (8.2) 12 (7.3)
Trauma® 7 (4.1) 7 (4.3)
Degenerative disorder® 3 (1.8) 3 (1.8)
Other© 4 (2.3) 4 (2.4)
Genetic 70 (13.9) 64 (13.2)
Infection 39 (7.7) 38 (7.9)
Metabolic 4 (0.8) 3 (0.6)
Immune 7 (1.4) 5 (1.0)
Unknown 232 (45.9) 227 (46.9)
Disease duration (years)
<5 88 (17.4) 85 (17.6)
>5 415 (82.2) 397 (82.0)
Unknown 2 (0.4) 2 (0.4)
Presence of psychiatric symptoms within 2 years prior to the study 70 (13.9) 67 (13.8)
Aggression® 43 (61.4) 41 (61.2)
Depression® 6 (8.6) 6 (9.0)
Other™ 26 (37.1) 25 (37.3)
816 e Epileptic Disord, Vol. 24, No. 5, October 2022
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V¥ Table 1. Patient baseline characteristics (continued).

Safety analysis

Efficacy analysis

Presence of developmental or cognitive impairment

Yes
Unknown

Concomitant use of enzyme-inducer ASM

No
Yes

Use of concomitant oral ASM at baseline
Number of concomitant oral ASMs®¢

1
2
>3

set set
(n=505) (n=484)
379 (75.0) 361 (74.6)
5 (1.0) 5 (1.0)

363 (71.9) 345 (71.3)
142 (28.1) 139 (28.7)
504 (99.8) 484 (100.0)
79 (15.7) 76 (15.7)
143 (28.4) 138 (28.5)
282 (56.0) 270 (55.8)

Data are n (%) unless otherwise stated.

“Aggregated by the presence or absence of seizures in the four weeks prior to the start of treatment.

PDuplicates were allowed.

“Tabulation of participants for which the response was “yes” for structural aetiology.

%Tabulation of participants for which the response was “yes”.
“Drugs with the same generic name were counted as a single drug.

ASM: anti-seizure medication; FAS: focal aware seizures; FBTCS: focal to bilateral tonic-clonic seizures; GTCS: generalized tonic-clonic seizure: SD,

standard deviation.

Treatment and retention rates

For the majority of patients, there was no change in
the number of concomitant oral ASMs at the last
observation point (or at the end of treatment in
patients who discontinued the study) compared with
baseline (supplementary table 7). The mean + SD
daily dose of perampanel in the safety analysis set was
44 £+ 2.3 mg/day, with a maximum dose of 59 +
3.0 mg/day. The retention rate for perampanel is
shown in figure 1. At 52 weeks, the retention rate in the
safety analysis set was 326/505 (64.6%); at 104 weeks,
the retention rate was 255/505 (50.5%). The main
reasons for discontinuation at 104 weeks were adverse
events (48.4%) and inadequate efficacy (46.8%).

Safety

The incidence of adverse effects was 213/505 (42.2%)
overall, of which 9/505 (1.8%) were severe (table 2).
The most commonly occurring adverse effects were
somnolence (68/505 [13.5%]), irritability (43/505
[8.5%]), dizziness (26/505 [5.1%]), and agitation (24/
505 [4.8%]). Among these events, the only serious
adverse effect occurring in >one patient was somno-
lence (2/505 [0.4%)]). Among 213 patients with adverse
effects, adverse effects were observed in 99 patients
(46.5%) within eight weeks after starting perampanel

and in 124 patients (58.2%) within 12 weeks after
starting perampanel.

An analysis of adverse effects by dosing showed
significant differences according to the titration
interval (figure 2). There was a significant difference
in the occurrence rate of adverse effects between the
initial titration interval of <2 weeks and 2-4 weeks
(OR=0.441, p=0.029) and between the initial titration
interval of <2 weeks and 4-8 weeks (OR=0.462,
p=0.027). Among the adverse effects, those classified
as psychiatric disorders were observed significantly
less frequently in patients with an initial titration
interval of 2-4 weeks (OR=0.391, p=0.017) and 4-8
weeks (OR=0.321, p=0.001) compared with <2 weeks.
A multivariate analysis showed that the presence of
psychiatric symptoms was the only independent factor
associated with the occurrence of adverse effects in the
patientsample (OR=2.581,95% Cl:1.467-4.542, p=0.001).

Efficacy

Figure 3 shows the 50% and 100% responder rates. The
median (min, max) percent change in seizure fre-
quency at the LOCF was —50.0 (—100.0, 200.0) for FAS
with motor signs, —73.3 (—100.0, 0.0) for FAS without
motor signs, —28.6 (—100.0, 2900.0) for FIAS, —62.6
(=100.0, 9900.0) for FBTCS, and —20.0 (—100.0, 1300.0)
for GTCS. A multivariate analysis of background
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¥ Table 2. Occurrence of adverse effects according to severity (safety analysis set).

All patients (n=505)

All grades Severe

Number of patients who experienced adverse effects 213 (42.2) 9 (1.8)

Psychiatric disorders

Irritability 43 (8.5) 0 (0.0)
Agitation 24 (4.8) 1(0.2)
Aggression 12 (2.4) 0 (0.0)
Anger 8 (1.6) 0 (0.0)
Other 26 (5.1) 0 (0.0)
Nervous system disorders
Somnolence 68 (13.5) 2 (0.4)
Dizziness 26 (5.1) 0 (0.0)
Seizure/epilepsy 16 (3.2) 1(0.2)
Other 13 (2.6) 2 (0.4)

Data are n (%).

Adverse effects with frequency >1.0% are shown. For psychiatric disorders or nervous system disorders, adverse effects with frequency <1.0% are
categorized as ‘other’. If the same event occurred multiple times in the same patient, it was counted as one event. If both severe and non-severe events
occurred in the same case, they were counted as one severe event.

Patients, N Rate, n (%) OR (95% CI) p-value

Adverse effects

Initial dose of perampanel®
<2 mg/day 185 80 (43.2) - -
2 mg/day 318 133 (41.8) —a— 0.944 (0.654-1.361) 0.755

Titration interval™®

<2 weeks 45 29 (64.4) _ _
2-<4 weeks 90 40 (44.4) A 0.441 (0.211-0.924) 0.029
4-8 weeks 158 72 (45.6) - 0.462 (0.233-0.917) 0.027
Psychiatric disorders

Titration interval®®

<2 weeks 45 19 (42.2) - -
2-<4 weeks 90 20 (22.2) —a— 0.391 (0.181-0.847) 0.017
4-8 weeks 158 30 (19.0) HE— 0.321 (0.157-0.654) 0.001

0.0 05 1.0 1.5 20

B Figure 2. Occurrence of adverse effects by initial dose and titration interval (safetz analysis set).*Two
patients who took an initial perampanel dose of 4 mg were excluded from the analysis.”Patients who had a
titration interval >eight weeks were excluded from the analysis as the distribution of the titration interval
was wide (8-102 weeks). Cl: confidence interval; OR: odds ratio.

factors affecting the 50% responder rates in patient ~ ASMs (>two) were independent factors (OR=0.466,
subgroups showed that developmental or cognitive ~ 95% Cl: 0.259-0.836, p=0.010 and OR=0.357, 95% ClI:
impairment and the number of concomitant oral 0.172-0.741, p=0.005, respectively).
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100 - Il 100% responder rate
50% responder rate
80 -
S
9 0,
5 60 56% 59% 58%
3 47%
= 389 42%
% 40 - 35% o
o2
25%
21% k
204 16%
0
FAS with FAS with out FIAS FBTCS GTCS
motor seizures motor seizures
Patients, n 50 17 239 138 77
100% responder,n 8 6 51 52 19
50% responder, n 28 10 112 80 32

B Figure 3. Responder rates (efficacy analysis set). FAS: focal aware seizures; FBTCS: focal to bilateral tonic-
clonic seizures; FIAS: focal impaired awareness seizures; GTCS: generalized tonic-clonic seizures.

Discussion

Information on the effectiveness of perampanel in
Japanese adolescents with epilepsy in the real world
has been awaited. The present study showed that
perampanel was well tolerated in adolescent patients
and was efficacious in reducing seizure frequency.
The mean daily dose of perampanel in the present
study was similar to that of our previous study, which
targeted patients aged >18 years (4.4 & 2.3 mg/day vs.
3.7 £ 1.9 mg/day, respectively) [5]. However, the
retention rate of perampanel in the present study
was higher than that in our previous study (64.6% vs.
58.5%) at 52 weeks [5].

Regarding the safety profile of perampanel, the
incidence of adverse effects observed in this study
(42.2%) was similar to that reported in previous
studies (33.6% in our previous study targeting patients
aged >18 years [5] and 57.6% in a Phase Ill study of
patients with refractory partial-onset seizures from
the Asia-Pacific region [10]). The major adverse effects
observed in this study are consistent with those
reported in the Japanese package insert [4] and no
new safety concerns arose. However, we found that
incidences of aggression and irritability tended to be
higher in the present study than in our previous study

of perampanel in patients aged >18 years (aggression:
24% vs. 1.7%; irritability 8.5% vs. 4.0%) [5]. These
higher incidences of aggression and irritability among
adolescents are consistent with those previously
reported [18, 19].

Regarding efficacy, the 50%/100% responder rates in
the present study revealed a similar trend to those in
our previous study in patients aged >18 years [5].
Overall, the results related to efficacy outcomes in the
present study appear to be consistent with those of
previous studies of perampanel [6, 10, 11, 20]; howev-
er, direct comparisons with other studies are difficult
because of differences in study design, among other
factors.

In the current study, a lower incidence of adverse
effects was shown in patients with a longer titration
interval (>two weeks) versus those with a short
titration interval (<two weeks). This outcome is in line
with prior reports [21-24]. As the optimal dose of
perampanel initiation and the pace of titration in
clinical practice have not yet been clearly defined for
Asian patient populations [25], our results may
provide valuable additional information to this end.
The tolerability profile of perampanel in Asian
patients appears to be similar to that in non-Asian
populations [6].
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Limitations

First, this study was conducted as part of daily clinical
practice, and participants were not required to com-
plete a seizure diary. Second, in this study, we only
evaluated the effects of perampanel in combination
with other ASMs, not as monotherapy. Moreover,
changes of concomitant ASMs to other ASMs were
allowed during the observational period, potentially
confounding our ability to assess the effects of
perampanel. However, based on the fact that there
were relatively few changes in concomitant oral ASMs,
we considerthatconcomitantmedicationshadalimited
effect on the outcomes reported. Third, we did not
compare perampanel with other drugs in this study, so
we are unable to speculate on whether different
outcomes would be obtained with other treatments.

Conclusions

In this large-scale, real-world, observational study, we
investigated the safety and efficacy of combination
therapy with perampanel in adolescent patients with
drug-resistant, refractory epilepsy. We did not ob-
serve any unexpected safety issues, and our findings
indicate that slow titration may reduce the incidence
of adverse effects. These findings highlight the
importance of perampanel as a clinical treatment
option for adolescent patients with epilepsy. B

Key points

* We assessed the safety and efficacy of perampa-
nel for adolescent patients with epilepsy in real-
world settings in Japan.

e This was a large-scale, prospective, observational
post-marketing study with a 104-week observa-
tion period after the first treatment.

e Perampanel was well tolerated in adolescent
patients and was efficacious in reducing seizure
frequency.

e Our findings indicate that slow titration may
reduce the incidence of adverse effects.

Supplementary material.
Supplementary data and summary slides accompanying the
manuscript are available at www.epilepticdisorders.com.
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TEST YOURSELF

(1) What was identified as an important factor for the safety of perampanel use in this study?

A. Starting with lower dose
B. Slower titration
C. Both

(2) Which were the most commonly occurring adverse effects?

A. Fatigue, tremor, somnolence, and dizziness

B. Somnolence, irritability, dizziness, and agitation

C. Sedation, coordination disturbances, fatigue, irritability

(3) Which of the following was an independent factor associated with the occurrence of adverse effects in the

patient sample?

A. Presence of psychiatric symptoms

B. Duration of disease >five years

C. Concomitant use of enzyme-inducing ASMs

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the

website, www.epilepticdisorders.com.
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