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Abstract. Objective: Perampanel is an
approved anti-seizure drug. A new formula-
tion of perampanel fine granules (FG; 1% per-
ampanel) has been developed for patients
who are unable to take tablets. Bioequiva-
lence between the 4-mg FG and tablet per-
ampanel formulations, as well as their safety
and tolerability, were assessed. Materials
and methods: In this phase I, single-center,
open-label, 2-period, 2-sequence, cross-
over, bioequivalence study (NCT03399734),
healthy Japanese subjects were randomized
to receive single doses of the 4-mg FG per-
ampanel and 4-mg perampanel tablet (sepa-
rated by a > 6-week washout period). Plasma
samples for perampanel concentration analy-
sis were collected pre-dose and at intervals
up to 168 hours post-dose. The maximum
observed concentration (C,,,,) and area un-
der the concentration—time curve from time
zero to 168 hours (AUCo_;6s,) Were used
to assess the bioequivalence of the two for-
mulations. Results: The 90% confidence in-
tervals (Cls) for the geometric mean ratio of
test/reference for C,,,, and AUC(O 168h) Were
within the bioequivalence criteria of 80 —
125% (Cpax 90% CI 90.8%, 110%; AUC (-
168h) 90% CI 982%, 112%, N = 21) 10/24
(41.7%) subjects with FG experienced > 1
treatment-emergent adverse event (TEAE).
The events were mild in severity and re-
solved within 4 hours of onset. There were
no deaths, severe TEAEs, serious AEs, or
TEAEs leading to study-drug withdrawal.
Conclusion: Bioequivalence of 4-mg FG
and 4-mg tablet of perampanel was demon-
strated. Both perampanel formulations were
generally safe and well tolerated. These data
suggest that perampanel FG may be a suit-
able alternative formulation for patients with
epilepsy who have difficulties taking peram-
panel tablets.

What is known about this subject

— Atablet formulation of perampanel (2 mg
and 4 mg) is available in Japan as an ad-
junctive treatment and monotherapy for
focal seizures (with or without focal to
bilateral tonic-clonic seizures) and ad-
junctive treatment for generalized tonic-
clonic seizures.

— A fine-granule formulation of peram-
panel in Japan would make perampanel
accessible to patients who are not able to
take tablets.

— Bioequivalence of a fine-granule formu-
lation of perampanel to the tablet formu-
lation must be demonstrated before the
fine-granule formulation can be made
available in Japan and other countries.

What this study adds

— Bioequivalence between a 4-mg fine-
granule formulation and a 4-mg tablet
formulation of perampanel was demon-
strated following single dosing under
fasted conditions in healthy Japanese
adults. The single 4-mg dose of peram-
panel fine granules and tablet was gener-
ally safe and well tolerated.

— The results from this study suggest that
the use of a fine-granule formulation of
perampanel may be a suitable alternative
for patients who have difficulty taking
perampanel tablets.

Introduction

Perampanel, a first-in-class, selective, non-
competitive a-amino-3-hydroxy-5-methyl-4
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isoxazolepropionic acid (AMPA) receptor an-
tagonist [1], is a once-daily, oral, anti-seizure
drug for focal seizures (previously referred
to as partial-onset seizures) with or without
focal to bilateral tonic-clonic seizures (previ-
ously referred to as secondarily generalized
seizures), and for generalized tonic-clonic sei-
zures (GTC; previously referred to as primary
generalized tonic-clonic seizures) [2, 3, 4]. The
safety and efficacy of perampanel in adolescent
and adult patients with focal seizures or GTC
seizures have been well documented in several
double-blind, randomized, placebo-controlled
phase III studies [5, 6, 7, 8, 9], and long-term
tolerability and improvements in seizure out-
comes were demonstrated in their associated
phase III extension studies [10, 11].

Following oral administration, peram-
panel is rapidly absorbed (time from dosing
to peak plasma concentration of 0.5 — 2.5
hours under fasted conditions), and plasma
concentrations of perampanel increase in di-
rect proportion to administered doses over
the clinically relevant dose range (2 — 12 mg)
[2, 3]. Although the rate of perampanel ab-
sorption is slowed by food co-ingestion, the
extent absorbed remains unchanged; there-
fore, perampanel can be administered with-
out regard to meal times [2, 3]. Perampanel
is primarily metabolized via cytochrome
P450 3A, with an elimination half-life of ~
105 hours in healthy subjects [2, 3].

Perampanel is approved and available
under the tradename Fycompa as oral tablets
(2,4,6,8,10,and 12 mg) and oral suspension
(0.5 mg/mL) in the US and EU [2, 3]. The
tablet formulation of perampanel was intro-
duced first [12], followed by perampanel oral
suspension (based on completion of a study
where bioequivalence of the oral suspension
to the tablet formulation was demonstrated
under fasted conditions) [2], because non-
tablet oral formulations of the drug were re-
quired to meet the needs of patients who are
unable to or prefer not to swallow a solid oral
dosage form, especially pediatric and elderly
patient populations. In Japan, perampanel
2-mg and 4-mg tablets are available [13]. A
fine-granule formulation has been developed
as a non-tablet oral form, containing 1% per-
ampanel by mass, and was approved in Japan
in January 2020 [14]; 0.4 g of perampanel
fine granules contains 4-mg perampanel,
hereafter referred to as “4-mg fine granules”.

We present here the results from a phase |
study that aimed to demonstrate bioequiva-
lence between the 4-mg fine-granule and tab-
let formulations of perampanel under fasted
conditions in healthy Japanese subjects.

Materials and methods

Study overview

This was a phase I, single-center, open-
label, 2-period, 2-sequence, crossover, bio-
equivalence study in healthy Japanese subjects
(protocol:  E2007-J081-053; ClinicalTrials.
gov identifier: NCT03399734) and was car-
ried out between December 18, 2017, and
March 9, 2018. The study was approved by
the Houeikai Institutional Review Board,
Tokyo, Japan, and was carried out in accor-
dance with Japan’s Good Clinical Practice
guidelines and the World Medical Asso-
ciation Declaration of Helsinki. Written in-
formed consent was obtained from all sub-
jects prior to screening.

The primary objective of the study was to
demonstrate bioequivalence between a single
4-mg dose of fine granules of perampanel and
a single 4-mg tablet of perampanel. The sec-
ondary objective was to evaluate and com-
pare the safety and tolerability of a 4-mg
dose of fine granules of perampanel with a
4-mg tablet of perampanel.

Subjects

The study was carried out in healthy,
non-smoking Japanese subjects aged > 20
and < 45 years with a body mass index of
>18.5 and < 25.0 kg/m?. Smokers had to dis-
continue smoking from the screening visit to
before the first dosing. Key exclusion criteria
included: clinically significant illness that re-
quired medical treatment within 8 weeks, or
a clinically significant infection that required
medical treatment within 4 weeks before
the first dosing; history of gastrointestinal
surgery that had potential to affect pharma-
cokinetic (PK) profiles of perampanel; and,
subjects who were HIV positive and/or had
active viral hepatitis B or C, or syphilis at
screening. Females who were breast feed-
ing or pregnant at screening or baseline
were not eligible for the study. Females of



Bioequivalence of perampanel fine granules/tablets

759

child-bearing potential were required to use
a highly effective form of contraception for
28 days before study entry, throughout the
entire study period, and for 28 days after the
final dose of study drug.

Study design and procedures

The study consisted of a pre-random-
ization phase and a randomization phase.
The pre-randomization phase consisted of
a screening period (between day —28 and
day —2) and baseline period 1 (day —1, i.e.,
the day before study-drug administration in
treatment period 1). Subjects who completed
baseline period 1 and who met the inclusion/
exclusion criteria could enter the randomiza-
tion phase. The randomization phase consist-
ed of treatment period 1, baseline period 2,
treatment period 2, and a follow-up period.
Treatment periods 1 and 2 were separated by
a washout period of at least 6 weeks. The fol-
low-up period took place on day 15, which
was 2 weeks after the last dose of study drug
on day | of treatment period 2.

Subjects were randomized (1 : 1) on
day 1 of treatment period 1 to one of two
treatment schedules: a single 4-mg tablet
on day 1 of treatment period 1, followed by
4-mg fine granules on day 1 of treatment
period 2, or 4-mg fine granules on day 1 of
treatment period 1, followed by a 4-mg tablet
on day 1 of treatment period 2. The dose se-
lection of 4-mg perampanel was made in line
with Japanese guidelines on bioequivalence
studies [15] and on the basis of the 4-mg tab-
let being the highest-available perampanel
tablet strength in Japan. Perampanel was ad-
ministered with 200 mL water following an
overnight fast (> 10 hours); subjects contin-
ued to fast for 4 hours post-dose. Water was
permitted except for 1 hour before and after
perampanel administration.

Pharmacokinetic assessments

Blood samples for PK analyses were
collected pre-dose and at 0.25, 0.5, 0.75, 1,
1.25,1.5,2, 3,4, 6,8, 12 hours (day 1), 24,
36 hours (day 2), 48 hours (day 3), 72 hours
(day 4), 120 hours (day 6), and 168 hours
(day 8) post-dose in treatment periods 1 and
2, in line with Japanese guidelines on bio-

equivalence studies of generic products [15].
Plasma concentrations of perampanel were
measured using a validated liquid chroma-
tography with tandem mass spectrometry as-
say [16].

PK parameters were derived by non-
compartmental analysis of perampanel
plasma concentration-time data. Primary
PK parameters were the maximum observed
concentration (C,,,) and area under the
concentration-time curve from time zero to
168 hours (AUCg_6gn))- Secondary PK pa-
rameters included time at which the highest
drug concentration occurs (t,,,4), area under
the concentration-time curve from time zero
extrapolated to infinity (AUC g jnp), and the
terminal elimination phase half-life (T),).
The PK analysis set comprised subjects who
received study drug, completed both treat-
ment periods 1 and 2, and had sufficient
plasma perampanel concentration data to be
evaluated for bioequivalence in both periods.

Bioequivalence evaluations

The primary PK parameters (C,,, and
AUCg_168n)) of perampanel were compared
between 4-mg fine-granule and tablet formu-
lations, using a mixed linear model of loga-
rithmically transformed values with fixed
effects for treatment, period, and sequence,
and a random effect of subject. Two-sided
90% confidence intervals (Cls) for the geo-
metric mean ratio of test/reference for C,,
and AUC o_jesn) Were estimated. If each of
the two-sided 90% Cls fell within 80 — 125%,
it was to be concluded that the fine-granule
formulation was bioequivalent to the tablet
formulation. Similar statistical analyses were
conducted for AUC g_jyp. Values for t,, and
the T, were summarized for each formula-
tion. In addition, point estimates and two-sided
90% ClIs for differences in median t,,,, values
were calculated using the Hodges-Lehmann
estimator method. A statistically significant
difference in t,,, was to be concluded if the
two-sided 90% Cls did not contain zero.

Safety assessments

Safety was assessed via monitoring and
recording all adverse events (AEs) and seri-
ous AEs (SAEs); laboratory evaluations for
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Table 1. Subject disposition (all randomized subjects).
4-mg fine 4-mg tablet
granules
(N =24) (N=24)
Treated, n (%) 24 (100) 21 (87.5)
Completed the study, n (%) 24 (100) 21 (87.5)
Discontinued from the study, n (%) 0 3(12.5)
Discontinued before study treatment 0 3
in treatment period 2, n
Primary reason for discontinuation, n (%)
Other? \ 0 | 3(125)

@Reasons for discontinuations from study were: increased lactate dehydroge-
nase, aspartate aminotransferase, and alanine aminotransferase (n = 1);
pyrexia (n = 1); and increased white blood cell count (n = 1).

Table 2. Subject demographics (overall safety analysis set and PK analysis set).

Overall safety PK analysis
analysis set set
(N =24) (N=21)
Age (years)?
Mean (SD) 33.3(8.19) 33.1(8.20)
Median (min, max) 33.5 (21, 45) 33.0 (21, 45)
Sex, n (%)
Male \ 24 (100) \ 21 (100)
BMI (kg/m?)
Mean (SD) 21.38 (1.336) 21.40 (1.329)
Median (min, max) 21.30 (18.5, 24.2) 21.30 (18.5, 24.2)

Percentage is based on the total number of subjects with non-missing values
in the relevant analysis set. ?Age is calculated at date of informed consent.
BMI = body mass index; max = maximum; min = minimum; PK = pharmacoki-
netic; SD = standard deviation.

Table 3. Summary of PK parameters of perampanel after single-dose admin-
istrations of 4-mg fine granules and 4-mg tablet (PK analysis set).

PK parameter 4-mg fine granules 4-mg tablet
(N =21) (N =21)
Cmax (ng/mL)
Mean (SD) 152 (28.3) 154 (42.6)
Geometric mean (CV%) 149 (19.9) 149 (28.5)

AUC o_1p8n) (ngxh/mL)

Mean (SD)

5,770 (1,340)

5,620 (1,600)

Geometric mean (CV%)

5,630 (22.9)

5,420 (27.8)

AUC o inp) (ngxh/mL)

Mean (SD)

8,040 (2,750)

8,000 (3,770)

Geometric mean (CV%)

7,610 (35.5)

7,320 (43.6)

tmax (), median (min, max)

0.75 (0.50, 3.00)

0.75 (0.50, 2.00)

T2 (h)
Mean (SD) 87.9 (32.4) 89.5 (49.4)
Geometric mean (CV%) 81.8 (41.2) 78.2 (56.7)

AUC y_16gn) = area under the concentration—time curve from time zero to 168
hours; AUCq iy = area under the concentration-time curve from time zero
extrapolated to infinity; C.,,, = maximum observed concentration; CV% = per-
cent coefficient of variation; h = hours; PK = pharmacokinetic; max = maxi-
mum; min = minimum; SD = standard deviation; t,,, = time at which the highest
drug concentration occurs; T4, = terminal elimination phase half-life.

hematology, chemistry, and urine values;
periodic measurement of vital signs, body
weight, and electrocardiograms (ECGs); and
physical examinations. Period 1 treatment-
emergent AEs (TEAEs) were defined as any
AE that occurred at any time during the pe-
riod from the study treatment in treatment
period 1 to 28 days after study treatment.
Period 2 TEAEs were any AE that occurred
at any time during the period from the study
treatment in treatment period 2 to 28 days
after study treatment. TEAEs were summa-
rized by formulation. The safety analysis set
comprised subjects who received > 1 dose of
study drug.

Results

Subjects

A total of 24 male subjects were random-
ized and included in the overall safety analy-
sis set. All 24 subjects completed treatment
period 1, and 21 subjects completed treat-
ment period 2. Three subjects who received
4-mg fine granules in treatment period 1 dis-
continued prior to treatment with the 4-mg
tablet in treatment period 2. In treatment
period 2, 12 subjects who received the 4-mg
fine granules and 9 subjects who received the
4-mg tablet completed this period. Details of
subject disposition and demographics are
shown in Table 1 and Table 2, respectively.

Pharmacokinetic analysis

The PK analysis set comprised 21 subjects
who completed both treatments and had suf-
ficient plasma perampanel concentrations for
PK evaluation. Three subjects had quantifi-
able pre-dose plasma concentrations of per-
ampanel in treatment period 2; however, data
from these subjects were included in the PK
and statistical analysis because these concen-
trations were < 5% of their respective C,y, in
line with the US Food and Drug Administra-
tion guideline on bioequivalence [17].

Mean plasma concentration-time profiles
of perampanel up to 168 hours and 12 hours
after a single dose of the 4-mg fine granules
and the 4-mg tablet are presented in Figure 1.
The PK profiles of both fine granules and
tablet declined in a biphasic manner with a
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Figure 1. Perampanel mean (+ SD) plasma concentration-time profiles up to (A)
168 hours, and (B) 12 hours after single-dose administrations of 4-mg fine gran-
ules and 4-mg tablet on a linear scale (PK analysis set). PK = pharmacokinetic;
SD = standard deviation.

mean T;,, of 87.9 hours (fine granules) and
89.5 hours (tablet). The PK profile for the
4-mg fine granules was superimposable with
that for the 4-mg tablet. Perampanel PK pa-
rameters are summarized in Table 3.

Bioequivalence analysis

Results of the bioequivalence statistical
analysis are shown in Table 4. For C,,,,, the
geometric mean ratio of the 4-mg fine gran-
ules to the 4-mg tablet was 100%, and the
90% CI was 90.8 — 110%. For AUCg_;¢sh),
the geometric mean ratio of the 4-mg fine
granules to the 4-mg tablet was 105%, and
the 90% CI was 98.2 — 112%. The 90% CIs
for both Cy,sx and AUC g_j6gn) fell within the
bioequivalence criteria of 80 — 125%, and
therefore the bioequivalence criteria were
satisfied for both parameters.

Safety analysis

The overall safety analysis set comprised
24 subjects. 24 subjects were included in the
safety analysis set for the 4-mg fine-granule
formulation, and 21 subjects were included
in the safety analysis set for the 4-mg tablet
formulation.

Overall, 10 (41.7%) subjects in the 4-mg
fine-granule group experienced at least
1 TEAE, compared with 3 (14.3%) subjects
in the 4-mg tablet group. TEAEs were diz-
ziness (7 (29.2%) subjects and 2 (9.5%)
subjects in the 4-mg fine-granule and tab-
let group, respectively) and somnolence (6
(25.0%) subjects and 2 (9.5%) subjects in
the 4-mg fine-granules and tablet groups, re-
spectively). All TEAEs in both groups were
considered related to the study drug but were
reported as mild in severity. All TEAEs had
an onset time of within 1 hour of drug admin-
istration and resolved within 4 hours of onset
without treatment.

There were no deaths, severe TEAESs, or
SAEs, and no subjects were withdrawn from
the study due to TEAEs. Three subjects with-
drew prior to treatment in treatment period 2

Table 4. Statistical analysis of PK parameters of perampanel after single-dose administrations of 4-mg

fine granules and 4-mg tablet (PK analysis set).

PK Geometric means
parameter 4-mg fine 4-mg tablet Geometric
granules (test) (reference) mean ratio (%) 90% Cls (%)
(N=21) (N =21) (test : reference) (lower, upper)
Cax (ng/mL) 149 149 100 90.8, 110
AUCo_1ggn) (Ngxh/mL) 5,630 5,420 105 98.2, 112

AUC o_168n) = area under the concentration—time curve from time zero to 168 hours; Cl = confidence in-

terval; C.,,, = maximum observed concentration; PK =

pharmacokinetic.
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due to increased lactate dehydrogenase, as-
partate aminotransferase, and alanine ami-
notransferase (n = 1); pyrexia (n = 1); and
increased white blood cell count (n = 1).
However, these events leading to withdrawal
were not classified as AEs due to their time
of onset (41 — 42 days post-dose) occurring
after the protocol-defined AE collection peri-
od. All these events returned to normal levels
by follow-up visits.

There were no clinically significant labo-
ratory values that were judged to be an AE by
the investigator, and no changes of clinical
concern in vital signs, body weight, or ECGs.

Discussion

In the US and EU, perampanel is ap-
proved in both tablet and oral suspension
formulations for the treatment of focal sei-
zures (with or without focal to bilateral
tonic-clonic seizures) and GTC seizures |2,
3]. In Japan, granules and oral dry-syrup for-
mulations are often used as an alternative to
tablets. For example, the anti-seizure drugs
levetiracetam and lacosamide are available
in tablet, intravenous (IV), and liquid oral
solution/syrup formulations in the US and
EU[18, 19, 20, 21, 22], while in Japan, these
anti-seizure drugs are available in tablet, IV,
and dry-syrup formulations only [23, 24]. A
fine-granule formulation of perampanel has
been developed for use in Japan and other
countries, and has recently been approved
in Japan. The incidence of epilepsy is higher
in children and the elderly compared with
adults [25, 26]. Therefore, the fine-granule
formulation is likely to be of particular bene-
fit for pediatric and elderly patients who may
require non-tablet oral formulations.

In line with regulatory guidance in Ja-
pan, a bioequivalence study of the currently
available tablet formulation and the fine-
granule formulation of perampanel under
fasted conditions was required to investigate
the bioequivalence of the two formulations.
As such, the current study aimed to evaluate
the bioequivalence of the 4-mg fine-granule
formulation of perampanel and the approved
4-mg tablet formulation of perampanel. Both
Cinax and AUC g _; gy satisfied the bioequiva-
lence criteria, indicating bioequivalence of
the 4-mg fine-granule and 4-mg tablet for-

mulation of perampanel. This finding is in
line with a previous bioequivalence study of
perampanel, which demonstrated bioequiva-
lence of single doses of 12-mg perampanel
tablet formulation with 12-mg perampanel
oral suspension [27].

The single dose of the 4-mg fine gran-
ules, as well as the single dose of the 4-mg
tablet, was generally safe and well tolerated
in healthy Japanese subjects, and no new
safety concerns were identified. In this study,
the incidences of dizziness and somnolence
in the 4-mg fine-granule group (29.2% and
25.0%, respectively) were higher compared
with the 4-mg tablet group (9.5% and 9.5%,
respectively), although the reason for this ap-
parent difference is unknown. However, all
these events reported in both groups were
mild in severity, had an onset within 1 hour
of drug administration, and resolved within
4 hours of onset. Furthermore, dizziness and
somnolence are the most frequently reported
AEs associated with perampanel, although
the incidence of these AEs in the current
study was lower compared with a previous
single-dose clinical study of perampanel
tablets in healthy Japanese subjects (study
E2007-J081-010; Eisai data on file). In study
E2007-J081-010, the incidences of dizziness
and somnolence were 33.3% (2/6 subjects in
the 2-mg tablet group) and 50.0% (3/6 sub-
jects in the 4-mg tablet group), respectively.
The data from the current study are also con-
sistent with the known safety profile of the
tablet formulation of once-daily perampanel
in focal seizures (with or without focal to bi-
lateral tonic-clonic seizures) or generalized
tonic-clonic seizures [5, 6, 7, 8]. In addition,
there were no deaths, severe TEAEs, SAEs,
or TEAESs leading to study-drug withdrawal
during the study. Furthermore, no clinically
important changes that were judged to be an
AE by the investigator in clinical laboratory
parameters, vital signs, body weight, or ECG
findings were observed in this study.

Conclusion

Bioequivalence of 4-mg fine granules of
perampanel with the 4-mg tablet of peram-
panel was concluded in this study (via C, .
and AUC(y ¢sn) parameters). The single
4-mg dose of fine granules of perampanel
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was generally safe and well tolerated, and
no new safety concerns were identified in
healthy Japanese subjects. Overall, these
data suggest that fine granules of perampanel
may be a suitable alternative formulation for
patients who have difficulties taking peram-
panel tablets.
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