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Abstract

Background: The aim of this study was to analyse registry data of seizure outcome and
adverse events (AEs) for perampanel as add-on therapy in patients with focal epilepsy since its
approval in 2012 for adjunctive treatment of focal epilepsy in patients =12 years.

Method: A retrospective 2-year chart review of all patients receiving perampanel was

carried out.

Results: A total of 122 patients received perampanel [median treatment length: 20.1 (range:
3.4-26.8) months]; 71 (58%) remained on treatment at last follow up. Overall, 33 patients (27%)
were seizure-free for =3 months at last follow up; of these, eight were seizure free for =3
times the longest interictal interval before perampanel therapy; 18 (15%) had reduced seizure
frequency =50%. A total of 58 (47%) had an AE and 34 (28%) withdrew from treatment because
of AEs. AEs included dizziness (33%], fatigue (12%), psychiatric symptoms (8%, cognitive
deficits (7%]), speech problems (5%), nausea (4%) and gait problems (4%]). AEs subsided in
17/18 patients (94%) following a 2 mg dose reduction. A total of 43 (35%]) took a concomitant
enzyme inducer. Patients not taking enzyme inducers were more likely to be seizure free

(p = 0.002); there were no other between-group differences.

Conclusions: Perampanel was well tolerated and improved seizure control in 42% of patients
(50- 100% reduction), with higher rates in those not receiving a concomitant enzyme inducer.
AEs, particularly dizziness, were common but often disappeared with a slight dose reduction.
The results are consistent with those from randomized controlled trials.

Keywords: clinical experience, efficacy, focal epilepsy, perampanel, tolerability

Introduction

Perampanel is a first-in-class orally active
antagonist of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors. It has
been approved as an adjunctive therapy in patients
aged =12 years with drug-resistant focal epilepsy
with and without secondary generalization. Its
efficacy and tolerability have been evaluated in an
extensive clinical trial programme including three
randomized, double-blind, placebo-controlled
phase III studies (E2007-304, -305, -306) in
patients experiencing focal seizures despite receiv-
ing up to three antiepileptic drugs (AEDs), and
one extension study (E2007-307) with a planned

duration of 5 years [Krauss et al. 2012; French
et al. 2012, 2013; Krauss, 2013].

In placebo-controlled trials, perampanel 4, 8 and
12 mg/day consistently and significantly reduced
the frequency of focal seizures compared with pla-
cebo, and improved responder and seizure free-
dom rates in all controlled studies [Krauss et al.
2012; French er al. 2012, 2013]. Individual study
data have been supported by a post-hoc analysis of
pooled data from 1480 patients [Steinhoff ez al
2013]. During open-label follow up of up to 3
years, seizure responses remained stable, with
marked reductions in seizures, particularly in
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secondarily generalized seizures [Krauss er al
2012]. Perampanel was associated with a predict-
able and acceptable adverse event (AE) profile in
both short-term [French ez al. 2012, 2013; Krauss,
2013] and long-term (up to 3.3 years) trials
[Krauss, 2013; Krauss ez al. 2014].

Clinical trials provide important data for regula-
tory approval but do not provide all the informa-
tion required for doctors to know how well the
drug will work in clinical practice [Berger ez al
2012; Brodie, 2013; Brodie et al. 2014]. Thus,
real-world experience provides clinical data that
complement investigational data, providing valu-
able insight into epilepsy treatment in different
patient populations and informing the use of
newer AEDs. Real-world experience of peram-
panel is accumulating, with some results already
published [Steinhoff er al. 2014a, 2014b]. These
studies have shown efficacy and safety that is con-
sistent with results of the core phase III studies
and the long-term phase III open-label extension
study [French er al. 2012, 2013; Krauss, 2013;
Krauss ez al. 2012; Steinhoff ez al. 2013].

Adding to this body of real-world data, here we
report an analysis of registry data of seizure out-
come and AEs for perampanel as add-on therapy
in patients with focal epilepsy.

Methods

We retrospectively identified all patients with
focal epilepsy who received perampanel as add-
on therapy between September 2012 and January
2015 in the Department of Neurology, Paracelsus
Medical University Salzburg, Austria, using the
hospital information system ‘ORBIS’. Patients
were excluded if they had status epilepticus (SE),
if they were followed up for less than 3 months, or
if they were lost to follow up. As there were differ-
ences in the dose titration and assessments of
patients with SE, data for these patients have
been reported separately [Rohracher ez al. 2015].

Patients received once-daily perampanel at bed-
time, at a starting dose of 2 mg (range: 2—6 mg),
which was on average increased by 2 mg weekly to
a median target dose of 6 mg (range: 2-12 mg) or
a maximum dose of 12 mg, if needed. All patients
were instructed to take perampanel at bedtime to
minimise AEs and increase tolerability.

Baseline seizure frequency was assessed within
a 12-week period before treatment initiation as

reported by the patient or caretaker and accu-
rately documented in a ‘seizure diary’. Clinical
course before enrolment, including seizure onset,
remission and treatment history, as well as aetiol-
ogy and seizure types, was retrospectively
extracted from patient records. Seizure frequency
and responder rates were assessed at every outpa-
tient visit, which were done on a clinical basis,
usually at 4 and 12 weeks and then every three
months. Seizure frequency was assessed by
patient and caretaker reports as well as seizure
documentation in ‘seizure diaries’ at every clinical
visit. Response was assessed at the last visit as the
percentages of seizure-free patients (=3 months)
and percentage of patients with reduction in sei-
zure rate of >75%, 50-75% and <50%, com-
pared with baseline seizure frequency. Seizure
freedom for =3 times the longest interictal inter-
val before perampanel therapy was regarded as
‘true’ seizure freedom.

Tolerability was assessed through AE reporting
by the patients and specific questioning about
‘common’ AEs associated with perampanel (as
identified in the literature). No standardized AE
questionnaire was used. Perampanel dose and
concomitant AEDs were controlled for during
statistical analysis. According to the Austrian Law
on Research, no ethics committee approval was
required for this retrospective noninvasive study.

Statistical analysis was performed using the sta-
tistical software SPSS. Patients were grouped
according to their co-medication, into those
taking concomitant enzyme inducers, which
were found to influence perampanel plasma
levels in previous studies (namely carbamaze-
pine, oxcarbazepine, phenytoin or topiramate)
and those who did not. Descriptive statistical
analysis was performed for the whole sample as
well as for both groups separately. We used the
Kolmogorov—Smirnov test to test all interval-
scaled variables for normal distribution. Group
comparison was performed using the nonpara-
metric Mann—-Whitney U test for the variable
‘seizure control’. All other variables were com-
pared using the Chi-square test. Significance
levels were set at p < 0.05; in the case of multi-
ple comparisons, significance levels were set at
p < 0.008 after Bonferroni correction.

Results
Of 164 patients with focal epilepsy who received
add-on treatment with perampanel since September
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Table 1. Baseline characteristics of 122 patients with focal epilepsy taking perampanel.

2012, 122 patients [median age: 40.1 (14.3-90.5)
years; 52% women] were followed up until
January 2015.

Baseline characteristics for these individuals are
presented in Table 1. Patients had previously
failed a median of 4 AEDs (range: 1-14; seizure
free patients: median 3, range: 1-14; not seizure
free patients: median 4.5, range 1-12) before
enrolment. Of the 42 (26%) patients who were
omitted from the sample, 15 were excluded due
to SE, 16 were lost to follow up, as they did not
attend any further check-ups after treatment ini-
tiation, and 11 were followed up for less than 3
months. Patients received perampanel for a
median of 20.1 months (range: 3. 4-26.8 months)
at a median maintenance dose of 6 mg. Overall,
11 patients (9%) received perampanel 2 mg; 32
(26%) received 4 mg; 30 (25%) received 6 mg; 28
(23%) received 8 mg; 8 (7%) received 10 mg; and
13 received 12 mg (11%) as a maintenance dose
(Figure 2). The initial dose of perampanel was
2 mgin 116 patients (95%), 4 mg in five patients,
and 6 mg in one patient, according to the treating
physician’s choice. Titration rates were 2 mg
weekly in the majority of patients (86 patients,

71%) or 2 mg every 2 weeks (16 patients, 13%),
though faster up-titration was performed in 20
patients (16%) based on individual choices of the
treating physician. At final follow up, 71 patients
(58%) were still on perampanel. The median
duration of observation for these patients was
19.42 months (range: 3.1-26.0 months). The
12-month retention rate for all patients was 55%.

A total of 33 patients (27%) were seizure-free for
3 months at last follow up; of these, eight patients
(7%) experienced seizure freedom for =3 times
the longest interictal interval in the individual’s
entire course of disease before perampanel ther-
apy, according to the ‘rule of three’ [Hanley and
Lippman-Hand, 1983]. Median duration of the
longest pretreatment interictal interval in these
eight patients was 1.75 months (range: 0.5-3
months), median duration of seizure freedom with
perampanel was 13 months (range: 7.0-24.6
months). A further 18 patients (15%) were
responders with a reduction in seizure frequency
of =50% [3% (n = 4) had >75% improvement
and 12% (n = 14) had 50-75% improvement].
Overall, 65 patients (53%) had a seizure reduc-
tion of <50% and six patients (5%) had an
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Patients with focal epilepsy receiving
perampanel, n = 164

Patients included in the sample,
n=122

Patients taking perampanel at last
follow-up, n =71

Figure 1. Patient flow.

Total patients excluded, n = 42 )
Reasons for exclusion:
= Status epilepticus, n =15
= Follow-up <3 months, n =11
\' Lost to follow-up, n = 16 )
/ Total patients withdrawing, n =51 \
Reasons for withdrawal:
= Withdrawal due to AEs, n = 34
(dizziness n = 20, fatigue n = 11,
nausea n = 5, cognitive problems n =5,
gait problems n = 3, speech n = 3)
\' Other reasons, n=17 /
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Figure 2. Maintenance doses of perampanel in patients with or without a concomitant enzyme Inducer.

Concom, concomitant; PER, perampanel; pts, patients.

increase in seizure frequency. Median overall
seizure frequency before add-on therapy with per-
ampanel was 3 (range: 0-90) per month; median
number of secondary generalized tonic—clonic sei-
zures was 0.3 (range: 0.3-45). At last follow up,
overall seizure frequency was 2 seizures per month
(range: 0-60; p = 0.071), median frequency of
secondary generalized tonic—clonic seizures was 0
(range: 0-30; p = 0.083). Treatment response
was compared between patients with and without
concomitant enzyme inducers for every outcome.

A total of 43 patients (35%) took a concomitant
enzyme inducer: carbamazepine, oxcarbazepine,
phenytoin or topiramate. There was no differ-
ence in perampanel dose (p = 0.515) in patients
taking a concomitant enzyme inducer compared
with those who did not (see Figure 2). However,

treatment response differed significantly between
these two groups. Patients not taking a concomi-
tant enzyme inducer were significantly more
likely to be free of seizures than those receiving a
concomitant enzyme inducer (p = 0.002).

Overall, 58 of 122 patients (48%) experienced at
least one AE, of which dizziness was the most
common (33%, n = 40/122); followed by fatigue
(12%, n = 15/122); psychiatric symptoms (8%,
n = 10/122) namely, depression (2/10), aggres-
sion (3/10), irritability (4/10), and one suicide
attempt not related to perampanel (1/10); and
cognitive deficits (7%, n = 8/122; subjective con-
centration problems, no neuropsychological eval-
uation was performed). A total of 34 patients
(28% of total) withdrew from perampanel treat-
ment because of AEs (some with more than one
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Table 2. Adverse events experienced in 122 patients taking perampanel either with (n = 43) or without
(n = 79) a concomitant enzyme inducer.

Results: seizure control

® Concomitant enzyme inducer
80

m No concomitant enzyme inducer
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Figure 3. Response rates in patients receiving perampanel with or without a concomitant enzyme inducer.

AE). In seven of these patients (6% of total), lack
of improvement of seizure control was an addi-
tional reason for withdrawal; nine patients (7% of
total) withdrew due to lack of seizure control
alone. Dizziness (20/34; 59%) was the most com-
mon AE that led to withdrawal (Figure 1), fol-
lowed by fatigue (11/34; 32%), nausea (5/34;
15%), cognitive problems (5/34; 15%), gait prob-
lems (3/34; 9%) and speech problems (3/34; 9%).
Opverall, 18 patients (15%) had a reduction in per-
ampanel dose because of AEs. In 17 of these
patients, the perampanel dose was reduced by

2 mg resulting in remission of AEs. There was no
statistically significant difference in the frequency
of AEs between patients taking an enzyme inducer
and patients not taking an enzyme inducer (p =
0.246, Table 2). Because of the small sample size
of each AE, sensitivity of the Chi-square test was
limited and a contradictory trend towards a higher
frequency of AEs in patients taking concomitant
enzyme inducers was observable. However, the
appearance of AEs cannot easily be attributed to a
single added new drug, but may also be caused by
different combinations, and by the total drug load.
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Discussion

In this real-life population, 27% (33/122) of
patients that were prescribed perampanel were
seizure-free for 3 months at follow up; with 7%
(9/122) experiencing seizure freedom for =3
times the longest interictal interval before peram-
panel therapy, and 15% (18/122) experiencing a
seizure reduction =50%. Patients also demon-
strated a reduction in median seizure frequency.
Patients not taking a concomitant enzyme inducer
were significantly more likely to be seizure-free
than those using a concomitant enzyme inducer.
Perampanel was well tolerated, with commonly
expected AEs. The percentage of patients who
were seizure free (27%) in the current study was
slightly higher than that reported in other real-life
studies: 14% in the single-centre German study
and 15% in the multicentre study in Germany
and Austria [Steinhoff ez al. 2014a, 2014b].

Possible causes for the observed differences can
only be hypothesized. Explanations may include
differences in patient populations between the
studies (e.g. baseline seizure counts and types,
epilepsy type, duration and type of previous treat-
ments). In line with this reasoning, the popula-
tions appear to be more refractory in the German
series compared with our population. Although a
period of seizure freedom for 3 months does not
yet meet the criteria for ‘remission’ (defined as a
seizure-free period of more than 3 times the long-
est seizure freedom [Hanley and Lippman-Hand,
1983] lasting for a minimum of 12 months), con-
sidering the time of follow up, a seizure-free
period of 3 months is already a substantial
improvement in this highly drug-resistant popula-
tion. However, retention rates were similar among
the studies suggesting that the tolerability was
similar. Another explanation may be differences
in how parameters were measured (e.g. differ-
ences in interval of assessments).

Overall, real-world data have shown efficacy that
is consistent with that demonstrated in the core
phase III studies and the long-term phase III
open-label extension study [Steinhoff ez al. 2013;
French et al 2012, 2013; Krauss, 2013].
Retention rates were high and similar among all
three real-life studies (58% in our study versus
60% in the study in Germany and Austria, and
70% in the German study) [Steinhoff ez al. 2014a,
2014b]. Furthermore, retention has been shown
to be highest (100%) in a real-life study using a
very slow titration (<2 mg every 2 weeks)

[Lawthom er al. 2014]. In reality, patients are
likely to stop using a drug when the overall per-
ceived side effects outweigh the overall perceived
benefits. If patients did not take an enzyme
inducer, they had a higher chance of being sei-
zure-free. However, there were no statistical dif-
ferences between the two groups in perampanel
dose or AEs. Enzyme inducers may interfere with
the metabolism of perampanel and reduce serum
drug concentrations [Steinhoff ez al. 2013]. In
phase III studies, three enzyme inducers (carba-
mazepine, oxcarbazepine and phenytoin)
increased perampanel clearance, reducing serum
levels by as much as 30% [Laurenza et al. 2012;
Rheims and Ryvlin, 2013]. Furthermore, carba-
mazepine has been shown to reduce mean expo-
sure to perampanel by approximately 70%
[Laurenza er al. 2012; Gidal et al. 2013].
Therefore, carbamazepine may be expected to
affect both efficacy and AEs in perampanel-
treated patients. Clinical data show that peram-
panel efficacy was reduced but remained
significantly superior to placebo if carbamazepine
was among the AEDs to which perampanel had
been added [Steinhoff ez al. 2013]. However, data
for the effect of enzyme inducers on perampanel
vary in real-life settings. Whereas, the current
study suggests reduced efficacy of perampanel
with a concomitant enzyme inducer, the prospec-
tive observational study from Germany showed
no difference in responder rates in patients taking
enzyme inducer AEDs (42%; n = 18) compared
with those taking non-enzyme inducer AEDs
(48%; n = 15) [Steinhoff ez al. 2014a]. Therefore,
physicians should be aware that low serum con-
centrations of perampanel may occur in some
patients receiving concomitant enzyme inducers,
necessitating an increase in perampanel dosage
[Steinhoff ez al. 2013]. However, some patients
receiving perampanel and concomitant enzyme
inducers will have a good response.

Perampanel was well tolerated with common AEs
being dizziness, fatigue, psychiatric symptoms
(irritability, aggression, depression), cognitive def-
icits, speech problems, nausea, and gait problems
(described as insecurity while walking; no ataxia
was reported). Dizziness was the most common
AE leading to withdrawal. This profile is similar to
that of other published real-world studies, in
which somnolence and dizziness were the most
common AEs. For example, in the study from
Germany and Austria, 52% of patients experi-
enced AEs, the most common of which were
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somnolence (24.6%), dizziness (19.6%), ataxia
(3.9%), aggression (2.8%), nausea (2.5%) and
irritability (2.1%) [Steinhoff ez al. 2014b]. Ataxia,
irritability, falls, cognitive slowing and depression
occurred in single cases [Steinhoff ez al. 2014a].
Unexpected AEs (e.g. dermatological, cardiologi-
cal or laboratory findings) were not found in either
study [Steinhoff ez al. 2014a, 2014b]. Both dizzi-
ness and somnolence are commonly found with
the use of many AEDs, with eslicarbazepine ace-
tate, lacosamide, pregabalin, retigabine, tiagabine
and zonisamide being associated with increased
rates of dizziness wversus placebo, and pregabalin,
retigabine and zonisamide being associated with
increased rates of somnolence wersus placebo
[Zaccara er al. 2008; Martyn-St James ez al. 2012].
Somnolence and dizziness can generally be pre-
vented or reduced by taking perampanel at bed-
time or by reducing the perampanel dose
[Steinhoff ez al. 2014a].

Psychiatric AEs in this study were in the range
that would be expected in these difficult-to-treat
patients [Steinhoff ez al. 2014b]. In the pooled
analysis of phase III studies, hostility/aggression
were more common in the perampanel groups
compared with the placebo group (primarily
driven by irritability), and the rate increased with
increasing dose (5%, 12%, and 20% with peram-
panel 4, 8, and 12 mg, respectively, versus 6%
with placebo) [Steinhoff ez al. 2013]. Perampanel
should be used with caution in patients with
anger management issues or hostile or aggressive
behaviour. The possibility of irritability, impul-
sivity, anger and aggression should be discussed
with patients and family members, and these AEs
monitored during dose titration. Slower titra-
tions should be considered in patients with a per-
sonal or family history of psychiatric disorders.
Results from real-life studies were similar to
those reported in clinical trials [French er al
2012, 2013; Rugg-Gunn, 2014; Zaccara er al.
2013], in which perampanel was associated with
a predictable and acceptable AE profile. Most
AEs were mild or moderate in intensity [Krauss
et al. 2012; French ez al. 2012, 2013], were dose-
dependent, and occurred in the central nervous
system [dizziness (10.0-47.9%) and somnolence
(9.3-18.2%)]. Headache, falls, irritability, ataxia
and fatigue also occurred in =10% of patients in
any treatment group, with vestibulocerebellar
AEs (dizziness, ataxia), sedative effects (somno-
lence), irritability and weight increase being sig-
nificantly associated with perampanel treatment.

There were no serious drug-related AEs and no
cases of sudden unexpected death in epilepsy.
The AE profile with long-term use of perampanel
reflected that seen in placebo-controlled trials
[Krauss, 2013].

Overall, these data suggest that, in clinical set-
tings, patients can be retained on perampanel
with good outcomes using personalized titration,
night-time administration, and reduced dosages if
AEs are experienced.

The current study has some limitations. We could
not measure perampanel plasma levels; therefore,
we could not directly assess the influence of enzyme
inducers on plasma levels in relation to seizure
control and AEs. Furthermore, we did not use a
standardized questionnaire for assessing AEs. As
seizure frequency was collected by patient reports,
some inaccuracy concerning baseline seizure fre-
quency as well as seizure frequency throughout
therapy is inevitable. Hence the reduction of sei-
zure frequency, presented as percent changes com-
pared with baseline seizure frequency, always has
to be interpreted with this limitation in mind.

Nonetheless, real-world experience is of impor-
tance for complementing clinical trial data. Real-
world experience provides additional information
required by doctors to help them understand how
well a drug will work in clinical practice, espe-
cially across different populations, and it gives
insight into longer-term safety issues.

Conclusion

The current study adds to the accumulating body
of real-world data for perampanel, two studies of
which have previously been published [Steinhoff
et al. 2014a, 2014b]. Perampanel was well toler-
ated and resulted in significant improvement of
seizure control (50-100% reduction in seizures)
in 42% of patients. Greater freedom from sei-
zures was achieved in those who had not received
a concomitant enzyme inducer versus those who
had, but tolerability did not differ between the
two groups. AEs, particularly dizziness, were
common but were avoidable using night-time
administration or dose reduction of perampanel.
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