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An observational, prospective study has been conducted to evaluate the effects of adjunctive treatment with
perampanel (PER) on psychological functioning and quality of life (QoL) in patients with drug-resistant focal ep-
ilepsy. Fifty-six adult patients treated with PER in addition to antiepileptic drugs (AEDs) were recruited in 2 Ital-
ian Epilepsy Centers. Irritability in Adult Patients with Epilepsy (I-EPI), Quality of Life in Epilepsy (QOLIE-31),
Beck Depression Inventory II (BDI-II), and State–Trait Anxiety Inventory Y-1 and Y-2 (STAI) questionnaires
were administered at baseline and 3 and 6 months after the treatment onset. Adverse events (AEs) were col-
lected during the observational 6 months period. Retention rate of treatment with PER was 82.1% at 3 months
and 64.3% at 6months. Thirteen patients reported a significant seizure frequency reduction, and one seizure free-
dom case was observed after 4 months of PER treatment. Perampanel was stopped because of inefficacy or par-
adoxical effects in 28.6% of cases and because of AEs in 7.1%. The peak dose was not associated with
discontinuation probability. Irritability, QoL, depression, trait, and state anxiety did not change significantly dur-
ing the PER therapy. A tendency of association between higher level of irritability at baseline and PER discontin-
uation was found. The results of this observational study have shown that the addition of PER to AEDs may
improve seizure control, does not increase levels of irritability, depression, and anxiety, and does not reduce pa-
tients' QoL. This study also confirms the importance of a comprehensive clinical assessment, includingpsychiatric
symptoms evaluation before offering a new treatment, to improve therapy compliance.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Among the most recently marketed drugs, perampanel (PER) is the
first-in-class, highly selective, noncompetitive, alpha-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA)-type glutamate
receptor antagonist [1]. Perampanel is approved in Italy as adjunctive
therapy for the treatment of focal-onset seizures and of generalized
tonic–clonic seizures in patients with epilepsy aged ≥12 years [2].

The efficacy of PER on focal-onset seizures and generalized tonic–
clonic seizures has been demonstrated in a phase III clinical program
that included 4 randomized, double-blind, placebo-controlled trials
[3–6]. In these trials, as well as in their extension studies [7], treatment
with PER was well-tolerated and efficacy was maintained in the long-
eleo).
term period. When evaluated in a real-world setting in a refractory
cohort, PER given for one year in patients with focal epilepsy and in pa-
tients with idiopathic generalized epilepsy demonstrated a similar effi-
cacy and safety profile to that observed in clinical trials conducted in
selected populations [8,9].

Recent studies have described the profile of treatment-emergent
adverse effects with PER [10,11]. Dizziness, somnolence, fatigue, and ir-
ritability were the most frequently reported adverse effects in phase III
studies [10]. In randomized, placebo-controlled clinical trials, the inci-
dence rates for anxiety, aggression, and anger were higher in the 8
and 12mgPER groups than in the placebo group,whereas the incidence
of all other psychiatric disorders, including suicidal ideation, was similar
in the PER- and placebo-treated patients [11]. However, clinical trials do
not always state how psychiatric adverse events (AEs) were assessed,
and whether a context of previous psychiatric disturbances may
contribute to the occurrence of these symptoms and their changes
over time.
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Table 1
Demographic and epilepsy characteristics of recruited patients at baseline.

N = 56

Age, years (mean ± SD) 41 ± 13
Sex, N (%)

Males 29 (51.8%)
Females 27 (48.2%)

Profession
Employed 30 (53.6%)
Unemployed 18 (32.1%)
Student 5 (8.9%)
Unable to work or retired 3 (5.4%)

Schooling (years)
≤8 15 (26.8%)
b9 and ≤13 28 (50%)
N14 13 (23.2%)

Type of epilepsy, N (%)
Focal 48 (85.7%)
Multifocal 7 (12.5%)
Generalized 1 (1.8%)

Etiology of epilepsy, N (%)
Cryptogenic 23 (41.1%)
Symptomatic 33 (58.9%)

Age at onset of symptoms, years (mean ± SD) 14 ± 11
Duration from diagnosis, years (mean ± SD) 27 ± 14
Frequency of seizures in the last year, N (%)

Daily 7 (12.5%)
Weekly 22 (39.3%)
Monthly 27 (48.2%)

Type of seizures in the last 3 months, N (%)
With loss of contact 35 (62.5%)
Without loss of contact 16 (28.6%)
Convulsive 1 (1.8%)
With fall 4 (7.1%)

Number of AEDs at baseline, N (%)
Two 25 (44.6%)
Three 28 (50.0%)
Four 3 (5.4%)
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Furthermore, there are scarce data on the effects of PER on behavior
and quality of life (QoL) when used in common clinical practice. A
recently published retrospective study [12] has shown that long-term
adjunctive treatment with PER was associated with improvements in
cognitive performances and did not increase irritability or aggression.

Based on this background, we prospectively utilize validated ques-
tionnaires to assess the effects of PER on psychological functioning
and QoL in patients with drug-resistant focal epilepsy before and during
the adjunctive treatment with PER.

2. Patients and methods

The study population included patients aged ≥16 years with drug-
resistant focal epilepsy, whowere consecutively recruited and followed
in our Division (Epileptology Unit of the Neurological Institute Carlo
Besta, IRCCS Foundation,Milan, Italy), in collaborationwith the Regional
Centre for Epilepsy of the San Paolo Hospital of Milan, Italy. The pres-
ence of clear cognitive deficits that would not allow a patient to respond
to the questionnaires and to give an informed consent was excluded
from the study.

All patients had already been treated with one or more antiepileptic
drugs (AEDs) and showed an inadequate seizure control, as docu-
mented by the occurrence of at least one seizure in themonth preceding
recruitment. Perampanel was administered at a starting dose of
2 mg/day, increased by 2 mg/day weekly or every two weeks, up to
maximum dose of 12mg/day. The target dose was addressed according
to clinical response and tolerability.

Patients were evaluated at the start of treatment with PER (t0) and
after 3 and 6 months of therapy (t1 and t2, respectively). The study
protocol included the collection of baseline sociodemographic and clin-
ical data, and the administration of the following questionnaires: Irrita-
bility in Adult Patients with Epilepsy (I-EPI), Quality of Life in Epilepsy
(QOLIE-31), Beck Depression Inventory II (BDI-II), and State–Trait Anx-
iety Inventory Y-1 and Y-2 (STAI).

The I-EPI [13] is an inventory to evaluate irritability in patients with
epilepsy, which comprises 4 domains associated with irritability (phys-
ical, verbal, epilepsy, and temperamental functioning, each with 3, 5, 5,
and 5 items, respectively, made of a 6-point Likert scale). The overall I-
EPI score range is 18–108, with higher scores indicating a more intense
level of irritability. An overall I-EPI score b41, 41–64, 65–89, and N89 in-
dicates a low, moderate, high, and pathological level of irritability,
respectively.

The QOLIE-31 [14] is an epilepsy-specific, 31-item inventory devel-
oped to assess 7 domains: overall QoL, seizure worry, emotional well-
being, energy/fatigue, cognitive functioning, medication effects, and so-
cial functioning. Overall health is reported in an additional question. The
scoring procedure converts raw numeric values of items to scores of
0–100, where higher scores reflect a better QoL.

The 21 items of the BDI include alternative statements ranging in
order of severity from 0 to 3. The BDI-II [15] includes somatic–affective
(items 1–13) and the cognitive (items 14–21) subscales.

The STAI is a commonly usedmeasure of trait and state anxiety [16].
It includes 20 items for assessing trait anxiety and 20 for state anxiety.
All items are rated on a 4-point scale, with higher scores indicating
greater anxiety.

The occurrence of AEs was collected during the entire 6-month ob-
servational period.

The study protocol was approved by the reference Ethic Committee
of the two institutions, and participant patients gave their informed
consent prior to the start of any study-related procedure.

Continuous variables were reported as means, standard deviation
(SD), median, and range; categorical variables were reported as count
and percentage. An analysis of variance for repeated measures
(ANOVA) was used to test changes from baseline. A further analysis
was performed adding as covariates etiology (cryptogenic and idio-
pathic vs symptomatic and other causes), number of concomitant
drugs (two vs three and four AEDs), and seizure outcome (no change
vs more than 50% seizure reduction) in the same model. The retention
rate of PER after 6-month period was computed using a Kaplan-Meier
survival curve. The impact of other factors was evaluated using Cox Pro-
portional Hazard analysis. All statistical analyses were carried out with
IBMSPSS Statistics forMacintoshVersion 25.0 (Armonk, NY: IBMCorp.).

3. Results

The study population included 56 patients (mean age: 41 years;
51.8% of males) who started treatment with PER between June 2015
and February 2018. Table 1 shows the demographic and other charac-
teristics at baseline. Epilepsy was focal and symptomatic in most of
the patients (Table 1).

All patients were treated with two or more AEDs at baseline: 25 pa-
tients (44,6%) with two AEDs, 28 (50%) with 3, and the remaining 3
(5.4%) were taking four AEDs.

The retention rate of PER was 82.1% and 64.3% at t1 (3 months) and
t2 (6 months), respectively, with a mean dose of 7.8 ± 2.7 mg at termi-
nal follow-up. Discontinuations at t1 were due to inefficacy or paradox-
ical effect in 9 patients and AEs in 1; discontinuations between t1 and t2
were due to inefficacy or paradoxical effect in 7 patients and AEs in 3.
Three patients that completed the entire 6-month observational period
did not fill-in the questionnaires and, therefore, were not analyzed with
this respect.

Thirteen patients (24.1%) reported a significant reduction of seizure
frequency (more than 50% seizure reduction), and one became seizure-
free after four months of treatment.

The following AEs were reported during the 6-month observational
period: dizziness (7 patients, 12.5%), cognitive impairment (5 patients,
8.9%), irritability (4 patients, 7.1%), and mood disturbances (2 patients,
3.6%; one reported depression, the other hypomania). One patient
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developed pancreatitis that resolved after PER withdrawal. Overall, 13
patients (23.2%) reported AEs, and in 4 (7.1%), AEs led to PER
discontinuation.

The results of I-EPI (Fig. 1) showed no significant changes between
t0 and t2 (p = 0.16, repeated measures ANOVA), whereas the subscale
analysis shows a tendency of reduction of the “Physical functioning”
(repeated measures ANOVA p = 0.02).

Fig. 2 shows the results of QOLIE-31. No significant changes between
t0 and t2 were observed for total QoL and for each domain, except for
social functioning. The mean (±SD) changes from baseline in overall
QoL score were 0.14 ± 7.65 at t1 and 0.23 ± 9.82 at t2. The subscale
analysis showed a significant improvement in the overall QoL, with a
positive change at t2 (after 6 months) of 5.86 ± 8.69 (repeated mea-
sures ANOVA p = 0.002).

Treatment with PER was not associated with significant changes in
depression or in somatic or cognitive subscales (Fig. 3).

There were no clinically and statistically significant changes inmean
values of STAI trait anxiety and state anxiety from baseline at both t1
and t2. The mean (±SD) values at baseline were 43.18 ± 8.96 for trait
anxiety and 40.68 ± 9.35 for state anxiety, and the mean (±SD) STAI
score changes at t2 compared with baseline were 0.19 ± 6.86 for trait
anxiety and −0.42 ± 8.49 for state anxiety.

We found no significant effect of etiology, number of concomitant
drugs, and seizure outcome on changes of QoL, depression, irritability,
or anxiety.

Table 2 shows the baseline characteristics of patients that
discontinued PER and of those that completed the 6-month treatment
period. Patients who continued treatment had a higher QoL (QOLIE-31
total score), lower irritability, and lower anxiety and depression scores,
comparedwith thosewho discontinued PER during the study. Although
none of these factors is significantly different between the two groups,
the Cox Proportional Hazard analysis showed a tendency of patients
with higher baseline irritability to discontinue PER therapy (hazard
ratio: 1033, Confidence interval (C.I.) 95%: 0.99, 1.069, p = 0.06). The
mean (±SD) highest daily dose of PER during the study was 7.4 ±
2.6mg in patients that completed the study and 5.1±1.6mg in patients
that discontinued treatment (p = 0.002 between subgroups). Age, dis-
ease duration, type of epilepsy and of seizures did not differ between the
two groups.
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Fig. 1. Results of I-EPI at t0 (before PER treatment; light gray columns), t1 (3months PER treatm
± standard deviation in bars.
4. Discussion

Our prospective observational study confirms that PER is rather
well-tolerated, does not increase irritability, depression, or anxiety,
and does not reduce QoL in the 6-month observational period, when
these symptoms are measured using standardized scales at baseline
and during treatment.

Therapy retention rate at 6 months was 64.3%. Previous obser-
vational studies have shown that retention rate for PER at
6 months ranged from 55% up to more than 80% [9,17,18]. Thus,
the retention rate of this study seems to be consistent with those
previously reported. Retention rate reflects the combined impact
of PER effectiveness and its tolerability. It is interesting to note
that most treatment discontinuations with PER were due to ineffi-
cacy or paradoxical effects and that only 4 patients discontinued
PER because of AEs.

The I-EPI is an instrument developed in Italian language developed
in a large cohort of more than five hundred patients with epilepsy in
Italy for the assessment of irritability in adult patients with epilepsy
[13]. Irritability and aggressive behavior in general are related to differ-
ent AEDs, and they have been associated with topiramate, levetirace-
tam, and PER therapies [19]. Drug-related neurotransmission and
hormonal alteration have been implicated in aggressive behaviors in pa-
tients treated with AEDs [19]. Irritability was one of the most frequent
treatment-emergent AEs with the use of PER in randomized clinical
trial [11] and in retrospective studies [9,20,21]. In our study, an increase
of irritability was not observed. Our data confirm preliminary data ob-
tained with a smaller number of patients [22]. In particular, patients in
our cohort showed moderate level of irritability at baseline, but no
changes over the follow-up period. These results did not confirm the
findings of the open-label extension of phase III randomized trials [7].
However, the irritability assessment with a validated tool such as the
I-EPI scale [13] allows a more objective and reliable evaluation of this
symptom changes.

Our data also show a relation between baseline levels of irritability
and PER retention rate. Although this relation does not reach the statis-
tical significance (p = 0.06), we think that this tendency suggests the
importance of baseline clinical assessment of individual patients before
administering PER as adjunctive drug.
Overall IrritabilityTemperamental 

Functioning

y 

ing

t2

t1

t0

T ime

ent; gray columns), and t2 (6months PER treatment; dark gray columns). Data aremeans



Fig. 2. Results of QOLIE-31 at t0 (light gray columns), t1 (gray columns), and t2 (dark gray columns). Data are means ± standard deviation in bars. *p b 0.05.
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To our knowledge, this is the first study quantitatively addressing
symptoms of anxiety and depression when PER is administered to pa-
tients with drug-resistant epilepsy. There were no changes from base-
line in anxiety and depression symptoms reported during treatment
with PER [9,23]. Baseline scores were indicative of a relatively mild in-
tensity of anxiety, and data at 6 months showed no worsening in this
symptom following treatment with PER.

Overall QOLIE-31 score at t0 was similar comparing with a norma-
tive epilepsy data collected in a sample of Italian patients with epilep-
sies comparable with those of this study [24]. No significant changes
were found at 6 months follow-up. Quality of life in patients with epi-
lepsy is primarily affected by psychiatric disorder and medication AEs
[25]. Therefore, stability of QoL may be considered as an indirect confir-
mation of the overall tolerability of PER therapy.
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Fig. 3. Results of BDI-II at t0 (light gray columns), t1 (gray columns), and t
Although data were collected in a small number of patients in the
two subgroups, patients who discontinued treatment with PER had a
tendency to aworse QoL and a higher level of irritability, anxiety, and
depression at t0 compared with those that completed the treatment
period with PER. These findings are in contrast with those reported
in another observational retrospective study, in which retention of
treatment with PER was similar in patients with or without psychiat-
ric comorbidities [26]. Further research in a larger cohort would help
to better understand which factors are associated with an increased
risk of PER therapy discontinuation. Notably, the mean daily dose of
PER was higher in patients that completed the study. This finding is
probably due to the fact that discontinued patients, particularly
those who interrupted treatment in the first three months, did not
complete the full titration period.
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Table 2
Baseline characteristics of patients that discontinued PER or thosewho completed the 6-month PER treatment period. Thesemeasurementswere collected at t0, before administering PER.

Discontinued PER Completed the 6-month PER treatment period p⁎

Age at onset of symptoms, years (mean ± SD) 15.45 ± 12.2 13.4 ± 10.5 0.56
Duration from diagnosis, years (mean ± SD) 27.3 ± 16.9 26.8 ± 12.9 0.91
Age, years (mean ± SD) 42.7 ± 14.1 40.4 ± 12.0 0.58
QOLIE-31, total score (mean ± SD) 55.5 ± 16.4 63.6 ± 14.3 0.97
BDI-II, total score (mean ± SD) 23.8 ± 18.9 17.3 ± 14.2 0.17
STAI trait, total score (mean ± SD) 45.4 ± 10.5 41.9 ± 7.9 0.13
STAI state, total score (mean ± SD) 42.3 ± 10.1 39.8 ± 8.9 0.26
I-EPI, total score (mean ± SD)⁎ 54.5 ± 14.7 47.58 ± 12.24 0.06
Highest daily dose of PER (mean ± SD) [mg]° 5.1 ± 1.6 7.4 ± 2.6 0.002

None of the psychometric baseline characteristics is significantly different between patients that discontinued PER and thosewho completed the 6-month PER treatment period, however,
there is a tendency of higher level of irritability at baseline to be associated with PER discontinuation.
⁎ Cox Proportional Hazard analysis p.
° t-Test p.
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Few patients reported AEs related to PER, which generally consisted
of dizziness, cognitive, and mood disturbances. Therefore, the results of
safety of PER in this study were in line with the known safety profile of
the drug, as emerged from randomized clinical trials [23,27].

Our results have shown that the addition of PER to AEDs is well-tol-
erated considering irritability, overall QoL, and depression, with no in-
creases in severity of anxiety, and with an acceptable safety profile.
However, the study has some limitations. The lack of a control group
does not allow to compare the effects of PER with a reference standard.
The open-label design of the study and the evaluation of effects based
on patients' self-rated questionnaires might have determined an over-
estimation of results. Finally, the relatively short period of observation
does not allow to estimate the persistence of PER efficacy and safety
over time or to assess the relationship of AEs with PER dose. Nonethe-
less, the data collected in this study by means of the use of reliable
and validated psychometric scalesmay be useful as a preliminary report
for future randomized, controlled, long-term studies onQoL andpsychi-
atric symptoms in patients with epilepsy.
5. Conclusions

In our cohort of patients with drug-resistant focal epilepsy, PER was
a rather well-tolerated drug that did not increase the level of irritability,
depression, or anxiety. Quality of life was not worsened by the treat-
ment in the six-month observational period. Our study also shows
that baseline scale-assessed psychiatric functioning evaluation is useful
to predict PER psychiatric tolerability.
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