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Background and purpose: To identify adverse events (AEs) significantly associated

with perampanel treatment in double-blind clinical studies (RCTs). Serious AEs,

study withdrawals due to AEs and dose–effect responses of individual AEs were

also investigated.

Methods: All placebo controlled, double-blind RCTs investigating therapeutic effects

of oral perampanel were searched. AEs were assessed for their association with peram-

panel after exclusion of synonyms, rare AEs and non-assessable AEs. Risk difference

(RD) was used to evaluate the association of any AE (99% confidence intervals) and

withdrawals or serious AEs (95% confidence intervals) with perampanel.

Results: Nine RCTs (five in pharmacoresistant epilepsy and four in Parkinson’s

disease) were included in our study. Almost 4000 patients had been recruited, 2627

of whom were randomized to perampanel and treated with drug doses of 0.5 mg/

day (n = 68), 1 mg/day (n = 65), 2 mg/day (n = 753), 4 mg/day (n = 1017), 8 mg/

day (n = 431) or 12 mg/day (n = 293). Serious AEs were not significantly associated

with perampanel treatment. The experimental drug was significantly associated with

an increased risk of AE-related study withdrawals at 4 mg/day [RD (95% confi-

dence interval) 0.03 (0.00, 0.06)] and 12 mg/day [RD (95% confidence interval) 0.13

(0.07, 0.18)]. Of 15 identified AEs, five (dizziness, ataxia, somnolence, irritability

and weight increase) were found to be significantly associated with perampanel and

one (seizure worsening) was significantly associated with placebo.

Conclusions: Vestibulocerebellar AEs (dizziness, ataxia), sedative effects (somno-

lence), irritability and weight increase were significantly associated with perampanel

treatment.

Introduction

Information on tolerability of a new antiepileptic drug

(AED) which is entering the market can only be

obtained from key clinical studies. Although meta-

analyses of placebo-controlled RCTs have attempted

to answer the question, inclusion of studies limited to

a specific disorder have reduced the statistical power

of the assessments. To overcome these limitations, two

systematic reviews and meta-analyses of all available

RCTs with two new AEDs were recently conducted,

also including studies performed in different areas than

epilepsy, and several AEs significantly associated with

pregabalin [1] and lacosamide [2] were identified.

Perampanel, which has recently been approved in

Europe for the treatment of drug-resistant epilepsies, is

a non-competitive selective antagonist of the ionotropic

a-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid

(AMPA) glutamate receptors, and exerts a direct influ-

ence on post-synaptic glutamatergic transmission [3].

The AMPA receptors are the predominant mediators of

excitatory transmission in the central nervous system

and are critical to the generation and spread of epileptic

activity. However, inhibition of excitatory neurotrans-

mission may determine dysfunction in some areas of the

central nervous system associated with cognitive and/or

motor function impairment [4]. Indeed, experimental

studies show that glutamate antagonists may produce

several characteristic and apparently dose-dependent

AEs in kindled animals [5].

So far, this agent has been investigated in two dif-

ferent populations of neurological patients. Several
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phase 3 studies which recruited more than 2000 sub-

jects assessed the efficacy of perampanel in patients

with Parkinson’s disease (PD) already being treated

with levodopa and with motor fluctuations [6–8]. The
hypothesized mechanism of action for an effect of this

agent in this condition was that, since enhancement of

glutamatergic activity in the striatum may modify

basal ganglia output and generate treatment-related

motor complications [9], inhibition of AMPA-

mediated excitatory neurotransmission could alleviate

these motor symptoms [10]. Drug development in this

field has probably been discontinued due to lack of

efficacy.

A little fewer than 1700 patients with drug-resistant

partial-onset epilepsies (POS) were recruited in phase

2 [11] and 3 [12–14] studies designed to assess the effi-

cacy of the drug in this area.

In this meta-analysis, with the purpose of identify-

ing those AEs associated with perampanel, all studies

in which this agent had been used were included. It

was thought that different ranges of ages (around

35 years for epileptic patients and around 65 for PD

patients) between the populations studied may offer a

unique opportunity to assess drug effect also in fragile

geriatric subjects, who are often excluded by epilepsy

trials [15].

Doses of perampanel used in these conditions were

different (up to 4 mg/day for PD patients, and

between 4 and 12 mg/day for patients with POS). To

identify as many AEs as possible, also not dose-

dependent AEs, in a first analysis all doses used were

merged. A second analysis was focused on the identifi-

cation of dose-dependent AEs and therefore doses

were separately evaluated, with the exception of very

low doses. Several other aspects of perampanel tolera-

bility and safety were also investigated, including seri-

ous AEs, study withdrawals due to AEs, dose–effect
responses of individual AEs and the effect of disease-

specific neurobiological characteristics on drug tolera-

bility.

Methods

Types of studies

Randomized, placebo-controlled, double-blind trials

investigating the therapeutic effects of oral perampanel

in adults with different neurological disorders were

included. Full journal publication or summary clinical

trial reports were required. Moreover, abstracts con-

taining more detailed safety and tolerability data from

key clinical trials were included. All other study types,

including non-randomized trials, case reports or

observational trials, were excluded.

Search methods for identification of studies

RCTs of perampanel were identified using MEDLINE

via PubMed, EMBASE and the Cochrane Central

Register of Controlled Trials. The search term ‘peram-

panel’ was used. Additional studies were sought in ref-

erence lists of retrieved papers and by searching the

Internet for summary clinical trial reports not avail-

able as full publications.

All studies were read independently and considered

eligible by two authors (GZ, EG) and agreement was

reached after discussion.

Exclusions from the list of AEs were synonyms,

AEs reported in no more than five subjects amongst

those randomized to perampanel and subjects for

whom it was not possible to calculate risk difference

(RD).

Statistical analysis

All analyses were performed using RevMan version

5.1 [16]. Statistical heterogeneity was assessed using

the I2 test, with an I2 > 70% indicating heterogeneity.

The chi-squared test for heterogeneity was also used.

Provided no significant clinical or statistical hetero-

geneity was present, the analyses used a fixed-effect

model. In cases where I2 was >70%, a random-effect

model was used. In all cases, RD values were calcu-

lated. When assessing the association of any AE with

perampanel treatment, the confidence intervals (CIs)

of RD values were set at 99%. This conservative

approach was aimed at minimizing the error rate. For

all other analyses, 95% CIs were used. An inverse var-

iance-weighted meta-regression model was used to test

the relationship between perampanel dose and RD for

all AEs.

Results

Results of the search

Our search, performed in November 2012, yielded 25

papers in Pubmed, 126 in EMBASE and eight in

Cochrane Central. From this initial screening, non-

double-blind studies, open studies and studies per-

formed on healthy volunteers were excluded. Seven

papers were identified which reported nine RCTs (four

RCTs reported in two studies [7,11]). Five RCTs in

which perampanel had been administered to subjects

of more than 12 years and affected by drug-resistant

POS and four in which it had been administered to

PD patients were evaluated and included in our analy-

sis. One conference abstract containing adjunctive

data on safety and tolerability from one of the

included clinical trials [17] was also included. The

main clinical characteristics of the selected studies,
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which in all cases were sponsored by EISAI, are

reported in Table 1.

The nine studies included a total of 3947 subjects,

2627 of whom were randomized to perampanel and

1320 to placebo. In all studies but one (study 206) [11]

in which the drug daily regimen was twice a day for

some patients, drug was administered once a day in

the evening. No titration was performed up to a dose

of 2 mg/day. In patients randomized to higher doses,

titration was low for PD patients (4 weeks to achieve

a 4 mg/day dose) and for epileptic patients included

in the two phase 2 studies (increments of 1 or 2 mg/

day every 2 weeks). Patients with drug-resistant POS

included in phase 3 studies [12–14] had a weekly

2 mg/day increase of perampanel up to the final dose.

The duration of studies was between 12 and 30 weeks.

Patients with serious adverse events

The number of serious AEs, reported in all studies,

was 152/2627 (5.7%) for subjects randomized to per-

ampanel and 81/1320 (6.1%) for subjects randomized

to placebo. In POS studies they were mainly related

to epilepsy (convulsion or status epilepticus) and in

PD studies they were injuries or their consequences

(fractures). No evidence of heterogeneity (I2 = 15%)

was found; therefore a fixed-effect model was used.

The risk of experiencing a serious AE did not differ

between the perampanel and placebo groups [RD

(95% CI), �0.00 (�0.02, 0.01); P = 0.65].

Study withdrawals due to adverse events and compari-

son across the two different neurological conditions

As no evidence of heterogeneity emerged (I2 between

0% and 55%) a fixed-effect model was used. Peram-

panel was significantly associated with an increased

risk of AE-related study withdrawals at 4 mg/day

[RD (95%) 0.03 (0.00, 0.05), P = 0.05] and 12 mg/day

[RD (95%) 0.13 (0.07, 0.18), P < 0.01; Fig. 1]. At

4 mg/day, a comparison of withdrawals due to AEs

between PD patients and patients with POS was possi-

ble. PD patients treated with the experimental drug

Table 1 Characteristics of the studies included in our analysis

Author Disease

Study

duration

(weeks)a
Placebo

(n)

0.5 mg/day

(n)

1.0 mg/day

(n)

2.0 mg/day

(n)

4.0 mg/day

(n)

8.00 mg/day

(n)

12 mg/day

(n)

Study 206

(Krauss, 2011) [11]

Drug-resistant

partial epilepsy

12 51 – – – 102b – –

Study 208

(Krauss, 2011) [11]

Drug-resistant

partial epilepsy

16 10 – – – – – 38

Study 304

(French, 2012) [12]

Drug-resistant

partial epilepsy

19 121 – – – – 133 134

Study 305

(French, 2013) [13]

Drug-resistant

partial epilepsy

19 136 – – – – 129 121

Study 306

(Krauss, 2012) [14]

Drug-resistant

partial epilepsy

19 185 – – 180 172 169 –

Eggert, 2010 [8] Parkinson’s

disease

12 66 68 65 64

Study 301

(Lees, 2011) [7]

Parkinson’s

disease

30 254 258 251

Study 302

(Lees, 2011) [7]

Parkinson’s

disease

20 250 – – 251 250 – –

Rascol, 2012 [6] Parkinson’s

disease

18 247 – – – 242 – –

Total 1320 68 65 753 1017 431 293

Details on titration are given in the text. aThe length of the double-blind phase (titration plus maintenance) not including the final transition

period was considered as study duration; bdrug administered twice daily in 51 patients.

Figure 1 Number of patients discontinuing perampanel treat-

ment because of adverse effects at the different doses used in

clinical trials.

© 2013 The Author(s)
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were more likely to withdraw from the study with

respect to placebo-treated patients [RD (95%) 0.04

(0.00, 0.07), P = 0.03]. In contrast, at this dose level

patients with drug-resistant POS had similar chances

of withdrawing compared with patients treated with

placebo [RD (95%) = �0.01 (�0.04, 0.03), P = 0.72].

Adverse events identified in included studies

In the nine studies included in our analysis, 34 AEs

occurred during perampanel treatment. Of these AEs,

five (16%) were considered to be synonyms of another

AE (nasopharyngitis and bronchitis = respiratory infection,

asthenia = fatigue, gait disturbance = ataxia, and aggres-

sion = irritability). These synonyms were merged with

their corresponding AEs in all analyses. Thirteen AEs

(anger, anxiety, confusional state, constipation, dysp-

nea, edema, hallucination, hypertension, nausea, vomit-

ing, suicidal ideation, sleep disorder, rhinitis) were

reported in no more than five subjects amongst those

treated with perampanel. They were therefore consid-

ered to be rare and excluded by our analysis.

Dyskinesia was reported in 7.2% and 12.8% of

patients treated with the active drug in studies 301

and 302, respectively [7], but the number of patients

with this AE in the placebo group was not reported

and the AE was excluded from our analysis.

The 15 remaining AEs were included in our meta-

analysis. In all studies, weight increase was defined as a

gain >7% of baseline weight and seizure worsening was

defined as a >50% increase in seizure frequency with

respect to baseline. Data on both these AEs were

reported as a single data item for all perampanel doses.

Meta-analysis results

Treatment-emergent adverse effects associated with

perampanel: all doses merged

Evidence of heterogeneity (I2 > 70%), due to a lower

reporting in one study [14], was found for dizziness,

somnolence, respiratory infection and ataxia and in

these cases a random-effect model was used. In all

other cases, a fixed-effect model was used.

Dizziness [RD (99% CI) = 0.21 (0.02, 0.40),

P < 0.01], somnolence [RD (99% CI) = 0.08 (�0.00,

0.16), P = 0.01] and weight increase [RD (99%

CI) = 0.08 (0.03, 0.12), P < 0.01] were significantly

associated with perampanel. The AE seizure worsen-

ing observed in epilepsy patients was significantly

more frequent in placebo-treated patients [RD (99%

CI) = �0.05 (�0.09, 0.00), P = 0.01]. RD values (99%

CI) are reported in Appendix 1for all 15 AEs included

in this analysis.

Treatment-emergent adverse events associated with per-

ampanel at various doses

Analysis of the AE observed at each dose was calcu-

lated only at doses of 2, 4, 8 and 12 mg/day. A ran-

dom-effect model was used for somnolence at the

12 mg/day dose and respiratory infection at the 4 mg/

day dose (I2 > 70%). In all other cases, a fixed-effect

model was used.

No AEs were significantly associated with the experi-

mental drug at low doses (2 and 4 mg/day). Dizziness

[RD (99% CI) = 0.23 (0.16, 0.29), P < 0.001], ataxia

[RD (99% CI) = 0.05 (0.01, 0.09), P < 0.001] and somno-

lence [RD (99% CI) = 0.08 (0.03, 0.14), P < 0.001] were

significantly associated with perampanel at 8 mg/day.

Dizziness [RD (99% CI) = 0.35 (0.26, 0.44), P < 0.001],

ataxia [RD (99% CI) = 0.12 (0.07, 0.17), P < 0.001] and

irritability [RD (99% CI) = 0.09 (0.02, 0.16), P < 0.001]

were associated with a drug dose of 12 mg/day.

AEs significantly associated with perampanel treat-

ment (all doses merged and all doses tested individu-

ally) are reported in Fig. 2. In Appendix 2 are

reported all RD (99% CI) data of these AEs.

Analysis of dose–event relationships
A significant dose–event relationship emerged for diz-

ziness (P < 0.001) and ataxia (P = 0.007). For these

AEs, RD values increased with increasing dose.

Figure 2 RD (99% CI) of a selection of

the analyzed adverse effects. All adverse

events explored are reported in

Appendix 2.
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Discussion

In this meta-analysis perampanel was significantly

associated with intolerable AEs (those leading to drug

discontinuation) at daily doses of 4 and 12 mg. Find-

ings at 4 mg/day doses were due to an apparently

worse tolerability in PD patients whilst drug-resistant

epileptic patients treated with this drug dose level had

almost identical probabilities of withdrawing as pla-

cebo-treated patients. At a dose of 8 mg/day, which is

a recommended daily dose in the CHMP assessment

report [4], the percentage of patients discontinuing

because of intolerable AEs did not significantly differ

from placebo-treated patients. In a previous meta-

analysis with lacosamide [2], a new AED for which

double-blind trials were available for drug-resistant

epilepsy and neuropathic pain, a significant associa-

tion between drug discontinuation due to AEs and the

experimental drug was found both at recommended

(400 mg/day) and high (600 mg/day) doses. As with

other new AEDs, a good tolerability profile of peram-

panel also emerges from the analysis of serious AEs

which were not significantly more frequently reported

during perampanel treatment than with placebo.

Of the five AEs significantly associated with peram-

panel, two AEs, dizziness and ataxia, are considered

as due to cerebellar/brainstem dysfunction. In routine

clinical practice these AEs are commonly observed in

subjects treated with AEDs acting on voltage-gated

sodium channels, such as phenytoin, carbamazepine,

lamotrigine and oxcarbazepine, and are clearly dose

dependent [18]. In two previous meta-analyses aimed

at evaluating the AE profile of other AEDs, pregaba-

lin [1], which inhibits the depolarization-dependent

calcium influx at P-, Q- and N-type voltage-gated cal-

cium channels [19], and lacosamide [2], which selec-

tively enhances slow inactivation of sodium channels

[20], were studied. Both drugs were associated with

several AEs either directly or indirectly caused by ves-

tibulocerebellar/brainstem involvement. It is interest-

ing to note that perampanel, which inhibits excitatory

neurotransmission and hence has a different mecha-

nism of action, has a similar effect, although perhaps

less pronounced, on cerebellovestibular structures.

Somnolence is another characteristic AE associated

with perampanel treatment. Vigilance and alertness

are commonly impaired in individuals taking tradi-

tional AEDs [21]. Some of the new AEDs, e.g. laco-

samide [2], may have a less sedative effect.

It is noteworthy that no AEs obviously related to

cognition were associated with perampanel treatment.

This is particularly important since in the experimental

studies dysfunction of excitatory neurotransmission,

also that determined by AMPA receptor inhibition,

may affect cognition whilst AMPA receptor potentia-

tion is believed to have an opposite effect [22]. Among

AEDs, topiramate, which affects excitatory neurotrans-

mission, is associated with several cognitive effects [23].

Although in one study on PD patients [8] some neuro-

psychological tests showed that there was no evidence

of any alteration of working memory performance and

accuracy, further studies aimed at evaluating the effects

of perampanel on cognitive abilities are required.

Irritability is a psychiatric AE significantly associ-

ated with perampanel. In this meta-analysis, aggres-

sion was considered synonymous with irritability and

was merged with this AE. Other AEDs may have sim-

ilar effects [24]. This aspect of perampanel tolerability

should be considered and studied in more detail in

further long-term studies, particularly in children and

in special populations of patients.

The only non-neurological AE of perampanel is

weight gain. An increase in weight has been associated

with treatment with several AEDs with very different

mechanisms of action, i.e. gabapentin, pregabalin,

valproic acid, vigabatrin, carbamazepine and leveti-

racetam [25]. It is not known whether, in the case of

perampanel, this effect may be mediated by AMPA

receptor inhibition or may be caused by another, as

yet unknown, mechanism.

As far as idiosyncratic AEs are concerned, it should

be noted that a rash, which is the most common idio-

syncratic reaction associated with several AEDs [26],

was reported only in a small number of patients (four

receiving placebo versus 18 receiving perampanel) and

was non-significantly associated with perampanel.

This is important because perampanel is partly metab-

olized to reactive metabolites and it is known that idio-

syncratic immune-mediated adverse drug reactions

may be mediated through the formation of reactive

metabolites [4]. Although these findings seem to be

reassuring, it should be borne in mind that the num-

ber of patients included in RCTs is insufficient to

detect rare idiosyncratic AEs [26].

In this meta-analysis RCTs performed with elderly

PD patients treated with levodopa and RCTs on

drug-resistant epilepsy patients already being treated

with 1–3 AEDs were included. It is known that dis-

ease-specific neurobiological characteristics, concomi-

tant treatments and age may all affect tolerability of a

drug. In similar studies on pregabalin [1,27] and laco-

samide [2], it was found that placebo-corrected inci-

dences of AEs across different disorders can be

affected or not by concomitant diseases or associated

drugs, according to the characteristics of the experi-

mental drug [28–30]. In this meta-analysis, doses used

in PD patients (up to 4 mg/day) and epileptic patients

(between 4 and 12 mg/day) were different, and this

© 2013 The Author(s)
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has precluded comparison between all doses used.

However, at 4 mg/day, assessment of patients with-

drawing because of intolerable AEs showed that there

was an apparently better tolerability in epileptic

patients than PD patients. It can be speculated that,

since perampanel metabolism is induced by enzymatic

inducer AEDs [4], epileptic patients treated with these

drugs might have had lower perampanel levels and

hence improved drug tolerability compared with PD

patients. A further possible explanation is that PD

patients, who were older than patients with epilepsy,

were more prone to perampanel AEs.

In conclusion, perampanel data from double-blind

clinical trials display a relatively good tolerability pro-

file with vestibulocerebellar AEs being in the first line,

followed by sedative effects (somnolence) and hence

by irritability and weight increase. Further studies,

mainly long-term phase 4 studies, are needed to fully

clarify the perampanel tolerability profile.
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Appendix 1

Adverse events included in the meta-analysis in order of their frequency in subjects treated with the active drug (all doses)

Adverse event

No. of

studies

Patients with

the AE/patients

treated with

the active drug

Patients with

the AE/

patients

treated with

placebo RD (99%) and I2

Dizziness 5 328/1178 49/503 0.21 [0.02, 0.40], P = 0.004

I2 = 92% random

Ataxia 2 36/788 2/306 0.05 [�0.06, 0.16], P = 0.023

I2 = 93% random

Fall 3 52/714 13/323 0.03 [�0.00, 0.07], P = 0.02

I2 = 0% fixed

Somnolence 5 170/1178 37/503 0.08 [�0.00, 0.16], P = 0.01

I2 = 72% random

Fatigue 4 77/911 21/382 0.04 [�0.0, 0.07], P = 0.02

I2 = 0% fixed

Irritability 1 29/267 6/121 0.06 [�0.01, 0.13], P = 0.03

Headache 5 135/1178 58/503 0.00 [�0.04, 0.04], P = 0.99

I2 = 0% fixed

Seizure

worsening

3 93/1038 59/442 �0.05 [�0.09, 0.00], P = 0.01

I2 = 0% fixed

Akinesia 1 13/197 2/66 0.04 [�0.05, 0.12], P = 0.29

Weight increase 3 150/1038 31/442 0.08 [0.03, 0.12], P < 0.001

I2 = 0% fixed

Rash 2 18/771 4/321 0.01 [�0.01, 0.03], P = 0.15

I2 = 0% Fixed

Diarrhea 2 9/235 2/76 0.01 [�0.05, 0.07], P = 0.66

I2 = 0% fixed

Respiratory infection 4 56/858 14/312 0.02 [�0.06, 0.10], P = 0.49

I2 = 73% random

Urinary infection 1 6/197 4/66 �0.03 [�0.13, 0.06], P = 0.36

Contusion 1 7/102 2/51 0.03 [�0.07, 0.12], P = 0.43

Significant results are in bold.

© 2013 The Author(s)
European Journal of Neurology © 2013 EFNS European Journal of Neurology

Perampanel adverse events in RCTs 7



Appendix 2

Adverse events included in the meta-analysis at each daily dose

2 mg/day 4 mg/day 8 mg/day 12 mg/day

Dizziness 0.00 [�0.12, 0.12]a 0.04 [�0.04, 0.12]

I2 = 31%

0.23 [0.16, 0.29] I2 = 40% 0.35 [0.26, 0.44] I2 = 52%

Ataxia �0.01 [�0.05, 0.04]a 0.00 [�0.05, 0.05]a 0.05 [0.01, 0.09] I2 = 0% 0.12 [0.07, 0.17]
a

Fall 0.02 [�0.05, 0.08]b na 0.03 [�0.03, 0.10]a 0.06 [�0.01, 0.11]a

Somnolence 0.06 [�0.02, 0.13]a 0.01 [�0.05, 0.08]

I2 = 0

0.08 [0.03, 0.14] I2 = 0% 0.15 [�0.02, 0.31] I2 = 76%

Fatigue 0.02 [�0.33, 0.37]a 0.04 [�0.02, 0.09]

I2 = 8%

0.04 [�0.02, 0.09] I2 = 0% 0.06 [�0.04, 0.17] I2 = 38%

Irritability na na 0.03 [�0.05, 0.10]a 0.09 [0.02, 0.16]
a

Headache 0.00 [�0.08, 0.08]a 0.01 [�0.06, 0.08]

I2 = 0%

�0.00 [�0.06, 0.05] I2 = 5% 0.01 [�0.07, 0.08] I2 = 0%

Seizure worsening �0.04 [�0.12, 0.04]a �0.07 [�0.15, 0.01]a �0.05 [�0.10, 0.00] I2 = 0% �0.03 [�0.10, 0.04] I2 = 0%

Akinesia 0.02 [�0.07, 0.10]b na na na

Weight increase na na na na

Rash na na 0.03 [�0.02, 0.09]a 0.01 [�0.01, 0.03]a

Diarrhea 0.03 [�0.02, 0.08]b na na 0.01 [�0.04, 0.05]a

Respiratory

infection

0.05 [�0.00, 0.11]

I2 = 0%

�0.02 [�0.20, 0.16]

I2 = 86%

�0.01 [�0.06, 0.05]a 0.01 [�0.03, 0.06]a

Urinary infection �0.04 [�0.15, 0.06]b na na na

Contusion na 0.03 [�0.07, 0.12]a na na

Significant results are in bold; na, not available. aOne study in epileptic patients; bParkinson’s.
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